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1 Sanumamenvroe Paznuuenue.

®uaunmnos B.B.

3anumartenbHoe Pazinuenne nim Mckaskenus Hauero
BpeMeHHu. (Interesting Distinguishing). Knura nepsasi —
2010-2011. -390 c.

Oxpansercss 3akoHOM 00 ABTOopckoM mpaBe. Hapymenue
OTpaHUYCHHH, HaKJIaJJbIBAEMBIX yKa3aHHBIM 3aKOHOM Ha
BOCITPOM3BEACHUE BCEU STOM KHUTH WU JII000M €€ 9acTw, BKIIOYast
oopmiieHme, IpecienyeTcs B CyJAeOHOM MOpsIKE.

[Tpu ucnonszoBaHNK UHPOPMAIIMH, H3IIOKEHHOHN 371eCh, 00A3aTenbHa
MOJHASI CChUIKA HAa KHUTY.
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1 Sanumamenvroe Paznuuenue.

B ObiTylolWwem BOCMPUATUM MUPA HE PasNMYaOT ero HapyXKHble WU
BHYTPEHHWE CBOWMCTBA, @ MAAAT Ha HEro TO/IbKO NOTPebUTENIbCKU UK NULLb
CHapyKu. MoToMy M HayKa A0/MKHa 6biTb B NepBylo ovepeab PasnnyeHuem.
Befb Kak MOXHO OBOBACHATb NPUUMHY CBETA M CWUAbl 6e3 pasnvyeHus ux
HEBUOUMbBIX UCTOYHMKOB? OTTOrO M TaK MHOrO HepacKpbITbiX TalH. A 0630p
UCKaXXEHWI Hallero BpemeHW — 3TO PacKpbITUe TaWH Halleh 3MOXM UMEHHO
Yyepes paccmaTpmMBaHMe BPEMEHU Hay4HbIM NoHATUEM. OHa NONOBUHA TalH —
3TO AenaHuve BUAMMOCTM MX PACKPbITMA, YeM U ecTb UCKarkeHue. K atomy
OTHOCWUTCA, Hanpumep, TallHa Maccbl, BECa, CW/bl, SHEPTUN, INEKTPUYECTBa,
MarHeTM3ma, NpuyYnHa opbuUTaNbHOro BPALLEHUA MAAHET U MPaBUTALUN U T.4,.
[Jpyras »ke NnosoBMHa TaliH — NOMIHAA HeonpeaeNEéHHOCTb B HbIHELHEN HayKe.
370, Hanpumep, NPUYNHA BUCOKOCHOTO roga U NOCTOAHCTBA HAaKNOHA 3€eMHOM
ocu, oTyero Bpaliaetca U cBeTUT ConHLE, 3a4em HYXHbl MAaHETbl, YTO Takoe
3BO/OLMA, MPOUCXOXKAEHME 4YenoBeKa, Kak Bbirnagena ApeBHAA 3emns,
NPUYMHA BbIMUPAHMA OAMHO3aBPOB U MAaMOHTOB, YTO Takoe Cupuyc n H/10 un
T.A. U 3TO y)Xe He roBopA O TaWHax penurum u uctopuu. Hanpumep, 4to
O3HayaeT uydecHoe 3a4yaTve W poxgeHwe Mucyca Xpwcra, OnNMCaHHOe Ha
nepBblil B3rnag B AByX Bepcuax eBaHrennctos: no Matdeto u Jlyke, 4To Takoe
Nepycanum n Mekka? Mouyemy KopaH HWYyTb He npoTvBopeunut Bubaunm u
Hosomy 3aBeTty? ouyemy TaK Ha3blBaemoe TaTapO-MOHIO/IbCKOE Uro — 3TO
BblAYMKa POCCUIACKMX MMMEPaTOPOB, BO3KeNaBwmx caenatb Mocksy TpeTbum
Pumom wn Boccectb B KoHcTaHTMHONONe u T1.4.7 Bcé 37O M pacKkpbiBaeT
«3aHnmaTenbHoe PasnnyeHne», NPUUEM He Ha JOCYXKMX U3MbILIEHUAX, A Ha
HOBOW Hay4yHOW 6a3e PasnunueHwms.
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1 Sanumamenvroe Paznuuenue.

Conep:kanue.

[Ipenucnosue.

Pa3nes nepsblil. O0 nckaxkeHUsIX B HayKe U B HAYAJIbHOM

(pusuxe. «Bpems u cuia».

1.Ackakenne BpeMeHH M IPOCTPAHCTBA.
K npasne npoctpancrtsa.
TaiiHa BpeMeHU U K MpaBae 00 OTHOCHTEILHOCTH.
Paznnuenue koopAuHaT U O TailHE TBOPEHMUSL.

2. UckakeHne CHJIBI M MacChI.
K mpaBne cuibl 1 paboThI.
Pasmuyenus tperbero 3akona HerotoHa,
BpAIICHUS U SHEPTUI.
Talina uHepIMU, YCKOPEHUS CBOOOTHOTO TIaJACHUS
1 Macchl.
K mpaBne oOpazoBanmus Beca.

Paspen Bropoii. O Apyrux uckaxeHusx B (pu3nke.
«Hapy:xHblil MUp, 00pa3yeMblii H3HYTPH.

3. UckakeHusd 3JIeKTpHYeCTBa U aTOMA.
TaliHbI 3JIEKTPOHA U MAarHUTA.
Paznruenue CTpyKTyphl 2JIEKTPOTOKA.
K npaBze anexTpuueckux pazMepHocTen
Paznuuenue atoma.

4. UckakeHus BOJIH.
K npaBne 3Byka u u3inydeHuil.
Tatina orus, nisera u ¢porodddekra.
Jpyrue TaiiHbl GU3NKA CBETA.
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I 3anumamenvroe Paznuyenue.
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1 Sanumamenvroe Paznuuenue.

IlpeaucaoBue.

B Tpertneit cype (rnaBe) Kopana ckazano, uro bor, Annax BMecTe ¢
Kopanom, Topoit u Epanrenuem Hucrnocian Pasmuuenune. Bmecto
Pasnmuyenuns uHorna B nepesoje Tekcra Kopana numryt Ilpocsemnienue.
Ho Pasnuyenue — 3o Haubosee BepHbIi mepeBoj. Korma crymarorces
CYMEpKH, MBI BCE MEHbIIIE M MEHbIIE pa3inuyaeM IIBeTa, U HaoOOpoT,
4eM siCHEee MOro/ia, TeM pasinyaroTcs BCE OOJbIINE IIBETOBBIE OTTEHKH.
B 3Tom 1 ecth cmbicn Paznuuenus. [loromy Paznuuenune — 31o u ectb
HaCTosIIee WIM UCTUHHOE U3y4YeHHE, B KOTOPOM pa3inuvaioT B MEPBYIO
ouepenb TO, YTO HAPYH#CHO, a 4TO GHympenHe. PaznuueHue
MpearnosgaraeT M HaydyHOe M3y4YeHHME pPEeIWTHH, U H3ydeHUEe HayKH,
ucxonsmiee u3 bubmuu u Kopana, kak I[lucanms nenukom. bes
€IMHEHUS HAayKU M PEeIMTHM CTaj0 HEBO3MOXKHO JallbHEillIee HayyHoe
pazButue. Iloka e pa3BUBAIOTCS TONBKO TEXHOJIOTHH, U TaK yxkKe
CleNaBIIMEe M3 TOJOBMHBI 3eMiid MoMoiMKy. M naxe, ecnu Bel
BHYTpPEHHE HE TOTOBBI MIPHU3HATH OOBEKTHBHOCTH bora, Bam Bc€ paBHO
npuAETCS MPHU3HATH XOTsI Obl OOBEKTUBHOCTh HEBUAMMOTO HaM HIIH
BakyyMHOro mupa. Ho »To - B BepHOM NOHHMMAaHUM BaKyyma, Kak
HEBUJIUMOTO YacTOTHO-CEpHUECKOr0 WM MOJBMKHOIO YacTOTHO-
KOHTYPHOT'O BelIecTBa, 00pa3yeMoro rpaBUTOHAMH, a UX JBHKEHHEM
00pa3yroTcsi SIEKTPOHBI, a ANEKTPOHAMU — M BHUJMMBIC BELIECTBA WIIH
3JIEMEHTHI Y€ Halllero MOJIEKYJIIPHOTO MUPA.

Hanpumep, ckazano B Hauasie bubnuu, uro «co3nan bor TBepn, u
OTJENTIII BOAY, KOTOpas MOJ TBEP/bIO, OT BOJBI, KOTOpas HaJl TBEPIBLIO».
U kak xe 310 MoxHO oTaenuth? Tonbko co3aas cdepy. Beap Tonsko B
cdepe To, UTO BHYTpH He€, Bcerga OyAeT MoJ TeM, YTO CHapyxu e€, a
TO, YTO CHapyXu cdepsl, Bcerma OyAeT Haj TeM, 4YTO BHYTpH eg.
Paznuuennem u XpUCTOC TOBOPHI O TOM, 4YTO «OJa)KeHHBI HHILE
nyxomy. Kazanock Obl, 4T0 HA000POT, TOCTUYHL OJIAXKEHCTBA HA Hebecax
MOT'YT TOJBKO Ooratbie ayxoM. Ho B TOM-TO W 1eno, 4To AyX ecTh
BHYTPEHHUM M HapyXHbIM. A Kakoi B 3TOM MHUpe ceduac AyX WIH IyX
HapyxHbII? [IOHATHO, 4TO 3TO AyX TJIEHHA U BCAKUX cTpacTel. [loromy
1 ONayKeHHBI HUIUE STHM JTyXOM.

Paznuuenne ObLIO MPOMOIKEHO B cyQu3Me (HanpaBiIeHUH UCIIaMa),
rje ObII0 0003HAYEHO MPOosiBJICHHE bora BOCXOsIIero 1 HUCXOIAIIETO,
T.€. BHYTPEHHEr0 U BHEIIHEro. A 3T0 M ecTh MposBiIeHue bora st Hac
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I 3anumamenvroe Pasnuyenue.
yepe3 ['ocnoga Xpucra u cam bor, kak Ammax. Bel cripocute, mouemy
Annmax? A 310 motromy, uto Kopan — 9T0 mpsMoe OomoiHEHuE K
bubaun, cocraBisasd ¢ Hell noustue boxxecrBenHoro Ilucanus neankoMm.
B HeHemHeM jxe mupe Oe3 PaznmueHus paslensioT 4YacTd LEmoro,
MPUMHKCHIBAS WX JABYM IPOTHUBOMOJIOKHOCTSM, M HA3bIBAIOT HX
penurusMu. Penurus ske He MOXKET COCTOSITh U3 MPOTHBOIOIOXKHOCTEH.
Ha To onHa wu penurus, 4ro o3HadaeT BOCCOCAMHEHHE, a He
pazmenenne! U 310 ocHOBHas 3amada Pasmuuenms. OHa cocCTOMT,
HalpuMep, B Pa3lWYeHWU BEPOUCIOBEJAHUS W PEIUTHH, MOCKOIbKY
opuMansHOe BEpOHCIIOBEaHNe, Has3bIBarollee ceOsi MCIaMoM, Jaxe
nanbine ot KopaHna, uem mpaBociiaBue OT HEro!

Ounocopuss W.Kanrta, >KuBIIEr0 B HBIHENIHEM POCCHICKOM
Kamuuunrpane, wim (QakTHUeCKu pycckoeo (uiiocoda — 3TO TaKKe
crajgo mpopomkeHuem Pazmmuenus. VM.Kant o00o3Haums BHyTpeHHee
CBOMCTBO BEIIEH U Hapy>KHOE UX CBOMCTBO, HA3BaB UX BEILLAMM JUIsl HAC
u Bemamu B cebe. Hampumep, cKopocTh cBeTa BHEIIHE WJIM JUISL HAC —
3TO U €CTh IMPUBBIYHOE MOHATHE CKOPOCTH, & BHYTPEHHE WM HAa CAMOM
Jiefie — 3TO YK€ 4acToTa pacrnpocTpaHeHus cera. [Ipogomxu pa3sutue
PasnuueHust B HpIHeIIHee BpeMsi U Oenopycckuii akajeMuk B.BeiHuk,
TIEpBBIN MOMBITABIIMICA HAYYHO HCIIONb30BaTh Paznmmuenne bubmuu o
MOHSATHH BpeMeHH. Tam 3anucano: «OHO TO HE TODKHO OBITh COKPBITO
OT Bac, BO3IIOOJIEHHbIE, uTO Y ['ocmoa oAMH JIeHb, KaK ThICSYa JIET, U
ThICSIUA JIET, KaK OJIUH JeHb». T0, 4TO eHb y I ocnofa, «kak Teicsda JIeT
W3 TeX, YTO BBl CUMTAETe», TakXkKe JBax/abl ckazaHo U B Kopane. Oto
O3HayaeT, 4TO JEHb TBOpPEHMA, yKazaHHBIH B bubmmm u Kopane,
cocTaBJsier Teicsiuenerre. [loToMy ¥ HeT HUYero CTpaHHOIO B TOM, YTO
3a OAMH TPETHM HadalbHBIA JEHb 1'0CIIOIb MOI COTBOPUTH IUIAHETY
3emns u 3acesaTh €€ pacreHusmu. PasButuem Paznmuenus MoxXHO
HAa3BaTh M MCCIEAOBaHMS JICHMHIPAACKOrO (IYJIKOBCKOT0) acTpOHOMA
nporutoro Beka H.KoswsipeBa. OH mepBblif pasnuuuil BpeMsl Ha CUET
JUTUTENBHOCTEH 1 Ha TepBoe Moo0ue BEllecTBa, 3as1BuB, 4yTo B ComnHIe
U B 3BE3/1aX KaK OBl «BBITOPAET BPEMS».

Pasznuuenne — 5T0 U paccMaTpuBaHue JH000r0 ACHCTBHS HE TOIBKO
CHapyXXd, HO U M3HYTPH, WIN C pa3IM4eHHUEM HCTOYHUKA JIEeHCTBHS.
Hampumep, eciu Hac TONKHYNH, BEAb Mbl HE TOIBKO CMOTPHUM, Kak OBl
HU YIacTh, HO M TBITAEMCS MOHSTh, YTO WJIM KTO Hac TONKHy’d. Wiwm,
CKa)XeM, €CIIM BBl coOMpaeTre rpulbl, TO ObIBaEeT, CMOTPUTE Ha OEJbIH
rpud 1 HEe BUAHUTE. A TIOTOM NPUTIISANTECH, U BOT, YK€ pa3indyaeTe ero
noJt tucroM. Pasnnyenne jxe B MCTOPUH — 3TO TaKXKe B NMEPBYIO O4epeb
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I 3anumamenvroe Pasnuyenue.
HAXOXKJEHNE UCTOYHHMKA COOBITHI B €UHCTBE C CAMUM COOBITHEM, YTO
U Jaér OOBEKTHBHOCTb. JTO M BOCHPHUATHE IOCTOSHHOTO HE TOJIBKO
BHEIIIHET0, HO M BHYTPEHHEro u3MeHeHus: Mupa. Hampumep, cBoero
OJHOKJIACCHUKA W IOCie TPUALATH JIET paccTaBaHMA OYEHb TPYAHO
y3HaTh. Tem Oolnee U miaHera 3emiisd B JIaBHIOIO MOpY ObLIa COBCEM HE
HBIHEUIHUM 3€MHBIM I1apoM. M To, 4TO Teneph OJHO3HAYHO MOXHO
Ha3BaTh arpeccHuell, paHbIlie BIIOJIHE MOTJIO OBITh CITACCHUEM JISI SIKOOBI
3aXBaThIBAEMOr0 Hapona. MIHBIMH ClIOBaMU, €CTh 3HaHUS, KaK OIBITHBIE
JaHHbIE TPUKIATHON HAyKH, COCTaBIsAs K HAllleMy BpPEMEHM IIeIbId
6auk. Ho sro emé He 3HaHMsA, Kak TakoBble. HeoOXxoaumo emé nMeHHO
pazIMYeHue JSTHX 3HAaHUM, YCTAHABIMBAIOUIEe MX B3aMMOCBS3b U
JIOTUYHYIO TOCIENOBATEIbHOCTE. A BOT 3TO YX€ M €CThb HCTHHHOM
HayKOH WJIM HayKOW, KaK TAKOBOM.

MOoKHO cKka3aTh, 4YTO B COBPEMEHHOM HAayKe IOYTH HE IPHUMEHSETCS
Pasmuyenne. D10 mMOTOMY, 4TO HBIHEIIHSISI HayKa — 3TO B OCHOBHOM
TEXHOJIOTUH, KOTOPBIE, XOTSI U OYEHb «KPYThIE», HO TOJIBKO TEXHOIOTHU
WM 3HaHME Kak caenath. [loToMy M Tak MHOTO B HayKe MCKaXXeHUH U
eme HE pACKPBITBIX TallH WJIM YMalYMBaHUU O IIPOUCXOXKICHUU
OTKPBITHIX (PaKTOB. A MOCKONbKY PasnuueHne — 3To BCE-Taku H3yUeHHE,
To 1ns Haubojee MOMYJSIPHOTO €ro W3JIOKEHHUsS clieflaHa IOMbITKA
MpeICTaBUTh UMEHHO 3aHMMarenbHoe Pasnnuenue win Paznmuuenue c
HanOOJBIINM KOTHYECTBOM (DAKTOB M ¢ HAMMEHBIIINM YHCIIOM Hay4YHBIX
BBIKJIAZIOK. XOTENOCh OBl HaJIEITHCS, YTO 3TO MOTYYHIOCH.

U 3naere, moueMy Bbl HUUYTh He OyZeTe *alleTh, YTO BHIOpAIIN 3Ty
kHUTy? HbIHemHss Hayka HE TOJBKO HE OTBeYaeT MOYTH Ha BCE
M0003HATENbHBIE BOIPOCHL, HO X XUTPUT B CBOEM HE3HAHMH, puOeras
K MCKOXEHUSM M Jaxke K SABHbIM mnomjoram. M 3to moroMy, 4TO
YyeroBeyecKass HayyHas TOpPJbIHS He TOJIbKO He MO3BOJISET CKa3aTh «HE
3HaI0», HO HUKaK U HE XOYeT HE TO, YTO NMPU3HABATh, a JaXKe pa3inyaTh
MCTOYHUMK Bcero: bora. OTTOro B (pM3MYECKON MEXaHHKE JIaXKe U HET
MOHSATHSA TAaKOro, KaKk MCTOYHMK CHJIBI. Bce cuibl TaM — 3TO TOJNBKO
JIeiiCTBHE TeN IPYT Ha Apyra. A NMeicTBUe, MO, OT camoro aercteus. U
3TO HHUKOTO HE CMYIIAeT, XOTd Ty JKe 3apIulaTy IOMy4yaloT HE OT
3apIUIaThl, a OT PabOTHI.

TexHonoruu, He pasziauyaeMble NMOKa OT HAyKH, JIMIIb 3HAIOT, Kak
ClleNaTh, U XOPOIIO, €CITM HY)KHYIO Belllb, a OOJIbIIEH YacThlo - Ty WIH
VMHYI0 HOBYIO WIPYIIKY WJIM HOBOe opyxkue. Kak TakoBasg ke, Hayka
MOXeET ObITh TOJILKO B Pasznmuuenuu. [lotomy Paznmuuenue — ato emg u
HE TOJIBKO UCTUHHBIN B3IJISA/] HA HCTOPHIO U Ha PENTHIO, KaK Ha HAyKH,
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I 3anumamenvrnoe Pasnuuenue.
HO - ¥ Ha O0IIyI0 WK (QyHIaMEeHTalbHYy0 HayKy. [Ipu 3TOM moHsSTHOE
Jen0  Hem30eKHO TMOSBIAIOTCS  COBEPUICHHO HOBBIE  TOHSTHAL
HeBo3MokHO OBITH BTOpBIM YeXOBBIM, MPHUEM B OMUCAHHU TOTO, YTO
HUKTO He onuchkiBall. [loToMy 371ech y Bac HaBepHsKa OyAyT CI0XKHOCTH
B BOCIPHATHU 3TOoH HOBOW mHpopmanuu. Ho 3aTo y Bac mosBUTCS
HECPAaBHEHHO PACIIUPEHHOE, a TJIaBHOE, HE NCKaXXEHHOE MPE/ICTaBICHNE
00 OKpy>KaroleM Hac Mupe! A 3TO TOro CTOMT.

Paznenst IlepBoii kHUTH OymyT HMHTEpECHBI OOJbIE MOJIOIBIM
JIO/ISIM, TIOCKOJIBKY MO-HOBOMY TIPEICTABISIOT IIKOJIBHBINA Kypc (QH3UKH
u acrtpoHomuu. Pasznmenst Bropoil kHUTH OyqyT HHTEpPECHBI BCEM,
MOBeCTBYSl 00 3BONIONMK 3eMJIM W YelOBeKa, U - 00 uctopuu Poccum.
Tpetbst xe kKHUTa 3aHMMATEIbHOTO PasznmuueHus 3anHTepecyeT Oolbliie
CpeIHUM M IIOXWIOW BO3pacT, OCBEIasl, HAIPUMEP, BOIPOCHI
3arpoOHO# KU3HM U 4TO Takoe bor.

Hano ckazate u 0 ToM, Kak 3aHMMarenbHOe PaznmuueHue MOXKeT
ObITh BOcHpuHATO. B 00psjge BepoucrnoBemanus Oyaau3ma ecTh
WHTEpECHbIE M COBEPIIEHHO BEPHBIE TPHU YCIIOBUS BOCIPHUSATHS HOBOM
nH(pOpMaIUK, Ha3bIBaeMble MpaBMWIIOM TpEx cocymoB. Cocya B 3TOM
ciiydae — 3To 00pa3HOe BBIpa)KeHHE s Baliero Bocnpustus. [lepsoe
yCJIOBHE, 3TO YTOOBI cOCy/ HE ObUT TepeBEPHYTHIM, a OBbIIT OTKPHITHIM.
JT0 3HAYUT, 4TOO OBLIO CTPEMJICHHE K BOCHpUSATHIO. BTOpoe ycioBue,
9TOOBl OH HE OBbUT ABIPSBBIM WM YTOOBI OBUIO BHHMKaHHE. A TpEThE,
4TO00 OH OBUI NMPOMBITHIM HJIM YHUCTBIM, T.€. YTOOBI BaIlld TMPEKHUE
BO33pEHHS HE MPUMEIINBAINCH K ATOMY BOCIPHUATHIO BO BpEMsI CaMOr 0
BOCTIPUSATHS.
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1 Sanumamenvroe Paznuuenue.

Knura nepBasi. Paznuuenue Gpuszuku u
aCTPOHOMMUM.

Paszaen nepBblil. Q0 HCKaKeHUSAX B HAYKe U B
HAYaJIbLHOUN (pU3HKe.
«Bpems u cuna»

1.AckakeHre BpeMeH! U MMPOCTPAHCTBA.

Heynasmasics, k cojkajeHnto, IOMbITKA BHIIPABIEHUE TIOCKOTO
BOCTIPUATHS IPOCTPAHCTBA Y COBpeMEHHUKOB A.DiHITeiiHOM. OHa
Obl1a Ha IPUMeEPE UCKPUBIIEHUS TIPOCTPAHCTBA-BPEMEHU BOKPYT
HEOECHBIX TEl.

K npaBae npocrpancrsa.
IIpocTpaHcTBO, KOTOpPOE BCEr/1a OHO € BeleCTBOM. 371ech

TOBOPUTCA O TOM, YTO
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1 Sanumamenvroe Paznuuenue.

- 1) BUAMMbIA HAMW MUP UCXOANT U3 HEBUAMMOM }KUBOW CTPYKTYPbI
NPOCTPAHCTBA, MOTOMY BCE BOCMPUHMMAEMOE NMPOCTPAHCTBO — 3TO
O4HOBPEMEHHO 1 BELLECTBO. BocnpuaTHe ke HEBUAMMOMN HaM CTPYKTYpPbI
NPOCTPaHCTBA HEOBXOAMMO XOTS Bbl MOTOMY, YTO UMEHHO 3TO OT/INYAET
YyenoBeKa OT KMBOTHOro. Beb MMEeHHO YesloBEK CNOCOBEH M3 HEBUAMUMOTO
MW 13 3aMbICN1a COOPYKaTb 34aHMA U CO343aBaTb MALUMUHbI;

- 2) HEBMAMMAA CTPYKTYpa NPOCTPAHCTBA — 3TO chepmnyeckan YacTOTHOCTb
WM 3TaKoe MNOCTOAHHOE BPalleHMe BO BPALLEHUM C 06pa3oBaHMEM
CHaYasla MenbYanLInX y3eNKOB NPOCTPAHCTBA — FPAaBUTOHOB. A CTPYKTypa
BPALLEHMA YXKe rPaBUTOHOB, ByAyYM CaMbIM UCXOAHbIM, HO HE OLLYTUMbIM
BaKyYMHbIM BELLECTBOM, U €CTb FPaBUTALUNEN;

- 3) NoTomy BpalyeHMe BaKyyMHbIX FPaBUTOHOB 1 06pasyeT Bcsikme chepbl
HEBUAUMbBIE U BUAMMbIE (BPOAE MbI/IbHOTO LWapa), HanoaHAA UX
YACTOTHbIM BELLECTBOM, KOTOPOE MOXKHO Ha3BaTb, KPOME FrpaBuTaLLUK,
YaCTOTHOM UM HEBUAMMOM BOLOMN, HO BOCMPUHUMAEMOE HaMK BaKyyMOM.

Bb1 00s3aTenbHO CHBIIAN WK YUTAIM O TOM, YTO B (PU3UKE €CTh
Takoe 3ayMHOE TIOHSITHE MpPOCTpaHCTBa-BpeMeHH. Dusnka — 3TO He
¢unocodus, MOTOMy eciu BBOAUTCS Kakoe-THOO MOHSITHE, TO JOMHKHO
OBITH 371€Ch, HY, XOTS Obl MUHUMAaJIbHOE MPEACTaBICHUE O CTPYKType
9TOro TMoHATUS. Ho HWYero He TOBOPHUTCS HE O CTPYKType
MPOCTPAHCTBA, HM O TOM, YTO Takoe BpeMsi B (U3UUECKOM CMBICIE,
KpoMe OOBIJICHHOTO €ro MOHSTHUS, KaK cYéTa JUTUTETbHOCTEH.

[lo mnpencraBieHHIO, M3NOKEHHOMY B HBIHEIIHUX IIKOJIBHBIX
y4eOHUKaX, €CIM paKeTy pa3orHaTth 0 CKOPOCTH, OIHM3KOH K CBETOBOMY
3HAUEHMIO, TO Yachl B pPAaKeTe BOJIICOHBIM 00pPa30M JIOJDKHBI HITH
MeJUICHHEe, YeM 4Yachl, ocTaBmivecss Ha 3emie. Ho momymaiite camu,
KaKoe OTHOIICHHE CKOPOCTh 3a 0OpTOM KopaOisi JIODKHAa WUMETh K
MexaHu3My uacoB? Bpemsi neliCTBUTENIBHO pa3HOE B Pa3HBIX YacCTAX
KOCMOCa, HO 3TO - IMEHHO BO BHYTPEHHEM WM (HPU3NYECKOM MOHSITHH
ero obpa3oBaHusi B c()epUUECKOM BpAIlEHHH, O KOTOPOM O(QHUIHAIBEHO
MOKa W HEeT MOHATHA. HeT KOHKpETHOro ompeneneHus W 4YTO TaKoe
npoctpancTBo. MzBecTHeHME pr3uk A.DWHIITEHH TOBOPHII O HEKOEM
WUCKPUBIEHHOM KOCMHYECKOM MPOCTPAHCTBE.

W 53T0, KOHEYHO, HE WCKPUBJIEHHBIC TIUIAHETH, a CBOOOIHOE
MPOCTPAHCTBO MEXIY HUMH. A 3TO 3HAYUT, YTO MPOCTPAHCTBO BCErna
cepryHO, 0 yeM W roBopuid emE B 16-M BeKe MOIbCKUI acTpOHOM
H.Konepuuk, HO He ycasimanu KomepHuka, a UCKpHUBIEHHE
OUHINTelHA TPHUHSJIM TOJBKO MOJ00MEM HMCKPUBJICHHUS MAJKH.

Paznuuenue usuxu u acmporomuu. 11




I 3anumamenvroe Pasnuyenue.
Hanpumep, eciu Bbl B30MAETE HA BO3BBILIEHHOCTh M IIOCMOTPUTE Ha
JIMHUIO MOPCKOT'0 TOPU30HTA, TO OH Beerna Oyzaer 4acTeio cdepsl. U 310
He wu3-3a 3eMHON cdeppl. Bens paamyc 3emHOro mapa Bceria
HECpaBHEHHO OOJIbIIE MPOTSHKEHHOCTH BUMMOTO TOPU30HTA.

OTTOro M rOBOPAT MMEHHO 00 OKpPYKAaIOIIEM Ha MPOCTpaHCTBE. A
OKpYXXEHHE BOKPYT BO3MOXKHO TOJBKO B ctepe. M 310 3HA4MT, 4YTO
MPOCTPAHCTBO COCTOUT W3 HEBUAMMBIX WM BakKyyMHBIX cdep,
HAXOISINXCS OFHA B JIPYroi. A mposBisiercs 3Ta cepuIHOCTh yXKe B
BUJMMBIX HaM MpeMEeTax WM BellecTBax. To, YTO MPOCTPAHCTBO — TO
CIUTOIIHBIC chepbl, BUEN JIFO00H 13 Bac. DTO KOI/Ia BbI CIIIE MaJIBIIIIOM
BBIIyBaJl MbUIbHBIE Imapbl. OOpamiand BHUMaHWE, YTO OHHU BCerjaa
CTaHOBHMJINCh MMEHHO IIapuKkamMu Win chepamu? A 3aIyMbIBaJINCh,
nouemMy 3To? DTO Kak pa3 MOTOMY, YTO BbIIyBaeMbIN MBUIbHBIN IIap
Komupyer opMy MpOCTPaHCTBA, KaK POpMy TOT0, KyAa OH BBITyBaeTCH.
OTTOro M B HEBECOMOCTH (HAampUMep, HAa KOCMHYECKOM Kopaodiie)
BBUTUTAS U3 CTaKaHa MeMCH-Koa CTPEMUTCS CTaTh Chepoi.

Ho 3a cuér uero momuepkuBaercs chepa? A 3To 3a CU€T TOro, 4TO
MPOCTPAHCTBEHHBIE c(epbl HE MEpPTBBIC, a JKUBBIC WJIM 4YaCTOTHEIE.
WupiMu  cioBamu, OHHM 00pa3yloTcs BpalleHHEM 3JIeMEHTapHBIX
HEBUJIUMBIX CHEPHUUECKUX MPOCTPAHCTBEHHBIX y3€JKOB, KOTOPbIE CAMU
BpamatoTcs. M3-3a Takoro COBMEIIEHHOTO JBMXKEHHS, MOMajas B TOT
MHUp, MbI OyJeM HaOJIIaTh CIOKOWCTBHE (BopM, Mmoj00HOE HAIIeMy
mupy. IlpocTpaHCTBEHHBIE Y3€IKH JaBHO Ha3BaHbl I'PAaBUTOHAMH, a
YEeTBEPTh X — 3TO MAarHUTOHBI. YaCTOTHBIMH K€ Cepbl MOXKHO Ha3BaTh
MOTOMY, YTO OCHOBHAs XapaKTEPUCTHKa BpallleHUs — 3TO, KakK BB
3HaeTe, 4YacTtoTa. MUHHMaJBHBIA pa3Mep TpaBUTOHA 3TO BCEro
3,47*10_17«M>>, a ompemensercs OH u3 (GOPMYIbl  00OPOTHOrO
MasiTHUKa (4TO [OKa3aHo B maparpade o TaifHe Macchl). MakCUMabHBIH
ke pasMep - Oonbllie pa3Mepa JIYHHOU OpOUTBHL. DTUM U OOBACHSETCS,
YTO MBUIBHBIC IIAPHl MOTYT OOpa30BBIBATH COBCEM Pa3HBIA pa3Mep.
HNHaue TOBOpsl, MMEHHO MBUIBHBIA LIap IIOKA3bIBAET UCKAKEHHOCTH
HApY)KHOTO M TUIOCKOTO BOCIPHATHSI MPOCTPAHCTBA, B KOTOPOM HeE
BUJISIT YaCTOTHBINA MM HEMPEPHIBHO BHOPHUPYIOMIMH 32 CU€T Takol xKe,
HO 00paTHOHM BHOpanuu (4em Kak pa3 u odpasyercs cdepa), HCTOUHUK
BCEX JIBHXKEHUH.

31ech mpecTaBieH OOBIYHBIA MBUIBHBIN 1Iap.
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1 Sanumamenvroe Paznuuenue.

Compukacaschk C HallIUM MHPOM (Hapy>KHBIM 10 OTHOIIEHHIO K TOMY
MUPY) TPaBUTAIMOHHBIC Y3€IKH MPOSIBISIOT BHYTPU 0Opa3yeMbIX UMH
cdep BpallleHHe HEBUIUMON T'PABUTOHHON YaCTOTHOCTH, KaK YXKE HE
BOCIIPUHUMAEMOr0 HaMH YacTOTHOTO WJIM HAacTOAILIEro BelecTBa,
Ha3bIBAEMOI'0 B CTapOM HAayKe «MaTEpUE», HO OTAEISIEMON OT BaKyyMma
(paccMaTpuBaeMoll OT/AENBHO OT HEro). A BpamatelbHOE YCKOpPEHHE
TAKOTO JBIDKEHHS BO BpallleHWHW o0pa3yeT 3aps] TpaBUTOHA HIIH
TpaBUTALMOHHBIA 3apsa. B odunuaneHol Qu3MKe JTOT 3apsn
Ha3bIBaeTcsd YCKOpPEHHWEM CBOOOAHOro maaeHus «g». [eomerpus
JlobaueBckoro, roBopsiias 0 paBeHCTBE MOAOOHBIX PUTYp, UCXOAUT KaK
pa3 M3 TOro, 4To BCE BHAMMBIE HaM (UTYpPHI — 3TO, MO CYTH, KakK ObI
CXKaThle WITH, HA000pOT, pacTsHyThIe chepbl. 1 BB y)ke TOHMMaeTe, YTO
MPOCTPAHCTBO CHEPUYHO, HO B O(PHUIIMATHLHOM BOCHPHUSTUU OHO
miockoe. BecroMHMTE BCsikMe MOHATHE TONIEH, HApUMEpP MarHUTHBIX.
[lone — oHO W ecTh moneM, Hampumep, KaprodenbHbIM. Bokpyr ke
MarHuTa Takxke oOpasyercs mojaodue chepbl WIH MacHumHas cgepda,
KaK pa3HOBHUJHOCTh TpaBUTAllMM WM YacTOTHOM Boxapl. WM ecnw,
HampuMep, CKpernka K HeMy MpHUTIATMBaeTcss TOJIBKO B OJHOM €ro
MJIOCKOCTH, TO 3TO - M3-3a2 CTAHOBJIEHMSI YACTOTHOCTH KOHTYPHOCTBIO
WM CHJIOBBIMH JIMHSIMH, TIPUYEM - IMEHHO B c(peprIecKOM BpaIlleHHH.

Ecte um gapyroe kpynmHoe uckaxkenwe. OQHIMANbHO BEUIECTBOM
Ha3bIBAIOT JIIIb TO, YTO MBI Y>K€ MOKEM OUIYIIaTh. A 3HAeTe, YTO MBI
ourynaeM? CoBceM HE BEIIECTBO, a JIMIIb 3TaKyl0 MOJEKYJISPHYIO
KOPKY BOKpYI' BellecTBa WM IO TMOBEPXHOCTH BemiecTBa. [lotomy
BEIIECTBO HAa CaMOM Jielie — 3TO U €CTh BpallleHHe T'PaBUTOHOB U OHO
Oonpleil YacThl0 BcerJa HaM HEBUAMMO M HEOUIYTHMO, Oyayuw,
HampumMep, BakyymoM. [loToMy BeliecTBO Hallero Mupa — 370, o CyTH
nceBI0BeNIecTBO. Benp korna yuéHbie pa3onBaloT 3TO SIKOOBI BEIIECTBO
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I 3anumamenvroe Pasnuyenue.
HAa MOJICKYJIbI, OHH CTaHOBSATCSI HEBHIMMBIMH, & BHYTPH aTOMHOTO S1pa
HaOJIIOJIAIOT He TBEPYIO (ppakiiuio, a OypIIsIIy 0 YaCTOTHOCTb.

JaBaiiTe mpencTaBUM MBUIBHBIH IIap B paspe3e. JTo Tpu cdepbl
onna B npyroii. CHavana camas HapykHas cepa, oOpasyromas IMEHHO
MOJICKYJIIPHYIO KOPKY M caMy (Gopmy 1iapa. Ity chepy MOKHO Ha3BaTh
koHTypHOH. Cpasy e ToJ Hell pacrolioXeHa BHYTPEHHSISI WIH
JacToTHa cdepa, MOAAEPKUBAIONIas KOHTYpHYIO cdepy cBOUM
MOCTOSIHHBIM BpallleHHeM. B 1eHTpe ke MbpUIbHOrO mapa — cdepa,
MOJMUTHIBAIOIAS BpallleHHe 3THX IByX cdep. LlenTpansHas cdepa
o0pa3yeT MCXOIHYIO YaCTOTHOCTh HJIM TO, YTO HA3bIBAIOT BHYTpEHHEH
9HEpruen. A, KpoMe TOro, 3TO M €CTh BPEMEHEM B ero (pu3mueckom
MOHUMAaHHH, CTAHOBSICh B HAIllEM MUPE JUIMTELHOCTHIO 3TOWH MCXOIHON
gactoTel. Jnsi TOro 4YtroObl HE MyTaTh 3TO BpeMs cO CUETOM
JUTUTENBHOCTEH, €ro MOXXHO Ha3BaTb 6PEMEHHQIl zpasumayue.
I'paBuTanyio MHOrAAa Ha3BIBAIOT 3(QUPOM, HO 3TO HE MOJO00HE HEKOEro
raza WM CBEPXTEKydell MHpOBOH cpenbl, 3TO M He «pHu3nuecKuit
BaKyyM» WJIH «4E€PHOE BEIIECTBO», U HE HEKUE «CTPYHBD».

3T0 UMEHHO IPaBUTOHHOE BpaIlleHNE M «BpalleHHE BPAILICHUS BO
BpallleHWN», KaK YaCTOTHOE MJIM TPaBUTOHHOE BEIIECTBO, COBEPIIEHHO
OTJIMYHOE OT BEIIECTBAa HAIlEr0 MHUpa, Kak Obl TMOKPHITOrO Bceria
MOJEKYISPHON «KOpKoi». Ho BocipuHUMaeTcs OHO HaMH BaKyyMoOM,
4TO B CTApOil (PM3MKe — JIMIIb ToNlasi MyCcTOTa, @ He OTCYTCTBHE HAIIEro
MPHUBBIYHOTO BemlecTBa. [IpuuéM u He MOXKeT OBITh B BAKyyMe HUKAKUX
«apIpoK» (THma nmo3uTpoHoB I1. Jlupaka), MOCKOIBKY 3TO YK€ UCXOTHOE
JUISL Halllero BUIMMOTO WJIM HaJBaKyyMHOT'O MHpa BellecTBO. B He
BOCIIPHATHU HEBUJMMOrO TPAaBHTOHHOTO BEIIECTBA, OTIMYHOTO OT
BEIIIECTBA HAIIEr0 MUpPa U TOTO, YTO BEUIECTBO — 3TO MPOCTPAHCTBO, U
HA00OpOT, YyXKe B DIEKTPOHHBIE (CBEPXCHIBHBIE) MHKPOCKOIBI
HAOJIO/IAI0T, KaK M3 HEKOErO MPOCTPAHCTBEHHOIO TyMaHa MOSBIISIOTCS
BUJMMBbIC YacTHIbL. [10TOMY yXe W MOSBISIOTCS BBICKa3bIBaHUS, UTO,
MOJI, BEIIECTBO — 3TO «OCOOBIM 00pa3oM» CTPYKTYPUPOBAHHOE
MPOCTPAHCTBO. A CTPYKTYypHpOBaHWE MPOCTPAHCTBA, CTAHOBSIICECS B
UUPKYJSIIUN TPaBUTOHHOTO JIBUKEHUSI BEIIECTBOM — O3TO M €CTh
MPOCTPAaHCTBO-BeMecTBO. HO B TIIOCKOM BOCHPHUSATHH MPOCTPAHCTBA U B
3TOM «IPOJBUHYTOM» ONpENETICHUN HE Pa3iNyaloT ero eIHHCTBAa C
BEIIECTBOM.

Hawm kaxkercs, 4To BELIECTBO — 3TO TO, YTO MOYXKHO NIOTPOraTh U
omyTuTh. Ho Benb Bech OKpy»Karolinii Hac Mup — 3TO BelecTBo. U 1o,
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I 3anumamenvrnoe Pasnuuenue.
YTO MBI €0 HE OIIyII[aéM HUKaK He 3HauuT, 4To ero HeT! He omymaem
MBI MAarHUTHYIO cdepy (Tosie), He OmIyliaeM paaualuio, He OlyuiaeM

BOJTHBI K HallleMy MOOHIIbHOMY TeneoHy. A Beib 3TO BCE TOXKE
BellecTBO. PazBe MOXKeT He geuyecmeo, BO3ICNCTBOBAThH HA geu4ecmeo’?’
A TO, 4TO 3TO YaCTOTHOE BEIECTBO MJIM YaCTOTHAsI BO/Ia HAMH IOYTH HE

BOCIIPHHUMAETCSI, CBS3aHO UMEHHO CO C(pepHUHOCTBIO TPOCTPAHCTBRA.
BozbmMuTe TOT ke MbUTbHBIH 1map. CHapyXH €ro — Hall BUJUMBIN HITH
HaJBaKyyMHBII MUD, @ BHYTPH - MUD YK€ HaM HEBUIAUMBIN 1 HE
OLLlYIaeMbII WM BaKkyyMHbII mup. Ho 3a cuér Toro, 4to ToT
HEBUJIMMBIN BaKyyMHBII MUP TIEPBUYCH U BCerja oopasyer chepbl, TO

OH, IIPOHUKAs BCIOJY, HUKAK ce0s Hanpsimyto He oOHapyx)uBaeT. OH
naét o cebe 3HaTh TONBKO JIOMAHWEM MBUIBHOTO ITy3bIpS, YAapOM TOKa,

3BOHKOM MOOMJIBHOTO TeNed)oHa, OIIYIICHUEM CYXOCTH BO3/ayXa OT
paauanmu u T.4. HaMm Hano0, HaKOHEI, OCBOMThH MBICIIb, UTO €CiH 0e3 He

OLIYIIAEMOr0 HAMU CHT'HaJla COTOBBIN TeiedoH He padoTaer, TO 3Ta
HEBHUJIUMOCTb WJIH BAKYyMHBbII Mup — nepeu4eH. Hamu xe BcE emwé
BOCIIPUHUMAETCS IEPBUYHOCTH TOT0, YTO MOKHO MOTporaTh. Mbl
TporaeM JIMIIb MOJIEKYJISPHYI0 KOPKY KOPKOM CBOEH KOYKH M CBOMX
«PELIeTITOPOBY.

BHyTpeHHss yacToTHas cdepa B MBUTBHOM IApe — 3TO YACMOMHbLLL
6aKYYM WU YacmomHuocmy (Ha3biBaeMasi B paboTax, albTepHATHBHBIX K
opumansHoOl Qu3MKe «BUXPIMHY»), a HApYXKHast U KOHTypHas cdepa —
KOHMYpHbI ~ 6aKyyM  WIA  KOHMYPHOCMb, TIPUYEM  3aTSHYTBHIA
MOJIEKYISIPHON «KOpKOM». HacTOTHOCTh ISl AKUBBIX TEl HA3bIBAIOT U
sHeprerukoi. He BocnpuHMMas BakyyM TIpaBUTalUMed M 4acTOTOH
BOZOM, A.DWHINTEHH Ha3bIBaJl HEKUM «MAaTepUabHBIM» HEBHUIUMBIM
3alloJTHUTENIEM BakyyMma 3Gup, NpuyeéM mpuaaBas eMy HEMOABHKHOCTD,
YTO U HE MO3BOJIMIIO €MY MOIHOCTBIO OTKa3aTbesl OT 3(upa, KaK «Haen
¢ukc». Ha camom nene ucxoaHas yacTh Bakyyma, Kak 4aCTOTHOW BOJIHI,
W BECh BaKyyM (BKIIOYAs M €ro KOHTYPHOCTh) — 3TO cama 4aCTOTHOCTh
WM JIBUKCHUE, HAXOIAIICECSd B JBUKCHUU, YTO MOXKET OBITh TOJBKO
yepe3 BpallleHHe, a 3HAa4yuT, 4YTO M €CTh «BpallleHHWEe BpaIIeHHUS BO
BpaieHnny. Eciu MBUTBHBIN MYy3BIPh JIOMHET, TO, KOHEYHO, HE HCUE3HET
TpoliHas cdepa mpocTpaHcTBA. TOMBKO BMECTO MOJICKYJISIPHOM
MBUIBHOM KOPKHM OCTaHeTCs YKe HeBHauMmas cdepa KOHTYpHOTO
BakyyMa. MBI MOKa NPUBBIKIN JyMaTh, YTO €CIM MBUIbHAsS KOpKa
Wcue3na, TO HMCYE3NI0 M BelmecTBO (He cuuTas Bo3ayxa). Ho oHo
octanoch! Kopka — oHa U ecTh KOPKOM, BEIIECTBO ke MO/ KOPKOM, KaK
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1 3anumamenvroe Pasnuyenue.
MpaBUio, HaM YXe HEeBUAUMO. M 9TO HEBHUAMMOE BEUIECTBO WIIHU
BpalllCHUE TPABUTOHOB (UTO €CTh YyXKE€ BpAIICHUEM BO BpAICHHUH)
MIOTOMY MOXKHO HAa3bIBaTh HE TOJHKO YACTOTHBIM BEIIECTBOM, HO H
4acmomuotl 80001, TIOCKOIbKY UMEHHO MOJIEKyJia BOJIBI, 00pa3yromas
BCerjia Karuiro, Hanbosee mojjo0Ha Takol cdepe HEBHIMMOTO BEIIECTBA.

A BOT 3TO BCerja MoABUKHOE BEIIECTBO WM «TEKYIIas» YacTOTHAS
BO/Ia, oOpa3yemasi TPAaBUTOHHBIM BpPAIICHHEM, - 3TO M €CTh MHPOBAs
cpena (HEOTpBIBHAS OT MPOCTPAHCTBA) WM JKUBOH  BaKyyM,
Ha3biBaeMbld Matepueil. Ho yacToTHas Boja, KOHEYHO, TOXKE OTIMYHA
OT OILYIIAeMOr0 HaAMHU BEUIECTBa, IOCKOJBKY emé - 6e3 MOJIEKYIApHOi
KOPKHM MJIU KakK OblI eli€ 4acTOTHO He OcCThIBIIas. [loromy mMarHuTHas
chepa (opunuanbHO TOJNE) — OSTO TOXKE BEHISCTBO, Kak (opma
NpeObIBaHMsI YaCTOTHOW BOJBI, HO Takke 0€3 BUIUMON KOpPKH.
AHaJOrMYHO M JJEKTPOTOK, TEKYIIMM, HampuMmep, MO OroJIEHHOMY
MIPOBOJY BHEIIHE HAM HUKaK He ouryTuM. Ho ecnu Mbl BO3bMEM IIPOBOJT
B pyKM, TO Yy TOKa KOHTYPHBIi BakyyM CTaHET YXKe TMO0J00cH
MOJIEKYISIPHOM KOPKE, YEM MBI €TI0 BIIOJIHE KOHKPETHO TTOYYBCTBYEM.

Bol yxe TOHSIM, YTO TOBOPUTH O MPOCTPAHCTBE-BPEMEHU HE
CepbE3HO, MOCKONIBKY ATO TOJNBKO HayaidbHAs 4YacTh BCEM CTPYKTYPHI
npoctpancTBa. M BBIABIAETCS TO, YTO BEIIECTBO M TMPOCTPAHCTBO
HEOTPBIBHO JAPYT OT Jpyra. ITO M MOHSATHO, BEIb, HampuMmep, mkad B
KOMHATE 3aroHSIET U 00pa3yeT MPOCTPaHCTBO. A MPOCTPAHCTBO, KPOME
TOro, 4to c(hepudHo, BCEra MU CUMMETPUYHO (MHAue He ObLIO Obl U
3epkana). Torma Mo 3aKOHY CHMMETPHHM M IPOCTPAHCTBO JIOJIKHO
3aHMMAaTh U 00pa30BBIBATH BelIeCTBO. [lOTOMY M aTOMBI HE TOJBKO
00pa3yloT MPOCTPAHCTBO, HO ¥ BHIIUIM M3 Hero. Takke U
3JIEKTPOMArHUTHBIE BOJIHBI K BallleMy COTOBOMY Tele()OHY HE TOJIBKO
BBIXOJIAT M3 BaKyyMHOI'O MPOCTPAHCTBA, HO W 0O0pa3ylT 3BYKOBOE
KosiebaHue, Kak 3BYKOBOe BemiecTBO. OTCloja HAjJ0 TOBOPUTH HE O
MPOCTPAHCTBE-BPEMEHH, HE O BEIIECTBE M MATECPUH, @ — O BCEOOIIEM
€IMHOM HpoCmpaHcmee-geujecmsee, Ha3bIBAEMOM B CTapoill Hayke
MaTtepuel, HO oTaenseMol or Bakyyma. [loromy crapas ¢usuka, He
pasnuuasi 9TO, pacKiIaIbIBaeT aTOMBI Ha COCTaBisiomue. Tak ke
HEBUJIUMBIC MOJICKYJIBI JCUCTBUTEIBHO COCIUHSIOTCA CHApYXKH, YeM U
oOpa3yercsl y)Ke BUIUMas HaM «MOJICKYJIIPHAs KOpPKa» a BOT aTOMBbI
00pa30BBIBAIMCH YK€ U3HYTPH MMO00HO MBUIBHOMY IIIapy.

Bel Bce crnplmanu BBICKAa3bIBAaHUE, YTO HAIll MHP MAaTEpHAJICH.
Marepueii xe Ha3bIBalOT HEKOE «BCE». HO, YTO MHTEPECHO, 3TO «BCEM -
BOBCE HE COUETaHME BaKyyMa M BellecTBa. B crapoil Hayke — 3TO SIKOOBI
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I 3anumamenvrnoe Pasnuuenue.
«BCE» BCETO JIMILIb COYETaHNE BEIIECTBA M HEKUX «I10JIei», Ha3bIBaeMbIX
WHOrIAa OH(QHUPOM WJIM MHPOBOM CpeJod, a WHOrJa - HEKUM
«pusznyeckumM» BaKyyMOM. MUHHMAIBHOW COCTaBIISIOIIEH ATOM
MUPOBOH cpelibl Ha3blBalOT 3JIEKTPOH, a BEILECTBA — BOAOPOIHOE SAPO
(He paznMuyaeMoe, KCTaTH, OT MPOTOHA, HO o0 3ToM - naneire). Ha
caMoM Jienie «Bc€» - He MaTepHsi, KoTopasl OTAeleHa OT BaKkyyMa, U He
BEIIIECTBO COBMECTHOE C TaKOW OT/ENEHHOW MaTepuel. DTO marepus,
KaKk MMEHHO €IMHOe MPOCTPaHCTBO-BEIIECTBO, 0Opa30BaHHOE
cepruecKkoil YacTOTHOCTHIO WM c(EepUYecKUM BpallecHHEM BO
BpallleHWH TaK >K€ YacTOTHBIX WJIM TPaBUTOHHBIX oOpa3zoBaHuid. U
caMo0€e MUHHUMAaJIbHOE 00pa30BaHue, JOCTYIHOE npsAMOMy BOCIPUSITUIO B
HallleM MUpE — 3TO IPaBUTOH, KaK OJTAaKMi MUHUMAJbHBIA Y3€JI0K
MpocTpaHcTBa. [ paBUTOHBI 00pa3yIOT YKe JIEKTPOHBI, a JIEKTPOHAMHU
dopmupyercss u sepHoe sapo. [loTomy BakyyM — 3TO M €CTh
0003HaYeHHE BEIIECTBA, KAaK TaKOBOTO, HO HE BOCIHPHHMMAEMOIO
HaTpsAMYIO B HameM Mupe. BooOie 1 oT MOHATHS BaKyyma, Kak sSIKOOBI
MYCTOTBI, MOXKHO ObL1O OBl OTKa3atbes. Ho TepMunbl vacmomnocms n
KOHMYPHOCMb BMECTE C YACMOMHOU 6000l, WMH COCTaBIIIEMOH,
COBCEM, YTO TOBOpUTCH, HE Ha cinyXy. IloTroMy moa BakyymMoM 37ech U
MMOHMMAETCsl HMMEHHO JBI)KEHHWE WJIM HENpPEephIBHOE BpallleHHe
YacTOTHOM BOJbI, KaK BOJBI IPAaBUTOHHOIO ABM)KEHUS IMPOCTPAaHCTBA-
BEIIECTBA, COBEPIIEHHO OTJIMYHOI'O OT HAIlero MHpa, a IO0TOMY
BOCIpMHUMaeMoro mycroroi. K Tomy ’ke M mycroTa — 3TO Bcerjaa
OTCYTCTBHE BOCIHPUHMMAEMOI0, a HE «TOJash» WM HeKas aOCoNoTHas
MycToTA.

Kak o0pa3yercsi npocTpaHcTBO. 371€Ch TOBOPUTCS O TOM, YTO

- 1) YacToTHO-ChEPUYECKYIO HEBUAMMYIO HaM CTPYKTYpy NPOCTpaHcTBa U
HenpepbIBHOE PAaBUTOHHOE [ABUNKEHWE MpoABAseT sBAeHUEe (GOHOBOro
KOCMMYECKOr0 M3/ly4eHNsA BO BCEX AMANa30HAX 3/1EKTPOMArHUTHbIX BOJIH;

- 2) Hawy BceneHHyto (BUANMYIO U HEBUAMMYIO) MOXKHO Pa3gennTb Ha
BUAMMbBIA HAMW MW HAABAKYYMHbIN MUP U HEBUAMMbIA NN BaKYYMHbI
MWP, COCTOALLMN U3 TPEX OCHOBHbIX CN0EB. ECTb eLLé n HeBUaUMbIN
NnoABaKyYMHbIA MUP;

- 3) nopgobue Bakyyma, Kak YaCTOTHOM BOAbI, Y¥Ke He Hallewn, a Apyron
BceneHHo (Ha3blBaeMOW B PENIMIMM LLAPCTBOM BOXKbMM), MOXHO Ha3BaTb
WUCTUHHOW BOAOM.
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I 3anumamenvrnoe Pasnuuenue.

Takum oOpa3om, kKpome TpEX BHAOB BaKyymMa B IMPOCTPaHCTBE-
BEILIECTBE €CTh U TPH BaKyyMHBIX CJIOSI HIIM cpel. MBI ske GapaxTaemcst
y)Ke Kak Obl B HaJABaKyyMHOM  BHIMMOM HaM CJO€ WJIH B
MOJIEKYJIIipHOM Mupe. BeromuuTte paspe3 MbUIBHOTO IIapa. Yke cam
€ro BUJ TOBOPHT, YTO IPOCTPAHCTBO MHOrocioitHo. K Tomy ke gomkeH
00pa3oBBIBaTbCS YEM-TO M CaM BPEMEHHOW BaKyyM, Kak HadalbHOE
BpalllCHUE HJIM HAyaJIbHAS YaCTOTHOCTb. BpeMeHHON BakyyM, Kak
BHYTpEHH:ISI SHEpIusi, ecTh M y deiaoBeka. M B HamleM HaJaBakKyyMHOM
MHUpE OHa TOAJEpP)KUBAeTCs HAIIMM XJIeOOM HacylIHBIM. B KocMoce ke
BpEMEHHOM BakyyM oOpa3yeT sBjieHHE (HOHOBOIO KOCMHYECKOIO
M3ydyeHus. OTO HW3NMy4dyeHHe WAET HENpepbhlIBHO M MPOSBISIET BCe
Jana30Hbl 3JIEKTPOMAarHUTHBIX BOJH Cpa3dy, YTO MOKHO CpPaBHHUTH C
BJlyBaHMEM BO3JlyXa OJHOBPEMEHHO BO BC€ pETUCTPHl OpraHa.
OpbutanpHOE K€ BpalleHHEe IUIaHeT o0pa3yeT TeueHHE BPEMEHHOTO
BaKyyMa YK€ [0 BaKyyMHBIM cpefaM. JTO U €CTh T€M, YTO Ha3bIBalOT
TedeHneM BpemeHH. Kpome Toro, TeueHne BpEMEHHOrOo BaKyyMa MU
Jenaer TO, 4TO (POHOBOE KOCMUYECKOE H3IIyYeHUE PErUCTPHPYETCs
JNEKTPOMAarHUTHBIMH ~BOJHAMH. OTHM TeueHHeM U oOpasyercs
4acTOTHasl BOJA, KaK MOJIBUYKHAS BaKyyMHas CTPYKTypa.

CHavana BpeMeHHOH BakyyM oOpa3yer caMblii BHYTPEHHHH H
caMblii BBICOKOYACTOTHBIH BaKyyMHBIH chepudeckuil cioil. OH yxe
obo3HaueH (aHTacTamu, Kak cunepnpocmpancmeo. Ero 4dacTOTHbII
NMana3oH (4acTOT BpallleHWs TPaBUTOHOB) HAYMHAETCS OT OrPOMHOMN
ennannsl gactorst 10*° 1 o 10%*. B s1oii BakyymHoif cpene, Kak u B
HOCIeIYIOMUX Ccpeaax, o0pa3yroTcsi Takue ke IMOomoO0HbIE TpU BHIA
BaKyyMa. 3aTeM OT THIEpPHIPOCTPAHCTBA MPOSBISETCS M CPEAMHHBIN
BaKyyMHbIIl cioi mpocTpaHcTBa. OH COCTOMT W3 JIByX dacTeill ¢
JIMana3oHaMH IPABUTOHHBIX YaCTOT OT 10* 1o 10" wor10"? 1o 10°. B
caMoOM e HapyKHOM BaKyyMHOM CJIO€ AMaIa30H 4acToT COCTaBISAET OT
10° 1o 10°. B sTom coe 06pasyroTcst n OpOHTaNbHbIE TPABUTOHBI HIIA
Hapy)XHbIE TpaBUTAIIMOHHBIE CQepbl, BpalIAIONIMECs C YacTOTOH
BennauHOi okono 107, HapyxHBIIl M CpEeIMHHBI BaKyyMHBIH CIIOU
MPOCTPAHCTBA — 3TO U €CTh TO, YTO MEPEHOCHUT 3JIEKTPOMAarHUTHHIE
BOJTHBI WJIM CBET M CHUTHAJBI K BalleMy cCOTOBOMY TeiedoHy. B Hamem
K€ HaJIBAKYYMHOM CJIO€ UJIyT TOJBKO 3BYKOBBIE BOJHBI.

Huxe npuBeneHo n3o0pakeHne rureprpocTpaHCTBa, HECKOJIBKO
MOXOXKEE Ha €ro UCTUHHBIN BU. Haiile mpocTpaHCcTBO MPECTaBUMO
cdepoii, BHYyTpU KOTOpOit — cdepa rurneprnpoctpancTsa. Tak BOT, MpH
18 _Paszauuenue guszuxu u acmponomuu.




I 3anumamenvrnoe Pasnuuenue.
MOMaJAaHuy B 3TY BHYTPEHHIOIO cpepy OHa CTaHOBUTCS, HA00OPOT,
HapYKHOH. A eci Kak Obl pa3beJMHUTH 3TH c(epbl, TO MOIYyIUTCS
BOCbMeEpKa. MecTa ke COeIMHEHHUS 4acTell BOCBMEPKH — 3TO U €CTb TO,
910 A.DUHINTEHH Ha3bIBAJI IPOCTPAHCTBEHHBIMH «TYHHEIISIMUY.
CkopocCTh, a TOUHEE YacTOTa PACHPOCTPAHEHMS CBETA HAILIErO MUpa B

IAIEPIPOCTPAHCTBE OYTH MIHOBEHHa, COCTaBIsi Benmunty 6,710
3enéHbIM I[BETOM MIOKa3aHO CaMO TMIIEPIIPOCTPAaHCTBO. SApuaiiiuit
OenbIil CBET UCXOIUT U3 TOTO MUPA, YTO 332 HEPYIIMMOUN Tperpasion.
benblil 1BET cTaHOBUTCS CHAauama KENTHIM, a 3aTeM KPaCHBIM. DTUM

MPOSIBJISIIOTCSI OOJbLIE HAPY>KHBIE BAKYyMHBIE clIoU. YEPHBIM ke

[IBETOM TOKA3aHO YK€ Hallle BUANMOE HaJBAKyyMHOE MPOCTPAHCTBO C
JKENTBIMU KpaniMHKaMu 3BE3]L.

Bce BbI cipimanu 00 anektpone. Ero pasmep paBeH pazmepy atoMa
(o uém peub Hmke). Tak BOT, 3TO camas HavyaJbHAas 4YacTUIA YKE
BOCIIPUHUMAEMOr0 HaMH BeIecTBa. M 3T0 MOTOMY, UTO €ro KOHTypHas
chepa yxke oOpasyer oOTHeNbHOE BpalleHHE MOJ00HO MOJIEKyIIe.
CtpykTypa OSJEKTpOHA TaKOBa, 4YTO OH BBIXOIUT W3 CPEIUHHOIO
BaKyyMHOI'O CJIOS M TIPOSIBIISIETCSl yKe B HamieM cioe. [loromy, xornaa
DIISJAT Ha HETO B MUKPOCKOIIBI, OH CPa3y M JIBUKETCSA U HE JIBUKETCS,
BpalllaeTcsi U HE BpaIlaeTcs M €ro HEBO3MOXKHO Kak OBl MOHMAaTb.
JIBurasich B HalIeM HaJBaKyyMHOM MHpPE, OH CBOEH KOHTYPHOI cepoit
MOXKET Jake HaXMMaTh Ha MOJCKYJISPHbIE KOPKH IPEIMETOB,
nepeMenieHne e ero B BaKyyMHBIX CIIOSIX MOJOOHO  yKe
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I 3anumamenvroe Pasnuyenue.
3JEKTPOMAarHUTHOW BoiHE. I BBl BUAMTE, YTO CpPEAUHHAs HapyXKHas
BaKyyMHasl Cpefla U Halll y)Ke HaJIBaKyyMHBIH MHpP — 3TO HEKOe NoJodue
paspesa MBUIBHOTO Iapa, Kak CJIOW, MOMENIEHHBIE APYT B Apyra. A BOT
THIIEPIIPOCTPAHCTBO yXKe 00paTHO K 3THM ciosiM. OHO Kak Obl c3aju
3TUX CIIOEB.

Ho Bbl Moxere chopocuth, 4deM oOpa3yercs camo (oHoBOE
KOCMUYECKOe H3NydeHne? A OHO HCXOAUT yXkKe U3 0OpaTHOro K HaIIeMy
[IPOCTPAHCTBY-BEIECTBY MHUpPA. B penurum ero Ha3blBalOT LIAPCTBOM
Boxxeum. 1 k HemMy momoOueM CHHpany MPOXOOUT YXKe MOCTOSHHAS
nperpaga. [IpocTpaHCTBO-BEIIECTBO TOrO0 MHpa MOXKHO Ha3BaTh
ucmunnol 6odoti. VicThHHAs BoJa 3a Mperpajioil BMECTe ¢ 4acTOTHOM
BO[[Oﬁ HJIM BAKYyMOM B COBPEMEHHOM BOCIHPHUATUN aCTPOHOMOB — 3TO U
ecTb HeKoe 4YE€pHOe BeIecTBO, 3aHuMMaroniee a0 95-u % Bcero
OXBAaTBIBAEMOI'0 TECJICCKOIIaMM IPOCTPAaHCTBA-BCIICCTBA. U wumenHo
WCTUHHAS BOJA, MPOCAYMBASCh 4Yepe3 Mperpaay MOJOOHO JKUAKOMY
TeJINI0, KaK Obl JyeT Ha CEpUUECKYIO CeTYaTyl0 CTPYKTYPY Bakyyma B
HallleM TMPOCTPAaHCTBE. JTUM W oOpa3yercs (HOHOBOE KOCMHUECKOE
HU3IYUYCHHUEC U MPOABJIACTCA 4aCTOTHAsA BOJA, a 3aTEM U O6I)ILIH351 501041
MoJeKyJIsipHas Boga. [1oToMy MOXKHO CKa3aTh, YTO HAIll HA/IBAKYYMHBIH
MHUD — 3TO KaK Obl HAPYKHO YaCTOTHO OCTBHIBIIMEH MHUP, YK€ MOKPHITHIH
MOJEKYISPHON Kopkoi. Ho 3TO ¥ HE 3HAYUT, YTO Mbl )KUBEM Ha HEKOEM
noj00MK TOBEPXHOCTH OKeaHa, BBIIIE KOTOPOro yke mycrora. Bemb
TUIEPIPOCTPAHCTBO — O3TO Yyke oOpaTHas cdepa, kKoTopas - Haj
nogobueM okeaHa.

Bbl MoOXeTe BCIOMHUTh, YTO IUIONAb chepbl 0003HAYAETCS, Kak
«4nR?». U 3naere, uro 310 Takoe? Jleno B ToMm, uTo Jrobas chepa
(BuIMMasi HaM U HeBHIUMas) — 00pasyercsi BpalleHneM Hapy>KHOH Win
KOHTYPHOH  OKpykHOocTH  (oOpasyromieli  ¢opmy) u  oOpaTHO
HaTpaBICHHOM K Hell BHYTpeHHeH WJIM YacTOTHOW (oOpasyromiei
00béM) OkpyxHOCTH. Benb cdepy MOXKHO TNpeACTaBUTH JBYMS
oOpyyamMH BCTaBJIGHHBIMH Jpyr B Jpyra, nopuuéM - Bcerma
Bpamatommmucs. [lotomy mnomans cdepsl - 93TO  COMpsDKEHHE
(mpou3BeneHHE) ATUX OKpYyXKHOCTEH <«2TR» uepes ux cHHXpOHHOE
BpalieHue «7m». A Torma jrobas cdepa obOpasyercs CONpsHKEHHEM
BHYTpEeHHEH (4acTOTHOH) M 00paTHOH K Hel HapyXHOW (KOHTYPHOM)
cdepoii. YactoTHast cepa 1 CTATUBAET MBUILHBIH My3bIPh U, HAITPUMED,
KaIUTio, He aBasi el pacTekaThes. B aToM ciyyae oburyto cepy MOKHO
0003HAYUTh KaK «4T» WM YETBIPbMS MONYOKPYKHOCTAMH (IBYMS
BHYTPEHHUMH W JBYMs HapyXHbIMH). B Takom Buae m 0003Ha4aOTCS
20 _Pazmuenue gusuxu u acmponomuu.




I 3anumamenvroe Pasnuyenue.
TPAaBUTOHBI, HEBUIAMMO TMPOSBIISIIOIIMECS YK€ B BHIMMOM HaM WJIH B
HAJBaKyyMHOM MPOCTPAHCTBE.

[nomane xe chepsl «4mR?» Torma — sto compsbkenue oOmIei
cdepbl ¢ OHUM U TEM K€ OJHOBPEMEHHO M BHYTPEHHUM, H HapPYKHBIM
pamnycom «R». Takas chepa nposiBisercs yxe U BHIUMO B HalleM
HaJBaKyyMHOM MMpe (Hampumep, Iulomajbpio mapa). byayum xe B
Hapy>KHOM BakKyyMHOM clioe, cepa B HallleM MOHMMAaHHH CTaHOBUTCS
Oone KOHTpPAacTHOM WM Kak Obl pacKpblBaeTcs Ha YeThIpe 4YacTw,
KOTOpBbIC CTAHOBATCS MOJMHBIMH cdepamMu: JABYMS KOHTYPHBIMH HIIH
HApY)KHBIMH W JIByMs BHYTPEHHHMH WM YacTOTHBIMH. Takoe
o0pa3zoBaHHE — 3TO M €CTh MarHuTHas cgepa, TaKkKe CKIaJbIBaeMas 13
BpallleHUs] TPAaBUTOHOB, YTO MOXKHO Ha3BaTh YeMblpEXCHEPHUKOM WIH
K6aopynoiem ¢ TakuM xe o0o3HadeHHeM «47». A B IIIOCKOM BHIE —
3TO JIBe BOCBMEPKH (B OMIIMATLHON HayKe — JMIIONH), UCXOAAIINE U3
OJTHOTO T[eHTpa (Ha N300pa’kKEHUU OHU TIOKA3aHbI CIIPaBa).

YetbipexchepHUKN WM KBaAPYIIONU BBISIBICHBI U OQUITHATIHHOMI
acTpoHOMHUel u3 HaOmoeHn# eto kocMoca. 1 naxe chepsr,
COCTaBJIAIOIINEC KBAJIPYI10JIb, HA3BAHbI XpOHOO6OHO‘IKaMI/I, qTo
COOTBETCTBYET TMOHSITHIO YaCTOTHBIX Cep.

OBpazopaHte KEAAPYIIOAT H2 Pacnoscoxenne xeaapymoaeti paznoro
ueTHpex xpoHocBorouer YPOBHA MO MATP CILICU HOMY THITY

Ho mouemy kBaapynmomu cocTtosT H3 4eThIpéX cdep, HO
0003HAYAIOTCSI OHU HE 4-1 OKPYXHOCTAMH, a 4-51 TIOITyOKPYKHOCTSMH
«m»? A 3TO MOTOMY, YTO B HaIlleM HaJBaKyyMHOM MuUpe Jro0as
OKPYXXHOCTb U cpepa Bcerzia COCTOUT U3 ABYX yacteil. MHpIMu crioBaMu
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I 3anumamenvroe Pasnuyenue.
JIIO0YI0 OKPYKHOCTh Ha MJIOCKOCTH MOXKHO MPEACTaBUTh BOCBMEPKOIL, a
Jo0yt0 cdepy — IByMsi BOCbMEPKaMH, TIOTOMY W TIOJIOBUHA BOCEMEPKH
W YeTBEPTh KBAJAPYMHoyisi (OBYX BOCBMEPOK) 00O3HA4YaeTcsi MMEHHO
MOJTyOKPYXHOCThIO. BBI, HaBepHOe, uYWTalIM, YTO €CIU, HalpuMep,
pa3Meriath BOAY B BEJpE MO XOJYy YacCOBOM CTPENKH, CTOSI PSJIOM C
JMUHMEH SKBaTOopa, W ObICTpo (IIOKa Bpaimaercs BOJa) TEpPeUTH Ha
JpYryl0 CTOPOHY 3KBaTropa, TO Boga OyJeT Bpamatbesl YKe MpPOTUB
YacOBOW CTPEIKU. DTO M €CTh AEMOHCTpAIUs TOro, YTO Bpallarouasics
chepa 3emnHm B IJIOCKOM BHAE — 3TO BOCBMEDKA, Y KOTOPOH [BE
pa3HOHAmNpaBJIeHHbIE (Bpallaroliyecss B pa3Hble CTOPOHBI) yacTH. Ho
BOT B O0OBEMHOM BHJIE OKPYKHOCTb — 3TO JBE BOCBMEDPKH HIIH YXKe
chepa um xBaapymonb «4m», a chepa — COOTBETCTBEHHO YETHIPE
BOCBMEPKH WK «8T», Kak JBe cepbl (BHYTPEHHSS M HApyXHAS WIH
KOHTypHasi), oOpa3yeMble BpalleHHEM KaK pa3 JABYX BHUPTYaJbHBIX
oopyueii. I[loromy, Hanpumep, BpamieHue chepsl — 3TO Bcerua
cupalibHO-c(hepruueckoe BpalleHue, B LeNbIX 4 pa3a OTCTamIee OT
IJTIOCKOT'O BPAIICHHUS OKPYKHOCTH (0 4éM CM. B 3-eM paszfielie KHUTH).

Bo3pmuTe pyduKy M HapUCyWTe TOPU30HTAIBHYIO BOCBMEPKY, a
3aTeM U3 €€ LeHTpa - BEPTHKaJIbHYI. Buiaure, y Bac mojydaercs
HEMpepbIBHOE MMEHHO CHHpajbHOE BpalleHHEe OT IEHTpa U OMmSTh K
LEHTPY, YeM U €CTb BOCbMEPUYHBINH YeThIPEXCHEPHUK MPH BUIE COOKY.
B mpupone ke kBaapymonu (HampuMep, KBaJgpyMoid MarHUTHOW
chepbl) HENPEPHIBHO PUCYIOTCSA, KOHEYHO, HE pydyKamHu, a
maenumonamy  (4eTBEPTOM  4acTbl0O  TpaBUTOHA). OJTO  TOXKe
4eThIpEXCPEpHUK, HO KaK CaMblii MUHMMAJBHBIA WM MEJbYalIIUT
cepudecKuil y3ei Halllero MpOCTPAHCTBA, KOTOPBIM MBI €IIE MOXKEM
HaOmoaate. M y MarHuToHa yXe HE BOCBMEPHYHBIH BHI. Y HEro
qeThipe chepbl KOHIEHTPUYHO COOpaHbl APYT B Apyra, yeM oOpasyercs,
KcTaTu, HabatogaeMast B TUpakiiuu CTpykTypa (POTOHA, IEPEHOCAIIETO
ANEKTPOMAarHUTHYIO YacTOTHOCTh (oWUIManbHO BONHBI). MHBIMK
CIIOBaMH, 3TO YK€ OJHOHAIpaBIeHHbIE CepHI.

ONeKTpOH MoJ00eH (OTOHY, HO IOCKOJBKY 3TO YK€ HaualbHas
gactula (B omIM4YHe OT (OTOHA), TO OH Kak OBl CTATHBAETCS C3aau
o0OpazoBaHHEM, KOTOpPOE MOXKHO Ha3BaTb mMpPEXCHEPHUKOM WA
mpunonem ¢ obozHaueHueM «37m». MMeHHO TpéxchepHHK u obpasyer
KOHIIGHTPUYHYIO CTPYKTYpPY YK€ M3 OJHOHANpaBIEHHBIX cdep, uTO
OJlHa B JIPYrOM, CTATMBas CHayaja MarHUTOHBI, a TMOTOM - TPaBUTOHBI.
TpéxchepHuk (TpUMoOib) — 3TO MUHUMAIBHBIA Y3€JI0K IPOCTPAHCTBA
WIH TPaBUTOH YKe [IIyOMHHBIX BaKyyMHBIX CJIOEB, Kak Obl
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1 3anumamenvroe Pasnuyenue.
CTATHBAIOIIMA HapyKHBIA TpaBuTOH. CpenuHHas cdepa y TPHIIONSL
pa3BépHyTa OTHOCHTEIBHO JBYX Apyrux cdep Ha 90°. Mnave roBops,
OHa BO3HHMKAeT B TEPIEHIUKYJISIPHOW TUIOCKOCTH K JAPYruM cdepam.
MOXHO cKa3aTh, YTO HAapyXHbIE TPAaBUTOHBI M MAarHUTOHBI 0Opa3yloT
WCXOAHBIM  BHUJ  HEBUAMMOrO BaKyyMHOrO IIPOCTPAaHCTBA, a
TpéxcepHuKH (TPUNONM) WM BHYTPEHHHUE, WCXOMHBIE TPABUTOH Kak
OBl OXHBJISIFOT 3TOT BUJI, UCXOJS YK€ OT IIPerpajisl K Hanemy mupy. Uy
HUX pa3Has BHEHIHOCTH B pa3HbIX BUAAX!:

B mutockom Bujie cO0Ky TpéxchepHUK — 9TO, KaK M KBAAPYIOb,
crupab.

ITpu BujE criepeau — 3TO TPU KOHLIEHTPUYECKUE OKPYKHOCTH. B
KOCMOCE TaKOW 3BE3/IHO-ILIAHETHBII TPUIIOJIb TAKXKE BOCIIPUHUMAETCS
CIIUPAIIBIO.

[Tpu Buze cBepxy TpéxchepHUK MPOSBISETCS KaK pa3 TpeMs
00HOHAnpasneHuviMu chepami, ¢ HEHTPaIBHOH chepoii, pa3BEpHYTON
Ha 90° rpajycoB. BHelIHEe 3TO BBITJISIIUT €AMHBIM 3JUIMIICOM, OCOOSHHO
B KOCMOCE.
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1 Sanumamenvroe Paznuuenue.

IMoromy TpéxchepHukn, Kak BHYTPEHHHE MM  HCXOIHBIC
MIPOCTPAaHCTBEHHbIE TPABUTOHBI, — 3TO TaKXK€ MAarHUTOHBI, HO YXe€ B
ITyOMHHBIX BAKyYMHBIX CIOsIX. ECH CTPpYKTYpy Hapy>KHOTO TpaBUTOHA
(B BHAE IBYX NEPHEHIUKYISPHBIX BOCBMEPOK) M CTPYKTYpPY €ro
4eTBEPTOM YacTW — MarHWTOHa (B BHJE KOHUEHTPUYECKHX KOJIEI B
nposiBJIeHHE Au(pakiuy cBeTa) Mbl MOXKEM HaOII0AaTh 3PUTENBHO, TO
CTPYKTYpY Tpé€xcdepHHKa (TPHUIIONSA) — TONBKO KaKk Obl yMO3PHUTEIBHO
WM BUPTyaJabHO. 11 MOXKHO CKazaTh, 4TO OJJHA M3 BOCBMEPOK TPUIIOJNS
(ecan ero BBIBECTH B HAll HA/JBAKYyMHBI MHp, TJle OH CTaHOBUTCS
4eThIPEXCPEPHUKOM) BCE PAaBHO CIUBAETCS B OJTHY OKPYKHOCTb.

Tpéxchepuukn (TpUMONN) yXKe HAYEM HE PUCYIOTCS, a Kak Obl
BBIIyBalOTCS. (DOHOBBIM KOCMHYECKHM H3JIy4Y€HHEM IO BCEMY
MPOCTPAaHCTBY cpady. M y HUX HeT HHUKaKoro pasMepa B HalleM
nmoHUMaHuu. [IoToMy He CTOUT U 3aAyMBIBaThCS, HAIIPUMED, O pazMepax
U KoHeuHOocTH BceeneHHoil. TaM He TOJMBKO HET HAlIUMX pa3MEpPOB, HO U
BOOOIIIEe HET pa3MepoB. Beab BCE MpoCcTpaHCTBO-BEIIECTBO — 3TO KaK ObI
cnupasibHas cepuyHocTs. Ha moBepXHOCTH ke mapa HEeT HM Hadvaja,
HU KOHI[a. A y CIUpany He MOXKeT ObITh M ONpeNeIEHHOr0 JruaMeTpa.

TpéxchepHuK WM TPUMOIb UCXOJUT M3 THIIEPIPOCTPAHCTBA U U3
CPEIVMHHOI0 BaKyyMHOro ciosi. M BBl BHJIUTE, YTO OHM M HAYMHAIOT
o0pa3zoBaHrE MBUTBHOTO IIIapa, a y)Ke B HAIIeM HaJBaKYyMHOM MHpE
OHU TIPOSIBIISAIOT MOJ00ME STYCUCTON MM COTOBOM CTPYKTYphI. [loTomy
MPOCTPAHCTBO—BENIECTBO (BaKyyMHasi 1 BHEBAKyyMHasi MaTepPHs) - 9TO
TO, UTO KaK OBl COTKAHO M3 HEBHIMMBIX BaKyyMHBIX cep. He crmydaiino
M TYCIMHBIE COTBI — OTO Kak Obl PHUCYHOK OTOW HEBHJIUMOMU
ceprueckoil ceT4aTod CTPYKTYphl MPOCTPAHCTBA HA IUIOCKOCTH.
WubiMu  cioBamu, 310 pa3BépHytas cdepa, MOBEPXHOCTh KOTOPOU
oOpazoBaHa Takke cdepamH. A OTIEYaTKH TaKOH pPa3BEPHYTOM
MOBEPXHOCTH Ha IIJIOCKOCTM — 3TO M €CTh ITYEIHHBIE COTOBbIE
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1 3anumamenvroe Pasnuyenue.
MHOTOrpaHHuKH. Takas crupanbHO-Cheprueckas UM KMEHHO COTOBAs
CTPYKTypa MPOCTPAHCTBA-BEIECTBA HATIAAHO MPOSBIEHA [aXke B
(dopMe MaHIUpEH MOJUTIOCKOB HIIM Pakyliek, B YéM BBl MOXKETE€ CaMH
JIeTKo yoenuThbes, Oyaydd, HalpuMep, Ha MOPCKOM IJIsDKE (YTO yKe He
JIETKO).

Taxasg HeBUAMMAs CTPYKTYpa MPOCTPAHCTBA-BEILIECTBA UM YACTOTHOM
BO/IbI TOKE BBISIBJIEHA COBPEMEHHBIMHM aCTPOHOMAaMHU, KaK STYEUCTO-
COTOBas CTPYKTypa HaOJto1aeMoit uMH «[ amakTHKK.

O0pAIOFAHME IHEPTETHYECKOI CTPYETYPHL
ADAREASAPA I3 16-TH XpoHoobosueR O0paI0BANMME AYEHCTO-COTOBOM CTPYETYPHI
MLAM I3 UETRIPEX KBAADYTIOAL lasaerses o 256 xpoxoobosoyex
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I 3anumamenvroe Paznuyenue.
To, uTo 0Opa3yeT NPOCTPAHCTBO. 31€Ch TOBOPHUTCS O TOM, YTO

- 1) BpaLLeHMe BaKYYMHbIX Y3€/IKOB U/IM FPAaBUTOHOB U UX YacTei —
MarHMTOHOB MAET CNUpPanbHO-CHEePUYECKU, YeM U 0BbACHAIOTCS,
Hanpumep, KOHLLEHTPUYECKME Kpyrin, 0bpasyemble BOKPYT MCTOYHMKA
cBeTa;

- 2) yacToTHO-CchepuyecKkas CTPYKTypa NPOCTpaHCTBa NpoABAseTcs,
Hanpumep, NP B3rns4e B 3epKao, rae eBoe CTaHOBUTCA MPaBbiM UAN
npwv B3rNsa4e Ha BpalleHne 1 CHU3Y, U CBEPXY, KOraa TOXe U3MeHAeTCs
Hanpas/aeHne BpalleHnA. M ato NOTOMY, YTO B Hallem HaaBaKyyMHOM
Mupe «paboTtaeT» BocbMepuyHan (0bpasyeman BOCbMEPKaMM) CTPYKTYpa
HapY*KHOr0 BaKyyMHOrO CN0s;

- 3) He BCE TaK MPOCTO M C 06bIYHOM MM OLLYLLLAEMON HAMKW BOAOW.
Beab ecTb BoAa npecHas uaun 6osiee 4acToTHAsA, @ eCTb MOPCKas CONEHas
nnn 6onee KOHTypHas. A eCTb Y HaMoN0BUHY BELLECTBEHHASA UK
rasoobpasHas Boga, KOTOPYIO MOXKHO Ha3BaTb BHYTpPeHHeW BooM. OHa
NpPoABAAETCA YTPEHHUMM POCAMU, POSHUKAMU, TYMAHOM U AOXKOAMMW.
Kpome Toro, MMeHHO GaKTOM Hannuma TAXKENOWN BOAbI AOKa3bIBAETCA U
CyLLLECTBOBAHNE HEBUAMMbBIX HAM BaKyyMHbIX CN0EB!

Cdepuueckue COTOBbIE sAYEWKH, Kak (OHOBas CTPYKTypa
YaCTOTHOW BOJbI, HAa3bIBAEMON BaKyyMOM, IOKa3bIBae€TCi MpPHU HOXKIE,
ocsemaemoM ConHileM, B BHJE H3BECTHOW BaM paayru (depes
YacTOTHOCTb  JOXKIEBOI'O  JABHJKEHHWs). OJTa  NPOCTPaHCTBEHHAS
CTPYKTypa XOpOIIO TpOSIBISETC M Ha QoTorpaguu 3aXomsiiero
to’)kHoro ConHna. DTO KOHIIEHTPUYHBIE CBATAIIMECS OKPYKHOCTH
BOKPYI' OpaH)KEBO-KPAaCHOT'O COJHEYHOro AMcka. M pamnpie WM 1o
BceMy HeOY HaJl TOPH30HTOM 3TH OKPYKHOCTH, TEPErJIeTasich MEXKIY
co00ii, 00pa3yloT 3aMbICTIOBATHII Cpa3y U KOHIEHTPUIHO-CHEPUIECKHUit
W Kak OBl CeT4aThlii MJIM COTOBBIA PHCYHOK. [Iporcxoaut 3To moTOMYy,
4TO BBIJEPIKKa QoTorpadu NpUMEpPHO COOTBETCTBYET CKOPOCTH CBETA,
KaK [EepUOJIy ero pacipocTpaHEHHS:
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1 Sanumamenvroe Paznuuenue.

CrnimpanbHo- ceprdeckas CTpPYKTypa BaKyyMHOT'O TIPOCTPaHCTBA
(4acTOTHOM BOJIBI) TIPOSIBIISIETCS M Ha poTorpaduu BhIXO/a JIA3ePHOTO
Jy4a U3 MEJIKOT'0 OTBEpCTHA. BuanTe OeCKOHEUHbIE KOHIICHTPUYECKHE
KpYT'H, COeTMHEHHBIE MEPIIAIONIel CETKOH? JTO U eCcTh H300pakeHne
BaKyyMHBIX c(ep Ha IUIOCKOCTH.

BEI BCe CJIbIIIAJINA, & MHOTUC AK€ BUJCIIN MUPAXKU B IIYCTBIHE. Tak
BOT, U 3TO €CThb HC YTO MHOEC, KaK IMPOABJICHUC BaAKYYMHBIX CIIOEB BCEro
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I 3anumamenvrnoe Pasnuuenue.
MPOCTPaHCTBAa-BEIIECTBA. PackajeHHBIH BO3AyX MYCTBIHb Kak Obl
yOupaer HaJBaKyyMHYIO Cpeldy B TOM, WJIM HMHOM HalpaBiIeHUH, H
B3IJISiI HE CKOJB3UT IO KOHTYPY OKPY)KHOCTH TIPOCTPaHCTBa, a
MPOXOJUT 1O XOpJAe. OTHM M NPUONIDKAIOTCS MeH3aXH, JIeKalye 3a
TOPU30HTOM Ja’K€ 32 MHOTHE COTHH KWJIOMETpOB. B oduumansHOM ke
«OOBSICHEHNM» MHUpPa)XXel MBITAIOTCS YBEPUTh, YTO 3TO HEKoe ocoboe
OTpaKeHUE CBETa OT PACKaIEHHOI0 BO3LyXa.

Hwxe nokazana ¢ororpadus mupaxa B IprOpEKHOM KUTACKOM
ropoje [lenrnai, koropsiii HaOmoaacs B 2006-M rofy. 3/1eCh BUIIHBI
O4YepTaHMs KOPEHCKOro ropoja, yaajaéHHOro OT KUTalcKoro oepera Ha

COTHH KHJIOMETPOB.

Bcé BMecre nOpoCTpaHCTBO-BEHIECTBO, Kak BakyyMHas U
BHEBaKyyMHass MmaTepus, Aaér o cebe 3HaTh MPH TNPEBHIILICHUN
PEaKTUBHBIM CaMOJIETOM CKOpPOCTM 3ByKa. 371ech HUAET pe3Koe
OTpakKEHUE 3BYyKa JBUTaTEIEd OT IIEPBOr0 HAPYKHOIO BAKYYMHOI'O
clos, KaKk OT HEKOero 3KpaHa. BTOpoil M IHepBbIl Hapy>KHBIM CIION
MPOSIBIIIIOTCST Takke APQPEKTOM pajmodxa, KOorjaa paadoCHTHall IpH
ONPEIEIEHHBIX YCIOBUSIX OTPa)kaercs OT BTOPOrO BaKyyMHOI'O  CIIOSL.
Oto u cBedeHue JIyHbl. 31ech COMHEUHBIN CBET, uAynMii Ha JIyHy BO
BTOPOM BaKyyMHOM CJIO€, OTpa)kaeTcs OT  CBETOBOHW OOOJIOUYKH,
oOpasytomieiics Ha mnoepxHocTH JlyHbpl. A 93Ta obomouka yxe
HAXOIUTCS B TIEPBOM HapY)>KHOM BaKyyMHOM CJIO€, YeM U HJIET Kak Obl
OTpa)KeHHE CBETa OT CaMOro ceO4.

Ha croopTuBHOM TENEBU3MOHHOM KaHAJlE WHOrJA IIOKA3bIBAIOT
COpPEBHOBAHMS NWJIOTOB [0 BHICIIEMY MWJIOTaXy Ha CHOPTHUBHBIX
OJTHOBMHTOBBIX caMoONiéTax. A JUId TPAHCIALMUU 3THUX COpPEBHOBAHUI
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I 3anumamenvrnoe Pasnuuenue.
MOCTyMaeT U300pakeHne ¢ BUIEOKaMmep, 4TO Ha XBOCTE caMoiéros. U
MOXHO 3aMETUTh, 4YTO BpallleHHe TPOIeNIepoB (CTaHOBSIIEECs
3aMeICHHBIM Ha TeledKpaHe) HIET Kak Obl TO B OIHY, TO B JIPYTYIO
CTOpOHY. 3pUTENbHOE 3aMeJJIEHNEe BpallleH!sl PU ChbEMKE — 3TO KaK pa3
MPOSIBJIEHHE BaKyyMHBIX cpell. B HanBakyyMHOM ciioe HampaBiieHUE
BpallleHUsl TIPH B3TJISIZIE C APYroil CTOPOHBI (HampuMep, HE Cliepeau, a
C3a/id) CTAHOBHUTCS YyXe OOpaTHBIM. B BakyyMHBIX K€ CIOSX
MpOSBISiETCd  BCerja JIEHCTBUTENBHOE  HANpaBlICHHE  BpalleHHs
(HE3aBUCHMO OT CTOPOH HAOMIOACHUsS). DTHM U OOBSICHSICTCS TO, YTO
BpallleHUe Iporeiiepa KaKeTcsl U MEUVIEHHBIM, M MIYLIUM Ha dKpaHe
TO B O/IHY, TO B JIPYTYIO CTOPOHY.

I'uneprpocTpaHCTBO, ATOT TPETHI BEYHO 3Bydalnii yepe3 poHOBOE
KOCMHYECKOE M3JIYy4eHHE BaKyyMHBIN CIOM, TOBOPUT O TOM, YTO Halle
IPOCTPAHCTBO-BEIECTBO — 3TO MHUP BCerja 3aryxarommil. Benp naxe
WHTEHCUBHOCTh 3JIEKTPOMAarHUTHBIX BOJIH, YEM JaJIbllle OT UCTOYHHKA,
TeM Bc€ MeHbIe yObiBaeT. 1 3TO MOTOMY, 4TO MOCHUIAEMBIH CHUTHAN
BJIaJIM OT UCTOYHMKA BCE OOJIbIle Kak Obl HaKiIaJabIBaeTCs Ha (DOHOBOE
W3Ty4YeHUE WIK NEPEeHOCUTCS M. Bens OH mpu 5ToM Kak Obl BeE Tiry0ke
MIPOHUKAET B MPOCTPAHCTBO-BELIECTBO.

B Bubmuu n Kopane nammcano, 4ro Mup oOpa3oBaH W3 BOIBI U
Bonot. [loroMy kak Obl MEKAYy 4YacTOTHOH BOAOM Hallero Mupa H
BOJIOW MOIIGKYJSIpHOH €CThb YyXKe HEBUAMMAas, Kak Obl cpasy u
MOJIEKYJIpHAasi, U BakyyMHas Boaa. OHa mpeObIBaeT B ra3000pazHOM
COCTOSIHMM B aTMoc(epe M B 3eMHBIX Iemniepax. E€ MOXXHO Ha3BaTh
BHYyTpeHHeil Bojoi. iIMeHHO u3 Heé o0pa3yioTcs U obnaka, ¥ TyMaH, U
poca, ¥ pOAHUKH, KOTOPBIE €CTh AaXKe B MMyCThIHE. Benb ecnu Obl 10K Ab
OBUT TOJBKO OT MCIApEHHUH, HapuMep, OT OKEaHOB, TO, BO-TIEPBBIX, U
MyCThIHEH OBl HEe OBLIO Ha Oeperax, U JOXK/b WM ObUT ObI COJIEHBIM, WUJIH
coib BBICHIMIANAck Obl g0 goxias Ha 3emmo. M ecnmm poca — 31O
«KOHJIEHCAlMs BOJITHOO [1apa» Ha TpaBe, TO OTKy/a TOT1a BOJSHOM map
Jlake Tam, rje HeT Bogoéma? Hannune razoo0pa3zHoil BHyTpeHHEH BOIbI
JIOKa3bIBA€TCsl U MCXOAOM reizepoB u3 Heap 3emud. Iloromy TO, uTO
HasbIBaeTcs atMocgepoll Hallel IUTaHeThl, - 9TO W eCTb BHYTPEHHSS
BOJIa WJIM TMOJyBakyyMmHas Boaa. Bozayx ske — 9To kak Obl HapyKHas
WIH Y€ Ha/IBaKyyMHasl ra30Basi 000J104Ka 3TOH ra3000pa3HON BOJBI.

[TocmoTpuTe Ha M300pakeHHe TaK HA3bIBAEMOT'0 HHYKHETO MUPaKa.
OdunpmanbHo ero 00BSICHSIOT OTpaskeHHEeM Heba OT ropsiuero Bo3ayxa
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I 3anumamenvrnoe Pasnuuenue.
Hax achanbToM. Ha camoMm ke zene 9To oTpaxkeHue OT BUJUMOIO
MPOSIBJICHHUS KaK pa3 BHyTPEHHEH ra3000pa3Hol BOJIbI.

Bce BBl 3Haere, 4TO M MOJEKYJspHAas BOJAa pas3jiMyacTcsd Ha BOIY
MPECHYIO WM CIAIKYI0 U BOY CONEHYIO, IPUYEM 3THU BOJBI HUKOT/Ia HE
nepememmBatorcsa. Hanpumep, ozepo banxam B Kazaxcrane cocTout u3
SIBHO MNPECHOW M M3 SABHO COJIEHOW YacTu. VI OHM HE OTTOpOKEHBI
HHUKaKOW HEBHAMMOW WM BUAMMOWN meperopoiakoil. Jlemo B Tom, 4TO
cosi€Has BOJAa — 3TO COBCEM HE MpECHas BOJia B CTAaKAHE, €CJIIM B HErO
OITYCTHTH JIOKKY CONU U pa3meniath. ConéHas Boja (Ta, uyto B banxaie
Y B MOPsIX) — 3TO OOJbIlIe KOHTYPHAsI MOJICKYJIsipHast Boja. [IpecHas xe
BOJIa — ATO MOJICKYJISIpHAs BOJIa YK€ KakK Obl ¢ OOJIBIIINM COJIEpKAaHUEM
YaCTOTHOI BOJIBI. J%05080Y1%1 CJIOBaMH, BpalleHue eé
BHYTPUMOJICKYJIIPHON  YaCTOTHOCTH  OOpaTHO  HANpaBJICHO 110
OTHOLIEHUIO K BHYTPUMOJIEKYJAPHOMY YaCTOTHOMY BAaKyyMy COJIEHOM
BO/Ibl, M3-32 YET0 OHA C HEW M HE NIEPEMEUINBAETCS.

Bcs xe BMecTe BoJia, BKIIIOUAsl BCE €€ BaKyyMHbIE U Ha/IBAKYyMHbIE
¢a3bl, 1 Ha3eiBaeTcs B bubnuu u Kopane npocro Bojoi. BoasHoli nap
moo0eH BHYTPEHHEH BOJIE, HO €CJIM BHYTPEHHSS BOJa KOHTYPHOCTBIO
(opmoii) HAXOAUTCSA B YACTOTHOW BOJE, TO Map TaM - MOJEKYJISPHOH
YaCTOTHOCTBIO. KOHTYpHOCTBIO K€ MOJeKyJd (TeM, 4YTO TOJ00HO
CUJIOBBIM MarHWTHBIM JIMHUSAM) Map - yKe Haj BakyyMoMm. Boma ke B
00BIYHOM COCTOSTHMUH TOJILKO NMPOHU3BIBACTCS YaCTOTHON BOJOW. A 1€x
MOXHO Ha3BaTh y»K€ YaCTOTHO OCTBIBIIEN MM MEPTBOU BomoM. Buaure,
CKOJIBKO pa3IUYCeHUI B TOHATUH BOMBI? B 3TOM U KpoeTcs CMBICI TOTO,
YTO «MHUP CO3JaH U3 BOABI U BOAOIO». I BBl 3aMETWIIHM, UTO B MOHATHUH
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I 3anumamenvrnoe Pasnuuenue.
BOJIBI TPOSBISICTCST KaKk Obl TpomyHOCTh B KyOe? Iloromy oOrias
TPOMYHOCTh M CEMHPHUYHOCTH — 3TO Kak Obl BokecTBEHHBIH KOA
MHPOYCTPOMICTBA.

Brl chpiimany U 0 HAXOXKJIEHUU B IPUPOJIE TSHKENON BOABI. JTO BOJA
C M30TOIIAMH BOAOpOJAa M Kuciopoaa. M3oromsl ke aTOMOB — 3TO
BBEJICHUE UX OIATh B BAaKyyMHBIE CIIOU IIOCIE€ BBIBOJA U3 BaKyyMa.
[Motomy u Tsk€nas Boga — 3TO OObIYHAS WJIM MOJICKYJISIpHAsI BOJA, HO
Kak Obl BBITOJIKHYTass B BaKyyMHBIE CIOM BHUXPEBOH WJIM KOHTYpHOH
4acTOoTOM.  MICKYCCTBEHHO  Tako€  BBITAJIKUBAHUE  MPOUCXOAUT
JJEKTPONM30M  WIM  IPOIYCKAHWEM  Y€pe3  BOJHBIM  PAacTBOp
3JEKTPOTOKA. B BaKyyMHBIX CIOSIX BBITOJIKHYTasl MOJEKYJSIpHAas BOAA
y’K€ He MOXKET CTaThb BOJAOW BHYTpPEHHEH WM ra3o00pa3HOi, MOTOMY
OHa OMATh «BBIHBIPMBAET» B HAIllEeM HAJBAaKyyMHOM MHpE, CTaHOBACH
yxke Tspk€noi Bonoi. M aTo yxe MEpTBas BOAa, IIOCKOJIBKY OCTaBISET
IIpU BBIHBIPUBAHUU M3 BaKyyMHBIX CJIOEB HAYAJIBHYH) UM BPEMEHHYIO
94acTOTHOCTb, WHBIMH CJIOBAMH, OHA BBIXOJHUT YK€ 0e3 BHYTpEHHEH
sHepruu. HMuHaue TOBOpS, OHAa NP OTOM UCXOAUT YK€ U3
MOJBAKYYMHOTO MHpa. DTUM U 00BsICHsIETCsl €€ TyOuTeNnbHOE ACHCTBHE
Ha XUBbIE OpraHusMel. T.0., Tskénas BoJa — 3T0 U €CTb BUAMMOE HaM
HPOSIBIICHUE IIOJABAKYYMHOI'O MHUpPA, HA3BIBAEMOI'O B PEIUTUU aJIOM.
’KuBoil e BOJOM, YNOMAHYTOM B CKa3kax, MOXHO Ha3BaTh
BHYTPEHHIOIO WJIM Ta3000pa3Hyl0 BOAY (CTaHOBSMIYIOCS, HamnpHMep,
pocoif). IloroMy ¥ OCBAIlGHME BOIbI — O3TO TPUIAHHE i
JIOTIOJTHUTENIBHOM IIOPLUY BHYTPEHHEN DHEPTUU.

Bb1, HaBepHOE, 00paTHIM BHUMaHHWE, YTO OOIIEMPUHITOE HAydyHOE
MIPENCTABIIEHUE O MPOCTPAHCTBE, KaK 0 YEM-TO INIOCKOM U B OTPBIBE OT
BemiectBa, 0e3 bubnuu u Kopana HuKak He BBINIE MPEACTABICHHIA
JpeBHUX rpekos. He paznmuyaror, Kak Bbl YK€ IOHSUIA U BpEMSL.

TaiiHa BpeMeHHM U K npaB/e 00 OTHOCHTEJIbHOCTH.

B3rnsaHMTe Ha M306pakeHMe 06bIYHbIX YacoB, Kak Npubopa, N3MepsAoLWero
Bpems. U Bbl BUAUTE, UTO NO 3TOMY NPUBOPY MOXKHO, BO-NEPBbIX, ONPeLeNnTb
NPOAOIKUTENBHOCTb KaKOro-nMbo cobbITUA UM NPOCYUTATL €ro
anutenbHocTb. OpuumanbHan HayKa CTaBMT HA 3TOM TOYKy. Ho, BO-BTOpbIX, Bbl
3HaeTe, YTO Yacbl MOTYT OTCTaBaTb M CMELNTb. [TOTOMY ecTb eLé 1 NoHaATHe
WHTEHCUMBHOCTU BpeMEHU. A 3TO 3HAUUT, YTO €C/IN MOMKHO BbIN0 Bbl CPaBHUTL
XOZ, HbIHELLHMX YACOB M TaKMX ¥Ke YacOB, HO NMOMELLEHHbIX Ha TbicAYy NeT
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1 Sanumamenvroe Paznuuenue.
Ha3az, TO HbIHEeLWHWI BpemeHHOoM npubop Wwén 6bl No4YTV B NOATOPA pa3a
bbicTpee! 3TO M ecTb U3MEHEHME CKOPOCTU BPEMEHU, O3HAYAIOLLEE U TO, YTO
OTHOCUTE/IbHAA BE/IMYMHA STAaZIOHHON A/IUTENBbHOCTU CEKYHAbI MOCTOAHHO
MEHAETCA, HO YTO Mbl He 3ameyaem. M 3To noTomy, YTo 3emnA BpaLlaeTca B
LEHTpe BaKyyMHOM HeBUAMMOW cdepbl, KaK bbl KaTaLLelics no
rMNOTETUYECKOMY OPOUTaNIbHOMY KOJIbLLy, KaK Mo KPOMKe cTosa. U Kak He
MEeHAM CKOPOCTb TaKOTO KaueHus, abCcoNtoTHAA AIUTENBHOCTb €AMHULLbI
nepuoaa BpaLLLeHWa UM CeKyHAbl OyaeT Bceraa Takol e. K Tomy e u
paboTa mexaHM3Ma 4acoB U3MEHAETCA BMECTE C USMEHEHWEM CTPYKTYpPbI
BCEro NpocTpaHCTBa-BeLecTsa. [loTomy, Kak Besae, ecTb eLé 1 TpeTbe.
[BuKeHue CTpenkn Bo3byKAaeTca 4acoBbIM MEXAHU3MOM, @ OH paboTaeT oT
BHYTPEHHEel 3Heprum, CBA3aHHOM C CaMbIM BHYTPEHHUM UM BPEMEHHbIM
BaKyyMoM. TakKe BO3OYKAaeTcs 1 BpaLleHWe 3eMan BpeMeHeM, KOTOPOE Mbl
M3Mepsaem, Kak Camoit Ha4yaNbHOM BHYTPEHHEN SHEePr1en A camomn
HavyaNbHOW BaKyyMHOM YaCTOTHOCTbIO. BOT M3 3TUX TPEX COCTaBAAIOLLMX KaK
pas 1 CKiaaplBaeTcA Bpems.

Bpemsi, kak caMoe HavaJbHOE BEIIeCTBO. 31eCh TOBOPUTCS O
TOM, 4TO

- 1) ABUNKEHME CaMOro HaYaIbHOTO UM UCXOAHOTO HEBUAMMOIO HAM
YaCcTOTHOrO BeLLecTBa 06pasyeT To, UTO MOMKHO Ha3BaTb GUUYECKUM
BPEMEHEM, @ 3TOT CaMbl/i UCXOAHbIW BaKyyM, KaK UCXOAHYHO FPaBUTaLMIO
WU UCXOLHYIO YAaCTOTHYIO BOAY, MOXHO Ha3BaTb BPeMEHHbIM BaKyyMOM.
MposBnseTca e n obpasyeTcsa TeueHne GU3NYECKOro BPEMEHUN He YeM
WHBbIM, KaK OpbUTaNIbHbIM BPALLLEHUEM MNAHET.
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1 Sanumamenvroe Paznuuenue.

dusnyeckoe Bpemsa U 6pemEHHOl 8aKyymM B Hapy>KHOM BaKyyMHOM
C/10€ CTaHOBMUTCA TEM, YTO HA3bIBAOT BHYTPEHHEW SHEPTUEN.
OdunumanbHoe Ke NOHATUE BPEMEHMU — 3TO TOJIbKO CHET BPEMEHWN MU CYET
ANUTeNbHOCTEN, BCeraa Hampas/ieHHbIM OT NPOLLIOro K byaywemy, a
HWKaK He TeYeHne MUMeHHO hu3U4ecKo20 8peMeHU, KaK UCXOLHOWM
YacTOTHOCTH;

- 2) ncxoasa M3 AManasoHOB GOHOBOIO KOCMUYECKOTO U3/Ty4EHUS, @ 3HAUUT,
- U U3 AMana3oHOB 31EKTPOMATrHUTHBIX BOJIH MOXHO 0603HAYUTb U1
YacTOTHble MOTEHLUMANbI ANA BPEMEHHOIO BaKyyMa UM BPEMEHHbIE
noTeHLumManbl.

[BukeHne BpeMeHHOro Bakyyma yepes 3T NoTeHuManbl U ecTb
bur3nyeckm TeyeHnem spemeHu. Mpu aTom MAET UMeHHO chepunyeckoe
WM BpaLL@TeNlbHOE TeyeHue, T.e. OT byAyLuero - Yepes HacToALlee K
NPOLUIOMY, @ OT HEro — oNATb K Byayliemy Toxe Yepes HacTosLLee;

- 3) B TaKOM TeYeHUM GU3NYECKOro BPeMEHM Mbl HAXOAMMCS CPA3y KaK bbl
B TPEX HACTOALLUMX COCTOAHMAX: B HACTOALLEM MOMEHTA/IbHOM W/IN B 3TOM
HacToALWEeM, B HacTosLLeM DyyLLero 1 B HacTOALLEM MPOLLIOTO.

Bpems B oQuUIMaTbHOM HAyYHOM M3JIOKEHHH  MPaBUIBHO
O00BEMHAIOT C MPOCTPAHCTBOM, HO, HE BOCIPHHUMAs €ro HadalbHON
WM  HCXOJHOW T'PaBUTOHHOM 4YacCTOTHOCTBK) HMEHHO B €IUHOM
npocTpaHcTBe-BemecTBe. M maBaiite pazdoepéMcsi, 4eM ke TMOHMMArOT
MPOCTPAHCTBO M BpeMsa. Ecim cnpocuTh OOBIYHOTO MPOXOXKEro, u4TO
TaKO€ IIPOCTPAHCTBO, TO OH CKAXKET WIH 0 KOCMOCE, WIIN O BAKyyMe, WU
0 HekoeM o00béMe, B KOTOpOM BcE Haxomutcs. WHBIME clioBamu,
MPOCTPAHCTBO — ATO HeKas u3ndeckasi cyocrannus. B opuimanbHOM
K€ U3JI0KEHUH «IIPOCTPAHCTBO — CBOMCTBO MaTEpPUU, BBIPAXKAIOLIEE €€
MpOTSHKEHHOCTH». HO Kak MOXKHO MPOCTPAHCTBO Ha3bIBaTh CBOWCTBOM?
310 BCE paBHO, YTO CTOJ Ha3BaTh HEKMM CBOMCTBOM KOMHATHI. M BEHI
y)K€ IIOHUMAeTre, 4TO TaKUM OIPEAECICHUEM IPOCTPAHCTBA IPOCTO
XUTPO yXomsaT oT orsBera. IIpmyéMm monx marepueld NOHMMAKOT HEKYHO
SKOOBI OOIYy0 CyOCTaHIMIO W3 BUJAMMOTO BEIIECTBA M BCAKUX
(U3NYECKNX «IOJeH» WM pa3leldbHO OT BaKyyMma, Kak 4YacTOTHOM
BOJIbI, YTO HA CaMOM JIEJI€ TOXKE BEIIECTBO, HO HE BUJIUMOE.

A 9T0 3HAYUT, YTO €CITU IO/ MaTepuel MOHUMAIOT «BCE», TO U HAJO
IIOHUMAaTh BCE, BKJIIOYAsT M BaKyyM, W Hall BUJIUMBIM MHp, Kak
HAJBaKyyMHBIH, M TaK)Ke HEBUAMMBIN MMOJBAKYYMHBIH MHp, C 00paTHOH
niu MEPTBOM 4acTOTHOM BOo#OM. 1Ioka ke B HameMm MCKaXEHHOM Mupe
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I Sanumamenvroe Pasniuuenue.
TaK Ha3bIBAEMBIC MATEPUATUCTHI TMOKPHIBAIOT CBOUMHU HCKKEHUSIMU
WJICATUCTOB M HAO0OPOT, IMOCKOJIBKY T€ W JPYrHe OJMHAKOBO HE
BOCIIPUHUMAIOT BaKyyM, KaK YaCTOTHYIO BOJIY, XOTS M BHJAT, YTO STUM
BaKyyMOM 3allOJIHEH BeCh KocMmoc. [loToMy W HE MOXET ObITh HHU
MaTepuain3Ma, HU Heain3Ma, a JOJKHO ObITh equHoe Paznuuenue.

[TonoOHO ompenensercs u BpeMsi, KaK OISATh «CBOWCTBO MAaTCPHH,
BBIpAXAIOIIee IEPUOJUYHOCTh, JUIUTEIBHOCTH». IHaye rOBOpA,
BPEMEHEM MPUHUMAIOT TOJILKO €ro HapyKHOE UJIN O0MXOIHOE IMOHATHE,
Kak CY4ET IIMTENBHOCTEH 10 yacaM Wi 1Mo KajeHnaapio. Kakoe ke 3To
HayuyHoe nonsitue? [loromy, HanmpumMep, u OyayIee ONpeneisTioT HEKUM
MHOXKECTBOM OyAYIIUX COOBITUH WM TMOJO0HO TOMY, KaK WU TO, YTO
TaKo€ Maciio, OIpPEAENsATh Yepe3 HEKOe MHOXKECTBO Macel. JTO U
3HAYMT, YTO HUKAK HE OMPEAEIIIOT, a TOJIIBKO JENaloT BU. A B INIOCKOM
BOCIIPHUSITUU TPOCTPAHCTBA M TEUYEHHWE BPEMEHHM HA3BIBAIOT HEKOEH
CTpEJIOi BPEMEHH TOJIBKO M3 MPOIILIOro Yepe3 HACTOsIIee U B Oyayliee
MOA00HO ABIMKEHHIO moe3aa. Ho moe3a-To, XOTh U3BECTHO OT Y€Ero efeT.
A Bpems Torja moueMy HaET, YK HE U3-3a2 4acOB JIU?

Ho BHI yke 3HaeTe, 4To (POHOBOE KOCMUYECKOE M3ITyUYCHUE, UIYIICE
OT Tperpajpl K 4acTOTHOH BojJe (UTO B TOM MHPE) MPOSIBJISECT HIA
OKUBJISIET CETYATO-SIYCUCTYIO CTPYKTYpPY CHadajga CaMOro HadallbHOTO
WM MCXOJHOTO BakyyMa. BOT 3TO camoe HauaabHOE T'PaBUTOHHOE
BpallEeHHUE B TaKXe Bpalarouencs HavajabHOU STYEUCTOU
[IPOCTPAaHCTBEHHOW CTPYKTYpPE M MOXXHO Ha3BaThb HCXOAHOW YaCTHIO
MPOCTPAHCTBA, (OHOM BCEro CQepuyeckoro BpamieHus. B sTom
Ha4yaJIbHOM (POHE BPAIICHUS M MPOSIBJISETCS TO, YTO MOXKHO Ha3bIBaTh
MPOIUIBIM, HACTOSIIUM M OYAYIIMM B HAyYHOM, a HE B OOUXOIHOM
noHuManuu. ¥ 3To He 4YTO HHOE, KaK YaCTOTHBIE IIOTCHIIMAILI UCXOIHOM
YaCTOTHOCTH. X MOXHO Ha3BaTh 6PEMEeHHLIMU NOMEHYUANAMU.
Byaymee — 310 Oonbliuii MOTEHIMA], NPONUIOE - HAUMCEHBIIUHN
MOTEHLIMAN, & HACTOSUIEE - MPOMEXYTOUHbIA noreHunan. M, ucxons us
CTPYKTYpPBI BaKyyMHBIX CIIOEB MPOCTPAHCTBA — ATO U €CTh YaCTOTHBIE
JMAIa30Hbl 3TUX CJIOEB, O KOTOPBIX BBl YX€ 4YuTamu. MBI KMBEM B
JIMATIA30HE YaCTOT BPEMEHHOrO MOTEHI[Maaa OT 106, YTO €CTh KakK OBl
MOMEHTAIbHBIM TPONUIBIM, U JI0 1012, YTO, COOTBETCTBEHHO, €CTh
noreHiuaiom Oyaymiero. Iloromy ans Hac kak Obl MOMEHTAJBHOE
HAaCTOSIIIEEe — 3TO HE UYTO MHOE, KaK MOKa3aTelh CKOPOCTH WIIM YaCTOTHI
pacipoctpanenuss ceera 3*10°. Dror manason coOTBETCTByeT
HayaJdbHOW YaCTH YK€ CPEIMHHOTO BAaKyyMHOTO CIOs. A Hapy»XHO
OlIyIaeM Mbl ce0si, KOHEUHO, B HAJBaKyyMHOM CJ0€. DTO U €CTh
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1 Sanumamenvroe Paznuuenue.
MPOHUKHOBEHUEM MPOCTPAHCTBEHHBIX CIOEB APYT B Apyra. MHOTHe xe
JKUBOTHBIE )KUBYT YXKE B IPYTrUX AUANA30HAX.

TeueHrne UCXOIHOM YaCTOTHOCTH OT MOTEHIIMaja K NOTEHI[MAIly UIIN
BpalllEHUE MCXOJHBIX TPABUTOHOB U 00pa3yer TO, YTO MOXHO Ha3BaTh
BpPEMEHEM B HAYYHOM CMBICIE, & UMEHHO — BPEMEHHBIM BaKyyMOM,
BPEMEHHOW I'paBUTALMEN WM BPEMEHHON 4acTOTHOW Bomoi. TeueHue
BPEMEHHBIX TPaBUTOHOB, TOJUICPKUBASICH OPOUTATBHBIM BpallleHHEM
3eMiIM W TUIaHET, 3TUM TEUCHHE W HAauYMHAETCS. DTO M TOHSTHO, BEIb
MPOCTPaHCTBO cepuyno. [Toromy TeueHue GU3NYECKOro BpEMEHH WU
BPEMEHHOT0 3(hupa MpecTaBuMO B BHJIE OKPYKHOCTH.

M noKa3blBaeTca 3T0 CPaBHEHUAMM YPaBHEHUI ABUKEHUI, TOUHee, paboTbl
OBUXKEHUA 3NEeKTPOHa W MNo3MTPOHA (Kak BepTUKaZbHO NepeBEpPHYTOro
3/1eKTPOHa, O 4YEéM CM. BTOPOM pasfen KHUMM) B MarHUTHou coepe
(odmumanbHo B none). eno B TOM, YTO OOMHAKOBbLIN BUA YPABHEHUM
OT/IMYAETCA Wb HaMpaBJeHUAMU BPALLEHUIA 3TUX 4YacTuy, (B cTapoi ke
¢u3MKke 3TO 3apah) M COOTBETCTBEHHO  PasHbIMKM - 3HAKaMKM UK
NPOTUBOMNONOKHbIMA  HAaNpPaBAEHUSMM Y  OOMHAKOBbIX  3HAYEHMUI
ONUTENBHOCTU. ITUM W MO/YYaeTcd WMMEHHO BpalLeHWe, MOCKOJbKY 3TU
YacTMLbl HEe MOTYT ABMraTLCA MO OAHOM IMHMM (MOCKONbKY TOFAa NPOUCXOAUT
WX aHHUTUAAUMA UK CKpydMBaHUe B ABa GoToHa). B cTapoli e Ppusnke Takoe
UMEHHO BPEMEHHOE ABUMKEeHUEe Ha3Banu ABUMKEHUEM Ha3ah BO BPEMEHM,
nofo6Ho, ecau U ABUNKEHUE ropoxa Ha3BaTb ABUMKEHMEM Hasag B ropoxe. A
TaKoe He pas/inyeHue CyLLecTBYeT NMOTOMY, YTO MCXOAHbIE WAW BpeMeHHble
rpaBuUTOHbI (Nogobue ropoxa), HauMHawLWMe NPOABAATb YaCTULbl, U MOTyT
6bITb TO/ILKO B HENPEPbLIBHOM [ABUMKEHUU, YTO BCErAa BpaLleHue.

I'paBUTOHHOE BpEMEHHOE WJIM MCXOJIHOE BpallleHue UAET CHavaia OT
OoJIbIIIEr0 TMOTEHIMAJAa WM OT OyJayllero depe3 Hacrosiee K
MpOIUIOMY, a 3aTeM OOpaTHO OT MPOLUIOr0 Yepe3 HacTosIIee K
OyAylieMy WId IUKIMYHO. DTUM TOJJICPIKUBACTCS M CYIICCTBOBAHHE
HAlllero MUpa, U KPyroBopoT B mpupoje. B TakoM KpyroBoMm Te€4eHUH
BPEMEHHOI0 BaKyyMa MpOIIUIOe HUKY/Ia HE UCUE3aeT, a Mpeodpasysich B
Oyaymiee, kak Obl mepenaér KpyTANME MOMEHT OT 3eMiIM yXe K
JaJIbHUM OOJIBIINM IIJIAHETaM.

CaepxuacroTa 10% s TUIIEPIIPOCTPAHCTBE  O3HA4YaeT Halle
nepcreKkTuBHOe Oynymiee. Ho rumeprnpocTpaHcTBO 00paTHO K JIPYrUM
BaKyyMHBIM CJIOSIM. A BOT 3TH CJIOU YK€ HAIOJOBUHY MPOHUKAIOT B
Hallle HaJBaKyyMHOE IPOCTPAHCTBO, 00pa3ys emié JBa auara3oHa C
YACTOTHBIM TOTCHIIMAJIOM Kak Obl Oyayllero Juis Hamero OymyIIero
10** 1 ¢ norenumanom mpouwtoro amst Hamero mpouwtoro 10°. Ho Bexp
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1 3anumamenvroe Pasnuyenue.
U B 9THX JHala30oHaxX €CTb CBOU INPOMECKYTOUHBIC IMOTCHIHAJIBI WA
IIoTeHIHaJIbl HACTOAICTO. A 3T0 3HAYUT, YTO YCIOBECK JKUBET Cpa3y u B
OTOM HACTOAIIEM, W B HACTOAIICM IIPOHUJIOT0O M B HACTOALIEM
Oyaymiero, 4eM ¥ MOXET KOPPEKTHPOBATh WM W3MEHATH YiKE
nepcreKkTuBHOe Oyaymiee. M koryma Mbl OecriokoMMces O OyylieM WId
MEPEeXKUBAEM TPOIIOE, MbI, OKa3bIBACTCS, KaK Obl OTKA3bIBAEMCS OT
HacTtodiero. M 3To noroMy, 4To OHO BCErja HE TOJbKO ceilyac, HO U B
MPOILIOM, ¥ B OyAyILleM, HHA4e TOBOPS - B TPEX TOUKax cpasy.

BrbI cnplliany 0 MOHSITHU CKOpPOCTH BPCMCHHU. Tak BOT, 3TO U €CTh
CKOPOCTBIO TEUEHUSI BPEMEHHBIX TPAaBUTOHOB. BpeMEHHON BakyyM JUist
YEJIOBEKA, KAK Bbl Y)KE€ UMTAJIM — 3TO BHYTpEHHss sHeprus. 1 y Hero
TOKE CBOS CKOPOCTb, KaK CKOPOCTb IPUTOKAa dHepruu. IIpmuém nBa
BHJIa BPEMEHHOI'0 BaKyyMa, KaK HapyXKHOro M BHYTPEHHEro Jyis
YeoBeKa, TOHATHO, COOTHOCSTCSI IPYT C IPYroM. DTUM U OOBSICHSFOTCS
BCSKHME paccka3bl O TOM, KaK B CTPECCOBBIX CHUTYaIlUsAX Kak Obl
3aMEISAETCS WM, HA000POT, YCKOPSIETCS BOCIIPUSATHE BPEMEHH.

Bpemsi u u3MepeHre OTHOCUTEJIbHOCTH, KAK CKOPOCTH
KAa4YeHUs. 371eCh TOBOPUTCS O TOM, UTO

- 1) cnupanbHo-chepmnyeckoe BpaLLeHWe YacTOTHbIX FPAaBUTOHOB
0bpasyeTca Ux KaueHnem BoKpyr apyr Apyra. Chepuyeckoe KaueHne
noJy4aeT U 0bbIYHOE KO/IECO, M3-3a YEro OHO U He Majaer.

A 3T0 3HAUMT, YTO CHaYasa 0bpasyeTcA HeBUAMMan cdepa YacTOTHOTo
BELLECTBA UM BaKyyMa BpalLleHWs, B KOTOPOM W BpalLaeTcs Kosieco.
JoKasbiBaeTca ke 370 apeKTom rupockona Uam sppekTom UrpyLKm
«onay;

- 2) NOCKONbKY TeYEHME BPEMEHHbIX FPaBUTOHOB MOAAEepKUBaETCA
NNAaHETHbIM BpalleHNeM, TO U OHO TaKXXe O3HaYaeT KadeHne HeBUOUMbIX
HaMm NaaHeTHbIX chep BOKPYr Apyra.

A Y3MeHeHue pasmepa 3TUX chep 1 UX COOTHOLLEHUI B NpoLecce
3BOJIOLLMM ONpeaensno TedeHne 0BbUXOLHOIO UK KaseHA4apHOro
BpeMeH!;

- 3) yBeIMYEHHAA CKOPOCTb KauyeHWA rPaBUTOHOB MM 3apAL, UX KaYeHUs B
Hayane 3BONIIOLMUM 03HAYANA U BOMbLLYIO B CTO Pa3 HAYa/IbHYH CKOPOCTb
cBeTa.
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1 Sanumamenvroe Paznuuenue.

OdunumanbHas e HayKa He NPUMEHAET NOHATME rPAaBUTALLMOHHOIO 3apAaaa
KaYeHWs, He NPUMEHAET N NOHATME METPUYECKOrO Nepmoaa C ABOMHOM
pa3MepHOCTbIO M NepPUoAa, U YacToTbl. ITO 3HAYUT, YTO U3HYTPYU - 3TO
4acToTa, a CHAPYKM - Nnepunog,. Takaa ABOMHAA Pa3MepPHOCTb - U Y
MarHUTHOM U SNEKTPUYECKON MOCTOAHHOM BENNYMHDI, @ 3HAYUT, - U Y
CKOPOCTU CBeTa.

CKopocTh BpeMEHH — 3TO BHYTPEHHUN TOKa3aTelb, Kak, Halpumep,
CKOpOCTh 00pa3oBaHMs TPaBUTOHOB. HO €CTh W Hapy»KHBIH MMOKa3aTellb
IJIA TCUCHHA BPEMCHHBIX I'PABUTOHOB, KaK YK€ CKOPOCTbh MX KauCHHA.
3TO KOra OHU B MX CIIHUPAJbHOM JBMKEHHH 00pa3yroT cepsl yKe B
HalIeM Ha/JIBaKyyMHOM cioe. 1 kaueHue Bceraa ozHavaeT cdepy, Aaxe
ecli KaTUTh OObIYHOE Koieco. Bemp m moboe BpamieHue obOpasyer
HEBUJIMMYIO HaM YacCTOTHYIO WJIM BaKyyMHYIO cdepy. Ho ecinm oHa Ham
HE BHJHA, TO 3TO HE 3HAYUUT, UTO €€ HeT. M 3TO He HeKUM HEBUIUMBIN
CycqMK B TpaBe (Kak B OJHOW KOMEIWH), TOCKOJIBKY BCE HaM
HEBUANMOC MNPOSABIACTCA W AOKA3bIBACTCA CJIICACTBUAMU IPUCYTCTBUA
aTOr0 HeBuaumoro. Hampumep, Takoil yactoTHOH cdepoii, oOpa3yemoit
BOKpYr Jio00oro BpamieHusi, W OOBSCHSETCA, YTO KOIeco He
OIIPOKH/IBIBAETCSA, IMOKAa OHO KAaTWUTCSA, W HE IMaJaeT Bpallaroiascs
urpyuika tojna. Bens cdepa He MokeT ymacTh:

A pa3MEepHOCTb CKOPOCTH WIIH 3aps0d KaueHusi «ax», BEJIMYHHBI, HE
paznuyaeMoi OQUIMANBHON (U3MKOH — 3TO OTHOIICHHUE TUIOIIAH
cepsl K eTMHULIE TIEPHOJIA UITH «M/CEK»:

A |— 4nR?
- T

Hanuuue Bokpyr jr000ro BpalieHUs, Ja U BOKPYT JIFOOOTO JBUKCHHSI
YacTOTHOM c(epbl JOKa3bIBACTCsl U THPOCKOIIAMU, MPHOOpamMu, Ijie 0Ch
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I 3anumamenvrnoe Pasnuuenue.
OBICTPOrO BpAallEeHHs, HAXOISCh B CBOOOJHOM IIOJBECE, CTPEMHUTCS
COXpaHATh HEM3MEHHOE MOJIOkKEHHE B MPOCTpaHCTBE. JTO M O3HAYAET
0o0pa3oBaHHWE YacTOTHOT'O BEIIECTBA BpAlICHHS, Kak YK€ Jpyroro,
BaKyyMHOTO C(EpHYecKoro Teia, TMPOSBIAIONIErOCsS B  HalleM
HAaJIBAKYyMHOM MHpE€ KaK pa3 IIOBEIECHUEM KOHTYPHOW WJIM BHJIUMOMN
HaAM OCH BpameHusi rupockona. [loromy mro0oe KadeHHE MOXKHO
MPeACTaBUTh ABYMs chepaMu (XOTs OHM HaMm M He BUIUMBI). [Ipu 3ToM
3TH cdepnl Katarcs omHa mo apyroi. Tak m oOpasyercs BceoOliee
BpallleHHe, MpOsBIsieMOe U B OpOWTAILHOM BpAIEHWH IUIAHETHBIX
cdep, ¥ BO BpallleHUH TPaBUTOHOB, M B JIBM)KEHHH JJIEKTpoHa. Takoe
BpallleHHe 1 00pa3yeT BakyyMHbIe cpepbl OT 3eMiIH BIUIOThH 10 JIyHBI U
Janplie. A KOHTYpHas TONYOKPY>KHOCTh 3TOH cdepsl (4TO B HamieMm
HAJBaKyyMHOM MHpE), - 3TO U €CTh CUJIOBBIE TPaBUTAIIMOHHBIC JINHUH.

Ha npuBen€HHOM 3/1€Ch PUCYHKE KOHTYPHAs! I1OJIyOKPYKHOCTb
BaKyyMHOU cepbl BblIeNeHa KUpHOH JInHUEH. [TyHKTHpOM ke
IMOKa3aHO COBMECTHOE JIBUKECHUE TPAaBUTOHOB, oOpa3yroiiee chepy. U
BBI BUJIUTE, YTO B TAKOM BpallleHUH, KaK BO B3aMMHOM KaueHHH,
MeTbYaIMe y3eIKH MPOCTPAHCTBA (KOTOPhIE HAaM €IIE MOXKHO
BOCIIPHHSATH) WM TPABUTOHBI 00pa3yroT Ooibiire cepsl, a 3TUM - H
BpaliaTenbHoe JBUKEHNE KOHTYPHOCTH, Ha3bIBAEMOE CHUIIOBBIMU
muHUAMH. O TakoM JBM)KEHUHU MeIbUalINX «OPIUil BelecTBa,
BPAIIAFOIIUXCS BOKPYT CBOCH COOCTBEHHOM OCH» MUcal U (U3MK
MakcBesut B ero ONMCaHuU MAarHUTHOH cepbl (0QUIIHATIBHO «ITOJISD»).

I'paBuTOHBI

Bpatenne sxe TpaBUTOHOB BHYTPH 001Ied cepbl Ipu X KaueHHH
ONIpENEeNSeTCS UX 6paujamenbHblM 2PaAsUMayuOHHbLIM 3aPA0OM <L,
KOTOpBIA B CTapoil (H3MKE HAa3bIBAIOT YCKOPEHHEM CBOOOIHOIO
naaenuss. Ho maneHue ten MAET COBCEeM HE PAaBHOYCKOPEHHO WIIM HE
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I 3anumamenvrnoe Pasnuuenue.
CTPOTr'O IO MPSMOM, a - TIO Jyre OKPYKHOCTH. TOJIBKO OKPYKHOCTB 3Ta
o4eHb Oomnbluasi, paBHast 3eMHOH cdepe. [loroMy Has3bIBaTh BETUYHHY
«g» YCKOpEHHEM He cepbE3HO. BparieHnmeM rpaBUTOHOB cooOmIaercs
BpalllaTelnbHBIA 3apsg W o0mell cdepe, oOpa3syeModl B3aMMHBIM
KayeHWeM TpPaBUTOHOB BOKpPYr Jpyr Jpyra, 4Yro ONpedessiercs
CKOPOCTBIO WJIM 3apsiIoM KadeHHs. ITO KaueHHe MAET CIUPAIbHO, YeM
Y TIPOSIBIISIETCS. 00BbEM ChepBl.

Takoe coBMeCTHOE HEBUIMMOE BpallleHHe YaCTOTHOCTH (MCXOAHOIO
BpallleHUs] TPUTIOJIeH WK TPEXC(HEPHUKOB, MPOSBISAIONMX TPAaBUTOHBI)
W KOHTypHOCTH ((OpPMBI  BpalleHHs CaMHX TPaBUTOHOB) C
00pa3oBaHHEM TOCTOSIHHOW CETYaTOM CTPYKTYpPbl M €CTh 4acTOTHOM
BOJIOW, BOCIHPUHUMAeMOHW BakyymMoM. IIpu 3TOM kaueHHe I'paBUTOHOB
BOKPYT JIpyT Jpyra oOpa3yeT yxe BIBOe OOJblnyto chepy. A oHa BO
B3aMMHOM Ka4yCHUHU C JPYroi Takoi ke oOried chepoii oOpasyer emié
Ooonpmyo chepy W T.0. (BILUIOTH JO Cdep BECOBOW TpaBUTAIUM U
IUTaHeTHBIX ~ cep WM chep  OpOHMTANBHOW  TIpaBUTALIUM).
[MonyokpyxkHocti «tR», Hampumep, y cdep BecoBoil rpaBuTaln
MPOSIBJISIIOT UX KOHTYPHBIC WIIM CHJIOBBIE JIMHHUH, YBIICKAIOIIUE BCE TENa
K I[EHTpy 3eMiM TaKkKe 3a CYET WX BpalICHHs, ONpenesieMoro
TPAaBUTALMOHHBIM 3apsafaoM «g». [lomydaercs, 4To HEBUAMMOE HaMH
MPOCTPAHCTBO — 3TO CIUIOUIHOE JBUKEHUE TPAaBUTOHOB W HUX cdep,
KOHTYpHBIE MOTYOKPY>KHOCTH KOTOPBIX TTOJJOOHO CHJIOBBIM MarHUTHBIM
JUHUASM TPOHMKAIOT 4Yepe3 io0oe BUAMMOE HAaMH TENO, YBIIEKas ero
BHU3.

B3anMHOe kaueHHe TPaBUTOHOB BOKPYI APYT Jpyra, a 3aTeM HuX
obmux chep wuaér mo cnuparu W cepuuecKkH  (KaueHHeM
MOCIEAOBATENIbHO MO BCEM IUIOCKOCTSAM J0 oOpa3oBaHusi oOmIel
chepni). Tak 00pa3yroTcs pa3HOHATPABICHHBIE YETHIPEXCHEPHUKN WU
KBaJ[pymnoiu. BpamieHue ke caMHX TPaBUTOHOB (MX KOHTYPHOCTH WIIH
(¢opMBI) — 3TO TPOSBJICHUE YK€  OJIHOHANPABICHHBIX WM
KOHIIGHTPUYECKUX KBaJpymnoJjed. A BpallleHHe caMoro BpalleHus
TPAaBUTOHOB, KaK BBl YK€ UHUTald, 00pa3yercss HWCXOJHBIM WIH
BpPEMEHHBIM BpallleHHEM TPHUMOJIEH OT BHYTPEHHHX BaKyyMHBIX CIIOEB
mpocTpaHcTBa. B kadeHUM spue BCero u MposBIISIETCS JIeHCTBUTENbHAS
OTHOCHTEIBHOCT, BHEIIHEr0O W BHYTPEHHEro, YTO O3Ha4yaeT W
cepruyHOCTh, a HE - MOJBMKHOTO M HEMOABH)KHOTO, YTO €CTh
opunmansHo. HenoABM)KHOCTH €CTh TOJNBKO B HalleM HAMOJIOBHHY
MEPTBOM MUpe. B BakyyMHBIX K€ CIOSX MPOCTPAHCTBA JIBHKEHHE W
XKHU3Hb — 3TO TIOCTOSIHHBIN (DOH CYIIECTBOBAHHSL.
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I 3anumamenvrnoe Pasnuuenue.

B mnyaHeTHOM BpalleHHMM WJIM B OpOMTaJbHOW TpaBHTAIMU
npuBeACHHas BhIIe (GopMmyna Ui 3apsia KadeHHs OTHOCHUTCS K
rtaneTHor cepe 3emun. IHBIMU c1OBaMH, B KAHTOBCKOM TTOHMMAaHHUH
HApY)KHOTO M BHYTPEHHETO 3TO CKOPOCTh Ui HAac WM HapyXKHas
CKOPOCTh KaueHHus. Benp MBI HaxoAuMcsl BHYTpH T1aHeTHOH cdepsl. Ho
3apsii WM CKOPOCTh KauyeHWsI MOXKHO BBIPa3UThb U MPOHU3BEICHHEM
aramerpa cdepbl Ha BpallaTelnbHy0 CKOpOCcTh Win B Buae «2R*Vy. A
9TO YK€ CKOPOCTh KaueHHsl, KaK TaKoBasi, WK BHYTPCHHEE BhIPAKECHHE
3apsiia KaueHusa. M oTHocHTCs 3TO K apyrod cdepe (OTHOCHTENBHO K
HaM - K HapyXHo# cdepe). B maHeTHOM ke BpamieHUu BTopas cdepa
MOpOSIBJIIETCS  JIMIIb ~ OJAHOW  KOHTYPHOCTBIO WM  BUPTYyaJbHOH
(npencraBuMOi) 00Opa3yloliell OKPY)KHOCTH, 4YTO MOXXHO Ha3BaTh
opoumanvuvim koavyom. [lo HeMy W KaTUTCs 3eMHasl TUIaHeTHas cdepa,
a B Ty)X€ CTOPOHY Kak Obl KaTUTCS U OpOMTaJIbHOE KOJIbBIO, MOJ00HOE
CHJIOBOW MAarHWTHOM JIMHHM (HO Oyay4dW OKpyKHOCThIO). [Ipm sTOM
JICHCTBUTENIbHOE KaueHue cep (mensiiee rox Ha 12 MecsieB) U yxe
npyrux, Oonee BHyTpeHHUX cdep, uaér u B Oojiee BHYTPEHHUX
BaKyyMHBIX cJOfX (HO 00 STOM pedb BO BTOPOM pasfeie KHHUTH).
[ToToMy BceneHcKoe yxe TUIaHEeTHOE BpallleHHe MTPU BUIE «CBEPXY» HIIN
¢ CeBepa 3eMiii MOXKHO MIPENICTABUTH TaK:

2R*V 4nR?/T

U, xots y atux cdep pasHbId paamyc, HO CKOPOCTH HX OOMIEro
KaueHus: BOKpYr apyr apyra pasusl wm 2R*V= 4aR?*/T. A Bor
OTHOCHUTENBHO JIpyr Jpyra Tena, KOTOpble HAXOMATCA BHYTPH WIM B
LEHTpEe ITHX cdep, BPALIaroTCsl COBCEM C pa3HON OKpPY>KHOW (JTMHEeHHOH
B OBITYIOIIEM BOCIPHUSTHH) CKOPOCThIO. B 3TOoM U 3akirouaercs
HacToslass OTHOCHTEIBHOCTh, O KOTOPOH XOTel JIOHECTH MHPY
A.QuiHmTerH. OQUIMAILHO Ke OTHOCUTEILHOCTh TOHUMAIOT TUIOCKHUM
(moctynaTenbHBIM) JBIDKEHHEM TMeif3aka 3a OKHOM I[0e3[a WJIH 32
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I 3anumamenvrnoe Pasnuuenue.
WUTIOMHUHATOPOM pakeTbl. Ho Benmp Takas OTHOCHTENBHOCTh HHUKAKOT'O
OTHOIICHUS, HA K TNy Moe3Ja, HU K TenaM meiizaxa He umeer. OHa -
JUIIB B HAILIEM BOCIIPUATHH, TOJOOHOM MPOCMOTPY (huibMa. A BOT pu
KayeHUH JBYX chep BOKpyT Apyr Apyra Tena, KOTOpbIe - B LIEHTpe cdep,
NEeWCTBUTENIBHO TIOJIYYalOT COBCEM Pa3Hylo CKOpocTh. Benb, Hampumep,
MaJIeHbKOH cdepe, 4ToObI cienaTh OAMH 000pOT BOKPYT CBOGH OCH MpH
OJIMHAKOBOH CKOPOCTH BpallleHWs, HY)XKHO MEHbIIE BPEMEHH, YeM
OOJTBILIOM.

Wnade roBopsi, 3TO BpeMs MpOIOPIHOHAILHO paanycam cdep. Bor
U TIOJTy4aeTcsl, YTO TeNO0 B EHTPE MaJleHbKOH cdepsl (Hampumep, Halla
IJIaHeTa) Bpaliaercsi ObICTpee Tena BHYTpU OoJbIIoi cdepsl (ObicTpee,
ckaxkeM, Beneper). K ToMy ke, ecny HM3MEHSATh COOTHOIIEHHE STHX
paanycoB, COOTBETCTBEHHO OYAYT HU3MEHATHCS W OKPY)KHBIE HIIH
MOCTyMaTeNbHbIE CKOPOCTH TNl BHYTPH cep MpH KaueHU! cep BOKPYT
Ipyr apyra. A ecim Bpemss 000poTa BOKPYT OCH OJHOH M3 cdep 1o
a0COJIOTHOW BENMYMHE OCTAETCsl MOCTOSHHBIM, TO YMEHBILIEHHE ITOMH
chepsl OyneT O3HAYaTh HE 4YTO HMHOE, KaK YMEHBIICHHWE M OOmIeH
CKOPOCTH KayeHUs. JTO W OTHOCUTCS K IUIAHETHOH cdepe 3emuin,
KOTOpasi TIOCTOSIHHO YMEHBIATACH B MPOLECCE IBOIIOINH.

Heno B ToM, 4TO OOMH OOOPOT 3€MHOW IJIaHETHOH cdepbl u
COCTABJIIIOT OIHU CyTKH. [lotomy Bhipaxkenne «2R*Vy oznauaer,
OKa3bIBaeTCs, M Kak Obl TNIAHETHYIO CKOPOCTh BpeMeHH. He ciyuaiino u
nerepOyprckuit yuénslit-actponom 20-ro Beka H.Ko3bipes, n3yvaBumii
¢u3nveckoe MposBJICHWE BpEeMEHH, 000O3HAYMII XapakKTep €ro TeUeHUs
HEKOCH «IMHEHHOW CKOPOCTHIO MOBOPOTa», a 3TUM H ecTh «2R*V)y.
Uro HMHTEpecHO, pa3MEpHOCTh KaueHHsl «M?/CeK» HWCIONb3YyeTcs W B
sIepHOM (u3uke, Kak npou3BonHas equHuiia CH.

Ho B tutockoM BoctipusiTiu Mupa y opuIuansHON pU3UKH HET U
pa3inuyeHus IBMKEHHS Ka4eHUs!, YTO MPEACTABISIET COO0M HE CKOPOCTh
«TUTOCKOTIApaJUIeIbHOT0» TIepeMelIeH s ToUeK Kojeca (y TOUKH «M»
OoMbIIYIO B J1Ba pa3a, 4eM y Toukd «C»), a HapyKHOE BpallCHHE.
BHyTpeHHee e BpalleHue onpeenseTcs TeM, YTO MOKHO Ha3bIBaTh
spawamenvHvim 3apsa0om (0pUIMATBHO 3TO IIEHTPOCTPEMHUTEIHHOE
yckopenwue). M 3To motoMy, 4To mpu Jr000M BpallleHUH BpaIllaeTcst
BCerjia HeBUIMMasi 4acToTHas cdepa.
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I 3anumamenvroe Paznuyenue.
I

CKOpOCTh KaueHWs TPaBUTOHOB I 3EMHOI'0 IPOCTPAHCTBA B
HacTosiee Bpems paBHa 36 «M?/cek» W OHa BXOAMT, HallpuMep, B
ANEKTPUUECKYIO MOCTOSHHYIO BETUYMHY. Y CKOpEHHE ke CBOOOTHOro
MaJieHusd — 3TO BpalllaTellbHOE YCKOpEHHE TIpaBUTOHOB. CKOpOCTh
KadeHUs, KaK BBl MOHSUTH, - 9TO U BBIPXKEHHUE HAPYKHOW CKOPOCTH
OOBIYHOIO KOJIeCa, U TPABUTOHOB, M TUIAHETHBIX cdep. BeromuuTe, kak
BaM B LIKOJIE MPEJCTaBIsUTH BpamieHue 3emin. Mon, oHa oOpaiaercs
Bokpyr ConHIIa ¥ B TO K€ BpeMsl HEU3BECTHO OT YEro Bpallaercs
BOKpyr cBoed ocu. [lpuuéM mnpencraBisiiim BCE 3TO OTHEIbHBIMHU
BpameHussMud. Ha camoM ke zene uaer cHavajla BpalleHUe HEBUAMMON
IJIaHeTHOW c(epbl B BaKyyMHBIX CpEIax, 4TO Bpamlaer yxe
MOJIEKYJIIpHOE TeNl0 3eMJIM B HallleM HaJBaKyyMHOM IpocTpaHcTBe. U
3TO YK€ He IIPOCTO BpallleHHe, a UMEHHO KaueHue. DTUM U MoJy4yaercs,
YTO HEBHJIMMAs IUIAHETHAs cepa KaTUTCS 10 TAKOMY K€ HEBUIUMOMY
OpOUTATLHOMY KOJBILY:

[TnanerHas cdepa 3emn.

{e

OpOuTtaabHOE KOJNBIIO 3EMITH.

B oduinuansHOM K€ BOCHPHUSATHH 3eMJIi HEKUM BOJIICOHBIM
00pa3oM JIBHIKETCS TI0 CBOCH OpOMTE U YK COBCEM HEHM3BECTHO OT YEro
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I 3anumamenvrnoe Pasnuuenue.
BpalllaeTcsi MpH 3TOM BOKpPYr OcH. «OOBSACHSETCS» Takoe BpalleHHE
TSATOTEHUEM, Kak NpuTskeHneM. Hy u npudém 31ech BpalleHUE, BENb
MPUTAKCHUEC — 3TO HUKAK HC BPAIICHUE, 4 U €CTh HpI/ITﬂ)KCHI/ICM? Nnuaue
TroBOps, TO, YTO TATOTCHHUC BCCrja IMPOABIIAACTCA BpalllCHHUEM, TUXO HE
OOBSICHSIOT, TIpUHMMAs, KaK JaHHOCTb. Hampumep, B pabore mpo
TATOTEHUE B TIOMCKOBOW cucteMe «(Googley, MUIIYT, YTO «MOXKHO
paccMaTpuBaTh JBKeHHE JIyHBI Kak HenpepbIBHOE MajieHue Ha 3eMIITIO.
[Iparaa, oOnanas momnepeyHoON CKOPOCThIO, OHA HUKOTJA HE JIOCTUTACT
3eMiIH, a CMellaeTcs MepneHIuKyIsIpHo npaMoil 3emis-JIlyHa». A ot
yero y JIyHbl 93Ta «momepedHass CKOpPOCTb», U €CIU  HJIET
MPSIMOJIMHEHHOE CMEILIEHHE, TO MoUeMy HIIET BpalleHue?

(<O6’LSICH$IIOT U BpallCHUC IUIAHCT YPAaBHOBCIIMBAHUEM CHUJIbI
IpaBUTAIlUM [EHTPOOSKHOM CHIIOH. A TEHTPOOSKHYIO CHIy, YTO
MMPOABJIAACTCA BO BpAalICHUU, IPUHHUMAIOT KaK JAaHHOCTh, MHA4YC TOBOPA,
BpallleHHe OOBSCHSIOT BpameHneM. «OOBSCHAIOT» H  CyTOYHOE
BparieHue 3emiiu HarpeBoMm e€ atmocdepbl ot Connma. M uto, passe
OyJZer XOTh KakoOM-TMOO  HarpeBaeMblil  MpeIMeT, CBOOOIHO
PacToNOKEHHBI B TPOCTPAHCTBE BpAIIATHCS BOKPYT €ro OCH, HE
roBOps YK€ O ero BpameHuu 1no kpyry? M Bbl BuAMTE, 4TO 3TO BCE
JCTCKUEC (<06'LSICHGHI/I$I)), HUCXOOAIICE TOJIBKO U3 CTPEMIICHUA O6’I)SICHI/ITL.

Ha camom ke mene 3eMHOE BpalleHHE B IIEHTPE MJIaHETHOH cdepsl,
KaTslieiics MO0 BHUPTYaIbHOMY OpOMTAaNBbHOMY KONBIy, MOJ00HO
KayeHUI0 Ms4a 10 KPOMKE KpYIJoro croia, 4eM 5TO cpazy |
oOpalieHre BOKpYr OOILEro CONHEYHO-3€MHOTO IIeHTpa (a He BOKPYT
ConHia, Kak MPEACTaBIAIOT O(HUIMAIBGHO), W BpalleHue BOKPYT
HEHTPabHONH ocH 0e3 BCAKOrO CIOXKEHHUS CKOPOCTEH, YTO €cTh
opunmansHo. [IpruéM CKOpPOCTh KadeHWs IUIAaHETHOH cdepbl paBHa U
CKOpOCTH KAa4YC€HUA OTACIBHOIO TIpaBHUTOHA, KaK MHUHHUMAJIIBHOI'O
chepuyeckoro yszenka. Ho Takoe paBeHCTBO mMomoOHBIX (uryp (1o
reomeTpuu JIo0aueBCKOro) ecTh TONBKO B BAKYYMHBIX CIIOSIX.

Tak BOT, ceifuac 1uiaHeTHasi chepa B CBOEM KaueHUM COBEpIIAET 3a
onuH e€ obopor (B oduimanbHoM Boctpustuu Bokpyr Comuia) 365
BpallleHu#, 4eM W nomydaercss 365 aHell B roxy. 3emis B Ipolecce
SBOJIOIMH HaXOJHUJIach BCE BpeMs Ha OJHOM M TOM YK€ PACCTOSHHH OT
ConHila, HO yMeHbLIaNach €€ MiaHeTHas cdepa. A 3TO 3HAYHUT, YTO
Obl1a HECpaBHEHHO OOJIbIIIe HaYaNbHasl CKOPOCTh KAUCHHUS U TUIAaHETHOH
cephl U TPaBUTOHOB.
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I 3anumamenvrnoe Pasnuuenue.
PucyHoK mtaHeTHOro BpaieHus: BO BpeMsi ero BOSHUKHOBEHUS TIPU
BuJie HaJl CeBepom 3emin. IIyHKTHPOM MOKa3aHO ABMYKEHHE 3EMH O
TUTaHeTHOU cdepbl, HayambHOH cheprl ConHIa M HaYaIbHOM 3eMIIH.

HenTp B3aumMHOro
COJTHEYHO- 3€MHOT'0
BpalICHHUS.

HauanpHas nianernas cepa 3emim.
(Hebecnas tBepap mo bubnuu.) 3

~ 2 «a.e.»

A
A

[Ipu TBOpeHuM u cpasy mocie Hero (Mpu 0Opa3oBaHUHM TOTO, YTO
CTaJo Halled IMiaHeTol) 3eMHas IMJaHeTHas cdepa ObLIa OTPOMHBIX
pasmepoB. OHa 3aHMMaja BCE OKOJIO3EMHOE MPOCTPAHCTBO, BKIIIOUAs U
Ty chepy, rme ceilyac Mapc, paBHAACH MpUMEpHO 2 «a.e.» (2-M
paccrosHusM 3emau g0 Conama). M BHauane 310  ObUIO MOJ00HO
KayeHUI0 OrPOMHOI0 KOCMHYECKOTrO IIapa MO TOPOUIMHE CONHEYHOH
chepbl, 3aMeHSBIICH  HBIHEINIHEe OpPOUTANIBHOE  KOJBIO, YeM
oOpazoBbIBanack cdepa HWMEHHO COBMECTHOTO COJHEYHO-3EMHOTO
BpallleHHs1 C pa3MepoM ITOYTH B 3 «a.e». BHyTpeHHee e KOIblo Ha
pUCYHKE — O3TO B3aWMHAas COJIHEYHO-3€MHas opOuTa, paBHAas
ounmansHoN 3emMHON opOute. Cdepa COTHEUHO-36MHOTO BpaICHUS
nepenaBaia BpaieHue u cpepam Oymymero FOnurepa. M3-3a orpomHoi
HAYaJIbHOW TMJIaHeTHOW cdepbl 3eMyid BHEIIHE WM B3TJBIOM U3
KOCMOCa Ka3ajoch, 4TO, HA000poT, HadanbHOe COJHIE KaTHUIIOCH II0
3eMHOM TJIaHETHOW cdepe, Oyaydn 3axOKCHHBIM Ha HEOCCHOW TBepIu
(uto u obo3HayeHo B bubnuu). IHBIMH cllOBaMH, 3TO 3HAYUT, YTO U
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I 3anumamenvroe Pasnuyenue.
«ropoiHay obpamaiack Bokpyr 3emiu. [loromy oOpaienue ConHia
n 3emnu (Kak ¥ BpallleHHE I'PaBUTOHOB) W MJET B3aMMHO WM BOKPYT
JpyT JIpyra, 9YTO COBCEM He pasnuyaercd opUIHaIbHO, U 0 4éM Oyaer
peyb BO BTOpOM paszene 1-if KHHTH.

Bbl moHumaere, 4To OfHO BpalleHUE TNIAHETHON c(epbl 0O3HAYaeT U
OJIHO CYTOYHOE BpalleHHe 3eMiId, HaxOoAdllelcsi B LEeHTpe cdepsl.
Ceifuac mpu cCoBCeM HE3HAYMTENIbHON 3eMHOW cdepe e€ 365 BpamieHui
ykiajaeiBaercss B e€ omuH obopor (M He Bokpyr ConHIE, Kak
npuHUMaeTcs O(HUIMAIBLHO, a BOKPYr OOLIEro CONHEYHO-3€MHOI0
neHTpa BpaieHus1). [Ipn HauanbHON ke OrpoOMHOI MiaHeTHOH cdepe
Ob110 HaoOopoT. OHO BpallleHHe TUIAHETHOW cepbl WM OIHU CYTKH
MPOXOMIIN 32 ThICSUy 000pOTOB 3emMiin (MCXOs M3 TEKCTOB buomuu u
Kopana)! U moxHO ObUTO OBI MOXYyMaTh, YTO B TAKOM HAYaJIbHOM
OOpallleHHH, KOTrJIa CYTKH COCTOSUTM M3 THICAYM JIeT (WM W3 THICSYU
oboporor 3emin), 500 et ObuT neHb, a SO0 HOYB.

Ho boxbs mnpemyapocte U 31eCh BCE YCTpOWJIA 3a CUET
AOMOJIHUTCIBHOTO T'OJA0OBOIo BpallCHUA MaHTHUHN Semnu BOKpPYT eé OCH,
KpoMme kaueHus e€ cepbl. Takoe BpalieHue, MPOXOsIIee 3a OIUH TO,
OCTaJloCh W Telepb, MPOSABISSICh, MEKAY NPOYMM, B 0Opa3OBaHUU
BHCOKOCHOTO rona. M Torma 3TO JONMOMHUTEIHHOE WM TpeThe (HO
COBMECTHOE) BpalleHHe 3eMiu ObLI0 Kak Obl BHYTPEHHUMH CYTKaMH,
PaBHBIMH OIHOMY 000pOTY i Toay. [loToMy B TeueHHe HA4aJbLHOTO
roga, AJUBIICTOCA MCHBIIC HBIHCHIHUX JBYX MUHYT, 6I)IHI/I TaKHUE€ XKE
CMEHBI CBeTa MW TbMBI. U BEHI BUJIUTC, YTO HBIHCIIHEEC HAYYHOC
BOCIIPHATHE OpOUTATIBHOTO BPAIICHHS OCTANOCh (DAKTUYECKH Ha YPOBHE
cpenHUX BeKOB. M 3TO Kak pa3 MOTOMY, YTO HBIHEIIHSAS HAayKa — 3TO
(hakTHUECKH HE HayKa, a OJlHa TEXHOJIOTHUsI, XOTS YaCTO M «KpyTasi».

141 Haa10 HaAIIOMHHTBb, 4YTO a6COHIOTHa$I JUINTCIIBbHOCTh Ha4daJIbHBIX
CYTOK ObljIa TakoW ke, KaKk U cedvac. DTO 3HAYMT, YTO KaXKJbI JICHb
TBOPCHHUA IJIWJICA CTOJIBKO K€, CKOJIBKO H HBIHEITHUM Hall JCHB. 4!
MonpoOyiTe MPEACTaBUTh, CKOJIBKO Pa3 TaKoM OrpoMHOMN cdepe HaIo
OBUIO OOOTHYTh MEIBYANIIYIO IO CPABHEHUIO C HEH COJIHEUHYIO0 chepy
(rem Oosee, B JaBa pa3a MeEHbIIYIO HbIHeNHero CONHIA), YTOOBI
COBEpIINTH 0JHO cyTo4yHOe BpamieHue? [lockonpky B bubnun u Kopane
ckazaHo, 4To aeHb y ['ocrioga — 3to 1000 sieT, TO ¥ BBIXOIUIO UMEHHO
ThICsiua 000poTOB. WM 3TO 3HAUMT, YTO BpallleHUE HAYAILHOW 3eMIIH
MPOXOJUIIO C MPEAETHHON CKOPOCTHIO Il MOJIEKYJISIPHOTO BeElecTBa
WJTU C HBIHEITHEH CBETOBOM CKOpocThio! BEI, HaBepHOE, BCIIOMHUTE U3
KOIBbHOH (u3nKH, uTo ckopocTb cBera «C» mm 3*10° — 910 exuunua,
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I 3anumamenvrnoe Pasnuuenue.
JICIIEHHAsT Ha KOPEHb KBAJPATHBIM W3 IMPOU3BEACHUS DIIEKTPUUYECKON
nocrosHHoi (B Bakyyme) «Em» win 8,85%107'% = (88,5/10) *107'* u
MAardHuTHOM ITOCTOSHHOM BenuuyuHbl «Mm»y wim 1,256"‘10_6 =

(41/10)*10 °:

1
; En.*Mn.

A u3-3a TOro, 4ro CKOPOCTh Kade€HUs TPaBUTOHOB CTOUT B
3HaMeHaTeNe 3JeKTPUYECKod MOCTOSHHOM (0 4éM pedb BO BTOPOM
paszene) TO M HayalbHas CKOpPOCTh cBera Obuia B 100 pa3 Bbimie
HBIHEIIHeW (TIpU 3TOM 3apsia rpaBUTOHOB ObUT B 10 Thics4 pa3 Gomnbiie)!
Benp opOutanbHasi cKOpocTh 3eMIIM — 3TO M €CTh IIOKasarelb
TPaBUTALMOHHOTO 3apsijia KaueHus.. Ho coOTBETCTBEHHO OOMBIIMM ObLIT
U pa3Mep 3JIEKTPOHA B YHCIUTENE, TOTOMY dJeKTpUdecKkass 1 MarHUTHAs
MOCTOSIHHAS BEJIMYMHBI (BHE 00pa3oBaHWs CKOPOCTH CBETa) BCErjaa
ObUTM  TIOCTOSIHHBIMH. U OHM  XapaKTepu3yloT, OKa3bIBaeTc,
HEU3MEHHYIO YaCTOTHYIO CTPYKTYpPY Halllero MpoCTPaHCTBa, CTPYKTYpPY
4acTOTHOHM BOJBI (10 €105 THIIepIpocTpancTBa). [IoToMy WX 4acTOTHBIE
cocrasmsonme 10> 1 10° - 570 1 ecTb smekTpuuecKas ¥ MarHUTHas
4acToTa, OTHOCSINASACSA HE TONBKO K 3JIEKTPUYECTBY M MarHeTU3My, HO U
K HCXOIHOW YacTOTHOCTH WM KO BpeMeHH (B €ro (Qu3MuecKoM
MMOHMMAaHUH ).

W BBl BUAMTE, YTO MEHSBLIMKCS T'PaBUTALMOHHBIA 3aps]l JTOJKEH
HAXOIUTHCS HAIMOJOBUHY (KOHTYPHOCTBIO WJIM CHUJIOBBIMH JIMHUSIMH) B
HaIIeM HaJBaKyyMHOM Mupe. Benr nHave Obl OH U He u3MeHsuica. Ho
3TO O3HAYaeT U JPyroe, a UMEHHO TO, YTO CBET, BUUMBIN B 3TOM MHUpE,
K TJIyOMHHOMY BakyyMy WIH K TJIyOMHHOM YacTOTHOCTH YK€ He
otHocuTcs. Tam yxe npyroi ceT. [IoToMy M eCTh BBIpaXXEHUE «TOT
cBeT». A OTCI0J]a CKOpOCTb CBE€Ta — 3TO COBCEM HE IMpeJeNbHas
CKOPOCTh JIIOOOrO BEIIeCTBa, a TOIBKO - BEIIECTBA HAIIEro
HaJBakyymMHoOro mupa. I[loToMmy M u3MepeHue paccTosHUS J0 3BE3N B
«CBETOBBIX TOJ[ax» He cepbE&3HO (0 UM peub TOKE BO BTOPOM paseie).

Cyns o ymensInenuto ckopoctu csera B 100 pas, BO CTOIBKO ke
pa3 yBelIW4mWIach M BSI3KOCTh MPOCTpPaHCTBA. B 3TOM M 3akitodaercs
3¢ eKT Tak Ha3bIBAEMOI'0 YaCTOTHOT'O «OCTBIBAHUS) BEIIECTBA, KaK BCE
OorbIIero MposIBIEHMS HAIllero HaJIBaKyyMHOTro Mupa. Ha panHeil ke
3emie U kaMHU ObuTH Bsiskumu! M 3TO Kak pas m3-3a OOJIbIIEro 3apsijia
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I 3anumamenvrnoe Pasnuuenue.
KayeHus: TPaBUTOHOB. HO COOTBETCTBEHHO OBLIO MEHBIIMM H
yCKopeHHe cBOOOTHOro majeHus (paBHOE Ha 3emiie TPaBUTALMOHHOMY
3apsiy), Kak MPOTHBOMOJIOXKHAS WM BHYTPEHHSST BEIWYHMHA. A 3TO
TOBOPHT O TOM, YTO OPOAMBIINE 1O APEBHEN 3eMiie TMHO3aBPhI BECHIIN
COBCEM HE JIECATKU TOHH, KaK CUMTAETCS, a MPUMEPHO, KaK HBbIHEIIHNE
cionbl. I uTo MHTEpECHO, OONBIIMHCTBO JIaXKe HE 3alyMBIBAIOTCS, UTO C
TaKUM BECOM JIMHO3aBphI U IIATy HE CMOIIM OBl cAenaTh, a He TO, YTO
MpeITaTh HamoJo0ue KEeHrypy. JTO O03HadaeT W TO, YTO €CJIU OBl MBI
HaAOJI0aIM TOT MHp, TO U NaJIcHHE BUAEIH Obl HAMHOTO 3aMEIJICHHBIM.
JlMHO3aBpHI e Uil Hac, HAaoOOpOT, IBUTANMCh OBl C HEMMOBEPHOH
CKOPOCTBIO, BbIpacTas Ha ria3ax.

3a cuér JIyHsl u e€ opOUTANBHON Chephbl TOIBKO Ha 3eMiie U3 BCeX
TUTaHEeT MempuuecKuti nepuoo, Kak pa3MepHOe MPOsIBICHUE HEBUANMON
YacTOTHOM BOJBI, BCerJa ObUI B JIECATh Pa3 MEHBIIE KOHTYPHOTO
0003HaueHus deThipéxchepHuka «4m». DTO 3HAYUT, YTO YACTOTHOCTH
WJIM JIBYDKEHHE TpaBUTAIMU 0oJjbile €€ KOHTYpHOCTH (opmbl) B 10 pa3
(o uém peub TOXE BO BTOpOM paszeie). [loTomy, Hampumep, NTHII
MOJJIEPKUBAET HE CTOIBKO BO3/IYX, CKOJIBKO MOBBIIIEHHAS! YACTOTHOCTh
rpaBuTanmu. M3-3a 3TOro W mapamoTHCTBl B 36MHOM IPOCTPaHCTBE
OUIYIIAIOT HEBECOMOCTh MpH NaJACHHH, B OTJIMYHME, HANpUMEp, OT
Benepsr u Mapca, eciii Obl IPBITAJIN TaM.

B odpunumanbHoii ke QHU3MKe HET TAKOTo MOHATHS, KaK METPUYECKUN
MepuoJ], KOTOPBIK IS MarHUTHOH cepbl (0pHIHMATBHO «IIOJIS») paBeH
METPHUYECKOMY  [EpUOAy TIpaBUTAIMM WM TOXKE  COCTaBISET
41/10=1,256, mis snekTpoHa Ke M IJIEKTPUUECKON Cdepbl — 3TO
(7*4m)/10~8,85. Merpuueckuii MEPHOJ MOXHO Ha3BaTh U IIOCKUM
MPOSIBJICHHME HEBHIMMOM YacTOTHOW CTPYKTYpbl TMPOCTPAaHCTBA B
OTHOUIICHUH K OJHOMY Merpy. Y Hero (1Mo aHanoruu pasnuueHus .
Kanta Ha HapyxHOEe M BHYTpEHHE BOCIpHUATHE BCEX Belleil)
OJJHOBPEMEHHO M BHEIIHsSI Pa3MEPHOCTh B METpax «M.» (I Hac WIIH,
Kak meprosia) U BHYTpeHHss B «1/M», Kak 4acToThl. Takas ke ABOHHAS
pPa3MepHOCTh €CTh M Y AJIEKTPOMArHUTHBIX TMOCTOSHHBIX BEIHYHH, a
3HAYHT, - U y CKOPOCTU cBeTa (Kak JTMHEHHOH CKOPOCTH M KaK 4aCTOTHI
pacnpoctpanenusi). Kpome Toro, 3To 3Ha4YHT, YTO JBOWHOE MOHMMaHHE
(Hapy>XKHOE U BHYTPEHHE) €CTh M Y BCeX (PM3MUECKHX BETMYNH, HAUYMHAS
C cwibl W OHepruu. B odunuanbHOl ke (U3MKE Jaxe HET
(OpPMYITUPOBKHM MOHATHUS, KAK BHYTPEHHSIS YHEPTHs, HO YTO HE MEIIaeT
4acTo MPUMEHSATH €ro B 00UXoze.

O cxopocTH BpeMeHH. 3/1eCb TOBOPUTCS O TOM, UTO
Paznuuenue gusuxu u acmponomuu. 47




1 Sanumamenvroe Paznuuenue.

- 1) CKOPOCTb BPEMEHM — 3TO OTHOLLEHME MOBOPOTa UM MONYOKPYXKHOCTH
K KBaZpaTy BpaLLaTe/IbHOW CKOPOCTM, 3Ta/IOHHAA e CeKyHAA He CBA3aHa
CO CKOPOCTbIO BPEMEHMU, MOCKOJIbKY ONpeaefieTcs NOCTOAHHOW Ha 3TOM
aTane 3BOJIOLMY CKOPOCTbIO KaYeHWsA rPaBUTOHOB, 06PA3YIOLLMX 3eMHYIO
naaHeTHyto coepy;

- 2) yBEANYEHME CKOPOCTM BPEMEHU, KaK BHYTPEHHEr0 NoKasaTtens
03HAYaeT yMeHbLUEHWE BPALLATE/IbHOM U BOOBLLE CKOPOCTM TeNa, Kak
Hapy»HOro nokasatens. Ml gna oAHOro 1 Toro e chepryeckoro obbLéma
KaK 6bl OTPabOTaHHOW BPEMEHHOM YaCTOTHOCTM NpPU YBENUYEHMUM CKOPOCTH
BPEMEHW PaCTET CMPabHbIW LLAT;

- 3) pOCT e CnMpasbHOro LWara Npu ysesn4yeHnm CKopoCT BpeMeHu
O3HayaeT Kak bbl 0becLeHnBaHME 3TaNIOHHON CeKYHAbl NN CHUKEHME eé
MHTEHCUBHOCTW. [IpoBepbTe cCaMu, Beb, CKaXKeM, 338 O4HY MUHYTY
NOAPOCTOK yCneeT cAenaTb Maccy ABUMKEHUM, @ CTApUK HAMHOIO MEHbLUE.
3T0 3HAYMT U1 TO, YTO TbICAYY /IET HA3a4, CKOPOCTb BPEMEHM A1 3Ta/IOHHOM
CeKyHZbl H6bl1a MOYTK B iBa Pa3 MEHbLUE, U JI0AM YCNeBav 3a O4UH Yac
caenatb paboTbl NOYTU B ABa pa3a bonblue, Yem CerogHs.

A BOT A4poOBa B Meyn 13-3a 3TOro ropesiv NoYTH B ABa pasa Med/leHHee.
MoTomy ntofei Toro BpemeHM yCTpanBsano U OTCYTCTBME MaLLMH U
MapoBOro OTOM/EHMA.

CKOpOCTh BpEMEHH, KaK CKOPOCTh NMPHUTOKA BHYTPEHHEH 3HEpruw,
ecTh y mo0oro opraHu3ma, ecTb M y uenoBeka. M oHa Bcerma
B3aUMOJICHCTBYET C WHTEHCHBHOCTBHIO BpaimieHus 3emun. Otroro,
HanpuMep, IMO-pa3HOMY BOCIPHHHMACTCS BPEMsS B MOJIOAOCTH H B
cTapoctd (4TO BBl 3aMETWIM WM emé 3amerute). Ho ymeHbiiaercs u
IPaBUTAIMOHHAS CKOPOCTh BPEMEHHM WM BHYTPEHHSS CKOPOCTH
BpAICHUs TUIAHETHOU cepbl 3eMTu. DTO MOXKHO ONPEACTUTH XOTS ObI
M0 TOMY, YTO 3aMETHO MEJICIOT PEKH JIaXKe Ha MPOTSIKCHUU KU3IHU
OJTHOTO TIOKOJICHHS, W HACTyNalT MyCThIHW. BHeElIHE e 3TO He
3aMETHO, MOCKOJIbKY NPYU HEM3MEHHOM Terepb pa3Mepe OpOUTaIbHOTO
KoJbIla TpU JTI000H CKOPOCTH BpallleHHs KOIWYECTBO OOOPOTOB, Kak
YHUCIIO CYTOK B romy, OyleT OXHM M TeM jXe. Bbl MOXere caMu 3TO
onpo0OoBaTh, MPOKATUB XOTh OBICTPO, XOTh MEIJICHHO MSY 10 KPOMKE
crona. Bugute, 4To BCer/ia BEIXOIUT OJHO U TO K€ YHCIIO PAICHUIA?

W xak ke ompezensercss rpaBUTAllMOHHAS CKOPOCTh BPEMEHU WIIH
WHTEHCUBHOCTh TPUTOKA BPEMEHHOr0 3(upa U3 TUNepHpOCTpaHCTBA?

48 _Pazmuuenue duzuxu u acmponomuu.




I 3anumamenvrnoe Pasnuuenue.
OHa, Kak, KCTaTH, ¥ CKOPOCTh KaueHHs TPAaBUTOHOB MCXOAUT U3 aHAIIM3a
Tpéx opOuTanbHbIX 3akoHOB M.Kemmepa, uro ectb B mompoOHOM
Pasnuuenuu. A Qopmyna ckopoctu Bpemenu — 310 T?/4nR? = /V2.
3nece «T» - 9T0 BpamarenbHblii mepuoa, a «V» - BpalarenbHas
CKOpPOCTb. JTO OTHOCHTCA U K JBUKEHHIO TPABUTOHOB, U K JABM)KEHHUIO
BHYTpEHHEH YacTOTHOCTH (HampuMmep, K BHYTPEHHEH JSHEpPruu
YenoBeKa), U K OOBIYHON MEXaHMYECKOH CKOPOCTH BPOJE CKOPOCTHON
€3/1b1 Ha aBTOMOOMIIE (HO C TIOBOPOTAMH «TT») M K Kapycelu.

K crapoctn ckopocTh BpeMeHHM pacTET, YTO TMpPOSABISAETCS B
MENbKaHUM JHed u Hepened. Ilpu STOM MeHblle M HApPYKHBIN
npoctpaHcTBeHHbI  oxBaT (4mR?*) y BHyTpeHHe#l YacTOTHOCTH
YyeloBeka. JTO 3HAYMT, 4YTO, HANpUMEp, YTO B CTApPOCTH ObIcTpee
OCTBIBAIOT. A TIOCKOJIbKY IO 3aKOHY CHUMMETPHUM JOJDKEH PAacTh YKe
BHYTPEHHHH WM JyXOBHBIM OXBAaT, TO 3THM MOXHO OOBSICHUTH U
HEOOXOJJMMOCTh CTapEHHs YeIOBEKa JJIsi CTAHOBJICHUSI €ro0 4YacTOTHOTO
(myxoBHoro) cepaua. Ilo ¢popmyie ckopocTd BpeMeHH BBl TIOHHMAETe,
MoYeMy K CTapOCTH CHMIKAeTCs CKOPOCTh JBM)KEHUS YelOBEKa MOYTH B
KBaJIpaTHOM 3aBUCUMOCTH. W BHElIHE MpencTaBiseTcsa, 4YTO pas
BHYTPEHHSSI MHTEHCHBHOCTh (YaCTOTHOCTh) OpraHM3Ma Majaer, To
JOJDKHA YMEHBIIAThCS U CKOPOCTh BpPEMEHH, pa3 OHa ckopocTb. Ho
MPOUCXOAUT HA000POT. ITO U O3HAYAET CBOMCTBO YACTOTHOM BOABI, TAC
Hapy>XKHOE IMPOsBIEHUE Bcerjga oOpaTHO K BHYTPEHHEMY MPOSBICHUIO
(momoOHO 3epkaiy).

A neno 31ech emié B TOM, YTO YBEIHYEHHE CKOPOCTH BPEMEHU — 3TO
KaK pa3 yMEHbIIEHHEe MHTEHCUBHOCTH IPUTOKA YaCTOTHOCTH, BHEUTHEH
K HalleMy MOJeKyJasipHOMYy Teny. VHBIMH clOBaMH, 3TO MNPUTOK OT
BHEIIHETO0 HMCTOYHMKA. DTO OTHOCHTCA M K BpAILIEHUIO 3eMIIM U K
4yernoBeKy. [7le HaxoAMTCAd MCTOYHMK UYAaCTOTHOCTH Yy 4YeloBeka?
Hdymaere, B anatoMuueckoMm cepame? Her, oH - cHapyXu min BOKPYT
ero. Beap cepmednas mplmma oOiafjaeT aBTOMAaTU3MOM M «cCIOocoOHa
coKpamaTbcsi 0e3 BO3JEHCTBUS LEHTPabHONH HEpBHOW cUCTEeMBbI». Tak
BOT, ueM ObicTpee UAET Bpems, TeM ObIcTpee 3amoyHsAeTCs
BEIIECTBEHHO-BpeMeHHOH 00béM. Ho yckopeHHOe 3amoiHeHHe — 3TO
yBelnnueHne o0bEMa, YTO MPOMCXOAUT HE TPU YBEIHYCHUH, Kak
Ka3aJoch Obl, a MPH YMEHBIIEHUH CKOPOCTH 00Opa3oBaHMUsi TPABUTOHOB.
N xak 310 MOxer ObiTh? BcemomuHTE, YTO CTPYKTypa 3(QHUPHOrO
MPOCTPAHCTBA HE MPOCTO CQepHuecKas, a CRuUpaibHO-CHeputecKas.
IToToMy npu yMEHBIIEHUU HAPYKHOM MM MEXAHUYECKOM CKOPOCTU B
KBaJ[paTe pacTer mar Cupaiy, 9TO ¥ MPUBOAUT K YBETUYEHUIO 00BEMA.
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HecnyywaiiHo B BocHpusATHH JIOAEH, YeM, HampuMmep, ObicTpee «UAET»
BpeMsi, TeM Kak Obl OONbIIUii 0Opa3yercs ero OulymaeMblii 00bEM U
HaoOopor. [lpu yBemMYEeHUM CKOPOCTH BpEMEHH OHO Kak Obl
3acTanBaeTcs, WIHM pa3layBacTCs, MOTOMY BpeMs W «ietut». U mpu
pocTe 1mara Criupalin BO Bpall€HUM BPEMCHHLIX T'PABUTOHOB
yMEHbIIIaeTcsi Kak Obl WHTEHCHBHOCTH CEKyHHBL. [l0TOMY CKOpOCTBIO
BpEMEHH MOXHO Ha3BaThb CKOPOCTBIO T'PABUTOHHOTO 3aroHEHUs
MpOCTpaHCTBa-BemiecTBa. [IprnuéM MakcHMalbHO BO3MOXHASI CKOPOCTh
— OTO U €CTh IIPEKpALEHNE KU3HHA WIH CMEPTh.

A 5TO 3HAYUT U TO, YTO W HBIHCIIHAA 3TaIOHHAsd CEKyHJa CTalia
TEPATH CBOIO HMHTCHCUBHOCTb HJIN TO, qTo I[CﬁCTBI/ITCHI)H&ﬂ
JUTUTENBHOCTh OIHUX CYTOK, cKkaxkeM 500 sieT Hazaxa, Oblia MPUMEPHO B
MoJTopa pa3a Kak Obl XKHBee, 4YeM Ternepb. B uém e 3To BhIpakanoch?
Hanpumep, noneiie ropena ceeya, moToMy He CTOIb ObLTO HEOOXOIUMO
aNeKTpuuecTBo. B monTopa pasza Oonbmie Oblla U MHTEHCHBHOCTH
pyuHoro Tpyna. M sTto moromy, uro 12 yacoB pabOTBhl Ka3aJMCh
HBIHEIIHUMHA 8-F0 JacaMu. Torz[a " Ha Jioniadgx 3a OJHU CYTKU MOXXHO
OBLTO TIOKPBITH 3HAYUTENHHO OOJBIIEE PACCTOSHUE W3-3a2 TOTO, YTO ATO
OBLIO COBCEM HE OOPEMEHUTENIbHO. DTHM MOXKHO CKa3aTh, YTO 10€3/1a U
aBTOMO6I/IHI/I MOABUJIMCH B OCHOBHOM MOTOMY, YTO IMOC3KU HaA JIOIIAAAX
CTaJlu Ka3aTbCA OYCHb JOJIIMMU H MCAJICHHBIMH. Panpmie 6]:1.]]3
OBOJIIOMA HapyKHasl B MU3MCHCHUU BHCIIHCTO BHJa OpraHHM3MOB, a
TCIECPb I/II[éT OBOJIIOIIMA BHYTPCHHAA, KaCaTClibHAasA B OCHOBHOM J'HOI[Cﬁ,
" 3TO MU3-3a UBMCHCHU UX BHYTPCHHCTO BOCHPUATUA BPEMCHU. NubiMu
CIIOBaMH Telepb HAET DBOJIOLUS HE BHEIIHEro, a BHYTPEHHEro
YeIoBeKa.

He paznuuas BpeMss W NHPOCTPAHCTBO, O CHX TOp HCKaXalOT H
MOHSITHE U3MEPEHUsT MPOCTPAHCTBA. A 3TO U MPUBOJIUT K TOMY, UTO BCE
emé HE MOT'YT BOCIIPHUHATH CMBICJI CJIOB EI/I6J]I/II/I O Ha4YaJIbHbIX MMCHHO
AOHAX TBOPCHUA.

Paziimyenune KOOpAMHAT U O TAliHE TBOPECHHUH.

B odumumanbHO maTemaTnyeckon GpusmKe npumMeHstoTca napaboamyeckme
KOOpAMHaATbI. A Ha3blBaeMbI KTPEXMEPHbIM» 0O6bEMHbIV BapMaHT 3TOM
CUCTEMbI KOOPAMHAT NOJIyYaeTcA Npu BpalLeHUn napabon BOKpyr nx ocu
cummeTpun. U Bbl BUAKTE, 4TO chepryHOe NPOCTPaHCTBO, MPOABAAEMOe

BpaLLeHMeM YaCTOTHOCTM UM TPAaBUTOHOB, HA CAMOM Jie/le COCTOMT U3 BOCbMM
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chepuyecknx gonew (YeTbipéx BBEPXY M YETbIPEX BHU3Y). A 3TO O3HAYaEeT, YTo
NPOCTPAHCTBO ONpeaenseTca He Tpems, 3 60NbLLIMM YXNCIOM KoopaMHAT. Ho B
NJ0CKOM BOCMPUATUM MUPa OPULMaNbHAA HayKa, NPUYEM He pa3/inyatoLLan
M3MepeHue, Mmepbl M KOOPAMHATLI, KaK TAaKOBble, AaXKe B 3TOM PUCYHKE BUANT
NNLWb TPYU KOOPANHATbLI, HANPUMep, NPaBoe 1 IEBOE, a BOT BEPX 3TO UAWN HU3 —
He 13BeCTHO.

Yto Takoe KOOpANHATDBI, UBMEPECHUS U MEPLI. 31ech
TOBOPHUTCA O TOM, YTO

- 1) He pasnnyeHre odULMaNbHON HAaYKOM MOHATUIN BHYTPEHHETO U
HapPYKHOTO, YTO MOKET ObITb TO/IbKO B MPUHATUM YacTOTHO-CHepUYHOM
CTPYKTYpPbl MPOCTPAHCTBA, NPUBOAMUT K HE PA3/IMYEHUNIO NOHATUI
M3MepeHUi, KOOPAMHAT U Mep, YTO COBCEM Pa3Hble BeLuy;

- 2) HaAo pa3NYaTb HapYKHbIE TPU KOOPAMHATbI U3 BbICOTbI, A/IUHbI U
TO/ILUMHBI U BHYTPEHHME UK chepuyeckme ABeHaauaTb KOOpANHaT, 4AaBHO
NPUMeHAeMble B HaUepTaTe/IbHOM reoMeTpum, rae ABeHaguaTan
KoOpAMHaTa — BpeMeHHas, NMOKa3blBaloLLAA HanpaBieHne BPaLLeHUA Uam
CNel0BaHNA KOOPAMHAT;

- 3) oduumanbHan xe BpemeHHasa «4-a» KoopAMHaTa He MOXeT BbiTb
BPEMEHHOM, MOCKO/IbKY O3HAYaeT He TeYeHNe BPEMEHMU, KaK UCXOLHOWN
YACTOTHOCTM UM BPEMEHHbIX FPAaBUTOHOB, @ CHET BpemeHN. CYET BpemeHH
M ecTb CHETOM, MOTOMY TaKyt0 KOOPAMHATY MOXHO Ha3BaTb OTAE/bHOW,
Hanpumep, NCTOPUYECKOM KOOPANHATOMN.
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[InockuM BOCTIpHSITHEM MPOCTPaHCTBA M O0BEM BOCHPUHUMAIOT
IJIOCKO. IJTO 3HAYUT, YTO — YEM-TO BpOJE€ KOMHATBI C TpeMmsd
W3MEpEHHsIMU W3 IUPUHBI, AJIUHBI U BHICOTHI. Ha camom nemne nmroGoi
BUJUMBIA 00BEM DKBUBAJIEHTEH cdepe, He TOBOPS yKe U 0 HEBUIUMBIX
cheprudecKuX CIIOSIX YaCTOTHOW BOMbL. Ho 4To AenmaroT B OpUIMaIbHON
Hayke? HasHauass Tenam Tpu KOOpPAWHATHI (B TEpeceYeHHM TPEX
TUTIOCKOCTEH) W TpHJaBas UM TPH H3MEPEHHsI, HA3bIBAlOT HAIl MUD,
HalpuMep, He TPEX KOOPAMHATHBIM, & TPEXMEPHBIM, C YUETOM Ke CUETA
BPEMEHHU — U YeTBIPEXMEPHBIM. A BeJlb Mepa Tefa, ero U3MEpeHue 1 ero
KOOpAMHATBI — 3TO HE OAHO M To Xe. Hampumep, wusMepeHwue,
mpeAnonarampniee omnpeneneHne o0béMa, MOXKeT OBITb U OIHO,
MOCKONBKY AJIsl chepbl JOCTaTOYHO 3HATh OJMH PaJHyC, & MOXET OBITh
W JIBa U3MEpEeHHs, Hampumep, A mapa ¢ GopMoi smmica. A mMepa -
3TO He JeNeHHe Tela Ha TPU YacTH, Ha KOTOpble W Koibacy TpyIHO
pasaenuth. TouHast Mepa MOXKET OBITh TOJBKO CEpUYHA, KaK JeJIeHHE
TeNa OT JBYX /10 KPaTHBIX JBYM YacTeil.

K Tomy ke ecTh MOHSATHS Bepxa M HU3a, JIEBOTO U MPABOro, 3a/IHET0
W TIepeJHero, 4YTo TO)XKE OTHOCUTCS K TIOHATHIO Mepbl M TaKxke
mpeArnonaraeT NoMelleHne Tro0oro Tela B HEBUAMMYIO chepy. A
BCIIOMHHMTE YPOKH XMMHH, TJi€ UCIONB3YIOT pa3Hble KIMEHHO MEPHI Tell,
Kak o0o3HayeHHe ux 00bEMOB. M BBI BHIUTE, YTO MOMEMIATH B ONHY
KOp3WHY MOHATUS U3MEPEHUs, Mepbl U KOOPJUHAT — MSTKO TOBOps, HE
ceppé3no. Ilpencrapnsgere, kak He pa3IuyaeTcs HAII MUP?

A B34Th KOOpAUHATH Tena? Tpu KOOpAMHATHI — 3TO OIpeNeleHne
MOJIOKEHUST Tena TOJNbKO, HampuMep, BHYTPU KOMHAThl WM
OTHOCHUTENBHO JPYTUX KOHKPETHBIX MpeameroB. Ho Beap ecTh emié u
MPOCTPAHCTBEHHBIE KOOPIMHATHI, KaK Hampumep, reorpaduueckue. U
BBI 3HAETE, YTO TaM HUKAK HE TPU KOOPJIMHATHI, TOCKOJIBKY €CTh U 0T, U
ceBep, W 3amajJi, U BOCTOK, M IOro-3amajy M IOro-BOCTOK M T.J. OTO
3HAUYUT, YTO U3MEPEHNE U HAJ0 MOHUMATh U3MepeHuem, Mepy — Mepoll,
a KOOpAMHATY — KOOpOUHamot, KaK YK€ COeIWHCHHWEM H3MEpECHUs M
MEpBbI, a HEe TOBOPUTH OJIHO, TyMaTh O BTOPOM, HO UMETH B BUJLy TpeThe!

T.o., KpoMe pasznuueHHs H3MEpPEeHUsl Tena (Kak ONMpeAeleHUs ero
00béMa), Mepbl Tena (Kak camMoro oobéma Wi 0003HAYCHUS YaCTed
Tena) W KOOpAMHAT Tena (Kak ero MOJOKEeHWs MO OTHOIICHHIO K
MPOCTPAHCTBY) HAAO Pa3lu4aTh W TMOHATUS KoopauHat. OOBIYHO
MIpUMEHsAEMbIE TPU KOOPAMHATHI — 3TO HAPYJCHble WIN MexHuuecKue
Koopounamel Tena. M3 IIKOIBI BB MOXETE BCIOMHHUTb, 4YTO OTH
KOOPIMHATHI 00pa3yloTcsl TpeMsl OCSAMH, MPOXOAALUIMMH Yepe3 OIHY
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TOYKY: TOPU3OHTANIbHAS OCh «X», MEPICHAMKYISApPHas el OCb «y» H
BEpTHKaJbHAs OCh «z». HapykKHble KOOpAMHATBI  ONPEACISIOT
HAXOXKJECHUE Tea, XOTS M B MPOCTPAHCTBE, HO TOJIBKO OTHOCHUTEIHHO
JPYTUX TeNl WK 4YacTel APYroro Tena, OyAydd BHYTPH €ro (Hampumep,
BHYTpH KOMHATbl), HO HE OTHOCHUTEIbHO CamMoOro MpPOCTPaHCTBA.
[TpsiMoyronbHas KOMHATa — 3TO eIl He IPOCTPAHCTBO, a TAKOE K€ TeJIO,
HO cBOOOIHOE JUTA mepeMenieHus: BHyTpu. OduimanbHas ke Hayka 3To
He pasnuuaer. [loToMy W He pasnuyaroT 3a TelaMH M BOKPYT HHUX
HEBUAMMOI'0 BaAKYYMHOI'O NpOCTPAaHCTBA-BEIICCTBA, CHNUTAd BCUICCTBOM
TOJIBKO TO, YTO MOXHO OINYTUTb, 4 NPOCTPAHCTBOM — TOJIBKO TO, YTO
MO>KHO U3MEPUTD JTMHEUKOM.

Ho ectp emé u enympennue WM UMEHHO NPOCHPAHCMEEHHbIE
koopounamyl. Y1 3T0 He TOIBKO reorpaduueckre KoopaAuHaTel. Beap u
moboe Teno Kak Obl OmuchIBaeTcsl cepoi, Aemsmedl ero Ha paBHeEe
4aCTHu UJIU MEPLI CO CBOMMU U3MEPCHUSMMU. Taxnmm BHYTPCHHUMU WUJIN
MPOCTPAaHCTBCHHBIMU KOOpAWHATAMHU MOXHO 0603H3‘H/ITI) U KOMHATy,
KOI'Jla, HallpuMep, HYXKHO pa3inyaTh €€ BEPX U HU3 WM IPaBYK U
JIEBYIO YACTH.

T.o0., Hapy’KHBIE KOOPIUHATHI 0003HAYAIOT MOJIOKEHHE Tela WM HEeKoer
TOYKH TOJIBKO OTHOCHUTEJIBbHO BUAUMbIX HAM TCII. A BoT BHYTPCHHUC
WJIM TIPOCTPAaHCTBEHHBIE KOOPIMHATHI 0003HAYAIOT MOJIOKEHHE Tema
WM TOYKH YK€ BHYTPH IpOCcTpaHCcTBa. Benp mo0yio cepy MOXHO

yIoI00UTh U BCEMY Tarke chepruueckoMy MPOCTPAHCTBY.

Ecmm xto nmpoxoauJl HAYCPTATCIIbHYI0O TC€OMETPUIO, TO MOXET
BCIIOMHHUTB, YTO 3HAYCHUA KOOPpAHWHAT Ha TpéX 0OCAX MPUMCHAIOTCSA CO
3HAKOM «IUTFOC» M «MHUHYC». OTHM TOJIYYalOTCs IIECTh Mep
MIPOCTPAHCTBA U TeNa (BepX-HU3, JIEBOE U MpaBoe, MepeHee U 3a/IHee).
A BEI YK€ MOXKETC pa3jIininuThb, YTO 3TUM HE TOJILKO IMPOCTPAHCTBO, HO U
moboe TeNno JeMUTCs Ha BOCEMb CEpUYHBIX YacTell miu mMep (d4eTsipe
YacTH HW)KHUE U YeThIpe BEPXHUE), YTO U [TOKa3aHO HA PUCYHKE HUXKeE:

ITo nmpuBenEHHOMY PUCYHKY BbI YK€ BUJIUTE, YTO HUKAKUE YXUILIPEHUS
B MCKQXCHHH MTPOCTPAHCTBA HE N30aBAT OT CIUPAILHON CHEPUIHOCTH
MHUpa WM OT MHpPa, KOTOPBIH HE TOJIbKO chepruyieH, HO U HAXOUTCS B

MOCTOSSHHOM JIBM>KEHUU. [IpnuéM Takoe JBUKEHUE - BCEr/la BpPalllCHHE.
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[2]

Ho coBpemeHHass Hayka HE pas3iuuaeT BHUIUMBIA MUp (HamI
HAJBaKyyMHBII MHUpP) M HEBHIMMBIE YacTOTHBIE chepuyeckue cIou
MPOCTPAaHCTBA. DTO W 3HAYUT, YTO BUAAT MHp Iuiocko. Orcioga u
MOJy4JatloTcsl aOCypIpl, KOTJla CYHMTAlOT, YTO OTHOCHTEIBHOCTH
JBUKEHUS Tef3aka 3a OKHOM I10e€37a MOXKET Kak-TO BJMATh Ha
XapaKTepUCTUKY Tel B BaroHe. Minm xorja mocTymaTeNlbHYIO CKOPOCTb
Tena OTHOCUTENIBHO 3TOrO Mel3axa CUUTAI0T TBEPION XapaKTEPUCTUKON
NBUKEHUS Tena. A Belb M Mel3aX MOXKET JABUIaThCs, U TEIO MOXET
M3MEHUTHL HAIPABIECHUE JBHKEHHUE OTHOCUTENBHO nei3axka. HazHauas
€  BpPEMEHHYI0 KOOpJMHaTy, B HE pa3jMueHUH H3MEpeHuil Hu
KOOpJMHAT Ha3bIBAKOT €€ HEKUM 4eTBEPTHIM U3MepeHueM. Ilotomy 3To
W ecTh MMEHHO W3MepeHUEe JUIMTEIbHOCTH WM cuyér BpemeHu. Ho
BpeMEHHAss KOOpAWHATa M JOJDKHA OBITh KOOPAMHATOM, O3Hadaronei
HaTpaBJIcHHE BPALICHUS YaCTOTHOU Cephl.

Hckaxenne n3-3a MIOCKOIO BOCHPUATHS MHpA HAaCTOJIBKO BENHKO,
9TO Jaxe BaKyyMHble cepuyecKkre CJIOM Ha3blBalOT JIPYTUMH
HM3MEpEeHUSIMHU WIH HEKUMU napasulenbHBIMU (mmocko
pacToNoKEHHBIMI) MHUpaMH. JTO TPUBOAUT M K (PaHTa3MsIM HEKUX
MyTellecCTBUH BO BPEMEHH, YTO O3HA4YaeT, Ha caMoOM [eNe, JIHIIb
MyTelIeCTBUA B CU€Te BpeMeHH. [loTOMy 3TO MOXET OBITh TOJIBKO
YMO3pUTENBHO WM TPOCTO  3pHUTENbHO  (Hampumep,  OpH
«XpOHOMHUpaxkaxy»). Puznveckoe e NOHUMaHHE BPEMEHH — 3TO U €CTh
WUCXOAHAs ~ MpUYMHAa  Bcex  ABwkeHud. [lotomy  ¢usnmyeckn
MyTelIeCTBOBAaTh B HEM — 3TO adCyp/.
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T.o., Al MPOCTPAHCTBEHHBIX WJIM BHYTPEHHHMX KOOPAMHAT HaJO
BCeraa MPUMEHSITh HE TPHU B3aMMHO INEPIEHIUKYISPHbIE TUIOCKOCTH, a
0003HaYaTh CQepy, ONUCHIBAEMYI0 BOKPYr OOBEKTa, MHA4Ye TOBOPS,
OXBATHIBAIOILYIO0 OOBEKT. 3aTeM - HAXOIUTh LEHTP cepbl U MPOBOAUTH
4yepe3 Hero TpH B3aWMHO TepIeHIUKYIISpHbIE HE MIIOCKOCTH, a TP OCH
(o3Hauaromye MPUBA3KY K HAllleMy HAJBaKyyMHOMY MHUDY). DTUM H
o003HayYaeTcs crnupaibHas c()epruuHOCTh MPOCTPAHCTBA. Bbl BHIUTE,
4TO ¥ OOLIENpUHITOe 0003HAUEHHE KOOPAWHAT, TAe MOCIe0BaTENbHO
00pa3zyroTcst uepes IIOCH 1 MUHYCHI BOCEMb Mep MPOCTPAHCTBA U TeNa
B TIPOCTPAHCTBE, — 3TO M €CTh BOCEMb 4YacTeil c]epbl, CUUTaeMble
NpoTUB YacoBOi cTpenku. CHayama HAYyT YETHIPE YaCTH B BEpxXHEH
gacTd cephl, TOCIe 4ero BooOpakaeMoe BpallleHHE CITyCKaeTcsi Ha
HWKHIOIO YacTh, TA€ CTOINBKO JKE€ YacTed. OTUM M TOJIydaercs
CIHPAILHO — chepruecKoe BpallleHHe.

CoenyHeHHEM BOCBMH MEp MPOCTPAHCTBA WIIM MEp Tejla B HEM C
TpeMsi HapyKHBIMH WM PA3MEPHbIMU KOOPOUHAMAMU W TIOTYYaOTCS
y’Ke OIMHHAIIATh MPOCTPAHCTBEHHBIX KOOPAMHAT. MHBIMH CJIOBaMH,
BMECTO TTIOCOB M MHHYCOB JIUISL «X», «y» U «Z» 00pa3yloTcs BOCEMb
MOCIEAOBATENbHBIX CHUPATbHO-CPEPHUHBIX WIIH MEPHBIX KOOPOUHAM
«s». WM BmomHe JIOTMYHO K OJMHHAIIATH MPOCTPAHCTBEHHBIM HIIU
BHYTPEHHHM KOOpJIUHATaM JI00aBUTh U 08eHaA0yamyo KOOpJUHATY. ITO
HampaBleHHE CHOUPATBHOTO BpallleHWs TIpH  BHIE CBEPXy B
MOCIEAOBATEILHOM O00O03HAYEHHMH BOCBMH 4YacTed WM Mep c(ephl.
JlBeHaanaTas KOOpAWHATA M ecTh BpeMeHHoi. OHa 0003Hauaer cpazy u
BEpX C HU30M, U TO, TJIe NIPaBo, a rje jeBo. M nmomydaercs, 4To MUp Ha
CaMOM JieJIe HUKAaKOM He TPEXMEPHBIM M HE YETBIPEXMEPHBIA, a
pasyinyaercs Ha Hapy>KHbIM WM KOHTYPHBIA MUDP U HAa BHYTPEHHUN WX
4acTOTHbIM. HapyXHBII MHp C BHAMMBIMU WM BOCIPUHUMAEMBIMHU
HAMH TeaMH - mpéx KOOpOuHamwuwili. A BHYTPEHHUH WJH
MPOCTPAHCTBEHHBIA MHUDP - dgeHadyamu KOOPOUHAMHBIU, YTO WU
MOKa3aHO HA PUCYHKE HUXKE:

Paznuuenue gusuxu u acmponomuu. 55




1 Sanumamenvroe Paznuuenue.

7 Z

' S3

S2

S4
S1

| S5 S6

N BBl 1nOHMMaere, 4YTO HAPYXHBIW M BHYTPEHHMU MUp, C
Hapy>KHBIMH M BHYTPEHHHMH KOOpPJIMHATAMU HAXOISITCS B €IMHCTBE.
Benp TaM 1 31€ch NPUMEHSIOTCS TPH pa3MepHbIE KOOPIUHATHI «X,Y,Z».
B arom u cers cmpykmypa nawezo mupa, TH€ y OJHOTO U TOTO Ke
(m3HUECKOro SIBJICHUS (JJaXKe C OJHOM W TOH e BEIIMYMHON) MOXET
ObITb pasHas Pa3MEPHOCThb: HapydicHasi U eHympennusis. Hampumep,
Hapy)KHas Pa3MEPHOCTh CKOPOCTH PacCIpPOCTPAHEHHS CBETa «3*10% -
3TO M €CTh CKOPOCTh HIHM «M/cek». M o0pasyercs oHa KadeHHEM
TPAaBUTOHOB, KOTJa TIOCIIEAOBATEIbHO MPOSIBISAIOTCS BcE€ Ooublive
KOHTYpHBIE TOJYOKPYKHOCTH, 4YeM M co3/1aércs BIeYaTIIeHHE
JUHEMHOTO WM TOCTYNaTeNbHOrO JBM)KEHUS CBeTa. A €CThb H
BHYTPEHH:ISI 4aCTOTa paclpoCTpaHEHUsI CBETa TaKOW e BEJTMYHHBI, HO C
pasmepHOCThIO «l/cex». DTa yactoTra oOpasyercs yke BpallaTelbHbIM
YCKOPEHHEM  TPaBUTOHOB WM  3apsJiOM  BpallleHHeM  €ro
KOHIIEHTPUYECKUX OKPYKHOCTEH (M TarKe IO HalpaBJIEHUIO CBETOBOTO
Jy4a).

Bpemennas koopauHata, o3Hadarolias HalpaBjieHHE BpalleHUs B
0003HAYEHNH MEPHBIX KOOPAWHAT WM YacTedl cdepbl, MpUMEHHMA,
pasymeercs, U K X0y BpeMeHHU. JIBUKEHHE MPOTUB YACOBOM CTPENKHU
MpH B3MJISIIE CBEPXY — OTO BpaIlEHHE HCXOJHOW YacTOTHOCTH U3
Oyayiiero B Mpounioe, KOTOpoe o0pa3yeT 1 TaKoe ke BpalleHHe 3eMITH.
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Bpamenue ke 1o 4acoBOM CTpENKE — 3TO TEUCHHE BPEMEHU YK€ W3
mpouuioro B Oyaymiee, 4YTO cepuUUYecKd 3aMBIKaeT JBHIKEHHE
BpEMEHHOM yacTOoTHOCTH. Tak BpamaroTcs, Hanpumep, Benepa n Ypan.
B He pasnmuueHMM K€ KOOpPAMHAT U H3MEPEHUM, KOrja Cuér
JUIMTEIIbHOCTEW UIIM CUET BPEMEHHU HA3bIBAKOT KOOPJAUHATOM, FOBOPST O
HEKOeW cTpesie BpeMEHH, HalpaBIEHHOM TONBKO B OJHY CTOPOHY U3
npouutoro B Oyaymee. Tak HanmpapieHbl TOIBKO HAIIM OpEHHBIE MBICIIH,
a He NpUPOAHAs YacTOTHOCThb, Bcerga obOpasyiomas HUKIMYHOCTh U
chepy.

IIpuMeHeHuE TONBKO TPEX HAPYKHBIX KOOPAUHAT HECEPHEZHO yKE U
B TOM, YTO €CJIH MPUJATh UX KAKOMY-TH00 00BEKTY (HAIpuMep, JIOMY) C
(acasHOI €ro CTOPOHBI, TO CO CTOPOHBI OOKOBOTO BHJIa WJIM C TOpIA
oHU OynyT coBceM IpyruMu. Kpome Toro, Hapy>KHbIMH KOOpAWHATaAMHU
HEe BO3MO)KHa TpHBs3Ka 00bEKTa K CTOPOHAM CBETa WIIM K 3BE37aM, a
MoJy4aeTcs TOJIBKO PACHONOKEHHE YK€ BCEro 00beKTa OTHOCHUTENBHO
CTOpPOH CB€Ta. A 3THM U HeNb3sl NPUMEHATh WX, KaK HUMEHHO s
MIPOCTPAaHCTBEHHOI'O OPUEHTHPOBAHUS

W BBI moHsANMM, YTO BpeMeHHas KOOpJIWHATa, MUCXOAAIas U3 cuéra
JUTUTENBHOCTEH, 3TO HA caMOM JieJie ucmopuieckas koopourama. Benpb
¢u3nveckoe MOHWMAaHHE BpPEMEHH — DJTO MpPOIEcC TEUCHUS  ATHX
JUIMTEIBHOCTEH. Dbypaymee, Kak 4YacTOTHOCTb, K HaM IIOCTyHaer, a
MpOIUIOe HE HCYe3aeT W He PacTBOPSIETCS, a Y4acTBYET (TOXe, Kak
YacTOTHOCTB) B Tiepeayue BpallleHus K APYTHM TUIaHETaM.

OTHOCHUTEIBHOCTb, KOTOPAsl €CTh TOJbKO BO BPAILLICHUM.
31ech TOBOPUTCS O TOM, UTO

- 1) BpeMeHHas 4acToTa HaLero TEeKYLLEero HacToALLEero — 3To BeIMYMHA
CKOPOCTM CBETA, PACMO/IOKEHHAA MEXAY YaCcTOTOM NPOLUIOro, PaBHOM
MarHMTHOM YacToTe, U BPEMEHHOM YacTOTOM ByAyLLero, paBHOM
3NEeKTPUYECKOM YacToTe. Takaa HECUMMETPUYHOCTb YacToT U
obecneynBaeT Te4eHME BPEMEHHbIX UM UCXOAHbIX TPAaBUTOHOB.
MoTomy 1 ML 300POBbIX U ELLE He CTapbIX 0AEN TOXKe He
CMMMETPUYHbI, @ TO, YTO CBET Mbl BOCMPUHMMAEM MMEHHO CBETOM U1
06BACHAETCA TAKMM 3HAYEHMEM TEKYLLETO HACTOSLLErO;
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- 2) pencTBUTENbHANA OTHOCUTENbHOCTb UCXOAMUT U3 Pa3INYEHUs
HaPYXHOro 1 BHYTPEHHEro 1 CTPYKTYPbl BHYTPEHHEro nam BakyyMHoOro
MWpPa, HEBUAMMOrO Ham. M B Hayane 3eMHOM 3BONIIOLUN UAN NPU
TBOPEHMM HALLA NNaHeTa HaXoAMNacb B BAKYYMHbIX CNOAX NPOCTPAHCTBA,
NOCTENeHHO NPOABAAACH OTTYAa;

- 3) @ 3TO 3HAYUT, YTO Chepuyeckas TBepab, BHYTPM KOTOPOW bbina co3gaHa
3emns, HaxoAMNacb CPasy B HAPYKHOM BaKyyMHOM C/10€, @ NOTOMY U Bbiia
TBEPAbIO MU MOPUCTBIM (418 NPOHUKHOBEHWNA CONTHEYHbIX JTy4ei)
obpasoBaHMeM. [TOTOMY HayaibHbIM MUP, BbIN COBCEM HE TOT, YTO
HbIHELLHWI, @ 3eMHas 3BoaLUK byaeT apdeKTHee N0bON paHTaCTUKM.

OdunmanbHO  OTHOCHTEIBHOCTH — PACCMATPHBAIOT — TOJNBKO B
JIMHEHHOM JIBHKEHUH, KaK M BPEMs — TOJILKO X0J0M YacoB. Ha camom
Ke jene, 1 A.DUHIITEWH UMeN B BUIy BPAIICHUE B €r0 T'€0e3UUECKUX
WK CIIUPAIbHBIX JIMHHUSX MPOCTpaHcTBa. HO 1 ero, Kak Bbl yKe TOHSIIH,
WCKa3uIn. Bel, HaBepHOE, 3alIOMHMJIM, YTO MBI M MHOTHE >KHBOTHBIE
KUBEM BO BTOPOM JHMAma3OHEe CPEIMHHOro ciios Bakyyma. OH
pacronoxen ot mMarauTHO# gactorsr 10° 10 snexTprueckoii yacToTsI
102, B HikHeM xe mim HapykHOM muamasone ot 10° o 10° xusyr,
HarpuMep, araThl, CYMTAEMble OOBIYHBIMH KaMHSIMH. B mepBomM wim
BepxHeM auanasone or 10'% 1o 10** xuByT yxke supHbIe KuBbIE
cymiectBa. U Te, KOTOpbie MOJOOHBIC JIIOASAM W3 HHUX, HA3bIBAIOTCS B
Kopane mxuHamu. PaHblie OHM TPOSBIISUIACH JUTS JIFOJIEH B KOHTYPHBIX
Wik B 0ojice KOHKPETHBIX (popMax, HApUMeEp, pPyCalkaMH, JEIIHMU U
1.1. Teneps sxe — kak HJIO u kak HEeKHe «MHOIIIIaHETSIHEY.

Taxk Bor, wactora 10° — 510 0603HAYEHNME KaK ObI TEKYLLErO IS HAC
npouwtoro, a wacrora 10'2 — Gyaymero. Kasanoch 6bl, 4To Tekylee
HaCTOsIIEee ISl HAC, - 9TO CPEAMHHAS BETMUMHA WK YacTOTa 10°, Ho Ha
CaMOM JIelie — 3TO CKOPOCTh CBETa WIIM YacTOTa €ro PacripoCTPaHEHHUs,
pasuas  3*10°. Tlouemy xe Tak? DTo OOBACHSETCS, HAIpHMeD,
Y4aCTOTHBIM OCTBIBAHHEM B OOPa30BaHWH MATHHUTHOM M DJIEKTPHYECKOM
MOCTOSSHHOM BeNMWYKMHBL. HO BOT TONBKO 3a CYET TAaKOrO CMELIECHUS U
BO3MOYKHO 0OpaTHOE TEUEHNE YaCTOTHOCTH: OT MPOILIOro K OyayIiemy.
U 510 HE TONMBKO Bpamaer 3eMiIro, HO U JA€T KU3Hb HAM.

Bbl  3amMerwaM WMIM  YMTANM, YTO YEJIOBEK TOJBKO TOT/A
’KU3HECTIOCOOEH, KOrJa y HEro He CHMMETPHYHOE JIHIO. A Takas
HECHMMETPHYHOCTh — OTO M €CTh CMENIEHHE BEIHYMHBI B TEKYLIEM
HactosiiieM. [IpuuéMm He cirydailHO 3TO CMEIIEHHE TAKOE, YTO Kak Obl
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Oornpllle CTaHOBUTCA 00BEM YacTOTHOCTH Oyaymiero. Ho mo 3akony
CUMMETPHHM TIpM OOpaTHOM TEYEHWHW BPEMEHHOH 4YacTOTHOCTH OT
MPOILIOTo K OyAylIieMy yXe CTaHOBHUTCs Oonble 00bEM mponnioro. U
BBl 3Haere, 4YTO Yy OJHUX CTpaH OoJblliee MaTepUajbHOE
01arococTosiHuE, a y APYrUX HET. A 3TO OOBSICHSIETCS PACIIONIOKEHUSIMHU
obnactell Ha 3eMHOM WIape, TJe TEYeHHE YACTOTHOCTH WIIM BXOAWT B
Hero (mocrtymaer Oymyiiee) WM BBIXOAWT, Kak mpounioe. Hampumep,
TaM, TJle YaCTOTHOCTb BBIXOJUT, HAIIpUMep, B CEBEPHOI AMepHKe WK B
ABcrpanmuu, Oonblie 00bEM MPONUIOTO, a 3HAYUT, U TEKyllee
HACTOsIIIEe CTAHOBUTCS HECKONBKO Oolblle CKOpocTH cBeTa. Ho 3To,
KOHEYHO, HE 3HAYMT, YTO CKOPOCTh CBETa TaM Jpyrasi, Beb CBET MBI
BOCIIPUHUMAEM YK€ HaJBaKyyMHO.

Takoe yBenndeHHe NPUBOANUT K TOMY, YTO U CKOPOCTh BPEMEHU TaM
craHoButTcsi Oombie (mpuyéM B KBanpate). [loTomy sronu, >KUBYIIHE
TaM, KaK MpaBUIIO, OUIYINAIOT HEKOTOPhIH M30BITOK CBOEH BHYTpEHHEH
YaCTOTHOCTH 110 CPABHEHUIO C BHEIIHEN BaKyyMHOU Ccpeloi. BoT »To u
cocobcTBoBano Oojee OBICTPOMY TEXHHYECKOMY Ppa3BUTHIO U
OonplIeMy CTpEMIICHUIO Jro/Iel K moTpebinennio B CeBepHON AMepuKe,
B 3amagHoit EBpone m B ABcrpanmuu. B Unaunu xe, Hanpumep, riae
CKOPOCTh BpEMEHH MeEHbIIE, Hao0OpOT, Yy IIOJeH OIIyIaeTcs
HE/IOCTaTOK YacTOTHOCTH, HO 3aTO H3Hb TaM HapyKHO fpUe U
KpacoyHee. M Takoe cmelleHHE HE CTPOro Ha BOCTOKE M 3amaje, a
MEPEeXOUT Ype3 HECKOJIbKO MEPUIMAHOB BO BpPALEHUM TIIJIAHETHI.
Otroro B SmnoHum, otcrosmiei or WHauM mnpuMepHO Ha paBHOE
paccTosiHUe, KaK U OHa - OT 3anajgHoi EBpomnsl, onuHakoBb1i ¢ EBporoi
a¢dexr. Ho Temepr u3-3a pocTa CKOPOCTH BPEMEHHM Takas pa3HUIA
HPOSIBIISIETCS] BCE MEHBIIIE.

OTHOCUTENBHOCTD, HCIIOBENyeMast HBIHEIITHEN HAayKOM,
NeMCTBUTENBHO ecTh. HO 3TO OTHOCHTENBHOCTH BCErja TOJIBKO B
cepruecKoM BpalleHWH, TJe MPOSBIAIOTCS TOHSATHA BHYTPEHHETO M
BHemHero. U Gojble Bcero Takas OTHOCHTEIBHOCTh BUIHA U3 aHAJIM3a
SBOJIONMH OpPOMTANBHOIO BpallleHHus. BBl yke MOHsUM, 4YTO ObUIH
ThICSIUENETHUE HadaJbHbIE CYTKH, TJI€ B OJHO BpAIlEHHE IJIaHETH
BOKpPYT IIEHTpaJIbHOM OCH yMellanach 1enas Teicsaya jeT. W Torna 6s11o
HE BaKyyMHOE€, a SIBHOE Pa3JIU4eHHE YACTOTHOW BOJbI HA HAPYXKHBIA €€
CJIOH, Tyie OBUIO CYTOYHOE BpalllcHHE, W Ha CPEAWHHBINA e CIIoH, TIe
ObUTO ToJI0BOE BpanieHue. [loromy, x0T ckopocTh cBera Obuta B 100
pa3 BBIIIE HBIHENTHEH, a KajeHaapHas cekynaa Ha 3emie Obuta B 10 000
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pa3 MeHbIlle, HO 3JIeKTpUYecKas YacToTa M dJeKTpUYecKas MOCTOsHHAs
U TOrJa OCTAaBAJIACh HA HALIEH IIJIAHETE TAKOH XKe.

WHpiMu croBaMHM, XOTS 3a OAHY HAYaJbHYIO CEKYHIY MpPOXOIMIN
COOBITHA, yMEIIAIOIIMECs Tereph MOYTH B TPH 4aca, HO CTPYKTypa
3JIEKTPOHA OCTABajach TAaKOM *ke. Belap 3IEKTpOTOK M MarHeTus3M BO
Bcex cepax BCEIeHHOM Bcerja OyneT 3JIEKTPOTOKOM U MarHETU3MOM.
U, ucxons u3 Gopmyisl dekTpuyeckoil mocrosHHoH, B 100 pa3 ObLi
Oosbiie pasmep diekTpona. OTTOro Ta JKHM3Hb, KOTOpas ObLia J0
MOMEHTa BBIMUPaHHUS JMHO3aBpPOB Ha 3emile, OblIa COBEpPUICHHO
¢anTacTiuHa! OTO OBUIM OTPOMHBIE PACTEHUSI W OPTraHU3MBI C
OTPOMHBIMU pa3MepaMu. A TIOCKOJNBKY BSI3KOCTH NMPOCTPaHCTBA ObLIa
takxke B 100 pa3 MeHbIIe, TO MPUMEPHO HACTOJIBKO K€ ObLT MEHBIIE U
BEC paCTEHHH U KUBOTHBIX, YEM OH M PaBHSUICSA HbIHEIIHEMY HX BECY.

[Ipu >TOM U XWUJIM OHU HE B MPHUBBIYHOM JUI HAC IMPOCTPAHCTBE, a B
TOM, YTO Ceiiuac BaKyyMHBIN CJION WK Teleph HE BUIUMAs HaM cpena!
W BMecTo mpHBBIYHOW I HAC MPECHOW W CONEHOM BOIBI TaMm Oblia
OJTHa HAIOJIOBMHY BEIIECTBEHHAas WJIM BHYTpeHHss Bonxa. Ho anms tex
KHUBOTHBIX M pacTeHHH OHa Obla He ra3000pa3Hoi, a Kak Obl OOBIYHON
BoJI0ii. I BaM, BeposiITHEE BCEro, CTAHOBUTCS YK€ IOHSATHEE M CIIOBA
Bbubnuu o Tom, kakuMm oOpazom bor ckasain: «ia mpou3pacTUT 3eMIIS
3eJIeHb, TPaBY» M «BCAKOE JEPEBO IUIONOBUTOE». Benb To, uTo ceituac
HATIOJIOBHHY BaKyyMHasl MJIM BHYTPEHHsS BOJa, TOTa ObLIO BUIMMBIM
BellecTBOM !

Bospmute bubnuio u mpouunTaiite, 4To BO BTOpOi JeHb bor cozman
WMEHHO cdepy TBEpIW, Ha3BaHHYI0O MM HeOOM. A TBepAb U €CTh
TBEp/bI0, Kak HeuTo TBEpAoe. Y Oblsia OHa B HAPYKHOM CJI0€ YaCTOTHOU
BOJIBI (HEBHJIMMOM HaM TEMEPh). A yiKe MO 3TOW TBEP/bIO MM BHYTPH
atoil cdeprl bor ckazan oOpa3oBatrbes 3emiie. U ecnu Ha HavaJIbHOM
3emiie ra3zo00pa3Has BHYTPEHHSS Boja ObUIA, KaK BOAOH OOBIYHOM, TO
He0o ObUTO TeM OoJjiee BEIIECTBEHHBIM, MIOTOMY U OBUIO TBEpABIO, a HE
TeM 4To ceifyac. T.o., HayanbHas 3emiist OblIa BHYTPH 3TOW MOPHCTOH
TBEpPIM, Kak BHYTpH ckopiaymnbl. M3 Heé oOpasoBasiack JlyHa wu
OT/IeNbHAs 3eMHasi 0000YKa WIIM BEpXHAA 3eMIIs, a 3aTeM M IIJIaHETHI
Mepkypuit 1 Mapc. OTTOro ¥ NOBEpXHOCTh ITHX IUIAHET Takas Ke
nopuctas. Ho B HbIHeUIHeH Hayke 3Ta MOPUCTOCTh CUMTAETCS HEKUMHU
KpaTepaMu, KaK ClIeIaMH SIKOObI OT OTPOMHBIX METEOPHTOB, MaJaBIINX
Ha HuX. OcTaTkaMu c(hepUvHON TBEPAW €CTh M KaMEHHBIE METEOPHUTHI,
COZiepKallie XOHJPBI, YTO €CTh HE YeM HHBIM, KaK C(epUYecCKUMH
MOpaMHM € OCTaTKaMH BHYyTpeHHeH Ta3000pa3HOl BOJbI.
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N3menenue cuéTta BpeMeHH. 31ech TOBOPUTCS O TOM, YTO

- 1) cpasy nocne anoxu AMHO3aBPOB, KOTOPbIE BbIMEP/IU 13-3a BPEeMEHHOW
OCTaHOBKM N/IaHETHOTO BPaLLEeHUsA, 060/104Ka TBEPAM BOKPYT HaLLein
NaaHeTbl UM BEPXHAA 3eMNA BCE eLLé OCTaBaNacb B HAPYXKHOM
BaKyYMHOM c/10€e. HUXKHSAA e MM oCHOBHas 3emna bbiia yKe B Haluen
HaZlBaKyyMHOW cpefe;

- 2) To uTO, OPULMANbHAA HayKa BbICYUTLIBAET A1 3EMIN MUAAUAPAbI NET,
NCX0A4A U3 PaAMNOYIIepPOSHOIO aHan3a, 06bACHAETCA NPAMOW CBA3bIO
aTOMHOrO pacnaja co CKOPOCTbIO M XapaKTEPOM TeYEHMA rPaBUTALLUOHHOM
4acTOTHOCTK. [10 OKOHYAHMA 3MOXM AMHO3aBPOB pacnag aToMOB
onpenensncsa rofoBbIM BpaLleHNneM Hallel naaHeTbl. A OHO 6bl10 TaKOBO,
YTO 32 OAHW CYTKM, PaBHble HbIHELWHWUM COBEpPLLAJIOCh B HaYasle TBOPEHUA
1000 rogoBbix BpalLeHUin 3eman. Bot opuumanbHas HayKa U HacuUTbIBaeT
MWANNAPAbI IET, XOTA 40 BbIMUPAHUA AUHO3ABPOB UM A0 OKOHYaHMUA
nepBoM Merasnoxv NpoLwsio auLb 50 TbicAY NEeT, PaBHbIX HbIHELIHUM
rogam (cozepskawmm 365 cyTok);

- 3) a nocne B0O306HOBNEHUSA BPALLEHUSA HALLEN NAaHeTbl UK BO BTOPYIO
Merasnoxy pacnaj aToMoB ONpeaeNANCa YKe, KaK U Tenepb, CYTOYHbIM
BpaweHnem. Ho MHTEHCUBHOCTb TeYEHWUA FPaBUTALLMOHHOM YaCTOTHOCTHU
6blna TaKoBa, YTo, Hanpumep, 10 CyTOK, COCTaBAABLUME TOTAALIHUNA rog,
6bl/1IM SKBMBANIEHTbI HbIHELWHUM 36,5-M rogam. 3TUM U obbAcHAeTCA
NPOAO/IKUTENbHOCTb XU3HM Agama B 950 feT, Koraa B rogy y»e bbiio
36,5 cyTOK.

3nech Hamo OBI cpa3y cKazaTh HECKOJIBKO cJI0B M 00 3Bomtonuu. Jo
CHX TIOp WAET Crop o ToM, co3zaan ju bor BcE cpasy (1mogobHO B3Maxy
BOJIIIEOHOM MANOYKW) WM BCSI KHM3HBb Ha 3eMile pa3BUiIach M3 HEKHX
Mukpo6oB? To u apyroe He cephé3Ho. Jleno B TOM, UTO IBONOLMS, KaK
MOHSITHE, MOXKET OBITh TONBKO BoxkecTBeHHOM MM yrpasisemoin. Benb
Jake, 4To0 BBIPACTUTh HMHOW COPT SI0JIOK, HEOOXOJMMO TOCTOSHHO
BMEIIATEeIbCTBO CaJOBHHWKA. Tak pa3Be MOXKeT OBITb SBOJIONMS, B
KOTOPOW OOpa30BBIBAJIMCH U IJIAHETHI M HOBBIC KHBOTHBIC U YECIOBEK,
HEeyIpaBisieMoi?

W He TombKO JpeBHUE NMHO3aBPbI OBLIM OIPOMHBI, HO W JAPEBHSSA
HIDKHAS 3eMJIsl, HaXOJSICh BHYTPH OIPOMHOM HaYaJIbHOM IIaHETHOM
cepsnl, ObUIa, CyAs N0 HbIHEIIHEMY yBenuueHuto ColiHIla, Takke B 2
pasa Oonbie. HactynuBiiee xe 3aTeM yMeHbIIEHHE €€ pa3MepoB ObLIO
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CBSI3aHO C BCE OONBIIMM OBEUISCTBICHHEM (B HAIlleM MOHSATHH) U €, U
OpraHu3MoB Ha Hell. B snoxy TMHO3aBpOB MaHTHs HIDKHEH 3emun Oblia
YK€ HaJl YaCTOTHOH BOJIOM, a BHEIIHWMI BHJI OPTaHU3MOB YK€ OBLI
MoJo0CH HBIHEIIHUM PACTEeHUSIM W KUBOTHBIM. [loToM, BO Bpems
mororma, ObLJIO, HA00OPOT, PE3KOe PACIHIMPEHHE YKE BEIICCTBEHHOU
HWKHer 3emin. A BepxHsst 3emuis (000104Ka BOKPYT 3eMIId U3 TBEP/IN)
ellé JONro OCTaBalach B MEPBOM MJIM HAPY>KHOM BaKyyMHOM CJIO€.

Buj B Teneckol rmiaHeTapHON TYMaHHOCTH, MTOJJOOHON COTHEUHOU
cucreMe Jio e€ Bo3HuKHOBeHUs. OOpaTuTe BHUMAaHUE, YTO Oyayliee
noytooue CostHIla, HAXO/SICh B HEBUIMMbBIX BAKYYMHBIX CIIOSIX,
BBITJISITUT chepoil. A yxKe CTaHOBSILAsCs HAJABaKyyMHOH HeOecHas
cdepa BOCIIPUHUMAECTCS TUIOCKOCTBIO.

Br1 3Haere, uto ounnaaIbHO HA3HAYAKOT BO3pacT 3emiie B Hekue 4,7
MuuMapael Jier. M 3ToO Ha OCHOBE pPaguoyrJIEPOAHOTO aHalu3a,
HUCXOAAIIET0 W3 TOYHO  YCTAaHOBJIEHHOIO TMEpHoAa  pacraja
paZIMOaKTUBHBIX 3JIeMEHTOB. Pacmajy 3THX dIeMEHTOB HIET ¢
MOCTOSIHHOM CKOPOCTBIO M HE MEHSAETCS OT BHEIIHUX YCIOBHH. OTO
3HA4YUT, 4TO 3€Ch U HC MOCIIOPHUIIb. Ho muorue IIOHUMArOT, 4TO TaKoM
BO3pacT He cephEé3eH. Benp, Hanpumep, 3a 70 MUJUIMOHOB JIET, SKOOBI
npomeamux € TOro BpEMEHU, KOrja BBIMEPINU AWHO3aBPbI, UX KOCTHU
JaBHO OBl PacCHINANNCH, & HE CTOSUIM Obl CKeleTaMH B My3esx. Tak 3a
cU€T 4yero UJET pacnaj paJluoaKTUBHBIX 3J€MEHTOB? A HJIET OH 3a CUET
JBIDKEHHS 3eMJIM BO BTOPOM CPEAMHHOM BaKyyMHOM CJIO€, KOTOpOE
oOpasyeT JONONHUTENBHOE YaCTOTHOE BpalleHHE MAaHTHH HaIlIeH
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I 3anumamenvroe Pasnuyenue.
TUTaHEThI, TPOXOAAIIEe UIMEHHO 3a IO (32 CUET Yero ecTh BUCOKOCHBIN
roj).

Ho BBI mOMHUTE, YTO HayallbHBIE CYTKH BKJIIOUANH B CEOsl THICAUY
JIeT, KaK 9uciio 000potoB 3emin Bokpyr ComHIa. A paanoyriiepoaHbIid
aHallM3 M CUYMTAET TOJBKO rojia, KaK YHCIO 0OOpOTOB HAIlel TIAHETHI.
N BB yXe mMOHMMaere, 4YTO OMNpeIeNsieMble paguoyTIepOTHBIM
aHAJIM30M MUJUTHAP/Ibl 1 MUAJUIMOHBI JIET — 3TO COBCEM HE HAIlIM rojia U3
365,25 comHEeuHBIX CYTOK. B HalleM MCYMCIEHHH 3TO HECPaBHEHHO
MeHbIe. Vcxoas w3 aHanmu3a SBOMIONUU 3eMiid, €€ HCTOPHUIO WU
FEOXPOHOJIOTUI0O MOXHO pPa3AeliuTh HA TPU MEra’noxu. Mbl KUBEM
celiyac Kak pa3 B Tperbei Merasmoxe. Ilepsas merasmoxa anunach OT
MOMEHTa Hayajla TBOPEHUS U 10 BPEMEHH, KOT/ia BBIMEPIIH JHMHO3aBPHI.
Bropas merasnoxa Jiwiiack 0 BpEMEHHU moromna. Tperbs Merasnoxa
Hayajgach IOCiA€ OKOHYaHHMS ToToma. M eciam cuMTaTth KaxIyro
MErasIoxy B HbIHEUIHEeH ceKyH e (cpa3y U KaJIeHAapHOM, 1 3TATOHHON ),
TO OHa cocTaBiseT TOAbKO 50 ThICAY JeT. A 3TO MOYKHO 3aKJIIOUUTH 110
TekcTy Kopana o ToMm, 4To «BOCXOAAT aHTensl U AyX» K [ocrony Bcex
MHUpPOB, AJulaxy «B J€Hb, BETUYMHA KOTOPOTO MATHIECIT THICAY JIET».
Tak BoT, ecnmu yMHOXUTH 50 THICSY JIeT Ha HBIHENIHUE 365 CYTOK,
MIOMHSI, 4YTO CYTKM B TI€pUOJl HAyaJbHOM MErasloXH COCTaBIsUIM B
CpeIHEM COTHH JIeT, TO W TOJIy4aloTCs YK€ MMUIMApAbl 3EMHBIX
BparieHuit Bokpyr ConHIa, a 3HaYMT, U JIeT B TEOXPOHOJIOTHH.

Bb1 ye noHsmM, 4T0 Neproj OT CO3/1aHus HANOJIOBUHY BaKyyMHOT'O
yernoBeka AjaMa 10 TMOTONa — 3TO Iiedas Merasnoxa, paBHas I10
MPOAOKUTENIBHOCTH BCEMY BpPEMEHHM OT Hayaja TBOPEHUS U J0
BBIMHpaHUsl AWHO3aBpoB. Ho B HbIHemHeH o(WUIManbHOH HCTOPHH
3eMJIM OHa TOYTH He 3amedaeTcs. A Belb B 3Ty 3I0XY CYILIECTBOBaja
Ype3BbIYaHO pa3BUTas LUBUIM3ALMS BEPXHUX JIIOJEH, CUUTAEMBIX
3a4acTy0 HEKMMH MHOIUIAHETSHAMH, TOCeTUBIIMMU 3emMitto. Jlroau Toi
LMBUIN3AIMM UMeNH cBsi3u ¢ CupuycoM, nepememiasch Tyjaa depes
cpeny TUIepnpocTpaHCcTBa. Beas oHM ObUIM HATIONOBHHY BaKyyMHBIMH.
W umeHHO 3Ta IUBWIM3ALMS TOCTPOMIIA BCE HM3BECTHBIE OTPOMHBIE
COOpYKEHUS THIA ETUNEeTCKUX MUPaMHU/I.

VYBenuueHne ATUTENBHOCTH KaJeHAApHOW CEKyHAbl B Ipoliecce
3BOJIIOLIMY, CpaBHABIIEWCA, B KOHIIE KOHIOB, C JJIUTEIBHOCTD
HBIHEIIHEH STalOHHOM CEKyHJbl, JAET MOHATh U OJHY W3 3arajok
bubnuu. Bel ynutanu B HeW win emg rae-HuOyab, 4To AJaM U €ro
noromku xwm 110 950 — ner. Kak e 310 mMorno Oeith? Bemb 310 yx
odeHb gonro. OOpaTuTe BHUMaHKE, YTO B BUOIMK MPOAOIKUTENFHOCTD
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WX KHU3HH 0003HAYCHA KaK «BCEX JHEH >KU3HW» OBUIO CTONBKO-TO JIeT.
A 3TO M 3HAYUT, YTO T'OJ TOrJa elé He BKIoYal 365 COMHEUHBIX JTHEH.
U3-3a menb1eit Torga B 10 pa3 ckOpoCcTH BpeMEHHU B TOLy OBLIO TONBKO
36,5 nHel. DTUM KOTUYECTBO CYTOK UMEJIO TaKOe K€ 3HAuUCHHUe, KaK U
KOJINYECTBO I0o/10B. 11 OTHOCHUTENBHO CYMMBI 3TUX CyTOK 950 jieT — 310
U €CcTh HBIHEIIHuE 95 JeT, 4yTo yKe MpUBBIYHO A Hac. Ho ecnu ropg
COCTOST TONBKO W3 36,5-M CyTOK, Kak AHEW W HOoYel, Kak JIOAH
onpenesii ce30HHOCTh? TlockonbKy BepxHsist 3emis (Tae Kl Anam)
Obuta Oymxke k JlyHe W penko 3akpbeiBacMa OO0JIAKAMH, TO HOYHOE
CBETWJIO OBUIO XOpOIIO BHUAHO W JAHEM. A JIyHHBIH Mecsl
packiaapIBalICs He TOJIBKO Ha yeThipe (a3bl JIyHbI, Kak Heenu, HO ¥ Ha
JyHHbIE JTHH, ONpeeNsieMble U3MEHEHHUEM MECTONONOKEHHS JTYHHOTO
cepma ero JMABHXKEHHEM 10 HEOOCKIOHY. JTO MOXXHO MOHATH II0
onucanuto morona B bubmum. Ilockonbky ke BepxHss 3emis Oblia,
MOHATHO, Onmke K JlyHe m penmko 3akpeiBaeMa oOnakamu AHEM, TO
HOYHOE CBETWJIO OBUIO XOpOIIO BHAHO, a CYET JYHHBIX AHEH ObLI
BIIOJIHE BO3MOXeH. [loToMy Torma ObUT JIeHb COJIHCYHBIA WM JICHB
JKU3HU U JICHb JIYHHBIU, KaK JICHb T0/1a. DTO ObUIO U JUIS OSBUBIIUXCS
3aTeM HIDKHUX JIF0JIeH, yXKe MOX0KHX Ha Hac.

3naere, moyemy B PasnmnyeHuuM HEOOXOAMMO, KpOMe OOIIero
pa3BUTHsA, 3HATh O CTPYKType oOpa3oBaHus cuibl? Jlroboe jaelicTBue B
cepruecKoM MHpe HCXOOUT W3 BpalleHWs 4YacToTHOCTH. M B
IJIOCKOCTH — 3TO BpalieHrne kpyra. OHO CKIaJbIBaeTCsl U3 BpalleHUs
HampaBo (HampuMep, BHU3Y) M HajieBo (BBepxy). Tak BOT, O TakoM
BpallleHWu U HamrcaHo B bubnmu y npopoka 3axapuw, rae Mucyc crout
nepes TMpaBoOil pykoW aHreiga, a cataHa Iepe] JICBOH, YTOOBI
npotuBojeiicTBoBaTh Mucycy. A 3T0 W ecTh JAelcTBHE U
MIPOTUBOJICHCTBHE, HO KOTOPOE TOJIBKO B HAIIEM HAaJABAKYyMHOM U
Hapy>KHOM BaKyyMHOM ciioe. Ho Her 3Toro B crapoii (1oka HbIHEIIHEH )
¢dusnke.

2. UckaxkeHnue CHJILI 1 MACCHI.

K npaBae cuibl 1 padoThl.

64 _Paziuuenue uauku u acmpoHoMuu.
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Cuia, KoTopasi He MOKeT ObITh 0€3 HCTOYHHKA. 311ech
I‘OBOpI/ITCH (0] TOM, qToO

- 1) B oduumanbHOM GU3MKe NPUMEHAETCA NOHATUE HEKOETO YCKOPEHUA
Tesla, NOCKOJ/IbKY PaCcCMaTPUBAETCA TONbKO ABUXKEHWE CAMOTO TeNa, HO He
CTPYKTYpa TOro, YTO ero 3acTaBfAeT ABUraTbCA UAM UCTOYHUKA CUAbI. A 3TO
He YTO MHOE, KaK YaCTOTHOE CM/I0BOE BELLECTBO MU CUIOBOM KOHTYPHbIN
(c cmnoBbIMKU NNHMAMM) BaKyyM, Byab TO MblLLEYHas CUa BaLLen PyKu
WU, HAaNPUMEp, SNEKTpUYecKasn cnaa. MoTomy CKopocTb t0boro
NOCTYNaTeNIbHOrO ABUMKEHWUA — 3TO SKBMBA/IEHT BPALLLATENIbHOM CKOPOCTU
CUNI0BOTO BaKyyMa, Bedb U CMUAOMETP aBTOMOOU/IA NOKa3biBaeT
NoCTynaTe/IbHYt CKOPOCTb, KaK SKBMBAJIEHT BPaLLATE/IbHOM CKOPOCTU
Basa. A TO, YTO Ha3bIBAOT YCKOPEHUEM MOCTYMNaTENbHOMO ABUMKEHUSA — 3TO
OTHOLLEHWE CKOPOCTU TeNa K A/IMTeNbHOCTU B3aumoaencTaus (Hanpumep,
K OIMTENbHOCTU yAapa);

- 2) B cTapoit e dpu3nKe, Aaxke 3abbiBas 0 TOM, YTO €CTb U BpaLLATE/IbHbIN
3apag, (TakKe HasblBaEMbIN YCKOPEHMEM), CUUTAIOT, YTO YCKOPEHME TeNla —
3TO OTHOLUEHMWE BEIMYNHbBI UISMEHEHWA CKOPOCTU 328 MUHUMAJIbHYHO
OJIMTENIbHOCTb K BE/IMYMHE 3TOM A/IMTeNIbHOCTU. Ho B nocTynaTe/ibHOM
OBUNKEHWUU TeN He CePbE3HO roBOPUTb 06 M3MEHEHUU CKOPOCTH, BeAb
paccToaHuWe (TONbKO 3ameprB KOTOPOE, MOXHO OMNpese/inTb CKOPOCTb)
HWKaK He ABUMKETCA BMecTe ¢ Te/IoM. M3meHAeTcA ILLb NOKasaHue
CNMAOMETPa, HO TOXKe onpeaensatoLLee NocTynaTeNbHY CKOPOCTb B
[aHHOe MrHoBeHue. [loTomy, Koraa Mbl BUAMM YCKOPEHUE Uaun
3amefiieHve NocTynaTe/IbHO ABUTAtOLLEroCA Tesa, - 3TO M3MEHeHne
MHTEHCUBHOCTMU €ro ABUXKEHUSA, @ HUKAK HU ero CKOpocTy;

- 3) He BOCNPUATUE BaKYYMHOTO MCTOYHUKA CUJ/Ibl O3HAYAET U UCKAXKEHUIO
nepeozo 3akoHa HbtoToHa, opuLManbHO n3naraemoro (TouHee
MCKaXKaeMoro) Tak, YTo NokKa Ha TeNo He AEWCTBYIOT BHELLUHWE CUJIbl, OHO
WM MOKOWUTCA UAU PAaBHOMEPHO NPAMOIMHENHO ABUKETCS.

Ho 6e3 BHelwHero Bo3aeicTauA ntoboe MoNeKyNAPHOE Te10 UK TeNo
Hallero HafBaKyyMHOro M1pa, NosyuusLLEe ABUMKEHUE, BCEraa
paBHOMEpPHO NpeKpaLaeT ABUKEHME.

Benb Npu NtobbIX YCNOBUAX (4axKe B KOCMOCE) B HalleM HaZBaKyyMHOM
MWpPEe He B03MOX(EH BEYHbIN aBuratenb!
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1 Sanumamenvroe Paznuuenue.

OdunupmanbHas Ke HayKa BOCMPUHMMAET 3TOT 3aKOH HECKOHEYHbIM
ABVXKeHUem 6e3 BHELHEro BO3A4ENCTBUA, YeM, HAaNPUMEP, U NAAHETbI
AKOObI NPOAO/IKAOT BpalLeHMe camu Mo cebe. A 4Tobbl CKPbITh 3TO,
NPUAYManu yioBKY K MHEpPLMabHbIX CUCTEM OTCYETA», B KOTOPbIX, XOTA HA
3emsie TeNO U He ABUMKETCA, HO BMECTe C Hell MOCTOAHHO ABUMKETCA B
npocTpaHcTBe.

Bbr Bce 3Haere Oaliky o ToMm, kak M.HpioTOHY ymamo Ha TOJIOBY
s0JI0KO TOJ sI0NIOHEH B camy, Mocje 4ero OH M BbIBen (GopMy s
«CHITBI» TSDKECTH W BOOOIIE [uts T1000i cuibl. Ho B TOM-TO | feno, 4to
910 Oaiika, mockonbKy y HploTOHa OBIJIO COBCEM Apyroe BOCHPHUSTHE
CHJIBI, a HE CYIIECTBYIOIIee Teleph B OQUIMaIbHOW (H3HKe, Kak
NpOM3BEIEHHE MAacchl Tella Ha ycKopeHue «m*a». Uro ke Takoe
yckopenne? m HeloToH XapakTepu3oBasl TOJIBKO M1 UMEHHO BpallleHHe,
HO YTO Kak Obl U He 3ameuatoT. [IoToMy 3TO U He YCKOpeHHe, a IMEHHO
BpallaTeNbHbIA 3apsa. Benb, BbIBOAS 3akoH rpaBuUTauuy, HbBIOTOH
CpaBHHUBAJl 3eMHOE «YCKOPEHHE» CBOOOJHOTO MAaJIeHUS «g» HE C UeM
WHBIM, KaK ¢ yckopeHueM BpaiueHus JIynsl. Iloromy n Hano pasnuuath
BpaIllaTeNbHBIM 3apsiA M 3apsA] MOCTYNMATeNbHOTO WM IUIOCKOTO
JBIDKEHHS, Yero HeT B crapoil ¢usuke. [Ipuuém u mocTynaTenbHbIH
3apsii UCXOOUT W3 BpallleHHs, MOCKOJBKY J000M 3aps] OTHOCHTCS B
MEPBYIO0 OYepe/ib K CHIOBOMY BaKyymy, JIBUTAIOIIEMy Teino. Pa3oepém
emé pas, 4To K€ TaKoe BpallaTeIbHBIH 3apsi] (a He HEKoe yCKopeHwue)?
CkopocTb WM 3apsg]l KaueHHsT — 3TO HapyXHass WM KOHTypHas
CKOPOCTh BpAIlleHHs BaKyyMHOW 4YacTOTHOW cdepbl. BHyTpeHHss ke
CKOpPOCTh €€ BpallleHHus (YacTOTHasi CKOPOCThb) — 3TO M €CTh TO, YTO
MOKHO Ha3bIBaTh BpaIiaTeNTbHbIM 3apsIoM, HampuMep,
TpaBUTAlMOHHBIM «g». C TakuM 3apsgoM U Bpamaercs cdepa
TPaBUTOHA, TPOSBIAIONIAS HAllle BHAMMOE IPOCTPAHCTBO U3
HEBHJIUMOT'0 BaKyyMa HJIM U3 BCeoOIel YaCTOTHOCTH.

He pasnuuenue HbHemHed (U3MKOW BHEIIHET0 M BHYTPEHHETO
MPUBOIUT K TOMY, YTO 3aKOH BceMHMpHOro TATOTEHUS MPUIIHCHIBAIOT
caMHUM TeidaM. A Belb 3TO JIMIIb BHEIIHAA OIIyTMMas HaMu
MoOJIeKyJIsipHasi «kopka».  Muaue roBopsi, BcemupHoe TArorenue
HUCXOAUT HE CHApYy)KM WIM OT Tel, a W3HYTPH WIU OT CTPYKTYpHI
MpocTpaHCcTBa-BemecTBa. [loToMy ¥ Tak Ha3blBaeMoe YCKOpEHHE
CBOOOZIHOTO TMaJCHUSl WIIM 3apsi BECOBOW TpaBUTAIIMHM OTHOCUTCS
CHaydaja K CTPYKType€ MPOCTPAHCTBA, a TOJIBKO MOTOM K yBJIEKAEMOMY
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I 3anumamenvroe Pasnuyenue.
UM TCIIYy. Nnaue roBops, ABWIKCHUCM WKW MNAaJCHUEM TCjIa TOJBKO
MPOSIBIISIETCS YCKOPEHHE CBOOOJHOTO MaJieHus, KaK KIMEHHO CTPYKTypa
mpocTpaHcTBa. B crapoli ke (¢u3MKe «YCKOpEeHHEe» CBOOOIHOrO
maacHud, 4TO JIy4lI€ Ha3bIBaTh BPAIIATCIIBHBIM 3apsiOM HJIKM MPOCTO
3apsAaa0oM, IMPUBA3BIBAACH K TEIIYy, BOCIHPHUHUMACTCA TakK, 4YTO, MOJI,
najatoriee Teno BcE ObicTpee W ObicTpee majaer. MHBIMU clioBamu,
3apsaa ABMIKCHUA MPUHUMACTCA UMEHHO «YCKOPCHUEM)», YEM, KCTAaTH, HE
pasnuyaercs W TOHITHE 3apsga. Ho Teno B mageHWu COBCEM HeE
HaOHpaeT CKOpOCTh 0 OECKOHEYHOCTH, YTO BCE MPEKPACHO 3HAIOT, HO
Kak-TO HC BOCIIPUHHUMAIOT. Bezu; HMHAa4Y€ HEBO3MOXHBI 6I)IJ'H/I 6I)I,
HaTpuMep, U 3aTsDKHBIE MPBDKKH MapanItoTHCTOB, OYKBAIBHO MapsIIInX
B HeOe.

3apsiq BpalleHuss — 93TO OTHomieHWe pasmepa cdepsl (4nR),
oOpa3yeMoro BpamieHueM Tena (pasmepa cgepbl CHIOBOrO 3¢upa
BOKpYr Hero) K KBaJpaTy JUIMTEIbHOCTH. B  ciaywae ke
MOCTYNATCIBbHOTO UJIN JIMHEWHOT O JABUXEHUA TCIa TO, UTO Oq)HHHaHI)HO
Ha3bIBaeTcsd YCKOpeHHeM (MOCTYMAaTeIbHBIN 3apsa) — 3TO OTHOILCHHE
CKOPOCTH TeNa K JJIUTENbHOCTH. [IpruéM IMHUTensHOCTh 34eCh - 3TO
BpallaTenbHas JJIUTENbHOCTh CHJIOBOTO BAaKyyMHOTO BEIIECTBA WIIH
«2nR/V». Hanpumep, npu ynape — 3TO JUIMTEIBHOCTh yaapa, MpH
PBIBKE — IJIUTCIBHOCTL PBIBKA, IMPU TOJMYKE — IJIMTCIBHOCTH TOJIYKa U
T.A. A TIOCKOJIbKY CKOPOCTH Tella BCETIa 9K6UBAIEeHINHA BpAIaTebHOMI
CKOPOCTH CHJIOBOTO BaKyyMa, JBHUTAIOLIETO TENO, TO U 34ECh MOXHO
paccMaTpuBaThL OTHOILICHUE BpaH.[aTeﬂbHOﬁ CKOpPOCTH K JJIMTCIbHOCTU
WK - pa3Mmepa OKpy:kHOcTH (27R) omsaTh K KBaapaTy IHTEILHOCTH.
KBazpat e — 3To U ecTh 0003HaYEHHUEM YaCTOTHOH cdepsl (BpameHus
BO BpaIllEHNN ).

[lpumensieMoe TMOKa TIOHSATHE YCKOPEHHS — 0JTO H3MCHEHHE
CKOpPOCTH TeJia (YaCTHIlbl) 32 Majyl CIMHUIY BpPEMEHH (YeM U eCTh,
KCTaTH, MMEHHO BpalllaTelbHAS JUIUTEIBHOCTH). DTO C TPYAOM MOXKHO
OTHECTH K BPAICHUIO Tena (XOTS W 3apsi] BpPalleHUs — 3TO COBCEM He
W3MEHEHHE CKOPOCTH 3a CJUHHIy BpPEMEHH), M YK HHKaK 3TO He
MNPpUMEHHUMO IS MOCTyHNaTE/IbHOIO ABUIKCHHA. BCI[L 3/1€Cb CKOPOCTH
Tela Bcerja NpUBsA3aHAa K ONpEACIEHHOMY pacCTOSIHHIO, KOTOPOTO
Janpllie y)ke He Oyner, a He K Tely, Kak BO BpalleHUH, Ja |
JIINTEIIBHOCTD TOXE HE TIOBTOPUTCA. A 9TO 3HA4YUT, qTo
nocTynaTenbHas (He BpallaTelibHas) CKOPOCTh IO ONpENCICHHIO He
Modicem M3MEHAThCsI! DTa CKOPOCTh HE MOXKET OBITh «cama 1Mo ceOen,
O3HaYasi UCKAKEHHOE BOCIPHUATHE OTHOCHUTEIBHOCTH, KaK pa3iiMueHHe
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I 3anumamenvrnoe Pasnuuenue.
BHYTPEHHEr0 M BHEUIHEro, a He HEMOJBMXHOTO U IMOJIBHYKHOIO, YTO
ecTh B crapod ¢usuke. KpoMe TOro, 3To - U He pasjivueHHe UMEHHO
cgpepuunocmu MPOCTPAHCTBA, 14 M HCTOUYHUKA CHJIBI!

[Ipy mocTymatenbHOM  JIBUKEHMHM MEHSIETCS HMHTEHCHUBHOCTH
JBUKEHUS, HO CKOPOCTh-TO, XOTSI U OTHOCUTCS K TENy, HO MpUBs3aHa K
KOHTYpY IIPOCTPAHCTBA, a HE K KOHTYpY Tena. BoT uTo Hano pasznnyats!
Benp 0e3 MOMOMTHUTENBHOTO W3MEPEHHs MPOHAEHHOTO IYTH BBl 3TY
CKOPOCTh HHMKakK He onpeaenute! MHaye roBops, HaOpaHHAs CKOPOCTh
OTHOCHUTCS K KOHKPETHOMY MTHOBEHHIO M K KOHKPETHBIM OpPHEHTHPAM.
[Moromy B mocrynarensHOM 3apsiae (OpHUIHATBHO YCKOPEHHH) MOYXKHO
paccMaTpuBaTh HE CKOPOCTb H3MEHEHMS CKOPOCTH, a TOJBKO
OTHOULIEHNE CKOPOCTH K MAJION WM BPAILATENbHOM JJIUTEIBHOCTH.

OTO TPYIHO YCBOWTbH, MOCKOJBKY B IIOCKOM BOCIPHUATHH MHpA
ounManbHas HayKa W JIIOJICH 3aCTaBJISIeT €ro BUAETh iocko. Ho Benmn
TOJIBKO BO BpaIIeHWH, BCErJa MpPOSBISIIONIEM YacTOTHYIO cdepy,
CKOpOCTb — 3TO XapakTepUCTHKa JBUKEHHA, KakK TaKOBOIO,
OTHOCAIIAsCS K CaMOMy Tely. A B NOCTyHaTeIbHOM JABM)KEHHUH — 3TO
BCEr/1a JBUKEHHE OTHOCHUTEIIBHO OKPYXKAIOILIEro TEJIO MPOCTPAHCTBA, a
HE XapaKTepHUCTUKa JIBUKEHMsS caMoro Tena. A 3TO HE pasiaudaercs.
MoHO cKa3aTh, YTO UMEHHO MMOHMMAaHHE 3TOr0 MO3BOJISET pa3InyaTh
Halll MOJIEKYJISIPHBIN WJIM HAJIBAKYYMHBIH MUP Y MUDP HEBUJIUMBIN HIIU
BaKyyMHBII (ecTh emé W moaBakyyMmHbii). [loToMy HeT B mpupoae u
HUKaKOTro CJOXEeHMsI ckopocTed. Hampumep, Bbl eaute B Moe3le U
BUJUTE B OKHO JIPYTOW MOE3[, UAYIIHUMA C TAKOW K€ MHTEHCUBHOCTHIO. 1
BaM Ka)keTcs, YTO OH CTOWT W Baml moe3d crouT. Kakoe xe 3mech
CJIOKEHUE CKOPOCTEH, U Kakasl 3/1eCh XapaKTepUCTHKa JABMIKEHUS CaMUX
TeN MO OJHUM HX CKOPOCTSAM IOCTYNaTeNnbHOro ABWxKeHus? Mnu, eciau
BBl M3 OKHA BBIPOHMJIM KOIIENEK, pa3Be OH IMOJIETUT PSIOM C IMOe30M?
A Bemp 1o odunHANEHOW (QU3MKE K €ro CKOPOCTH JOJDKHA
MpHOABIATHCS CKOPOCTH MOE3/1a.

IIpencraBum 310 Ha aApyrux npumepax. llpu BpameHun koieca
MOXHO B3ATh CEKYHAOMEP M NPOCTO CYMTATh KOJIMYECTBO OOOPOTOB,
HampuMep, 3a MHUHYTY. OTO M €cTh CKOpPOCTb. A ISl OIpeNeneHus
BpaIIaTeNbHOTO 3apsiAa (YTO TOXKE TPYAHO TMPUHATH H3MEHEHHEM
CKOPOCTH 32 €IWHHIYy JJIUTENBHOCTH), HAJAO0 TOJIBKO OTMedYaTh
JUIMTEIBHOCTh ITOBOPOTA KOJIECA U CIEIUTh 32 U3MEHEHUEM KOJIUYECTBA
ero o0OpOTOB 3a ATy JUTUTENHHOCTh. A €CIIM BBl TallUTe BOJOKOM 3a
BEpPEBKY BSI3aHKY JIpOB, TO - KaK ONpPENENIUTh OTHOIIEHHWE M3MEHEHHs
CKOpPOCTH 32 MUHHUMAJBbHYIO JIUTEIBHOCTh K 3TOM JuinTensHocTu? Bens
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3nech 0e3 Koméc Jake COUAOMETp He Npujeiacimb. A ecld BbI
HPUCTIOCOOUINCH ONPENENATh CKOPOCTb, @ H3MEHEHUE CKOPOCTH MOILIO0
C MOJHOIo IIOKOd WKW C HYJA, TO U INOHATHEC YCKOPCEHHUA O3HA4YacCT
OTHOLIEHUE UMEHHO 3aMEPEHHON CKOPOCTH T€Jla OTHOCUTENBHO KaKOIo-
mbo MMpOCTpaHCTBA K MHHHMAaJIbHOM JUIMTCIIBPHOCTH, 4 HC OTHOLICHUEC
HEKOer0 HM3MEHEHHUS TIOCTYNaTeNIbHOW CKOpocTH Wi «AV» K
amutenbHocTd. [loromy Ha camom Jjene BHA (GOpMyJbl  3apsaa
MOCTYNAaTENBHOTO JBIKEHHA Tena (0QUIuaibHO YCKOPEHHS) — 3TO

OTO 3HAYUT U TO, YTO AUPQEPEHINATBI U HHTErPaANIbl TOJISATCS
TOJIBKO ISl OTBJICYEHHONW MaTeMaTHKH, a HE JUI KOHKPETHOH (PHU3HKH.
OHHM Wb TIOMOTAlOT OCO3HATh YacTOTHO-CHEPUUECKYIO CTPYKTYPY
MPOCTPAaHCTBA. A €ciu BBl TAaIlUTE T'Py3 CTPOr0 PaBHOMEPHO WU C
OZIHOH CKOpPOCTBIO, TO TOr/Aa OQUIHAIBLHO MOHMMAaeMOe YCKOpEHHE, a
3HAYWT, W TPWIOKEHHas cuia Oyayr paBHbl Hymo. K Tomy ke
paBHOMEpPHOE JBHXKEHHE, 0003HaueHHOe HBIOTOHOM B €ro mepoBOM
3aKOHE, KOrJa Ha TeJl0 He JEHCTBYIOT BHEIIHHWE CHJIBI, O3Hayaer
paBHOMEpPHOE YMEHBIIEHHE CKOPOCTH, a HHKaK HE TIOCTOSHHYIO
CKOPOCTb, JUIS IOJJEPXKAaHUsS KOTOPOH, KOHEYHO, HyXHa cwia. Benp
Ja)ke Ha paBHOMEPHOE IUIAHETHOE BpallleHWEe HYKEH IOCTOSIHHBIN
MIPUTOK BPEMEHHOW YaCTOTHOCTH.

N »5ro He pasznuueHue nepBoro 3akoHa HerooTtona. Bot
¢dopmynupoBka 3Toro 3akoHa camMuM HprotoHom: «Bcskoe Teno
MPOAOIKAET YJEpPKUBATHCS B COCTOSHHUU IOKOS WM PaBHOMEPHOIO
MPSIMOJIMHEHHOTO JIBUYKEHMSI, TIOKa U MOCKOJIBKY OHO HE MOHYXKIAeTcs
NPUIOKCHHBIMUA CUJIAMU U3MEHUTH 3TO COCTOSTHHE).

WHpIMH cOBaMU 3TOT 3aKOH TOBOPUT O TOM, YTO JaKe MOKOW Terna
— JTO CIEJICTBHE BO3JAEWCTBUS Ha HEro BHENIHMX CWJI, Kak |
paBHOMEpHOE TMPSMOJIMHEHHOE JIBUKEHHE — 3TO TaKXkKe CIIeJCTBHE
BO3JICHCTBUS BHEITHUX CHJ. A HE TaK YTO MOKa Ha TEJIO HE JEHCTBYIOT
BHEIIIHNE CHJIBI, OHO MJIM CaMoO 10 ce0e MOKOUTCSA MM camo 1o cebe
nBuraercs. Bunmure, kakoe wuckaxenue!? W 310 Kak pa3 wu3-3a
BOCTIPUATHUS HAIllero MOJIyMEPTBOrO MHpa TOJBKO CHAapyXH, a He U
W3HYTpH, T/ BeuyHoe ABIKeHHe. [loToMy 3HaueHHe NepBOro 3akoHa
HpioToHa He B TOM, YTO OH SKOOBI «yCTaHABIMBAET WHEPIHAILHEIC
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CUCTEMBI OTCUETA», @ B TOM, YTO TOBOPUT O IIOCTOSSHHOM BO3AEHCTBUU
CHJI, MCXOJIINX OT MX HMCTOYHUKOB. [IOTOMY HCKa)X€HO M MOHSTHE
WHepUuH (HO 4éM pedb Jainblie)!

Tak BOT, B NOCTYNaTENbHOM JBM)KEHUM HE MOXET CTaHOBUTHCS
JpYroii CKOpPOCTb, BCErja IpuUBsA3aHHAs K YX€ MPOHACHHOMY
PACCTOSIHUIO WIM K JPYrOd TOUYKE IPOCTPAHCTBA, YEM OHA YXKE cpasy
apyras! 31ech U3MEHSETCS UHMEHCUBHOCIb O8UMICEHIs, KOTOPYIO MBI U
HaOMI0/1aeM. A 3TO M €CTh OTHOIIGHHEM 3aMEpEHHOH MOCTyMaTelbHON
CKOPOCTM K BpalaTEJIbHOM WJIM MHUHUMAQJIBHON  JUIMTEIBHOCTH
HPOSIBIIEHHUST CHJIOBOTO BAaKyyMHOIO WIH YacTOTHOI'O BELIECTBA,
KOHTYPHO OKPYKAIOILEr0 MEPEMEILIAEMOE UM TEIO BPALLEHUEM CUTOBbIX
epasumonog. IlHaue TOBOps, OTHOCUTEIBHOCTb  OKpPYXarOLIEH
00CTaHOBKM HWKaKOTO OTHOLICHWS K ABIDKYLIEMYyCS TeIy HE HUMeEeT
(roka OHO ¢ 3TOI 0OCTAHOBKOWM, KOHEYHO, HE CTOIKHETCs). A Belb K
Hel WM K 3TOW OTHOCHTEIBHOCTH B CTapod (HU3UKE U MBITAIOTCS
MPHUBSI3aTh MMOHATHE YCKOPEHUs, KaK SIKOOBl XapaKTEpPUCTUKY ABHIKCHUS
Telna.

YckopeHue Beerja 03Ha4allo YBEJIMYEHUE WA POCT CKOPOCTH, KaK U
3aMeJIeHUE — 3TO BCerJa yMeHbleHue ckopoctu. Ho n3-3a He
pas3inuyeHus] HeBUAUMOHN CTPYKTYpbl BeeneHHol o0bIaHOE
YeI0BeUYeCKOe MOHATHE YCKOPEHHsI 3aMEHIITN adCcypaioM abCcyp1oB
(VHaue U He CKa)Kelllb) OTHOILIEHUS U3MEHEHHUS MTOCTyNaTelIbHON
CKOPOCTH, IPUUEM CaMOro Teja, a He TOr0, YTO €r0 JBUXKET, K
JUTUTENBHOCTH 3TOr0 U3MeHeHus. U, 4ToObl MPUKPBITH HE pa3iinyeHue
WCTOYHUKA CHJIBI M JIBHYKEHUSI, TAKOH aOCypl XUTPO HA3BaJH
«(hu3nYecKUM» TIOHSATHEM YCKOPEHUs. JIeHEeKHBIH JKe JOXO/ OHU YKe
HE HarpaxJaroT (U3NUYECKUM MOHSITHEM, a TAK U Ha3bIBAIOT JICHbIAMHU.
Ortcroza u BpalaTeabHOe YCKOpPEHHE MOKHO Ha3bIBaTh TaK TOJIBKO 10
[OPHUBBIUKE, HATIPUMEP, KaK YCKOpeHHe cCBOOOAHOro nazeHus. Ha camom
e JIeie — 9TO HE YCKOPEHHE, a MOCTOSHHBIN IPaBUTAIMOHHBIN 3apsi0
6palyenisl W TPOCTO TPaBUTAMOHHBIH 3apsi. [loromy dusnka
Paznmyenus — 3To Ha3BaHue Oesloro OenbIM, a YEPHOTO - UEPHBIM, Oe3
BCSAKUX (PU3MYECKUX M3BPAIICHUH M NCKAKESHHH.

Ho ectb u mpyroe, Toxke Kak Obl XUTPO 3a0bIBAEMOE B OTHOIIICHUH K
ohpuIMATEHOMY TMOHSTHIO YCKOpeHHsS 00CTOsATeNnsCTBO. Bemp pemko
KaKoH IMyTh TeJla MM YacTUIBl OyJIeT MCKITIOYUTENBHOW MpIMON. OTO
Bceraa Habop monmyokpyxHocreid. Jla u mo reomerpun JloGaueBckoro
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mobasi  mpsMas — 3TO  BCerjga  IOINYOKpYXHOCThb. [lotomy m
MOCTYNATENbHBIA  3apsi (YCKOpEHHE) Tena MOXET ObITh TOJIBKO
OTHOILICHHUEM ero MOCTYNATEeIbHON CKOPOCTH, IPHUYEM, KaK SIKBUBAJICHTA
BpAIAaTeIbHOM  CKOPOCTM  CHJIOBOTO  BaKyyMHOrO  BEIIECTBa,
JIBUTAIOIIETO TEJO, K BpalaTe/IbHOW WIM MUHUMAJIbHOMN JUTUTEIBHOCTH.
K ToMy e M B M3BECTHOW BaM CO MIKOJBI (hOpMyJie KHHETHYESCKOU
SHepruu (MCXOsIell Kak pa3 u3 «m*a») nmpuMeHsiercss HUKAaKoe He
U3MEHEHHEe CKOPOCTH, a UMEHHO CKopocTh Tena! B crapoii xe ¢usnke
9TO XUTPO 3a0bIBAETCS.

[MocmoTtpuTe Ha (oTorpaduro Oerympx cnoprcMeHoB. Bel ke He
olieHNBaeTe Oer ClIopTCMEHOB UMEHHO 0 WX CKOPOCTH. B
BOCIIPHHHMAETE HMEHHO UHMEHCUGHOCMb NX Oera, KaK OTHOIICHUE
HaOpaHHOW UMK CKOPOCTH K JTUTEIBHOCTH TOJYKA OT OEroBOit
nopoxkd. [Totomy 37ech BaykHa IMEHHO JUTMTEBHOCTD OTTAIKHBaHUS,
CTaHOBSILASCS [UINTETBHOCTHIO TIPEOJOICHUS IUCTaHIIH. A H3-32
WCKa)XKEHHOH HBIHEIIHEeH (HU3UKH JaXke CIIOPTCMEHBI TOBOPSIT 00 MX
CKOpOCTH, a He 00 UX WHTCHCHUBHOCTH, KaK OyJTO OHM JAEpKaT B pyKax
HE CEKyHJIOMep, a CIHJIOMETp. M 3TO Tak IPHKUIIOCH B pa3roBOpE, YTO
u B Paznmnuennn npuaércs roBOPUTH HHOTa HEe 00 U3MEHEHUH
WHTCHCHUBHOCTHU B TIOCTYNATELHOM IBH)KEHHH, a OMSATh 00 U3MEHEHUHU
ckopocth. Tak BOT, OEryHBI 3aMepsIFOT CEKYH0MEPaMHU JITUTEINbHOCTH
MPEOI0JIeHNUs OTPE3KOB, cpaBHUBAs UX. Ho Benb He onpenenstor oHn
KaJIbKYJIATOPOM CBOIO CKOPOCTh Ha KaXKJIOM OTpE3Ke, 3alnchiBas 1
CKOpOCTb, U BpeMsl. U BBl BUANTE, UTO OMpeieieHne ené 1 CKOPOCTH
W3MEHEHUS MX CKOPOCTH (Kak opULInaIbHO TOHUMAETCS
MOCTYNATENbHBIN 3apsil) - 3TO yXKe SBHBINH adCyp/I.
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B CTapoM BOCIIPUATHU BBIXOJUT, YTO K KAXKIAOMY TCIIYy U JAXKE K
KaXJ0l JIMHEWHO JBUTAIOIICHCS YacTULE NPUAEIAHO MO CIUAOMETPY,
IOKa3bIBAIOMICMY PA3HBIC 3HAYCHU 3a €AUMHUILLY JJIUTCIIbHOCTH. A BEIb
U CIIUJIOMETP, KaK Mpubop, paboTaeT TOIBKO OT Bpallaroleics AeTa,
ra€ CKOpOCTh YK€ MOXHO HaAIpAMYIO OLOCHHBATb KOJIUMYECTBOM
060p0TOB. U BBI YKC MOHAJIN, YTO CIIMAOMETP MJIA MOCTYIIATCIBHOTO
NBIDKEHHS ~ 00O3HAa4aeT  CKOpOCTh  BCErAa, KakK  OKBUBAJCHT
BpalllaTEIbHOW CKOPOCTU CHJIOBOT'O BaKyymMa BOKPYT KOJEC.

B HBIHENIHEM IOHATHUH CHJIbI, UCXOAAIIUM M3 YCKOpPCHHA CaMOro
Tena (a He U3 BPallaTeIbHOIO YCKOPEHHUS CUIIOBOTO BaKyyMa) BBIXOJIUT,
4To cuja oOpasyercss BommeOHO camMuM TenoMm. Ha camom jene ona
MNpOoABJIACTCA CHUJIOBBIM YAaCTOTHBIM  BCHICCTBOM. U cuna BCeraa
XapakTepu3yeT He caMo JENUCTBUE, a UCHIOUYHUK CUJIbl, TIPO KOTOPHIH B
crapoil ¢pu3uKe MoTHOCThIO 3a0biBaroT. Cama ke cuia JUisd Hac Bcerga
HEBUIMMA, TOTOMY €€ U MOYKHO Ha3bIBaTh CUNOBLIM GeUjeCmEoM WU
CUNIOBbIM  8AKYYMOM, T.€. - CHUJIOBOM YacTOTHOW Bomoil. CuiioBoe
YaCTOTHOE WJIM I'PaBUTOHHOE BEIIECTBO aHAJOTHYHO 3JIEKTPOTOKY, KaK
y)K€ D3JIeKTpUYecKOMy KOHTypHOMY Bakyymy. Hampumep, ynapnHas
BOJIHA M €CTh CHUJIOBBIM BaKyyMOM, TaKK€ M ObICTPO MIYIIUH IMOE3]
3aTATUBAEeT 1Oj ceOs MPEJMEThl HE BO3IYXOM, a KOHTYPOM CHJIOBOM
IPaBUTOHHOM YacTOTHOCTH BOKpyr Hero. /[la u magaromiee Temno
YBJIEKAETCS BECOBOM TIpaBUTALMEN, KaK HMEHHO pPa3HOBUIHOCTHIO
cuioBOro Bakyyma. To, 4Yro cuima, okasbIBaercsi, (QOpMHUpYyeTCs
BaKyyMOM — HECKOJIbKO MepeBOpaunBacT MpEACTaBlIeHHe O PU3UKE, HO
3TO TaK.

T.o., cuiloBOE MpOSIBIEHHE — 3TO BO3JECHCTBUE HAPYKHOH YaCTH
BaKyyMa WM KOHTYPHOTO BakyyMa. Bo3pmMuTe MarHut (Xotsi Obl
MBICIIEHHO), TIPWJIOKUTE €ro K HHU3y KapTOHA, a CBEPXY IOJOKHUTE
HUT'0JIKY. IIBI/II‘&H MAarHuT, Bbl ABUTACTC UT'OJIKY. OTHUM Ha cCaMOM JCJ1€ BbI
JIBUTAETE€ HE MarHUT, a NepeMeNlaeTe MarHUTHBIA HApy>KHBIM BaKyyMm C
KOHTYPHBIMH (CHJIOBBIMH) JITHUSIMU B KOHTaKTe ¢ UTonkon. [lomo6Ho n
B35B PYKONH KHHIY, Bbl B JICHCTBUTEIBHOCTH OepETe € CHIIOBBIM
BaKyyMOM, UCXOOAIINM OT MBIIII] BaIeu KHCTH, KOTOPBIM CIXKXUMACTC U
CBOM HaJIblbl. B cTapoM ke BOCHPUSITUHU CUILY NPOU3BOAST IIPEIAMETHI
(gacTuilbl), BONIIEOHO BO3JCHCTBYIONIME caMu 10 cebe Ha Jpyrou
npeaMer (dactuily). Ho gaske Mambin 3HaeT, 4TO KOIJ/Ia TOJIKAST OJ{HOU
MalIMHKONW Jpyryio, 3TO HE IepBas MaIIMHKAa TOJKAaeT BTOPYIO, a
paboraer cuiia ero pyuku.

K npasae rpapuranum. 31ech rOBOPUTCS O TOM, YTO
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- 1) rpaBuTauMA NPOABAAET YaCTOTHO-CHEPUYECKYIO CTPYKTYPY
NPOCTPaHCTBa, CTAHOBALLYHOCA B HalleM MUpe Bcerga spalleHnem. A
3aKOHbI FPaBUTaLLMM OMpPeaenaoT NoBeaeHUe Ten;

- 2) noToMy rpaBuTauUMsa 03HAYaET U BPALLEHWNE NJIAHEeT, U NafleHne Ten, u
MOJIEKYNIAPHOE NPUTANKEHUE (B3aMMOLENCTBME META/IUYECKUX LLIAPUKOB B
onbiTe KaBeHauLWa), 1 obpa3oBaHMe Beca, U B3aMMOAEWCTBUE
3/1eKTPUYECKMX 3apPAL0B BMECTE C B3aMMOAENCTBUEM MArHUTOB.

Mpuryém BCe 3T 2pasUMAYUOHHbIE B3AUMOLAENCTBUA HUKAK He
YPasHUBAKOMCA, MOCKOJIbKY Y HUX PA3HbI CUsI080U UCMOYHUK;

- 3) Bec, KOTOPbI MOXHO Ha3BaTb HAPYX#HOU maccol, - 3To NpousBeaeHne
COBCTBEHHO MACChl Tesla MU MOsIeKYAAPHOU MAcCbl Ha TPaBUTaLMOHHOE
yCKOpeHwue (rpaBuTaLmoHHbIV 3apsaa). OTToro MonekyaspHas macca Tena,
Ha3blBaemasa opULIMANbHO MHEPTHOW MACCOM, HUKAK HE MOXKET bbiTb paBHa
Becy Tena (opuumanbHO rpaBUTaLMOHHOM Macce). B cTapoli ke pusmnke
abcypAHO He Pa3IMYaloT Maccy M BEC TeNla, MOCKOJIbKY U 3TAJIOH Beca, U
3Ta/IOH MacCbl — 3TO rUPs, KOTOPYI HEOOXOAMMO B3BELLMBATD.

Ho ects u apyroe HUYyTb HE MEHbIEe HEpa3IMYEHUE B CTapol
¢usnke. B BbIBO/IE 3aKOHA O BCEMUPHOM TPaBHTAIMH WM BCEMHPHOM
TATOTEHUM HBIOTOH TOBOpHJ HE O Macce Tela, a O TPaBHTAIHOHHOM
BpalaTelbHOM 3apsiie «g» (opuuuanbHo 00 YCKOpPEHHWH CBOOOIHOTO
MajJicHus), 4YTO, KaK TOBOPHUTCS, JBE OOJBIIME pa3HUIBl, HO HE
pasnuuaercs oduimanbHo. [lomydaercs, 4To u J000€ BpallaTeibHOS
YCKOpeHHEe — 3TO 0003HAuUeHHE BaKyyMHOT'O C(epHvecKkoro 3apsjaa
3TOTO BpAlIEHHS, a MPOILIE TOBOPS, - 3aps0 épaujeHusi. 3apsag — 3TO TO
WJIM MHOE MPOsIBIIEHNE BHYTPEHHEN WIJIM YACTOTHOW CKOPOCTH BpallleHHUs
rpaBUTOHOB. Ho ecTh emié u Hapy)KHasi CKOPOCTh BpalIEHHUS IPaBUTOHOB
WITH CKOPOCTh MX KaueHUsl, paBHas 36 «M?/cek», TaKKe He pazindaeMast
crapoii puzukoil. OHa BXOOUT B (POpMYITY SJIEKTPHUYECKOH MOCTOSHHON
Benn4uHbl. OpOHUTaIbHAs CKOPOCTh 3€MJIM — 3TO W €CTh HPOSIBIICHHE
FPABUTALMOHHOM CKOPOCTM KayeHus, Kak e yMEHbBIIEHHE Ha
opoutansHbiii Kod(Gduuent «1,2». O o0pasyercs H3-3a HAKJIOHA
3eMHOM OCH BpalueHus no orHomeHuio k ComHiy. PasmepHocTs ke
OpOUTaNBHON CKOPOCTH B KHUJIOMETPax — 3TO HATJSIHOE MPOsIBICHUE
reomeTpuu JIobaueBcKoro o paBeHCTBE MOAOOHBIX (QUTYD.
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Takum 00pa3oM, ecTh OJHOBPEMEHHO M Hapy)KHOE M BHYTpCHHEE
NBUKEHHWE TPAaBUTOHOB, 4YTO JAET Jydllle IMOHATh M HEBUIUMYIO
CTPYKTYpPY Hallero MpocTpaHcTBa. 37ech Kak OBl COBMEIICHO
BHYTpEHHEE U HapyKHOe chepruiecKoe BpalleHHe, YTO Ha MIOCKOCTH B
paspese u oOpa3yeT coupanb, a BO (POHTAIBHOM BHIE —
KOHIIGHTPUYECKHE OKPY)KHOCTH. BHYTpH TpaBUTallMOHHOW cdepsl,
HampuMep, BHYTpU cdepbl BecoBOH TpaBUTaluM (TAe MBI BCerjua Ha
3emiie), TBM)KEHHEM YaCTOTHBIX y3€JIKOB WIIM TPAaBUTOHOB O0pa3yroTcs
HENpepbIBHbIE OKPYKHOCTH, COCTOSAIINE MTOMEPEMEHHO U3 KOHTYPHBIX U
YaCTOTHBIX MOIYOKpYXHOCTeH. KOHTypHBIE MOITYOKPYKHOCTH — 3TO U
€CTh TO, YTO HA3bIBAIOT CHJIOBBIM (HAmpHMep, MAarHUTHBIMHU) JTHHUSMH.
Takue cunoBble JIMHHUM B KOHTAKTE C BHYTPEHHEH MOJEKYJIIPHOR
YaCTOTHOCTBIO TEJ UM C UX MOJEKYJISPHBIM 3apsIOM U YBIIEKAIOT UX B
najieHue Ha 3eMIIIo.

Hpl0TOH yCcTaHOBMII, YTO YCKOpEHHE TI'PaBUTOHOB (3JIEMEHTapHBIX
BpAILAIOMINXCS Y3€TKOB MPOCTPAHCTBA), TAKUM CIIOCOOOM YBIIEKAFOIIINX
moOble Tena, oOpaTHO NPONOPIHMOHATIBHO K KBAApaTy pacCTOSHHS
MEeXJy HUMHU. M Haso pa3nuyaTh TO, 4TO TOBOPS B 3aKOHE BCEMHPHOTO
TATOTEHUS A1 KOCMUYECKHX TEI COBCEM HE O Macce Tefna, a UMEHHO O
2PAsUMAYUOHHOM 3apsde, KaK 0 XapaKTepUCTUKE MPOCTPAHCTBA, 3TO OH
OTIpeNeNsyl JUIsl Ciiydasl, KOTAa «pa3Mepbl Tel MaJslbl 0 CPAaBHEHHIO C
paccTosiHUEM MEXJIy HUMH» WIHM, KOrJa B3auMOJEWUCTBHE HJIET B
BaKyyMHbIX ciosix. Korma ke 3To B3auMojeiicTBHE BBIXOAWUT B Halll
HaJBaKyyMHBIN WM MOJIEKYJIAPHBIA MUP MM KOTJA PACCTOSHUS MEX]LY
TenamMu, Hao0OPOT, MaJibl IO CPABHEHHIO C UX pa3MepaMH, MPOSBIACTCS
yKe 3aps] WIM Ha Tenax (HalpuMmep, SJIEKTPUUECKUI) M CaMUX Tel
(3apsit UX HapyKHOW MOJIEKYJIspHOU 000mouku). [lotomy HeroToH u
Ha3BaJl 3aKOH TATOTEHHs WM CQEPUUECKOro BpalaTelbHOTO
B3aMMOJIEUCTBUS BCErjJa YAaCTOTHBIX 3apsiioB  BCEMHUPHBIM  MITU
BCEOOIINM.

B HbiHemHel (u3MKe K TOMY Ke MOoJ] TATOTEHHEM MOHMMAIOT HE
BpallaTelbHOe 4YacTOTHOE (WM  HEeBUAMMOE) U cepuyeckoe
B3aUMOJCHUCTBHE, a «UUCTO» JIMHEWHOoe npuTskeHue. lloromy u
Ha3bIBAlIOT BCEMHMPHBIM TATOTEHHEM, a He, HalpuMmep, BCEMHPHOU
rpaBUTaIMEN, KaK BAaKyyMHBIM BparieHueMm. Ho To, uto Tsarorenue naér
HE TONBKO TPHUTKEHUE, MOJ00HOE MAarHUTHOMY MPHUTATHBAHUIO, a
BpallleHue, HalpuMep, MIaHETHOe, MPUHUMAIOT MPOCTO KaK JAHHOCTD.
A TpaBHUTAIlMOHHBIM 3aps] TMEeperHAuWId B Maccy Tena, MpUYéM He
paznuyaeMylo OT ero Beca. Tak ke To, 4yTo M 3akoH KyrnoHa o
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B3aMMOJICUCTBMM  3apsHKEHHBIX  JJIEKTpUYecTBOM  chep  WiH
ANEKTPUUECKUX 3apsiIOB — 3TO TaKOE K€ CIECTBHE 3aKOHA TATOTEHHMS,
THUXO YMaT4HBaIOT.

MoxHO cKa3aTh, 4YTO JIOOBIE Tena O0O0pa3yloT MEKIy Cco0ok
BaKyyMHYIO 4acTOTHYI0 cdepy (IIOCKOIBKY M BOKPYT HHUX BCerjaa
HeBUIMMas cdepa, HampuMep, B BUJIEC MOJEKYISPHOH 00omoukm). A
WHTCHCUBHOCTh 3ToH cdepsl (M300pakaeMoil B IJIOCKOM BHUJE
BOCEMEDKOH) TpsAMO  TpONMOpLHOHANBLHA 3apsiiaM W 00paTHO
MPOMOpIHOHANEHA K €€ pa3Mepy, KaK PacCTOSHHI0O MEXKIY LEHTpaMH
Ten. IIpuuéM, - K KBagpaTy pacCTOSIHUS MEXAY TeIaMU, YTO U O3HAYAET
chepy U chepuueckoe B3aUMOJICHCTBHE HE MEXKAY TEIaMU, Kak
TAKOBBIMH, a BCErJa MEXKAY 4YacTOTHBIMH HEBHUAWMBIMHU chepami,
okpyxaromumu uXx. M 310 HBIOTOH ycTaHOBUI Ha IHpuUMEpe
COOTHOLICHUS] BPAIIaTEIbHOIO YCKOPEHHUsI B JBMKEHUH JIyHBI BOKpYr
3eMid M 3HAYCHUS TPABUTAIMOHHOTO 3apsia (YCKOpEHHs) Ha Hallen
TTaHere.

ITo 3akoHy xe cummempuu npocmpancmeéa (He TpeOyolmemy
JOKa3aTeNbCTBa, a TONBKO B3TJsa B 3€pKajo) TOYHO Takoe
COOTHOLIEHUE JIOJKHO OBITh U Ha JlyHe. IHBIME clOBaMM TaM TakoH ke
TPAaBUTALMOHHBIA 3apsa  (YCKOpEHHE), HO YOBIBAIOIIMI YyKe IO
OTHOIIIEHUIO K 3emiie. DTUM 00pasyrorcs ase cdepsl ¢ JIyHoii u 3emiéit
B LICHTPE, a MKy HUMH — o0mas cdepa. M3-3a atoro (a Takxke mu3-3a
BpaieHus JIyHbl U 3eMiu IO opOHUTaM B LIEHTPE UX TUIAaHETHBIX cdep)
OHU U OCTAIOTCS Ha OpOUTaX, HE MPUTATUBASICH MEKAY COOOH.

31ech MpUBEAEH PUCYHOK 00pa30BaHMsI IPaBUTAMOHHBIX cdep JIlyHbI 1

3emin BuioM ¢ CeBepHoro notoca (TouHee HaJl CeBEepHBIM MOJIIOCOM).

B3anmopeiicTBre ABYX IPpaBUTALIMOHHBIX c(ep OOBSCHSET U MPHIUBBI C
OTJINBaMH, U BpallleHUE CITYTHUKOB T10 SJUTUITHYECKUM OpOHUTaM.
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1 Sanumamenvroe Paznuuenue.

JIyna 3emust

I'paBuranmonnsie ceps! JIynst u 3emn

[Tomydaercsi, 4TO I'paBUTAIMOHHBIN 3aps) (YCKOpEHHE) OJWHAKOB,
yTo Ha 3emue, uto Ha Jlyne. Ho, kak BbI 3Haere, Tena Ha JlyHe mamaroT
MemieHHee (OpUIMAaIbHO OKOJNO IIECTH pas), 4yeM Ha 3emie. A 3To
3HAYHT, YTO €CThb OpOuUmMAIbHAs WA NIAHEeMHAs 2pasumayus, Kak
TUTAHETHOE BpallleHHe, U eCTh 6ecogas epasumayus, odpasyromas Bec.
U 310 He omHo m To xke! BecoBas rpaBuTanus oOpasyercs
COBMEILIEHHEM MOJIEKYJISIpHOH OOONIOYKM  TIAHETHl C IUIAHETHOH
rpaBUTALlMEH WM Kak Obl C «YHCTON» TpaBUTAIMEH, KaK C «IHCTBIMY
WM 4YacTOTHbIM BpameHueM. [Ipuuém Ha 3emiie TpaBUTAllMOHHBIN
3apsn  «g» COBINAZAeT ¢ BECOBOM TIpaBUTALMEH, Ha3bIBAEMOU
opumansHO yckopeHueM cBoOoaHoro mamenus. Ha JlyHe ke cBos
BECOBas I'paBUTALMS U Apyrod Bec Ten. U 3To u3-3a toro, uro y JlyHbl
HAMHOT'O MEHbIIIE Hapy)KHasl MOJIEKYJIsipHasi 000JI0UKa, BHYTPH KOTOPOH
mposiBisieTcd  BecoBast rpaBurtanus. Iloromy Hamo pasnuyarh
IPaBUTAI[MOHHOE MJIAHETHOE YCKOPEHHE U TpaBUTAIIMOHHOE YCKOpPEHHE,
oOpasyromiee Bec. JTO W pa3jinyalid COBpeMEHHHKH HpIoTOHa, HO
MOCKOJIBKY O3TH BEIWYMHBI Ha 3eMile OJMHAKOBBI, TO COBpPEMEHHAas
HayKa, MPUBBIKIIAA BCE TOIBKO M3MEPATH (MCXOAS U3 J0XOAa, a HE U3
TATH K 3HAHHSIM), YK€ 9TO HE pa3iinyaer.

K Tomy e BecoBas rpaBUTAIMs — 3TO MaJICHNUE TeNa, a BOT geC mea
MPOSBIISIETCA JINIIb B KOHTAKTE €T0 C TIOBEPXHOCTHIO IUTaHeThl. [loTomy
Y 3TO HE OJ[HO U TO XK€, HO TAKXKE He pasnuyaeMoe opunuanbio! Kpome
Toro, xoTs Ha JIyHe oOpa3yercss U MEHbIIMK BeC, HO Macca-To Tela Tam
ocraércs. [la 1 B KOCMOCE WIM B HEBECOMOCTH OHA HUKYJIA HE JIEBAETCS
Y 3TON Maccol MOXKHO J1aXke yJIapuTbh. A 3TO 3HaYUT, YTO Macca U BEC —
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I 3anumamenvroe Pasnuyenue.
9TO TOXKE He OfHO U TO ke. Crapas ¢u3MKa U 3TO He pa3nuuaer. Benpb
3TaJOH MACChl — 3TO IJIATUHOMPUJMUEBAs TUPSA WIM TO, 4TO HAJO
B3BELIMBATh, @ BCE BECH TAPUPOBAHBI B KUJIOrpaMMax. B opunmansHoM
H3JIOKEHUM MAacca M3MeEpsercs B KWIOIpaMMaX, a BEC Tela — 3TO
MPOU3BEICHHE €ro MacChl «Mm» Ha YCKOpEHHE CBOOOIHOIrO TaJleHHS
«g», 4TO yXe Ja€T pa3MepHOCTb B HbIOTOHaX. Ho Be3ne Bec Tena
H3MEPSETCS B KUIOIPAMMAX, IPUUYEM OIISITh HA3bIBAsICh MACCOM.

W Bel BuauTe, 4YTO ONNATH OAWH abCypl M HCKaxkeHue. Yro
WHTEPECHO, B CTapoil (H3HKe, XOTS W TOBOPAT O JABYX Maccax: 00
WHEPTHOM Macce W O Macce TPaBUTALMOHHOH, HO 3asBISIIOT 00 WX
SKBHMBAJIEHTHOCTH WJIM paBEHCTBE. A 3TO yXe, KaKk Bbl IIOHHUMAeTe,
sBHbIM mogior. Iloromy HeT B IpUpOAE HUKAKOM SKBUBAJICHTHOCTH
Macc, U HaJl0 pa3iindaTh HApYIICHYI0 Maccy WIKA Bec «M» ¢ pa3MepHOCTb
B «KI» ¥ BHYTPEHHIOK UJIU MOAEKYAAPHYIO MACCY «I» C PA3MEPHOCTHIO
B «KIr'*cek?’/M». YMHOKEHHE JTOH Pa3sMEPHOCTH Ha IPaBHTALMOHHOE
YCKOpEHUE «Z2» U JAET Pa3MEPHOCTb B «KI» JUI1 HApYyKHOW MAacChl
(moapoOHee 0 MOJIEKYJISPHOIN Macce pedb OyIeT HIKE).

Ho u a1o emé€ He Bcé! EcTh Takoii onbIT KaBenauia mo u3MepeHuio
WHTEHCUBHOCTH IPUTSHKEHUS METAUIMYECKUX IIAPUKOB Ha IIOJBECE,
9T0 OQUIMATILHO HA3BIBAIOT TPABUTALMOHHBIM MpUTsDKeHUEM. [Tpnuém
3TO NPUTSHKEHUE YPABHUBAIOT JAKE HE C BECOBOM I'PAaBUTALIMEN, pABHOI
Ha 3emite Toxe «g», a ¢ hopmyIoit Beca «m*g». Ho Benp npuTsKeHHE
[IapUKOB HAOJIIOJaeTcd U B KOCMOCE, TJIe y)Ke HET Beca, He TOBOpS YiKe
O TOM, 4YTO 3TO pa3HbIE B3aUMOJECHCTBUSA, MNPUYEM B Pa3HBIX
miockoctax!  Ilotomy u 3T0 TOXe pasHble Bemu. [IpuTspkeHue
LIAPUKOB — 3TO YK€ MOAEKYAAPHOE NpumsdiceHue Wl mseomenue, Kaxk
B3aMMOJICWCTBME WX  HApYKHBIX  MOJIEKYJSIDHBIX  00OJOYEK.
OdunuanbHO Ke JaXke YCTaHOBIGHHYIO B 3TOM OIBITE MOCTOSHHYIO
BEIIMYMHY Ha3bIBAIOT T'PAaBUTALMOHHON IIOCTOSIHHOM, a 3TO Ha CaMOM
JieJIe TOCTOSIHHAS BEJIMYMHA HAPYKHOT'O MOJIEKYJIIPHOTO IIPUTSKEHUS.

M BBl BUAMTE, YTO B paMKax 3aKOHAa O BCEMHUPHON TrpaBUTALIUU
(opunmanbHO O BCEMHPHOM TATOTEHMHM) HAJ0 pa3iddaTh pas3HbIC
SBIICHUSI TpaBUTAlMU: 1) TpaBUTALIMOHHOE WJIM TUIAHETHOE BpalleHHE,
KaK opoumanvhyio epasumayuio 2) éecogyio epasumayuio, 3) BeC WIH
HapyXXHYI0O MacCy, 4YTO MO)KHO Ha3BaTb, HAaIpUMEpP, KOHMAKMHOU
6ecogoll epasumayueti, i, HAKOHEI, 4) MOJEKYJIIPHOE TPUTSDKEHHE WITH
monexynsapuyro epasumayuo. VIHBIMU CIIOBaMH, - 3TO BCE CIIEICTBHS
OHOTO H TOro e 3akoHa. K OSTHUM cleacTBUSM, MOIOOHBIM
MOJIEKYJISIPHOMY IPUTSDKEHUIO, OTHOCATCS, KPOME TOrO, NPUTSKEHUE
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I 3anumamenvrnoe Pasnuuenue.
ANEKTPUUECKUX 3apsiioB (3akoH KynoHa) W M3BecTHOE BaM C JIETCTBA
MarHuTHoe nputsbkeHue. OdunuanbHas ke Qu3MKa Jake He TO, YTO
CBaJIWJIa BCE 3TH BEIM B OIHY KOP3WHY, OHA MX BOOOIIE HE pa3inyacr,
Has3plBasi 3aKOHOM BCEMHMPHOH TIpaBUTAalMd CMECb M3 BECOBOH
rpaBUTaluM (MajieHWe Tel), KOHTAaKTHOW BECOBOWM TpaBHUTaIMel
(oOpa3zoBaHue Beca) W MOJICKYJISPHOM TrpaBUTalUCH (MOJICKYJISPHOE
nputsbkeHue ten). Ilpo opOuTaIbHYIO K€ TPaBUTAIMIO WM BpaIICHHE
TIaHeT BOOOIIe 3a0bIBaeTcsl.

Ho BB yxe monumaere, 4yTo, HalpuMep, BpalleHHe IUIaHeT — 3TO U
ecTh IUIaHETHas TpaBUTAllUd, a BOT NPUTSHKEHHWE  HCKYCCTBEHHBIX
CIIYTHHUKOB MOJIEKYJISIPHOH 000JI0YKOW 3eMIIH — 3TO YKE MOJIEKYIISIpHOE
NPUTSDKEHUE WM MOJIEKYJIIpHOE TMposBiieHHe rpaBuTanud. OHO
HabOmIoaercs U Ha 3emiie, HapuUMep, BOIHM3H KeNe30Coep KalIuX Top.
[Magenwe >xe Tena, BOWIGANIETO YK€ B 00JacTh MOJEKYISIPHOH
TUTaHeTHOW ~ O0OJNIOYKM, - OSTO BecoBas TIpaBuUTalus. A  1pH
CONPUKOCHOBEHMM TaJalollero Tejda C MOBEPXHOCTHIO IUIAHETHI
MPOSIBJISIETCS YK€ BEC MM HapyKHas Macca, HazbiBaeMasi OpHUIIMaIbHO
emi€ HeKoel cuioi TshkecTH. [Ipencrasisere, CKOIBKO HE pa3audeHui!

Takum 00pasom, B crapoil (opMmysie Cuiibl «M*a»  HCKAKEHO,
KpOM€ YCKOpPEHUS, U OHATHE Macchl. U, Bo-nepBhIX, B KaYECTBE MaCChI
3/leCh CTaBAT Ha CaMOM JieJe He MOJEKYISpPHYI0 Maccy «m», a
HApYKHYI0 Maccy Wik BeCc «M». Bo-BTOpbIX, yCKOpeHHE «a» B
Cily4ae BpaIlaTelbHOro JBUKEHHs Tela o0o3Hauaercs, kak «4mR/T?».
B cnyuae jxe mocTynaTenpHOr0 MM IUIOCKOTO JABM)KEHHUS Tema 3TO yxkKe
OTHOULIEHHE CKOPOCTH Tella K MUHUMAJIbHOM WM BpallATEIbHOU
mutensHoct «V/ty. A, B-Tperbux, B (opmyie «m*a» CTouT B
JCHCTBUTEIIBHOCTH JA)KE W HE HapyXHas Macca Hiu Bec «Mp».
Hampumep, BcnoMHHTE TONKaHME TeNeXKH. M3-3a mpuMeHeHUs Koyéc
3[lech TIOCTYNATEIbHOMY IBM)KEHHIO KaK Obl MOMOTaeT BpalaTelbHOE
nBukeHne Konéc. [loromy npumensieMas 371ech cujia HUKaK HE UCXOIUT
13 MOJTHOTO BEca TENEKKH C TPY30M, a TOIBKO 00pa3yeTcsi HM.

Pazinuenue cuiibl, €€ HCTOYHUKA U PA0OTHI CUJIbI. 371eCh
TOBOPUTCS O TOM, YTO
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1 Sanumamenvroe Paznuuenue.

- 1) B cTapoit dpM3nKe [0 CUX MOP HET ONpeseneHns CUbl.

Ho B3aumopgelicTBMe TeNl BO3HMKAET He BOJILLIEOHO, @ KaK pa3 3a CYET CUJbl,
MMeloLLel Bcerga BHYTPEHHE MM YaCTOTHOE MPOUCXOXKAEHWUE. DTO 3HAYUMT,
4YTO B3aMMoZeNcTBuMe Ten, onpeaensemoe, B YaCTHOCTU, NPOU3BeLeHNEM
MaccCbl Ha YCKOpPeHMe, —3T0 yKe paboTa C1/ibl, YTO 03HAYAET UCKANKEHME U
8mopo2o 3akoHa HbtoToHa. K ToMy ke ecTb paboTa BHYTPEHHsSA, KoTopas
MOXeT UaTh 1 6e3 BUAMMOro ABUKEHUA TeN, a ecTb paboTa HapyKHasa Uan
yKe BUAMMAA HaMm;

- 2) He pasnuyeHue cuibl U PaboTbl CUAbI NPUBOAUT U K MOJHOMY He
pa3/IMYeHUI0 MOHATUA UMMYAbCA CUbI, YTO U €CTb MMMYJILCOM WU
pPe3KOCTbIo cuibl. [loToMy —3TO KBaApaT uau rpaduyeckm chepa 4acToTbl
MCTOYHMKA CUbI;

- 3) He pasnnyeHue cubl U PaboTbl CUIIbl O3HAYAET U He pasnyeHne
paboTbl M SHEPrun ABUKEHUA NN HAPYXKHOM 3Heprun. U, xoTa paboTa u
3Heprva —3TO pasHble Belmr, HO B opuLManbHON GU3NKe Y STUX NOHATUI
OAMHAKOBasA Pa3MepHOCTb B AXKOYAAX.

T.o., Bac y)Xe He yIUBUT U TO, YTO B CTapol (M3UKe, OKa3bIBaCTCs
HeT JI0 CHUX TOp ompeaencHus cuibl U (opmynsl s He€! Benp
HOCKOJIBKY B (hopMyJTy «m*a» BXOAUT CKOPOCTh, TO 9TO 00O3HAUYEHHE
BOBCE U HE CHJIbI, a y)Ke pabOThl WU JieicTBUS Cuiibl! B oduruanbsHoi
¢u3znke u3-3a ATOr0 HET W PA3NUUYEHHS MEXKIy paboToil CHIBI U
Hapy>KHOM DSHEPruM WIM 3HEPTHM HApYXKHOro JeUCTBUA. Bbl Moxkere
BCIIOMHUTD WM 3arfITHYTh B YUeOHUK (DM3UKU U YBUAUTE, YTO paboTa u
9HEPTHUsl BHIPAKAECTCS B TEX )K€ €AMHUIAX — JDKOYISIX, a Gopmyma s
paboThl M OJHEPrUM OJHA W Ta JKe, KaK YMHOKEHHEe «m*a» Ha
HpOWUJIEHHBIN IyTb. HO BBl caMu IIOHMMAaere, 4TO 3TO HE CEPBhE3HO.
Bens Ha oguH M TOT ke 00BEM pabOTBI MOXKHO 3aTPAaTUTh COBCEM
Pa3HyIO DJHEPTHUI0 WM cleiaTh padoTy M OBICTPO, M MEIUICHHO.
[Mogo6Ho omHOW W TOW >Ke pabdOTOH MOXKHO MPOU3BECTH pa3HYIO
9Hepruio. Benp ecTh MOHsATHE UHTEHCUBHOCTH PaOOTHI.

[Toromy Hazmo paznuuaTh pabOTy CHIIBI M dHEPruio cuibl. [Ipuuém
€cTh BHYTPEHHSS paboTa (HampuMmep, Kak TOMbITKA CABHUHYTH TSHKENMBINA
KaMEHb) M €CTh Hapy)KHas paboTa wiu paboTa BHIUMOIO JIBUKCHUS C
pa3MepHOCTh B HBIOTOHaX. Tak K€ €CTh BHYTPEHHSS JHEprus, Kak
HayaJibHas XapaKTEepUCTHKA WCTOYHHMKA CUJIBI, paBHAas 4acTOTe, U €CThb
Hapy)XHasi DHEPrus YK€ BHIUMOTO JBWXKEHUs  (Hampumep,
KUHETUYECKasl) ¢ pa3MEpHOCTBIO B JDKOYJSX. DTHM JIaXKe U MOIIHOCTh
paznuyaercd Ha Hapy)XHYIO MM MOUIHOCTh JIBIDKEHHS U Ha
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I 3anumamenvrnoe Pasnuuenue.
BHYTPEHHIOIO MJIM HCXOMHYIO MOIIHOCTH (0 4éMm peub Hinke). M3-3a
3TOTO U GopMyna «m*g» WIH YMHOXEHHUE MOJIEKYJISIPHOM Macchl Tena
HA TPaBUTALMOHHBINA 3apsa (YCKOpEHHE), ONpEACNSIONNi Bec, - 3TO
HUKAaK He CHJIa TSKeCTH, a BeC WJIM HapyxkHas Macca. IHBIMU cioBamy,
OHa 1ojo0Ha He cuiie, a paboTe CWibl, HO OyJay4d U He paboToi, a
MMEHHO BECOM C Pa3MEPHOCTBIO B «KI».

Tak 4yro ke Takoe B nercTBUTENbHOCTH cuiia? COXMHUTE CHIIBHO
KHCTh CBOEH PYKH B KyJIaK U MOJEPKUTE ero Tak. M pazBe MOXKHO 371ech
npuMeHuTh Gopmyity «m*a»? 31ech HET HU MACCHI, HU JIBHXEHUS, HO
BeJb PyKa-TO YCTa€r. A 3TO TOJIBKO MOTOMY, YTO MJET HENpPEepHIBHBIM
MPUTOK HEBUAMMOM YacTOTHOCTHM WM CHJIOBOIO BEIIECTBA U3
OopraHusma, OT MCTOYHMKA cuibl. ECTh u nmpyrod mpumep. ITO yaap
TOKOM, KaK KOHTYPHBIM JBH)KEHHEM W3 HApYXHOIO CJOS 4YacTOTHOM
BO/bl. TOK TOXeE HEBUAMM, HO CTOMT KOCHYThCA OT'OJIEHHOTO MPOBOAA
0J1 HAIIPSDKEHHUEM, TO OH YJapUT TakK, YTO YK€ He MOKaKeTCsl MaJIo.

[TocmoTpuTe Ha N300paKeHHE YITPAKHEHUH 110 Pa3BUTUIO KUCTH PYKH.
PasBe 31ech neno B macce acnaniepa u B ero yckopennu? Koneuno,
Her. [IpukinanpiBaeMas cuiia 3aBUCUT OT YIPYTOCTH 3CHaHAepa U OT

WHTCHCUBHOCTH (MJIM TITyOMHBI U PE3KOCTH) €ro CXKaTusl.

<\

Ho crapas ¢opmyna «m*a» HUKaK He MOXKET OOBSACHUTH TaKHE
cwibl. Korma Mbl mbITaeMcs CIBUHYTh OTPOMHBIN KaMEeHb WJIM JaBUM Ha
HEero majblieM, — 9TO TOXXe paboTa CHIIOBOTO BaKyyMma MM CHJIOBOH
Cepbl, TONBKO - GHYympeHuss paboma Wi 0e3 BUAUMOTO JIBUKECHUS
tena. Benp mo0oe mpuiiokeHne cuiibl — 3TO M ecThb pabota. U 3xech
HpOSIBISIETCS. OT BHYTPEHHEM WM BPEMEHHOW DSHEPIMM Takas Ke
BHYMPEHHAA CUIA C Pa3MEPHOCTBIO B «KI'». Takas pa3MepHOCTh y Heé
MOTOMY, YTO OHa 3aBUCUT OT Hapy)XHOM Macchl WJIH Beca
nepeMeniaeMoro Tena, Ho He 00s3aTeNbHO OJKHA PaBHATHCS eMy (4TO
BBl TMOHSUIM M3 MpHMepa ¢ Tenexkoil). HaxaTtuem pykoill Ha KaMmeHb
MPOSIBIISIETCS BHYTPEHHSsI paboTa, Kak IMPOU3BEACHUE dTOM BHYTpEHHEH
WIH YacTOTHOM CHJIBI Ha JUIMHY OKPYKHOCTH B cepe BaKyyMHOI'O
CHJIOBOT'O YacCTOTHOI'O BeIeCTBa BOKPYr pyku. IloToMy pasmepHOCTH
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I 3anumamenvrnoe Pasnuuenue.
BHYTpEeHHeH paboTel — 3To «kr*m». DBeiTylomee xe HaydHoe
BOCIIpHATHE JaK€ TMOMBITKH CABHHYTH OOJNBIIOW KaMEHb BIIOJHE
CepbE3HO Ha3bIBaET 00pa30BaHMEM YCKOPEHHsI, 1aXKe eCii KaMeHb U He
LIEJIOXHETCS.

Pabora — oHa u ecTh paboTa, Kak MPUIOKEHUE CUJIBL. A cHjla — OHA
W €CTh CWJIa, KaK BUAWMAs HaAM XapaKTEPUCTHKA UCHOYHUKA CUTbL, O
KOTOpOM JaKe He yroMmuHaeT opunuanbHas ¢usuka. [Toromy cuma —
9TO HE «B3aMMOJCHCTBHE MEKIY TEIaMU», KaK HCKaKaloT B CTapoi
¢u3nKe, MOCKOIBKY JI000€ B3aMOJIeicTBHE — 3TO Yke padoTa cuibl!
MOYHO CKa3aTb, 4TO CHJIA MPOSBIsieTCs paboToM, Kak B3auMOJICHCTBHEM
MEXY TEJIOM U IIPOCTPAHCTBEHHON CTPYKTYPOU MOCPEACTBOM CHIIOBOM
chepbl (a HE MEXIY TelaMH), O3Hadas BEIMYMHY M HHTEHCHBHOCTb
MPUTOKA YaCTOTHOCTH OT HMCTOYHHMKAa CHiibl. VHaue roBops, cuia B
HallleM MHPE BUIMMO IMPOSBISETCS TOJBKO padoToi cuibl. Ho Benp u
ANEKTPOTOK  TaKKe MPOSIBJIIETCSL  TOJBKO €ro paboTol, XOTs
onpefelrMa W CTPYKTypa, M dYacToTa 3JeKTpoToka. VIMeHHO 3To
OTHOCHTCS M K CHJIE.

VY BHYTpeHHEH dHEepruM pa3MepHOCTh — 3TO YacToTa WiH «l/cex».
[MotoMy wmapyoscnas cuna WM yKe cujia JIBUKEHHUS ONPEAENIeTcs He
TOJILKO BECOM TeNla, HO W JJIUTEIbHOCTHIO TPWIOKEHHS HavyalbHOM
CHJIBI, TIPEIIECTBYIOMICH cujle BHYTpEeHHeH (Kak cujle CpEeAMHHOH 10
TPOSIBJICHUS ~ HApYXXHOH CHIJIBI, YXKe o0pasyloled JBHKEHHE).
HavanpHyl0 WM 4YacTOTHYIO CHIIy MOXKHO OOO3HAUYWTh CHUJIOBOH
4acTOTON C pa3MepHOCTBIO «1/cek», Kak 4acTbio BHYTPEHHEH SHEPTHH.

[IpencraBum cxemy oOpa3oBaHUSI CHIIBI Ha TMPHMEPE MOMHSTHS
mradry. LTanruct, HampuMep, TOJMBKO TOTJAa CMOXKET €€ TONKHYTH,
€CIM JUTUTENbHOCTh MPHJIOKEHUSI CHIIBI OYAET MEHbIIE WM XOTS OBl
paBHa JUIMTENBHOCTH CHJIOBOW YacTOTBL. A CHIJIOBas 4acTOTa, KakK BBI
MOHSUTM, YUCJICHHO paBHAa HadaipHOW cwie «Fuy», Koropas
ompezesieTcss BecOM  INTaHrW. [lpousBeieHHE  AJTUTEIbHOCTH
NPUJIOKEHUS] CHJIBI Ha CHJIOBYIO YacTOTy O3HA4yaeT MMITYJIbCHBIN
koo unment. I[lotomy euympennee ycnogue TNOAHSATHE IITAHTH U
BOOOIIE JTI000r0 MOCTYNaTENBFHOTO ABMXKEHUST — 3TO HE IMPEBHIIICHHE
UMIYJIbCHBIM KO (OUIIMEHTOM €MHUIIBI CEKYH/IBI.

W otHOmeHHE HayanbHOW CHIIBI K HMMITyJIbCHOMY KO3 QUIHMEHTY
«Kum.» o00pa3yer BHYTPEHHIOIO CHIy, MOJYYalollyl0 BCIEACTBUE
4acTOTHO-KOHTYPHOTO  IpeoOpa3oBaHus  (paccMaTpuBaeMoro B
KOHJICHCATOPHOM MHBEPCHUH, KaK 1/cek=1 Kr.) pa3MEpPHOCTb «KT.»:
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Fs. = FH./K.HM.

9T0 3HA4YUT, 4YTO BHYTPCHHAA CHJIa MOXKCT 6I)ITI) U HaMHOIo
OoJbliiee HAPYKHOW MaccChl MEPEMEIIAaeMOro Teja MM TOJHUMAeMOro
Beca, a JECHUCTBUTENIBHO IPUMEHSIEMAsi BHYTPEHHSS SHEPTUS IIPU 3TOM —
HamHo2o0 MeHbuie. BbIpakeHHE UMITYJIbCHOrO KO3 @HIMeHTa B
Pa3MEPHOCTH «CEK.» 00pa3yer umnynvCHylo OaumenrbHocms «tp.», Kak
MUHHUMAaJIBbHYIO (BpallaTelbHYI0) [UIMTETHHOCTD CHIIOBOM C(epHl.

B cBia3u ¢ 3TMM M Hapy)XHas WM JBWXKyLas CHJIa 33 CYET
HMHyHBCHOﬁ JINUTCIBHOCTHU MOXET CTAHOBHUTBHCSA HAMHOI'O 60HI)IH€ BE€cCa
nepemeraeMoro tena. [oToMy HapyXHas CWiia MM CHJIa JICUCTBHUS
«Fn.» ompenensiercss oTHOIIGHWEM BHYTPEHHEH CHIIbI K HMITYJIbCHOM
MJIATCIIBHOCTHU, YEM MOABJIACTCA BCIMYMHA HMITYJIbCA CUJIBI «pP», KakK
YK€ KBaJpaT OOpPaTHOM BEIMYUHBI HMITYJIbCHOW JUTUTECIBHOCTH WIIH
KBAJIpaT HMITYJIbCHOM YacTOTBI «Mp» C pa3MepHOCThIO B «l/cex®».
Hcxons M3 3TOro, UMIYJIbC CHJIBI M 00pa3yeT HpOCTPAaHCTBEHHYIO
cwitoBylo  chepy. A Hapykuyio cuiry «Fm» MOXHO BBIpasuTh
MMPOU3BEACHUECM HayaJJbHOM CHJIBI Ha UMIIYJIBC CWJIBI «p» B
Pa3sMEPHOCTH «KI/CEK>»:

Fn= FH*p

Takass pa3MepHOCTh HApYXHON CHJIBI YyKe B mpoiecce e€ paboTsl
COOTBETCTBYET M YAaCTOTHO-KOHTYPHOM pa3MEpHOCTH HalpsKEeHUs
MepeMeHHOro ToKa. Beap MMEHHO HampspKeHHE — 3TO CHJla TOKa,
BEIMYMHA JKe, OQHIMANbHOE Ha3blBaeMasi CHJIOH TOKa — 3TO B
NeWCTBUTEILHOCTH MHTEHCUBHOCTD €ro TeUeHHUs (HO 00 3TOM peub — B
3-eif rmaBe). IMEHHO Takyio HapyXHYIO CHIy, KCTaTu, W 3aMepseT
JIMHAMOMETD, a HUKAK He CHJIY B BUjIE «M*ay.

Paccmorpum 3TO Ha JpyroM, yxe ObITOBOM mpumepe. UToObl
MOJTHATH Beapo BecoM B 10KT., BaM Hy)KHa HauajbHas CHJa C YaCTOTOU
B 10 «1/cex» wnu B 10 repr. Takoil BenWYMHON €CTh U HEOOXOIMMas
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JUIL  9TOTO BHYTPEHHSAsA OJHeprus. UYTo 53TO Takoe, BBl MOXKeETe
norpoboBaTh caMu, MPOKPYTUB 3a OHY CEKYHAY JIecsaTh pa3 pykoi. Ho
€cli y Bac JOBOJBHO CHJIBHBIE PYKH, TO BaM M HE HYXHO TPaTUTh
TaKyl0 BHYTPEHHIOIO SHEPTUI0. Benp BbI MOXKETe MPOSBUTH MEHBIIYIO,
gem 0,1 cek. IIUTENBHOCTh MPHIOXKEHUS! CHIIBI (KaK WHTEHCHUBHOCTD
MPHUTOKA BHYTPEHHEN YHEPTHH ), 4UTOOBI OTOPBATh BEAPO OT MOJA.

[Toromy BHYTpEHHSSI U HapYyKHAS CHJIA, KaK MPaBHUJIO, MEHBIIIE Beca.
WU s momusATHA Beapa HaJo HE TOINBKO 00pa3oBaTh BHYTPEHHIOIO
SHEPrUI0, HO €lIE€ U CYMETh BBAATH €€ HAPYKY, KAK UMIIYJIbC, 32 CUET
JUTUTENBHOCTH TPHUJIOKEHUs cuiibl. [lonydaercs, 4YTO WMITYJILCHOR
JUTUTENBHOCTHIO MBI ITOCTOSIHHO MPOSIBIISIEM MENbYaiIlie AeCsAThIC 0N
CEKYH/IbI, JIaXKe HE 3aJyMbIBasIChb 00 3TOM. A 4TOOBI CABHUHYTH JHOOOH
peaMeT, Heo0XOIMMO BO3/ICHCTBOBATh HA HEro He 0oJiee CEKYHIBI (3TO
BBl MOKeTe TTonpoOoBaTk camu). U obpaTute 3/1eCch BHUMaHUE, YTO CUIIa
— 9TO BCerga TpHeauHoe oOpa3oBaHWe (HayaslbHAs, BHYTPEHHSS H
Hapy>KHas CHJia), UCXOJIIAasl U3 OIHOTO UCTOUHUKA. BHYTpeHHsIs cuna,
KaK BBI TIOHSUTH, MOKET ¥ HAYMHATH IBM)KEHHE, 3 MOXKET TPOSIBISATHCS U
0e3 BUIMMOTO JABHIKEHHUS. DTO KOTJa BBI, HAIIPUMEp, CKUMAITH KyJIaK.

[TockonbKy UIMTENBHOCTBIO TMPHIOKEHUS CHIIBI  (MMITyJIbCHOM
JUTUTENBHOCTHIO) ONPEAENAETCS U CHIIa BHYTPEHHSS, M CUJIa HapyKHas
(B MIHOBEHHOM TIpeoOpa3oBaHHWU CUJIBI BHYTpPEHHEW), TO MOXHO
MPHHATH WX PAaBEHCTBO, B KOTOPOM HMITYJbC CHIIBI (B pa3MepHOCTH
1/cex?) CTaHOBUTCS eduHuyell NPOCMPAaHCMEEHHO20 G3AUMOOCUCBUSL:
Ikr= 1xr/cex?>. Wmnymnbc cumbl, Kak OTHeNbHAas WM TPOSBICHHAS
BEJIMYHMHA, BOZHUKAET TOJILKO MPH yAape.

[TocmoTpuTe, pa3Be MOXKHO IO ATOMY H300paKEHHIO TOBOPHUTD, YTO
HMITYJIBC — 3TO IPOU3BEIEHUE CUITBI HA JTUTEIHHOCTD ?
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Ho B HbIHemHed Qu3MKe HMITYJIbCOM CYHTAIOT M KOJMYECTBO
JBUKCHUS (ITPOU3BEICHUE HAPYKHOW MacChl Ha CKOPOCTh), M JIaxe
MPOU3BEJICHUE CHJIBI Ha JUIMTENLHOCTh. [lomydaercs, uto yeM Ooibiie
BpeMsi, TeM Oonblie ummynbe! Kpome Toro, yxe 0oJHO 3TO TOBOPHT O
MTOJTHOM HE Pa3JIMYCHUU CTapOi (PU3MKON U MOHSATHS UMITYJIbCA, M CUITBI,
Y HEBEPHOT'0 BBIPAXKEHUS JIMHEUHOTO YCKOpeHHs. Bo-TepBBIX, UMITYIBC
3/1€Ch B OJJHOM ClIy4ae pacTer ¢ POCTOM JIIUTENBHOCTH, & B JIPYTOM -
YMEHBIIIAETCS, BO — BTOPBIX, B OJIHOM CIIy4ae UMITYJIbC PACTET C POCTOM
CWJIBI, & B IPYTOM — C POCTOM MAacCChl. A B-TPEThHUX, U B BBIYUCICHUHU
YCKOpEHHUS 3JeCh MPUMEHAETCS KaK pa3 HMMEHHO CKOpPOCTh, a He
Pa3HOCTh CKOpOCTEii!

HeBepHo ToBOpUTH 0 POCTE UMITYIBCA U C POCTOM JUIUTEILHOCTH, U
C POCTOM MAacChl, KOTJ]a €r0 Ha3bIBAIOT KOJIMYECTBOM JIBIDKEHUS. Benb
KaXJIbII CIIOPTCMEH 3HAET, YTO UMITYJIbC MU TONYOK — 3TO PE3KOCTH,
KOTOpasl TOJIBKO TOTJa MOXET ObITh PE3KOH, €CIM OHAa MPOSBIISICTCS 32
MUHHUMAJIBHYIO JIUTEIBHOCTh. Takke U C POCTOM MAacChl CIIOPTCMEHA
PE3KOCTh WJIM UMITYJIbC TOJIBKO YMEHBIIACTCS, TPUUEM U PACTET B 3TOM
cllydae 3a Ty K€ JUIMTEIbHOCTh HE CHJia, a padoTa CHIIbI CIIOPTCMEHA.
[loroMmy ¥ B OBITYIOIIEM BOCHPHUSTHH BpAIIATSILHBI MOMEHT
Ha3bIBAIOT MOMEHTOM HMIIYJhCa, YE€M BpAICHHE OTOXKICCTBIIIOT C
HMMITYJIbCOM. A BpaIlleHHE — 3TO B MIEPBYIO OUYEpPEh 4acToTa!

Be3 paznuueHns mOHATHS UMITYJIbCa 110 OQUIIMATBHON Pa3MepHOCTH
CHJIBI TIOJTy4aeTCs, YTO U4eM OOJIbIIE JUIUTEIBHOCTD €€ MPUIIOKEHUS, TO
TEM MEHbIIIe CTAHOBHUTCS cuia. Eciu Obl B IpUpo/ie ICHCTBUTEILHO TaK
00pa30BhIBAIACH CHJIA U UMITYJILC, TO HEBO3MOXKHO OBIJIO OBl HHKAKOE
neuxkeHue. [locMoTpeB B pa3/ielibl HbIHEITHEH U3UKH 00 UMITYJIBCE, BBI
YBUIUTE, YTO 3TO TMOHATHE BBeneHO Jlexkaprom u HpioToHOM, HO B
Ha3BaHUM KOJUYECTBOM JBroKeHUs. [lomyuaercs, uro HelOTOH, sSTKOOBI
HE pa3inyal MOHSATHE KOTUYECTBA JABMKCHUS U 3HAUYEHUE aHTIHICKOTO
CJIOBA UMITYJIbC (UTO 3HAYUT TOJTYOK, MTOPBIB), OYAyUr aHTJINYaHUHOM !

Ho, uro unTepecHo, u gmopoit 3axkor HeloToOHA B €ro COOCTBEHHOM
W3JI0KESHUH TOBOPHUT COBCEM HE 00 ONMPEICICHUM TOHATHS CHIIBI, a 00
WU3MEHEHUU KOAUUECBA OBUINCEHUSL:

N3meHeHne Koau4ecTBa JBUKEHUS IIPONOPLHUOHAIBHO
HNPUIOKEHHON JBIKYILEH CUIIE U ITPOUCXOJUT 110
HAIIPaBJICHUIO TOU NPSIMOM, 10 KOTOPOU 3Ta CUIIA JIEHCTBYET.
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OO6paTuTe BHUMaHKE, OH HE CKa3al TaK, YTO U3MEHEHHE KOJINYeCTBa
JBIKEHUSI Tella PaBHO ACUCTBYIOIIEHM CUJIE WM U €CTh €10, Kak
UCKaXaloT B opuIMaibHON (usuke. TaM MOTOMY BMECTO M3MEHEHUS
KOJINYECTBA JIBUKEHMs 3alMCHIBAIOT IPOM3BEIEHHME MAacchl Tella Ha
YCKOpEHHE, MOHMMaeMOoe CKOpPOCThIO M3MeHeHus ckopoctu. Ho Benp,
HampuMmep, TpH yaape cuily o0Opa3yer HaOpaHHOE KOJIHYECTBO
JIBUKEHUS, OTHECEHHOE K JUIMTEIBHOCTH yAapa, a HUKaK HE pa3HOCThb
KOJINYEeCcTBa JBIKEHUI 10 Hayana yaapa U Iepell HUM 3a KaKylo-TO
MUHUMAJBHYIO  JUIMTEIbHOCTh  COTJIACHO — O(UIMaIbHON  (u3MKe.
[MoroMy moctynarensHOe YCKOPEHHE MOXKET ObITh TOJBKO OTHOIICHHEM
CKOpPOCTH K MUHUMAJIbHOW JUIMTENBHOCTH, @ UMEHHO, - K JJIUTETbHOCTH
BpAIIIEHUS CHJIOBBIX TPABUTOHOB.

Tax BOT, TrOBOpS 00 W3MEHEHHWH KOJMYECTBA JBWKEHUS,
NPONOPLUMOHAIIBHOM TPUJIOKEHHOW JBWXKylleW cuiie, HbploTOH u
0003HaYa M3MEHEHNE KOJINYECTBa JBMKEHHS, YTO €CTh HE YeM WHBIM,
Kak paboroii cunbl! WMuHbIME cnoBamu, HBIOTOH emopwuiv 3axonom
orucal He CUIy, a Mepy paOOThl AEHCTBYIONIEH CHIIBI, HE pacKpbIBas eé
CTPYKTYpY Hu oOpa3zoBaHue. Benp u3MeHeHHe KOMHYECTBA ABMIKEHUS JI0
JIBUKCHUS U TTOCJIE — 3TO 0003HAYCHHE HEKOCH TOPIIMY TPOU3BEIEHHON
paboThl, TPOMOPIUOHAILHON TNPUIOKEHHOW JABWXKyHied cuie. B
ounmanbHON xe Qusmke BTOpOi 3akoH HbioToHa 00 ompenencHun
MepBI ABMKEHHUSI WIIM MEPBI pa0OThI IEPEMHAYMIIN B ONPEIICHHE CHIIBL,
YTO YK€ MO>KHO Ha3BaTh MOAJIOroM!

[Monywaercss, uro aOCypll TMOCTYNaTeNbHOrO YCKOPEHHS, Kak
CKOpOCTH M3MEHEHMsI CKOPOCTH, BBIIYMaHO yxe mocie HbioToHa mim
Mocyie MCKa)KEHHUS CMBICIIa €ro BTOPOTo 3aKOHA. A MPOU3BEEHNE MACChI
Tena Ha O(UUIMANBFHO TMOHMMaeMoe  IOCTYNAaTelbHOE YCKOpEHHE
o0o3HavaeT He CHIly, a paboTy CHJIbI, OyAydd MpPHU 3TOM JIHIIbL y3KUM
WIH YacTHBIM Clly4aeM st ompeneneHus padotsl. T.o., HeroToH He
CTajl BBIABIISATh WCTOYHUK CHJIBI M €€ 00pa3oBaHWE, OCTaBUB 3TO
Paznuuennto. OH 0003HAYMII TOJIBKO MEpY MACHCTBHS TMPHIOKEHHON
JBUOKYIIEH CHIIbI Wi e€ pa0doTy M J00aBUI B ero «MaremMaTHUeCKUX
Havajgax  HaTypajdbHOW  ¢umiocopum», UTO  «IPOHCXOXKICHHE
MPHUIIOKEHHOH CHIIBI MOXKET OBITh Pa3UYHOE: OT yaapa, OT JaBJICHHS,
OT IIEHTPOCTPEMUTENbHON cuibl». VHadue TOBOps, OH HE pa3IuYMII
KOHKPETHO caMy CHJIy W pa0OTy CHJIbI WK €€ JEHCTBUE, TOBOPS, UTO
«TIPWJIOKEHHAs CUjla ecTh JecTBHEe, MPOU3BOANMOE HaJ TEJIOM», HO
nuist 17-ro BeKa ero 3aKOHBI U Tak ObIIIM HEBUJIAHHBIM HOBIIECTBOM. Tem
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Oonee, CTPYKTYpYy CHIIBI HEBO3MOXKHO paccMaTpuBaTh paslenbHO OT
paboter cuibl. Tarke M 0 cuje Henb3s T'OBOPUTH, 3a0biBasg 00 eé
HCTOYHHUKE.

He pasnuumna 3To 10 CHMX MOp W HBIHEUIHSS HayKa, NMPUHUMAsd
obozHaueHne HploToHOM paboThl CHIIBI, UAYIIEH «IPOMOPIHOHAIBLHO
MPHUIIOKEHHON ABHKYIIEH cuiie», SIKOOBl ONMMCaHHeM 3Toi cuibl. U
HIKOJILHUKAM «OOBSICHSIIOTY, YTO MPHIIOKEHHUE CHIIBI K HEMOABHIKHOMY
00bEeKTy O3Ha4yaeT HE HEAOCTATOYHYIO Ui JTOr'0 YacTOTy CUJIBI H
WHTEHCHBHOCTh MPUTOKA 3TOW YacTOThl, & «MHUHHMAaJIbHOE YCKOPEHHE,
HEJIOCTAaTOYHOE IS JABMXKEHUSI 00beKkTa». VHBIM clloBaMH, yCKOpEHHE
€CThb, a JABI)KEHHUS HeT. Xopollo ke «yckopeHue»! ['oBopsr, 4ro, Mo,
MaJieHbKas Macca, - OONbIIoe yCKopeHue, Oonbpliasi Macca, - MaJleHbKOe
YCKOpPEHUE NpU TOM K€ cuje. Tak 3TO M O03HA4aeT TO, YTO B TaKOM
TIOHSITUH CHUJIBI U YCKOPEHUS HE TOJIbKO HE pa3InyaroT UCTOUYHUK CHIIBI,
EIUHBIA C CHIJION, HO M YOSXKIAIOT IIKOJIHHUKOB O HAJIMYUHU YCKOPEHUS
Ja’ke TOorna, Korja OOBeKT, K KOTOPOMY NPWIIOKEHa CHila, JaXe He
KOJIBIXaEeTCsl.

B3risiHuTe Ha PUCYHOK, TI€ B TIEPBOM CiIy4ae ToIb(GUCT ObET 1Mo Msdy,
a BO BTOPOM — I10 TPpY30BUKY. [ py30BHK OCTa€Tcs Ha MECTE, 3HAUHUT,
HEKOE ero ycKopeHue 1o opuiuanbHol Gu3nke GakTHIECKd PaBHO
HyJo. Ho Beb Toraa u cuia JomkHa ObITh OJIM3KON K HYJIIO, ITYCTh
nake y ronbducTa 1 Kiromka ciomaercs. Kak TpyiHo mociie Takux

HCKaKeHUM CTPEMUTHCS K UCTHHE!
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B ObITyIO1IEM BOCHIPUSATHH MOyYaeTcs, YTO [0 pa3MepHOCTH paboTa
— 93TO HBIOTOHBI, TIOCKOJIbKY, KaK BBl YK€ pa3linvaere, oQHUIHAIbHOE
MOHSTHE CUJBI — OTO YK€ M €CTh YaCTHBIM ciydail paOoThI.
OdurmaneHo ke padoTy ONPENCSIOT YMHOXCEHHEM IPOU3BEICHUS
«m*a» na paccrosuue. Ho crapas ¢opmyna paboThl HeCEphE3HA W
MOHUMAaHHUEM JIMHEHHOTO YCKOPEHHWs, Kak aOCypIHBIM OTHOIICHHEM
W3MEHEHUS] TIOCTYNATeNbHOW CKOPOCTH K MUHUMAIBHOH, a 3HAuYuT, K
UMIOYJIbCHOH JUIMTENbHOCTH. Beap TOrma Hago pa30ouBath BCE
MPOMJIEHHOE paccTOSHUE Ha OTIENbHbIE MHOTOUUCIEHHBIE OTPE3KH U
ONPENeNsITh Uil KaXJIO0ro OTpe3Ka 3HaueHHe O(QUIMAILHOTO MOHSTHS
cunbl. [IpruuéM M BO3MOXKHO 3TO, Kak Bbl YK€ IMOHSJIU, TOJIBKO CO
CIIHJIOMETPOM.

IToromy neiicTBUTENBLHOE 00O3HAaYeHHE paboThl «A» — 3TO
MPOU3BEJIEHNE HAPY>KHOW CHUJIBI Ha MPONAEHHOE paccTosHue «S» . T.e.,
- B Pa3MEpHOCTH «KIr*M/cek?» W B BEPHOM BBIPAKCHHUH CHIIBI U
pacctosHUSL  «S», Kak OKBHBaJeHTa JOyI'd  MOJIYOKPYXHOCTH
MpUKIabIBaeMOl cuiioBoi cdepsl. M 1r000i denoBek, He 3HAKOMBIH C
ohpuManbHON (QU3HMKOM, CKaXKeT, YTO CMBICI padOTBl — 3TO CKOPOCTh
MPHUIIOKEHUS CHIIBI, 2 HUKAaK He TMPUJIOKEHWE CHUIIBI K PacCTOSIHHIO. A
BOT BTOPHUYHOE NPUIOKEHHE MPOU3BEAEHHOW pabOTHl K PACCTOSHHUIO
O3Ha4yaeT NPOSBICHHYIO HAapyXHYIO OHEpPruio (M TO TOIBKO, Kak
SHEPTHUI0 KUHETUYECKYH0). B crapoii e (usuke He pa3inudaroT padoTy
W DHEPTUI0, BBIpaXKasi KX B OJHON pa3MEpPHOCTH WM B JDKOYIIsIX. Kpome
TOTO, W DHEPrHI0 HE pa3iuyaroT Ha BHYTPEHHIOID H HapYXHYIO
SHEPTUIO0, HE TOBOPS YK€ O HE pa3IMueHUH OOIEro MOHSATHS Hapy>KHOU
SHEPTUU U YaCTHOTO MOHATHS KHHETHYECKOH SHEPTUH.

Pazaunyenus Tperbero 3akona HeoroHa, BpameHus
U JHEeprui.

Bbl y)ke NpounTanu, YTo UCKaKatoT B 0PpuLIManbHOW GpU3MKe NepBblid 3aKOH
HbtoTOHA, Koraa NPMHUMAOT paBHOMEPHOE ABUMKEHME U30/IMPOBAHHOTO TeNa
HEKMM BEYHbIM ABUNKEHUEM, XOTS CAMM 3HAIOT, YTO HE MOXKET BbITb BEYHOrO
asuratens. MoTomy paBHOMeEpPHOe ABUKEHUE U30/IMPOBAHHOTO
MOJIEKY/IAPHOTO Tesa, BO-NEePBbIX, BCErAa CTPEMUTCA ObITb BpaLLaTeIbHbIM, @
BO-BTOPbIX, BCErAa 3aTyXaeT. TO FOBOPUT O TOM, YTO cTapas ¢usmka BoobLue
He pasnyaeT ABUXKEHNE U He ABUKEHMeE. M 3TO NoToMy, YTO He pasainyaeTt
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BAKYYMHbIV MU, FAe ABUKEHWUE MU KU3Hb — 3TO €ro HenpemeHHoe yciosue
CYLLECTBOBaHWA, M Halll HAZIBaKyyMHbI Mmup, rae ntoboe asuxkeHue 6es3
BHELUHero Bo34eMCTBMA PaHO UM NO34HO 3aTyxaeT. He pasiMuyaeT HblHewHAsA
du3MKa M YacTULbI BPOAE 3/EKTPOHOB, NPUHa/Iexalume yike 6obLue
BaKyyMHOMY MMUPY, OTYETO OHU AEWCTBUTEIbHO NOCTOAHHO ABUNKYTCA, U
MOJIEKYIAPHbIE TENa HALLEro MMpPa BPOLE MAYMKOB M KAMHEN, KOTOPbIN
BCeraa OCTaHaBAMBAOTCA. MICKarKaloT M BTOPO 3aKOH HbloTOHa, rae oH
roBOpPMA 06 N3MEHEHMMN KOIMYECTBA ABUMEHWSA, @ 3HAUYUT, - 0 paboTe cubl, a
He 0 CaMoWi cue. DTUM BMOJIHE OXMAAEMO UCKAKEHMWE TaKKe U TPETbero
3aKoHa HblOTOHa 0 paBeHCTBE AeNCTBMA NPOTUBOLENCTBUIO.

K npaBae KuHeTHYeCKO# JHEPIUM U PABEHCTBA e CTBUSA
NMPOTUBOACHCTBHUIO. 3/1€Ch TOBOPHTCS O TOM, YTO

- 1) KUHETUYECKas IHEPrna — 3TO NNLUb ONpeaenéHHbIN BUA, HapyKHOM
3HEeprMu, a KPaBHOYCKOPEHHOE ABUKEHME», KOTOPOrO HET B NpUpoAe,
cneumanbHo BblAYMaHO ANs AKO6bl 06bACHEHWA BUAa Gopmy bl
KWHETUYECKOW HEepruu;

- 2) mpemuli 3aKoOH HblomoHa UM PaBEHCTBO AENCTBUSA
NpPOTUBOAENCTBMIO A0KA3bIBAET MMEHHO YaCTOTHO-cdepmnyeckoe
obpasoBaHMe CUblI UK CUNOBOW Chepbl NPU NPOABAEHUMU NHOOBOI CUNbI.
MoTomy pencrTene M NPOTMBOAENCTBME — 3TO HE OAMHAKOBbIE U
pa3HOHaMnpaBAEHHbIE CUJIbl, KaK UCKaXKatoT B cTapoit du3nke, a
npoABAEHME YaCTOTHO-CHEPUYECKON CTPYKTYPbI N1060M cunbl. MpossieHne
YK€ CUNbl — 3TO M ecTb paboTa cunbl, a B NeTIe06pasHOM ABUKEHUN
CUNOBbIX FPAaBUTOHOB, ABUTAOLLMX TE/0, HOPYIHO Habaogaemas paboTa
COCTOWT M3 ABYX PaBHbIX U 0BPATHO HaNpPaBAEHHbIX NOYOKPYXKHOCTEN,
NPUYEM NPU ABUMKEHUM - YIKE B BUAE CUHYCOUAbI;

- 3) BeC —3TO He cu/ia TAXKECTH, a paboTa UM NPosABAEHME BECOBOM
rpaBUTaLMK, @ MOCKOJIbKY BEC BbIPAXKAETCA B «KM», TO No dopmyne «m*g»
pa3mepHOCTb COBCTBEHHO MacChl UM MOJIEKYIAPHOM MACCbl TeNla — 3TO
«Kr/cek?/m». B HbIHELWWHe ke GpU3MKe HET pasandeHns Beca uam
HapYyHOW, rPaBUTALMOHHOM MaCCbl U MONEKYNAPHOIN Macchl
(HasbiBaemoW opuLLMaNbHO MHEPTHOM, XOTA M MHEPLLUA — 3TO COBCEM
Apyroe).

88 _Pasmuuenue Qusuky u acmponomuu.




1 Sanumamenvroe Paznuuenue.

Beab oduLMaNbHbIN 3TaNOH Maccbl — 3TO NAaTUHOMPUAMEBan rmps. N He
NMOHATHO, YTO B3BELUMBAIOT: MAcCy UK Bec? [OTOMY eCTb 3Ta/IOH TOJIbKO
BECA WU FPaBUTALMOHHON, HAPYXKHOM MaccCbl. ITA/IOHA e MOJIEKYNAPHOM
WM cOBCTBEHHO Macchbl ObITb HE MOXKET, MOCKO/IbKY OHa 3aBUCUT U OT
onpeaenéHHoOro maTepmana v oT 3Ha4YeHUA MOIEKYAPHOrO 3apAaa.

BbI BUUTE, YTO UCTUHHOE BBIPAKEHUE JUIsI HAPY>KHOM pabOThI HITH
paboThl CUIIBI JBM)KCHUS MOKA3bIBACT, YTO BBIPAKCHUE YCKOPCHUS IS
MOCTYNATEIBHOIO JIBWXKCHHSI MOXET OBITh TOJIbKO OTHOIICHHEM
CKOPOCTH TeJia, HAOpaHHOW TEJIOM JO ONPEACIEHHOI0O MOMEHTA, K
HMMITYJICHOM JUTUTEIBHOCTH CHIIBL. [IpruéM uMITysbCHas JUTMTEIBHOCTD
— 5TO BpamarenbHbli 1epuon  «2TR/V»  CHIOBBIX TPaBUTOHOB,
MPOSIBJIIEMBIX OT TOUKH MPHUIOKEHHs cuiibl. CKOpOCTh K€ Tena Beernaa
SKBUBAJEHTa  BpallaTelbHO-METIICO0Pa3HOH  CKOPOCTH  CHJIOBBIX
TPaBUTOHOB, MEPEMEIIAIOIINXCsl BMeCTe ¢ TenoM. [loTomy 1 IyTh Tena B
(hopmyse pabOThl — 3TO SKBUBAJICHT CIOKCHHS B OJIHY TETICO0PA3HYIO
LEMOYKY OKPY>KHOCTEH CHJIOBOTO BaKyyMa, KaK YaCTOTHOI'O BEIECTBA.

W 3pecy mosBisieTcss odepeqHOE HE pa3iuueHHe B OQHIHAaIbHON
¢uzuke. [leno B TOM, 4TO KHMHETHYECKasl SHEPTUS — 3TO TOJIBKO BH]
HapyXHOH SHEPrHM WM HE OOIIEee BBIPAKCHUE DHEPTHH, BBIJICIACMON
MPU TOCTOSIHHOM JIBUXKCHHH, a, KaK MPaBUJIO, HAKOIUICHHAs JIO yjuapa
sHeprusi. [lomyuaercsa, uto B crapoil (u3nMKe HET Jaxke U oOmiero
OIIPENICIICHUST HAPYKHOM 3HEPruu JABMKEHUS (HO 0 4éM pedb Jaiblie)!
Tak BOT, B KHMHETUYECKOM DSHEPrUM JJIMHA IIyTH, HAa KOTOPYIO
YMHOXKAETCS BEJUYMHA pa0oThl Tena (OUIUMAIBHO CHIIBI) — 3TO
SKBUBAJIEHT YK€ HE CyMMBbI YaCTOTHBIX OKPYKHOCTEH CHIIOBOTO 3¢upa,
KaK B UWMIYJIbCHOH JUIUTEIBHOCTH, @ - CYMMBI KOHTYPHBIX
HONYOKpYX)HOCTeH «TR». DT0 03Hauaer yxxe Oonblie HApYyKHOE WIH
TUTOCKOCTIMPAJIbHOE HE BpalleHHWe, a KaueHHE CHIIOBBIX T'PABUTOHOB,
MepeMeNIarInuX Teo (B INIOCKOM BHUJIE 3TO NOJJOOHOE CHHYCOU/IE).

Ho mockonbky KMHETHUYECKasi SHEPTHs MPOSBIISICTCS, KaK MPaBHIIO,
NPy yJape Tel, TO U HE HaJ0 TaKUX CIOXKHBIX pa3nuyeHuil. Benp npu
yaape oOpasyercsi KOHTypHasl JUIMHA KOHTaKTa, BCEra SKBHBaJICHTHAS
MOJYOKPY)KHOCTH ~ CHJIOBOTO ~ Bakyyma  «TtR». Uro »3T0 TaK,
JIOKa3bIBACTCSl BUJIOM KHHETUYECKON 3HEPTHH, TJAC BIPYT IMOSBISACTCS
NBOIKa B 3HaMEHAaTele 10| KBaJpaTOM CKOPOCTH, XOTSI MaTeMaTHYECKH
e€ U He JOKHO ObLIO OBl OBITh. OQUIMATBEHO 3TO «OOBACHISTCS»
TaKKE€ HAJyMaHHBIM «PaBHOYCKOPCHHBIM JIBI)KCHHUEM». B HEM
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MPUMEHSIOT, HalpuMep, HadalbHOE MpHpaliCHUe MyTH (HAYaJIbHYHO
OTMETKY B 3aMepe) M CIEAYIOIlee MPHUPAIICHUEe, CKIAJBIBAIOT WX U
JISIIAT TI0T0JIaM, YTOOBI MOSIBUIIACH 3Ta JIBOKKA B (hopMyJie, MOTyIeHHON
B pe3yibTate omnbiTa. M ecnu mnpupaiieHne paBHO MNpPeAbIaylIen
OTMETKE, CKaXkeM, MATH MeTpaM, To (5+5)/2=5, yeM nBHKEHHE Bcerna
BO3BpalllaeTCs Ha MPEAbIAYLIYI0 TOUKY. M 4TO 3TO 32 paBHOYCKOpPEHHOE
WJTU UAYIIEeE C TOCTOSHHBIM «YCKOPEHHEMY JBIKEHUE? DTO OTCYTCTBHE
JBIDKEHUSI, HE TOBOPS Y€ O TOM, YTO KHHETHYECKas SHEPTus Io
ounmanbHON (PU3KMKE MOYEMY-TO JODKHA TOSABISTHCS TOIBKO B 3TOM
a0CypJIHOM «PaBHOYCKOPEHHOM JIBIOKEHHM». [I0TOMY B TIpUpOJIE U HET
HUKAKUX MPUPAIICHUM, OHU €CTh TOJILKO B MaTeMaTuke!

BoT BHJI KHHETUYECKOM WM HAPYKHOU 3HEPTUH, YCTAHOBICHHBIN
MyTEM OMBITA WK SKCIIEpUMEHTANBHO. 1 4TOOBI 00BIACHUTH MOSIBIICHUE
JBOWKHM (KOTJja YMHOXAalOT OTHOLIEHHE CKOPOCTH K JUTUTENIbHOCTH Ha
paccrosiHue), ¥ MPUOETIN K BBIAYMKE HEKOETO «PaBHOYCKOPEHHOT0
JIBUKEHUSI.

B 1eificTBUTENLHOCTH K€ MOSBIEHNE IBOMKHM OOBICHSIETCS TEM, YTO
MyTh Tela B (OPMyJie KHHETHYSCKOW DHEPTUU — ATO, KaK Bl MOHSIIH,
9KBUBAJIEHT TOIYOKPYKHOCTH «TTR», a BOT MMIyIbCHAS TTTUTENBHOCTD
— 3TO BpallaTEIbHbIA MEPUOL Q2nR/Vy» cunoroit cteprl. MuabiMu
CJIOBAMH, €CIIM B NPOU3BENEHUU ODHUIUAILHOIO BRIpOKEHHs «M*ay Ha
MIyTh BBIPA3UTH JUIMTEIHLHOCTh B YCKOPEHUU «a» Yepe3 BpalllaTelIbHBIN
MIEPHO/I, @ CONPATAEMBINA C YCKOPEHHUEM ITYTh — MOTYOKPYKHOCTHIO, TO U
MOSIBJIICTCS. JIBOKMKA B 3HameHatene. [Ipu 3TOM 00paTuTe BHUMaHUE,
YCKOpEHHUE 37IeCh — 3TO OTHOIIEHHWE CKOPOCTH K MOMEHTAJbHOM WIIH
BpaIaTEIbHON TUTEILHOCTH, a HUKAKOM HE pasHOCTU CKOPOCTEH. ITO
eré pa3 ropoput 00 aOCYpAHOCTH MOHSATHS JIMHEHHOTO YCKOPEHUSI.

ITogobHO mckaxaercs U mpemuil 3axon Huiotona. DTo 3aKOH O
PaBEHCTBE IEWCTBUS U IIPOTUBOACUCTBUS. W BBI yK€ pasjvyaere, 4ro
Ha caMOM Jelie — 3TO 3aKOH HE O PaBEHCTBE HEKHUX CHJI JCUCTBHUS U
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MPOTUBOJCHCTBHS, a O paBEHCTBE HWMEHHO pabom JCHCTBUSA WU
npotuBojeiicTBusl. JIro0oe JeiicTBHEe CTAHOBUTCS PabOTOM, YTO HUKAK
He pa3nuuaroT oduimansHo. M, 4dro uHTEpecHO, Bemb W HblOTOH
TOBOPIJI HE O HEKUX CHJIaX JCHCTBUS U MPOTUBOACUCTBHS, a UMEHHO O
Oelicmeuu  u npomugodeticmeuu. B HaJABaKyyMHOM CIIO€ HAIIEro
MIPOCTPAHCTBA IBMXKEHUE TPABUTOHOB, KaK BBl YK€ pa3jndacTe, CHavaua
MIPOSIBIISIETCS OKPY>KHOCTBIO.

[Toromy u o00pa3oBaHHME CHJIBI MOXHO PacCMaTpUBAaTh B BUJIC
CUN0BoI cghepbl WM CUIIOBOTO y3Jia. DTO HapykHas cepa HapyKHOM
CWIbI, 3aTeM MOJ Hel uaér cdepa HA4YaNbHOW CUJIBI U B LEHTPE
CHWJIOBOT'O y3Jla — BHYTpEHHsis cwia. Pabora ke cuibl — 3TO U €CTh
CHayaJla BpallleHHe, a 3aTeM IMOCTyHaTelbHOE KaueHHUE HTOU CHUIIOBOM
cdepsl (4TO MPOSABISET, KCTATH, HAPYKHYIO dHepruio). M B miockom
BHJIC — 9TO BCE COCTABISIECT OKPYKHOCTh C ABYMS BEKTOpPaMHU BBEPXY U
BHM3Y €€. BEeKTOphl NPUIIOKEHBI KaK Obl K JBYM IOJYOKPYKHOCTSAM U
HalpaBJCHBl B pa3HBIE CTOPOHBL. BOT 3TUM U ecTh JeicTBHE U
npotuBojeiicTBue! Benb TONMbKO Tak MOWIET W BpallleHHUE CHIOBBIX
IPAaBUTOHOB, M MX TETICOO0pa3HOE JIMHEHHOE KayeHUE, MOCKOJbKY TaK
Bparaercs u Jirobas chepa u 1r0d0e KoJieco.

ITo aTOMy pUCYHKY MOHSTEH HE TOJIBKO AEMCTBUTENbHBIN CMBICI
PaBEHCTBA ICUCTBUS U IPOTUBOACUCTBUS, O3HAYAIOIIEE HAYalI0
JIB>KEHUS, HO BUJIHO, YTO TPETUI 3aKOH HbIOTOHA JJOKa3bIBAET UMEHHO
YaCTOTHOE WJIM BHYTPEHHEE TPOUCXOKEHNUE CUIIBI.

A.n.

_|_

\ 4

T.o., €QMHCTBO JAEUCTBUS WU NPOTUBOJACUCTBUE O3HAYaeT BpalICHUE
CWJIOBBIX TPaBUTOHOB, IepeMeniarimux teno. [loromy pabora cuiibl
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JBIDKEHHS — 3TO BCerja paBHbIE M OOpaTHO HarmpaBlIEHHBIE PaOOTHI
JeWCTBHS ¥ POTHUBOACHCTBYS BO BpAIlleHUH CHUIIOBOHM c(ephl, HO HUKAK
He paboThI Tena Uik JBYX Tell.

[Tpu 5TOM Kak Obl BakyyMHasi paboTa CHUJIbI IBUKEHHUS — 9TO TIOITHOE
BpAIllCHHE CHJIOBOTO BEIIECTBA WIJIM CHIIOBBIX TIDaBUTOHOB «27», a
paBHbIe pabOoThI JEHCTBUS M MPOTHUBOACHCTBHUS COCTABIISIIOT 3Ty padoTy,
KaK JIBE TOIYOKPYXHOCTH «7T». OHM O3Ha4aloT yK€ KOHTYpPHOE WIH
HAJIBAKyyMHO€ JIBUYKEHUE CUJIOBBIX TPaBUTOHOB. B 3TOM M 3aKitouaercs
€AMHCTBO M CBsI3b HAIIEr0 HaJABAKYYMHOI'O MJIM MOJIEKYJIIPHOIO MUPA U
BaKyyMHBIX HEBHJIUMBIX cpef. OTcioga modydaercs, 4YTO HaJo
pasiinuaTh 6HympeHHee yCcaio6ue Hadalla IBU>KEHHUS, KOTJa UMITYJIbCHBIN
ko duimeHnT He Oonbllle ETUHHIBI JUTUTEIBHOCTH WU CEKYHIBI, U
HapyJiIcHoe WU 6HeulHee ycaogue Il JBUKECHHS, KAK MMEHHO Haludue
paBEHCTBA B JEMCTBUM U NMPOTUBOAECUCTBMU. HbIOTOH, HE 3HAKOMBINA C
[IOHATUEM DJIEMEHTAapHBIX YACTHI, YaCTOTHOCTH, KOHTYPHOCTU U
CUJIOBBIX TPaBUTOHOB, OIIPENENSIL, KOHEUHO, TOJIBKO HAPYKHOE YCIIOBHE
nwkenns. Crapas ke (Qu3MKa 3TO Hapy)KHOE YCIOBHE Cenajo
aOCOJIOTHBIM, TIPUBSI3aB €0 HE K BHEIIHEMY BO3JICHCTBHUIO, a K CAMUM
Tenam.

[Toromy B ohHIIHATBHOM H3JI0KEHUH U TOJyYaeTcsl, 9TO OJJHO TeJO,
Jla’ke ecl OHO He JKHMBOE, BOJIIEOHO (KaK JKMBOE) MPOTUBOJCHCTBYET
Jpyromy, NpuuéM ¢ paBHOM cuioil. M BbI CHOBa BUJNTE, YTO €CiM OblI B
MpHUpOAE ACHCTBHTEIBHO OBUIO O(GUIMATBEHOE BOCHPHUSATHE CHIIBI, TO
HEBO3MOXKHO ObLTO OBl U JBMKeHHE. HbI0TOH mucal, 4To «eciy JIomaib
TalIUT KaMeHb, NMPHUBSI3aHHBIA K KaHATy, TO © OOpaTHO OHA C PaBHBIM
YCUJIEM OTTATUBAETCS K KaMHIO». A 3TO M 3HA4UT, YTO TJe-TO B LIGHTPE
XOMyTa JIomajau o0pa3yercs CUJIOBOM y3en. B crapoii ke dusuke B
XHTPOCTH HWCKaKEHHsI MPUHUMAIOT HE HaoOOpoT, dYTO KaMeHb
OTTSATHUBAETCS OT JIOMIATU (IIOCKOJBKY TOTJa YX SIBHO HE IOJIydaercs
JBIDKEHHS), & YTO OH CaM Mo ce0e mepeMelaercs Mo HarmpaBJIeHUIo e
JIBUKEHUS.

ITocmoTtpuTe Ha PUCYHOK, Kak HckaxaroT HetoToHa. Beap 31ech BMECTO

BTOPOH CTPEIIKH, IPUIOKEHHON K YIIPSKU JIOIIAU U HAIIPABJIIEHHOM 110

e¢ ABMIKEHHIO, M300pakeHa cTpelika oT caneil. OnsaTh BodMEeOCTBO, Te
CaHH €AyT CaAMH.
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[Moromy B odunmanbHOM (QU3MKE H NPUKIAILIBAIOT  JBa
pa3HOHAMPABIEHHBIX BEKTOPA OJMHAKOBBIX CHII K IBYM Pa3HBIM TEJaM.
A TOTOM caMHu CHpaIIMBAIOT ce0s, MOJI, «KaK e 37ech MOoIydaeTcs
nBrokeHne?» M He Haxojas OTBeTa, XUTPAT, YTO OJMHAKOBBIE CHIIBI HE
BCErJa «IPOM3BOIAT OJWHAKOBBIC JEHCTBHUS» WA «OOBICHSIIOT
JBIDKEHHE BONIIEOCTBOM. Beib paBeHCTBO CHJI M €CTh PaBEHCTBOM, a
MPOTUBOIMONIOKHOE WX HAMpaBI€HWEe W €CTh IMPOTHBOIOIOKHBIM.
IToroMy HWKakHe WCKOKEHHS HE MOTyT HW30aBUTh OT WCTHHBI
YaCTOTHOTO WM BaKyyMHOTO TPOUCXOKIeHUs cuibl!l Bor Tpermii
3aKOH, W3JIOKEHHBIM camuMm HproToHOM: «JlelicTBUIO Bcerja ecrh
paBHOE u MPOTHBOIMOJIOKHOE MPOTHBOIEHCTBHE, WHaye,
B3aMMOJICUCTBHS JABYX TEN JAPYr Ha JApPyra MeXTy COOOW paBHBI U
HATPABJIEHBI B IPOTHBOIOIOKHBIE CTOPOHBI».

370 M 3HAUNT, uT0 HBIOTOH mpembum 3axonom onrcan He paBHbIE U
MPOTHUBOIOIOKHO HAMPABJCHHBIEC CHJIBI, MPUIOKEHHBIC K KaXJIOMYy U3
Ten, a (akTuueckun OOO3HAYMII CTPYKTYpPY padoOTBl CHJIBI B BHUJE
CHJIOBOH c(epbl MM CHIIOBOTO cepuueckoro ysna. Beap crpykrypa
CHJIBI TIPOSIBIISIETCSl HepaslenbHo OT e€ paborel. IloToMy s3BIKOM
Paznmuyenus Tpetwit 3aKOH MOXHO C(HOPMYJIUPOBATH TaK: «paboma
mobou  cunbl 3@ Cuém  4ACMOMHO-CHepuyeckol  CMpYyKmypul
npocmpancmea  0opaszyem uYacmomHuylo Ccuiogyio cgepy, epawyenue
KOMOpOU U 03Hauaem pagHoe U NPOMUBONOIONCHO HANPAGIEHHOE
Oelicmeue u npomugodeticmeue». VIHaue TOBOps, Oelicmeue u
npomusooelcmeue — 3MO  0003HAUEHUe eOUHOU, da  3HAYUM,
cpepuneckoli cmpykmypovl pabomuvl a1000U CUTbI, NPUTONHCEHHOU K
KaKkomy-iubo meny, 6 6ude NpumoxKa CUlo80l HACTMOMHOCU OMm
ucmounuxa cunvl. B opumanbHbIX )Ke CIeICTBUIX K 3akoHaM HproToHa
BOOOIIE ypaBHUBAETCS MPOU3BEACHUE JIBYX MacC U JIBYX YCKOpPCHHIA,
HATPABIEHHBIX B pasHble CTOPOHBI. M BBIXOAWT, YTO JBa TeNa
pa30eraroTcs B pa3HbIC CTOPOHBI.
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OOpaTHTe BHUMaHHE Ha MPUBEIEHHYIO HIKE YISOHYIO MILTFOCTPALIUIO

Tperbero 3akoHa Hprotona. Pa3se He »xaib 1 pabodero Ha Tenexke, 0e3

BCSKOI'O yCIiexa MbITaromerocsa CABUHYTh APYTYIO TECICKKY, IMojarasicChb
Ha crapyo (pusuky?

Kak BBI y:)xe MOXKeTe MOHSTh, CHJIa TSHKECTH, KaK Hapy>KHas cHia,
JNOJDKHa ObUTa OBl BBIpAXKaThCSI B Pa3MEPHOCTH «Kr/cek*». Ho ona
BBIpaKaeTcss B pa3MEPHOCTH «KI», 0003Ha4ast STUM BHYTPEHHIOIO CHITY
MoJIsl BECOBOW TpaBHUTAIMM, IIOCKOIbKY NpU o00pa3oBaHUM Beca,
HAoOOpOT, MpOSABISIETCA  CHAauyaJa HapyKHas CHia  HaJeHHs,
HauMHAIoIas oOpa3oBaHue Beca IPU KOHTAKTE Tena ¢ onopoil. Uro 3to
TaK, MOXKeTe Tonpo0oBaTh caMH, BCTaB Ha BeChl. BuauTe, 4To cHavaa
OHHU TOKa3bIBAIOT MEHBIIEE 3HAaYCHUE BHYTPEHHEW CHIIBI, M TOJBKO
MOTOM — OKOHYATENbHYIO BETMYMHY CHIIBI HapyXHoi. Ho B mpuHsATHH
paBeHCTBa HAPY)KHOW W BHYTPEHHEH CHJIBI BEC TAKXKE MOXKHO MPUHSTDH
PaBHOI CHIIE TSHKECTH W BBIPAXKATh M B «KI», H B «Kr/cek». [loromy u
9KBHUBAJIEHT Macc HabOmrojaercs Toiabko B kKocmoce. Ha manere ke
HYXXHO pa3jinyaTh MacCy BHYTPEHHIOIO WM MOJCKYISIPHYIO U
Hapy)XHyl0, Kak BeC, a He MpHIaBaTh Macce pa3MEpPHOCTh B
KAJOrpaMMax, HaszHayas TMNpd OTOM €d  OJTaloH B BHUC
TUTATHHOMPUANEBON THUPH, YTO 0003HAYaeT BeC, a HE Maccy, YTO eCTh B
OBITYIOIIEM HAyYHOM BOCTIPHSITHH.

[TocMoTpuTe, KaK XUTPO YXOIAT B IIKONBHBIX Y4EOHHUKAX OT HE
pa3IMYEHus TOr0, YTO TAKOE MOJIEKYJIIPHAs Macca, a YTo TaKoe BEC,
3aImyThIBast HIKOJIBHUKOB BCSIKUMH «peakiusaMuy» onop! 31ech, Kak Bbl
BUJIUTE, YTO IPOU3BEACHHE «M™ @y, Ha3bIBaeMOe OQUIIHATBHO CHITON
TSDKECTH BpOAe Obl MpaBUIILHO YpaBHUBAIOT ¢ BecoM «P». Ho Benb oH
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3aMMChIBACTCS, KaK U Macca, Toxe B KuiorpamMax. Hy u kak
opunmansHol pusuke HaiiTH Maccy? [Toromy 1 Hai0 pa3TUYaTh
MOJIEKYJISIPHYIO HJIM COOCTBEHHO Maccy (4TO CTOMT B MPOU3BECHNHN Ha
«g») ¥ HAPY)KHYIO Maccy WM KaK pa3 BeC, YTO UCXOIUT U3 MPUHSATHS
YHCIICHHOT'O PAaBEHCTBA CHJIBI TSKECTH (B KT.) M Beca (B «KI/CEK>»).

—
N

"l

T.o., eciin npou3BeNEHUE «NMD» HA I'PABUTALMOHHBIN 3apsii «2» AT
pa3MepHOCTh B KHIJIOTPAMMax, TO 3TO M €CTh MOJIEKYJSpHasi Macca ¢
pa3MepHOCThIO B  «Kkr*cek*’m». Macca — 3T0 U ecTh Macca,
onpenenéHHas emé HpOTOHOM, Kak «Mepa KOJIMYECTBA BEILECTBAR,
TOJIBKO ATO HE Mepa, a XapaKTePUCTHKa OIMPEAeIEHHOTO KOIUYECTBa
MMEHHO MOJEKYJISIPHOTO BelIecTBa (MOCKOJIBKY Mepa BEIeCTBA — 3TO
00béM). A Bec M e€cTb BECOM, Kak MeEpoH TIpaBUTALMOHHOTO
B3aMMOJICHCTBHS DTOI'0 KOJMYECTBA BEIIECTBA U MACCHI C KaKOH-TH00
KOHTYPHOH TOBEPXHOCTBIO (HApUMeEp, C OIOPOH ).
Bpamenue, koTopoe He BOCIPUHUMAIOT, U K UCTHHE
HeJINHEeMHOCTHU. 371eCh TOBOPUTCS O TOM, YTO

- 1) He BOCNPUHUMAA BpaLLEHME BUAMMOrO Tela B eAMHCTBE C BPaLLeHUEM
CMI0BOTrO rPaBUTOHOB, KOTOPbIM U BpaLlaeTca Teso, B bopmyne 3apasa
BpalLeHuA (YyCKopeHus) B cTapoli pusmnKe 3abbiBatoT CTaBUTL B
3HaMeHaTese YNCO KTI»;
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- 2) He pas3nnyas cuay u paboTy, B HbIHELIHEN GpU3MKe He pasanyatoT 1
Apyron Bua, Gopmybl AN CUbl U PaboTbl BpaLLLeHWA UK To, 4To dopmyna
CUNbI BpaLLeHWs obpaTHas K MocTynaTeNbHOMY ABUMKEHWIO, a ABUMKEHUE
BpaLeHuA Bagoe ero apdeKTnBHee, NOCKOIbKY COBMELLLEHO C BpalLeHnem
CMNIOBOFO BELLECTBA MW CUOBbLIX TPaBUTOHOB;

- 3) paboTa cubl BpaLLeHNs — 3TO codeTaHne paboTbl
LEHTPOCTPEMUTENBHOM U LLEeHTPOBEKHOM CU/bI, KOTOPbIE TaKKe He
pa3nuyatoTca opuumManbHO.

Mpu 3ToM paboTa CUbI BPALLLEHWA C YBEIMYEHMEM CKOPOCTU BPALLLEHNA
CHayYana yMmeHbLUAeTcA A0 HyAA, @ 3aTeM Ha4YMHAEeT PacTu, YTO O3HavaeT
nepecTaHOBKY MECTaMM LLEHTPOCTPEMUTENIbHOM U LLeHTPODBEKHOW CU/bI B
YyacToTHOM chepe BpaLLeHUA. ITO O3HAYAET CHayaNa yMeHbLUEeHNe Beca
BpaLL,Aaemoro Tena, a 3aTeM — ero neperpysky.

B crapoit ¢usuke, BUASIICH MUP TUIOCKO, BOOOIIE HET pa3JInYCHUS
U BpallleHus. Beap maxke «CKOpOCTh, C KOTOPOW JBHMXKETCS OTJEIbHAs
TOYKAa BpAINAONICroCs Telay, OQUIMAIBHO HA3bIBAIOT <JIMHEWHOM
CKOpOCTBIO»! A NMUHMS — OHA M ceTh JuHU. [loToMy B oduumanbHOR
(dopMmyse BpamaTeNbHOTO YCKOpEHHS (4aCTOTHOM CKOpOCTH) B
3HAMEHATEJIC CTABUTCS PAIUYC 0€3 YhClia «I».

Ho BpalieHue - 0HO U €CTh BpalllEHUEM, YEM PAJANYC HE JIMHEUHO
JIBUKETCSI, a BpAIaeTcs, MOTOMY U B (hopMylie BpalaTeIbHOro 3apsija
(yckopenus) «a B. = VZ/R» 10/KHa CTOSATH MOTYyOKPYXKHOCTh «TTR», a
He oauH paauyc. KBagpaT ke CKOPOCTH B UHCIUTENE — 5TO
BpallaTelibHasl CKOPOCTh. DTHUM W TONy4YaeTcsi, YTO BpalaTelbHbII
3aps] - 3TO pa3Mep BHYTPEHHETO 4YeThIpéXcepHUKa B BaKyyMHOM
cepe Bpamenus «4mR», nenéHHbIi Ha KBaJpaT MEpHOIa BPAICHHUS:

as | Vz  4nR

T TR T 1%

([Joka3piBaercsi 3TO NEMCTBUTEIBHBIM BHAOM (OPMYIIBI 00OPOTHOTO
MasgTHUKa JJIs ONpEAEieHMs] TPaBUTAIMOHHOTO YyckopeHus). U
BpaIlATENIbHASL CKOPOCTh B OTJIMYME OT IOCTYNATENBHON CKOPOCTH YXke
BIIOJIHE MOXKET M3MEHSTHCS, [TOCKOJIBKY OKPYKHOCTb BpallleHUs BCETAA
OKPYXXHOCTh WJIM BCETZla OJlHA U Ta ke ¢opma. I[loTomy U IBIIKEHHE
BpallleHUsl, KaK Bbl YX€ IIOHSUIM, BIIOJIHE MOXHO OLIEHMBAaTh I10
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ckopoctu (1o 4uciy o00poToB). B He pasnuueHuu e BpalleHUS U
MOCTYNAaTENbHOTO JBIKEHHS oduuuanbHas (u3uKa WM HENMHEHHOCTh
WIH HEIWHEHHOE IBM)KEHHE paccMaTpHUBaeT HE uepe3 BpalleHHue, a
yepe3 MyApéHbie mMarematuueckue muddepennuansl. [loromy moboi
muddepeHIHa — 3TO pa3lOKEHHWE NPSMOr0 OTpe3Kka Ha MENKHe
OKPYXHOCTH HJIM pa3ApoOeHne HEeKpyTaoi GopMbl Ha MeKHE Cephl,
a MHTerpai, HaobopoT, ux coenuHeHne. OTTOro yke W JOKa3aHO, YTO
mo0oi cTakaH B MHTErpaje — 3To cdepa (KCTaTH, - pyCCKUM YUEHBIM
I'.Ilepensmanom). U nuddepeHmanbHOe UCYUCICHUE HYXHO TOJIBKO
TaM, TO€ €CTh COCAMHEHHE BpallaTeIbHOTO M MOCTYHNATEIBHOTO
JIBYDKEHHS.

Ho u BO BpalleHMH YyCKOpEHHE WM BpAllATEIbHBIA 3apsij
OTHOCHUTCSI CHavaja K JBM)KEHHIO YaCTOTHOCTH WJIM TPaBUTOHOB, a HE K
BUJVMOMY BpalleHUIO, Hampumep, Kojeca. CKOPOCTh K€ KaueHUs
BaKyyMHOH cdepbl, Oyayuyd Kak Obl OTpakeHHEM 3apsija, - 3TO
OTHOIICHUE YyXe€ KOHTYPHOH WM HapyXHOHW Tuomamu cdepsl K
nepuoay. A BOT HaOmroaeMoe HaMU BpallleHWe, HApuUMep, Kojeca —
3TO yXe€ TO, YTO HaJ BaKyyMOM W MEKIY OTHUMHU CKOPOCTSIMH.
Hanpumep, ckopocTh aBTOMOOMIIS (KaK IBUKEHUE HAJl BAKYYMOM) - 3TO
TOXKE BCErJa SKBHBAJICHT BpalIATEIbHOM CKOPOCTH CHIIOBOTO 3dupa.
[TockonbKy 4YacTOTHOCTH 3eMHON rpaBuTanmu B 10 pa3 Oombiie eé
KOHTYPHOCTH ((hOpMBI), TO 3TUM CKOPOCTb KadyeHHs cqepbl WIH 3apsii
KayeHusi, HallpuMep, Kojeca B 5 pa3 MEHbIIE CKOPOCTH €ro BpalleHus
(yxxe Bunumoii Hamu). IHBIMU ClIOBaMU, €IMHUIA 3apsiaa KaueHHs WIn
1 «m*cex» mpu enuHuIe paauyca (paBHOW METpY), €CIH BbIpaKEHHE
«4m» B hopmyrie 3apsaa kadeHus (4nR?/T) soipaxkars, kak «47/10»,
COOTBETCTBYET BpalllaTelnbHOW cKopocTH B 5 «M/cex». ([Ipu sTom
nonyuaercst Beipakerue «1,256%5/21y).

Tenepp OOJBIIMHCTBO W3 Bac €3A4T Ha aBTOMOOMIsAX. W BHI
3aMeyYaliv, 4TO KOoJiéca NMpHU PEe3KOM BKIIOYCHHH WX OOJBIIMX 000POTOB
HECKOJIBKO TPOCKajb3bIBaloT. Tak BOT, TIOKA OHW HE CAENAIOT A0 IATH
000poTOB (Cc MompaBKoW Ha WX ACHCTBUTENBHBIA paanyc), YacTOTHAs
cdepa Kon€c U HE CTAHOBUTCS OKPY)KHOCTBIO UX MHH. [Ipu 3TOM OHM
Kak Obl HaxXxoIAT AOPOKHOE MOKphITHE. [IpeBbilieHMEM BUAUMON
BpalllaTeIbHOH CKOPOCTH HaJ BaKyyMHOHW CKOPOCTBIO KaueHUs
o0BsICHSIETCS M TO, YTO BEPXHAS YacTh KolEc Bcerga OwicTpee
Bpaiaercsi HkHed uyactu. K Tomy ke Tam (MM B MecTe KOHTaKTa
Koyiéc ¢ 3emisiéll) W HayMHaeT 0Opa30BBIBATHCSA OOIEe KaueHUE U
BaKyyMHOH 4acTOTHOH cepbl, U BHAMMOro Koieca. A u3-3a 3TOrO,
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HampuMep, W BO3HUKAIOT BBIOOMHBI Ha Joporax. T.0., oObIYHOE
BpallleHue KONEC MpOsBISAET CTPYKTypy HAIIero MHpOCTPaHCTBA.
O6pa3zoBaHue ke HEBHIMMOM YaCTOTHOU cpepbl BOKPYT KOJIEC BUAHO U
B TENEBU3MOHHBIX MoOKa3ax. Hampumep, oOpaTuTe BHHMaHHE, HTO
JMCKUA KONEC y ABHIKYIIETOCS «KPYTOT0» aBTOMOOWIIS TaM HauWHAIOT
BpallaThcsi B 0OPATHYIO CTOPOHY M 3aMETHO MeEUIEHHEE, YeM JOJIKHBI
BpamaTbcsi caMu Koji€ca. OTO W €CTh TNPOSBICHUEM HEBUAUMOIO
BaKyyMHOT'O BpaIlICHHS.

Bel, HaBepHOe, 3aMeTWIM, YTO 3apsAj] CHJIOBOIO YacTOTHOIO
BEILIECTBA MPH JIMHEHHOM JBHKEHUH Teia (OTHOLIEHWE BpallaTelbHON
CKOPOCTH K JUIMTENBHOCTH), Kak «27TR/T?», B 1Ba pasa MeHbIlle MMEHHO

BpalaTenbHOro 3apsna, kak «4mR/T?». M 510 moromy, 4ro BO
BpallleHWH Telda Kak Obl CKIaJAbIBAIOTCS M YaCTOTHOCTh (4acrora
TPAaBUTOHOB) €r0 BpalleHWs, M YacTOTa BpAIIEHHS CHIIOBBIX
rpaBUTOHOB. [10CKONBKY ke crapas (u3nKa 3TO He pa3iIndaeT, TO B HeH
MOSIBJIAIOTCS MOMBITKY JI0Ka3aTh HapyIIeHUE TpeThero 3akoHa HeloToHa
(0 paBeHCTBE JIEUCTBUS M POTHBOACHCTBUS) I «ITOJJIOBUTEY CAMOT0
Hetorona. Tak BOT, J€1at0T OHU 3TO C MTOMOIIBIO PUCIIOCOOJICHUH, T]Ie
KakK pa3 coBMellaercs mocTynareiabHOe U BpauaTenbHoe 1Brxkenue. Ho,
Kak roBopurcs, 10 HeroToHa um emé nanexo!

T.o., mo-gpyromy oOpa3yercs W HapyXHas CHJIa BHIUMOIO
BpamieHus. HawanpHas cuia mpu BpalleHWH BHAKMMOIO Tefla — 3TO
MpPOW3BE/ICHNE YaCTOTHOM WM BHyTpeHHel cuibl «FB.» (03Hauaromei
ONpeNeNiéHHYI0 BHYTPEHHIOI DHEPIHI0) Ha MONYOKPYKHOCTh «TTRY,
KaK Ha IPUMEHSIEMBbIN poiuae cunvl, U eIEHNE 3TOTO MPOU3BENECHUS Ha
MOJTYOKPYXHOCTh CHIIOBOT'0 d(upa (BOKPYT TOUKH MPUIOKEHHUS CHUIIBI K
BpamaeMoMy Teny). Hadano e BpalieHHs BOSMOXKHO TOJNBKO TOTAA,
€CIIM 9Ta HavyaJibHas cujia Oy/eT He MEeHbIIIe BPalaeMoro Beca. JTUM BO
BpAIlIEHUU COBMeEIaeTcs BHYTPEHHEE U HapyKHOE YCIOBUE [T Hadajia
JIBIKEHUSL.

Br1 Bce moMHUTE 3asBieHne ApXUMe/a, YTO OH MOXKET IIepPEBEPHYTH
3eMit0, €Cid  JIaTh €My HEOOXOIUMBIM phluar. OTHM M eCTh
coemewjénnoe ycrnosue Hadana JBWXKEHHS, 4YTO €CThb TOJNBKO BO
BpaIlleHUU. A HapyXHas CHJla WM cuja JABMKEHUS BO BPALIEHUU — 3TO
[IPOU3BEACHUE IIPUMEHSEMOM  BHYTPEHHEH CWIBl Ha  pasMep
oOpaszoBaHHON cdepsl BpalieHus WK deThipéxchepruka «4mR», urto
Na€T pPa3sMEPHOCTh B «KI*M»:
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Fr s = Fs. *47R

Nmnynsc BO BpallleHUH MCXOAUT M3 TIEPUOJIa OJTHOr0 000poTa (MiIH ero
vactr). [ToroMy HadanbHast pabora it 0Opa3oBaHus BpalleHus «Asp.
H.» WIW, HApUMEp, B TMPUMCEHEHUHU pblUara - 3TO OTHOIICHUE CHJIBI
JIBUKCHUS K KBaJpaTy IMEpHoJa BpallCHUs, YTO O3HAYACT YMHOMXKEHHE
BHYTpPEHHEH CHJIbI Ha 3apsi]] BpalieHus (yCKOPEHUE), UM Ha €ro 4acTh,
€CIIM BpallleHre ObLIIO HEMOTHOE.

Fe *47R

Agp.n - T2

U BBI yke BUAMTE, UTO BpallleHHe 00paTHO K JTMHEHHOMY JABHIKEHUIO
U 3/1eCh BAXKEH YK€ HE MMITYJIbC, @ phlyar MJIM JUAMETP BpaIISHHUS.
[MompoOyiite camu! Beap, 4TOOBI CTOJIKHYTH C MecTa MIKad, HYXKeH
UMIYJbC I PE3KOCTh. A BOT, YTOOBI MPHUIIOTHATH TSKEIBIH KaMeHb,
MOJIKJIa/IbIBAs MO/I HErO METAITIMYECKUH JIOM, €CIM HE XBaTaeT pbliara,
TO HUKaKOIl MMITYJIbC, TPUMEHSIEMBbIH I MOCTYNATENBHOTO IBUYKEHMS,
3/1ech He ToMoXxeT. Ho A1 BpamaTenbHOro ABMXKEHHS 3TO eilé He BCE!
Ilocne oOpa3oBaHusi BpamleHUs] TPU HW3MEHEHUH €ro CKOPOCTH
BEIMYMHA BHYTPEHHEH CHJIbI IOCTOSIHHO MeHsieTcs. IHpIMU croBaMu, B
MOBTOPSIEMOM BpalIeHUH (BO BpalllecHUH, KaK TAKOBOM) OHA UCXOJUT HE
TOJIKO M3 BEca BPAIL@EMOro Tejla, HO M M3 CKOPOCTH BpamieHus. [Ipu
3TOM BHYTpPEHHsSsI CHJla B TakOM BpalleHUHW COCTOUT U3
HEHTPOCTPEMHUTEIBHON U U3 IIEHTPOOSKHOM cuibl. TodHee cka3aTh, UX
COYeTaHMe, 3aBHCUMOE OT CKOPOCTH BpAaIlleHUs W BpallaeMoro Beca, U
orpeieNnseT BHYTPEHHIO CUITY.

Be3 Paznuuenus ke HeT B cTapoil pu3uKe SICHOTO MOHATHS TOTO, UYTO
Ha3bIBACTCS B HEW IEHTPOCTPEMUTENILHOM U IICHTPOOCIKHOM chitoil. Bbl
3TO MOXKETe MOHATh, €CNIM 3arjsHUTE, HallpuMep, B sHIUKIoneauto. K
TOMY K€ ¥ BpallarelibHbli 3apsa (O(QUIMANIBHO YCKOpEHHUE)
ouIMaTbHO Ha3bIBaeTCs TOJBKO ILIEHTpOCTpeMHUTENnbHbIM. Ho Beab
€CIIM eCTh LIEHTPOOEKHAS CHIIA, TO JOJDKEH OBITh U COOTBETCTBYIOIIHUHA
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3apsin  (yckopenue). [lpu Bpamenunm Bcerma oOpasyercs cdepa,
MpOsIBIISIIONIAs BAaKyyMHYIO cpeny. M BBl yke 3HaeTe, uto Jrobas chepa
o0pa3zyercsi U3 HapyXHOH WM KOHTYPHOW YacTH M W3 BHYTPEHHEH WiH
YacTOTHOH. A 3TO 3HAYWT, YTO B Hayaje BpallleHHs BHYTPEHHSAA 4acTb
HEBUIMMOI YaCTOTHOM cepbl obpasyercs paboToit
HEHTPOCTPEMUTENbHOMN critbl «Fiic.», a Hapy)KHasi WM KOHTYpHAsl 4acTb
(Tam, THE BpaliaeMblii TpeaMer) - paboToil  IEHTPOOEKHON CHIIBI
«Fu6.», obpatHoit k meHTpocTpemuTenbHOW cuie. M B obeid padore
BpaIlieHus B e€ Hadalle IICHTPOCTPEMUTENbHAS Chjla paboTaeT Kak Obl Ha
craruBanue cepsl, a HeHTpoOeKHasT — Ha e€ pacKpyYUBaHHE.

[Toromy BHYTpeHHss oOmasi cuja BpalleHHs oOpa3yeTcs Kak pas
coYeTaHHeM IEHTPOCTPEMHUTEIbHOW M UeHTpoOexHoil cuin. To ke
caMOe OTHOCHTCS, KOHEUYHO, M K o0mieli pabore BpamieHus. A
IMOCKOJIBKY O3TH CHJIBI pa3HOHAIIpaBJICHbI, TO BHYTPCHHAA CHJIA
obpasyercst ux pasuoctbio: Fe. = Fu6. - Fuc. I B Hauane Bpamienus
061113;1 BHYTPCHHAA cuJia, KOHC€YHO, MaKCHuMalJibHa, IMOCKOJIBKY
MUHHMaJbHA EHTpOCTpeMuTenbHas cuna. [Ipuuém npu oOpasoBaHMK
BpallleHWsl, HampuMep, B TOPU3OHTAIBHOW TUIOCKOCTH B Hadyaje
BpalleHUs IeHTpoOeKHass pabora HAET TOXKE B TOPU3OHTAIBHOM
mwiockoctd. Ho ¢ yBenmuueHWeM CKOpPOCTH BpalleHHsI HacTymaer
IOCTCIICHHO paBEHCTBO HeHTpO6e)KHLIX U HCHTPOCTPEMUTECIIbHBIX CHUIIL.
[Motomy, ecam BB NpoOOBaNM BpamiaTh TSDKENBIA MpeaMeT, TO
3aMeyaly, YTO C POCTOM CKOPOCTH BpallleHHWsl Bpaliatbh BcE Jerde u
jgerde. U mpu paBeHCTBE CWJI, KOrJa BHYTPEHHSS CWJa, a 3HAYUT, U
pabora BpalleHHs CTAaHOBUTCS PAaBHOM HYIIO, TO BpallleHHE KakK Obl
nojyepxuBaer camo ceds. [loromy BelpakeHHe Ui paOOTHI yxKe MpU
HUIyLIEM BpalleHUH TaKOE:

_ Fus. *4nR _ Fue. * T2
B T? 47R

Asp

Takytro HeBumuMylo cdepy BpalleHUS C HW3MEHSIOLIeHcs
BHYTpEHHEH CHUJION MOXKHO Ha3BaTb OMKPLIMOU YACMOMHOU CUCEMOL,
MOCKOJIBKY BpallleHHe 31eCh UAET HAOJIOBHHY B HJA(PHUPHOM clioe. A
BOT, HaIpUMEP, 3JIEKTPOH — 3TO YK€ 3aKpblmas 4acmomuas WU
8aKyymMHas cucmema. Y HEro B HAJIBAKYYMHOM CJI0€ BPAILlA€TCsl TOJIBKO
ero KOHTypHas 00os104ka. B 3akpeiToii cucTeMe BpalleHue BCerjaa uaer
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MPOTHUB YacOBOW CTPEIKH BUIOM CBEpXy M 0€3 M3MEHEHUS! Hapy>KHOH
cepruecKkoil CKOPOCTH MM CKOpocTH KadeHus. OTToro Ttakoe
HampaBlieHWe W y BpamleHuss 3eMid. 37ech Takke Bpalaercs
HAJBaKyyMHO TOJBKO 3€MHasi MOJEKYJsipHas o0oJo4YKa ¢ HAMU U CO
Bcell HaOI01aeMol PUPOJION.

C panpHEHIIUM e POCTOM CKOPOCTH, HA00OpOT, pacTéT yxke
HEHTPOCTPEMHUTEIbHAS CUJIa U yOBIBACT IIEHTPOOSKHAS. DTO 3HAYMT,
YTO OIATH PACTET NPUMEHsAEMasi BHYTPEHHSS CUJIAa BpAILEHUS U €€
pabora. Ho oHa craHOBUTCS y)e OOpaTHOH HIIM CO 3HAKOM «MHHYC).
[Ipu 5TOM BHYTpEHHSS YacTh YaCTOTHOM c(ephl BpalleHus oopasyercs
yKe paboTOH LEHTPOOESKHOH CHIIBI, a HapykKHas 4acTb — paboroi
LEHTPOCTPEMUTENBHON CHIIbl. I IIpU BpallleHUM B TOPU3OHTAIBHOU
TUIOCKOCTH C YBETHMYEHUEM CKOPOCTH BpalleHHs NEeHTpoOexkHas pabora
NnepexoauT B BEPTUKAJIBbHYIO IIJIOCKOCTH HJIM KakK 6I)I yXoauT B
HAPY)KHBIA BaKyyMHBIH CJIOH, 4eM yXKe Kak Obl CTATHBAaeT 4aCTOTHYIO
WIH BaKyyMHYIO cpepy BpamieHus. A TO, YTO Mbl BUJAUM BpaIlleHUEM —
3TO Ha/IBaKyyMHBII cIou HAaIIero MPOCTPAHCTBA.
LenTpocTpeMuTenbHas xe cujia, HaoOOpOT, HauMHaeT paboTaTh Ha
packpy4yuBaHue. DTHM OOBSCHSETCS M Pa3pbiB My(T Ha OTPOMHBIX
CKOPOCTSIX BpAallIEHHs, IOCKOJNbKY O0O0lllee BpallaTelbHOE YCKOpPEHHE
HIJIN BpaHIaTeHI:HI:Iﬁ 3apsa] Ha4YMHACT CcjlaratbCa C MOJICKYJIAPHBIM
3apsaoM Merauia MyQgT. Bemp eciu 1eHTpocTpeMHTENbHas paboTa
MPOTHUBOIONIOKHA K IEHTPOOSKHOW paboTe, HAUMHAIONISH BpalleHHe,
TO y He€ U o0paTHas pa3MEPHOCTh B KT *CeK?/M».

[TocMoTpuTE HA PUCYHOK 00pa30BaHMS HEBUIMMOM BaKyyMHOH HITH
4acTOTHOH c(hepbl BpallleHHs B TOPU3OHTAIBHON TIIOCKOCTH.
[TyHKTHpPOM MOKa3aHO PAaCHON0KEHUE EHTPOCTPEMUTEIBHON 1
LHEHTPOOEKHOM CHITBI ITPH UX PaBEHCTBE, KOrJa paboTa BpalleHHs
CTAaHOBUTCS Ha HEMPOJIOJIKUTEIbHOE BpeMsl PaBHOM HYJIIO M BpallleHue
UJIET 3a CUET caMoro BpalleHud. J{eno B TOM, 4TO TOrja OHU HAKJIIOHEHBI
K IJIOCKOCTH BpAIICHUS U JIPYT K Ipyry Ha 45°, yeM o0pa3yercs Kak pa3
nojobue TpexcepHuKa Uil TPUNOIS. A B TPUTIOJIEC BHYTPCHHSIS
9HEPrusi BO30OHOBIISIET camy ceOsl. DTHM CTaHOBHUTCS MOHATHO, KaK
10/100HBIC BAKYYMHBIE HJTU YaCTOTHBIC CPephl BpoJie MpoToHa (0e3
MOJICKYJIIPHON 000JIOUKH) MOT'YT CYIIIECTBOBATh TOJIaMU B OTCYTCTBUU
MPUTOKA YaCTOTHOCTH M3BHE.
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Pabota nmeHTpoCTpEeMUTETHHON CHITHI.

Pabota neHTpOoOCIKHOM CHITBI.

T.o., B Hauane BpamieHus paboTa yMEHbIIAeTCs 3a CUéT
YMEHBIICHHS TIEPUO/Ia BpalleHUs (POCTa BpalIaTeIbHOH CKOPOCTH).
[Mocne »xe paBeHCTBa pabOTHl BpAIEHHS HYJO, OHa, HA00OpOT,
HAYWHAET PacTH 3a CYET MPOMODKAIOUIErOCs yMEHBIIEHHs TepHoja
BpallleHUsl, HO CTAHOBSICh YK€ 00paTHO# paboroii. Ecte u emé omgno
00CTOSATENIBCTBO, HE pa3nuuaeMoe oduimaibHo. Eciu HauaTh Bpamiath
TsDKENBINA IIPeIMET, HAaIIpUMeEp, KAMEHb 3a IIPUBS3aHHBINA K HEMY KaHaT,
TO OH BCE OOJbIIE MPUIOAHUMACTCS HaJ 3eMJIEH. DTO U 3HAYUT, YTO
pacTér UeHTpoCTpeMHTENbHas paboTa, WAyImas B BEPTUKAJILHOM
TUIOCKOCTH. A B 3TOHM IJIOCKOCTH TPOXOJAT KOHTYPHBIE WM CHUJIOBBIC
JIMHUM BECOBOW TpaBuTanuu. [loTOMy IEHTpOCTpeMHUTEIbHAS padoTa
MPUITOJJHUMAET KaMEHb HE TOJIBKO 3a CUET HaTsSHKEHHE KaHaTa, HO M 32
C4€T IPOTUBOACUCTBUS BECOBOW TIpaBUTALMM, IIOCKOJIBKY Yy Heé
oOpaTHas pa3MEpHOCTHIO BPAIIATEILHOTO YCKOPEHUSI.

Ho ecnu mpencraButh, 4to BBl OyAere BCE yBEIMYMBATH CKOPOCTh
BpallleHHs1 KaMHs, TO LEHTpoOexHass pabora BcE Oomnbime Oyzaer
MEepexXoIUTh K BEPTUKAILHON TIIOCKOCTH, CTAHOBSICH NEPHeHOUKVAAPHOL
cunou epauwjerus. ITUM OHA HaobopoT, Oymer BCE Ooblie
CIOCOOCTBOBATh BECOBOM TPaBUTAIIMK HMIIM YBEJIMYUBATH BEC. DTHM U
OOBSICHSIOTCS  Teperpy3kd Ha IeHTpudyrax, Korga Oyaymmx
KOCMOHABTOB MPH)KUMAET K KPECITy BpalaTelibHOe YCKOPEHHE BMECTE C
yBeJIMUEHHEe HMX Beca. TakuMm jxe o0pa3oM WAET M cemapauus Win
paszaeneHue TsDKENBIX (pakiuid OT JErkMx, HampuMep, B MOJTYHYEHHH
TBOpOTa M CMETaHbl U3 MOJIOKa. B ombiTax y4éHbIX KoHIa 20-ro Beka
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(B.Beitnuka, H.Ko3wipeBa, JleliTysiiTa) yxke JOKa3aHO HEOONbBIIOE
HM3MEHEHUE BeCa JaXKe Y LEIbHBIX U LEJIbHO-BPAILAIOIIUXCS ITPEIMETOB,
HalpuMep, y oMbl U rupockona. W mpu BpallleHMH IIPOTUB 4acOBOM
CTPEIIKH IIPYU BUJIE CBEPXY WIIH IO JJIEKTPOHHOMY BPAILEHUIO KaK pa3 U
UAET yMEHBbIIEHHE Beca. DTO M €CTh NPOSBIEHHWEM BaKyyMHOW WM
4acTOTHOH cdepbl BpamleHUS HaJ  BpalalOUIMMCS  TeloM, U
B3aMMOJICHCTBHEM ATOH c(ephl C BECOBOM TpaBUTAIMECH.

Hwxe mpuBenén prucyHOK, B3STHIH U3 00BbSICHEHHUS IEHTPOOEKHOTO
yuThs. U 311ech, B oTauune ot ouuaibHON GU3uKu, OosbIie
pasznuyaercs HEeHTPOOKHAS U IEHTPOCTpeMuTeNbHas cuina. Ho
LHEHTPOCTPEMHUTENbHAS CHJIa — 3TO TOXKE YaCTh CHIIbI BPAIlCHHS.
[ToToMy cuia HaTsHKEHUS IPYKUHBI HA PUCYHKE — 3TO M €CTh
BHYTPEHHSIS CHJTa BPALEHUs], KOTOPYIO COCTABIISIOT LICHTPOOSKHAs 1

HEHTPOCTPCMUTCIIbHAA CHJIA.

IIposiBnenue BpaleHus MMEHHO B BAKYYMHOM CpeJie JOKa3bIBAET U
¢okyc, Korza Bpalaercsi B BEpTUKaJIbHOH TIOCKOCTH BEAPO C BOJOH, a
HU KaIUli HE TpoyiuBaercs. B opuIualbHOM OOBSICHEHUU YIS 3TOTO
SIKOOBI HY>KHA OINpeieiéHHas CKOpOCTh BpaiieHus. Ha camom ke jmere
JIOCTATOYHO IMPOCTO 00pa3oBaTh BpaileHue. KM BbI, eciii JTI0OCTAaTOYHO
JIOBKM, MOXETe caMu dTO monpoOoBaTh. Jlemo B  TOM, 4TO
MIEPIICHNKYJISIPHAS CHJIa BPAILICHUS BMECTE€ C BEKTOPOM OOIEH CHJIBI
BpaIlICHUs MPIKUMAET 00bEM BOJIBI K CTEHKaM BEJIpa, 4TO U HE Naér e
BBUIMBATHCA IPU BEPXHEM IOJI0KEHUU BEJpa.
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YacToTHOE WIIM BaKYYMHOE MTPOUCX OKJICHUE CUJIbI HATJISJIHEE BCErO
JIOKa3bIBACTCSI PACCMOTPEHUEM yAapa M HHEPIUOHHOTO JBUKCHHSI.
OduimansHO yaap JUIIb OMUCHIBACTCS, & HHEPIIMOHHOE JIBUKCHUE TaM
Ha3bIBaeTcs ABM)KEHUEM B OTCYTCTBHMM JeHcTBYIOMMX cuil! Ou3nka xe
— 3TO HE BOJIIIEOCTBO, IOTOMY €CIIH €CTh JBUKCHHE, €CTh U UCTOUYHUK
JIBUKCHHUS.

PaziiuyeHnue 3Hepruii M K npaBje 3aKOHA UX COXPAHEHMS.

31ech TOBOPUTCS O TOM, UTO

- 1) He pasnuyasn paboTy 1 sHepruto, ctapas GpuUsnKa He pasinyaer
BHYTPEHHIOK W HAPYXKHYIO SHEPIUIO, HAPYKHYIO U BHYTPEHHIOO
MOLLIHOCTb, HAaPYKHYIO U BHYTPEHHIOK paboTy. MoToMy He pasnvyaeT u
nocsen0BaTeIbHOCTb MPOABAEHWUA 3TUX NOHATUIN. Cuna npoasaAeT
BHYTPEHHIOK SHEPTUIO, KaK YacTOTy MCTOYHUKA CUAbI (Hanpumep,
3/1EKTPUYECKYIO YACTOTY), HapyKHas paboTa U BHYTPEHHAA MOLLHOCTb
(paBHasA No pasmepHOCTU KONNYECTBY ABUNKEHMA) O3HaYaeT
WHTEHCUBHOCTb NMPUTOKA BHYTPEHHEN SHEPIrnKU. Hapy»KHasA Ke MOLLHOCTb
03HAYaET Y¥Ke MHTEHCUBHOCTb U/IM CKOPOCTb HapPY*KHOW paboTbl (BUAMMOro
OBUXKEHUA).

MOLLHOCTb e, Hanpumep, NOCTOSHHOTO UAN IMHENHOIO TOKa — 3TO
BHYTPEHHAS MOLLHOCTb, @ NEPEMEHHOTO (BPALLAOLLEroca) TOKa — yiKe
HapyKHas MOLLHOCTb.
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M, HaKoHeL, ANNTENbHOCTb MPUIOXKEHUA HAPYKHOM MOLLHOCTM O3HAYaeT 1
Hapy»HY0 IHEPruio;

- 2) He pasniyeHne SHeprui u CTPYKTYpbI Hallel BceneHHoM 13 Haluero
HafBaKYYMHOIO U HEBUAMMOrO BaKyyMHOIo MMpa (HO B KOTOPbIM TaKKe
NMoCTynaeT YacTOTHOCTb) O3HAYaeT U omcymcmeaue B NpUpoe Hallero
HaZBaKyyMHOro MMpPa 3aKOHA COXPaHEHWUs SHEPTrUKU. ITO 3aKOH OTHOCUTCSA
TO/IbKO K 8AKYYMHbIM C10AM. [10OTOMY SHEPTUSA MOXKET COXPAHATLCSA
TO/IbKO B 3aKPbITON YaCTOTHOM CUCTEME, HaNPUMEP, B /IEKTPOHE U1 TO,
€C/IM OH He B3aMMOAENCTBYET C HAWMM HaZBaKyyMHbIM MMpoM. [loTomy
He BO3MOMKEH N BEYHbIN ABUraTte/ib B Hallem HaABaKyyMHOM Un
KOHTYPHOM MMpPE, HO OH CYLLEeCTByeT B BAKyYyMHOM W/1I1 YaCTOTHOM MUpe -
B BM/E 3/IEKTPOHa;

- 3) 0bpasoBaHMe CUNOBOW HEBUAMMOMN BaKyyMHOM cdhepbl Hanbonee Kak
6bl «HarnagHo» Npu yaape Ten. UMmeHHo cunosas chepa npu
CTONKHOBEHMU, HaNpUMep, BUNbAPAHLIX LWAPOB NPUAAET UM CeaytoLiee
AsuxeHue. Cunosoii chepoli 06bACHAETCA M PaBEHCTBO Yr10B yaapa v
OTCKOKA OT NPAMOM MOBEPXHOCTU (CKaxkem, oT bopTa bUbApAHOro cToNa).

Bbl yxe moHsuiM, 4yTO BCE BHAMMOE HAMH IPOCTPAHCTBO — 3TO
BaKyyMHOE IIPOCTPaHCTBO-BEIIECTBO YaCTOTHOM BOJBI M HAaJBaKyyMHOE
MPOCTPAHCTBO-BEIIECTBO, TAE YK€ MBI BHIUM MOJEKYJISIpHas BOLY,
KOTOpyI0 TbEM, © pa3iuyaeM OTAelbHbIE Tena. B Hamem
HAJBaKyyMHOM CJIO€ TMPOCTPAaHCTBAa-BEIIECTBA HMCXOIHBIM IOHATHEM
(U3MKH CTAHOBUTCS MOINHOCTb. [IpM He pasiuueHHH K€ CHJIbI,
paboTel U dHepruu (He roBOps yke 00 MX BHYTPEHHEM M HAPYKHOM
MOHUMaHHWK) B CTapoil (U3MKE YTBEPXKIAIOT, YTO MOIIHOCTh — 3TO
OTHOLIEHUE «paboThl KO BPEMEHH, B TEUYEHHE KOTOPOro OHa Oblia
coBepuieHa». Ho, BO-TIepBBIX, MBI 3HaEM, YTO Yy KaKJOr0o MEXaHH3Ma
€cTh CBOS MOIIHOCTh Jaxke W 0e3 cosepiieHus pabotel. W 3TO
BHYTPEHHSSI WIM MCXOIHAS MOLIHOCTh. A €CTh MOIIHOCTH YK€ caMoi
paboThl BMKEHUS WIM MOLIHOCTh JBIKEHHS. I, BO-BTOPBIX, MBI
3HAaEeM, YTO OHA 3aBUCHT HE OT OJHOHM JJTUTEIHLHOCTH PaboTHI (Koraa
pabora mTOHUMaeTCs, HampuMmep, NpeObIBaHHEM Ha pabore), a oT
CKOpOCTH paboThl. B-TpeThux, opuinanbHo paboTa — 3TO BHJI SHEPTHH.
U momyyaercsi, 4To SKOOBI SHEPTUs ABMIKEHHUS TPOU3BOIUT MOIIHOCTb.
Ho MBI 3Haem, 4TO, HA00OPOT, MOIIHOCTH JBW)KEHHS TPOSBISIET
SHEPTUI0, HalpUMep, B BUJE TEIUIa.

BHyTpeHHsI1 MOIIHOCTH JEHCTBUTEINBHO 3aBUCHUT TOJBKO OT
JUTUTENBHOCTH TIPWIOKEHHUS PabOThl, HO YKe pPabOThl BHYTpPEHHEH,
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o3Hauawomed o0bEM TNpHUTOKAa BHyTpeHHed dSHepruum «Es» wim
BHYTpEHHEH TpaBUTOHHOM YacTOTHOCTH (HAmpuMep, 4YacTOTHOCTH
AIIEKTPHUYECKOrO TOKA, PaBHOM snekrpudueckoir yactore 10'?). Kak Bb
y)Ke€ UYWTalld, BHYTPEHHsSS padoTa — 3TO NPOU3BEICHHE BHYTPEHHEH
CHJIBI Ha TMOJYOKPYXHOCTH CHIIOBOH cdepbl. [loTomy BHYyTpeHHssS
MOIIHOCTb — 3TO MPOU3BE/IeHNE BHYTpeHHel cuitbl «Fy (Mcxopsiieit B
HAaIlleM HaJBaKyyMHOM CJIO€ IIPOCTPaHCTBAa-BEIECTBA U3 Beca Tela) Ha
BpAIaTelIbHYI0 CKOPOCTh CHJIOBBIX TI'PAaBHUTOHOB C Pa3MEpHOCTHIO B
«KT*M/CeK»:

Ps. = FB.*V.

U, nanpumep, KonuuecTBO aBumkeHus «M*Vy (mapyxHas macca
WIH BEC — Ha CKOPOCTh) — 3TO M €CTh BUJ BHYTPEHHEH MOIIHOCTH,
HaOpaHHOW TEIOM JO €ro yjapa C JAPYrdM TeIOM WIH Telamu. A
CKOPOCTb T€JIa 3[ECh SKBUBAJICHTA BPAILATEIbHOW CKOPOCTU CUJIOBBIX
TPaBUTOHOB B MOMEHT yJapa. BHyTpeHHIOI0 MOIIHOCTh MOXHO Ha3BaTh
HaIoJIOBUHY TPOSIBIEHHOW HaJl BaKyyMOM MOUIHOCThbIO. HapyxHas xe
MOIITHOCTh WJIM MOIIHOCTh YK€ JBWKEHHS — 3TO IPOU3BEIEHHE
Hapy)XHOH paboThI Ha CKOPOCTh JIBUIKCHHUS, YEeM OTHOCHTEIHLHO
BHYTPEHHEH CHJIbI [IOIY4aercss KBaJapaT CKOPOCTH, JENEHHBIA Ha
MMITYJIbCHYIO JUTUTENBHOCTD «ip»:

Pu —

ITockonbKy pa3MEpHOCTb HAPYKHOW MOLIHOCTH — 3TO BaTThl WIH
«(xr/cex?)*(M?/cek)», TO HAPYKHYK) MOIIHOCTh, 00pa3zyemyto,
HarpuMmep, npu yaape tea «PH. y.», MOKHO BBIpa3uTh 4epe3 CKOPOCTh
KadeHusi CUIIOBOU cepbl niH 3apsi KaueHHs «ax». CKOpOCTh KaueHHs
JUIsL HaIller0 BUJAMMOrO HAJBAKYYMHOIO MHpa — 3TO IIPOU3BEACHME
KBaJpara CKOPOCTU Tela Ha UMIIYJIBCHYIO JUIMTENBHOCTH «tp». Ilpum
3TOM MPOSIBISIETCS U HMMIIYJIbC CHIBL «P», KaK KBaJpaT OTHOILLIECHUS
Hapy>XHOM CWIbl K CWIE€ BHYTPEHHEH, OIpPEAENsIeMOro, HalpHuMep,
nokasaHusaMH jauHamomerpa: Pu. = FB.*p*ak. Ho B mnpunsatum
YHCJIOBOTO PABEHCTBA HAPYKHOU U BHYTPEHHEW CHUIIBI, MOXHO IIPUHSTh
U TAKOE 7K€ PAaBEHCTBO BHYTPEHHEN U HAPYKHOW MOILHOCTH.
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HapyskHast e SHeprusi WM SHEpPTUsi IBMOXKEHHS 00pasyercs yxe
JUIMTEIbHOCTBI) ~ NPHUIIOKEHHSI  HApPYKHOM  MomHocTH. Iloromy
Hapy)KHas 3HEPIUs — O5TO IPOU3BEIECHUE HApPY)KHOM MOILMHOCTH Ha
JUTUTENBHOCTD, YTO M JIAET Pa3MEPHOCTH B [DKOYIISIX UIIH B «KT*M?%/CeK?».

EB. = PH. il §

NmeHHO TmOTOMY HapyKHas DHEPrHsl DJIEKTPUYECKOTO TOKa,
ouIMaTBEHO Ha3bIBAEMOr0 MEPEMEHHBIM, - 3TO TaK)Ke MPOU3BEJCHUE
€ro MOIIHOCTH Ha JJIMTEIbHOCTb. A BOT y TOrO, YTO HAa3bIBACTCS
oumanTbEHO MOCTOSSHHBIM ~TOKOM, Takoe Tpom3BelcHrue (Kak
MPOU3BE/ICHNE HAMIPSDKEHHS Ha CUITY TOKA U Ha JJTUTENBHOCTh) 03HAYAeT
YK€ ero paboty, npuuém, pazymeercs, - BHyTpeHHIo padory. U eciu y
MEpEMEHHOr0 TOKa CTaHOBUTCS, HaNpuMep, TEIIoM (Kak HapyKHOH
9HEPruei) ero MOMIHOCTh, TO Y MOCTOSHHOTO TOKA TEMJIOM CTaHOBUTCS
BHYTpPEHHSSI JHEprus, MpUBJIEKaeMas €ro TaKkKe BHYTpEHHEH
MOIIHOCTBIO. W 3TO BBITEKaeT M3 4aCTOTHO-KOHTYPHBIX pa3MepHOCTeH
ANEKTPUYECKUX BEIMYMH — HANpsDKEHHUS W CHiIbl TOKa (0 4éM peub B
clenyromeM pasnene). B crapoit ke (u3MKe, KOHEYHO, HET TaKOro
pasnuyenusi. Tam, B NpUHIOMIE, TPAaBUIBHO HA3bIBalOT paboTy OmHOU
«u3 GopM oOMeHa dHepruei Hapsjay c Temiorod». Hy, a To, uro
OJIMHAKOBO BBIPAXAIOT W HApY)KHYIO DOHEpruio u paboTy WM
¢akTHuecku cuutatoT paboTy He GopMoil oOMeHa dHepruei, a hopmoit
CaMoii SHEPTUH, 3]IeCh YXKE XUTPO 3a0bIBAIOT.

B BuamMoM HaMM WM Hapy)KHOM JIBWKEHHMH OT BHYTpPEHHEH
SHEPTrUU dYepe3 CHUJIy IBMIKEHHS BCErJa IpOSBIACTCS W HapyXHas
pabora. OHa W XapaKTepuU3yeTcsl TakKe Hapy)KHOH HIHM TOJHOCTHIO
HAaJIBAKYyMHOM MOIIHOCTBIO. J[JIMTEIBHOCTh € IPWIOKEHUS 3TOU
MOIIHOCTH TPOSIBJISIET HApY>KHYIO SHepruio. B HblHemHel ke (usnke
HET HHUKAKOIO pa3jMYeHMs BHYTPEHHEH WM HapyXHOW »Hepruu. Tam
MPOCTO YTBEP)KAAETCS, 4TO JIr00ast sHeprust He 0epETcs HUOTKYAa U He
ucuesaer OeccieiHo, a MepexoauT U3 OnHON GopMbl B Ipyryo. U uto
3TO 03Havaer? A TO, YTO BCE JBMIKEHUS BOKPYT, €MUHOXK/IbI HAYABIIIHChH
(mpruéM HEW3BECTHO OT 4YEero), MpOCTO MepexojsaT ApYr B apyra. B
TAaKOM ClIydae HaM W ecTh ObUIO Obl He Halo, YTOOBI MOJIEPKUBATDH
npkenne. He Hamo Obuio Obl M Oatapeiiku 3apspkath. Tak HET, camu
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9TO TOBOpSIIIME W €T, U Oarapeliku 3apspkatoT. W takoit abcypn B
ohpuIMaTBEHON HayKe WMMEHHO U MPHIAHHUS BUIAMMOCTH OOBSCHEHUS
BCEMHUPHOI0 BEUHOro JIBUKeHMs. Mo, 3Heprusi BEYHO LIUPKYJIHUPYET B
MIPUPOJIE, 3aCTaBIsAA BpallaThbCsl M IUIAHETHl U YacTUIBL. Tak BOT, Kak
pa3 Takas BeyHasl UUPKYJSAus (K TOMy e Ha (OHE HEBO3MOXHOCTH
BEYHOI'O JIBUTATENS B HAILIEM MUPE) U JI0OKAa3bIBAET HAIWYHE BAaKyYMHBIX
CIIOEB, 4Yepe3 KOTOpblE OT MCTUHHOW BOZABI, YTO 3a HEPYIIUMOU
Mperpajioi, MPUXOAST K HaM IOCTOSHHO HOBBIE MOPIMHM YaCTOTHOCTH
WJIM BHYTPEHHEH SHepruy, KaK JABHKEHHE BPEMEHHBIX TPaBUTOHOB.

Hampumep, BBl euTe Ha BEIOCUIIENIE U 3aTpauyrBaeTe BHYTPEHHIOO
9HEPTUI0, TMOHHMMAs, YTO 3TO 0e3 BcAKOro BosBpata. IloTomy mocie
MOE3/IKM BaM HY)KHO noecTb. Y Beab HUKTO HE CKaXkeT, YTO 3TO HeKas
¢opma sHepruu. [luma cTaHOBUTCS OT Balllell caMOW BHYTPEHHEH,
«YUCTO» YACTOTHOW WJIM BPEMEHHOM OJHEPruM (SHEPTHM IHKU3HH)
CHayaJla Hapy»XHOW HSHEpPrueil Tena, a 3aTeM — BHYTPEHHEHM, HO yxKe
KOHTYpHOM »JHepruer, roToBOH K HapyXHOW pabore. A B Bamem
BpaIlleHUM HOT M B €3/l BEJOCHUIIe/la 3a BpeMsl 3TOr0 JBHIKEHUS
Hapy»Hasi MOIIIHOCTb MPOSBIISET TakKe HapyKHYI0 3Hepruto. Ho u oHa,
KaK pa3HOBUJHOCTb KOHTYPHOI'O MJIM Hapy>KHOTO BaKyyMma, Nepexois B
npyrue (GopMbel SHEpruM, B HalleM HapyXKHOM WJIH 4YacTOTHO
OCTBIBAIOIIEM MHPE TOXKE HCYE3AET, KAK MCUE3aeT M IHMPOXOJUT BCE
BuuMoe Bo Beenennoit u Ha 3emie. He ucuesaer Toneko Cam bor! Oto
3HAYUT, YTO HET B HAPYKHOW WJIM MOJIEKYJSPHON MPHUPOJE U 3aKOHA
«coxpaHeHus» 3Heprun! OH ecTh TOJIBKO B BAKYYMHBIX CIOAX WM TaM,
/1€ TOIBKO BHYTPEHHSS SHEPTHsl.

[ToroMy BHYTpeHHSS WM BpeMEHHas SHEprusi, YTo B Halled 4acTu
Hamel BceneHHol ucXoAd OT HMCTUHHOM BOJBI, YTO B HHOM YaCTH
BcenenHnoil, mposBIAEeT 3€Ch YK€ BCErla yracarollyld HapyKHYIO
sHepruio. OTTOrO M JIFOAU CYIIECTBYIOT, YTOOBI KaK Obl OXKHMBJIATh, WJIH
BO3BpallaTh d3Ty caMyl0 BHYTPEHHIOIO WJIH Oojee BHYTPEHHIOKO
JHEpPIHIo, 4YeM JlaXke BpEeMeHHas J3Heprus. OTa caMas BHYTPEHHsA
JHEprus, Ha3biBaeMas B pelnuruu CBATHIM JyXOM, HCXOJUT Jake He OT
WCTUHHOM BOXBI, a oOT japyroi, boxectBeHHoi Bcenennoil. A
MPOMCXOAUT 3TO TONBKO B MOJIMTBE JIOJIEH K eauHOMYy (a He
TpueauHoMy) bory, emuHomy motomy, uto OH, Kak MCTOYHUK CHIIBI,
Bcerna equ ¢ Cuioi, HO Bcerna u Binacted Han Heii. U uepes Cuy
BiacteH OH U Haj BceMu BeeneHHbIME. A BOT cuita boxbs yxe uMEeHHO
TpueanHa. M BbI BUauTE, yTO QU3MKa PaznuueHus mo3BoiseT HE TOIBKO
WCTUHHO BHJIETh MUp, HO U MCTUHHO MOHMUMATh CMBICI M Ha3Hau€HHE
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penuruu. Benmp B Hel, Kak BbI BHJUTE, €CTh U YHCTO (U3HUSCKUUN
CMBICII.

Bbl Bce HaOmromanu yaap Kakoro-imbo Teima o JApYyroe Teo,
HampuMep, TPU OTCKOKE Ms4a OT CTeHbl. U mouemy OH OTCKakuBaer?
OdunmaneHoii AedopManueil Wi CKaTHEM Msiua 3TO HE OOBSCHUIIIb,
Benn, Hampumep, OWIbSpAHBIC MIApbl MOYTH HE JASOPMUPYIOTCSH, a
OTCKaKHBAIOT, Oyjb 370poB. 1 HaoObopoT, ueM MeHbIe Aedopmarius,
TeM pe3dye OTCKOK. W omsATh ajis OOBSCHEHHS OTCKOKAa MpH yaape
opunmansHol (u3KMKe OCTaéTcs NHMIIb HEKH AyX OTCKOKa. UTo ke
MIPOUCXOJIUT Ha caMoM Jierne?

Hwxe mokazaHa cxema coyapeHusi IByX OWIbSApAHBIX mapoB. B
CTapoii (pU3MKE UCCIEIYIOT JIUIIL U3MEHEHHSI CKOPOCTEH U
KHHETUYECKUX YHEPTUH MIapoB J0 U Mocie yaapa. A To, KaKuM 00pa3oM
1 OTYEro HaYMHAETCs IBUKEHHE BTOPOro 1apa, Jake He BCIOMUHAIOT.
OnHUM clI0BOM, (pU3HKa BOJIIIEOCTBA M KOHEYHBIX PE3yJbTaToB, a HE
MIPUYYH U CIECTBHI!

JBwkymmiicss OWIBAPAHBIA MIap 0 MOMEHTa yaapa HWMeeT
orpenienéHHOoe KOIMYECTBO JBM)KEHHS MM BHYTPEHHIOI MOITHOCTH. U
B MOMEHT yJapa O JApyrod Iap 3Ta MOIIHOCTb, KOTOpas TOJBKO
HaloJOBUHY HaJ BaKyyMOM, CTAaHOBHTCA CHayaja HapyKHOU
MOIITHOCTBIO yJiapa, a 3aTeM mpeoldpa3yercss B CUJIOBYIO cepy wim B
CWIOBOM  cepuyeckuii  y3en. Ero MOXHO Ha3BaTh  TaKKe
TpéxcepHUKOM, HO pazHOHAmpaBieHHBIM. Kak Bbl yke uYuTaid, B
LIEHTPE ATOW CUJIOBOH cepbl 00pa3yercss BHYTPEHHSS WM HadyalbHas
YacTOTHas cujia, BHYTPH HaJ HEl - CHiia HavyaJibHasl, a CHAPYXKH Cepbl
— HapyXHas WM yXe KOHTypHas cuia. M BoT 3Ta cujoBas cdepa
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CTaHOBHTCSl YK€ MCTOYHHKOM CHJIBI, COOOIIasi HOBOE NBM)KEHHE HIIU
OHOMY IIApy WJIM HECKOIBKAM IapaM cpa3y. VMIOymnbc CHIIHL,
JCHCTBYIONIMI HAa TOT WM MHOM 1map, 37eck oOpa3yercs
JUTUTENBHOCTHIO yJapa, 03HAYaIoIUM UMITYJIbCHYIO JITUTENBHOCTD «tp).
A BHYTpEHHSIA CHJa 3]leCh MPSMO MPOIOPIMOHANIbHA HE Becy Telna, a
KOJTMYECTBY ABIIKEHUS JI0 yaapa U yaapHoMY K03 (UIIUEHTY, KOTOPBIH
3aBHCHT OT Marepuaja yAapsSeMbIX Tel, U OT ycloBui yaapa ((hopmbl
TeJ, HaNpaBlICHUS yaapa u T.11.).

CuoBas cdepa B €€ MI0CKOM BUE TTOA00HA pUCYHKY Audpakimn
cBera B onbiTe Openens. (ITo Korja JIyd cBeTa, MPoXo.is Yepes
HEOOJIBIIIOE OTBEPCTHE MEPE]] FIKPAHOM, 00pa3yeT Ha HEM
KOHIIEHTPUYECKHE KpYTH). Benb u cBeT, U CUIIOBOI BaKyyM MPOSBISIOT
OJIHY U Ty XK€ CTPYKTYpY BaKyyMa, KaKk 4aCTOTHOH BoJbl. HapyxHoe
KOJTBIIO 37I€Ch COOTBETCTBYET HapyKHOH cujie, BHyTpEHHEe (MEKILY
ctpenkamu P2 u P3) o3Hauaer HavanbHYIO CHITY, a IEHTpalbHas
OKPYKHOCTb MPOSIBJISIET BHYTPEHHIOIO CHITY, TTOCTABIISIOIIYIO
BHYTPEHHIOIO SHEPTHIO.

CuioBo#t cdepoii 0OBICHATCS M TO, YTO YTOJNl yapa BCerja paBeH
Yy OTCKOKa MJIM YTy oTpakeHus. Benp cepoit oOpasyercs mogobue
napaboibl ¢ PaBHBIMH YIJIAMH K TIOBEPXHOCTH JI0 yJapa U I0cie yaapa.
A merneoOpa3HbIM WM TUIOCKOCIIHPAIGHBIM JBIKCHHEM CHIIOBOH
cepbl, UIYIIUM 32 TEJIOM, OOBACHSISTCS U IBUKCHUE Tella TI0 MHEPIIHH.
Bokpyr moboro Buammoro TBEpAOro Tena oOpasyercs BaKyyMHas
4acTOTHasi ~ 00OJOYKa,  KaK  3€pKalbHOE  OTPaKeHHE  ero
BHYTPHUMOJICKYJISIPHOW YaCTOTHOCTU. DJTa 000JI0YKA, KOTOPYIO MOXKHO
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Ha3BaTh MOJEKYIAPHOH, MOJOOHA MarHUTHOW cdepe, MPOSBIAACH
HATIOJIOBHHY YK€ B HaJBaKyyMHOM CJIO€ CBOMMH KOHTYPHBIMH
(cunoBeiMu) nHHUsAMH. [loTOMy, Kak H CHIOBOM BakyyM, Takas
Moaexkyiapuas 00010YKa - 9TO Pa3HOBUAHOCTh KOHTYPHOTO HIIU
HApY)KHOTO BakyyMa. A B JIBIKEHWH Tella Bpallaromascs 4acTOTHOCTh
CWIOBOM cdepbl BCerJa B3aUMOJCHCTBYET C 3TOH  OOOJOYKOM.
[MpomomkatoT  B3aUMOAEHCTBOBATH  CHJIOBBIE  TPAaBUTOHBI  C
MOJIEKYJISIPHON 000J0YKOM Tella WM MPOAOIKAET TONKATh TENO TaK e
M Tocie yaapa win Opocka 3a c4ér TpéxchepHOW WU 2pasumoHHOU
cmpyKkmypsl TPOCTPaHCTBA. DTUM M OOBSCHSAETCS TO, YTO BCE Tena
nocie Opocka CTpeMsTCs K BpalleHHui0. Beapb ABIKeHNE CUIIOBBIX, KaK U
BCEX TPaBUTOHOB — 3TO BCera BpaimieHue. M mpu 3ToM obpasyercs To,
YTO MOKHO Ha3BaTh CUI0B0U YeNnoUKOI.

TaiiHbl HHEPUUH, YCKOPEHUS CBOOOTHOI0 NMAJICHUA U

MacCChbI.
Yro Takoe HHePUMA. 31eCh TOBOPHUTCS O TOM, YTO

- 1) cKaxkeHne nepBoro 3akoHa HblOTOHA 03HAYAEeT U UCKAXKEHUE NOHATUA
WHepumun. BuKeHe BUNbAPAHBIX WapOB Noc/e UX yaapa —3TO U ecTb
OZHO 13 NPOSiBNAEHUIM UHepUUK. OHM NPOAOAKAOT ABUFATbCA HE
BONLWEBHbIM 06pa3om, a 3a CYET 06pa30BaHNA CUNOBOI YACTOTHOM chepbl
npwv yaape 1 4acToTHO-CHEePUUECKOM HEBUAMMOM CTPYKTYpPbI
NPOCTpPaHCTBa-BELLECTBA, B KOTOPOM 3Ta cuioBas cdepa, pasaensanchb Ha
HeCKoNbKo chep, NPOLO/IKAET TONKATb CTONKHYBLUMECS Wapbl. Mpu 3Tom
obpasyeTca 3TaKan cniosasn chepuyeckas LEenoyKa;

- 2) pasznnyeHune obpa3oBaHMA CUIOBOW LLEMNOYKM NO3BOAET OOBACHUTL U
OBUKeHMe paKeTbl. OPULMANBLHO Ke eé ABUNKEHME KOOBACHAIOT» UAn
OoTAa4Yeln, KOTOPOM B KOCMOCE YrKe HET, N 3aKOHOM COXPaHeHUA
KONNYECTBA ABUKEHMA B 3aMKHYTOM cucteme. Ho Beab Kocmoc, oT
KOTOPOTO KaK bbl OTTa/IKUBAETCA PAKeTa — 3TO YXKe HMKaK HE 3aMKHyTas
cucTema;
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- 3) BOKpyr itoboro Tena, a ocobeHHo BOKpyr TBEpAOro obpasyerca
MOEKYNAPHAA 060/104Ka NN HAPYXKHAA MONEKYNAPHAA YaCTOTHOCTb, C
KOTOPOM U B3aMMOAENCTBYET CUI0BAA LIENOYKa, NPOAOKAOLWANA TONKATh
TEN0 NO UHEPLUW.

B onbiTe Xe KaBEH,EI,VILIJa Nno NPUTAXKEHNIO MeTaNI/INYECKUX LLIApPOB U
B3aMMOZENCTBOBA/IN 3TU MONEKYIAPHbIE 060/104KN. A MOCTOAHHAA
Be/IMYNHA ((G», OI'IpE,EI,EﬂéHHaFI UM, XOTA U UMeET OTHOLLIEHNE K
rpaBnTaylmm, HO HUKAKOro OTHOWeEHNA He UMeeT K o6paaoBaHmo Beca.
MoTomy eé nydlle HasbiBaTb MONEKYASPHOM NOCTOAHHON BEIMYNHOM U
MMEHHO ANA TBEPAbIX Ten.

Nuepuuss — 3TO COBCEM HE «CBOWCTBO TE€l COIMPOTUBISATHCS
W3MEHEHUIO WX TEKYILEro COCTOSHHUSI», YTO YTBEpKaaeTcsi opruiinanbHO
M3-32 UCKaXKEHHUs MepBoro 3akoHa HpioTOHa. DTO HE CBOWCTBO Tel, a
CBOMCTBO MpPOCTPAHCTBA H3-3a CHJIOBOIO JIEWCTBUS TPaBUTOHHOU
YacTOTHOCTH MpOCTpaHcTBa. [loToMy MHEpIUS — 3TO d8udiceHue Win
COCTOSIHUE IIOKOs TeJIa 3a CUET BO3JACHCTBUS HA HENO HEBUJIUMBIX HAMU
CWJIOBBIX YaCTOTHBIX cdep 0e3 HapyKHOro (BHEBaKyyMHOI'0)
Bo3jeiicTBUs Ha Hero. Hampumep, korma Mbel OpOCHIM KaMmeHb, OH
MIPOAOIKAET JIETEeTh 3a CUET JBUKEHHS B MPOCTPAHCTBE, KOTOPOE TOXKE
4acToTHO-cpepuuHOe, 0Opa3oBaHHONH Hamu cuiioBoil chepwl, Ecnu Hac
népraer B aBTo0yce TyHa-cloJla, TO 3TO TOXE IMPOSBIAIOTCS CHUJIOBBIE
4acTOoTHBIE c(epbl W JBUTATENs aBTOOyca, W BECOBOH TpaBUTAIUH.
IToromy 1 HplOTOH Ha3bIBal MHEPLUIO 3TAKOW «BPOXKIAEHHON CHIION»
MaTepuu, KaK BCEro MpOCTpaHCTBa-BellecTBa (BKJIIOYas Tena WIH
BHEBaKyyMHYIO U BaKyYMHYIO MaTEpHIO), a HUKaK HE CBOHCTBOM Tell.

Eciu nBvxenue unér ajis Bac cjieBa HampaBo, TO OOIIYHO CHIIOBYIO
cdepy MM CHIIOBOHM y3el MOXKHO MPEJICTaBUTh CHayaia IEHTPaIbHON
cdepoit 4acTOTHOH CHIIBI, HCXOASNIEH M3 BTOPOrO BAKyyMHOTO CJOSI.
OTO pa3HOBUIHOCTH BPEMEHHON YacTOTHOW BOJBI, KaK BHYTpEHHEH
SHEpruu. 3aTeM crpaBa oT He€ B yke 0oyiee Kak Obl POSIBICHHOM IS
Hac Hapy)XHOM BaKyyMHOW cpeze oOpasyercs oOpatHas el cdepa
HayaJdbHOW CHUJIBI. OJTO YK€ Pa3sHOBHUAHOCTH YACTOTHOTO WJIU
BHyTpeHHero Bakyyma. [locie uero cmpaBa — B yK€ HaJBaKyyMHOM
cJIoe BO3HMKAET chepa HapyKHOU CHIIbI, 00OpaTHAs K HAYaJIbHOW CHIIC.
A 3TO0, KaKk BBl YK€ MOXKET€ pa3jinyaTbh, Pa3sHOBHUIHOCTh KOHTYPHOTO
WJIM HAapy»KHOT'O BaKyyMa, KaK 4aCTOTHOHM BoJbl. 1 HapyxHas cuila, Kak
BBl MOHMMAaeTe, NMPU ITOM HENOCPEACTBEHHO BO3JEHCTBYeT Ha Temo
4yepe3 MOJIEKYISIpHYI0 000704Ky BOKpYr Hero. [Ipu Opocke ke, xorzaa
112 _Paznuuenue guszuxu u acmponomui.




I 3anumamenvroe Pasnuyenue.
TeNo SIKOOBI HAaUMHAET JIETETh YKE «CaMo o cebey», dTO HapyKHasl cuja
BO30YXKJaeT BO BTOPOM BaKyyMHOM CJIO€ YaCTOTHYIO cuiy. [Ipu 3Tom
HapyXHasg CWJIa CTAaHOBHUTCS CHayajga CWJIOW HaydallbHOM, 4YTO MOXHO
CPABHUTB C €€ IIPSIMBIM OTPAKEHUEM.

[Tocre aToro Bo30y»kAEHHAS YK€ HaYaIbHOM CHJIOW YaCTOTHAs CHJIa
MIPOSIBIISIET TTOCJIEIOBATENBHO HOBYIO HayallbHYIO, a Yepe3 He€ 3aTeM - U
HOBYIO HapyXHYIO cuiy. M 310 1momoOHO 00pa3oBaHHMIO HCTOYHHKA
cHiBl TpH yhape. Bpaimienune e cdepbl HOBOW HApPYKHOU CHITHL,
MpOIOJDKAIONIeH TONKaTh, HampuMep, KOMbE, BO30YXKIAeT OmsiTh
oOpa3zoBaHHe IIEHTPAJIbHOM YaCTOTHOW CHJIBI Yepe3 CHIy HadalbHYIO.
Tax u oOpasyercsi cuiosas yenouxa, TOKa IOTYYEHHOTO HMITYJIbCa
Opocka XBaTUT Ha 00Pa30BAHKE JOCTATOUHOM JUIS IBUIKSHHSI YACTOTHON
cuibl. SIpkoe IpOsIBIIEHHE CHIJIOBOM LIETIOYKU — 3TO MOJET U3BECTHOIO
BaM OyMepaHTra, pa3BopaunBaeMOro Kak pa3 €0 B 0OpaTHYIO CTOPOHY.

Huoxe rmoka3zaHa cxema CHIJIOBOM IIEIIOYKH, JBUTaIOIIeH Teno. XKEnThiM
LBETOM Ipe/icTaBjIeHa cdepa YaCTOTHOM CHIIBI, KOPUYHEBBIM —
HAYaJIbHOW CHIIBI M CEPBIM — cepa HapyKHOW CHITBI.

ITepememaemoe
TeIo.

v

31ech n300pakEH yke OPOCOK TeNa UM MHEPIIMOHHOE JIBUYKEHHE.
B3anmMopeiicTBys ¢ rpaBUTOHAMH, KaK TPEXCPEPHUKAMU YaCTOTHOM
BOJIbI, HAPYKHAS CHJIa MTOCIEA0BATEIBHO MPeodpa3yeTcst B 4aCTOTHYIO
cuity, 00pa3yIoIyIo 3aTeM CHIIOBYIO LIEMOYKY yKe 03 BUIUMOTO
MPHUIIOKEHUS CUITBL. DTUM OOBSICHSIETCS, HAIIPUMED, U TO, YTO, CJIBUHYB
C MecTa IPEeAMET, ero YK€ 3HaYMTeIbHO JIerye TonkaTb. Beap 31ech
OCHOBHOW CHJIE IOMOTaeT UMEHHO HHEPIIMOHHOE JIBUKEHHE.
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Bbpocaemoe
TeJIO.

»
»

W ecnu 4acTOTHYIO CHJIy CPaBHUTH C OyIyIIMM, HayaJbHYIO — C
HAaCTOAILINM, a HAPYKHYIO — C MPOIUIBIM, TO TAKOE IBM)KEHUE CHIIOBOTO
BaKyyMa WM CHWJIOBOW YaCTOTHOW BOJBI IMOJOOHO JIBHXKCHHUIO U
BPEMEHHOTO BakKyyMa. A Ha mpuMepe MoNéra KOombi WIH JH00ro
OpolLIEHHOTO MpeMeTa Bbl MIOHMMaeTe, oYeMy HacTofllee cpa3y U B
npouuioM U B Oynymem. Ho HacTosimee — 310 Bceraa Ha 2/3 Gounblie To,
YTO HEBUAMMO, a HE TO, YTO MBI HaOmogaeM. Tak xe u aeficTBre Bceraa
HCXOAUT OT HEBUJIMMOTO WJIM BaKyyMHOro BeuiecTBa. JIoau >KUBYT B
OCHOBHOM TI0OKa B MPOINUIOM MM B BUJUMOM MHpE, IOTOMY BEpYIOIIHE
W OXHIAIOT KH3HHM Oyayliero BeKka, I/Ie YXe OyAeT HCTHHHOE
Hactosimee. CHUIOBOH IEMOYKoW OOBSICHSETCS M PaKEeTHOE JBH)KCHHE.
U, uro uHTEpecHO, OHO (PaKTUYECKH HE OOBSICHEHO J0 CUX TIOp, YTO BHI
MOXETe CaMH TIOHSTbH, 3arisiHyB B y4eOHHMK (usuku. Tam pakeTrHoe
JIBUKCHUE OOBSCHATCS CUJION OTAauu, mojo0Ho cTpensde. Ho monsTre
OT/Iayu MAET BCEraa IMpearnoaraeT Kakoe-Tubo HaJaBaKyyMHOE Telo, a
B€JIb B KOCMOCE U BO3/yXa HET, HO paKEeTHI JIETAIOT.

U3 comna pakeTsl BHIXJIOMHBIE Ta3bl, KaK BBl HAOIOAAIH, HAIPHUMED,
B Tellenepenayue, BBIXOIAT ¢ OIPOMHOM CKOpOCThIO. U BBI yxe 3Haere,
4YTO BaKyyMHOE MpOCTpaHcTBO chepuyno. [loTromy IBIKeHHE Ta30B
BBI3BIBAET IO 3aKOHY CUMMETPUHU B HApy>KHOM BaKyyMHOM CJIO€ TaKoH
K€ OrpOMHBIN BUXph. A 3TUM 00pa3yeTcs cHavalia cepa HayalbHOMH, a
3aTeM HapyKHOW cuiibl. M pakera HaunMHaeT nBUkeHue. J[BUKEHHUE XKe
CHJIOBOTO BaKyyMa, KaK BbI YK€ 3HaeTe, 00pa3yeT CUJIOBYIO Lenouky. 1
B Hell B030OyxkmaeTcs mosiBJieHuE cepbl yke BHyTpeHHeH cuibl. [lpn
TOM YacTOTHOCTh TIOCTOSHHO BBIXOJSIICTO BBIXJIONA Kak  Obl
HakJaabIiBaeTcs Ha cdepy yxke 0O0pa3oBaHHONW BHYTPEHHEH CHIIBI.
[lotoMy pakeTHOe ABHMIKEHHE, MOXHO CKa3aTh, BABOE d((deKkTHBHee
o0braHOr0. U BHI yXe MOHMMAaeTe, 4To Ha3blBaeMOE OTAadyed — 3TO Ha
caMOM Jielie JACUCTBUE HApPYKHOM CHJIBI Ha JAPYrol NpeAaMer Wiu
MOBEPXHOCTh OT BCE TOI K€ CUIIOBOM cephl, 00pa3yemMoii, Harpumep,
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mpu BbICTpenie. B kocMoce ke yxXe HeT Jpyrux TIpeIMeToB H
MOBEPXHOCTENW, KpOME paKeThl, HO OHa JeTuT. M Bcé paBHO HMHOrIa
pakeTHOe IBUKEHUE CPAaBHUBAIOT C OTAayeH.

Ha s10ii doTorpacuu xopolo nposBisercs CUIoBas chepuieckast
LernoyKa, TOJIKaas pakery. B crapoii ¢pmsnke roBoputcsi, 4To
peakTHBHAs, CHJIA TOJIKAIOIAs PAKETy BBEPX, 00pa3yeTcs IO 3aKOHY
COXpaHEHHs KOJIMYECTBA JIBHKEHUsI «M*Vy» (aOCYp/IHO HA3bIBAEMOTO
HUMITYJIBCOM). A 3TOT 3aKOH TOBOPHT JIUIIb TO, YTO CyMMa HMIYJIbCOB
Bcex Tel (WM YaCTHIl) 3aMKHYTOW CHCTEMBI €CTh BETHUUHA
nocrosiHHast. Ho pa3Be comio pakeTs! — 3To 3aMKHyTas cucrema? M Bbl
BUJMTE, YTO HET OPHUIUATBEHOIO OOBSICHEHHS, IOUYEMY paKeTa MoiaydaeT
KOJTMYECTBO JIBWKEHUS HITH OT 4ero oHa JietuT. [Ipeacrasisiere, yxe u
KOCMOC 3arpsi3HIIH CBOMMH CITyTHUKaMH, a IPUYHHA PAKETHOTO
JBMOKEHHS B OpHIIMaILHON (H3HKe He onpe/enieHa J0 cux mop! 91o u
HOHSTHO, BeIb A1l He€ II1aBHOE, YTO0 pakera JieTena, a IpUUuHA — 3TO
JIOCYKH€E Pa3roBopbl. Xopolla ke HayKa!

B conneyHO-3eMHOI cHcTeMe MPOSIBICHBI BCE TPU CIIOS YaCTOTHON
Bonel. [loromy pakera 3aech cBoOOAHO aBmxkercs. Ho yro Oymer 3a
[TnytoHoMm, Tae yxe HeT opOHMTanbpHOro BpauieHus? Bems n3-3a 3Toro
TaM TPOSBIEHO TOJBKO THIEPIPOCTPAHCTBO MM CaMbI BHYTPEHHUH
BaKyyMHBII clioi. M 9TO 3Ha4YMT, YTO pakeThl MPOCTO HE CMOTYT Tyna
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BOHTH. A JIBHKEHHE TaM BO3MOJKHO TOJBKO 3a CYET TOr'0, YTO MOXKHO
Ha3BaTh YaCTOTHOMW KaricyJioi. Beib eciiu BBIMONHUTE Kopabib chepoit
U CyMeTh 3a CYET OIpPOMHOM 4YacTOThI BpAILEHUS €r0 BaKyyMHOH
000moukn (¢ BEIMYMHON Oonblie 1024) Kak Obl BBEpPHYTh €ro B
TUIEPIPOCTPAHCTBO, TO OH JIJIS HAC IOYTH MTHOBEHHO BBICKOYHT B
ClIeIyIoIeM OpOUTANbHOM BpallleHHH, HalpuMep, B cucreme Cupuyca.
U 310 He PpanTacTHKa.

Brb1 yke 3Haere, 4TO BOKPYT JIFOOOr0 Tejia, a 0COOCHHO SIBHO BOKPYT
TBEPIOro Tena o0pa3yercss MOJIeKyJsspHash o000Jiouka, ToJ00Has
MarHuTHoOM cdepe. 3a cu€r 3TOro JoOble Telna HCHBITHIBAIOT
MOJICKYJIIPHOE TMPHUTSDKEHUE JIPYr K JIPYry, HO OHO MUHUMAJIBHO U
MPOSIBJISIETCS TONBKO BOJIHM3H JIPYT K APYTY. DTUM 00pa3yercs, KCTaTu, 1
nbutb. OQUIMATBEHO e, KaK BbI YK€ YHTAIH, 3TO MPHUTKCHHE,
MPaBWJIBHO HAa3bIBasi TPAaBUTAIMOHHBIM (MPOSBJIIEMBIM 32  CYET
BpAIlCHUs TPABUTOHOR), HE Pa3JIMYalOT U OT BECOBOW T'PaBUTAIIMU, U OT
TUTAHETHOW TpaBUTAMM W OT TPaBUTAMOHHOTO 0Opa3oBaHHs Beca.
[Moromy, uT00 pa3nuuaTh, 3TO MNPUTHKEHWE M HAJI0 HA3bIBATh
MOJICKYJIIPHBIM. BriepBble €ro, Kak HEKOTOpPbIC U3 Bac IIOMHSIT,
ycranoBui I'.KaBennum. OH moiBecws 3a HUTh KOPOMBICIO C JBYMS
MaJICHBKMMH METAJUIMYECKUMH IIapUKaMHU U Pa3MeCTHI BOJIM3U HHUX IO
HaIPaBJICHUIO BPAICHUS B MPUTSHKCHUU JIBa OONBIIUX METAJUTMYECKUX
mapa. A Mo Yriy 3aKkpy4YMBaHHsS HHUTU OIPEACTHI BpallaTelbHYIO
4acTOTy WIIM UHIMEHCUBHOCMb HNPUMANCEHUs MAJEHBKUX IIapUKOB
(odurmanbHO Ha3BIBAEMYIO CHUJION ).

He craHoBneHHe K€ 3TOM MHTEHCMBHOCTM MMEHHO CHJION B
Pa3MEpPHOCTH  «KI/CeK?» O3HAa4YaeT JBHKCHHE IIAPHKOB 3a CYET
IPaBUTOHHOTO JBWXCHUS HA4MHAs HE C BaKyyMHBIX CJIOEB, a Cpasy ¢
BBIXOJIOM €r0 B Halll MOJICKYJSpPHBIA Mup. KaBeHIUII yCTaHOBWI U
MOJICKYJIIPHYIO TIOCTOSIHHYIO BeNMUuuHy «G» JUis TBEPIBIX TEN, HO
Ha3blBaeMyl0 OQHUIHMAIbHO TpaBUTaIMOHHOH. OHa HCXOOUT U3
IpaBUTAIUM, KaK HAPYKHOW CTPYKTYpbl BaKyyMHOH cpenbl (Te yxe
HaYMHACTCS BaKyyM), HO BBI3bIBACTCS B3aUMOJICHCTBUEM
MOJIEKYISAPHBIX 000J704eK Tesl. [loToMy 3TO M He BakyyMHasi cujla WJH
CHJIa YaCTOTHOH BOJIBI, IIOCKOJNBKY OHA BO3HUKAET yXKE B HAIBAKYYMHOM
WIH MOJIEKYJSIpHOM CJloe TMpocTpaHcTBa (rne yxke oOpasyercs
MOJIeKyIsApHass Kopka). M oTo emé ofgHO, Hapsmy ¢ TOHSATHEM
YCKOpEHHsI B MOCTYMaTEeIbHOM JBM)KEHHH, CamMoe€ HCKaXEHHOE HE
pasnuyeHue B CTapoi Qpu3mKe.

116 _Pasnuuenue pusuru u acmporomuu.




I 3anumamenvroe Paznuyenue.
IIpaBaa o nocrosinHoi BenunHe Kapenauma niam noyemy
Tes1a OBIBAIOT TBEP/ABIE. 37eCh TOBOPUTCS O TOM, YTO

- 1) cTapas ¢u3MKa, He pasMyaloLLLan rpaBUTaLLMIO, YPaBHMBAET Gopmyy
Beca U GopmMyly MONEKYIAPHOTrO NPUTAXKEHNUA (M3 onbiTa KaBeHaMLA No
NPUTANKEHUIO LLIAPUKOB), XOTA NMPU3HAET CMELLeHME CMYTHUKOB OT UX
0p6UTLI, nayLLee He OT BECOBOW rpaBMTaLmMmM (KOTOPOM B KOCMOCE YKe
HET), @ UMEHHO OT rPaBUTALLUM MOIEKYNAPHOTO NPUTAMKEHUS.

Mpuv 3TOM 1 Ha 3eme NpU HANYUKU BECOBOM rpaBmTaL MM CBOOOAHO
onpeaenatoT MOIEKYNAPHOE NPUTANKEHWE, YTO U TOBOPUT O BECE U O
MONEKYNIAPHOM MPUTANKEHUU, KaK O PA3HbIX AB/EHUAX FPAaBUTALMK, XOTA
BECOBasA rpaBuTaLMsa 1 o0bpasyeTcs OT rpaBUTALMN MONEKYNAPHOM
060/104KMN 3eMAU (M 3TO - yXKe BHYTPU 3TOM 060N04KM, @ HE CHapYKu eél).
He pasnnyeHue e 3TOro NpuMBOAMUT U K abcypay npuaaHusa Beca 3emne, n
K K0OBACHEHMIO» NIAHETHOrO BPALLLEHWNA HE BPaLLEeHUEM NIaHeTHbIX chep,
B LLEHTPe KOTOPbIX BPALLAIOTCA CaMM MIAHETbI, @ NPUTAXKEHUEM,
NoLO06HBIM MAarHUTHOMY. U, YTO MHTEPECHO, CAMM Ke MOHUMAIOT, YTO
NJIAHETHaA rpaBUTaLUA — 3TO He NOA06ME MArHUTHOTO NPUTANKEHUA, HO
Ha3bIBAIOT €€ TArOTEHWEM WU NPUTANKEHMEM. KaK roBopuTCA, roBopAT
04HO, a lyMatoT BTOPOE;

- 2) He pasnMyeHue Toro, YTO rPaBUTALLMOHHAA NOCTOAHHAA BE/IMYMHA «G»
cBfi3aHa He ¢ 06pa3oBaHMEM BeCa, @ C MOJIEKYIAPHLIM NPUTAKEHUEM
TBEPAbIX TEN, NPUBOAUT U K HE Pa3INYEHUIO €€ UCTUHHOM Pa3MEPHOCTH.
370 eAMHULLA ANUTENBHOCTM, YTO ECTb NPOABJEHNEM YACTOTbl HAPYKHOM
MONEKYNIAPHON 0B0N0YKM U MONEKYNAPHONM KOPKU TeN. BeanynHom xe
TaKOW 4acToTbl U 0ObACHAETCA TBEPAOE COCTOAHME T, @ YBE/IMYEHUE ITON
YacToTbl 03HaYaeT 06Pa30BaHUE ra30B, KOTOPbIE Y¥Ke HENb3A MOLLYMNaTh;

- 3) pasnnyeHre MoneKynapHoOM 060104KN BOKPYT Nt0BbIX TeN roBOPUT U O
He BO3MOXXHOCTU NoMnagaHua B NaaHeTHyo chepy 3emMin KpymnHbIX
acTepounaoB, C TAKOW e KPYNHOW MONEKYNAPHOM 060N04KON.

A nocKonbKy 3apag (yckopeHue) cBoboAHOro nageHua — 3T0 BHYTPEHHUN
BpaLLaTe/IbHbIM 3apaj, rpaBUTOHOB NiaHeTHOM cdepbl, TO NoA06HbIN 3apAg,
€CTb U Y BHYTPUMOJIEKYNAPHBIX TPAaBUTOHOB BELLECTB HALLero M1pa,
KOTOpPbI MOXHO Ha3BaTb MOJIEKYIIPHBIM 3aPAL0M.

Bel Bce Habmiomaere, YTO Tejida MagalOT TOJIbKO BHHU3, a He BOOK,
O3Hauas MpOsBJICHHE BECOBOM IpaBUTALIMU. A MIApUKHU, KaK BbI TIOHSUIIH,
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MPUTATUBAINCE B CTPOrO TOPU3OHTAJIBHOM IUIOCKOCTH (pa3 Obuld Ha
nonsece). WM oOpa3oBaHwe Beca B KOHTAaKTE C  KaKOW-1MOO
MOBEPXHOCTBIO HJIET TOJIBKO B BEPTUKAJIBHOM IUIOCKOCTH. Tak BOT,
o(UIIMATbHO, HUYTOXKE HE CYMSIIUCh, OJHOH M TOH ke (QopMyroi
ONPENENSIOT BEC WM HapyXHYIO MacCy W  HHTCHCHUBHOCTh
MOJICKYJIIPHOT'O TPUTsDKeHHs. M B MEpBOM Cllyuae — 3TO JBMIKCHUE
IPaBUTOHOB BECOBOW TpaBUTAIIMH, & BO BTOPOM - YK€ MOJEKYJISPHBIX
IPaBUTOHOB, HMCXOIAIIMX OT COBCEM JPYroro MCTOYHHKA. A, 4TO
WHTEPECHO, BEb XOPOIIO 3HAIOT, YTO B BaKyyMe pPa3HbIC Tella MajaroT
OJIMHAKOBO, YE€M YXKe HE CephE3HO ypaBHMBAThH (GOpPMYITy Beca H
MoJieKyJIsspHOoro mnputTsxkenus. [ .KaBewmuin, pasnmuas aOCypaHOCTB
TaKOro HWCKaKeHUS B OQUIMAIBHON HayKe, TMOINYTHJ TEM, 4YTO
ypaBHUBaHUEM (HOPMYJT BECa U MOJICKYJIIPHOTO TPUTSKECHUS OH SKOOBI
B3Becws 3emsiro. Ho 3Ty myTky HE TOJIBKO HE TIOHSJIM, HO U
JICHCTBUTENILHO Ha3HaumIM 3emiie Bec! A Kak MOXET OBITh BEC y TOrO,
4TO ¥ 00pa3yer Bec? Y 3eMiu €CTh TOJIbKO MOJICKYJISIpHAS Macca.

[TocmoTtpuTe Ha pucyHok onbita I'.KaBenauma.

OneiT KaBeHauma

Fr? . H-m?
Y= 1= 6,6510" "2
2pasumayLUonoe Mm Ke
e3aumodeticmeue H

m KpymunbHble 66CHl

H — monxas nume

L — 0syxmemposblii cmepoicens

m — ceunyosvie wapsvi (Ouamempom 5 cm u maccou 775 2)

M — ceunyogeie wapst (Quamempom 20 cm u maccoit 49,5 kz2)

Pa3Be 3T0 He mojyIor, KOrjaa ene onpeaeiiMyt0 MHTEHCUBHOCTD
(opunmanbHO CHITY) MOJNIEKYIISIPHOTO MPUTSKEHUS, TEHCTBYIOILYIO
31CCh B FOpHSOHTaHLHOﬁ IIJIOCKOCTH,

Ty M
F=@G ‘2 :
R
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MPUMEHUIIHN U JJ1 BEPTUKAIBHO JAEHCTBYIOIIEH BECOBOM TpaBUTALINN?
ITpu 3TOM «1M2» CTAHOBUTCS YK€ HE MACCOM BTOPOro IIAPUKA, & MACCOU
3emid. A BeIb 3TUM OTYYAETCs, UTO Tefa ¢ OONbIIeld MacCoi TOIKHBI
1 ¢ OONbIIEH CHIION MPUTITHBATHCS K 3eMJie, a 3HaYUT, U ObICTpee
nanate. Ho emé B 17-M Beke anrnuiickuil yuénsiii P.boiins onpenemnmn,
YTO B COCY/JI€, U3 KOTOPOro BHIKaYaH BO3YX, U MEPO, U METAJUTNYECKHI
IIAPUK MAJAI0T OJIMHAKOBO MJIM CHHXPOHHO (Ha pUCyHKe HIke)! A 310
W 3HAYUT, YTO UHTEHCHBHOCTH TAJICHUS Tel (10 UX COMPUKOCHOBEHUS C
OITOPOii) BOOOIIE HE 3aBUCUT OT MACChI, @ ONPEACIISAETCS TOJILKO
BEIIMYMHOU «@».

U BBI BUAMTE, 4TO YpaBHUBATH (POPMYITY MOJIEKYIISIPHOTO MPHUTSKEHUS
Tet ¢ popmysioit Beca «M=m*gy, KOTOPBIil K TOMY K€ NPOSIBIISETCS
TOJILKO Ha OMOpE, - 3T0 adcypa. XOTsI 9TO U CIEACTBUS OAHOTO U TOTO
K€ 3aKOHa I'paBUTAIIMH, HO 3TO Pa3HbIE CIEJICTBUS, KOTOPbIE HA0
pas3nnyath, a He BAJIUTh BCE B OIHO MECTO, YTO U €CTh B CTapOi (hU3HKE.
Hano pa3nuyate majgeHue Ten WIM BECOBYIO IPaBUTAIIHIO, 00pa3oBaHue
ATOM BECOBOM rpaBUTALIMEH Beca Tell, 4TO MM0100HO padoTe,
MOJIEKYJISIPHOE TATOTEHUE T, TOA00HO0E MATHUTHOMY MPHUTSKEHUIO, 1
«IHCTOE» TATOTEHHE WM OPOUTANIBHYIO TPaBUTAIIMIO, KaK
WHTCHCHBHOCTb BpalleHHs MJIaHETHBIX cdep. 3aMedaere CKOIbKO He
pasnmuyenuii! M 5To TONbKO Maast yacTh (pHU3MKH.

S/

Bbl yxe MNOHsIM, 4TO Bec Wid HapyxHas macca (M=m*g) u
MOJIEKYJIIPHOE IPUTSKCHUE TEN - 3TO pasHble Bemu. Popmyna
MOJIEKYJIIDHOTO  TPUTSDKEHUsT — JCHCTBYeT W 3a  IpeleiaMu

Paznuuenue usuxu u acmporomuu. 119




1 3anumamenvroe Pasnuyenue.
MOJICKYJIIpHOW  oOonoukn 3emim (TIe KOHUaercs artMocdepa),
MPUTSTUBAs WIK CMeIIas, HalpUMep, CIIyTHUKH C UX OPOUTHI. A BOT
BHE 3eMHOI MOJIEKYIAPHON 000JI0UYKH yXKe M HET BECOBOM I'paBUTALIUH.
Ho Bcerma u Be3ne ocrta€rcs muaHeTHOe BpaiueHue. [lotomy mop
TaroreHeM HBIOTOH NOHUMAan TOJMBKO BpalleHUE, OIpeensieMoe
BpallaTebHBIM 3apsAfoM (YCKOpEHHEM), dYeM Ha 3eMiieé eCTh U
MPUMEHSIEMOe TOKa TOHSATHE YCKOPEHHUS CBOOOTHOTO MAaJCHHS «g».
Taxke n A.DWHINTEHH NMOHMMAN TOJA TATOTEHHUEM HMMEHHO BpallleHhe
(Ha3pIBasg €ro WMCKPUBJICHHEM CUJIOBBIX JUHUMN). W TiIrorenme — 310
HEBUJIMMOE BpaIllEHUE TPAaBUTOHOB U TIPOSBISEMBIX HUMH TaKKe
HEBUIUMBIX chep.

OduiuanbHO XK€ TATOTCHHE IMOHUMAIOT IMOJA00MEM MPUTHKESHUS
MarauToB. Ho, kpoMe TOro, 94To OJHO MPUTSHKEHHWE MAarHUTOB, KaK BEI
caMH 3HaeTe, HUKOI/1a He Ta€T MOCTOSIHHOI'O BpPAIIeHNUs, MOJIEKYJIIpHOE
MPUTSDKEHUE Tl COBCEM Majlo, M €0 MOXHO Pas3lu4MTh (XOTS U C
TPYZOM) TOJBKO, Hampumep, Ui JIyHel ¥ 3emin unu Ans 3eMid |
Connna. Benb MHTEHCHBHOCTH TPABUTAI[MOHHOTO MPUTSHKEHUS YOBIBAET
OT KBajJpara paccTOsSHUS Mexay ueHTpamu Ten! Ho HarmeiM
ypaBHUBaHUEM (OPMYJ JJIsi Beca M MOJICKYJISPHOTO MPUTSKCHUS
MOJIy4ar0T HEKHUE OTPOMHEIE CHUIBI «B3aUMHOTO MPUTSKEHUS 3eMIU U
JlyHbl», yeM 1 «0OBICHSIOT) MJIaHeTHOE ABMKeHne. Ho naxe eciu Obl
NEMCTBUTEIPHO BO3HUKAIM TaKME€ OrPOMHBIE CHJBI, TO 3TO H
BBUIMBAJIOCH ObI UIMEHHO B MPUTSKEHUE, 10JJO0HOE MATHUTHOMY, a HE B
maHeTHoe BpamieHue. IIIKONbHMKHM, KOHEYHO, YYBCTBYIOT TaKHe
HCKa)XCHHUSI, TOTOMY MaJjio UCTUHBI U B UX JalTbHEHIIICH KU3HMU.

Kak BBl yxe uyuTany, TOIBKO Ha 3eMmyie TPaBUTALMOHHBIA 3apsia
(yckopeHue) «g» COBMajgaeT C 3apigoM BECOBOM TIpaBHTAIMU
(odunmanbHO HA3BIBasICh YCKOPEHHEM cBOOOAHOTO Nafenus). [Ipu sTom
KOHTYpHBIE  WJIM  CHJIOBBIE  JIMHHM  BECOBOM  TpaBUTALUU
B3aMMOJICHCTBYIOT yX€ HE C MOJEKYJISIpHOH O00ONOYKOM Ten (Kak B
MOJICKYJIIPHOM TPUTSIKEHHH), & C UX BHYTPEHHUM MOJICKYJISIPHBIM
3apsAOM. OTHUM KOHTYpPHBIC JIMHMM BECOBOW T'pPaBHTAIMU Kak Obl
HAHU3BIBAIOT Ha ce0s Tela U YBJIEKAIOT UX B CBOEM JBIKEHUHU K 3eMIle.
[Toromy Bce Tena u majgarOT B BaKyyMe€ C OJUHAKOBOW CKOPOCTBIO. A
BOT YK€ B KOHTaKT€ C MOBEPXHOCTHIO 32 CUET Pa3HOW MOJIEKYJISIPHOU
MAcChl T€Jla U MOIYYaloT OT JEHCTBUS BECOBOW I'pPaBUTAIlMU Pa3HbIN BEC.

AOCYp/JHBIM K€ TIOHUMaHHEM 3apsjia BECOBOW TIpPaBUTAIUU
YCKOPEHHEM TIOCTYIATENbHOI'O0 JBHKEHHS Tela IIKOJbHHUKAM B
ydyeOHUKaX YTBEpKIAIOT, 4YTO, MOJ, CKOPOCTh MaJAIONIEro Tena ¢
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KaXKJIOM CEKYHJIOM MOCTOSHHO pacTér. M3-3a CONpOTUBIECHUS BO3AyXa
CKOpOCTb TaJICHUs JEWCTBUTEIBHO PACTET, HO HE 10 NPSAMOM JMHUHU
WM TIOCTOSHHO, a MO0 mapabojie, CTpeMmsIiedcs 3aTeM K CpeAaHel
MONTyOKpYyXHOCTH 3eminu. Ha NomyoKpyXHOCTH K€ CKOpOCTh YKe
nocrossHHa. [loToMy W DapamIfoTHCTBI, MpbITas C 3aTSTUBaHUEM
PaCKpBITHSI TapallioTa, HAOUPaOT CKOPOCTh, a 3aTeM MHapsT B CBOEM
YK€ MOCTOSHHOM IaJICHUM Haj 3eMJIEH, a He Tak, 4To BCE ObICTpee U
OBICTpee MaJIatoT.

Hano xoHkperHee pa3o0paTbes M ¢ TE€M, YTO TaKOE MOJIEKYJIsIpHas
obonmouka. BHyTpum mr00oro Tema MEKIy €ro aroMaMH  eCTh
BHYTpUMOJIEKYJIsIpHast CBs3b WIM dYacrota. M oHa Bcerma paBHa
JJIEKTPUYECKOIl JacToTre 102 A CHapy»XHu cOoOpaHHs MOJEKYNI d5Ta
4acTOTa CTAaHOBUTCS 3€pKalbHBIM OTpakeHHEM, IOoy4as pa3MepHOCTb
JUIMTEIbHOCTH, IPUYEM Y>KE B HECKOJIBKO MeHbLIEH BennuuHe. Iloromy
u mnocrosuHas Kaeenmuina «Gy», paBHas BEIUYHMHE 6,67*10_11, HIIH
MOJIEKYJIIpHasi TOCTOSHHAS JUIS TBEPIBIX TENl — 3TO JUIMTEIBHOCTD, a HE
obunmansHas «abpakagadbpa» B «H*M?/Kr?y.

Heno B ToMm, uTO B opuLMaNBEHON (opMysie Ui STOH MOCTOSHHOM,
KakK BbI TIOHSUTA M3 TOT'0, YTO YpaBHHUBaHHE (OPMYIIBI Beca U (HOPMYITbI
MOJIEKYJISIPHOTO PUTSDKEHHSI — 3TO a0Cyp/I, AOKHBI CTOSITh COBCEM HE
HapyXHbIE Macchl WM Beca METaJUIMYECKHX IIApUKOB. TaM JOIKHBI
OBITH OKpPY>KHBIE CKOPOCTH MX C(EpUYECKUX MOJEKYIISPHBIX 000I0YEK
B OOBIYHOW pa3MEpHOCTH «M/CEK». ODTUM U TMONy4aercs, 4YTo Y
MOJIEKYJIIpHOW  TOCTOAHHOM  «G»  pa3MepHOCTh  JITUTEIBHOCTH.
Monekynsipuasg obonouka, Kak W MarHuTHas cdepa, HamoJOBUHY
HAXOIUTCS B BaKyyme, a HAMOJIOBHHY (KOHTYPHOCTBIO WM (OPMOIA)
yke Hajg HMM. OTTOro 4acrora — 3TO BCerja M €cTb 4acToTa, a
KOHTYpHOCTh WM (popmMa — 3TO Bceraa UTUTENBHOCTh WIIM TEPHOI.
Taxum  oOpasom, BHYTpM caMOH  MOIEKYJIAPHOH  00OmOYKH
MOJIEKYJISIpHAs IIOCTOSIHHAsl BEJIMYMHA 6,67*10 " cranosutes
yacToToi ¢ BenmuuHoit okono 1,5%10'°,

VY razoB 9Ta yactora HauOoONbIIAs, TPHUOIHKASICH K IJEKTPUUECKON
gacTtoTe. A BOT pasMmep cdepbl MoJeKylbl (Kak JJIUHA OKPYKHOCTH),
COCTaBJISIONICH BEIIECTBO, TOI/Ia MPUOJIMKACTCS K BEIMUUHE OKOJIo 10-
11 «M», TIOCKOJIbKY BHYTPHM BEIECTBA WJIH, OYyJAy4Yd HAIOJIOBHHY B
BaKyyMe, MojeKkyla ckpyuuBaerca. U momydaercs, 4To compsbKeHHE
YaCTOThl JIBIDKEHUS MOJICKYJSPHBIX TPAaBUTOHOB B MOJEKYISAPHOM
000MoYKe ¢ pa3MepoM MOJEKYIApHOH cdepbl (MX MpoHU3BENCHNUE)
O3HauyaeT He YTO MHOE, KaK CKOPOCTh BpallleHUs] MoJeKys. M mockonpKy
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B raszax 3Ta CKOpPOCTh HaMMEHbIIas, TO ATH BELIECTBA B OCHOBHOM U
Mpo3payHbl.  IJTO MOAOOHO COMPSIKEHHIO OKPYKHOCTU BpallleHHS H
YacTOTHl BpAILEHHS JONacTel BEHTWJIATOpA, KOIJa OHM CTaHOBSTCA
BJIPYT HEBUIAUMBIMHU.

VY KuaKocTed uacToTa WX HapyXHOH MOJEKYISIpHOH 000I0YKH
MEHbIIIE, TIOTOMY OHHU YK€ ¥ BUJIUMBI, OTy4asi TO, YTO MOXHO Ha3BaTh
monekyasprou kopkou. Ho B KuIKOCTAX Jr00as HauMEHbINAs WX
YJacTulla BCE paBHO BCerJa CTPEMHTCS K cepe WM K Karljie, OBTopsis
4acTOTHYIO cdepy Monekynsl. U 3To Kak pa3 MmoToMy, YTO Y HUX emIé
€cThb Hapy)KHO€ MOJIEKyJIsIpHOoe BpaiieHue. [Ipu atom gacrora 3TOrO
BpallleHUsl yXe MeEHbIIe BHYTPEHHEH MOJEKYJIIpHOW YacTOThI,
CTATMBAIOIIE aTOMbI (KaK YacTOThl 3JeKTpudeckoi). MeHblnas jxe
4acTOTa BCerJa Kak Obl BTATMBAETCS OOJIbIICH YaCTOTOM, YeM, KCTaTH, U
OOBsICHSIETCS ~ TOBEPXHOCTHOE  HATSHKCHHE WM 00pa3oBaHHE
MOJIEKYJIIpHONW KOpPKM Yy Karuid. M Bbl NOHMMaere, 4yTO HaMMEHbIIast
4acToTa MOJIEKYJISIPHON O0ONOYKH - Y TBEPBIX Tell.

Y HHMX HapyXHas CKOpOCTb BpAalllEHHs MOJIEKYyJ SIBHO paBHa
eIMHUIIE, KaK Hapy>KHOE YaCTOTHOE OCThIBaHWE HMJIM 0Opa3oBaHHE YKe
Kak OBl 3acoxuieli MONEKyIspHOW KOpkd. M 31ech mposiBiseTcs He
MIPOCTO €MHMIIA CKOPOCTH, a HyJeBas CTENEHb WM «4YHCTas eIuHUIIA,
MOCKOJIBKY 3TO COMpsDKEHHE JaéT He OKPYXKHOCTh, @ UMEHHO cdepy.
[TotoMy oHUM U TBEpABIE, H OTTOTO UX MOXHO IMWJINTH Ha JFOOBIE YaCTH.
Benp ecnm mrobas Menpyaiiiias 4acTh JKUAKOCTH Beerna OyAeT KarjieH,
TO W MeNbYaillllas 4acTh TBEPAOrO Tena cpa3y OyAeT MOKPBIBATHCS
MoI00HOM yke TBEPAOH MOJEKYJSIPHONH KOPKOH. Y MOJNEKys TBEPAOTO
Tela HET Hapy)KHOTO MOJEKYJSPHOTO BpallleHHs emé M MOTOMY, 4TO
JeiicTBUTENbHAS BenuuMHa TocTOsSHHOM KaBenguma ¢ yuaérom
cepruyHOCTH B3aUMOAECHCTBUS MapoB (mogoOHO 3akoHy KyioHa)

cocrapmser 1,69%*107'2  «cex». Dro orTHOWeHME oOdUUMANBHOI
BeTHIHHBL «6,67*107 '» K conpsukEHHOMY 0603HaueHmIO cepb «4T2y.
B crapoii xe ¢usuke naxke HE CKOPPEKTUPOBaIM (GOpPMYTy JUIs
MOJIEKYJIIPHON (TaMm MPOCTO TPaBUTAIIMOHHON) MOCTOSHHOW BETUYHUHBI
c yu€rom 3akona KynoHa, rne Taxxke aBe cepbl, HO IJIEKTpUIECKUE.
T.o0., yacToTa MOJNEKYISIPHONH 000IOUYKH Y TBEPABIX TEN — 3TO MPHUMEPHO
5,9%10'"". MoToMy MOXHO cKa3aTb, 4TO U pasMep BPALIEHHS MOIEKYI B
BEI[ECTBE — 3TO YiKE 1/5,9%107"" «m». U3 Beero storo Bbl, HaBEPHOE,
y’Ke pacKkpbeiiu (oKyc Toro, mouemy HaOIrO/asi B MOIIHBI MHUKPOCKOI
MeTajll, Tepeq Tja3aMy MpeacTaéT j>KMBas HAloOJOBHHY BaKyyMHas
YaCTOTHOCTh €r'0 aTOMOB, a CHapY>KH — 3TO YK€ cama TBEPOCTb.
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Tak BOT, 3emils, KaK €IWHOE MOJIEKYJISIPHOE TENO, TOKE o0pasyer
BOKPYT ce0si MOJICKYJISIpHYI0 000j104Ky (BMecTte ¢ e€ armocgepoit).
OTol 000704YKOH OHAa MPHUTATHBAECT, HAIIPUMED, CIIYTHUKH WJIM MEIIKHe
METEOpUTHI, BOLIeAIHEe B e MiIaHeTHylo cdepy. 31ech Hamo cpasy
YIIOMSAHYTHb U3MBIINIJICHUSA O BO3MOXXHBIX U 6I)IBHII/IX KaTaCTpO(baX, Korjga
B 3eMJII0 SKOOBI BpPE3aJIUCh OrPOMHBIC acTEPOUABL. Y OOJBIIUX
acCTEepOHJIOB M KOMET €CTh M 3HauyMTelbHAas MOJIEKYJSpHas 000JI0UKa,
npuyéM HamoJOBUHY oOpaTHasi K BaKyyMHOW IuUlaHETHOH cdepe.
HOTOMy 6OHI)HH/IC KOCMHYCCKHEC TCJIa W HE MOT'YT IONACTh HC TO YTO Ha
3eMiTt0, a B €€ IJIaHEeTHYIO cdepy, OTTANKUBAsACh OT Heé. Bec y Ten, kak
BBl Y)K€ YUTAJIM, 00pa3yercs TOJBKO BHYTPH MOJICKYJIAPHOW 3E€MHOU
obonmouku. [lpm sToM Ha 3Ty 000J0YKY Kak OBl OJIEBACTCS, WU
COBMeIIAeTcs ¢ Hel chepa rpaBUTAIIOHHOTO BpAIICHUS 3EMIIH.

B »TOM CcoOBMEIIEHHM TPaBUTAIMOHHBIN 3apsj «2» (YCKOpPEHHE)
KOHTYPHOCTBIO HJIM (OPMOM TPOSBISIETCST HAMOIOBHHY YK€ U B
HaJBakyyMHOM cioe. lloroMy Takoe JBHYKEHHME TPAaBUTOHOB WITU
BECOBaA TpaBUTallUd BCCTAa HAIIpaBJICHA BHU3, KaK K MOJICKYJIAPHOMY
ueHTpy. Benp u MomekynsipHasi obonouka «paboTaeT» Ha CTSATHBaHHE
MoJiekyn. BecoBas rpaBuTanus TOJBKO BHEIIHE MOJ00HA ACHCTBHUIO
MAarouTHOr0O HNpUTSKCHHA, IOCKOJILBKY, B OTJIMYHUEC OT HEro, YBJICKACT
mo0Oble MOJNeKyJsipHbIe Tena. M 3To depe3 To, 4TO IpaBUTOHBI KaK ObI
COIpATarOTC B HMX BpalleHUH C BHYTPEHHUM MEXKMOJIEKYISIPHBIM
YCKOpEHHEM I C MOJIEeKYISAPHbIM 3apsadoM. A OH Kak pa3 u o0pasyer
BaKyyMHYIO WJIA YaCTOTHYIO MacCy. DTHM WU OOBSCHSETCS TO, YTO B
BaKyyMHOM COCYZ€ Bce Tena (M MeTaJUIMYecKHil apuK, U NTHYbE Tepo
U s0JI0KO) MajgaloT C OJHOM CKOPOCThIO, TIOBTOPSISI JIBHDKEHHE
KOHTYPHBIX JIMHUI BecoBOM rpaButauuu. UM 3peck mnossisiercs
o4yepeIHOe UCKaKeHUe: MMyTh MaieHHs Tena.

HcTuHHAs BeJIMYUHA TPABUTALMOHHOTIO 3apsiaa (YCKOpeHus)
U pa3jin4yeHre Macchl. 37ech TOBOPUTCS O TOM, UTO

- 1) He pa3iMueHne NPMMEHAEMOro NoKa NOHATUA YCKopeHUs cBoboaHOro
NageHUs «g» Kak BPaLLLaTeIbHOro 3apAAa rPaBUTOHOB O3HAYAET, YTO
WCTVMHHaA eé BeNNYMHA B HalemM HaZ3GMPHOM MUpe — 3TO «g/Ti».
Pa3nnMuyeHne 3TOro No3BO/AET ONPeAeNuTb U PasMep rpaBUTOHOB —
3/1EMEHTAPHbIX YaCTOTHbI Y3€/IKOB NPOCTPAHCTBA-BELLECTBA;
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- 2) NocKonbKy Macca B Gopmysie Beca —3TO MOJIEKYAPHAA Macca, To Yy
9NEKTPOHOB M 3/IeMEHTAPHbIX YaCTUL, HET HE TOJIbKO Beca, HO M MaccChl.
Befib 971€KTPOHbI U 06Pa3yOT MONEKYIAPHbIE CBA3U, MPUYEM 3TO He
cBODOOHbIE 3NEKTPOHDI, @ CBA3HbIE UMW 3/1eKMPUMbI, KaK 3N1eKTPUYECKan
YacCToTa UX OBUXKEHUA.

MoneKynAapHyto e Maccy COCTaBAAOT aTOMHbIE MAcCbl, HO U B aTOMe - He
CcBOBOAHbIE 3/1IEKTPOHbI Hag, A4POM, a 3/1IEKTPOHHAsA 060/104Ka B BUAE
opbuTanein, oTparkatoLLan AP0 B HAPYKHOM BaKyyMHOM C/10€;

- 3) B MONIEKYIE HAAO Pa3/IMyaTb 3/IEKTPOHHbIE CBA3M, NPOABAAIOLLME
9/1IEKTPUYECKYIO 4acTOTy «1012», BHYTPEHHIO MOIEKYNIAPHYIO CUTY,
M3MEHAOLLLYIOCA OT BEIMYMHBI MAarHUTHOM YacTOTbl «10%» [o
3NEeKTPUYECKOM YaCTOTbl U - MONEKYNAPHbBIN 3apAs, MMHUMabHOE
3HaYyeHne KOTOPOro PaBHO 3/IEKTPUUECKOMY 3apAaay UM BpaLLLaTeIbHOMY
3apAay 3N1eKTPoHa.

B crapoM uznokeHMM M B NyTH MaJEHUSA TNl HET pa3nyeHus.
[Moromy, x0T TpaduK NajJeHUs U PUCYIOT YacThlO Mapaboibl, HO MyTh
MaJiIeHns CYUTAIOT psiMoit inHuei! Ho Bens myTh mafieHus — 3To U ecTh
rpaduk manenus. M on oOpa3yer kak pa3 mapabojy, MOCKOJIBKY
KOHTYpHasi IMHUSI BECOBOW I'paBUTAIlMM — ATO BCET/a JIyra OT CpeAaHen
MOAYOKPYKHOCTH 3eMIIM WM OMATh «TR». A myTh majeHus — 3TO
Bcerna 4vacTh 3Tod ayru. Otroro u B (Qopmyie MyTH NaaeHHS,
YCTaHOBJIEHHOM 3KcrepuMeHTaibHO ['.['anmneem, Takke MosSBIsSETCS
JBOWKAa B 3HaAMEHaTene, XOTd, MCXOAS M3 CKOPOCTH NajeHHs, Kak
MPOU3BEICHUS YCKOPEHUSI HA [UTUTENBHOCTD, MyTh MAaJCHUs — 3TO «Zt>».
OdwuimansHO  Ke  3TO  CHOBA  «OOBSCHACTCSH»  HAJyMaHHBIM
PaBHOYCKOPEHHBIM JBMKEHHEM. BuanTe, HacKOIBKO HE BOCIPHUATHE
Mupa chepUYHBIM MOXKET MPUBOIUTH K HCKAXKECHUSIM?

Bot ¢opmyna myTH nageHus Tena:

t2
H = 7>

Jleno B ToM, uto «H» 3/1€Ch — 3TO JTMHA OKPYX)HOCTH «2TTR» BO
BpallleHUU I'PaBUTOHOB, YBJIEKAIOIMX I1/IA0IIEE TEI0 B KOHTAKTE C UX
MOJIEKYISIpHOI 06onoukoii. Ho cHapyku Wi B HalleM HaJABaKyyMHOM
MUpE 000 TyTh MBI BCET/Ia BUJIUM U 3aMepsieM YK€ KOHTYPHO HJIA HE
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OKPYKHOCTBIO, @ TIOJIyOKPYKHOCTBIO «TTR». TToTOMY M IprXOANTCS
JEUTh «gt%» Ha JIBa.

Ho u at0 emé He Bcé. Ilockonbky myTh majzeHus — 310 He «Ry», a
BCerza MMEHHO «MR», To W rpaBuTanmMoHHBIA 3apsa (oduUIHATbHO
yCKOpeHHe CBOOOJHOrO MaJIeHHs) BCeraa MPUMEHSETCS C YHCIOM T,
XOTs1 00 3TOM W HE 3HAKT. DTO TOBOPUT U reomerpus JlobaueBckoro,
rae arobast mpsiMas, OyAy4d Takoil BHEIIHE WJIM JUIsl Hac, — 3TO Ha
caMmoM Jiefie yra OKpY»KHOCTH, a TOUYHEee — 4acTh MONyoKpykHOCTH. 1
9TO 3HAYMT, YTO JCHCTBUTEIbHAS BEMYMHA I'PABUTAMOHHOIO 3apsijia
(yckopenus) «g» He 9,81, a 3,124! U nokasbiBaercst 5TO TEM, YTO MPHU
TAKOM BBIPRKEHHH «g» 3Ta BEIMYMHA U BBITJISINT, KaK BpallaTelnbHOE
YCKOpEHHe, HO Ha3bIBasICh (HOPMYIIOii 000POTHOIO MasgTHHUKA.

DKCrepuMEeHTalIbHO YCTaHOBIIEHHAs opuimansHast Gopmyia
000pPOTHOr0 MasITHUKA UMEET TaKOW BUJ:

41’R
g - T2

Ho nockonbky B ouiinansHoe 3HaYSHNE TPABUTAIIMOHHOTO 3apsiia
(yckopeHus1) «g» Bceraa BXOAUT YUCIIO «IT», TO ACHCTBUTENbHBIN BU
(dhopmyIiel 000POTHOTO MasITHUKA!

4aR
g - T2

U BBI BUAMTE, YTO 3TO U €CTh OpMYyJIa JUIS 3apsi/ia BpaIleHHsI
(odpunmanbHO BpalaTENbHOTO YCKOPEHHS).

NmenHo u3 310l (popmyibl MOACTAHOBKOW B HeE cgemosoil
OnumenbHOCMy ~ MOXHO  TIONYYUTh  pa3Mep  TpaBUTOHA,  Kak
AJIEMEHTapHOI0 y3elKa MpocTpaHcTBa. UM dWTo Takoe cBeToBas
JUIMTENIbHOCTB? BBI BUIMTE, YTO TOCKOIBKY MHUp cdepuucH, a chepa -
3TO HapyXHas (MHOTJIa BHIMMasi HAM KOHTYPHOCTb) M HEBUAWUMAs
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BHYTPEHHSSI YaCTOTHOCTh, TO ¥ B (PU3MKE HAJ0 Pa3inyaTh BCE SBJICHUS
B HAPY>KHOM BHJIE€ WJIM TaK, KaK Mbl MX BOCIPHHHUMAEM, U BHYTPEHHE
WM TaK, KaK OHH €CTh B JIEMCTBUTEIBHOCTH. M, KaK BbI YK€ YUTAJIH,
YTO B HAPY)KHOM HJIM B KOHTYPHOM BOCIPUSATHH CKOPOCTH CBETA — 3TO
U €CTh CKOPOCTh, a BHYTPEHHE HJIM Ha CAMOM JIeJIE CBETOBOE 3HAYEHHE
«3*10% - 510 uacrora pacnpocTpaHeHHs cBeta. A BOT JUTUTEIbHOCTD
3TOW YaCTOTHI WU «3,334*10_9» -3TO U €CTh CBETOBAs JUIUTEIBbHOCTD.
[Totomy pasmep TIpaBHTOHA, Kak pasMmep deThIpEXChepHUKa WM
kBazpynons «4mR», momyuaercs pasubiM 3,47%107"7 «v». Pasmeps
K€, MEHBIIKE DTOro, B HAIIEM HBIHEIIHEM MPOCTPAHCTBE BU3YaJbHO
HaM y)Ke He pa3InIiuMBbl.

C JfeifCTBUTENBHBIM 3HAYEHHEM  «g» M IepBas KOCMHYECKas
CKOPOCTh — 3TO MPEOJOTIEHHE HMEHHO KOHTYPHOM IOJIYOKPYXHOCTH B
BECOBOH IpaBHTAIMK. A BTOpasi CKOPOCTb TOT/a MOTydaeT BH/I:

V=2nR*g

Ortcrona sICHO, UTO 3TO 03HAUAET NIPEOAOIEHUE TOTHON OKPYKHOCTU H
— yXe HE TOJIbKO BECOBOH, HO M OpOMTAaNbHON TpaBHTAIMH, Kak
NONaJAHNE HAIOJIOBUHY B BAaKyyMHBIM CJIOW IIPOCTpaHCTBAa. Bbl yxke
MOHSUTH, YTO BEC — ITO HapyKHas Macca, Oyay4H mogodueM padoThI

BecoBoil  rpaButanuu.  OOpasyercs  Bec  B3auMopeiicTBHEM
TPaBUTAIMOHHOTO YCKOPEHHS «g» C MOJEKyIIpHOH Maccoil. A
MOJIEKYJIIpHasT Macca «M» — 3TO OTHOLIEHHWE BHYTpEHHEH

MOJICKYJIIPHOW CHJIbI, YMHOKCHHOW Ha OOBEMHBIN KO3(DPHUIMEHT, K
MOJIEKYJIIpHOMY 3apsily (0 koTopom mucan u HeioToH). M 31O 3HAUMT,
YTO HET MAacchl HE TOJBKO Y 3JIEKTPOHA, HO M y yacTull. To ke, 4To
BOCIIPUHUMAETCS MAacCOM JJIEKTpOHAa M YaCTUI[ — 3TO MPOSBIECHHE
HAYaJIbHOW CHJIBI B UX OOIIEM ABIKEHHH, MOJOOHOM TOKY. Bemb 31O
NBUKEHHE MJET YK€ B HaJABAKYyMHOM HWJIM MOJIEKYJIIPHOM CIIO€.
[Totomy m MomekynspHasi Macca HayMHAeT MPOABIATHCS TOIBKO IS
WOHOB, KaK HEMOJHBIX MJIM COCTAaBHBIX yacTed Mmoiekyn. Hcxoas us
JICUCTBUTEIIBHON BEJIMYMHBI TPABUTALMOHHOIO 3apsnia, CKOPOCTH
KaueHMs] TPaBUTOHOB M METPUYECKON 4acTOTHI IpocTpaHcTBa «1,256»,
MOXHO ONpENeNuTh W TPAaBUTALMOHHYIO OpOHMTAJIBHYIO YacTOTY
(vyacToTy BpallleHHs IUTAHETHOW TPaBUTOHHOW CQepbl M BECOBOM
rpaBUTalluM), TOAOOHYIO MarHuTHOM uactore. OHa cocTaBisieT
1,45*1 0* «1/cex» u OTIpEICISIeTCS n3 MIPOU3BEICHUS:
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(36*10%/3,124)*1,256~1,44*10" (c™). 3nech BenmumHa 36 - CKOPOCTH
KAUeHHs IPABUTOHOB B MX B3aMMHO-IIEHTPHUECKOM BPAIICHHH «M /CEK»
C MPUBEACHUEM 3TOro BpalleHHs K paauycy B 1 km=10°m, 1,256 -
MarHuTHas MeTphueckas uvactota «l/mM», BXomsimas B cocTaB
AIEKTPUUECKON MOCTOSHHOM BEIUYUHEL, 3,124 — BeTH4nHA «@).

Morekyna — 3To coOpaHHe aTOMOB, KaK UX OTpakeHHE B HAPYKHOM
BaKyyMHOM ciioe. [IoToMy MOJIeKyJIbl B TOUHOCTH MOBTOPSIIOT ATOMHBIMH
PUCYHOK, HO 3TO TMPOUCXOOUT - M B TPSAMOM OTPAKEHUH, U B
3epKajbHOM, a €l U B CMEIIAHHOM €ro OTPa)KEHUH OT BHYTPEHHErO
BaKyyMHOTI'O CJIOsl. DTHUM W 00pa3yloTcs pa3HbIe MOJIEKYJISIPHBIC CBS3H.
Ectp emé m aromHas Macca, KOTOpas W HayMHaeT 0Opa30BHIBATH
MOJIEKYJIIpHYIO Maccy. ATOMHas WIH camas BHYTPEHHSAS Macca «Mmay
paBHA OTHOLIEHUIO BHYTPEHHEW SNEPHOM CHUIBI B «KI», PAaBHOU
marautHoil uacrore «10%, x sepHOMY 3apsay (00 3TOM pedyb BO
BTOPOM pazjziene). DJISKTpOHHAasi aTOMHasi 000JI0YKa MPH 3TOM B pacuér
He Oepércsl, Kak He MMEIas Beca. Y 3JICKTPOHA )K€ U YACTHIl HET U
3TOI caMOil BHYTPEHHEH MacChl, a €CTh JIMIb YaCTOTHO-KOHTYPHBIN
MacCHB YaCTHII.

ATOM HMCXOIUT M3 CPEIUHHOIO BaKyyMHOro cios. OH yxe Kak Obl
TOTOB B JIIO0OM MOMEHT MpPOSBUTH MOJEKYJISpPHYIO Maccy. A BOT
MOJIEKyJla HaXOJIUTCS YK€ HAIlOJIOBHHY HaJ BakyyMoM. B Momekyne
MOXHO 0003HAYUTh TPHEANHCTBO OCHOBHBIX €€ apaMeTpoB.

1) Bo-niepBbIX, 5TO BHYTPUMOIIEKYJISpHAs AJIEKTpUYecKas 4acTora,
CBS3BIBAIONIAsl aTOMBbI B SIBHbIE WJIM pa3JiefibHbIE MOJEKYJbl, Kak Y
OONBIIMHCTBA BELIECTB, U - B HE SIBHBIC WM OJHOPOAHBIC, HAIIPUMED, B
ra3e apros, rejliy Win B KpUcTajlaX alnMasa.

2) Bo-BTOphIX, B MOJEKyJlax, Kak M B aToMax, TaKke ecTb
BHYTPCHHSISI MoyieKyisapHas cuina  «Fm.», ynepkuBaromas — yxe
MOJIEKYJIbI B €JMHOM I1eioM. OHa 3aBHCHUT OT arperaTHoro COCTOSIHUSI U
MIJIOTHOCTH BELIECTBA.

3) U, B-TpeThHX, B MOJIEKYJIaX €CTh M MOJIEKYJISIPHOE BpaIaTelbHOE
YCKOpPEHHE WM MOJIEKYJIApHBIA 3apsan «amy». OH u3MeHsercs B
HeOobIoM auamasone: oT 0,54 «wm/cex?» B raszax 1o 0,166 «M/cek®» B
TBEPBIX Tenax (YTO UCXOAUT U3 pa3iMyeHus yuciia ABorapo).

B sagpax aromoB 3apsa  oOpasyercs JIBH)KEHHEM aTOMHBIX
AJIEKTPUTOB, PUCYIOMIUX SAEPHBIE Y3JIbl. DTO MOM00HMS TPaBUTOHOB, HO
KOTOpbIE Ja)X€ MEHbUIE €ro 4erBEPTOM 4YacTH WM MarHuToHa. B
MOJIEKYJIax MX 3aps] 00pa3yroT y)Ke MarHHUTOHBL. A B MOJEKYJISIPHOM
Hapy»KHOM  B3aUMOJEWCTBUM  YYacTBYIOT YK€  MOJIEKYJISIpHBIE
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rpaBuTOHBL. BCc€ B Mupe TponuHo. IToTOMY TpOUUYHO, KaK BbI OHSIIN, U
MOHSITHE Macchl. JTO Hapy’KHasg Macca WIH Bec, MOJIEKYJIsIpHasl Macca U
Macca aToMHas. Tak BOT, IPOU3BEIECHUE BHYTPEHHEH MOJEKYJISIPHON
cuinsl  «Fm.», npuBenéunoit k eauuuile o0béMa BemECTBA H K
BHYTPHMOJIEKYJISIPHOMY 3apsiay (BpamlaTelbHOMY YCKOPEHHIO) «amy
(KaK MoneKynsipHOU NIOMHOCMU 6ewjecmea), Ha  00BéM Tema V,
COCTaBJISIEMbIl BEIIECTBOM, — 3TO WU €CThb Mojekyaapuas macca. Ilo
pasMepHocT (Kr*cek?’M), Kak W aTOMHAas Macca, OHa T0J00Ha
HEHTPOCTPEMHUTEIBHON MM CTATHUBAOINICH padoTe B 4acTOTHOM cdepe
BpAIllCHHUS] BAKYYMHOW CPEJIbL.

Fm. *V
am

B He pasnuyeHHH MacChl U BECA WJIM MOJEKYJISIPHOM M HapyXHOU
Macchl HET ¥ pa3IMyeHusi B 00pa30BaHUMU BECa U MACCHI [Tl HEKUBBIX U
JKUBBIX Tel. Benp Bec yelnoBeka — 3TO COBCEM HE TO, YTO BEC MEIIKa C
kapromkoi. Kpome TOro, mpm pasnuueHnud oOpa3oBaHHMS Beca B
CTPYKTYpE BECOBOM IpaBUTALIMU BBIACHSAETCS, YTO Tella B UX JIBUKEHHUU
Ha 3emJie mocie onpenenéHHol CKOpocTH yMeHbIaT Bec. K Tomy xe
W 1O 3aKOHY CHMMETpPHH, €CIH €CTh IIOHATHE TMeperpy3kH, Kak
yBEJIMUEHHS Beca, TO JOJDKHO OBITh M MOHSATHE YMEHbIIeHHs Beca. U
3TO TaK e, Kak eumé MHOroe Apyroe, HE pas3jIMyaercs, WIH He
BOCIIPHHUAMAETCS OPHIIAATBHO.

K npaBae o0pa3oBanus Beca.
JeiicTBHe MOJIEKYJSPHOTO 3aPsia. 31eCh TOBOPUTCS O TOM,
qTo

- 1) NNOTHOCTb TEN A0/KHA ObITb OTHOLIEHMEM HE BECA, @ MOJIEKYNIAPHOMN
Maccbl Ten K nx 06bémy. NMoTomy yMmeHbLUEHWE NAOTHOCTM O3HAYaeT pocT
MOJIEKYNIAPHOr0 3apaaa, NPUYEM NO Pa3MEPHOCTU OH 0BPaTHbIN K
rpaBuUTaLMOHHOMY 3apAagy (ycKkopeHuto cBobogHOMY naaeHuio). A aTo
3HAYUT, YTO YMeHbLIEHNE NTOTHOCTU — 3TO U €CTb CHMNXKEeHUE BeCa,
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- 2) By/IKAHMYECKaA Mmarma BHYTPU 3eM/IM CTaHOBMTCA MarMoi TO/IbKO Ha
NOBEPXHOCTU MM B HALLEM HaABaKYYMHOM MUPE, BHYTPYU e Haluewn
NaaHeTbl —3TO OrPOMHbIA MOIEKYNAPHBIN 3apAS, UV NOBbILLEHHAA
YaCTOTHOCTb, HO HUKAK He TemnepaTypa. To e camoe OTHOCUTCA U K
ConHuy;

- 3) Npy ABUKEHUW TeN BOKPYT HUX 0bpasyeTca cunosas cdhepa, HO 4eN0 B
TOM, YTO OHa NoA06Ha BakyyMHOM chepe BpalLeHus. MoTomy aTa chepa
B3aMMOLENCTBYET C BECOBOW rpaBmuTaLmei.

ITockonbKy JEHCTBUTENBHOE 3HAUYEHWE TPABUTALMOHHOIO 3apsiaa
(yckopenusi) «g» - asro He 9,81, a 3,124, Tto 3HadyeHue «3,124»
oOpasyeT M Bec, Kak MPOHM3BEICHHE HA ITO 3HAYEHHE MOJIEKYISAPHOH
WIH BHYTpeHHeH wMmacchl. [Ipy oduIuanbHONH jKe BEIMYMHE «g»
nojy4Jaercs, 4To Bec Oonbiie Macchl mouTd B 10 pa3. A ¢ yuérom emié u
HE pa3IMYeHUs Macchl BHYTPEHHEH WM MOJIEKYJISIpHOW W Macchl
Hapy»KHOM WJI Beca BBIXOANT, YTO €CIIM YEeNTOBEK BECHUT, cKaxkeM, 100kr.
W XO4YeT MOXYyJAeTb WM YMEHbIIUTh CBOIO Maccy Ha 10kr, To ¢
ounmanbHON (U3MKOH 3TO eMy He ynanochk Obl. Heyxkenu emé xomy-
TO XOueTcsi MPUHHUMATh Takue HMcKakeHusA? Bec IuiaTMHOMPUAMEBOM
TUPU — OTO OJTAJIOH Hapy)KHOW Macchl WJIH Beca. OTalloHA XKe
BHYTpPEHHEH HMJIM MOJIEKYJISAPHOH Macchbl, KaK BBl IIOHUMaeTe, ObITh HE
MoOXKeT. Benp y pazHbIX MaTepualioB pazHas MOJNEKYIsIpHas CTPYKTypa.
Hekoropsle U3 Bac MOMHAT O IUNIOTHOCTH BEIECTB. Tak BOT, HA CaMOM
Jefie 'y BelecTB JOJDKHO ObITh 00O3HAYEHO OTHOIICHHWE HE Beca, a
MOJIEKYJISIPHOM Macchl K uX 00béMy. Benb, Hampumep, B KocMoce, e
HeT Beca, He MOXKET ObITh U OPHUIMAIBHON TUIOTHOCTH. 1 yMeHbIeHHne
IUIOTHOCTH — 3TO YMEHBILICHHE KaK Obl MOJEKYISPHOH BS3KOCTH
BEIIIECTBA KaK pa3 3a CUET pocTa MOJIEKYJIPHOTO 3apsija.

MonekynapHbI 3apsii MOXET W3MEHAThCSA, HampuMmep, U MpH
HarpeBaHuM, KOrja NpH TMOCTYIUIEHMM CTOPOHHEW WM BHEUIHEeH
FPABUTOHHOM YaCTOTHOCTH, OH PACTET. Y MEHBILAETCS MIPU 3TOM, KpOMe
MOJIEKYJIIPHONH Macchl, U TJIOTHOCTh BEIECTB, MOTOMY HarpeBaeMble
Tena U 0COOEHHO HarpeBaeMblil ra3 M yBEIMUMBAIOTCS B 00bEME. DTHM
00BSICHSETCS M TO, YTO METAIIMUECKHE OTIMBKH MTOKAa3bIBAIOT MEHBIINH
BEC, YeM TI0CJIe UX OCTBIBAHMS, Jja U HarpeBaeMblil ra3, Kak BBl 3HAETe,
nogaumMaercsi BBepx. Crapast ke pu3MKa O NMpUYMHE MOABEMA Ta3a
yMamyuBaeT. A OHa Kak pa3 B TOM, YTO YBEIHYEHHE MOJIEKYJISIPHOIO
3apsga MAET B TNEPBOM WM HApy)KHOM BaKyyMHOM cioe. A
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TPAaBUTALMOHHBIN 3apsi]i MPOSBISIETCS yXKe Kak Obl CIepeld ero Hid B
o0paTHOM K HEMYy HaJBaKyyMHOM cioe (rae Mbl ¢ Bamu). [loTomy
yBEJIMYEHHE MOJIEKYIISIPHOTO 3apsijia (4aCTOTHOW CKOPOCTH DIJIEKTPUTOB,
00pa3yronx MOJEKYJSPHBIC CBSI3U) BCerja WAET 00paTHO K BECOBOM
IPaBUTAIUM WM TPOTHBOACHCTBYET €i. DTO O0O3HAUEHO M B BBIIIC
npuBeACHHOH (opMylie MOJEKYIIPHOH MaccChl, Tl MOJIEKYJSPHBINA
3apsii — B 3HAMEHarene. OJTUM MOXKHO OOBSCHUTh W TOIBEM
BYJIKAHMYECKOW Marmbl U3 HeJp 3eMIIH.

Br1 yxe MOXkeTe paznndaTh, YTO MOCKOJIBKY HAIly IUIAHETY MOXKHO
MPEACTaBUTh OOBIYHBIM MOJIEKYJSPHBIM TEIOM, TO M 3€MHas Kopa
MoJo0Ha MOJEKYJISpHOH KOpKe. A BHYTPH 3eMJHM, KaKk W BHYTpH
MOJIEKYJI, — Y?K€ BaKyyMHasl cpea npocrpancrsa. [loromy Bugumoe Juist
Hac BELIeCTBO TaM JJIA Hac yxe He Buaumo. [Ipormie rosops, To, 4TO
MpOSBISETCd  BYJIKAHMYECKOM MarmMod BHYTpH 3eMiM, — 3TO
BBICOKOYAaCTOTHOE M Ta3000pa3HOe 00pa3oBaHHE C MaKCHMaJbHBIM
MOJIEKYISAPHBIM 3apsaoM. OTToro 3To 00pa3oBaHHE W MOJHUMAETCS
BBepX, Oyay4un oOpaTHO HampaBieHO K BecoBOi rpaBuTauuu. [lomagas
K€ B Hall BUAMMBIM MHp WJIM B Ha/JBaKyyMHOE IPOCTPAHCTBO, 3TO
o0pazoBaHHWE CTaHOBHTCS YK€ BHIAMMOW ropsiueil wmarmod. A
MOBBIIIIEHHAS MOJIEKYJIIpHast Y4acTOTHOCTb (TTOBBIILIEHHBIH
MOJIEKYJISPHBIN 3apsil) TOro, YTO CTAHOBHTCS MarMoW, MpOSIBIAETCS B
HaIlleM HaJ[BAaKyyMHOM CJIO€ KaK pa3 OOJIbIION TEMIIEpaTypoH.

Benr u oOpa3dyemass MUKPOBOJIHOBOW TICUBIO BBICOKAs 4acToTa
CTAHOBHUTCS B COIPUKOCHOBEHMM C MOMEUIEHHOM Tylna MNUUIEH YxKe
TerioM. MHBIMU clioBaMH, 1O 3aKOHY CUMMETPHUH, €CIH HarpeBaHHe —
3TO YyBEJIWYEHHE BHYTPEHHEH 4YacTOTHOCTH, TO U YBEJIWYEHHAs
BHYTPEHHSISI YaCTOTHOCTh JOJDKHA  MPOSBISATHCS — HarpeBaHUEM.
Hanpumep, crubast u pa3rudast MHOTO pa3 TOHKHA TBO3/Ib MITH ITPOSIBIISS
YacTOTHOCTb, Mbl BHAMM, 4YTO OH HarpeBaercsi. be3 Pasnuuenus xe
o(UIHATTBHO CepbEIHO CUMTAETCS, YTO BHYTPU HAIlleW TUIAHETHI SIKOOBI
BCErjla OrpoMHasl TeMIleparypa, U3HadajibHO pa3zorpeparomas Marmy. A
TO, YTO €CJIM OBl 3TO OBLIO TaK, TO U OKEAHbI ObUIK OBl rOpsYHe, JaXe He
XOTST 3ayMbIBaThCS.

Kak, BbI yxe paznuyaere, BOKPYT Tell, 0COOEHHO TeX, TAE eCTh CBOK
WUCTOYHUK CHJIBI, Oy[Ib TO TENO YEIOBEKa MU KOPIyC aBTOMOOHIIS,
MOCTOSIHHO 00pa3yeTcsl CUJIOBOM ChepUUeCKHii y3el Ui, HHAYe TOBOPS,
HeBUIMMas CUJIOBas BakyyMHas cepa. A mpHu IBUKEHUM TaKUX Tel
(kak ¥ TeN, YBJIEKAEMBIX MMHU) CUJIOBas c(epa CTAHOBUTCS IMOJ00UEM
cdepbl BpallleHHUsT WIM OTKPBITOW BakyyMHOW cuctemoi. [Ipu stom
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HaIpaBJICHUE JIBUXKCHHSI O00pa3yeT KOHTYPHYH) WM HaJBaKyyMHYIO
IUIOCKOCTh ~ BpalleHHs, TMOMO0HYI0 TOPU30OHTAIBHOM  IUIOCKOCTH
BpallleHUsl KaMHSI B PacCMOTPEHHOM Bblillle npuMmepe. MHaue rosops,
TaKW€ TeJla BCErJa JBMXKYTCA BHYTPHU TAKUX BOT HEBUIMMBIX YACTOTHBIX
WIH TPaBUTOHHBIX c(ep BpallleHHs, HO KaK 3aKPbIMbIX YACHOMHBIX
cucmem. IlocrynarenbHasi kKe CKOPOCTb JIBHIKEHUS Tella SKBHUBAJICHTA
MpPU 3TOM CKOPOCTH BpAIICHUS STOW BaKyyMHOH cCdepbl BpallleHHs.
[Motromy, ecnmu TeNO  JABMXKETCS  TOPU3OHTAIBHO  (Hampumep,
aBTOMOOWJIb), TO, KAK U B MPHMEPE C BpaIaeMbIM B TOPU30HTAILHOU
TUIOCKOCTH KaMHEM, IIEHTPOCTPEMUTENbHAas CHila B YacTOTHOU cdepe
BpaIllCHUSI TPH JIOCTATOYHOW CKOPOCTH Tena (B 3aBUCHUMOCTH OT

pacnoioKeHus ero JBUTAIOIIHNX yacrten) HaYUHAaeT
MPOTUBOJEHCTBOBATh BECOBOU rpaBUTALIUU. Benn
LIEHTPOCTPEMUTEINbHBIN 3apsj (BpamarenpHOe YCKOpEHHE

HEHTPOCTPEMUTENFHON CHJIBI) TpPH 3TOM OOpaTHO HampaBleH K
TpaBUTALMOHHOMY 3apsiy (YCKOPEHHIO CBOOOIHOTO MaeHHs) €.
YMeHblIeHUE Beca B IBUKEHMH. 371eCh TOBOPUTCS O TOM, YTO

- 1) B3aMmopaenicTBne C BECOBOW rpaBuUTaLMein 4acTOTHOM UAWN TPaBUTOHHOM
BpaLatoLLeinca chepbl BOKPYr ABUMKYLLEroca Tena 03HaYaeT yMeHbLUeHWe
€ro Beca npu ropM3oHTasIbHOM ABUXKEHUN Nocae Habopa onpenenéHHOM
CKOPOCTHU, YTO TaK¥Ke He pasinyaeTca oPuLMaNbHO. ITUM U 0BbACHAETCS,
Hanpumep, HeobxoAMMOCTb pasbera camosETa, YTo, KaK U KOHCTPYKLUMSA
Kpblna, cnocobcTByeT nogbeEMHoN paborTe;

- 2) onbIT H.Tecnbl Nokasan, 4To 4YacToTa BaKyyMHOW cepbl BOKPYr Tena
npw ero BpaLeHUM CTPEMUTCA K MarHUTHON YacToTe;

- 3) y XKMBbIX TE/T KPOME MOJIEKYNAPHOr0 3apaaa ecTb U 6uosapag. NMotomy
BEC }KMBbIX TN U €r0 CTPYKTYPa, HAaNnpumMep, y YeI0BEKA 3aBUCUT HE TOJIbKO
OT CKOPOCTM ero ABUXKEHWUA, HO U, HANPUMep, OT BO3pacTa.

WNuaye roBOps, TpH JOCTATOYHO OBICTPOM TOPU30HTAIHLHOM
JIBUKCHUU TEJl OHU HAYMHAIOT CTAHOBUTHCS Jierde! SIBHO ke OIIyTUMO
3TO  MpH caMOM  TIpOIIECCE  YBEIWYCHHS  WHTCHCHUBHOCTHU
MOCTYNATEIbHOIO JBUXEHUS Tel. M 93To, KOHEYHO, TaKkKe He
pasnuyaercs opuIHanbHOl (u3uKol. Bbl MOXkeTe BCIOMHHUTB, YTO MPH
pE3KOI MepeMeHe WHTCHCUBHOCTH JBW)KCHHS B aBTOMOOWJIC WJIM Ha
aTTPAKIMOHE y BaCc WM KakK Obl 3aXBaThIBacT W JIyX, WJIM, HA00OPOT,
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MPWKUMAET K CUICHUIO. DTO U €CTh MPOSIBICHHEM YacTOTHOW cdepsl
BpamieHus. LlenTpoOexxHas cuna (cTpemsimasics Kak Obl pa3IBUHYTbH
chepy) BIABIMBACT Bac B KpECIo, a IEHTPOCTPEMHUTENIbHAS CHJIa
(crsaruBaromast cdepy), CTpEeMHUTCS NPUNOAHATH Bac Haa 3eMIEH.
IToToMy ¥ MOIIHBIN KOJECHBIIA TPAKTOP, NPULEIUIEHHBIA K TSDKEIOMY
Ky30BY, KOT/Ia TBITAeTCsl PE3KO TPOHYTHCS ¢ MecTa (Ha TONHOM rase),
IIOJIHMMAET BBEPX IepenHue konéca. M 3TO ero NpunomHUMaeT Takxke
HEHTPOCTPEMUTENbHA CHJIA, MCXOIAIIAs W3 HEBUIAMMOW BaKyyMHOH
cdepsl BpalleHusl, KOTopasi BO3HUKJIA B TIONBITKE HaYaTh JABHKECHUE.

PucyHOK, IOKa3bIBaOIINI HA IPUMEPE YMEHBIIEHUS TPEHHUSI 10CIIE
HauaJa [epeMELIECHHs TPy3a, YTO B HAYAJIbHBIM MOMEHT IIEpEMELICHMUS,
Korzaa cdepa IBHKEHHUS BOKPYT TIepeMeliaeMoro rpy3a Hepa3pblBHa C
HMCTOYHUKOM CHJIBI M CHIIOBOH c(epoid, MPOMCXOIUT HEe3HAUNTEIbHOE
yMeHbIlIeHHe Beca mpeaMeTa. OO 9TOM rOBOPUT HE3HAUUTEIBHOE
YMEHBIICHUE TPEHUS], CTAHOBSIIIEECS TPEHUEM CKOJIbKEHUS, KOTOPOE
TaK U ONpeJeNeH0, YTO CKOIB3UT KOHTYPHOCTh UMEHHO C(ephl
JIBUKEHUSI BOKPYT I'py3a 10 [IOBEPXHOCTAM OIOPLI U rpy3a. [Toromy
mobast mepeMeriaemMast Jaxxe mepiiaBas IOBEPXHOCTh U CTAHOBUTCS
CKOJIb3KOM.

Cuaa Tpennst Cura, gosmaonan
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A BOT ecnii HIET BEPTUKANBHOE JBWKEHUE, HAIPUMEp, TIPU B3IETE
pakeThl, TO LEHTPOOEXKHAsl CHila, KpOME TOTO, YTO W TaK BJIABJIHBAET
KOCMOHABTa B KpEclio, HA00OpOT, ciaraercsi ¢ BECOBOW TI'paBUTALIMEH,
YTO W BBI3BIBACT €r0 3HAYMTENBHYIO Meperpy3ky. M 3To moromy, u4To
MPOUCXOJUT CJIOKEHHUE OTOW IICHTPOOSKHOW paboThl ¢ paboToi
TshkecTH. Ho BbI, HaBepHOE, B TEIEBU3MOHHOW Iepeaade, HaOII0aaly,
YTO MWJIOTHI TOHOYHBIA OONMIOB WIIM CIIOPTHBHBIX aBTOMOOWIEH Ha
OOMNBIION CKOPOCTH TOXKE HMCIBITBIBAIOT MEPErpy3KH. DTO 3HAYMT, YTO
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HEHTpOO©KHAs CHjla 4YacTOTHOW cdepsl Ha OONBIIOH CKOPOCTH
Ha4yMHAEeT MEePEeXOJUTh B BEPTUKAIBHYIO IIOCKOCTh, MPOTHUBOIEHCTBYS
BECOBOW rpaBuTanueil. LleHTpocTpeMuTENnbHAas K€ Cuja, 3aMEHss
HEHTPOOKHYIO CHITy, HauMHAeT MPHKUMaTh MWiota K Kpecay. Ho
3[ech, B OTIMYME OT LEHTpHU(]yru, meperpyska Mocie omnpenenéHHoN
CKOPOCTM YK€ TouTH He pacTe€r. Jleno B TOM, 4YTO TOHOYHBIN
aBTOMOOWJIb HAauWHAeT KaK Obl OOrOHSTH BECOBYIO TPaBHTAIUIO, KaK
WHTEHCUBHOCTh BpAlIEHUS «BECOBBIX» TpaBUTOHOB. [loTomy B
CHEIUAIbHBIX TOHOYHBIX aBTOMOOHJISIX W YAAércsi YCTaHaBIMBATh
peKopABl CKOPOCTH Ha BBICOXIINX COJSHBIX 03€pax, CpaBHHUMBIE CO
CKOpOCTBIO 3BYKa.

[IposiBieHeM TpH pE3KOM TOPMOXEHHWH BaKyyMHOH cdepsl
BpallleHus1 00BSICHSCTCA M TO, YTO Bac B aBTOMOOMIIE, KaK BBl 3HAeETe,
pe3ko Opocaer Brepén. DTO 3HAYUT, YTO IEHTPOOESXKHAsS cujia B
YacTOTHOM WJIM TPaBUTOHHOW cdepe H3MEHSET CBOE HampaBlICHHE
BpallleHHus1, 3aTATUBAsl Bac U JpPYrHe MpeaIMeThl B aBTOMOOHIIE yXkKe 10
xoay aAsmwkeHus. OduimanbHo ke (B a0Cype CIIOXKEHUs] CKOPOCTEH U B
HE pa3IMYeHUH TOT0, YTO TAaKOE€ MHEPHHs) 3TO OOBICHAIOT TEM, UTO,
MOJ, 3TO BbI, MPOJOJDKAETe ABHUIaThCs BIEPEN, KOrga aBTOMOOHIIb
ocraHoBuics. Ho cnenaiite camu skcniepuMeHT. Hampumep, mosoxure
akkypatHO (4ro0 OH He ymaj) KapaHAall Ha KarloT, pa3rOHUTe
aBTOMOOMJIL M pe3ko 3aTopmo3ute. M 4Yro, pa3Be KapaHpail
MPOOIKAET JIETETh C TaKOM K€ CKOPOCThIO HA MHOTHE METpPHI BIepeén?
Camoe Oosbliiee, OH IPOCTO CBATMTCS C KaIoTa, MOCKOJIBKY YBJIEKaeTcs
UMEHHO C(EepUIECKUM IPaBUTOHHBIM MJIM YaCTOTHBIM BPAIlICHHUEM.

A BCIIOMHHTE CBOIO MOE3JIKY B aBTOOYCE, KOT/1a Bbl CTOMTE BHYTPH
ero, U aBTOOYC TOXE CTOWT, HO TPOrasch ¢ MecTa M cpa3y OIIsITh
TOPMO3s, TOJBKO BakKyyMmMHas cdepa BpamleHHs M, HH UYTO HHOE,
mposiBiisieMass JIBUTATelleM aBTOOyca, MOXKET TOJNKAaTh Bac BHEpEn U
Hazaa. Benp 31eck HeT naxke abcyplia CloKeHUs] CKOPOCTEH.

B 3aBucuMocTy OT HanpaBIeHUs CUJIbI ABMKEHHS B HEBUMMOMN
YaCcTOTHOHM WJTM TPaBUTOHHOH cepe IBrkeHus (00pa3yeMoii CHIIOBOI
cepoii BOKpYT oceil KoJIEC) CTAaHOBATCS KOHTYPHBIMH HITH
MPOSIBJICHHBIMH T€ WJIM UHBIE IOIYOKPYKHOCTH «m». W oHM
MIPOTHBOIIOJIOKHO HAMpaBIIeHbI K CUIIOBOH cepe. DTo u co3maér
«aépranue» B aBToOyce MPH PE3KOM JIBUKEHUH C MECTa I IIPU
TOPMOKEHUH.
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O6pazoBaHueM  BaKyyMHOMH chepsl  BpamleHHS  BOKPYT
JIBUTAFOIIErOCsl aBTOMOOWIST OOBSCHSACTCS W TPIOK, KOTJa KacKauép,
CTOSI Ha KpBIIIE €AYIIEro aBTOMOOMIIS, MPBIraeT W MPOHOCUTCS TOUYTH
15MeTpoB CKBO3b ropsimpe oOpydn. 3/ech ero Kak pa3 M 3aXBaThIBAcT
KOHTYPHOCTh BaKyyMHOH c(hepbl BpalieHHst BOKPYT aBTOMOOWIIA.

U BB, ecii BogUTE aBTOMOOUIIb, TO yXKE pa3iIndaere, 4To padoTon
HEHTPOCTPEMHUTEIBHON CHJIBI B YaCTOTHOW WJIM TPaBUTOHHOH cdepe,
MPOTUBONICHCTBYIONIEH BECOBOW IpaBUTAIMEH, KaK pa3 M OOBACHSIETCS
TO, YTO Ha OOJBIIOH CKOpPOCTH (OCOOCHHO NpU HAOOpPE CKOPOCTH)
MallMHa He ycroiumBa. Ho BoauTens mpu 3TOM yMEHBIIEHHE Beca
MoYTH HE 3aMedaeT. Benp ero HaumHaeT, Ha0OOpOT, MPHUKHUMATH K
CHJICHBIO LIeHTpOoOeXKHas cuiia. [IoToMy U TOHOUHBIE aBTOMOOWIIM MOTYT
y’K€ OTpPBhIBaThCS OT 3€MJIH, XOTS BOJAUTEIh UCIBITHIBAET MEPErpPy3Ky. A
BOT CaMOJIETaM KakK pa3 U HEOOXOJUM Pa3roH MPH B3IETE HE TOIBKO IS
0o0pa3zoBaHusT TOABEMHOH «CHIBD (B JACHCTBUTENBHOCTH pPabOTHI)
KpbUTa, HO M JUIsl yMEHbIIeHUs uX Beca. Hy, ¥ MOCcKoibKYy mpu Habope
CKOPOCTH YK€ B TONETe CcaMoJIéT, KaK U TOHOYHBIH aBTOMOOWIIb,
HAYWHAET «OOTOHSATH» BECOBYIO TPAaBHTAIMIO, TO YMEHBIIEHHE €ro
JeWCTBUTEIBHOTO Beca, KOHEYHO, He OECKOHEUHO.

ITocmoTpuTe Ha PUCYHOK pa3roHa JIErKOro OJHOMOTOPHOI'O CaMOJIETa
repes ero B3nE€ToM. XBOCT €ro NPUITOAHUMAETCS U3-3a CMEILEHUs
LEHTpPa TSHKECTH, YTO MOXKET OBITh TOJIBKO ITPH U3MEHEHUH (3]1ECh
yMEHbILIEHHH) Beca camoniéra. IHpIMu crioBaMu, eciid Obl caMomneT
OTphIBaJia OT 3eMJIM OJIHA MOJbEMHAS PadOTa BCTPEYHOTO MOTOKA

BO3/yXa, TO 3TOT CaMOJIET TakK Obl M yXOJWJI Ha B3JIET HOCOM BBepx. He

CIy4alHO U MPONEIUIEp CaMOIETa BpalllaeTcs, Kak MpaBuio, MPOTUB
YacOBOW CTPEJIKH WJIM BBEPX BUIOM C MECTa JIETUUKA. DTUM TaKKe UAET
HIPOTUBOJECICTBUE BECOBOU I'paBUTALIMH, HAIIPABJICHHON BCErJa BHU3.
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Camosem mpozaemcs ¢ mecma. Jemsaurx npunodHumaen Xeocm MauLUAbE —
max Gvicmpee HaGUpaemen cKopochs,

Ho BBl MOXE€T€ BCIOMHUTbH, YTO, HallpUMEP, B TOJETE CAMOJIETA
WIH B CKOPOCTHOM TIO€37ie, Ja W B aBTOMOOWIJE, KOrJa IBIM)KEHHE
PaBHOMEPHO, MacCaKUpbl HE MCIBITHIBAIOT HU yYMEHBIIEHUs Beca, HU
neperpy3ok. Jlemo B TOM, YTO INpH IOCTOSTHHOM, XOTh W OOJbIION
WHTEHCUBHOCTH JIBUYKEHMSI, UM TPH IJIABHOM €€ U3MEHEHNH YacTOTHAas
chepa BHyTpM €€ TMOYTH HE TPOSBISETCS WIM HE CTaHOBHUTCS
KOHTYpPHOH, NOTOMY U HE€ B3aUMOJCHCTBYET C TeJIaMH BHYTPHU
JBIDKYLIETocs Tena. MHadye roBopsi, 4acTOTHAsl WM TPaBUTOHHAS chepa
MpU CIIOKOWHOM JBMXXEHHHM BHYTpH e€ ocTaércs B Bakyyme (B
4acTOTHOHM BoJie), 00XBaThIBasi KOHTYPHOCTBIO JIMIIb CAMO JBIIKYIIEeCs
teno. Iloromy mnaccaxxupsl, cuAsd BHYTPU CaMoJIE€Ta, JIETAIIEro CcO
CBEPX3BYKOBOW CKOPOCTHI0, HO paBHOMEPHO, MOT'YT ITOYTH HE OLIYIIaTh
JIBUKEHUS.

O6pazoBaHneM BaKyyMHOH cdepbl Tpu OBICTPOM JABHIKEHUH
OOBSICHSIETCS W TO, YTO BEIOCHUIEOUCTHI JIIOOST «CHAETH» Ha Kolece
apyr y apyra. Ilpum sToM WX Kak pa3 W yBJIeKaeT 4yacToTHas cdepa
Jpyroro BelOCHIeNa, a He HEKHE «IIOTOKM BO3MyXa», BOJIICOHO
MPUKICHBAIONIMECS K  BEJIOCHIEOUCTY, KaK  «OOBSCHAETCS»
opuMansHo. Y MEHbIIAaeTcs BeC M y YelI0oBeKa IpH ero OBICTPOil xoap0e
1 00s13aTenbHO npu Oere. J1Jis 3TOro U MpBITYHBI B BBICOTY pa30Oerarorcs
nepen mpebKKOM. M oH y HHX OyAeT TONBKO TOT/a YCIEIIHBIM, eclid
MOMEHT OTTaJKHUBaHHS Kak Obl BIHCBIBAETCS B PHCYHOK Oera, MHBIMH
CIIOBaMH, €CIY pa30er He MpephIBaeTCs:
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MOXHO Ja)ke W paccuuTarh, NMPUMEPHO NPH KaKoH HaOpaHHOW
CKOPOCTH HAayHETCS CHUKCHHME Beca Yy YejIOBeKa M y JIFOOOro oObeKTa.
[Nockonpky Ha 3emile YaCTOTHOCTh T'paBUTALMU OOJbIIE KOHTYPHOCTH
(x Tomy xe B 10 pa3!), To mpu 3apsae 4acTOTHOH cepbl B IBHKEHHH,
PaBHOM BEIMYMHE «g», YK€ HA4yHET CHUXatbcss Bec. Ho mnpu
BpalaTenbHOM 3apsne (yckopeHuw) OomblimM, yeM B 10 pa3 aroit
BEJIMYMHBI BeCc Oy/ie CTAaHOBUTKLCS MeHbIe B 10 pa3. Ho 3atem ckopocTh
JNBUKCHUS YXKe OyleT «OOroHsTh» BECOBYI TIPAaBHUTAIUIO, YeM
yMeHbIlIeHHe Beca W octaHoBHTCs. [Ipu oOpa3oBaHuM e HEBECOMOCTH
B CaJIOHE TPEHAXKEPHOTO CamoliéTa, KOr/ia OH JeNaeT METII0 M TakkKe
OOTOHSIET BECOBYIO T'pPaBUTAIlMIO, 0Opa3yercs yke monHas cdepa 0e3
BECOBOW TIpaBUTallMM, a HE OJHA JIMIIL IIEHTPOOeKHas palboTa,
MPOTUBOJICHCTBYIOIIAS € yKe Ha OOJBIIIOH CKOPOCTH.

Tak BoOT, 3apsii 4aCTOTHOW cepbl MPU MOCTYNATEILHOM JBHIKEHUU
Tela — OTO OTHOIIGHHE KBaJpaTa ero CKOpPOCTH K KOHTYpHOMH
nonyokpyxkHoctd «TR». Tlpu aBMKEHMH 4YelnoBeKa paauyc I3TOM
MOJTYOKPYXHOCTH COOTBETCTBYET JUTMHE CpEHEro BeiHOCa HOrW wiu 0,7
«Merpam». W mosydaercs, 4To IpU JIMHEWHOM CKOPOCTH YK€ OKOJIO
10,7 «xkm/gacy Bam Bec OyJeT CTaHOBUTHCS MeHblle. Ho kiaccHble
OCryHBl JBHUTAIOTCA, KOHEYHO, OBICTpee, MOTOMY W TOBOPAT, YTO
Me/JIeHHO Oerath Jake HECKOJIbKO TsKenee. A BOT HaOpaTh CKOPOCTh
mox 100 «km/dac», dTOOBI B3JIETETh, YEJIOBEKY HE IO CHIIY.
YMeHbllleHHE Beca B Oere mo3BoisieT W MapadoHIaM IMpeoIoiieBaTh
paccrosiHue 0oJbIe, 4eM B 42KM.

MOXHO MPUKUHYTH U YMEHBIIEHHE Beca NPU €3/I¢ Ha BEJIOCHUIIEIE.
IIpu sToM pamuyc dYacTOTHOH cdepbl HIM PaguyC TITH BOKPYT
BEIIOCUIIEINCTa OyAET COCTaBIATh JIBOWHOE PpAcCCTOSHHUE MEXKIY
BelocunenHbiMu  konécamu. [loromy pamuyc Tsarm  Oyner 3iaech
npuMepHo 2 «M». Toraa Tompko Ipu cKopocTd okoino 30,5 «km/gacy
HA4YHET CHUXKAThCS Bec Benocunenucra. llomydaercs, 4To MeHbIIHE
CKOPOCTH Ha BeJIOCHIIElE YK€ HE DKOHOMUYHBI. Y aBTOMOOWIIS Ke
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CpelHee pacCTOSHHUE MEXIYy OCAMH €ro Koiléc 2,5 «M», TOTOMY
CKOpPOCTh aBTOMOOWJIs, mpuOimKaromascs Kk 80 «kM/u» Toxe Oyaer
YMEHBIIATh €ro BeC. DTHM U OOBICHSAETCS, YTO HMMEHHO CKOPOCTHU
Mexy 80-90 «km/u» Hanboee YKOHOMUYHBI JIJIsi aBTOMOOMJIS.

[ITunel ke U HAaceKOMble B MX MOJIETE IMOCTOSHHO HCIOIb3YIOT
MPEBBIIICHUE YaCTOTHOCTH 3E€MHOW TPaBHTAIMU HAJ] KOHTYPHOCTBIO
nMenHo B 10 pa3. [loromy «wieraTenbHblii MeXaHU3M NTUL ToyTH B 10
pa3 DKOHOMHYHEE, YEeM Yy CaMBbIX COBEpIICHHBIX CaMOJIETOB», a
TpaeKTOpHsl JBMKCHUS MX KpbUIa — 3TO KaK pa3 MPOSIBJICHUE JUIS HAC
4yeThIpéXxcepHuKa WM KBAJIPYIONS B CTPYKTYpPE YaCTOTHOH BOIBI. A
BOT KOHCTPYKIHUSI BepTONETa — 0JTO Kak Obl CleICcTBHE 3aKOHA
CUMMETPHH JJIs1 YMCHBIIICHHS Beca B JABM)KCHUU. 3/IeCh, HA00OPOT, YiKE
KOHTYPHOE BpallleHHe TMOAbEMHBIX BUHTOB 00pa3yer oOOpaTHYH K
BECOBOW TpaBUTAIIMK I[EHTPOCTPEMUTENIbHYIO padory. M Bbl yxke
MMOHMMAETE, 3a CYET Yero o0pa3yercs Mo IbEMHAs CUjla BEpTOJIETa.

Nnxenep Hukona Tecna B Hauane 20-ro Beka co3aaBall B 3aKphITOM
cepuyeckoll kKamMepe UHTCHCUBHYIO MAarHUTHYIO cepy, ToMelas Tya
Kakoe-mu0o Tenmo. B Takoli kamepe emMy yaaBaJioch JENaTh TEJO
HEeBeCOMbIM. M 3TO ToOTOMY, 4YTO B Kamepe IUIOTHAash MarHWUTHas
YaCTOTHOCTh, OTpaxkasch OT cdepsl Kamepbl, 00pa3oBBIBajIa
JIOTIOJIHUTEIILHOE ~ BPAIICHHE MArHUTHOM KOHTYPHOCTH (CHJIOBBIX
JTUHUAK). A 9THM MOJYy4Yajoch Kak pa3 momodne BaKyyMHOH cepbl, B
KOTOPOW BEPTHKAJIbHBIC KOHTYPHBIC JIMHUU YK€ OOpa3oBBIBATM U
yenmpocmpemumenvHylo 00paTHy0 padoTy, MPOTHBOACHCTBYIOIIYIO
BECOBOW T'paBUTALUU.

Ho 3Haere, o uém sT0 emé rooputr? O TOM, YTO M YaCTOTa
IPaBUTOHHOM WJIM YaCTOTHON Cephl ABMKCHUS TAKKE CTPEMHTCS K
MarHuTHOM yactoTe! OTCIOIa CTAHOBUTCS SICHBIM, TIOYEMY MPU Hayvajie
JOCTaTOYHO OBICTPOTO TOPU30HTAIHLHOTO BPAILICHHUS Cpa3y MOJHUMAETCS
npeaMer. Benp sdupHas wactora BpalieHHS (106) HAMHOTO OoIblIe
rpaBUTAIIMOHHON YacToThl 1,45% 10*. DTuM u o6baCHSIETCS U TO, KAKUM
00pa3zoM YBSI3BIBAIOTCS AIEKTPUUECTBO U MarHETH3M, O 4EM OYyAeT pedyb
naipme. A B mocTynaTelibHOM (JIMHEHHOM) JIBUXKEHMHM 4acTOTa
BaKyyMHOH c(epbl ABMKEHUS 3a Cuér TpeXxc(EepHUKOB MPOCTPAHCTBA
CTPEMHTCS YK€ K KBAJApPaTU4HO MeHbinel yactore 107 (oTHOCHTENBHO
MarHMuTHOM 4acTOTHI 106). W ecnu BBI jpenaere Kakue-TO YHEPTHYUHBIC

3
JBUYKEHUSI, TO YK€ MOKETe TOBOPHTH, 4TO mposiBisiere yactoty 107. A
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ecli BBl elle o0pazyere W BpalleHHe, TO YK€ MOXETe MONyYUTh H
3HaYCHHE MarHUTHOU YacToThl 10°.

Hago HamoMHHWTB, 4YTO BecoBas TpaBHTalMsl  0o0pasyercs
HAJIO)KEHHEM MOJIEKYJSIpHOH OOOJNOYKHM IUIAaHEThl Ha IUIAHETHYIO
TpPaBUTALMI0 WM HAa «YUCTYyIO» TpaBuTauuio. M Ha 3emie
TPaBUTALlMOHHOE YCKOPEHHE COBMAJacT C BECOBOW TpaBUTALIUEH,
opUIMATFHO Ha3bIBAEMOM YCKOPEHHEM CBOOOTHOIO MaACHHS «Z».
[ToToMy MOKHO OTIpENENUTh U BETMYMHY YaCTOThI BECOBOM IPaBUTALNH
«Urp», HWCXOIs W3 TpaBHTAlMOHHOrO yckopenus «3,124»
METPHYECKOH 4YacTOTBl MpocTpaHcTBa «1,256» u 3dHUpHOH CKOpOCTH
KaueHMsl TPaBUTOHOB «36», HO OmpenenseMoil Mo 3aKOHY paBEHCTBa
nonobubix ¢uryp H.JloGaueBckoro (Wiam W3 pa3Mepa TPaBUTOHHBIX
chep HE B METpax, a B KMJIOMETPax), 4eM IOJIy4aeTcsl y)KE BEMYMHA
36*10° HO ¢ TO# ke pa3sMEepHOCTBIO B «M?/cek». Jleno B Tom, 4TO
BeCOBas TpaBHUTAMs JICHCTBYET YK€ B KWJIOMETPOBOM Macmitade, K
TOMY K€ U OpHIHATEHOE MTOHATHE OPOUTATIBLHON CKOPOCTH BHIPAKAIOT B
Kkujomerpax. T.0., [paBUTAIIOHHAS YaCTOTa paBHA BETMUMHE:

_ 36*10°*1.256
He 1= 3124 -

1,45*10*

B Tekcre xe «3aHuMaTenbHOro PasnmuueHus» 3Ta rpaBUTAIlMOHHAS
opOuTaIbHAs YacTOTa JJIsi KPAaTKOCTH W3JI0KEHUsS 0003HauYeHa paBHOMU
pemmunne «10%». B JICUCTBUTEIBLHOCTH €, KaK Bbl BHUJWUTE, OHA
HaXOOUTCS Kak Obl TIOCEpPEIMHE MEXKAY KOHTYPHOW 4YacTOTOM
IJIaHETHOW cdepbl WM YacTOTOM HENOCPEICTBEHHO IIJIAHETHOTO
BpallleHUs 10° u marnuthoii wacroroit 10°. A xak mokasan omsIT
H.Tecnbl, m wuacrora BakyyMHOH cdepbl BpamieHuss uian cepsl
JBUKCHUS CTPEMHUTCS K MAarHUTHOM 4YacToTe. DTHM U OOBSCHACTCS
ObICTpOE MPOTUBOJICHCTBHE EHTPOCTPEMHUTENLHONH paboThl (paboThl
00paTHOM pa3MEPHOCTHIO) BECOBOHM TpaBUTAIMK. Bbl 3TO MOXKeTe
HaOJIIOJIaTh ¥ CaMH, Bpaias KaKoh-Tu00 TSHKENBIN IpeaMer, Korja OH
BCKOpE HAYMHACT MPUIOJHUMATHCSA HaJ 3eMIIEH. OTUM OOBSCHSACTCS U
YMCHBIIICHHE Beca Tella B €ro JIMHEHHOM WM IOCTYIATeIbHOM
JBUKCHUU TIPU JOCTATOYHOMU JJISE TOrO CKOPOCTH.
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U BBl yxe moHuMaere, yTo 00pa3oBaB Takylo ke, kak u 'y H.Tecnsl,
WHTCHCUBHYIO MarHUTHYIO chepy BOKPYT KaKOro-JIMOO MpenMera Jaxe
0e3 momereHust e€ B Apyryro cdepy, MOKHO 0e3 BCIKOro JBUKCHHUS
YMEHBIINUTH BEC TEIA U AAXKE IPUIIOAHATE €r0 HaJ| 3eMIIEN.

BbI yxe B Kypce, 4TO HEBUJHMOCTh Yero-in0o, HalpuMmep, TOro ke
BaKyyMa COBCEM HE€ 3HA4MUT, 4TO 3TO YK€ HE BewecTBO. Bc€, uTo
PacIonoXeHo ISl Hac 70 Iperpajasl K MCTHHHOM BOAE WM K TOMY MUDPY
— 3TO BCE BEILIECTBO Haulero mupa. 11oromy ectb HEBUAUMOE YaCTOTHOE
WIH TPaBUTOHHOE BEIIECTBO M €CTh YK€ BHJIMMOE HaMH BELIECTBO,
3aKJIFOUEHHOE B MOJICKYJSIPHYIO O0ONOYKYy. A Ha 3emie ecTh emé u
KHUBBIE Tela, BpoJe HAc U pacTeHnid. K ToMy ke )KHBOe — 3TO COBCEM He
TO, 4TO HexuBoe. [IoToMy M Bec y JKMBBIX Teln 00pa3yercs HEeCKOIbKO
no-uHoMy. M 3T0 3a CYET TOro, YTO y HUX KPOME MOJIEKYJAPHOIO
3apsa €cTh U TO, YTO MOXHO Ha3BaTh Ouozapsoom. Hambonee sipko
Ouo3apsii TpOSBISIETCST y 4YeloBeKka. Y HEro Kak Obl CBepXy
MOJIEKYJISIPHON OOOJIOYKHM €ro Teja JIpYyr 3a APYroM HAYT BaKyyMHBIE
000I0YKH B HApy>KHOM, CPEJMHHOM M CaMOM BHYTPEHHEM BaKyyMHOM
cioe. OTH 000JOYKM MOXXKHO HasBaTh Ouocgepamu. Y IKUBOTHBIX
Orocepbl ecTh TOIBKO B CPEAMHHOM M HApYXKHOM 4acTOTHOM cjoe. A
y pacTeHUH — JIMIIb B HAPYKHOM BaKyyMHOM CJIO€.

Kak oOpa3yercsi Bec y :KHUBBIX TeJI. 3/1eCh TOBOPUTCS O TOM,
4TO

- 1) MONERYNAPHBIN 3aPAL HEXKMBBIX TE/T HAXOAUTCA NOA, UX MONEKYNAPHOM
000/104KOM, @ Y }KMBbIX TEN BMO03apAL HAXOAUTCA CHAPYKM MOIEKYNAPHON
060/104KN. NOTOMY KMBbIE TE€/IA COCTABNEHDI Y}KE HE U3 MONIEKY, A U3
KNETOK, Hano/N0BUHY 06PATHbIX K MoIeKy1aM. [pU CMEPTU Ke KUBbIX Ten
WX KNETKU CTaHOBATCA OPraHUYeCKUM MOJIEKYIaMU;

- 2) KNETOYHbI 3apAg, *KUBbIX TEN UIN UX 0BLMIA 3apAg, — 3TO
cpegHereomeTpuyeckas BeIMUMHA X MONEKYAPHOTO 3apaaa U
6no3apaaa. ITO OTHOCUTCA U K YeNI0BEKY. YMEHbLLEHME K CTapoCTH
6uo3apasa 03HaAYaET yBENMYEHUE 4,0/IM MOJIEKYIIPHOrO Beca B Tene
YeIoBEKa, YTO JAET 3D PEKT yTAXKeNeHMA AaxKe NPU HEM3MEHHOM Bece Ha
BECax B MOJIOAOCTU U CTapOCTH;

- 3) Hannume brosapaaa y yenoseka pusnYeckm obbACHAET U TO, Kak Uucyc
XpucToc mor natu no Boae.
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Y HEKHBBIX Te€l HUX BHYTPEHHSS YacTOTHOCTh — 3TO TOJIBKO
BpallleHUe MOJEKYJIAPHBIX TPaBUTOHOB, YTO O MOJEKYISIpHOU
000JIOYKOM, a Y JKUBBIX — €Ilé U HaJl Heil. DTO 3HAYUT, UTO KUBBIC Tela
HATOJIOBHHY OOpaTHBI K HEXHBBIM Tenam. [loroMy u Monekyna y
KHUBBIX TENl HAMOJIOBUHY OOpaTHasi K HEKUBBIM MoJjeKylaMm. B crapoit
e Hayke HeT Takoro pasnudeHus. [loromy Tam HE MOTYT KOHKPETHO
CKa3aThb, YTO TaKOE MOJIEKYJIa y JKUBOTO OpraHu3Ma. A 3TO He YTO HHOE,
Kak ero xierka. OOBIMHBIMH WM HaJIBAKyyMHBIMHA MOJIEKYJIaMH YaCTH
TeNla XUBOTO BEIIECTBA CTAHOBATCSA TONBKO MPHU OMEPTBEHUH KIIETOK.
MHorue u3 Bac 3HalOT, YTO SJIPO aTOMa HEKHUBOI'O BEIECTBA — 3TO KaK
OBl KUTISIIIAs YaCTOTHOCTh WJIM KUIISIIEe TPaBUTOHHOE BpamieHue. SAmpo
e KIETKH, Hao0OpoT, - 3TO IJIOTHOe oOpa3oBaHue. M kierka — 3TO
Oonplasi MOJNEKyJla M3 HAmoJlOBUHY BaKyyMHBIX WM HEBHIUMBIX
TPaBUTOHHBIX MOJIEKyNl. Benp, mo kpaiiHeil Mepe, oaHa TPeTh KIETKHU (y
pacTeHuil) y)Ke HaxoIuTcs B Bakyyme. VIHbIMH CJIOBaMH, KJI€TKa — 3TO
MOJIEKYJISIPHOE OTOOpaKeHUE UM 3ePKAIbHOE OTPaKECHHE TPaBUTOHHON
HEBUAMMOI CTPYKTYpBI HAPYKHOT'O BAKYYMHOI'O €0 B MOJIEKYJISIPHBIX
opraHuueckux cBs3sax. llpuuém 53T0 He mogodMe MPOCTOrO
¢dororpadupoBanus, a COCTaBHOE cnupaibHO-chepudeckoe
0TOOpakeHNe HEBUANMON WIIM TPAaBUTOHHON OpraHukd. [loTomMy KiIeTky
U MO>KHO Ha3BaTh MOJIEKYJIIPHOM OPraHUKOM.

W 3Haere yTO camblil HaTJSAHBIN MpUMep JUI KJIeTKU? DTo, Kak HU
CTPaHHO, KYPUHOE SHI10. 3/1eCh U sIPO (BKENITOK) U IUTOoILIa3Ma (Oerok),
Y KJIeTo4Hass MeMOpaHa, Kak ckopiyna. Eciu B3aTh BapéHOe SHI0, TO
9TO YK€ HEeXKHBasg OuoMacca C HaJABaKyyMHBIMH OpTraHHYECKHMH
MojiekynaMu. [loToMy BOKpyr 5Tod OMOMAacchl JHIIL OJHA TaKas XKe
HEKUBas MOJeKyJsipHas oOonouka. Ho, HaBepHOE, Bce BBl 3HAETE, YTO
CBIpPOE HIIH €lI€ KUBOE U0 COBEPUICHHO MO-IPYyroMy BeAET ceds Ipu
Bpamienuu. OHO, B OTJIMYME OT Bap€HOro siiia, BooOIIe He oOpasyer
cdepy BpalleHus, MOCKOJIBKY TOYTH Cpa3y OCTaHABIMBAaeTCsS. A 3TO
MOTOMY, 4YTO HaJ CBHIPHIM SIHIIOM YyXe ecTb cdepa 4YacTOTHOIO
BpallleHus, KaKk ero Ouozapsna. U mompoOyiTe 3acTaBUTh BpaIIaThCS
MPUTATUBAEMBI MarHATOM MPEJMET BHYTPH CaMOW MarHUTHOW c(ephl.
Toxe He momyYuTCs.
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WU BBl yke paznuyaere, 4YTO 4YacTOTHAsh Macca >KHBOTO Tena
o0pa3zyercsi He TONBKO MOJICKYIISIPHBIM 3apsiioM, HO ¥ OuozapsoM. A
noToMy OHMO3aps] TakXke BIHMAET HAa M3MeHeHue Beca. U 3To moTtomy,
YTO pa3 ¥ MOJICKYJSIPHBIN 3apsia pacTEéT IpU HArpeBaHUM, TO TeM Oolee
MOXET HW3MeHATbcs Ouoszapsa. Takum obOpasom, B 0Opa3oBaHUM
MOJIEKYJISIPHOM MACCBI KUBBIX TE€I HJET CONPSKEHUE MOJIEKYJISIPHOTO
3apsiia u Ouo3apsaa, Kak WX CpelHercoMeTpuveckas BeJInduHa (ITO
KOpeHb KBaJIpaTHBIM M3 WX mpowusBeneHus). Hampumep, Bec uenoBeka
Mo-pa3sHoOMy o0pasyercsl B TeueHHue ero ku3Hu. CpenHuil Bec MilajieHIa
coctapisieT npuMepHo 4,5kr. U 4To, pa3Be ero MoJeKylIsapHas Macca,
WUCXOAd W3 BEIMYMHBI 3apsjia BECOBOW TIpaBUTAlUU (YCKOPEHHS
CBOOO/IHOTO MAAEHHsI) COCTABIISIET BCEr0 OKOJIO TOIYTOpa KUJIOTpaMm?
[MonsitHO, uyto OHa Oombine. W 3TO0 3a cuér TOro, uto OHMO3apsa
YyeloBeKa Kak pa3 B MIIaJicHYecTBe HauOoJiee OOJBIIONH, HAXOMIsACh
60.]'[1)1116 B BaKYYMHBIX HIJIN HYaCTOTHbLIX CJI0sX. HOTOMy
pe3yNbTUpYIOIIAs BeMUYMHA  3apsAa B (opMylne BHYTPEHHEH HIIH
MOJIEKYJISIPHON MacChl YEIOBEKa OKa3bIBACTCS TAK)KE OOIBIION, YeM Kak
OBl M «CKPBIBACTCS» YaCTh MacChl MJIaICHIIA.

N MoxHO cka3aTh, 4To 110 10-u jerT peOEHOK OBICTPO «3aIOTHICT
HapyXHYI0 BaKyyMHYIO OO0OJOYKYy Ouo3zapsjga Haj coOoi. [lpu
noctmwkennu ke 10-12 mer 6nozapsn pedéHKa mepexoauT yxe Oolblie
B HApY>KHbIE BAKYYMHBIE CJIOM IIPOCTpAaHCTBA. M 3TO 3HAYMUT, YTO OH
y)K€ CTaHOBHUTCS CPAaBHUMBIM C MOJIEKYJSIPHBIM 3apsiioM. OTTOro u
Macca 4eyioBeKa Iocje 3TOro Bo3pacTa yxKe pacTeT He Tak ObICTpo. ITo
O3HayaeT W Jpyroe. Bemp momoOHoe oOpa3oBaHHWE Beca B TaKOM
nepuoac YeJI0BEUECKOM KU3HHU €CTh U Y JXUBOTHBIX. HOTOMy, €CJIN CJIOH
BECUT HCCKOJIBKO TOHH, TO 3TO H€ 3HAYUT, YTO Yy HEro u HOI[O6H3}I
MOJIEKYJIpHast Macca. 3a c4éT Ono3apsiia OHa MEHbIIE MacChl HEXXHMBBIX
TeNl ¢ TakuM ke BecoM. OTTOrO CJIOH M OIIyIIaeT CBOW BeC BIOJHE
KoM(OpTHO.
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Huxe nzobpaxena 6uosapsi uin ouocgepa yenoBeka,
MPOSIBIISIIONIASICS. BOKPYT €ro (DUTYphl, KOT/Ia OH ITOMEIIEH B
WHTEHCUBHYIO MarHuTHYIO cdepy.

y, T

AR B

Buocdepy uenoBeka MOXXKHO Ha3BaTh MOAOOMEM €ro BHYTpEHHEH
WA HEBUIAMMOM TOJOTrpaMMBbl, HAXOHSIIEWCs B BaKyyMHOH cpene, U
OTpaXKarollEecss B BUAMMOM HAJBAKYyMHOM MHpPE MOJIEKYJISIPHOMI
kjeroyHod opraHukoi. o 40-a ner Ouosapsii dernoBeka MPUMEPHO
nocrosiHeH, mocie ke 40-a OH OnATh IOCTOSHHO CHUXAaercs, HO,
KOHEYHO, HE C TaKOW MHTEHCHBHOCTBHIO, KaK B JieTcTBe. [locie sToro
BO3pacTa CHIDKEHHE Ouo3apsia IIODKHO KOMITEHCHPOBAThCS POCTOM
0011Iell TyXOBHOCTH 4YelloBeKa. JDTO O3HavaeT U cieayomee. Hampumep,
JI0 copoka JieT uenoBek Becuna 70kr. Jlomyctum, uro u B 50 JIeT OH BECUT
CTONBKO k€. Ho B 3TOM BO3pacTe ero MojieKyJsipHas Macca, a 3HauuT, U
JI0JIsT MOJIEKYJISIDHOTO Beca 3a CUET CHIDKEHMs Omozapsia yke Oolblie
HAa HECKONbKO KmiiorpamMMmoB. [loToMy dYenoBek Ha4yMHAET, Kak Obl
MOCTOSIHHO TacKaTh ¢ COOOH «JIMIIHUIY BeC. DTO MOXKET MOATBEPIUTH
KaXbIH, ITOCTOSHHO 3aHuMarommiicas 6erom. Otroro, ecimu B 30 mer
TENO YelloBeKa IUIOTHOE, HO JIETKOe, TO K CTapOCTH OHO CTAHOBUTCS
PBIXITBIM, HO TSKETBIM.

Buozapsn mnm Omocepy MOKHO Ha3BaTh IOKazaTeneM oOOLIeH
YaCTOTHOCTH WJIM DHEPreTUKH ueloBeka. [loroMy 3HauMTeNbHOE
YBEIMYEHUE Beca WU oxupeHue a0 40-a mer — 3TO 4acTo 3amuTHas
peakuusi opraHuzma. Beap mpu 3ToM pacT€T HE TONBKO Macca, HO M
WCKYCCTBCHHO TOJHHMMACTCS OMo3apsj, a 3HA4YUT, U — 3Ta o0mas
YaCTOTHOCTb WJIM DHEPreTHKa OpraHu3Ma. brozapsnom oOBsCHAIOTCS U
ciydyaw JeBuTaumd, Korga, Hampumep Cepadum  CapoBckuit
MOJHUMAJICS BO BPEMSI MOJIMTBBI HaJ 3eMJIEN MM Korja XpUCTOC MIEN
IO BOJIE.
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B »sToM cnydae wx OuWo3apsii yBEIMYMBAICS HACTONBKO, YTO
MEepexoIil BO BTOPYIO H JIaXXe B TPETHIO BAKyyMHYIO 000JIOUKY (4TO B
caMOM BHYTPEHHEM BaKyyMHOM CJIO€ MpOCTpaHCTBa). TpeThsi ke
Oouochepa — 3TO yKe OTAEIBHOE OT MOJEKYISIPHOTO Tella YenoBeKa
oOpazoBanue. [loromy OmO3apsa 37ech YK€ HE TOJBKO Kak Obl
MOJHOCTBIO CKPBIBaJl UX MacCy, HO M Jaxe M IPOTUBOJEHCTBOBAI
BeCOBOW rpaBuTaiuu. M 3TO HE TONBKO MOAOOHO YACTOTHOH WM
TPAaBUTOHHOM cdepe BOKPYr OBICTPO ABWTAlOIIErocs Teia, HO H
HaMHOTo Oosee Toro. TpeThio U BTOPYIO BaKyyMHBIE HJIW TPAaBUTOHHEIC
000JIOUKH 4Yepe3 CBOM Ouo3apsj Ollylladd W MHOTHE M3 Bac, KOrja
HUCIIBITBIBAIIM BO CHE MOJIETHI HaJl 3€MIIEH.

Bunure, Xpucroc nporsirusaer pyky llerpy, norepsisiiemy cToiKkoCcTbh

BEpbI WM YTPATUBIIEMY HEOOXOANMYIO ISl 3TOTO CAMyI0 BHYTPEHHIOIO

WM BPEMEHHYIO YaCTOTHOCTb, W3-3 UEero TOT U CTall TOHYTh. Kak ObI n
HaM He TePSATh CTOMKOCTb BEPhI B MOPE YKUTEHCKHUX MPOOIIEM.

bein  ompIT, KOTI/Ia B3BEMIMBAIM HAa aHAJIUTHYECKHUX Becax
YMUPAIOIIYI0 MBIIIb, CPaBHHUBAasi €€ BEC JO MOMEHTAa M B MOMEHT €€
CMEpTH, a 3aTeM U nocie. Tak BOT, HE3HAUUTEIILHOE CHUXKEHHUE BECA B
MOMEHT CMEPTH O3HAYAET NEPEXO]I YACTOTHOCTH €€ JKMBOTHOM IyIlIM Ha
MecTo Owoszapsiia. JlanbHeiimee e BOCCTAHOBJCHHE U JIaxe
YBEIUYEHHE BECAa O3HAYAET CTAHOBJICHHE TEJIA MBIIIU Y)KE IIOJHOCTHIO
MOJIEKYJISIPHBIM BECOM M YracaHHe He TOJNBKO AYIIW, HO U Omozapsiia.
buozapsn enqun ¢ qymioi, HO y MBI Ayl - B CPETUHHOM BaKyyMHOM
CJ0€, MOTOMY YaCTOTHOCTb €€ AYIIU U IOAJNEPKUBAET Ha HEKOTOpOE
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Bpemsi €€ Owozapsa. Y uUelloBeKa K€, KaK Bbl IOHSUIM, B TpPEThel
BaKyyMHOH 000JIOUKe, Ky/la MOXKET MepeXOAnuTh Ono3apsi, ecTb TO, YTO
Ha3bIBAIOT JIyXOM YelOBeKa.

Bbr yxe 3Haere, uTO 3aps] — 3TO BpalllaTelIbHOE YCKOpPEHHE B
YacTOTHOHM WJIM TPaBUTOHHOU cdepe. B opunmanbHoii xe pusnke 3apsin
3JIEKTPOHA CBS3BIBAIOT C €r0 Maccoi, U HE TOJIBKO C HEU3BECTHO KaKOW
(MoneKysIpHON WIIM Hapy»XHOH ), HO U KOTOpOH HeT B npupose. Beap He
MOXKET OBITh Macca y TOrO, 4TO, KaK M CBET, oOpa3yeT Iu(PaKIIHIO.
DNeKTPOHBI e, KpoMe TOro, 00pa3yloT U caMH MOJIEKYJISIPHBIEC CBSI3H.
O6o03Ha4yeH nepeMeHHbIN U IOCTOSHHBIN TOK, KaK pa3Hble 00pa3oBaHus,
HO TPUMEHSIOT /i HUX OJWHAKOBble pa3MepHocTH. Ilpum 3TOM
OTBJICUEHHBIEC BEJIMUMHBI B aMIlepax, BOJIbTaX, KyJOHaX U T.J. COUETAIOT
¢ oOmmMH (HUBHYECKUMH Pa3MEPHOCTSIMU B KHUJIOTpaMMax, MeTpax u
cekyHaax. M Gonee Toro, npuaasast 3JeKTPOHAM HEKHI OTpUIATENbHBIN
3apsan, HE YAMBIAIOTCA, YTO B DJJEKTPOTOKE J3TH 3apsajpl He
OTTAJIKMBAIOTCS. ATOMHOMY JK€ SApYy HA3HAuyaloT  MOJOXKHUTEIbHBINA
3aps, a AJIEKTPOHAM - BpallleHHe BOKPYT HETO, HE YJIUBIAACH, YTO OHU
K HEMy HHKOIJa He TPUTATUBAIOTCS M MEXKIY COOOil BIIEKTpOHBI HE
OTTaNIKUBAIOTCS. M BBI yXKe OHMMaere, 4To B cTapol (pu3HMKe HUKaK He
MEHbIIIE€ NCKaXEHUH U B MOHATHIX 3JIEKTPUUYECTBA C ATOMOM.
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Paznes BTopoi. O Ipyrux uCKaKeHUsX B
(pusuke.

«HapykHblii MUp, 00pa3yeMblid U3HYTPU»

3. UckaxkeHUs DJeKTPUIECTBA U aTOMA

TallHbI 3JIEKTPOHA U MAarHUTA.

BBepxy uzo0paxena audpakmus dJIeKTpoHa, a BHU3Y - ero ¢ororpadus
(XOTS1 Ha caMOM JieJie ATO JIMIIb KOMOMHALUS SIEKTPOHHOU JU(paKiu
U CBETOBOro Oyivka). bosee Tyckiast Hapy»Hasi 000JI0uKa Ha
¢dororpadum o3HavaeT HAXOXKACHHUE DIIEKTPOHA Cpa3y B BAKYYMHOW U B
HaJBaKyyMHOH cpefie. A 1o n3o0pakeHuto audpaxiun (BOJIHOBOTO
clieqa AJIEKTPOHA Ha HKpaHe) BUAHO, YTO €r0 OCHOBA — ATO
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4eThIpEXCEPHHUK UM KBaPYIIOb. Beap 9T0 n300pakeHne COCTOUT M3
YeThIPEX KOHIIEHTPUUECKUX KoJjiell (HaYMHAs ¢ IICHTPAJIbHOTO KPYXKKa).

Ho BBI BuaHTE, 4TO Haxe no ¢gororpaduu snekrpoHa Oe3 Paznnyenus

HEJIb351 PACKPBITh €r0 CTPYKTYPY.

A 371ech ipuBeneHa XuTpoyMHast pororpadust MarHUTHBIX cep
(ourmanbrO «moneit»). U BbI BUANTE, YTO ITO HUKAK HA OIS, a IBHO
cepsbl, 00pa3yroIIMecs: y)Ke BOCbMEPUYHBIMUA CHUIIOBBIMU JIMHUSIMU.

Yt0 Takoe 3JIeKTPOH. 3/1ech TOBOPUTCS O TOM, UTO

- 1) oTTaNKMBaHME OTAENbHbIX 3NEKTPOHOB APYT OT APYra U UX CIMTHOE
[ABVXKEHWE B 3/1EKTPOTOKE 0BbACHAETCA Pa3/iMieHnem Halel BceneHHoM n
BCE MaTepmmn Ha BaKyyMHbI U BHEBAKYYMHbI MUp. B Hawem
HaZBaKyyMHOM MMPE OTAE/bHbIE 3NEKTPOHbI U 3NEKTPUYECKME 3apaspl
MOKPbIBAKOTCA KOHTYPHOM KOPKOW, 3/IEKTPOTOK e ABUKETCH YIKE B
BaKyYMHbIX CNOSX;

- 2) ABVXKEHMeE 31IEKTPOHA TaKKe NPOABAAET BaKyYMHbI U HAABAKyYMHbI
MMP, NOCKOJIbKY OH POBHO Yepe3 No0B1HY 060pOTa CBOEro BpalleHus
PacKpbIBAETCSA, @ NOTOM OMATb CKPy4MBaeTcA. Takol addeKT n HazBam
CMUHOM;
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- 3) CTPYKTYpHOE 0603HaYeHMeEe INEKTPOHA — 3TO «4*7T+31» unn yeTbipe
cemmchepHMKa NOC LLEHTPAbHbI TPUMNOAb. [JOKa3blBaeTCs e Takoe
0603HaYeHVe YUCI0BOM COCTABAAOLLEN SNEKTPUYECKON NOCTOAHHOM
BE€/IMYUHDI.

MHuorue u3 Bac He jr00unu B mkone Gusmnky. M 3Haere mouemy?
Koneuno, 13 crionHeIx nekakeHui B Hell. IloToMy, eciau TakuM 13 Bac
CKa3aTh, YTOOBI BbI MMPOYMUTAIU €IIE U TPO JICKTPOH U IJICKTPUUECTBO,
HEBOJIbHO TNOSIBUTCSI YTO-TO Bpoze orBpaieHus. Ho B ToM-To U nerno,
4TO 3TO YK€ HOBas (usuka win @usuxka Pazmuuenus. OHa yxe
OIKCHIBACT CTPYKTypy bokecTBeHHOoro mmpa! A kak 0Oe3 3HaHHS
CTPYKTYPBI MOKHO BOOOIIIE TOBOPUTH 00 HCTHHHOW DBOJIIOLIUU MHpPa, 00
WCTUHHOM OpOMTAJIbHOM BpAILICHUH, a TeM OoJee, - 0 BoxecTBeHHOCTH
U 0 penurun?

Bbl yxe npeactaBaseTe, YTO 3/NEKTPOHbI M YACTULblI — 3TO MesibYanime
chepuryeckmne BakyymHble 0bpasoBaHunsa. OHM NOAO06HbLI rPaBUTOHAM, HO Y HUX
y)Xe CBOsl OTAeNbHaA 060/104KA UM KOPKA. DNEKTPOH CBA3aH CO BCEMM Tpems
BaKYYMHbIMWU CNOAMM CPasy U He MOKeT BbiTb Nofo6eH HEeKoel OTAesbHOW
«HaHO ropowuHe». He nogobeH oH M aTtomy, Tem bonee YTO OH ero BCEro u
o6pasyet. B cTapoit dpu3MKe 3NEKTPOH - NMLLIb HEeKas 3N1eMeHTapHas Yactuua
6e3 BCAKOro pasmepa M xoTa 6bl NpMbAM3UTENBHOM CTPYKTYypbl. HO uTO B
OEeNCTBUTEIbHOCTU NpeacTaBnseT coboi 3NeKTpoH?

B Hawem HagBaKyyMHOM MMUPE M B HAPYXKHOM BaKyyMHOM cpefe — 3TO Kak
6bl HENPEpPbIBHO BPALLAIOLWMIACA BOMYOK. BpalleHue y Hero npasoe uav naért
NPOTUB YaCOBOM CTPENKMU, KaK U MOJIOKEHO Y 3aKPbITOM YACTOTHOW MM
rPaBUTOHHOM cucTEMbl. B  BaKyyme 3/71€KTPOH pacKkpbiBaeTca nofo6HO
MarHuTHOM coepe, He Npekpalias BpaleHne. ITUM U 0BbACHAETCA TO, YTO
3/71EKTPOHbI 06PA3YIOT 3NEKTPOTOK, KaK YacTOTHOE NneTneocbpasHoe ABUXKeHue,
nogobHoe CcMNOBOMY BaKyymy MWAM CUNOBOM 4YacTOTHOM Boge. MHbimM
cnoBamu, uMMeHHo 6narogapa CBOEMY  LMK/AMYECKOMY  BPALLEHUIO,
CONPOBOXAAEMOMY PACKPbIBAHUEM, WU - CKPYYMBAHWMIO U PACKPYYMBAHUIO
3/1EKTPOHbI B UX ABUXEHUW — 3TO eanHoe obpasosaHue. NpUYEm B Hawwem
HalBaKyyMHOM W/IM MOJNEKYNSPHOM MWUPE 3Ta 3/IeKTPUYECKAn YacTOTHOCTb
Wan BpaweHmne 3SNeKTPUTos (I'IpOCTpaHCTBEHHbIX Y3€1K0B, MeHblWlnx u
rPaBUTOHOB, MarHUTOHOB) K TOMY K€ MOKPbIBAETCA Kak bbl KOHTYPHOW KOPKOMA.
OHa 1 ecTb TeM, 4TO BbET M3 OroNIEHHOro NPOBOAA, MO KOTOPOMY UAET TOK.
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T.0., 3NEKTPUYECKUIN BaKyym CTAaHOBUTCA M TOKOM, M OTAE/bHbIM
3/1EKTPOHOM, U CIMTHBIM (M3 3NEKTPOHOB) 3aPALOM TOJIbKO MO OTHOLLEHUIO K
HaZlBaKyyMHOW cpefge, KOTOPYK Mbl yXKe BMAMM M ollywaem. M ato us-3a
BpalLatoLLencAa HagBaKYYMHOM KOHTYPHOM (Hecywen dopmy) KOpKWU. ITUM K
obbAcHAeTCA, 4TO, OyAyyuM HanoNoOBMHY B Hallel HaZBaKyyMHOW cpefe,
OTAENbHbIE NEKTPOHBI U 3apAAbl — 3TO 3aKPbITble CUCTEMbI C OAMHAKOBLIMU
KOHTYPHbIMM BPaLLEHMAMU. M OHU OTTaNKMBAOTCA. A BHYTPU 3/IEKTPOTOKA, KaK
UaCTOTHOro 06Pa30BaHNA, HAXOAALLErOCA YXKE Ha ABE TPETU HaL BaKyyMOM, Te
K€ NEKTPOHbI BCErAa CMBAIOTCA B OAHO Lenoe. [oToMy 3TO CMAHUE MOKET
MATM W CO CTOPOHbI HAWero HaABaKYYMHOTO MMpa, Korga obpasyloTcs
6o/bluMe 3neKTpudeckme chepbl, BNJIOTb 4O WAPOBOM MOMHUM, U CO CTOPOHbI
Toro mwupa. TaK, Hanpumep, u obpasoBasmMcb aTombl, HO 06 3TOM peyb
fanblue.

N BaM yxke TIOHATHO, TIOYEeMYy HAOJIOJCHUEM OT/EIbHBIX
SJIEKTPOHOB B MOIIHEWUIIMM MHMKPOCKON BHJHO, 4YTO OHH IIOCIE
HEKOTOPOTr0 BpalIeHUs] KOHTYpa CBOEH OOONOYKH pPacKpBIBAIOTCS B
MEPIICHANKY/ISIPHOM K BpAIICHUIO HANpaBJICHUU, a IOCIE OIATh
ckpyuuBatoTcs. OduimanbHo Tako A(PGEeKT Ha3Bald CIIHHOM.
DIIEKTPOH PACKPHIBAETCS YepPe3 BENUUUHY «27T/2» WM Yepe3 MOJOBHHY
000pOTa ero «KOPKu».

Takoii ke cnimH (1/2) 1 y npoToHa (YaCTHYKH aTOMHOTO siapa). U
3TO MOTOMY, YTO HAIIOJIOBUHY — B HaJBaKyyMHOW cpezae. Y (oroHa
(4acTHYKK CBETa) CIIMH PaBEH yXe SIUHUIIC. A 3TO 3HAYUT, YTO OH U HE
packpy4mBaercsi, OyAy4H BCErJa B BaKyyMHOH KOpPKeE (COIEPKUMBIM B
BaKyyMe) B BUJIC YETBIPEX CPEpUUECKUX KONel, MOJOOHBIX KOIblaM OT
Ta0ayHOro JApiMa. JTO 3HAYWUT, 4TO (OTOH Ha JBE TPETH — emé B
BaKyyMe, XOTsl OH U OoJiee Kak Obl KOHTYpHAs YacCTHIIA, YeM SJICKTPOH,
MOTOMY CBETOBBIE (POTOHBI, HANPUMEP, W OOECIBEUMBAIOT JACIHIEBBIC
obou. Y TKENBIX JK€ YaCTUIl, BBIBEICHHBIX M3 aTOMHOIO spa,
Hanpumep, y K-ME30HOB WM KOHTYPHBIX ME30HOB CIIMH YXKe€,
Ha000poT, paBeH HyM0. U 3T0 moToMy, uTo, OyAy4d yKe MOTHOCTHIO B
HallleM BUIMMOM MHPE OHHM BOOOIIE HE 00HAPYKHBAIOT BPAIICHUE WU
HE TOKPBIBAIOTCS HAABAKYYMHOH KOPKOH, OyAy4d YacTOTHBIMH
YaCTHUIIAMH, HAXOJIAIIIMMHUCS Ha JIBE TPETH, HA000POT, HaJl Bakyymom. 1
3TO OTHOCUTCS U K KOHTYPHBIM ME30HaM, M K «YUCTO» 4aCTOTHHIM [1u-
Me30HaM.

Huxe n3o0paxeHo opuIMaibHOE 3allyTaHHOE MMOHSATHE CIIMHA JIJIS
anekTpona. [Ipsimas ctpernka 3/1ech 1 0003HaYaeT HEKOE HalpaBIICHHUE
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cnuHa. Ha camoM zene — 3To HampaBJieHUe B3MIIA/a Ha 31eKkTpoH. [Ipu
B3IJISIE CBEPXY M CTpPEJIKa HalpaBlieHa BBEPX, IVIE Y SJICKTPOHA
0003Ha4YEHO BpalleHne KaK pa3 MPOTHB YaCOBOH CTpenku. M BbI BUAMTE,
YTO CTpEJIKa HAKJIOHEHA Ha TIOJIOBHHY MPSIMOT0 yIJia, YTO M O3HaYaeT
Kak Obl (PMKCHPOBAHKE, & 3HAYHT, CKPYUHBaHHUE IIEKTPOHA B 3TOM
MOJIO)KEHUH TPH €ro MOCTYNaTeIbHOM WIH JIMHEHHOM JBMKEHUH T10CIIe
packpbiTusi. Eciiu Ob1 (hOTOH MOKHO OBLJIO TaKXKE BUJICTh B 110100 U
mapuka (cOoKy), TO 3Ta cTpenka Oblia Obl y)Ke BepTHKaIbHa, TOBOPS O
€ro MOCTOSTHHOM BpAIICHHUH MTPY TIepeMEIleHHH. A y TSHKENBIX YaCTHIL U
BOOOIIIE MIAPHUK WITH cepruyecKkasi Kopka He MoKeT oOpazoBaThesa. Uy
HUX CTpesiKa Oblia Obl TOPHU3OHTABHA.

Crun BenuuuHo# «1/2» y 3eKTpoHa NposBISIETCs: TIPH JABHKEHUH
ero B HamleM HaJABaKyyMHOM NPOCTPAaHCTBE, B KOTOPOM OH, Kak M
MarHuTHas cepa, - HaroJIoBUHY. B HEM OH M TOKpBIBaeTcs mMogooueM
KOpKH, 00pa3oBaHHOH KOHTYpHBIMH (OQUIHAIBHO  CHIIOBBIMH)
JIMHUSIMH, TIPOSIBJISISL BpallieHue cBoeit cepbl. Bpalienue xe KOHTypa B
BaKyyMe MBI YK€ HE MOKEM BOCIIPHHATH, KaK HE MOXXEM BOCHPUHSTH U
moboe BakyymMHOe oOpa3oBaHue (HE TOBOpS YK€ O BaKyyMHOM
BemiecTe). [loToMy IBHMKEHHE SJIEKTpPOHA, Ja W 000 BaKyyMHOE
JBIDKEHHE, MPOSIBIISIONICECs] HAABAKYyMHO HIIM B HAIIEeM MHUPE, MOXKHO
n300pa3uTh NeTeo0pa3HpIM (MM TUIOCKOCTUpPAIbHBIM) ceprdeckum
NBIDKEHHMEM, TI€ BEpPXHssS 4acTh BUAMMA, a HIDKHSISI — HeT. MHaue
TOBOPSI, MPOSIBIISIFOLIAICS AJIEKTPOH (KakK U Jr00ast 4acTHIIa) CTAHOBUTCS
TO BHIMMBIM, TO HET, MPUYEM DIIEKTPOH — BCETZla POBHO HAIMOJIOBHHY.
OduimanbHO Ke TaKOE JBMKECHUE NPEICTABISCTCS CHHYCOUIOH. A
JVHUSA, pa3fensomas CHHYCOUAY IOMoiaM — 3TO U €CTh BOJOpa3ien
YaCTOTHOM BaKyyMHOW BOJbl M HAIEr0 HaABAKYYMHOI'O WIIHU
MOJIEKYJISIPHOTO MUPA:
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O6pasyeTcs ke BoIopa3ien Kak pa3 JBIKEHUEM TPaBUTOHOB. U BbI
y)Ke IMOHMMAaeTe, 4YTO eClM CHUH Oonbine, yeM «1/2», To nuHHsA
BOJIOpa3/iena MOJAHUMACTCS, a YaCTHILA CTAHOBHUTCS OOJIbIIE MOI00HOH
¢doroHy, Kak Obl yTomas B BakyyMme. Ecnm ke CIMH yMEHBIIAeTCs, TO
BOJIOpA3/ieNl OIMyCKaeTcs, W uYacTuima Bc€ Oojblne ymnomolmisercs
ME€30HaM, BBIXOJS M3 Bakyyma. OJEKTPOH B HalleM HaJIBaKyyMHOM
MPOCTPAHCTBEHHOM CJIOE Ha MIHOBEHHE YacTOTHO 3acThIBaeT WM
3aMHUpaer, 4YeM M TMPOSBISAET CBOIO 0007104Ky. Jlymaere ABHMXKEHUE U
XKHU3Hb 37ech? Jlaxke B BakyyMe - TOJIBKO OTpaK€HUE KHU3HHU.
Hacrosimast ke kM3Hb - B TOM MHpPE B MUCTUHHOHW BOJAE, K KOTOpPOHI
Hepym#Mas (10 BpeMeHH) TIperpaja.

B Havane KHUTH BB YK€ YHTAIH O TpEXcepHUKe WM TPUIIONE, KaK
0 BHJIE Y)K€ BPEMEHHOI'0 WJIM MCXOJHOI0 IPaBUTOHHOTO JBMXKeHus. U
OH YXe HHYeM He pucyercd, Kak HampuMep, MarHUTHBIN
YeTBIpEXCPEPHUK — HEMPEPHIBHBIM  BOCBMEPUYHBIM  JIBUKEHHEM
MarHuToHOB. TpéxcepHHK cpa3y BCHBIXMBAET, MPOSABISAS HCXOAHBIC
WM BPEMEHHBIE TPAaBUTOHBL. A 3JEKTPOH — 3TO YAaCTOTHO OCTBIBLIMM
CHAapyXH TpPaBUTOH, KOTOPBI Kak Obl 3aBEPHYT B HaJIBaKyyMHYIO
kopky. Iloromy HajgBakyymMHass KOpKa D3JEKTpOHa — 3TO YXKe
BOCEMEPUYHBIM  (HE OJHOHANpaBleHHBIH) deTbipéxchepHuk. U
pUCOBaHHME WM TMPOSABICHHE DJJIEKTPOHA MOXKHO IPEICTaBUTh
BpalllcHHEeM HEKOEro YCPEAHEHHOro (MEeXJy MarHuTOHOM |
TpEéXcPepHUKOM) DIIEMEHTApHOIO y3eJKa YaCTOTHOW BOJBL. Y CIOBHO
€ro MOXHO Ha3BaTh 21eKmpumom. JIBUKEHHEe 3JIEeKTpUTa — 3TO U €CTh
BpallleHne HUCXOAHOM YacTOTHOCTH. B 1utockoMm Buje cdepa anexTpona
— 3TO MOCTOSHHOE CIHpajbHOE ABM)KEHUE IEKTPUTOB Ha CKPYUHBAHUE
U pacKkpyduMBaHHe. OTO TOATBEP)KJAeT M HaJM4uue CHUPATBHOCTH Yy
Hekoell oUIManTbHON YacTHUKY - HelTpuHO. Ha camom niene HeHTpuHO
— 3TO TOT Xe€ 3JEKTPOH, HO HaOIIONaeMblii YK€ BO BTOPOH HIIH
CPEeAMHHOM BakyyMHOW cpene. M TaM ero [ABUXKEHHWE B HalleM
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BOCTIPUSATUU CHJIBHO 3aMENJI€HO, YTO M TO03BOJIIET 3aMETHTh TaKoe
CIHpaJbHOE BpalleHue.

[IpeObiBaHME 3JIEKTPOHA Cpa3y B MOJOOMM TPEX BAKYYMHBIX CIOEB
O3HayaeT, 4TOo B TIEPBOM HApPY>KHOM ClOoe O0pa3yercsl HadalbHBINA
4eThIpEXCPEPHHUK MM KBaJPYIOJb, Oosiee mogo0HbI BOCBMEPHYHOMY.
CpenuHHBIA BaKyyMHBIM cJOil — 3TO cpefa oOpa3oBaHUs OTAEIBHOTO
OJIHOHATIPABJICHHOTO YEThIpeXC(epHUKAa B KaKJOH YETBEPTOH YacTh
HAYaJIbHOTO WM Hapy>KHOTO ueThipéxchepHuka. Tperuii ke cioii — 3To,
KOHEUHO, I[EHTPAJIbHBIN BCE CTATUBAIOINNN TPEXCPEPHUK WA TPHUIIONb.
IIpu 3TOM KaxIblii U3 YETBIPEX OTHEINBHBIX CPEIUHHBIX KBaJpPYIOJEH
o0pa3zyeT ¢ LeHTPaTbHBIM TPEXCHEpHUKOM Apyroe (Kak Obl CpeJMHHOE)
o0pa3zoBaHHE MEXIy HAIIMM HAJBaKyyMHBIM MHPOM W BaKyyMOM, Kak
9acTOTHOHN Bojoi. U 5T0 yike cemucgheprux WM cenmynoib «1m», KaK
CIIOXKEHUE YeThIpEXchepHuKa W TpEXcpepHUKa MM - KBaJIpYyMmois |
tpunosst (4n + 3m).

U BBI yK€ MOHSUTH, YTO O]l KOPKOU 3JICKTPOHA 00Pa3yIOTCs YEThIPE
CeNTYNoNsl IUIFOC HE KOHTYPHBIM (HE SBHBIM) [EHTPANbHBIN
MPOCTPAHCTBEHHBIH TpeXc(EepHUK WIH TPUMOdb. [loToMy 3JeKTpoH
obosnauaercs kKak «4*7m». Kak pas oTum u o0bsicHsIeTCs 00pa3oBaHue
ynucna  «8,85», KaK Mempuueckou 9NeKmpuyueckol uacmomsl ¢
pasmepHocTh B «l1/M». OHa 0o0pa3yeT 3JIEKTPUYECKYIO IMOCTOSHHYIO
Benmunny  «8,85%107'%, rtme «10™%» - 310  dnekTpHuecKast
JUTUTENBHOCTH (00pa3yromias IeKTPUIEcKyro yacToTy). OTToro ajis Hac
WIH, KaK Obl IS U3 HAIero HaJIBaKyyMHOTO MHUpPA, dJIEKTpUUecKas
MOCTOSIHHAS TIONy4YaeT Pa3MEPHOCTh B «CEK/M», KaK MPOH3BEICHHE
JUTMTENTBHOCTH dIeKTpryecKoi yactotel «107'%» Ha 310 uncimo «8,85».
W »snexkTpudecKyr0 IOCTOSHHYIO BEIMYUHY C TAKOHM Pa3MEPHOCTHIO
MOXHO Ha3BaTh MEeMpuuecKoll O1umenbHOCHbio IPOSIBIICHUS DIIEKTPOHA
B HallleM HaJBaKyyMHOM IPOCTPaHCTBE.

Hwuxe nzo0pakeHa CTpyKTypa 3JEKTPOHA U3 YEThIPEX CENTYIONEH,
00pa3yeMbIX COeTMHEHUEM BHYTPEHHUMH KBaJPYyIOISIMH (OHU 3aJTUTHI
XKENTHIM [[BETOM) C HEIBHBIM LIEHTPAJIBHBIM IIPOCTPAHCTBEHHBIM
TpéxchepHrKoM (OH N300paKEH CHHUMHU JTMHUSIMH).
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Exinworld©

Pa3bepém moppoOHee 00pa3oBaHHE METPUYCSCKOW SJICKTPUUYECKOMH
qactothl 8,85 «l/mM». TIOCKONBKY YaCTOTHOCTh 3€MHOM T'PaBUTAIUH
Oonbire e€ KOHTYpHOCTH B 10 pa3, TO U METPUUYECKUN DIIEKTPUUECKHH
MepuoJ, — 3TO OTHOIIeHHE o0o3HaueHHs anekTtpoHa K 10. Ilotomy
uncioBoe orHomenue «(4*7m)/10» paBuo Benuuune 8,796. Takum
00pa3oM, YHCIIOBOE BBIPAKEHUE CTPYKTYPHI AJIEKTPOHA — ATO:

(4*7m)
10 = | 8,796

Heckonbko ke Oonbiiee odunmanbHoe 3HaueHue (Bcero Ha 0,6%)
O0BSCHIMO, CKOpee BCEro, YBEIMYEHHEM pPa3MepoB B  HalleM
HA/IBAKYYMHOM IPOCTPAHCTBE IO OTHOIICHHIO K BAKYYMHBIM CJIOSIM.
[Toromy B nanpHeiilieM MOXXHO MPUHSTH, YTO METPHYECKas 4acToTa
ANIEKTPOHA (KaK YKMCIOBOE BBIPAKEHHE €ro CTPYKTYphI) paBHa
odurmanbHoMy ynciy win Bennunne 8,85 «1/M». 1o o3Hayaer u To,
YTO AJIEKTPUTHI, MECHbBIIHE IPABUTOHOB U MarHMUTOHOB, «PUCYIOIHX)
MarHuTHYIO cepy, - 9TO BEIIECTBO yKe OoIbllle BHEBAKYYMHOTO MHPA.
OTTOro ¥ HaHOTEXHOJOTHM WMEIOT JeJi0 ¢ HallMM (eciH Ja)xe He C
MO/IBAKYYMHBIM) MHPOM, @ HE C BaKyyMHBIM MPOCTPAHCTBOM. A BOT
HCHTPAJIbHBIA TPEXCPEPHUK B IJICKTPOHAX U DIIEMEHTAPHBIX YaCTHIIAX
MOCTOSIHHO CBSI3aH C TJIyOMHHBIMH BaKyyMHBIMH CJOSMH. ODTUM H
OOBSICHSICTCS, YTO DIICKTPOH HEJIb3sI KaK Obl «IIOIIYTaThy.
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Hwxe npuBenena cTpykTypa 3J1€KTpOHa, IPUBEIeHa B albTepHATHBHON
¢duznke, UCXOAIICH U3 pacCMOTpEHHsI HeKoero 3¢dupa, Kak
CBEPXTEKYy4el MUPOBOI CpeJibl 3aIOTHSIONICH Bpojie 00IaKoB
KOCMUYECKYIO ITyCTOTY MPOCTPAHCTBA. XOTs 371eCh, KaK U B

opumansHOl Qu3KKe, TAKXKE HE pa3nuvyaeTcss MMEHHO BaKyyMHast
CTPYKTypa MPOCTPAHCTBA-BEUIECTBA, OTIMYHOTO OT HAIIIETrO
HAJBaKyyMHOI'O MUPa, HO ¥ Jia’Ke EPBUYHOE PACCMOTPEHHE
HEBHJIUMOIN BaKyyMHOH CpeJibl, MyCTh Jja’ke U B TIOO0WH HAIIErO
BEILIECTBA, CYIIECTBEHHO MPUOIMKAET K UCTHHE.

ABTOp 3TOI 3DUpPHOI CTPYKTYpHI 37ekTpoHa B.M. AHTOHOB
He3aBUCHMO OT (u3nku Pasnnuenus pakrtuaecku mpuBEN nojaodue
WMEHHO [EHTPAITLHOTO TPUIIONS 3JIEKTPOHA B BUJE TPEX «I(UPHBIX

HIapUKOB, OEralomuyX Ipyr 3a Ipyrom». Jlanee sxe 3To BpaleHue
CKUMAETCS 110 TOPIaM ABYMSI IPYTUMH dJIEMEHTapHBIMHU 3()UPHBIMU
mapukamu. Kopode roBops, 371€ch yke COBCEM OJIM3KO 10 UCTUHHON
AJIEKTPOHHOW CTPYKTYPHI, €CIH Pa3iniaTh CIUPaIbHO-CPEPHUECKYIO

CTPYKTYPY IPOCTPAHCTBA U BAaKyyMHBIE TIPOCTPAHCTBEHHBIE CIIOH.
[Toromy mogobue c:xaTHs B AJIEKTPOHE HE TOPIIEBOE, a chepruiecKoe

WJIU TIPOUCXOAMT C YETBIPEX CTOPOH. IIpu 3TOM, KaK BbI yXkKe
noHuMaere, dQUpPHBIC MAPUKU — 3TO BPAILICHUE BO BPAILlCHUH
3JIEMEHTapHBIX MPOCTPAHCTBEHHBIX Y3EJIKOB (3/1€Ch DIEKTPHUTOB), a Oer

LIAPUKOB APYT 32 JPYrOM — 3TO JBMKEHHE B3aMMHOTO Ka4eHUs

AJIEKTPUTOB C 00pa30BaHUEM COSIIMHEHHBIX Uepe3 TPUIIOIb cdep.

SneKTpoHbl NpefcTaeEA A T coboll TP 3hUPHEX WapKKa,
BeraloLvx Apyr 3a ApyroM No Kpyry. MprMeIKaioLne
K HAM C TOPLIOB eLlie ABa 3MUPHLIX WEPWKa CNYMaT 0Cbio

Yto Takoe 3JIeKTPUUYECKAS. U MATHUTHAS MIOCTOSIHHASA
BEJIMYUHA. 371€Ch TOBOPUTCS O TOM, UTO
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- 1) y 9N1eKTPUYECKOW NOCTOAHHOM BEMUYMNHDBI IBE PASMEPHOCTU: HapYKHas
(mnA Hawero HagBaKYYMHOIO MMPA) U BHYTPEHHSAA, @ BHYTPEHHAA UK
WCTMHHAA Pa3MepPHOCTb — 3TO AAUTENbHOCTb. MHaye rosops,
9NEeKTPUYECcKan NOCTOAHHAA BE/IMYMHA — 3TO, OKA3bIBAETCA, NEPUOL,
BPALLEHMA 3N1eKTPOHA. TO e camoe OTHOCUTCA U K MAarHUTHOM NOCTOAHHOM
BennyYnHe. MoToMy UCTUHHAA UM BHYTPEHHAA Pa3MepHOCTb MarHUTHOWM
NMOCTOAHHOWM — 3TO TaK}Ke Nepuos, BPaLLeHNA MarHUTOHa,
COOTBETCTBYIOLMIA M Nepuoay BPaLLEHWA BCEM MarHUTHOW cdepbl
(odurumanbHO «nons»);

- 2) He pas3ninyeHune B CTapoi GpuU3MKe NOHATUA 3apAaa NPUBOAUT K TOMY,
YTO Ha3blBaeMoe 3apAL0M 3/IEKTPOHA, - 3TO B AENCTBUTENIbHOCTU
chepuryecknin pasmep nam KBagpaTt ANHbI OKPYXKHOCTU KOHTYPHOM
060/104KN 3NEKTPOHa. [TOTOMY AaBHO M3BECTEH U Pa3Mep 3/1EKTPOHA, HO
3TO He pa3nyaeT cTapasn GpU3KKa;

- 3) AeNCTBUTENbHbIN e 3apAg, 31EKTPOHA —3TO U eCTb 3apAg,
(BpawaTtenbHoe yckopeHue), pasHbiii 1,02*10" «m/cek?», npuuém
3N1EKTPOH 33 CYET HEMPEPbIBHOM pereHepaLmm ero BHyTpeHHeM
YaCTOTHOCTM MOXHO Ha3BaTb BEYHbIM YACTOTHbIM ABUrATENEM.
KOHTYpHbIN e BEYHbIN ABUraTeNb UIN BEYHBIN ABUraTeNb B HAaWem
HaZlBaKyYMHOM MUPE HEBO3MOXEH.

HctrHHas pa3MepHOCTh 3JIEKTPUYECKOW TOCTOSHHOHM, Kak Obl mpH
B3MJISIJIE U3 BAKYYMHOMW Cpellbl, — 3TO MEPHOJ BpalIeHUs] 000IOUKH WITH
KOPKH 3JIEKTpOHA. MIHBIMM CII0BaMH, 3TO HAIll B3IJIAJI, KAK BHYTPEHHET O
WM Y4aCTOTHOI'O YEJIOBEKA, 4 HE HAPYKHOTO C BCSIKMUMM CTPACTSIMHU.
Benps u mo gopmyne ToMcoHa yacToTa 3JEKTPOMArHUTHBIX KojeOaHUH
«W» B KojebaTelbHOM KOHTYpe momoOHa (opmyre CKOpOCTH CBera,
O3Ha4asi, 4YTO U Yy CKOPOCTH CBETa BHYTPEHHSISI PAa3MEPHOCTb — 3TO
4acToTa €ro pacnpocTpaHEHWs, a y MAarHUTHOM M 3JIEKTPUUYECKOU
MOCTOSHHOM  BEIIMYMHBI ~ TOTAAa  JOJDKHA  OBITh  Pa3MEpPHOCTh
JumTenbHocTH Wik nepuona. dopmyna TomcoHa, puBenéHHAs HUXKE
clieBa, KaK BBl BUJAWTE, - 9TO TaKkKe, Kak M (opMysia CKOPOCTH CBETa,
MOMEIIEHHAs ClpaBa, €AUHUIIA, JCIEHHAsd HAa KOPEHb KBaJApPATHBIA U3
npousBenenus BennunH. W B Qopmyne TomcoHa — dTo He
ANIEKTpUYECKasi M MarHUTHas TIOCTOSHHAs, a WHAYKTHBHOCTH «L»
kaTymku u éMrocth «Cy» KoHeHcaTopa:
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1 1
vV L*C. v En.*Mu.

[Tonyuaercs, 4TO y BHEKTPUUYECKOW MOCTOSHHOW BEIMYMHBI JBE
pa3MEpHOCTH: BHYTPEHHSAS pa3MEpHOCTb B «CEK», KaK IIEpPHOA
BpAIllEHUsl DJIEKTPOHHON OOONOYKHM, M HapykHas B «cek/M». To xe
CaMO€ OTHOCUTCS M K MATHUTHOM ITOCTOSHHON Bennuune «1,256%10 5.
Bb1 yxe goragpiBaerech, 4To Hapy»XHasi pa3MEpHOCTb y He€ - 3TO TOXe
«cek/Mm». A umcio «1,256» - 3TO, Kak BBl yKe 3HaeTe, MeTphuecKas
gacrora «4m/10» ¢ pasmepHocThi0 «1/M», Kak (hopMa NPOSIBIEHUS
mo60ii yacToTHOU cepbl B HaJBaKyyMHOM Mupe 3emun. Bennunna xe
«10™% - 5T0 MINTETBHOCTb MATHUTHOH YACTOTBL DTHM MArHHTHAS
MOCTOSIHHAS BENWYMHA B €€ HapY)KHOM NPOSIBICHUH W CTAaHOBUTCS
METPHYECKOH JUIUTENFHOCTBIO MPOSIBIICHHSI MarHUTHOW cdepbl. A
o0pa3oBaHME BHYTPEHHEW Pa3MEPHOCTH MAarHUTHOW TOCTOSIHHOM, Kak
1epuoja BpalleHMs MarHuTHOH cgepel, - 3TO yKe IOIy4eHHE U
penmanuoit  «10 % BHYTPEHHEH pa3MEpHOCTH B «M*CEK», Kak
cpepuueckoco  nepuooa «Ts». YMHOKEHHEM Ke CHEPHUUYECKOro
neproja Ha Merpuueckyro dactory «4m/10» monyuaercs BHYTpeHHsS
Pa3MEPHOCTh MATHUTHOM IIOCTOSIHHOM, KaK IIEPUOAA.

Takoro mnoHATHS (KaKk METPHUYECKOro IMepuoja M MEeTpUYEecKOH
4acToThl) TOXKe HeT B opunmansHoi ¢usuke. Chepuueckuil mepuon -
9TO KOHTYpPHasi WJHM Hapy)KHasi YacTOTHOCTh B 00pa3oBaHHU JFOOOH
cepbl, o3Haudaiomasgs e Hapy)KHOE TMpOSBICHWE B  HAIIEM
HAJBaKyyMHOM HWJIM MOJEKYJISAPHOM IMpOCTpaHCTBe. A oOpatHas ei
BEIIMYHMHA chepuyeckoll yacmomol «[ls» — 3TO BHYTPEHHSS WU KaK Obl
YacTOTHasl 4acTOTHOCTh B 00Opa3oBaHHMU cQepbl, WHAue TOBOps, - €&
BHYTpEHHEE TPOsIBIICHHE OTHOCHTEIBHO Hamiero mMupa. Kak BbI yxe
YUTAIM, YaCTOTHAs WIM TpaBUTOHHas cepa COCTOMT M3 HapyKHOH
chepbl KOHTYPHOTO TPaBUTOHHOIO BpalleHUs U OOpaTHO WIIU
MepIeHINKYISIPHO HalpaBlIeHHOW K Hel chepbl BHYTPEHHEro MMEHHO
YacTOTHOI'O TPABUTOHHOTO BpallleHus. Tak BOT, chepuiecKuii mepuon u
ceprueckass YactoTa — 3TO M €CThb O00O3HAUEHUE HAPYXKHOH U
BHYTpEHHEH dYacTH HEeBUAMMOW BakyymMHOH cdepbl. Cdepuueckuit
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MEPUOJ] — DTO OTHOIIEHWE pa3Mepa BpalleHHs K 4YacTOTe BpallleHWs,
obpasyromiero cdepy. A cdepuueckas YacToTa, COOTBETCTBEHHO,
Ha000poT:

I U
MS_21tR

[Ipexxae, uyem pa3o0paTh, KakK YHUCIO «10°% B MmaranTHO
MOCTOSHHON  BEMWYMHE  MOJy4aeT BHYTPEHHIOK  Pa3MEpPHOCTh
chepuyeckoro  mepuojaa, paszdepém  oOpasoBaHWE ~ BHYTPCHHEH
Pa3MEpPHOCTH B «CEK» y DIIEKTPUUECKOU mocTosHHO#. Kpome Toro, ato
pacKkpoer  HCKaXeHWe  CTapoil  (u3MKM,  paccMaTpHUBAOIICH
SJIEKTPOHHBIA 3apsA] B OTBJICUEHHOM W HHUYEr0 HE TOBOpPAILEH
pa3MepHocTH KyjoHax. Tak Bor, Belpaxenume «8,85%107'% - s10
orHomenne enmanabl «4*10 '’ k mpoussenennio «1,256*36», uro
crout B COBETCKOM SHIUKIIONENH, KaK BBIPAXKEHHUE:

1 . 4%10"
479*10° ~ 1,256%36

Bel MoOxere 3TO caMu IPOBEPUTh Ha KanbKyisarope. Ho, dro
WHTEPECHO, B HBIHEIIHEH oduinanbHON (Qu3nKe BooOIIe 3a0bUIH TIPO
coJiepaHue 3TOM TOCTOSHHOW (YTO BMJIHO M3 CTPaHUIl MHTEPHETA).
[poussenenne «1,256*36» - 310 He YTO WHOE, KAK TPOU3BEICHUE
METPUYECKON 4acTOTHl HAa BaKyYyMHYIO CKOPOCTh Kau€HUS T'PaBUTOHOB.
OTUM TOIy4YaeTcs CKOPOCTh BpAIleHUsl JIEKTPOHHOW OOONOYKM WM
kopku. 3uauenue xe «4*10 1% - s10 HapyXHBII pa3Mep BpaIlEHUS
«2nR» oamekTpoHa. A jeleHHEM 3TOTO pa3Mepa Ha CKOPOCTh U
HoJly4yaercs Iepuoj B CeKyHAax. Hanuumem y MarHutHod U
ANIEKTPUYECKOW IOCTOSHHOM JBYX pa3MepHOCTed H OOBsiCHseTCHs,
MOYeMy CKOpPOCTh CBETa — 3TO M YacToTa €ro paclpoCTpaHeHHs, U
MPHUBBIYHOE JUIs1 HAC 0003HAYECHUE CKOPOCTH B «M./CEK».

B mawane 20-ro Beka amepukaHerny P.MwumkeH ompeneni
BEIIMYMHY D3JIEMEHTApHOr0 3apsaa ¢ O(QHUIMAIEHOH Pa3MEPHOCTHIO B
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kynonax (Ki). A Beap 510 1 ecthb dnektpon! U 3nauenue «1,6%10 9y
i e = 1,602177-10"° Kn = 1,6'10_19 K, ompenenénnoe uM, - 3TO
KaK pas kBagpat uncna «4*10 '*». K ToMy e oH onpenernsu1 Belunny
3aps/aa Kak Obl ITPU OJICBAaHUM 3JICKTPOHOB HA MacisiHble Karuu. Karis
XKe, Kak M mobas cdepa — 3TO CONpsHKEHNE BHYTPEHHEH W HapyKHOU
cheprl, uTo U naér keajapar. MHade roBops, 00y chepy MOXKHO
NPECTaBUTh JIByMs BPAILIAIONIMMKCS 00pydaMu BCTaBJICHHBIMU JIPYT B
apyra. A mpu kak Obl CTEKaHMHM 3apsila C MacCITHOM Karjid OH
pacmamaercs Kak pa3 Ha 3JEKTPOHBI C OJHUM H TEeM K€ pPa3MepoM
Bpamenust «2nR». TMomyuaercs, uto B oduimansHON (H3HMKE yKe
JaBHO OINpenenéH IUIOCKHH pa3Mmep 3JeKTPOHA, KaK ero pasmMep
BpalIeHHs «&» WIM AiHA OKpyxkHoctd, pasHas 4%¥107'° «w», HO B
OPUMEHEHUH  HEKUX  OCOOBIX  JJICKTPUYECKMX W MarHUTHBIX
pa3MepHOCTEil 3TO HMKAaK HE pa3inyacTcs. A Belb pa3Mep dJIeKTpOHA
paBeH U pa3Mepy aToma!

MuJkeH U3Mepsl JIEKTPUYECKUH 3aps]], COCPENOTaUNBaBIIMICS HA
OT/IENbHBIX MaJICHbKUX MAaCIISHBIX KaIUIIX UMEHHO C(epuyecKon
(hopMBI, KOTOpBIE 00PA30BBIBANINCH paclbuIUTeNeM «Py» 1 majganu Ha
koHgeHcaTop «K». 3a cKopocThIo ke TajieHrst oH HaOmoaan B
MHUKpPOCKOI «M». A TIoydascst SJeKTPUUECKHI 3apsii TPEHUEM O
CTEHKH pacnbutnTens. Y Bbl BUANTE, UTO BCS JIOTHKA OMBITa TOBOPUT 00
M3MEPEHUH UMEHHO pa3Mepa 3JIeMEHTapHOU cdepsl 3apsiia (Kak
CONPSDKEHUS JITHH OKpYKHOCTel ). OO 3TOM TOBOPHUT U BECh aHAJIH3
¢dbopmyn B onbiTe, U popMyia Juis pasMepHocTH «Kynon», Kak
MIPOU3BEACHIE CUIIBI TOKA (2 HA CAMOM JIENI€ €r0 CKOPOCTH) Ha
JUTUTENBHOCTb.

Orcroma TO, YTO HAa3bIBAIOT KyJIOHOM, - 3TO pPa3MEPHOCTb
KBaJIpaTHOro Metrpa (M?) WM CepuuecKuil pasMep SJICKTPOHA B €ro
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newkennn, kak 2TR*27R wmn (2nR)?, a Hukak He BenuyMHA 3apsija,
9TO MpUHUMAIOT opuiManbHo. OTHOLIGHHE K€ 3TOro cQepruecKoro
pasmepa  DIIEKTPOHA, KaK  3JEMEHTapHOrO WJIM  HavaJbHOTO
ANEKTPUUECKOT0 3apsiia K JUIMTEIBHOCTH €ro INPOXOXKIEHHS IO
MPOBOAHUKY 00pa3yer HapyXHYIO CKOPOCTh KaueHHS 3JIEKTPHYECKOTO
3apsiga. B crapoit ke (u3Mke 3Ta CKOPOCTh HAa3bIBACTCS CUJION TOKA,
NpUYEM TaM HE Pas3linyaeTcsi, YTO 3Ta Pa3MEPHOCTH (M?/CEK) OTHOCHTCS
JUIIb K TaK Ha3bIBAEMOMY IMEPEMEHHOMY TOKY (0 4€M pedb HHXKE).
[MonoOHast ucTopusl MONMy4aeTcsti U C TEM, YTO Ha3bIBAIOT YAEIbHBIM
3apsioM  DJIEKTpOHA. B NeliCTBUTENBHOCTH K€, KaK WU B OIBITE
I'.KaBenaumia ¢ MeTaJUIMYECKUMHU HIAPUKAMHM, 9TO YacToTa (BETMUYNHON
1,77*10') BHyTpeHHEro ABHMIKEHHMsS DJIEKTPUTOB (0OJI€E MENKHX, YeM
TPAaBUTOHBI W MAarHWTOH IMPOCTPAHCTBEHHBIX Y3€JKOB) B AJIEKTPOHAX,
9T0 00pa3yer u 31MeKTPOTOK (1 00 3TOM pedb HUKE).

DNEeKTPOH U SNEKTPUUECKYI0 cepy MOXKHO Ha3BaTh YaCTOTHBIM
BEUHBIM JBUTaTeNieM. M OTHOCHUTENBHO BEUHBIM (TPOAOIKHTEIBHBIM)
MOXeT OBITh TOJNBKO YACTOTHOE BpamieHHe. Jleno B TOM, YTO
ANIEKTPUYECKasi 4acToTa JIBMXKEHHS DIIEKTPUTOB, oOpa3oBaB cdepy, U
NoAXoJs K €€ LEHTPY, CTAHOBUTCS MAarHMTHOM YacTOTOM JBHXKEHUS
MarHuTOHOB. A Omarogapsi TpEéxcepHHKY OHa OISITh KBaJAPATUYHO
CONPSATAETCs B 3JIEKTPUUECKYIO YACTOTY, BBIXOJSILYIO HAPYXKY, U T.I. C
MOCTOSHHBIM ~ [TOBTOPEHHEM IUKIOB. OJTHM M TMOJIYy4aeTcs, uTo
MarHuTHasl 4acTOTa KaK Obl HCXOIUT U3 DJIEKTPUIECKOH YaCTOTHI, YEM U
OOBSICHSCTCS, KCTaTH, OOpa30BaHUE MArHUTHBIX C(ep 3SJIEKTPOTOKOM.
3TO TOKa3bIBaeT M TO, YTO HENPEPHIBHOE JABHKEHHWE MOXET OBITh
TOJBKO BO BpPAlIeHUW H TOJBKO B YaCTOTHOM HJIM TPaBUTOHHOM
BpaiieHnd. Y MarHuTHas cdepa (OQHUIHATBHO «IONE») B OTIMYUE OT
9NIEKTPOHA, - 3TO HAIIOJOBHUHY OTKPBITAS YACTOTHAs WJIM TPaBUTOHHAS
(TouHee MarHUTOHHAs) CHUCTEMa, T.K. TaM yXe He 00OJIodYKa, a yKe
KOHTYpHBIE HJIM CUJIOBBIE JIMHUH, UAYIIME B HAABAKYYMHOM CJIOE.

T.o., 0Opa3oBaBUIMCH B AIIEKTPUUECKON cdepe, MarHUTHAs YacToTa
pucyer MarHMTOHaAMH (ueTBEpTHHKAMH TpaBUTOHA)
pa3HOHANpaBJICHHBI MATHUTHBIA YeThIpEXCHEPHUK MM KBAJPYMOIb
BO3Bpallla€TCi K €ro LEHTPY VYK€ MHHUMAJIbHOM YacTOTOW JUIst
HApy:KHOTO BakyymHoro cmosi Bemuwumaod «103%. A Gmaromaps
MarHUTHOMY TpEXcepHUKY 5Ta dYacToTa ONATh KBaJIPaTHYHO
CONpSATAaeTCsl B MAarHUTHYIO YacTOTY «10%, gem u 31ECH MoJy4aercs
MoJ00Ke YacTOTHOTO BEYHOrO JIBUTATeNsl. MarHUTHas 4acToTa 00paTHO
HampaBieHa WM TEPHEHAMKYISpHA K DJEKTPHUYECKOW yacTtore. ITo
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MOHSATHO W 1O OTHOWICHWIO OQUIMAJIbHBIX MOHATUH HANPSHKEHHOCTH
ANEKTPUYECKOT0O W MAarHUTHOTO «IOJNeH» (03HAYAIOIMX YacTOTHYIO
WHTEHCUBHOCTDH cdep). A oTCiofa U ceprUuecKrii MarHUTHBIN Mepruo.
OIpenensiercss OTHOLICHHWEM pa3Mepa MarHUTOHA K 3Ha4YeHUIO
JJEKTPUUYECKOM IIOCTOSHHOM, HO HE C BHYTPEHHEH pPa3MEpPHOCTHIO
nepuoja, a 4actoTel. [Ipy 3TOM MarHMTOH — 3TO HE COBCEM pOBHas
«4eTBEpTUHKA» (MK Y4) B HAILlIEM MOJIEKYJISIPHOM Mupe, a 1/3,92 (u3-3a
yMEHbBILICHHS Pa3MepOB B HALIIEM HaJIBAKyyMHOM MHpE):

3,47%10-17/3,92 _ [
x50 (i I
b
CoOTBETCTBEHHO, MarHUTHas cepuyeckas 4YacTora — 3TO 10°

«l/m*cek». W ecnm e€ ompenensTh OTHOIIEHHEM pa3Mepa BpalleHUs
cdepbl K MATHUTHOM YacTOTe, TO MOJYYaeTcs, YTO pa3Mep MarHUTHOH
cdepbl Bcerna paBeH enuHUIlEC. Benb MarHWTHasi 4acToTa — 3TO TOXeE
«10%. D10 W 3Haumt, urO y MarHuTHOH cdepbl pa3Mep HE HMeeT
3HAa4YeHUS, a BaKHA MHTEHCUBHOCTb MArHUTHOTO MOJs (OQHIHATBHO
HaANPSHKEHHOCTBD).

Bb1 yke 3HaeTe, 4TO BEIMYHMHA CAMOT0 3apsaa, KaKk TAKOBOTO — 3TO
Mo cTapoil (pu3rKe BpalaTeIbHOE YCKOPEHHE B IBUKECHUHM IPAaBUTOHOB
YacTOTHOM BOJBl (3aMONHSIOMIEN MPOCTPAHCTBO M  Ha3bIBaeMOU
BaKyyMOM) WJIM OTHOLICHHE pa3Mepa BaKyyMHOW cdepbl K KBaJpary
umtenbHocTH € BpameHus. O JUIMTENBHOCTH BpalIeHUs O00O0JOYKU
AJIEKTPOHA MBI YK€ 3HAeM — 3TO dIIEKTpHUecKas moctosHHas. Pa3mep ke
cepsl smekrpona (kak 47TR) — 9T0 IBOMHOM €ro MIOCKHA pa3Mep WIin
8*107°«m». [loToMy BIOJHE MOKHO ONPEIECIUTH  BEIUYUHY
AJIEMEHTApHOTrO 3apsiia WM 3apsija AJIEKTPOHA, KOTOPBIH pPaBeH OKOJIO
1,02*10" «m/cex®»:

8*107'°

— =] 1.02%10"
( 8,85%107%)2
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W BBI BUITE, TIOYEMY 3JIEKTPOH HE MOXKET 00pa30BbIBaTh Maccy. Bespb

anekrpudeckas yactora 10'% craHoBsIIascs B MOJIEKYJISIPHOM Macce eé
BHYTpPEHHEH CUJIOHN, CTATUBAIONICH MOJICKYJIbI, 3/IeCh, HA00OPOT,

00pa3yeT Hapy>KHYIO CUJTY JBH)KCHUS DJICKTPOHOB (TIOTOMY TOK U OBET).

Her B npupoje 3HaKOB «ILTIOC» M «KMHUHYC». 371€Ch TOBOPHTCS
0 TOM, YTO

- 1) nontoca y marHuTa — 370 ABe YacT 06 BEMHOM BOCbMEPKM, KaK bbl
pucyemble KOHTYPHbIMU NN CUNOBbIMU MAarHUTHbIMU IMHUAMMN. I'I0Torv|y,
nepeBepHyYB MarHUT B FOPU30HTa/IbHOM MIOCKOCTU (CAenaB BEPX ero
HM30M) Mbl Y}Ke MEHSAEM ero nojtoca. ITO 3HAUYUT, YTO NPaBU/IbHEE He
Ha3Ha4aTb NOOCA MarHUTaMm, a FOBOPUTb O PA3HOHAMPABNEHHOM
BPALLEHMM KOHTYPHbIX IMHUI €ro MarHuTHoM cdepbl;

- 2) NOCKO/IbKY Y 3/1EKTPOHA BPaLLLEHNE ero KOHTYPHOM 060/104KM NAET
NPOTMB XOAa YaCOBOW CTPEJ/IKM NPU BUAE CBEPXY, TO B3FNAL0M CHU3Y — 3TO
y)Ke BpallieHue Nno 4acoBow cTpesike. [lOTOMy TaK HasblBaemble
«@HTMYACTULI» - 3TO HE YTO MHOE, KaK NPUHYAUTENbHO NepeBepHyTbie B
NPOCTPAHCTBE YacTULbI;

- 3) aHaNIOTMYHO HET 1 3HaKa 3apsaaa, Tem bosee YTo 3apsas — 370
BpalLaTes/IbHOE YCKOPEHME, a He Noaobue Tena, Kak NOHWMAIOT B CTapoW
bU3KKe, HET U ABNIEHUA NONAPM3ALLMM, @ ECTb KaK pa3 NposB/eHue
KOHTYPHOW 3/1eKTPOHHOM 060/I04KM B YAaCTOTHOM ABUKEHWUU SNEKTPOHOB,
KOTOpPOe MOXXHO Ha3BaTb 3/IEKTPMUYECKON NAa3MON.

MoxHO cKa3aTh, YTO B D3JIEKTPOHE CHApYyXH - OJJIeKTpUuecKas
4acToTa, a BHYTPH — MarHuTHas. B marauTHO# *%e cdepe, Haobopor. U
3HaeTe, NoYeMy MPOUCXOIUT HaMarHWYMBaHNe MarHuToB? Monekyna —
3TO NpSMOE OTPaKeHHE aTOMOB OT IEepexofa MEXAYy CPEAWHHBIM U
Hapy»XHBIM BaKyyMHBIM ciioeM. [IoToMy B IIEHTpe MOJIEKYJI MarHUTHBIX
BEILIECTB M 00pa3yloTCsl MarHUTHBIE Cephl, KaK OTpakeHHe aTOMHOTO
aapa. OTUM  OOBSACHSETCS W TPUTSDKEHHE MarHUTaMH — TaKuX
MarepuaioB. OTciofa HaMarHWYMBaHHEM  MOXKHO Ha3BaTh BBIBOJ
MarHUTHOM YacCTOTHOCTH HM3HYTPH MOJEKYISIPHBIX cdep 3a 000I0YKY
MOJIEKYJI.

Kak BBl yxe moHHMaeTe, MOjiOca y MarHUTOB — 3TO JIBE YacTH
KOHTYpPHOM MAarHuTtHOM BOCbMEPKOWU. IloroMy oOHM O3Ha4yarT He
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BXOXJICHUC M BBIXOXKJCHUE KOHTYPHBIX (CHJIOBBIX) JIMHHI, 4YTO
MPENOJHOCHTCS B OQUIIMATIBHOM TUIOCKOM BOCIPHSTHH, & — UMEHHO
HaTpaBleHUE BpalleHHs MArHUTHOM 4YacTOTHOCTH (MJIM YacTOTHI
BpallleHHsI MaTHUTOHOB). BX0oXkieHn e jKe 1 BBIXOXKACHHE YAaCTOTHOCTH —
9TO YK€ MarHeTu3M IUIaHeT U 3eMJTi, HOo 00 3TOM pedb Jaiblie. Bol yxe
3HaeTe, 4YTO Yy BaKyyMHOIO YacTOTHOTO BeIIecTBa B Hapy)KHOM
BaKyyMHOM CJIO€ €CTb CBOWMCTBO JIEWCTBUS M MPOTUBOAECHCTBUS, U3-3a
4Yero B HaIllel HaJBaKyyMHOW cpene W WAET yxe He chepuueckoe, a
Kpyrosoe BparmieHue. Ho ecTb M Jpyroe BayKHOE CBOMCTBO HaIIero
HaJBaKyyMHOI'0 MHpa, KaK 3epKaJIbHOCTb. Bo3bMHTE HEMJIOTHBIA JUCT
Oymaru, HapHCyHWTe Ha HEM KPYT CO CTpeikoii. [lepeBepHyB ke JHCT, U
MIOCMOTPEB Ha HEro CHU3Y, BBl 3aMETUTE, YTO Y Balllero BpalIEHUs yxkKe
oOpatHoOe HampasjeHue. To ke caMoe MPOU30MIET, €CITU BBl MOTHECETE
JUCT ¢ 0003HAYEHHBIM HAMPABJICHUEM BpalleHHs K 3epkany. B HEM BB
TaKXKe yBUAUTE oOOpaTHOe BpamieHue. [loToMy Ha3zHayaTh MOJIOCA
MarHuTaMm - He COBCEeM cephE&3HO. Benb ecnu mepeBepHYTh 000U
IJIOCKUH MarHUT B TOPU30HTAJILHON IJIOCKOCTH, TO Y HEro yKe Oyner
JIpyroe KOHTYpHOE BpallleHHe MarHWTHO 4YacTOoTHOcTH. He Oynyt
MEHATBCS TONI0Ca TOJBKO y cojeHoHJa (DIIEKTPUUECKOW MarHUTHOW
KaTylIKH), MOTOMY 4YTo oOHa cdepuyHa. M TO 3TO - TOMBKO mpH
BpAalllCHUU €€ B ONPENIETEHHOMN MIIOCKOCTH.

Hwxe nmokazaHa opunuanbHas cxema NPUTSIKEHUs IBYX
MPOTHUBOIOJIOKHBIX 3apsiioB (M3 paboThl aBTOpa CrnodoasHioka A.11.).
CuIioBbIE TMHUM U300pa’KEHBI 37€Ch B IIJIOCKOM BOCIIPUSTHH MUPA
(aHAOTMYHO PACIIONOKEHUIO ONMIIOK HA KapTOHE HaJl MarHuTom). B
00BEMHOM K€ BHJIE MEXKY 3apsaamMu 00pa3yercsi BOCbMEPKa
(nposiBiisieMast IoJJO0MEM LIEHTPAILHOIO JIyda Ha PUCYHKE),
CTpEeMSIIAsACs CITUTHCS B TOUKY, OTUYEr0 3apsiibl U MIPUTATHBAIOTCA.
WubiMu ciioBaMu, OOJTBIIION 3apsi] BPAIIASTCs B OJIHY CTOPOHY, a
MaJIEHbKHMI MJIM TOYEUHBIH - B APYryr0. 1 BBl BUAKTE, YTO IPU TAKOM
TUTOCKOM M300pa’keHHH HEBO3MOXKHO BOCTIPUHSTH MPUYHHBI
MPUTSHKEHUS 3apSI/I0B.
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A Terepb IOCMOTPUTE HA H300pakeHne BOCbMEPKH. M BbI BUANTE, UTO
BOCBMEPUYHBIC KOHTYPHBIE, OQHUIINAILHO CHIIOBBIC, IMHUM (HA PUCYHKE
MOKa3aHbl TEMHO-KPACHBIM [[BETOM ) XapaKTEPHBI TEM, YTO TIEPEX OIS
APYT B pyra, 00pa3yloT, OJHAKO, pa3HOHAIIPABICHHOE BPAILCHUE.
YacToTHbIE JIMHNH, KaK IPYTUe, YKE BAKyYMHBIE ITOJTYOKPYKHOCTH
BOCBMEPOK, 0003HAUEHbI YePe3 CUHUII I[BET.

BoceMmépka n1aér moOHATH M TO, YTO Takoe ChEepUUECKU pasmep
3apsga «2nR*2nR». Ber yxe uuranu, uro mobast cdepa obpasyercs
BHYTPEHHEW 4aCTOTHOM M HApy»XKHOW WM KOHTYPHOH OKPY>KHOCTbIO. 1
€CM  BOCBMEPKY  CIIOXKHTb,  BCTaBISIi  3TH  OKPY>KHOCTH
MEpIEeHINKYISIPHO OMHY B JIPYrylo, TO U Moiy4aeTcs chepuuaecKkuit
00bém. T.o., npoussenenne «2mR*2mR» ToxmecTBenHo rmuIomaIN
chepel mmm «2TR*27R = 4m?R? = 47R?». U Bbl BUAMTE Kak Obl
WCYE3HOBEHHUE IMPH STOM BEIUYMHBI «T», YTO TOBOPUT O IEPEBOPOTE
nian nosopote Ha 180° HEBUIMMOIr0 BaKyyMHOIO MHpa 110 OTHOIIEHHIO
K HalleMy MOJIEKYJISIPHOMY H OIIYyTUMOMY HaMU MUPY (M3-3a 4Ero OH U
HEBUJIUM). DTO 3HAYUT, YTO BaKyyMHBIH MHUP W MOJIydaeT HEBUIUMOCTh
W TIONHYI0 HE BOCHPWHUMAEMOCTh HAMHU HE TOJBKO HCUE3HOBEHHEM
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MOJIEKYJISIPHOM TUIEHKU UM KOPKH BOKPYT TE€J, HO U KAaK Pa3 TAKUM BOT
3€pKAJILHBIM IIOBOPOTOM.

B crapoii ¢u3uke nmpuIalOT 3HAK SJICKTPUYECKUM 3apsgam. A
IIOCKOJIBKY 3apsify — OTO BpallleHUE TPaBUTOHHOW YaCTOTHOCTH,
3aKIIOYEHHOE B OMpeNelEHHBIA 00BbEM, TO 3TO COBCEM HE CEPhE3HO.
3apsapl  00pa3yloT, Kak HEKOTOpble W3 Bac MOMHST CO IIKOJIBL,
MEPEHOCOM DIIEKTPUIECKON YaCTOTHOCTH (DJIEKTPUUECKOTO BaKyyMa) Ha
METaJNTHYECKNe MApUKU. DNEKTPOHHBIE OOOJOYKH, KaK BBl MIOMHHUTE,
BpalllalOTCA [POTUB YACOBOM CTPENKU IpU B3IMIAJE CBEPXYy WIH B
TOPU3OHTANBHOW  IUIOCKOCTH. Tak ke OyaerT Bpamatrbes |
JIEKTPUYECKUN 3apsi] WM JIEKTpUYecKas Ila3Ma Ha 1apuke. Eciau xe
3TOT IIAPUK IIEPEBEPHYTh B BEPTUKAIBHOW IUIOCKOCTH, TO B JAPYIYIO
CTOpOHY OyaeT BpamaTbcs ©u 3apan. [loTomMy u Tomydaercsi, 4TO
HOPMAJIBHBIE 3apsiibl OTTAJIKUBAKOTCS, IIOCKOJBKY BpalICHHE UX
HaJIBaKyyMHBIX KOPOK UJET B 0JHY CTOpOHY. Ho ecnu onuH u3 3apsioB
MepeBepHyTh, TO OHU YK€ OynyT mpuTsaruBathes. llpu sToM Mexay
3apsilaMH Ha HIapuKax o0pa3yercsl Kak Obl IPOMEXYTOYHAs KOHTYpHas
BOCBMEDKA.

U BBI yxe norajplBa€Tech, YTO TAK YK€ HE CEPbE3HO TOBOPUTH U O
HEKMX  aHTHYacTUIaX, HampuMep O IMO3UTPOHAX, Kak 00
aHTUAJIeKTpoHaX. M 3To yxke He ToBOps O HEKHX OQHUIMaIbHBIX
aHTHBellecTBax! Beap ecin MOXHO NepeBepHYTh B BEPTUKAJIbHOU
IJIOCKOCTU IIAPUKOBBINA 3apsll, TO MOXHO IIEPEBEPHYTH U JIIEKTPOH,
KOTOphIA M OyAerT sKoOBl MO3UTPOHOM. Bemp ero oOojouka mpu
HAONIOIGHMH C TOW e CTOPOHBI OyAeT Bpamatrbes yxe B APYTYIO
cropoHy. Ho 31ech €0 ¥ B TOM, UTO 3JIEKTPOH, KaK U IMAPUKU, MOXKET
MEepPEBEPHYTHCS B BEPTUKAIBHOM MIOCKOCTH TONBKO MPUHYAUTENBHO. K
TOMY € IIAPUKH JIETKO IIEPEBEPHYTh PYKOM, a BOT JJIEKTPOH MOYKHO
MEPEBEPHYTH TOJBKO B yckopuTensax. M ato ew€ He Bc€. [lepeBEpHyTHIN
JJEKTPOH TaK M OCTAHETCS INEPEBEPHYTbIM 10  CIEAYIOLIErO
MPUHYIUTENBHOrO TiepeBopaurBanus. Beap oH HamomoOue rmpockorna
(mpubopa co cBOOOIHBIM BHYTPEHHHM BpAILIEHUEM ) B3aHMOJICHCTBYET C
TpaBUTALMOHHBIM BpaileHneM. [loToMy och ero 00OIOYKM Bcerjaa
napajuieibHa K IeHTpaJbHOW OcH BpalieHus 3emid. M 3To cpaBHUMO ¢
WUTPYLIKOM BaHbKAa-BCTAHBKA.

N3-3a BCcero 3Toro INnepeBEepHYTHIE YACTUIbl U CUUTAKOT HEKUMH
«anTHyactuiamMm». [lepeBEpHYTHIH e 3IIEeKTpoH OylneT He MPOocTo
MPUTATUBATHCA K HOpMallbHOMY 3JeKTpoHy. OHM 00a CTaHyT ABYMS
¢oronamu. Benp Ha mapukax NpUTSDKEHHE 3apsiIOB OCTaHABIIMBAETCS
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MOBEPXHOCThIO (MOJIEKYJIAPHOW KOPKOM) IIAapHKOB, Kak IMperpamon. Y
3JIEKTPOHOB K€ HET MOJIEKYJISIpHOM moBepxHocTH. Korja ke roBopsr o
HEKOeM HEWTPUHO, TO 3TO, KaK BBl YyX€ pas3iudaere, 3JEKTPOH B
BaKyyMHOH cpeJie IpOocTpaHCTBa. B Hell kak ObI MPOCBEYMBAETCS U €TI0
BHYTpEHHEE CIIMpaJIbHOE BpalleHHe. A eclM Ha HEro IMOCMOTpPETh
MPOCTO € APYTOi CTOPOHBI, TO yXKe U OyAeT BUAHO APYroe HampaBlIeHHE
cnupanbHOocTH. be3 Paznuyenns e 3To HCKaXaroT BCSIKUMH «aHTH».

He wmeHbpmie McKakeHHEe W B SKOOBI SIBICHWW mojsipu3anuu. M
«OOBSICHSIOTY», HalpUMep, NPUTSDKEHHE JETKUX KyCOYKOB OyMaru K
HARJIEKTPU30BAaHHBIM MpeAMeTaM. 3/eChb B HW3OLIPEHHH OOBSCHUTH
HEMOHATHOE JOAYMAIMCh JO TOTO, 4YTO SKOOBI COBEPUICHO HE
ANIEKTPONPOBOIHAS Oymara «IoJsIpU3yeTcs» Ha €€ MOBEPXHOCTH. JTO
SIBIICHUE BBl Y)K€ MOJKeTe OOBSACHUTH M caMu. Benb BBI yXKe 3HaeTe, 4To
y 2JIEKTPOHOB €CTh BpallAIOMIAsCs HaJBaKyyMHasi 000JI0UKa WIIH KOpPKa.
A CcoeMHSACH B YBEIMYEHHBbIE Cepbl MM 3apsajibl, JEKTPHUECKast
YaCTOTHOCTb WJIM DJIEKTPUYECKUH BaKyyM Kak ObI pacTekaercs IO
MOBEPXHOCTH HAdJIEKTPU30BAHHOTO TMpeAMeTa. DTHM U o0pasyercs To,
YTO MOXKHO Ha3BaTh 2reKkmpuyeckou niaszmou. B Hel yxe oOmas
HaP(UpHAs KOpKa TMOJIydaeT I0J00Me TETIeo0pa3sHOro JBUXKCHHUS
CHUJIOBOM YaCTOTHOCTM B CHJIOBOM wenouke. KM kak pa3z 310
neraeobpa3sHoe  JBMKECHHE OJEKTPHUECKOW KOHTYPHOCTH  depe3
MOJIEKYJIPHYIO 000I0YKY OyMard M 3aXBaThIBaeT €€ MENKHE KYCOUYKH.
[loroMy HeT, U HE MOXET OBIThb M HEKOEro <AJIEKTPOCTATHYECKOTO
noJsi», 0003HaYeHO B CTapoil (hu3nke. ITO BCE DIIEKTpUYECKas Iiia3Ma.
W, xak Bbl yXe NOHUMAaere, MOHATHE «CTaTUKa» (HEMOJIBUKHOCTH)
BOOOIIE HE MpHeMIIeMa K DJIEKTPUYECTBY, KaK K HEIPEepPbLIBHOMY
BaKyyMHOMY WJIM YaCTOTHOMY JBH)KEHUIO.

Buaure, kak MHOro HMCKa)XE€HMW B IOHMMaHHMM JJIEKTPOHA U
marnerusma! IloroMy He MeEHbIIE HCKaXEHUW W B HBIHEITHEM
BOCTIPUSATHH JIEKTPUIECKOT O TOKA.

Paznnyenne cTpyKTypbl 2JIEKTPOTOKA.
Kak Bo3HHKAaeT IJICKTPOH M KaK 06pa3yeTcsl IJIEKTPOTOK.
31ech TOBOPUTCS O TOM, UTO
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1 Sanumamenvroe Paznuuenue.

- 1) obpas3oBaHWe 3NEKTPOHOB HA MOBEPXHOCTM HATMPAEMOro fHTaps B
BUAE CIMTHOM 3/1IEKTPUYECKON MAa3Mbl — 3TO NPOABAEHNE YAaCTOTHOW UAU
rPaBUTOHHOM CTPYKTYPbl MPOCTPAHCTBA-BELLECTBA.

3pecb MAET coueTaHME BHYTPUMOJIEKYIAPHOM YacTOTbl, CU/I0BOM
YaCTOTHOCTU NPU HATUPAHUN U TPUNOJIbHbIX FTPAaBUTOHOB NPOCTPAHCTBA;

- 2) obpas3oBaHMe 3NEKTPOTOKA NPU PE3KON OCTAHOBKE BPALLLEHUA MeaHOM
KaTyLUKM, [OKa3bIBAaET YACTOTHO-BaKYYMHOE NMPOUCXONKAEHME INEKTPOTOKA,
KaK coyeTaHMe BaKyyMHOM Y4acToTbl cdepbl BpaLLeHUA 1
BHYTPUMOIEKYNAPHOMN YaCTOTHOCTU MEAM TAKIKe Yepes TPMNoau
NPOCTPAHCTBEHHbIX FPAaBUTOHOB;

- 3) aNeKTPOTOK 0bpasyeTca OT KBaAPaTUYHOIO NN chepuyHoro
COMPSAXKEHUA MarHUTHbIX YacTOT, KOrAa 3TO CONPAXKEHUE nosyyaeT
Ha[BaKYYMHYHO KOHTYPHOCTb Hallero mupa. lNotomy Hanbonee

3 PEeKTUBHO NONYyYEHME SNEKTPOTOKA BPALLEHMEM U UMEHHO B MArHUTHOM
cdepe (opuumanbHO B «noney).

Bawm, HaBepHOe, OyieT HHTEPECHO y3HATh, OT YEro 3TO 00pa3yroTcs
JJEKTPOHBI, HAlpUMEP, IPU HATHUPAHUU SHTAPS WU CTEKISTHHOU
najouyku. Kak Bel moMHuTe 1o onbiTy H.Tecnsl ¢ npeononeHneM Beca
TCla B 33KpblT017I MarHUTHOM KaMepe, JHO6a$I CHJIOBas 4aCTOTHOCTh WU
CUJIOBOM BaKyyM B IIOCTYHIATEJIbHOM JBUYKEHUU CTPEMUTCS IIPOSBUTH
YacTOTY ABWKEHUS I'PAaBUTOHOB 103, a [pU BpaIlCHUH - U KBaAPATUYHO
OOJNBIIYI0 MarHWTHYIO YaCTOTY B JIBMYKEHWH MAarHUTOHOB 10°. IToromy
JABUXKXCHHEC HaTUpaHUuA CTEKISTHHOM IaJJIO4YKHu MOKHO CUUTaTh
IPOSIBJICHUEM YaCTOTHI 10°. A Y HEDJIEKTPOIPOBOJHBIX MAaTEpHUaIOB
WM JUDJIEKTPUKOB, BPOIE CTEKJIA MM SHTAps, BHYTPHUMOJIEKYISIpHAs
3JIEKTpUYEcKass YacTOTHOCTh CTPEMUTCS HapyXKy Tell.

Wnave roBops, WX MOJEKYIAPHBI S(QUp Bcerma cTpeMuTcs K
MOBEPXHOCTH MOJIEKYJ WJIM K MOJEKYISIPHOH KOpKE, IOCKOIbKY
BHYTpPEHHSISI MOJIeKyJsipHasi cuia «Fm.», ynepkuBaromas MOJIEKyJibl B
€AVHOM LIEJIOM, 3JECh CTPEMUTCS K JJIEKTpU4ecKodl uacrore. U
HaTHUPAHUCM OUIJICKTPHUKA CHaydalia IMPOSABIIACTCA I'PaBUTOHHASA 4aCTOTa
10° (kaK OT JF000TO JABYIKEHMSI, 00pa3yoIero CHIIOBYIO cdepy), a dTa
4acToTa M3 CTPYKTYpPbl BaKyyMHOIO IIPOCTPAHCTBA IIPUBJIEKAET
TpéxcepHUK TPAaBUTOHOB WJIM TPAaBUTOHHBIN TpUMoib. B ero meHtpe
obpasyercs y)Ke KBaAPaTUIHO OOJIbINas MATHUTHAS YacTOTa 10°. 3atem
JJIeKTpUYEcKass MOJIEKYJIApHAs YacTOTHOCTh JIUAJIEKTPHKA, JIETKO
MpocaynBasich 4epe3 MOJEKYISIPHYI0 KOPKY, Kak Obl BBITATHBAETCS
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4yepe3 O3TOT TPaBUTOHHBIA TpUMonb. [IpuMepHo Tak U oOpasyercs
BJIEKTPOH C HApYy>KHOM BJIEKTPUYECKOW YacTOTOM W MarHUTHOMN
4aCcTOTON BHYTpH.

B 1916-m romy amepukanckumu ¢usukamu P.TonmmeHoM U
T.CTroapToM OBUT MPOBENEH OMBIT, JOKA3aBIIMK (HO TOJNBKO TEleph) U
HAJIW4YHE CHJIOBOM 4YacTOTHOCTH, W NPOSIBIEHHE WM BO BpallCHUH
MarHUTHOM YacTOThl, W TPHYUHY OOpa30BaHHA DIIEKTPOTOKA, Kak
KBaJ[paTHYHOE COMPSHKEHUE MAarHUTHOM 4acToThl. VMU mpHBoAMIIach B
ObIcTpoe BpalleHHe KaTyllKa U3 METaJUIMYECKOH MPOBOJIOKH, KOTOpas
3aTeM pe3Kko TopMo3uiacb. M B MOMEHT OCTaHOBKH  OBLI
KpaTKOBPEM EHHBIH TOK, perUCTPUPYEMBIit YyBCTBHUTEIbHBIM
rajbBaHoMeTpoM. CuiioBas 4YacTOTHOCTh 37€Chb B BHJIE€ BaKyyMma
BpAIlIEHUs MOJTyyaeT yXKe MarHUTHYIO YacTOTy 10°. A ob6BonaxuBanuem
YaCTOTHOCTBIO BpAIICHHS MOJEKYSIPHOM c(epbl KaTyIIKH U3 BUTKOB
npoBOJIOKK (T BHYTpPEHHss MosekyisipHas cuia «Fmoy  Toxe
CTPEMHUTCS] K MATHUTHOW YacTOTE), B MOMEHT OCTaHOBKH IMPOHCXOAUT
Kak Obl KOHTYpHOE compshDkeHHe cdep B KBaJpPaTUYHO OONBIIYIO
ANEKTPUYECKYI0 YacToTy (M Toxe uepe3 TpEXc(EepHHUK TPaBUTOHOB
MPOCTPAaHCTBA). DTUM W o0Opa3yercs OTJACNbHAS HaJBaKyyMHas
aNeKTpuUeckas cepuieckas Kopka WM diekmpuuieckas chepuieckas
KoHmypHocmy (0QUIUAIBEHO 3TO DIIEKTPUUECKOE «I0Je»). JBrKeHue
Ke WM CTeKaHWe 3Tod cdeprueckoil KOpKM MO METHOH MPOBOJIOKE
KaTyIIKH [P 3aMBbIKaHUH LEMH 03HaYaeT JIEKTPOTOK.

Cxema onbiTa Tonmena u Ctroapra. 3/1€Ch 3JEKTPUYECKUI TOK
BO3HUKAET M0OCJIE PE3KONW OCTAHOBKHM BpallleHHs. DTO U JJOKa3bIBAET, UTO
3JIEKTPOTOK 00pa3yeTcs u3-3a B3aUMOJICHCTBUS YaCTOTHOM CQephl
BpAILEHUs C BAKYYMHOI CTPYKTYPOI IIPOCTPAHCTBA Yepe3
MOJIEKYISPHYIO cpepy MEeTHON KaTyILKH.
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OTUM K€ 00BsCHIETCSA U OTKPBITHE Yepe3 aHrandannHa M. Dapanes
emé B 1831-M roay WMHAYKIMU WM NPeoOpa3oBaHHs MarHeTU3Ma B
3eKTpoTOK. Pamu oOblYHOTO MHTEpeca OH BBEN OOBIYHBI MAarHuT B
MEHYIO KaTyIIKy, COeIMHEHHYIO ¢ TalibBaHoMeTpoM. CTpenka npubopa
oTkioHunack. OH CTal BBIBOJIUTH, T.€. MOAHMMATh Maraut. CTpenka
OIATh OTKJIOHWJIACh, HO B JIPYI'yI0 CTOpoHY. B odunmansHol ¢usuke
Mo0o0HO HA3BAHUIO WHEPIIMOHHOTO JIBMIXKCHHsS JIBIDKCHHEM 0e3
JSHCTBYIONIMX CHJI, 2 (DAKTUYCCKU - BOJNIICOHBIM JIBUXKEHHEM, BCE erié
FOBOPAT U O HEKOEM IpPEBpAIllEHUH MarHerusma B aJiekTpuuectBo. Ho
BBI YK€ JIOTa/IbIBAETECH, YTO IPUUMHA BO3SHUKHOBEHHUS TOKA 3/1ECH — 3TO
MarHuTHas 4YacToTa MAarHuTa, ABIDKCHHE U MeENHas KaTyIllka, Kak
MoJIeKymsapHas cdepa.

31ech JBUKCHUE MAarHUTHOM cdepbl WM chepbl MarHUTHOU
YaCTOTHOCTH B JPYTOH O0noiHumenvHol cghepe MEAHON KaTYIIKU C
BHYTpEHHEH MonekyisipHoit cunoir «Fm.», crpemsimeiicss Toxke K
MarHMuTHOM 4acToTe, 00pa3yeT Kak pa3 KOHTYpHOE compspkeHue chep.
[Motomy 4epe3 rpaBUTOHHBIC TPEXCHEPHUKU MPOCTPAHCTBA BO3HUKAET
YK€ KBaJIPAaTUYHO OOJIbIINAS 3JCKTPUUECKAs 4acToTa, HO ATO YK€ — B
BUJIC HAJIBAKYYMHOW CEepHUECcKON KOPKH WM KaK KOHTYPHOCTb. DTHM
Y BO3HUKAET TOK, HAMIPABJICHHBIN MEPICHAUKYIISIPHO U K IBIXKEHUIO U K
KOHTYPHBIM (CHUJIOBBIM) MArHUTHBIM JIMHHMSIM, 4YTO II0OKa3aHO Ha
HMKECIIEYIOLIEM PHUCYHKE:!
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Puc. 1

OTO 3HAUUT, YTO KOTJa MarHUT OIycKaercs BHM3, Ha TpaHHULEe
BAKyYMHOH IPOCTPAHCTBEHHOM CpPEeJbl U HAILEr0 MOJIEKYJISIPHOIO MUpa
B MemHOW  KaTymke oOpasyercss JABHDKCHHE  DJIEKTPHYECKON
KOHTYPHOCTH Kak Obl Ha 6Kpyuu6aHue WIHA TI0 YaCOBOW CTpENKEe BUIOM
CBEpXy. A Korja MarHuT MOAHMMAIOT, UAET BPAILEHHE 3JIEKTPUUECKOMH
KOHTYPHOCTH, KaK TOJIO0HE 6bIKpYYUBAHUS, WIN TPOTHB YaCOBOH
crpenku. IIpudéM Takoe JBHIKEHUE DIEKTPUYECKONM KOHTYPHOCTH,
MoJ00HOE TPAaBUTOHHOMY JBMKEHUIO CHJIOBOH YaCTOTHOCTH, - 3TO W
€CTh D3JICKTPUYECKHI TOK. B TUIOCKOM k€ BOCHpUATUU MuUpa u 0e3
pasnuyeHusT TMPUYMHBI  00pa30BaHUs 3JEKTPOTOKA MPOAOIIKAIOT
MPUMEHATh U M3JMIIHHE TOHATUS AJIEKTPOABIDKYILEH CHIBI U
ANIEKTPOMAarHUTHOW MHIYKIUH (XOTs, Hampumep, B onbiTe TonMeHa u
Crioapta ¥ He OBUIO HHKAaKOro dJieKTpomarHetusma). [Ipm 3TOoM
MHJIYKOUEH BMECT€ C HANpsDKEHHOCTBIO  HA3bIBAIOT U CaMy
XapaKTEPUCTUKY 3JIEKTPUYECKONM KOHTYPHOCTH, COIPOBOXKJIAOLIEH
ANEKTPOTOK (OpUIIMANLHO 3TO 3NIEKTpUUeckoe «ioine»). Kpome Toro,
BCE elI€ UCIOIb3YIOT «IIPaBUJIa» JIEBOM U IIPABOU PYKH, IIPUTOJIHBIE JUIsL
[103aIIpOLLIOr0 BEKAa C PYYHBIM TPYAOM, a HE JUI1 KOMIIBIOTEPHOr O
MHpa.

W BBl BHaWTE, YTO TOK oOOpasyercs OT KBaJpaTHYHOTO WIH
cepryHOro COmpsHKEHUS] MarHUTHBIX YacTOT, B KOTOPOM 00pasyercs
HaJBaKyyMHasi KOHTYpHOCTb. [leTsieoOpa3Hoe (B MIIOCKOM BHJIE — 3TO
BUJ] BUHTOBOH JINHUM) JBHXKEHUE 3TOW 3JEKTPUYECKOH KOHTYPHOCTH ,
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I 3anumamenvroe Pasnuyenue.
MPUYEM B3MJISIIOM COOKY, KaK U JIBMXKCHUE CUJIOBOM YaCTOTHOCTH, — 3TO
cuHyconza (dTakas 3Mmelika Ha rpaduke). He cmyuaitHo cuHyconaoi u
M300pa)karoT TO, YTO HAa3bIBAIOT OPHIIMAIEHO TIEPEMEHHBIM TOKOM.

Ha cnenyromuit rog unu B 1832-m rogy M.®@apaneid momydusi ot
TAaMHCTBEHHOTO HE3HAaKOMIla ¢ WHUIMadamd P.M. (laTHHCKUMH
OyKBaMH) MMHCHMO C ONMHKCaHKeM reHeparopa Toka. OH Tak U HE Ha3Ball
cBo€ ums. [‘eHepaTopbl e TOKa, Kak BBl 3HaeTe, W MpPUBEIU K
CTPEMHUTENFHOMY TPe0oOpa30BaHMIO HAIlero MHpa. A HHUIUAIBI 3TH
O3Hayally, ckopee Bcero, cokpamieHue ot [locmannuka Meccun (Post
Messiah). Ho on He ocraics HenM3BeCTHBIM. J[e0 B TOM, 4TO 3TO ObLI,
BEpOSATHO, (paHily3ckuii ¢(usuk A.Amrep, yCTaHOBHBIIMNA 3aKOH
B3aMMOJICHCTBUS TOKOB C €ro MMeHeM. Beap HMMEHHO cpasy mocie
OTKPBITHS 3TOr0 3aKoHa M 3akoHa orT [.Oma, caenaHHOro B TOM JKe
rogy, wi B 1826-m, um Havalci Haml mepuoj w3 yucia 12-u, 4to
COCTaBJISIIOT HBIHE HAyIlee 3-X ThICSYeTIeTHe Mocie poxAeHUs XpUcTa.
Ho 06 3TOM peus Bo BTOpO# KHHTE.

YTo TaKoe NOCTOSTHHBIN U NMepeMEeHHBbIN TOK. 311ech
TOBOPHTCS O TOM, UTO

- 1) BBeAeHME U BblBeAEHWE MarHuTa M3 MeAHOW KaTylKuM [aéT He
«MOCTOAHHbINY TOK, @ JIMHEWHbIA TOK, MOAOOHbLIA ABUMKEHUID CUJIOBOW
YaCTOTHOCTM NpU BHYTPEHHeN paboTe.

BpallleHnem e pamKku B MarHuTHoM cdepe (none) nosyyaercs He HEKU
«NepemMeHHbIN» TOK, @ UMEeHHO BpaLatoLLmiics, NoA0OHbIN ABUKEHWNIO
rPaBUTOHHOM YaCTOTHOCTM B CMN0BOM cdepe Npu HapyKHOM paboTe;

- 2) NOTOMY «MOCTOAHHbIN» U KNEePEMEHHbIN» TOKU OTINYAIOTCA 4PYr OT
Apyra no ux CTPYKTYpe, YTO He pasinyaetca oduumanbHo. [igukeHme
Bpawatoleroca (opmumanbHO «NnepemeHHOro») Toka, nogobHoe
OBUXKEHUIO CUIOBOM YaCTOTHOCTU, MOIy4aeTCsA MOCTOAHHbIM
npeobpasoBaHMeM BPALLEHUSA POTOPA UM OT reHepPaTOPHOrO BpaLLEeHMs.
YacToTy 3TOro reHepaTopHOro BpalLleHMA 0DULLMANbHO UCKAXKAKOT YacTOTOM
KonebaHMA TOKa;

- 3) pasniMyeHune CTPYKTYPbl TOKA NO3BOAAET BbiIBECTU HOpMyNy ANS
WHTEHCUBHOCTWN B3aMMOLENCTBUSA 3TEKTPUYECKUX chep (HaumHan ¢
3N1EKTPOHOB) B 3/1EKTPUYECKOM TOKE. M 3TO0 MMEHHO MHTEHCUBHOCTb, a He
CWNa, NOCKOJIbKY B3auMOAeNcTBMe AET B BaKYYMHOW, @ He B Halleln
MOJIEKYIAPHON cpese.
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M3 wmKosbl Bbl MOXKETE BCIIOMHUTB, YTO MPOCTENIINN T€HEPATOp —
3TO paMKa M3 MeTHOW IPOBOJIOKH, KakK pOTOp, Bpallalolluiics B
MarHuTHOM cdepe mim B cratope. [Ipu 3ToM BpalneHHe paMKu HIIH
poTopa moA0OHO JBMKEHHIO MarHuTa B MEIHOW KaTyllke Ha puc.l, HO
3]1eCh JIOMOJHUTENIBHYIO chepy o0pa3yer yke He MeJlHas KaTyilka, a
MOJIF0CA MarHUTa, YTO M MOKAa3aHO HAa HIDKENPHUBEAEHHOM pPUCYHKE. A
BpallleHue MEJHOM paMKM U3-32 BOCBMEPHYHOCTH HapyKHOTO
BaKyyMHOT'O CJIOSl TIOZOOHO BBEAECHHIO W BBIBEJCHHIO MarHWTa W3
MeHOM KaTymiku. Bep Jiro0oe BpalleHne, eciii ero 1300pa3uTh B BUJIE
Kpyra, CKJIaJIbIBAE€TCsl U3 JBUXKCHHMU BBEpX M BHU3. IloTomMy U cTpenka
raJlbBaHOMETpa, TOMENIEHHOIO Ha HW)XXKHEM pHCYHKE CIIpaBa,
MOKa3bIBaeT pa3HOe HaMpaBIeHHE 3JIEKTPOTOKa. M3-3a 3TOr0 10 cux mop
MPUHUMAIOT, YTO CHMMAEMBI C paMKH 3JIEKTPOTOK IEPEMEHHBIH Mo
HanpasieHuo. M 3710 emé onHO M3 HAaMOOIBIINX UCKAXKEHHsI B CTapOH
¢usuke! Benb eciau MOIKIIOYHMTH, HANPUMEP, BOJBTMETP JUISI Tak
Ha3bIBAEMOI'0 «IIEPEMEHHOr0» TOKa, TO CTpelKa TpH IOCTOSHHOW
4acToTe BpallleHHs poTopa OyJIeT ocTaBaThCA Ha OTHOM MECTE.

o cxeme BpallieHHs1 paMKU Kak Obl B «IBOIHOI» MarHuTHOH cdepe
(cocrosiield U3 UMEHHO MarHUTHOW cepbl M U3 MOJEKYJISIPHON Cephl,
00pa3yeMoii MoJIFocaMy MarHUTa) MOYKHO MOHSTh OJTHO U3 CaMbIX
OONBIINX MCKAKEHUH opHuInanbsHON Gu3nkd. Jleno B ToM, 4To
00pa3yroLIHiics 371ech EKTPOTOK 3a CUET TPEThel YacTOTHOH cepbl
BpallleH!s] PAMKH CTAHOBUTCS IOAOOEH JIBUKCHUIO HAPYKHOW CHIIBI.
OdunmalibHO ke Ha3bIBAEMbIH «ITOCTOSIHHBIMY TOK MOJ00CH
JIBUKEHUIO BHYTPEHHEN MM «UHCTO» YACTOTHON CHIIBL. A TIOCKOJIBKY
YacTOTHAsI CHJIa BXOJUT B COCTAaB HApYKHOM CHJIBI WJIM CHJIBI IEHCTBHUA,
TO W 371€Ch OTOT «IOCTOSHHBINY TOK KaK Obl BXOAUT B COCTaB YKe
APYToro Toka, MoJiyyaeMoro BpalieHuem pamku. U ransBanomerp
3aMepsieT KaK Pa3 3TOT «IIOCTOSIHHBIN TOK, KOTOPBIM MEHSIET CBOE
HaIpaBJieHHEe TOJIBKO B T€UEHHE MOJy000pOTa paMKH, YTO U O3HAYaeT
HE U3MEHEHN e HalpaBJIeHNs, a UMEHHO BpallleHHE Y)Ke APYroro 1o
CTpyKType Toka. HbIHemHss sxe Gpusnka 3to co BpemEn Papayes He
pasInyaeT U 3To, OCKOJIbKY TaKoe He pa3inuyeHNe HUKAK He MEelIaeT He
Hay4HBIM, @ UYMEHHO TEXHOJIOTHYECKUM JIOCTHKEeHUAM. [loTomy
WUCTHHHON (U3UKON M (PU3HUKOH, KaK TAKOBOH MOXKET OBITh TOJILKO
¢uznka Pazmuuenus!
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T.0., ¢ paMKu CcHUMaercsi YyxXe JPYyrodl TOK HMMEHHO IO €ro
cmpykmype, 4eM TOT, KOTOpHIH OBUI OT TPOCTOTO BBENEHHUS U
BBIBEJICHUsI MarHUTa B KaTylike. B cTtapoil ke (usnke, «<HUUYTOXKE HE
CYMSIINCHY», TOBOPAT, YTO «II€PEMEHHBIN» TOK — 3TO TaKOH ke TOK, HO,
[IEPEMEHHBIN 110 HAaIpaBJIeHUI0. MoJI, cHayasia OH UAET B OJIHY CTOPOHY,
a moroM B Jpyryto. Ho Beap BBl 3Haere, yTo y 3JIEKTPONPOBOJOB B
Ballell KBapTHUpE BCeria ONpenenéHHbld «(a3Hblii» MPoBOA, U3
KOTOpOT'0 M BBITEKAET HENPEPHIBHO TOK, a HE TaK, YTO TOK UAET, TO U3
OZIHOTO MPOBOJA, TO U3 APYroro. Buanre, omsiTh MOIIOT, 9TOO CKPBITH
cBOE He pa3nnyeHue!

W neno 3nmece B TOM, YTO nocmosiHHO WAYIIEE BpAILEHHE PaMKH
oOpa3zyer emé OJHy JONOJHHUTEIbHYIO KOHTYPHYIO cdepy (K cdepe
MarLuTa). OTHM ¥ BO3HHMKaeT TO, 4YTO MOXHO Ha3BaThb He
«MEepEMEHHBIMY», a epawjarouumcss moxom. OH UIET yxe B Oofblie
KOHTYPHOM HJIM Ha/IBAKYYMHOM II€TIC00pa3HOM JTMHEHHOM JBHKEHHH
anekTpudeckux chep (moJo0HO IBMIKEHUIO CUIOBOM 4aCTOTHOCTH). A
«TMOCTOSIHHBI» TOK — 3TO Kak OBl «4HCTOE» WM NPUHYAWUTENBHOE
neraeoOpa3sHoe JBMKEHHE 3JIEKTPUYECKOH KOHTYPHOCTH, IMOI00HOE
BHYTPEHHEM WJIM 4YacTOTHOM cuie. IIoToMy M DIOCTOSHHBIA TOK
yMECTHEE Ha3bIBaTh JUHEUHbIM WIH TOCTYNATEIbHO JBHUTAIOUIMMCS
TokOM. Ero MoXHO mpeAcTaBUTb B BHJAE DIEKTPUYECKHX chep
(HauMHas ¢ MUHUMAIBHON c(epbl MM C 3JIEKTPOHA), KaK Obl MIyIIHX
JpyT 3a JAPYyroM B IIJIOTHOM KOHTakTe. BpalieHue ke 3meKTpruyecKux
chep u oOpasyer Takoe METIIeOOpa3HOE [BUKCHHUE DJICKTPUYCCKON
KOHTYPHOCTH WJIM 3JEKTPOTOKA, BBIJIEIEHHOIO Ha HMKECIEAyHOIIeM
PUCYHKE TEMHO-KPACHBIM LIBETOM:
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W BbI BUUTE, YTO, XOTS 3JIEKTPOTOK U MPOSBIISETCS JIEKTPUUECKUMU
BpallaloMUMHCS chepaMy TN TEKTPUIECKUMU 3apsaaMu, HO 3TO
HUKAaK He JBM)KEHUE 3aps/I0B, a JBIKEHHE yXKe dJIEKTPHUECcKOn
KOHTYPHOCTH, KaK MOJ00MS MX HAPYKHOU KOPKU. DTUM H 00BSCHSIETCS,
YTO 110 OTHENBHOCTH DIIEKTPOHBI OTTAJIKMBAIOTCS, 4 B DIIEKTPOTOKE,
00pa3yeMoM, HalpuMep, IOTOKOM JIEKTPOHOB, - HET. Benb paccrosHue
«R» Mexy 1IeHTpaMu 3MeKTprYecKuX cep 37ech paBHO JUTHHE
OKPYXXHOCTH 3JIeKTprdeckoii cdepsl min «2mR». BosaeiictBuem 3toro
Mo00Hs KOPKU Ha MOJIEKYJISIPHBIE TPEAMETHI 00BSCHIETCS M TO, UTO B
JIBUKEHUU 3JIEKTPOH BOCITPUHUMAETCSI MMEHHO HEKOel yacTHIe.

A Bpamarommiics  («IEpeMEHHBI») TOK — 3TO  YKe
CaMOCTOSITENIBHOE nerigeoOpazHoe  JABHIKEHHUE JIEKTPUYECKON
KOHTYPHOCTH 33 CYET JIONOJHUTENBHOIO BpAIIEHUS paMKH WU
ecenepamopHo2o  épaujenus. IloToMy OH HpeACTaBUM B BHJE
ANEKTpUUECKUX cep (HaurHas C JJIEKTPOHA), HE MPOCTO BPAIIAIOLIHXCSI
U TIEPEHOCAIINX ITHM DJIEKTPUIECKYI0O KOHTYPHOCTH (CHJIOBBIC JIMHUM) ,
a KaTsAIuXcs OpYyr 3a JPYyroM B TONOKEHUH Kak Obl MOMY-CIHSHHA.
Kauenne ke TmNpUBOIUT YyXKe K CAMOCTOATEIBHOMY JABM)KEHHUIO
ANEKTPUUECKOH KOHTYPHOCTH, TMOIOOHOMY IBM)KEHHIO TPaBUTOHHOW
YAaCTOTHOCTH HapyKHOW CUJIbl WM cuibl AeictBus. [Ipuuém ato,
KOHEYHO, HE MONYy-CIUSHUE CAMHX J3JIEKTPHUYECKHX 3apsloB (UTO He
BO3MOXXKHO), a HaJlO)KEHUE Ha 3TH 3apsabpl T€HEPATOPHOTO BpaIICHUS
(TOKa3aHHOTO CMHHMM I[BETOM Ha PUCYHKE) WM CIUsHHE chep WMEHHO
3JEKTPUYECKONU KOHTYPHOCTH:

U BBl BuinTE, 4TO paccrosHue «R» Mexay meHTpamMu MeKTpruYecKux
KOHTYPHBIX c(ep BO Bpalaromemcs (IepeMEeHHOM) TOKE B PaBHO
pamycy «R» atux coep.

172 _Pasnuuenue pusuxu u acmpornomuu.




1 Sanumamenvroe Paznuuenue.
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31ech MOXKHO pa3o0paTh U TO, IOUEMY yIIeNbHBIN 3aps] 3JICKTPOoHa,
ornpenénéuubiii B onbite [xo3eda ToMcoHa, — 3TO B ACHCTBUTEIILHOCTH
4acToTa B IBUKEHUHU DIEKTPUUYECKON KOHTYPHOCTH MPH HANPABIEHHOM
JIBKEHUH DJIEKTPOHOB MIIH «KATOMHBIX» Jydei. CHavaga BCIOMHUM U3
IKONBHOTO Kypca 3akoH KynoHa wmm «cuity» B3aumoneicTBus «F»
3JIEKTPUUYECKUX 3apsIoB, KaK OJHO M3 CIIEACTBUMM 3aKOHA BCEMHUPHOU
rpaButaiuu. B o01ieM BHie 3TO CIEICTBUE 3aIMCHIBACTCS TaK:

Fe g}

=
4,y

B a10it popmynie «Eo» - 3TO AJEKTPUYECKasl MOCTOSHHAsI BEIMYUHA
«Em», «r» - paccTosiHHe MEXIy LEHTpaMH 3apsjoB, a «q» U «Q» -
BEIMYMHBl 3JEKTPUYECKUX 3apsyioB. Bbl yxe 3Haere, uYTO TMOA
Ha3BaHMEM 3apsIoB cTapas (U3MKa NPUMEHSET B JEHCTBUTEIHHOCTH
pa3Mep BpalleHus 3apsA70B, IOCKOJIBKY 3apsAj — 3TO BHYTpPEHH:SI
ceprueckasi CKOPOCTb (BpallaTelbHOE YCKOPEHHE) HEBHIMMOM
TpaBUTOHHOM wyacTtoTHOCTH. Ilpnuém 5sTa dopmyna  OTHOCHTCS K
ANEKTPUYECKUM 3apigaM Ha cQepudecKuX MOJEKYJSIpHBIX —Tenax,
MEKAY KOTOpHIMH BO3HHKaeT cepa I'paBUTOHHOIO B3aUMOACHCTBUS
«4nr*». B ciyuae jxe B3aUMOJCHCTBHSI DJICKTPOHOB M DIIEMEHTAPHBIX
YacTull, KOTOpoe HWAET yXe B HW3HAYaIbHO C(HEpUYHON BaKyyMHOH
cpere, MHOXHTENb «470» cTaHOBUTCS M3NUITHUM. Kpome Toro, Kak u B
ciydae ¢ dopmynoii KaBenauma st MONEKYISAPHOTO TMPHUTSKEHUS
METaJNTHYeCKNX MApHUKOB, U B opmylie KynoHa onpenensiercs He cuia,
a HMMEHHO HWHTEHCHUBHOCTh «In» B3aMMOJCHCTBUS DICKTPUUYCCKHX
3apsnoB. Beap 310 B3aumoneicTBue HAET B BAKYyMHOW, a HE B
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MoiekyispHoil cpene. Iloromy 11 B3aMMOIEWCTBHUS 3JIEKTPOHOB
(HampuMep, B KATOIHBIX JIydax) M YacTHIl 3akoH KyloHa moiy4yaer BUa:

m | - 4

~ En*r?

YeMm ecTh HA CAMOM JeJIe KYAeJbHbIN 3apsa» JIeKTPOHA.
31ech TOBOPUTCS O TOM, UTO

- 1) NOCKO/MIbKY B NPUPOAE HET HUKAKOM MAcCbl 31EKTPOHa, a 0duULMaNbHO
Ha3blBaeMoe 3apAA0M — 3TO chepryecKuii pasmep 371eKTPOHA, TO U
onpenenéHHblii B 19-m BeKe 3/1eMeHTAPHbIM 3apsa, 31eKTPOHA — 3TO Ha
CaMoM gene HanpPsXKEHHOCTb B KAaTOAHOM WU/ 3IEKTPOHHOM /lyYe Npuv ero
rOPM30HTa/IbHOM MPOXOMKAEHUN U HUYEro bonee;

- 2) OTCYTCTBME B NPUPOAE HEKUX «3HAKOB» 3/IEKTPUYECKOrO 3apsaa
03HAYAET, YTO Ha CXEMAX 3NIEKTPUYECKUX Lienen U ANA IMHENHOTO
(«nocTosaHHOro») 1 ANA BpalatoLeroca («nepeMeHHoro») Toka Hazo
CTaBUTb 0603HaYEHMA IMLLb BXOAA U BbIXOAA TOKA, @ HE 3arpy»KaTtb
LWKO/IbHUKOB U CE6FI nArcCaMmm U MMHYCaMu,

- 3) yacToTHO-cdepuyeckoe 06pa3oBaHNE IEKTPOTOKA AOKa3bIBAETCA
paboToit TpaHCHOPMATOPOB M paccMmoTpeHnem oduLmManbHOro abeypaa
«CKOPOCTU apeirdar» HEKUX CBOOOAHBIX 3/1EKTPOHOB.

Ber yxe B Kkypce, 4ro omnpenenéHHelii P.MuummkeHoM
JJIEMEHTAPHBIN 3apsa] WM 3apsj IEKTPOHA — 3TO HA CAMOM Jene
KBaJpaT pa3Mepa BpalleHUs 3JeKTpoHAa. A 3aps] U €cTb 3apsioM,
BBIpAKaeMblil cepruyeckoil CKOpOCThIO JABIDKEHHS TPAaBUTOHOB B
YaCTOTHOM BOJIE, 3aKJIIOYCHHOrO B OmpenenéHHoi cdepe, wim (10
NpHUBBIUKE) — OTO BpallaTellbHOE YCKOPEHHWE B CQEepHuecKOM
BakyyMHOM oO0béMe. [lpupaHueM ke DJEKTPOHY MacChl M CaMoro
ToMcoHa 3acTaBWJIM CUMTaTh, YTO OH ONPEACTHI SKOOBI HEKUH
«yZAeNIbHBIN 3apsa» 3JEKTpOHA, KaK OTHOIIeHHE 3apsana (a Ha camMoM
Jiefie  KBajapaTa pasMepa €ro BpallleHHd) «(J» K ero «macce», U
MPOIOJKAIOT ATO MCKaXaTh J0 cux BpeméH! Jleino B ToMm, uro [[xo3ed
ToMcoH B CBOEM OIBITE HCIOIB30BA] KATOJHO-IIYUCBYIO TPYOKY,
NpUBEACHHYI0O HAa PUCYHKE HIKE, TNl DIIEKTPOHHBIE Ny4H (TOTOK
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AJIEKTPOHOB, BBUJICTAIOIINX HM3-32 BBICOKOT'O HAMPSKEHWS), OTKIOHSUIICS
WM OT KOHJEHCATOpa, WM OT MarHuTHoW cdepbl (IIOKa3aHO
MYHKTUPOM BOKPYr KoOHIeHcaTopa). M mombupas 3HAYeHUA
HaANpsHKEHHOCTH WM WHTEHCHBHOCTH 3JICKTPHUYECKOH KOHTYPHOCTH
(«mmonsiy) «E» u maruutHO#M mHayKimuu «By» s ycioBuil quHEHHOTO
(TTOCTOSIHHOT'0) TOKa, MOXKHO HAmpaBUTh DJEKTPOHHBIA JIyd POBHO
nocepeanHe (M0Ka3aHO KPaCHBIM MyHKTUPOM):

ILacrunwm
Koxdencaropa

Buicoxve
HANPAXERUE

A TIpH 3TOM YCJIOBUHM ypaBHUBAETCS JJICKTpUYECKash U MarHUTHas
MHTCHCUBHOCTh  B3aUMOJICHCTBHS  JJICKTPOHOB, [BHUTAIOLIMXCA C
MOCTYNATEIbHON CKOPOCTBIO  «V», dYeM TMoiy4aercs pPaBEHCTBO
«E=V*B». U o5to 3nauut, uro TOMCOH ompeneiuyI JIHIIb
HaNpsDKEHHOCTh B MOTOKE AJIGKTPOHOB HJIM B DJICKTPOHHOM JIyde JUIst
ONPENENIEHHOr0 YCIIOBHSI TOPHU30HTAIBHOTO €r0 MPOXOXKICHHUS U HUYETO
oouee! Bupgure, OISITH HCKaKeHHUE. Hanpsoxk€aHocThb U
MHTCHCUBHOCTh  DJICKTPUYECKOH KOHTYPHOCTH  («IONsi») —  3TO
OTHOILICHUE WHTEHCUBHOCTH B3aUMOJICHCTBHS AIIEKTPOHOB
(opumanbHO «CWIIBDY) K pa3Mepy BpAlllCHUS 3JICKTPOHA  «€»
(opummanbHo K «3apsmy»). A B HMHTCHCHBHOCTH B3aMMOJCHCTBUS
AIIEKTPOHOB PACCTOSIHUE «I» MEXK/Y HUMH, KaK JUIsS YCIIOBUH JIMHEHHOTO
(MTOCTOSIHHOT'0) TOKA, PAaBHO pa3Mepy BpAIllEHUs JIEKTPOHOB «€» (Belb
ANIEKTPOHBI M DJICKTPUYECKHE 3aps/bl 3l1eCh BPALIAIOTCS B IJIOTHOM
KOHTAaKTE JIPYT C IPYTOM).

[poussenenue xe «q*Q» mpu 3ToM oO3HAuaer cdepudyecKuii
pa3Mep 9JIEKTpOHA WIIM KBaJIpaT ero pa3Mepa BpallieHUs (MIOCKOJIbKY
ANIEKTPOHBI JIBHIKYTCSI OTKPBITO, @ HE B MIPOBOJHHMKE), YMHOKCHHBINH Ha
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IUIOCKHIA pa3Mep BPAIIEHUs «€» 3JIEKTPOHA U Ha BEIUYHMHY «IT/2» WK
Ha 4YeTBEPTh 000pOTa, MOCKOJIBKY 3JEKTPOHHBIA Jyd MIET B OIBITE
Tomcona IOCEpEaNHE. 310 3HAYUT, 4To UHTEHCUBHOCTD
B3auMozelicTBus  «In» 31ech moimydaeT pa3sMEpPHOCTh CKOPOCTH B
((M/CGK)), a BCIIMYHWHaA HaHpﬂ)KéHHOCTI/I NN HHTCHCUBHOCTH 3€Ch — OTO
yacrota (1/cex):

1*5/2

El =" -

1,77*10"

U BBl BUIUTE, YTO 3TO (DAKTHUECKH M €CTh OQHIIHaIbHAS BETHYUHA
HEKOEro «YACNBHOTO 3apsiia» DJEKTpOHA, OIpenenéHHas, Kak
1,76¥10'., A mHebGonblnas MOTPENIHOCTD O3Ha4aer, KOHEYHO,
MOTPEIIHOCTH OIBITA.

B 19-m Beke Obula MOTPEOHOCTH TOJNILKO B JAUHEUHOM TMOKe
(ucxomsmmM w3 Oartapeit). [loromy A morameHusi TeHEPaTOPHOTO
BpallleHHs] TOKa TaWMHCTBEHHBIH H300peTaTenb MpPUAyMall KOJUIEKTOp
(Habop MEIHBIX MIACTHUH, COOPaHHBIX B OKPYXKHOCTB). DTHM 10 3aKOHY
CUMMETPHH HOBOH OKPYKHOCTHIO MOXKHO OBUIO TMOTacHTh moaobOue
KadeHusi dJeKTpudyeckux chep B TOKE MM CAENaTh TOK HE
BpalllAlOMIUMCsI, a JUHEHHBIM, MPOIIEe TOBOPS — BBIIPSIMHUTH TOK.
[MotoMy ¥ oduIHATEHO 3TO HA3bIBAIOT UMEHHO BBHINPSIMIICHUEM TOKA.
[To TomMy e 3aKOHY CHMMETPHHU HAIleTo MPOCTPAHCTBA U3 TeHepaTopa
TOKa BIIOJTHE TIOJTY4aeTCs U 3JIEKTPOABUTATENb.

B u300pakeHNH cXeMbl, HampuMmep, JTUHEHHOTO («ITOCTOSHHOTO»)
TOKa crapas (u3uKa B €€ UCKaKEHHAX OISTH 3arpyKaeT MIKOJILHUKOB,
CTaBsl 3HAKW TJIIOCOB M MHUHYCOB. MoOJ, OT TUIIOCa WM OT aHOJAa TOK
UAET K MUHYCY WM K KaTOAy. A MOCKONBKY B MPHUPOJE HET IUIIOCOB U
MHUHYCOB, TO M €CTh TOJBKO 6b1X00 DJIEKTPOTOKA H 6X00 WU 3aMbIKaHHUE
ero. OTo OTHOCHUTCA U K JIMHEMHOMY M K Bpaliaromemycs Toky. M Bac
y’Ke, KOHEYHO, HE YAUBHUT, €clIH CKa3aTh, YTO HBIHEIIHSS (r3HKa
BOOOIIE HE pa3iuyaceT TMOHATHE DJIEKTPOTOKA. OIJEKTPOTOK TaM
HA3bIBAIOT HANpaBJICHHBIM JABIKCHHEM WM HEKUM JpeiddoM HEeKHx
CBOOO/IHBIX AJIEKTPOHOB, YTO HAXOIATCA B MOJICKYNIAPHBIX pemérkax
METaJUIOB. DJeKTpOHaM MpUIaroT U Maccy. A MOCKOJIBKY HE pa3Iu4aroT
Maccy MOJIEKYJSIpHYIO W HapyXHYIO (Kak Bec), TO TOIydaercs, 4YTo
MPHUIAIOT U Bec AMeKTpoHaM. Ho B TakoMm ciydae JOMKHBI ObITH OBl
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HAMHOTO TSKEJETh BBICOKOBOJIbTHBIE IIPOBOAA IPU  JIBHXKEHUU
MHOKECTBA TAKMX CBOOOHBIX 3JICKTPOHOB, Y€ro, KOHEYHO, HET.

N sto em€ He BcE. Bemp mnpu HCTEUEHUH OTHX CBOOOJIHBIX
3JIGKTPOHOB W3 TPOBOJIOB pacrhanach Obl M camMa HMX MOJICKYJspHAs
crpykrypa. K Tomy xe oduimanbHO BhICUMTaHHAs CKOPOCTH Japeiida
CBOOOJTHBIX 3JICKTPOHOB OKa3aJlaCh HE TO YTO OUCHb MEJIJICHHOM, a JIaXkKe
B OTpHUIATEIbHON cTenmeHu! OTUM MONyYaercsi, YTO CBOOOJHBIC
BJIEKTPOHBI — 3TO CTOsiYasi CTPYKTypa, a 3HAUUT, - HE UYTO MHOE, Kak
MOAEKYNAPHAA XApaKmepucmuKka Toro Uil UHOro MaTepuralia.

Ho »T0 kak Obl ¥ He 3ameuatoT. [10TOMy OISATH MPUOETarOT, KaK U B
cnydyae ¢ mocrosHHod [.KaBeHguma, K TOAioOry, «OOBICHSS»
MTHOBEHHOE€ PaclpOCTPaHEHHUE TOKA CBETOBOM CKOpocThio. Ho BBI yxke
pa3iauyYaere, 4ro 3JIEKTPOMATHUTHBIE BOJIHBI, UAYLIME, B BaKyyMHOMN
Cpele M ANEKTPOTOK, KaK AJIEKTpUUECKass KOHTYPHOCTb, UAYLIAs YK€ B
HA/IBAKYYMHOM HJIM MOJIEKYJISIPHOM MPOCTPAHCTBE, - 3TO COBEPIIEHHO
pasubie BemM. (O mpuuMHE MTHOBEHHOTO  PaclpOCTpaHEHHs
3JIEKTPOTOKA OYJIET peUb HUKE).

M ¢ TakuM «OBBbACHEHMEM» 3/IEKTPMYECKOrO TOKa COBCEM He CTECHSAACb
3TOro, nonb3ytoTcs TpaHchopmatopamu. TpaHchopmatop — 310 (4TOGLI
HaNnOMHUTb BaM) ABE MeZHble KaTyWKW Ha paMKe U3 He TOKOMPOBOAALLEro
maTtepuana. Bbl BMAMTE, 4YTO 3A4eCb KaTylwKM BOOBGLWE MaTepuasbHO MUK
HarNAgHO He KOHTAKTUPYKT ApYyr ¢ Apyrom. Ho 3To He melaeT nepeaatb
HanpaKeHWe BPALLAIOLLErocA TOKa C OAHOW KaTywKu Ha Apyryto. U Kakoe
34eCb-TO ABUXeHWe CBOBOAHbIX 31eKTPOHOB? MoToMy Ha camom fene BOKpyr
nepBoM KaTylwKu (nepBuMyHOM OBMOTKM) o0bpasyeTca oTaenbHaa coepa
9/1EKTPUYECKOW KOHTYPHOCTU (0dUUMaNbHO 3TO HEKoe 3eKTpUYeckoe
«Mnosie»), Kak NPAMoe OTpaXKeHVe BPALLAIOLWErocs TOKa B KaTyLLKe, MPUYEM CO
3HauyeHMem Kak 6bl TpaHCPOPMATOPHOM YACTOTbl MO uyucay BUTKOB. [Mpu
3aMbIKaHUW e BTOPOM KaTyLKKU U Hag Hel obpasyeTca Takas Ke oThe/bHan
chepa, HO KaK y¥Ke 3epKasbHOe OTparkeHWe nepsow. lMoTomy 3ta chepa u
pacKkpyuuBaeTca B NPOBOAAX BTOPOM KaTyLKM B TOK BPALLEHWUA C TaKUM e
BbIXOJOM TOKa, MPMYEM C MOMNPABKOW HaMpPAMKEHUA Ha KOANYECTBO BMTKOB
yKe B Hel. OdnupmanbHoO Xe BOObLLE HET gake MOMbITKU KOHKPETHO, a He
Habopom cnoB 06 3/1EKTPOMArHUTHOM MHAYKUMM 0BBACHUTL 3ddEKT
TpaHcdopmaTtopa. U Bbl yKe 3HaeTe, noyemy.

Hwxe n300pakén oObrunbIil Tpanchopmarop. M riue Mexay oOMOTKaMu
BbI BUJUTE HAITPABICHHOE IBUKEHHE «CBOOOIHBIX» 3JIEKTPOHOB, KaK
HBIHE €lI€ 1AI0T OIPEEICHHE dJIEKTPOTOKY?
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Bbl momHmTe, uYTO Kak Obl B MOMEHTalbHOW (hoTrorpaduu
neraeobpa3Hoe ABMKEHHE CUIIOBOrO BemlecTBa — 3To cepa. [loromy u
JBIDKEHHE DJIEKTPOTOKA MITH 3JIEKTPUYECKOH KOHTYPHOCTH TPOSBIISETCS
BpallleHHeM 3JIeKTpUUecKuX cdep WM 3apsaaMu. OTO BBISABICHO U
ouIMansHO, HO B MTOHATHH He cdep, a 30H (YCEUEHHBIX CBEPXY U CHU3Y
cdep) ¢ MHTEpBANTaMH MEKIY HHUMH B Teopuu TBEPIBIX Tenl. Ho, 4ro
WHTEpPECHO, He 3Has 00 3ToM. Bux 30HBI 3jJekTpuyeckue cepbl B
ANEKTPOTOKE MOMyYaloT, KOHEYHO, W3-3a UX ABHKECHUS B MOJIEKYJISIPHOM
BEILIECTBE MPOBOJHMKA. A BO BpamamomeMmcsi («IepeMeHHOM») TOKe
WHTEPBAJIbI MKy 30HAMH Ka)XXyTcs IOTOMY, YTO JOMOJHUTEILHOE WIIH
FEHEPaTOPHOE  BpalI€HUE  DJIEKTPUUYECKOM  KOHTYPHOCTH  MAET
MEepIeHINKYISPHO JBIKEHHIO TOKa. B TMHEHHOM ke («IIOCTOSHHOM)
TOKE WHTEPBAIBI COOTBETCTBEHHO ATOMY BOCHPHUHUMAIOTCS TaM, T/
HampaBJICHHE BpalleHuss cdep He COBMaJacT C IeTIeo0pa3sHbIM
JIBUYKEHUEM 3JIEKTPUYECKOM KOHTYPHOCTH. Tak BOT, UMEHHO pa3Mep
ANEKTPUUECKUX cep OnpeaensieT 1 MPOBOANMOCTh MaTeprania.

K npaBae 31eKTpUYeCKUX pa3MepHOCTEH.
Yto Takoe KOHIEHTPpaluusd «CBOﬁO}IHLIX» JJICKTPOHOB "
KaK KOHACHCATOP PAaCKPbLIBAECT €AUHYI0 IIPUPOAY
JJIEKTpUYecTBAa U (GU3NYECKOM CHJIBL. 371eCh TOBOPHUTCS O TOM, 4TO
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- 1) Ha3bIBaemoe B cTapoi GU3NKe KOHLEeHTpaLmen «CBOOOAHbIX
3/1EKTPOHOBY - 3TO Ha CAMOM Age/ie NoKasaTelb MHTEHCMBHOCTU B TOM U/IU
MHOM BELLECTBE HaLlero MMpa YacTOTHOrO BHYTPMMOIEKYNAPHOro
OBUXKEHUA, KaK KOHLEHTPALMU MONEKYIAPHOM YaCTOTHOM BOAbI.
YMeHbLUEHNE TaKOro KCMaYMBaHMUAY WU 03HAYAET YMEHbLLIEHNE
3NEKTPUYECKOM NPOBOANMOCTU, YTO NPUBOAMUT K YBE/IMYEHUIO pasmepa
chep B 3NEKTPUYECKOM TOKe. A 3TUM M 0BBACHAETCA TaK HasblBaemas
«AbIPOYHAA» M NEKTPOHHAA NPOBOAUMOCTb B NMOJYNPOBOAHUKAX;

- 2) no 3aKkoHy KynoHa MHTEHCUBHOCTL (0puLManbHO cuna)
B3aMMOLENCTBUA YAaCTOTHbIX Chep B IMHENHOM («MOCTOSHHOM») TOKE — 3TO
yactoTa seanunHon 1,13*10™. 3tum n obbAcHaeTca, yTo bes
YCTaHOBMBLUEICA HArpy3KM UM B MOMEHT BK/TIOYEHMA LLENN TOK
pacnpocTpaHaeTca ¢ bbICTPOTOM, AaxKe 60/blUel CKOPOCTU CBETA Hallero
MUPa;

- 3) TO, YTO Haya/ibHaA CMNA B KKM» B HALLEM MOJIEKYIAPHOM MUPE B
BaKYYMHbIX C/I0AX — 3TO YaCTOTa, AOKa3biBaeTca AByMA odULMaNbHO
npumeHaembiMmn GopmMmynamm ana EMKOCTM KOHAEgHcaTopa. A 370, B CBOHO
oyepenb, A0KA3bIBAET aHANOTMYHYIO T BHYTPEHHIOK U HaPYXKHYIO
pa3MepHOCTU A8 SNEKTPUYECKON U MArHUTHOM NOCTOAHHOM U AN
WMHTEHCUBHOCTU (CKOPOCTU) CBETA.

B odunmansHON (pu3MKe ecTh MOHATHE KOHIIEHTPAIMU CBOOOJHBIX
JJIEKTPOHOB /ISl Pa3sHBIX MOJEKYSPHBIX WM BHJIMMBIX HaMH
MaTepuaioB. A BbI yKe pazanyaeTe, YTO 3TO HUKAK HE HOCUTENH TOKA.
OT0 MOJeKyIsApHas XapaKTEpUCTHKA BELIECTBAa HAIllero MUpa WM Kak
Obl cmenenv «CMauueaHus» MOJNEKYJN BEIIECTBAa DJIEKTPHUYECKOM
4acTOTOW WM Kak Obl MOJNEKYJSpHOHW 4acTOTHOM Bojxod. Bwl 3Haere,
4TO €cTh, Hampumep, (PpPyKThI COYHBIE U €CTb HE cOuHble. MHbIMHU
CIIOBaMH, M y HHMX OJWHAKOBas KJIETOYHAas CTpyKTypa (mojoOHas
MOJIEKYJIIPHOM ), HO C Pa3HBbIM COJACP)KAHHEM MaTepuaabHON BOABI. Tak
u 3aech. EcTh Oonee, a ecTh U MeHee KaKk Obl COYHBIC MaTepHAabl.
Tonpko BoAa 3/1€Ch YK€ YaCTOTHAsL.

[ToroMy moHSITHE KOHIIEHTPALIUH «CBOOOTHBIX DJIEKTPOHOBY» - 3TO U
€CThb II0Ka3aTellb COJAEPKAHUS YAaCTOTHOM BOABI B MOJIEKYJISIPHOU
CTpYKType Kakoro-nubo wmatepuana. Hampumep, y wMemum 9ta
KOHIIGHTpalMsi Takas, YTO OHA MOXET TMpoIycKaTh uepe3 cels
aNeKTpuueckue cdepbl NPUMEPHO BCETO B MOJITOpa pas3a Ooiblie
pasmepa 3J1eKTpoHa (KaKk MUHUMaJIbHOTO 3apsina). [Ipn yMeHbIIeHnN ke
KOHLIEHTpalMhd MOJIEKYJIIDHOW WM KOHTYPHOM 4YacCTOTHOW BO/IbI,
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pacTér, KOHE4YHO, ¥ JuaMeTp dJeKTpuueckux chep B Toke. Benn Takoit
MaTepuan Hajo0 Kak Obl BcE OoJblle CMadyuBaTh BIIEKTPHUECKON
YaCTOTHOCTBIO YK€ O3JeKTpoToka. OTCroa AWAIEKTPUKA WM He
MPOBOAAIINE TOK MaTepHallbl, KaK BBl YK€ MOXETE IOHATh, - 3TO
H3HYTPH YK€ IIOUYTU HE «CMOUYEHHBIE» MOJIEKYISIPHON YaCTOTHOM BOIOM
BEIIECTBA.

OTUM OOBSICHAETCS M CBOWCTBO MOIYNPOBOAHUKOB. OdHIUanbHO,
KaK HEKOTOpbIe M3 Bac MOMHST, UX pa3AeisioT Ha MOTYHNPOBOAHUKHU C
HEKOCH <(IBIPOYHON» U OOBIYHON «DJICKTPOHHOIM» MPOBOIUMOCThIO. U
TO, YTO HAa3BaIM «IbIPKaMH», - OTO, KOHEYHO, YBEIHYCHHBIC
JNeKTpuUeckue cdepsl WM  30HBI  (TOYHee ycedEHHBbIe CQepbl
ANEKTPUYECKOM  KOHTYPHOCTH), 0OOpa3yemble  JJIEKTPOTOKOM B
Marepuane Hu3-3a Majod KOHLEHTpAlUM B HEM MOJIEKYISIPHON
4acTOTHOH BoAbl. M ecnu 3a TakMM MarTepuanoM I[OCTaBUTH B
ANEKTPUYECKOM WEeNW MaTepuan C HOPMaIbHOM  <«AIEKTPOHHOI»
MPOBOAMMOCTBIO, TO OONBIIME CQEphl JIETKO CKPYTATCS B MajeHbKHE.
Ho ecmu cpenath HaoOOpPOT WM TIOCTaBUTh 32 MAaTEpUAIOM C
MaJeHbKUMH cepaMu MaTepHal C «IbIpKaMm», TO M MPOUCXOAUT TO,
YTO Ha3BaIM 3alHPaHUEM DJIEKTPOTOKa. Bens ManeHbkue cdepsl OymyT
Kak Obl HATBIKaThCS Ha OONBIIME 30HBI, KAK Ha HEKYIO Tperpamy, oT
4ero DJeKTpUYecKass KOHTYPHOCTh YK€ HE CMOXKET MPOAOIIKHTH
neraeobpasHoe IBIKeHHe. M geno 3mech - B TOM, YTO OKpYXKHas
(uHeltHAas) CKOpPOCTh ANEKTPUUECKUX chep (u3-3a
MOJTYIPOCTPAHCTBEHHOT'O MPOMCXOXKIEGHHUS DJIEKTPOTOKA) OcTaéres
HEM3MEHHOH, KaK MOCTOSIHHA ¥ BEIMYHMHA 3JIEKTPUUYECKOT0 3apsiia.

Bor Tak m um300penu BCAKHE TOITYNPOBOAHMKOBBIE OHOABL. Ilpm
HArpeBaHWHM WM, HANpUMEP, OCBEIIEHHH pAacTET MPOBOJMMOCTH B
MOJTYNPOBOAHUKAX, IOCKOIBKY 9TO KakK OBl JOMOJIHHUTENBHOE HX
CMauMBaHUE MOJIEKYJISIPHOM WM KOHTYpPHOM YacTOTHOW Bonod. B
CTapoM e «OOBSICHEHHH» CBOWCTB MOJYNPOBOAHUKOB  OIISITh
npuOeraroT K BONMIEOCTBY W 3aTEMHEHHMIO TOJOB Yy MIKOJIBHUKOB. K
TOMY JK€, KaK BBl YK€ MOHSUIH, CEphE3HO TOBOPUTCS M O JIBUIKEHUH
BpalllaloIerocs: («mepeMeHHOro») TOKa «TO B OOHY, TO B JAPYIYIO
CTOpOHY». M 3TO 03HAYaeT, YTO NEKTPUUECTBO AOIDKHO HJITH CHAYala K
Balllei JIAMITOYKE, 3aT€M K IOJCTaHIMU, U OOpaTHO, YTO OBLIO OBbI
CIUTOUIHBIM JIAMIIOBBIM MHUTaHHEM, XOTs HE 3aMe4aeMbIM ISl I1a3a, HO
HE JAIoIIUM BpallaTbCs ABUTATENSM

ITo dopmyne ans 3akoHa Kynona (o B3auMOJEHCTBUHM 3apsijioB)
MOXHO JIETKO OIpPEeNUTh HHTEHCUBHOCTh B3aMMOJCUCTBHS cdep
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JNEKTPUYECKOH KOHTypHOCTH. I oOHa oO3Hauaer, oOKa3bIBaeTcs,
BHYTPEHHEIO YHEPTHIO 3JIEKTPOTOKA (TI0Iy4aeT Pa3MEpHOCTh YacTOTHI).
B nuHelHOM («IIOCTOSHHOM») TOKE€ B IIPOBOJHUKE 3Ta YacToTa
cocrapisier 1,13*10'"" wnm oOpaTHyl0 BEIMYMHY DJIEKTPUYECKOM
noctostHHON «Em», mockonbky snekrpudeckue chepbl 31ech Kak Obl
UAYT B TUIOTHOM KOHTaKTE€ JIPYT C JAPYIOM M PACCTOSHUE MEXKIY HUMHU
paBHO pa3mepy BpaiieHust «2TR» stux chep:

(2nR)*(2wR)
= — | L,13*10
In.c En. *(27R)*(27R) 13¥10

[ToTomy 4HcnIUTENb W 3HAMEHATEIb B3aUMHO COKpAIAIOTCS. A €ciin
YMHOXXUTB JUAMETp 3JIEKTPUYECKOro TMpPOBOJA Ha OSTO OrPOMHOE
3HA4YCHUEC 4YaCTOThI, TO U IOJYYACTCA BCIMYUHA HayvaJILHOM CKOpOCTH
JMEKTpoTOKa (0€3 yCTaHOBUBIIGHCS HAarpy3kd), 4To JAaxe OoIblIe
CKOPOCTH CBETa. JDTUM W OOBSICHSETCS, YTO MOBOPOTOM PYOMIIBHUKA
MMOo4YTH MIHOBE€HHO 3aXUTaroTCs  YJIWYHBIC (I)OHapI/I Ha MHOI'HEC
KUJIOMETPBI.

B nuHeliHOM TOKe HampspKeHWE M Chijla ToKa, Oyaydu Kak Obl B
OJIHOM CBSI3KE, HAXOJSATCS Yepe3 COMPOTHBIICHUE LIEMH, YTO U OTPAKEHO
B 3akoHe Oma. UM cuma Toka 30eCh — 3TO MO pa3MEPHOCTH B
JCHCTBUTEILHOCTA COBCEM HE CHJIA, a JIMHEHHAs CKOPOCTh JIBH)KCHHUS
3apsSHBIX WM YaCTOTHBIX OJJICKTPUYECKHX cdep B «M/cek», Kak
unmencusHocms moxa «l» B BHIE OTHOLICHHs pa3Mepa BpAIlCHUS
QJICKTpOHA «C» K eAUHULEC JJIUTCIbHOCTH. A BoT HaIps>KCHUEC
nuHeiHoro Toka «U» — 3TO M ecTh CHjla, TOYHES BHYTPEHHSIS CHa C
PasMEpPpHOCTHIO HE B OTBJICUEHHBIX BOJIbTax, a B KMWJIOIr'paMMax. Yem xe
3TO MOXKHO JOKa3aTh? PaznnueHne Ha BHYTPEHHIOIO (CO CTOPOHBI
MPOCTPAHCTBA) U HAPYKHYI0O WIM HaJBaKyyMHYIO Pa3MEpHOCTH, UTO
HMHTEPECHO, 0003HAYEHO U O(PUIIUAIBHO, HO, OMSATh HE 3HAas 00 STOM.

Jleno B TOM, YTO B HBIHEIIHEH (U3MKe eCTh ABe (OPMYIBI s
onpesenenus BenmuunHbl EMKocTH «Cy» KOHIEHCAaTopa. DTO HapyXKHOE
WIM KOHTYpHOE IPOSIBICHUE EMKOCTH, KAaK OTHOIICHUE IUIOCKOr0
pa3mepa BpamieHus (2mR) snexkTpuueckoit chepbl, coOpaHHONW Ha
KOHJICHCATOPHOM IUIACTUHE K BEIWYMHE HANPSKEHUS «e/Uy». A ectb u
BHYTPEHHEE WJIM BaKyyMHOE INPOSIBICHUE EMKOCTH, KAK IIPOU3BEACHNE
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ANEKTPUIECKOM MOCTOSTHHOW HA OTHOIICHHE MJIOMAAN KOHIEHCATOPHBIX
macTul «S» K paccrosuuio «d» mexny aumu « Em*S/dy.

Konnencarop - 9To ABe 00KIAIKU WM TUIACTHHBI, PACIIONOKEHHBIC
Ipyr Haj JapyroM. W Mexay HUMM TOMEHIAETCs TOHKHMM CIION
TVBJIEKTpUKa (HE TOKOIPOBOAAIIET0 MaTepuasa). OIeKTpU4YecKUn
KOHJIEHCATOp Kak Obl  KOHIEHTPHPYET, WM  KOHACHCHPYET
ANEKTPUUECKYIO YaCTOTHOCTb, MIPUXOSIIYIO K BXOAHOM Tactuhe. [Ipu
onpeeHHOM 3HaYeHUH OH IMPOMYCKaeT KOHTYPHOCTh HAaKOIMMBILIEHCS
cdephl, OI00HON Karjie POChI 3JICKTPUYECKOW YaCTOTHOM BOBI, Ha
JIpYryro OOKIaAKy. DTO Ha3bIBAIOT MPoOOEeM KOHjeHcaTtopa. WHbIMuU
CIIOBaMH TMOJy4Yaercs, YTO BHYTPEHHSS DHEPTUsi TOKa, KaK 4acroTa,
CTaHOBHTCSI HaYaJIbHON CHJION C pa3MEpHOCTBIO B «KI», O3Hauas, 4To
MOUUTO JIBM)KEHHE Toka. M BB yKe 3Haere, 4TO pPa3MepHOCTh
3JIEKTPUYECKON TOCTOSSHHOM (B €€ BHYTPEHHEM BBIPAKEHHH) — 3TO
JUTUTENBHOCTh B «CEK». TakK BOT, €CIM YPaBHATH 3TH (OPMYIBI, TO H
MoJTy4yaercst mpeodpa3oBaHue pasMEPHOCTEN «KT = 1/CEeK», mokasbiBasi,
Kak He BOCIPHHHMMaeMas HaMW BaKyyMHas 4acTOTHOCTh CTaHOBHUTCS
OIIYyTUMOW KOHTYPHOM HAJBAKyyMHOH CHJIOW. OTO JOKa3bIBaeT U
o0pa3zoBaHrEe BHYTpEHHEH, a 3aTeM M HAPYKHOW CHIIbI M3 BHYTpPEHHEH
9HEPruH, KaK 4acToThl. [[oTOMY M MPHUIUIO BpeMs, XOTA U pa3iuiamoy,
HO He pazdensimb CUILYy W 3JEKTPHUYECTBO. Benb y HUX OAMH W TOT Ke
WUCTOYHUK — TPaBUTOHHOE IBM)KEHHE YaCTOTHON BOABI.

JleficTBUTENbHAS Pa3MEPHOCTD JEKTPHUECKUX BEIMYUH OOBSICHSET
U TO, KaK KOPEHb KBaJIPaTHBIN U3 €AUHHULIBL, IEIEHHON HA MTPOU3BEICHUE
WHAYKTHBHOCTH W KOHJIEHCATOPHOH EMKOCTH (TIpUBECHHAS BBILIC
¢opmyna TomcoHa) aisi YCIOBHEM JMHEWHOrO (IMOCTOSHHOIO) TOKa
O3Ha4yaeT 4YacTOTy OJJEKTPOMATHUTHBIX BOJH, BBIXOASAMIMX W3
KojebarenbHOro KoHtypa. WMunmyktuBHOCTh «L» — 3TO OTHOIIEHHE
MarHUTHOTO TIOTOKa K HMHTEHCHBHOCTH (cujie) TOKa. A MarHUTHBIHA
MOTOK — 3TO MPOM3BE/CHHE HAIPSDKEHHS Ha JUIMTENBHOCTH. [loTomy
pa3MepHOCTh HHAYKTHBHOCTH - 3TO «Kr*cek?/m». W momyuaercs, 4To mo
pa3MepHOCTH HMHIYKTHBHOCTb MO)XKHO Ha3BaTh LIEHTPOCTPEMHTEIIBHOM
WiIH 00paTHOW PabOTOHl MarHUTHBIX KOHTYPHBIX (CHJIOBBIX) JMHHHA. A
HapyKHasi pa3MEPHOCTh KOHIeHCATOpHO#H éMkocTH «Cy», Kak BBI yKe
MOHUMAETE, — 3TO «M/KI», TIOTOMY W TIOJy4aeTcst B pOpMyJie 4acTOTHI
pa3MepHOCTh UMEHHO YacTOTHI, @ HE OTBIICYEHHBIX BETUYKH.

CoBpeMenHbIii Bu 3ak0Ha OMa. 31ech TOBOPUTCS O TOM, YTO
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- 1) UICTUHHaA Pa3MepPHOCTb 3IEKTPUYECKON U MAarHUTHOW NOCTOAHHOM
BE/IMYMHBI B KCEKY», @ TOFO, YTO HA3bIBAETCA B CTapon GU3NKe 3apagom, B
«M?» 03HaYaeT Y UCTUHHYIO PAa3MEPHOCTb BCEX OCTA/IbHbIX SIEKTPUYECKMUX
BEJINYMH.

M oHa - He B BO/IWEBHbIX eauHULAX reHpu, apasax, sBebepax v 1.4,
odurumnanbHOM GU3MKK, @ B KOHKPETHbBIX EANHMULLAX METPOB, CEKYHA, U
KWM0rpamMmMmoB;

- 2) He pas3sinyeHme YacTOTHO-CHEePUYECKOM CTPYKTYPbI IMHENHOTO
(«nocTosaHHOro») 1 BpaLLatowerocs («nepemMeHHOro») Toka 03HavyaeT 1
XUTPOE YKpbITUE CTapon GpU3MKOM Toro, 4To 3aKoH Oma npeaHasHayeH
TONbKO A/1 IMHEMHOrO TOKa, @ UCTUHHAA GOpMy/a 3TOrO 3aKOHa B
nobasneHnn KoadpouumeHTa «8,85» (BXOAALLETO U B SINEKTPUYECKYIO
NMOCTOSIHHYIO BE/IMYUHY);

- 3) 3TO 03HAYaAEeT 1 TO, YTO B HblHELLUHEW PU3MKE BOOOLLE HET BbIParKeHUSA
[0/17 BpallatoLLerocs («nepemMeHHOro») Toka, MCXO4ALLEro U3 TOro, YTO
odU1LMaNbHO Ha3blBAeTCA YaCTOTOM TOKA.

B 4eMCTBUTENBHOCTM e — 3TO MMMY/IbC BPALLAOLLEroCA TOKa, MOCKO/bKY
YacToTa Yy 3/1eKTPOTOKA TO/IbKO 0AiHa — 3/1eKTpudeckas (10"). MmeHHo
TaKMM MMNYNbCOM HaMNpAXKeHWe BpaLlatoLerocs Toka (nogobHoe
HapY*KHOWM «MEXaHWUYECKON» CUE) U NOJTYYAEeT UCTUHHYIO Pa3MepPHOCTb B
«Kr/cek?», a He B BOALLE6HbIX BONbTaX.

B crapoii ¢u3uke, kKak Bbl MOHSJIU, — BOJIIEOCTBO, MOCKOJBKY
MpOM3BEICHHEM TeHpH Ha ¢apaibl «IIOYEeMY-TO»  IOIydaercs
pa3MepHOCTb B «CeK?». A Belb 3TO BCE paBHO, YTO, HANPUMeEp, JI0JLIap
YMHOXHTb Ha €BPO M MOIYYUTh KUJIOTPAMMBL OTO M TOBOPUT O TOM,
4TO OQuIMaNbHas (U3MKA — 3TO JHIIb Majas 4YacTh HAyKW, a B
OCTaJIbHOM TOJIbKO TeXHOJIOTUH. W BBI yke untanu o0 omnbite ToMcoHa
MO OMPENEICHUIO KOOI «yIeNbHOro 3apsiaa». CKOpOCTh 3JIEKTPOHOB B
SIIEKTPOHHOM Jyde, KaK pa3MepHOCTh «M/CEK», OH OINpenensul 10
dopmyne «V=E/B». A 3T0 Moxer ObIThb TOJBKO MPH Pa3MEPHOCTH
HaNPsHKEHHOCTH «E», npudéM  HMEHHO  KOHOEHCamopHOl
HanpsicénHocmy (Kak OTHOLIEHWE HANpPSIKEHWS Ha KOHJIEHCATOPHBIX
[UIACTUHAX K PACCTOSHUIO MEKIYy HUMH) B «KI/M». W aTa BenuuuHa
TaKXKe He pa3nuyaercd OpHUIMANBHO OT HANPSHKEHHOCTH B JIBUKEHUH
ANEKTPOTOKA (KaK AJIEKTPUIECKONH KOHTYPHOCTH).

MarautHad ke UHAYKOUA «B» 8 yclioBHMl  JIMHEWHOTrO
(MOCTOSIHHOT'0) TOKa MMEeT JIeMCTBUTENBHYIO pPa3MEpPHOCTb B
«Kr*(cex/*M.?)», 4TO BBIXOAMUT U3 (POpMYJIBI ONpeAeNeHNs HAPSDKEHUS
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«U» (¢ pa3MepHOCTBIO «KI'») B IPOBOJHUKE JUTMHOMN «d» , IBIKYIEMCS
CO CKOPOCTBIO «V» BHYTPH MarHMTHOTO cepouaa MepreHAnKYISpHO
ero koHTypHbiM JsmmHusM: U=B*V*d. A, wucxoms wu3 Taxoi
pa3sMEpHOCTH, WHAYKIMA [UIsl YCIOBHHM JIMHEMHOTO TOKa — 3TO,
OKa3bIBAETCSl, OTHOIIEHHE HAINpsHKEHUS K TPaBUTOHHOM CKOpPOCTH
KayeHUsl CHIJIOBOHM cdephl, NBUTAIONICH MPOBOJHHMK. Tak BOT, TOJBKO
[IPOU3BEACHUE HMEHHO TAaKUX pa3sMEPHOCTEM HAINPSHKEHHOCTH U
WHIYKLIWW U Aa€T pa3sMEpHOCTh MOCTYNATEIbHOM CKOPOCTH, OCTAIbHOE
ke BcE — oT JykaBoro. M Bel BumuTe, 4To eciau B (Qopmymny s
HampspKeHUS  BXOAUT  CKOPOCTh M JUIMHA  WIM  KOHTYpPHBIE
(ompenenumble) BETHUYUHBI HALLIETO MHUPA, TO M CUIIY WM HalpsDKEHUE
JUHEHHOro (IIOCTOSHHOT0) TOKAa HYXHO M3MEpsTh B Kuiorpammax. U
3TO YK€ HE TOBOPSI O TOM, YTO M WHTEHCHBHOCTh TOKa (O(QHIIMAIBEHO
«cuia») JOKHA BBIPAXaThCs 4epe3 pasMEepPHOCTh ckopocTH. T.o., 1
amrep Ui JIMHEHHOTO TOKa — 3TO CKOPOCTh B 1M/CEK IBHKEHUS
JMEKTPUYECKON  KOHTYpHOCTH 1o  mnpoBoaHuky. (IIpu  sTom
3JIEKTpUYEcKas LeNb HAXOIUTCSI, KOHEYHO, O]l Harpy3Ko#).

He pasnuueHne nReHCTBUTENBHOM PAa3MEPHOCTU 3BJIEKTPUYECKHUX
BEJIMYHMH MIPUBOINUT, HAIPHUMED, K TOMY, YTO B POpMYJie HHAYKTHBHOCTH
colmeHouza (MEIHOW KAaTyIIKH C MarHUTHBIM  CEPJIEYHUKOM):
«L=Mn*d*p» o6o3HaueHne «[1» Ha3bIBAIOT HEKOEH  MArHUTHON
MPOHUIIAEMOCTBIO cepicuHuKka. Bemnuuna «d» B (dopmyne — 3To
HPUBEIEHHBIN pa3MeEpP CONEHOUIA B METPax, UCXOJALIUN U3 €r0 JUIMHBI,
IJIOIIAJIM CEYEHUs M YHCIa BUTKOB IPOBOJIOKH, MPUXOAALIMXCA Ha
SNMHUIYY JUIMHBL coiieHouga. «Mm» - 3TO MarHuTHas IOCTOSHHAs
BenuuuHa. JleficTBUTENbHAS Pa3sMEPHOCTh NHIYKTUBHOCTH, KaK MbI yXKe
onpenenuiu, — 9To «kr¥cek*m». PasmepHocts ke «Mm», kak
BHYTpEHHEH BeIWYMHBI, - 3TO JUIMTEIBHOCTh B «cek». [lotomy
BEIMYMHA «[» - 3TO Ha caMOM Jene MHIyKIus «B» g ycnoBwuii
JTUHEHHOro  (TIOCTOSHHOTO)  TOKAa, IIOCKOJIBKY OHa  IOJy4aer
pPa3MepHOCTh KakK pa3 B Kr¥(cek/m?).

JlelicTBuTeNnbHAs pa3MEPHOCTh 3JIEKTPUUECKUX BETUYMH IMO3BOJSET
u Oojee BepHO 3ammcaTh TepBbI 3akoH Dapanes. dopmyna 3Toro
3aKOHA OMMCHIBAET 3JIEKTPOJIU3 MIIM BbIEIEHNE KOJIMYECTBO BELIECTBA
«m» TpU TPOXOXKAEHUU JIMHEHHOro TOKa ¢ MHTEHCUBHOCThIO «I» 3a
JUINTENTBHOCTD «t» 4epe3 JIEKTPOJIUT, 3aTUTHII MEXIY JEKTPOAAMHU:
m=k*I*t. 3necs «k» - 3T0 HEKHMH 3JIEKTPOXUMUYECKUN DKBHBAJIEHT
BEIECTBA, HUYETO0 He ropopsummii. Ho mOCKOIBKY AIEKTpOABl — 3TO
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npsiMoe mojobue JByX IUTACTHHAM KOHJAEHCATopa, a KOIUYeCTBO
BEILIECTBA — 3TO HapyKHas macca WM Bec «M» B «KI», TO BEJIMUMHA
«k» - 9TO He 4YTrO0 HHOE, Kak HeoOXoAuMas KOHJEHCATOpHas
HaIpsDKEHHOCTh JJIL IIPOBEJIEHUS AJIEKTPOJIM3a C Pa3MEPHOCTBIO B
«kr/m». [loTomy aericTBUTENBHBIN BUJ (hOpMYyJIbl s 3akoHa dapajies
— 3TO:

M =TI*t*E

A 49rOo K€ oO3Hauaer pa3MepHOCTh B 1BONBT JJs JIMHEHHOTO
(mocrosiHHOr0) TOKa? B odunmaneHON Qusnke mo 3akoHy Oma
Hanpsokenue «U» — 3To mpousBeeHHe UHTEHCUBHOCTH (O(HUIMATBHO
«cuiel»y) Toka «I» Ha comporuBienue menu «R» ¢ odwurmanbHoM
pa3sMEpPHOCTBIO B «OM». B JEHCTBUTENBHOCTH K€ OOUH «OM» JUIS
YCIIOBUH MOCTOSIHHOT'O TOKA — 3TO Pa3MepHOCTb B «KT.*cek./m». Takoi
pa3MEpHOCTBIO  TOHSTHO, YTO  DJEKTPHUECKOE  COMPOTHBIICHHE
JMHEHHOT0 TOKa O3HaYaeT yCIOBHE, KOTJa ero HampsHKeHHE CyMeeT Kak
Obl TpoBepHYTH chepy DIEKTPUYECKOH KOHTYPHOCTH CKBO3b
BHYTPHMOJIEKYJISIDHYIO ~ peIIeTKy  MaTepuaia  [pOBOJAHHMKAa (B
3aBHCUMOCTH OT €r0 CTEIeHH CMauyhBaHHUS MOJEKYJISPHOH 4acTOTHOH
BOJIOW) 3a BETMUYUHY JTUTEIBHOCTH, IPUXOIAIICHCS K eIMHUIIE UIMHBI
OKPYXXHOCTH JIEKTPUUECKON Cephl.

Taxk BoT, 3akoH Owma OblT HamucaH B Hadale 19-ro Beka.
OdunmanbHas jxe QU3nKa J0 CUX MOp HE paziinyaeT (M CKPhIBACT 3TO),
yro 3akoH OMa OTHOCHUTCSI TOJNBKO K YCIOBUSIM JIMHEWHOIO
(mocTossiHHOr0) TOKa, 0 4éM peub HUke. U 310 emé He BcE. Bemp sTOT
3aKOH HE YYUTHIBAET OMHCAHHOHM BBINIE CTPYKTYPHI AJIEKTpoTOKa. OH
yCTaHaBIIMBACT JIMLIb MPSMYIO0 3aBUCHMOCTh HANpSHKEHHs JTUHEHHOTO
TOKa OT €ro WHTCHCHMBHOCTU M COINPOTHBIICHHSA LENU. A HampspkeHHe
WIH cuila JHUHEHHOro ToKa oOpasyercs 4epe3  OTHOILIEHHE
anekTpudyeckod  yactotel 10'> K HMHTEHCHBHOCTH WJIHM 4YacTOTE
B3auMoJIeiicTBUst cep ero siexTpuueckoit Koutypuoctu 1,13*10'
Jlerno B TOM, YTO 3JIEKTpHUYECKas 4YacTOTa — 3TO KakK Obl TiIyOMHHAs
BHYTPEHHSSI SHEPTUS TOKA, HaXOIAIIAsICS BO BHYTPCHHHMX BaKyyMHBIX
CIIOSIX MPOCTpaHcTBA. VIHTEHCHBHOCTh K€ B3aMMOJCHCTBHUS 3apsioB
JUHEHHOrO0 TOKa — OTO YK€ BHYTPEHHSSI DHEPrusl Hallero
MoJIeKymsapHoro wmwupa. llotomy aeidicTBuTenbHas ¢opmyna Juis
HaNpsDKEHUST JIMHEHHOTO TOKAa C WHTEHCHBHOCTBIO B 1 «M/Cek»
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(odurmanpHO aMriep) ¥ CONPOTHBIICHHMEM Iemu B 1 «Kr.*cek./m»
(opuumanbHO «OM») — 3TO:

Uc = 8,85 *I*R

3TO 3HAYMT, YTO HANPSHKEHUE WM CHiia B 1BONBT Ui JTMHEHHOTO
TOKa C €ro HMHTEHCHBHOCTBIO W COMPOTHBIICHHEM LEMH, PAaBHBIMH
eIMHUIIE, COCTABIIET 8,85 «KIr» MM YUCIIEHHO PaBHSETCS METPUYECKOM
3EKTPUUECKOIl YacToTe (M3 JIEeKTPUUECKO OCTOSHHOM BEMTUYMHBI). A
JIOKa3bIBa€TCS 3TO TaKOM JK€ BEIWYMHOW Yy (OTOHHOTO TOKa OT
CBETOBBIX Jiyueil (0 4uéMm peup Hike). M BBl yxe NMOHUMaere, 4To y
Bpallalomerocs («IepeMeHHOro») TOKa COBCEM Jpyras U pa3MepHOCTb,
W YUCIIOBOE 3HA4YeHWE IJIsl HAaIpsDKEHHWsS M WHTEHCHMBHOCTH TOKa M
apyroe ux cooTHomenne. OQUInanbHO e 3TO HUKAK He pazanyaercs !

Bo Bpamatoriemcsi (mepeMeHHOM) TOKE, KaK BBl YKe 3Haere, y
ANEKTPUUECKOM KOHTYPHOCTH 00pa3zyercsi He TMpoCTO JIMHEeWHoe
nemieoOpa3sHoe JBUKEHHME. 31ech - YkKe cepuueckoe KaueHue
aNeKTpUUeckuX cdep, mpeodpasyemoe OT YacTOTHl BpallleHHsT poTopa
reHepatopa. OpHUIMaNbHO 3TO BpallleHUE HA3bIBAIOT «YaCTOTOM» TOKa,
u B Poccum ona cocraBuser 50 repu («l/cex»). O6pasoBaHueM
ANEKTPUIECKOH cepbl KaUeHUs U 0OBICHSIETCS, YTO BPAIAIOIINIICS TOK
UAET ero KOHTYpHOCTBIO ((OpMOil) MOYTH MO MOBEPXHOCTH MPOBOJAA.
OdunpanbHO 3TO  Ha3bIBaeTcsi IUIOTHOCTBIO  TOKA  BpalleHUs
(«mepeMeHHOrO» TOKa), Ooibliel y nmoBepxHocTd. [loTomy u mpoBona
ISl BPAIIAIOIIErocsl TOKa HAaJ0 BCETla U30JIMPOBaTh. A M3-3a TOTO, UTO
BO BpalIAIONIEMCsI TOKE HJIET HE POCTO dJIEKTpUYeCcKass KOHTYPHOCTb, a
BaKyyMHass MMEHHO cdepa 3TOi KOHTYPHOCTH, TO W Pa3MEpPHOCTh
WHTCHCUBHOCTU (OQHIMAIBHO CHJIBI) JUIS BpAINAIOMIErocs TOKa — 3TO
pa3MEpHOCTh CKOPOCTH KauyeHHs  «M?/CeK» WM OTHOLIEHHE YKe
KBaJ[paTa pa3Mepa BpalleHHs DIIEKTPUYECKOTO 3apaa «(» K eAWHUIIE
JITUTENBHOCTH. B crapoil ke Qu3MKke WHTEHCUBHOCTH (CHIIE) U
JMHEHHOTro M BPAIAIONIETocsl TOKa MPUAAIOT OIHY e Pa3MEpPHOCTh B
amIepax.

B TakoM ABMXEHWW KaueHHS DIIEKTPHUUECKHE CQephbl, KaK BBl yKe
YUTAJIM, HAXOIATCSA B IOA0OUHU MONy-ciusHus. [I0ToMy HHTEHCHBHOCTH
B3aMMOJICUCTBHS cep DIEKTPHUECKOH KOHTYPHOCTH C Pa3MEPHOCTHIO
4acTOThl, KaK BHYTPEHHEW SHEPruH, Yy BpalIalomIerocss TOKa 37ech
COCTaBJISCT:
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_ (2nR)*(2mR)

Inr | - En *R2 ~ 4,45%10'
: 1I.

W BBl BuanTe, 4TO Bpamlamomuiics (EpeMEHHbI) TOK TIOYTH B COPOK
pa3 ad¢exkTuBHEE JTUHEHHOro (ITOCTOSHHOIO) TOKAa, IOCKOJIBKY BO
CTONIBKO e pa3 Ooibllle MHTEHCHBHOCTH €T0 CTPYKTYphl WIIH €ro
BHYTpEHHSIS SHeprus. Bl y)ke MOHsIIM, YTO B OQUIHMAIBHON (pH3HKe
BooOme HeT Gopmyasl s Hanpsbkenuss «Ury»  Bpamaromerocs
(mepemenHoro) Toka! Hampspkenue 1iis TMHEHHOTo TOKa — 9TO ogooue
BHYTpEHHEH CHJIbl BETMYHHOM B 8,85Kr, mpsMO MpOMOpLHOHAIBHOM
BEIMYMHAM  HMHTEHCUBHOCTH  (OQUIMAIbHO  CHJIBI) TOKa W
CONPOTHUBJIEHN LienH. Bo BpamaromieMcs ke ToKe ero HanpsikKeHne Win
CIJIa TMpsIMO NPONOPLUMOHAIBHA JHLIb uUMnYIsbCcy moka «p». OH
YHCICHHO paBeH O(UIIMATFHOM «4acToTe» TOKa, KoTopas B Poccuu n
eBponeickux crpanax cocraiser 50 repiy wim 50 «1/cex».
Paziuyenue HaNpsKeHUs Bpalanuerocs
(«mepeMeHHOr0») TOKAa. 3/1eCh TOBOPUTCS O TOM, 4TO

- 1) 70, YTO 0dMLMaNbHO Ha3bIBAETCA YACTOTOM BpaLlatoLLeroca
(«nepemeHHOro») ToKa — 3TO YacTOTa reHepaTopa TOKa, B CAMOM ¥Ke ToKe
3Ta YacToTa CTAaHOBUTCA YAaCTOTOM CHEPUYECKOTO BpaLLLEHUA
3N1EKTPUYECKOM YaCTOTHOCTM, @ MOTOMY NOJy4aeT Pa3mMepHOCTb UMMY/bCa
nnn «1/cek®»;

- 2) HanpsXeHuWe BpaLLatowerocs («nepemMeHHOro») Toka y»Ke He CBA3aHO C
MHTEHCUBHOCTbLIO (0pULIMANBbHO «CUIOI») TOKA, MOCKO/IbKY HaMpsAXKeHne
34,eCb MOYHO CPaBHWUTL C AaBNEHNEM BOAbI, @ MUHTEHCUBHOCTb («CUy»)
TOKa — CO CTEMEHbIO OTKPbLITUA KPaHa;

- 3) UCTUHHbIE NN HaCTOTHbIE PAa3MEPHOCTU INTEKTPUYECKUX BENTUYUH
NMOKa3bIBaloOT U TO, YTO OPULIMANbHO onpeaensemas BeMYnHa KMaccbl»
4acTuMLbl — 3TO HAa CAMOM Zie/1e Ha4ya/lbHaA cua B ABUMKEHUMN CBOBOAHbIX
MOHOB C Pa3MEPHOCTbIO B KKI».
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®un3mka PaznnueHns nokasbiBaeT M TO, YTO 3aKOH [xkoyna-JleHua
BbIPAXKaeT Ana IMHENHOro (KNOCTOAHHOrO») TOKa BHYTPEHHIOK paboTy, a
[ONA BPALLAOLLEroCa — y¥Ke Hapy»KHYHo aHepruto. OTcioga v UCXoauT He
pasnnyeHre paboTbl U SHEPTUU CTapon GUINKOM.

BnI yxe B Kypce, 4TO 4acToTa TOKa — 3TO €r0 BHYTPEHHSS SHEPTUSL.
W neno B TOM, YTO 4YacToTa TEHEPATOPHOIO BpAICHUS, B KaYCHHH
ANIEKTPUYECKUX KOHTYPHBIX 3apsjHbIX cdep oOpasyer wyacToTy
BpallleHUsT MMEHHO c(epbl, YeM M TOJy4aeT Pa3MepHOCTh HMITYJIbca
win «l/cex®». A MOCKONBKY y BpAINAONIETOCS TOKa HHTEHCHBHOCTD
3aps10B OOJIBIIE 3JICKTPUIESCKON YACTOTHI, TO €r0 HAPSHKEHUE UCXOIUT
yXKe M3 OTHOIICHHUS TOH MHTEHCHBHOCTH K DJICKTPUYECKOW YacTOTe.
Benp HampspkeHue 371eCh yXKe MOJOOHO HAPY)KHOM CHJIE WM CHUIIC
AefCTBHs, TONyYasi pa3MEpPHOCTh B «KI/Cek?» (a He BHYTpPEHHEH cuie).
T.o., hopmyna aj1st HaNPsDKEHUS Bpallaloerocs (IepeMeHHOro) ToKa:

Ur = 4,45*p*K = 222,5*K

Bennunna «K» 3mech — 3TO TeHepaTOpHO-TpaHC)OPMATOPHBIH
kodpdunment. ns 0OBIYHO TPUMEHSEMOTO HampsDKEHHs  3TOT
ko3 unment paBeH equnuLe. M BBl BUIUTE, YTO Takas QopMyia JUis
HaTpsDKEHUS] BpAIAIOMIErocs TOKa JOKA3bIBAECTCS BETMYMHON 3TOTO
00bIYHO TpuMeHsieMoro HampspkeHuss B 220 BonbT. [loTomMy MOXHO
MPHHATH, YTO HANpPSHKEHWE BpAIIAIONIErocs TOKa B 1BOJIBT — BTO B
neiictBuTeNbHOCTH 1 Kr/cexk?. A HecKOnbKO Ooubliee duciao B 222.5
«KT/CeKk*» - 9TO YTOYHEHHAS BEIMYMHA HANPSDKCHUS WM CHJIBI
Bpaiatomerocs Toka. [Ipu nobaBneHnn ke ynciaa oOMOTOK y craTopa
reHepaTopa Julsl Bpallaromerocs (MepeMEeHHOro) Toka Kod(hdUIMeHT
«K» paBen 3. 910 u o3HAUACT HanpsDKeHUE OQHUIMaIbHO HA3bIBAEMOT0
TpéxdazHoro Toka BenmuuHON B 385«kr/cex®» (odurmansHo 310 380
BOJBT). A TIpU COOTBETCTBYIOIIEM YMEHBIICHHH YHCIa OOMOTOK
ko3 duIHeHT paBen 1/\3, 03HaYas HAPSUKEHHE BPAIAIONIErOCS TOKA B
127 «kr/cex®». Kopenb wu3 Tpéx o3Hayaer mpeoOpa3oBaHHE
cepuuHOCTH, O00pa3yeMoll CTaTopoM TeHepaTtopa, B JHHEHHYIO
KOHTYPHOCTh HAIIPSKEHUS MITH CHITBI DJIEKTPOTOKA..

[Tomyuaercs, YTO  MHTCHCUBHOCTh  (ouImampHO  CcHIIa)
BpalllaloIerocss TOka BOOOIIe HE 3aBUCHT OT HampsbkeHus. lloTomy
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JIBUYKEHUE HTOr0 TOKAa M CPaBHUMO C TEUEHHUEM BOJOIPOBOAHON BOJBI
U3 KpaHa. Beab oTkpeiBasg Oonbllie KpaH, MBI HUKaK HE BJIHMAEM Ha
JlaBJeHNEe BOJBl. A pPOCT MHTEHCHBHOCTH BpAILAIOIIErocs TOKa, Kak
IPaBUTOHHOM CKOPOCTH KaueHHsI BaKyyMHOM c(epbl, M O3HA4aeT
yBEJIMUEHHE 3TOU CQepbl, YTO MOm00HO OONbIIEMY OTKPBITHIO KpaHa.
[MogoOue e OTKphIBaHWS KpaHa il DJEKTPHUUYECKOH Iemud — 3TO
MOJKIIOYeHnEe BcE OomNbllell Harpy3KH. DTHM H OOBACHSETCS, YTO C
YBEJIMUEHHEM Harpy3kd HEO0OXOIMMO YBEIWYHMBATH W  JHAMETP
MPOBOAOB JJIsl Bpamaronierocs Toka. T.0., MHTEHCUBHOCTH (CHJa)
BpalllalolIerocss TOKa ompenensercs W3 oQUIHAIBHONH  (QOpMYIBI
norpediseMoli WM HapykHOHM MomHocTH Toka «P=U*I», kak
MIPOU3BEICHNSI HANIPSDKEHUS M MHTEHCUBHOCTH TOKa.

DTO ¥ 3HAYMT, 4TO 3aKOH OMma NEeHCTBYET TOJNBKO ISl JIMHEHHOTO
(moctrosiHHOr0) Toka! OduIMaTbHO Ke 3TO XUTPO CKpbiBaeTcs. W s
JINHEHHOIO TOKA IPOU3BEJECHUE €r0 HAIPSHKEHHS HA WHTEHCUBHOCTh
(cuimy) o3HAYaeT BHYTPEHHIOK MOIIHOCTh. [10TOMY JIMHEHHBIA TOK —
9TO Kak Obl BHYTPEHHUH TOK, a BpallaroIuiics — HapyXHbIA. W BBI yxke
MOXETEe JIorajlaThCs, TMOYeMy, CKakeM, B TpamBasx W TpoiuierOycax
MpUMEHsSIETCs] TMHEHHBIH TOK. Bo-miepBbIX, Oyay4un BHYTPEHHHM, OH HE
TaK OMaceH B ropojie. A BO-BTOPBIX, HAPYKHAS CHIIA 00pa3yeTrcst B HEM,
KaK U B CWJIOBOM BaKyyMHOM WJIM 4YacCTOTHOM BEILECTBE, T.€. - B
3aBHCUMOCTH OT TEpEMeNIaeMoro rpysa, yeM oH 0oJjiee SKOHOMHYEH.
JeiicTBUTENBHAS PAa3MEPHOCTD HAIIPSHKEHUS JJIEKTPOTOKA, BhIpakaemast
B KWIOTpaMMax, JOKa3biBaercss ® (OpMYNIOH JUis omnpeneneHus
«MAacChl» MOHOB WM KBaJPYIHOJBHBIX YacT€d MOJIEKYJ, IOIYYaroluxX
pa3Hoe HampaBlieHHe BpalleHue (B 0pUIINaIbHOM BBIPAKEHUH - Pa3HbIi
3apsin).

B crapoit ¢usuke, k TOMy 3Ke, HE pPa3VMMUYAIOT SJICMECHTAPHBIC
YacTUIlbl (BBUICTAIOIIME W3 aToMa), He MMEIOIE MOJEKYISIPHOCTH, U
HAIlOJIOBUHY MOJIEKYIISIPHBIE MOHBI, Ha3blBas BCE 3TO yactuuamu. Ho u
opuIManTbEHO Ha3bIBacMasi Macca MOHA — 3TO HE Macca, a DKBUBAJICHT
BHYTpEHHEH MoJekyisipHoi cuiibl  «Fm.» (Toke ¢ pa3MepHOCThIO B
«Kr»). [ToTOMY 4acTUIIBl U AaXKe SIEKTPOHBI B CBOEM JIBKEHUH TaKKe
MPOSIBJISIIOT BHYTPEHHIOIO CHILY, TIOCKOJIBKY cdepa MX 3apsijia MOKpHITa
HAJBaKyYyMHOH «KOpKOW». A cama MOJEKyJsipHas Macca oOpasyercs
y’Ke TOJBKO TMOCIe CIUSHUS MOHOB. Tak BOT, BHYTpEeHHss cuja (a He
Macca) B JABIKCHHM HMOHOB M YacTHUI] OMNpENeNseTcs] U3 OTHOLICHUS
MHIyKIUU «B» Ui ycloBUM BpalllAlOIIErocs TOKAa M KBajapara
(TTOCKOJIBKY MOH WAET BHE MOJIEKYJSPHOTO Tela) pa3Mepa BpalleHUs

Paznuuenue gusuxu u acmponomuu. 189




I 3anumamenvrnoe Pasnuuenue.
noHa (oQUIMATBHO 3TO HWCKAXalOT Ha3BaHUEM  «3apsa») ¢
pasMepHOCTBIO «M?». KoHIeHcaTopHas ke MM MEXIIEKTPOJHAS
HanpshkEHHOCTh «E» 31ech TomydaeT pa3MepHOCTh Ui YCIOBHM
BpAILAIOIIETr0Csl TOKA MK «KI/(CeK**M)».

W BBl moHMMaeTe, YTO Pa3MEPHOCTh B «KI» MOXET IONy4aThCs
JUIIb TOTAA, Korja B (GopMysie €CTh KHIOTpaMMbl, BXOJSIIUE B
pa3MepHOCTh HHAYKIUH ¥ HAMPSDKEHHOCTH. A OHM 00pa3yloTcs Kak pas
HaTpsDKEHHEM DJIeKTpoToka. Bor Bunm Gopmynbl ans omnpeneieHus
BHYTpPEHHEH CHJIBI JBIDKCHHS HOHOB M dYacTull (OQHUIMaIbHO 3TO
«macca») B mpuOOpe, HaszpiBaeMoM Macc-criektporpadgom: Fs. =
q*B**R?/2d*E. 3necy «R» - «pamuyc 1yru OKpyKHOCTH, IO KOTOPOi

HAYMHAET JIBUTAThCA MOH» B 3TOM Tpubope, «d» - paccrosHue MexIy
3IIEKTPOJaMH B UCITYCKaHUK WOHOB. JIBolika nepen «d» mosBisieTcst us-
3a 00pasoBaHus OKPYKHOCTH «T*d» B aBMKeHUM HOHOB. U (opmyie
st «Fe.» uucno «m» cokpamaercs, NOCKONbKY pajnyc, o0pa3yroumi
BpallaTeNnbHbINA 3aps (YCKOPEHNE) HOHOB, IPUMEHSIETCS C YHCIOM «IT»
(m 9TO TOXE HE paznuuaercs OPHUIHMAIBHO, KaK BBl YK€ YHTAIN B
TIEPBOM pa3lieie KHUTH).

[Mockonbky mpuBenéHHass QopMyia BbIBeIeHAa IS YCIOBHH
Bpaiatomerocss (mepeMeHHOro) TOKa, TO WMHAYKIHsS «B» momywaer
pasMepHOCTh B «Kr/(cek*M?)». A ToAcTaHOBKOH B ¢Qopmyrny Bcex
pa3MepHOCTel M MONyYaroTcsl KWJIOTpPaMMBbl, O3HAualolMe YKe
Ha4yaJbHYI0 CHJIy B JBWKEHHHU HOHOB NPHU UX NPOSIBIECHUH B HaIIEM
MOJIEKYJIIpHOM Mupe. B crapoii ke ¢Qusumke, Majo TOro, 4ro He
pa3nuyaroT AIEKTPUUYECKHE Pa3MEPHOCTH JUISl YCIOBHM JIMHEWMHOTO M
BpAIIaloIerocst TOKa, TaKk emé M JIeNaT «accopTu» M3 KUIOrPaMMOB,
METpOB, KYJIOHOB, T€CIOB M BOJIbT. I BCE 3TO TOIBKO MOTOMY, YTO BCE
¢dopmyIel B OUIHATBHON (HU3UKE UCXOIAT M3 TEXHONOTHH «UHUCTBIX)»
OIIBITOB WJIM U3 METO/A «THIKa», a HE U3 3HAHW.

dopmyna 3Heprun p[aa 31eKTPOTOKa B oduuManbHON PusMKe — 3TO
npousseeHne MOLLHOCTU Ha OAUTENbHOCTb. A, KaK Bbl YXKe YMUTaan, Tam He
Pa3/IMYAETCA He TONbKO HAPYKHAA M BHYTPEHHASA 3HEPrUA, HO AAKe IHEPrUsA U
paboTa, KoTopble ypaBHMUBatOTCA. MoToMy M 3aKoH xKoyns—/leHua 4o cux nop
ONWCbIBAeT TO AW 3HEpruto, To M paboty Toka. o AeicTBUTENbHOW Ke
Pa3MEPHOCTU 3NEKTPUYECKMX BEAMYUH ANA BPALLAIOLWEro TOKa NoJyyaeTcs
HapyXHaa 3HeprMa B AXoynax. A BOT [ANA JIMHEMHOro TOKa TaKoe
npousBeAeHWe 03HAYaeT KaK pa3 BHYTPEHHIOW paboTy ¢ pasmepHOCTb B
«Kr*m». U Bbl cornacutech, YTo JIMHEWHbI TOK MOXKHO Ha3BaTb BHYTPEHHUM, a
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BPALLAOWMIACA — HAPYKHbIM TOKOM. T.0., HE Pa3/IMYeHWe BPALLAIOLLErOCA U
JIMHEMHOrO TOKa MPUBE/O U K HE Pa3/INYEeHNIO IHEPrum U paboTbl.

[JeiicTBUTeNIbHbIE PA3MEPHOCTU 3NIEKTPUYECKMX BENUYMH, UCXOodsALME U3
NMOHATUI HAPYKHON W BHYTPEHHeN Cuabl U Chepuyeckor FpaBUTOHHOM
CKOPOCTU KadeHuA, yxKe He 6y,£l,yT LWOKMPOBAaTb LWKONbHUKOB 3ayMHbIMU
pa3sMepHOCTAMU B «Tecnax», «reHpu», «sebepax» 1 T.4. ITUM GU3nNKa CTaHeT
ACHOM M NPAMOM, @ HE UCKAXKEHHOM M HE NOHATHOWN.

Y BpaLLatoLerocs ToKa HanpsKeHWe BCeraa NocToAHHO, U3MEHAETCA INLLb
WMHTEHCUBHOCTb (OopUUMANbHO CWNa TOKa), 3aBUCAWAA OT noTpebnsemoi
MOLLHOCTU. MOTOMY Y BPALLAIOLLLErOCA TOKA W NPOABAAETCA HAPYXKHAA IHeprus,
Kak Npou3BefleHNe MOLLUHOCTM TOKa Ha A/UTENbHOCTb €€ nposBaeHus. Y
JIMHEMHOrO e TOKa Hanps)KeHWe (Ccuna) ToKa BCerga HaxoamTcsa B MKECTKOM
CBA3N C MHTEHCMBHOCTbIO TOKA M CONPOTUBAEHUEM Lenu. OTTOro Ans 3Toro
TOKa NpoW3BEAEHWE MOLLHOCTM HA [/MTENbHOCTb M O3HAYaeT TO/IbKO
BHYTPEHHIo0 paboTy.

Bbl BuauTe, 4TO, OyJIyuyd B TAKOM MCKaXKEHHH, CTapas (Qu3uka He
pasnuyaer v aToMHyr CTpykTtypy. Ho gneno emé€ u B TOM, 4TO
PasznuueHne mo3BonsieT HE TONBKO (PHU3MKaM, a M OOBIYHBIM JIHOASIM
JIETKO pa3dupaThcs B aTOMHOM CTpYyKType. M 9TO moTOMYy, 4TO aTOM, KaKk
U BCé B O3TOM MHpe o00pa3oBaH bBOXKECTBEHHOH MMPEMYAPOCTHIO;
MOJHOCTBIO HUKOTJA HE MOCTUKUMOW, HO OJHOBPEMEHHO U SICHOM M
npsMoil. Benps bor — 310 ucTHHA.

Pazanuenue aroma.

KomnbrorepHoe n3obpaxenue atoma (Oepuiuins) Haubosee
COOTBETCTBYET €r0 UCTUHHOU CTpyKType. 1 BbI BUIUTE, UTO
¢uoneroBas 37ech dJEKTpOHHAs chepa BOKPYT CBETIIOTO SiIpa — 3TO €ro
OTpa’keHHE B Hapy HOW BaKyyMHOH cpee:
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He Tak yke cTpaiieH aToM, KaK ero MajioloT. 31ech
TOBOPUTCA O TOM, YTO

- 1) CTPYKTYpYy aTOMa HaZ0 paccMaTpMBaTb B NPeACTaBAEHUN BaKyyMHbIX
HEBUAUMbIX Cpea AN TPEX OCHOBHbIX BaKyYMHbIX CN0EB (Hapy*KHOTo €101,
CPEAMHHOrO CN0S U TMNEPNPOCTPAHCTBA).

AApOo aToma No CBOEN IHEProEMKOCTU YNoA06AAETCA HAXOXKAEHMIO B
CPEAMHHOM CNOE, BUAUMO KE OHO HaM B MOLLHEMLLIME MUKPOCKOMbI
TOJIbKO 3@ CYET 3/IEKTPUTHbIX CBA3EN (MAYLLMX Yepe3 MOJIEKY/Ibl) C HALLIUM
HaABaKyyMHbIM MUPOM. A TO, YTO HAXOAMTCA HAL ALPOM — 3TO YXKe ero
OTparkeHWe B HapPYKHOM BaKyyMHOM C/0€e, CTaHOBsLLeecA Y 060104KM
aTOMAa 3NEKTPUYECKOM FPaBUTOHHOM (34EChb 3/1IEKTPUTHOM) YaCTOTOMN.
OdunupmanbHO Takoe oTpaxkeHue Aapa, NOBTOPAIOLLEE ero CTPYKTYPY,
Ha3blBaeTca opbuTanamm. MoToMy HbIHELLIHEE CNoXKHelLee uccnegosaHme
opbutanen He cepbEsHo. Beab AOCTAaTOYHO Pacno3HaTb UAN PA3INYUNTb
CTRYKTYPY A4pa;

- 2) cTapan dM3nKa He pa3NnyaeT A4Po BOAOPOAA M MPOTOH, Ha3blBan U
HayaNbHOE WU/IM 3/IeMeHTapHOE, HO COCTaBHOE BOAOPOAHOE AP0
NPOTOHOM.

B AeCTBUTENBHOCTM e BOAOPOAHOE HavalbHOe AAP0 — 3TO HEMTPOH,
BOKPYI KOTOPOro Pacro/oKeHbl 4Ba HEMTPOHA M NPOTOH, a MPOABAAETCA U
[,0Ka3bIBAETCA 3TO BUAOM YKe M30TOMOB BOA0POAA, KaK Bbl pa3byxatoLmx
npv nepesoje BblAeNEHHbIX U3 aTOMa BOAOPOAHbIX A4EP B
HesHeproéMKoe COCTOsIHME HALero NPoCTPaHCTBa, r4e OHW CTAHOBATCA
MN30TOMHbIMWN aTOMaMMU.
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1 Sanumamenvroe Paznuuenue.

ITUM Ke obbAcHAETCA 1 0bpasoBaHMe TAXKENOWN BoAbl. BogopogHoe sapo
— 3TO U CTPYKTYpPa 3N1EMEHTAPHOr0 AAEPHOro y3na, obpasytoLwiero
nocneayoLme SN1eMeHTbI;

- 3) To, uTo NoO odUUManbHOM GU3MKe «Macca» NPOTOHA COCTABAAET AKOObI
1836 «macc» aINEeKTPOHA O3HAYaeT Ha CaMOM efle MeTPUYECKYHO
OJUTENBHOCTb NPOABAEHMSA NPOTOHA B HALWEM MOJIEKYIAPHOM MUpe
noao6bHO HapyKHOW Pa3MEPHOCTU INEKTPUYECKOM NOCTOSHHOM BENUYMHBI.
MoTomy 3TO YNCNO ABNAETCA U CTPYKTYPHbIM 0603HaYeHMEeM NPOTOHA U
HEMUTPOHa, NPOUCXOAALLMM OT 0603HAUYEHMA INEKTPOHA «4*7Ti+31t», Kak
ymncna 8,85 B 3/1eKTPUYECKON MOCTOAHHOM BE/INYMHE.

3Haere, MOYEeMY O CTPYKType aromMa Hajao Obl HMMETh HEKOe
npeacraBienne? Beab cTpykTypa HYKIOHa (YacTHIIBI, COCTaBIISIONICH
aTOMHOE SIIP0) COOTBETCTBYET ajjieropuyeckoMy omnucanuio Cuibl B
OtkpoBenun Moanna borocnosa, uro B HoBom 3aBete. U BcE B 3TOM
MUpE — TO WJIM HHOE OTpakeHHe boxkbeil cuibl (mpsiMoe MK
uckaxkéaHoe). OtuM Cujla CTaHOBUTCS HE TOJIBKO PEIMTHO3HBIM, a
BIIOJIHE (u3WYeckuM ToHATHEM. Kpome TOro, mO3HAKOMHUTBCS C
YCTPOMCTBOM aToMa HaJlo Obl ¥ IMOTOMY, YTO aTOMHasi CTPYKTypa — 3TO
emé Oosee pacIIMpEHHBIN B3Il HAa MPOCTpaHCTBO. 1 Hayka TONBKO
Toraa OyIer NelCTBUTEIbHO HAayKOW, Koria OyleT CMOTpeTh «He Ha
BHUJMMOE, HO Ha HEBHAMMOE: MO0 BHIMMOE BPEMEHHO, a HEBUANMOC
BEYHO». A BOT 3TO W ecTh PaznuyeHue, rae u 3psuvii MOXKET OBITh
CJIETIBIM.

OduumanbHO aTOMHOE PO JIUIIE CTAPAIOTCS OMUCHIBATH, HA3bIBAS
B HEM Bcskue yacTUIbl. OCHOBHBIE U3 HUX — 3TO MPOTOHBI U HEHUTPOHBI,
BMECTE Ha3bIBAEMbIE HYKJIOHaMu. 11 BaM yxke HE yJIUBUTEIBHO, YTO U
JUIA aToMa HeT HUKAKOM CTPYKTYpBI. 3/1€Ch JIMIIb OMHCHIBAIOT TO, YTO
BugiaT. U paxke atomHble OOMOBI W SIEPHOE CHIPbE H3TOTOBIISIIOT
METOJIOM «TBIKa» U 4acTO 110 AbSBOJILCKOMY HauTUO. B aToMHOM snpe
HA3bIBAIOT M JIETITOHBI, W aJpOHBI W OaprOHBl U BCAKUE KBApKU C
LIECThI0 THUIAMH WM «apoMaTaMHy», KaKIbld M3 KOTOPBIX MMEET TpHU
«uBeray. 1 Bce OHU «CKJIeeHbI» TiooHaMu. Ilocine 3Toro mkoiabHUKamM
4acTo U IyMaTh 00 aTOMax yKe He XOueTcH.

Uro xe Takoe atrom? [lo cBoel 3HEPro€MKOCTH UM YaCTOTHOCTH OH
CPaBHUM CO BTOPOM WJIHM CPEIMHHON BaKyyMHOW Cpeabl IPOCTPAHCTBA-
BEILIECTBA, HAa4YMHAsCh ero simpoM. OHO, KaKk W DIIEKTPOH, 00pasyercs
YCIOBHBIM  «PHCOBaHHEM» C(EpPHUUECKMM  YacCTOTHBIM  y3€JIKOM
MPOCTPaHCTBA — DJEKTPUTOM, Kak SsBIEHHEM Ha 2/3 yxe Hallero
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I 3anumamenvroe Pasnuyenue.
BHJIUMOTO TpocTpaHncTBa. Hax sapom oOpasyercs 3iekTpoHHas chepa,
KaK BaKyyMHOE OTpaK€HHE S7pa, a TOYHEee ero HyKJIOHOB (ITPOTOHOB U
HEHTPOHOB) HaJ BHYTPEHHHM SOPOM YK€ B TOAOOMH HAPYKHOTO
BakyyMHOro ciosi. [lotomy »5Ta cdepa MOTHOCTEIO TOBTOpPSIET
CTPYKTYPY siipa. DTUM OOBSCHSETCS U TO, YTO pazMep sapa IPUMEPHO B
10" pa3 menbIile aTOMHON 000104KH. VI BBI TIOHUMAETE, YTO 3AMOIHSTH
ANIEKTPOHHYIO c(epy BCIKUMHU PA3HOBUIHOCTSIMH OpOWTAsIcH, 3a0uBast
3THM TOJIOBY IIKOJIBHHUKAaM, COBCEM HM K ueMy. Kak Bbl BCIOMHUTE,
CPEIVHHBIN BaKyYyMHBIH CJIOM KOHYaeTcs (MM HaUMHAETCsl, CMOTPS Kak
CMOTpETh) MAarHUTHOH 4acToTol. [loTOMY Hapy)kHas yacToTa siapa, Kak
W HavallbHasl 4acTOTa B 3JIEKTPOHHOW cepe — 3TO MArHUTHAS 4ACTOTA.
B cepeanHe ekTpOHHOM chepbl MPOSBIAETCS YKE CBETOBAs 4acToTa, a
MOOJIMKE K aTOMHOM 000JI0UKE U B HEH CaMOil — AIIEKTpUIecKasl.

[TocMoTpuTE HA COBPEMEHHYIO CXEMY AJIEKTPOHHBIX 000JI0YeK aToMa
BOKPYT $1/Ipa, TJIe B IEHTPEe KaKI0H cepbl — OHO U TO Ke sIpo (aBTOp
Kpasuenko C.B.). Dta cxema geMoHCTpHpYyeT 00pa3oBaHUe
ANIEKTPOHHOM cepsl OTpaxkeHneM siapa. [loroMy caMu 21eKTpOHHEIE
000JIOYKH B DJIEKTPOHHOH cpepe BXOAAT B HAILl MUD 3€PKaJIbHBIM
oTpaxeHueM. Besib Ha cxeme OHM JJBOWHBIE U 00pa3yIOT BOCBMEPKH.
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PazmMep Hapy:kHOHl aTOMHOH 000JIOMKH paBeH pa3Mepy
3JeKTpoHa. [IpoMeKyTOUHBIH XK€ pa3Mep SJEKTPOHHOW cdepsl (rae
HAYWHACTCSI DJIGKTPUYECKas 4YacToTa) - COBCEM pSIOM C pa3MepoM
aTOMHOU 000710uKOM, paBussch Benuunne B 1,015%1071° «wm» (06 sToi
W TOCIEAYIOUIMX BEMUYMHAX CKa3aHO B MoApoOHoM Pasznmuuennn). A
4TO TpEeACTaBiIsieT co00il camo aTomMHOe sapo? JlormuHo Hayath ¢
caMoro HadajbHOTO, BOAOPOAHOrO siapa. OPHUIHANTEHO €ro Ha3bIBAarOT
nporoHoM. Ho siipo Bogopoaa v npoToH, Kak 4acTUlla, COCTaBJISIOIIAs
SIIPO, HE JO/DKHBI OBITh OHUM U TeM ke. M 3To JNelCTBUTENLHO TaK.
Benp Torma momydaercs, 4TO BCE AJIEMEHTHI COCTOST U3 BOJAOPOAA U
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I 3anumamenvroe Pasnuyenue.
HelTpoHOB. [loTOMy, OKa3bIBaercsi, yTO O(PHUUIMAILHO HE Pa3NUYaroT
BOJIOPOJIHOE SIAPO U MPOTOH! DTO M MOATBepKIaercs oOpa3oBaHUEM
Jla’ke 4eThIpEX OCHOBHBIX M30TOIOB Yy Bopopona. M3orom Bogopoma —
9TO Kak Obl BBIIEICHUE M3 HEro JOMOIHUTENBHBIX HEHTPOHOB (UTO
BMECTE C MPOTOHOM O00pPa3yroT sAAp0). DTO MOXKHO Ha3BaTh Kak ObI
pasOyxaHueM siipa MPH BBIBOJE €ro M3 MOJOOHS BaKyyMHOI'O CIIOS
MPOCTPAHCTBA B HAIIy HaJIBAKyyMHYIO BHAUMYIO cpeny. B derBéprom
BOJIOPOJJTHOM H30TOIE, KaK KPATKOBPEMEHHO CYIIECTBYIOIIEM HYKIUIE
y’Ke IBa HEHTPOHA U MPOTOH PACIONIAraloTCcsl BOKPYT cepbl HEUTpOHA C
CHJIOBBIM y3JIOM, 00pa3yst Tpu ocu 1o 120°, win Jeis OKpYKHOCTh Ha
Tpu paBHBbIe YacTU. VIMEHHO 3T0 00pa3oBaHME U €CTh TO, YTO MOXKHO
HA3BaTh 21eMEHMAPHbIM SO0EPHbIM V310M WU OCHOBHOW eAMHUIEH B
(hopMupOBaHUU APYTHX sAAep (CISTYIONUX 32 BOJOPOIOM).

HeiiTpoH B LIeHTpe caMOoro HavyalbHOTO WIIM BOJOPOAHOTO SIIEPHOT 0
y3na (C CHIOBBIM Y3JIOM H3 TpEX HEHUTPOHOB) MOXHO Ha3BaTh
6HYMPeHHUM 0poM BOIOpoaa. B HagBaKyyMHOM K€ MPOCTPAHCTBE OHO
CIIMBAeTCsl C TpeMsl HYKIOHAMH B OIIHO GHeulHee WIN obuee 50po,
BOCIIPHHMMASCh OAHMM HYKJIOHOM. M 3TO HE TpPOTOH, a HMEHHO
BHemHee sapo! Otcroma W TosBiseTcs SKOObl «aedekT» macc B
peakIuu TepMOSIEpPHOT0 CHHTE3a (00pa3oBaHMs sAep Telusl CIUSHUEM
s,Iep BOJIOPO/IA).

31ech MpeAcTaBiIeHO HapyKHOE Ui o0IIee sSpo BOAopo/a, He
paznTuuuMoe O(pHUIIMATIBLHO OT TPOTOHA.

Buemnne BOJOPOJHBIC
HYKJIOHBI.
A)

HenTpanbHblii
BOJIOPOIHBIN HEUTPOH.

Exinworld©
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1 Sanumamenvroe Paznuuenue.

W, TouHee roBops, y BOpOJa HET MMEHHO BHYTPEHHErO sJipa, Kak
CTATHBAIOIETO BCE HYKIOHBI B OAHO Iienoe. OHO MOSBISETCS YKe
TOJIbKO, HauuHasg ¢ renus. Jlemo em€ m B TOM, 4TO JICMCTBUTEIbHAs
yacmomuo-cghepuneckass CTpyKTypa sapa IMO3BOJSIET  ONPENesiTh
pasMmepsl siiep, UCXOs U3 pa3Mepa MarHuToHa (Kak 4eTBEPTOM YacTh He
TOJILKO TPaBUTOHA, HO ¥ HYKJIOHA) YMHOKEHHOTO Ha 00I1ee KOJIMYECTBO
0o0pa3oBaHMH STUX MAarHUTOHOB. OTO 12 INTYK KOHTYpPHBIX HIIH
MPOABJICHHBIX MArHMTOHOB, KOTOPBLIC NPHU KCIaHUN emé MOXXHO HaM
pa3nuuuTh, M 33 YACTOTHBIX MAarHUTOHA, OOpa3yeMblii emé Oomee
MCJIKUMU BJICKTPHUTAaMU U TJIFOOHAMMH. 9t0 3HA4YUT, 4TO YaCTOTHBIN WIIH
HEBUIMMBIH pa3Mep sjpa OOJNbIIE €ro BUAMMOIO pa3Mmepa. OTHM U
06’bﬁCH§IeTCSI MOCTOSIHHOC M3JIYYCHHME MACCUBHBIX WM PAAMOAKTHUBHBIX
aToMOB. Ho 3TO MpHBOAMT W K TOMY, YTO SAPO BOAOpPOAA Kak ObI
CTATHBAETCS] TAKMM OOJIBIIIMM YaCTOTHBIM Pa3MEpOM B OJHO IIEJI0€, YeM
" AP0 BOAOpPOAa B HAIEM HAJIBAKYYMHOM MHUPEC BBIIVIAAUT YK€ OAHHUM
HEHTPaTbHBIM HYKIIOHOM, HO HE KOPPEKTHO HAa3bIBAEMOM ITPOTOHOM.

U naaiite npeactaBuM oOpa3zoBaHue APYTUX dieMeHToB. OHO HAET
KakK 6I)I II0CJICA0BATCIIbHBIM HpI/IGaBHCHI/ICM K Ha4YaJIbHOMY BHCHIHEMY
Aapy 1O OAHOMY »3JIeMEHTapHOMY snepHoMy y3i1y. Ho nambme
AOOIMOJHUTCIBHBIC IIPOTOHBI U HCﬁTpOHLI YK€ HEC CJIMBAKOTCd, KaK B
OCHOBHOM H30TOII€ BOJOPOAA B OJHO BHemHee s1po. [locie Boropoaa B
JpYTHX dJIEMEHTax Bcerga ocTaéTcs BHYTpPEHHeE sSApOo. A AJIEeKTpOHHAs
cdepa BOKpYr sipa (UTO MO CBOEH DHEPTHO3HOCTH — HAXOAMTCS B
MoJ00MH HAPYKHOT'O BAKYYMHOT'O CJIOSI) OTpakaeT HMEHHO KOJIMYEeCTBO
HYKJIOHOB HaJi BHYTPEHHHUM SIIPOM. DTHM U OOBSCHSETCS, YTO B aTOME
BOJIOpOJa O0O3HAYAIOT HEKHE TPH «BO3MOXKHBIE» OpPOHUTHI SIKOOBI
anekTpoHa. Ha camom ke nene Tam Bcerda TpU He JJIEKTPOHA, a TpU
HUMCHHO 3JICKTPOHHBLIC Op6I/ITaHI/I, 4YTO €CTb MArHMTHBIM OTPAKCHUEM
JIBYX HEHUTPOHOB W MPOTOHA BOKPYT LEHTPAILHOIO WM Y3JIOBOT'O
HEHTpPOHA, KaK BHYTpEeHHEro sapa. [1ogo0HOo 00pa3yroTest 37eKTPOHHbBIS
OpOUTaNM U y APYTHX SJIEMEHTOB.

SnepHbIid y3€m - 3TO U €CTh OJO0MEM TOT0, YTO Ha3bIBAIOT asb(a-
YaCTULEH IIPU pacnaie pafHOaKTUBHBIX siep. U, 4To HHTEPECHO, O TOM,
4TO siipa aTOMOB 00pa3yroT anb(a-yacTuilel, nucaia emé B 1921-m
rogy yuéHas aBcTpuiika JIuza Maiithep! Ho ona He paznuumia
CTPYKTYpHBI BuA anbda yactuiibl. Chepbl MpoTOoHA U JBYX HEHTPOHOB
BOKPYI' [EHTPaJbHOrO HEHTpOHA B SAJCPHOM y3Jieé OJUHAKOBO
HampaBlieHbl. Benp wWHaue, Kak BBl yXe [OHUMAere, OHU Obl
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I 3anumamenvroe Pasnuyenue.
OTTaJIKUBAIKCH. M BpamieHre 0007I04KH Y IPOTOHA, KaK M Y DJIEKTPOHA,
- 3TO BpAllICHUE B TOPU3OHTAIBHON IIOCKOCTU. Y HEUTPOHA KE OHO - B
BEPTUKAJILHOM TUIOCKOCTH. DTO M MOHATHO, MHAYE KaK MOKHO OBLIO OBI
«HapUCOBaTh» WM O0O3HAYUTH HYKIOHBI 3JICKTPUTOM BOKPYT
LEHTPAJIbHOrO0 HEUTPOHA? DTHM OOBACHSACTCS M TO, YTO HEHTPOH,
OyZy4H BBIBEACHHBIM M3 SJIpa CYIIECTBYET TOJIbKO OKOJIO 16-M MUHYT.
Benp ero BeptukansHoe cheprdeckoe BpalieHie B HaIBAKYYMHOM CII0€
MPOCTPaHCTBA Kak Obl OCEAaeT, M OH PaclajaeTcsi, CTAHOBSICH OISTh
MIPOTOHOM

Hike noka3zaHo COBPEMEHHOE MPEACTABICHHUE O S/IPE «TSHKETOr0»
aJIeMEHTa — ypaHa, 1I0JJ00HOe CTPYKTYpe I1oa rpanara. OOpatute
BHUMAaHHE, YTO BCE BBICTYIAIOIINE IPOTOHBI U HEUTPOHBI MOT'YT
YIAEPKUBATHCS BMECTE TOIBKO Oarofapst 00pa3oBaHUIO HMH SIIEPHBIX
y3ioB. Taxxke u y rpaHaTa 00pa3oBaHa Moji00Has sIUEUCTasi CTPYKTypa €
3€pHaMU, HO BUJIUMas HaM.

Anpo ypara
92 npn:i"roa—mu 146 HetTpoHOR .

KaxoBa e cTpykTypa nporoHa u HelTpoHa? Kak BBl yke uuTaiH,
yIENbHBIN 3aps)l 3JeKTpPOHAa, - ATO Ha caMOM Jelie HaJBaKyyMHas
4acToTa B JJIEKTPUYECKOM JBM)KEHUU. M HET HHUKakoW Macchl HE Yy
JJIEKTPOHA, HE y MpOTOHA W HeiTpoHa. [loTomMy To, 4TO SIKOOBI Macca
npotoHa coctasisier 1836 «wmacc snmekrpona» (a meiirpona 1838,5), -
3TO B JCHCTBUTEIBHOCTH MEHbIIAs 4acTOTa JBM)KEHUS €r0 3JIEKTPUTOB
WIH YaCTOTHOTO COJEPKUMOro. A 3TO MOXKET OBITb TONBKO MpH
COOTBETCTBYIOIIEM YBEIMYEHUH KOHTYPHOCTH HYKJIOHOB (IIPOTOHOB U
HEHUTPOHOB) WM WX METPUYECKOW YacTOThl. BBl TOMHUTE, YTO
MeTpUYecKass 4acToTa y 3JeKTpoHa — 310 8,85 «1/mM». Y oHa BXOAUT B
HApYX HYI0  pa3MEpPHOCTb  JJIEKTPUYECKOW  TIOCTOSIHHOM,  Kak
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I 3anumamenvroe Pasnuyenue.
METPUYECKYI0 JUIMTEIbHOCTh HpOsBIEHHs 3jektpoHa 8,85%107'2
«CeK/M».

[ToroMy MOXHO CKa3aTb, 4YTO MEMpuyecKdas ONUmeibHOCMb
nposienenuss npomona — 310 1836*%107'? «cex/m», a HelTpoHA —
1838,5%10712 «cex/m». Kax BBl uYWTanu, 4YUCIOBOE OOO3HAYEHHE
3IEKTPOHA - 9T0 «4*71». 1o aHANIOrUH KE C DIIEKTPOHOM IMOJY4aETCs,
yT1o yuciao 1836 s mpoToHa — 3TO €ro MeTpuyeckas 4acToTa, Kak
YUCJIOBOE BBIpaXkKeHHE ero cTpykTypbl. U uucio 1836, okaswiBaercs, -
9TO HE YTO WHOE, KaKk Ky0 WM TpeThbsl CTENEeHb Ui METPHYECKOH
YaCTOTBI DIIEKTPOHA, T.e. — st Boipaxkenust «(4*7m)/10. U 3amepsiu
uyuciio 1836 s mporoHa, pasymeercsi, IPH €ro BBIXOJE M3 aTOMA.
OTUM U 00BSICHSETCS, YTO HYKJIOH TIOCJIE €r0 BBIBOJIA U3 S/IPA BBITJISIUT
KakK 6I)I «r'OJIBIM» WJIN IIYCTBIM BHYTPHU, IIPU 3TOM BCA €r0 SJICKTPUTHAA
HYaCTOTHOCTbD, npeaHasHa4YCHHas JJIsL CKPCILJICHUA HYKJIOHOB,
pacmonaraercsi Hekoei mry0ooi Hax HUM. KpoMe Toro, ykazaHHast TpeTbhst
CTEMeHb YMHOXAETCsI €II€ U Ha YUCI0 «3» TakkKe B TPEThEH CTENeHH,
nenénHoe Ha 10, Kak Ha TpeBBIIIEHHE YACTOTHOCTH 3€MHON I'paBUTAIH
HaJl e KOHTYPHOCTBhIO (O TMpUYUHE >K€ 3TOT0 — pedyb IOHWXKE B
OIMCAaHUM TJIAHETHOTO BpauieHus). [lotomy uncioBoe BbIpaxKeHHe A
HYKJIOHA (ITPOTOHA U HEUTPOHA) — ITO:

33 * (4%n)’
s — | 18377
10 10
Yucno 1837,7 MIPUMEPHO COOTBETCTBYET CpenHeMy

apu(METHYECKOMY MEXJAY METPUYSCKUMH 4YacTOTaMH IPOTOHA U
HeliTpoHa. Bonbliiee 3HavYeHUE JJIsi HEWTPOHA 03HAYACT €r0 OO0IbULYIO
HApYXKHYI0 SHEPruo3HOCTh. MHBIMHM ClOBaMH, €ro KOHTYPHOCTb WIJIH
HapyXHasi ()opMa HECKOJLKO OOJbIIE, YeM HAIOJOBHHY, HAaXOJIUTCS
YK€ B HAJBAKyYyMHOM CJIO€ IpPOCTpaHCTBA. B TOM 4Yuciae U 3TUM
0OBSICHSIETCS €ro HENOJTOBEYHOCTb, KaK JIHUIIEHHOIO YaCTOTHOM
BaKyyMHOU noanuTku. [lotomy pasaocts B 2,5%1072«cex/m» - 310 U
€CTh KaK Obl JMIIEHHBIA STOW TMOJIUTKU JICKTPOH, BBUICTAIONIUN U3
sApa paAdOaKTUBHOIO JJIEMEHTA, KOrJa HEUTPOH CTAaHOBUTCA
MPOTOHOM, Y€M M HauyMHAeTCs JeiieHue sipa. Jlasaiite pasOepém, uTo
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I 3anumamenvrnoe Pasnuuenue.
O3HAYaroT JIBE YaCTH MPOHU3BENCHHS, U3 KOTOPOT'O CKIIAABIBACTCS YHCIO
1837,7. Tperbs crenensb Boipaxenus «(4*7m)/10» o3nauaer, KoHEUHO,
TPOMHOE CONMpPSIKEHHE CTPYKTYPHI DIIEKTPOHA il 00pa30BaHUsSI OJHOTO
HyKJIOHA. TpeThs K€ CTEeNeHb Yucia «Tpw», nenéHHas Ha 10, o3Havyaer
TPOMHOE CONPSKEHUE CAMUX 3TUX TPEX JIEKTPOHOB.

Kak «pucyercsp» aToMHoOe S1Ip0 U 0 TOM, YeM eCTh caMas
HAYAJIbHAsA YaCTULA. 37eCh TOBOPUTCS O TOM, YTO

- 1) ycpeAHEHHOE YNC/I0O METPUYECKOM ANUTENBHOCTU NPOSBNEHUA
HYK/IOHOB (MPOTOHA U HEMTPOHA) FOBOPUT U O TOM, YTO OHU
06pa30BbIBa/INCL U3HYTPU WU BbIXOAWUIN U3 BaKYYMHOTO
NPOCTPaHCTBEHHOrO C/10A B TPOMHOM COMPAXKEHUUN TPEX SNEKTPOHOB. T.0.,
3N1EKTPOH M eCTb CaMOM Havya/IbHOM U 3/1eMEHTAPHOM YacTULLeN Halero
BMAMMOTO BELLLECTBA, NPOABAAACL U3 FPAaBUTOHA (M 3TO He HeKne 6030HbI);
- 2) du3mKa PasnmyeHns no3BoNseT NpeacTaBUTb U AENCTBUTENIbHYIO
CTPYKTYPY A4pPa, U 3aKOHYEHHYIO TEOPUIO «AAEPHBIX CUI», @ TOYHEE,
B3aMMOAENCTBUIN. OHM COCTOAT U3 MAarHUTHOrO (Hapy»HOro),
371EKTPUYECKOTO (CPEAUHHOIO) U ME3OHHOTO U/IY BHYTPEHHErO
B3anmogenctauma. MpuYém 4acToTbl BCEX 3TUX B3aMMOAENCTBUM
LMKAMYECKM 0bpasytoTca Apyr Apyrom, Byayum eanHbIM Uan chepruyeckum
HapyHO-BHYTPEHHUM AEepPHbIM B3aumogenctauem. KOHTYpHOCTb TaKoro
€MHOro B3aMMOAENCTBUA MOXKHO Ha3BaTb A4EPHOMN 3aKPYTKOM
(nogo6HOM CNOBBIM NIMHUAM), KOTOPOM N K PUCYHOTCA» aTOMHbIE AAP3;

- 3) HYKNOH COCTOUT K3 24-EX BHYTPEHHUX UM UCTUHHbBIX KBAapKOB. KBapK
»Ke - 3T0 YyeTBepTanA YacTb pa3aMepa MarHUTOHA, KaK YeTBEPTOM YacTu
rPaBUTOHA, KOTOPbIV WU PaBEH HYKIOHY B AApe.

B cTapoit e pu3nke 6e3 paccMOTPEHUSA MPOCTPAHCTBEHHOM CTPYKTYPbI
paccmMaTpMBatOT TONIbKO BbiBEAEHHbIE U3 AAPa YAaCTULbI, MOTOMY, XOTA U
HacumTanm Bce 24 KBapKa, He MOryT OnpeaennTb CTPYKTYPY HYK/OHa, He
rosops yxe o agpe. MNpuaann emy avwb cHepUYHOCTb.

CTpyKTypHOE e 0603Ha4YeHne HyKNoHa — 3To 12 cenTynonen,
06beMHEHHbIX AAEPHBIMU Y3/1aMU, B BUAE CUNOBbIX YACTUL, C BHYTPEHHUM
WAW LeHTPaNbHbIM ALPOM.

Takoe TpoiiHoe B KyOe cOnpsbKeHHEe B Ipollecce 00pa3OBaHUS
HYKJIOHOB YK€ TPOUX COMPSDKEHHBIX DJIEKTPOHOB O3HAYAET, YTO ITOT
CHUHTE3, HAUWHASACh W3 THUIIEPIPOCTPAHCTBA, TJ€ TPU CONPSLKEHHBIX
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ANIEKTPOHA COMPSTAIOTCS ¢ TOAOOHBIMHU DIIEKTPOHHBIMU COMPSKEHUSIMH,
MEPEXOIUT B CPEAMHHBIA NMPOCTPAHCTBEHHBIN CIIOH, HO COCTOALIMN U3
JBYX 4YacTed. B 3THX JByX 4YacTsIX CPEIMHHOIO CJOS TaKXKe HIET
[IOCJIEIOBATEIIBHOE  COIpPSDKEHUE TPEX yXKe TaM  IPOSIBICHHBIX
JJEKTPOHHBIX conpsbkeHuil. IIpm 3TOM HavanbHBI TI'PABUTOHHBIN
TpéXcpepHUK WIIM TPHUIOIL OJHOTO M3 BJIEKTPOHOB 000COOMSETCS, HO
MPOJIoJDKasg y4acTBOBAaTh B 00pa30oBaHWM HYKJIOHA. MIHBIMU clioBamu, B
TPOMHOM COIPSDKEHHU DIIEKTPOHOB OH Kak OBl 3aCThIBAaeT, OyILydH yKe
MOJTHOCTBIO B HapyXHOM CJIO€ BaKyyMma, Kak 4YacTOTHOH BOJBL. ITO
O3HaYaeT | TO, YTO APYTHe JBa JIEKTPOHA KaK Obl BTATUBAINCH TIEPBHIM
AJIEKTPOHOM Yepe3 3TOT TPEXCPEpHHUK MPpH 00pa30BaHUN BEIECTBA.

[Toromy »BoONIOLMSA HAIIEr0 HAJBaKyyMHOO MHpa W ObLia
MOCTETIEHHBIM  TEPEeXOJ0OM  €ro W3  MoJo0Mid  BaKyyMHBIX
IPOCTPAHCTBEHHBIX CJIOEB B HAIl YXE€ MOJEKYJSAPHBIA  MUD.
[Monywaercs, 4To Takas TpOWHas NEKTPOHHAS KOHTYPHOCTB MU opMa
4yepe3 BaKyyMHBIE CIIOH TaKKe TPUIKIIBI COMPSTAETCS MEXAY cO00i, yeM
1 00pa3yercs KOHTYPHOCTb. A TPSIMBIM OTPaKEHHUEM STOW YaCTOTHOMU
KOHTYPHOCTH HWJIH ()OPMBI JBIKEHHS JICKTPUTOB CHavyalla B HAPYKHOM
BaKyyMHOM cJjioe oOpa3yercss atoM. [Ipm 3ToM BHYTpeHHee SApO
aTOMHOIO $JIpa, CTSATUBAIOIIECE YEPE3 CHIIOBBIE Y3JIbl BCE €0 HYKIIOHBI,
Kak Obl BTSTUBAETCs Y)KE€ B Halll HAIBAKYYMHBIH MHp. 3epKalbHBIM XKe
OTpaXCHUEM BCEr0 aToOMa B HAJBAKyyMHBId CIIOH IIPOCTPAHCTBA
aTOMHasi KOHTYPHOCTh CTAHOBUTCSI MOJICKYJISIpHOH (opmoii (e€ yxke
MOXHO TOTporaTh). OTCI0[]a MOKHO 3aKIIOUUTH U TO, YTO, OKa3bIBAETCS
U B TMIIEPIIPOCTPAHCTBE €CTh CBOU HYKJIOHBI M aTOMBI. 1 €CTh HE HEKue
napajyieNibHble, a BaKyyMHBIE YacTOTHO-C)epHUEcCKHEe MHpPBI, HE
BU/IUMBIE HaM.

U B BUaKTE, 4TO 0Opa3oBaHUE MPOTOHA U HEHUTpPOHA, a TeM OoJiee,
U «PHUCOBaHHWE» SICPHOTO y3J1a MOXKET ObITH TOJIBKO M3HYTPH, O3HAYAS
MMEHHO bOXeCTBEHHOE IPOUCXOXKJEHUE BEIECTBA-IPOCTPAHCTBA.
OJeMEHTapHBIN SJIEPHBIN y3€l WU BOAOPOIHOE O0Iee SIpo — 3TO U
€CTh HaJBaKyyMHBIH BUJ ¥ TpaBUTOHA, M YeThIpEXxcepHuKa
(kBazpynosns), MOMEMIEHHBIA B Havaje KHUTH. M BBl yXe pasiuuacre
Hall BUAMMBIN HaJBaKyyMHBIM MHUp M BakyyMHble cion. K Tomy xe
BaKyyMHBIE CIIOM — 9TO HE CJIOW MUpora, oHu Toxe chepuynsl. IloTomy
U BECh Halll BUIAUMBIA W HEBUIAUMBIM MHp, YTO HAJ IPErpajod K
HUCTUHHOM BOJIE, MOYKHO IPEJCTABUTH IPABUTOHOM.

W 3to npubimsutensHo Tak. HeliTpoH (4To B 1EHTpe OOIIEro Wi
BHEIIHETO Spa Ha pHUCYHKE BBIIIE) — OTO HAll BUIAUMBIN
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HaJBaKyyMHbIH Mup. Torma BepXHHN HEWTPOH — 3TO HAPYKHBIN
BaKyyMHBII clOH. A /ABa HyKJIIOHa (IPOTOH M HEHUTPOH) N0 OoKaM
LIEHTPAJIBHOIO HEUTPOHA, KaK BHYTPEHHETO SApa — 3TO ABA CPEAMHHBIX
BaKyyMHBIX CIIOS: OJJH KakK Obl OOJNble HapyKHBIH, a JPyroi MEHBIIe
HapyxHbIA. W cTaruBaercs c3aju Takoi 4YeTHIPEXCPEPHUK BCE TEM Ke
TpéxcepHUKOM U3 TUIEpHpocTpaHcTBa. Ho B sape poib Takoro
TpéxcepHrKa WTpaeT yKe BBIICIMBIIEECS W3 BaKyymMa BHYTpCHHEE
snpo. Bo BpaulieHMM BeLECTBA-IPOCTPAHCTBA IIPU TBOPEHHM MHUpPaA
3JIEKTPOH W3 HApyKHOM BaKyyMHOW Cpe€lbl, KAK MMEHHO YacCTOTHOM
BOJBI, OyAydd YyxXKe TpPOHHBIM CONpPSDKEHHEM, HauyaBIIUMCS U3
TUIIEPIIPOCTPAHCTBA, IIOCIEAOBATEIbHO IIPOHUKAN B JBa CPEAMHHBIX
BaKyyMHBIX CIIOS, TJe, KOHEYHO, YK€ Takke ObUIM TOoA00HBIE
ANIEKTPOHHBIE COMPSDKEHMS. DTHM W MONYyYHIIOCh X TPOHHOE B KyOe
CONpsDKeHHE W 00pa3oBaHME 3aTeM BOIOPOJA, KakK SAEPHOTO y3ia.
[pencrapnsere, HaCKONBKO TIy0OK u OeckoHeueH Mup? U sto Boxwmii
MHP, «KOTOPBIH IIPEBBILIE BCAKOIO yMay.

Hwxe npuBenén BHENTHUE BT aJib(a YaCTUIBI WK SJCPHOTO y3IIa,
MpHUBEACHHBIA HAa MHTEPHET-caiTe 3QUPOANHAMUKH, HITH HAPABIICHHS,
aIbTEPHATUBHOTO OQUIHATBHON (pusnke (MpuyéM 3pup TaM — 3TO
HEKUI HEBUJMMBIH a3, YTO ONATH O3HAYAET HAPY’KHOE MJIU TIJIOCKOE
BOCTIPUSATHE MUPA, HE pa3iInyaroliee 4acCTOTHOI0 BaKyyMHOT'O
MPOCTPAHCTBA). DTO U300pAXKESHUE TIPOSIBIISIETCSI BO BTOPOM, YK€ B
Oorbllie HAPYKHOM CPEMHHOM BaKyyMHOM cJI0€, OyAy4H MpsSMBbIM
OTpa’kKeHNEM MCTUHHOIO BH/Ia 3JIEMEHTAPHOTO0 SIepPHOT0 y371a U3
LEHTPAIbHOr0 HEUTPOHA U TPEX CUMMETPUUYHBIX HYKJIOHOB BOKpPYT
Hero. Yerbipe ke MoJo0 s «COCHCOK» CHAPYKH — 3TO MPSIMOE
OTpakeHHE SIIEPHOTO y371a Y’Ke B HApYKHOM BaKyyMHOM CJIO€
MpocTpaHcTBa. A poM0 B LIEHTPE MPOSBISIET TPEXCPEPHUK, HCXOIAIINN
W3 TUIIEPIPOCTPAHCTBA, HO TPENICTABISIOMNI cO00M yKe Hall
HaJ[BaKyyMHBIH MUDP. DTUM MOKHO TIOHSATH, IOYEMY JI0 CUX I1Op HE
BBISIBJIEH SIJICPHBIN y3eil. Belb ero B Halem Mupe HEBO3MOXKHO
YBHJIETh, @ MOYKHO JIMIIb 00pa3HO Pa3IHIUTh.
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W BBl pasnuyaere, 4TO, OKa3bIBAETCA, €CTh BCE-TAKM 3JIeMEHTapHas
(camas HavanpHast) eNUHKIA B 0Opa30BaHUH HAJABAKYYMHOTO BEIECTBA.
N »o10, koHeuHo, saekTpoH! Ilomywaercs, 4ro »Ta €AMHCTBEHHAs
¢dbyHaaMeHTa bHAS €JUHMIA, JSKUT Y (U3UKOB, YTO Ha3bIBACTCS, MOJ
HOCOM, HO OHM €€ He pa3nuyaroT. M yxe roBOpAT, 4TO BCE ATOMBI
o0pazoBanbl CIOBOM, KaK HEKHM «BCEICHCKUM CO3HAHHEM), WIH OIATh
u3 BommeOcTtBa. Ha camom ke nene ciioBo Boxkbe — 3T0 KOHTYpHOCTH
nmn popma boxbelt cuibl. Elo nmeiicTBUTENHHO BCE CO3AaHO, HO HE
BonieOHo, a ¢usndecku! Buaute, kak BcE mepeBEPHYTO C HOr Ha
ronoBy. OkxaspiBaercs, TOJNILKO wucxons u3 bubauun u  Kopana,
noigydaercs WcCTUHHas ¢usuka. B crapoii ke ¢usuke Oonblie
BoOJIIEOCTBA.

B s¢upoannaMuke nokasaH, KpoMe TOIr'0, TOMEPEYHbBIN pa3pe3 MPOToHA
U HYKJIOHA, IPUBENEHHBIN HIKE. M BBl BUIUTE, YTO U 3/1€CH OH COCTOUT
13 TPEX CUMMETPUYHBIX 4ACTEH, YTO €IlE pa3 MOATBEPKIAAET
00pa3oBaHuUe SACPHBIX HYKIOHOB M3 TPEX DIICKTPOHOB.
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Bbl, momHHTE, UYTO O3JEKTPOH 00pa3oBaH YETHIPbMS EIMHBIMU
ceMucepHrUKaMH. A MOCKOJIBKY MPOTOH M HEUTPOH (HYKJIOHBI) COCTOSIT
U3 COMpSDKEHUH TPEX 3JEKTPOHOB, TO B HUX MONY4YAIOTCS M TPU THUIA
9THX CeMUCPEpHUKOB. Pa3Mep HYKIOHOB B sJIpe — OTO pasMmep
rpasutona 3,47%107"7 «». Kak Gbl cpeMHHbBIA OCTOB HyKIOHA, KaK 1
SIEPHOTO y371a, TaK)Ke MOKHO paccMaTpUBaTh COCTOSIIIMM M3 YETHIPEX
cdep uu kBapToB (¢ Tpems ocsimu 1o 120 TpagycoB) ¢ pasMepaMu, Kak
BBl YK€ NOHUMaeTe, MarHWTOHA (YETBEPTUHKM TpaBuTOHA). KcraTw,
MTOCKOJIBKY TPAaBUTOH — 3TO MUHUMAJIBHBIA KOHTYPHBIN (TPOSBIISIONINI
(dhopMy) pa3mep B HaIlIeM HaJBAKYyMHOM MHUPE, TO STUM U OOBICHSACTCS,
YTO HeNb3sl paculenuTh HyKIoH. CpenuHHblE TpH cdepsl U3
MarHMTOHOB, 4YTO - B HApy)XHOM BakKyyMHOM cjoe (Kak
OJTHOHAIIPABJICHHBIC WIN (homoHHble cpepbl), U o0pa3yer nepBbie 4
cemuchepHrkoB. To ke camMoe ecTh M B 3JIEKTpoHE (C 00pa3oBaHHEM
CPEIVHHON YacTOThl MEXKIY 3JEKTPUYECKOW W MArHWTHOM 4acTOTOM).
I[Ipu »>TOM B HapyXHOH O00O0JOYKE HYKIOHOB B aTOMHOM SIpe
coderaercss U MarHHWTHas, ¥ SJIeKTpHUeckas M Me30HHas (CM. HUXKe)
4acToTa.

Tpu CpenMHHBIX MAarHUTOHA HYKIIOHOB WIIH HUOHHbIE Mepyull,
cuuTaeMble B OBITYIONIEM BOCHIPHUSTHH KBapKaMH, CTaHOBSTCS HeE
3aKOHUEHHBIM TPEXCPEPHUKOM, a OTHACIbHBIMH CcdepaMu C YKe
YEeTBIPbMsI KBAAPYIOISIMHA BHYTPH HHX, 3TH cepbl U ecTh 12 mepBbhIX
ucmunnelx xeapxkog. W o>t 12 KBapkoB HE paziMyaroTCs B
opunmansHol ¢usuke. Yerbipe cdepbl ITUX KBApPKOB — 3TO YeThIpe
MOJIOBMHBI MarHuToHa. Vcxons ke u3 o0pa3oBaHusi HYKIOHA TPOHHBIM
CONpsDKeHHWeM  3-X  JJEeKTpOHOB, cdepa  HYKIOHa  HadyWHAeT
00pa30BBIBaTHCS YETHIPbMSI HAPY)KHBIMU HJIH MACHUTHHBIMU KEAPMAMUL,
KOTOpbIe Kak Obl HAKIaAbIBAIOTCS HAa OTH TPU CPEOUHHBIC THOHHBIC
TEpUUH U TIOTOMY HE MPOSIBIICHBI.

MarHuTHbIC HJTH MIOOHHBIE YETHIPE KBapTa M TPU MUOHHBIE TEPIHH
(cunTaemble KBapKaMH) OKPYKaIOT Yepe3 CpEeHMHHbIC THOHHBIE TEPLUU
BHYTpEHHEE AP0 HYKIIOHA, COCTABIEHHOE YETHIPHMsI BHYTPEHHUMH WJIN
KAOHHbIMU Keapmamu. DTO M 3HAYUT, YTO HYKIOHHAS CTPYKTypa
JIOTUYHBIM 00pa3oM Mojo0Ha W sjepHOU CTpykType. KaoHHbIE ke
KBAapTBl COCTOAT U3 TPEX BHYTPEHHHUX WIH KAOHHBIX Mepyull,
COCTaBIISIIOIIMMHU  CO00I0 Jpyrue 12, yxe BHYTPEHHHX HWCTHHHBIX
KBapKa.
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[TocMoTpHUTE HA PUCYHOK CTPYKTYpBI HYKJIOHA (ITPOTOHA U HEHTPOHA).
CpenunHble 3 MarHUTOHA WM TEPLUHU C YEThIPbMS KBapKaMH,
o0pasyrolye YeTbipe ceMucepHuKa (110J00HBIC JICKTPOHHBIM), KaK U
ANEKTPUIECKOE WK cllaboe B3aUMOJICHCTBIE BbIJICNICHBI CHHUM IIBETOM.
KopuuHeBbIM 11BETOM 0003HAa4YE€HBI MATHUTHBIC HJTH MIOOHHBIE KBapThI
HYKJIOHa U MarHUTHOE B3auMopeicTBre. KpacHbIM ke 1BETOM —
KAaOHHbBIE WJIM IIEHTpaJIbHbIE KBAPKH, KaK 1 ME30HHOE MJIN CUIIbHOE
B3auMozeiicTBue. M BBl BUANTE, YTO 3TH BHYTPUSIEPHbBIE
B3aUMOJICHCTBUS IUKIMUECKH epexXoadT APYT B Apyra.

MI0OHHBIE KBapThl HYKJIOHA. Kaounnsle kBapThsl

[InoHHbIE TepLUYU HYKIOHA. Exinworld©

MarsuTHbIe UM MIOOHHBIC KBapThl (471) 00pa3yloT dyepe3 4eThipe
KaOHHBIX ULEHTPaNbHBIX Tepuuit (3m3), Kak uepe3 TpEXcepHHUKH,
4yeThipe MepBhIX cemuchepuuka (4*7m): (4nl+37w3)*4(3). Yersipe
KBapka B TpEX MHOHHBIX Tepuusax (4m2) yepe3 €AMHYIO MUOHHYIO
Tepuuio, Kak TpéxcpepHuk (3m2) o0pazyloT TpU  BTOPBIX
cemuceprnuka. K HIM NpUILTIOCOBBIBaETCS YETBEPTHIM ceMHC(hEpHUK
M3 YEeTBIPEX MArHUTHBIX KBAPTOB M €IUHOW IHOHHOW TEPLHM, KAK
tpéxchepruka: ((4n2+3n2)*3(2)+(4n1+3n2)). Tperbu ke HeTHIpE
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cemucepruka (4*7m) 00Opa3yrOTCsS YETBHIPbMsI KAOHHBIMH KBapTaMH
(4m3) mocienoBaTENBbHO uYepe3 YeThIpe KaoHHbIE Tepuuu (373), Kak
Tpéxchepuukn: (4n3+313)*4(3). TakuMm CTPYKTYpHBIM MOCTPOCHUEM H
COCTAaBIISIETCSl TPOHHOE COMPSIKEHNE YETBIPEX CEMUCPEPHHUKOB (4*7)?,
KaK TPOHHOE COMPSKEHHUE CTPYKTYP TPEX IJIEKTPOHOB: 33,

MoOXHO cKa3aTb, 4YTO TpPU CPEOUHHBIX THOHHBIX TEpPIUii,
HA3bIBa€MBIX B OBITYIOIIEM BOCHPHUSTHH KBapKaMH, - 3TO TpH
0apHOHHBIX WM HYKJIOHHBIX KBapKa C THIIOM HIIH «apOMaToM» «u» H
«d» B CYIISCTBYIOIICH Kiaccu(UKalMKM, WCXOAAIICH He U3
CTPYKTYPHOTO TOJIBHXHOTO WJIM YACTOTHOTO MOCTPOCHUS, a U3
MEPTBBIX KOHCTPYKLUMHA Ha OCHOBE MHOXeCTBa dacTull. Yerslpe xe
BHYTPEHHHMX TMHOHHBIX KBapTOB B K&KAOW CPEAWHHOH TEPIUH — 3TO
Jpyrue 4YeThlpe THUMA WIM apoMaTa KBapKOB — «S», «C», «b» H «b».
KaonHble jxe niyM BHYTpEHHHE TEpUUH B LIEHTPAIBHBIX KBapTax H3-3a
ux MHUKPOCKOIMHYHOCTH paccMaTpuBalOTCs CYIIIECTBYIOIIEH
KJIaCCU(PUKAIUCH yXKe B KAUeCTBE TMIIOTETHYECKUX YacTull. [1oCKONbKy
MCTHHHBIE 24 KBapKa yKe HE HeCcyT B cebe MarHuTHyro yactory 10°,
MPHIAIOILYIO dopmy u BOCITPHHAMAEMOCTh B Halen
MPOCTPaHCTBEHHOW (aze (B OTIMYME Jake OT CUJIOBBIX YacTHI —
HOCHUTEJICH SJIEPHOr0 B3aUMOJICHCTBUS), TO 3TUM U OOBICHSETCS, YTO UX
HE yJIaJIOCh OOHAPYXUTh B CBOOOIHOM COCTOSTHUMU.

[lnoHHBIE KBapKM B THOHHBIX WM CPEAMHHBIX  TEPIUSIX
COCIMHAIOTCS YK€  JJIEKTPUYECKOM  4acTOTOH (1012), KakK
INEKMPUYECKUM WATH CPeOUHHbiM 83aumodeticmeuem. OPUIHaIbHO Ke
3TO B3aMMOJENCTBUE HA3BIBAETCS HEKUM CJIAOBIM B3aUMOJIEMCTBHEM. A
TO, YTO OHO HAYHMHAETCS TOJIBKO C PACCTOSIHHS TOPSAJIKA 107" «w» u
00BsICHSIETCSl pa3MepOoM M HYKJIOHA, U CHJIOBOTO Y3J1a, HaXOJSIIErocs B
sape. T.o., obo3Hadaercsi TpeTbe, MacHUMHOE 63aUMOOeUCmEue WIH
B3aMMOJICHCTBUE C MArHUTHOM YacTOTOM (COBCeM HE paziIndaeMoe
opunmanbHo!). OHO BMECTE C DJIGKTPUUECKUM B3aUMOJICHCTBHEM U
oOpazyeT deTblpe NHOHHBIX WJIM CPEAMHHBIX ceMHc(]epHHUKa.
[Tockonbky 4 MIOOHHBIX KBapTa HYKJIOHA, 3 MHOHHBIX Tepuuu u 4
KaOHHBIX WJIM IICHTPAIBHBIX KBaPTOB MPEOBIBAIOT B HU3KOH MarHUTHOH
qyacrore (106) SJIEPHOTO B3aMMOJCHCTBHUS, TO OHM M CTaHOBSTCS
pasnuuuMbIMU Tt Habronenus. K ToMy ke mpu BeIBOJE U3 sijpa OHH
MOJTy4aloT pa3Mep TpaBUTOHA M CTAHOBATCS HAOIIOIAeMbBIMH, MTPOSIBIISS
W siJIepHbIE CHIIBI B BUJE NMHUOHOB WM KAOHOB, KaK OTAEIBHBIX CHIIOBBIX
YaCTHII.
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T.k. YCTBIPC MArHUTHBIX WJIM MIOOHHBIX KBAPTOB COIIPATAIOTCSA HE
TOJIBKO CO CpEAMHHBIMU TIMMOHHBIMU TEPUHUAMH, KaK HOCUTCIAMHA
SJICKTPHUICCKOI'O B3aI/IMOZ[eI\/’ICTBI/I$I, HO U C KAOHHBLIMH HLCHTPAaJIbHBIMU
TEPUUSAMHU, TO TAaKO€ TPETHYHBIM CONPSIKEHUE MArHUTHOU SIAEPHOMN
4acTOTH U 00pa3yeT TO, YTO MOXKHO Ha3BaTh ME30HHOL YACTHOMOU 10,
OTOl 4acTOTOH, KaK Me30HHbIM VI GHYMPEHHUM 63AUMOOelcmeuem
(Ha3pIBAEMOM  CHJIBHBIM  B3aUMOJICHCTBHEM ), A  3aBeplIaercs
COCAMHCHUC SANCPHBIX HYKJIOHOB 4Y€pPE€3 CHJIOBBIC SANCPHLIC Y3JIbI. Ho
3TO MPOUCXOJMUT HE Yepe3 KOHTYPHYIO BOCBMEPKY, MOJOOHO, KaK H
QJICKTPUYCCKUEC 3apA/ibl B3aHMOﬂeﬁCTByIOT Ha MCTAJNIMYCCKUX IIapax.
[ToToMy ME30HHOE B3aUMOJICHCTBHE HAYMHACTCS CO CHEPHUUYECKOro
pasmepa, y:xe OOIbIIero, 4em 107" «», KaK ¢ MEUHEMAIBHOTO pasmepa
CHJIOBOTO SIIEPHOTO y37a, 00pa3yeMoro CHJIOBBIMH YaCTUIIAMH —
IIMOHAMHM U KaOHaMH.

CusioBble y3JIBl  SJIEPHOTO B3aMMOJCHCTBUS 00paszyroT cdepy,
MOBTOPSIONIYIO, a TOYHee, oTpaxaromryto chepy HykioHa. [Ipu sTom
OHa, Kak W mobas cdepa, packiaablBaeTcs Ha HapYXHYI WIH
KOHTYPHYIO M BHYTPCHHIOIO WJIM 4acTOTHYK chepy. HapyxkHas wnm
KOHTypHasi cdepa u obOpasyeT To, 4TO HasbiBaeTca K-me3oHamwu, a
BHYTPCHHAA WX 4YaCTOTHAsA — MNHU-MC30HAMMU. 141 YK€ CaMH 3TU MC30HBI
pacmanaroTcs Ha YeThIpe YacTH, KaK Ha 4YeThIpe YacTh KBaJpPYIOJs.
Kangpymonu e, kak Bbl TIOMHHTE, 00pa3yloTcsi IBYMsI BOCHBMEPKAMH,
BBIXOJAIIMMHA M3 OOAHOI'O HEHTpA. HOTOMy ME30HBI M3-3a UX MarHUTHOMN
YaCTOTbl CTAHOBATCA Kak 6I)I pasHOHAIIpaBJICHHBIMU  KOJICUKAMU,
Ha3bIBAsCh yXKe MMOHAMU (OT MH-ME30HORB) U KaoHamU (0T K-Me30HOR).

Kaxmoe e 3To Koieuko, MpeCTaBisusl TUIONb WX BOCBMEPKY, U B
OBITYIOIIEM BOCIPHATHM COCTOMT U3 JABYX KBapkoB. OJHaKo
NPOTUBOIMOJIOKHAS YacTh JTOrO0 O0Opa30BaHHs HA3bIBACTCS HEKHM
«aHTU-KBapKOM», a Ha CaMOM [Jielieé Yy Hero JIMIib o00paTHOoe
HaTpaBJcHUE BpallleHWss B MPOSBICHUH BOCBMEPUYHOrO (1MO100HOTO
BOoCcbMEpKe) oOpa3oBanus. [IoToMy MOXKHO cKa3ath, 4TO crapas (usuka,
OTJIMYHO HMCCIIEIOBAB CTPYKTYpy sjpa, Oe3 PasmuueHuss He MOXeET
WMEHHO COCTaBUThH 3Ty CTPYKTypy. Beap oduinaibHO OMHCHIBAIOTCS
YaCTHUILbI, YK€ BBIBCICHHLIC U3 sA/Ipa. A OHH, KaK Bbl BUIUTE, - 3TO JINIIb
OTpakeHHWEe BHYTPEHHErO COJACp)KaHMs HYKJIOHA (He TOoBOps yke 000
BCEM sApe, KOTOpPO€ HYKIOHBI COCTaBIsAOT). B moHsTHH  XKe
BHYTPCHHETO sJipa M CHUJIOBBIX Y3JI0B, CTATWMBAIONIUX BCC HYKIJIOHBI,
MOXKHO MPOYYBCTBOBaTh, KaK HAUMHAECT 00OPa30BBIBATHCS TO BEILECTBO,
KOTOPOE MBI YK€ MOXKEM TIOTPOraTh.
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Takum 00pa3oM, €ciiy ANEKTPOH COCTOUT U3 YETBIPEX CENTYMOJEH,
CTSATUBAEMBIX OJHUM TPHUIIOIEM, TO SJAEPHBIA HYKJIOH (IIPOTOH U
HEHTPOH) — M3 JABCHAJIIATH CENTYIOJICH, HO KaK TPOMHOI'O COMPSKCHHUS
ux Tpéx BuAOB. [loroMy cTpyKTypHOE 0003HaUEHHE HYKIIOHA MOTydaeT
TaKOM BUJ:

33*(Em1+3m3)*4(3))* (4ma+3m2)*3(2)+(4mi+3m2))*
(Am3+3m3)*43).

Takoe cTpykTypHOE 0003HaUYECHUE, KOTOPOES MOXKHO Ha3BaTh «TPOWHBIM
COTIPSDKEHUEM TPOMHOTO COMPSIKEHUS» TOBOPUT M O KOHTYPHOM WITU
MPOSIBJICHHOM BHUJIE 3TOM CTPYKTYPBI JIUIIL IPU 00Pa30BaHUU CUIIOBOTO
y371a M3 TPEX HEUTPOHOB, KOTOPBIM M pacnalaercs Ha ME30Hbl M
MIOOHBI. JTH CHJIOBBIE YACTUIIBI, KaK pHUCYEMBI€ DIEKTPUTAMHU,
SIBJIIFOTCS. HOCUTENSIMM SIIEPHBIX B3aUMOJICHCTBUI B BHJE IMOJIEBOTO
BEIIECTBa  Hamied  MPOCTpaHCTBEHHOW  Qas3pl.  SnepHoe ke
B3aMMOJICUCTBUE BHYTPU HYKJIOHOB  OCYLIECTBIISIETCS  JIPYTUMH
3JIEKTPUTAMU, Ha3bIBAEMBIMHU B OBITYIOIIEM BOCIIPHUATHHU
TUIMOTETHYECKUMH 4YacTULIAMU — DIooHaMu U W U Z-0030HaMH, Kak
y’Ke MPOCTPAHCTBEHHBIMHU YaCTUIIAMH.

IToromy Bce B3aUMOIEHCTBUS B HYKIOHE sJpa MOXHO HAa3BaTb
MpPOSIBJICHUEM Cpa3dy M BPEMEHHOTO WJIM HCXOJHOIO Bakyyma H
KOHTYPHOr0 (Hapy»HOr0) BaKyyMHOrO WJIM YaCTOTHOTO BEIIECTBA.
Benp He TONBKO ME30OHHAs 4AacTOTa JABUKEHUS 3JIEKTPUTOB MPOXOAUT
CKBO3b MAarHUTHYK) HapyXHYK0 YacCTOTHOCTb Spa, HO TaKXke H
AIeKTpUUecKas JacTora (CpeauHHAas 4acTOTa JBIDKCHHUS DJIEKTPUTOB B
KBapTax M TEPIMUAX) IPOXOAUT CKBO3b MArHUTHYIO 4YaCTOTHOCTD.
IToromy BCE BHYTpUSAEPHOE B3aUMOAECKCTBHE MOKHO Ha3BaTh
HApPYICHO-8HYMPEHHUM W YUKTUYECKUM (chepuunvim)
s3aumodeticmeuem. Ctapasi ke (PuU3HKa M 3TO HE pa3Hyaer, pa3aeisisi
BCE B3aWMOJICHCTBUS B SApE€ Ha JBa OTAENbHBIX Buja. I[lpaBna, B
MoCJeNHee BpeMs  YCTaHOBJICHO YyXe€ HEKOe CHIIBHO-ciaboe
B3aUMOJICHICTBHE, HO OIISITh, KaK HEKUM OTIACIbHBIN BHU]L.

Y HEWTpOHOB, B OTJIHWYME OT NPOTOHOB MAarHUTHAas 4YacroTa
MPOSBIIAETCS B OTHOCHUTEIBHO TEPIEHAUKYISIPHON IIOCKOCTH K
IJIOCKOCTA CUMMETPHH MpoToHa. [loToMy 1 00pa3oBaHHE CIIEMYIOIIETO
3JIEMEHTa TIPOMCXOJUT KakK Obl OOBOJIAKMBAHMEM OJIHUM WM JIBYMS
HEUTPOHAMH BOJIOPOJHOIO MJIM TEIIMEBOTO CUJIOBOTO Y3JIa HApyKHOU
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I 3anumamenvrnoe Pasnuuenue.
MarHuTHOM cdepbl BHYTPEHHEro sIpa MPEAbIIYIIEro 3JeMeHTa
(BocippHMMAaeMOro OJHUM HelTpoHoMm). [lpu 3TOM cTAruBaHHE
BHYTPEHHETrO $i/Ipa CICAYIONIMM CHJIOBBIM Y3JIOM HPOHUCXOIHUT Yepe3
HNPOTOHBI WJIM TPOTOH y3i1a. OOBOJaKMBaHWEM MArHUTHOM 4acTOTON B
JBHKCHHH JJICKTPUTOB SIIEPHOTO y3J1a O0BSCHSETCS elIE U TO, UTO SAPO
0OBIYHOT0 BOIOPO/A (MPOTHS) B HAILlEM HAJBAKyyMHOM IPOCTPAHCTBE
BBITJISINT CIUTHO, KaK OIHUM HYKJIOHOM. [IpM 3TOM MarHutHoe
B3aUMOJICHICTBHE B S/IPE — ATO Pa3HOBHIHOCTh KOHTYPHOTO BaKyyMHOI'O
WIM TOJNeBOro BemiecTBa. Ero MO)KHO Ha3BaTh HAPYKHBIM
B3aUMOJICHCTBHEM.

SlcHas KapTHHA aTOMa, KOTOpPasi MOKeT ObITHh TOJBKO B
Paziiuyenun. 3nech roBOPUTCS O TOM, 4TO

- 1) aTomHoe sapo reana obpasyerca B Nogo6Mn cpeauHHOro BakyymMHOro
€105 NPOCTPAHCTBA (MO SHEPIMO3HOCTM PeakLunn) CAMAHMEM ABYX AAEP
BOZOPO/A, KaK ABYX 3/1EMEHTAPHbIX AAEPHbIX Y3/108, @ HE U3 YEeTbIPEX Aaep
BOAOPOAA, CYNTAEMbIX YETbIPbMSA NPOTOHAMM, KaK UCKAXKatoT B BbITytOLLEM
BOCMPUATUM, HE Pa3aNYas MPU 3TOM NPOTOHbI M BCE BHELLHee BOAOPOAHOE
A4po. K Tomy }Ke yManuneaercs, YTo CAIMBaOTCA A4pa, @ 0bpasyeTcs yxe
aTom resims. ITo 1 roBopuT 06 06pa3oBaHNM aToOMa OTPAXKEHWEM AAPA B
noAo6un Hapy»KHOro BakyyMHOTO C/108;

- 2) aapo reauns obpasyeT Kak bbl NONEBOM CENTYNONb UM ceMUCHEPHMK, a
NMOTOMY MOXET MPUHUMATb U FreHepPMPOBaTb MOCTYMNALOLLYHO CHAPYXKU UK
NPOCTPAHCTBEHHYO YaCTOTHOCTb. TUM OBbACHAETCA U CBEPXTEKYYECTb
renns;

- 3) Bce nocneayowme 3neMeHTbl 06pa3oBbIBaINCH COMPAXKEHNEM
UMEIOLLMXCA AAEP C FeNIMEBLIMU U BOAOPOAHbIMU Aapamu. Dusnka
PasnunyeHuna, ncxoaa M3 4actoTHo-chepuyecKom CTPYKTYpbI A4ep,
NO3BO/IAET IEFKO BbICYNTATb U OFPOMHbIE AAepHbIe 3apAabl (agepHble
BpaLlaTesibHble YCKOPeHUA), 0bbACHAOLWME, Hanpumep, bpoyHoBCKoe
OBUNKEHWE, a TaKXKe - pasmepbl A4ep, U AeUCTBUTE/IbHbIe aTOMHbIE Macchbl.

Bbl yxe MoxeTe MOHsTh, TOYeMy B HbIHEIIHEH (u3nke OoJblIoe
MHOXXECTBO BCAKHX SIZIEPHBIX «YaCTHI», KOT/Ia HYKIOH (IIPOTOH WIIH
HelTpoH) HenenuM. [Ipu BIBOJIE M3 sijipa BOKPYT HYKJIOHA 00pasyercs
TO, YTO HAa3bIBAIOT ME30HHOM «IIyOol». OTO Kak Obl 3aKpyTKa
ME30HHOH M MarHMTHOW YacTOThl B  CIHPAIBHO-CHEPUYECKOM
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I 3anumamenvrnoe Pasnuuenue.
JIBIDKEHUW OJIEKTPUTOB. A 32 CY€T MAarHUTHOW YacTOTHl 3TO
obpazoBanue u Habmromaemo. CaM ke BBIBEICHHBIA HYKJIIOH HA3bIBAIOT
«TOJIBIM», HO MYCTHIM BHYTPH JIMIIb OT IMOJIEBOTO WM IMPOSBIECHHOI O
BEIIIECTBa Halllel MpOCTpaHCTBEHHOH (a3bl. Benb oH yke He cBsA3aH ¢
LEHTPAJIBHBIM CHJIOBBIM Yy3JIOM BHYTpeHHero snapa. Iloromy Bce
CTPYKTYpHBIE BHYTPEHHOCTH HYKJIOHAa (B TOM YHCJIE€ M ME30HBI, Kak
HApY)KHO-BHYTPEHHHE YaCTHIIBI) — 3TO B OCHOBHOM H €CTb BCSIKHE
9K30THYECKUE YACTUIIBI, KOTOPBIMH 3a0MBAIOT TOJIOBY.

[Ipu oOpa3oBaHUM TeNWsl CIMBAIOTCS 2 SJEMEHTAPHBIX SIEPHBIX
y37la, KaK JBa BOIOPOAHBIX sipa. MOXHO cKa3aTh, 4TO oOpa3oBaHHE
HOBBIX DJIEMEHTOB BO3MOXKHO TONBKO B MOJOOMH CPEAMHHOTO
BaKyyMHOTo cjosi ([0 SHEPrHO3HOMY COCTOSHHIO IPOCTPAHCTBA),
MOCKOJIBKY BECh aTOM 00pa3yeTrcsl y)Ke OTpakKeHHEeM siapa B MOA00HH
Hapy>XHOT'O BAaKyyMHOI'O CJIOS, a MOJIEKYJIA - YXKE 3€pKaIbHBIM
OTpaXCHUEM B HalleM HAJBaKyyMHOM Mmupe. M3-3a He pasnudeHus
BAKYYMHBIX CJIOEB IIPOCTPAaHCTBA-BEUIECTBA M H3-3a HE Pa3IUYCHUS
BOJOPOJIHOIO s1Jpa U UCTUHHOIO IIPOTOHA CUMTAKOT, YTO SIAPO Ieivs B
COJIHEUHBIX peakLusAx oOpa3yeTcs sIKOOBl U3 YETHIPEX siiep BOAOPOJA,
HO CUMTAEMBIX IIPOTOHAMU. U 311ech nosmydaercs, OHATHO, HECTBIKOBKA
B BHUJI¢ HEOONBIIOTO MPEBBINICHUSI «Maccy» (MpHYéM HE BOJOPOJHBIX
saep, a MPOTOHOB), 4TO OblJIa /O peakiuH, M0 CPaBHEHHIO C MaccOu
nojgydaemMoro siapa renusi. M 9To yBepeHHO «0O0BsiCHSETCS» abcypoM
«sIBIICHU NedeKTa Mace, Kak APYroid HECTHIKOBKOM.

Kak ke oOpasyercs siapo remusi? Ecnmm k1o  3aHHMAancs
3JEKTPUYECTBOM, TO IIOHUMAET, YTO ISl CIIMSIHUSA JBYX sLIEP BOLOPOAA
HYXHO Kak Obl JBa moTeHIHMana. M 3T0 momoOusi IBYX CpEIWHHBIX
BAaKYyMHBIX CJIOEB (10 MPOCTPAaHCTBEHHOM SHEPrMO3HOCTH peakuuu). B
OTHOCUTENIBHO  BHYTPEHHEM  CPEOUHHOM  CJIO€  BaKyyMHOIO
IPOCTPAHCTBA, BOAOPOJHBIN Y3€lI — 3TO CIUTHOE BHYTPEHHEE SO,
BOCIIPUHUMAEMOE OJJHUM HEHUTPOHOM C IIPOTOHOM B BHJE BOIOPOJHOrO
n3oTona JeiiTepus. B Hamieli HaJBaKyyMHOM MPOCTPaHCTBEHHOM (a3se
Takoe 00pa3oBaHWE BOCIPUHUMAETCS OJHUM HYKJIOHOM (HEKOPPEKTHO
CUMTaeMBbIM MPOTOHOM). B Oornee ke Hapy>KHOM BTOPOM BaKyyMHOM
cioe (U1 Hac OH MEHee TOPAYHMHA B peakiMK) BHEIIHEE SIpO BOAOpOIa
— OJTO YK€ IPOSIBICHHBIM DJIEMEHTApHBIA SACPHBIM y3€l B BHUAC
BOJIOPOJTHOTO H30TONa TPUTHUA, Hampumep. VI HEUTPOH BOIOPOAHOrO
n3oTona JedTepus, Kak BHYTpPEHHEE SIpO, MPUTIATMBAeT OAMH U3
HEUTPOHOB sJipa TPUTHSI YEPE3 €ro NMPOTOH «3aKPYTKON» M3 ME3OHHOMN
4acTOThl M MAarHUTHON KOHTYPHOCTH B JABM)KEHUHM JJIEKTPUTOB (Kak
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1 3anumamenvroe Pasnuyenue.
CHUJIOBBIMU 3JICKTPUTHBIMHU HI/IHI/I}IMI/I) 06BOH3KI/IB3§I WK CKpbIBasA €ro.
OrtuMm U obpasyercs yxke sapo Hykimaa renus-4. [Ipu 3ToM mpoToH U3
Hapy»HOro (a2 TOTOMY TPOSBJICHHOTO) BOJOPOJHOIO Y3Jia TPUTHS
BMECTE C TMPOTOHOM JeiTepust ocTaércs COOKy OTOro BHOBB
00pa30BaHHOTO  BHYTPEHHEro  sjIpa. OcraBmmiics  HEUTPOH
pa3Meraercs Ha Jpyroi ocu, obpasyromiei 120-u TpajaycHBIA yroi.
Takoe ImpUTSKEHHE OJHUM SIJIEPHBIM Y3JI0M JIPYroro MOXKHO Ha3BaTh
MarHMTHO-ME30HHBIM B3aMMOJICHCTBHEM, O(OPMIIIONINM CIeIytomlee
snpo. [Toka jxe TOBOPAT 0 HEKOEM «AJICKTPOCIa00M» B3aUMOJICHCTBUH,
a 3HAYUT, - 0 «IJIEKTPOIITEKTPUICCKOM.

HOCMOTpI/ITC Ha 0603Ha‘ICHI/IC T'eliuAa, COCTaBJICHHOC U3 I'€JINEBbIX
TpyOOK, M Ha PHUCYHOK €ro sijpa:

Exinworld©

HentpanbHblii Buytpennee spo.
CUJIOBOH y3edl.

W BBI BUAUTE, UTO SAPO TENUS BHEUIHE — 3TO TAKOW K€ HayaJbHbII
SINEPHBIM  y3€I WM CTPYKTYpPHBIA KBaJpyIloJlb, HO YK€ C SIBHBIM
BHYTPEHHMM SJpOM. B codeTraHuu ke ¢ CHIIOBBIM Y3JIOM BHYTPEHHELO
SAapa, KaK ¢ TPHUITOJeM W TpEXCHEpPHUKOM W 00pasyercst He YTO HHOE,
KaK CeMUC(EPHUK HMJIU CENTYIOoJb. [loTOMYy renmii, Kak eIMHCTBEHHBIH
13 DJIEMEHTOB — TO HAPYKHBIN WJIM BBIXOJSAIINN B HAIll HAJABAKYYMHBII
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1 3anumamenvroe Pasnuyenue.
MHp CENTyNojib. A BMECTe C SAPOM BOJAOpOJA SAAPO TEIHs — 3TO
WCXOIHBIN 3JIeMEHT B 00pa30BaHUM BCeX APYIHX JIEMEHTOB. J[BoiiHOe
(Hapy>XKHO-BHYTPEHHEE) CONMpsIKEHHE SIEPHOTO y37a renus-4 o3HaJaer,
YTO B HEM KBaJPATUYHBIM MJIM CHEPUYHBIM COIMPSDKEHHUEM ME30HHOU
YacTOThl MOXXET BO3HHKATh YK€ CBEPXYAacTOTa WM MaKCHMajbHas
yacToTa Hallero Mupa 10*. A no 3aKOHY CUMMETPHUH TaKyl0 4acTOTY
SIIPO TNl MOXKET TPUHUMATh U CHAPYKU. DTUM U OOBSCHSETCS, YTO
renuii ectb B CoJIHIIE, KaK B MCTOYHUKE CBETa W TeIja IS HaIleH
IaHeThl (0 4éM peub OyjeT Aalblie).

Heno B TOM, 4YTO Treaui BOCIPUHUMAET 3Ty CBEPXYacTOTY,
npuxonsanryto kK CoNHIly dYepe3 MepHOAbl COJHEYHOro IMKIa OT
HWCTUHHOW BOJbl NMPOCTPAHCTBEHHOM CTPYKTYpBI, a 3aTE€M CaM XK€ H
npojonKaeT e€ u reHepupoBaTh, ueM ConHile u cBeTUT. U BB yxe
BHJIUTE, YTO OCHOBA BCETO BEIIECTBA — DTO >KU3HB, MPUXOIAIIAs OT
HMCTUHHOM BOABI U3 TOro Mupa. CenTymolbHON CTPYKTYpPOH s/ipa renus
O0BsICHSIETCS. W TO, YTO 3TO EAMHCTBEHHOE BEIIECTBO, KOTOpOE HeE
YAAETCS MEPEBECTU B TBEPAOE COCTOSHHME WIIM 3aMOPO3UTH JAXKE IPU
abcomoraom nyine (-273,15 °C). On Bcé paBHO OCTAETCS KUAKUM,
MOCKOJBbKY TEHEpUpYeT CBOIO JK€ YacTOTHOCTh  (ABM)KEHUEM
ANIEKTPUTOB), MOAOOHO 3JEKTPOHY, HO BBIBOIS €€ HAMOIOBHHY W
HapyXy B BUJIE IUIEBOTO BEIECTBA.

Hwxe npuBenena coBpeMeHHast CTPYKTypa aToMa Teius
(ampTepHaTuBHasH). Ha prcyHKe Moka3aHbl TOTOKH YaCTOTHOCTH WIIH
JIBYDKEHHS DJIEKTPUTOB, OXBATHIBAIOIINE SIIPO U TIEPEXOISIINE
MPOCTPAHCTBEHHBIM OTPAYKEHWEM B YaCTOTHOCTD (Ha3bIBAEMYIO B 3TOH
CTPYKTYpe d3UPHBIMU BHXPSIMH) JIEKTPOHHOH cdepsl. U, uto
WHTEPECHO, PUCYHOK MPEACTABISICT HE YTO MHOE, KaK T'elreBbIi
ceMUC(EpHUK WM CENTYIMOoIb. A Be/lb aBTOP PUCYHKa (AIIOKOBCKHH
B.A), uto unTepecHo, enié He Mor YuTaTh Paznuuenue.
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I 3anumamenvroe Pasnuyenue.

Takum o0Opa3oMm, Bce Jpyrue OSJEMEHThI  00pPa30BLIBAIMCH
CONPsKEHNWEM BOJOPOAHBIX W T'elTUEBBIX sJIEp CHavalla MeXay co0oii, a
3aTeM - U C y)K€ BOSHMKIINMU 3JeMeHTamu. Hanpumep, sapo yriaepoaa
oOpazoBajock u3 TpEX suep remus. [Ipy 3TOM Takoe ClHSHHE
MPOXOJUSI0 OOBOJIAKWUBAaHUEM OJHOTO M3 BHYTPEHHHX TEITUEBBIX SIEp
cpasy Tpems CHUJIOBBIMH HeWTpoHaMu. [loToMy OOpaTHBIM TEpEeBOJOM
(duepe3 TOBBIICHHYIO TEMIIEpaTypy) yriiepoja B 0oJiee SHEPTrHO3HOE
COCTOSIHME€ B HEM W MPOSBISIOTCS 3TH CKPBIThIE HEUTPOHBL. A TpHu
TEXHOJIOTMYECKOM KaK OBl 3aKpelUICHHH TaKoro IMepeBojia B HalleMm
HAJBaKyyMHOM CJIO€ W TIONY4YaloTcss ero Moaudukanuu: rpaduT u
anmMas.

U obpaTtuTe BHHMaHME, YTO MPH OOPAa30BAHUU JPYTHX DJIEMEHTOB
WX BHYTPEHHEE sJIPO CTAHOBUTCS BCE OOMbINe M Oonblie. DTUM U
00BsICHSIETCS SIBHAS HECUMMETPUYHOCTD S1pa U HYKJIIOHOB BOKPYT HETO,
HO SIBHO - Y paJIMOaKTHUBHBIX 3j1eMeHToB. Hampumep, B camoMm Hadase
JeNIeHU a1pa ypaHa-235 MOsBISIOTCA JBa KOHTYPHBIX «OCKOJKa» B
oTtHomeHNMn yxe 1 k momyropa. llpuBenéHHas cTpykTypa sjaep
MO3BOJISIET JIETKO PAaccuuTaTh M MX pa3Mepbl, U HX YaCTOTHBIE WU
BHYTpPEHHHE MacChl, KaKk Macchl aTOMOB. Belb y 31eKTpOHHOM aTOMHON
cepbl HET HUKaKOW MaCChl.

Bbl MoxeTre BCIOMHHTB, YTO aTOMHAas Macca — 3TO OTHOIIEHUE
YacCTOTHOM aTOMHOH cuJBl K sAepHOMY 3apsany (BpamaTeabHOMY
YCKOPEHHIO B JIBUKEHMM AaTOMHBIX 3JIEKTpUTOB). YacToTHas atomHas
ClJla B pa3MEpPHOCTH «KI», CBS3bIBAIOLIAs SAJIEPHYIO CTPYKTYpY,
HCXOJUT UX 3HAYEHUS MATHUTHOH YaCTOTBI (106). SnepHslii ke 3apsn
(YyckopeHue) monyyaer HHOE 3HaUYeHHE [T KaKJ0ro aTOMHOTro sijpa. U
HUCXOOUT OHO M3 MArHUTHOH CKOpOCTH (Kak OOpaTHOW BEIWYHHBI
MarHUTHOM TOCTOSHHOM BENWYMHBI), M3 pa3Mepa MarHUTOHA
(4eTBEPTOIl YACTH TPABUTOHA) W M3 CPEIHEr0 YUCIA MPOXOXKICHUS
SIEPHOM  YacTOTHOCTBIO WJIM  DJEKTPUTAMU 3TOTO  pa3Mepa B
MTOCTOSIHHOM «PHCOBaHUU Apa.

Hampumep, naxke B BOJOPOJHOM SAPE 3TO YHMCIO YK€ COCTaBIISIET
48! TloToMy BOZOpOAHBIA 3apsa — 3o okono 1,523%10%7 «v./cek. .
[MonobHoe «HEMaNTEHBKUI» W YK€ HapyXKHBIH BpallaTelIbHBIA 3apsa
(YyckopeHue) TomydaeT yepe3 aToMbl M BCSl MOJIEKyJia. DTHUM, KCTaTH, U
obpasyercst «OpOYHOBCKOE» JBHKEHHE MOJEKYI. OTO KOrjia,
HaTpuMep, MbUTbIIa B MOJIOKE MJIM B BOJIE HAUWHAET OBICTPO U XaOTUYHO
Bpamartscsi. OHa yBJIEKAaeTCsl IBUKEHHEM MOJEKYJISIPHOM 4acTOTHOCTH
WM MOJEKYJISAPHBIX TPAaBUTOHOB BOJBL. MoJeKynasipHble TPaBUTOHBI
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I 3anumamenvrnoe Pasnuuenue.
MOJTy4aloT ABIMKEHHWE OT KoJIeOAaTeNbHOrO BpAalleHHs BIPAaBO-BIEBO
aTOMOB. A aTOMbl NOJY4YalOT TaKOe€ JBM)KEHHUE OT TMPOSBIECHUS
BpaIllEHUsI JJIEKTPUTOB B HAIIEH HAJBaKyyMHOW NPOCTPAHCTBEHHOMN
(daze dYepe3 NMKIMYECKOE TOJ00ME 3aTATHBAHMS IIEHTPAJILHOIO
CHJIOBOTO y371a B sijipe, mopoOHoro tpumonto. OTTOro, okasblBaercs,
Xaoc OpOYHOBCKOI'O JBHXKEHHUS TOJNBKO BHEIIHUH, TIOCKONBKY B
BaKyyMHBIX CIOSIX — 3TO Bcerga cdepa, mposBIsiioniasics, Hanmpumep,
KBaJpaToM CMeIICHHH «OpPOYHOBCKHX 4YacTHI». SIOepHBIA 3apsa
BOJIOpPO/Ia, KOHEYHO, HAMHOT'O O0JIbIIE 3apsaa Hanboiee KpyImHOro aapa
JIOYPEHCHUS, COCTABIISIONIErO MPUMeEPHO 9,5 *10% «./cex®. A oM 1
00BsICHSIETCS TO, TIOYEMY B TEIUIOBOM JIBM)KEHHH YacTHUIIBI C MEHBIIEH
ATOMHOW MacCOM JBMKYTCS OBICTpEE.

Tak BOT, aTOMHasi Macca BOJOPOJa COCTABISET OKOJIO 0,523*10'27
«KT*cek*/M», a JIOYPeHCHUS — 1,05"‘10_18 «kr*cex?/m». I1omoGHBIM
00pa3oM MOXKHO ONpENENUTh HE TOJIBKO Maccy siiep (O3Hayarolyro H
Maccy aToma) JpYruxX 3JIeMEHTOB, HO M WX pa3Mmepbl. Hampumep,
KOHTYpHBIH (KOTOPBI MOXKHO VYBHJIETb) pa3Mep BHEIIHEro sjapa
noypercust cocrasuser oxono 8,91%107'* «w», a smpa Bogopoma —
OKOJIO 4,16*10'16 «M». B ompeneneHun KOHTYpHOroO pasMepa siipa
BOJIOPOJIa YMCJIO TMPOXOXKIACHUW  AIEPHOM  YACTOTHOCTBIO WM
JMEKTPUTaMM pa3Mepa MarHUTOHa MeEHbIIEe, YeM B ONpeeeHUU
3HAYEHUS SJAEPHOTO 3apsga, cocraBisas «48» pa3, a He «132»
(OCKONBKY 371eCh yXe€ HeT ydéTa MPOsBICHHUS BHYTPEHHUX KBAapKOB U
cunoBoro y3na). Otciofa momydaercsi, YTO YacTOTHBIM pasMmep
BOJIOPOAHOrO sijipa (TMPOSIBIISIONINI BCE KBapKH) OOJIbINE, COCTABJISS
MPUMEPHO 1,14*10'15 «m». Takke W 4YacTOTHBIM pa3Mmep sapa
JoypeHcusi OoJbllle KOHTYPHOI'O, HO y)K€ HaMHOTO, COCTaBIIsisi OKOJIO
5,25%107"% «m», ueM, Hampumep, U OOBACHAETCS TMOCTOSHHO HIYIIEEe
paZnoaKTUBHOE HW3Iy4YEeHHE TDKENBIX dieMeHToB. OQHUIMaIbHO Ke
pa3Mepsl siIep U UX MACCy JIMIIb «ITPUKUABIBAIOT!

3nech Hamo OBl YIMIOMSHYTh M 00 UCKa)KEHHH TOTO, YTO HAa3bIBAIOT
noHamMH. Benp MM ToKe MPHUIAIOT YCIOBHBIA 3HAKOBBIH 3apsa (TLIIrOC,
MHUHYC), @ 3TOr0 HET B NpPUPOAE, Kak BBl yxke 3Haere. OTIenbHbIC
MOJIEKYNbl, Oyay4n B HaJBAaKyyMHOM CJO€ MpPOCTPaHCTBa-BELIECTBA,
00pa3yroT BOCEMEPUYHBIH UYeThIpEXCEPHHK, MOJOOHBII MarHUTHOMY.
[Mpryém 310 MOXKET OBITH U HE JBE, & U HAMHOTO OOJbIIE BOCBMEPOK,
MPOXOIAIIMX dYepe3 OIWH MHeHTp. Tak BOT, chepuyeckue MeETIN
BOCbMEPOK, B KOTOPBIX pacroiaraioTcs aToMbl, - 3TO U ecTh HOHBL. U B
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HUX, KaKk M BO BCEX BOCBMEPUYHBIX 00pa3oBaHMAX (TMOTOOHBIX
BOCEMEpKaM) - CBOE HampaBlieHHE BpalICHUS WX MOJEKYIPHON
obomouku. IloTOMy  OCHOBHBIE  JJEKTPOJIUTHI  (PacTBOPHI) U
pacmajaloTcs Ha  YeThIpe HMOHA: 2  «OTPUIATENBbHBIX» U 2
«TOJIOKHUTEBHBIX», @ 3TO U €CTh BOCBMEPUYHBIM YETHIPEXCHEPHUKOM.
Taxke W DIIEKTPONM3 — 3TO COBMECTHOE BOCBMEPUYHOE JBUKEHHUE
HOHOB U 3JIEKTPUYECKON YaCTOTHOCTHU WIIM 3JIEKTPUTOB.

Br1 yxxe 3Haere, 4yTo 3JeKTpOMarHUTHbIE BOIHBI HIAYT B BAKYYMHBIX
CIIOSIX TIPOCTPAHCTBA. A B O(DUIINATILHOM BOCTIPHSTHH «BCSIKOE CBETOBOE
W3JIy4CHHE SIBJIAETCS  BJEKTPOMAarHUTHOW  BonHOW». Ho  kakoil
3NIEKTPOMAarHeTH3M, HallpuMep, OT cBeTa 00baHOro koctpa? [loromy He
MEHbIII€ CKaXEHNH U B TOHUMAaHUH BOJIH.

4. UckakeHus BOJIH.

K npaBae 3Byka u u3J1y4eHHil.
Pasiimuenue 3ByKa. 31ech FOBOPUTCS O TOM, YTO

- 1) pacnpocTpaHeHWe 3BYKOBOM Y MEXaHUYECKOM (MM MONEKYNSPHOM)
BOJIHbI MAET 3a CYET CNUPAIbHO-CHEPUYECKOTO KayeHMA BOSIHOBOW cdepbl
BOKPYT BCE 60/iee pacTyLLein (3a CYET TaKOro KaueHus) NpoCTPaHCTBEHHOM
rpaBUTOHHOM chepbl. Paamep BONHOBOM chepbl AN pasmepHOro
rPaBUTOHA UCXOAUT U3 YAaCTOTbl BOJ/IHbl U CKOPOCTU KavyeHUA BOJIHOBOW
cdepbl B BeLLECTBE, NPUYEM AJIMHA BOJIHBI —3TO U €CTb Pa3Mep BpaLLeHus
WAWN OJIMHA OKPYXKHOCTM BOJIHOBOW Cdepbl.

9TO 3HAYMT, YTO Y CKOPOCTU MEXAHUYECKOM U 3BYKOBOW BOJIHbI ABE
pasmepHocTU: HapyKHasn pasmMepHOCTb, KaK IMHENHAA CKOPOCTb
[OBUKEHWNA BOIHOBOIO GPOHTA, paBHas BpaLLaTeENbHON CKOPOCTU BOJIHOBOM
cdepbl. I BHYTPEHHANA pasMepHOCTb CKOPOCTU KaueHNs BOIHOBOM cdepbl,
yem 1 0bpasyeTcs BOJIHOBOM GPOHT;

- 2) n3-3a KaueHUs BOSIHOBOW Cdepbl €€ NIMHENHOE UAN Iy4EBOE ABUNKEHNE
BCEraa UAET No HanMpaBAEHUIO 3TOTO ABUMKEHUA, YEM U OBbACHAETCA
addekT fonnepa, Koraa, HaNPUMep, MeEHAETCA YacToTa ryaKa
npubaMIKatoLLLErocs TOKOMOTHBA.
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Beab Npu 3TOM M3MEHAETCA U pa3mep BOJHOBOM chepbl, MOCKO/bKY OHa
KaK bbl noaroHsaeTca chepolt ABUNKEHUA BOKPYT JIOKOMOTUBA. B cTapoii ke
du13nKe HeT 0bbACHEeHMA BceMy Nog06HOMY, @ INLWb KOHCTaTauma $GaKTa;
- 3) 6o/bllan CKOPOCTb 3ByKa B 601ee NNOTHbIX BELLECTBaxX 06bACHAETCA U
60/1€e NNOTHOM BHYTPUMOEKYNSPHOM YaCTOTHOCTBIO MW MEHbBLUUM
MONEKYNAPHBIM 33aPAL0M.

Ecin BBl ocHNMIM YTEHHE MpPO aTOMbI, TO BCAYECKH CMOXKETE
MpoYNTaTh W Mpo BONHBL. Ho 3Haere, moyeMy Jr0003HATENBHBIM YK
HEMpeMeHHO Haao Obl y3HATh M TMPO BOJHBI, a OCOOEHHO TIPO TE,
KOTOpBbI€ Ha3bIBAIOTCS 3JEKTPOMAarHUTHBIMU? Jles0 B TOM, YTO MPO HUX
B cTapoil (hu3KKe U3BECTHO POBHO CTONBKO, CKOIBKO YAaJOCh BBIKATb
W3 TOKa3aHusl NpuOopoB. Bbl yxke moHsuH, 4To oOpa3oBaHHE aTOMOB
COBCeM He ciydvaifHo. [IpounTaB >ke TpO BOJHBI, a OCOOECHHO MPO
3JIEKTPOMAarHUTHBIE, BBl YBUJIUTE, UTO UX CTPYKTypa HE TOJIBKO BBICOKO
OCMBICTIEHHAsI, HO U yJIUBUTENbHA 110 MyJpocTh. U faxke He BepyroImuM
MOHSATHO, YTO STO MOXeT ObITh TOJIBKO BOXKbsS MpemynpocTb W cuia
boxpsa. IloroMy rpsaymell Hayke YK€ HUKyJa HE JETbCA OT
penuruoznoctu! U, mepedpaszupys H3BECTHOTO MO3TA, MOKHO CKa3aTh,
YTO Temeph J000H, HWHTEPECYIOUIMICS HAYKOH, WCIOBEIYIOIIUM
PETHUTUI0 MOXKET M He OBbITh, HO BOT IIPU3HABATH PEUTHIO 00s13aH!

Bce wuckaxeHuss B BOCHPHUSTHHM BOJIH, KaK BBl YXE MOXETe
COTJIACUTHCS, MCXOAAT W3 BOCHPUATHS MPOCTPAHCTBA-BEIIECTBA HE B
cepruyHOM BpalIeHWH, a B BHJE IJIOCKOTO TONS, MO KOTOPOMY
BOJIIIEOHO JBMXKYTCS BCSKHE YacTHIBL. [10TOMY M BOJIHBI TpUAyMaiu
pazfensaTh Ha MPOJAOJIbHBIE W TONEepedHble. A IOMEepedyHbIM BOJIHAM
HA3HAYaIOT PAcCIpOCTpaHEHHE MCKIIOUMTENBHO B TBEPIBIX Tenax (He B
KHUIKOCTSIX W raszax). Ho 3mech W TPU3HAIOT, YTO y BOJH  Ha
MTOBEPXHOCTH BOJIbI «CIIOKHBIM MPOIOIBHO-TIONEPEUHBIH XapakTep, MpH
KOTOPOM 4YacTHIBl KHJIKOCTH JBHXKYTCS IO OKpPYKHOCTH». A pasBe
BO/Ia YyXe He XHAKocTh? WM BBl yXe MOHMMaeTe, 4YTO M 37ech
HIKOJIBHUKAM 3aTyMaHHBAIOT I'OJIOBY NCKaKEHHUSIMH.

Bbel yke Mokere pasnuuaTh, 4TO OOpa3OBaHHME BOIH Ha BOJE
MPOUCXOAUT OT c(hepUIecKoro BUXPEBOTO MIIM KOHTYPHOTO JBHIKEHUS
BeTpa, a 3aTeM — M caMOW BOJBI, KOrJa OHA MOAXOJUT K Oepery.
[MomoOHBIM 00Opa3om oOpasyercs W 3ByK. Ho 31ech WAET JIBHIKEHHE
COBCEM HE CaMOro Hapy»HOro WJIH YXE€ BUIUMOIO HaMHU BELIECTBA
BpOJE MOJIEKYJAPHOW BOJbl, a - HEBHJAMMOW YacCTOTHOCTH WU

Paznuuenue usuxu u acmporomuu. 215




I 3anumamenvroe Pasnuyenue.
CPABUTOHHOIO BpauieHus. Hanpumep, npu yaape COrHyThIMU NajablaMu
mo cromy o0Opa3yercs, Kak BBl Yyxe 3Haere, cgepa CHIOBOH
YacTOTHOCTH. A OHa B3aMMOJEHCTBYET CHayala C HapyKHOH
MOJIEKYJIIPHOH OOONIOYKOHW TeN, a 3aTeM — W C WX BHYTPEHHHM
MOJICKYJISIDHBIM 3apda0oM W C BHyTpHMOHeKyHHpHOﬁ HYaCTOTHOCTbIO
Ten. W sTa kak 6I)I (TUHIHAA» 9aCTOTHOCTb WJIU 3apsAl] I'PaBUTOHHOI'O
JBIKCHHSI OT yJapa pacrpocTpaHsercs yxke 3BykoMm. [IpuuéMm Takoe
PacCIpoCTpaHCHUC YIKE€ 3TUX UCXOAHBIX 3BYKOBBIX I'DABUTOHOB, KOTOPBIC
MOXHO Ha3BaTh GOMHOGbIMU chepamu, WUAET cpa3y CHOUPATBHO H
C(bepH‘IeCKI/I, T.C., KaK 1 BCC I'PaBUTOHBI, — UX B3AMMHBIM Ka4YCHUCM.

3TO 3HAYMT, YTO BOJHOBas cdepa, MBUTAACH €€ KOHTYPHOCTHIO B
TaKOM B3aMMHOM TI'PABUTOHHOM BpAlIC€HUHU, IOIY4YacT CKOPOCTb WU
3apsi[] KauyeHHs C pasMEPHOCTBIO  «M%/cex». Iloromy mobas
MEXaHW4YecKas M 3BYKOBas BOJIHA — 3TO BCErja CHayaja CIUpaIbHO-
cepudeckoe JBMKEHHE HEBHUIMMON I'PABUTOHHOW YaCTOTHOCTH 4epe3
MOJICKYJISIpDHBIC CpE€ibl W TOJBLKO 3aTEM - BOCIIPUHHUMAEMOC HaMHU
KoyieOaHue ¢ OOBIYHOM CKOPOCTBIO pacripocTpaHeHus. [loroMy BonHa —
9TO BOBCEC HE BUAUMBIC HJIN BOCIIPUHHUMAECMBIC HaMu
«pacrpOCTPAHSIOIIMECS B IPOCTPAHCTBE C TEYCHHEM BPEMEHH
BO3MYIICHUS», & CIUPATbHO-CHEPHUUECKOE IBMKCHHE TIPABUTOHHOM
HYaCTOTHOCTHU, MIPOABJIAIONICCCH YiKE BOCIIPUHUMACEMbIMU HaMu
BO3MYIIEHUsIMH. B crapoil ke ¢usmke omsTh BONIMIEOCTBO, KOT/a
BO3MYIICHUSI — 3TO HE BO3MYIICHHE YEro-TO, a HEYTO, CYIIECTBYIOIICE
camo 1o cede. U nmomobHO cuitoBoii cepe 03 MOCTOSTHHON YaCTOTHOM
MOANUTKH BOJHOBas chepa (HarmpuMmep, B BUJIC 3ByKa) BCEr/ia 3aTyXaeT.

Brr BUIUTEC, YTO Y CKOpPOCTHU MEXaHNYeCKOl BOJHBI U 3BYKa HJIHU
MONEKYISAPHOU  GOJHLI  JIB€ Pa3sMEPHOCTH. O10 1) BHYTpEHHsS
pa3mMepHOCTh (Kak OBl CO CTOPOHBI BaKYyMHOI'O IIPOCTPAHCTBA) B BHJE
CKOPOCTH KauyeHHWs, W 2) HapyKHas WM C Hamed CTOPOHBI, Kak
JIMHEHHas cKopocThb (M/cek). HapykHasi CKOpOCTh BOJIHBI ONPEACISETCS
M0 JBUKCHUIO TaK HA3bIBAEMOrO BOJIHOBOro (poHTa. OH MOA00CH
KOHTYPHBIM (00pa3yronmm (GopMmy) MOTYyOKPYKHOCTSIM WIIH CUJIOBBIM
JIMHUAM  Bpall€HHsA TPaBHUTOHOB. Ha BOAC K€, HaANpumep, O9OTU
MONYOKPY)KHOCTH ~ BCEr/la  NMPOAODKAIOTCS B OKPY)KHOCTH. A
JOKa3bIBACTCA HaAJIU4YHC BHyTpeHHeﬁ PasMEPHOCTU CKOPOCTU JIsI BOJIH
B MOJICKYJIAPHOM BCIICCTBE, HAIIPpUMEP, POCTOM BECIIMYUHBI JIMHEHHOM
CKOPOCTH 3ByKa B BO3/lyX€ HE IPOCTO C POCTOM €ro TeMIIepaTyphl, a ¢
KOpPHEM KBaJpAaTHBIM OT TemIeparypbl. MHbBIMU ClIOBaMHU, CKOPOCTb
3ByKa IPU U3MCHEHUU TEMIIEPATYPhl BO3MyXa U3MEHAETCS I10 3aKOHY
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«V ~ \T». IIpu kBajmpare ke CKOpPOCTH YK€ M HE Ha/lo HW3BIIEKaTh
KOpeHb KBaJpaTHBIH M3 3HAYEHHS TeMIlepaTypbl. A KBaJpaT JUHEWHOM
CKOpPOCTH, KaK OTHOILIEHHUS PAcCTOSIHUS K €AWHMIIE JIUTEIbHOCTH WIH
MMEHHO K OJIHOM CEeKyHJie YMCIIEHHO KaK pa3 U paBeH CKOPOCTH WM
3apsily KadeHus. Beap u iMHA OKPY)KHOCTH CHJIOBOW cdepbl Bcernaa
ciaraercs B JIMHEHHYI0 JUIMHY IyTd. [loToMy 4YuCIIEHHO BHYTpEHHSSA
CKOPOCTb MOJIEKYJIIPHOA BOJHBI — OTO KBaJpaT HapyKXHOW WU
JIMHEHHOM (HE BpalaTeabHOM) €€ CKOPOCTH.

Ecnu OpocuTh B CIIOKOMHYIO BOAY KaMEIICK, TO, KaK pa3 Clel
CIHpaIbHO-C(HEPUIECKOr0 KauyeHUsi BOJIHOBOW cdepbl (4TO cpasy H
cwioBasi cdepa) oOpa3yer KOHIGHTPUYECKHE KPYyrd Ha BOJHOMN
MOBEPXHOCTH, pacXofsdlyecss OT MecTa MajeHus kamemka. W 3To
MOTOMY, 4TO CIHpajb Ha MOJEKYISIPHOW BOJIE BCETJa CKIJIaJIbIBAE€TCS B
kpyru. Cospemennuk W.HptoToHa rommanngen X.['roifreHc mocuwuTad,
4TO cJel CHHPANbHOTO JBHXKEHUS BOJHOBOH chepbl — 3TO HEKHe
BTOPUYHBIE C(EpUUEeCKUEe BOJIHBI, KOTOpPbIE BONIIEOHO MOPOKAAIOTCS
OCHOBHOW BOJHOW, a CcIHenyloumid QpPOHT BOIHBI SKOOBI OISThH
o0pa3yercsi BTOPUYHBIMU cepudeckumu BoiHamu. Ha camom ke nerne
(POHT BOJHBI — 3TO TUIOCKHH CIel] CIUPaIbHO-CHEPHUIECKOT0 KaueHHUs
BOJTHOBOW c(hepbl. A BHJI MOMYOKPYKHOCTH Y BTOPUYHBIX C(EPUIECKIX
BOJIH [IOTOMY, YTO BOJHOBas cdepa WAET cpa3y B JABYX BEIIECTBax: B
MOJIEKYJIIPHOM BeIIecTBe, W B HEBUAMMOM HaM BaKyyMHOM WJIH
YaCTOTHOM BEIECTBE.

Br1 MoXxeTe BCIOMHUTH U3 MIEPBOrO pa3ziesia KHUTH, YTO TPaBUTOHBI,
o0pasyrome HeBHAUMYIO WIH BaKyyMHYIO CTPYKTYPY NMpOCTPAHCTBA,
KaTaTcs BOKPYT ApYT Apyra, MpOsBIsisl CBOMM B3aUMHBIM KaueHHEM
Oonbime cdepbl, KOTOPbIE OMATh KaTITCs BOKPYT ApyT nIpyra. Tak BoT,
BONMHOBass cdepa — OTO W ecTh TPAaBHTOH, HO MPUHUMAIOLIUHA
ONpeelEHHBI U TMOCTOSIHHBIA pa3Mep (MCXOAs U3 YacTOTHI BOJHBI) U
HaxOJAIMICS HANOJIOBUHY B BaKyyMHOM IIPOCTpaHCTBE. A OTIHYHE
OOBIYHOTO TPABUTOHHOIO JIBUKECHUSI KayeHHUsl OT 3BYKOBOH BOJHBI - B
TOM, YTO BTOPOI IPaBUTOH MPHU KauCHUH BOKPYT HEro0 BOJIHOBOH C(ephl,
KaK pazmepHoz0 2pasumoHa, TOCTOSHHO PAacTET B pasMmepe, MpUUEM,
Oylydd MOJIEKYJSIpHBIM HWJIM HaJBaKyyMHBIM TPaBHUTOHOM. OTHM H
MoJIy4aercss  CIHUpalbHO-CHEPUUECKOe BpAILCHHE 3TOM UCXOIHOU
BONTHOBOW cdepsl. B  «0oObl4HOM» 3K€ TpaBUTOHHOM BaKyyMHOM
JBUKEHWM TPAaBUTOHBI, B3aMMHO Bpalllasch Kadye€HUEM CIHpaJIbHO-
cepudecku, kak Obl pacTyT B pa3Mepe oJHOBpeMeHHO. OKa3bIBaercs,
YTO MexaHWueckas M 3ByKOBas BONHa, Oyayun Ha 2/3 B Hamem
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HaJBaKyyMHOM MOJIEKYJISIPHOM MHUpE, TMpOSBIAET U JIOKa3bIBAET
MOCTOSIHHO ~ MJyliee B BaKyyMHOM  IPOCTPaHCTBE-BEIECTBE
TpPaBUTOHHOE JBIKeHHE. M WMeHHO KadeHHe (Kak BHYTpEHHeEE
BpallleHUEe C OJHOBPEMEHHBIM JBW)KEHHEM) M I03BOJIAET OAHOMY U3
TPaBUTOHOB COXPAHATh TIOCTOSHHBIM pa3Mep B €ro CHHpalbHO-
cepruecKkoM pacnpoCTpaHEHUH B MpoOCTpaHCTBe. M 3TO - 10 Tex mop,
MOKa He MCUYe3HEeT (3aTyXHeT) Ha/IBaKyyMHasi KOHTYPHOCTb pa3MepHOr0
IPaBUTOHA, KaK KOHTYPHOCTH HaILIETO MUpA.

Hwuxe npencrasiieHa cxeMa J€MCTBUTENBHOIO PACIIPOCTPAHEHUS
MOJIEKYJIIPHOM BOJIHBIL. B cHHEM LIBETE ITOKa3aH pa3MEpPHBIN T'PaBUTOH
WK BOJTHOBAs cepa, momyyaroniasi oCTOSHHBIA pa3Mep OT UCXO/IHOM
4acTOTHI BOJHBI. Pa3MepHBIi rpaBUTOH BO B3aHMHOM Kau€HHH BOKPYT

MOJIEKYJIIPHOI'O TPAaBUTOHA 00pa3yeT BCE OOJIbIIMEe Cepbl TPABUTOHOB.
OTHM U TOJTy4YaeTcs CupajbHO-CEpUIEcKoe BpalleHue pa3MepHOro
IPABUTOHA B MOJIEKYJISIPHOM CpeEJie, a B IIJIOCKOM BHJIE — 3TO €TI0
nuHelHoe nepeMernienue. [loromy BHyTpeHHsISI CKOPOCTh
MOJIEKYJIIPHON BOJIHBI — 3TO CKOPOCTh KaueHHs pa3MEPHOT0 IPaBUTOHA,

a Hapy)KHasi — 3TO OOBIYHAS TIOCTYyNAaTeNbHAasl CKOPOCTh (YHCICHHO

paBHas KOPHIO KBaJIpaTHOMY M3 BHYTPEHHEIH CKOPOCTH BOJIHBI).

BHyTpeHHsIs CKOPOCTh BOJIHBI

JluneitHast CKOPOCTh BOJIHBI

Exinworld©

B 3ByKOBO#1 1 MEXaHUYECKOM BOJHE M3-32 KAUCHUS BOJIHOBOM Cepbl
WJIM Pa3MEPHOTr0 TPaBUTOHA e€ ABMKEHWE HAIPaBJIEHO B JIIOOOM ciydae
Kak Obl OOKOM K HaOoAaTento (Ha PUCYHKE ATO MOPTPET YeI0BEKa)
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WIH K NpuéMHUKY BOJHBI. WHBIMH ClIOBaMH, COOCTBEHHAsl 4acTOTa
BOJTHBI (3aKJIFOUEHHAs BO BPAIlEHWH Pa3MEPHBIX I'PAaBUTOHOB) BCET/a
COBMN/IaeT ¢ HampaBieHHWeM BonHbL [loToMy 3mech W HaOmogaercs
a¢dexr Jlomiepa, Korma M3MEHSETCS 4YacTOTa BOJIHBI, €CJIH  BBI,
Hanpumep, Oyzere yoeratb oT He€ Wi, Ha000pOT, MpHOIMKaThCs. T.0.,
pa3MepHble TPaBUTOHBI (Ha3blBaeMble O(PHUIMAILHO «BTOPUYHBIMI
cepruecKMM BOIHAMH) B TaKOW BOIHE HAXOIATCS HAIOJOBHHY B
BaKyyMHOM  TIPOCTPAHCTBE, HO TIEpPEHOCATCS  MOJIEKYJISPHBIMU
rPaBUTOHAMM YxXe Hamel cpeasl. Iloromy 3Ta BOMHA U €CThb
MOJIEKYJIIpHONH (B  OTJIMYME, HalpUMeEp, OT CBETOBOM BOJHEI).
BuyTpeHHsT pa3MEpPHOCTb MOJIEKYJISIPHOM BOJIHBI, KaK CKOPOCTH
KayeHus: OOBSCHSIET W TO, YTO BOJHOBBIE cdepbl 00pa3yloT IHUIIb
«Oerymyro Brepém» BomHy. W kakoe oduuuansHOe OOBSCHEHHE
NpUYMHBI 00pa3oBaHus BOJHBI? [foiireHc BUaeN €€ B HEKMX «TOYKaX
BOJTHOBOW  TOBEPXHOCTH»,  OOpasylolMX  Apyrue  BTOPUYHBIC
cepudeckie BOJHBI (2 3TH TOYKH YK TOUHO BojmieOHbIe). M Takoe
orpenenenre octaéres 1o cux nop. Ho, eciv 310 OBUIO IPOCTUTENBHO B
17-M Beke, TO B 3TOM BPEMEHH 3TO y>Ke HE CEphE3HO.

31ech IOKa3aHO JBMKEHHE MOJICKYJISIPHOM BOJTHBI U3 OQHUIMATbHON
¢duzuky, UL GUKCHUpYIOLIEe ATO IBMKEHHE, a He oObsicHsatomee. 1 Ha
caMoM Jiejie BTOpUYHbIC cpepruueckre BOJHBI (HE Ha3BaHHbIE 3/IeCh
naxke c(hepuuecKuMm) — 3TO CIIeA ABMKEHHS KaueHUs] He BTOPUYHOM, a
NepBUYHOIi B 00pa30BaHUM BOJIHBI BOIHOBOW C(ephl, 4eM
MPOSIBJISIETCS. M TaK Ha3bIBaeMask «Orubaromias BoliHa, Kak
MOJIEKYJISIPHBII rpaBUTOH. BomHOBEIE cephl (BTOPUUHBIC BOIHBI) 371€Ch
MOTOMY W TIOKA3aHbI IOJIOBUHYATHIMH, YTO OHU HAXOJSATCS HATIOJIOBHHY
B BAaKyyMHOM IpocTpaHcTBe. [IoToMy MOXKHO cKa3aTh, 4TO 3TOT
PHUCYHOK JIOKa3bIBaeT HAIMYHE MIMEHHO BaKyyMHOTO IIPOCTPAHCTBA-
BEIIIECTBA.
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HCXO0OHEBIE
tpouT

N BBI y)Xe MOXKETe pa3iIMuuTh, YTO JUIMHA BOJIHBI — 3TO HA CAMOM
JieJie pa3Mep BpallleHUs WK JUIMHA OKPYXHOCTH Pa3MEPHOIrO I'PaBUTOHA
WM BOJTHOBOH cepbl. A pa3Mep BpalleHHs, yMHOXXEHHBIH Ha 4acTOTY
ero o0pa3oBaHus, U 00pa3yeT JMHEHHYIO CKOPOCTh BOJIHBI. CriMpaibHO-
ceprueckoe KaueHHe BOJHOBOH cepbl, Kak pa3MEpHOrO IPaBUTOHA,
MOoJO0HO JBW)KEHHIO W CHJIOBOTO 3(upa, W 3JIEKTPOTOKA. Bbl yxke
YHTalId, 4YTO BONHOBas cdepa MABWKETCS 1O Bc€ OONBIIMM
MOJIEKYJISIDHBIM ~ TPaBUTOHAM, KaK TI0 MOJEKYISIpHOH 00oIouKe
BEIIECTBA. DTHM M OOBSACHSIOTCS OQHUIHMATBHO HE OOBSCHSIEMBIC, a
TUIIs  (UKCHpYeMble CBOWCTBA 3BYKOBOW BOJHBI. Hampumep, B
BaKyyMe, Tlleé YK€ HeT HHKaKOH MOJEKyJISIpHOH OOOJOYKH, HEeT W
3BYKOBOM BOJHBL. B rasax yxe mnossisercs 3ByK. IIpuuém B rasax,
COCTOSIIIMX M3 Pa3HBIX aTOMOB, KaK Obl MJIOXO MPOSBIEH UM MEHBIIE
MO0 BEIWYMHE HX OOWMHA BHYTPUMOJEKYISApHBIH 3apsa. [lotomy,
HaIllpuMeEp, B JByXaTOMHOM YIJIEKHCIIOM ra3e CKOPOCTb 3ByKa HAMHOT'O
MEHBIIIE, YEM B BOJIOPOJIE.

B kuaKocTsaX ke BHYTPUMOJIEKYISIPHAs YacTOTHOCTH yxXe Oonee
TUTOTHAsI, YeM B Ta3ax (TP MEHBIIEM MOJIEKYJISIPHOM 3apsijie), TOTOMY B
BOJIE CKOPOCTh 3ByKa y»Ke M Oolbllie, 4eM B Bo3lyxe. MIHbIMU cloBamH,
B OKHJIKOCTSIX B OTJIMYME OT Ta30oB MOJEKyJspHas o00oloyka
MPOSIBIISIETCS YK€ HE MOJIEKYJSIPHBIM 3apsaoM, a BUIMMOH (OPMOH.
[Moromy HamHOro Oonblie 3Ta CKOPOCTh B TBEPABIX Temax. [Ipuuém,
IIOCKOJIBKY BHYTPUMOJIEKYJISIPHAsE YAaCTOTHOCTb WM MOJEKYJISPHBII
3apsii BpalIeHWs MOJEKYISPHBIX TPaBUTOHOB — 3TO cdepa, TO H
CKOPOCTh 3BYyKa BJIOJb TBEPJAOTO Tela MOYTH B JIBa pa3a OOJbIIE ero
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ckopocTtH nonepék Tena. Beap chepa Bcerga HaumHaeT 0003HAYaThCs
no HaubOonpiiemy rabaputy. [lo COBpeMEHHBIM MpPEACTaBICHHUIM
«1000H 3BYK MOXHO TIPEACTaBUTh COYETaHHEM (HAJIOKEHHEM )
OTJICIIbHBIX TOHOB. A 3TO ¥ TOBOPHUT O BOJHOBOH chepe UiIu pa3MepHOM
TpaBUTOHE, YTO BCerga ceMucepHMK WM cenTymolb. M BB yxke
MOJKETE JIorajaThcs, MOYeMy B HOTHOW OKTaBE BCET/1a CEMb HOT.

[Ipo BOMHBI B MONIEKYJSIPHOM BelIeCTBE BaM Yyxe Oolnee-MeHee
moHsATHO. WM BBl yXe pasiauyaere, YTO TaK Ha3bIBaeMble
3JIEKTPOMAarHUTHBIE BOJHBI — 3TO JABM)KEHUE CHAadajla HaIoOJOBHHY, a
3aTeM M MOJHOCTHIO YK€ B BAKyyMHOM I'PaBUTOHHOM BelecTBe. OTTOro
9TH BOJIHBI TOJILKO CHa4ajga MOTYT OBITh 3JIEKTPOMArHUTHBIMU. A TIOTOM
YaCTOTHOCTb ITHUX BOJIH MJM WX COOCTBEHHAs 4YacTOTa, KaK 4acToTa
BpallleHHusi ~ pPa3MEpPHOTO  TPaBHTOHA,  IEPEHOCHUTCS  (POHOBBIM
KOCMUYECKUM H3JIy4YeHHEM, T.€. - (POHOBBIM JIBM)KEHHEM HadajbHOW
(BpeMEHHOH) TPaBUTOHHOW YacTOTHOCTH. M TaM yXe HET HHKOro
3JIeKTpoMarHeTusMa. Bel BUinTe, 4TO B 3BYKOBBIX BOJTHAX CTPYKTYpa UX
NBUKEHUS TPOSABIAETCS IIOCTOSHHBIM T'PAaBUTOHHBIM JIBM)KEHHUEM
BaKyyMa, KakK 4YacTOTHOM Bozbl. [I[BH)KeHUME K€, Ha3bIBaEMOeE
3JIEKTPOMarHUTHBIMH BOJTHAMM, YK€ U HEMOCPEJICTBEHHO NMEPEHOCUTCA
YacTOTHOM BOJIOW, PErucTpupyeMoil Hamu B (POHOBOM KOCMHYECKOM
nsnydeHun. Kak xe oOpasyercs 9To ABHIKeHHE?

Kak o0pa3yrorcst poHOBbBIE (3/IEKTPOMATHUTHBIE) BOJIHBI.
31ech TOBOPUTCS O TOM, UTO

- 1) 70, YTO 0dMLMaANBHO HA3bIBAETCA 3/IEKTPOMATHUTHLIMU BOJIHAMM — 3TO
Ha camom fene ¢poHOBble BOJIHbI. [le/10 B TOM, YTO MEPEHOCATCA OHM 3a
CYET rpaBUTALMOHHOM MU FPABUTOHHOM YaCTOTHOCTU NPOCTPAHCTBA,
onpenensaemon B npukaadHol ¢husuke (Ha KOTopyto onupaetca Gusmka
PasnnyeHuna) GoHOBbIM KOCMUYECKUM U3IyYEHUEM.

Pernctpupyemas B Halem HaZBaKyyMHOM MUPE CKOPOCTb
pacnpocTpaHeHnsa GOHOBbIX BOIH UCXOAUT M3 YAacTOTbl HAPYMHHOM YacTu
CPEAMHHOr0 BaKyyMHOro c0A. NoTomMy B FTlyBUHHbIX BaKyYMHbIX CIOSIX
HecpaBHEHHO 60/IbLLE CKOPOCTb PACNPOCTPaHeHNUA GOHOBbIX BOJIH,
CTAHOBALLMXCA YXKE U HE BOIHAMM, @ POHOBOM FPAaBUTOHHOM YaCTOTHOCTbHO,
OTK/MKatoLWEeNcA Ha Noa06HY YacTOTHOCTb, KOTOPas UCXOAMUT U3 HaLLero
MOJIEKYIAPHOIO MUPa;
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- 2) doHoBbIe BOIHbI NOAOOHLI MONEKYNAPHBIM BOJIHAM (3BYKOBbLIM U
MeXaHMYeCcKMM), Ho 0bpaTHbI UM, 0BpPasyACb HE CHAPYKM BaKYYMHOTO
MMPa (C HaLLel CTOPOHBI), U U3HYTPU Hero. NoToMy U BHYTPEHHSAA
pa3mMepHOCTb CKOPOCTU GOHOBBIX BO/IH — 3TO YACTOTa UX PAaCcCMPOCTPAHEHMA.
3T0 03HayYaeT 1 To, YTO COBCTBEHHAsA YacToTa BOJIHbI B OT/IMYME OT
MOEKYNAPHBIX BOJIH BCEraa nepneHAMKyAsapHa HanpaBieHUIo ly4a
BOJIHbI, OTYero 3aecb He aencTeyeT u addekT Jonnepa. Ctapas e Ppu3mnka
He pas/InYaeT Pa3HOCTU MEXKAY MOEKYNAPHBIMU U GOHOBLIMU BOJIHAMMU;
- 3) odpuumanbHan GU3nKa He pasiMyaeT U Pa3HOCTM MeXay KBaHTaMu,
Nofo06HbIMM BOTHOBOW cdhepe UAn pasmepHOMY FPaBUTOHY B
MOJIEKYNIAPHBIX BOJIHAX, U ONpeaenatolmMmmn A0 AMana3oHa nocne
pPagMoNOKaLMOHHbBIX BOJIH AJIMHY BOJIHbI, U - POTOHAMM, KaK pa3
0bpasyembiMu KBaHTamu. Mpu 3Tom GOTOHBI PA3NYAOTCA HA BXOAALLME B
BAKYYMHbIE C/I0M U BbIXOAALME OTTyAa MW NepBuYHble GOTOHbI. A npu
OBUKEHWUM B MOJIEKYNIIPHOM Cpeae Hallero mmpa obpasytoTes yke
MOJIEKYNAPHbIE GOTOHbI.

3T0 3HAYMUT, YTO U AUCKPETHOCTb U3/Ty4EHUA BO3HUKAET TO/IbKO B HaLLEM
MOEKYNIAPHOM MUPE, MOCKO/IbKY U PETUCTPUPYETCA YKEe MONEKYNAPHBIMU
WU KOHTYPHbIMW GOTOHAMMU.

HeT 1 KopnycKynApHO-BOIHOBOrO Ayaan3ma B MpUpoae, a eCTb UMEHHO
pasnnyeHune Hawel BceneHHOM Ha BaKyyMHbIN M HAL HAaABaKyyMHbIN UK
MOJIEKYNAPHBIA MUP. ECTb eLE 1 HaAMONEKYNAPHBIN UM NOABAKYYMHbIN
MWP, TaKKe He BUAMMbIN Ham. O6LLan e CTpyKTypa GoToHa
3aduKcMpoBaHa ABAeHUEM AUPPAKLMM CBETA.

DoHOBOE KOCMHYECKOE IBWIKEHME KakK Obl 3aXBaTbIBaeT B ce0s
MOJICKYJIIPHYIO YaCTOTHOCTh, UCXOJMAIIYI0 U3 HAIIEro MUpa BUIAUMOTO
BEIIECTBA WJIM U3 MOJICKYJISPHOrO MUpa. DTUM M 00pa3yercs TO, 4YTO
MOXKHO Ha3BaTh HMMEHHO QoHOsbIMU GoaHAMU (OPUIMATIBHO 3TO
JNIEKTPOMAarHUTHBIE  BONHBI), KOTopble emé Oonee  cdepuuHO
MPOSIBJICHBI, Y€M MOJICKYJIAPHBIC BOJHBL. MHBIMU ClIOBaMH, - 3TO yXKe
MOJIHOCTBIO CHMPaIbHO-C(hepUUHbIC BOJHBL. BbI yke B Kypce, 4TO B
BaKyyMHOM HEBHJIAMOM MHPE TPHU OCHOBHBIX C(HEPHUHBIX CJIOS U UTO
MOJICKYJISIPHBIC BOJHBI HIYT OOJIbIIE HAJl BAKYYMOM, YeM B HEM, MHAUE
TOBOPs, KOHTYPHOCTBIO HAIIIEr0 MUpPa WM TEM, YTO ¥ BOCIIPUHUMACTCS
BOJIHAMHU, OHM WJIYT HaJ BakyymMoM. Belb MX KOHTYpHas BOJHOBas
chepa kak Obl BBITAIKMBACTCS YAaCTOTHBIM WJIM TPAaBUTOHHBIM
BpallleHUEeM. A BOT TO, YTO HA3bIBAIOT AJICKTPOMArHUTHBIMH BOJIHAMH,
HIYT OTHOBPEMEHHO U B BAKYYMHBIX CJIOSIX, ¥ B HAIlIeM MOJICKYJISIPHOM
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MHUpe. 3/1ecb OHU PaCIPOCTPAHSIIOTCS KaK OBl 10 BOJOPA3NEIy MEKIY
BaKyyMHBIM U MOJIEKYISAPHBIM MHUPOM, OyIy4d HAIMOJOBHHY TaM M
HATIOJIOBHHY 3]1€Ch.

A sHauennme ckopoctH cera «3%¥10% | kak ckopoctn
pacmpocTpaHeHus] BceX (OHOBBIX BOJH B BaKyyMe OTHOCHTCS H K
MOJIEKYJIIIDHOMY  HAJBaAKYyMHOMY CIJIOI0  MPOCTPaHCTBAa-BeIecTBa
(o3Hayas TPEACIbHYI0 CKOPOCTh MOJIGKYJSIPHOTO BEIIECTBA) MU K
BaKyyMHOMY IIPOCTPaHCTBEHHOMY CIIOI0, HO HE KO BCEMY, a - TOJIBKO K
HApY>KHOMY U MEPBOMY CPEANHHOMY BaKyyMHOMY cJio0. B riryOMHHBIX
e BaKyyMHBIX CJIOSIX CKOPOCTh CBETa, KaK CKOPOCTh PAacIpoCTpaHEHHS
(hOHOBBIX BOJIH, YK€ JIpyras W HeCpaBHEHHO Ooubmie (0 4€M peub
HWke). HapyXHblii BakyyMHBIA CIIOH (C AMANa30HOM BPEMEHHBIX WM
HCXOTHBIX TPABUTOHHBIX YACTOT OT 10° o 106) — 3TO, TIO CYTH, KaK ObI
BaKyyMHasl MpPOKJIagKa MEXAY BaKyyMHBIMH CIIOSIMA W HAalllUM
MOJIEKYJIIPHBIM MUPOM. BHeIHuM ke cpeJMHHBIN BaKyyMHBIN cioi (c
JIANa3oHOM TPaBUTOHHBIX YacTOT OT 10° no 1012) CTaHOBHTCS B
HaTpaBJICHUH JI0 THIIEPIPOCTPAHCTBA ACHCTBUTENHHO CPEAHUM CIIOEM,
MOTOMY €ro JIWamna3oH M ONpeAessieT 4acTOTy pachpOCTpaHEHUs WIIH
JUIsl HaC — CKOPOCTD CBeETA.

[Mockonbky Mup cheprudeH, To JBUKEHNUE (POHOBOW BOJIHBI CPABHUMO
Y C IBWKCHUEM KA4eHUs JIIO00H Cephl, MOCKOIbKY PacIpOCTpaHEHUE
(OHOBOI1 BONHBI — 3TO TaKOE€ K€ B3aWMHOE KaueHUE T'PaBUTOHOB. M,
HaTpuMep, 4yeM OJFKe K LIEHTPY, TO YacTOTa BPaICHUS! BOKPYT APYroro
LIeHTpa B KaueHMM pacr€r. IloroMy u cBeT OT Ha€KUX CO3BE3AMI
MPUXOAUT K HaM IOYTH MTHOBEHHO, HO B HaOJIOAEHHH 3BE3N depes
MOJIEKYJIIDHOE, KaK HapyKHOE, MPOCTPAHCTBO MBI 3Ty CKOPOCTh
BOCTIpHHEMaeM yxke pasHoil Benmanue «3*10%». Ho s1o osnauaer u
npyroe. Peructpupyemble JNIOJCKUMH NPUOOpaMH 3JIEKTPOMAarHUTHEIC
BOJIHBI — 3TO YK€ pacHpocTpaHeHHE (OHOBBIX BOJH KaK ObI IO
MOrPAaHUYHON JIMHUHM MEXKIYy MOJEKYISIPHBIM U BaKyyMHBIM MHpoM. U
3[1eCh 3TO JBMKEHHE MOJOOHO MOJCKYISAPHBIM BOJIHaM. B BakyyMHBIX
e CIIOSIX — ATO yKe pa3o0paHHOE B MEPBOM pa3jielie B3auMHOE KaueHHe
TPAaBUTOHOB, a B TUIEPIPOCTPAHCTBE U BOOOIIE IPyroe Win odopaTHOe
JBIDKEHHE, KOTOPOE MOXKHO Ha3BaTh (HOHOB0U UACMOMHOCHbIO, KaK
4aCcTOTON CaMOro UCXOJHOT'O TPaBUTOHHOTO JIBUYKEHHS.

[Toromy anst GOHOBBIX BOJH HAJ0 pPa3inyaTh CHApYKU MIIH JJIS HAcC
1) Hapy)XHYIO WX YacTh WIN GOIHOG0€e U3yueHue, HaOI0AaeMoe HaMHu,
W - 2) BHYTPEHHIOIO HMX 4YacTh, KaKk WMEHHO (OHOBBIC BOJHBL B
MpUKIaHON (U3MKe (KOTOopas B OTIMYUE OT OPUIMAILHOW (DU3HUKH
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oTOOpakaeT JeHCTBUTENbHOCTh, a HE «OOBICHSET» CBOM K€
WCKa)KEHHs) TOXE €CTh TaKOe pa3inyeHue, HO s paauoBoiH. OHH
JeTsTCs TaM Ha MOBEPXHOCTHBIE (HAapY)KHBIE), W MPOCTPAHCTBEHHBIC
(BHyTpeHHHE) BONHBL. [Ipy Hayajge H3Ty4eHUs] BOKPYr aToMa WIH
KaKoro-100 MCKYCCTBEHHO MCTOYHHKA (HAIIPUMEp, BOKPYT JIAMIIOYKH )
oOpasyercsi TO, YTO MOXHO Ha3BaTh nyavbcapom. B Tiockom Buie
ceprueckre Mylabcapbl — 3TO MHOXECTBO KOHIEHTPHYHBIX HIIN
(hOTOHHBIX KPYrOB BOKPYT MCTOYHHMKA BOJHBL. MHa4e roBopsi, 310 Habop
CIHPAILHO-KOHIIEHTPUYHBIX KPYTOB C PACTYIIMM IIAroM, 4TO, KCTAaTH, U
Ka)XeTCsl JUCKPETHOCTBIO H3IY4YeHHUs. DT KPYI'H BBl CaMU MOXKeETe
3aMEeTHUTh, HAapHMep, BOKPYT MOILIHOHM JIaMIbl B TEJIEpEnopTa)xax U3
3aTEMHEHHOIO 3aJ1a.

U ecnm B MONEKYNAPHBIX BOJHAX KOHUEHTPUYHBIE KPYTH
(Ha3pIBaeMbIe orubaromieil BOIHON) 00pa3yloTcsl KaueHUEeM Pa3MEpHBIX
TPAaBUTOHOB WJIM BOTHOBBIX cep (0pHUIHaIbHO HA3BIBAEMBIX «IJTHOM
BOJTHBI) BOKPYT BCE YBEIIMYHMBAOIIMXCS B Pa3Mepax MPOCTPAHCTBEHHBIX
TPAaBUTOHOB (ITPOSIBJISIIONIMXCS MOJEKYISPHBIMH TPaBUTOHAMH), TO
3]1eCh pa3MepHBIC IPABUTOHBI (Hecylirue B ce0e COOCTBEHHYIO YacTOTY
BOJTHBI) 00pa3yIOT 3TH KPYyrd UMEHHO CBOECH 4acTOTOH BpamieHHs. JTo
3HA4YMT, YTO COOCTBEHHAs YacTOTa BOJHBI CTAHOBUTCA YK€ YacTOTOH
CIHPAILHOTO BpaleHus (HO HAPaBJICHHOTO MEPHeHTUKYIISPHO K JTYyqy
BOJTHBI WJIM TEPEIOM K UCTOYHHMKY BOJIH), Ye€M W TPOSBISIOTCS KPYTH.
Pa3mMepHBbIe ke TPaBUTOHBI 37I6Ch — 9TO TO, YTO HA3BIBAIOT Keanmamu. V1
TOYHEE, OSTO YK€ HE T'PAaBUTOHBI, & MX YETBEPTUHKHU MM MAarHUTOHBI C
pa3mepom BpameHust «TR». A HapyxkHas chepuYHOCTh BpAILICHHS W
o0IIasi CKOpOCTh pacrhpocTpaHeHuss (OHOBBIX BOJIH 00Opasyercs
«OOBIYHBIMY CHHUPATBHO-CPEPUUECKIM KaueHHEM TPABHTOHOB BOKPYT
Ipyr Apyra, Kak MposiBIeHWEM OpOWTalbHON TpaBuTanuu. HHBIME
CllOBaMH, B  HayajJbHOM  JIBIDKGHUM  Tynbcapa  (oHOBBIC
(37eKTpOMarHUTHBIE) BONHBI — 93TO BpallaTelbHOE MM YacTOTHOE
JBIDKEHHE KBAaHTOB, MEPEHOCHMOE OpOUTAIILHON IpaBUTAIEH, KaK yXKe
BHYTPEHHEH YaCThIO BOJIHBL

N cxema pacrmpocTpaHeHHsl 3JIEKTPOMArHUTHOTO — BOJHOBOI'O
W3IY4YeHUS] B HayajlbHOM BHJAE Myibcapa — OTO MONO0HE BBINIE
HIPUBENEHHON CXEMbl MOJIEKYJIpHOW BoiHBL. Ho pa3HHMma B TOM, 4TO
JBIDKEHHE COOCTBEHHOM YacTOTHI BOJHBI HAUMHAETCS HE B3aMMHBIM
KayeHWeM TpPaBUTOHOB, a YACTOTHBIM BpallleHHEM KBaHTa, YXKe
OJTHOBPEMEHHO MPOSABISIONIMM W COOCTBEHHYIO cdepy, H HIyIIHM
cnupanbHo-cepuuecku. Pazmuune emé B ToM, 4TO cepa pa3MEepHOTo
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TpaBUTOHA B MOJIEKYJSIDHOH BOJNHE oOpasyercs ero kadeHuem. B
¢doHOBOI1 ke BoiHE cdepa pasMEpPHOTO TPABUTOHA MM KBaHTAa 0
JMana3oHa CPeAHUX PaJMOBOJIH 00pa3yeTrcss KaueHHEM YXKe CaMuX
TPAaBUTALMOHHBIX chep BOKpyr oOpa3oBaHHs W3 CHUPAJIBHOTO
BpallleHHs1 KBAaHTOB M BOKPYI Bcero myibcapa. [Ipm atom pasmep
KBaHTa, 00pa3ysiach COOCTBEHHOW YacTOTOW BOJHBI, CHapyXH Kak Obl
3aBOPAaYMBAETCSl YaCTOTON I'PAaBUTALIMOHHOIO JBM>KeHUs. IloToMy, XOTs
BHEIIHE PHCYHOK pAacCHpOCTpaHEHHs M MOJEKYJISIpHOW (3BYKOBOW H
MeXaHHUecKol) U (OoHOBOW (OGHUIMATLHO 3JIEKTPOMArHUTHON) BOJIHBI
COBIAAAET, HO JBHXXECHHE MOJIEKYJSIPHOW BOJIHBI MJAET CHAPYXKHU
BaKyyMa, a (JOHOBOW BOJTHBI — YK€ U3HYTPU BAKyyMHOTO ITPOCTPAHCTBA.

WubiMu cioBaMu, Kak U B J11000i chepe, B (POHOBOI BOJHE €CTh
Hapy)XHasl WM KOHTYypHas YaCTOTHOCTHb (3TO KaueHHE T'PaBUTOHOB) H
€CTh BHYTPEHHSISI YACTOTHOCTD, YEM M CTAHOBUTCS COOCTBEHHAs YacToTa
BOJIHBI. A BHYTPEHHSSI 4acTOTHOCTH B c(hepe Bceraa MpOTHUBOIOIOKHA
WIH TIEPIEeHANKYISpHA K HApPY>KHOH 4acTOTHOCTH (MHaue cdepa U HE
yaep>kuBajiach Obl Wi He Obuia Obl cdepoit). [loTomy, XOTs BHelIHE
WIH B IUIOCKOM BHJE TaKoe BpalleHHEe B (OHOBOIH BOJHE TaKKe
o0pa3yeT KOHLEHTPUYHBIE KPYTH, HO 3TO yXe BpallleHHe COOCTBEHHOM
YaCcTOTHOCTU IyNibcapa, HIyHIeHd MeprneHIUKYISIPHO K HampaBlICHHUIO
pacnpocTpaHeHus] BOJHBL. DTHM JIBH)KEHHE COOCTBEHHOW YacTOTHOCTH
¢oHOBOI BOMHBI HMIET HE MO JIydy BOJHBl MM HAMNpaBieHO K
HabOmoaTento He «OOKOoM», a Bcerjaa - JuioM i ¢pportoM. U s3To
OJIHO M3 CaMbIX TJIaBHBIX He pa3nuueHuii ctapoid ¢puzuku! OHO IpUBEIO
1 KO MHOTMM MCKa)KEHHUSM B OQHUIHUATEHON aCTPOHOMHH.

Hwxe mokazaHa cxema pacrnpocTpaHeHus] Ha4albHOH (POHOBOI
(37IeKTPOMATrHUTHOM ) BOJHBI WITK TTyJIbCapa. 371€Ch BOTHOBOE JBUKCHUE
— 9TO BpalleHUE Pa3MEPHBIX TPABUTOHOB MJIM KBAHTOB M HAIIPABJICHO
OHO K HaOJro1aTeIN0 (Ha PUCYHKE ITO YEJI0BEK, OOHUMAOIIMI BOJIHY)
Bcerja Kak Obl (DPOHTOM WIIM JIMIIOM. DTUM U OOBSCHSETCSI, HAITPUMED,
JIBMDKEHHE CBETOBOTO JTy4a KpaTdaimuM myTéM. OTToro 1 coocTBeHHast
gacToTa ()OHOBBIX BOJH HE MEHSIETCS [TPH MPOXO0XKIECHIH UMK Pa3HbIX
MaTepHaJoB (XOTS CKOPOCTh PACHPOCTPAHEHHUST BOJTHBI U3MEHSIETCS).
[TockonbKy crupanbHO-CeprUecKOe BpallleHHE TPABUTOHOB, KaK
BHYTpEHHeH 4acTi (POHOBOHM BOJHBI HAET COBMECTHO C YACTOTOM
BpallleH!s] KBAaHTOB (2 3aTeM 1 (DOTOHOB), TO ¥ BHYTPECHHSIS
pa3MepHOCTh CKOPOCTH BOJTHBI — 3TO YacTOTa, YHCJIEHHO paBHas &
JINHEHHOM CKOPOCTH.
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BHyTpenHss cKOpOCTh BOJTHBI

£t ot

JluneitHast CKOpOCTh BOJIHBI
(HampaBIieHa K HaOJIIOAATEIIIO).

S

Exinworld©

T.0o., y ckopocth JBWXEHHs (OHOBOH BOJHBI TaKKe JBE
pa3sMEpPHOCTH: HapyXHasd, BOCIPHUHMMAasg HAMH JIMHEWMHOW CKOPOCTh
JBUKCHUST BOJIHOBOTO (PpOHTAa, W BHYTPCHHSSI WM HMCTUHHAS
pasMepHOCTh B BHJE YACTOTHl BpAallleHWs CHavaja KBaHTOB,
oOpasyronmx ImyJjbcapbl, a 3areM - (oroHoB. Ho 310 BpameHue
pa3MepHBIX MarHUTOHOB ()OHOBOW BOJHBI WJIM KBaHTOB, HECyllee MpH
9TOM COOCTBEHHYIO YacTOTy BOJHBI, KaK BBl MOHSUIM, WAET HE B
HaIpaBJICHUY JBMOKCHUS, @ KaK Obl BOKDPYT Jiyua BOJHBI. MHaue roBops,
cnupanbHO-cheprueckoe BpalleHre KBaHTOB (a 3aTeM (POTOHOB), XOTS
u o0pa3yer 4acToTy pachpocTpaHeHHs ()OHOBOW BONHBI (HeCs BHYTPH
ce0s WM CBOMM OTHCIBbHBIM BpalleHHEM COOCTBEHHYIO YacTOTY
BOJIHBI), HO 00pa3syer ¢€ u3HyTpu. CHapy»KU WIH KOHTYPHO JJIsl HAIIETO
HAJBaKyyMHOTO MHpa YK€ HAET BpalleHUE TpaBUTOHHBIX cdep,
MPOSIBJISSL THM JBH)KEHHE BOTHOBOTO (PpOHTA, KOTOpOE UAET BCeraa 1o
HaTPaBJICHHUIO BOJHBI.

[lpu ynaneHuM OT MCTOYHHMKA M3JIYUCHMS KBAHTHI CKPYYUBAIOTCS
WM KaK Obl YIAKOBBIBAKOTCS B (DOMOHbBI, COCTOSIIUE U3 YETHIPEX Kak
Obl TIPOSIBJICHHBIX B HAaIlleM MOJICKYJISPHOM MHUPE WJIH KOHTYPHBIX
kBaHTOB. [loToMy ()OTOH — 3TO OJHOHANpaBIIEHHBIH YeTHIPEXChEPHUK
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WIH KBaJpymnoib. W KOHUEHTPUYHBIE KPYI'H BOJHOBOTO H3ITy4YEHUS
o0pasyroTcsi Jajibllle YK€ CHUpPajJbHBIM BpallleHUEeM HE KBaHTOB, a
(OTOHOB. A TIOCKOJIBKY CBETOBBIC BOJIHBI — 3TO 4acTh (DOHOBBIX BOJIH,
TO U HAaMMEHOBaHUE «(POTOH» MPUMEHHMO Ui BcexX (DOHOBBIX BOIH, a
HE TOJBKO Ui cBeTa. BONHOBOE M3IMydeHHE, XOTS U €CThb Hapy>KHOH
YacThIO BOJHBI, HO OHO BCErJa Kak Obl OKYTHIBAETCS] TPaBUTAIIMOHHBIM
BpallleHHeM. JTO W ecTh CBOWCTBO NPOCTPAHCTBA, TNie Hapy)XKHOE U
BHYTpEHHee KakK Obl IepexoAaT APYT B Apyra.

U yem emé nanplie oT KCTOYHHKA (TIPH IBM)KEHHH B BaKyyMe), TEM
ykKe 1 (POTOHBI KaK Obl BKPYUHBAIOTCS B IICHTP BpalleHUsT OpOUTATbHBIX
TPAaBUTOHOB W HampsMyl0 TepeHocaTcs UMH. [Ipu STOM BOJIHOBOE
W3Iy4YeHHE CTaHOBUTCA BcE Ooliee BHYTPEHHUM, KaKk UMEHHO (DOHOBOH
BOJTHOHM, WM, OOpa3HO TOBOpPA, BCE OOJbIE CKPHIBAETCS B BaKyyMe.
OTUM 00BSICHSIETCS U TO, YTO C YBEITMUEHHEM PACCTOSHHSI OT UCTOUYHUKA
opumansHo 0003HaUYaeMas HanpPsHKEHHOCTD AJIEKTPOMAarHUTHOW BOJTHBI
yObIBaeT B OOpaTHOW 3aBUCUMOCTH OT OTOI0 pacCTOsHHs. VIHBIMU
CIIOBaMH, 4YeM Jajbllieé OT MCTOYHHMKA, TeM BCE MeajieHHee yObIBaeT
cursasn!

W BBl BuauTe, uTO B (POHOBOW BOJNHE HAJ0 Pa3iUYaTh KBAHTEHI,
oOpasyrole TO, 4TO OQUIMAIbHO HA3bIBACTCS JUIMHON BOJHBI U
(OTOHBI WM WMEHHO TPAaBUTOHBI, KAaK OJMHAKOBO HaIlpaBJCHHBIC
4eThIpEXCEPHUKH, BO3HUKAIOIIME CIMSHUEM KBAaHTOB. B crapoil ke
¢usnke BOOOIIE HET pa3nuyeHuss KBaHTOB W (OTOHOB (KaK HET
pasnmuyeHuss U camux BomH)! Ho ecnu ¢oHoBasg BomHA BCTpeyaer
MOJIEKYJISIPHOE TPENATCTBUE (HApUMep, CTEHY), To e€ (QOTOHBI OmsTh
pacKpy4yMBarOTCs B TYJNbCapbl C pa3MEPHBIMA TPaBUTOHAMH HIIH
KBaHTaMH. B IBMXEHUU k€ BHYTPH MOJIEKYJISIPHOTO TeJla KBAaHTHI CHOBa
cobupatoTcst B (POTOHBI, HO 3TO YK€ HA0BAKYYMHble NI MONEKYVIAPHbIE
¢domonwt (HaxopmsmIMecss B MOIEKYJISPHOH cpesae), KOTOpble H
pETUCTPHUPYIOTCS TPUOOpPaMH, U SBISIOTCS AUCKpeTHBIMH. [ToToMy Hazmo
pasnuuate U (DOTOHBI Ha nepeuuHvie WM Henpepvlghble HOomonbl,
MEPEeHOCHMbIE OpOHMTaJIbHOM TpaBHTAlMEH (B HapY)KHOM BaKyyMHOM
CII0€) U MOJIEKYISIpHBIE (POTOHBI, 0Opa3ylomuecs yKe B HaJIBAKYYMHOM
npoctpancTBe. CHHMH, paBHBIA e€IUHHIIE, WIH HENPEPHIBHYIO
KOHTYPHOCTh ~ BpAalICHUS  PETHCTPUPYIOT, KOHEYHO, TOXE B
MOJIEKYIAPHBIX (poToHax. A ecnu Obl pa3nuyaid MepBUYHbIE (OTOHBHI,
TO WX CIOHWH oOKa3aics Obl paBeH HYIIO, IOCKOJBKY [y HAaIlero
MOJIEKYJISIPHOTO MUPa OHH YK€ TIOHOCTBIO YaCTOTHBI.
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Ha mmockoctu ¢oton — 3T0 M ecTh OudpakiyoHHas KapTHHA. A
JTUQPAKIMSI, €CITU Bbl BCIOMHUTE U3 IIKOJBI, - 3TO 3 (PEeKT, Korma Ha
JKpaHe, YCTaHOBJIEHHOM C3aJ1, HalpuMep, KPyKodKa, 3aKpBIBAIOIIETO
MyTh CBETOBOMY Jy4y, KaK pa3 U 00pa3yloTcsl YeThblpe KOHIIEHTPUYHEIE
OKpyXHOCTH. Ho OHM emmé He CTIHYTHI c3aau TpEXCPEepHUKOM, TOJOOHO
anekTpoHy. He ciydaiino u ycnoBue audpakuun (paccrosiaue «Ly» mo
9KpaHa) ¢ y4éTOM TOrO, YTO JJIMHA BOJIHBI — DTO TOJOBHHA pa3Mepa
BpallleHWsT WM JJIMHA TIONYyOKPY)KHOCTH CBETOBOTO KBaHTa «7td»,
O3HayaeT Kak pa3 CONpsIKEHHE YeThIpEX KBaHTOB B (oToHE. A 1O
NPUHIUIY paBeHcTBa MOA0OHBIX ¢uryp JlobaueBckoro moGoi
CBETOBOH DJIEMEHT COCTOUT M3 YETHIPEX 0A30BBIX DJIEMEHTOB:

L > 4*(xD¥4)/nd = D¥/d= D/,

3neck «Dy - 3T0 quameTp mpemsTCTBHs, a «A» - OQUIMATbHAS «UTHHAY
BOJIHBI.

Haubonee cooTBeTcTBYET IIIOCKOMY BUAY (POTOHA KONBIIEBBIE 30HBI
Openens (g 6onee ycnenHoro noiaydenus anppaxuun). Buanre,
YeTBIPE CBETIIbIE KONbIEBbIE c(hepbl 00pa3yIoT MONIYIO KOJIBIEBYIO
cdepy (LeHTpaIbHBINA CBETIIBIA KPYT — 9TO M €CTh MONOCTB). A 3TO
3HAYHT, YTO B OTIMYHUE OT DIIEKTPOHA TPEXCPEPHHUK MM TPUIIOND U3
TUIEPIPOCTPAHCTBA €lI€ HE MPOSBIIIETCS BHYTPH HMEHHO
MOJIEKYJISIPHOTo (pOoTOHA.
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[Toromy n audpakroHHAs KAPTHHA CBETOBOTO My4Ka (2) B OTJIMYHE OT
My4Ka 3JeKTPOHOB (0), COCTOHT, KaK MPABUIIO, HE U3 YETHIPEX, a U3 TPEX

KoJIell:

a 7]

OduumanbHO yTBEPKAAETCA, UTO BCE U3/YyYeHUA AKOObI NPepbIBUCTbI AN
AVCKpeTHbl. Ha camom ke gene OHW MPOCTO U3MEPSIOTCA MPEePLIBUCTO MK
MONIEKYNAPHBIMU AUCKPETHBIMU GOTOHAMM, NPOABAAOLWMMUCA TOJbKO Nocne
CKPY4YMBaHUA onpenenéHHOro YMcaa KBaHToB (B 3aBUCMMOCTM OT COBCTBEHHOM
4acToTbl BOAHbI). Beap MHaue mbl 6bl U TeNEBM30P HE MOMAW CMOTPETb M3-33
CNOWHOrO MuraHusa. Mpu 3TOM MOXHO CKasaTb, 4TO yem cpeaa bonblue
MONIEKYNAPHAsA, TeM W (GOTOHbI CTAaHOBATCA 60/blle  MONEKYNAPHbIMMU,
naywmmmM nofobHo cunoBoi chepe UM 3N1eKTPOTOKY. A BOT B BaKyyme
obpasyloTca Wb NepsBuYHble  GOTOHbI, UAYLWME TONbKO BOAHOM U
nposBastolmecs, Hanpumep, audpakumeir. NMoao6HO U 31EKTPOHDI, KaK U BCe
MWHUMaNbHble NN INEeMEHTAaPHbIe YaCTULbl, B 3aBUCMMOCTU OT CTEMNEHN KakK
6bl  MONEKYNAPHOCTM cpedbl CTaHOBATCA waAM  nopobuem  HoOHOBOM
(odMuManbHO 3NEKTPOMArHUMTHOM) BOJIHbI, MPOHUKAlOWeEN Aaxe B
rMNepnpocTPaHCTBO, UAKN - Nogobuem monekynsapHoro GpotoHa, a 3atem — U
NOJIHOCTbIO HAABAKYYMHOrO 3/IEKTPOTOKA. K TOMy Ke 1 cama ¢poHOBas BOSHA
(B mOCTAaTOYHOM BAN30CTU OT UCTOMHUKA M NPU €€ YesI0BEYECKOW perncTpaumm)
Pa3/MyaeTcA Ha HAPYKHY0 €€ 4acTb WAM BOJSHOBOE M3/lydeHue W Ha
BHYTPEHHIOIO YacTb, KaK UMEHHO GOHOBYIO BOJHY.

[ToroMy U HET B NpPHUPOLE HUKAKOTO «KOPHYCKYAAPHO-BOHOB020%»
nyanusMa. OH BO3HHMKaeT TOJNBKO Yy Jroneil. Ho u Gomnee Toro, addekr
TaKOro SIKOOBI «yaliu3May emié pa3 JoKa3biBacT 00pa30BaHUE HAIIEH
BcenenHoil BakyyMHBIM WM HEBUJMMBIM M HaJIBAKYYMHBIM MHUPOM.
IIpy sToM ecTh emeé W TakKe HEBUAMMBIA TOJBAaKYyMHBIN WU
HaJMOJIEKYJISIpHBIH MUp (Ha3bIBa€MbId B PEIUTHU a0oM). DTO 3HAUUT,
YTO 3JIEMEHTAPHBIE YaCTULIBI — 3TO UMEHHO NPOMEKYTOUHBIE YACTHULIBI
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MEXK/y BEIIECTBOM MMH 3JEMEHTAMU HAIIEr0 MOJIEKYJISIPHOrO MHUpa H
BEIIECTBOM BAKYYMHOTO, YyX€ HEBHIMNMOIO HaM MHpa. OITHM
MOJTy9aeTCs, YTO U B BAKYYMHOM MHPE €CTh, KOHEYHO, CBOU DJICMEHTBI.
[Totomy BakyyMm, sIKOOBI CBOOOJHBIHM OT BElIECTBa, CBOOOJEH TOIBKO OT
MOJIEKYJIIpHOTO BeriecTna!

Bbl yxe pasiaudaere, 4TO OJMHAKOBAs CKOPOCTh PACHpPOCTPAHECHHS
doHOBbIX BomH B Bakyyme  «3*10%», ompenenumas B Hamem
MOJIEKYJISIPHOM TPOCTPAHCTBE, 00pa3yercs W3-3a JUana3oHa BHEIIHETO
CPEIMHHOIO BaKyyMHOrO ciios (MEXIy HapyKHbIM CIIOEM H
BHYTPEHHHUM CPEIMHHBIM CIIOEM) HJIH COCTOMT B CONPSKCHHH
snexrpuaeckoil (10'%) u maruuthoit (10°) wactorsr. Ho mouemy s
3HAYCHHWS  CKOPOCTH  MPUMEHSETCS  KOPeHb  KBAJpAaTHBIA W3
IIPOU3BEACHNUS HE YacTOT, a MMEHHO 3JICKTPUYECKOM M MarHUTHOHN
NOCTOSTHHOM BenuuuHbI? U 3TO Kak pa3 MmoToMy, YTO 3THU MOCTOSHHbIC
BEJIMYMHBI  XapaKTEPU3YIOT CTPYKTYpy OpOHMTAlbHONM TpaBHUTAIHH,
nepeHocseld (pOHOBBIC BOIHBL. DTHM OOBSCHSIETCS U TO, YTO 3HAUCHHE
JMama3oHa 9acToT (JOHOBBIX (3MEKTPOMArHMTHBIX) BoxH or 10° 1o

2%10%! (KaK I BEJIMYHUHBI CKOPOCTH BOJIH 3% 108) HCXOIUT U3 (hopMy
ANEKTPUYECKOM M MAarHUTHOW TOCTOSHHOW BelWYuHBL. B ¢dusnke
Pasznuuenust oOpa3oBaHue guana3oHa 4acTOT W JAPYTHX BETHYHH JUIS
(hOHOBBIX BOJIH, OKa3bIBAETCS, MOXKHO OOBSCHUTH. B cTapoii ke ¢pusnke
€CTh TONBKO JKCIIEPHUMEHTANbHAsl PEerucTpanus BEMTUYMH. A 3TO U
MPUTOAHO JIUIIB AJISl TPAKTUYECKOr0 MPUMEHEHHS MM TEXHOIOTUH, HO
He JUIs TOHUMaHUs IPOCTPaHCTBA.
OO0pa3oBanue JUana3oHa 4acToT y ()OHOBBIX BOJIH. 371eCh
TOBOPHTCS O TOM, YTO

- 1) amMana3oHbl GOHOBbLIX BO/IH, KaK U camo GOHOBOE U3/y4YeHMe,
06pasyeTca LMKANYECKUM ABUKEHUEM UCXOAHOW U BPeMEHHOM
rPaBUTOHHOM YaCTOTHOCTU M3 FMMNEepPrNPOCTPAHCTBA Yepes aTOMbl HaLLEro
MOJIEKYIAPHOro mupa. MNpu 3Tom BNOJIHE onpeaennma MakCMmaibHasa u
MWHUMaNbHAA 4aCTOTa 3TOro n3ny4yeHuaA, ucxoaaulne 13 CTpyKTypbl
3/1eKTPOHA U MarHUTHoM cdepbl U TOro, YTO Pa3Mep 3/1IEKTPOHa — 3TO U eCcTb
CcpenHuii pasmep aTtoma;
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- 2) HaAo He TOJ/IbKO PA3/InYaTb HEBUAMMbIE HAM BAaKyYMHbIE C/10U1, HO - 1
Pa3HOCTb MEKAY 3TUMM CNOAMM, MOCKObKY MUHMMA/IbHAA YacToTa
$OHOBbIX BOJH, 06Pa3yACh yKe B HAPYKHOM BaKyyMHOM C/I0€,
NPoABAAETCA B HALLEM MUPE A/IUTENbHOCTBIO UM MEPUOLOM.

M 3TO0 NOTOMY, YTO HapPYKHbIN BaKyyYMHbI CIOM - MOFPaHUYHbIIA HE TONIbKO
K Hallemy MOJIEKYNAPHOMY MUPY, HO U K MUPY NOABAKYYMHOMY MU
HaZAMOJIEKYNAPHOMY, OTKYAa NPUXOAAT U rae ABUNKYTCA CBEPXANUHHDbIE
BOJIHbI;

- 3) MonekynAapHble GOTOHbI, NPOABAAEMbIE B HalleM MUpe AndpaKumnen, -
3TO He TOJIbKO cBeTOBble POTOHbI, MOTOMY B 3aBUCMMOCTM OT NATU
OCHOBHbIX AMana3oHoOB GpOHOBbIX (3/1EKTPOMArHUTHbIX) BONH HAZ0
pa3anyaTh NO CTPYKTYpE M NATb BUA0B MONEKYNAPHbLIX POTOHOB.

Bbl, KOHeuHO, MOHMMAaere, 4YTO YAacCTOTHOCTb TI'PABUTOHHOIO
JBUKEHUS, UCXOJIAIIAsl U3 HAILIETO HaJIBAKYYMHOI'O UM MOJIEKYJISIPHOTO
MPOCTPAHCTBA MOXKET OBITh U IPUPOAHON U UCKYCCTBEHHOMW, HAMPUMeED,
- OT Baiero coroBoro tenedona. [IpupoaHas ke 4acTOTHOCTb, - 3TO HE
YTO HHOE, KakK TPOXOXKIEHHE BpPEMEHHOTO0 WJIM HCXOJHOIO
TPAaBUTOHHOTO JBW)KEHHsI CKBO3b aToMBbl. Ilpm »ToM m oOpasyercs
JIMATa30H yXKe cCaMHUX ()OHOBBIX BOJIH

Bbl yxe pasnuyaere, 4TO BAKYYMHOE IIPOCTPAHCTBO COCTOUT U3
TpEX OCHOBHBIX C(epUUECKHX CIOEB (MM M3 YETHIPEX MPH pa3iMyeHUH
CPEIMHHOTO BaKyyMHOrO cjosi). A JABWKEHHWE HayalbHOM WIN
BPEMEHHOM YacCTOTHOCTM W3 THIIEPIPOCTPAHCTBA CKBO3b CaMble
MAaCCHUBHBIE WJIM PAJUOAKTHBHBIE ATOMBI IIPOSBIIAET CHAdaja CaMylo
OONBIIYIO «TaMMay YacTOTy ()OHOBBIX BOJNH. MakcuMallbHasi 4acToTa
()OHOBBIX BOJH B HalleM MOJEKYISAPHOM IMPOCTPAHCTBE HMCXOAUT H3
MaKCHMaJbHOM YacTOThl B HapyXHOM BakyyMHOM CJI0O€ WIM W3
AJIEKTPUYECKOM YaCTOThI, & 3HAYNT, - U U3 JICKTPUICCKON CheprudecKon
4acToThl. A 3TO, KaK BBl YHTalM, OTHOLIEHHE 3JIEKTpUYECKOU
TPaBUTOHHOM 4YacTOTBI K pa3Mepy BpallleHHs] 3TONW YacTOThl WM K
pa3Mepy aJiekTpoHa. Mcxons u3 3Toro, U CpeiHuil pa3mMep aToMa MOXKHO
CUMTaTh PaBHBIM pa3Mepy BpalleHHsl DdJeKTpoHa. M TOCKONIBKY
HAallOQJIOBUHY  HAJBAaKyyMHas  4acToTa  JJIEKTpUYecKas  4acroTa
HPOSIBIISIETCS. BMECTE € YaCTOTOM MarHUTHOM TO MAaKCHUMaJbHasl 4acToTa
«Umax» — 3TO OTHOIIEHHE DJIEKTPUUECKOW CEepHuecKOod HYacTOTHl K
MAarHUTHOM METPUYECKON YaCTOTE:
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1012
max | = gEpeeer 256 | 2107

Otcrona camasi OoJiblliasi 4acToTa (POHOBBIX BOJIH, O3HAYAIOIIAS
ramma-usnydenne, — 310 2*¥10?!. Takyrw YacTory, H3JIy4aeMylo
HanboJee MacCUBHBIMH PAJAMOAKTHBHBIMH aTOMaMH MOXKHO Ha3BaTh M
MaKCHUMaJIbHOM aTOMHOM CTPYKTYPHOH 4acToToi. B oOpaTHOM mopsiake
MUHHMMAaJbHAs aTOMHasi CTPYKTYpHas 4acToTa, OTHOCAIIAACA K aToMy
BOJIOPOJIa, UCXOJHUT U3 OTHOIICHHS BETWYMHBI MATHUTHOH CKOPOCTH (B
o0pa3oBaHHsl aTOMHOI CTPYKTYphl) «Vm» (0,796%10%) k pasmepy
BpAIllEHUs] MarHUTHOM 4YacCTOTBI, KOTOPBIM IO AHAJIOrMU C Pa3sMepoOM
BpAIlICHUS JIEKTPOHA MOYKHO BBIPA3UTh KaK 4*¥10° «my». Orcrona umin
= 0,796*10%4*10° = 2*10" «l/cex» WIM UTUTENTHHOCTH W3ITy4eHUS
5*107"2, uTO M COOTBETCTBYET KOHIIY HH(PPAKPACHOTO JUana3oHa. ITo
3HAYHT, YTO BOJAOPOAHAS YACTOTa MAaKCUMAaJILHO MTOCTAaBIIACT TEIIO (TIpH
3TOM emé BXonas B cBeToBble BoyHbI). OTTroro Ha CoisiHIle BOAOPOA U
€CTh OCHOBHBIM DJIEMEHTOM.

T.o., Ha BOAOpONE 3aKaHYMBAETCS IMPOSBICHUE TIEPBOrO THIIA
()OHOBBIX BOJIH OT TaMa M3Iy4eHHsS A0 KOHIIAa MH(PaKpacHBIX BOJH.
I[Ipu BTOPOM K€ TPOXOXKISHWHW BPEMEHHOIO WM HA4aJbHOTO
TPAaBUTOHHOTO  JBMJKEHHSI  CKBO3b aToMbl (B KpYroBOpOTe
MPOCTPAHCTBA-BEIIECTBA) 00pa3yIOTCS yKe Apyrue (pOHOBBIE BOJIHEI C
JMana3oHoM OT HMH(paKpacHBIX JIydel A0 CPEeJHHX PaJdOBOIH. JTO
BOJIHBI CBSI3U. A TIpU TPEThEM MPOXOXKIEHHH BPEMEHHBIM BaKyyMOM
3THX JK€ aTOMOB WJIHM Kak Obl HaJOXEHHEM Ha 2 MpPeAblIyIInX
BaKyyMHBIX CJIOg 00pasyercsi MOCIeAHWN [uana3oH (A0 UIMHHBIX
PaJMOBOIIH).

U B KOHIIE 5TOTO AMana3oHa - y)Ke MUHUMallbHasl 4acToTa (POHOBBIX
BOJIH, TOAJEp)KHBaeMas CKOPOCTbIO CBETa B HAalleM OKOJIO3EMHOM
MpocTpaHcTBe. MUHUMAaIbHAST YaCcTOTa UCXOJHT, KaK BBl MOXETE YXKe
JorafaThcsi, U3 XapaKTepUCTHK MarHUTHOW cdepwl. Benp cpennHHBIHN
BaKyyMHBIH CIIOH, 00pa3yroIIuii YacTOTy PaclpoOCTPaHECHUs CBETa, Kak
«3*108», W TEePEMEIIAONINi ¢ 3TOW CKOPOCTHIO (DOHOBBIE BOJIHBI
(BBIXOISIIME HAMONOBHHY W3 BaKyyMmMa) OTPaHUYHMBAETCS MAarHUTHON
yacToToil. [loToMy MHHUManbHas 4acToTa (POHOBBIX BOJH  «[lminy
ornpenensercs mo ¢popmyiie chepruueckoil MAarHUTHON YaCTOThI, UCXOJIS
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U3 e€ MarHUTHOI'O 3HAUYCHHUS, KaK 106«1/M.*CGK>>, nenéHHoro Ha 4, u u3
pa3Mepa BpallleHus JIeKTpoHa. Benb yacTora mposiBiIeTcsl BpalleHueM
OJTHOTO Pa3MEPHOr0 MarHWTOHA WJIM KBaHTA, a CPEJHUN pa3Mep aToma
paBeH pa3Mepy dJIEeKTPOHA:

T min. = (10%4)*(4*¥107'%) = 10~ «1/cex»

Ho BBl BuauTe, 4YTO 3Ta YacTOTa NOJYy4aeT YK€ MHUHYCOBYIO
crenenb. M 3TO, KOHEYHO, HE 4YacToTa, a nepuol «T», TONbKO C
pa3sMEpPHOCTBIO YAacTOThl. Takoro pas3M4yeHHs YK IOJAABHO HET B
obpunmansHOl ¢u3MKe. A TOIy4aeTcs S5TO MOTOMY, YTO YacToTa
(hOHOBBIX BOJIH, HAUMHAS OT JMaIa3oHa CPEIHUX PAMOBOJH, COBIAIAET
YK€ C HapyKHbIM BaKyyMHbIM cjioeM. Jlo 3TOro ke nuama3oHa camu
()OHOBBIC BOJHBI M HMX 4YacTOTa OOpPA30BBIBAJIACH B IEPBOM HJIU
BHEIIIHEM CPEIMHHON BaKyyMHOM cioe. Takoil 3pekT MOKHO Ha3BaTh
¢onosotl uneepcueil. IT0 3HAUMT, YTO, HAUMHAS OT CPEAHUX PAIUOBOJIH
WJIH TI0CJIe COOCTBEHHOW YacTOTHI BOJIHBI, PABHOM MAarHUTHOM 4acToTe,
MOJ] 4acTOTOW MOHUMAaeTcs yxe nepuon. MHaue roeopsi, yactora C
MEePUOJIOM MEHSIOTCA Pa3MEPHOCTSIMH. A  TaKUM MaKCHUMAaJIbHBIM
MEPUOJIOM W OrPaHUYMBACTCS CKOPOCTh PACIPOCTPaHEHUs (POHOBBIX
BOJIH (0 4éM peyb HIKE).

Ob6paTtHas pasmepHOCTb Nepvoga B AMANa3oHe CPeaHUX W AJIMHHBIX
PaZMOBOJIH 03HAYAET, YTO MX YACTOTa 06PA3yeTCcA He HapPYKHbIM BpaLLeHWem
boTOHOB (B AManasoHe A0 KOHLA MHOPaKPaCHbIX BO/H), U HE BHYTPEHHUM
BpaLLeHWem rpaBUTOHHOM YacTOTHOCTM B GOTOHAX (B AManasoHe BOJIH CBA3M),
a 06paTHbIM BHYTPEHHUM BpaLLeHnem (Korga nepuoj- 3To 4acTtoTa). Ho ato
BpalleHWe BCE pPaBHO CPa3y OXBATblBAETCA B3aUMHbIM  KauyeHuem
0pbUTaNbHBLIX TPAaBUTOHOB BOKPYr Apyr gpyra. PasHuua no cpaBHEHUIO C
APYTMMWU BOJIHOBbIMM AManNa3oHamu BMECTE C BOJIHAMM CBA3M 34eCb B TOM,
YTO KBaHTbl B Ny/ibcapax U QGOTOHbI 34eCb He COBEepLIalT CNMPaabHOro
BpalLEeHMA, a NOTOMY BbICTpee CKPbIBAKOTCA BO BHYTPEHHWUX BaKYYMHbIX C/105X,
yem Agpyrue BOAHbl. [loTomy nocne WHPPaKpPacHbIX BOAH YyXKe WMAYT O4HU
¢oTOHbI (6e3 06pa3oBaHUA KBAHTOB). ITUM W 0BBACHATCA TO, 4TO ANA
yBEPEHHOro nNpuéma (B Hawem MOJIEKYNAPHOM MUpPE) CPemsHUX U OJUHHbIX
pasnoBONH HeobxoaMMa UX 60/bluas MHTEHCUBHOCTL (60/blIaA BeMYMHA
curHana). Ho 3aTo OHM (BMecTe CO CBEPXANMHHBLIMW BOJSIHAMM) U Mano
NOrA0LWAIOTCA NPU NPOXOXKAEHMM B TOAILLE CYLUM UAN MOPA.
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T.0., [elcCTBUTENBHBIA JIUama3oH  (QOHOBBIX  (OQHIMATBHO
SJIEKTPOMATHUTHBIX) BOJH o0Opasyercs wacroroii or 2%*10%' no
pennanasr 10 (c pa3mepHOCTBIO Tepuona). Peructpupyemsie xe
MEHbIIME W OONbIIME YacTOThl O3HAYalOT BOJHBI M3 dYacTel
MPOCTPAHCTBA C  JPYrod TI'paBUTAlMOHHOMW  XapaKTEPHUCTUKOM.
Hampumep, y CosHila CKOPOCTh CBETa HECKOJIBLKO OOJbINast, Y OOIBIINX
ke miaHeronioB (odunuanpHo 1ianer) lOmurepa, CarypHa u T.Ja. —
y’Ke MeHbIIas. Ho MeHbIIMe BEMUUMHBI (C Pa3MEPHOCTBIO MEpHUoa) OT
10* 1o 107, naspmasics CBEpX/UIMHHBIMH BOJIHAMH, 00pa3yloTcs U B
OKOJIO3€MHOM TIPOCTPaHCTBE, 03HAUasi MEHBIIYIO, YeM 310", CKOpOCTh
CBeTa YK€ B n008axkyymHom npocmpancmee! TaM mepruos CTaHOBHTCS
94acTOTOW HE TONBKO B (JOHOBBIX BOJIHAX, HO U B MPOCTPAHCTBEHHOH WJIH
TPaBUTAIIMOHHON CTPYKType. OTO M O3Ha4yaeT TO, YTO HAapYyKHBIN
BAKYYMHBII CJIOM - IIOIPAHUYHBIA M K HAIIEMYy BUAMMOMY MUDPY U K
MHUpPY [OJBAKYYMHOMY, KOTOpPBIH Kak Obl oOrpaHu4mBaer BcE
MpOosIBJICHUE HallEW BceneHHON U Ha3bIBAE€TCS B PEJIUTUHU AJIOM.

Uro »xe mpencrarisier coboit (GOTOH, KpoMe TOro, 4TOo STO
OJIHOHATIPABJICHHBIH 4eThIpéxcepHuK? DTO KONbIEBas WM ToJas
cdepa, y KOTOpOH €cTh BHYTPEHHUH HIJIM YaCTOTHBIH paszmep (Kpome
nH(paKkpacHbIX GOTOHOB U (HOTOHOB PaJHONIOKAIIMK) U HAPYKHBIH HITH
KOHTYPHBII pa3mep. ITpn 3TOM KpoMe IIEPBUYHBIX
(pacmpocTpaHsIOIMXCS B BaKyyMe) H YK€ MOJNEKYIAPHBIX (POTOHOB
(Maymux B HalleM MOJEKYISIPHOM TPOCTPAHCTBE) HAJ0 pa3inyarhb
HIECTh BUIOB (POTOHOB MO UX CTpyKType. IT10 (1) HOTOHBI B 1Hana3oHe
OT raMMa-JIy4yeil 10 PeHTI€HOBCKUX BOJH WIH PaAHalMOHHBIE (POTOHBI.
(2) VYaerpaduoneroBeie u cBeroBblie (OTOHBI. (3) HH(paKpacHbe
¢dotonsl, (4) ¢GOTOHBI BOJIH paauosiokauy, (5) (OTOHBI BOJIH CBSI3U, U
(6) GoTOHBI CpeHUX U JUIMHHBIX PAIMOBOJH WM 00paTHBIC (POTOHBHI.

O cTpykType poTOHOB. 31€Ch TOBOPUTCS O TOM, UTO

- 1) pa3nnyeHue CTpyKTypbl GOTOHOB NOKa3bIBAET, YTO PAAMALMOHHbIE
$OTOHBI, MHOpPaKpacHble GOTOHbI U POTOHbI BOJIH PAANONOKALLUN HE MOTYT
BXOAMTb BHYTPb BaKyyMHbIX C/IOEB, TONbKO BbIXOAA OTTYAa, MPUYEM YXKe He
KOHKpPETHbIMU d)OHOBbIMVI BOJ/IHAMMU, a d)OHOBbIM KOCMUYECKUM
n3nyyeHuem. 3To U cnacsio 3eMI0 OT NMOBCEMECTHOTO eé 0b/1lyYeHuns npu
MHOInUX AAepHbIX B3PbiBax.
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ITUM Ke 0BbACHAETCA U He [0CATaeMOCTb TEMIOBbIX JIy4el OT APYIUX
3BEé34, HaweWn NNaHeTHOM cuctembl. OTTOro HEBO3MOMKEH U HEKUIA
«neperpes» BceneHHom, BBOAUMbIM 0dULMANbHOM GUIUKOI;

- 2) du3uka PasnmueHnsa no3BosseT onpesesmTb KPOMe TOro
MWHUMAJIbHbBIA U MaKCUMa/bHbIN pasMep KBaHTa, MOC/e KOTOPOro
06pa3sytoTCcsA TONIbKO GOTOHbI C MOCTOAHHbIM HAaPYKHbIM (MM KOHTYPHbIM)
M BHYTPEHHUM YaCTOTHbIM Pa3MePOM, PaBHbIM MUHUMA/IbHOMY pa3mepy
KBaHTa;

- 3) B AMana3oHe cpegHUX U AIMHHBIX PAaAMOBOJIH 06PasyOTCsA yiKe
0b6paTHble GOTOHbI, @ MMHMMA/bHAA chepuyeckan YactToTa 34ech (He
n3BecTHas oduLManbHOM GU3MKe) paBHa CKOPOCTU CBETA B HaLLEM
HaZBaKyyMHOM mMmupe. ITO 03HAYAET, YTO MEHbLLME YacTOThbI (C
pa3mMepHOCTbIO Neproaa) PacnPOCTPAHAIOTCA YKE C MEeHbLUE CKOPOCTbIO B
NoABaKYYMHOM WM HaZMONEKY/IAPHOM NPOCTPAHCTBE.

@OTOHBI TaMMa U PEHTTEHOBCKOTO W3Jy4eHHs] BMeECTe C
WHQPAKpacHBIMH M PaJMOJIOKAIIMOHHBIMU (OTOHAMH 00pa3yroTcsl Kak
Obl OOpaTHBIM CKpPYYMBaHHEM KBAaHTOB, KaK MarHUTOHOB WIIH
YETBEPTHMHOK pa3MEpHBIX T'PAaBUTOHOB. VIHBIMHM CIIOBaMM, CIUSHUE
KBaHTOB B HUX WAET HE K LEHTPY, Kak B APYrux (HOTOHAX, a OT LEHTpA.
VY ramma-nmydedl 3TO OOBSCHSETCS CaMbiM MHUHHUMAJBHBIM pa3MepoM
KBaHTa. A pa3Mep BpallleHHs] KBAaHTOB, KaK Bbl YK€ MOXETe ITOHUMATh,
— 3TO U €CTh TO, YTO HA3bIBAIOT JUIMHOW BONHBI. W yIBOEHHBIN pa3mep
KBaHTa CTAHOBUTCS BHYTPEHHUM IOCTOSTHHO PAacTyIIUM (B CJIEIYIOLIUX
nWanazoHax) KombloM ¢otona. WHdpakpacHeile ke (OTOHBI U
paanoiIoKaoHHbIe POTOHBI 00Pa3yIOTCs PACKPYUHBAHUEM KBAaHTOB JI0
MOCTOSIHHOTO HApYXHOTO pa3mepa ¢oroHa. [loToMy nepBBIii U TpeTuit
BHJT (DOTOHOB 0Opa3yercs, 00pa3HO rOBOPsI, B CTOPOHY OT BaKyyMa, 4yeM
U HE MOTYT, Kak Obl BKPYTHUTBbCS BO BHYTPEHHHE BAKyyMHBIE CIIOH.
WHpIMU croBamMH, OHM MOTYT TOJNBKO BBINTH M3 BaKyymMa B BUJE,
HalpuMep, KOCMUYECKUX JIy4eH, a HE BOMTH B HETO.

OTUM 00BsCHSIETCS W MONO00ME raMMmMa M PEHTICHOBBIX ()OTOHOB
JJIeMEHTapHbIM YacTHIIaM. JTO 3HA4YUT M TO, YTO ramMma M
PEHTTEHOBCKOE M3JIy4YeHHE B HallleM MOJIEKYISPHOM MHpEe TaK MU
ocTaércsi M3MydeHHeM. Beap WHade 5TH JIydd OT 4YepHOOBUIBCKOH
katacTpodbl JonuM Obl ¥ 10 Ypana. ['ocrnonb, 3Has O MPEACTOSIIUX
WArpax JHIOACH C SJEPHOM ONAaCHOCTbIO, COOTBETCTBEHHO M YCTPOWUII
mpoctpancTBO. Tak ke W TpeTwid BUA (OTOHOB HE BKPYyUMBaeTcs B
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npoctpancTBo. OHM WM TepearoT Temio (MHppakpacHbie (OTOHBI),
WJIH OTPa)KaroTcsl OT MOBEPXHOCTEN (B paJAMOIOKAIINH ).

[Mockonbky pa3mep BpalleHUs KBAaHTOB (POHOBOW BOJHBI — 3TO
opuIMaATEHOE TOHATHE <«JUTUHBD) BOJHBI, TO W MPHUMEHSIOT s
ONpee]IeHNs]  «UIMHBI»  BOJHBI B  ONTHYECKOM  JMara3oHe
TudpakoOHHbIE PENIETKY, KaK Obl pa30MBalolIMe CBETOBYIO BOJHY Ha
KBaHTBL. HO 53TO BO3MOXHO TONBKO [0 Havajga HHEGPAKPacHOTO
ouanazoHa (10  pasMepa  BOIOpPOJHBIX  KBaHToB).  Jlocturas
MH(PAKPaCHOH dacToThl (oduumanbhas Bennaunna 3*10'%), HapykHbIit
pa3Mep CBETOBBIX (DOTOHOB (OIPENENSIONIUNA UX YaCTOTY) CTAHOBUTCS
BHYTPEHHUM KOHTYPHBIM pa3MepoM. Hapy:KHbIl k€ 4aCTOTHBIN pa3mep
3/1eCh KBAJAPATHYHO YBEIHYMBAETCS M OCTA€TCsl YK€ MOCTOSHHBIM IS
BCeX TNOCJIENyomUX (OTOHOB. A HCXOAWT OH W3 pa3Mepa KBaHTA
BOJIOPOJHOTO M3nyueHus. KBaHT — 3To Menpyaiiniee nogodue Gorona u
MO 3aKOHY CUMMETPUHU MPOCTPAHCTBA TIOTOMY OCTAETCS TOCTOSHHBIM H
HApYXHBIA pa3mep BpaiueHus ¢otoHoB. Tem Ooiee, mocie Y4acTOTHI
BogopoaHoro usnydenus (2*10'') ¢oronsl obpasyroTes cpasy yxe B
nyJbcapax. JTO 3HAYHT, YTO B OOJILIIMHCTBE HH(PAKPACHBIX BOIHAX, B
BOJTHaX CBSI3U U PaJMOBOHAX PACIIPOCTPAHSIOTCS TOIBKO (POTOHBI.

Uro xe 00 o3Tom cBuaerenscTByer? Jlemo B TOM, UYTO B
WHQpakpacHOM W JJMHHOBOJIHOBOM  JHana3oHe  ()OHOBOTO
KOCMHUYECKOT0 M3Ty4YeHHUs! IUIOTHOCTh 4Hcia (JOTOHOB (a2 HE KBAaHTOB,
KaKk B 0oJiee 4aCTOTHBIX M3JIY4EHHUSX) cocraBisier (coriacHo 4, ¢.86)
eIMHUILY Ha OJMH KBAJAPATHBIM MUJUTUMETpP (KyOW4ecKUd cCaHTHMETD).
IMotomy u pasmep (oTOHa B 3THUX BOJHAX PaBeH NPUMEPHO OJHOMY
muwmmerpy win 107 «v». (CIpyKTypa Ke BONH CBS3H HECKONBKO
WHag, 0 4éM peus ganbiie). T.0.,

Menbuainiee oOpa3oBaHue (POHOBBIX BOJH JI0 Hadajda WH(pPAKPacCHOTrO
JMana3oHa — STO BHEIIHUE WM TPOSBICHHBIE KBAaHTHI, a MOCTE —
BHYTPEHHHE WM BHEIIHE HE MpOsBIsIEMble. OTHM W OOBACHSETCS
opuManbHOe HE pa3iMuyeHre KBAaHTOB W (POTOHOB. DTO 3HAYHT M TO,
YTO W TMOHATHE JJIUHBI BOJHBI (KOTOPOE MOXKHO M3MEPHThH JIMHEHKOI)
TaMm, TA€ YK€ HEeT HapyKHBIX KBaHTOB, /Uil (DOHOBBIX H3IYYCHUH He
ceppé3Ho. Bemp B odunumaneHOH (QU3MKE TONydaercs, UTO
MaKCHUMallbHasl «IJIMHa» B JUIMHHBIX PaJHOBOJIHAX COCTABISET LENbIX
10 «xm» (HE TOBOPS YK€ O CBEPXTMHHBIX BOJTHAX C «JIMHOW)» BOJIHBI
10 ofHOW Thicsyn KuiomeTpoB)! Takoil AMMHBI HET Ja)ke B BOJHAX
IyHaMH ¥ B KOCMHAYecKuX BUXpsx. [IpencraBnsere, uro Obl1o OBI, €Ciiu
JEeWCTBUTEIBHO XOAWIN Takue BOJMHBI 1o 3emie! W BBl BUAMTE, 4TO CO
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cTapoii (PM3MKOW U CYIIECTBOBAHUE HE OBLIO OBl BO3MOXKHO, HE TO, YTO
JIBMKEHHE.

T.o., TOHATHE [UVIMHBI BOJHBI W W3IYYEHHH (IS «raMMay H
PEHTICHOBBIX Jydel), Kak JUIMHA OKPY)KHOCTH KBaHTA, CYIIECTBYET
TOJILKO JI0 KOHIIa MH(pakpacHOro auamnaszoH. [locie ke ecTb TOJBKO
gactota BOJHBL. I Kak omnpenensercs pa3Mep KBaHTa JI0 KOHIA
uHppakpacHoro auama3oHa? Pa3smep BpamieHuUsT KBaHTa, Kak
pa3MepHOro He TpaBUTOHA (YTO €CTh B MOJIEKYJSPHBIX BOJHAxX), a
MarHuToHa (YETBEPTH TPaBUTOHA) — 3TO MOIYOKPYKHOCTh «TTRY.
[posiBieHre KBaHTA MOIYOKPY>KHOCTBIO 03HAYAET U €T0 JBM)KCHUE KaK
Obl TIO BOAOpa3leNy MEXAYy BaKyyMHBIM W HallUM MOJEKYJSPHBIM
MHUpPOM. A OTHOILIEHHE pa3Mepa BpallleHHs KBaHTA K JTUTEIBHOCTH
COOCTBEHHOM 4YacTOTHI BOJIHBI PaBHO 3HAYEHHIO CKOPOCTH cBeTa (C
Hapy»XHOH pa3MEPHOCTBIO «M/CeKk»). Benb Bce (pOHOBBIC BOJIHBI UIYT C
oHOM cKOpocThio. [ToToMy MUHUMANBHBIN pazmep kBaHTa «Kmin.» s
ramMMa-Hu3Iy4eHus: COCTABIISCT:

K min. = (0,5%1021)*(3*10% = 1,5%10™ «cm».

MakcumanbHbli k€ pa3Mep KBaHTA, KaK pa3Mep YK€ HYmpeHHe20
(Bpamaromerocss M3HYTPH) KBaHTa BOAOPOJHOTO H3Iy4YEHHUs TOraa
paBeH:

K max. = (5¥1072)*(3*10%) = 1,510 «m».

WU mociae 3Toro MakcMMaJbHOTO KBaHTa 00pasyloTcsi yKe cpasy
(OTOHBI, HO C TMOCTOSHHBIM INPHUMEPHO 3TUM pPa3MEPOM BpaIlCHHUS.
TakuM KOHEYHBIM pa3MepoOM KBAaHTOB OOBSCHSETCS H TO, UTO
noKasartelb JU(PPaKIUOHHBIX PEIIETOK (ISl OMPEACIeHUs «IITUHY, a Ha
caMoM Jiefie — pa3MepoB BpaiieHus «TR» CBETOBBIX KBaHTOB) — 3TO
YUCJIO IITPUXOB, NMPUXOJALIUXCA Ha 107 <. [Toromy coOcTBeHHas
yacTtoTa BOJH, WAYIIMX IOcie Hadala HH(paKpacHOro Iuarna3oHa,
o0pa3zyercsl y)xe He HapyXHBIM CHUPATbHBIM BpAIICHHEM KBaHTOBOTO
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pa3Mepa (kak TmomoOus OOOJOYKM), a - BpAIICHUEM BHYTpPCHHEH
4acTOTHOCTH (poToHA. [loTOMY 3lIeCh YK€ M €CThb IOCTOSHHBIH
HapyKHbIIA pa3mep GoToHa, paBHbI 0k010 3*¥107 «m» (Kak ero pasmep
BpallleHus1). DTO 3HAYUT M TO, YTO Y BceX (DOTOHOB, HaYMHAsI C TaMMa-
W3JIy4ECHHUS], [IOCTOSHHBIM OCTAETCS M BHYTPEHHUM YacTOTHBIM pa3mep
BpallleHHsl, KaK HadaibHas OKPYXXHOCTb B oOpa3oBaHuM (oToHa (B
raMMa-y4ax W PEHTI€HOBBIX BOJIHAX), W, KaK KOHEYHas BeIHYHHA
CKpy4YMBaHHs YaCTOTHOCTH (B OCTalbHBIX (DOTOHAX), COCTABISS
«2Kmin.y wmm 3¥10™ «m». OtToro u u3 AUMPAKIMOHHBIX PELIETOK
JUTMHY BOJIHBI OIPEACISIOT uepe3 «2m» WM BBICUUTHIBAIOT JUTHHY
OKPYXXHOCTH, KaK pa3Mmep BpaiieHus. Ho He BOCIpHHUMAIOT 3TO JUTMHON
BOJTHBI M3-32 TUIOCKOT'O M TOJIBKO HAPYKHOTO BUACHUS MUPA.

YacroTHblil camblii BHyTpeHHHH pasmep «2Kmin.» orHocuTcst ko
BceM (OTOHaM, HO, HE TMPOSABISIIC KOHTYPHO B  (OTOHax
nH(paKpacHOro auana3oHa U B (OToOHAX BOJH paauoiiokanuu. [lotomy,
HampuMep, BOJOPOAHBIE (POTOHBI — ATO JIBA KOHTYPHBIX C(EPUIECKHX
KOJIbIIa, YK€ BIUIOTHYIO PACIHOIOXKEHHBIE IPYr K JAPYry, 4eM 3TH
(OTOHBI ¥ TIEPEHOCAT Jy4Ille BCEX TEMIOBYIO0 KOHTYPHYIO YaCTOTHOCTb.
OTUM U OOBSCHSETCS, YTO €CTh OTACIBbHBIM TpEeTHHd BHI (OTOHOB.
MoXHO cKa3aTh, 4TO HWH(]pakpacHble (OTOHBI, OyAydd OTAEITHHBIM
BHJIOM (DOTOHORB TIO CBOEH CTPYKTYpE, OTHOCATCS OOJIBIIE K CBETOBBIM
¢doronam, ucxoas emé u3 KBaHTOB. DOTOHBI ke paluoIOKaNH, OyIydH
TeM e TPEThbUM BUAOM (POTOHOB IO CTPYKTYpE, OTHOCSATCS OOJbIIe K
BOJTHAM CBS3M W YK€ Cpady IBHXKYTCS KaK HMEHHO (POTOHBI HIIK
KOHIIEHTPUYHO.

[MockonbKky y meprosa BpalleHHs YaCTOTHOCTH (POTOHOB CPEAHUX M
JUTMHHBIX PaJHOBOIH Pa3MEPHOCTh YacCTOTHI, TO MATHIA BUA (DOTOHOB -
3TO yKe Kak Obl oOpamusie pomonsi. OTTOr0 U chepuueckas 4acTora
3TuX ()OTOHOB paBHA OTHOIICHWIO TaKOM OOpaTHOW 4YacTOTBHI HE K
Hapy)KHOMY pa3Mepy BpalleHus, a K pa3Mepy BHYTpEHHEMY, Kak K
pasmepy 3*107" «m». U momyuaercs, 410 MUHMMaJbHas cepruuecKast
gacTtoTa «Us min» ()OHOBBIX BOJH, MCXOAALIAS M3 WX MHUHUMaJIbHOW
4acTOThl (3allUCHIBAEMOW B PE3yJIbTaTe MPOCTPAHCTBEHHOH WHBEPCHU
MEPUOJIOM) COCTABIISIET HE YTO HMHOE, KaK BEMYMHY, MTOYTH PaBHYIO
CKOPOCTH CBETa!
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10~

= W = | 3.3 *10® «1/m*cex»

{s min

OTO TmMOKa3blBaeT, 4YTO MEpUOAbl (C pPa3MEpHOCTBIO YaCTOTHI)
Gombume, deM «10™*», B OKOIO3EMHOM MPOCTPAHCTBE yKe HE MOLYT
CTaHOBHUTHCS ()OHOBBIMH BOJHAMH, TOIJICP)KUBAIOLIMMU CKOPOCTh
ceera. MHaue rTOBOpsi, WX cdepuueckas UYacTOTa yxKe Kak Obl
OTPaHMYMBAETCS  CKOPOCTBIO  pacmpocTpaHeHUs: (OHOBBIX  BOJH
BennanHoit «3*10%. 1 MeHbLIME meprosibl ¢ Pa3sMEPHOCTBIO 9aCTOTHI
MPHUXOAAT B (DOHOBBIX BONHAX YK U3 MOJBAKYYMHOTO IPOCTPAHCTBA H C
MEHBIIIEN YaCTOTON PacCpOCTPAHEHUS.

O ¢pusnyeckoM NOHATHH aJAa U YTO TAKOE HA CAMOM JeJie
«mocrosinHas» Iliianka. 3mecs roBOPUTCS O TOM, 4TO

- 1) B noABaKyyMHOM WM/IM HAAMOIEKYNAPHOM NPOCTPAHCTBE CKOPOCTb
CBeTa COCTaB/IAET YXKe MEHbLUYIO BE/IMYNHY NN 2,5*107 «M/ceK»;

- 2) BO BTOPOM K€ CPEAMHHOM BaKyyMHOM C/10€ NPOCTPAHCTBa YacToTa
pacnpocTpaHeHUs cBeTa y»Ke HaMHOro 6osbLue uam «3*1017», aB
rMNepnpoCcTPaHCTBe OHa MTHOBEHHA, COCTAB/IANA BENNUMHY «6,7%10%3x». U
MCXOANT 3TO U3 TOrO, YTO TaK Ha3blBaeMas NOCTOAHHAA BeNMYMHA MnaHKa —
3TO Ha CaMOM Je/le MMHUMA/bHbIN cdhepryecknii nepnog GoHOBbIX BOJH C
Pa3MepPHOCTbIO «M*CEK» UM MUHUMAIbHAA O/IUTEIbHOCTb 3amnoNHEHUA
chepuryeckoro NpocTpaHcTBa GOHOBOW MAN FPABUTOHHOM YaCTOTHOCTbIO;

- 3) dunsmKa PaznnyeHuns nossonseT noapobHO onucaTb pacnpeseneHve
4acToT M Pa3MepoB B CTPYKType NATM BUA0B GoToOHOB. Hanpumep,
3NEKTPUYECKOWN FPaBUTOHHOM YAaCTOTON BHYTPWU paZmaLMOHHbIX GOTOHOB, a
TaK¥Ke HenpuATUEM UX BaKYYMHbIMU CIOAMU, 0ObACHAETCA APKOe
CBEYEHMeE MPU UX U3YYEHUM, MOCKO/IbKY Y CBETOBbIX POTOHOB YyrKe
CHapPYy»W — 3N1EKTPUYECKan YacToTa.

To, 4T0 BCE-TaKM €CTh «CBEPXIMHHBICY BOJHEI, KOTOPBIE HE TOIBKO
MPUXOJAT U3 KOCMOCA, HO U HUCIIONB3YIOTCS B TIOJIBOAHON PaOCBsI3HU (C
MOJIBOJIHBIMH JIOJIKAMH ), TOBOPHT, OKa3bIBAaeTCsS €IIé 00 OJHOM BUJC
MIPOCTPAHCTBA — O MOJBAKYyMHOM IPOCTPAaHCTBE. TaM yXe MeHbIIast
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BEIMYMHA CKOPOCTH  (DOHOBBIX BOJH, 4YeM U  OOBsICHSCTCS
YCTAHOBJICHHAs TPUKIAJIHON (U3NKOH «HHU3Kas CKOPOCTh Iepeaadu
nH(OpMaIUN» CBEPXJIMHHBIMH BOJHAMH. B penuruu mojaBakyyMHOE
MPOCTPAHCTBO — 3TO ad. M Tam yxke BeuHas ThMa, MOCKOJIbKY HET
CKOPOCTH PACIpPOCTpaHEHUsI (POHOBBIX BOJIH, JOCTATOYHOW JJisi CBETA.
Jlesio B TOM, YTO CKOPOCTH (hOHOBBIX BOJH TaM — 2,5”‘107 «M/cex»,
UCXOMS U3 TakkKe MHHHMAIbHOW C(EepuvecKkoil YacTOTHI, Kak
OTHOIIIGHUS MWHUMAJIBHOTO TIEPUOJIa B CBEPXJJIMHHOM JIMAINla30HE
«107% (C pa3MepHOCTHIO YaCTOTHI) K pa3Mepy BpallleHUs 3JISKTPOHA.

T.o., kpoMme TpEX BakyyMHBIX CJIOEB Hameldl BceneHHOH U
HaJ[BAKyyMHOI'O CJIOS HAILEr0 MHUpa €CTh €€ W TOABAKyyMHbBIC WM
HaJMOJICKYJISIPHBIC TPH CJIOS, TaKXKe HaM HeBHUauMble. Ho Tam yxke
BMECTO YaCTOThI BCEr/a JUIMTEIbHOCTh U BEYHBINM Mpak. MUHUMAaJbHbBIN
BHYTPEHHUI WM YaCTOTHBIN pasmep Bpamenus 3* 1072 «m» orHOCHTCS
KO BCeM BUJaM (DOTOHOB, BKIItOYAsi M CBEPX/JIMHHBIC BOJIHBI. A 3THM U
OOBSICHSECTCSA, 4YTO UWMEHHO OTOT pa3Mep oOpa3yer IMOHSTHE
«MOCTOAHHOVW» BenuuMHbl [lnaHka, KOTOpo€ MCXOOUT U3 HE
HENPEPBHIBHOTO, a M3 JUCKPETHOIO M3JIYYCHUS «OTICIIbHBIMU
KBaHTaMu». Ha caMOM ke Jeje TakOW BBIBOJI OOBICHSETCH
peructpanueii  (OTOHOB 4Yepe3 O00pa3oBaHHWE 3TOr0  HMCXOJIHOTO
BHYyTpeHHero pasmepa Bpaienus 3*107™° «w». A mocrosuuas I[nanka
— 3TO, OKa3bIBaeTcsi, MHUHHMAJbHBIA chepuiyecknii uiaum 0OBbEMHBIHN
(npocmparncmeenno-epemennoil) nepuos  «I's min» (HOHOBBIX BOJH,
OIPaHUYMBAIONIMKA  MaKCUMaJbHYI)  4YacTOTy  TraMMa-iyuedl B
OKOJIO3EMHOM IPOCTPAHCTBE, KOTOPhIE MOTYT €IIE UATH CO CKOPOCTHIO
ceera «3%10%»:

. 3*10™3 -
Tsmin | = —————= | 1,5 *10™** «m*cex»

2*10*

B oTHOmEHMM K pexynupoBaHHON nocrossHHOM Ilnmanka sra
BeqmurHa o3HauaeT: T s min = V2*fi. A mo 3akoHy cummerpuu
MPOCTPaHCTBa OOpaTHas BETHYMHA 3TOr0 MUHHUMAIBHOTO CEPHUIECKOT0
nepuojga, kak 6,67%1033, o3nauaer CKOpOCTH CBETa WM CKOPOCTh
pacmpocTpaHeHus (OHOBBIX BOJH YK€ B THIEPIPOCTPAHCTBE (B
JMala30He UCXOJHOM WJIM BPEMEHHOW I'DaBUTOHHOM YaCTOTHOCTU OT
10** 10 10*) ¢ pasmeproctsio wacToThL. B amanasoHe ke BTOPOro
cpenunHoro Bakyymuoro cimos (or 107 mo 10%%) Tawke emé
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HECpaBHEHHO OOJbIIas YaCTOTa PacIpOCTPAHEHUS CBETa, KaK BeJIMYMHA
3¥10".

Bbl BUIUTE, 4TO pa3nuyaroTcs He TOIBKO (DOTOHBI M KBAHTHI, HO U
MATh BHJIOB (POTOHOB 10 UX CTpykType. [loromy pazbepém mompobHee
UMEHHO CTPYKTYpPY (OTOHOB. BbI moHsm, uyTO 00pa3oBaHue (POTOHOB
Bcex (OHOBBIX BONH (KpoMe MH(PAKpPacHBIX BOJH U BOJH
paZnoOIOKAMK) UCXOJUT OT EAMHOTO BHYTPEHHEro MM YacTOTHOTO
pasmepa 3*107" «m». Ho y GOTOHOB ramMMa ¥ peHTTEHOBCKHX JTy4ei
ecTh emé W BHYTPEHHHI Kak Obl KOHTYPHBIH pa3Mep, PaBHBIA pazmepy
KBaHTa (OQHIMATBEHO ATO «UIMHAY BOJIHBI). [Ipr yMEHBIIEHUH 4aCTOTHI
W3IY4YeHUS] OH pacTéT M Ha4YMHAeT OTAENATHCS OT MOCTOSHHOTO
BHYTPEHHEr0 WJIM 4YacTOTHOro pasmepa QotoHa. CpenHmii xe
HapY>KHBIA KOHTYPHBIH pazMmep 3TUX (POTOHOB TOXKE MOCTOSHEH U PaBeH
pasmepy oamektpona (4*107'°  «m»). M3-3a wux o0Opa3oBaHw,
HCXOMSIIET0 OT BHYTPEHHEro pasmepa (IomoOus pacKpydHBaHUSA)
(OTOHBI TaMMa W PEHTIEHOBCKHX JIydell BOMparoT B ce0si OorpoMHOE
YHCIO0 KBAaHTOB. [loTOMy y STHX BOJH Bcerza HeOONbLIOE YHCIIO
(OoTOHOB B KakoM-TO0 00bEME WM HMX IJIOTHOCTh, HO CaMH 3TH
(OTOHBI TakHe IIOTHBIE, YTO JIETKO MPOIIMBAIOT HETONCTYIO OpoHro. 1
y HHX CHapy)XH — MarHUTHas MPOCTPAHCTBEHHAs WJIM HWCXOJHAS
JacTtota, a BHYTPM — DOIeKTpuueckass (KOoTopod u oOpasyercs
MUHHUMAaJIbHBIA KBaHT). [Ipy MOHMKEHHH COOCTBEHHOH YacTOTHI BOJHBI
pacTér u BHYTPEHHHH KOHTYpPHBIH pa3Mmep ()OTOHOB, PaBHBIA pazmepy
kBaHTa BOnHBI. M mocne pasmepa kBanta B 107'° «m» (03Hauarorero
obuUIMATBHO  «IJIMHY»  BOJNHBI)  BO3HHUKAIOT  YKe  (OTOHBI
yAbTPapHONETOBBIX W CBETOBBIX BOJH BIUIOTH /0 WH(PAKPACHOTO
JMana3oHa.

3mech DIIEKTpUYEcKass TPaBUTOHHAs YacTOTa CTAaHOBUTCA YKe
HApY)XKHOH, a MarHUTHasi 4acTOTa — BHYTpPEeHHEH (Kak W B DJIEKTPOHE).
Otroro, HampuMep, CBETOBBIE Y4l U 00ECIBEUHBAIOT JCUIEBBIE OOOU.
[Ipu »>TOM HapyXHBIH YaCTOTHBI pa3Mmep YIbTPa(QHONETOBBIX U
CBETOBBIX (DOTOHOB (MJIM MPOCTO CBETOBBIX (POTOHOB), O3HAYAIOMIMA
opUIMANTBHO «IJMHY» BOJHBI, PAacTET BIUIOTH J0 MAaKCHMAaJIbHOTO
KBaHTOBOT'O pa3Mepa WJIHM pa3Mepa BOAOPOTHOIO KBaHTA. JTO 3HAUMT,
YTO HAPYKHBIA pa3Mep CBETOBBIX (DOTOHOB — 3TO pa3Mep KBaHTa BOJIHBI.
[Motomy 3T QOTOHBI 00pa3ylOTCs YK€ CKpyYMBaHHEM KBAHTOB 0
BHyTpeHHero pasmepa 3*107"*  «wm», craHoBsimerocs Kak  Obl
KOHTYpHBIM. BceM 3TUM U OOBSACHSIETCS, YTO CBETOBBIE (POTOHBI JIETKO

Paznuyenue usuxu u acmpornomuu. 241




I 3anumamenvrnoe Pasnuuenue.
CTaHOBSITCS DJIEKTPOHAMM, a 3aTEM - U JIMHEHHBIM (ITOCTOSHHBIM) TOKOM
(0 uém peun manble).

[TocmMoTpeB B CHpaBOYHHMK, BBl YBHAWUTE, UYTO B CEPEIHHE
nH(}paKkpacHOro auana3oHa coOCTBEHHAsi 4acToTa (POHOBOTO U3TYUYCHHUS
CTAHOBUTCSl Y€ PaBHOW DJIEKTPUYECKOW I'PABUTOHHOM dvacrore. U,
Ha4YWHAsl CO 3HAYEHHsI COOCTBEHHOH 4YacTOThI, PABHOW 3IIEKTPHUECKON
gactore (10'%), B uH(ppakpacHbIX (OTOHAX HAPYKHOM CTAHOBHTCS, KaK
W B raMMa-Jly4ax, OIsITh MarHUTHAas 4acTOTa, KaK Obl 3aKpy4YHBasi UJIH
yMeHbIlIasi BHYTPEHHIOIO COOCTBEHHYIO YacTory. M 3Haere, 4To 310 emié
o3Havaer? To, 4TO 10 DJEKTPHUUECKOW YACTOTHI O0pa3yroTCsl Kak Obl
CBeTOBbIE HH(]PpaKpacHbie POTOHBI (MIYIINE BMECTE CO CBETOM) a TIOCIIe
He€ — «YUCTO» MH(paKpacHbIE UM TEIJIOBbIE (POTOHBI.

B cnenyromem jxe nuama3zoHe BOJIH CBA3M HAapy>KHOM CTaHOBHUTCA
cobctBeHHass dvacrtota. OHa cama Kak Obl OKYThIBa€T MArHUTHYIO
4acTOTy, HO HaXoJsiCh BHYTpH ()OTOHA B TIOA0OMH YaCTOTHOH KarCyIIbI.
HaunHas xe ¢ MarHMTHOM COOCTBEHHOM YacTOTHl WM C JUaIa3oHa
CpelIHUX pAaJHWOBONH, TIJe HacTymaer (OHOBas HMHBEPCUS, CHOBA
MarHMTHas 4acToTa J0JDKHA Obl Oblila CTAHOBUTHCS HapyxHOU. Ho u3-3a
TOT'0, 4TO ATO YK€ 00paTHbBIE (DOTOHBI, OHA TaKXKE OCTAETCS BHYTPH. DTO
W TO3BOJISIET Ja)Xe CBEPXUIMHHBIM BOJIHAM IPEOOPa30BBIBATHCS B
aHTEHHOM Kabele 3JIeKTPHYECKHM CHUTHAJIOM.

TaiiHa orus, usera u porodpdexra.
Pasiimuenue nHgpakpacHbix GOTOHOB M (POTOHOB BOJIH
CBSI3U. 371eCh TOBOPUTCS O TOM, UTO

- 1) y pagnaupmoHHbIX $OTOHOB UM GOTOHOB FAMMA U PEHTFEHOBCKUX
N3yYeHU I — NOCTOAHHDBIA HAPYXKHbIA KOHTYPHbIM pa3mep, PaBHbIN
pa3mepy 31eKTPOHA, NOCTOAHHbIM BHYTPEHHWUIA YaCcTOTHbIN pasmep U
YBENNYMBAIOLLMIACA HAZ HUM BHYTPEHHU KOHTYPHbIW pasmep,
O3Havatowmii opuLMaibHOE MOHATUE «AJIUHBI» BOJHbI. A 13-33 OFPOMHOM
pPasHULbI MeXAy HaPY*KHbIM M BHYTPEHHUM pPa3mepom B raMma-yyax ux
boTOHbI BOMPALOT B cE6SA OrPOMHOE YMC/I0 KBAHTOB, CTAHOBACH
noao6HbIMM Menbyanwen gpobu. ITMM 0bbACHAETCA U Manas NAOTHOCTb
TaKMx GOTOHOB B MPOCTPAHCTBE;
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- 2) Hannuyme 6enoro cBeTa Ha GOHe LBETOBON CEMEPUYHOM ramMmbl
06BACHAETCA CTPYKTYPOWN ONTUYECKOro POTOHA C HAPYIKHO-BHYTPEHHUM
KOHTYPHbIM Pa3MepoM, YAEPKMBAIOLLMM Haj CO6OM BCIO LBETOBYIO raMmy;
- 3) BO3HMKHOBEHME OrHA TaKKe 06bACHAETCA CTPYKTYPOI TENJI0BOrO
$OTOHa M Tem, YTO OH (HapAAy C PAAMOOKALMOHHbIMU GOTOHAMM) He
MOYKET BOMTU B BaKyyMHbI€ C/I0M NPOCTPAHCTBA. M1ams e — 3TO KaK bbl
BblpBaBLAACA HAPYXKY U3NULLHAA TENN10BAA YaCTOTHOCTb, @ A3blKMX NIaMeHN
— KOHTYPHOCTb 3TO YaCTOTHOCTU.

CTpyKTypoii GOTOHOB CBA3M, BMELLAoWMX B cebA OrpomMHOE YMCio
KBAHTOB M3-33 3ePKa/IbHO-COTOBOW CTPYKTYPbl HALLEro MONEKYAPHOIO UK
Ha/ZBaKyyMHOr0 NPOCTPaHCTBA, 06BbACHAETCA U BO3MOXKHOCTb COTOBOM
CBA3N.

Bb1 yxe moHsuH, yTo QOTOHBI TaMMa U PEHTTEHOBCKUX M3ITy4eHHH
WIH pagralioHHbIe POTOHBI 00pa3yloTCs pacKpyuYMBaHHEM KBAHTOB H3-
3a TOCTOSHHOTO BHYTPEHHEro 4actoTHoro pasmepa 3*107'% «m» wu
MOCTOSIHHOTO HAapYXXHOTO MJIM KOHTYPHOTO pa3Mepa, PaBHOIO pasMepy
aMeKTpoHa. B TakoM packpyuMBaHWM 3TH (OTOHBI HAOHPAIOT
MaKCHUMallbHOE KOJMYECTBO KBAaHTOB, YeM U OOBSCHSETCS HX
MUHHMMAaJbHas MJIOTHOCTh Ha 00BEM mpocTpaHcTBa. W paananoHHbIE
(OTOHBI ITPH STOM YHOAOOJSIOTCS MO0 CPABHEHHIO C APYTrUMH (HOTOHAMHU
TSOKENBIM  apTHIUIEpUIiCKUM cHapsiiaM. [lockonbKy 3TH (OTOHBI He
MOT'YT BOWTH B TIyOWHHBIE BAKyyMHBIE CIIOM WM 00pa30BaTh ()OHOBEIE
BOJIHBI, TO €€ M 3TUM OOBSICHSETCS SIPKOE CBEUEHHE MPHU SIIEPHOM
B3pBIBE, KOT/Ia TaMMa (POTOHBI, OTPAXkKasACh OT HAPYKHOTO BAKYyMHOT'O
CIIOsI, CTAHOBSITCSI CBETOBBIMH (hOTOHAMH. BuanTe, He MPUHUMAET JaxKe
BaKyyMHBIH CJIOl MPOCTpaHCTBA CATAHMHCKUX SIAEPHBIX B3PHIBOB!

[TomoOHO wH(ppakpacHble ¥ PATUOIOKAIMOHHBIE (OTOHBI HE
00pa3yroT ()OHOBBIX BOJH WJIM HE BKPYYMBAIOTCS B BaKyyMHBIE CIIOH
MpocTpaHCTBa-BemecTBa. Ho 3T0 - yke u3-3a OTCYTCTBHSI KOHTYPHOTO
MPOSIBJICHHUS Y HUX CaMOT'0 BHYTPEHHET0 4acTOTHOro pa3Mmepa. [lotomy
nH(pakpacHbie GOTOHBI HE TYT K€ MPOXOAAT CKBO3b BUIMMOE HaM WIIH
MOJIEKYJIIDHOE BEIIECTBO, a CHayala Kak Obl pacTeKaloTcs IO ero
MOBEPXHOCTH. M BaM yKe OHSTHO, KaK OTOHb HarpeBaeT MOBEPXHOCTh
YaiilHuKa. AHQJIOTMYHO M PaJUOJIOKAIlMOHHBIE (DOTOHBI yXKe HOaxe
OTpa)karoTcsi OT TOBEPXHOCTEH, 3ariodas B cede He BpalleHue
KBaHTOBOW KOHTYPHOU OOOJIOYKH, a - y)Ke caMO BHYTPEHHEE BpallleHHE
KBaHTOB.
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Ilocie COGCTBEHHOH 4YACTOTBI CBETOBBIX wm3dydenmii 3*10'7,
O3HAYalIMX  KpacHBI  JTHaIa3oH, o0pasyroTcsi  cHavama
ceemomennogvle (omonvl. 31eCh YACTOTHBIH BHYTPEHHUH pazMep
3*107'3 «M» CTAHOBHTCS HApPYKHBIM 4acTOTHBIM pasmepom 1073 «m».
A HapyXHBII KOHTYPHBIH pazMep (pOTOHOB, O3HAYAIOIINH U yIBOCHHBIH
pa3Mmep CBETOBBIX KBAHTOB, U O(UIMAIbHOE MOHATHE IJIMHBI BOJHBI,
CTaHOBHUTCS BHYTPEHHHM KOHTYPHBIM pa3MepoM. JTO 3HAYUT, HYTO
KBaHThl HAYMHAIOT HE CKPYYMBAThCH, KaK B CBETOBBIX (POTOHAX, a,
Hao0OpOT, pacKpy4uBaThcs. Takoil CBETOTEIIOBOM (DOTOH HaOHMpaer
BECh JMANa30H KBaHTOB BIUIOTH JI0 COOCTBEHHOW 4YacCTOTHI, PaBHOU
AIIEKTPHUYECKON rpaBuTOHHOM yactore (10'2).

Uro ke u3 3Toro cieayer? A TO, 4TO BOKPYT JItOOOI'0 CBETOBOTO
(¢oToHa 00pa3yrOTCA CBETOTEIUIOBBIC (POTOHBI. IJTO 3HAYMT, YTO U
NepBUYHbIE (OTOHBI cBeTa (yIbTpadHOIETOBBIE U ONTHUYECKHE) — 3TO
nogobue MaTpEmKA UM (OTOHBI Pa3HBIX IIBETOB, BIOKECHHBIE JPYT B
npyra. OOBsICHSIETCS 3TO TeM, YTO Yy CBETOBBIX (DOTOHOB Hapy:KHBIN
pasMep CTAaHOBUTCS YacTOTHBIM (ompenenseT oQuIHaIbHOE MOHSTHE
«UTUHBD) BONHBI). HO B HaleM MONEKYISIPHOM MHPE CHapYKH MOXET
OBITH TONBKO KOHTYpPHOCTh. [loTOMy B Anamna3oHe yabTpadHOIETOBBIX
(oTOHOB HauWHaeT o0Opa30BBIBATHCS IIOCIE KBAaHTOBOTO paszMmepa
(opunmaTbHO «UIMHBD» BOIHBI), PABHOTO Pa3Mepy 3JIEKTPOHA, eNUHBIN
KOHTYpHBIH Kak OBl Hapy>KHO-BHYTPEHHHU pa3mep 107 %«w». D10
MOATBEPKIAETCS JAaHHBIMU TPUKIATHOH (H3UKU O IUIOTHOCTH YHCIA
(OoTOHOB B onTHUYeCKOM jauarna3one (4, ¢.86).

[Moromy Oenblii cBeT OOBACHSIETCS TeM, YTO Ha 3TOT HapyXHO-
BHYTPEHHMH pa3Mep Kak Obl HaKpyuuMBalOTCSI BCE OINTHYECKHE
JIMana3oHbl BIUIOTH JI0 pa3Mepa CBETOTEIUIOBHIX ()OTOHOB. B cBsizu ¢
STHM CBETOBBIE (DOTOHBI M MEPEHOCAT CBEPXY TEMJIO, a CHU3Y MOXKET
ObITb U yNbTpaduoIETOBasl YaCTOTHOCTh IPAaBUTOHHOTO IBMKCHHUS. A
MOCKONBKY (POTOH — 3TO OJHOHANPABIEHHBIH 4YeTbIpexc(HEepHUK HIH
KBaJ[pynoiib, 0Opa3ylouii B CBETOBBIX (OTOHaX C BHYTPEHHHM
gacTtoTHbIM pasmepom  3*¥107 «m» momobue cemucdepHuka, TO U
TIEPBUYHBIN CBETOBOW (DOTOH BCerza packiaabiBaeTcsi Ha CeMb [IBETHBIX
MOJIEKYISApHBIX (oTOHOB. MHBIME crnoBamu, Oenblii CBET — 3TO, Kak
MpaBUJIO, TEpBUYHBIE CBEeTOBbIE (POTOHBI. Ecnm ke MBI BUIUM IBETa
WIH IBETHBIE Jy4d, TO 3TO BCErga YK€ MOJEKyJspHble (OTOHBI
(oTpask€HHBIEC OT MOJIEKYJISIPHOM CPEeIbl WIIH MPOIIE/IINE CKBO3b HEE).

[Tocne coOCTBEeHHON YaCTOTHI M3MYyYEHHH, PAaBHOW JIIEKTPHUECKON
FPABUTOHHOM WM NPOCTPAHCTBEHHOM 4acTOTE, MOSBISETCS HAPYKHBII
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qacToTHbId pasmep 107 «m», KOTOpBIi Kak Obl OTBEpACBAET, WIIH
CTaHOBHTCSI KOHTYpHbIM. W 31ech 00pa3yloTcs yKe «UHCTO»
WHQpaKpacHble WIH meniosvie Gomonvl. OHH TPENCTABIAIOT COOOH
JIBa KOHTYPHBIX CPepHUECKHX KOJbIa, 3aXBaTHIBAIOIIUX MEKIY COOOH
y’K€ He KBaHTHI, a TCIUIOBYI0 YaCTOTHOCTb JBIMIKEHHS MOJEKYISPHBIX
rpaBUTOHOB. [IpmuéMm 5Ta YACTOTHOCTb, HE YXOAAMIAS B BaKyyM,
cmocoOHa pacTd 10 OrPOMHBIX BeMWYMH. M B TOJHOCTHIO
HAaJIBAKYyMHOW WIH YX€ BHJIUMOI MOJIEKYJSIPHON Cpele BHYTPEHHSIS
YaCTOTHOCTb  TEIJIOBOrO  ()OTOHA  CTAHOBHTCS  KOHTYPHOCTBIO,
BBIXOJISIIEH 32 Mpeaensl (OToHa, T.e. - orHéM. [lockonbKy miams — 3To
Kak OblI HaJIBAKyyMHOE MPSAMOE OTpakeHHe TEIIOBOro (POTOHA, TO STHM
U OOBsCHsAETCA, YTO UEHTpaJlibHAas YacTh IUIAMEHH 3HAYUTEIBHO
XOJIONHEE, YeM HapyxXHas. JTO JoKa3blBaeT M 00pa3oBaHME Temja B
HallleM MOJIEKYJIAPHOM MHUPE M3 HEOLIyI[aeMOM HaMU BaKyyMHOU
YaCTOTHOCTU TPAaBUTOHHOT'O BPAILICHUSI.

CeerorenoBble (OTOHBI C POCTOM HMHTEHCUBHOCTH CBETOBOTO
W3TY4YEeHHUS] CTAHOBATCS TEIIOBBIMH. A NPH BO3HUKHOBEHHWH IJIAMEHH
MO0 3aKOHy CHMMETPHH  TPOCTPAHCTBA BOKPYI HEro oOpasyrorcs
CBETOBBIE MyNbcapbl. [loToMy Tu1amMsi — 3TO cHavaja TEMIOBOH Mmylbcap,
BOKDYT HEro - CBETOTEIJIOBOM MyJbcap, a 3aTeM — U CBETOBOW. SI3bIkH
e TUIaMeHH — 9TO Kak Obl HeympaBisieMasi TelIoBask KOHTYPHOCTh
(momoOHasi MarHUTHBIM CHJIOBBIM JIMHHSIM), XAOTHYHO BBIPBaBIIASICS

Hapyxy:

[lepBuunbie cBeTOBbIE (DOTOHBI, MMEs BHYTPEHHUH YacCTOTHBIN
pasmep 3*107' «m», IIErKO «BKPYYHMBAKOTCA» BO BHYTPEHHHE
BAKYyMHBIE CJIOH, IIEPEHOCSACH YK€ 3a CY4€T 4YaCTOTHOM WM
TPAaBUTOHHOM CTPYKTYpbl TPOCTPAaHCTBAa, KaK WMEHHO (oOHOBas
4acTOTHOCTh (IposiBiisieMass (JOHOBBIM KOCMHUYECKUM H3IyuyeHHEM). A
YTO K€ NMPOUCXOTUT MPU BXOXKIAECHWU KBAHTOB B CaMblii BHYTPEHHUI
BaKyyMHBIH CJIOH WK B runepnpocTpaHcTBo? Kak BBl y)ke MOHSIIH, TaM
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YK€ HET HaIIIeT0 MOHSITHS CKOPOCTH CBETa WJIM CKOPOCTH BCEX (POHOBBIX
BoimH. K ToMy ke, ckaxem, 3a IlmyToHOM HET yXe U ILIAHETHOTO
BpAIllCHUSI WM TIPOSBICHUS HAPYXXHOTO BaKyymHOro cios. M Bo
BHYTPEHHMX BaKyYyMHBIX CJIOSX (DOHOBBIC BOJIHBI  TOJIYYarOT
HEBOOOPA3MMYI 4YacTOTy pacIpOCTpaHEHHs, KaK Obl BBIHBIPHBAS B
CIICAYIONIEM OpOMTAILHOM BpAICHUH, MPOSBISIONIEM HapyKHbIC
BaKyyMHBIE CJIOM, KaK MMPUBLIUHBIHN JJIs HAC CBET.

Oro BaM JODKHO OBITH W TOHATHO. Beap ecau  jpaxe
OKOJIOCOJTHEYHBIC TUIAHETHI HAa HOYHOM He0e — DTO OTpa)KCHHE
COJIHEUHOI'0 CBETa OT CBETOBOM e IUIEHKHU Ha WX MOBEPXHOCTHU, TO 0e3
TUIEPIPOCTPAHCTBA JAJIIEKUE COJIHIIA U ObLTH Obl JaJIEKUMU COJIHIIAMH,
KaK JaJéKUMU CBETHJIbHUKAMU, OCBEIIAIONIMMH BCE BOKPYr cels. A
TOrJa ¥ HOYBIO OBbLIO OBl HE TEMHO, a TOJNbKO macMypHo. Ho Bce
nayékre 3BE3/IbI CBEPKalOT Ha ()OHE UMEHHO 4YEPHOI0 HOYHOrO Heoa.
OTO M 03HaYaeT MOCTYIJIEHHE CBETa OT HUX Yepe3 TMIepIpOCTPAHCTBO.
[MomoOHO ¥ yJIUYHBIE CBETUIIBHUKH, XOPOIIIO OCBELIAIOIINE BCE BOKPYT
ceOs1, BIAJIM CTAHOBSITCS CBATAIICHCS TOUkor. OTCIOa BBI YK€ BUIIUTE,
MOYEMY M ONPENETICHUE PAacCTOAHUM JO JallbHUX 3BE3J B HEKUX
CBETOBBIX TI0/JaX COBCEM HE CepbE3HO. Buaute, kak HCKaKEHHOE
BOCITPHUSITUE MPOCTPAHCTBA UCKAXKAET U MPENCTaBIeHHEe 0 KocMoce?

[To cnpaBounbiM naHHbIM (4, €.86) B (OHOBOM KOCMHYECKOM
PENUKTOBOM M3IYYEHHH, OTHOCSIIUMCS K JUAIa30Hy BOJH CBSI3H, B
cdepe BpaleHHs pa3MepoM B OJMH MHJUTUMETP (HO TaM 3TO, KOHEYHO,
He cdepa, a wiockuit 006EM) conepxarcs 400 GOTOHOB. A 3TO 3HAYUT,
YTO B OJJHOM (POTOHE C IMOCTOSIHHBIM HapYyXHBIM pa3MepoM 107 «w» B
HaJIBAKYyMHOM WM MOJIEKYJSIPHOM CIIO€ H3-3a COTOBOM CTPYKTYPHI
MIPOCTPAHCTBA M CBOMCTBA 3€PKaTBLHOCTHU HAIIETO YK€ MOJICKYISIPHOTO
Mupa U3 OfHOro ()OTOHA, HA4YMHAS C YACTOTHOIO WJIM BHUPTYAJIBHOTO
pa3Mepa pajroJIOKAIMOHHBIX (DOTOHOB 1072 «u» nposisitorcest 400
¢oroHoB BoNH cBsi3u. [Ipuyém Kaxkaplid, Takoil Kak Obl BHYTPEHHUH
($OTOH, coCTOMT emé M M3 4YeTHIpEX KBAaHTOB, o3Hadas yxe 1600
Hapy>XHBIX KBaHTOB. KpoMme Toro, u B CpeTMHHOM BaKyyMHOM CJIO€ IO
3aKOHY CUMMETPUM KaXKJbIil HApYKHBI KBAHT COCTOMT M3 TAKOTO K€
grcia (1600) kak Obl BHyTPEHHHX KBAHTOB.

Takoe orpomuoe umcio (1600*1600) xkBaHTOB B onHOM (HOTOHE
BOJIH CBSI3U JI€JaeT BaM IMOHSTHBIM, YTO TaKOE TEICBU3MOHHBIN CHUTHAL
Benp B TakoM (OTOHE MNOMECTHTCS U BCSKUH 3BYK, H BCSKOE
n3o0paxenue. U Bl yKe MOXKETE MOHUMATh, YTO TAKOE COTOBAsI CBS3b,
KaK CBS3b BOJIHAMH CBSI3U. Bo-TIepBBIX, 3TO JABMKEHHE YACTOTHOCTH
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4yepe3 caM COTOBBIM cdepuueckuii (OH BaKyyMHOI'O IPOCTpAaHCTBA. A
BO-BTOPBIX, B OJHOM BHYTpEHHeM ()OTOHE, BpalIaoImEMCs C
ONpeneNéHHON YacTOTOM, MoXKeT pacnojiarateess 1600 kak Obl
HapyXHBIX KBaHTOB, a B KaXJoM U3 HUX - emé 1600 BHYTpeHHHX
KBAaHTOB CO 3HAYEHHSMH ITOIYACTOTHI, KaK MOA0OHSIMH CUM-KapT.

Kak o0pa3syrorest uBeTa. 31ech TOBOPUTCS O TOM, YTO

- 1) cTpyKTYpoOM onTuyeckoro GoToHa, COCTOALLErO U3 LIBETOBbIX
rPaBUTOHHbIX YaCTOTHOCTEMN, KaK Obl NOC/1e[0BaTENIbHO HAKPYYEHHbIX Ha
HAPYKHO-BHYTPEHHWUI pa3mep 107° «M», 0B6bACHAETCA U AnUCnepcus ceeTa
WY ero pas/ioXKeHue Ha LBETOBYIO raMMYy;

- 2) NOCKONbKY CBETOBOM GOTOH, KaK 1 10601 GOTOH, — 3TO cemUcdepHUK,
TO 3TUM 06BACHAETCA HE TO/IbKO CEMb LLBETOB Payru, HO U 0bpasoBaHue
3a CYET LeHTpanbHoro TpéxchepHuka GoToHa 6en10ro 1 YEPHOrO LLBETOB.
Beapb TpExchepHUK 1 0bpasyeT LeHTp chepbl, U CTATMBAET 3Ty chepy
CHapy»u. MoTomy 3T 6eno-4€pHble LBETA MOXKHO Ha3BaTb KOHTYPHbLIMMU, B
oTan4ymne ot LI,BETOBOVI raMmbl, KaK KOHTPACTHbIX LLBETOB;

- 3) obpasoBaHMeM CBETOBOM UM KBAHTOBOM NIEHKU HA MOBEPXHOCTU
0bbACHAETCA U cBeYeHMe JlyHbl, 1 becTALMe NOBEPXHOCTH, U BCE
pa3Hoobpasue LBEeTOB Halero mvpa. Mpu 3Tom OT NOBEPXHOCTH
OTParKaloTCA yrKe MosieKynAapHble GOTOHbI, HecyLMe Habop KOHKPETHbIX
ugeToB. [lOTOMY NPO3pPaYHOCTb MaTepmnana onpesenseTcs CTeneHbto
NPOMNYCKaHWUA UMW NEPBUYHBIX (MCXOAHBIX) GOTOHOB.

[lepBuuHbIif CBETOBOM ¢oroH, Oymyun OKpPY>XKEHHBIM
nH(ppakpacHbiM (OTOHOM, TPEICTABISAECT COOOK, KaK Bl YK€ YMTAJIH,
nonodue ceMuc(epHUKA WM CENTYNOJsA. DTUM M OOBICHSETCS, UTO
€CII CBETOBOHM JIyd MPOMYCTHTH CKBO3b CTEKISIHHYIO MPHU3MY, TO Ha
YCTaHOBJIICHHOM C3a/IM DKpaHe OH PAcKJIaJbIBACTCS Ha CIEKTP M3 CEeMH
I[BETOB.

Hwuxe n300paxEH OMBIT 1O MPOIYCKAaHUIO CBETOBOTO Jiy4a uepes3
MPHU3MY, TIOKa3bIBAIOIINH 3P PEKT TUCTIEPCHH.
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1 Sanumamenvroe Paznuuenue.

CHavana TaM WAET KpacHas JHMHHA, a B KoHIe — (uomnerosas. U
MoYeMy 3TO MMEHHO TakK, B CTapol (U3MKe, KOHEYHO, HE OOBICHSIETCA.
A BBl yXe MOXeTe IpEACTaBIATh, YTO caMoe HapyxkHoe (camoe
6OHI)H_[OG 10 «AJIUHE» BOJ'IHLI) KOJIBIIO B CEMHCIIOKHOM CBETOBOM
¢doToHe — 3T0 HH(ppaKpacHas U KpacHas 4acToTa, a caMoe BHyTpEHHee —
¢uoneroBas u ynprpaduoneroBas 4acToTa. MeHblas KpacHas 4yacToTa
M O3Hauaer Oonpmuii pa3mep BpaimieHUs. OTTOro B CHUPAIBHO-
ceprueckoM BpalleHWW TpH B3TIsAAe COOKY CHadaja IepeMeniacTcs
TpaBUTAllMOHHBIM HWJIM TPABUTOHHBIM Bpall€cHUEM CaMOC 6OHBHIOC
KpacHOe KONbIO, a 3aTeM - BcE OoJiee MENKHE KOJbLEBBIE CQephl.
Brixons xe u3 mpusmbel (T€ OJMHAKOBO HAKIOHEHHBIE T'PaHM) ITH
cepbI-KoJblIa Kak Obl Pa3beANHSIOTCS, WK yXKe He 00pa3yloT CIMTHOH
(hoTOoHHOH Chephl.

M nepBbIM BBIXOIWUT, KpPacHOE€ KOJIbLO, KaK CaMO€ Hapy»X HOE,
CTaHOBACH OTACIIbHBIM q)OTOHOM, a 3aTeM — U OTJACIIbHBIM JIY4OM. A
MOCIEAHUM BBIXOJUT caMoe MeHbllee (GroneTroBoe Komblo. 1 3Haere,
Mo4YeMy  CTEKIO  TpOIycKaeT  Tello, HO He  MpOIycKaer
yIAbTpaHONETOBbIC Ty4H (B KOTOPBIX MOXKHO 3aropaTh)? B crekie yxe
MCHbIIIAA 4aCTOTa paClupOCTPpaHCHHUA WJIW ABUXKCHUA JIydad, a B BO3AYXE
oHa Ooubiire. [Toromy ynbTpaduoneroBbie chepbl B (OTOHE, KaK caMble
MCHBIIIME WJIM NOCJICAHUE B JBUKCHUU HE YCIICBAIOT BOWTH B COCTaB
o011eli cBeToBOM (OTOHHOH chepbl, BRIXOsIIeH 13 crekia. K Tomy xe
yIabTparoNeToOBass TPaBUTOHHAS YAaCTOTHOCTh PACIONaraeTcsl yxe 3a
HapY>KHO-BHYTPEHHUM KOHTYPHBIM Pa3MepOM CBETOBOTO (HOTOHA.

[TockonbKy, Kak BBI Y)K€ UATaJIM, CBETOBOW MEPBUYHBIN (OTOH — 3TO
nogobue cemuchepHUKa, OKpYKEHHOE HUHPpPaKpacHbIM (OTOHOM, TO
3THUM 06’b$ICH$IeTC$I " TO, YTO BILJIOTH OO JUalia3oHa BOJIH CBA3U Yy TOTO,
YTO Ha3bIBAIOT <JUIMHOM» BOJHBI MJIM Y HapyXHOro pasmepa (oToHa
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I 3anumamenvroe Pasnuyenue.
Mana3oHHoe 3HadyeHue. Ho u B mBeTHBIX Jyyax (DOTOH oOpa3syercs
YEeTHIPhMSI KBAaHTAMHU, TMOTOMY JIa)K€ W Y HHMX JHANa30HHOE 3HaueHHUe
«UTTHBD.

L[BeroBas ¢oTtonHas cepa-konbio. OOpaTuTe BHUMAaHUE, YTO CHAPYKH
OHA CTPEMUTCS K YEPHOMY LIBETY, @ U3HYTPH — K OelIoMYy.

A 3Haere, 4TO Takoe Oenblid 1 YEPHBIA 1BeT? Benb KOHKPETHO, YTO
3TO TaKoe, TOKE He TOBOpUTCA. TpéxcepHUK WM TPUIIONb B LEHTpPE
ceMuc(epHIKa MPOSIBIISIETCS cpa3y W Hapy>KHO W BHyTpeHHE. OTTOro u
CBETOBYIO c(hepy MOXXHO NPEACTaBUTh B BUJE LBETOBBIX Cep, UIYIIHX
apyr 3a gpyrom. M 93To BHYTpeHHHE ceMb LBETOBHIX cdep,
OTpaHMYCHHbIC Hapy)KHOW 4YEPHOH cdepoil W BHYTpPeHHEW WIH
nocnenHelt oenoit chepoit. T.o., Oenbiil 1 YEPHBIN IIBET — 3TO TAKUE KE
paBHONpABHBIE [IBETA, HO KaK Obl OrpaHMYMBAIOIIIE OOIIYIO KOJIBIEBYIO
cBeroBylo cepy neppuuHoro ¢gorona. Ha 3tu 6a30BbIe 1BeTa Kak Obl
HaKJIaJbIBAIOTCSl CeMb JAPYIMX KOJOpOB. A B JTUCHEPCHH WIH TIPU
PA3JIOKEHUH CBETOBOI'O JIyda B CTEKISIHHOM IpU3ME HET YEPHOrO U
Oenoro mBera MOTOMY, YTO 3A€Ch BHYTPEHHHMH YaCTOTHBIM pasMmep
3*1073«m» (Oyayun 1000MEM TpPUIIONS) Kak Obl PACXOAUTCS IO
OTJETTBHBIM KOJIOpaM U He MPOSBISETCS [{BETOM.

WubiMu  cnoBamu, u€pHbIE UM Oenblit  1mBeT  OoOpMIISIOT
COOTBETCTBEHHO CHApYXW W M3HYTpH (oToHHYIO chepy. U st 1Bera
MOXXHO Ha3BaTb KOHMYPHbIMU, A CEMb OCTAlbHBIX IIBETOB —
YaCTOTHBIMHU WM KOoHmpacmuvimu yeemamu. IlonpoOyiiTe CHU3UTD 10
MUHHUMYyMa KOHTPAacTHOCTh BallMX MOHHTOPOB, - OCTAIOTCS TOJIBKO
4yépHble U Oenble WM KOHTYpHbIE 11BeTa. L[Bera KaneHus craim, Kak
cer ComHIIa, TaKKe MPOSBIIAIOT Oenblii BeT. Beap 31ech, B oTn4ne oT
nucriepcud, (OTOHBI HE PACKIIAABIBAIOTCS, 8 MCITYCKAIOTCS MOTHOCTHIO.
HeonpenenennocTs KBaHTOBOrO pasMmepa (OQHUIHMATIBHO <«IJIHMHBI)
BOJIHBI) U1l KOHTYPHBIX IBETOB (4EPHO-CEPO-OENbIX) M OOBACHSIETCS
TEM, YTO B HallleM MUpPE OHH yXK€ HE MOTYT MpOSBUTHh YaCTOTHOCTb, a
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I 3anumamenvrnoe Pasnuuenue.
3ateM (B Au(pakiuy, HapUMep) U KOHTYPHOCTb, OyAydd H3HAYAIbHO
KOHTYPHBIMHU.

Bbr yxe MoxeTe M NOHUMAaTh, NMOYEMY CTEKJIO TMpO3payHoe s
cBera. B crekie mpoaomkaroT MATH NPAaKTUYECKH OAHU IEpPBUYHBIC
(OTOHBI, IOTOMY OHO W MpO3pavHoe. B npyrux ke yxe Hempo3pavyHbIX
BelleCTBax ¢ 0Oojee MUIOTHOM MOJEKYJSIPHOW CTPYKTYpOH IepBUYHEIE
(OTOHBI, paCKpY4HBasACh CHA4ala Ha KBAaHThI, CKPYUYHUBAIOTCS 3aTEM YKe
B MOJIEKyJIsipHBIE (hOTOHBI. VX cOOCTBEHHAsI YacTOTa y:Ke U3MEHsETCs 32
c4€T 1BETOBOW 4YacToThl BemiecTB. OTTOr0 M HET NMPO3PAYHOCTH IS
CBeTa TaM, TJie y)Ke BOOOIle He MOTYT WATH TepBUYHBIE (oTOHBL U
3HaeTe, Kak UAET BUKEHHE cBeTa uepe3 cTekio? [Ipu npoHuKHOBEHUH
B HEro, rJe YyXe MEHbIIas 4YacToTa pPaclpOCTPaHEHUs, MEepBUUYHBIE
(DOTOHBI, OCTABISIOT CHAYala C8eMO8YI0 WU KGAHMOBYI0 NIEHKY Ha
MOBEPXHOCTH, U TOJBKO MOTOM MJET UX JABM)KEHHE yXke B crekie. U,
YyeM MeHee HHTEHCHBHA MJIEHKA, TeM NMPOo3padHee CTEKIIO.

KBanToBas mi€Hka yke poBHO HAIOJIOBUHY MPOSABISETCS B HaIleM
HaJBaKyyMHOM WJIM MOJEKYISIpHOM Mupe. OTTOro ojaHa IOJOBHHA
CBETOBBIX JIy4ell oTpakaercd, a Ipyras NpoXoJUT CKBO3b CTEKI0. DTUM
Ha YIWIE BCerga cBeriiee, 4eM 3a JIoObIM cTekioM. Uto Takoe
KBaHTOBAas WJIM CBETOBAs TUIEHKA MOXKHO MTOHATH, HAOIIOAAs, HAaprUMep,
IIEHKY OT He(TEeNnpOAyKTOB Ha TIOBEPXHOCTH BOABI. JTa IUIEHKA
o0pasyeT IMCIEpPCHIO CBETA, NEepeNuBasCh BCEMU I[BETaMU pajyrd. A
MIPOMCXOIUT 3TO IOTOMY, YTO TOJIIMHA TaKOW MJIEHKH COCTaBISET
oxomno 107 «am» mmm kax pa3 pa3Mep cBEeToBOro (POToHa, KOTOPBIN M3-32
3TOTO U pacKiajpIBaeTcs Ha ceMb yacToT. [locnenyromnme xe cBEeTOBbIE
(OTOHBI OTpa)KaroTCsl YK€ OT ITUX HYACTOT, MPOSBISISL Pa3HbIC IIBETa
paayru, HO He paiyroue a3 (Bemp HedTh — HE W3 3TOro, a W3
MOJBaKyyMHOTO MHUPA).

KBanToBO# MmI€HKONH 00BsICHsIETCS W 0J€CK HEMPO3PayHbIX POBHBIX
MOBEPXHOCTEH, HampuMmep OJeck IBeTouHOW Bas3bl. I[lpm sToM wHAET
OTpaXeHUE TOCIEeNyIIUX (mociie 00pa3oBaHUs KBAHTOBOHM TUIEHKH)
CBETOBBIX JIydeli HE OT IIOBEPXHOCTH, A OT KBAHTOBOM IUIEHKH,
oOpa3oBaBiieiicss Ha Heil. VM MMEHHO KBaHTOBas MJIM CBETOBas IUIEHKA
MO3BOJISIET HaM BUJETh BCSKWE IIBETa M I[BETHBbIE IIOBEPXHOCTU Ha
npeamerax. Jleno B TOM, YTO CBETOBas IUIEHKA IO CBOEW TOJIIMHE
HUCXOAUT M3 I[BETOBOTO pPHCYHKAa IOBEPXHOCTH. A TMOCIEAYIOLIe
CBETOBbIE (DOTOHBI, OTPaXKAsCh OT CBETOBOM IUIEHKU, CTAaHOBATCS
MOJIEKYJISIPHBIMA MJIM HECYIIMMH ONpeAeiEHHBIH Habop cOOCTBEHHOMH
4acTOThI, KaK Obl CHATHIM ¢ TUIEHKH. [1OCKOIBKY KBaHTOBas IJIEHKA
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I 3anumamenvrnoe Pasnuuenue.
o0pa3zyercs mepBHYHBIMU ()OTOHAMH, TIOJIHOCTHIO PACKPYUHBAIOIIUMHCS
Ha TIOBEPXHOCTH, TO 3/IeCh NPOSBIISIIOTCS YKe Oenblii u u€pHbIi uBeT. 1
OTpaxXEHHBIE OT CBETOBOW IUIEHKM MOJNEKYISIpHbIE ()OTOHBI HECYT
LBETHbIC ()OPMBI K HAILIIMM TJIa3aM.

Kak cBeT CTAaHOBUTCS TOKOM M Pa3jiH4eHUe UMITYJIbCA €
Heprueil GoOHOBBLIX BOJIH. 3716Ch TOBOPUTCS O TOM, UTO

- 1) doToaddeKT —3TO 06pa3oBaHUE U3 MOEKYNAPHbLIX CBETOBbLIX GOTOHOB
NPW KOHTaKTe X C TOHKOW META/IIMYECKOM NAACTUHOM 3/1EKTPOHOB, a
3aTEM - INEKTPUYECKUX chep M GOTOHHOrO TOKa.

B He pasnnMyeHnn xe 4acToTHO-CPepUYECKOM CTPYKTYPbl HaCTuUL, He
Pa3IMYALOT U CTAHOB/IEHWNE U3 MOJIEKYISAPHBIX UU BTOPUYHBIX GOTOHOB
Y>€e Hano/I0BUHY MOJIEKYNAPHbIX 9N1EKTPOHOB;

- 2) KpacHaA rpaHMua ¢otoaddeKTa 03HaYaEeT YaCTOTHYIO A/IUTENbHOCTb
bOoTOHa, NPU KOTOPOW OH He ycneBaeT CKPYTUTLCA B SNEKTPOH. du3mKa
Pa3nnyeHna nokasbiBaeT, YTO GOTOHHbIM TOK — 3TO U PAANOCUTHAN,
CHMMaeMblIl ¢ aHTeHHbI. CTapas e du3nKa BoobLe Kak bbl HM 3ameyaeT
35TOT TOK;

- 3) umnynbc GoToHA UAN GOTOHHBIN UMMYILC U3TYYEHUA — 3TO U eCcTb
MMNYNbC, KaK Npou3seeHne COBCTBEHHOM YacTOTbl U3/Ty4YEHUSA Ha
CKOPOCTb ero pacnpocTpaHeHuns. A B oduLmManbHOM GU3MKe MMNYbC
boToHa, Hanpumep, NpU ABUNKEHUM CBETOBOTO /y4a B BOAE UAN B CTEKE
[OOJIKEeH PacTu, YTo, KOHYEHO, HE CepbE3HO. CpelHEKBAAPATUYHASA Ke
BE/IMYMHA OTHOLLIEHMA MMNYAbCA GOTOHA K YacTOTe B3aMMOAENCTBUA
aneKkTpuyecknx chep B POTOHHOM TOKE COOTBETCTBYET €r0 HAMPAKEHUIO.

Hcxonubiii yactorHblii pazmep 3*107" «vm» y HOTOHOB Beex BUJIOB,
KpOMe paJualMoOHHBIX, HWHQPAKPaCHBIX U  PaJUOIOKAIMOHHBIX
(OTOHOB, O3HAYaET MOCTOSHHYIO MX CBS3b CO BTOPHIM WJIM CPEJHHHBIM
BaKyyMHBIM cJioeM. Bbl, HaBepHOe, ciblmain npo (orodddexr. Ito
KOI'Jla CUJIbHBIM JIyd CBETA, OCBEIIAIOIIMM TOHKHM CJIOH MeTajula Ha
I1acTHHE, 00pa3yer JIMHEHHBIN (IOCTOSHHBIN) TOK B Henu. M ecinu BbI
nepeceyére WM 3aKpoeTe CO0OH 3TOT JIyd, TO TOK MPEKPaTUTCA.
IToTroMy, Korja Bbl, HAIPUMEP, HE 3aIUIATWIIN IIPU BXOJE B METPO, TO U
cpabaThIBalOT 3aJBIDKKH. A BBl yXe pazjiuyaere, 4TO B MeTallle,
KOTOpBIA Kak Obl OOMJIBHO CMOYEH O3JIEKTPHUYECKOW MOJEKYISIPHOH
YacTOTOW OT YacTOTHOH BOJBI, CBETOBOW (DOTOH JIETKO CTaHOBHUTCS
JNIEKTPOHOM, a 3aTeM H DJJIEKTPOTOKOM. Benp cBeroBod QoToH,
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I 3anumamenvrnoe Pasnuuenue.
MMEIOLMiT CPeIHMii YaCTOTHBI HapyKHBIT pasmep oxono 1077 «» u
HAPYKHYIO DJIEKTPHUYECKYI0 TPAaBUTOHHYIO YacTOTY, MOIy4as IPU 3TOM
JOTIOJHUTENIBHYIO  DJIGKTPUYECKYI0 YaCTOTHOCTh B  KOHTAaKTe C
METaJTOM, CKPYYHBAETCSA 70 pa3Mepa dJIeKTpOoHa (4”‘10_10 «M») HITH
KakK pa3 70 BHYTPEHHEro KOHTYpHOro pa3mepa storo ¢oroHa. (Kcrartu,
U pa3Mep BJEKTPOHA C YETBEPKOW T'OBOPUT O €r0 KBAJIPYMOJbHOW WU
4eThIpEXCPEepHOil CTPYKType.) DTO MPOUCXOAUT, TeM Oolee, MoToMYy,
YTO KOHTYPHBIA HapyXHO-BHYTPEHHHUI pa3Mmep ONTHYecKoro (oToHa
COCTaBIIIET, KaK BBl MOXKETE€ BCIIOMHHUTH OKOJIO 107 «ay. Hcxonnblit

e uacToTHblil pasmep 3*107"3 «m» BHYTpH (OTOHA CTAHOBUTCS TIPU
3TOM IIEHTPaJbHBIM TpEXCPEPHUKOM MM TpumnoieM. Ilpu sTom
TOJIIMHA TUIACTHHBI JODKHA OBITh TakoW, 4YTOOBI W TPHU MAJOH
WHTCHCHUBHOCTH CBETa YycCIIeBAIH OOpa30BBIBATHCS DJICKTPUUYECKUE
cdepbl U3 IEKTPOHOB, KOTOPHIMHU CTAHOBSTCS MOCTYHAIOIINE (POTOHBI.

U ut0 )e «oOBsCHsAETCS» MIKOIBHHUKAM TMoKa oduiuansHo? A To,
YTO, MOJ, KaXIblii (OTOH, Kak HEKHH KaMelleK «BbIOMBaeT» W3
MeTajia 1o AJIEKTPOHY, Kak 1o Hekoel uckpe. Ho Beap opunmanbHo He
eMy, a DJIEKTpOHY MPHIAIOT MacCy WM JeNaloT ero KaMmemKoM, a Y
¢doroHa M opunHanEHO HeT Macchl. Ho Takoit abcypsl XUTpo Kak Obl
He 3amevaroT BoBce. Ho m ato emé He BcE. Ilpupasast 3apsny uiaum
YacTOTHOMY BpAallleHHIO DJJIEKTPOHA 3HAK «MHHYC», HAa3bIBAIOT
IUTACTHHY, KyJa MaJaeT CBET, U OTKyla HMCXOAAT (OTOHBI, CTaBIIHE
ANEKTPOHAMH, MM (OMOHHbIE I1eKmpoHbl, KaTogoM. M 3To motomy,
YTO TPUAAIOT HCXOISIIMM DIIEKTPOHHBIM cdepaM MHHYCOBOH WIIH
KaTOJIHBIM «3HaK». B OOBIYHOM Ke 3JIEKTPUUYCCKON IeNu TOK HUAET
BCerjaa oT aHoja (Hampumep, B dyiekTponuse). Ha camom xe aerne BBIXO.
AJIEKTPOTOKA OH BCErja M €cTh TONBKO BbIXoJoM. Ho ecTh BBIXOX AJist
TOKa B IIEMH, & MOXET ObITh emé M JOMOJHUTEIbHBIA BBIXOA JUIS
(DOTOHHBIX  DJIGKTPOHOB WJIM  (POMOHHBIL  6bIX00, OOpa3yHOIIHA
JOTIOTHUTENBHBIN JTHHEHHBIH (OQHUIMATbHO TOCTOSHHBIN) (homonmbiil
mox. Bugure, omsaTe mnyTalT MmKOIbHUKOB! IloTomMy MHoOrHe U
OTBOPAUUBAIOTCA OT (U3MKH, KaK W OT PEIHTHH, KOTOPYIO TOXe
HCKaXKaIOT, HO 00 3TOM pedb JAajbllIe.

31ech mpuBeaeHa CXeMa SKCIIEPUMEHTAIbHOM YCTAHOBKU JJI U3YUCHUS
¢doroadderra. C MOMOIIBIO TBOHHOIO KIF0Ya MOKHO U3MEHSThH
MOJIIPHOCTH Ha MJIACTUHAX. DTO 3HAYUT, YTO OCHOBHON JIMHEHHBIIM
(TIOCTOSIHHBIN) TOK UJIM IOMOTaeT (JOTOHHOMY TOKY (BO3HUKAIOIIEMY
MEXIY TIACTUHAME) WU TPEMATCTBYET EMY.
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1 Sanumamenvroe Paznuuenue.
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A ecnu Bac OyIoyT crpamiBaTh, YTO TaKOe KpacHasl TpaHMLa Ui
doroaddekra, TO BB, MNPOYUTAB 00 OTIMYMM CBETOBBIX U
WHQPaKpacHbIX (OTOHOB, Y)KE€ BIIOJHE OTBETHTE Ha d3To. [Ipm 3TOM
OpsIMO M OTKPBITO, a HE TaK, Kak B CTapoil (HU3MKe, KOrjna OIMATh
3a0MBAOT TOJIOBY cebe M mKoIbHUKaM. KpacHas rpaHuiia, Kak Bbl yKe
JOTaJIbIBAETECh, - 3TO COOCTBEHHAs] 4acTOTa M3JIyYeHHS, MPH KOTOPOH
yxke HeT ¢porodddexra nunu odpazoBanus GoTOHHOro Toka. Hampumep,
KpacHbIC CBETOBBIC JTyYH HUKOTJ]a HE MOTYT BbI3BaTh PoTodhdekr. A y
KpacHBIX JIyuell MaKCUMalIbHBIH HapyXHbIH pazmep ¢oroHa. IloTomy
KpacHblii (OTOH yXKe He MOXKET WIA HE YCIEBaeT CKPYTUTHCS B
SNIEKTPOH, BeIb TMEPHOA OTOr0 CKPYYMBaHUS TIOCIE YacTOTHOH
mmrensHoctn «10™%  cramoButes  Gomblie ANEKTPUIECKON
IUTenbHOCTH. TO JKe, modeMy Ui pPa3HBIX MaTepuajoB pas3Has
KpacHasi TpaHuIla, - 3T0 (KaK U B MPOBOJMMOCTH) CTEICHb KakK Obl UX
CMauyMBaHUsl YaCTOTHOW BOJIOHM, TOMOTAIoIasi B CKpy4HBaHUH (POTOHOB
710 3JIEKTPOHOB.

U, gro uHTEpecHo, B cTapoil (u3HKe TOBOPUTCS O (POTOHHOM TOKE
TOJILKO OT CBETOBBIX Jyuel. Ho oOpasyercs (OTOHHBIN TOK W OT BOJH
CBSI3M M OT PaguoBOJH. Bbl e ToHuUMaere, 4ro M3 Kabens OT
paZnOaHTEeHHBl MU OT CIIYTHUKOBOH aHTEHHBI TaKK€ BBIXOIUT
TUHEHHBIN (mocTosHHBIN) ToK. Ho 6e3 Paznuuenus HeHemHel usuke
Ha 3TO JaXKe HE HAWTH U UCKaXXeHUU B €€ «oObiacHeHusx»! BEI yxe B
Kypce, 4TO BOJHBI CBSI3U M PAIMOBOIHBI MOYTH Cpa3y BKPYUYUBAIOTCS B
rIyOMHHBIE BaKyyMHbIE cloW. M 1o 3akoHY CHMMETpWH, BCTpedas
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I 3anumamenvroe Pasnuyenue.
MPEnsTCTBUE, OHWU TaKkKe JIeTKO (KpoMe BONH PaJroSIOKAIINH)
pacKpy4yMBarOTCs B MOJIEKYJsipHbie (oTOHB. B HHMX mnpucyTcTBYeT
MarHuTHas 4acToTa U €CTb CAMbIM BHYTPEHHUN YacCTOTHBIM pasmep,
CTaHOBSIIIIMIACS 3aTE€M LIEHTPaJIbHBIM TPEXCPEPHUKOM WIIM TPUIIOTEM. A
OH KBaJ[paTHYHBIM COMNPSHKEHHEM MAarHMTHOMW YacTOTBI 00pasyeT yxke
4acToTy 3JeKTpudeckyro. [loToMy B MeTauInueckoM KOHTYpE aHTEHHBI
MOJIEKYISpHBIE ()OTOHBI PaJMOBOIH U BOJH CBS3M CKPYYHMBAIOTCS B TO,
YTO MOXHO HAa3BaTh UHMOPMAYUOHHLIMU DIAEKMPOHAMU. A 3TO H
oOpaszyer (OTOHHBI TOK, HO Hecymuii B ce0e BHYTPEHHIOIO
4aCTOTHOCTb TPAaBUTOHHOTO BPAILICHUST BOJHBEI.

Bbl yxe uymTanu, 4YTO TaK Ha3biBaeMas ImocTosHHas [lnanka
(opnumanshas Bemmuuna oxono 1,05%107°%) — s1o Ha camom nene He
MOCTOSIHHBIA KOX(PQUIUEHT B ONPEACTICHUH «3JEMEHTa JSHEPTUU»
W3IYYeHUs, a MUHUMaJbHBIA cdeprdeckuil mepruon (OHOBBIX BOJH
BenmunHoM 1,5 *107** «r*cex». 06 sToM TFOBOPHUT U O(UIUAIEHOES
OpUMEHEHHE 3TOM BEIMYMHBI CO 3HaMeHareaeM «27», YTO Kak pas
O3HayaeT Tmepuoa BpamieHus. K Tomy jke Takum oOpa3oM dTa
«MIOCTOSIHHAS» MAaKCHUMAaJIbHO TIPUOJIDKaeTcsl K JACHCTBUTENBHOMY
3HAYCHUIO HE HEKOeH MOCTOSHHON BETMYMHBI, @ UIMEHHO MUHUMAIBHOTO
chepudecKoro nepuoa.

B crapoii ¢usuke npousBeneHue COOCTBEHHON YacCTOTHI BOJHBI Ha
«moctosiHHyto» [11aHKa 03HauaeT 3eMEeHT SHEPTHH, YTO OPHUIIUATBEHO U
Ha3bIBalOT KBaHTOM. Ha camoM ke jJene Takoe IMpPOU3BEIEHHE — 3TO
JUII, HEKUH OTBICYEHHBIH pa3Mmep, HMCXOAAIMHA M3 COOCTBEHHOU
4acTOThl BOJMHBI. BHYTpeHHss sHeprusi (QOHOBBIX BOJIH - 9TO, KakK BBI
YK€ MOXKETe pas3inyaTh, WX COOCTBeHHas 4vacrora. Ho ecth emé u
4acToTa paclpocTpaHEHHs BOJH (B HAPY)KHOM BOCIPHSITHH — 3TO
CKOPOCTB). A NPOU3BEACHUE COOCTBEHHOM YacTOTHI «|lC.» Ha YaCTOTY
pacnipoctpanenuss (GoHoBoi BOMHBL «C» (3”‘108 «l/cex») o3Hayar
(OTOHHBIN UMNYILC UTYUEHUS:

p=uc.*C

B o¢urmanbHOM xe U3JI0KEHHUH, HE Pa3InyarolieM HOHITHE UMITYJIbCa,
UMIOynbCc (POTOHa O0OpaTHO MPOMOPLUOHATIEH CKOPOCTH JABHIKEHUS
u3nydeHus. M mosiyyaercsi, 4To MpH YMEHbIICHUH CKOPOCTH M3JIy4CHHUs
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I 3anumamenvrnoe Pasnuuenue.
(B MONIEKYJISIpHBIX Cpelax, a He B BaKyyMe), UMITYJIbC (OTOHA JIOJKEH
pacTH, 9To ONsiTh a0Cyp/I.

OTHolIeHHEe K€ KOPHS KBaJPAaTHOTO M3 WMIIYJbCa HW3IYYeHHS K
4acToTe B3aUMOACHCTBHS  JJEKTPHUECKHX cdep B JHMHEHHOM
(TOCTOSIHHOM) TOKe AaéT BEIMYMHY HampspDKeHUs (DOTOHHOrO TOKa B
MPHUBEACHUN K EIMHUIAM CKOpocTH (ouImanbHO cuiibl) Toka B 1
«M/CEK» W BEIMYMHBI compoTHBIeHHs wLenmn B | «Om» wim B
«kr*cex/m». Hacrora B3aMMOJEHCTBHS B JIMHEHHOM TOKE, KaK BBI
uptam, ocrasiser 1,13%10'". W cpenuss BenuuvHa HANPSHKEHUS
(h)OTOHHOT'O TOKa OT CBETOBBIX (DOTOHOB COCTaBJISIET BEIUYMHY KaK pas3
OKOJIO 8,85 «KI», 4TO U COOTBETCTBYET HAMPSKEHUIO JTMHEHHOTO TOKa
MPH CKOPOCTH TOKA ¥ COMPOTHBIICHHUH LIENH, PaBHBIM eAnHUIe. [loToMy
emé M ITHUM OOBSICHACTCA JIETKOE CTAHOBIICHWE CBETOBBIX (POTOHOB
JUHEHHBIM (TIOCTOSTHHBIM) TOKOM! JTO J0Ka3bIBaeT M MPHBEAEHHYIO
BBIIIE JICHCTBUTENbHYIO (GOPMYINY JUISL HaNpsDKEHUs JIMHEHHOTO TOKA.
Hanpsbkenue ke WM BHYTpEHHSs cuia (POTOHHOrO TOKa MpH
pPa3MEpPHOCTSAX CKOPOCTH TOKa M CONPOTUBJIICHUS [EMH, pPaBHBIX
eMHHLE, JUIS raMMa-TTydeil — 3To yxke npumepao 6,8%10% «kry», gem 1
MOHSATHA WX yOMICTBEHHAs cuia. DTUM OOBACHIETCA W TO, YTO MpPH
SIEPHOM B3pBIBE KaK Obl CTONOPHUTCS JIMHEHHBIA («IIOCTOSHHBIN)
3JIEKTPOTOK MpeolIiaiatoniell Ha4yalbHOW CHUITOM.

JApyrue TaiiHbl (pU3HKU CBeTA.
O TOM, 4TO HEeT B IPUPO/Ie HUKAKUX CBETOBBIX JIET U 0
pasnudennu 3¢ dexra Jonnepa. 3necs roBopUTCS O TOM, 4TO

- 1) du3uka PasnnueHnsa No3BoAAET NOHATb, YTO CKOPOCTb CBETA, byayun B
WUCTUHHOM Pa3MepPHOCTM YaCTOTON PacnpOCTPaHEHUs, PasanyHa ans
KaXKaoro chepryeckoro cioa NPOCTPaHCTBa Hawen BceneHHon. CKopocTb
WM 4acTOTa PacnpOCTPAHEHNA CBETA BE/IMYNHOWM 3*10° oTHOCUTCA TONBKO
K Hallemy BUAMMOMY MUPY, 3aXBaTblBaa N HAPY>KHbIE BaKyyMHble C/10U,
KaK pas Te, KOTopble Mbl eLLE MOXKEM BOCMPUHUMAT.

B Hauane e 3eMHOI 3BO/IIOLLMM C TaKOW CKOPOCTbIO, NpeaeIbHOMN ANA
Hallero BeLecTsa, Bpalaancb BOKpyr aApyr gpyra 3emna un ConHue.
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1 Sanumamenvroe Paznuuenue.

MoToMy 1 CKOPOCTb CBETA B BOCMPUHUMAeMOo Hamu BceneHHo bbiia
Toraa B 100 pa3s 6o/blue, @ HbIHELHEr0 HaABAaKYYMHOMO UK
MOEKYIAPHOIO MMPA eLLEé He bblNo;

- 2) OrpomHasn YacToTa pacnpocTpaHeHMA cBeTa 0,67*1034 B
rMNepnpoCcTPaHCTBE O3HAYAET U OTCYTCTBME B NPUPOAE HEKMX CBETOBbIX
net. NNoTomy cBeT OT AaNEKMX 3BE3A, NPOABAAETCA Nepes HamMu1, XOTA U He
MFHOBEHHO, HO YK W He Yepes HeKne «CBeTOBble roda». M, yuem ganblue ot
Hac HabnaaeMbli KOCMUYECKUI 0B6BEKT, TEM BbiCTpee NPUXOAUT K HAM
OT Hero curHan;

- 3) CTPYKTYpa pacnpocTpaHeHUsa GOHOBOW (31eKTPOMArHUTHOM) BO/IHbI
NoKa3bIBaEeT, YTO ANs €€ CO6CTBEHHOM YacTOTbl OTCYTCTBYET 3 dEKT
[Jonnepa, yem agnsetcs abcypaom U GUKLMEN eLLE U HEKUIN K3aKOH»
Xab6na. MNpu addekTe Jonnepa AENCTBUTENBHO UIMEHAETCA pasmep
BOJIHOBOW chepbl M pa3mep KBaHTA, YTO Ha3blBaeTCA B CTapon Gpu3mnke
[OJIMHOW BOJIHbI, HO B C/ly4ae GOHOBbIX BOJIH 3TO O3HAYaEeT U3MEHEHME
TOJIbKO YaCTOTbl PACNPOCTPAHEHUA BOJIHbI MU €€ CKOPOCTU. A U3SMEHEHUE
CKOPOCTU BOJIHbI COBCEM He 03Ha4YaeT 06A3aTeIbHOe ABUMKEHNE UCTOYHUKA
AN NPUEMHMKA cUrHana, Tem 6onee, on1a GOHOBOM BO/HbI.

B «3aKoHe» ke Xab61a He TONbKO He Pa3IMYatoT HEM3MEHHYHO
COBCTBEHHYHO YacToTy GOHOBOM BOJIHbI M U3SMEHAEMYIO €€ CKOPOCTb
OBUNKEHMA, @ U NMPUHUMAIOT CKOPOCTb IMHEMHOTO ABUMKEHUA 06bEKTa
HeKUm ero pu3amyecknm ceoncteom. Ho Beab pacctosaHue (Yem u
onpenenseTcs CKOPOCTb) HE ABUKETCA BMeCTe ¢ 06bekToM. NoTomy
KOCMOC, KaK 1 BeCb MUpP chepPUYEH, @ KPAaCHOE CMELLLeHNe AANEKMX 3BE3A —
3TO yBE/IMYEHHAA TaM CKOPOCTb CBETA.

Bel yxe B Kypce, 4TO MHHHMAajbHas cgepuueckas dYacrora
OTHOCHUTEIBHO BHYTPEHHEW YacTH 3€MHBIX BaKyyMHBIX cdep paBHa (B
Hamie BpeMs) YacToTe paclpocTpaHeHUs: (OHOBBIX BOIH B
OKOJIO3€MHOM MPOCTpPaHCTBE. A BOT MaKCHUMalbHas cdepudeckas
qacrora mm Bennunna 0,6710* osnauaer ne uto MHOe, Kax wacToTy
pacnpocTpaHeHHsT KBaHTOB W (POTOHOB  ()OHOBBIX BOJH B
THIIEPIIPOCTPAHCTBE WJIM B CaMOM BHYTpEHHEM BakyyMHoM cioe! U
3[ech CaMblii BHYTPEHHHMH YAacCTOTHBIH pa3Mep KBAaHTOB W (OTOHOB
CTaHOBHTCS YK€ HApYXHBIM MJI KOHTYPHBIM TOXKE C OTPOMHO# [T HaC
Besmunnoi B 3*10" «my». [Ipu 3TOM COOCTBEHHAs 4acTOTa KBAHTOB U
(OTOHOB B THIIEPIPOCTPAHCTBE BCErAa Kak Obl 3aBOpAvYMBACTCS
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I 3anumamenvrnoe Pasnuuenue.
MarHUTHOW WM JIEKTPUYECKON YaCTOTOW WIIM MEXAY HUMU. U BbI yxke
MOXETe pas3inyaTh, YTO, OKa3blBaeTcs, HWH(paKpacHble BOJHBI U
PaaMOJIOKAIIMOHHBIE BOJIHBI, TIOCKOJIBKY Y HUX HET CaMOTr'0 BHYTPEHHET O
YacTOTHOT'O pa3Mepa, He MOTYT U BOMTH B TUIIEpIIpOCTpaHcTBO. [loTomy
K HaM M HE IPUXOAMT TEILNIO OT APYTHX 3BE3], a BO BceneHHOW He
MOXET M OBITh HEKOEH «TeIIOBOW CMepTW», 0003HAYEHHOH B CTapoi
¢usuke. B ObITyloleM >ke IMOKa BOCHPUSATHH HE TOIBKO 3TO HE
pasInyaloT, HO M CUMTAIOT, YTO CBET OT AAJNEKUX 3BE3] JOXOIUT /10
3emin sKOOBI uepe3 coTHH JjeT. CBer OH M Be3A€ €CTh CBET, U
TUIEPIpPOCTPAaHCTBO €cTh Bcloay. Bemp Bce cioum MpocTpaHCTBa-
BelllecTBa MPOHUKAIOT ApyT B pyra. [loromy naxe csetr ot Cupuyca, He
roBopss yxke mpo cer or CarypHa win HenTyHa, mpuxomuT K Ham
MIPaKTHYECKHU Cpasy.

B crapoii ¢usnke yTBepikAaeTcs, 4TO CKOPOCTh CBeTa — O3TO
HpenenbHas CKOpPOCTh I BemiecTsa. [IeMCTBUTENBHO TaK, HO 3TO -
Jake He JUId TOIMEPTBOTO MOJIEKYJISIPHOTO BELIeCTBA B HAIIEM KOCHOM
HaJBaKyyMHOM MHpe (M HE JUIsl HBIHEIIHUX pakeTr). IT0 - Ui
HATOJIOBHHY BaKyyMHOI'O BEUIECTBA B HApy>XHOM H B IEPBOM (TOXE B
HApY)KHOM) CPEJUHHOM MOJHOCTBIO BaKyyMHOM CJIO€ WM JUIs
HaIoJIOBUHY BEIIECTBA, KaK TAKOBOTO. B 3THX closfX MBI emé MoxeMm
B3IJISI0M M3 HAIlEro HaJABaKyyMHOI'O MHpa BOCIPMHUMAThH BEIIECTBO U
ero naswxkeHue. Ho ectb emé W BHYTPEHHUN CPEOUHHBIA CIOH C
JIAATIA30HOM YaCTOTHOM BOJIBI OT 10" 10 1024, OTKy/a UAET K HaM CBeET,
U rae oOpasyercs ramMma U3JIydeHHe. A BOT 37IeCh M HauMHAETCS YKe
JeWCTBUTEIBHOE BEIIECTBO, Ha3biBaeMoe O(QUIIMAIBHO «MaTepuen», HO
KOTOpasi Kak pa3 M OTPBIBAETCS OT BAKyyMHOI'O IIPOCTPAHCTBA.

A BBI y)Xe B Kypce, 4TO CKOpOCTh CBETa Halllero Mupa, Kak 4acTtora
- HE pOBHO TIOCEpEIVHE JMana3oHa MEXAY DJJIEKTPUYECKOH U
MarHMTHOW rpaBUTOHHOW 4yacTOToW. [I0TOMY 4acTOTHO-KOHTYpPHOE WU
ceprueckoe TPaBUTOHHOE [BM)KEHHE BCEX HAla30HOB CMELICHO
OTHOCUTENIIBHO UX  HMCXOAHOM BPEMEHHOMW WM  LEHTPAIBHON
TPaBUTOHHOM YaCTOTHOCTH. Benb 1omKkHa ObITh pa3HOCTh MOTEHIIMAIOB
s oOpazoBaHus JBMOKeHHS. [loToMy BO BHYTpEHHEM CPEAMHHOM
BaKyyMHOM CJIO€ €CTh M CBOsSI CBETOBAasl YacTOTa PaclpoCTpaHEHHUsI, KaK
sHayenne Hactosmero Gyaymero win 3*10'7. C raxoii wacroroii u
JIBUXKYTCSL  3]1eCh, HAIllpUMeEp, OJJIEKTPOHBI, CUMUTAeMble HEKHMHU
HeiiTpuHO. C Takod jk€ YacTOTOM BCIBIXMBAIOT U TpEXxchepHUKH
YacTOTHOH BOJbI, HECYLIME WMIYJIbCHI (POHOBBIX BOJH, YeM U €CTh
MIHOBEHHOCTh OXBaTa MMH Bceil cepwl mpocrpancTBa. OTTOro 3Ta
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1 3anumamenvroe Pasnuyenue.
YacToTa O3Ha4yaeT M Hayano oOpa3oBaHUsi CBETOBBIX (poToHOB. W BHI
BUJUTE, YTO JIEUCTBUTEIbHAS MpPEAEIbHAsA CKOPOCTh BEILIECTBA HAILETO
MHpa — 3TO IDaBUTOHHAs 4YacToTa rumepnpoctpacrsa - 0,67%10%
Benp, ckaxkeM, MbICIIb — 3TO TOXKE BELIECTBO.

Bbl y»Ke UATanM B Hayane KHWUIMM, YTO 3a BeCb NEpUoS 3eMHON 3BOIIOLUM
CKOPOCTb BOCMPUHMMAEMOro HaMm1 CBETA B OKOJI03€MHOM NPOCTPaHCTBE CTasa
meHbLe B8 100 pa3. M cKopocTb — 3TO A4/1A Hac, @ HAa CaMOM Aesie — 3TO 4acToTa,
NPUYEM 3TO 3HAYEHWE OTHOCUTCA SMLb ANA HAaPYXKHbIX BaKyyMHbIX CNOéB. A
3TO O3Ha4YaeT WHTEepecHehWwun BbiBOA, Beab 3TMM OKa3biBaeTcAa, 4TO U
HapYKHbI BaKyyMHbII €O Kak Bbl pacTaHynca B 100 pas. U ewé B anoxy
[AMHO3aBPOB TO, YTO A/ HAC Ceivac HEBMAMMO WM HAXOAWUTCA B HAPYMKHbIX
BaKYYMHbIX CN0AX, O6bIN0 ANA TeX BPeMEH HaABaKyymMmHbiM mupom! MoTtomy B
TOM MUpe 1 NpebbiBasn OAHOBPEMEHHO W BNOJIHE MOJIEKYIAPHbIE AUHO3ABPbI
M Tenepb HeBUOAMMbIE Ham Camble nepsble N0AN — OXKUHbI (O KOTOpPbIX
noapobHee peyb BO BTOPOM KHUre). Mpun 3TOM y AXKMHOB 6b1/10 (43 M OCTanoch)
1 cBOE nogobue monekyapHocTy. T.0., 32 HALUMM HAa4BaKYYMHOM MUPOM Ha
NyTW K BaKYYMHbIM C/I0AM Hax0AMTCA BaKyyYMHbIA MUP, TeNepb He BUOUMBIN U
NoKa HMKaK He BOCMPMHMMAEMbIi HaMM, HO KOTOpPbIN Koraa-To 6bin nogobuem
Hawlero HblHeWHero HagBakyymHoro mmpa, a 3atem mor ELLI,é npoABNATbLCA B
Hawem Mmupe. ITO U 3HAYMT, YTO NMO3HaHMIO BceneHHOM HeT KOoHLa, a TO, YTO
Mbl BOCNPUHMMaeEM — 3TO /INlLb MU3EPHaA TO/IMKa BceneHHoi.

HavaybHast (1py TBOPEHUHM) CKOPOCTH BpalleHUs 3eMiid ObLia Kak
pa3 paBHa HBIHEUIHEH 3€MHOM CBETOBOM CKOPOCTH, HO B€llb TOTJa W
000I04Ka 3JIEKTPOHOB OblIa B TOM, YTO cefiuac — yXe BaKyyMHBbIC
MIPOCTPAaHCTBEHHBIE CIOU. A TO, YTO paccTOsHUE 10 3BE3Z BCE emié
HU3MEPSIOT B CBETOBBIX T'OJAX, - 3TO YPOBEHb APEBHEIPEUECKON HAayKH, a
HE HaUlero yxXe KOCMUYEecKoro BpeMeHu. M Bcé 3To emé pas
XapaKkTepu3yeT HBIHEIIHIO HAyKy, KaK B OCHOBHOM OJHH TEXHOJIOTHH.
Hampumep, paccrosuue no Cupuyca HUKak He 8,7 CBETOBBIX JIET, a
naxke enpa Jim 27 Thicad a.e. (27 THICSIY PACCTOSHUM OT 3eMild [0
Conuna), o uém peub Oymer B cieayromiel riaBe. KocMuueckuit
KopaOyib, OOpaMJIEHHBI  HAIEW YK€  YaCTOTHO  3aCTHIBIICH
MOJIEKYJISIPHOM KOPKOM, KOHEYHO, HE MOXKET BOUTH B BaKYyMHBIE CIIOH.
Ho ecnu cymerb, kak Obl 00EpHYTh €r0 B MarHMTHO-3JIEKTPUYECKYIO
YacTOTHYIO KallCylly WIH CJAenaTh ero mnojobueM ¢oToHa, TO 3a
npegenamu  Ilnyrona (roe Ham HagBaKyyMHBIH MHpP Kak — Obl
MaKCHUMAaJIbHO pa3psDKEHHBIN) OH JIETKO BOMAET B TUIIEPIIPOCTPAHCTBO U
cpa3dy BBIHBIpHET B IUIaHeTHOM cucteme Cupmyca. MOoXHO
HEMOCPEJCTBEHHO ¢ 3€MJIM BXOAWUTH B THUIEPIPOCTPAHCTBO B
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I 3anumamenvrnoe Pasnuuenue.
YCTPONCTBAX, MOJOOHBIX EruIeTcKuM nupamuaaMm. Ho st aToro Hazo
crenath XOTsi Obl NBe Bemy: [loMHOCTBIO JTUKBUIAMPOBATH aTOMHOE M
mo6oe OpyXKKe U BOCIPUHATH PaznnyeHue, Kak MCTUHHYIO HAyKYy.

Ecth u em€ omHO uCKaxkeHWEe B cTapodl (u3uke, CpaBHUMOE C
noyioroM. OHO ucxoaut u3 3¢ dekra JJomiepa. D10 Korma U3MeHIETCS
yacToTa BOJH MPH JBWKEGHUM HMX HCTOYHMKA WIM OTHOCHUTEIBHO
HaOIoAATENs, MK - TPUEMHHUKA BOJIH. DTO BEPHO JISl 3BYKOBBIX BOJIH.
[Ipu moesnke B moe3zie Bbl, HABEpHOE, 00OpalIail BHUIMAHKUE, YTO TYAO0K
BCTPEYHOr0 JIOKOMOTHBA, MpPUOMMKAIOMIErocs K BalleMy I[Oe3qy,
BCerJa HAMHOTO TOHBIIE €ro )K€ TY/IKa, KOT/Aa JOKOMOTHB YK€ OCTa&rcst
c3aau. DTO M ecTh M3MEHEHHE 3BYKOBOW 4acTOTHl. B mpubmmxennn
BCTPEYHOI0 JIOKOMOTHBA pa3Mep BOIHOBOH cdepsl (0(UIIHaTBEHO ATHHA
BOJIHBI) B 3BYKOBOW BOJIHE CTaHOBHUTCS IJIsi Bac Kak OBl MEHBIIE
(cxuMaeTcsi), a 3HAuYWT, yBEIWYMBAETCS W 4YacToTa BOJHBI. Benb
YacToTa BpallleHHs BOJTHOBOH cepbl MpH 3TOM — 3TO M COOCTBEHHAS
4acToTa BOJHEI.

31ech pUBEIEH PUCYHOK, 00BsicHstoImiA d(dext Jlomiepa Ha mpumMepe
MO>KAPHOM MalIMHbI, U3JAI0LIEH HETPEPBIBHBIN CUTHAJL, KOTJ1a OHA
ctout (a) u korja enet (0). U «HabiogaTesnb, K KOTOpOMY
npHOJIMKaeTCsl MaIllMHa, CIBIIINT 3BYK 00JIee BBICOKOH YacTOTHI, a
Ha0JI0/1aTeNb, OT KOTOPOT'O MAIllHA YIalseTcs], CIBIIUT 0onee HU3KUM

3BYK».

\
; Hxﬂ\\m\ \é\;

6

B cBeroBoii xe u m000H (OHOBOH BOJIHE, KaK BBl YK€ MOXKETE
BCIIOMHHUTD, CO6CTB€HH3H 4aCTOTa BOJIHBI WJIM BHYTPCHHAA YaCTOTa
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I 3anumamenvrnoe Pasnuuenue.
BpallleHHs1 KBaHTOB M ()OTOHOB BOJHBI BCErja MEpPHEHIUKYIIpHa K
HaTpaBleHUIO e€ JBWKCHUS WM K HalpaBJEHUIO Jyda BONHBL B
MEepIeHINKYISIPHOM K€ K JIy4y HampaBlieHHd W OQUIHATIBHO «d3PdeKT
Homnepa orcyrctByer». Ho ecTb M HapyKHas 4acToTa BpalCHHS
KBaHTOB M ()OTOHOB, UTO O3HAYAET yX€ YACTOTY PaclpOCTPaHEHUS WIIH
JUIS Hac CKOPOCTh BOJIHBL. A BOT 37ech U ecTh 3ddekr Jlomiepa,
MOCKOJIBKY 3Ta YaCTOTHOCTh HANpaBjeHa YK€ MO HalpaBJCHUIO Jyda.
OdunpmansHo xe 3To HUKaK He pasnuuaercs! [Ipu 3TOoM pasmep mim
IraMeTp KBaHTa (OQHIMANBHO JJMHA BOJHBI), KAK M YaCTOTHBIN WM
BUPTy&JIbHBI  KBAaHTOBBIA  pa3Mep  IOCIE  JUana3oHa  BOJIH
WHQPAKPACHOTO U3ITyUeHHUs, 37€Ch HE U3MEHSETCS, a pacTATHBAETCA WIH
C)KUMAETCs BOJIHOBOM ()POHT ()OHOBOI BOJIHBI.

OTUM u OOBSCHAETCS TO, YTO NMPH JABWXEHUU (OHOBOM BOJIHBI B
pasHBIX Cpelax, XOTd M H3MEHSETCS CKOpOCTh BOJHBI, HO &
COOCTBEHHAsl 4acToTa Bcerja moctosiHHa. M B HbIHemHel ¢usuke o0
3TOM XOpOIIOo 3HatT. Ho 3TO He Memaer UM yTBepKAaTh, 4To dPQeKT
Homnepa 1 st OHOBBIX BOJH OTHOCHTCS K MX COOCTBEHHOW YacTOTe.
Ho Benp Torma u mrobast cBsizk Obuta Obl HeBo3MOkHa! Hampumep, mo
ounmanbHON (GU3UKe, eClIM Bbl €IUTE B aBTOMOOMJIC U BKIIIOYUTE Balll
COTOBBIA TenedoH, TO yKe He CMOXeTe HHKyAa TO03BOHHUTH. Beab
YacToTa y Balleil CUM-KapThl, HICXOAA U3 UX YTBEPKICHUH, YKe TOKHA
Obl1a ObI U3MEHUTHCS!

[TocmoTpuTe Ha OUIMATIBHBIN PUCYHOK, TPUIUCHIBAIOIIHHA Y PEKT
Homepa 1 GoHOBBIM BoHaM (0pHULIHAIEHO 3JIEKTPOMArHUTHBIM).
Bepxy n300paxxéH camoIiér, a BHU3Y — 3Be3/1a, SKOObI MEHSIOIIIAsI

«ITUHY» BOJTHBI €€ 3nydeHns. BoT opuiuansHoe n3I0KeHUe 3TOro:
«/InrHa BOIHBI 3BE3/IbI, KOTOPas, HE MPUOIMIKAETCs K 3eMIie U He

ynansiercs ot Hee (B), He mensiercs. JliuHa BOIHBI 3B€3/1bI, KOTOPAS

ynansiercs ot 3emiu, yBenuuuBaercs (C) U IBMKETCS MO HapaBJICHHUIO

K KpaCHOMY KOHILy clieKTpa. J[imnHa BomHbI mpubImKaromencs K 3emie
3Be37b1 (D) yMeHbIIaeTcst U ABUKETCS K CHHEMY KoHITy». U st

COKPBITHS TOTO, YTO CUTHAJI, UIYIIMA OT caMOJIETa, KOHEYHO, HE MEHSIET

CBOEH 4acTOThI, HAPUCOBAIIN JIJIsl CPABHEHHS» pajap, OChUIAIOIIHN
cBoé€ u3nydyenue. Ho tak Beslb 1 pajap HE MEHSET CBOEH YaCTOTHI,

MOCKOJIbKY TOT/Ia OH HE Pacrio3HaBas Obl caMoro ceosl.
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Tak 3ayeM ke HYKEH Takoi Mo/yior (4To MHAYe U HE HA30BEIb)?
[oamor ypaBHuBaHUS (OPMYT TOPH3OHTAIBHOIO MOJEKYJISIPHOTO
MPUTSHKEHUS] MIAPUKOB W WX BEPTHKAIBHOTO Beca ObII caenaH Jyis
«OOBSCHEHUS» TPUYUHBI TUTaHETapHOro BpaineHus. M o0 atom Oyxer
peub ganbiie. A BOT 3TOT MOMIOr ObUT cHelaH IS «OOBSICHEHUSDY
SIBIICHUSI KPACHOT'O CMEIIEHHS B TATbHUX 3BE3/IaX.

Heno B Tom, uto B 1929-M ony amepukaHckuii actpoHoM 0. Xa00u
O0OHapyXHJI, YTO JIMHWUM B CIEKTPax IOAABISIONIET0 OOJIBIIMHCTBA
HEKHX «TaJlakTHK» CMEIIEHbl K KpacHOMY KoHIy. W, 4To mHTepecHoO,
3TO CMeEUIeHWEe TeM OoJblle, YeM Janblle OT Hac «ralaKTHKa.
CMmemieHre B JIMHUSIX CIEKTPa CBETOBOTO H3IYYEHHUS O3HA4aeT
W3MEHEHHUE JHana3oHa cOOCTBEHHOW YacTOTHI BONHBL W ecnm Obl 3TO
SIBIICHUE MPOUCX OO B pamKax 3¢ dexra [Jomepa (mpu nprOInKeHun
WIH yAaJeHUuH HaOlmroaeMoro o0beKTa OT UCTOUHUKA), TO, KaK BBI yXKe
MTOHSUTH, HEBO3MOXKHA ObLIA OBl M CITyTHUKOBAS CBS3b.

A 93TO oO03HaYaer cieAyloliee: BO-TIEPBBIX, OTHM emEé pas3
JIOKa3bIBACTCSl HEOOXOAMMOCTh PAa3IMUCHUS HEM3MEHHON COOCTBEHHOM
4acTOThl 1000 (POHOBOH (AIEKTPOMATHUTHOW) BOJTHBI U W3MEHSIEMON
94acTOThl WIIM (IJIs1 HAILIero MHpa) CKOPOCTH €€ pacmpocTpaHeHus. U,
BO-BTOPBIX, CMEIIEHHE B JIMHHUAX CIIEKTpa CBETOBOW BOJIHBI TOTJA
MOXKET OBITh TOJBKO TIPU W3MEHEHUU 4YacTOThI (CKOpOCTH) €€
pacrpocTpaHeHus, a HUKAaK IIPU HEKOEM JIMHEHHOM JBUXXEHHUM 3BE3NL.
Uro xe 03HauaeT MMEHHO KpacHOe CMelleHre B JIMHUAX crekTpa? Kax
BBl TIPOYMTAJIH, B CPEMHHOM BaKyyMHOM cJio€ 4acToTa (WIu IJisi Hac
CKOpOCTB) pacnpocTpaHeHus (JOHOBOM BOJIHBI, & 3HAYUT, U CBETa — 3TO
3%10"", uro coBnazaer n ¢ HavaNOM YIBTPA(UONETOBOro AMANA30HA,
T.e. — C HayaioM oOpa3oBaHHUsi cBeTOBBIX (hoToHOB. Ecnmu ke dactoTa
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pacmipoCTpaHeHus] CTAHOBUTCS OOJIbIIE BETMYHHBI 3*#10", 1o stum
CBETOBOHM ()OTOH HauMHAET 0OpPa30BBIBATHCS yXKE C MEHBIICH 4aCTOTHI.
Benw obOpazoBaHue (oTOHA MPHUBA3aHO K HEU3MEHHOW BO BCEX YACTIX
KOCMOCa D3JIEKTPUYECKOM TpPaBUTOHHOM YacToTe, OT KOTOpPOH H
HaunHaeTcst 00pa3oBaHNe CBETOBOTO (POTOHA.

IIpu 3TOM CKOpPOCTH CBETa CTaHOBHUTCS OOJbIlE, KOHEYHO, U B
HalleM WX MOJNEKYISIPHOM MHpe, YeM Kak OBl coKpalmaercs
OINTUYECKHUIN MJIN CBETOBOM Jyamnas3oH, a 5TO U NPUBOAUT K YBCIIMUCHHUIO
WU PAacTSATMBAaHUIO KPAacCHOM dYacTH crekrpa. IuHade rosops,
¢uoneToBbIie U 1aXKe CHHHE IIBETA TOTAA Y)Ke HE YCIEBAIOT MPOSBISITHCS
B HAIIE€M HAaJBAKYyYMHOM MHUPE HJIM HE YCIICBAIOT KakK 6])1 3aI10JIHATD
CBETOBOM (DOTOH, BBITECHSACH KPAacCHOW TPaBUTOHHOW YaCTOTHOCTBIO.
[ToToMy KpacHOe cMelIeHHE CIIEKTPa B CBETE, IPUXOAAIIEM OT JaJIEKHX
3BE3[, W O3HAYaeT YBENMYEHHE YacTOThl WM CKOPOCTH CBeTa B
HaAO0JI01aeMOI YacTH MPOCTPAHCTBA, T/e MpomaaaeT (UOIETOBBII LBET.
U, okaspiBaercs, yeM Jalbllie OT Hac 3Be3/la, TeM OOJbIIe TaM CKOPOCTh
ceera. To e camoe Obu10 M Ha 3emie. Orroro B bubnuu u 3ammcaHo,
YTO TOJNBKO IOCJE MOTOMa, KOrJa 3eMHOW MHp yXKe CTajl MOXOX Ha
HBIHEIIHUM cBeT, ['ocmoapr mposBUI paiayry Ha HeOe (Kak MOJHYIO
IBETOBYIO TaMy).

A TIOCKONBKY TBOpEHHE HaJBaKyyMHOM BcenenHoil Hawanoch
MMEHHO ¢ 3eMJIM, TO STUM U OOBICHSCTCSA YBEIUYCHHE KPaCHOTO
CMCIICHUA C YBCIMYCHUEM PpaCCTOAHUA 10 3BE3IBI. vy 6OHLHII/IX XKe
mianeT (y HenTyHa) BBIBISIOT, HA000POT, (hHOJETOBOE CMEleHHe., A
BBl yX€ MOXETe Pa3lUuuTh, YTO 3TO O3HAYAET KaK pa3 yBEIUUEHHE
CKOPOCTH BpPEMEHH TaM (110 OTHOIICHHUIO K 3eMiie) a COOTBETCTBEHHO —
1, Ha00OPOT, 3aMeIIeHNE TaM CKOPOCTH CBeTa. M3-3a 3TOro B TOM 4acTH
MPOCTPaHCTBA (PHONIETOBAasi YaCTOTHOCTh YK€ OIEpekaeT KpacHYIo
TPAaBUTOHHYIO 4acTOTy B 0Opa30BaHMM WIIM 3allOJJHEHHH CBETOBOTO
¢orona. [ToToMy HET W HHKAaKOro «pazOeraHusi TajJaKTUK», a 3HAYMT,
¢ukuer ecTb M TEOpHs HEKOero «OOJNBIIOro B3pBIBa», TeM Ooee,
B30pBaHHOI'O0 HEW3BECTHO KEM, a 3HAYMT, OMsITh BonmedHo. Ho camo
nojgobue «OOoNBIIOro B3phIBa» B BUJE BCHBIIKHU sipyaiiiiero boxbero
cBeTa B Halel e TEMHOW BCEICHHOW JCHCTBUTEIBHO OBbLIO (M JIMIIb
KaK UMEHHO 1oj100ue).

bes Pa3nnueHus e HUYTOXKE HE CyMSIIUCh, IIPUIKMCAIA KPACHOMY
cmemeHnto ekt [ormnepa yxe 0e3 caMoro 3TOro aBCTPUICKOTO
¢usnka, JaBHO Torna mouusmiero. W, npukpeiBasce STuM 3pdexToM, B
cTapoil (pM3MKe HEe TONBKO BBIABUTAIOT abCypll «pa30eraHus TalaKkTHK,
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HO W MPHUITUCAIIN 3TOMY JlaXkKe HeKHi 3aKoH Xab0ma. M 3To He TONBKO
MOTOMY, YTO HE DPA3IUYAIOT CTPYKTYPY MOJEKYJISPHBIX (3BYKOBBIX U
MeXaHH4YecKnx) W (POHOBBIX BOJH. Kak BBl MOXeTe BCIOMHHTH, U
CKOPOCTh JIMHEHWHOTO JBMKEHHUS 00bEKTa CYMTAIOT CBOWCTBOM Camoro
00beKTa, YTO He CepPhE3HO, MOCKOIBKY B THHEHHOM JIBHKEHHH CKOPOCTh
Tejla BCErja OTHOCHTENbHA K MPOCTPAHCTBY, YEM 110 ONMPEACTICHHIO HE
MOXKET U3MEHSATLCS, HIIH OBITH «CaMOIi 110 ceey.

B takom He pasznuueHuu no XaOOiy mojiy4aercs, YTO HE TOJIbKO
Bcenennas sikoObI pacIMpsieTcs, HO U YTO, YeM JaibIlle OT HAaC 3BE3/a,
TO TeM OBICTpee OHa OT Hac ymamsercs. [Ipeacrasisere, kakoi abcyp!
DTO 3HAYUT, YTO YEM JIajbIlle OT HAC aBTOMOOWJIb, TO TeM OBICTpee OH
JIOKeH exaTth. Ho oduimaipHOM Hayke Moka yao0Hee MPUHUMATh
BCsAKHE a6cyp;11:1 " JCJIaTh BCAKUEC MCKAXKCHUSA, UCM pa3jindaTb UCTUHY.
A BBI K€ y)Ke 3HaeTe, YTO JI000e MBHKEHUE — 3TO MPOSBICHUE YACTH
cepsl, a Mup chepudeH. 1 He MOKeT OBITh B CHUPATTBHO-CPEPUIECKOM
KOCMOCE HUKAaKUX JIMHEHHBIX PAaCHIMPEHUN, IIOCKOIbKY HET TaM 3EMHBIX
MOHATHH MIOCKOTO pa3Mepa U OKOHYAHHSI.

Het B npupoe u HeomnpeaeaéHHOCTEH ¢ MoJApU3amuei.
31ech TOBOPUTCS O TOM, UTO

- 1) TaK Ha3bIBaEMbIN KMPUHUUM» HEONPEAENEHHOCTU B CTapoi dusmKe
npu onpeaeneHnmn NONOMKEHNA YaCTULbl U TOTO, YTO Ha3bIBAOT €&
MMMYNbCOM, BO3HUKAET M3-33 HE Pa3/IMYEHUA CTPYKTYPbl ABUMKEHUA
$OHOBOM (31EKTPOMArHUTHOM) BO/IHbI, HE TOBOPSA Y}KE U O He Pas/iMyeHnmn
NOHATUA MMnynbca.

A «TyHHebHbIN 3pdeKT» ANA YacTULbl AOKA3bIBAET HA/IMUYME BAKYYMHbIX
CNOEB NPOCTPAHCTBA, B CBOKO 04Yepesb 3TUM U 0ObACHAACH;

- 2) noKasaTenlb NPeNIOMIEHUA CBETA 3aBUCUT HE OT COOTHOLLIEHWA ero
CKOpOCTEN Ha BXOAE W BbIXOAE, a OT Yr/10B, 06pasyemblix CBETOBbIM
ny/bCapom, NoAo6HbIM cniosoi chepe.

OdunumanbHoe e cxemaTnyeckoe n3obparkeHne GoHOBOM BOHbI C ABYMSA
nepneHAnKyNApHbIMU BEKTOPaMM, NepneHanKyIapHbIMW HanpaBaeHUo
/ly4a — 3TO M eCTb 0bpa3oBaHMe BOJIHbI U OT BHYTPEHHEN COBCTBEHHOM
YacToTbl, NEPNEHANKYNAPHOM NIy4y, U OT HAPYXKHOM YaCTOTbI
pacnpocTpaHeHns, MAayLwen No HanpaBAeHUIO PACNPOCTPAHEHUA MW NyYa.
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MpUYEMm 3TO M 03HAYAET CNUPANbHO-ChEPUYECKOe COBMECTHOE BpaLLieHMe
rPAaBUTOHHOW YaCTOTHOCTK, NpoABAseMOe GOHOBOW BOSIHOW;

- 3) TaK Ha3blBaeMas «NoAsApU3aLmMaA» cBeTa 06bACHAETCA KBaApPYNOAbHOMN
CTPYKTYpOM GOTOHA «4T» U3 OAMHAKOBO HaMpPaB/EHHbIX UK
KOHLLEHTPUYHBIX KBAPTOB «TI», TAK}KE U [OKA3blBas TaKylo CTPYKTYpY B
obpaTHoM nopsaake. U 3To He «nofspusauma», a pasaBoeHUe, B KOTOPOM
KaK bbl y1BanBaeTcd MHTEHCUBHOCTb MarHUTHOM FPaBUTOHHOM YacToTbl
cBeToBOro GOTOHa UK Ny/ibcapa, OT Yero Takol CBET U BPaLLaeTcA B
MarHuTHol cdepe (none).

W3 mixonbpHOrO Kypca Bbl MOYKETE BCTIOMHHUTh M O HEKOEM ITPHUHIIMIIE
HEeonpeAenéHHOCTH. DTO KOT/a B HbIHEIIHeH (U3MKe HE MOTYT B OJIMH U
TOT K€ MOMEHT TOYHO ONPEAETUTH MOJ0KEHNE JIEMEHTapPHON YaCTHIIBI
u e€ uMmnyiasc. Ho HET B mpupose U HEONPENENEHHOCTEN, OHU TOXKE -
TOJBKO Yy JoAed. Bl yXe TNOHSIM, YTO CBETOBBIE (POTOHBI MOTYT
CTaHOBUTKCS JEKTpoHaMU. [IoToMy B BaKyyMHOM cJl0€ IIPOCTpaHCTBa-
BEILIECTBA JJIEKTPOHBI WAYT HE JJIEKTPOTOKOM, a CHadala MoI00HO
myJibcapy. OTUM U OOBSACHSETCS, KCTaTH, OOpa30BaHUE 3JICKTPOHOM
TQpaKIOHHON KapTHHBI U3 YETHIPEX KOJIel, aHAJIOTHYHO CBETOBOMY
nyqy. Tak BOT, TIOJIO)KEHHE YaCTHIIBl, HalpuMep, >3JIEKTpPOHa
OIIPENENSIOT, TOHATHO, 110 JIMHUU €To JBUXKEeHHs. IMIyJbC e YacTHIIbI
B O(pUIIMAILHOM BOCTIPUSITHH MCKaXXalOT TEM, YTO MPUHUMAIOT 33 HEro
KOJINYECTBO JABM)KEHUS WM MPOU3BEIEHNE MacChl Ha CKOPOCTb.

N B ciydae ¢ yacTuLedl IPOSBISETCS HA CAMOM JI€l€ HE macca, a
BHYTpEHHsISI cuila €€ JABIM)KEHHUS, KaK WHTEHCHBHOCTh T'DaBUTOHHOIO
BpAIIICHUs, YUCIICHHO paBHAas COOCTBEHHOM 4YacTOTE 4acTHUIlbL [Ipnuém
9TO BpalleHHe (Kak W KBAaHTOB (JOHOBOW BOJHBI) BHYTpPEHHE WAET
CIOHpAJbHO W MEPHEeHIUKYISPHO K HaMpaBlIeHUIO €€ JBUXKEHHUd, a
HApY)XHO WM c(EepuvecKd - MO JHMHHUW Jiydya WX (PPOHTOM BOJHBI
[Moromy odummansHOe MOHUMAEMOE UMITYJILCOM — 3TO, Ha CaMOM JIele,
MpOU3BeIeHHE BHYTPEHHEW CHIIBI CIIHPaTbHO-C(HEPUIECKOr0 BpallleHHS
Ha CKOPOCTb PaclpOCTpaHEHHs BOJHBL. DTHM W TOJydaeTcs B CTapou
¢u3KMKe HeonpenenéHHOCTh. Beap JUIs  OmpeaeieHUs] IOJIOKEHUS
YacTUIlbl HY)KHO CTaTh IO XOAy €€ IBM)KEHHsI, a YTOOBI ONpEAEIHUTh
umMnynbc (B ero o(QUIMAaTbHOM TOHUMAaHWH) HYXHO BCTaTh
MEPIIEHANKYIISIPHO K HANPaBJIEHUIO €€ IBUKEHMUS.

Ho u 510 emié ne Bcé. Benp, 4T0ObBI OMpeenuTh 3Ty HHTEHCUBHOCTh
BpAIllCHUsI YaCTHIIbl, HEOOXOJMMO, YTOOBI MpOSBHIIACH BCs cdepa,
oOpaszyemasi e€ OBW)KEHHEM, MOCKOJBKY TOJBKO IOCie 00pa3oBaHUs
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cepbl CIUPANTBHOCTD ABHUKCHUS YaCTHUIIbI CJIeTIaeT MOJIHBIN 000pOT UiTn
OyZer coueraTtbCcs CO CKOPOCTBIO JIBM)KCHHS 4YacTHIbL. A BOT 3a
MOJIOKEHUE YaCTUIIBl MPUHUMAIOT, KOHEYHO, BCErlla CEepeiauHy WU
LEHTP TaKoi cepbl, OCKOJIbKY, HAPUMEp, U 3eMJIsl BCET/1a HaXOUTCS
B LeHTpe e€ TuiaHeTHOW cdepbl. U korma yxe onmpeenuin moJIoKeHne
CEpeMUHBbI, TO PETUCTPUPYIOT €m€ TOJBKO TOJIOBUHY TOrO, YTO
Ha3bIBAIOT HMMITYJIbCOM. OJTHM U OOBSCHSETCS, YTO OQHUIIHATBHOE
«COOTHONIEHHE HEOIPEAEIEHHOCTEN» UJIn MHUHUMAJIBHOE
«TPOU3BENICHUE HEONMPENeNEHHOCTEH B TOJIOXKEHHU U HMITYJIbCE
YaCTHUIIBD) PABHO KaK Pa3 MOJIOBUHE «IOCTOSSHHOMY [1maHka.

31ech MoKa3aHo, MoYeMy B CTapoi (pHU3HMKeE MOITydaeTcs
HEOMNpe/eIEHHOCTh B OTHOBPEMEHHOM OIPE/ISTICHUH MOJI0KEHUS
HYaCTULbI U TOI'O, YTO TaM Ha3bIBAIOT eé HUMITYJIBCOM. U BHI BUOUTE, UTO
HaIrpaBJICHUEC IBUKCHU JIC)KUT B IJIOCKOCTH, nepHequ/lenﬂpHOi/i K
00pa3oBaHuIO cepbl ABUKEHUS YACTULIBI, TPOSBIISIFONIECH BHYTPEHHIOIO
CUJTy WJIM UHTCHCHUBHOCTD eé JABWIKCHUS, KOTOPAsl Ha3bIBACTCA
O(l)I/IHI/Ia.HbHO HUMITYJIBCOM. A Ha camom JACIE UMITYJIBC YaCTUIIbI — 3TO
KBaJIpaT YacCTOThI €€ pacpoCTPaHEHUs WK Kak pa3 cdepa, oopazyemas
JABUKCHHUEM YaCTULIBI.

Cdepa, obpazyemast TBIKEHHEM YaCTHUIIBI

Yacruma

Exinworld©

»
»

HanpaBneHHe JBMKCHUA 4aCTUIbI
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CBOHMM HCKa)KEHHEM «OOBSCHSIIOT» U TO, YTO YaCTHUIy HEBO3MOXKHO
Kak Obl TOWMaTh WM yIep)KUBaTh B MHHUMAIbHOH YacTH
npocTpaHcTBa. M Ha3BamM 3T0 CBONCTBO YaCTHIBI HEKUM «TYHHETbHBIM
s dexrom». Ho BBl yke MokeTe pa3nuyaTrh, YTO yJAep)KaTh YACTHILY,
HampuMep JJIEKTPOH, CTaparoTcs, MOHATHO, B HAIEM HaJBAaKyyMHOM
clloe TIPOCTpaHCTBa-BellecTBa. Benp, Hampumep, M KOHTYpHBIE
(cuioBBIe) MAaTHUTHBIE TMHUN (KOTOPBIMH yJEPKHUBAIOT YACTHILY) — yiKe
B HaJIBAaKyyMHOMW cpefe. A dacTHIa Kak Obl HBIPSIET B BAKyYMHBIE CIIOW
MIPOCTPAHCTBA, BBIXOS HAPYXKy YK€ B Ipyrom mecre. Bor e€ HUKak u
HE «I10MMaThy.

Brr Bce, HaBepHOE, TMOMHUTE M3 IIKOJbI, YTO YrOd MaaeHUs
CBETOBOTI'O JIyda paBeH yIiIy oTpakeHHs. B crapoil ¢usuke 3TOT 3aK0H
He OOBSCHSIOT, a JAOKa3bIBalOT «C momomsio npuanuna depmax». Ho,
MPOYUTaB O pacHpocTpaHeHWH (OHOBBIX BONH, a emé paHee — O
CWIOBOM cdepe, BbI yXe MOXKETE CKa3aTh, YTO OTPaXKEHHBIN WK
BTOPUYHBIA Tynbcap ((GOTOH) CBETOBOTO Jiydya oOpa3yeT BMecCTe C
MEePBUYHBIM ()OTOHOM YacTOTHYIO cdepy (depe3 moBopot cdepsl m/2).
KacartenbHble ke K cdepe, Ha3bplBaeMble Jy4aMmd, MepeceKaronme
TJIOCKOCTh CBETOBOM IIEHKH, BCEra OyAyT MO OIHUM YIJIOM:

CaeroBoil mynbcap

Exinworld©

A TO, 9TO Ha3bIBAIOT MPEIOMIIEHUEM CBETA, - 3TO CKpyYMBaHUE WIIH,
HA00OpOT, pacKpydyuBaHHE IyJibcapa INPH MEPEeXoAe €ro B IPYrylo
cpeny. U Bl moHMMaere, YTO NpPHU CKPYYHBAHMM YTOJI MPEITOMIICHUS
pactér, a mpH pacKpydMBaHWHM, HAOOOpOT, — YyMeHblIaercs. B
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ohUIMATTEHOM K€ He Pa3TUuYeHUH TOHATHS UMITYJIbca MOMydYaercs, YTo
MpH yYMEHBIIEHWU CKOPOCTH BOJIHBI B JPYroil cpene €€ HMITyJbC
NOIDKeH pacTH. YTo ke 3To 3a mMmmynsc? Ha camom fnene ummynbe
BOJIHBI, KaK Bbl YK€ UYWTalIM BBIIIE — 3TO KaK pa3 IMpou3BeleHHE €&
COOCTBEHHOM YacCTOTBI Ha YacTOTy €€ pacmpoCTpaHEHHs, KaK Ha
BEIMYNHY CKOPOCTH CBETA.

I[loroMmy wu TmoKa3arenb TpeNoOMIIEHHS CBE€Ta 3aBHCUT  OT
COOTHOLICHUSI YTJIOB, 00pa3yeMbIX Ha BXOJE M BBIXOJE CBETOBOTO
MyJIbCapa, a He OT COOTHOILIEHUS CKOPOCTEW BOJHBI B Pa3HBIX cpenax,
9TO ecTh opunuanbHo. U yTBep:KaaeTcst, YT0 «CKOPOCTh CBETOBBIX BOJTH
pa3HoOro IBeTa B BEUIECTBE pa3nuyHa». M 3To - HECMOTps Ha TO, YTO y
BcexX (DOHOBBIX BOJIH OJ{HA M Ta YK€ CKOPOCTh B OJIHOM M TOW K€ CpeJIe.
[pencraBnsiere, kakue uckaxeHus! JlagHo OBl BCE 3TH HCKaXCHUS
Obutn OBl HMcKaxeHUs MM M Bc€. Tak Beap 9TO 3aCTaBISIOT YYHTh
HIKOJIBHUKOB, YeM Y HUX B TOJIOBaX HE MCTHHA — a JIyKaBble HCKa)KeHus !

B HbHemHeH (u3nKe, KOHEYHO, YCTAaHOBWIIM, YTO COOCTBEHHBIC
koysicObaHuss B (POHOBOM  BOJMHE WAYT TMEPHEHAMKYISIpHO e
pacnpocTpaHeHH0. B MIockoM ke BOCHPHUATHM MHpa Ha3BaJlId 3TO
KonmebaHWe TMoJlieM H3  JBYX  BEKTOPOB,  MEpHEeHIMKYJISPHBIX
HanpaBJeHUIO BOMHBL W motomy, mMol, (poHOBEIE (3JEKTPOMArHUTHBIE)
BOJIHBI Hekue mnonepeunsle. Ho Bens 31eck aBa Bektopa! U oHu
MEepIeHAUKYJISIPHBL  Ipyr  Jpyry, oO3Hadas HMMEHHO BpallleHHe
IPaBUTOHHOM YaCTOTHOCTH BOJHBI TMEPIEHAMKYISIPHO €€ IBUKEHHIO.
Ho ne pasnuuaror 310 B crapoii ¢usuke! [ToTomy 3a0uBaroT ronoBy
LIKOJIbHUKAM HEKOeH nosigpusauneit ceera. Ho BBl yxke 3HaeTe, 4To HET
B TpPHUPOAEC HUKAKOW MOMSAPHOCTH. EcCTh TOMBKO BXOA M BBIXOHI B
JBUKEHWUU TPABUTOHHOTO MJIM YaCTOTHOTO BaKyyMHOI'O BEIIECTBA.

Ectb Takoit matepuan, ucinanjackui mmnat. OH CyIIeCTBYEeT OOBIYHO
B BHUJE NPO3payHbIX KpHUCTAIOB. Tak BOT, €CIM B3ATh JIBa TaKUX
KpHUCTaJlJIa, MPOIYCTUTh Yepe3 MepBBIN JTyd CBETa, a BTOPOH KpUCTAIII
(ero MpoIOIBHOI OCHIO) MOCTABUTH MEPIEHAUKYISIPHO K OCH MEPBOTO,
TO M3 BTOPOT'O KPUCTAJUIA YK€ CBET HE BHIXOAUT. M 4TOOBI «OOBSICHUTEY
9TO sIBIICHHE, ONSATHh MPHUOETIN K UCKaKEHHIO, YTO, MOJI, OIMH U3 JIBYX
BEKTOPOB CBETOBOTO «IIOJIsI» yXK€ HE TMpONyCKaeTcs TIepBhIM
KpPHCTAJJIOM, 4TO SKOOBI M O3HAaudaeT MoJsipu3aluio cBera. Bo BTopoM
e KpHcTaiie, Mo, TOrJla U BTOPOM BEKTOp He mponyckaercsa. Ho Benp
BEKTOP — JTO HE HEKWH BONIICOHBI 3JIEMEHT CBETa, a BEKTOp Ha
Oymare. Uto e ecTh Ha caMoM Jiene?
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Hwxe npusenéno n3o0pa>keHue onbiTa 1Mo NpoXoKACHUIO CBETOBOTO
JIyda 4€pe€3 OAMHAKOBBIC IJIACTUHBI TYpMaJIMHA (KpI/ICTaHHI/I‘ICCKOFO
BEI[ECTBA 3€IEHOBATON OKPACKH, MOAOOHOI 0 UCIIaHICKOMY IIIATY).

VY ucnaHjackoro mrmarta ¥ TypMaJdHa BBICOKOE IBYIPETOMIICHHE
CBETa WM pa3BOCHHE N300paKEHUs, €CIIM CMOTPETh Yepe3 Hero. A BHI
y’Ke MOKETe pas3iinuaTh, YTO MyJIbCaphl CBETa, HIIYIINE Yepe3 Hero, mpu
aTOM pazaenstorcs. [lynbcap B MIOCKOM BUAE, €CIIM MOBEPHYTHCS K
HEMY JINIIOM WJIM K JIMHUH €r0 OCH, COCTOHMT KakK OBl U3 YETHIPEX KOJell,
o3Havas 4eTbIpéxchepHuk «4m» (omHOHATIpaBIeHHbIN). Pa3nenenue xe
MyJibcapa 03HAa4YaeT, YTO Ha BBIXOJE OCTAETCsI TONBKO J[BA KOJbIA «270».
U y sTux Koneln B MX JABWKEHHH YK€ B JiBa pa3a OOJNbIIEC MPOSBISETCS
MarHMTHas TpaBUTOHHas yacTtoTa. [loromy B 1845-M rogy aHrnuuaHuH
Maiixn @apaneii u BB 3P EKT, 4TO TAaKOWH pa3JBOCHHBIN MyJbcap
Bpariaercs B MarHuTHO#N cdepe (nosne). Ho, uro uHTEpecHO, Ha3Bau
9TO HE BpalleHHEM pa3JBOGHHOTO CBETa, a BPAIEHHEM «ILIOCKOCTH
MOJISIPU3AlH JTMHEHHO TONAPU30BaHHOTO cBeTa». [IpeacTrasisiere, Kak
3a0MBalOT TOJIOBY LIKOJIbHUKaM! W BBHI yXke JloraibiBaeTech, 4TO, €CIU
BTOPOH KpHCTAT HCIAHACKOTO IIMaTa IIOCTaBHTh 3a TIEPBBIM H
pasBepHyTh ero Ha 90° Kk ocu MEpBOro, TO B TaKOM pa3IBOCHUHU
OCTaHETCS Y€ TOIBKO OJHO KOJIBIO «T0» MM TOJILKO HaJBaKyyMHBIH
MoJiyo0OpOT. A pa3 HET MOJHOTrO BpallleHUs] CBETOBOro 3(upa, TO HET
JUIsl Hac M CBeTa.

O ¢usuke ucKakeHUi. 31ech TOBOPUTCS O TOM, YTO
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- 1) B He pa3/IMYEHUM TOTO, YTO GPOHOBbLIE BOJIHbI UCXOAAT U3 BaKyYMHbIX
HEeBUAMMbIX HaM NPOCTPAHCTBEHHBIX C/I0EB, XOTA U BO3bOYKaatoTCA
YaCTOTHOCTbIO (TaKKe C rPaBUTOHHOM CTPYKTYPOM) U3 HaLLero
HaZlBaKyyYMHOI0O UM MONIEKYNIAPHOrO MMPA, MM Ha3HAYatoT HEKYIO
«MHTepdepeHLMIO», KaK HasIoXKeHME BOJIH HA MPOCTPAHCTBO, CIOBHO Ha
9KpaH;

- 2) He pas3niyeHme YacTOTHO-ChHepPUYECKOM CTPYKTYPbl GOTOHOB M
3/71eKTPOHOB, @ TOYHEE, BOODLLE He Pas/iMyeHne UX CTPYKTYpbI B
odunLManbHOM GU3MKe NPUBOAUT U K HEOBBACHEHHOCTU 3ddeKTa
KomnToHa UM nsmeHeHUs cobCTBEHHOM YaCTOTbl PEHTFEHOBCKMX GOTOHOB
06/1y4EHMEM UMM NOTOKA 3NEKTPOHOB. C APYroi CTOPOHbI, HA060oPOT,
nmeHHo 3¢pdekT KomnToHa f0Ka3bIBaeT YaCTOTHO-CHEPUUECKYIO CTPYKTYPY
1 GOTOHOB M 3/1EMEHTAPHbIX YaCTUL,. [IPUYEM 3TO NPOMEKYTOUHbIE
YacTMLbl MeXAY BaKYYMHbIM MW HEBUAMMbIM BELLLECTBOM U
MOJIEKYNIAPHbBIM BELLLECTBOM HaLLEero Mmpa;

- 3) oduuManbHOe He pasNnYeHUE NOHATUA FPaBUTaLMK, KaK NPOAB/IEHUA
CTPYKTYPbl UMEHHO TPAaBUTOHHOIrO HEBUAMMOTO BaKyyYMHOIO U
BHEBaKYYMHOr0O NMPOCTPAHCTBA (MaTepuu), NPUBOAUT U K HE Pa3INYEHNIO
NPUYNHBI BPALLLEHUA NIAHET, HO YTO XMTPO CKPbIBAETCA, NPUYEM B
nonyTHOM UcKa*keHun UN.HbtoToHa!

B HblHewWHeln cTapoi du3nKe NpaBmAbHO FOBOPAT, YTO NIAHETHOE
BpalLeHne 06bAcCHeHO HbIOTOHOM, HO BOT TO/IbKO 6e3 HbioTOHa OHO He
obbAcHAeTCA.

Bes PazyinueHus 3amyThIBalOT TOJIOBBI IIKOJAbHUKAM M ceOe enié u
MOHSITHEM WHTEeppepeHIlnk BONH. Hanpumep, 3TUM «OOBSICHSIOT
o0pa3zoBaHHE LBETHOW TUIEHKH OT HEe(TENpOAYKTOB Ha MOBEPXHOCTH
BO/IbI. B JIEHCTBUTENBHOCTH ke — 3TO Ta K€ TUCIEPCUS WM ToJ00Ke
pa3ioKeHHs CBeTa B CTEKISHHON NMpU3Me Ha IBETHBIC Jyud. [emo B
TOM, 4YTO TOJIIMHA TaKOW IUIEHKH BCEro JHIb npumepHo B 10 pas
OoJIbIlIe HApPYXKHOIO pa3Mepa CBETOBOro (oToHa (YTO OQHUIHATIBEHO
nnuHa BonHbI). [loToMy cBeTOBBIE MyNbcaphbl MPH MPOXOXKACHUH Yepe3
TaKyIo IUIEHKY U PACKPY4MBAIOTCS yKe B IIBETHYIO CBETOBYIO IJIEHKY Ha
MOBEPXHOCTH.

Ecte u Takoit a¢dext Komnrona. B 1923-m rony amepukaHcKuii
¢usznk A.KoMnToH mpu OOMYYEeHUHM OJIIEKTPOHOB PEHTIC€HOBCKUMHU
Jy4aMd BBIBHJ, 4YTO Y HHX YMEHBIIAETCs COOCTBEHHas 4YacToTa.
OduimanbHo  OOBSCHWIM Takoe SBJICHHE TeM, 4YTO (DOTOHBI
PEHTI€HOBCKHX JIyuel MpH 3TOM SIKOOBI OTAAIOT YacTh CBOCH DHEPTUH
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I 3anumamenvrnoe Pasnuuenue.
3JIEKTPOHAM, a 3HAYUT, MMOJIy4aeTcsl, 4TO OTCKakuBaroT oT HuX! Ho Benp
PEHTI€HOBCKHE JIy4d CBOOOTHO MPOXOJAT HE TO, YTO Yepe3 DIIEKTPOHEI,
HO M uepe3 MJIOTHBIH Martepuain. Kak ke OHM MOTyT OTCKakMBaTh OT
anexTponoB? U sto emé He Bc€. EcTh u oOpatHsiii a3gdext Komnrona,
KOIJla 4acToTa PEHTITEHOBCKHUX Jyded yxe pactér. M urto, Torma
3JIEKTPOHBI YK€ OTAAKT 4acTb CBOEH DHEPrUU PEHTICHOBCKUM Jydawm,
oTckakuBas oT HUX? Ho Benb He DIIEKTPOHBI IBUKYTCS B 3TOM 3 (EKTe,
a peHTreHoBckue Jy4yd. OmsTh HECThIKOBKa !

UTto 3Ke 31ech MPOUCXOAUT B NeicTBUTENbHOCTH? BoI yke untanmy,
YTO y 3JIEKTPOHA €CTh HaJIBaKyyMHas 000JI0YKa, BpaIlAIoIIascs Ha Moj-
000poTa TpU MABMXKEHUH OdJIeKTpoHa. WM BpalneHHe 5JeKTpoHa NpU
B3IUIAJIE CBEPXY UIET IIPOTUB YACOBOM CTPEJIKM WM Ha PACKPYUYMBAHUE.
[Moromy, xorma QOTOHBI PpEHTIEHOBCKHX Jyded HIyT CBepXy
JJEKTPOHOB, TO WX BHYTPEHHMH pa3Mep TOXKE  HECKOJIBKO
pacKpy4yuBaercs, YeM H yMEHbIIAaeTcsi COOCTBEHHas 4acToTa
n3ydeHus. [ BenmuyuMHA 3TOr0 PACKPYYMBAHHUS 3aBUCUT, IIOHATHOE
neno, OoT yrina oOmydeHws. Eciam ke HampaBUTh PEHTTEHOBCKOE
W3Ty4YeHHE CHU3Y D3JEKTPOHOB, TO BHYTPEHHHUH pa3mep (OTOHOB,
HA000pOoT, OyIeT «CKpPy4HMBaThCI», a UX HacTOTa pacTu. B crapoit xe
¢u3nKe He pa3INyaroT JaKe BepX OT Hu3a!

3neck nmpuBeaeHo odunmansHoe oobsicHenue d¢dexra KommnroHa.
CornacHo eMy ()OTOHBI M DJICKTPOHBI OTCKAKHBAIOT JIPYT OT JIpyra,
CJIOBHO TOPOLIMHBI, KOTOPBIM IPHUJIAIOT 3HEPruto JBrxkenus. Hy a to,
Mmo4eMy U3MEHCHHNE YaCTOThI PCHTT CHOBBIX (I)OTOHOB 3aBUCHUT OT yTJia
00JTy4eHHsI UMM 3JICKTPOHOB, & HUKAK HE OT YHEPIHH UX JIBU)KCHUS,
THUXO0 He 00BsicHgeTcs. U aTo moTomy, uto 6e3 Paznuuenus
opunmansHas GU3NKa He MOXKET MPOSICHUTH CTPYKTYPY HHU (DOTOHOB, HU
3JEKTPOHOB. BCE 3TO He pa3nuyeHne Ha3BaIU «KOPITYCKYJISIPHO-
BOJIHOBBIM Jyaju3MoM». Moi, GOTOH — 3TO, TO BOJIHA, TO YaCTHIIA
BpOAC IrOpOUINHBI. Tax B€Ib HC I'OBOPAT, UTO ACHBI'K — 3TO, TO IMTPOCTAad
Oymara, To cpenctBo iatexa. [loromy ¢poton u ectb poToHOM, Kak
IPaBUTOHHON YaCTOTHOCTBIO, 3aKIIFOUCHHOIN B KOHTYPHYIO chepy,
HaXOJISAIILYIOCS TIOTHOCTBIO HAJl BAKYYMOM. Y 3JICKTPOHA )K€ KOHTYpHAs
cdepa CTAaHOBUTCS YKE DJISKTPOHHOM 000JIOUKOM, TI0JJOOHOMH
MOJIEKYJISIPHOM, HO 3aTO 3Ta 000JI0UKa HATIOJIOBHHY (Uepe3 MONIOBUHY e
000poTa) MPOIaaeT B BAKYYMHBIX CJIOSIX.
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Be1 BuamTe, uTO CTapas GuU3MKa JUIIb BHISBISET (AKThI U SBICHHS,
KOTOpBIE 3aTEM HCIONB3YIOTCA B TexHonorusax. Ho xorna odunuansHO
HAYWHAIOT SIBJICHUS «OOBACHATH», MOJydaeTcs, 4To STO yxke (usmka
uckaxxenuit. [lotomy nefcTBUTENbHONW (PU3UKOM MOXKET OBITH TOJBKO
¢usuka Paznuuenns. Ho B odunuanbHOH ¢Qusnke ecTb XOTd |
UCKa)KEHHAs, HO BBICTPOEHHASA IOCIENOBATEILHOCTh B OOBSICHEHHU
BUUMOTO MHpa. /I TIIaHETHOTO e JABMKEHHsI HEeT BOOOIIe HUKAKUX
00bsicHeHH !

Kak BBl yke 3Haere, 4TOOBI CKPBITH 3TO, MPHOETrIH K IOAJIOTY
ypaBHUBAaHUSI TOPU3OHTAIBLHOTO MOJIEKYJSIPHOTO TPUTSHKEHUS U
BEPTUKAIILHOM BeCOBOM rpaButanuu. Ho BBl yKe€ MOXKETE pas3iU4YUTh,
4TO0 W BOOOIIE OOBSICHATH IJIAHETHOE JABHMIXKCHHE MOJEKYISPHBIM
NpUTSHKEHUEM Tell (KakK JIMIIb OJHUM M3 MPOSBICHUHA I'PaBUTALMN) HE
cepbE3HO. Bo-MepBhIX, NPUTHKEHUE OHO U €CTh NPUTsKEHUE. Bo3pmute
JBa TpPUTATUBAIOIIMXCA MarHuTa. Pa3Be oHM OynyT Korga-HUOYIb
Bpamatbes? [lo-mobomy OHH OyAYT TONBKO MPHUTATHBATHCS WM JIaxe
OTTaJIKUBAThCA. A BO-BTOPBIX, KaK BbI IOMHHUTE, B onbiTe KaBeHauma c
HIapUKaMU OHU MPHUTATHBAIMCH JIMIIb TOTa, KOTJa ObUIM COBCEM PSIOM
apyr ¢ npyroM. Tak Bens maxke pasmep JIynel B 110 pa3 MeHsblue eé
paccrosaus ot 3emuun! Kakoe ke 371eCh MOJEKYIAPHOE MPUTKEHUE?
EnBa i BaM mpusATHO OBITH MPU TaKOM HCKaKeHHH. [larke OCHOBHAS
uaes OiHImTeliHA ObJa B TOM, YTO MAaTEpUAIBHBIM HOCHTEIEM
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1 Sanumamenvroe Paznuuenue.
TATOTCHUS SIBJISIETCSI CaMO IIPOCTPAHCTBO (TOYHEE, MPOCTPAHCTBO-
BpeMsl, a eIié TOYHEee — MPOCTPAHCTBO-BEIIECTBO), a BOBCE HE TUIAHETHI.

MHaye rosops, ctapas ¢usmka obXoAMT BOMPOC MAAHETHOTO BpPALLEHUA
CTOPOHOWM WM «OOBACHAET» BPALLEHWE NNAHET COXPaHMBLUEWCA C CaMoro
BO3HMKHOBEHUA MJAHET UEeHTPOobEeXKHOM Cuaol. A 3TO 3HAYMT, 4TO
06bACHAETCA BPaLLEHWNE BPALLEHNEM, HE ODBACHAN K TOMY }Ke, 38 CHET YEero e
COXpaHAETCA 3Ta LEeHTPObEeXKHas Cuia, ecnu B MOJIEKY/IAPHOM MUpPEe HeT
BeyHoro fsuratend. Bo-nepsbix, 3T0O M TrOBOPUT O BaKYyMHOM WU
BHYTPEHHEM, @ HE HapyXXHOM MPOUCXOXAEHUM BpalleHWA nnaHet. A Bo-
BTOPbIX, FOBOPSA O MNPOABNEHWUM T[pPaBUTaLUMM (KAK TPaBUTOHHOW WK
HEBUAMMOM CTPYKTYpPbl NPOCTPAHCTBa) B NJIAHETHOM BpaLLeHun, N.HbOTOH 1
roBOPW O FPaBUTALLMOHHOM 3apAge, NPUYEM HE MONEKYNAPHDIX, @ BaKYYMHbIX
TeN WM YacTOTHO-Chepunyeckmnx NaaHeTHbix chdep. B aTom cnyyae «pasmepsl
Ten (MONeKyNApHbIX TeN, KOTopble — BHYTPU BaKyyMHbIX MAaHETHbIX chep)
Masbl MO CPaBHEHWIO C PaAcCTOAHMEM  MEeXAy HumM». A Korga
B3aMMOZEWCTBYIOT YXKE MOJIEKYNIAPHbIE TeNa UKW Apyrue Tena, HO B Hallem
MOJIEKYNIAPHOM MUPE, — TO 3TO Y)KE MOJIEKYNAPHOE MPUTANKEHUE LIAPUKOB B
onbiTe KaBeHaMLa MAM B3aMMOLENCTBUE INEKTPUYECKMX 3aPAL0B MO 3aKOHY
KynoHa. B atom cnyyae, HaobOpOT, pacCTOAHUA MeXAy TeNamu masbl Mo
CPaBHEHUIO € UX pazmepamu. CTapas ke GpU3nKa He Pas3IMYaeT Toro, YTo XOTeN
noHectn N.HbOTOH, 1 3TO NOTOMY, UTO He MCnoab3yeT PasanyeHune, 4To 1 ecTb
WCTUHHOW HayKoW!

IToromy, ecnu BaM U TPYJHO YUTATh 3Ty KHUTY, HO Bbl YK HUKaK HE
noXkajieere o ToM, 4To 3aTtpaTuim Bpems. K Ttomy ke Paznuuenue He
TOJIBKO BCKpPBIBA€T HCKaXEHHWs, HO pa3iauyaer g0 CHUX II0p
HeoOBsicuénHoe. Ho 3TO, KOHEUHO, HE OKOHYATEILHOE OOBSICHEHHE.
Benp PaznuyeHne OHO M €CThb PA3iIMYECHHUEM, KOIAA PA3IUYarOT BCE
ayqme © Jydme. OTHM  XBaTHT pasiuueHHd emé W Oyrylmum
nokonenusiM! M yBUIETh IJIAHETHOE BpaIlleHHe 0€3 BCAKUX MCKAKCHUI
BO3MOXHO TONbkO B Paznmuenun. A mouemy, BBl y3Haere u3
CIIENYIOLIEro pas3aena.
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Pa3pgen Tpernii. O0 HCKaKEeHUSAX B
ACTPOHOMUHM.
«Cdepsbl kKocMOCa»

5. UckaxkeHus NIBMKeHHUS TJIAHET U K NIPaBae
CHCTEeMbLI MUDPA.

[Tapaa 0KOIOCOTHEYHBIX MJIAHET.

B3auMHoe cotHEYHO0-3¢eMHO0e BpallicHHE.
O muanernbix cucremax Ironemes u Konepuuka,
NpeAlecTBOBABIIMX B3aMMHO-LIEHTPUYECKOil cucTeme. 3xech
I‘OBOpI/ITCH O TOM, 4TO
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- 1) oduumanbHan actpoHomua caenana us K.Mronemes sTakoro
«Aypayka», XoTA OH rOBOPWJI HE NPOCTO O BpalleHUn naaHeT u ConHua
BOKPYT 3emM/11, @ O BpaLLEeHUM UX BOKPYF HEKOEM TOUYKM, KOTOpas yKe U1
BpaLLAeTCcA BOKPYr HaLlel naaHeTbl BMecTe ¢ BpalleHnem ConHua u
OCTa/IbHbIX NIAHET. U3bAHOM 3TOW CUCTEMbI ObIIIO MOMeLLEHUE 3EM/IU B
LEeHTP MUPO3aaHUA U TO, YTO [TOoNEMEN He Ha3blBan KOHKPETHO 3Ty HEKYHO
TOUKY LeHTpanbHOM To4KoM 1 ana ConHua, U ANA BCex NaaHeT (BKAkoYan
3emnio).

CTapas e HayKa, ONpOBepPrHyB NAaHETHOE BpalleHWe BOKPYr 3emau,
NnonyTHO onpoBepraa u Bce u3bickaHnA K.lITonemes o BpalleHUn NaaHeT
BOKPYF 3TON HEKOEM LLeHTPasIbHON TOYKY;

- 2) KonepHUK noHsn, 4To BpaleHne HebecHom chepbl U HOYHOro Heba —
3TO He BpalleHue 3BE34 M NAaHeT BOKPYr 3eM/v, a oTobparkeHne
BpaLLEeHMA camol 3eMn, HO Npy 3TOM OH nomecTun CosHLE B LEHTP
3eMHOro opbuTanbHOro BpalleHus. A 1o, 4to H.KonepHuK BCE ke rosopun
06 OTCYTCTBMM BO BCeNeHHOM LIEHTPA U - O HAXOXKAEHUM LLEeHTPa 0pbuThl
mexay ConHuem v 3emnéi Npy paccmaTpmMBaHMN UM ABUKEHUA 3eMan
nof, 304MaKanbHbIM Kpyrom, opuLManbHas acTPOHOMUA ocTaBuna bes
BCAKOro BHUMaHMA.

T.0., cuctema KonepHwuka u MNTonemen A0NXKHbI OblM COEAUHUTLCA B
OEeNCTBUTEIbHO CYLLECTBYIOLLYHO B3aMMHO-LLEHTPUYECKYI0 OPOUTANbHYIO
cuctemy. A cTapas acCTPOHOMMA /ML NOMEHANA LLeHTPbI BpaLLeHui
mecTamu;

- 3) UMEHHO NOCTOAHHOE M paBHoe BpaleHue CoNHLA BOKPYr CBOENM OCH, a
TaKXKe AKOObI KKaXKyLLeeca» ero ABMxKeHue nos 38é34amMu 3HaKoB 304MakKa
[OKasbiBaeT BpalieHMe CosHLA BOKPYr TOYKM, /IeXaleWh B LEeHTpe
COBMECTHOM COJ/IHEYHO-3EMHOM OpbUTbI. T.0., MNPUYMHA MIAHETHOrO
BpaweHnA — He B NPUTAXKEHUN CONHUQA U N1aHET —a BO B3aUMHOM Ka4yeHUun
BOKPYr ApYr Apyra FPaBUTOHHbIX U HEBUAMMbIX COJIHEYHO-3EMHbIX chep,
YeMm U ecTb rpaBuTaLmA.

Benb 1 naseHve Ten — 3TO TaKXkKe CNescTBue Nofob6HOro KauyeHUs BOKpYr
OpYr Apyra rpaBUTOHOB, HO Y*Ke - BECOBbIX FPaBUTOHOB, YB/IEKAIOLLMX
BHYTPMMOIEKYNAPHYIO YAaCTOTHOCTb T€/1, @ 3TUM — U CaMM Tena.

BB yrke moHsiTH, Kakoe UCKaXkeHHe TBOpHUTCS B pusuke Hadana 21-ro
Beka. [loToMy BmomHE IOTMYHO W TO, 4YTO, XOTS AoOpas dYacTh
OKOJIO3EMHOI'0 IIPOCTPAHCTBA 3aCOPEHA OCTaTKaMU OT CIyTHHKOB, HO
COBpEMEHHasl HayKa HUYEro CephE3HOr0 He MOXKET CKa3aTh O MPUYMHE
MJIAHETHOT'O BpalleHUs. DTUM BONPOCHI O TOM, MOYEMY MOCTOSHHA B
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I 3anumamenvroe Pasnuyenue.
MIPOCTPAHCTBE OCh BpalleHHust 3eMiau, kak M ocu CoiHIIa U IUIAHET,
MoYeMy IOJydyaeTcsl BUCOKOCHBIA roji, moueMy Bpamaercs CoiHIie U
T.A. Aaxe kKak Obl U He 3amedvatorcs. Ho u Oomnbie Toro, Hampumep,
IIKOJIbHUKAM OOBSICHSIOT, YTO «IIOJIHBIM 000pOoT BOKpyr 3emim JlyHa
coBepuraer 3a 27,3 cyTok, a 3a paBHoe Bpems JlyHa gemaer u o0OpOT
BOKpYT cBoelr ocuy». [loromy, Mo, «k 3emiie Bceraa oOpamieHo OAHO U
To ke nonymapue Jlyas». Ho Ha 3emie-to cpennuit mecan — 3to 30,5
cyTok! 1 BbI MOHMMaeTe, 4TO B TAKOM IpeACTaBICHUH BpaieHus JIyHsl,
TaKk WIM WHaye, HO BCErja IOKa3bIBaJoCh OBl A1 Hac W BTOpoe eé
nonyuapue. 1 onste 0OMaH MIKOJHHUKOB!

N3 mkonpHOro Kypca Bbl MOXKETE€ BCIIOMHHTb, YTO B JIPEBHEH
I'pennn, a co 2-ro Beka Hamield 3psl U BO BCEM MuUpe Obuia IpUHSTA
HayKoM T'eOl[eHTpHUYecKasi CHCTEMa MHUpa aJleKCaHAPUNCKOro acTpOHOMa
K.IlItonemess. D10 korma Bokpyr 3emiu Bpamatorcs u JlyHa, U Bce
mianetrsl, 1 ComnHile. JTa cHCTeMa, KOHEYHO, HE CepbE3HA, HO OHA
XOpomo OOBSACH;JIa Tak Has3blBAEMOE MeTiieo0pa3Hoe JBHIKEHHE
BUIUMBIX ¢ 3emiu I1uiaHer. Uto Takoe mnerieoOpazHoe IBHIKEHHE
wraner? Ha Hoynom HeOe B EBpome um Poccum moutm Bce
OKOJIOCOITHEUHbBIE TUIaHEeThl (KpoMe MepKypus) HIyT HOYb 32 HOYBIO C
3anmama Ha Bocrtok, Bmecre ¢ 3emunéii oOpamasice Bokpyr ComHila
MPOTUB 4YacoBoM crpenku mpu B3risge ¢ Cesepa. U BB, HaBepHOe,
CJIBIIIAJM TIPO Mapaj IIaHeT. JTO KOrja BCE IJIaHEThl BHICTPAUBAIOTCS
Kak Obl Ha oHOM juHUK ¢ 3eMicid 1 ConHIleM. A eclii HapuCcoBaTh Ha
Ooymare ConHile 1 OpOUTHI TUIAHET BOKPYT HEro, TO MPH Mapaje ImiaHeT
W TOIydaeTcsl JTUHUSA, nmpoxoadmas yepe3 1neHTp ConHia U depe3 Bce
MaHeTbl. Tak BOT, KOI/la TUTAHETHl B MX JABMKCHUHU TI0 HOYHOMY HEOY
MOIXOJAT K 3TOH BOOOpakaeMoOil JIMHWH, TO OHU HEKOTOPOE BpeMs
HAYMHAIOT UATH B 00paTHYIO CTOpOHY WK ¢ BocToka Ha 3anaj, WHBIMH
clioBaMH, monsATHO. Ecnu ske HapucoBaTh TpauK IABHIKEHUS TJIAHETHI
npu e€ oOpanieHun Bokpyr CoJHIIa, TO M TIOTyYaercs 3TaKkas MeTIs.

K.IlItomemeil cumTan, 4To «IUIaHETa HE MPOCTO JBUXKETCA BOKPYT
3emid, a JBWXKETCS OKOJIO TOYKH, KOTOpas cama oOpamiaercs BOKPYT
3emmu». Bl oOpaTwinm BHHMaHHME, 4YTO 3]€Ch IMOABISETCS JIBa
BpAILEHUs: BOKPYT HEKOEH TOYKH, a 3aTE€M BpAILEHUE YXKe ITOU HEKOeH
Toukn BOkpyr 3emuu? Ilombckuit actponom Hukomait Komepruk B
1543-M romy HOpeMTOXKKUI WHOM B3IV Ha BpAIICHHE IUIAHET B €ro
kaure «O BpaineHusX HeOecHbIX cdep». B Hell oH ciaenan akieHT Ha
TOM, YTO BOKpPYr 3emiii sBHO Bcerja Bpamaercs Toibko JlyHa.
OcranbHble Ke IUIaHeTHl BMecTe ¢ 3eMiiéil o0pamiaroTcs BOKPYT
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Conama. U 3emnst — 310 TpeThs mo yaanéaHoctu oT CoiHIA IJIaHeTa
nociie Mepkypus 1 BeHnepsl. A merneoOpa3Hoe JIBUXKEHUE TUIAHET Ha
HOYHOM HeOe OH OOBICHHJI TEeM, YTO MBI HX HAOIIOmaeM He ¢
HEMOJABMKHON 3eMiiM, a C IUIAHEThl, TOXKE€ BpAIIAIOIIeNcs BOKPYT
Connna. Ho B cBoelt kuure KomepHHMK HUKaKk HE yCTaHaBIMBaJ
OJJHO3HAYHO opOuTanbHylo cucreMy c¢ CoiHIeM B IEHTpe, Kak
HCKa)kKaeT crapas Hayka, a M MbITAJCs ONMUCAaTh BpallleHWE HEBHIUMBIX
Hamu cdep 1 BuauMoe BpajeHue ColHIa U TUIaHeT.

N urto xe o3Hauaer «HOBas» cucTeMa sKoObl KomepHuka,
«MOJIEpHU3UPOBaHHAS» O(ULIMANBEHONH acTpoHOMHEW? A TO, dYTO
ConHIle TPUTBOXKICHO K HEKOEH IIOCKOCTH, KaK K Tapenke, KoTopas
BpAILA€TCsl BOKPYT HEKOEro LIEHTPa YK€ Hallel raJlaKTUKU. Bokpyr xe
ConHua oOpalmaroTcs Bce IUIAHEThl ¢ MX COyTHUKamH. Ecim nmaxke
NPUHITH a0CypAHOE OOBSICHEHWE OOpalieHUs IUIAHET HX HEKUM
MPUTSHKEHUEM, TO COBCEM HE MOHSTHO JApyroe. [louemy ke BpammaroTcs
W caMH IUJIaHeThl BOKPYr MX ocu, M oTuero Bpamaerca Connue? B
CTapoil acTpOHOMHHM MpO NpHUMHY BpamieHust CoilHIa BOKPYT OCH
MOJTHOE MOJYaHHE. Y’K HE BpaIIaeTcs K€ OHO OT HEKOEero MOoTopa.
UToOBl CKpPBITH 3TO, HBIHEHIHSS Hayka NpUOeraer K ylOBKam pasHBIX
cucreM orcuéra. Mo, Aake KaMEeHb Ha JIOpOre JBUXKETCS BMECTE C
3emnéit orHocutenbHo ConHna, notomy u  ConHIlE JBHXKETCA
OTHOCHUTENBHO LIEHTPa HEKOEW rajakTuku. Jla, oHO ABUIKETCA, HO, HE
Oyayun o(QUIMATBPHO MNPUTBOXKIEHHBIM K  IEHTPY IIJIOCKOCTH
SKJIMITHKHN, KaK K IIGHTPY TapeiKkH, TaK K€, KaK W HeMOIBUKHBIHI
KaMeHb W eCTh HENOABIKHBIM, JIEKa XOTh Ha Bpallaromiercs 3emue,
XOTbh B Ky30B€ €IyIIer0 aBTOMOOHJISL.

Crapass Hayka BooOIle HE pa3nvaeT IBW)KEHHE W HEIBH)KCHHE,
MOCKOJNIBKY MCKakKaeT MOHMMaHHe OTHOCHUTEIBHOCTH, KOTOPOE MCXOAUT
W3 MOHSTUH BHYTPEHHET0 M BHEIIHETO WM M3 MOHATHS cepbl, a He U3
paccMOTpeHHUs] TOCTYNATeIbHOTO JBW)KEHHSI, YTO BCErAa €CTh JIMIIb
YacTHBIM cilydaeM JBWKeHHH. OQuimaibHO K€ Todydaercs, 4To B
JIPYroil «CUCTEME OTCUETa» HEMOJBHKHBIN KaMeHb oABMKEH. Dokyc u
BoymeOcTBO, a He Hayka! WM 310 BCE aiis TOro, 4TOOBI CKPBITH
HermoABWKHOCTh CONHIA B CTApOMl AacTPOHOMHU H  «3aTYMaHHTB
HEOOBSICHEHHOCTh TNPUYMHBI BpallleHus IUIaHeT. HeoObsacHEHHBIM
ocTaércst W momsTHOe IBWKeHHe TutaHer! [IpeacraBbTe CONHEUHYIO
CHCTeMy TMO0J00MeM Kapyceli, HO C HECKOJIbKHUMHU OTJEIbHBIMU
maTgopmamu, U - ce0s B Kapyceliu, Kak Ha IaTghopMe ¢ KPeCIoM Mo
umenn 3emis. pyrue mimaTgopMbl — 3TO, KaK BBl YK€ IOHHMAaere,
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OKOJIOCOJTHEYHbIE IuTaHeThl. M ecan Bcgd 3Ta Kapycenb Bpallaercs
BOKpYT IIeHTpa, kak CoJIHIIA, TO Pa3Be COCEJHUE C BaMH IUIAT(HOPMBI
noiayT momnsitHo? OHM OyIyT TOJABKO OTCTaBaTh OT Bac, OMEpeXaTh U
JIOTOHSTb.

Kpome Takoro He pa3nuueHUs ACHCTBUTEIBHOM MPUUYHHEI
MOMSATHOTO ABMXeHus1, KorepHuk pasmenun emé u JBrKeHne 3eMiIn Ha
JIBa OTJENBHBIX BPAILlCHUs: BOKPYT COOCTBEHHOM OcH U BOKpYT ComHIIa.
U takoe cpeqHeBeKoBOE «OOBSICHEHHE» 3eMHOT'0 IBHIKCHUS OCTAETCS 10
cux mnop. Ho momymaiite cammu, ecnu Obl CYyTOYHOE U TOAUYHOE
BpallleHHe Halllel MIaHeThl He ObUIO €UHBIM JABMXKCHHUEM KadeHHs e
TTaHeTHOW cdepbl Mo OpOMTAaIBLHOMY KONBILYy, TO TOTJa U CYyTKH HE
CKJIaJIBIBAUCH ObI M3 Tola B roA (MpUYEéM 32 MHOTHE THICSUEIETHS) B
oquHakoBele 365 gHeil. Bemp 00s3aTenbHO  HAKOMWIACh OBl
MOTPEIIHOCTh  pa3fieIbHOrO JBMXKEHMs. BBeas ke pasaenbHoe
BpalieHue 3eMii, U UCXOMs U3 TOro, YTo CyTouHoe ABuxkeHrne CoiHIa
10 HeOOCKIIOHY MBI BOCIIPHHHMAEM H3-3a JIEWCTBUTEIBHOTO BpAIllCHHUS
3emnu Bokpyr e€ ocu, Komepuuk u nprkeHue CoNHIIA TOJ 3HaKaMU
3oaMaka Has3Basl KaXylmuMmcs (HO HE ONpeleNnus TakuM, O YeM pedb
HWke). Ha camoM ke jmene cyTodHOe BpalleHHE BXOJUT B COCTaB
€IMHOI'0 JBIDKCHUS KadeHHs 3eMHOM HEBUJIMMOH YacTOTHOM WIIH
TPaBUTOHHOM miaHeTHo# cdepsl. [loTomy roguunoe apmwkenne ConHia
— HE KaXKylIleecsl IBUKEHUE, a U €CTh B ACHCTBUTEIILHOCTH.

Tax 4To e ecTb Ha caMOM Jieje TTaHeTHOU cucTemMoii? Bpamenue
BOKPYI' HEKOEH TOYKH, KOTOpas YK€ BpallaeTcs BOKpYr 3eMiih, u
onucanHoe K.IItomemeeM — 3TO M OBUIO MPEAYYBCTBHEM B3aWMHOTO
BpamieHrss ConHIa W 3eMiM BOKPYT JAPYT JApYyra, MHBIMH CJOBaMH -
BOKPYT €IMHOTO COIHEYHO-3eMHO20 WIIN 83AUMHO20 YeHmpa BpaIleHus,
npuuéM, - Mo odmIel opbute, paBHOW opHULIMATBEHON 3eMHOI opOuTe. B
Bubnun »Ta o0mas opburta Has3bIBaeTcid «3€MHBIM Kpyrom». Bokpyr
3TOTO B3aMMHOTO COJTHEYHO-3EMHOT'0 [IEHTpa 00pallaroTcsl 1 OCTalbHbIC
OKOJIOCONTHEUHbIe TIaHeTsl (kpome Mepkypusi, Jlynst u [lnytona). Ho u
Konepuuk Obi1 uMeHHO KomepHUKOM, MMOCKONBKY, Ollepexas CBOH BeK,
TOBOPHJI O BpAIICHUM WMEHHO HEOECHBIX (4 3HAYUT, BaKyyMHBIX)
HeBUIUMBIX cdep. U, uro nuHTEepecHo, Beab cam KomepHUK mucal, 4To
«OTHOCUTENBFHOE JBMKEHHME JIBYX TEJ HE M3MEHHUTCS, €C K O00MM
TenaM NpuOaBUTh OJMHAKOBOE JIBMKEHUE». A MockonbKy Uy ConHna u
y 3eMJIM €CTh OTHOCHTENbHOE JBM)KEHUE MOJI 3HAKaMu 30/lMaKa, TO y
HUX M €CTh OJIMHAKOBHIE TOAWYHbIEC BpamieHus. M Gonee Toro, B Majiom
KomMenTapunm k cBoell KHUTe, ONUCHIBAS IBIDKCHHE 3EMIIM TIOJ
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30[IMaKaIbHBIM KPYTOM, OH 3aMedaer, 4Tto «Mbl yBumuMm ConHile B
HauOOJIBIIEH €ro BBICOTE, KOrja 3emiis OyJeT HaXOJUTHCA B IMPSMO
MPOTUBOIOJIOKHOM MECTE, TPUUYEM IIEHTP OpOUTHI OyIET MEKTY HUMI)
nmn Mexnay ComHuem u 3emnéit! Oto  3Hauut, uyto KomepHuky
OCTAaBAJIOCh  CHENaTh TMPAKTUYECKH OAWH Iar J0 OTKPBITHS
JEHCTBUTENBHO CYIIECTBYIOIIEH G3AUMHO-YEHMPUYECKOL CUCHeMbl
Mupa WM B3aUMHO-IICHTPUYECKOTO TPAaBUTOHHOTO BpAIllEHUS 3BE3J U
IJIaHEeT. A 4TO 3TO HE CIYYWIOCh, BIIOJIHE MOHSATHO, Belb B 16-M Beke
OH eII€ HEe MOT Pa3JInYUTh YACTOTHOE WM IPABUTOHHOE (BHYTPEHHEE) U
BHJIMMOE HAMU WM KOHTYpHOE (HapyKHOE) BpalnieHue Iutaner. U
0o0paTuTe BHUMAHHUE, - BEllb OTHOCHUTEIHHOCTh KONMEpHHMK MPaBHILHO
TIOHUMAJ BO BPAIICHHH, & HE B TOCTYNATEIbHOM JBHKEHUU.

Kpome Toro, KomepHuk o6o3Haumn y 3emiid U TpeThe HMEHHO
COBMECTHOE BpallleHHE, Ha3BaHHOE WM <«JICKIMHAIMOHHBIM». OHO H
MIPUBOAMT K TOMY, YTO OCh BpAIlCHUsI HAIIICH TIJIaHETHl 3aHUMAET OJTHO U
TO k€ IMOJIOKEHUE B IPOCTPAHCTBE, UYTO AAET U CMEHY BpeMéEH roxa. Ho
OH Ha3BaJl 3TO BpAIICHUE HE KOHKPETHBIM JIOTIOTHUTEIBHBIM T'OI0BBIM
JBIDKEHUEM MaHTUM 3€MJIM, a - TOXE T'OJIOBBIM BpallleHUEM HaIlei
miaHeTel. MlHaue roBops, - HE pa3iMyuMil TOJAOBOE U JOMOIHUTEIHLHOE
BpallleHUE, HE PA3IMYMB MMEHHO B3aUMHOC Ka4yCHHE OPOMTAIILHBIX
COJIHEUHO-3eMHBIX cdep. M3-3a 3TOro OH W TOBOPWI O pa3ieiIbHOM
CyTOYHOM U TOAOBOM BpamieHuu 3emun. W Beap NEHCTBUTENHHO,
uaymiee (B Ty e CTOPOHY, YTO M TOJ0BOE BPAIIEHKE) JIOMOJIHUTEILHOE
BpaIllcHUE MAaHTUU 3eMJIM WIH uHpomayus (BHYTpEHHEE TIOJI0BOE
BpaIlleHNE B OTJIWYHE OT BHEIIHETO CYTOUYHOI'O BpAIllCHUS BCEW Harei
IUTaHeThl B LEHTpe e€ ImaHeTHOH cdepbl) — 3TO M ecTh Kak Obl
BHYTPEHHSISI MPUYMHA TMOCTOSHHOTO HAKJIOHA OCH BpalleHHs 3eMIIu.
BremHss e mpudrHa TOCTOSHHOTO HakJIoHa oce miuaneT u ConHna —
ATO UMEHHO B3aMMHO-I[EHTPUYECKOE I COJTHEYHO-3EMHOE BpalleHue
(v moipoOHEe 00 ATOM TOXKE PeUb HIKE).

Tak BoT, KonepHuK, xota 1 nomeltan ConHue B CBOEN CUCTEME B LEHTP
BPALLEHMWI, HO M He «NPUrBOMKAAN» €ro K OLHOMY MECTy, FrOBOPs, YTO BO
BceneHHoM HeT ueHTpa. Ho ero akobbl nocneaosatenb utanbaHew, JxopaaHo
BpyHO, COXMEHHbIA WHKBU3ULMEN, He CTan pa3BMBaTb YTBEPXKAEHME
KonepHuKa 06 OTCYTCTBMM B KOCMOCE MaTepuasbHbIX LLeHTPOoB, a HaoboporT,
y»Ke Ha3blBan KOHKPeTHO He 3emto, @ CoMHLLE OAHUM LLEHTPOM «COSIHEYHOMN»
cuctembl. M3-3a Hayana 3TOro BEKOBOrO MCKa)KEHUA ero M nocTuria Takas
cyabba. Beab ueHTpbl BO BceneHHoM MoOryT 6biTb TOIbKO BO B3aUMHOM
BpaLLeHMun. N ecTb B HEW NULWb OAMH UCTOYHUK BCEX BpALLEHN — cuna boxKbsa
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eauHcTBeHHoro bora besHavyanbHoro (no bubaun) unmn Annaxa (no Kopany). U
BMAMTE, Hackonbko H.KonepHwK oneperkan cBOW BeK, rOBOPA O «TpeTbem»
BpalLeHuM 3emau, 1 NpeayyBCTBYS FPAaBUTOHHbIE NiaHeTHble cdepbl (roBops o
BpaLLEHUM UMEHHO HeBeCHbIX UM BakyymHbIX chep)! CTapas ke acTpoHomuUA
BOOOLlIe He paccmMaTpuBaeT HeBUAMMYIO CPEepUYHOCTb B MNAHETHOM
BpaweHun. Mon, ecnm He BUAMM, TO 3TO U HE AOCTOBEPHO.

A Beab TaKoOW Noaxond W ecTb Y XMBOTHbIX. Ye/IoBEK Ke U MOXKeT 6biTb
4YeNOBEKOM TO/bKO TOrAa, €cAM 4To-IMBO HeBUOMMOE BOCMPUHUMAET
BMAMMbIM. Beab, Hanpumep, paboTtas, Mbl BCeraa AepKum Uam npeacrasnsem
pesynbTaT Tpyaa B ronose. Kpome Toro, Bbl U3 AanbHelwero ybeamtech, 4To
Habntogaemoe B Teneckonbl HOYHoe HeBO Aaneko He COOTBETCTBYET UCTUHHOM
KapTuHe. loToMy ANA He WCKAXKEHHOW aACTPOHOMWMM UM ACTPOHOMMUM
PasnnueHna BaxKHO B nNepByd o4vepeab NpeacTaBNeHUE HEBUAMMBIX
rPaBUTOHHBIX CHEP M UX BPALLEHWUIA, a TaKKe pa3bop ABMKEHUA HEBUAMMOM
rPaBUTOHHOM YacTOTHOCTM, M TO/MBKO 3aTEM — YKe BCAKME HabnogeHua B
TenecKonsl.

CounHIle Bpaliaercss MPOTUB YacOBOH CTpeNku (MPU B3LIAAC C
CeBepa) BOKpPYT CBOEH OCH 3a OJIMH COJHEYHBIA MECSI] WIH MPUMEPHO
3a 25,3 3eMHBIX AHEH. A 3TO 3HA4YUT, YTO Bpallasich, U COBEpLIAET
TOJUYHOE JIBIKEHUE 10 3BE3AHBIMU 3HAKaMH 30i1aka. DTO TOBOPUT U
00 obOmiem Bpamenun U 3emin Bokpyr Comana, u CojiHIIa BOKPYT
3emnu. Benp pazBe MoxkeT ObITH OJJHO BpalieHHe 0e3 npyroro? Yk He
BpaIllaeT ke, B cCaMoM Jielie, 000104Ky COJHIIa HEeKUi MOTOp.

Jloka3aTebCTBO K AeMCTBUTEIbHO CYLIECTBYIOLIEH
B3aHMMHO-LIEHTPUYECKOI cMcTeMe MUPA. 31eCh TOBOPHUTCS O TOM,
4TO

- 1) odunumManbHan cxema KKaXKyLLEeroca» roguyHoro AsmskeHns CoiHua no
3K/IMNTUKE NOKa3blBAET HECOCTOATE/IbHOCTb NomeLLeHMA CoNHLA B LLEHTP
NNaHETHOro BpalieHnA, NOCKOJIbKy, Hanpumep, no 3TOM cXxeme 3MMOM 13
Poccuu, 6e3ycnoBHo, A0NKHO 6bl10 bbl HABAOAATLCA co3BE3AME
CTpenbua, Aa 1 BOObLLe - NOYTM BCE CO3BE3AMUA KPYI/IbIA rog, XOTA 3TO U He
TaK.

MoTomy 1 MAET He «KaXKyLleeca», a AencTBuTeNbHoe BpalleHne ConHua
BOKPYr €AMHOr0 CONTHEYHO-3€MHOFO LLeHTPa CUHXPOHHO C 3eMNEN.
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Ho cTapoli HayKe, He pa3nnyatoLLeil MoKa BaKyyMHble C/I0M MPOCTPAHCTBA
M €ro YacToTHO-CPEPUUECKYIO CTPYKTYPY, NErye U3naratb NOAA0MM, YEM
NbITaTbCA BOCNPUHATL AENCTBUTE/IbHO CYLLECTBYIOLLLEE MTAHETHOE
BpalLeHMe;

- 2) 304MaKaNbHbIN Kpyr Npu B3rnage ¢ 3eMau pacnoioXKeH NPpUMepHo Hag,
CONNHEYHO-3EMHbIM BPALLEHNEM, @ TOYHEE - CMELLEHNEM HANPaBo Npu
Buae ¢ CeBepa Hallel NaaHeTbl, NPOX0AA KPaHEN TOYKOM CBOEN
OKPYHOCTWU Haj, 3TUM LLEHTPOM.

Kpome TOro, 38é3apl 3HaKoB 304MaKa PaCNONOXKEHbI eLE 1 B 3epKa/ibHOM
oTobparkeHUM odULMANBHOIO 304MaKaNbHOIO Kpyra.

lMoTomy gencTBMTENbHO MAyLLEee CONHEYHO-3eMHOE BpalleHne
[0Ka3blBaeTCA ero NPoxoxaeHnem nog, 38€3gamm 3HakoB 304Maka, a ¢
[OPYron CTOPOHbI, OHO MOKa3blBAeT N AENCTBUTEIbHOE PACMONONKEHNE
3B€374 304MaKa;

- 3) yTObbI NPeacTaBNATb cebe CTPYKTYPY AeNCTBUTENLHO CYLLECTBYOLLEHN
NN B3aMMHO-LLeHTPUYECKOM OpbUTaNbHON CUCTEMbI, HEOBXOAMMO, B
nepByto oyepesb, Pa3aMyaTb U HEBUAMMYIO YaCTOTHO-ChHEPUYECKYIO
CTPYKTYPY NPOCTPAHCTBA, U €ro BaKyyMHbIE C/I0U.

MHbIMK cnoBamu - NpeAcTaBAATb HEBUAMMbBIE NAAHETHble chepbl, MPUYEM
pa3anyasn ux Ha NaaHeTHble chepbl B HAPYKHOM BaKyyMHOM C/10€ U Ha
opbuTanbHble CUMMETPUYHBIE CONTHEYHO-3eMHble cdhepbl — yiKe B
CpeaMHHOM BaKyyMHOM CNoe.

B odpunumankHOM BOCHIPHSTHH BOKPYT HEH3BECTHO OTYEro
Bpalllalolierocs: MpakTuiecku Ha ogHoM Mecte ConHia oOparmaercs
3emmss. Ho BB Mokere peanbHO yOemutbes, uTto ConHIe-To,
OKa3bIBaeTCs, JABWKETCS (IPUYEM - CTPOrO0 CHUHXPOHHO ¢ 3eMiIéi) wiu
Teu€T K MecTy npeObIBaHus cBoero no KopaHy, eciiv JIHIb 3arsHATE B
SHIMKIIONEANI0. TaM 30MaKaIbHbBIA KPYT C CO3BE3IUSAMH PACIOIOKEH
CBEpPXY COJHEYHO-3eMHOr'0 BpalleHHs, HO ¢ momenieHneM CojiHIa B
uentp. W naBaiite mpeactaBuM cebe B3TJSAI HA COIHEYHO-3EMHOE
BpailleHne u3 KocMmoca. LleHTpanbpHas ock 3eMiM Bcerja HaKJIOHEHA B
OJHOM TIOJIOKEHUH TMOoJ YriioM 66°33' K MIOCKOCTH €€ BpalleHHs.
Jlerom 3emuas ocb B CeBepHOM moiymapuu HampabieHa K CoiHILy,
oT4ero m moiydaercs jero. Ilpencrasum, uro npu B3risiae ¢ Cesepa
3eMHOM IIap MO HAalpaBleHUWIO Hayajla ero TOJOBOTO JBHIKEHUS
HaxonuTcs JieroM cieBa oT ConHua (3TO €cTh M Ha caMOM Jefe 10
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OTHOIIEHHIO K 30[HAKaJIBHOMY KpPYyTy), 4TO Ha PHCYHKE H300pa’KeHO
BHJIOM COOKY:

Tak Bot, Hampumep, ¢ Tepputopun Poccum cos3ezaue Crpenbla
XOpOIIO BUIHO Ha HOYHOM HeOe Kak pa3 B KOHIIE BeCHBI 1 JeToM. U mpu
3TOM 3eMIIsl JBUKETCS K TOYKE JIETHETO COJHIIECTOSIHUS (Ha PUCYHKe
IBIDKETCss K Ham). Torga B CeBEpHOM MOJNYIIAPHHM CAMbIA JJTUHHBINA
nenb. [lo  odunuanbHOMY H3II0KEHHIO MBI BUAMM TE€peMEIleHHE
30/lMaKaIbHBIX CO3BE3IMM HaJ HaXOIIIMMCI B OJHOHM TOUKe
opOutanbHOi miockocTH COJNHIEM TONBKO HM3-3a 00pamieHus: 3eMiu
BOKpYT' HEro. DTUM Moiydaercs, uyTo co3Be3aue CTpernblla HaXOJUTCS
neroM Haj ConHIeM OnrKe K MPOTHBOMOJIOXKHON TOUKe OpOUTHI 3eMin
WK OJIMKe K TOYKE 3UMHET0 CONTHIIECTOSHUS, YTO MPOUCXOAUT B KOHIIE
nekabps. Ha sommakansHOM Kpyre co3Be3aue Crpenblia - HalpoTUB
co3Be3nusa bimsHenos. B Takom citydae 3uUMOM, KOTJa 3€MHasl OCb Ha
ceBepe HampasieHa or ConHua, u3 Poccuu MbI y»e JOIKHBI XOpPOIIO
BHJIETh co3Be3nne bimsnenos, koropoe Haj CoNHIEM pacloyiokeHo,
HA00OpOT, B KOHIIE Mas — WIOHE WM B Hadaje JieTa. JTO ecTh U Ha
caMoM Jene, 4eMy BpoAe Obl COOTBETCTBYET W MpHUBEACHHAS HUXKE
ounmansHas cxema. Ho B TOM-TO M JIeJI0, UTO TOIBKO «BPOJIE OBIY.

1o mokxa npuMeHsieMOl cxeMme IJIaHEeTHOT o BpalleHus, rje CoiHile B
LIEHTpE, 30/IMaKaIbHbIN KpyT pacronoxkeH poBHo Haj ConHuem. Ho
ecau Obl ATO OBLIO TaK, TO, HAPUMEP, C TeppuTopru Poccuu ObLH ObI
BUJIHBI IPAKTUYECKHU BCE CO3BE3/MS 3HAKOB 30/IMaKa, IPUUEM -
Kpyrablid To11. OTinyre 06110 OBl TOJIBKO B TOM, YTO OJIHU CO3BE3/Ms
pasnuyaiuch Obl Jtydlne, a apyrue - xyxxe. Ho 3to He tak! Ecth
CO3BE3/MsI, KOTOPbIE BUAHBI, HAIPUMED, TOJIBKO B KOHIIE BECHBI U
JIETOM, a IPYTHE — TOJIBKO 3UMOM. A 9TO 3HAYUT, YTO 30AHAKATLHBIHI
KPYT PacIojoKeH COBCEM He IO LEHTPY 3EMHOT0 OpOUTAIBHOTO
BparieHus. Kpaii 3Toro kpyra nmpoxoanuT poBHO IO LIEHTPY 3EMHOMN
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OpOUTHI CMEIIEHHEM BITPABO B MPUBS3KE K HIKE MTOMEIIEHHOMY
pucyHky. EcTb u apyrue obcrosiTenbCcTBa.

Bo-niepBeIX, B3rIs0M € HALIEW [UIAHETHI 30AMAKAJIbHBIN KPYyr
BOCIIPHHUMAETCSI PACIIONOKEHHBIM KaK Obl POBHO HaJI COTHEYHO-
3eMHBIM BpatnieHneM. Ho 3To Toabko BOCIpHUATHE, TOCKOJIBKY
30/IMaKaJbHbIA KPYT' CMEIIEH B JIEHCTBUTEIBHOCTH IO MPUBEAEHHON
cxeme BuioM ¢ CeBepa 3emiu BrpaBo. [loromy 1 Touka 3UMHEr0
COJIHIIECTOSIHMSI HAXOJUTCS CIPaBa, YTO, KCTAaTH, MMOKA3bIBAeT U 3Ta
cxema. A BO-BTOPBIX, HA ITOM cXxeMe co3Be3ane bin3HenoB J0mKHO
OBITH PACTIOJIIOKEHO HE ClIeBa MJIM CO CTOPOHBI 3amaja a - CrpaBa WiH
co croponbl Bocroka. [leno B ToM, uTo 110 3 dekTy nepeBEpHyToro
JIUCTA HAIIEro MPOCTPAHCTBA JIEHCTBUTENBHOE BEKOBOE BpallleHHe
camoro 3BE3IHOr0 HeOa UJIET B IPYTYIO CTOPOHY, YeM 3TO
BOCIIPUHUMAETCS CHU3Y WJIM ¢ Halell riaHersl. CTapas ke Hayka He
MPUMEHSIET HU 3aKOH CUMMETpHUH, HU d(deKT nepeBépHyToro nucrta. U
BbI BUJIUTE, YTO BOCIIPHHUMAEMasi WM HAOJI01aeMast HaMH 3BE3THAST
KapTHHA — 3TO JJAJIEKO HE TO, YTO €CTh Ha caMoM Jene. [lotomy, kak
HUTJE, He00X0AMMO UMEHHO PazinueHne B aCTpOHOMUHU.
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Tak BOT, HecThIKOBKa B O(HUIMANBHOH CXEMe IO KOHKPETHBIM
3HakKaM 3ojMaka B TOM, uTo 3jech (rae ConHIle - B IIEHTPE) B KOHIIS
BECHBI, a Takxke JieToM u3 Poccuu kpome co3pesnus CTpelblia J0JIKHO
06110 OBl HAOMIOAATHCS U cOo3Be3AMe Bu3HenoB, He TOBOPS Y)Ke B PO
ocTalbHEIE CO3Be3aMs. A, TeM Oojee, 3MMOH, Korja cama 3eMils
HaxXOJMTCS CIIpaBa, a 3eMHas OCh HakioHeHa oT COJNHIIA U CMOTPUT B
CTOpoHY co3Be3ausi CTpernblla, MbI YK HaBEPHSIKA JIOJDKHBI ObLIM OBl
BHJIETh, KpoMe co3Be3nus brnusHenos, u co3e3aue Ctpensiia. Ho Bens
ero He BuaHo! IIpencrasnsere, kakoe uckaxenue?! U Bol yxe BUIUTE,
A YBUAWTE Jallbllle, YTO U CTapasg acTpOHOMHSA — 3TO ACTPOHOMUS
WCK)KCHHSI.

A ToO, 4TO B MIOHE CcO3Be3ue bim3Henos, a B Jiekadpe — co3Be3ue
Crpenblia neficTBUTENbHO HaxoauTcss Haj CONHIEM, XOTS UX TOrJa U
HE BHWJHO C TeppuTopuu Poccuu, OOBACHACTCS WMEHHO B3aMMHBIM
COJTHEYHO-3€MHBIM BPAILICHUEM. HOTOMy U B O(bI/IHI/IaHI)HOM HN3JI0KECHNU
ConHIle TOCTENEHHO TMepeMeniaercss M3 ogHoro 3Haka 3oauaka (30-
IpaJlyCHOr0 y4acTka HeOa) B APYroi, M 3aBepIlaeT CBOW IyTh, TOCETUB
BCEe JBEHA/NATh 3HAKOB 30jMaka B Te4YeHHWE OJHOro roxa. Ho
«tpubuBasy CONHIIE B IIEHTP BpAIllEHHs OIATh MCKAXKAIOT TEM, YTO,
MOJI, 3TO TOJILKO Kaxkercs. Ha camom ke aene Bujnom ¢ CeBepa 3emiin
Hama tiaHera u CoNHIlE CHMHXPOHHO BpAlIaOTCS B HAIPaBICHUH
MPOTUB YaCOBOW CTPEJIKH BOKPYT I[EHTPa CBOETO B3aMMHOI'O BPAIICHHMSI.
B mockom Buae 3THM TonydyaeTcs opoOuta 3emiiu, Kak oOmias
COJIHEUHO-3eMHas opouTa. M kornma 3emiiss HAXOIUTCS B TOUYKE 3UMHETO
COJIHIIECTOSIHMSI WK cripaBa, To COJHIIE — CJieBa M HANPOTUB €ro B
TOUKe JieTHEro coiHuectosaus aias 3emn. [loromy Connie u 3emis
BCErJa - POBHO Hamporus apyr apyra. llomydaercs, 4ro LEHTp HX
B3aMMHOT'O BpAIleHUsI — 3TO MOJIOBUHA paccTosHus 3emun oT CoiHIa.
OtuM ux obmas opOuTa, Kak Obl JETHUTCS Ha JIBE TMOIYOKPYXHOCTH,
OTYET0 U TOJy4yaercs, HanpuMep, HEKoe 3aTOPMa)KMBaHHE, Kak
COJIHIICCTOSIHHE.

Huxe npuBenieHa cxema JISHCTBUTEIBHO CYIIECTBYIOIICH OpOUTaAIBHON
CHCTEMBbI MJTU B3aHMHO-I[eHTPHYecKas OpONTATbHAsI CHCTeMa C
BUJIOM HaJ| ceBepoM 3eMJIM MM Kak Obl «cBepXy». Hamma mnanera 31ech
HaxoJUTCs B TOUKE 3umHezo connyecmosanus. CO3BE3AUS Ke B
30JMaKAJIbHOM KPYI'€ pacIlONOKEHbI HAJl COJTHEYHO-3EMHBIM
BpaIlleHHEM B 3epPKallbHOM OTPaKEHHH OPHUIIMATBHON CXEMBL. JTO U
ecTh 3QEKT MepeBepHYTOro JTUCTA WM JIyHHBIN 3D (DEeKT, Kak U B
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ciydae sIkoObl ¢ aHTUYACTUIIAMH, KOTOPBIX HET, KaK TaKOBbIX. Benb
€CJIM HE TJISIIETh HA OTHOCUTENIBHOE BpalleHune 3BE3] ¢ 3eMiu, a
TIOAHSITHCS HaA 3eMIIEH U HaJ 3BE3IaMU, TO OHO U MPEACTAHET B
obpatHoM ropsiike. [Ipencrasisiere AeliCTBUTEIBHBIN YPOBEHb
pa3BI/ITI/I$I 36MH017I OUBHUIN3allUH, 33I‘p$13HHBIHCI71 oTXoaaMu y)Ke TOYHO
TPETh TUIAHETHI U OOJIBIIYIO YaCTh OKOJIO3EMHOT'O IIPOCTPAHCTBA, HO JI0
CUX TIOp HE 3HAIOIIeH, kak Bparaercs 3emiis, ConHile u tanetsi? U
KaK MOXKHO TTIOMEIIATh 30AHaKaIbHBIN KpyT poBHO HaJl CONHIIEM, €CITH
1o oduiaibHoi Bepcun CONHIIE MEIJICHHO BPaI[aeTCsl BOKPYT IIEHTpa
«ranmaktukn»!? Benn co3Be3aus 3HakoB 301MaKa JODKHBI TOra TaKKe
BpAIIaThCsl BOKPYT I[EHTPA 3TOM HEKOCH «rajaKTHUKW», a HE BOKPYT
nentpa ConHia

]_IeHTp B3aMMHOT'0 COJIHECYHO-3€MHOI'O BpalllCHUS
" pacCloIOKCHUEC CO3BE3IUA CTpenLua.

——

YV
£

3oAMaKaIbHbIN KpPYT.

Exinworld©

T.o., 30mMaKanbHBIA KpPYyr C CO3BE3JIUSIMH PACIOJIOXKEH B
JEeWCTBUTEIBHOCTH HE POBHO HaJ OOILEH CONHEYHO-3eMHOW OpOHTOM, a
cMellleHreM BIpaBo Npu Bujge ¢ CeBepa WM KaK pa3 CO3BE3IHMEM
Crpenbiia Hajg OOMIMM NEHTPOM COJHEYHO-3€MHOTO BpAIlCHHS.
BreixonuT, uyTO nNEHCTBUTENBHBIM Kpyr 307MaKa — 3TO 3€pKaJbHOE
OTpa)XCHHUE BBIIIE MPUBEAEHHOTO O(HIMANTEHOIO PACHOIOKEHHS
CO3BE3/IUM, IMPUYEM CMEIICHUEM 30[IMaKaJbHOIO KpPyra HalpaBO WU
noMmenieHneM co3pe3aust CTpenblia HajJ COJHEYHO-3€MHBIM ILIEHTPOM.
OTM u OOBSACHSETCS, YTO KOrJa B Hadaje Jiera W3 PocCHU BHIHO
co3Bezngue Crtpenbiia, To ConHIle, HAXOIICh B TOYKE 3HUMHETO
COJIHIIECTOSIHMSI I 3eMJIM M HAmpoTUB €€, BCTA€T POBHO HANPOTHB
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co3e3aust brusnernoB. A ero u3 Poccum Torma He BHIHO, TOCKOJIBKY
OHO HaXOJHUTCA 110 JIMHUEH TOPpU30HTA.

A BOT 3UMOI MBI XOPOIIO BHJIUM CO3Be3/1M€ BIM3HENOB, MOCKOIBKY
3eMHasi OChb CO CTOPOHBI Poccnu HakKJIOHEHa MpH 3TOM Kak pa3 B €ro
ctopony. Co3pesaue Ctpenblia ocTaércs Toraa 3a ropusoHToM. ConHie
ke, OyJAy4d TOrJa B TOYKE JICTHErO COJHIECTOSHHS JUIS 3eMIIH,
pacronoxkeHo yxe HampotuB co3Besgus Crpenbra. C 3emiuu ke
30HH3K3HI)HI)II>1 Kpyr BOCIIPUHHUMACTCA PACIOJOKCHHBIM pPOBHO HaI
COJIHEYHO-3EMHBIM BpalleHHeM. DTO OOBSCHSIETCS, KaK BBl IOHUMAETe,
BO-TICPBLIX, YMCHBUICHHUEM BOCIIPUHHUMAEMBbIX pasMepoB C
paccTosiHEeM, a BO-BTOPBIX, - HAKJIOHOM 3€MHOI OCH Kak pa3 B CTOPOHY
CMEIICHUSI 30AMaKaJbHOTO Kpyra, NpUYéM Kak pa3 NPUMEpPHO Ha
4eTBepTh MpsiMoro yria. [loromy HaOmoaeHneM 3BE3 3HaKOB 307HaKa
C HaIleH TUTaHeTHl U Kaxercs, yTo ConHile TpoxoauT moa Humu. MHaye
TOBOPSI, DTUM IMOJIY9aeTCs, YTO ¢ 3€MJIM BUIHBI 3BE3/IBI 3HAKOB 30/IMaKa
(odurmanpHO  30MaKajbHBIE  CO3BE3IMS)  W3-32  CMEIICHUS
30[IMaKaIbHOrO Kpyra HepaBHOMepHO, a ColHIle, HA000POT, B3TJISLIOM C
3emMiid IPOXOIUT TOJI 3HaKaMu 30/MaKa JOBOJBHO PaBHOMEPHO. JTO,
KpoMe TOro, W OOBsCHAeT upuHsATHEe [BWKeHHs ConHIa mox
30[IMaKalIbHBIM KPYrOM W BOKPYT COJIHEYHO-3€MHOTO ILIEHTpa IO CHX
MOP «KKYIIAMCS).

Hanpsimyto o0o3Hauaer UEHTP B3aWMHOTO COJHEYHO-3€MHOT0
pallleHusT ¥ TpaeKTopus ABWXKeHHs KoMmerbl [ammes. OTo korga oHa
npubmwkaercs k ConHIly Ha pacctosHue kak pa3 menee 0,6 a.e. (0,6
paccrosiHust 3emau ot ConHIa). A eclaM HallM acTPOHOMBI OyayT
CMOTpPETh Ha B3aUMHOE COJIHEYHO-3€MHOE BpAIICHHE W3 CHCTEMBI
Cupuyca, TO TOXKE CKaXXyT PO 3eMITI0, YTO OHA HeKasl 3Be31a — «Oeblii
KapJInK», Bpalialonmics co 38e310i ComHIIeM BOKPYT HEKOETo IeHTpa
Macc. UTo Takoe B3aMMHOE COJTHEYHO-3€MHOE BpallleHHe, KaK 1 Jtodoe
B3aMMHOE BpalleHHEe, BbI MOXKETE TIOHSTh, €Cli Oy/ieTe BpalaTh BOKPYT
Jpyr JApyra yKasaTellbHbIE Majblbl BaluxX pykK. VMEHHO B TakoMm
BpallCHUU U 0CTa€TCs MOCTOSTHHBIM MOJI0KEHUE OCH BpallCHUs 3emiu 1
npyrux tianer! U ogaum sddexrom rupockomna win 3GHEKToM HoIbl
3TO HE OOBSCHUTH, MOCKOJIbKY Y 3eMJIM €CTh M T'OJ0BOC BpalleHHe. A
MpH THPOCKONMUYecKoM 3(ddekre B TakoM BpallleHMH OCh HE MOXKET
ObITh TapajuieibHa camMod cebe, oOecreunBas CMEHY BpeMEH Toja,
IIOCKOJIBKY IIPABbIM HAKJIOH CMEHSIETCS Ha JIEBBIM HAKJIOH ocu. be3
Paznmmyenus e oauH U3 nanbleB (paHblie 3To Oblaa 3eMiis, a Tenepb
ConHile) mpocTo Jiepxat Ha mecte. [IpencraBisiere, Kakoe Ha CaMOM
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Jefie pa3BHTHE Hameld SKOObI BhICOKOpa3BUTOW mmBuim3anuu? Co
BpeMéH Iltonemes nUIIL TOMEHSIIW MECTaMH najblbl, a CYTb-TO
ocTanachk Toi xe!

HecocrostensHOCTh TIaHETapHON Monenu ¢ moMmenienueM CorHIa
B LEHTP IJIAHETHOTO  BpAIllCHUA  MOPOABIIACTCH, B 3aMCUaHHuAX
OTBETCTBEHHBIX (u3ukoB (Hampumep, lllenneposa B.M.) o Tom, 4to
«MaTeMaTHueckas QopMmyla JJUIMIICA  OTPHIAET  BO3MOXKHOCTH
(m3HruecKkoro IBMXEHUS 3eMiIM 10 Takoi opoute. Bens y aiurca jiBa
¢okyca. 3HauUMT JOJDKHO CyllecTBOBaTh BTOpoe CoOMHIE, KOTOpOE
JIOJDKHO OBUIO OBl HaxonuThcs BO BTOopoM (okyce». JIBa ¢okyca
AIIIUIICA, BOCIPUHUMAEMBIE C 3EMITH — 3TO M €CTh B3aWMHOE COJTHEYHO-
3eMHOe BpaimieHne. OTTOro yxe W B CTapod acTPOHOMHH HIYT
pasroBOpHl, 4YTO «oOpalleHHWe TIUIaHET COBEpIIaeTcs HE BOKPYT
reomeTpuueckoro nentpa ConHia, a BOKpYT 0OLIero IeHTpa Macc Beer
ConHe4yHOl CHCTeMBI, [0 OTHOILIEHHI0, K KoTopomy camo ComHie
OIMCBHIBAET CIOXKHYIO KpUBYIO». Ho 0€3 paziuueHus Wik B BOCIPUSTHH
TOJILKO TOTO, YTO HaOmomaerca rnaszamu, ConmHue Tak W OyJer Jumib
«OTHCHIBATH CJIOKHYIO KDUBYIO».

[Toromy mpu NIecTBUTENBHON OpOUTAILHON cXeMe HaJ0 He TOIBKO
paccMaTpuBaTb I'paBUTOHHOC WM HEBUIMMOC BPAIICHUC IJIAHCTHBIX
cdep, HO emmé U pa3InyaTh BakyyMHbie cepuueckue ciioun! Jleno B ToM,
YTO B3aMMHOE CONHEYHO-3EMHOE€ BpalleHUE, KaK TaKOBOE, MTPOHCXOANUT
OT BpaIlleHHUs CONHEYHO-3eMHBIX cep B CPEAMHHOM BaKyyMHOM CJIO€
MPOCTPAHCTBA-BEIIECTBA WIIH OT CUMMEMPUUHBIX OPOUMATbHBIX chep.
A BOT BuguMoe BpamieHue 3emin, ComHIAa U TUIaHeT UIET yXKe OT HX
TUTaHETHBIX cep B HApY)KHOM BakyymMHOM cioe. [loHuMaere Temneps,
3ayeM HaJo ObUIO KOHKPETHO pa3duparh BakyyMHBIe ciion? HapyxHas
ranerHass cdepa 3emianm e€ BpalleHHEM MPOSBISIET CHadania
BHUPTYalIbHOE 36MHOE OpOHMTaNIbHOE KOJNBIO (MOg00HOE M300paKEeHHIO
COJIHEYHO-3eMHOH opOuThl). Bpamenune xe Mepkypuss u Beneps
IIOMOTaeT NOAJEPKUBATh 3TO KOJbIO. [loTOMYy TmJIaHEThl 3E€MHOMU
rpynmnsl Benepa u Mapc, kpome Mepkypusi, oOpamiarorcsi Ha camMoM
Jiesie BOKPYT OOLIEero CONHEYHO-3eMHOr0 IIeHTpa, a He BOoKpyr CoiHia.
A OonblME TIUJIAHETOMJIBI WX O(PUIIMAIEHO OOJIBIIKME IJIAHETHI
(FOnutep, CaTypH U T.11.) 00OpaIaloTCss BOKPYT 3TOTO IIEHTPA, KaK yKe
BOKPYT 00well cghepobl COITHEUHO-3EMHOTO BPAILICHHMSL.

IIposiBjieHHe B3aMMHO-LIEHTPUYECKOT'0 MJIAHETHOT 0
BpaleHus. 371ecb TOBOPUTCS O TOM, YTO
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- 1) ConHue 1 3eMns BPaLLAOTCA BOKPYr APYr ApYyra TaK, YTO B NJIOCKOM
BUAE 3TO NPEeACTaBNAETCA ABUNKEHNEM MO OKPYKHOCTU, paBHOM opbuTe
3emnun, pOBHO BCAeA ApYr 33 APYrom.

MnaHeTbl ke, Kpome MepKypua, JIyHbl 1 [1yTOHa BpaLLLAOTCA BOKPYT
LeHTPa 3TOM OKPYXHOCTU UAN CONHEYHO-3EMHOTO LIeHTPa.

Mepkypui BpalaeTca Bokpyr ConHua, a JlyHa — BOKpyr 3emiu, npuyém — B
NPOTUBOMNOJIOXKHYIO CTOPOHY;

- 2) MepKypuii, Bpawaetcsa Bokpyr ConHua nogo6Ho JlyHe,
obpalLatoLenca BOKpYr 3eMu, U TaK Ke, Kak 1 JlyHa — B 0b6paTHyto, yem
BCE NJIaHeTbl CTOPOHY, HO YTO He BOCMPUHUMAETCA € 3eMn u3-3a adpdekTa
nepesEpPHYTOro AnCTa.

Mapc e B CBOEM BpaLLleHUM To Npubaukaetca K CONHLY, TO NOYTU B TPU
pasa ganblue yaanaeTca OT Hero, NOTOMy OCTa/ibHble, KpoMme 3emau,
NAaHEeTbl — He AR KPacoTbl 3BE3AHOMO Heba, a Ana nepesaydn MOMeHTa
BPaLLEHMA B HAPYXXHOM BaKyyMHOM C/0€;

- 3) cuctema Cupuyca, Kak 1 6ONbLLIMHCTBO OCTa/IbHbIX 3BE3/, - 3TO He
[BOWHas 3B€3/3, a Kak bbl KOCMUYECKOE NPAMOE OTPAXKEHUE COTHEYHO-
3eMHOW NnaHeTHoM cuctembl. Cuctema e LleHTaBp, pacnonarasch B
LEeHTpe mexay cuctemamm 3emnm n Cupuyca, obpasyet KoCMUYECKUI
TPUNOJb NN TPEXCHEPHUK.

MoTomy 1 Becb HabaoAAEMbIM HAMM KOCMOC COCTOUT HE U3 HEKUX
«ranaKkTUK», @ U3 TaKMUX BOT TPEXCHEPHMKOB, NOAOOHBIX OFPOMHbBIM
rPaBUTOHaAM, KaTALMMCA BOKPYT ApYr Apyra.

Bbl MOkeTe BCIOMHHTH W3 IIKOJIBHOIO Kypca O MajbIX IUIAHETax
WA acTEPOMIaX, COCTABIIAIOUIMX HEKUWA aCTEPOMIHBIN «I0SC» MEXKIY
Mapcom u FOnurepom. IT0 ocTaTki HEOECHOW TBEpAH, KOTOPHIE TaK H
HE yCHenu MpOsSBUTHCA B HAJBAaKyyMHOHW Cpene MPOCTPaHCTBA, Kak
enuHas manera DadtoH. [lramemnas epasumayuonnas cepa
@Das>mon, cIyKuBlIasg J0 BOSHUKHOBEHUs1 Mapca mnepenade BpallleHHUS
OonmpiMM IIaHeTouAaM (OQHIMANBHO IUIAaHETaM), €CTh W Telepb.
Hmenno sty chepy ¢ Bpamarmommmucs B Hell (M BOKpYr €€ LieHTpa)
acTepoWJiaMi M HAa3bIBAIOT MOSCOM. Y BCEX acTEePOMIOB C 3eMIIH
BOCIIPHHUMAIOTCSI OTPOMHBIE SKCHEHTPHCUTETHI KX OPOUTHI KOOI B UX
obopamennn Bokpyr Connila. Hanpumep, y acrtepomnma IOnoHa
paccrosaue ot Connila uzmensiercs ot 1,99 no 3,55 «a.e.»!
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Tak BOT, UIMEHHO 3TO TaK)X€ J0Ka3bIBAE€T B3aWMHO-IIEHTPHUYECKYIO
cucreMy. Benp actepouanl, Bpamasch BOKPYT COJHEYHO-3EMHOI'O
HeHTpa B coctaBe cdepbl «DasToHy», BpalaloTcsl ¥ BOKPYT LIEHTpa 3TOH
chepbl. OH JIGKHUT TPUMEPHO Ha 00pa3yroIIel COMTHEUHO-36MHOM Chephl
(c muamMeTrpoM OKOJIO 3 «a.e.»), a 3HAYUT, - U Ha OPOUTAIILHOM KOJIbI[E
Omutepa. OcranpHble K€ OKOJIOCONHEUHBIE IUIAHETHl  (KpoMe
Mepkypust u mnnaHerouja IlnmyToHa) BpalaroTcs HEMOCPEICTBEHHO
BOKpPYI'  CONIHEYHO-3eMHOro meHtpa. Ilotomy ¢ 3emaun u
BOCIIPHHUMAIOTCSL OOJBIINE IKCIEHTPUCHTETHI y acTepPOHIOB, KaK H Y
Mepxkypus ¢ Ilnmyronom. K Tomy e U BpalatoTcst acTeponabl BMECTe
co chepoii «DasTon» B oOpaTHYIO, 4eM 3emis cTpoHY (00 3TOM peub
HUXke). B crapoil ke acTpOHOMHMH JaXe HE XOTIT paccMaTpUBaTh
MpUYKHY 3Toro. Tam JuIIb KOHCTaTUPYIOT TO, YTO BUAAT ¢ 3emun. Ho
BbI YK€ IIOHAJIM, YTO BUAAT COBCEM HE TO, YTO €CTh Ha CaMOM J¢CJi€. 141
Oosiee TOro, W3-3a BOCHPHATHS C HaIeW IUIAHETBI U C €€ OpOUTHI
OIrPOMHBIX aCTCPOUIHBIX SKCHECHTPUCUTCTOB U IO MPUYUHEC BpallCHUA
3eMiM B cTapod acTpOHOMHMM TOJbKO BOKpYr ConHIAa, Kak BOKPYT
POXKAECTBEHCKON €ENKHM, CYMTAIOT, YTO acTEPOUJbl B HX JBUKEHUU
SIKOOBI MOTYT TIEPECEKAThCS ¢ 36MHOM OpOMTON. A 3TO, KaK BBl BHJIUTE
Y, MATKO rOBOps, Hempasa. [loroMy Her, © HEe MOXET ObITh HHUKAKOM
«acTEpOUIHOM OMAaCHOCTH.

Hwxe npuBenena cxema oOpa3oBaHus OpOUTAILHBIX KOJIEIl BUIOM
«cBepxy» min ¢ CeBepa 3eMiIH.
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[TnanerHsie chepsl Mapca, Connna, Mepkypusi, Bernepst
u 3emMua (ClieBa HAIIPAaBO).

ConHe4HOo-3eMHOM IIEHTD.

OpbOuransHble Koiabla Mapca, Mepkypust u

Exinworld©
3emiu.

Bbl BUIUTE, YTO NEMCTBUTENbHAS cXxeMa OpPOMTAIBLHOTO BpallCHHs
IIJIaHET — 3TO COBCEM HE MPOCTOoe UX BpalleHne Bokpyr ConHIa, Kak —
KaMeIIKOB BOKPYT CBETWJIA, B U€M NBITACTCS YBEPUTH O(UIIUATbHAS
actpoHomus. [lpm  B3aMMHOM  COJHEYHO-3€MHOM  BpAaIeHUH
IpaBUTAI[MOHHAs IUIAHETHasi cdepa WIM MPOCTO IUIaHETHas cepa
3eMiM KaTWUTCS TO BHPTYaJIbHOMY 3E€MHOMY OpOHMTaIbHOMY KOIBILY
(KaK IJIOCKOMY IPOSIBIICHHUIO OOIIEr0 pUCYHKA TUIAHETHOT'O BPAICHUS B
BUJC KOHTYPHOH MM CHJIOBOM OKPYKHOCTH), UYTO TOIACPKUBACTCS
TaKXe U OrpoMHOH miaHeTHO# chepoil Benepsl. Ho oHa katutcs mo
OpOUTaTFHOMY KOJIBILY YK€ U3HYTpH (Kak Obl BBEpX), oT4ero y Benepsl
oOpaTHOe, yeM y OONBIIMHCTBA TUIAHET, BpallleHue (BOKPYT CBOEH OCH).
B cBoto ouepenp, mianerHas cepa Benepsr mognepxuBaercsi 00paTHO
HaNpaBJICHHBIM K HEll CHJIOBBIM OpOMTAILHBIM KOJBIIOM Mepkypus. A
OHO MOJACP>KUBAETCS TIaHETHOH cepoit MepKypus, Bpalaromencs: ot
TPAaBUTOHHOM COJHEYHOM TMJIaHETHOM cdepbl W KaTsAleWcs 10
BUPTYaJIbHOMY OpOHMTaIbHOMY KONbIY MepKypusi TakKe HW3HYTpH.
OpburtanpHOe KOMBLO MepKypHsl TOIIEPKUBAET, KpPOME TOro, M
opOuTaIbHOE KOIBIIO A1 Mapca.

Benepa, Takum 00pa3oMm, - 3TO TIOTHOCTBIO «BHYTPEHHSISD» TUTaHETA.
Ona Bpamaercs Bcerna nepen ConHIleM, U 3aXOAUT 32 HEro TOJBKO
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I 3anumamenvrnoe Pasnuuenue.
HaOmo1aeMo ¢ 3eMJIM aHAJIOTMYHO U JIHIIb HAOMI01aeMOMY HOMSITHOMY
JBYO)KEHUIO TUTAHET, MPUUEM, - TPUOIMKASACH U YAAJSISICh OT 3eMJIH, HO
ocraBasicb Ha oo0nom paccmosuuu om Coanya! Dtum  Benepa
(enMHCTBEHHAsT M3 TUIAHET) JABa pa3a B 8- JIETHUH mepuonx (HO C
OOJBIINM TIEPEPHIBOM MEXKIY 3TUMH MEPUOJAMH) CTAHOBUTCSI HAITPOTUB
ConHia mpu B3MJIsIIE ¢ HAIllel MaHeThl. DTUM OOBACHSIOTCS U CEpIIbI
(mecsiupl) BeHepsl, aHaOrn4HbIE JIyHHBIM, O 4éM peub OyJer Hike. Y
Mepkypust ke, MOCKOIbKY OH Bpainaercs Bokpyr ConHIa, a He BOKPYT
COJIHEUHO-3EMHOI'0 LIEHTPA, B JTI000H 1eproa MOXKET ObITh TOJIBKO OHO
npoxoxkaeHue nepen ConHueM, HabIoAaeMoe ¢ 3eMIIH.

Oto (ororpadus COTHEUHOTO JAUCKA C TISATHOM BeHepsl mepes HuM.
IIpuMepHO B TeUeHHE IBYX C ITOJIOBUHOM CTOJIETUH CIIy4arOTCsl YEThIPE
TaKUX TPOXOKICHUN BeHepbl — 3To /1Ba AeKaOPbCKHX M JiBA
HIOHBCKHX MPOXOXKACHUN. A 3TO U 3HAYMT, 4TO BeHnepa B TeueHue
BOCBMUJIETHETO TIeprozia ObIBaeT Ba pa3 nepen CoHIIEM MpH B3TIIsIC
¢ 3emun. U BB MOHMMaETE, YTO ey Obl B KOCMOCE JISHCTBUTENHHO
Obu1a opunMaibHas IaHeTHast cucrema ¢ COJHIIEM B LIEHTpPE, TO U HE
ObLTO OBl TAKHUX MEPEPHIBOB B TIPOXOXKCHUU WM TpaH3uTe BeHepsl mo
mucky Connua. Benp nmepruon obpaienust Benepsl 3a 1o MeHbIIe
3eMHOTr0 TIOYTH B JIBa pa3a He MOTOMY, YTO OHa OBICTpee Bpalaercs, a
MOTOMY, YTO OHA BO CTOJIBKO K€ pa3 OJIIKE K COTHEYHO-3EMHOMY
ueHTpy. Y nmpu HelHE puMeHsieMoil cxeme BparieHus ¢ ColHIEM B
LEHTpe, Kor/ia 3eMiisi COBEpIIaeT BOCEMb 000OPOTOB SIKOOBI BOKPYT
Counnia, Benepa B Jiro00M citydae He coBepIaia Obl TOIBKO JiBa CBOUX
Tpan3uTa. Ho oduimansHas acrpoHoMust (og00HO cTapoii (GU3mKe) 3TO
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I 3anumamenvrnoe Pasnuuenue.
Kak OBl «B yIop» HE 3aMeuaer. A TO, 4TO TaKOe BHIMMOE TPOXOXKICHUE
ObIBaeT uepes 2,5 cToyneTusi, 03HayaeT KojiebaHue OpoOUTaIbHOM
COJIHEYHO-3EMHOI FOPU30HTAIbHOMN IIJIOCKOCTH U3-3a JIBUIKEHUS
KOCMUYECKOH c(epbl C OKOJTOCOTHEYHBIMHU IIJJaHETaMH B COCTABE
KOCMUYECKOro TpUIIoJs uin TpéxcdepHuka 3emis — LlenTaspa -
Cupuyc. B octanbHoe ke Bpems, XoTs Benepa n nmponoskaer
BpAIaThCS BOKPYT COIHEYHO-3eMHOT0 IieHTpa rnepes CoiHIeM, HO U3-
32 BOCBMEPUYHOCTH COTHEYHO-3eMHOM OpOUTAIBHON TNTIOCKOCTH HITH
Kak Obl M3-32 HECKOIIbKO MPHUITOIHATOTO MOJIO0XKEHUS 3eMIT
otHocutenbHO ComnHia Benepa naxomutcest ninu Haj COTHIIEM MIIH O]
HUM B3IJISJIOM € 3eMIIH.

Bokpyr ConHia Bpariaercst Toinbko Mepkypui, HO He Hoj00ueM
ero cnyTHuka. Jlemo B TOM, 4YTO KaTiICh [0 BHUPTYaJbHOMY
opOUTaIbHOMY KOJBIy HW3HYTpH, MepKypuil oOpamaercs MTpOTHB
Bpamienuss Connna! Ho u3-3a sddekra mepeBepHyTOrOo jmMcTa 310 HE
BOCIIpHHUMaeTCsl ¢ 3eMiH, OTKyJa Mepkypuil HaOmMOgaroT Kak Obl
cam3y. Ho nake ecny 3TO M YCTaHOBWIIM, TO CKPBIBAIOT, MOCKOJBKY
TOra PyHMHTCA OQUIMANBHBIN a0Cypa «OOBSICHEHUS» BpalllCHUS
TUTaHeT OT HEKOEro COJHEYHOrO MPHUTIKEHUs, TOJOOHOT0 MarHUTHOMY.
(ITompobuee o Mepkypun — Huxe). Mape ke, kak U Benepa, mpu
B3aMMHOM COJIHEYHO-3€MHOM BpPAIleHWH TaKKe IONEPeMEHHO |
OJIMHAKOBO, TO MPUOIIIKAETCS, TO YAalseTcss OT Hallled MIaHeThl U OT
CounHila. OTUM OOBSACHACTCS U TO, YTO B MPOTUBOCTOSSHUU ¢ CoHIIEM,
korga Mapc - 3a 3emuéif, OH HaMHOIO spye, YeM BO BpeMs €ro
coenuHeHus, korga oH 3a ComHieM. Bens Torma oH pacnomaraercs
Mo4YTH B JBa pasza fanbire oT 3emuu. H.KomepHuk e mocuurtan, 4ro
npuyrHa Oonee sipkoro Mapca He BO B3anMHOM BpauieHnu CoiHIa u
3emnu, a B TOM, 4TO «3emisa, Haxojsick Mexay Comraiem u Mapcowm,
JOJDKHa Bpamathess BOKpYr ConHnay». Bo3MOXHOCTH e B3aHMMHOTO
BpamieHuss U ConHuoa W 3eMiM BOKPYT Jpyr JApyra OH Tak M HE
paccMoTpen.

U takoe oObscHeHHE TOXe ocTaéres 10 cux nop. Ho Bens B TakoM
ciyyae (korma 3emns u Mapc BpamiaroTcslt BOKPYT HEMOJBHKHOIO
Connia) Bo BpeMsl coequHEHUsT Mapc noinkeH OblT Obl OBITH yKe B MATh
pa3 mamellie WIM B MATh pa3 Tyckiee. [lpuuém 310 emé He BCE!
IMockonmbky paccrosHue Mapca OT CONHEYHO-3EMHOIO  IIEHTpa
Bpamenus cocrasisier 1,02 a.e., a 3emin, Kak B yKe MOHUMaeTe, - 0,5
a.e. (monoBuHa pacctosiHUs 3emin ot COJIHIIA), TO 3TUM U O0BSICHICTCS
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I 3anumamenvroe Pasnuyenue.
IIpEBBILIEHUE NIEpHOJa BpaleHus: Mapca HaJl 36MHBIM I'OJJOM IIPUMEPHO
B 2 paza (1,88 mer). Ilpu odunmanbHONH ke TUIAHETHOW CHUCTEME C
BpaIllcHUEM OJHOM TONbKO Hamiel r1iaHeTsl Bokpyr ConHila
MPEBBIIICHUC MAPCUAHCKOI'0 IoJia HaJl 3CMHBIM I'OOBbIM Op6I/ITaHI)HI)IM
000pOTOM OBLITO OBI TOJILKO 6 NOIMOPA paza OONbIe. A ATO HapyIICHUE
NpuHIUIIA OTHOCUTCIIBHOCTH, YCTAHOBJICHHOI'O CaMUM KOHepHHKOM u
COrJIaCHO KOTOPOMY «IIOHATHUEC ABUKCHUA HEC MUMECT CMBICIIA, €CJIU HEC
BBIOpaHa CHUCTEMa OTCYETa, B KOTOPOW OHO paccMmarpuBaercs» (B
JTAHHOM JK€ Cllydae — 3TO TOJ[0BO€ BpaiieHue 3emiu). Takoit abcypa
ob1 npoctuteneH H.KomepHuky, KuBIIEeMy B CpEIHEBEKOBbE, HO HE
HBIHEIIHEH aCTPOHOMMUH.

[Inanernas cdepa Mapca HaxoguTcs B LEHTPE YKE KOIbYEGOU
nianemuou cgepovr Oonbioro pasmepa (o uéM peub Huxe). U ata
KonbIleBast cdepa Mapca moafep:KuBaeT BUPTYalIbHOE OpOHMTAIBHOE
cwioBoe Koubilo s FOmurepa m kak Obl odopmitsier o0rIyro chepy
COJIHEYHO-3eMHOT0 BpamieHus. M ecim mpeacraBuTh mpencTaBUMBbIC
(BUpTyaJIbHBIE) OPOHMTAJIBHBIE KOJBLA COTHEUHO-3EMHOU chepuvl, TO
MoJy4aeTcs CIEAYIOMNN PUCYHOK:

Exinworld©

3eMHOe opOUTaIBHOE

KOJIBIIO.
1

\p./ OpO6uTansHoe

Kosblo Mapca.

KonbI1o comHeuHO0-3eMHOM chephl.

OOpaTuTe BHUMaHHUE, YTO U JISHCTBUTEIBHBIN BUJI IUTAHETHON
COJIHEUHO-3EMHOM CUCTEMBI (KaK BUJ] aTOMa U CHJIOBOM C(ephl) TAKKE
nojo0eH GpoToHy (HO 3/1€Ch YKe — Ooublie TpEXCchEepHUKY WK
TPUIIOJIO).
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I 3anumamenvrnoe Pasnuuenue.

N BBl yXe IOHUMAaere, 4ro B JEUCTBUTENBLHOCTH BceneHHas
00pa3oBaHa G3AUMHO-YEHMPUUECKUMU 2PAGUMOHHBIMU CUCTNEMAMU.
Jus 3emim — 3TO B3aMMHOE COJIHEUHO-3eMHOE BpameHue. [10100H0
BpallaloTcd W BCe 3BE3THBIE CHCTEMBI, HAlpUMep, Ta K€ CHUCTeMa
Cupuyca. DOTo 3HAUWT, 4TO ecTh 3Be3na CupHyc M ecThb IJIaHeTa
Cupuyc, a He Hekast 3Be3/1a — OeJblii KapiuK, paBHBIN MO pa3MepaM Kak
pa3 3emiie, HO 4TO ocTaércs Oe3 BHUMaHMSI. B opuUIMAILHOM Xe He
paznuueHuu u Cupuyc, U OOJBIIMHCTBO 3BE3]l, HA3BIBAKOT HEKUMU
JIBOMHBIMU 3BE3JaMHU.

ConHe4HOo-3eMHOM IIEHTD.

3emirs.

Counie.

Exinworld©

Bort pa3genpHas miockasi cxeMa B3aUMHOT'O COJTHEYHO-3€MHOI0
BpallCHUs, nayllasd B BAKYYMHBIX CJIOAX U IMOKa3bIBaromas, rnmoueMy ¢
3emin HabII0gaeTCs MONATHOE ABMKEHHE MIaHeT. [Ipu sToM u 3emis

Bparaercst Bokpyr CoJHIa, 1 OHO BpallaeTcsi BOKpYr 3eMJiI, a BCE 3TO
B3aUMHOE BpalleHue UAET elé U BOKPYT COTHEUHO-3€MHOI0 LIEHTPA.
(KupHbIMH CTpeJIKaMH BbIJIENICHbI YaCTH COJIHEYHO-3EMHBIX OpOUT, T1ie
HabIo1aeTcs ¢ 3eMIIH MOMSATHOE WM 00paTHOE JBMKEHHUE TUIAHET).
B3I‘H$IZ[OM 7K€ U3 HAICTO Ha/IBAKYYMHOI'O MUpa COJITHECYHO-3EMHBIC
OpOUTHI COBMEILAIOTCS B OJJHY COJTHEYHO-3EMHYIO OpOUTY,
aHAJIOTHYHYI0 OUIIATIBHON 3eMHOM OpOUTE, HO C COTHEUHO-3EMHBIM
HeHTpoM, a He ¢ ConHueM B neHrtpe. [loromy B3rmsiom ¢ 3emin, Korjaa
IUIAHETHI, IONAAlolIHe Kak Obl B MEpexIECT pa3ielbHbIX OpOUT 3eMiin
U HaOJII0JaeMbIX IUIAHET, OJ00HBIN MepexIECTy COTHEYHO-3EMHOI0
BpalleHus (3TOT MepexiEcT U BblJIENIEH Ha PUCYHKE )KUPHBIMU
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1 3anumamenvroe Paznuuenue.
CTpEJIKaMH ), X BpallleHUE KAKETCS UIYIIUM B 0OpaTHYI CTOPOHY 10
OTHOIIIEHHIO K 3eMIIe.

ConHe4yHO-3eMHasi B3aWMHO-LEHTpUYECKass CHCTEMa M CHCTeMa
Cupuyca TOXe O00pa3yloT MEKAYy COO0OW B3aUMHO-IICHTPHYCCKYIO
cucreMy. B cepeanHe ’xe 3TOro BpalleHUs HAXOIUTCSI Kak pa3
npomexyrounas cucrema LlentaBp. W 3T0 nBe cdepwl, Mexay
KOTOpPBIMHU TpeThs cdepa, pa3BépHyTas K HUM 1oa 90°. [lotomy MOKHO
CKa3aTb, YTO M 3BE3AHBIE CHUCTEMBl NPOSBISIOT HE YTO HHOE, Kak
TpéXcpepHUKH YACTOTHOW BOABI, OTOOpAXKAMOIIME TPEXCHEPHUKH
BPEMEHHOTO WM  HMCXOJHOTO  TPaBUTOHHOTO  JBIJKEHHS U3
rUnepnpocTpaHcTBa. M BBl y)Ke MOXeTe 10rafarbcs, YTO U COTHEYHO-
3eMHOE B3aMMHO-IIEHTPUUYECKOE BpallleHUE HCXOIUT W3 TPOSBICHUS
TpEX chepuUHBIX CIIOEB MPOCTPaHCTBA-BellecTBa. M HaYaI0Ch OHO MPU
TBOpeHuu. IloromMy mnpoucXOxkAeHHE UM TBOpeHHE DBceeneHHoi
MOJPOOHO ONMUCAHO YXKe Oobile TPEX THICAY JIET Ha3aJ B HAYAJILHOM
gyactu bubmum u pomonneno B Kopane. OdunmaibHO ke U
BO3HMKHOBEHHE BceneHHol NPUHUMAKOT UCXOJAIIUM CHAPYXU, IIPUUEM
OT B3SBIIErocs HEOTKyJa M HEU3BECTHO YEM C)KaTOro BEIecTBa, YTO
[IO4YEMY-TO HEMPEMEHHO NPUBENO K B3pbIBY. W mocne 3toro Beenennas
craja SKOOBI pacmpsATbca. IHade TOBOps, OMSATh HUCXOIAT W3
BOJIIEOCTBA.

[Ipu TBOpeHMHM Hayaloch HE IJIOCKOE pacIIMpeHue, a MpOosiBIEHUE
Bc€ OonbIIMX cdep HalIero WM HaJBaKyyMHOI'O TPOCTPaHCTBA,
uaymee W ceiiuac. A B crnupaibHO-cHEepUYECKOM MPOCTPaHCTBE-
BEIlleCTBE HET HU Hayalla, HM KOHIIa, HU pa3Mmepa. K Tomy ke Bce ciou
MIPOCTPAHCTBA MPOHMUKAIOT JIPYT B Jpyra, HO, HE CMEIIMBAsCH JAPYT C
JPYroM 3a CY€T KOHTYPHOCTH UMEHHO cep.

O B3aMMHOM IUIAHETHOM BPAlllCHUU Yepe3 TaillHy
TBOPEHHUS. 31ECh TOBOPUTCS O TOM, 4TO

- 1) KOHTYPHOE W/IN HAPY*KHOE KOCMUYECKOE FPAaBUTOHHOE BpaLleHue (4To
y)Ke, KaK bbl «4nCcTOE» BPALLEHUE) HAaYaNOCh MO 3aKOHY CUMMETPUU K
addekty Gapages.
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1 Sanumamenvroe Paznuuenue.

Torpa apYyanimii CBET, NPOAB/IEHHbIN B Hallel BceneHHoOM, 0cBETUA 3Ty
elé HenoABMMKHOE rPaBUTOHHOE ABUXKEHME, KaK YAaCTOTHYIO BOAY, YTO U
BbI3Ba/I0 €€ BpaLleHNe UK TeuyeHue U obpasoBaHMe STUM rPaBUTOHHOM
WU cnupanbHO-chepuyeckon (Ha NNOCKOCTU COTOBOM) CTPYKTYPbI
npocTpaHcTBa. Mpy 3ToM cHavana 06pa3oBanca camblii BHYTPEHHUN
BaKYYMHbIW CNOM UM TMNEPNPOCTPAHCTBO.

YacToOTHOE e OCTbIBaHME YAaCTOTHOM BOAbI (€C/IM MOMKHO TaK CKa3aTb) B
npoLiecce 3BoOLMK C 0bpa3oBaHMEM BCE H0/bLLe COCTaBHbIX 060104EK U
NpPOUCXOanBLLEE M3-3a 3TOrO0 NOCTOAHHOE 3aMe/IeEHNE NNAHETHOrO
BpaLLEHMA NPOABAANO NOCTENEHHO U ApYrve BaKyyMHble C/10U1, BNIOTb L0
HALLEero MOIEKY/IAPHOIO MUpa. A NOABAKYYMHbI MUP, HAa3blBAEMbIN B
penurum agom, 6ol NPOABEH ELLE 0 HALLero MOJIEKYIAPHOTO MUPa;

- 2) HO KOHTYpHOE UAn opopMaeHHoe pasaeneHne Bakyyma, Kak
YaCTOTHOM BO/bl, Ha C/IOM Ha4YaNoCb NPOAB/IEHMEM BMECTE C COIHEYHO-
3€MHbIM BpalleHnem CUMMETPUYHbIX Op6VITa]1beIX CO/THEYHO-3E€MHbIX
coep.

CoBMmecTHOE BpallieHue 3Tux chep 1 obecneumsaet 1o, 4to ConHue
COBepLUAET 33 3eMHOM rog, poBHO 12 BpallleHUI BOKPYr cBOel ocu, a
NOCTYNN€HNE K HEMY BHELLIHENW KOCMWUYECKOM FPaBUTOHHOM YaCTOTHOCTH
NPOUCXOANT POBHO Yepe3 12 3eMHbIX /1eT. B HbIHeLHel aCTPOHOMUM 3TO
Ha3blBAETCA NEPUOAAMMU CONTHEYHOM aKTUBHOCTY;

- 3) BpaLyeHMe opbuUTaNbHbIX CONMHEYHO-3EMHBIX CUMMETPUYHbIX chep
06pa30Bano U MHPOTALMIO MW SOMOHUTE/IbHOE FO0BOE BpalleHue
MaHTUK 3eM/In, COBMECTHOE C CYyTOYHbIM U roA0BbIM BpalleHnem. OHO He
pa3nuyaeTtcs opULMaNbHON HAYKON U NPOSBAAETCA HE YEM UHBIM, KaK
BMCOKOCHbIM rogoM. Takoe BpalleHue BbiAaBUA GakTMueckn n H.KonepHuk,
HO Ha3BaB ero « 4eKJIMHauUMOHHbIM» BpalleHnemM U He 3aABUB O HéM, KaK O
KOHKPETHOM BpaLLeHnn 3emnu.

Bbl y)Ke 3HaeTe, YTO AHW TBOPEHMUA, yKasaHHble B Bubanm mn KopaHe,
NPUMEPHO COOTBETCTBOBA/IM NO AO/INTENIbBHOCTU  HbIHEWHUM CYyTKam, HO
BKNIOYANM B cebA TbiCAYY /IeT, Kak HayasibHbIX BPALEHMI HaYanbHOM 3emnu
BOKPYr HavyanbHoro ConHua. M 3To - M3-3a pasmepa Haya/bHOW NAaHEeTHOM
coepbl 3emnun, 6onbweit B 1000 pas pasmepa NAAHETHOW MAM HAPYMKHOM
chepbl HayanbHoro CosnHua. B camom ke Havane «coTBopua bor Hebo u
3eMNto», KoTopas «bbina 6e3BuaHa M nycta». ITO 3HAYUT, YTO BHadvane bor
NPOSABUA TFPABUTOHHYIO CETKY 4YacTOTHOW BoAbl MM o6wuii GOH Hawwero
npocTpaHcTBa ¢ byaywen 3emnén. Hag yacToTHOM BoAoOM Kak 6bl Hocuaca [yx
Boxunit unm BoxKbA UCXOAHaA 4acTOTHOCTb. M ana Hac 3To BbIrNageno
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I 3anumamenvrnoe Pasnuuenue.
6e34HOl0, Haj KOTOpPOM TbMa, KaK nperpaga K WUCTMHHOM Boge (K LApCTBY
Boxkbemy Xpwucrtosy). Mpu atom no KopaHy TpoH locnoga 6bin Ha BoAe, Ha
yacToTHoI Boge. TpoH ke Focnoaa —3To NposBeHWe B Hawem mupe Ffocnoga
(Toraa locnoaa Casaoda), ucnonHatowero Cnuay TBopeHus.

[Tocne Toro TBoperr ckazan Cuiie MPOSBUTH HAJl YACTOTHOM BOJOU
cer atoil Cuibl. Bl yxe unrtanu npo apdexkt M.Dapazes, korna B
MarHuTHOH cgepe (1one) Bpamaercsi pa3JBOCHHBI CBETOBOW MyJbcap.
A TO 3aKOHy CHMMETPHHM BO3MOXKHO W OOpaTHOe — BpallleHHE
Pa3ABOCHHOW HJIM TOJNBKO YaCTOTHOH (0€3 CHIIOBBIX JIMHHMI) MAaTHUTHOM
cheppl B spualiiem cBere. Tak BOT, MMOMOOMEM pPa3JIBOCHHOMN
MarHuTHOHM cdepbl U OblTa HauanbHas (emI€ HEeMmoABUKHASI) YaCTOTHAS
Boma. M korma bor, Ammax ckasanm mposBUThCS cBery CHIlbl, TO U
HayaJoch BpallleHHe MO HUM HCXOAHOTO TPaBUTOHHOIO ABM)KEHUS IO
HUCXOTHOMY ceT4aToMy (DOHY MpocTpaHCTBa-BemiecTBa (Ha3BaHHOMY B
Bubnun Hebom), T.e. — TeUEeHHEe YaCTOTHOM BOABI (U€M H €CTh BAKyyM).

ObpazoBanne ke HadainpbHOro CBeTa MOXHO CpaBHUTH C
BO3HHKHOBEHHEM KOHJIEHCATOPHOTO pa3psia, Iie TNIACTHHAMH OBLIH C
OIHOH cTOpoHBI — TpoH [ocmoga, a ¢ Apyrodl — Oe3BUAHAS WM HE
nposisiierHas 3emus. [lpu 3ToM W camo momoOue KOHACHCATOPHOTO
paspsia CTaJ0 BpalAaTbCi H3-3d HAYABLIETOCS BpAIlEHUS €IIE He
MPOSABJICHHOM 3eMJIM, KaK [IEHTpa I'PaBUTOHHOM CETKH YacTOTHOM BOJIBI,
NpUYEM — CO CKOPOCTHIO CBETa. DTUM HadalbHBIH CBET HAIIETO MUpPA U
CTajl HeNpepblBHBIM. A BO3HUKHOBEHHE TOAOOUS 3JICKTPUYECKOTO
paspsiia — 3TO U ecTh OQUIMAIIBHO MPUHATHIA «OONBIIONH B3phIBY. T.0.,
M. dapaneii, yepe3 KOTOPOro ObUT OTKPBIT KOHAEHCATOP W BpallleHHe
CBETOBOM T'PaBUTOHHOM 4YaCTOTHOCTH, KAaK HEMOJNHOIO CBETOBOIO
nyabcapa, pakTHYeCKd W HaMeKHYJ, KaK Hadanl oOpa3oBBIBATHCS Hall
BUAMMBIA MHUp. MHBIMM cIOBaMH, BO3HUKHOBEHHE DJIEKTPUUYECKOTO
paspsga 3acTaBWJIO BpAaIIaThCs TPABUTOHHBIA (OH MPOCTpaHCTBA-
BEIECTBA, a ATO BPAILEHUE U3-3a TOrO, YTO OHO MOJYYHJIO HBIHEIIHIOK
CKOpPOCTbh CBE€Ta, BOCIIPUHUMAEMYIO HaMH, 3aCTaBUJIO BpaIaThCs yXKe U
caMm paszpsit. Ho oH momy4msi cKOpOCTh WJIM YacTOTYy BpAallleHHs yXe B
100 pa3 BbIlIE HBIHENIHEH CKOPOCTH CBETa B HAlleM TeNeph JaBHO
HaaBakyyMHOM mupe. U crioBa ['ocoma «ma OyaeTr cBeT» 03HAyYaloT U
BO3HMKHOBEHHME BpallleHHs TOr/Aa eni€ JUIIb YacTOTHOM BOXBI, U
00pa3zoBaHUE CBETOBOTO BPAILICHUS WIIM CBETA, KaK TAKOBOTO.

B TakoMm BpalieHuMM WIM TEUYEHHMM YacTOTHOW BOABI (BMecTe ¢
HavyaibHeIM CBeTOM M MO HMM) B €€ Kak Obl OCTHIBAHHHM OHa
pazzenuiach Ha TPU OCHOBHBIX CJOS. A Hapy>KHBIH BaKyyMHBIN CIION C
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I 3anumamenvrnoe Pasnuuenue.
JaIbHENIIMM 3aMe/UIeHHeM TpPAaBUTOHHOTO BpallleHUus WIM U3-3a
YaCTOTHOTO OCTBIBaHHMS TMpPOSBHJI TIOCIE€ TOrO YK€ W  Hall
MOJIEKYJISIpHBIM ~ Mup. HauaBiieecs KOHTYpHOE WM  HApyKHOE
BpallleHHe, KaK BBl YK€ MOXeTe Jorajatbcsi, oOpa3oBaio cHadaja
CaMblil BHYTPEHHUN BaKyyMHBIH CJIOW IPOCTPAHCTBA-BELIECTBA WIIU
runepnpocTpaHcTso. IlpuduéM B 3TOM c€io€, Kak U B IOCHEAYIOLIUX
MPOCTPAHCTBEHHBIX CJIOSX, 00pa30BajoCch U BPEMEHHOE MM HCXOIHOE,
W YacTOTHOE, U KOHTYpHOE TPaBHTOHHOE JBHMKEHHE, BMECTe 00pa3ys
cepy OSTOro HaYalIbHOIO BAaKYyMHOIO cJos. A BpalleHHe 3TOH
HaYaJIbHOW TPaBUTOHHOW c(ephl MOCIE TOro, Kak OHA cTaja B3aMMHO
BpalaTbcsi KaYeHUEM BOKPYT CBETOBOM CQepbl, U OTIEIHIO CBET OT
TBbMBI, KaK JIeHb OT HOYHM. DTUM U MOSIBUJICS NIEPBHII I€Hb.

B Tedenue mepBoro aHA CBEpXMHTEHCUBHBIM cBeT Cuibl mocie
CHMMETPHYHOTO pa3JefieHns] TUIEepPIpPOCTpaHCTBa (M3-32 YaCTOTHOTO
OCTBIBAHMS) 3acTaBHJ 3aTeM BpamaTbcs MOJ HUM 3TH JBE CQepbl
BOKPYT JIpyra M 3TO - OMATh 10 oOpatHomy 3(dekty M.Dapanes. B
TaKOM HaJO)KCHHUHM BpalleHH H3 BTOPOH T'PaBHTOHHOW cdepsl
OpOSIBUJICSL W BTOPOM WM CpPENUHHBIN  cdepuueckuid  ciou
MPOCTpPaHCTBa-BellecTBa. M, Kak BBl YHTaNM B maparpade mpo aTOMBI,
CPEAWHHBIA CIIOH COCTOMT M3 JIBYX cep. DTO 3HAYHUT, YTO M BTOpas
KocMudeckas cepa B €€ 4acTOTHOM OCTBIBaHWH (YXOJsl Kak Obl BIUIyOb
oT HayanbHoro CBera) pazjenuiach Ha JBE CHMMETPUYHBIE CQephl,
KaTsuyecs BOKPYT Jpyr Jpyra, HO OCOOBIM 00pa3oM HIH C
oOpazoBaHueM B obmiel cnoxHOCTH 4-X cdep. OHU U cTaNU IBYMs
CUMMEMPUUHLIMU ~ OPOUMATIHLIMU — COTHEYHO-3eMHbIMU  chepamu.
Kauennem »5TMXx Kkak Obl BHYTPHUBAKYYMHBIX T'PaBHTOHHBIX HIIH
opOuTanbHbBIX  cep BOKpyr JApyr Apyra (B OTIMYHE  OT
HapY>KHOBAaKYYMHBIX WJIH IJIAHETHBIX IPaBUTALMOHHBIX cep) U Ternephb
Hojaydaercs B3aUMHOE COJIHEUHO-3eéMHOe BpamieHue. Ho 310 3Haere
Kak? — B Ka)/JOM 4acTH CpPeIMHHOrO BaKyyMHOro cios! OTO 3HAuuT,
4yTO0 00pa30BaJlUCh JABE Mapbl UMEHHO CUMMEMPUUHbIX IPYT IPYTy
KOCMUYECKUX TpaBUTOHHBIX cdep. [Ilpu sToM B ueHTpax cdep
OKazamuch Oe3BUIHAS WM emé He MposiBIeHHass 3eMisi H caM
HavainbHBIA CBET, BpalllaeMbli WM TOAJCPKUBAEMBIA YyXKe 3a CUET
3TOrO B3aMMHOIO KadeHus. A 3a cuér Oombmieit B 100 pas ckopoctu
HavaigbHOro CBeTa M0 OTHOLIEHHWIO M K TOMY OCIIEHHOMY Ha4yaJlbHOMY
BpallleHnIo0, HaoOOpoT, yxe B Oomnbliell creneHn BpameHue Cpera
MOJJICPKUBAJIO BpAIIEHHE IPOCTPAHCTBEHHBIX T'PAaBUTOHHBIX cdep.
3arem mecto Caera 3aHsu10 yxe ConHIe 1mocie ero oopa3zoBaHusl.
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31ech MoKa3aHbl CHMMETPUYHbIE OpOUTABHBIE COTHEYHO-3EMHBIC
cdepsl (TpH HAXOKACHUH 3eMIIM B TOUKE 3UMHET0 COJTHLIECTOsIHUS ). VX
BpAILEHUE B HAPY>KHOW BaKyyMHOU CpEJIe CTAHOBUTCS YKE
Ha0JI0/1aeMbIM HAMH COJTHEYHO-36MHBIM BpalllcHHEM.

Exinworld©

CoBMecTHasi COJTHEUHO-
3eMHasi opouTa.

JKupHBIM KpacHBIM LIBETOM BBIJICIIEHBI OOJTbIIIE HAPYIKHBIC
CUMMETPHYHBIC OPOUTATIBLHBIE COTHEYHO-3eMHBIE CEPBI, MyHKTUPOM C
3eEHBIM I[BETOM — BHYTPEHHUE CUMMETpUYHbIe cephl. 1 BBl BuamTE,

gyro y CosHIla BHYTpEHHSIs CHMMeTpryHas cepa — 3To Oonblias cdepa,
a 'y 3emsn HaoOoport. [Toromy y ColiHIla HajiBaKyyMHasi TPaBUTOHHAS
YaCTOTHOCTD (CTAHOBSIIASCS TEIUIOM) YBETHYMBAETCSI HAPYKY, a Y
3emun — BHYTpb. [1pu aTOM Gomnbinas cdepa Gonblie MeHbIIeH cdepbl B
12 pa3, yem nenutcs roj Ha 12 MecsiieB, U 00pa3yroTcss UMEHHO 12-u
nerHue (a He 1 1-u IeTHUE) CONHEYHBIC IIUKIIBL.

Takum oOpa3om, ofHa Tlapa OpOUTANBHBIX cep Bpariaercs B OoJbIie
HApYy)KHOH YacTH CPEJUHHOTO BAaKyyMHOTO CIOS, a JApyras,
pacronarasicb CHMMETPUYHO €H, - y)ke B OoJjbllle BHyTpEHHEH YacTu.
Buaure, kakas cioxHas W BMeCTe C TEM TMpocTas CTPYKTypa
maHeTHoro BpameHus! Orroro B KopaHe u ckazaHo, 4TO TBOpEHHE
TUTAHETHOT'O BpaIleHust IjIsl Aijlaxa Jlake BBIIIE TBOPEHHSI YeTlOBEKa.

Ha Bropoli neHp (mpu 3aBeplieHHH IOJIHOTO 000pOoTa oOIIeH
OTPOMHOW TPaBUTOHHOW cdepbl emé He NposiBIeHHOH 3emim) bor
ckazan Cuiie oOpa3oBath cepy TBepAHM TOCPEIUHE ATON HaYalbHOU
cdepsl. Haue roBopsi, MposBUIICA HAPYXHBIA BaKyyMHbIH cioil. [Ipu
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3TOM YeThIpe CUMMETPUYHBIE cpepbl BTOPOr0 BAKYYMHOTO CJIOS CBOUM
OpSIMBIM OTpaKEHHEM Kak Obl MOMECTHJIMCH JIpyr B Jpyra, 4eM M
oOpazoBanu oOIIyI0 cghepy meepou. A ObUIO 3TO MMEHHO cdepoii,
nockoibKy bor ckazan Cuie oTAenuTh «BOAY, KOTOpasl MOJ TBEP/BIO,
OT BOABI, KOTOpask Hall TBEpIbIo». M BBl BUAMTE, YTO TaK MOXHO OBLIO
cienath TOibKO cdepoit (Beap B cdhepe HeT OOKOB). DTo ObLia Iojias
chepa (Bpome ¢GoToHA) ¢ TOAOOMEM MOJICKYJISAPHOW KOpku. Bemnb
HApY)KHBIA BaKyyMHBIA CIOH JUIS TOW TOPHI OB MOMOOEH HAIIEMy
HAJBaKyyMHOMY HJIM MOJEKYISIpHOMY mpocTtpaHcTBy. Cdepy TBepau
Bor, kak ¥ TpPaBUTOHHYIO CETKY YaCTOTHOW BOBI, Ha3Bal HeboM. U 310
MOTOMY, 4YTO /s Hac BaKyyMHas cpena — 3TO JAEHCTBUTEIBHO
npo3payHoe Hebo, HO TOTJa 3TO ObLI0 UMEHHO YK€ TBEPbIO.

Ha tperuii nenp TBopeHust bor ckazan Cune coOparh 4acTOTHYIO
BOJly Hapy>KHOT'O BaKYyMHOTO CJIOSl B LIEHTP 3TOH MOJION cephl TBEPAU
WM «B OJHO MecTo». W 37ech MPOM3OIIIO YXKE BEIIECTBEHHOE
pazfeneHne YacTOTHOM BOJBI, KaK YacTOTHOTO WM T'PaBUTOHHOTO
BelecTBa. bonbllle HapyXHas 4acTh €ro craja Cylled WM 3eMIE, a
Jpyras 4acTb — CHayaja BHYTPEHHEW BELECTBEHHOMN BOJI0M, Ha3BaHHOMN
Borom mopsimu. U BcE aTo mis Hac Obwio OblI ormsiTh HeBuuuMoO! Benb
9TO OBUI TOJBKO BAaKYyMHBIH M HEBHIMMBIA HaMH Temepb CIOH
npoctpancTBa-Bemiectsa. U xorna bor ckazan Cume nposiBUTH U3 3eMIN
3eleHb U TpaBy, CEIOUIYIO CEMsl, TO 3TO OblIa XOTS U AEHCTBUTENHHO
TorJa TpaBa, HO HEBHAMMAs HaMm ceifdac TpaBa! A 1Mo cTpykType
o0pa3oBaHHsT ATOMHOTO sJpa W3HYTPU BBl BHIHUTE, YTO TaKoe
BBIIETIEHHE W3 HEBUJIUMON CTPYKTYphl HEBUIMMON HaM 3eMJIM TaKkKe
HEBUJIUMOH TpaBbl — 3TO HE BOJIIEOCTBO, a BIIOJIHE pealIbHBIN Mpoliece.
[pencraBnsere cebe Takyo (aHTacTUKy, KOTopas ObUia HCTOpHEH
Hamel rmua”ersl?! O TBopeHMM 3eMIld, pacTeHUH M KUBOTHBIX Ha Hei
CHaualla B BAKyyMHOMW cpeze ckazaHo B bubmuu (2,beiT 2:4,5) Tak, uto
«[ocions bor coznan 3emiio u HEOO M BCSAKUI MONEBOW KyCTapHUK,
KOTOPOTO elIé He ObLTO Ha 3eMJIe».

3TO ¥ 3HAYUT, YTO HAa HayaNbHOW 3emJie, XOTs U ObUTH pacTeHus, U
ObUTM KMBOTHBIE M Ja)Xe TEPBBIC JIIOIU, HO Ui HAC OHHU OBbLIM OBl
HepuauMbl! [loromy Ha npeBHei 3emiie B €€ 3BOMIOLHMU 00pa30BaUCD
pacTeHUs HE M3 MPOCTEHINX aMED, a 3aTeM M3 ITHX ke aMED - PHIOBI U
KUBOTHBIE, KaK IPUHUMaeTcsl opuLnaibHo. Bel M camMu mOHMMaeTe, 4To
3TO Hecepbé3Ho. [louemy 310 amébe, KOoTOpol M Tak OBUIO XOpOILIO,
00s13aTeNbHO HAJ0 OBIIO CTAHOBUTHCS TPABOW MIIH YEPBIKOM, a UEPBSKY
- TPUTOHOM, KOTOPOrO OH W HE Mor BHAeThb, u T.A.7 Haobopor, Bce
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pacTeHus U )KUBOTHBIE ITOCTETIEHHO MPOSBIISUINCH U3 BaKYYMHBIX CIIOEB
B Halllell y>Ke€ HaJBaKyyMHOH cpene. Y nposBiasnuce, NOHATHO, CHaYaJIa
caMmble mpocredmue. B 3ToM M ecTb TallHa 3BONIOUMM M TailHa
TBOpeHus!

Bbl NOHsAIM, 4TO B TpPETUH HadyalbHBIA JI€Hb YK€ MPOSBHIIACH
HavajbHas 3emis (XOTs emé HamM M HEeBHIUMas) B IIGHTpe cdepsl
TBEpAW W OBbUIM BBIBEJCHBI W3 HEE 3€MHBIE M BOAHBIC pacTeHus. [Ipu
9TOM cepa TBEpAH, KaK MPOSBICHUE HAPY)KHOTO BAaKyyMHOTO CJIOf,
craja TOAOOMEM IUTAHETHOW WJIM Hapy)KHOW 3eMHOW cdepsl.
Havanpneiii CBeT Taxke BBIIIET B HapyKHbIM BaKyyMHBIM cJOH C
oOpa3oBaHue OO0 TUTAHETHON CQepbl, KOTOpas BMECTE ¢ 3EMHOMN
cdepoit crajma coBeplIaTh B3aUMHOE KaueHHWE BOKpYr JApYr Jpyra.
Hama navyanpHas miaHera 3a TpeTHH JAeHb, KaK 3a TOJHBIA 000OpOT
OrpOMHOM HapyXHOU cepbl HeOeCHOW TBepAH BOKpYT cBera Cuibl u3-
3a CKOPOCTHM BpAalllCHHS, paBHON HBIHEIIHEH CBETOBOW HAJIBAKYYMHOMU
ckopoctr, coBepmana 1000 romgoBeiXx 00OPOTOB. DTO 3HAYUT, YTO B
MPOSBJICHUM HAIIEro 3acThIBAIOLIETO0 IPOCTPAHCTBA-BELIECTBA CBET
Cunel Hayan ckMMatbes (Mepexoas B HapYKHBIM BaKyyMHBIH cJIOH) U
Ko Bpemenn obpazoBanusi Comana u Jlynsl cran B 1000 pa3 meHble
cdepbl TBEpH, KaK MIIAHETHOH 3eMHOM cepbl.

[Toromy BO B3aMMHOM KadeHUM cep BHEIIHE BBHITVISICIO TaK, YTO
ceer Cuibl, yKe cTaBIIMH Majiod cdepoif, kak Obl Bpalaucs BOKPYT
orpomMHo# cdepbl HeOecHOM TBepau. Tak ke, Kak M Tenepb BHEIIHE,
HA000poT, OOJBIIIE TOXOXKE Ha TO, YTO TONBKO 3eMJIsl BpalaeTcst BOKPYT
Connia. 3a cu€r BpalleHus! B3aUMHBIX COTHEYHO-36MHBIX OPOMTaIIbHBIX
chep TmpH KaxXJAOM TakoM O00OpOTe TOSBUIOCH YK€ OJHO
donoanumenvHoe WM TPEThe COBMEHIEHHOE BpalleHHEe HavaJbHOW
3eMin BOKpYr cBoeil ocu. Ero MoXHO HasBaTh umnpomayuei, Kak
BpallleHueM, UAYIIMM OT BpalleHUs HMEHHO BHYTPEHHUX WM
OpOUTANBHBIX CONHEYHO-3€MHBIX TPaBUTOHHBIX cdep. MHporanus
ocTaércd He 3aMedaeMoil u ceiiuac (0 4éM pedb HUXKe). DTUM MOXKHO
CKa3aTbh, YTO TPETHH JIeHb TBOPECHUS, KaK TAKOBOH, YK€ ObLT TONBKO IS
HApY)KHOH KOpDKM KONBIEBOH cdepsl TBepAH, HO - He s
3aTBep/EBaIONIEH U y)Ke MPOSBICHHON 3eMJTU B LIEHTpE, /i€ cTaja CBOS
CMEHA CBETa W TbMbI 332 CUET HMHPOTALUM, IPUYEM POBHO 3a OJUH
TOJI0BOM 000POT.

Taiina CoaHIA ¥ 00JBINNX IJIAHET.
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O CcOoJIHeYHO-JTYHHOM BPAallleHUH. 3/1eCh TOBOPUTCSI O TOM, YTO

- 1) yeTblpe NepBble AHU TBOPEHMA, ONUCaHHble B bubanmn n KopaHe (8
M1caHMKn LLeNMKoM), 03HaYatoT Noc/e0BaTe/IbHOE NPOSABAEHNE BO
BpalweHUn nnn tTe4eHnm YacTOTHOM BOAbl BaKYYMHbIX MPOCTPAaHCTBEHHDbIX
cnoés. MpUYEm 3Tn gHU, XOTA M BMeLLLanum B cebs go 1000 rogosbix
BpaLLEeHWI NepBuYHON 3eMan (BOKPYT CONHEYHO-3EMHOTO LIEHTPA), HO 1
6bIIM AHAMM, PABHbIMM HaALLIMM AHAM. Ml npoxoanio Takoe BpalyeHue co
CBETOBOM CKOPOCTbIO, NPUYEM — TOrAa eLLE B BAKYYMHON cpeae;

- 2) npy obpasoBaHMm ConHLA U JIyHbI U3 HebecHoW TBepAu (3TaKoM
HaYaNbHOW rPaBUTOHHOWN KOHTYPHOCTU) MEXKAY HUMU BO3HUK/IA CONNHEYHO-
JIYHHas opbuTanbHas Lenb, COCTOALLAA U3 ABYX KOCMUYECKUX BOCbMEPOK
WX U3 YeTbIPEX 3BEHBEB.

MMmeHHO 3Ta Lenb obpasyeT opbUTaNbHYHO NAOCKOCTb UM MIOCKOCTb
3KMNNTUKN B COTHEYHO-3EMHOM BpPaLLEHNN,;

- 3) cuMMeTpUYHbIE OPOUTaNbHBIE CONHEYHO-3eMHbIe Chepbl
o0becneynBaoT B3aMHOE CONTHEYHO-3EMHOE BPaLLLeHMe.

OHM HaxoaATcA B CPEAMHHOM BaKyyMHOM C/10€, B OT/IMYME OT COBCTBEHHO
NAaHeTHbIX chep, YTO - B HAPYKHOM BaKyyMHOM C/1I0€ U B3aUMOZENCTBYIOT
y¥Ke ¢ MonekynApHbIM Teniom ConHLa M naaHeT. A CUMMETPUYHbBIMU OHU
Ha3bIBAOTCA MOTOMY, YTO NPebbIBALOT CPa3y B HAPYKHOW U BO BHYTPEHHEN
YacTu CpeaMHHOrO BaKYYMHOTO c/101. [py 3TOM OHU PasaMyatoTca Ha
6onbLuyto chepy M MeHbLUyto eé B 12 pa3s chepy Tak, 4To y 3emnn eé
HapyHas chepa 6obLue eé BHYyTpeHHeW chepbl, a y ConHua, HaoboporT,
opbuTanbHaa HapyKHaA chepa meHblue B 12 pa3 eé BHYTpeHHel chepbl.
3T0 1 03HAYaeT, YTo Koraa 3ems CoBepLUAET OAUH roaoBoM 060pPoT
BOKPYF CO/IHEYHO-3eMHOTO LLeHTpa U 04MH 060POT MHPOTaLMK
(mononHUTENBHOrO rOAOBOrO BPALLEHUSA MAHTUU UIN 3EMHOI KOPKK
BMecTe ¢ agpom), To ConHLLe BMeCTE C ero AApOM AenaeT ABeHaalUaTb
BpalleHui. Ho Korga BHYTPEeHHAS CONHEYHas rpaBUTOHHas coepa,
CBA3aHHAA yXe C r’MnepnpocTPaHCTBOM, U OTKyAa nepuogmyeckm kK ConHuy
MOCTyNnaeT KOCMUYECKas «NoA3apAAKa», COBEPLLAET O4HO BpalleHue, TO
3emns ycnesaeT caenatb 12 rofoBbIX BPALLEHWNIA.
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9TO roBOPUT O TOM, 4YTO Kpome BuaMmoro ConHLa NPONCXoaMT BpallleHue
Mo CO/IHEYHO-3eMHOM OpbUTE C BbINOJIHEHMEM OAHOrO BPALLEHNS BOKPYT
cBOen ocu 3a 12 f1eT KaK bbl Apyroro, HEBUAMMOTO HaM UK Kak bbl
rpaBuToHHOro ConHua, NPUYEM y¥Ke J0BOIbHO 6113Ko OT 3emnu. Kak pas
3TO OFPOMHOE rpaBUTOHHOE «CONHLE» MU COrpeBaeT Hallly NaaHeTy.

Ha nauvanbHOll 3emie B TedeHHMe HadaJbHBIX CYTOK IPOXOAUIIH
TBICSYM JIET, KaK KOJMYECTBO BpalleHuil BOKpyr cBera Cuibl. A B
KaXX/IOM TakoM rofy ObUT yKe CBOH JIeHb M HOYb Kak pa3 3a Cuér
JIOTIOJIHUTENIBHOTO MJIM TPEThEro 3eMHOT0 BpalleHus - nHporauuu! U B
Hayalie 4eTBEPTOro JIHS TBOPEHMU S, MOCKONIbKY cBeT CHIIbI Iepemén yxe
IIOJIHOCTBIO B HAPYXKHBIM BaKyyMHBIA CIIOM, TO OH YK€ YMEHBIIWICS
HACTONIBKO, YTO HeoOxoauMo ObuIo oOpa3oBaHWe M3 chepbl TBEpIU
Conuua u JlyHel ans cBera yke uMeHHO Hamero mupa. [loromy Ha
4yeTBEPTHIN NeHb TBopeHus: bor ckazan Cuie BBICTUTh U3 KOJBIIEBOM
chepsl TBepau (BHyTpH KoTopod Obuta [lporozemis) cHapyxu eé
Counnie, a u3HyTpH cepsl — JIyHy.

Huxe npencrariena mo3zanka 12-ro Beka B kadeapaibHOM cobope

Mowupeais (npuroposa [lanepmo) nmokaspiBaromast 4eTBEPTHIN JICHb

TBOpeHHS. 371ech XPUCTOC, MPEACTABISIOMNI coboi st Hac Cuity,
MPOSIBJISIET 11O CIIOBY BoXbeMy cOTHEYHbIE U JTyHHBIE UMEHHO Cephl.
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B3aumHoe BpameHue cdepbl TBEpAH, KaK 3€MHOM IUIaHETHOH cdepsl,
BOKpYT cBeTa CHJIBI TPOSBHIIO YK€ U B HApYXKHOM BaKyyMHOM CJIO€
crupanbHO-cheprueckoe BpallleHHe YacTOTHOW Bojbl. [loToMy BOKpyT
3TOr0 OOINEro BpalleHUsl CTalld PACcXOAUTHCS M TYT K€ 3acThIBAaTh
chepudeckre KoJblla paclmpstonieiics TBepau. KW 3to  ObuIO
MPOsIBIICHHEM BCE HOBBIX KOJBIEBHIX cep BcenenHoii, a u3 HuX - BcE
HOBBIX 3BE3[.

A 371eCh IOMEIIEH PUCYHOK, YCIIOBHO M300paxkaroiiuii IHu TBOpeHus
B3TJISI0M «CcBepxy» min ¢ CeBepa 3eMIIH.

Exinworld© /_\ 2-11 1eHb.

) N\x

ConHeuHO-3eMHOM LIEHTP.
/- —_— T~
3-ii neHb. - N P
/ \ /7 \
(X E
Il
\ A
\ AN 1
ST — 7 1-it nenb TBOpeHHUSL.
1;

CornHeuHO-3eMHast OpOHTA.

4-11 neHb.

U BBI BUMTE, UTO B MEPBBIH JcHb TBOpeHUs OymyIas MiiaHeTHast
cdepa 3emin 0003HAYMIIACH U3 YACTOTHOW BOJIbI, KaK OpOUTaIbHAS
CUMMeTpHYHas 3eMHas cepa, Oyaydr TOIBKO B CPEITUHHOM
BaKyyMHOM cjioe. OHa Bpalajach B3aUMHBIM Ka4€HHUEM BOKPYT
OrpoMHOM cepbl HauanbHOro CBera (1oka3aHa CBETJIO-KEIThIM
1uBeToM). Bo BTOpOii eHb yke MposiBUIach 3eMHasi UMEHHO TIIaHEeTHAs
cdepa B HApY>KHOM BaKyyMHOM CJIO€, CTaB TBEPABIO JJIsl OCTAIBHOM
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4acTOTHOH BOAbI, a cepa CpeTa 3/1eCh yMEHBIIMIACH (MTOKa3aHa
OPaHIKEBBIM IIBETOM).

B TpeTuii nenr TBOpeHUS B IEHTpE 3eMHOM IIIaHETHOH cepsbl
o0pazoBanach y:ke MOJIeKyJIsIpHasi KOpKa ¢ TI000HeM 3EeMHOTrOo mapa
(1300parkeHo ToNIyObIM 1IBETOM). B 4-H ke JieHb MOJICKYIIsIpHAsT KOpKa
nposiBUIIACh yke U Haj [Iporozemnéil. Boznukia oHa u Haj HeOecHOM

TBEP/IbIO WJIM HAJl IPAaBUTOHHOW KOHTYPHOCTBIO, YeM H ObLIa
0o0pa3oBaHa BHYTPCHHSIS JIyHHAsl U HAPYXKHAasl COJIHEUHAsI KOJIbIIeBast
cdepa. Jlynnast konblieBas cepa (M300pakeHa CepbIM IIBETOM ),
Mepexo/is B 1000k e HAIIIero HaJIBAKyyMHOI0 MUpPa (HO JJIsl HAIlIero
MUpa 3To ObLIO Obl HAPYKHBIM BaKyyMHBIM CJIOEM), cOOpajiach B chepy
niy wap Jlynel. Ilox JIynoi xe u Hax IIporosemnéil ocranach

KoJIbLIeBast cdepa, CTaBiuas K NepHoy BBIMUPAHUS JMHO3aBPOB
KOJIBIIeBOM BepxHeil 3emiéit. OHa HaBHcala HaJl OCHOBHOW TJIAHETOH,
CKpBIBasiCh B 00JlaKax, ¥ Kak Obl (PUIIBTPYS CBEPXCHIIbHBINA HaYalIbHBIH

conHeuHbIl cBeT. ColTHEeYHas JKe KOoJIbIeBasi cpepa o0pa3oBaa reJmoun;]

(conHeuHOE S/1po) M coOpasia reuit u3 HeOECHOM TBEPIU, KaK U3
3eMHOI TUIAaHETHOM cepbl, ueM U «3akriocky COJHIle BMECTO Cepbl

Caera. DTum o0pa3oBaliach U COJTHEUHas TuiaHeTHas chepa. U3

COJIHEYHOUW WIJIM HapyXHOH KOJIbLEeBOH cepbl TBep i1 00pa30BaInCh
3aTeM W BHyTpeHHHe maneTsl (Mepkypuii, Mapc, a 3atrem — Benepa).
C sroro BPEMCHU OJUH ACHb WX OJHU CYTKHU CTAJIU PABHATHCA ThICAYC
BpAIIICHUSM OIPOMHOI 3eMHOM TUTaHETHOH cepsl (Torna HeOecHOH
TBEP/IM) BOKPYT COTHEYHO-3EMHOT'0 LIEHTPa. DTO 3HAUUT, YTO B3aMMHOE
COJIHEUHO- 36MHO€ BpallleHN e MTPOXOAUIIO C HBIHEUIHENW CBETOBOU
CKOPOCTHIO!

B mHapyxHOM BakyymMHOM cinoe (O TpaHWIE K HalleMy
HAJBaKyyMHOMY MHUPY), KaK BBl YUTalH, YK€ 0O0pasyloTcs, Kpome
KOHIIGHTPUYHOTO BpAIICHHsI, 1 BOCBMEpUYHOe ABkeHue. [loromy mpu
oOpazoBannn HavanpHoro ConmHIa W HayanbHOH JIyHBI MEXIy HHUMH
oOpazoBanach Kak Obl LIEMoYKa 13 ABYX BocbMEPOK. E€ MOXKHO Ha3BaTh
CONIHEYHO-TIYHHOU CUNIOBOU OpOUMAIbLHOU Yenvio. A e€ JIBIKEHHEM
MPOSIBUIIOCH TO, YTO HA3BIBAIOT IJIOCKOCTBHIO OPOHMTHI MM TUIOCKOCTBIO
sxHnTHKY. [lepBasi meTnis 3Toil BUPTyalbHOW CHIIOBOW OpOMTAIbHON
nenu oOpasyercs BpamleHneM ConHIa, a TOCIEAHsA MeTas —
BpamenueM 3emian W JlyHsl Bokpyr He€. l3-3a Takoil naBoiHON
BOCBMEPKM BO B3aMMHOM COJIHEYHO-3EMHOM BpAallleHHMH UAET Kak Obl
KayaHHEe COBMECTHOM OpOUTaNbHOM m1ockocTH. U BBl MoXkeTe 00paTHTh
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1 Sanumamenvroe Pasniuuenue.
BHHMMaHHE, 4TO U3-3a 3T0ro JIyHa B €€ NBUXKEHUU 10 HEOY TO HUKE, TO
BBIILIE JaXe B OAMH M TOT € Ce30H. JIBe TOUKM ke mepexiiécra
COTHEYHO-36MHBIX BOCBMEPOK JIEKAT M Ceiiuac B MecTaX KOHTaKTa
CUMMETPHYHBIX Map OpOUTANTBHBIX COTHEYHO-3EMHBIX cep.

Exinworld© /_

)

s

CoBMecTHasI COJTHEUHO-3eMHas Op6I/ITa.

Cxema COJTHEYHO-JTYHHOM CHUJIOBOM OpOUTAIILHOM IIEITH.

C  oOpa3oBaHMEM  COJHEYHO-TYHHOW  OpOMTAJBHOM  IeNU
oOpa3zoBanach W BecoBas TpaBUTAlMA, M IOHATHE BepXa C HHU3OM.
[ToroMy B mATBHIM M IIECTOM JEHb WM THICAYENETHE TBOpPEHUs (IO
yuciy o0oporoB [Iporo3emiid, Kak IIEHTpa HaYajdbHON IJIAHETHOW
chepbl, BOKPYr COJHEUHO-3€MHOro IleHTpa) bor cka3zan Cuie
00pa3oBaTh M3 YACTOTHOW BOJBI YK€ U PHIO, U KUBOTHBIX, U NTHUI], H
yenoBeka. Ho BCE 3To ObLIO J1 HAC B BAKYYMHBIX HJIM HAM HEBUUMBIX
crnosix. M ecnmu MOKHO OBUTO HaM TOMAcTh TyZa, TO MBI Obl YBHIIEIH
OJIHY HEKYI0 TYMaHHOCTh, IIOTOM CTajdu Obl pa3iuyaTh MPUYYITUBbINA
JIPEBHUNH MHUP B OJHUX KpPAaCHBIX M JIMIIb YyTh 3€NEHBIX KpacKax.
VYBumenu Obl MBI M OTPOMHBIX HAuyajbHBIX HE MOJICKYJISPHBIX, a
TPaBUTOHHBIX JIoAel (HamMHOro OoJjbllle Hac, MOCKOJBKY B JIBa pasa
ObuT0 MeHblle ¥ HavanbHoe ConHie). Mbl cMOriIM OBl Aa)Ke YTOCTUTH
WX Halel nuieil, 1 oHu MorM Obl moXxaTh HaMm pyky. Korma ke Mbl
cTaju MpoOOBaTh UX OTPOMHYIO JaJIOHb, TO UCHyTajuch Obl. Beap y nx
TeNa He OBUIO MOJICKYJISIPHON KOPKH, ¥ MBI JIUIITL KaK Obl CKajk B CBOCH
nagoHu TymaH. M BooOme He cMorim Obl B35Th B PYKH HH OJIHH
npeamer. Beé st Hac ObL1o OB TYMaHOM.

[Toromy, korma K 3Moxe IMHO3aBPOB YK€ Hauyald MPOSIBIATHCA
HaJIBAKyyMHBIH CJIOH IPOCTPAHCTBA, MEPBBIC JIOAM CTalW HA3bIBATHCS
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I 3anumamenvrnoe Pasnuuenue.
JDKWHAMH W aHreJamMu. Benb OHM B 9TOM Kak OBl HOBOM CJIO€
MPOCTPAHCTBA yXKE OKA3aJHCh HEBUAUMBIMU. JTHM H OOBICHSETCS, YTO
Bor cBoeit Cunoii B munie Torna ['ociona CaBaoga kak Obl BEIPACTHII U3
BepxHel 3eMiM y)Ke HaIlloJIOBUHY BHUAMMOro denoBeka — Anama. Kyna
XKe JCIHNCh JUKUHBI? - cIpocuTe Bbl. YacTh M3 HUX OMYCTHIACh [0
npeObIBaHMs OOJIbIIIE B IUIOTCKOM BHJE, KaK, HalpuMep, BCIKHE
pycanku u Jyeme. [Ipyras 4acTh cTaja MPOBOJHUKAMHU MpPABOW WIIH
aHTeIbCKOM (cBeTsoi) yacTi Cuilbl, @ TPEThs — JICBOW WIIU JbSIBOIBCKOMN
(rémuoit) wactu. Ho mockombky Tenepp HaJIBaKyyMHBIH — CIOMH
MPOCTPaHCTBA CTAHOBUTCS Bc€ Oomee U Oojee  KOHTYPHBIM
(OTHeNnéHHBIM OT BakyyMa), TO YK€ MOYTH U HET MPOSIBICHHH BCIKHX
JeMHUX ¥ CHEXKHBIX mojed. Ho nesTenbHOCTh CBOEBOJILHBIX JKHHOB,
CKJIOHHBIX OoJblle K JIeBOM Win TEMHOM wacTu CHIBI, MPOSBISIETCS
teriepb Besikumu HJIO m oTpaskaercst B pacckazax 00 MHOIMJIaHETSIHAX.
[Motomy To, uro HazeiBaroT HJIO — 3T0 MposBIeHNE BaKyyMHBIX (popMm
KU3HH, YTO B HAIlleM HaJBaKyyMHOM MHpE YK€ HEe MOTYT B KOHTYPHOM
TPaBUTOHHOM BpalleHHH oOpa3a MmomoOuss uX Tena MONy4YHuTh
pasnuuMMbie AN Hac  ouepraHus. Beap  HamHoro - ymana
TpaBUTALMOHHAS CKOPOCTh BPEMEHHU (MPOSBISIONIAs ACHCTBUTEIBHYIO
WHTEHCUBHOCTH 3€MHOT'0O PAICHUS).

Tak Bot, mpu nmoaxone HadanbHoro ConHIA (B cocTaBe CONHEYHO-
JIYHHOUM BOCBMEPKH) K cBery CHJIBI OHO KakK ObI 3aXTIJIoCh OT Hero. 1
yxke Bokpyr CoJHIIa BO3HHKIM JBE WMEHHO CONHEYHBIE Mapbl U3
OpOUTAIBHBIX COTHEYHO-3eMHBIX cdep. Pa3depém emié pas, uto ke oHU
coboii mpencrapistoT? HapyxHble comTHEYHO-3eMHBIE cephl (KOTOpbIe
B HApY)XHOH YacTH CPEAMHHOI'0 BAaKyyMHOIO CJIOSI) — 3TO 3eMHas
Oonmpmas chepa m MeHpmas e€ B 12 pa3 comHeuHas cdepa. ITo H
O3HaYaeT, YTO BO B3aWMHOM T'OZIOBOM KaueHHHU 3TUX cep BOKpYr Apyr
apyra (B TyKe CTOPOHY M MPOTHB XoJa 4acoBoii crpenku) ComHile
coBepmaer 12 000pOTOB BOKpPYT CBOEH ocH. A TO, 4TO ¢ 3eMJIU OJMH
obopor ConHIla BOCIIPHHMMAETCS HAYIIMM HE 3a 3eMHOH Mecdll, a
npuMepHo 3a 25 gHel oOwscHsercs KodpduumentoM  «1,2y,
BO3HHKAIOIIUM H3-32 HAaKJIIOHA 3EMHOW Ooch (3TO €CThb B MOIPOOHOM
Pasmuuenun). Bemp »9TO yke TmposBiIsieMoe HaMm (B HameMm
HAJBaKyyMHOM MHpE) BpalleHue. [ 0JjoBoe jke BpalleHHEe 3eMHON
HapyXHOH cdepbl O3Ha4aeT WHPOTAIMIO WM JIONOJHUTEIBHOE
CYTOYHOE BpallleHHe MaHTHH Halllei MIaHeThI.

A BHYTpEeHHHE OpOHTaJbHBIC COTHEYHO-3eMHBIE C(ephl, YTO - yKe
BO BHYTpPEHHEH UacTH CpPEAMHHOrO BAaKyyMHOrO CcJoOs, - OTO
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I 3anumamenvrnoe Pasnuuenue.
cUMMeTpHuHble MM cdepbl. IloTomy 3To yke Oonblias CONHEUHas
cdepa (pasmepom, Kak 3eMHasi OoJblasi HapyXHas cdepa) U MeHbIIas
e€¢ B 12 pa3 3emMHas BHYTpeHHsiE cdepa (Kak colHEUHas HapyKHas
chepa). U 3mech yxke 3a 12 TOMOBBIX BpalieHUW 3eMHON cepbl
BHYTpeHH:Is rpaBuTOHHAs cepa ConHIA coBeplIaeT OJUH 000POT WIIH
Kak Obl Teuér K MecTonpeObiBaHHIO cBoeMy o KopaHy, korja BO
BpamieHnu 11 apyrux OCHOBHBIX 3BE3N (BKItodas CupHyc) MPUXOIHUT
kak Obl ouepens Connma. Torga mocTymaer K HeMy TpaBUTOHHAS
CBEpPX4YaCTOTHOCTh (1048), emé BO3MOXKHAsi B HalleM IPOCTpaHCTBe-
BEILIECTBE MEPE MPErpason K UCTUHHON Bojie. 1 3TO HE UTO MHOE, KaK
UK CONHEYHOW AaKTHUBHOCTU. 3eMHasi BHYTPEHHSSI CHMMETpUYHAS
opOuTanmbHast cdepa Bceraa pacmonaraercsi BHYTPH — HapyXHOH
CHMMETPHYHOH c(epbl BO BCEX BAKYYMHBIX CIOSX. DTHM, KCTaTH, W
OOBsICHSIETCS OrPOMHAsi TPaBUTOHHAs YaCTOTHOCTh BHYTPH HAaIIeH
IJIAHETBI, CTAaHOBALIAsCI Ha e TOBEPXHOCTH  PACKaNIEHHON
BYJIKAHUYECKON Marmou.

ConHeuHast ke BHYTpPEHHSSI CHMMETpH4YHas cdepa B HaIIeM
HAJBaKyyMHOM MHpE pacroiaraercs, Hao0OpoT, HaJ Hapy>KHOH
COJIHEeUHOW opOuTanpHON chepoid, obpa3ys coboil Kak Obl «BTOPOE»
HepuauMoe HaM ComnHile. U B cpeTMHHOM BaKyyMHOM CJIO€ BHYTPEHHSIS
opbOuranbHas chepa CoNHIA yKe OTCTAET B €€ BpAIICHUU OT HAPYKHOU
cuMMeTpruHOH cdepbl. Bep B TNyOMHHBIX BaKyyMHBIX CpeAax OAWH
000pOT BOKPYT' OCH COOTBETCTBYET M OJHOMY OOOpPOTY BOKPYT LIEHTpa
BpallleHus1. DTO 3HAYMT, YTO BpalleHHE B CPEANHHOM BaKyyMHOM CIIO€
unér B 12 pa3 MemieHHee BpalleHHs B HAPYKHOM BaKyyMHOM cioe!
T.o., BpalleHHe CHMMETPUYHBIX OpPOUTANBHBIX COTHEYHO-3EMHBIX Cdep
pacKpbIBaeT CTPYKTYpY OOpa3oBaHHsS pa3HOH CKOpPOCTH BPEMEHU B
BaKyyMHBIX CJIOfIX.

Hannunem BHYTpeHHel CHMMETPHUYHOH OpOHMTaIbHOM Ccdepbl
ConHiia oOBSICHAETCA W MOCTYIUIEHHWE COJHEYHOro Teruia. Benp BbI 1Mo
CBOEMY OIIBITYy 3HAaeTe, 4To, Kakoi Obl OoNbIIOW HU Oblma Jamma
HaKaJIMBaHUsI, TEIUIO OT Heé OlIyIIaeTcsi TOIbKO BOMM3U. MHayde roBops,
OonpIIOi BaKyyMHOW CONMHEYHOH cdepoll Kak Obl MNpuOIMKaeTcs
Connue k 3emiie. OTO MOATBEPXKIAETCd W CTPYKTYpOHl TEIUIOBBIX
(OTOHOB, KOTOpPBIE HE MOTYT BXO/AWUTH B BAKyYMHBIE CJIOH, a JBHIKYTCS
Kak Obl 1O BOJOpa3feny MEXKIYy 4YacTOTHOW BOJOH H HAIIUM
HaJBaKyyMHbIM MupoMm. [loromy ©0e3 OompmIol CHMMETPHUYHON
opOUTaIBHOMN COMHEYHOU Cephl M HE JJOXOIUIO ObI IO HalllCH IIaHeThI
COJIHEYHOE TEemI0. A BO B3aMMHOM COJHEYHO-3€MHOM BpalICHHH B
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1 3anumamenvroe Pasnuyenue.
CPEIMHHOM BaKyyMHOM CJIO€ Hallla [IJJaHeTa TO BXOIUT B ATy OOJBIIYIO
OpOUTATIBHYIO COTHEUHYIO C(pepy, TO BHIXOIUT U3 HEE.

B HapyXHOM e BaKyyMHOM CJI0€ 3eMJIsl TIPOJIOJIPKACT «OOBIYHBIM
nopsiikom» BpamaTbess BMecTe ¢ CONHIEM BOKPYT CONHEYHO-3€MHOT0
LEeHTpa. OTUM M OOBICHSICTCS TaK Ha3bIBAEMbIN COJIHEUHBIN «BETEP» B
KOCMOCE U BJIMSTHHE Ha 3eMITI0 TIEPUOJIOB COTHEYHON aKTUBHOCTHU. U BEI
y’K€ MOXeTe IMOHSATh, YTO ATO CKAa3bIBAIOTCS HE CTOJBKO CONHEYHBIC
MEPUO/bI, KaK KOHKPETHBIC TPOXOXKICHHS HAIlleH IUIaHEThl Yepes
OoNpIIyI0 OpOMTANBHYIO CONHEUHYI0 cdepy yKe B CpPEIUHHOM
BaKyyMHOM cioe. I mpoucxoauT 3TO, KOHEYHO, KaXIblil o, HO B
Pa3HBIX CE30HHBIX Tepuoaax. [Ipu ’TOM MOXKHO CKa3aTh, YTO HAPYKHBIH
BaKyyMHBIH cJI0H B opOMTaibHOM BpaieHuu CoJiHIIa Kak Obl HEcET
nepen co00K (POHT CPEOUMHHOrO BaKyyMHOIO CJIOS, a 3HAYUT, U
COJIHEYHOE TEeIUI0 OT BHYTpPEHHEH OpOMTalbHOH COJTHEYHOW cdephl.
Bens rpaBuUTOHHAs CTPYKTypa MpPOCTPaHCTBA TakoBa, 4YTO e
cepudecKke CIIOM MEPEeXOoNaT IPyr B JIpyra, 4eM H €CTh HMEHHO
ceryaTasi TPaBUTOHHAS MPOCTPAHCTBEHHAS CTPYKTYpa.

Bbl yxxe Mokere pas3auyarh, YTO PACCTOSHHE MEXAY IEHTPaMU
CouHIla ¥ 3eMJIM B SBOJTIOIUH BCET/a ObLJIO TPUMEPHO OJTHUM M TEM KE.
[Ipu mposiBICHUM HAJBaKyyMHOrO CJIOS HAIEr0 MHUpa POoCia JIUIIb
chepa ConHIla ¥ yMEHbIIAIACh 3eMHas 1iaHeTHas cdepa. HavanpHbii
IuaMeTp IutaHeTHoW cdepbl 3emin — 3To M ObIT HApYKHBIA pazMep
cheprsl HeOecHOM TBepau. M oH cocTaBisul mpuMepHO 299 MITH. KM,
o3Havasi moutu ABa pacctosHus 3emian oT ConHila WM 2 «a.e.»
(acTpoHOMUYECKHE AMHUIBI). TaM U HAYMHACTCS aCTEPOUIHBIN MOsIC,
32 KOTOPBIM UAYT yke Oonbimme ruranetsl (FOmutep, CaTypH u T.h.).
[TotoMy OH U ceiiuac 03Ha4YaeT rpaHUIly B3aUMHOTO COJHEYHO-3€MHOT'0
BpaIlleHUs] WIIK UMEHHO COTHEYHO-3eMHOU chepbl. A BOT BOKPYT STOTO
B3aMMHOTO BpalleHHUS W BpallaloTcs yKe OOJbIIKe MIaHeThl (ToYHee
rianerousipl). VM 9TO yke oOTHenbHas KonmblieBas cdepa OOIbIINX
I1aHer, Ho kpome [lmyToHa, kKak caMoro AajbHEro niaremoudda. A
TUTAHETOMI, HO HE IUIaHeTa TIOTOMY, YTO 3TO B3aMMHOE BpallIeHHE BYX
sJIep, MOTEPSIBIIUX OOIIYIO ra30BYIO0 000JIOUKY.

O ToM, HU3-3a Yero JAelcTBUTEIbLHO cBeTUT COoJTHIIE U 0

COJIHEYHO-JIYHHOM BPaLlleHMH. 371eCh TOBOPUTCS O TOM, YTO
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1 Sanumamenvroe Paznuuenue.

- 1) B ueHTpe ConHua BPALLAETCA ero BHYTPEHHe A4Pp0 UK reanous,
pa3smMeLLnBaoLMIA B HALLEM HaABAKYYMHOM MUPE MOJIEKYNAPHbIE
BOZOPOAHO-TeIMeBble CONHEYHbIE C/I0M.

Mpunuém, ecnm B 6onblumx nnaHeTonaax (Onutepe, CatypHe U T.4.) MAET
B3aMMHOe BpalleHue AByX Aaep (MeHbLuero n 60abLOoro) BOKpYr Apyr
apyra, To B CoHLe BpalleHue renonaa — 3To 3epKasbHOe OTparkeHne
BpaLeHua JlyHbl;

- 2) npuunHa ceeveHna ConHLA — B KPYroBopoTE NPOAYKTOB
BbICOKOYACTOTHbIX PeaKLUmMi pacnaga rennma Ha BOAOPOA, U CUHTe3a reauns
13 BOAOPOAHbIX A4ep.

M 310 He ntoackue 6e3ymHble TepMOAAepPHbIe peakLmm, NpUBoaALLME B
HaLl MONEKYNAPHBIN MUP FPAaBUTOHHYIO CBEPXYACTOTY BEIMYMHOM 10®.
Pacnag reana n HaunHaeTcA oT NnocTynaeHuA K CoNHLY 3TON CBEPXYacToThl,
HO KaK MIMEHHO I/lyBUHHOW BaKyyMHOM rpaBUTOHHOW YaCTOTHOCTH, a He
CBepxcBeTa AA4ePHON BCMbIWKN. [pn STOM M HAUMHAIOTCA LIMKAbI
COJIHEYHOM aKTUBHOCTU;

- 3) B3aMMHOE KayeHWne BOKPYT Apyra CO/IHEYHO-3€MHbIX OPOUTANbHbIX
CUMMETPUYHbIX chep A0Ka3bIBAETCA CMEHOW CONHEYHOM MarHUTHOM
NONIAPHOCTM KaK pa3 yepes nepmosa CONHEYHON akKTUBHOCTW. B Havane
3TOro nepuoaa cHayana npeoba1afaeT YaCTOTHbIN UAWN TPABUTOHHDIN
pacnag reana Ha BoAOPOAHbIE AApa, @ 3aTeM, HA0BOPOT, ero — 4YacTOTHbIN
CUHTE3 U3 3TUX e BOAOoPOAHbIX Aaep. MoTomy B ConHLe nameHsaeTca
NPOLLeHTHOE CoAep KaHMe renva n BOA0POAA 33 CONIHEYHbIM Nepuog, HO
4YTO He pasinyaeTcs odULMaNbHOM HAYKOM.

Tak Bor, nuamerp HavyayibHOro CoJiHIIA, KOTOPBIA O003HAYMII H
pa3Mep HadvaJIbHOTO BUPTYaJILHOIO OPOMTAIILHOTO KOJIbIA JUIS 3eMITU
ObUT COOTBETCTBEHHO B THICSAYY pa3 MEHbIIE IUameTpa HaydalbHON
miaHeTHOW cdepbl 3eman wiu Bcero 299 Thic. kM. OTcrona u
neicTBUTeNbHOE paccTossHue 3emiau  oT neHTpa CoiHila, Kak
aCTPOHOMHUYECKas €IMHMIA, CocTaBisier okomo 149 65*10%wm.
(odpnumansho xe 149,6%10°). 1 06bscHsETCS 9TO HECKOIBKO GONBIIEI0
CKOopocThi0 cBera BONMu3u ConHila. DTO O3HAYaeT, 4YTO M HadaJbHas
Jlyna Obuta Oosiee yeMm B jiBa pasa OJrbke K HayaJlbHOW 3emiie. DTHUM
cpa3y mocine TBopeHus JlyHa u 3emust Takke OBUIM TIOXOXKH Ha
ianerons. JlyHa oOpa3yer CBOMM BpalleHHEM IOCIEAHee 3BEHO
COJIHEUHO-JIYHHOU opOuTanbHOM menu. OHa Kak Obl IOABOIUT K 3emiie
COJIHEYHOE KOHTYPHOE TPAaBUTOHHOE JIBIKEHHE. OTHM, a TaKXKe
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BpaieHreM JIyHbl, 00paTHBIM K 36MHOMY BPAaIlleHHIO, U OOBSACHSIOTCS
MOpCKH € TIPUIIUBEI Ha 3emie.

31ech npuBeeHO BHYTpeHHUE cTpoeHre CorHIla B 0 UIIHaTBHOM
BOCIIPUSITHUH.

L.

B noka npumeHsieMoM u3noxkeHnn cTpykrypa ConHia — 3To
PO, KaK 30Ha TEPMOSICPHBIX PEAKIMH, TPOCTUPAIOIIASCS Ha
1/3 pagnyca Connua oT ero neHtpa. Ha camom zerne, - 370 siapo

13 BBICOKOYACTOTHOTO TS MITH T'eIIHOM], BPAIIAIOINICS
BOKPYT COJIHEYHOI'0 [IEHTPa, YeM U TIepEeMEeINBAIOTCS

COJIHEUHBIE cllou. U 31ech HIIeT 8b1coKOuacmomuas peaxkiys
pacnajia renus Ha JiBa sijipa Bopojia (a He oUIluaIbHbIH a0CypT

1101001 B3pbIBAa BOJOPOIHON OOMOBI) ¢ 12-JIETHUM IHKIIOM

YCUJICHUS | Crajia pacnaaa. ITo 3HAYUT U TO, YTO BHYTPH
ConHIla — He OrpOMHasi TeMIepaTypa, a OrpoOMHasl YaCTOTHOCTh
WJIM TPaBUTOHHAS YacTOTa, CTAHOBSIIIASCS TEMIIEPAaTypOl yKe B

HaIlIeM HaJBAKYYMHOM MHpE. ITHUM U OOBSCHSETCS, YTO
HAapY’KHBIE CJION COJIHEUHOM KOPOHBI )Kapye BHYTPEHHUX CIIOEB,
Kak OOJIblIe BAKYYMHBIX.

310 _Pasauuenue puzuku u acmponomuu.




1 3anumamenvroe Pasnuyenue.
2. 3ona jyuucroro nepeHoca (paccrosiaus ot 1/3 10 2/3 R
CouHiia) — 00J1acTh, B KOTOPOH BBIICISIOIIASCS B COTHEYHOM
SJpe DHEPTHsI [IepeiaeTcss HapyXKy, OT CIIOs K CIOIO.
3. 30Ha KOHBEKIIMU WJIU MEPEMEIINBAHUS COTHEYHOTO BEIIECTBA.
4. ®orochepa.
5. Xpomochepa (kpacHoBaToe msATHO BOKpYr CoJIHIIA).
6. Pasorpersie cBeribie yuacTku potocdepsl.
7. ConHedHbI€ TISITHA. DTO BOAOPOJ, 00pa3yeMblii ocie peakiuu
pacnajna renus. B opuimaaibHOM ke «00bICHEHUN» TPUYHHA
TOSIBJICHUS COJTHEYHBIX IISITEH CBSI3aHA C MATHUTHOM cepoit
(«monmemy) Comuna. Ho, uTo uHTEpecHO, M MpUUUHA
MarHUTHOTO «IIOJISD» TaKKe He OIpesiesieHa, He TOBOPSI YKe O
MPUYMHE CMEHBI MArHUTHOM noJisipHOCTH Yy COJHIIA Yepe3
KaKIbIM [IUKJI COJTHEYHOU aKTUBHOCTH.
8. ConHeuHble TPOTyOEpaHIIbI.
9. XpomochepHbie BCIBIIIKH. B ohuImaibHOM W3JI0KEHHH — 3TO
OIIATH TEPMOsLICPHBIC B3PHIBBI C BBIACICHHEM SHeprun 10107
x. Ha camoM Jiene — 3TO OMsiTh BbICOKOYACTOTHBIE PEAKIINH,
HO yXXe CHHTE3a HOBOT'O Tenus (B3aMeH pachaBILerocs) U3 IBYX
saaep Bogopoaa. [loromy B TedeHHe COTHEUHOTO [IMKIIa CHavYaa
U Tipeo0IaialoT COTHEYHbIE MATHA, a 3aTeM — XpoMochepHbIe
BCIIBIIIKH.
10. Comneunast KopoHa.

Buyrpu ConHna Bpamaercsi ero sapo, KOTOpOe MOXKHO HasBaTh
eenuoudom. Benp y Connia, xak u 'y 6onpmmx mianerouaos (FOmutepa,
CatypHa ¢ T.1.) OKOJIOMOJIOCHBIE YaCTH BPAIAIOTCA MEMJICHHEEe, YeM
4yacTH y dkBaropa. VHaue roBops, HapyxHas cdepa ConHila BOImM3u e
Bepxa W HM3a BpallaeTcs MelieHHee e€ [eHTpalibHOi YacTu. B moboi
xKe, Kak Obl, 1enoil cdepe oOpaTHast xaptuHa. Hampumep, 3actaBbTe
OBICTPO BpalIaThCs MSY, U BBl YBUAMTE, €r0 BEPX BpallaeTcs HAMHOTO
uHTeHcuBHee. To, uto ConHIIE HENb3sl pacCMaTpHUBaTh, KakK LIEIbHOE
oOpazoBaHHEe, a TaKk JX€ TO, YTO MNPOMEXYTOYHBIE CIIOM B HEM
BpalllaloTcs MEIJICHHEe, 4YeM MPHUIIOBEPXHOCTHBIE HSKBAaTOPHAIbHEIC
obnacTv, Bpallalolyecs B CBOIO OuYepelb MeIJIeHHee IICHTpa,
03BY4MBaeTcs M OQHUIHMAIBHO. JTO M O3HAYaeT, YTO BOKPYT ILEHTpa
Connua Bpamaercs renuona. W 3To moroMy, uTo (Kak M B IIGHTpE
3emin) TaM HET OrPOMHOH TeMIlepaTypbl, a JHWIIb — OrPOMHAas
TrpaBUTOHHAA YaCTOTHOCTb, CTAHOBAIAACA YIKC€ TOJBKO B HApPyKHOM
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BaKyyMHOM CJIO€ M B HallleM HaJBaKyyMHOM IIPOCTPaHCTBE OIPOMHON
TeMmiepaTrypoil. Pacnpeznenenue 3Toi 4aCTOTHOCTH M BPAILA€T TEIMOU
BHyTpu ConHIla. A BOT caM TeIHOHWJ Yepe3 CONHEUYHO-TYHHYIO
opOuTanbHYIO 1Ienb Bpamaer yxe JIyny.

Uro ’xe o3HadaoT 12-u nerHue (a He 11-m JeTHHWE, cUuUTaeMble
CTapoil acTPOHOMHEH) IMKJIBI COJHEUHOW akTHBHOCTH? B HbIHemHeH
opuManbHON Hayke HMCTOYHHMK cBera W Temia oT ConHoa, Kak u
WCTOYHHMK DHEPTUU B JIPYTMX 3BE3/IaX - 3TO TEPMOSEPHBIE PEAKIIMH.
Unu TO, YTO TPOUCXOOUT TPH B3phIBE BOJAOPOAHOW OOMOBI!
[pencraBnsere  BocmpusiTie  OQUIIMANIBHOW  HAyKH,  CEPbE3HO
yTBepkatomiei, 9yto B 1neHTpe CoiHIla UAYT HEeNpepbIBHBIE SEpHBIE
B3pBIBEL. OJTO yX€ HE TOIbKO HE CephE3HO, HO M IEYaJIbHO.
TepMmosiaepHbIil 3apsia BOAOPOJHBIX OOMO — 3TO «CMECh XUMHYECKHX
COEIIMHEHUI» ¢ N30TOMaMHU BOJIOpO/ia. A M30TOINBI BOJOPOAA — 3TO, Kak
BBl YK€ YHTaJH, €ro fApa - y’Ke B BaKyyMHON cpele MpOCTPaHCTBa, a
MOTOMY - B BHJI€ IOYTHU MPOSBIIEHHBIX JIEMEHTAPHBIX SJIEPHBIX Y3JIOB.
U Bot, Korga B pesynabTaTe 3alalbHOrO B3pbIBA 00pa3yercsi OrpOMHast
TeMmrepaTypa, HayMHAETCs CIUSHUE JABYX SAJIEpHBIX Y3JI0B WIIU
BOJIOPOJIHBIX siiep (HE pa3inuyaeMbIX OQHUIMAILHO OT MPOTOHOB) B OHO
SIpO Tenust. SInpo ke Tenus, Kak Bbl YK€ MOXKET€ BCIIOMHHUTH, - 3TO
ceMUC(EpHUK MIIN CENTYNodb. A 3TO 00pa3oBaHHE MOXKET MPUHUMATH
HapyXHYI0 YacTOTHOCTb WJIM IOCTYMalolllee CHApy>KW T'PaBUTOHHOE
JBUKEHUE, 3aTeM KBaJpaTHUYHO CONpATaTh €ro BHYTPH M ONATH
BBIBOJIUTH HAPYXKY YK€ YIBOGHHYIO 4aCTOTHOCTh. [loToMy remuit — 3to
€IMHCTBEHHBIN U3 3JIEMEHTOB, XOTSI M HAILIETO MUPa, HO MPeObIBAIONIHIA,
KpOM€ CBOCH 00OJIOUKH, IMOJHOCTHIO B BAaKYYMHBIX CJIOSIX. DTUM €0
MOJKHO Ha3BaTh HEKUM OTKPBITHIM BXOJIOM B BaKyyMHOE IIPOCTPAHCTBO.

YacToTHOCTh NpHU CIHSAHUM BOJOPOIHBIX SAIEPHBIX Y3JI0B — 3TO
ME30HHas TPAaBUTOHHAS 4acTOTa C BEIWYMHOU 10**. ¥ mocne cBoero
o0pa3zoBaHusl AP0 TelHs, Kak ceMHC(EpHUK, cpa3y BTATHBAET JTY
4aCTOTHOCTb, KaK ME30HHOE ZPAGUMOHHOE 6aKyyMHOe eeujecmeo. A
KBaIpaTUYHBIM CONPSKEHHEM ME30HHOM IPaBUTOHHON YacTOTHI B s/Ipe
reausi  BO3HUKAeT NpeleNnbHas JUIsi BCErO0 HAIlero MpocTpaHCTBa
qacrorsocts Benmanuoil 10**! Bomomsics ke yepe3 [Jpo renus (Kak
4yepe3 TOT K€ CeMUC(EPHHK) B HAZABAKYYMHYIO Cpedy, IPEICTaBIsieTe,
KaKUM HEEeCTeCTBEHHBIM CBETOM M TEMJIOTOM OoHa craHoBUTca! U xoT4
3TO - Ha KOPOTKMH MHI SAEPHOM [UIMTEIBHOCTH, HO 3TO YXe
cymacuiectBue sl npupoabl. IloTomy, To, 4TO BOAOpPOAHBIE OOMOBI
eI ecTh, - 3TO 1030 YEIOBEUECTRA.
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Pycckuii actponom Hukonait Ko3eipeB B oTinume ot opunnaibHON
HaykH emé B 1958-M romy «mpuién K BBIBOJY, UTO 3B€3Ja JKUBET 3a
CYET MpUXoJa IHEPruu u3BHe». M Bbl, HABEPHOE, YK€ AOraJaiuch, YTO
MPUXOANUT, KOHEUHO, UMEHHO BHYTPEHHSISI DHEPTHS, KaK BPEMEHHAs WK
WCXO/IHAs TPaBUTOHHAS 4acTOTa OT UCTUHHOW BOJBI (M3 TOT'O MHpa MU
u3 japyroii BceneHHO#) ¢ MakCHMMallbHOW JiISi HAC YacTOTOM 10*
TPaBUTOHHOTO ABI)KEHUSA. A IMOCTYyNaeT 3TO I'PaBUTOHHOE BEIIECTBO K
ConHIly Kak pa3 4epe3 IUKIBI COJHEYHOM akTHUBHOCTH. [1o maHHBIM
suikonenuu (3, ¢.1235) B Connie copepxkutcs okoiio 90% Bomopona
u 10% renus. B yueOHuke ke actpoHoMuH (27) 3amucaHo, HYTO
Bogopona B Comuie okono 70% ot Bceil ero maccel, a renust Ooiee
28%. DTO TOBOPUT O TOM, YTO OQHIHATbHAS HAyKa HE pa3invaer Jaxe
yBenu4yeHue conaepkanue renuss B ConHIE B TepephiBE  MEXKIY
MOCTYIUIEHUSIMH K HEMY CBEPXYacCTOTHOI'O TI'PaBHUTOHHOTO BEIECTBA.
[Ipu conHeyHO-3eMHOM BpAIICHUM KaX7ble 12 JeT B TOYKE 3UMHETO
COJIHIIECTOSIHUS [T 3eMJT COBMEIAIOTCS Majiasi HapyXHast 1 OoJbIast
BHYTpEHHSISI cUMMeETpHuYHble OpOuTanmbHble cdepbl ConHIa yXe U B
BaKyyMHOH cpefle, a HE TOJbKO B HAIIeM HAJBAKyyMHOM WM
MOJIEKYJIIPHOM MHDE.

3To ¥ 0O3HauaeT MOMEHT M TOYKY Kak Obl pa3fayd TPaBUTOHHON
ceepxuactotHoctd Juist Comuua. Ilpuuém, XoTd B KOCMOce M HET
OIpenienéHHOro Bepxa ¢ HU30M, HO MOCTYIUIEHHE YaCTOTHOCTH UAET 1O
BUPTYQJIBHOM KOCMHYECKOW OCH C OJHOM CTOPOHBI MJIM CO CTOPOHBI
Cesepa 3emnu. Ho Hapy)kHast UM MEHBIIAsl 110 pa3Mepy CUMMETpUYHAs
ColHeuHas cdepa OMmepexacT B €€ KaueHUHM BOKPYT MOJOOHOM 3eMHOM
CHMMETPHYHON c(hepbl B CPEIUHHBIX BaKYYMHBIX CIOSX BHYTPEHHIOIO
Win OONBIIYI0 OpOHMTAJbHYIO CONHEYHYIO cdepy (Bpamasch Kak Obl
OT/AEeNbHO B Oojiee BHYTpEeHHEM BakKyyMHOM cioe). [lotomy »THM u
00BsICHSIETCS M3MEHEHWE MAarHUTHOW MOJSPHOCTH COJIHEYHBIX IISITEH
4yepe3 HUKJIIbI COTHEYHON aKTUBHOCTH.

Jleno B ToM, 4TO, KaK BBl MOTJIM MPOYUTATh B Ha4ajie KHUTH, 32 OAUH
TOPU3OHTAIBHBIA 000pPOT 000K cepsl B €€ MMEHHO CHUpPAIbHO-
cepryHOM BpALICHUU TPOXOAUT JIMIIb MOJOBHUHA €€ BEPTHKAIBLHOTO
obopora. Beap okpyxHocTh — 310 «27TR», a mromane chepsl B Halem
IUIOCKOM HajBakyyMHOM Mupe — «4mR?*» wnu «4m» B npuBeneHUH K
eIMHUIIE TTPOCTPAHCTBA. JTO OOBSACHSIETCS M TEM, YTO OKPYKHOCThH B
o0béMHOM BHIE oOpa3zyercss IByMsi BOCBMEDKaAaMH: KOHTYpPHOH
(Hapy>XHOI1) ¥ YaCTOTHOH MK OoJiee BHYTPEHHEH, MepeXOAsIIMMU APYT
B Jpyra. VIHBIMH clIOBaMH OKpYXKHOCTb MO TEpUMETPy cdepbl— 3To
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BCeraa KBapymnoib Wiu «47». DT0 Bbl MOXKETE MOMpoOOBaTh U CaMu,
Bpaias Kakou-nmubo map cpa3dy B JBYX IUIOCKOCTSIX MIIHM CIUPAJBHO.
Taxo#t ¢ dexT o3HauaeT U TO, YTO CKOPOCTH BpeMEHHU (KaK CKOPOCTh
IPaBUTOHHOTO 3allOJIHCHHUS IMPOCTPAHCTBA) B HAPY)KHOM BaKyyMHOM
cioe B 2 pa3za MeHbIE MO0 OTHOIIEHHWIO K HalleMy Ha/JBaKyyMHOMY
mupy. Kpome Toro, 3TuM mim OOBIYHBIM BpPAIICHUEM IIapa CTAHOBUTCS
HaIJISIHO B3aMMOJECHCTBUE BAKYYMHOH M BHEBAaKyyMHOW MaTepHH, a
TaKxe - MPOsABJICHNE /JIs1 HAC BaKYyMHOM Cpesibl IPOCTPaHCTBA.

T.o., 3a nBa mepuoda COJHEYHOW AaKTUBHOCTH B 12 et
Bpallalomascss MeJJIeHHee BHYTPEHHSS WM OONbIas CUMMETpUYHAS
opOutanbHas coiHeuHas cdepa (depe3 OBICTPO BpaINAOIIYIOCS
HapyXHYIO TUIAHETHYIO chepy, 00pa3yroly0 HAMarHUYMBaHUE) MEHSIET
Bepx CoyHIIa Ha HU3, U3-3a Yero U MPOUCXOJUT CMEHAa €r0 MarHUTHBIX
TIOJIFOCOB MJIM HAIIPABJICHMS €r0 HAMarHUYUBaHUA. A 3TO U 3HAYUT, YTO
cepUYHBIA «MArHUTHBIM» MK TPOTEKAET 3a JBa T'OPH30HTAJIBHBIX
obopora chepsl, cocrapiisas 24 3eMHbIX roja. C 3eMiin e 3TOT IepUOT
BOCIIPHHUMAETCS Kak 22 roJa TOYHO TaK Ke€, KaK JYHHBIH MeECSI]
BocrpuHuUMaercss paBHbIM He 30 mHsM, a okono 28-u gHeil. MubiMu
CcJIOBaMH, 3TO MOTPELTHOCTh HaOJIOICHUS, BBI3BaHHAs
COOTBETCTBYIOIIUM HAKJIOHOM 3€MHOWM ocu BpauieHus. Ilo 3Toit xe
NPUYNHE U [UKIBl COJMHEYHOM AaKTUBHOCTH BOCHpPUHUMAIOTCS 11-10
rogamu, a He 12-t0. 24-X JIETHUH WK OOpAaIleHHUS COJHEYHOU
MarHuTHOH cepbl 10Ka3bIBaeT, KpOME TOTO, X BOOOIIE CYIIECTBOBAaHHE
IJIAHETHBIX ¥ OPOUTAIIBHBIX cep.

3eMHbBIC KE CHMMETPHUYHBIC OpOUTAIbHBIC CPepbl M B CPEAMHHOM
BaKyyMHOM CJIO€ BCETJa HaXOIATCS JPYr B JpYre WM COBMECTHO,
MOTOMY HAIpPaBJICHUE 3EMHOI0 HAMATHUYMBAHUS 3aBHUCHUT TOJBKO OT
HAaIpaBJICHUs MOCTYIUIEHUS KOCMHYECKON rPaBUTOHHOM
CBEPXYaCTOTHOCTH «10%y. [ToroMy cMeHa 3eMHBIX MAarHUTHBIX
MOJIOCOB - O3TO  CJEICTBHE BpAalleHHA YK€ oOmeld KOCMHYECKOH
COJIHEYHO-3eMHOH cepbl B COCTaBe KOCMHYECKOTo TpéxcdepHuka
«Connue-llenraBpa-Cupuyc» (0 4éM peub Janblie), HAYIIETO YyxKe
HECPABHEHHO MEJICHHEH.

Tak BOT, K OKOHYaHHWIO cojHeyHoro mnukia B ConHue u
ckaruimBaercst yxe oonee 28% renus. Kak Oonee MacCUBHBIN 3JIEMEHT
reinid, KOHeuYHo, HaxoauTcs Onmxke K ueHTpy ComHna. Bocnpuaumast
YK€ TPAaBUTOHHYIO CBEPXYaCTOTHOCTh 10*, renmit pacrajaercs 3aTeM Ha
JBa fApa BOJOPOAA, BBIAENSAS MPU 3TOM ME30HHOE TI'PAaBUTOHHOE
BemectBo ¢ wactoroil 10°*. DTum u HauMHaercs Tax Ha3bIBAEMbIif
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MEpUOJ, COITHEYHON AaKTHUBHOCTH. Takoe CBOWCTBO TeIUs MO3BOJIUT
(MOKeT OBITh CKOpPO) CO3IaTh c2enuesvill 2eHepamop, HENpPepbIBHO
MOCTABJISIOMINAN OONIBIIOE KOMUYECTBO SKOIOTHYECKH YHCTOH IHEPTHH.
OdunpmanbHas >xe HayKa MbITaeTcsi 00pa3oBaTh UL STOTO YIIPaBIISIEMbIH
TEpMOSIJIEpPHBIA CHHTE3 WM 00y31aTh BOJOPOAHYH OomOy. Ho BEI
IIOHUMAETE, YTO AbABOJIBLCKAsE 00MOA OHA U €CTh JAbIBOJILCKOM.

Kyna xe pacnpenensercst 4aCTOTHOCTh WJIM TPAaBUTOHHOE BELIECTBO
OT pacraja coiHeuHoro reius? OgHa TpeTh ero Uit Ha oOpa3oBaHUE
WIH CHHTE3 HOBBIX sifiep Trenus (B3aMeH yxe pacmaBmmxcs). Jpyras
TPETh BOCIIPHHUMAETCS TEIMEBBIM CeMHC()EPHUKOM, TEHEpUPYS yKe B
camom ConHIle TPaBUTOHHYIO cBepxuyactoTHOCTH 107 (B TedyeHme
cienyroumx 12 jer). M mocne mpuéMa MOPIMHM CBEPXYACTOTHOCTH OT
WCTHHHOH BOJIBI (UTO 3a Mperpaaoil K npyroi Beenennoit) pacnaza reiaus
Ha BpeMs IpeobiafaeT Haja MPOLecCOM CHHTe3a HOBOro renus. Ho sto
HUKaK HE TePMOsiJIepHbIE PEAKIIUU WIIM TIOZ00US BOJOPOAHBIX B3PHIBOB!
Benp BCE 3TO MpOMCXOAUT B BaKyyMHBIX CIOSX MpocTpaHcTBa. Kpome
TOrO0, BBl BHAWTE, UYTO B I[IEepepblBaX MEXAY MOCTYIUICHUSIMH
TPaBUTOHHOHN cBepxyacTOTHOCTH K CONHIY MIET CUHTE3 Trenus H3
BBIIENMBIIErocs Bojopona. IloroMy akTHBHOCTh, Kak TakoBas, B
ConHIle, KOHEYHO, HE TpeKpaIaeTcs.

[locneansis  xe TpeTb ME30HHOIO TPAaBUTOHHOTO BEIIECTBa
NpUHUMAaeTcs BHYTPEHHEH CONMHEYHOH cdepoil (koTopas Oombluas) u
BHYTpeHHel 3eMHOH cdepoii (duTo, MeHblIe e€ B 12 pa3). YuacTByer 3Ta
TPeTh U B 00pPa30BaHUM BUPTYAIBHBIX OPOMTAJBHBIX KOJIEIl, KaK dTaKHX
TOPU30HTAIBHBIX KOHTYPHOCTEH (CHIIOBBIX OKPYXHOCTEH), IO KOTOPBIM
KaTsATcAd IUlaHeTHhIe cdepbl, BKIoYas u 3eMHYI0 cdepy. [louemy
UMEHHO TPeTh? - COpOCHTE BBI. J{elo B TOM, YTO MO HAOIIOACHHUSM 32
ConHuem, BUAMMAsE HaM €ro CTPYKTypa pa3rpaHU4YMBaeTcs Kak pas 1o
OJTHON TpeTH COMHEYHOro paauyca. M momydaercs, uto Toabko 10-s
yacTh BbiAensieMoil B CollHIIE ME30HHOW TPaBUTOHHOM YaCTOTHOCTHU
BBIXOJUT B HAJIBAKYYMHBIN CJIOM MPOCTPAHCTBA, CTAHOBSACH COIHEYHOMN
KOpoHOU. M TaM conHeyHass ME30HHas 4aCTOTHOCTb 10** cranosurcs
YK€ U SpYahllIMM CBETOM M OFPOMHOM TEIUIOTOM, JIETKO JOXOIAIIEH 10
3eMiI Kak pa3 uepe3 OOJbIly0 OpOUTATIBHYI0 CUMMETPUYHYIO Chepy.

Korna snep Bomopona craHOBUTCS MHOTO, OHM TOJHUMAIOTCS M3
COJIHEUHOI'0 IICHTPa B HAPYkHYI0 000siouky ConHila wiu B Gorochepy.
A TOCKOJBKY BOJOPOA TOCTAaBIsACT HWHQPpPaKpacHOE H KpacHOe
W3Iy4YeHHEe, TO OH W BBHINNIIAUT HEKAMH TEMHBIMH CONHEYHBIMH
MATHaAMH. 3aTeM OH OIATh BTATMBaercs K 1neHTpy ConHia, ydacTBys B
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CHHTE3¢ HOBOro renus. Bpamenune e renuouaa (BHYTPEHHErO
COJIHEUHOT'0 sijipa) ¥ 00pa3yeT KPyroBOPOT BBIXO/a BOJOPOIHBIX SACP
HAapy)Xy © HuX oOpaTtHoe 3arsruBaHue. llpu  yMeHbIIEHHH
WHTCHCUBHOCTU pachaja Tenus, OCBOOOKIEHHBIE BOAOPOIHBIC spa
y’Ke He yCIEeBaloT JOXOAUTH A0 (poTocdepsl WM HApyKHOH 000I0UKH
ConHia. DTUM OHO M Ka)XeTCsl «CIOKOMHBIM». BBI cormacurech, 4TO
mopumsi  rpaBuToHHOil  cBepxuactotHoctn  10% m3  kocmoca  m
JUTUTENBHOCTh €€ MOCTYIUICHHS MOXKET OBITh coBceM pazHoi. OTToro u
MEepUOJbl COTHEUHOH aKTHBHOCTH MOTYT BHEIIHE BOCIPUHHMATHCA HE
TOJBKO, Kak 11, Ho u kak 10, u xak 12 u gaxke kak 17 Jer.

O 0oabIINX MJIAHETAX U TT0YeMy paccTosinue 10 FOnurtepa Ha
caMoM JieJie BABOE MeHbIIe. 31ech TOBOPUTCS O TOM, YTO

- 1) BocnpusaTue HbiHewWwHel Haykol ConHua nogobrem Hekoewn
«TEepPMOAAEPHON TOMKM» MPUBOAMUT U K HA3BaHUIO 3BE3A, C MasbiM
COAEP’KaHMEM reNinsl HEKMMU KCTapbiMM 3BE3AaMU», XOTA, HAOBOPOT, YeMm
MeHbLLUE resivsA ycneBaeT CKOMUTLCA B 3BE34E, TEM OHA MOJIOXKE.

Mpu aTom Ha npumepe ConHLa HAJO eLLE U Pa3iMyaTb NepMoa aKTUBHOCTU
3B€3/bl UM FOBOPUTb UMEHHO O CPeaHEM COAEPKAHUN TeNns B HEl;

- 2) B3aMMHOE CO/IHEYHO-3EMHOE BpaLLleHWe 03HAYaeT U KaK bbl B3auMHoe
BpalLeHre 3eMan U BCeX OKOIOCOTHEUHDBIX MIAHET BOKPYT ApYr Apyra
yepes COHEYHO-3EMHOM LIEHTP, YeM M 0BBACHAETCA NONATHOE ABUNKEHUE
NAaHeT, f,0Ka3blBasA, C 0OPATHON CTOPOHbI, U B3aMMHO-LEHTPUYECKOE
BpaLleHue. Tak Ha3blBaeMblil aCTEPOMAHBIA «NoAC» mexay Mapcom n
HONuTEepom — 3TO He KO/IbLLO M3 OrPOMHbIX KaMHEeN, AKobbl 6ecxo3Ho
BpalLatoLmxca Bokpyr ConHLa, Kak n3obpaxkaeTcs oduumanbHo. Bo-
nepBsblX, 3TO acmepoudHas cghepa « PasmoH», a BO-BTOPbIX, OHa CAYXKUT
ONA JONONHUTENbHOW NepeAayvm BpPaLLeHUA OT FPaBUTOHHOM MIAHETHOM
codepbl Mapca Konbuesoin chdepe HOnuTepa;

- 3) odMuManbHan coNHEYHAA CUCTEMA Pa3fenfaeTcs Ha CaMmoMm Jene Ha
COJIHEYHO-3eMHYI0 cdepy U KoNbLEeBYHO chepy 6oNbLLMX NIAHETOUAOB
(lOnuTepa, CaTypHa 1 T.4.), BPALLAIOLLMXCA Y>Ke BOKPYr 3TOM chepbl.
MoTomy nepuos BpaLLeHuUa 6obLIMX NIaHETONAOB onpeaenser
06pa3oBaHMe He A/IMHbI OKPYXKHOCTU UX 0pbUTbI, @ pazmep cdepbl «4TIR»,
NPOABASEMbIN UX OPOUTASIbHBIM KOIbLLOM.
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1 Sanumamenvroe Paznuuenue.

A 3TO 03Ha4aeT He YTO MHOE, KaK 3aBbllleHMe PaccTOAHNA A0 6obLInX
NnaaHeToMAaoB, yKa3blBaemoe opuLmManbHON aCTPOHOMUEN, B iBa Pa3a.
N, 4To MHTEPECHO, NPUMEHAEMas CTAapOM HayKOM OCb MMpPa COBCEM He
npoxoaut yepes ueHTp Co/HLa, XOTA OHO M NOMELLAETCA eto B LLEHTP
BpaLLeHus.

3a BpeMs mpeobiajaHusl CUHTE3a Telids HaJl €ro pacnajoMm B 12-u
JIETHEM COJTHEYHOM LHUKJIE U UAET HaKomIeHue renust. OpununansHas xe
acTpOHOMHS Te 3BE3IBI, TJE OTMEYaeTcs Majloe COJACpKaHHWe Telus,
Ha3bIBACT «CTapbIMU». SIKOOBI TEIMil B HUX BBIFOPEN, CTAB YIJICPOOM,
MOCJIe TAKOTO K€ «BBITOPAaHUsD» BOAOpoJAa. Buaurte, kakoe BOCHPHUSTHE,
ynonobsstoniee ConHile yroibHol Tornke! Hanmmuue ke 1 B «CTaphix»
3BE3/1aX BOJIOPOJIA XUTPO OOXOAST MPU 3TOM MOJYaHHEM. A Beib B
TaKOM «O0O0BSICHEHHH» BOAOPOJ IOJDKEeH Obl1 Obl BhIropeTh. K ToMy ke
Ha IprUMepe TaHeTHOH cucteMbl Cupuyca 3a 3BE3/bI (Oemble KapIIuKH )
MPUHUMAIOT TUIAHETHI, MoJoOHbie 3emime. lloToMy 3lech coBceM
Hao00pOT, ATH 3BE3MBI TOJBKO 4YTO OOPa30BAHHBIC WIIM IOJO0HBIC
HamemMy HavyansbHOMy Conuily. B Buxpe HauanpHOro BpaleHUS
COJIHEYHO-3EMHBIX OpOHUTaJbHBIX c(ep, CPaBHUMOTO CO CKOPOCTHIO
CBeTa, TENMd TNPOCTO HE YCHeBaJl CKaIlUIMBaThesA. Bemp CKOpPOCTb
oOpa3zoBaHusi renmusi, Kak u abcomroTHas (HE OTHOCHTENbHas)
JUTUTENBHOCTh 3€MHBIX CYTOK Bceraa ofHa u Ta xxe. U B CoiHile 1omKeH
ObITb W3 Bcex 3BE3N OmmkHEH K HaM cdepbl KOCMOCa MaKCHMyM
cofiep>kaHus renus. Beap OT comHEYHO-3eMHOTO BpalleHHsl Hayajoch
TBOpeHue Hamel Bcenennoii. [loromy Hao0opoT, 4yeM renus OOJbIIIe,
TeM 3Be3Ja YK€ cTapme. A 10 €ero MNPOUEHTHOMY COAEPKaHUIO
oTHocuTenbHO CONTHIIA MOYKHO CY/IUTH M O BO3pacTe 3BE3I.

BbI yke moHsuIH, 4TO B3aMMHOE BpalieHHue OpOUTAIbHBIX COJHEYHO-
3E€MHBIX CUMMECTPUYHBIX C(bep HAaUMHACTCA OT TMOCTYIUICHUA K
COJIHEYHOW BHYyTpeHHe# (Oompmioi) chepe ME30HHOW TpaBUTOHHON
qacrorsocru 107, B KBaJPAaTHYHOM K€ PA3JI0KEHUH 3TOH YaCTOTHOCTH
HA DJIEKTPUYECKYIO YacTOTy M 00pasyercst yKe MoJ Hell Hapy)KHasi WiH
Mamasg  cauMMmerpuyHas — opOutambHas  cdepa  ComHma. A
CaMOCTOSATEIIbHOE IBM)KEHHE 3TOH cephl (B TeUeHHE Toa) UIET enlé 1
3a CUET TeHEepUPOBAHHUSI DIIEKTPUIECKON YaCTOTHI IIOJI00HO DIIEKTPOHY.

I[Ipu mnoctymnennn k ConHIy TpaBUTOHHOH CBEpXYaCTOTHOCTH
Semis HaXOOUTCA HAIIPOTUB HETO B TOYKC JICTHEIO COJHICCTOAHUSA. B
ATOT MOMEHT K Hallled TUIaHeTe M K €€ BHYTPEHHEH Malioi cdepe Toxe
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HAaYWHAET WATH ME30HHOE I'paBUTOHHOE BemecTBo. Ho 3To yxe He oT
COJIHEUHOW BHYTpeHHEH cepsl, a cpa3y u3 kocMoca. M mocrynaer oHa
4yepe3 OAHY M3 TOABHKHBIX 3€MHBIX JIy4eBBIX OCel, KOTOpble B
FOIMYHOM Bpal€HWH BCEr/la BPaILlalOTCA BOKPYT €€ LIEHTPAJIbHOW OCH
WJIM OCH BpalieHus: 3emin (00 3TOM JaJiblie).

Tak BOT, mocie TOYKH JIETHErO COJNHLECTOSIHUS OTH TOABHIKHBIE
OCH Kak Obl HAYMHAIOT MEPEKIIouaThbcs Ha OCH KOCMHYECKHE, II0
KOTOpBIM uepe3 12 jer mocTynaer Me30HHasi TPaBUTOHHAS YaCTOTHOCTh
YK€ KOHKPETHO Juisi 3eMyih. A B TOYKE 3UMHErO COJHI[ECTOSHUS
MOJBMKHBIE 3eMHBIE OCH MTOJTHUMAIOTCS IEPIEHIUKYIISIPHO K YCIOBHON
TUTOCKOCTH BpaleHus (K SKIHNTHKe). IMEHHO B OJJHY M3 TaKUX HOYEH
3MMHETO COJIHIIECTOSIHUSI WIIH «HOYb MOTYIIECTBa» TOCie MOCTYILICHHUS
K 3emiie KOCMHYECKOW TpaBUTOHHOM yacTOTHOCTH (B 12-M jeTHeM
LUKJIE COJTHEYHON aKTMBHOCTH) M Oblia mociiaHa mepsasi cypa Kopana
npopoky Myxammanay. [lomoono u ConHile HauMHAET MOJy4YaTh OT
WCTHHHOW BOABI I'PaBUTOHHYIO CBEPXYACTOTY, KOTJA OHO HaXOIUTCS
emeé B TOYKE JIETHEro CONHIECTOSHUS g 3emnau. EBmé u atum
OOBsICHSIETCS  BHEIIHAS  HEPAaBHOMEPHOCTh  IUKJIOB  COJHEYHOH
AKTHBHOCTH.

Bo B3auMHOM conHEuHO-3eMHOM BpamieHuu 3emuisi, ConHIlEe H
oKoJio3eMHbIe TutaHeThl (Benepa nu Mapc) oOpa3yioT B HaJIBAKYYMHOM
MPOCTPAHCTBEHHOM CJIO€ HAIETO MHpa WM CHApYXd (KOHTYPHO)
ey OoKkpyxkHOCTH «2TR», a BHyTpeHHe (dacToTHO) - yKe chepy
«4nR». Ho ¢ 3emin BocprHUMAETCsl BPAIIEHHE OKOJIO3EMHBIX M BCEX
OKOJIOCOJTHEUHBIX IJIaHeT (HaumHasg ¢ lOmwuTepa), KOHEUHO, MO JAJIMHE
OKPYXXHOCTH. A Ha TUIOCKOCTH, KaK U B COJTHEYHO-3EMHOM BpAIICHHH,
BHYTpEHHEE BpallleHHe BCEX OKOJIOCOMHEUHBIX IJIaHET (B BaKyyMHBIX
CIIOSIX) — DTO TaKXKe JIBE MepexIECTHYThIE OKPYKHOCTH OpOUT 3eMiu 1
TUTaHeT, MPOXOJIIME 4Yepe3 LEHTPHl ApYyr apyra. B HaaBakyymMHOM
BpaIllCHUU TIaHEeThl BMecTe ¢ 3emitéii (a Mepkypuii Bmecte ¢ CoHIleM)
BpalllaloTcs BOKPYI COJHEYHO-3€MHOT'0 IeHTpa. B BakyymMHOM ke
BpameHMM u 3emis, u IUIaHeThl, kak ConHile u 3emiis, Takxke
BpalllaloTcs BOKPYr JPYr Apyra. OTHM M OOBSACHSETCS MOIMSITHOE
JBIDKEHHE TiaHeT. Beap koraa 3emiist u Apyras IuiaHeTa JBHXKYTCS I1O
pasHbBIM JyraMm mepexiécra, TO ¢ 3eMiH ABM)KEHHE TUIAHETHI, UAYyIIHe
y)Ke Kak Obl B BaKyyMHOH cCpezie, BOCIPHHHMAETCS OOpaTHBIM K
HaTpaBJICHUIO 3eMHOT'0 BpallleHUsl. B WHOM ke ciydae, Korja miaHera —
BHE 30HBI TepexyiécTa M BpallaeTcs BOKPYr Kak Obl HENOABHMXKHON
3emid, OHA JBUXKETCS B OJTHOM HarpaiieHuu ¢ 3emuéid. T.o., monarHoe
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JIBUKCHUE JIOKa3bIBaeT cpa3y JiBa (haKkTa: HAJIMYUE BaKYyyMHBIX CIIOEB
MIPOCTPAHCTBA M B3aMMHOE COJTHEYHO-3EMHOE BpallleHue!

3/1ech ToKa3aHo HaOJI0aeMoe ¢ 3eMITH MOMSTHOE JIBUKeHnEe Mapca.

BbI yxe nOHSAIU, YTO B IEMCTBUTENBHO CYLIECTBYIOIIEM IJIAHETHOM
BpallleHWu HaZo 0003Ha4yaTh paccrosHue maHeT He no ComHua, a 1o
COJIHEYHO-3eMHOr0 IIeHTpa (kpome Mepkypust). Hampumep, paccrosiHue
BeHeprl OT LEHTpa COJTHEYHO-3EMHOT'O BPAIICHHUSI COCTABISIET OKOJIO
0,22 «a.e.», a Mapca - oxomno 1,02 «a.e.». [Ipuuém orpoMHasi KoiabiieBast
IpaBUTOHHAsl IUlaHeTHas cdepa Mapca orpaHudmMBaeT OOIIYIO
COJIHEYHO-3EMHYIO Cepy, ¢ AUaMETPOM OKOJIO 3-X «a.e.».

OtuM o0pasyercss ¥ BUPTyalbHOE CHIIOBOE OpOHMTAIBHOE KOJIBIIO
s HOnwmrepa, kak Oonbiiero IuiaHerouga (HO — o(UIIMANBEHO
Ha3bIBAEMOI'0 TaKXKe IUTaHETOM, 0 4éM peub HIKe). [loCKONbKy ke
ConHile Bpamaercs BOKPYr OOIIEro COMHEYHO-3€MHOT'O LIEHTpa CTPOro
CUHXPOHHO ¢ 3eMJI€H, TO ¢ HaIICH MIaHEThl BOCIIPUHUMAETCS BpaIllCHUE
BCEX OKOJIOCONHEUHBIX TutaHer Bokpyr Hero (ConHIa), a HE BOKpYT
001I1Iero COTHEYHO-3€MHOTO [IEHTpA.

31ech MoMeleHa cxema 00pa3oBaHus HAPYKHOTO BpalleHUs! OOIBIINX
MJIaHETOUI0B (TUTAHET) MPH B3IJIsAE «cBepXy» nin ¢ CeBepa 3emiu.
Cdepa 3emHoii rpaBuTanny, Bpamaromas Jlyny (mokasana roayobM
IIBETOM CJIEBA), TiepeaéT BpaIlleHHE KOJILLICBOM IUIaHETHOM cepe
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Mapca. B 1ientpe 310l cdepbl 00pasyercs 1eHTpalbHas IJIaHeTHAS
cdepa Mapca (3aymTa opamxkeBbiM 11BeToM). KonbiieBast chepa Mapca
0003HaYaeT B CBOEM JIBMKEHUHU BUPTYaIbHOE CUIIOBOE OPOUTAIIbHOE
konb10 st FOmuTepa, yeM 0003HAYAET U TPAHHUILY COHEYHO-3EMHOM
cepsl, a TaKKe MPOSBIISICT OPOUTAILHYIO CUIIOBYIO 11T U3 TPEX
3BeHbeB 1 KOmuTepa (okazaHa KOpUYHEBBIM [[BETOM). LleHTpanbHas
ke riaHeTHas cepa Mapca oOpasyer BpallieHHue acTepOUIHOMN chepsl
«DasToH», KOTOpas MOMOraer 00pa3oBaHHIO BPAILICHUS! CPEJMHHON
MEeTIH B CUIIOBOH opOuTanpHol nenu FOnurepa.

Cdepa «Dasron» Bpamaercs Mo 4acoBoi CTpeiKe, a 3HAUUT,
BpallaloTcs TaK U acTepOrIbl BOKPYT LeHTpa cdepbl. Ho mockonbky
BMecTe co chepoil OHH, KPOME TOTO, TBHXKYTCS BOKPYT COJTHEYHO-
3eMHOTr0 IIEHTPa YK€ IPOTUB YaCOBOH CTPENKH, TO OTO TPYAHO
0003HaunTh ¢ 3emiin. M BBl BUJIUTE, YTO JIaXKe aCTEPOUJIbI HE
CYIIECTBYIOT caMU 110 cebe, a Bcé o boxkbeMy yCcTpOCHHIO TOAYMHEHO
eIMHOMY MEXaHM3MY KOCMHYECKOI'0 MJIAHETHOTO BPAIICHHS.
CpenunHas netiisi B opouTanbHoi nenu KOnmurepa oOpasyer cHavyana
KOJTBIIEBYIO TUIAHETHYIO C)epy U TOIBKO 3aTeM B LIEHTpEe cepbl —
COBCEM HE3HAUMTEIbHYIO IIEHTPAIbHYIO IUIaHeTHYo chepy FOnmuTepa
(3a;IMTa KOPUYHEBBIM IIBETOM). DTUM OHA MOJIyYaeT YCKOpEHHOe
BpallleHre, HabogaeMoe ¢ 3eMIId IPOSIBIICHUEM KOJIbIIa BOKPYT
IOnutepa. Takoe kak Obl TPOitHOE 0Opa3OBaHUE IJIAHETHOW C(hepbl
HOnuTepa o0bsicHsIET U OOBIIOE YHCIIO CITyTHUKOB BOKPYT HETro (MX
HacuuThiBaercs 63!). [lociieqHsist BockMepuyHas NETis B OpOUTAIbHOM
cwitoBol rienu FOmuTepa odpasyer opouraabHoe Koiabilo CaTypHa
M0JJOOHO KaueHHIO TIaHeTHOW cdepbl BeHepsl H3HYTpH 10
OpOUTaTFHOMY 3€MHOMY CHUJIOBOMY KoJbIly. Ho opOuTanbsHble CHIIOBBIE
KOJTbIIa JUTs OONIBIIMX Ta30BbIX MIaHeTona0B Onutepa u CaTypHa yxe
CITyXaT He JUIs Ka4eHUs 10 HUM CHapPY>KH IJIaHEeTHBIX cdep, a At
00pa3oBaHusl UX BUPTYAIbHBIX CHIIOBBIX OpOUTANBHBIX 1ereid. [ToTomy
opOutanbHas nenb CaTypHa TakKe COCTOMT U3 TPEX 3BEHBEB, a €ro
HavaJIbHAs METIIS TAKKE MONTyYaeT BpalleHHe 10 YaCOBOM CTPEIIKe, KaK
n 'y FOnurepa. OtuM 00BsicCHSIETCS U «00paTHOE BpallleHUEe BHEITHIX
cnyTHUKOBY CartypHa u OnuTtepa, KOTopoe JUIIb KOHCTaTUPYeTCs
o(pUIIUATTEHO HITH XUTPO «OOBSCHSIETCS» APYTHUM 00bSICHEHHEM.
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Opb6uransHelie kKoibua FOmmTepa u CarypHa.

w

Konbuesas
cdepa Mapca.

[TnanerHas chepa

Onurepa.

Exinworld©

ActeponHas chepa «DasTon».

[To pucyHKY BBl BHJAWTE, YTO aCTEPOMJBI HE OOpa3yrOT HHKAKOTO
aCTEpPOUIHOTO T0sICA WIIM KOJIbIla U3 OTPOMHBIX KaMHEH, a COCTABIISIOT,
XOTsl ¥ B OTPOMHYI0, HO KOMITAaKTHYIO actepouinyto chepy. [losicom sy
chepy mocUMTATM U3-3a OOJIBIIMX DKCIEHTPUCHUTETOB WX OpOMT,
OTMe4aeMbIX OTHOCHTENbHO COJHIA, a TaKkKe M3-3a TOro, YTO BOKPYT
3TOM cepbl BpalAlOTCs U JPYrUe MEIKHE acTepOU Ibl, He BOIICAINE B
€€ COCTaB. A ITU «IKCIIEHTPUCHUTETBI» - M3-32 HE Pa3JIMUCHUs] B3aUMHO-
LEHTPUYECKOTO BPAIICHUS U BPAILCHUS aCTEPOUIOB BMecTe cO chepoit
BOKpYT €€ 1eHTpa. W TyT nossisercs emeé oQHO BAXKHOE HE pa3InueHue
B CTapodl acCTPOHOMHH, KacaTeIbHO OOJBIINX Ta30BbIX IJIAHETOUIOB
(odurnmanpHo TwiaHer). Jlemo B TOM, YTO BpallleHUE OOJBIIHMX
wianeronsioB (FOmutepa, CatypHa W T.A.) — 3TO BpalleHHE BOKPYT
00IIel COTHEUHO-36MHOM C(ephl, XOTs M BOCIPUHUMAETCS C 3eMIIU
BparieHueM Bokpyr Comnia. OQUImanbHO ke CephE3HO YTBEPKIALTCS,
4TO OOJBIIME TUJIAHETOUBI HA TAKOM OTPOMHOM PACCTOSIHUU SKOOBI
BpalIalOTCS B CHJIYy BCE TOrO K€ TMPECIOBYTOr0 IMOA00Us
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MOJIEKYJISIPHOTO TMPUTSDKEHUST B COUETAHMM C BONIIEOHO BO3HUKAIOUICH
cuioit BpameHus! HaBepHoe, B abCyp/ibl Jierue BEpUTh, UM B UCTHHY.

Taxk BOT, onpenencHre opOUTHI MJIAHET MO MEPHOAY UX OOpaIeHus
Bokpyr ConHIa, HCXOMS U3 €AUHCTBA MPOCTPAHCTBA, WM U3 MPHHSATHS
YCPenTHEHHOW HX CKOPOCTH oOpalleHus (OpOUTaIbHOH CKOPOCTH),
CTpeMslIelicsi K 3eMHOW CKOpOCTH (YTO M €CThb Ha caMoM Jede),
MOKa3bIBaeT cieaylomee. PaccTosiHMA IU1aHeT 3eMHOW TPYIIBl  OT
Connua (eciu ObI OHM BpaIIATUCh BOKPYT HETO, & HE BOKPYT COTHEYHO-
36MHOrO IIEHTpa) COOTBETCTBYIOT B WX HAXOXKICHUH JJTUHE
OKPYXXHOCTH. A BOT JJisi OOJIBIIMX IJIAHETOMIOB OTH PACCTOSHUS SIBHO
3aBBIIIEHBI BABOE. M 3TO HE TOJIBKO O3HAYAET, YTO IUIAHETOHJIBI - JTO
y’Ke OTJIeNibHasl CUCTeMa MJIM KOJblieBas cdepa IJIaHeT, Bpallaromascs
y’K€ BOKPYI' COTHEYHO-3€MHOT'O BpAIICHHs. DTO TOBOPUT M O TOM, YTO
0003HaUYeHNE UX OpPOMTHI MO OTHOLICHUIO K COTHEYHO-3eMHOMY LIEHTPY
— 9TO HE OKPYXHOCTh, a chepa «4mR». Tloromy, okaswiBaercs, u
paccTosiHUe 10 TUTAHETOMIOB OT 3eMJTH OQHIIMANTBEHO 3aBBIIICHO BABOE!
Hampumep, yaanéanocts Onurtepa Ha camom nene He 5,2 «a.e.», a 2,6,
n He oT ConHIa, a OT coHeYHo-3eMHoro 1eHTpa! 1 no Hentyna Hukak
He 30,07 «a.e», a Tonbko okoio 15,03 «a.e.».

OTuM 00BSCHSAETCS U SKOOBI acTpoHOMHUYecKas abeppallus cBeTa
WIH HEKOE H3MEHEHHE HalpaBJieHHs CBETOBOrO Jiydya. A BBl YKe
pasnuyaere, YTO CBETOBOM JIyd HE MOXET MEHATHh HalpaBJIeHUE,
nepemeniasich KOHIEHTPUIECKUMH cepaMy TIEPIeHANKYIISIPHO K JTy4y.
JiBoitHOE 3aBBILICHUE PACCTOSHUS A0 IUIAHETOWJOB TOHATHO U U3
cnenyromero. [laBaliTe cpaBHUM  JJIMTEIbHOCTh  MYTELIECTBUSA
OJJHOTHITHBIX KOCMHYECKHX alllapaToB, MOAXOMUBIIMX K Mapcy u K
OmuTepy. Oto amepukanckue anmapaThl «BukuHr-1» M «BUKHHT-2»,
npuinenmue k Mapcy B 1976-m rony m anmapatel «Bosmxep-1» u
«Bosimxkep-2» , 3amylieHHble K OONBIIMM IJIAHETOWAAM cpa3y Ha
cienyromnuii rox uinu B 1977-m romy.

Bot dororpadus kocmudeckoro anmapata «Bosypkep-1» u
ouIMaTbHas XPOHOJIOTHsI MyTEHISCTBUS anapaToB kK Mapcy, a 3aTeMm
— ¥ K OOJIBIIIMM IJIAHETOUIAM.
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BukuHr 1 ctaptoBan ¢ mbica KaHasepan (®nopuga) 20-ro asrycta 1975
roga ¢ nomoubto paketoHocutena TITAN 3E-CENTAUR D1. Annapart Bbiwen
Ha MapcuraHckyto opbuTy 19 mioHa 1976 roaa.

BUKMHr 2 cTapToBan 9 ceHTabpa 1975 roga v Bbllwen Ha MapcuaHCKyio
opbuTty 7 aBrycta 1976.

Bosa:kep 1 craptoBan 5 ceHTAbpsa 1977 roga v nogneten K HOnutepy 5
mapTa 1979 roga, a K CatypHy 13 Hoabpa 1980. Boapykep 2 ctaptoBan 20
asrycta 1977 (nepega Boagskepom 1) n goctur tOnutepa 7 asrycta 1979,
CatypHa - 26 asrycra 1981.

Tak BoT, paccrossHMe OT 3eMiud J0 Mapca mpeoosieBaIoch
«Bukunrammn» B cpennem 3a 10,5 3emHBIX MecsieB. «Bospkepam» ke
1o FOnutepa nmorpedoBanock B cpeaHeM modtu 21 MecsIl, a OT Hero J0
CatypHa - okoio 23-x mecsies. M no ToMy MyTemecTBUIO Moyyaercs,
gyro oT 3emun 1o FOnmuTepa gomxkHO ObLIO OBITH B 2 pa3a Jaliblie, 4YeM
no Mapca. U ecnu mpenanonoxuts, yto 0 Mapca or 3emiu Ipu
3anmycke «BUKUHTOBY» ObLIO JI0 OJTHOM aCTPOHOMUYECKOW SUHUIIBI (KaK
CpelHee pacCTOSHUE 0 HEer0 MEXIYy MHHHMAJIbHBIM PAacCTOSHHEM B
0,52 «a.e» W MakcuMmalbHBIM B 1,52 «a.e.»), TO paccTOsSHUE K
Onutepy, mpeomonénnoe  «BospkepaMu» COCTAaBISUIO OKOJIO 2-X
acTpoHOMHUYECKHX enuHull (2-x ynanéunocteit 3emnu ot ComHia). A
3TO IPHUMEPHO M €CTh MMHMMAJIbHOE PACCTOSHHUE Halllel INJIaHeThl 10
IOnuTepa, paBuoe 2,1 «a.e.». Ilo crapoii sxe actponomuu (¢ ConHiieMm B
LEHTpe) MUHUMalIbHOE paccTosHue Omurepa ot 3eMin TOMKHO OBLIO
ObI OBITE 4,2 «a.e.»!
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Taxxe obcTouT neno u ¢ paccrosiauem a0 CatypHa. [lo xpoHonorun
nyremecTBua Tyaa «Bosykepo» ot lOmuTtepa mo sToro 6oibmoro
wiaHerousa  ObI0  OKoNo 2,2 «a.e». OTO W COOTBETCTBYET
MUHUMaNbHOMY paccTosHuio CatypHa ot IOnutepa B 2,17 «a.e.». A no
CTapol AacTPOHOMHH 3TO MHMHHMAJIbHOE paccTosHuE (Kak pa3HOCTh
paaunycoB opobut Bokpyr CoiHIA, a HE BOKPYr COJHEYHO-3EMHOM
cheprl) cocraBiser 4,34 acCTPOHOMHYECKHME CIUHUIBL OJTO U
JOKa3blBa€T JBOWHOE TIPEBBINIEHUE PACCTOSHHA 10  OOJBIINX
TUTAHETOHJIOB B OBITYIOIIEH acTpoHOMUH. M BBI yKe BUAUTE, YTO ATO 32
acTpoHOMHUs Takas. Ho He BepuTCcs, 4TO acTpOHOMBI He OOpaTHIIM Ha
3TO BHMMaHHE. A HX Moi4aHHe enié pa3 TOBOPUT O TOM, UTO
WCCIIEJIOBAHMS], HA3bIBAIOIIMECS HAyKOW, - 3TO TOJBKO TEXHOJIOTHH,
HALIEJICHHBbIE HA JOCTUKEHUE MHUPCKUX Liened. JIecTBUTENbHON ke
HAyKOH MOXeT ObITh TONBKO PaznnyeHue!

Bo B3auMHOM COJTHEUHO-36MHOM BpalleHWH HaKJIOH OCH BpaIleHUs
3eminn, Kak W HeOOJNBIIOW HAKJIOH OCH BpAIICHHWS COJNHEYHOTO
reJMonia, Beeraa OyneT MOCTOSHHBIM. JTO BBl MOXKETE MONpOOOBaTh U
caMmH, Bpallas Balll yKa3aTelbHbIN Majel BOKPYT Majblia JPYrod pyKH.
Buaure, HakIOHBI 00OHMX MaJbIIEB BCET/Ia TOCTOSIHHBI B IPOCTPAHCTBE.
B3anMHO-IIGHTpUYECKUM BpalieHUeM OOBSICHAETCS M TOCTOSHHBIN
HAKJIOH Ocell y JIPYrux OKOJ03eMHBIX IuiaHer (Mepkypus, Benepsl u
Mapca). B opunmansHO# ke acTpOHOMHUHU MPO MPHYMHY MOCTOSHCTBA
HAaKJIOHA OCEW IUIaHET, pa3yMeercsi, HET HU cioBa. [[oCTOAHHBIN ke
HAKJIOH OCH y OonmbmmX ra3oBbix mianeronnoB (KOmutepa, CatypHa u
T.1.) OOBSICHSETCS BpallleHHEM YK€ MX BHYTPEHHHX SI€pP BOKPYT IpyT
napyra. B3auMHBIM CONHEYHO-3€MHBIM BpallleHMeM W B3IJISIOM W3
3eMauM HE CBEpXy, a Kak Obl COOKYy OOBSCHSAIOTCS U SIKOOBI
9KCIEHTPUCHUTETHI Y opOUT 1utaneT. OHU JHIIL BOCIIPUHUMAIOTCS MIPH
HaOmoeHnH ¢ 3eMid, TeM OoJiee B MPUBSI3KE MJIAHETHBIX BpalCHUI He
K COJTHEUHO-3€MHOMY IIEHTPY, a K CoNHIly. DIIMICHOCTh OPOUT — 3TO
TaKXKe M CJIEACTBUE HAONIOACHUS IJIAHETHOTO BpPAILICHUS M3 HAIero
HaJBaKyyMHOI'0 MHpa, HO MJyLIEro MMEHHO B BaKyyMHBIX CIOSX. A
SIJTUIICHOCTh OPOUT, HAIpUMeEpP, UCKYCCTBEHHBIX CITyTHHKOB — 3TO YK€
MPOSIBJICHHE HMEHHO CQEpUYHOCTH HX BpallleHHus, B KOTOPOM
HapyKHasi KOHTypHOCTh win Qopma (2nmR) B 1mBa pasza meHbie
YaCTOTHOCTH HMJIM TIOJTHOW YK€ TPaBUTOHHOW MMEHHO CQepbl BpallleHHs
(4nR). Kpome TOro, 3JIMIICHOCTh BPalleHHsl CITyTHUKOB JIOKa3bIBA€T
HaIWYHME IUIAHETHBIX cQep, M BaKyyMHBIX CIOEB MPOCTPAHCTBA,
MPOSIBJISTIONIUXCS OOJIBIIEH MITH MEHBILEH AIITUIICHOCTBIO.
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IlenTp B3aUMHOIO COJHEYHO-3€MHOT'O BpAIICHUsS 0003HAYAIOT U
ounmManbHO, HO, ONATH Kak Obl, He 3ameyas 3toro. M 31O - Tak
Has3bIBaeMas OCb MUPA WM «IIpsMas JIMHUS, TPOBEAEHHAS Yepe3 LEHTP
HeOecHOM cdepbl (Yepe3 IIGHTP HOYHOrO Heba) MapalielibHO OCHU
BpaIleHus: 3eMITH.

Ha odurnmanpHOM prUCyHKE, TPEICTABICHHOM HIXKE «OCh MHPay — 3TO
nunug «P-Py.

3[[601) HUHTEPECHO U TO, YTO ABUIKCHHEC COHHHa 10 DKJIMIITUKE UJINU I10
OOJIBIIIOMY KpYTY 3TOi HeOecHOi cdepbl OQUIMATBHO — 3TO SKOOBI
«OTpaKeHUE JEHCTBUTEIHHOrO NBIDKEHUS 3emin Bokpyr Connia». Ho
BBl YK€ TIOHMMaeTe, 4TO TOrjJa M LEHTp HeOecHO# cdepbl (Touka
nepecedyeHus oceil) copnagan Obl ¢ neHTpoM ComHua. U onste momor.
Ho naxxe, Hao0opoT, Ipu pacCMOTPEHUH 3TOM HeOECHOH cephl B LIEHTP
e€ MHOTJa IOMEIIAIoT 3eMiTto, Jienad e€, Kak u rnpu lItonemee, ieHTpoM
BpamieHus! VYxe OJHO 3TO JIOKa3bIBaeT B3aMMHO-IIEHTPHYECKOE
IJIaHeTHoe BpaieHne. Ho mepeceuenne oceil Ha pUCYHKE — 3TO U HE
TOJIBKO ILEHTP B3aWMHOTO COJIHEYHO-3€MHOT'O BpAIEHUS, MOCKOIBKY
BEepTHUKaJIbHAsg OCh HAa PHCYHKE NPOXOJUT, OKa3bIBaeTcs, emé U 4epes
LEHTP KOCMUYECKOW cdepbl cuUcTeMbl lleHTaBpa mpu KayeHUHU YxKe
BOKPYT He€ COTHEUHO-3eMHOI KocMuueckoi cdeprl. Ho aTo nBrkenue,
MoKa, KOHEYHO, HE pa3InyaroT.
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6. PazinyeHre HeBHINMBIX KOCMHUYECKHX chep.

Jpyrue Taitnpl BpameHus ConHua u 3eMiiu.
(0] ‘léprIX «IbIpax» M CYECTBYIOT JIK F'AJIAKTHKH, KaK
TaKOBbI€. 3/1eCb TOBOPUTCS O TOM, YTO

-1) B aCTPOHOMMUYECKUX HABNOAEHUAX HE YUUTBIBAETCA BaKYYMHas U
BHEBAKYYMHas, K TOMY e MMeHHO chepnyeckas CTPYKTypa NpoCTPaHCTBa,
a 3HAYmT, - U KOCMOCA. ITO U NPUBOAUT K UCKAYKEHWUIO PACCTOAHMUI [0
KOCMMYECKNX 06BEKTOB Jarke 6e3 yuéTa CKOpPOCTU cBeTa B
rMNeprnpoCTPAHCTBE, @ TAKXKE K YTBEPKAEHUIO HEKMX YEPHBIX U BENbIX
«ablp». He pa3anyatotca NOTOMy MMEHHO 3BE3/bl M NJAHETbI, NOXOXME Ha
3Bé3abl. Beap, Hanpumep, 1 KONuTep U3 4anéKoro KOCMOCa MNOXOX Ha
3Be3ay;

- 2) NOTOMY KOCMOC COCTOUT HEe M3 FaNakTUK, a - U3 KOCMUYECKUX TPUNoen
nnu n3 TpexchepHUKoOB, NOAO06HbIX rpaBUTOHaM. OHUM BpaLLatoTCA
KauyeHMeMm BOKPYr ApYr Apyra, Yem u obpasytoTtca BCcé bonblune
Kocmuyeckue cdepsbl.

[anakTUKM e — 370 Wb GoTOrpadum KOHKPETHBIX YH4ACTKOB KOCMOCA,
KyZa NPOHWMKAET «B3rNaa» TeNeckona;

- 3) HabntogeHME BPALLEHUS TOYKM BECEHHErO PaBHOAEHCTBUA Ha
COBMECTHOM CONHEYHO-3eMHOM opbuTe — 3TO M eCTb CieACTBME BpaLLEeHMA
KayeHMeM KOCMMUYECKOW COTHEYHO-3eMHOM chepbl (BKAOYasa bonblune
nAaHeTouAbl U AasbHUE acTePOUAHbIE KonbLeBble cdepbl 3a MNayToHOM)
BOKPYT 06LL,Ero TPUNONLHOMO LeHTpa B cucTeme «LleHTaBpay.
OduupmanbHoe e «0bbsACHEHMEY 3TOTO NPeLLecCMent, HO, Kak Mea/IeHHbIM
BpaLLeHMEeM LLeHTPaIbHOM 3eMHOM 0CcU ¢ 06pa3oBaHMEM KPYroBoro
KOHyca, Hecepbé3Ho. OHO NOA06HO TAKOMY Ke «0BbACHEHMUIO» U
NMONATHOroO ABMNXXeHUA NNaHeT No HE6OCBO,£I,Y.

Befib B TaKOM C/ly4ae CMeLLLaIUCh bbl U ABa AHA BECEHHEro
paBHoAEeHCTBUA. MHbIMW CI0BaMM, CMELLANNCL Obl U CE30HbI MO
KaZieH[apto, YTO VXK HUKaK He OTMEYEeHO B UCTOPUN.
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3HaeTe, 4eM €CTh em€ IEHTP COJIHEYHO-3a€MHOr0 BpalleHus?
JIunus, npoBenEHHAA U3 3TOTO LEHTPa B KOCMOC, - 3TO HE YTO MHOE, KaK
TO, 4TO O(HIMAIFHO HA3BIBAIOT [EHTPOM HAaIeH TaJaKTUKWA HIIH
«Muneunoro nmytu»! Benp, kak BBl yke npouuTany, co3pe3ane Ctpenpia
HaxoJMUTCA KaK pa3 HaJ LIEHTPOM COJHEYHO-3EMHOI'0 BpalleHus. A 1o
oQUIATTBHBIM TIPEJCTABICHUSAM LEHTP TAJIAKTUKU JISKUT SKOOBI B
cozBezauu Crpenbua. [loroMy TO, YTO HEKHe «HEMpO3padyHble oOJaKa
MBUIN» TIOCTOSHHO 3aCTHJIAIOT OT AaCTPOHOMOB SIPO TaNaKTHKH, U
O3HauaeT WX B3IMNIAJ B HEMOHATHYIO TmepcrnektuBy. Kpome Toro,
MOCKOJIBbKY co3Be3nue CTpenblla HaXOMUTCS HaJl CONHEYHO-3€MHBIM
BpaIlleHUEeM, TO ATO M MECTO KOHTaKTa KOCMHYECKOW 307HMaKaIbHOM
chepsl ¢ MOAOOHBIMU el cepamMu. A B MeECTE ITOr0 KOHTAaKTa M
oOpasyercst »dTakas 4€pHas IIeNb, HasbiBaeMas oOQUIMANEHON
acTpoHOMHEH Hekoell «uépHol ApIpoi». Cuurtas Ke TpaBUTALMIO
momoOueM 4YyJaecHO WM caMO CcO0Oi Bpallarollerocs MarHUTHOTO
MPUTSHKEHUS, TIPUMHCATN 3TUM KOHTaKTHBIM MECTaM OIPOMHBIE CHJIBI
MOJOOHOTO MPHUTSKEHUS, KyAa SKOObI 3aTATHUBACTCS M CBET, YTO YKe
ckaska. Benb cBer 3BE3N — 3TO HE Jyd Jlazepa M3 MOJIEKYISIPHBIX
¢oronoB. Ha camom e pene, Oyaydyd KOHTaKTHBIMH MECTaMHU
MPEAENbHBIX JJIs Hamero o0bEMHOIO BOCIIPHUATHS KOCMHYECKUX cdep,
3a ITUMH «IEPHBIMH ABIpaMI» MIOTOMY yXe U He MpOorisiabiBaeTcs GoH
npyrux cdep. MoxHO Aaxe ckazaTh, 4TO YEPHBIE ABIPHI — 3TO emé u
HPOSIBIICHUE MOABAKYYMHON KpaWHEW cpepl IPOCTPAHCTBA, B OTIIMUUE
OT «OeTbIX IBIp», KaK MPOsIBICHUH B MECTaX KOHTaKTa KOCMHUYECKHX
cdep yxe BaKyyMHOH cpeJibl IPOCTPaHCTBA-BELIECTRA.

Ho »sto emé nHe BcE! Bml yxke 3Haere, uto BO BcenenHoii Her
LIEHTPOB OT/AENbHBIX BpalleHud. EcTb LIEHTPBI 3aumHbiX 6paujeHull.
[Toromy Her, ¥ HEe MOXKET OBITh M BOOOIIE IICHTPA TaJIAKTUKU, & €CTh
JUIIb MPOMEXKYTOUYHbIE IIEHTPbl BpalleHUH KOCMUYecKuX cdep,
MOJOOHBIX TPAaBUTOHHOMY BpallleHWI0. BumuTe, Kak MCKakeHO emé u
npeacraBieHue o kocmoce! M KpoMme COMHEYHO-3€MHOTO IIEHTpa
B3aMMHOI'0 BpAIllEHHUs, NEPCHeKTHBY KOTOPOro B JalsX KOcMoca
opUIMATTBHO CYMTAIOT IIGHTPOM Halleld TallakKTUKH, €CThb M IEHTp
B3aMMHOI'0 BpAILCHHsI OOIIEH COJHEYHO-3EMHOW CHUCTEMBI M CHCTEMBI
Cupuyca. IlepneHAMKYISIpHO K€ 3TOMY KOCMHUYECKOMY BpaIIEHHUIO
pacnonoxkeHa cucreMa lLleHTaBpa Mexay 3Be3I0OM U IUIAHETON
IentaBpa. W nexuT 3TOT LEHTP HE B JANAX KOCMOCa, a Kak Obl Ha
obmeit miockoctu BpameHuss ConHma u 3emin (¢ TUIaHETAaMH U
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mianerougamu) u  Cupuyca (BMeCTe C €ro IUIaHETaMH U
TJIAHETOUIAMHU ).

A BOT ye B3aMMHO-LIEHTpUYecKkoe BpaieHne cucreM CoiHIa U
Cupuyca Bokpyr apyr apyra (uepe3 cucremy lleHTaBp B LieHTpe) U
MPOSIBJISIET MTOI00KME OIPOMHOTO TpEXc(hepHUKa HIT TPUIIOIS YaCTOTHON
BOJIbI, KaK HEKOEH COTOBOM STUEHKHM KocMoca. M BHJI 3TOM KOCMHUECKOM
SUCHKU  CBEpXYy TMOAOOCH TakoMy ke BUIy TpéxchepHuKa,
[IPUBEAEHHOIO B Hayajle KHUTH. BOT Takue COTOBBIE SYEUKH U
00pa3yroT KOCMHYECKOE MPOCTPAHCTBO-BEUIECTBO HAJ Mperpajoi K
HUCTUHHOMN BOJE, Kak K Apyrod Bcenennoil. Ix xaueHue BOKpYyr Ipyr
Jpyra, TOJ00HOE KauyeHWIO TPaBUTOHOB, M o0Opa3yeT BCE Ooblime
cdepbl, BOCIPUHUMAEMbIE «TajakTHKaMu». [loToMy W o¢uIHaIbHO
CUMTaeTCs, 4YTO «IIsi BceneHHOW xapakTepHa siyencTast (MHOTIA
TOBOPSIT ceTyaTtasi, MM MIOPUCTas) CTPYKTypay.

T.o., opunuanpHOE paszeneHne KocMoca Ha HEKHE TalaKTUKU, Kak
IJIOCKUE CKOIUICHUS 3BE3/1 HecepbE3Ho. Bce HaOr01aeMbl ralaKTHKH —
3TO, KaK MPaBUIIO, KOCMUYECKUE 3BE3HO-TNIAHETHBIE TPUIIONH. DTUM U
00BsICHSIETCS, YTO MPHUMEPHO 75% MPOILEHTOB «TaJlAKTHK» HMEIOT
CIHpAIGHBIN WM ONMU3KKE K crupand (0QUIHaIbHO HelpaBUIbHBIN)
BUJI, TIOCKOJIbKY Ha 2/3 TPUIIONW W BBITISAAAT, Kak cnupainn. U Tax xe,
KaKk TpaBUTOHBl B HMX Kau€HWHW BOKPYr Ipyr Apyra oOpas3yloT Bcé
Oonpime cepsl, TAK 1 KOCMHYECKHE TPUTIONH (BPOJIE HAIIEro TPUITOISL
«Connne-LlenraBpa-Cupuyc») B UX KaueHHH 00pa3yloT Bc€ Ooinbline
cheppl. Bor 3T cdepbl M Ha3BIBAIOT TaNaKTUKAMH, KaK HEKUMH
CKOILUICHUSIMU 3BE3]1 WJIK 3BE3IHBIMU OCTPOBAMMU.

3neck npuBeseHa Gororpadus qanékor OT HAC TaK Ha3bIBAEMOMN
CIUpaJIbHON rajlakTUKU «HYEpHbIN rnasy, asrop JI.Ejgenun, Mocksa. B
ITHX M300paKEHHUAX HAZ0 YUUTBIBATH TO, YTO «B3TJISI TeJIECKONa
IIPOHMKAET BCErJa BHYTPb HEBUIMMON HAM I'PAaBUTOHHONW KOCMUYECKON
cdepsl. [Toromy Ta kocMudeckas cepa, KyJaa MPOHUKAET TEIECKOII,
Ka)KeTCsl HEKUM OCTPOBKOM CpEIN JIPYTUX OCTPOBKOB Ha (OHE YEPHOTO
kocmoca. Ho 310 He Tak, Bce cpepbl BpalatoTcsi KAUeHHEM BOKPYT
npyra ¢ oopazoBanueM Bcé oonbiux chep. Kpome Toro, 3a4actyro Mbl
BHJIUM JIMIIb MOJIEKYJISIPHYIO TUIOCKOCTh BpallleHUs TJIaHeT
KocMHu4deckoro Tpunois. Ho u3ganu, kak 371ech, BAKYyMHOE U
BHEBaKyyMHOE CBEUEHHE 3BE3]] 3aTIOJIHSIET UMEHHO cepy.
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[Tonmydaercs, 4To Ha3bIBaEMOE B CTapol aCTPOHOMMHM ralaKTHKaMU
— 9TO WIH JHIIb KOHKpETHbIE (oTorpaduu B ONpeneNéHHON TOuKe
KOCMUYECKUX cdep, COCTaBICHHBIX KOCMHUYECKUMH  TPHIIOISMH
Hanopobue Hamero tpunons «ConHue-LlentaBpa-Cupuycy». SApkuii xe
LHEHTP B TaKUX «TajaKTHKax» - 9TO HaOmogaeMoe MoJ onpeaciéHHbIM
YIJIOM Kaxylleecs CIUsSHHE OOMMX IIGHTPOB BpalIeHUS 3TUX
KOCMUYECKUX Tpunojend. Beap BpallleHME KayeHMEM KOCMHUYECKUX
TPHIIONe BOKPYT JIPYT ApYra Yaiie BCero HaOIroJaoTcs MO JIMHUH UX
ueHTpoB. K ToMy ’xe BBl yXe 3HaeTe, 4YTO 3BE3JbI, KaK TaKOBBIE,
opuManpHasi acTpOHOMHS HE Bcerja pasiuuaer. Benmp u ImaHery
CupHuyc CUMTAIOT HEKHMM aOCypAHBIM O€NbIM  KapiuKOM HJIH
KapJIMKOBOM 3Be3foi. 1 3T0 moTroMy, 4ro crapas acTpOHOMHMS He
paznuyaer IeHCTBUTENBHO MIyIlee B3aMMHO-IIEHTPUYECKOE COJIHEYHO-
3emHoe Bpaienue. [Ipu sTom otpakénubrii cBer Cupuyca-riaHeTsl UiIu
Cupuyca-zeMiin  aHau3Upyercd MO IIKajle 3BE3HBIX CIEKTPOB,
OIIpeNeNdIoMX TeMIepaTypy 3Be3fbl. B TakoM ciiyyae MOXHO
«ompenensate» W Temneparypy Jlymsl, Benepel, Mapca u napyrux
IIJIaHET, KOTOpBIE 110 3TOM HIKalle TaKKe COCTaBAT HE MaJjble 3HaUYSHMS.
W BBI BUANTE, HACKOIBKO MCKAXKEHbI aCTPOHOMHYECKHE MPEICTaBICHUS
HaIllero BpeMeHu!
T.o., u cucrema lleHTaBp 0Opa3yercs He HEKOEH JTBOMHOMN 3BE3/0M,
a 3Be3goi LlenraBp w mianeroit lleHTaBp, MOMOOHOH OrpOMHOMY
razoBoMy IUTaHETOUIy. A TO, 4YTO cuuTaercs 3Be3noil IIpokcuma
LenTaBpa, kak Ommxaiiimeit k CoaHIYy 3BE€3JI0i, TO 3TO HA CAMOM Jieie
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TaKkXKe razoBblii Tutanerow]; (mopoOHbii FOnutepy mim CatypHy) B
cucreme L{entaBpa. [Tockonbky y 3Be31b1 LlenTaBp 1 mianers! LleHTaBp
MOYTH OOWH pasMmep, To cucteMa LleHTaBp CclIyXUT JIHIOb JUIs
00pa30BaHus CPEAMHHON TPaBUTOHHOM C(epbl B TAKOM KOCMUYECKOM
Tpéxceprruke. B cBs3M € 3TUM BEpOSTHO M TO, YTO cama 3Be3Za
IlentaBpa — He 3Be3/a, a TakXKe OOJBIIONH TUIAHETOWJ], OTPAKAIOIIHIA
ceer Comuna u Cupuyca-3Be3bl. BBIXOOUT, YTO acTpOHOMBEI B
HAOJIOICHNH KOCMHYECKHX BaKyyMHBIX CIOEB MPOCTPAHCTBA, HE 3HAS
00 WCTUHHOH CTPYKType MpPOCTPaHCTBA-BELIECTBA, WCKAXKAIOT M BH]
KOCMOCa, ¥ PaCCTOSIHHSI B HEM.

[MonpoOyem BMecTo cdepbl B KocMmuueckoMm Tpunone «CorHiie-
LenrtaBpa-Cupryc» HapucoBaTh BOOOpa)kaeMyl0 OpOHMTY B3aHMHOTO
COJIHEYHO-3eMHOT0 BpalleHus. To ke caMmoe caenaeM ¢ BOoOpakaeMoit
opOuTON BpameHusi 3Be3/ibl U MmiaHeTsl CHpHyc BOKpYT JApYT Ipyra.
Benp paccrosinue Mexy 3Be3noit Cupuyc u maneroid Cupuyc JOIKHO
ObITh paBHO paccrosiHMio ComHna oT 3emin. CBepxy ke 3THX OpOUT
MOMECTUM KOJIBIIO M3 CO3BE3MI-3HAKOB 30/IaKa, MPOXOAslIee Kak pas
4epe3 HeHTPhl B3auMHbIX BpauieHuit y Connna u 'y Cupuyca.

Tak BOT, B CHHXpPOHHOM C(QEpHUYECKOM KadyeHWH OITUX
BOOOpakaeMbIX WJIM BHPTYalbHBIX OPOUT BOKPYT MX OOILEro IeHTpa
(uepe3 MepneHANKYISIPHO 00Pa3yIoUIYIOCs K HUM KOCMHYECKYIO chepy
LleHTaBpa) W MPOHUCXOAUT YyXKe NBMKEHHE CAMHUX LIEHTPOB B3aMMHBIX
Bpameauit y Conana u 'y Cupuyca. A 3T0O ¥ BOCIPUHUMAETCS B BUJE
Ha0II0/1aeMOro (HO He HCTHHHOTO0) HEMTPEPBIBHOTO MepeMelIeH s TOYKH
BECEHHEr0 PaBHOACHCTBHUS MpuMepHO Ha 1° 3a 70 nmeT OTHOCUTETHHO
30[IMaKalbHOTO Kpyra, HasbiBaeMoe mpereccueil. [lo odunmansHOMY
YTBEP)KACHUIO 9TO, MOJI, U TIPUBENIO K TOMY, YTO 30[/MaKaIIbHBIN MeCsI]
HAYWHACTCSI W KOHYAeTcs He B OJHOM KaJeHIapHOM Mecsle, a B
CMEXHBIX Mecsnax. Ha camoMm jke neie 3TO TOBOPHUT O TOM, HYTO
npkenne Cupryca Ha HEOOCBOJIE UAET CTPOr0 CHHXPOHHO ¢ CONHIEM.
[Moromy apeBHHMe eruntsiHe W cuuTand CHUpHyC HOYHBIM aHAJIOTOM
ConmHua. A 5TH 3HaHUS MM Iepefaid TMOTOMKH BEpXHMX JIIOJEH
(mpaBHYKH Anama).

«BekoBoe» BpallieHne KOCMHYECKHX TPUTONbHBIX chep ComHIa U
Cupuyca BOKpYT X OOIIEro IEHTpa, PaCIOJI0KEHHOTO B cepe
IlenTaBpa, a 3TUM - U BOKPYT JPYT APyra BUJIOM «CBEPXY» WIH C
Cesepa 3emutu. [Ipu 3TOM HaOIOIAETCS BPAIICHUE COTHEYHO-3EMHOT0
HEHTpa U TOYKU 3UMHETO COJTHICCTOAHNA Ha COBMECTHOM COJTHEYHO-
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3eMHOHM OpOHTE MO/ 30iMaKaIbHbIM KpyroM. Ho oHO uuér,

OKa3bIBAETCs, COBMECTHO C MOJ0OHBIM BpallleHneM U 30JHaKabHOTO

Kpyra 3B&371. M korna 3emist HaXoUTCA M0 STOMY PUCYHKY Ha MecTe
ConHIia (B TOYKE JIETHET0 COIHLECTOSHUN), TO CITYCTS MECSI] U
HaO0JII0JIAeTCsl COJTHEUHBIN UM refinakudeckuii Bocxon Cupuyca-
3BE3/1bl, IOCKOJIBKY JIBE 3BE3/Ibl, BCTAB UMEHHO 110 OJHOW JINHUH,
Ha4YMHAIOT OTKPBIBATh JAPYT JAPYyTa JJIS 3eMHBIX U «CHPHAHCKHUX)

HaOIo1aTeNeH.
Exinworld© 3o1uaKanbHbIA KpyT.
Connue. L ] Cupuyc.
Y=Y Y~
LA LFA
I L

Bsaumusbie nenTpsl Bpamienuit cucrem ConHua u
Cupuyca.

B crapoli jxe acTpOHOMUU Tpereccusi O0BSICHICTCS HE JABMKCHUEM
CcaMoOro IIEHTpa COJIHEYHO-3€MHOTO BpallleHHs, a MEIJIEHHBIM
JBIKEHUEM OCH BpalleHHs 3eMIId M0 KPYrOBOMY KOHYCY CO CCBUIKOM
Ha TO, 4YTO, MOJ, U y UTPYIIKU IOJa €CTh Takoe JBIwkeHue. Ho Harma
IUTaHeTa — 3TO He MOA00MEe TaKOi MIPYHIKH, OCh BPAICHUS KOTOPOH
JIEHCTBUTENBHO COBEPIIACT MEAJIEHHOE BPAIIEHUE BO BPEMS BpaIllCHHS
camoil ronbl. Bens BBl 3HaeTe, uTo 3eMysl HE IPOCTO Bpalaercs, a
obpamaercs u Bokpyr Comnnila. Kakas sxe 31ech ronia? Ho ects u npyroe
He pasnuyeHue. Benmb eciii Obl MEIJIEHHO Bpallajiach 3eMHas OCh
BOKpPYI' IIGHTpa CBOEr0 HaKJIOHAa WIM ObBUIO OBl B TPUPOJIL
CYIIECTBYIOIICEe OOBICHEHUE MPEIIECCHUH, TO TTOCTOSIHHO CMEIIATUChH Obl
TOYKH PaBHOAEHCTBUM M COJIHLIECTOAHUN. IHBIMU CITOBaMH, CMEIAIUCH
Obl BpeMeHa roja B kanenaape! Ho c¢ Tex mop, kak puMCKuH mama
I'puropuii XIII BBEN B 16-M Beke BMECTO IOJMAHCKOTO CBOM KaJieHAaph,
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YCTaHOBHB JIEHb BECEHHETO paBHOJIEHCTBU Ha 21-e MapTa, IpOUCXOJUT
OHO B 3TOT JI€Hb U TEIEPb.

HpaB)la 0 NMpeuecCu U YT0 TaKo€ JIYI€BbI€C 3EMHbBIE OCH. 31ech
TOBOPUTCS O TOM, YTO

- 1) Habntogaemoe nepemelLeHne TOYKU BECEHHETO PAaBHOAEHCTBUSA (KaK
npeueccus) KoOMNeHcMpyeTcs 0bpaTHbIM 3TOMY AB/IEHUIO 6oslee NO3gHUM
NPUXoA0M UCTUHHOTO CONHLLA B TOYKY BECEHHEro PaBHOAEHCTBUA (KaK
aueccuert). 3T0 U NOATBEPNKAAETCA TEM, YTO HE OTMEYEHO CMELLEeHUA
CE30HHOCTU U AHEeWN PaBHOAEHCTBUM 3a BpeMs noyTty B 500 fieT, rosops 06
OTCYTCTBMMU HEKOEro BEKOBOrO CMeLLeHNA 3BE34, — 3HAKOB 304MakKa
OTHOCUTE/IbHO Ka/leHAAPHbIX MECcALEB, HO 03HaYan BpaLLleHWe CONHEeYHO-
3eMHOW opbuTanbHOM NAOCKOCTU. TakoM daKT, Kpome Toro, ewé pas
[O0Ka3blBaeT CTPYKTYPY MaTEPUN U3 BaKYYMHOTO N BHEBAKYYMHOIO
NPOCTpaHCTBa-BeLecTsa. T.0., odMLManbHanA NpeLeccma — 3To He TONbKO
KPYMHOE He pas/inyeHune, Ho 1 o4epeaHOM NOAJ 10T U3-3a COKPLITUA daKTa
OTCYTCTBUSA B AENCTBUTENIbHOCTU ABUNKEHUA KaNeHOAPHbIX AHEW BECEHHETO
paBHOLEHCTBUSA;

- 2) LeHTpanbHaa 3eMHas 0Cb OTKNIOHEHA OT BEPTUKANN K YC/TIOBHOM
NIOCKOCTU CONTHEYHO-3EMHOM OPOUTbI POBHO HA YETBEPTL MPAMOTO YI/1a, a
He Ha 23,5°, KaK yKa3blBaeTcAa opuumanbHo. MNorpetHocTb YyTb MeHbLUE
OAHOTO rpafyca — 3TO KaK pa3 cneacTBue pacCMaTpuMBaHUA OTAENbHOTO
3eMHOro BpaleHua BoKpyr CosHLa, @ He COBMECTHOrO CO/THEYHO-3EMHOTO
BpaLLeHuA.

- 3) MocTOAHHOE CMELLEHNE MArHUTHBIX NMOAOCOB 3€MJIM OTHOCUTENIBHO
Apyr apyra npumepHo Ha 11,5° nokasbiBaeT, BO-MepBblX, MOCTyNAeHne K
Hallei nnaHeTe BHELIHEN rPaBUTOHHOM YaCTOTHOCTM U BHeELLHee eé
HaMarHm4ymBaHUe.

A, BO-BTOPbIX, MOCKOJ/IbKY U MarHUTHbIM NOAOC, KOTOPbIN - Ha CeBepe,
CMeLEH OTHOCUTENIbHO OCK BpaLLeHMA ToXKe Ha 11,5°, To 3To 03HavaeT
rogoBoe BpalleHMe BOKPYT LeHTPaSIbHOW OCU UM OCU BPALLEHUA ABYX
Ay4Yesbix oceli: reOMarHUTHOW M paamnaLMoHHON ocu. BOT 3To 1 ecTb
OecTBUTE/IbHO MayLen npeyeccuedl.

Mo 3TMM ocAM MAET LMKANYECKOE ABUNKEHNE KOCMUYECKOWN FPAaBUTOHHOM
YaCTOTHOCTM.

332 _Pasnuuenue puzuku u acmpoHomuu.




1 Sanumamenvroe Paznuuenue.

A TaKOWM YACTOTHbIN LMK BPaLLAET KAYEHNEM CUMMETPUYHbIE
opbuTanbHble 3eMHble chepbl BOKPYr NOA0OHbIX CONHEYHbIX chep, a 3aTem
— W HAPYKHYIO NIAHETHYI0 cdhepy KauyeHUeM yKe no opbutasbHomy
KO/bLLY, YTO M NPUAAET BUAMMOM U OLLYLLLIREMON HaMK 3emMe CyTOYHOEe
BpalLeHue.

Taxk BOT, HaIIpUMep, IPU PaBHOACHCTBUAX 3€MHAsl OCh CTOUT KaK Obl
poBHO 60KOoM K COITHILY, YeM W TIOIy4YaeTcsl paBEHCTBO JHSI HOYH. A MpH
JonyiieHnn abcypaa BpalleHHs IEHTPAIbHOH OCH, OHa Y)Ke 3aHMMaja
Ob1 npyroe momoxenue. [loromy Takoro abcyphaa, KOHEYHO, HET B
npupone. He pasnuyeHve AelCTBUTENBHO CYIIECTBYIONIETO B3aMMHO-
HEHTPUYECKOTO TIUIAHETHOrO BpPAICHUS NPUBOJUT K TOMY, UTO
BpaIlleHHE COJHEYHO-3€MHOI'0 ILIEHTPa BOKPYT IIEHTpa KOCMUYECKOIO
Tpunonsi lleHTaBpa NPUHUMAIOT KOHYCHBIM BpalleHHEM «IOJI0Ca
MHUpa» BOKPYT «IIOJIOCA SKIHIITHKNY, TPOBOAS COOTBETCTBYIOIINE OCH
4yepe3 OTH ILEHTPhI, XOTs W He 3Has 00 dToM. Ilpm 3TOM OCH,
MPOBEAEHHYIO 4Yepe3 B3aMMHBIN COJTHEYHO-3eMHOW IIEHTP, MOCKOIBKY
COIJJACHO CTapoi acCTPOHOMUU OHA IapajlelbHa 3E€MHOM ocH
BpAILEHUs, HUYTOXE HE CyMSIIUCh, CYUTAIOT U 3eMHOU ocbro. Ho 3To
emé He Bc€! Kpome MOCTOSHHOrO mepeMeIleHuss TOYKH BECEHHEro
PaBHOCHCTBHS B aCTPOHOMHUYECKOM HAOJIIOJIEHUH yCTaHOBJIEHO, 4TO 32
rog ConHIlEe MPUXOAUT B TOUKY DPaBHOAEHCTBUSA MNpuMepHOo Ha 20,5
MUHYT paHblle, 4eM 3eMiis 3aBepliaeT CBOM MOJTHBIA 000pPOT IO
opbute. Ho MOMeHTHI paBHOAEHCTBHU (KpoMe 00O3HAuYeHHS MX JHUIIb
BHCOKOCHOTO JIBUKEHUS) He M3MeHsAtoTcs yxe moutu 500 jer mocie
nansl ['puropus XIII, 3amenuBIIero kaineHaapb. 9T0 U 3HAYUT, YTO HET
HUKAKOW Mpereccuy B € ObITYIOIEM TOHUMaHHH.

B cBsi3u ¢ aTiM Oonee panHee Ha 10 gHEl BeceHHee paBHOACHCTBHUE,
HactynuBiee ko Bpemenu ['puropus XIII (uTo u BEIHYANIIO €ro BBECTH
CBOW KaJIeHJaph), MMPOU30IIIO BOBCE HE M3-32 BPAIICHHS OPOUTAILHON
TOYKH PABHOACHCTBUS, @ TONBKO H3-32 BHEIIHEH (OTHOCHTEIBHO
HAOMIOIeHUsT € 3eMiIM) HETOYHOCTH IOJNIMaHCKoro KaneHgaps. K
MOTPEIIHOCTH  KaJleHJapHoro cyéra jgo0aBiseTcsi ©  TOACYET
BHCOKOCHOI'O IoJla C JOINOJHUTENBHBIM JHEM, IIOCKOIbKY 3BE3/IHBII
CYET KOJIMYECTBA CYTOK BEIYT HE OT 3UMHET0 COJHIECTOSHUS, a OT JHA
BECEHHET0 PaBHO/ICHCTBHSI, TIOCIIE KOTOPOT0 M HAKJIAJbIBAIOTCS JIMILTHUE
CYTKH OT MHPOTAIlMH MM TPEThEro COBMECTHOTO 3€MHOT0O BpaICHUS,
KaK JIOTMOJIHUTEILHOTO CYTOYHOI0 BpaieHus (00 3TOM peyb Jabliie).
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I 3anumamenvroe Pasnuyenue.

Takum 00pa3oM, BBl BUIWTE OYEPEAHOE KPYIHOE JaXe HE
pasnuyeHue, a cHoBa momior. HempepslBHOE WM BEKOBOE
MepeMenieHne TOYKH BECEHHEr0 paBHOACHCTBHS MM HMEHHO
npereccusi AeiCTBUTENFHO HAOII01aeTcsl, HO HE OTJENBHO, a BMECTE C
BUPTYallbHOM, NpUYéM HE 3E€MHOH, a COJNHEYHO-3€MHOH OpOHUTOM.
[loroMy ¥ HET cMeIIeHHS CE30HHOCTH, KaK IHS PaBHOACHCTBHUS, B
kaneHgape. Ho wu Oomee TOro, oOKasbIBaercs, YTO HEMPEPHIBHOE
nepeMenieHne TOYKM BECEHHEro pPaBHOJCHCTBUS, MPOUCXOAsIICEe B
BaKyyMHOH cpezie, KOMIIGHCHPYETCS OJMHAKOBBIM Oojiee TO3THUM
npuxogoM CoNHIIA B €r0 UCTUHHOM (2 HE KaXyIIEeMCsS COBMECTHOM C
3emnéii opOMTANBbHOM BpallleHWH) B TOYKY DPAaBHOICHCTBUSL yXKe B
HAJBaKyyMHOM CJIO€ TIPOCTPAHCTBA, KOTOPOE MOYKHO Ha3BaTh alleCCHUEH.
Oto MoMeHT 3aBepuieHHss CONHIIEM LHMKJIA CBOETO BPAILIEHHS] BOKPYT
COOCTBEHHOM OCH MOCIe 3aBepIllieHHs 3eMIIEH CBOEro MmojHoro oobopora
mo opbure. DTO 3HAYMT, YTO OOJNEe JTUHHBIA OTHOCHUTEIHHO
Tponuyeckoro roja (Ha 20,5 MUHYT) 3BE3HBIA WM CHIIEPUUYCCKHUIT 0]
JOJDKEH KOMIIEHCHPOBAThCS €r0 CHMMETPUYHBIM HMIIM TaKUM Ke
OlepeKeHUEeM, Kak Ooliee paHHUM TMPHUXOAOM 3eMJIM B TOUKY
paBHOzmeHCcTBHsA, yeM CojHIlE 3aBelIaeT CBOW IOJHBIM 00OpOT MO
opOute. A 5TO BO3MOXHO TOJIBKO TNPH CMEHE HPOCMPAHCEEHHOU
cucmemul Omc4éma.

B monmp3y Takoro BBIBOAA  CBUACTENBCTBYET CpaBHEHHE
CHJIEPUYECKOr0 JIyHHOT'O Mecsla, Kak BHelmrHe Oonee ObICTPOro
BpaiieHus: JIyHBI M COOTBETCTBEHHO Ooliee MO3AHsS €€ eXeTHEeBHAs
KyJbMHUHALIUS, 8 TaKKe - CHMMETPHYHOE 0003HAUYEHHE JIUTEIHHOCTH
3BE3HBIX CYTOK OTHOCHUTEIFHO CYTOK coiHeuHbIX. [loTomy, XoTs mu
HaONIoIaeTcsl BpallleHHWEe COJIHEYHO-3eMHOH OpOWTBI, TPOSBISSCH,
HampuMep, TepeMelIeHHEM CO3BE3IMH W3 IOKHOrO IMONyIapusi B
CeBEpPHOE MOINyIIapue, HO — KaK BpalleHUE CONHEYHO-3eMHOH chepbl
KOCMUYECKOro TpHUMois (M OHO MAET B JEWCTBUTENBHOCTH), T.€. — KakK
ceprueckoe BpalleHHWE IUIOCKOCTH DKIMNTHKH. Ho HeT HHKakoro
CMEIICHUS 3HaKOB 30/IMaKa OTHOCUTEIFHO KaJIeHIAPHBIX MECSIIEB.

3TO ¥ MOHSTHO, BEAb TOT/Ia HE OBUIO M THICSAUYENIETHUX HAOIIOICHUH
0 3aBMCHMMOCTH XapaKTEpOB JIIOJIEW OT MecALeB UX poxaeHus. M 3to
MOTOMY, 4TO TaK e M KpYT 30/IHaKalbHbIX 3BE3/1, KOHEYHO, HE CTOUT Ha
MecTe, a JBHXKETCS BMECTE C BpaIlICHHEM KOCMHUYECKOTO TPHIIOJS
Connne-llentaBpa-Cupuyc. Ilomyuaercs, 4ro ¢akt Ha0JII0IaeMOro
HEMpephIBHOTO  TIEPEMENIeHUs TOYKH BECEHHEro pPaBHOIEHCTBUS
JIOKa3bIBa€T M COJHEYHO-3€MHOE BpallCHUE, M HaJUYhe KOCMHYECKHX
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I 3anumamenvroe Pasnuyenue.
TPUIIOJIEH, M  CYLIECTBOBAHUE BAKYYMHBIX U  BHEBAaKyyMHBII
MaTepuaibHbIX cpel. CamMoro ke HeNpepbIBHOIO MMEHHO CMEUIeHUS
TOYKH BECEHHEr0 paBHOACHCTBUSA HET, I[IOCKOJIBKY OH JIMIIb
BOCIIPUHUMAETC M3-32  COOTBETCTBYIOLETO HAaKJIIOHa 3€MHOM oOcH
BpaIlleHus.

W BBl BuanTE, HACKOJIBKO HE TOJBKO HCKAaXXEHO, HO M 3allyTaHO
acTpoHOMHuecKoe mpezacrasieHue. [loToMy, korama  B3aWMHO-
LIEHTPUYECKOE  BpalleHue OyleT  BOCHPUHATO  JCHCTBYIOIICH
aCTpPOHOMHMEHN, 3TO MPOU3OMIET NUIIL C BoXbel NMOMONIBIO MIIM Kak
npombicen boxuit. A mogodue opUIMaIbHOrO OOBSICHEHUS TIPEIECCUU
JEMCTBUTENIBHO €CTh Ha 3eMile, HO 3TO HMKaK He KOHYCHOE BpallleHHe
LEHTPAIBHOM OCH OTJEIbHO OT Tela HaIled IUIAHETH, a BpalleHue
IpYTUX, JyYyegvlx oOceli BOKpYr 3ToM ocu 3a ron. Ilo aTum
BpAIAIOIMMCS JY4eBBIM OCSIM HWIET JABM)KEHHUE WM TOCTYIJIEHHE
IPaBUTOHHOM YaCTOTHOCTU uepe3 IeHTp 3emiin (00 PTOM CKa3aHoO U B
Kopane).

BuyTpenHsis (Manasi) 3emMHasi opOuTaibHas chepa BO B3aMMHOM
COJTHEYHO-3eMHOM BpAIllEHUH [Oy4yaeT ME30HHYI0 YacTOTHOCTb BO
BpAIllEHUU T'PAaBUTOHOB BEJIMYUHOU 10** no omHoit u3 JIy4EBBIX OCEH.
[TocrynienneM Me30HHOW I'PaBUTOHHOM YAaCTOTHOCTH K 3eMile Kak pa3
U OOBSACHSIOTCS Tak Ha3blBaeMble paJuallMOHHbIE Iosca y Heé.
OdunpmanbHO — 3TO HEKHE CIOKHBIE JBMKeHHs dacTuil u3 CeBepHOro
nonymapust B KOxxHOE M 00paTHO WM HEU3BECTHO OT Yero Hyliee
KpYroBoe JBIDKEHHE. BBl yxke 3HaeTe, 4TO BHYTPEHHSS 3E€MHAs
opOuTtanbHas cdepa B3aMMHOIO COJHEYHO-3EMHOI'O BpAICHUS — 3TO
JIBHDKEHHE TPaBUTOHHOM YacTOTHOCTH OT 10* 10 102 um 1o
ANEKTPUYECKOM YacToThl. B HapyxkHoil ke (OonblIoil) 3eMHOH
opOUTaIbHON cdepe MPOSBISETCS Yepe3 MEHTP 3eMIIM YaCTOTHOCTh OT
10" o marauTHO# wactorsr 10°. Dt cepsl 00pa3yrOTCs B CPSTHHHOM
BaKyyMHOM clioe. A B Hapy)XHOM BaKyyMHOM cjioe oOpa3yercs yxke
HEMOCPEICTBEHHO  IJIaHeTHas 3eMHas  cdepa  KBaJApaTUYHBIM
pa310KEHUEM MAarHUTHON IPaBUTOHHOM YacCTOTBHI.

Uro ke TmNpeacTaBiIsSOT co0Oi JydeBble 3E€MHBIE OCH, HE
pasnuyaemble opunuanbHo? Bbl uMTamM, YTO OCh BpalleHHs 3eMiH
HAKJIOHEHa K IJIOCKOCTH OpOMTHI Ha Benn4YnHy okoio 66°30'. Ha camom
)Ke Jiene 9Ta BerurHa cocrasisier okoino 67°30'. Benb BbI yike 3HaeETe,
4TO MHp HE TIUIOCKUH, a CcQepuyuecKuid, MOTOMy M OpOUTalbHAS
TUIOCKOCTh B JIGMCTBUTENBHOCTH - TOJ00ME ChepruuecKoil BOCBMEPKH.
[ToroMy OT BepTUKaIH K BOOOpaXKaeMol MIOCKOCTH (KOTOpasi HUKAaK He
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I 3anumamenvrnoe Pasnuuenue.
POBHO TOpPH3OHTAJIbHAS IUIOCKOCTh, YTO O(HIMANBEHO MPHUHUMAETCS)
3eMHas OCh OTKJIOHEHa He Ha 23,5°, a kak pa3 Ha 4YeTBepTh MPAMOro
yria (22,5°) i Ha rpajyc MeHblIe. 3amoMHUM 3TO0. JIydeBbIe OCH, 10
KOTOPBIM K 3emJie TMOCTYMaeT BbICOKas rpaBUTOHHAS YaCTOTHOCTb - 3TO
nogobue OykBbI «X». YTod K€ MEKIy 3TUMH JIydaMH COCTaBIsieT
MOCTOSIHHYIO BeMMYMHY — okojo 11°15', a 1meHTp mnepekpectus
COBMEILIEH, KOHEYHO, C LIEHTPOM Halllel IUIaHEThl. B romoBoM ke
BpallleHWd 3eMJiM O3TH JIB€ Jy4eBble OCH B TOAOOWU CIMTHOTO
«TaHJIeMay BPAILAIOTCs BOKPYT LIEHTPAJIbHOW OCH BpallleHusl.

Oro BHIHO U3 ciuenymomero. Kak Bbl momHHMTE, y 3eMIIM €CTb
MarHuTHele nostoca Ha CesepHoM U HOxxHoM momymapun. U nexart onu
HE Ha OJHOM JNHMHHUM, YTO O(PHUIMAIBHO THUXO He ymnomMHuHaercs. Ha
CeBepe TOYKAa MAarHMUTHOTO IIOJIIOCA CMEIIEHA OT CEBEPHOro
reorpaduyeckoro momoca uMeHHO Ha 11°15', ucxons w3 momoOHOTO
oduIMaTBEHOro HakjIoOHa Hekoed MarHuTHOW ocu. Ha IOre >xe 3emmu
(rme AHTapKTHIa) TOYKa MarHUTHOTO TOJNIOCA CMEUIeHA OT FOYKHOTO
reorpaduyeckoro noiroca Ha 22°30' unu yxe Ha TBOWHON Yroil. OTO BB
MOXETe ¥ CaMH MPOBEPHUTH, TOCMOTPEB Ha atiac 3eMJIM WX Ha Ti100yc.
A KpoMe TOCTOSHHBIX MarHUTHBIX MOJIOCOB OQHUIMAIBHO TOBOPHUTCS H
0 HEKMX TeOMarHWTHBIX TMojirocax. KoopauHat y 53TUX HEKHX
N00aBOYHBIX TIONIOCOB HET. [OBOPUTCS JHIIb, YTO 3TO «TOYKH
nepecevyeHrss MarHUTHOW ocu 3eMiu ¢ e€ MoBepXHOcTbio». [Ipnuém
MarHuTHass (3aMeTbTe, HE T'EOMarHUTHAas) OChb COCTaBIACT TIO
SHIUUKIIONETNYECKOMY H3I0KEHUIO Yyrol okoJio 11,5° ¢ ockio BpamieHus
3eMiu. A BbI YK€ MOHSUIM, YTO MarHUTHOM OCH, KaK TakOBOW HeT (pa3
MarHMTHbIE TOJI0OCa CHUMMETPUYHO cMelleHbl). [loroMy peub HIET
MMEHHO O Bpalaromeics 3a roj ceomacnumnot tydeBor ocu. Ho, sty
0Ch, KaK TOBOPUTCS «B yNOp» HE pa3inyaroT, Ha3blBas €€ MarHUTHOU
OCBI0, YTO TaK)K€ JI0Ka3bIBAET CYIIECTBOBAHHE JTYUEBBIX OCEH.

leomarauTHasi OoCh HaKJIOHEHa, TaKUM O0pa3oM, K ILEHTPalbHON
3eMHOM ocu (BOCTIpMHMMAaeMOl ochio Bpamenus) Ha 11°15'. JlydeBas
)K€ OCh, MO KOTOPOM TOCTymaeT K 3emyie Me30HHAas T'paBUTOHHAS
qacrorsocts 10°*, HAKIIOHEHa, COOTBETCTBEHHO y)K€ K F€OMarHMTHOM
OCH o[ TakuM e yriom B 11°15'. E€ MmokHO Ha3BaTh paduayuonHol
ny4eBOoi ochto. B oduumanpHOW ke Qu3MKe paaManoHHAs OCh
0003HavaeTcss HEKUMHU PaJMalliOHHBIMU MOsSICaMH HITH "KPyroBOpOTOM"
M1a3Mbl B MarHutocgepe 3eMiIn «1d3 CEBEPHOTO MONyIapus B I0XKHOE U
obpatHo». Ho Bemp BaM MOHATHO, YTO 3TOT KPYTOBOPOT HE MOXKET
MOBTOPSATH CHJIOBBIC JTMHUHM MarHUTHOW cepbl (OQHUIMATBHO «ITOJIS»)
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I 3anumamenvrnoe Pasnuuenue.
3eman. B Touke JeTHETO CONMHIECTOSHUS 3eMiIM 3Ta BTOpas
paZualnroHHas OCh COCTaBISIET C BOCBMEPHYHON IMIIOCKOCTBIO OpOMTHI
KaK pa3 MOJIOBUHY MPSMOT0 yIia.

U, OGomee Toro, BpallleHHE JYYEBHIX OCEHl BOKPYT IICHTpPAIbHOU
3eMHOM OCH SIBIISIETCS CIIEICTBUEM HE3HAUUTEIHHOTO OOKOBOTO HAKIIOHA
3eMHOM ocu BpaimeHust (CM. 33) OTHOCHUTEIBHO IICHTPAJIBHOW OCH,
KOTOPBIH (TaKOM HAKIIOH) M MPOSABISET MHPOTAIMIO. A 3TO 3HAYUT, YTO
LHEHTpalibHasg 3€MHAs OChb He CO6nAddem ¢ 3eMHOU OCbl0 6PALYEHUsL,
Oyayun e€ nuIIb reoMerpuueckor ocwlo. [loromy m reorpadudeckuii
CeBEpHBIN MOJIIOC 00pa3yeT B MPOIECCe 3eMHOI'0 CYTOYHOTO BpallleHHUs
Ha HeOeCHOM cdepe He TOUKY, a OKPYKHOCTH!

Hwxe npuBeneno opunuaibHoe H300pakeHHEe MATHUTHOM cephl
(odurmanbHO «1oss») 3eMitd. 3/1eCh [IEHTP MArHUTHOTO JTUTIONS
(MarHuTHOM BOCBMEPKH) SIKOOBI CMEIIEH OTHOCHTEIBHO [IEHTPa Halllel
IJIaHETHI. JTO, BO-TIEPBBIX, HECEPHE3HO, MTOCKOIBKY Pa3/eNaeT 3EMITI0
Ha TEJI0 MAaTHUTHOE U MOJIEKYIISIPHOE TEJO, K TOMY K€ 3eMJIst
BpAILlaeTCs CTPOro LEHTPAIBHO, a He C TAKUM OIPOMHBIM
9KCIIEHTPUCUTETOM. BO-BTOpBIX, 5TO, HA0OOOPOT, JOKA3bIBAET HE
BHYTPEHHH, 2 BHEIIHU I NCTOYHHMK 3€MHOI'O MarHerusma. A B-
TPETHHX, 3TO U TOBOPHUT O HE Pa3IMYCHUN MATHUTHBIX IOJIIOCOB 3eMIIH
W BpalIAIONINXCS BOKPYT IEHTPAIbHON OCH JTy4EBBIX OCei Kak Obl B HX
0011IeM «TaHaeMey.

CeBepHblid ™\ \ /;gm,.m MarHUTHBIIA

reorpaduyeckmii

nomoc ————t Nomtoc (YCNoBHO
CeBepHblit)

LeHTp aunonga LleHTp 3emnun

Ocb BpalleHna
// \ 3emnum
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I 3anumamenvrnoe Pasnuuenue.

Pacrionokenne gydeBpIx oceil 3emiM  BO BpeMs 3MMHErO
COJIHLECTOSIHASL ~ IIOKA3aHO Ha HIDKECHenymooleM pucyHke. Mx
«TaHJEMHOE» BpalleHHEe M O3HAuaeT TPEThE€ COBMECTHOE IBUKEHHE
3eman. OTO To0J0BOE BpalleHHe e€ MaHTUU WIM HHPOTAIHs
(BHyYTpeHHEe BpallleHHe), YTO U MPUBOAUT K 00pa30BaHUIO BUCOKOCHOTO
roza.

Exinworld© Tl'ogoBoe BpalieHue J1yueBbIX oceit

BOKPYT LIEHTPAJIBHON OCH.
(TpeThe BpaleHue 3eMiIn).

LenTpanbHas ocb
BpAIIICHUS.

DKBaToOp.

\ VY coBHas MIOCKOCTh
\ OpOUTHI (IKITUITHKH).

I'eomarunTHas JIyueBas OChb.
PaZ[I/IaHI/IOHHaH JIydeBas OCb.

IMoyemy y 3emJin HMEHHO TAKOWH HAKJIOH OCH M OTKY/AA Y
Heé MarHuTHas cdepa. 31eck TOBOPUTCS O TOM, YTO

- 1) HaKNOH OCK BpaLLEHUS 3eMIM OT BEPTUKAAN HA YETBEPTb NPAMOro yrnia
0bbACHAETCA 06pa3oBaHMEM LIEHTPANbHOTO TPéXxchepHUKa B eé
naaHeTHOM chepe OT TOUKM IETHEFO CONHLECTOAHMA Yepe3 NOCTynAeHue K
Halen NaaHeTe YacTOTHOCTM NO PaZMaLMOHHOM Ny4eBOM OCH.
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1 Sanumamenvroe Paznuuenue.

Takoe coBnageHve mexay YrI0M HaK/I0Ha OCU BPaLLEHUA MONEKYNIAPHOrO
Tena nAaHeTbl U YoM 06pa3oBaHUA TPaBUTOHHOIO TPEXChEepHUKa
rOBOPWUT O NPOABAEHUN BUAMMOrO UM HAaABaKYYMHOrO MMPa UMEHHO OT
3emnuy;

- 2) HamarHu4YMBaHMe 3eMaN NPOUCXOAUT CHAPYKM ABUKEHNEM
rPaBUTOHHOM YaCTOTHOCTW MO Iy4E€BbIM OCAM U PA3/IOKEHNEM €€ B LLEHTpE
Hallein NaaHeTbl Yepes LeHTPaAbHbIA TPEXCHEPHMK A0 MAarHUTHOM
YacTOTbl, NPUYEM - KaXKAblI FOf, B TOYKE 3UMHEr0 CO/THLLECTOAHUA.
CMeLLEHHOE Ke MON0XKEHNE MArHUTHbIX MOIHOCOB OTHOCUTENIbHO APYT
Apyra Ha 11°15' o3HavaeT, Kpome Toro, UMeHHO KayeHue NaaHeTHoM
3eMHOW chepbl N0 CMN0BOMY OpBUTaNbHOMY KO/bLY, @ HE NPOCTO
BpaLleHue;

- 3) Tpu NyyeBble 3eMHble OCU (BKNHOYAA U LLEHTPAIbHYO JIy4EBYHO OCb, KaK
COBMaAoLLYIO C OCbiO BPaLLEHMA) NPOXOAAT B OPOUTaNIbHOM BpPaLLEHUM
3emnn yepes BEPTUKA/b K NMIOCKOCTU OPOUTLI Yepes COTHEYHO-3EMHOM
LLEHTP, KaK Obl 3aMbIKasiCb Ha BEPTUKAIN Yepes TOYKY 3UMHErO
COJIHLLECTOAAHUA HA COBMECTHOM CO/IHEYHO-3eMHOW opbuTe. U B
LMKANYECKOM ABUMKEHUMN FPAaBUTOHHOM YaCTOTHOCTU CaMble MeHbLUNE
yactotel 10° u 103, CTaHOBALLMECA BO BPEMEHHOM U/ UCXOAHOM
rPaBUTOHHOM ABUMKEHUW HALLMM MPOLL/IbIM, MOTOMY 06Pa3ytoT BOKPYT
COJIHEYHO-3EMHOTO LLEHTPA 0CODBYI0 TPAH3UTHYHO chepy, MPOCTUPALOLLYHOCA
BNA0Tb o KOnutepa u ganbue. [IOToMy Halle NPOLIIOe HUKYAA He
ncyesaeT, a y4acTBYeT 3aTeM B nepeaye BpaLleHUA YacTOTHbIM UK
rpaBUTOHHbIM chepam apyrux naaHet. Hanmumem sto chepbl
06BACHAIOTCA M TaK Ha3bIBaE€Mble KXPOHOMMPAXKMUY» UK COBbITUA
npoLunoro, Habtogaemble Kak b6bl Ha GoHe TymaHa. ITUM OBbACHAETCA U
BpaLLEeHMe BCEX OKOI0CONHEYHbIX NaHET NPUMEPHO B OAHOW MNOCKOCTMU.

Bbr yxke pasnuuaere, 4To B 00BEMHOM BHIE TpEXchHEpHUK
YaCTOTHOM  BOJbI, KaK MCXOJHBIM TIPaBUTOH, — 3TO TpHU
OJIHOHATpaBJICHHBIE c(epbl, MEKIY KOTOPHIMH - TpEThs Takas e
cdepa, pa3BépayTas k HUM Ha 90°. [ToTomy rpaduuecku TpExchepHUK
— 3TO TPH JIMHUH, UCXOMALINE U3 OHOrO IIeHTpa. MHBIMU ciioBamu, 3T0
HWKHSIST BEpTHKAllbHAas OCb, U JIBE BEpXHHE OOKOBBIE OCH, OJJHA W3
KOTOPBIX HaKJIOHEHa K TOPU30HTAIBHOM TIOCKOCTH, MPOXOAIIEH depes
LEHTP, o1 45 TPajycoB, MOCKOJIBKY BCS CHCTEMa U3 TPEX OCel KakK Obl
CTSAHYTAa OTHOCHTEIBHO OpOWTANbHOM IJIOCKOCTH Ha 15° BeieactBue
cepruecKo-oKpyKHOro mepexofa (cM. YacTOTHO-KOHTYPHOE CTpOECHUE
BemlecTBa). M BBl BUAMTE, YTO paJMallMOHHAs JIyyeBasl OChb 3eMIU Kak
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Obl HayMHAET NPOSBICHUE LEHTpalbHOrO TpéxchepHuka. ITO
MPOCTPAHCTBEHHOE 00pa3oBaHHME M Bpamaer 3emunto u3 e€ meHTpa. A
IMOCKOJIbKY OHa BMECTC HUJIU B HOI[O6I/II/I Ta"Haema C T€OMarHUTHOM OCBIO
BpalllaeTcsl 3a rojJ BOKPYI OCH BpalIeHHs, TO ITHM OOBSCHSETCS W
WMEHHO TaKOM HaKIOH OCH BpalleHUs K YCIOBHOM IUIOCKOCTH
Bpamenuss 3emmn (66°33"). Bemp B TOUKE JIETHErO CONHIIECTOSIHHS
paauaniioHHad OCb, KaK B 3TOM IIOJIOKCHHMMW HWXHAA JIyd€Basi OCb,
HaKJIOHEHa Kak pa3 moj 45° K 3ToM INIOCKOCTH SKIUNTHKH. DTO emé pas
MIOATBEPKIAECT, YTO JCHCTBUTEIBHBIA Yrojl HAKJIOHA 3E€MHOM OCH
(OTHOCHUTENIFHO YCIIOBHOH IMJIOCKOCTH COJIHEYHO-3€MHON OpOHTHI) — 3TO
67°30'. Dtor hakT MoATBEPIKIAET M HAYAIO TBOPEHUs BeemenHoi kak
pa3 OT COTHEYHO-3EMHOI'0 BpAllleHHs, KaK M TOBOpUTCS B bubnum u B
Kopane unu B [Mucanuu nenukom.

Hesnaunrenpno Gonpiuumit (Ha 57') odunmanbHO YCTAaHOBICHHBIN
HAKJIOH 3EMHOH OCH OOBSCHSETCS TPUBA3KOH IUIOCKOCTH 3EeMHON
opoutsl k «crosuemy» Comuiry. Ha camom ke nene CoiHile Bpamaercs
BOKDYT COJTHEYHO-3EMHOTO LIEHTpa, NPUYEM - depe3 COINHEYHO-TYHHYIO
CHJIOBYIO OpOMTANIbHYIO LIelb. JTa IIeMb KaK pa3 W MPUINOAHUMAET Ha
57" 3emmo Hajx OpOHMTANBHOW IUIOCKOCTHIO M OJMHAKOBO OITyCKAaeT
uentp Connma. Bo BparieHun JiydeBbIX OCeid BOKPYT 36MHOW OCH OHHU
MOCTOSIHHO KaK Obl OMUPAIOTCS Ha HEKYI0 KOCMHUYECKYIO JTy4eBYIO OCh
(Mo KOTOpOHM HEMmocpeACTBEHHO K 3emie depe3 12 JeT mocTymaer
‘IaCTOTHOCTI)). Ona HUCXOAUT H3 TOYKM 3HMMHEIO COJHUOECTOAHUA
MEPIICHANKYISIPHO K VYCIOBHOM IUIOCKOCTH OpPOWTHI M B 3UMHEM
COJIHIIECTOSIHUHU CITMBAETCS C PaIUallMOHHON OCBIO.

HOTOMy TOYKa 3MMHETO COJHUECTOAHHUA — 3TO OCHOBHAA TOYKA Ha
COJIHEYHO-3eMHOH OpOHTE. A dYepe3 paJuallMOHHYIO OCh M HadWHaeT
MOCTYINAaTh K 3¢MHBIM Op6I/ITaHI)HI)IM cq)epaM BpE€MCHHAA WIN UCXOAHAA
TPABUTOHHASI ME30HHAs 4aCTOTHOCTb BEJIMYUHOU 10*. B rpouecce
NPOSIBJIGHUS 3€MHBIX TPaBUTOHHBIX cdep (ABYX CHMMETPHUYHBIX
CPEAMHHOTO BaKyyMHOTO CJIOSI U HApy)KHOW WM TJIAHETHOH CQepbl)
Me30HHAas YaCTOTHOCTh, Kak U B COJIHIIE, CTAHOBUTCS MOCIIE0BATEILHO
snexrpuaeckoit (10'%) u marautoii (10%) rpaBuToHHOI YacTOTOI.
Taxoe ABUKCHHUE YaCTOTHOCTU WJIM I'PABUTOHHOI'O BCUICCTBA, UAYIICTO
Ha 3eMHBIX TOJIIOCaX, U BBI3bIBAET aTMOC(EpHBIN AP PEeKT, Ha3bIBAEMBbIH
CCBCPHLIM CHUAHUCM.

Ho ectb emé u npyroe obcrosTenscTBo. Bpamienne nydeBsix ocell u
BBI3BIBAECT MHPOTAIUIO WM CYTOYHOE BpalleHue (BOKPYT 3€MHOM OCH)
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3eMHOH MaHTHU 3a TOJl, MO0A00HOE MOHSATHIO CIIMHA B YACTHILAX, KaK
BpalieHuss ux 000JOYKU. DTHM OOpa3yIOTCS KaK Obl JIOMOJHUTEIBLHBIC
CYTKH K uMetommmes 365-u cytkam 3a roj. M3-3a aToro u nosisisercs
BHUCOKOCHBIH rog. Ho 06 3ToM peus omsaTs moHmke. CHavana xe HaJlo
pa3zo0paThcs, Kak 00pasyercs BpallleHUE y)Ke BHIUMOW Ham 3eMiH, U
JUIA 9ero HY>KHbI OCTaJIbHbIE TIAHETHI.

[Mnanernas cdepa 3emin NposBISET TPABUTOHHYIO YaCTOTHOCTH OT
marsuTHo# Bemmumasr 10° 0 wactoTHI 103, 4eM 3aBepIiaeTcs
o0pazoBaHHE TPAaBUTOHHOW YacTOTHOCTH B HalleM HaJABaKyyMHOM
MPOCTPAaHCTBE. A HauWHAaeTcs ABM)KEHHE YacTOTHOCTH K 3emile, Kak
BPEMEHHOI'0 WJIM UCXOJHOTO IPaBUTOHHOTO BEIIECTBA (B TE€UEHHUE BCETO
12-u nerHero mepuona), MO €& JIy4eBBIM OCSM OT TOYKH JIETHEro
COJHIIECTOSIHMSI, uyTo Tpu B3rsiae ¢ CeBepa - cieBa OT LIEHTpa
B3aMMHOTO COJIHEYHO-3€MHOTO BpalleHHUs. OJTUM U  OOBACHSETCS
MOCTOSIHHOE CcOBMecTHoe BpaieHne CoiHIa U 3eMJId CO CTOPOHBI
CesepHOro nosymapus IpoTUB YaCOBOM CTpeNkH. B Touke e 3uMHero
COJIHIIECTOSIHUS, TaK WM HMHaye, BCErja HaduHAaeTcs 00pa3oBaHHE
T'PaBUTOHHBIX cep 3eMITH.

[ToroMy B 3UMHEM COJHIIECTOSIHUM MPOMCXOJUT W OCHOBHOE
HAMAarHMYMBaHWE HAlICH TUIaHETHI, TOAJEPKUBAsACH JBIIKEHHEM
MarHUTHOM TPaBUTOHHOH (TOYHEE YK€ MarHMTOHHOH) YaCTOTHOCTH B
nanpHeleM BpamieHuu. [Ipyu 3ToM MarauTHas (HO Kak elié BpeMeHHas
WIH HMCXOJHAs) TPaBUTOHHAsI YaCTOTHOCTh HAapyXHOH 3eMHOU cdepbl
BXOJUT B TE€OMAarHWTHYIO OCh CO CTOpOHBI CEeBEepHOro MOyIIapHsl.
CaMo ke HaMarHW4YMBaHHE MPOMCXOJHUT MPH CHEPHUECKOM BpaLICHUH
TPAaBUTOHHOM MAarHUTHOW 4YacTOTBHI, 4YeM, KCTaTh, M OOBACHSIETCS
MEJIEHHOE JIBUKEHHME WJIM CMELIeHHEe MarHUTHBIX IONIOCOB Kak pa3
MPUMEPHO B BEPTHUKAJIBHOM IIOCKOCTH K opobute. Ilpum atom Takoe
CMeIIeHUE, CKopee Bcero, konebaTenbHOe. MHBIMU CIIOBaMH, TONIOCA
BCKOpE JIOJDKHBI JIBUTAThCSA B oOpaTHOM mopsiake. Takoe cMmelleHwe,
KpOME TOro, M JIOKa3blBaeT HApyKHO€ HaMarHMYMBaHWE Hallen
IUTaHeTbl B OOIIeM  JBIKGHHMM  TPaBUTOHHOHM  YacCTOTHOCTH,
MOCTYHAOIIEN K HEH.

['eomarauTHasi OChb TMPU EKETOJHOM OCHOBHOM HaMarHWYHMBaHUH
pacrnojokeHa HaJ UEHTPalbHOM 3€MHOM OCBbIO MOJ YIJIOM K HEW B
11°15'. N Ha BBIXOAE M3 IIEHTpa 3€MJIM BpPEMEHHAs WM HCXOIHAas
IPaBUTOHHAsI YaCTOTHOCTb, CTAaHOBACh YK€ HE HCXOJHOW, a MMEHHO
MaruuTHoit wacroroii 10° y2K€ Halllero HaJIBaKyyMHOI'0 MHUpa, Bpalaer
HapyXHYIO0 TPaBUTOHHYIO cepy wim miaHeTHyoo chepy 3emian. 3aTem
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MarHuTHas TPaBUTOHHAs YAaCTOTHOCTh 3aMBIKAETCS «CHU3Y» WIH C
3eMHoro lOra yxe Ha paguallMOHHYIO OCh, KOTOpas B 3UMHEM
COJHIIECTOSIHUM PAcCIIONIO’K€HA BEPTHKAIbHO K YCIOBHOW IIOCKOCTH
BpamieHus. M orcTouT oHa oT ocu BpaiueHus yxe Ha 22°30'. Otum u
O0BsICHSIETCS CMEIIEHHOE OTHOCUTENbHO JpYr Jpyra IOJoXeHne
MarHUTHBIX MOMIOCOB 3emud. W BBl MOHSUIM, YTO MarHUTHas cdepa
3eMi — 3TO COBCeM He cdepa MarHuTa, y KOTOPOTO KOHTYPHOCTH
(cuioBBle JMHHMM) HCXONAT W3HYTPU MIM OT  MOJEKYJISPHOTO
TPaBUTOHHOTO BellecTBa. B wMarHuTHOH cdepe 3emian MarHATHAas
KOHTYPHOCTh WJIM MAarHUTHBIE CUJIOBBIE JMHHHM, HAa00OpOT, Kak Obl
OJIEBAIOTCS Ha 3eMJTIO.

3TO ¥ TOHATHO, BEAb HMHAauYe BCE MPHUTATHBAEMblE MarHUTOM
npeaMeTsl mpocto Obio Obl He oTopBarh oT 3emun. Ho 3T0 He
pasnuyaer opunManbHas Hayka. M 3Haere, Kak HauYMHAETCS BpallleHHUE
3emnu? Ecth Takod sddext DitHiuTeiiHa — ge Xaa3za, B KOTOPOM
(deppoMarHUTHEIA oOpasel; Mocie €ro HaMarHUYMBaHHS IONyvaeT
MOMEHT BpalleHUs OTHOCHUTENBHO HANpaBlieHWs HAMAarHWYMBaHUA. A
HanpaBieHHEe HaMarHU4YMBaHHUA 3eMJIM — 3TO, KaK BBl yXe MMOHSUTH, He
npsiMasi 0Chb, a Kak Obl HICKpUBJIEHHAS 1O yrod B 11°15' . Otum u 3emis
Mocjie HaMarHM4MBaHUsS MOJTyYaeT He MPOCTO BpallleHHe BOKPYT CBOEH
OCH, a - JIBW)KCHUE WMEHHO KaueHHs e€ IUIaHeTHOW cdepbl BOKPYT
BUPTYaJIbHOTO CHJIOBOT'O OpOMTAJILHOTO KOJbIIA, MPUUYEM — TOXKE TIPOTUB
yacoBoM crpenku. Jloxoas g0  3€eMHOro  L€HTpa, MarHuTHas
TPAaBUTOHHAs YACTHOCTh BBIXOAMT W3 HEro YK€ TpaBUTAIIMOHHOW
KOHTYpHOCTHIO ¢ wactoroil 10*. A ona, mponomkas Bpawmenue 3emuoit
TTaHeTHOW cdepbl, BXOAUT co cropoHbl CeBepa yxkKe B 3eMHYIO B
LEHTPaJIbHYI0 OCh, HO HE COBIAJAIOUIYI0 C OChIO BpalleHHUs, KaKk B
TPEeThIO JIY4EeBYIO OCb. [paBuUTanmmMoHHass oOpOWTalbHAas YacToTa
1,45%10% (ans xpartkoctu msnoxenus — 10%) oBpasyer n xauenne
HApYy)KHOH 3€MHOW IUTAHETHOW cgepbl, M JIBW)KEHHE TPaBUTOHOB
BECOBOW T'paBUTALUU.

MarnuTtHas chepa (mone) 3emsn o pororpadun NASA
(milkywaygalaxy.ru). Ilo Hell (B110oM OOIIMPHBIX CUIOBBIX
JIMHUI) TOHATHO BHEIIHEE HAMAarHMYMBaHUE Halllel TUIaHEeTHl, a,
BO-BTOPBIX, 371€Ch IBHO IIPOCIIEKUBAETCS TUIaHETHAs 36MHAast
cdepa 3arnoaHEeHEeM €€ MarHUTHOM y’Ke MOJIEKYIISIPHON Win
HAaJIBAKyyMHOM I'DABUTOHHON YaCTOTHOCTBIO.
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Juamerp 3eMHON TIIaHETHOH cdepbl, HCXOIs W3 HBIHENIHEro
KOJIMYECTBA CYTOK B TOJY, TEMEph cocTaBisieT Bcero okoo 410 Teic.km.
(0,0027a.e.). YactoTHOCTH K€ 3E€MHOW TpaBUTAIMH (TPABUTOHHOE
Bpall€HUC, TMCPHCHAUKYIAPHOC OCHU BpallCHHd, B OTIWYUC OT
BEPTUKAJILHOIO KOHTYPHOI'O TPaBUTOHHOIO JIBUOKCHHUST)
nojyepxuBaercst oopamienuem Jlynel Bokpyr 3emiu. [loTomy siyHHOE
oOpalleHre U 00paTHO K BpAllCHUIO HAICH TMIaHeThl. Beh yacToTHOE
WJI BHYTPCHHE BpallCHUC BCCrja O6paTHO K KOHTYpPHOMY WHJIN
HapyXHOMY BpamieHuo. Jluamerp opoutsl JlyHbl (C yuéTOoM CpemHero
pamuyca 3emin) paBeH okoio 781,5 ThIC. KM, 4TO COCTaBIIAET, KCTATH,
U avamerp opOutThl remuonaa B ueHtpe Comnna. M yxe omHo 3TO
TOBOPHUT O TOM, uTO JlyHa HHMKaK HE MOXKET OBITh CIIyTHHKOM 3eMIIH,
HaxojsIch BHe e€ ruiaHeTHoU cdeprl. JJuamerp e mocnenHed TyHHOM
METJIM B BOCBMEPUYHONW CHJIOBOM COJIHEYHO-TTYHHOM LIENU PaBEH OKOJIO
4 mutH. 100 TBIC. KM (0,027 a.e.), 4TO B JeciTh pa3 Oojblie pa3Mepa
36MHOM IIJIaHETHOW Cdepbl. ITO W O3HAYAET, YTO HHTEHCHBHOCTH
YaCTOTHOCTU B 3€MHOM TpaBUTAIUK OoJjbile €€ KOHTYpHOCTH B 10 pa3.
3T0 0OBACHSET U BUJ METPUUYECKOTO MEPHO/IA 3EMHOTO MPOCTPAHCTBA,
kak 47/10.

Kak BBI y)xe MOINIM TIOHSTH, paJualliOHHAs JIydeBas OCh (KOTopas
camas JalibHssl OT OCH BpallleHWs1) TPUHUMAET ME30HHYIO TPaBUTOHHYIO
HaCTOTHOCTb ((1024)) CHadajla OT TOYKH 3HMMHEIO COJHUECCTOAHUA (B
Havaje 12-u JIeTHero IMKIA), a 3aTeM - OT BHYTpeHHeH (OoNbIIoif)
COJIHEUYHOMU C(l)epbl, HadyuvHass OT TOYKH JICTHCIrO COJHLIECTOSHHA.
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I'eomarauTHas ke OCb, IOTHYHBIM 00pa30M, TOTJa 3aMBIKAET JBMKEHHUE
IPaBUTOHHOM 4YaCTOTHOCTH B IUTaHETHOH cdepe. ['paBuTanmoHHas
opOuTanpHas YacTOTHOCTb «10* Ha BBIXO/IE U3 IIEHTpa 3emin
CTAaHOBUTCS HAaMMEHbINEH B TUTAHETHON cdepe uacToToit 103, KOTOpast
COBEpIIAET BpallleHHE YK€ MOIEKYISPHOW 3eMHOW OOONOYKH HIIN
3emnn, Kkak TakoBoi. IloroMy, mNpoM3Bens CyTOYHOE BpallleHHE,
qacrotHocTb «10%» BxoUT «CHHU3Y» WIH CO CTOpOHBI 3eMHoro lOra B

reOMarHuTHy10 ocb. OCHOBHAs YacTh I'PaBUTOHHOW 4aCTOTHOCTH «10%»
HUJIET HA PEreHepalvio HaJBaKyyMHOW MAarHMTHOW 4YacTOThl B LEHTPE
rtanetHod  cdeppl.  OcrtaBmiasicss K€ 4YacTh, CTAHOBSCH OISIThH
BPEMEHHBIM MJIM HMCXOJHBIM T'PaBUTOHHBIM JBIKEHHEM, BBIXOIUT W3
3eMHOH TUTaHETHOW c(ephl 0 TeOMarHUTHOM JIy4eBOM OCH M y4acTBYET
B 00pa3oBaHWU KakK OBl OIHOTO M3 CIIOS 0cO0O0W TPaBUTOHHOHU CQepbl
(TakKe, KOHEYHO, HEBUIMMOH) BOKPYr LEHTpPa COIHEYHO-3EMHOTO
BpaiieHus. E€ MoXHO Ha3Batb mpansumuou cgepoii wnm chepow,
MepeHoCsIell TPaBUTOHHYIO YaCTOTHOCTh BpalleHUs K JIPyruM
iaHeraM W IulaHerouaaMm. OOpasyer ciom  9Tod  cdepsl U
TpaBUTALMOHHAsI OpOHMTANIBHAS YacTOTa 104, MOCTyTaomas K Hel yxe
10 HEHTPAIBHON OCH, COBIAJAIONICH C 3eMHON OCBIO BpalleHus. A 3To,
B TOM YHCJI€ — U 10 IeHTpasibHOM ocu CoJHIIA, ¥ MO HEHTpaIbHON ocH
IpYrux IUTaHET, KOTOpble TOXKE YYacTBYIOT B 0Opa3oBaHMH CIIOEB
TpaH3UTHOU cdepbl. B 3TOM ciiydae rpaBUTOHHAS Y4aCTOTHOCTH «10*
HE CTaHOBUTCSI YaCTOTHOCTHIO <<103», a (Ha mpumepe 3eMin) U3 IEHTpa
IJIAaHEThl UJET OMSITh 1O LEHTpPaTbHOM OCcH (KakK yxXe IO TpeThei
JIy4eBOi ocH) Ha BbIXoa K CeBepy U3 IUIAHETHOH cepbl B TPAH3UTHYIO
chepy.

I'paBuTanuonHas oputanbHas vactora 10° n wacrora 10°, kax
BPEMEHHOE WJIM HMCXOJHOE T'PAaBUTOHHOE BEIIECTBO, — 3TO MPOLUIOE
3emnu. [loToMy mpomuioe HHMKyJa HE HcYe3aer, a o0pa3yer CBOIO
chepy, kak Obl 3alyCKaloOIIyl BpalleHWE JPYrHX IJIAHET U
maHeTou1oB. Hampumep, mpu HaXOXIEHHH 3eMIIM OKOJIO TOYKHU
3MMHETO COJIHIIECTOSTHUSI 4Yepe3 TEeOMarHWTHYI0 OChb TI'PaBUTOHHOM
qacroroit 10’ posiBiIsieTcsl TOT c(epudeckuil Cioil BOKPYT IIEHTpa
COJIHEYHO-3EMHOT'0 BpaIlleHUs, KOTOPBI 0003HaYaeT TIaHETHYIO cepy
IOnutepa u ero opouty. Jleiao B TOM, 4TO y T€OMarHUTHOM OCH B 3TO
BpeMsi HAUMEHBIIMM Yrojl HAaKJIOHA K BOCBMEPUYHOM IIJIOCKOCTH
BpalleHus. A 10 TaHTEHCY 3TOro yria IpHUMEpPHO U TMoiy4yaercs
paccrosiHue opouTsl FOnuTepa oT CONHEUHO-3eMHOI0 IIeHTpa B 2,1 a.e.
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I'paBuTaumoHHas e opburanmbHas wacrora 10%, wmexoms u3
HeHTpalbHOM ocu  3emmu (Kak JIydyeBOMl ocw), oOpa3yeT yxe
MOCTOSIHHBIA  CJIOM  TpaH3UTHOW cdepbl, Nepefariuil BpalleHue
OpOUTaNBHOMY CHJIOBOMY KOnblly Mapca. OTUM U OOBSCHSETCS ero
CXOXKECTh C 3eMJIEN YIIIOM HaKJIOHA €ro OCH BpAIlleHHs U €ro MEePUOAOM
BpaileHus (ero cyrkamu). OKOHYATENBHO K€ OpOUTAIbHOE KOJIBIIO AJIs
Mapca nposiBisiercsi OpOUTaTbHBIM CHIIOBBIM KOJBIOM MepKypHsl BO
Bpameanu ero Bokpyr Comana.  CylecTBOBaHHEM — OTPOMHOM
TPaH3UTHON cdephbl, KaK Obl 3aMOJIHSIONICH COJIHEYHO-3EMHYI0 cdepy
kocMuueckoro Tpéxchepurka wiu Tpunois Comnnie-llenraBpa-Cupuyc,
OOBSICHSIETCS W HAXOXKJEHHWE OKOJOCONHEYHBIX TUIAHET MPaKTHYECKU B
OJIHOH IIIOCKOCTH.

[MocMoTpuTe Ha cxeMy 0Opa3oBaHUs KOJBIEBBIX CJIOEB TPAH3UTHOM
cdepsbl, nepeaaromiell TpaBUTOHHOE BpallleHHue U 00pa3yeMoil BOKpYT
COJIHEYHO-3eMHOr0 11eHTpa (BuaoM ¢ CeBepa Halllel MiIaHeThl).
[TocTossHHBIN TPaH3UTHBINA CIIOW, UCXOSIINM OT BPAICHUS 3EMIIH
(moka3aH rojayobIM I[BETOM ), TOMOT'a€T MPOSIBICHUIO OPOUTAILHOIO
CHJIOBOT'O KoJblia Juid Mapca. A MOCTOSHHBIN TpaH3UTHBIN CIION OT
BparieHus Mapca (3aJIuT OpaHXKEeBbIM I[BETOM) 00pa3yeT CPEeIUHHYIO
METIII0 B CUJIOBOM opOuTtansHou 1enu FOnurepa. [To oOpa3yromieit
9TOTO CJIOS CPeMHHAs CHIloBast meTiist FOnurepa KaTUTCS, Kak 1o
opOuTanbHOMY KoJblly. HemocTosinHast ke Tpan3uTHas chepa ot
BpaileHus: 3eMiu (C TPaBUTOHHOU YaCTOTHOCTBIO <<103») Kak Obl
HaMedaeT opouty KOnurepa BOKpPYT COJTHEUHO-3EMHOM Cephl.
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Konbuesas
[UIAHETHAs
cdepa Mapca.

CpenuHHast neTis B OpOUTaIbHON Hernu
Omurepa, nepexo/isiias B KOJIbLEBYIO chepy.

JlJ1s1 4ero Hy:KHbI IPyrue nJaaHeTbl. 31ech TOBOPHTCS O TOM, YTO

- 1) AeNCTBUTENBHO CYLLECTBYHOLLAA B3aMMHO-LEHTPUYECKAA opbuTanbHas
CMCTEMA NOKa3bIBAET, YTO B KOCMOCE, KaK 1 BO BCEM BoXkecTBEHHOM mupe,
HET HWUYEero Cly4alHOro, MOTOMY BCE M/IAaHETbI U aXKe acTepounsbl
npesHasHavyeHbl 4NA nepeaayn BpaLLeHUAa APpYrMM HAPYXKHbIM NN
NJaHEeTHbIM FPaBUTOHHbLIM chepam;

- 2) MepKypuii, Kak 1 JlyHa, He TO/IbKO BpallaeTca B 06paTHYO CTOPOHY
BOKpyr Co/lHL,@, HO M MOBEPHYT K HEMY BCeraa O4HOM CTOPOHOW.

BeHepa ke pereHepmpyeT YaCTOTHOCTb NPOLLIOrO OT TPAH3UTHOM cdepbl
BOKPYr CONHEYHO-3EMHOTO LLEHTPA, KOTOPAA CTAHOBUTCA MarHUTHOM
rPaBUTOHHOM YacTOTOM, NPOABAAIOLLEN OPOUTaNbHOE CUNOBOE KOMbLLO A/1S
3emnu;
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- 3) OnuTep — 3T0 Kak bbl CTaHLMA NepPeKaYKu rPaBUTOHHOMN YAaCTOTHOCTY.
OH nony4aeT oT TpaH3UTHOM cdepbl (0T eé cnon, obpasyemoro 3emnéit)
WUCXOOHYI0 NAN BPEMEHHYHO FPaBUTOHHYO YaCTOTHOCTb MPOLUNOro 103,
3aTem reHepupyeT MarHUTHYH YacToTy, MepeatoLLyto BpalleHue CaTypHy.
A 3aTeM 3ano/IHAET rPaBUTOHHOM YaCTOTHOCTbIO CBOErO MPOLUJIONO Y3Ke
CBOW cHepUYHO-KONbLLEBOW CNOWN B TPAH3UTHOM chepe. OH CAyKUT ana
nepegayv BPaLLEHMA yKe KpaliHel OKOI0CONHEYHOM KobLieBol cdepsbl (B
KocMmuyeckom Tpunose «ConHue-LieHTaBpa-Cupuyc»). CaTypH B CBOIO
oyepenb TaKKe obpasyeT CBOW €0 B TPAH3UTHOM chepe, 3anycKasn
BpalleHne YpaHa, KOTOPbIN, KaK 1 BeHepa, pereHepupyeT UCXO4HYHO
rPaBUTOHHY YaCTOTHOCTb MPOLLJIOro 103, nepenasan BpalleHne HentyHy.

A BoT maHeTHas cepa Mapca oOpa3yercst OT JIYHHOW 4aCTOTHOMH
WA TOPU30HTAJbHO BpalllaloUIecsl TpPaBUTALIMOHHOW IUIAHETHOM
cheppl. Ona uepe3 oOpa3oBaHME BOCBMEPKH TepeqacT BpalleHue
CHauasa xoavyegou nianemuoli cgoepe Mapca. Y He€ OTpOMHBIN pazmep
c pamuycom okono 0,5 a.e. U yxe 3Ta konbieBas cdepa obpasyer
BHYTpH ceOsl BpallleHHe caMoi IJIaHeTHOH cdepsl Mapca, xaTsmerncs
M0 cBoeMy OpOMTaLHOMY CHUJIOBOMY Kojblly. M, uro mHTEpecHo, Mapc
B TEYEHHE €ro BpallleHUs BOKPYT COJIHEYHO-3EMHOI0 IIEHTpa TO
npubnmxkaercs k ConHily o paccrosnust 0,52 a.e. WM MOYTH, Kak H
Mepkypuii, To ynansercs gaxe a0 1,52 a.e. Orcioza Bbl BUAUTE, UTO C
TaKUMHU aMIUIUTyJaMH Ha HEM HEBO3MOKHO MMPOABJICHUC HaI[BaKyyMHOﬁ
XKHU3HH, HO 9T0 BoobOme He pasnuyaercs! HeBosmokHa w
«KOJOHM3aluus» Mapca, TOCKOJIBKY KaXAble JBa Toja IO CBOUM
KIIMMATUYECKUM YCIIOBUSIM OH IOJI00€H Kak pa3 MepKypHuio.

Bparmienue komblieBoi T1uiaHeTHON cdepsl Mapca momiepKkuBaet
3aTeM BMECTE€ C KOHTYPOM KauyeHHs COJIHEUYHO-3eMHBIX C]ep BOKPYT
Ipyr npyra W opOuTalbHOE CHUJIOBOE KONBIO Ui O00pa3oBaHHS
IBIKeHUs yxe FOmutepa. A 4YeM Ke MPOSBISICTCS BHUPTyaJIbHOE
cuiioBoe opOuTansHoe Konblo it 3emun? Ho BBl yxe 3Haere, 4To -
rraHeTHol cdepoit Beneprl. Ho HaumHaercss BpamieHne 3eMHOH
MTaHeTHOW  cepbl  B3aMMHBIM ~ BpAallleHMEM  CHMMETPUYHBIX
OopOUTaTIBHBIX CONIHEUYHO-3eMHBIX cdep. [lnanernas cdepa Hamieh
TUTAaHeThl KaTHTCS TO €€ CHIIOBOMY OpOHMTaIbHOMY KOJBIY M 3TO -
cuapyxu. [lmanernas xe cdepa BeHepsl KaTuTca MO 3eMHOMY
OpOUTANBHOMY KOJIBIYy YK€ HW3HYTPU, HYeM W TPOSBISET €ro B
Hapy>XHOM BakyyMHOM cnoe. I[Ipuuém »TuM, Kak BBl YXKE 3HaETe,
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noigydaercs oOpaTHOe BpamieHHe BeHepbl BOKpyr €€ och 10
otHomeHuto k 3emie, ConHity u Mapcy.

[IpeacraBbTe, 4TO BBl KATUTE MAYMK BHYTPU OTPOMHOM TPYOBI 10 €€
noBepxHocTH. W ecnu BBl Oyjere ero KaTHTh BEpX WM MPOTHB XOAA
Y4acOBOI CTPEJKH C MPpaBoi CTOPOHBI, TO MIAPUK y Bac OyJleT BpaaThCs
yKe 1o yacoBoi cTpenke. Tak ke - u miuanetHast cdepa Beneprel. Kpome
TOr'0, OHA OYEHb OOJIbIIAs, OTYETO U MEAJICHHO Bpaliaercs. 3eMHON IO
MpEeBbIIIAET MEPHOJ BpalleHus: BeHepsl (0MHU CyTKH JJisi He€) BCEro B
1,5 paza. A 3To O3HauyaeT W OTPOMHBIM paauWyc IUIAHETHOW cdepbl
Benepsl, coctapmstomuit okono 0,28 «a.e.». KpaiiHue Touku miaHeTHOM
cdepbl BeHepbl HaXOAATCSA Kak pa3 MEXIy OpOUTaIbHBIMH CHIIOBBIMH
KompllaMu  3emsin 1 Mepkypus. Bel  yxe paznudaere, dYro y
OpOUTaNBHBIX KoJel Juisi miaHeT (Kpome MepKypus) B IIEHTpe - He
ConHIle, a LEHTP B3aUMHOI'0 COJTHEYHO-3€MHOTO BpaiieHus. B crapoi
Ke aCTPOHOMHUH TONyYaeTcs, YTO CKOPOCTh OOpallleHHs WM KadyeHHS
cronb MemieHHoH Benepsl Oonbiie, yem y 3emmn. Ha camom ke gemne
OHa IMOYTH B TPH pa3a MEHbIIIE 3eMHOMN BETUYNHbI!

W mnapyxnas mmaHetHas cdepa BeHepbl, coBepmias IBHKEHHE
KaueHus 10 OpOUTAIbHOMY Koblly Mepkypus, oOecreuuBaet
nocrosiHHoe paccrosHue Benepel or ComHma. [lemo B ToM, 4TO
HEOOXOMMO pa3NuyaTh cepuueckoe, a HE OKPYXHOE BpallICHHE
Benepsl unu - cghepuuecko-oxkpysrcnou npocmpancmeennbiil nepexoo! B
3TOM BpallleHuH paccrosHre Benepsl or ConHIa B ABa pa3a MEHBIIE
BocIpuHUMaemMoro ¢ 3emiu, coctapisiga 0,36 «a.e». [lpu s3tom Benepa,
BpaIlasicb BOKPYT COJIHEYHO-3€MHOT'0 IIEHTpa BpAIlEHUs, COXpaHsIET U
MOCTOSIHHOE YKa3aHHOe paccTossHue oT ConHia. DTHUM U 00BsCHSIETCS
HE3HAUUTENbHbIM €€ OpOMTaNbHBIA OSKCUEHTpPUCUTET. Takke H
paccrosinne Mepkypusa ot ConHIIa B JIBa pa3a MEHbIIE, COCTaBIIAd HE
0,39 a.e., 0,195 a.e., yueM u OOBSCHSETCA BJBOE MECHBIIMI pa3Mep
annuica opOuTel Mepkypusi (B NEPIEHAMKYISIPHOM HAINpaBlIeHUU K
(hOKYCHOM OCH 3JUTHIICA), BOCTIPUHUMAEMBIH ¢ 3eMIIH.

A o0paTHOe WM MO XOJYy 4YacOBOH CTPENKH IO OTHOIIEGHHIO K
OCTaJIbHBIM OKOJIO3EMHBIM IUIAHETAM BpalleHHE €€ BHYTPEHHEH, a
COOTBETCTBEHHO, - UM Bceil TulaHeTHOH cdepbl (1 €€ camoi)
00YCIIOBIIMBAETCSl KaK pa3 BpalleHHEM YK€ MPOTHB YacOBOH CTpPENKH
CHJIOBOTO OpOMTaNmbHOro Kombla MepKkypus. OTO 3Ha4HT, 4YTO
BpalieHue miaHeTHoi cdepsl Mepkypus paauycom okoso 0,05 a.e. (kak
KOHTYpHOE WM HapyKHOE) 00pa3yeTcsl Y4aCTOTHOW TIaHETHOW cdepoit
Connia gepe3 oOpazoBaHue BocbMEpkH. [lnanernas chepa Mepkypust
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MoJTy4yaeT BpallleHHe MPOTUB X0Jja 4acoBOM CTpeiku nmpu Buae ¢ CeBepa
3eMJIM U TPOSIBISIET B Ty € CTOPOHY HaIllpaBJIEHHOE BpallleHHe CBOETO
opOuTanbHOro Komnbia. M, kak u Benepa, Mepkypuii KaTUTCA 11O 3TOMY
KOJIBIY U3HYTpPH, HO YK€ KaK Obl BHU3 C IIPaBOH CTOPOHBI, €CIIH KOJIbIIO
npeactaBuTh Tpyooil. I[lotomy Mepkypwii - OJT0O HE TOIBKO
€IMHCTBEHHas IulaHeTa, Bpamaromasci Bokpyr ConHia, a He
HEMOoCPeICTBEHHO BOKPYT COJIHEYHO-3€MHOr0 IIeHTpa. MepKypuil, kKak u
Jlyna (ecnu e€ mpuUHMMATH IUJIAHETOM), BpaIaeTcsl B OTIUYUE OT
OCTaJIbHBIX OKOJIOCOJIHEYHBIX IUIaHeT NpoTHB JABMKeHus CorHIa.
OtTOoro u JBWXXEHHE €ro cToib He pa3nuuyaerca. Kpome Toro,
Mepkypuii He cllydaiiHO BHEIIHE ITOX0X Ha JIyHy, TOCKOJIBKY TaKXe He
BpaIIlaeTcsi BOKPYT CBOE ocH (TOUHEe, - He BpalaeTcsl MOTHOCTbIO).

OT0 U NpU3HABAIU BIUIOTH A0 1965-T0 roga, Korjga aMmepuKaHCKUe
ACTPOHOMBI c MTOMOIIBIO TUTaHTCKOTO paaroTenecKona
PaZNOJIOKAIMOHHBIM METOIOM ONPEACIHIN TEepHoJ] SKOObI TOJHOTO
O0CEBOro BpamieHus Mepkypuss B 2/3  TPONOKUTEIBLHOCTH — €ro
oOpamienust o opoute. Ho, 4To MHTEpecHO, BCE paBHO CUUTAIOT, YTO
COJIHEUHBIC CYTKH Ha MepKypHH pPaBHBI JBYM €0 Toj1aM WM 000poTam
Bokpyr ComHiia. Mo, OHMH rojl Ha MepKypHH HOYb, a Jpyroi — aeHs. 1
BBIXOJUT OISITH a0CypJ, KOTJla C OIHOW CTOPOHBI CYTKH Ha MepKypun
2/3 rtoma, a ¢ mpyroii — 2 roma. A OOBICHSETCS 3TO KaK pa3 He
pazIuYeHueM  JIEHCTBUTENBHO MJYIIETO  B3aUMHO-IIEHTPHYECKOT O
MaHeTHoro BpaiueHus. [lotomy B3rsaoM ¢ 3eMiM, KOrja B IIEHTP
BpamieHus: craButcsi ConHue, opOute MepKypHus MPHUIMCHIBAETCS
OIPOMHBIN 3KCIeHTpUcHTET. OH TONBKO OKOJIO JIBYX pa3 MEHbIIe, YeM
ero paccrosiHue ot ConHua. A BBl y’Ke€ 3HaeTe, 4YTO SKCHEHTPUCUTETOB Yy
opOUT miaHeT Ha camoM Jene HeT. OHHM JIMIIb BOCIPHUHHUMAIOTCS C
3emun HaOIrOMATENSIMU, CUUTAIONIMMY, YTO BCE TUIAHETHI OOpalIaroTCs
BOokpyr ConHna. OTHM OOBSICHSIIOTCS, KaK BbI Y)K€ YATAJIH, U OTPOMHBIE
SKCHUEHTPUCHUTETHI,  IMPUIUCHIBAEMBbIE  MajblM  IJIJaHETaM  WJIU
acTepoujiam.

[Mono6uo 1 onpenenéHubie 2/3-u BpamieHuss MepKypus — 3TO U eCcTh
2/3-u, Kak ero KayaHhe BOKPYT OCH, a HE IIOJHOe BpamieHue!
HaOmonenuem Bpamienus Mepkypus Bokpyr ComHia ¢ 3emn
OOBSICHSCTCS M TOCTOSHHBIA WM BEKOBOW MOBOPOT TAKOTO 3JUIMIICA
opobutel Mepkypusi. Bbl yke 3HaeTe, 4TO Mpeleccus WM BEKOBOE
BpallleHHe 30/IMaKaIbHOIO Kpyra — 3TO Ha caMOM JeJie OTOOpaskeHHe
cheprudecKoro BpalleHUs] COTHEYHO-3eMHOM KOCMHYECKON ceprl. A B
TaKOM  BpallcHUH  BMECTE€ C  COINHEYHO-3€MHOH  OpOHTOM
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BOCIIPHHUMAETCS U JIBMKeHHe opOuThl Mepkypusi. C qpyroll CTOpOHBI,
9T0 emé pa3 JoKasbiBaeT cpepruyHO TPUIONBHYIO CTPYKTYpY KOocMoca.
Ho Mepkypuii He oOpamén Bcerga onmHod cropoHoid k ComHiy.
Connevnas mianeTHas cepa, He mojJiepKuBasi, Kak U JIyHa, CHIOBOTO
OopOUTaNBHOro KoJIbla (yXKe B Hallle BpeMsi), IPOSBIISIET OTEILHO CBOIO
YaCTOTHYI0O M OTJEIbHO CBOIO  KOHTYPHYIO  COCTaBIISIOLINE
(oOpasytomue n00yto chepy). [loromy minanerHas cdepa Mepkypus,
MoBOpavMBasich 10 2/3-m 000OpoTa Kak OBl OT CONHEYHOW YacTOTHOH
MIaHeTHOW cdepbl, T.e. KaTACh HM3HYTPU [0 CBOEMY CHIIOBOMY
opOUTaIbHOMY KOJIBIlY, OISTh BO3Bpalaercs (BMeCTe C CaMuUM
MepkypreM) B NpeKHee MOIOKEHHE YK€ OT 0OpaTHO HaIpaBlieHHOW
HApY)KHOH WJIM CONHEYHOH KOHTYpHOH TutaHeTHOW cdepbl. Bor u
[OJIy4aercs, 4To Bpauasce, MepKypuii Ha CaMOM JIEeNE U HE BPaIlaeTcs
BOKpyT cBoeil ocu! [lomoOHOe mpoucxoaut u Bo BpamieHun JIyHBI (0
4yéM peub fganbiue). [Ipu atom, kak u Jlyna, Mepkypuii moBopauuBaercs
nornepeMeHHo JByMs ctopoHamu k Comniy. K 3emie xe Mepkypuit,
kak u Jlyna (HO yxe Ha 2/3 o0opora) oOpaméH TOIBKO OTHOH
cropoHoi. M Bbl BHaWTE, 4TO CXe€Ma BpalieHuss MepKypus Taxxe
HaIJITHO JI0Ka3bIBAaeT B3aUMHO-IIEHTPHUECKYIO TNIAHETHYIO CHCTEMY.

N3o0paxkeHus miiaHeT TIaHeT COTHEYHO-3eMHOM cdephl. CieBa
BIEpEAM pacroiokeH Mepkypuii, 3atem Benepa, 3emist u Mapc.

U Temneph BB MOHUMAETE, YTO BCE IJIAHETHI CYIIECTBYIOT HE CAMHU TIO
cede WM HE TOJNBKO JUIsS YKpAalleHWss HOYHOro Heba, a MMEHHO JIs
o0Opa3oBaHUs BpalleHUs Jpyrux Iutaner! A o0paTHOE CyTOYHOE
BpalieHue BeHepsl TOBOPUT M O TOM, YTO B OTJIMYHME OT 3e€MJIH, B €€
TUTaHeTHYIo chepy depes e€ NeHTPaTbHYIO JIyU4eBYyI0 OCh OT TPaH3UTHOH
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3
cepsl TMOCTymaer rpaBUTOHHAs 4acTOTHOCTH 10°, a BBIXOOUT YyiKe

marauTHas gactotHocts 10°. Dro smaumt, wro Benepa, kak Obl
pereHepupyeT MarHUTHYIO 4aCTHOCTb, MOJICPKUBAs €10 OpOHMTaIbHOE
cuioBoe Konb1lo 3emun. [lotomy u Ha BeHepe HUKOrja He OBIIO )KU3HU.

C BpaleHneM OKOJI03eMHBIX TUIaHET Oojee-MeHee MOHSATHO. A Kak
ke oOpa3syercs BpalieHue OONbIIKMX Ta30BbIX MiaHerouoB (KOmurepa,
Catypna u T.1.)? Bbl yke untanu, uro opouty s KOnurepa nposiBiser
HEMOCTOSIHHBIM CJIOH TpaH3UTHOH c(epbl BOKPYT CONHEYHO-3€MHOT0
LEHTpa, 4YTO 00pa3yercst BpalleHHeM 3eMJIM MpH TPOXOXKIEHHU €I0
TOYKH 3UMHEro conHiecTtosHus. CuiioBoe OpOUTAIbHOE KOJIBIO JUIS
IOmuTepa, koropoe kak Obl 3aMbIKaeT KOHTYpP COJHEYHO-3€MHOT'0
BpaIlleHUs, TOKE MOJy4yaeT BpallleHHe NMPOTUB XO0Jla YAaCOBOM CTPEINKH.
W oHO BO30OYXIaeT BpallleHUE CHJIOBON OpOMTAIbHOM IIeNH, MOI00HON
COJIHEYHO-TYHHOMH LIeNH, HO COCTOSIIEH He U3 IBYX IMOJHBIX BOCBMEPOK,
a U3 TpEX BOCBMEpUYHBIX Merenb. KpaitHue nernu 3Toil opOuTampHOU
CHJIOBOH €N TONYYaloT, KaK BBl Y€ MOXKET€ MOHATh, BpalleHHE 10
xoxy yacoBou ctpenku (mpu B3rsiae ¢ Cesepa 3emin). CpenvHHAS Ke
nerisl ¢ BpalleHHeM MPOTHUB XOJa YacOBOM CTPENKH MPOSBIAETCA K
TOMY K€ U OT IIOCTOSTHHOTO CJIOS TPaH3UTHOM cepsl.

A oH o0pasyercss TpaBUTAI[MOHHOW OpPOUTAIbHONH YACTOTHOCTHIO
104, HCXOAAIIeH M3 IEeHTpalbHOM JydeBoil ocu Mapca. CpenuHHas
NeTss CUIIoBoH opOMTaNnbHOM nenu FOnuTtepa nposBisieT KOHIEHTPHUYHO
eif ¥ BHYTPH He€ CHavalla ero KOJBIEBYIO IUIAHETHYIO cepy, U yKe ero
oOpasyercst u cama TuiaHetHas cepa IOmmrepa (310 BCE BB MOXKeETE
OISITh TIOCMOTPETh Ha MPEABIAYIINX PUCYHKaX). DTHM OOBSCHAETCS M
Oonplioe KomMUecTBO cnyTHHKOB Yy IOmurtepa, um ero ObicTpoe
BpallleHue BOKPYI' cOOCTBEHHOH ocu. OHO COCTaBisieT Ja)Ke MEHBIIe
10-u  3emHBIX yacoB. bompmias CKOpOCTb BpalleHHs OOJBIINX
TUTAHETOMJIOB M TIPOSIBIIIET BOKPYI HUX Kojbha. M, 4To MHTEpecHO,
cunoBass opOuTanbHas 1ens FOnuTepa, Kak W BHYTPEHHsISI 3eMHas
opOuTanbHasi cuMMeTpH4yHas chepa B COTHEYHO-3EMHOM BpalllCHHUH,
JIeNiaeT OJMH O00OPOT BOKPYT COJIHEYHO-3EMHOTO IIGHTpa OKOJIo 12-M
3eMHbIX JieT. O0pa3oBaHWeM CHIIOBOW OpOMTAJIbHOM 1enH (B TOM YHCIIE
W Y OCTaIbHBIX OOJBIIMX IJIAHETOWAOB) HapALy C CYLIECTBOBAHHEM
TPaH3UTHBIX KOJNBIEBBIX Cdep OOBACHSAETCS K TOMY XK€ BpallCHHE
OOJNIBIIMX TUTAHETOMJIOB B TOW K€ BOCBMEPUYHOW IUIOCKOCTH
SKJIMIITHKH, YTO - U 'y COTHEYHO-3eMHOH Cephl.

VY KOnutepa - HAUMEHBIIHME U3 OONBIIUX TIAHETOUJIOB HAKJIOH OCH
BpallleH!s1 K BOCBMEPHYHOM 001Iel MIocKocT opOuTHI Beero B 87°. Uy
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€ro MarHUTHBIX TOJIIOCOB MOJIAPHOCTh IMPOTHBOMOIOKHA 3€MHOIM. DTO
3HA4YMT, YTO OH, BO-TIEPBBIX, 00pa3yeT B TPaH3UTHOH cdepe BOKPYr
LEHTpa CONHEYHO-3eMHOT0 BpalleHUs YyxXKe KpaliHuii chepudHo-
KOJIBLICBOH CJ10# ¢ pajuycoM okoio 40 a.e. DTOT CIIoif Kak Obl HaMeuaeT
KOHTYphl ~ OOIIeH  OKOJIOCONIHEYHOW cdepl B KOCMHYECKOM
tpéxchepuuke Comune-llentaBpa-Cupuyc. Bo-BTOphix, momy4as
HCXO/IHYIO TPaBUTOHHYIO YaCTOTHOCTbH INPOILIOrO 10° or 3emn yepes
TPaH3UTHYIO KOJblIeBYIO chepy, FOmurep perenepupyer majblie yxe
MarHUTHYIO TPaBUTOHHYIO YacTOTY. OTHUM T'PaBUTOHHBIM BEIECTBOM
HIpUaaercs, KpoMe TOro, U JOIMOJHUTENbHBIA UMITYJIbC KPaWHEN METIN
opOutanpHOi cuioBoi 1menu lOmuTepa. A oOHa ToOJEpKHUBAET
BpallleHhe OpOMTAIBLHOrO CHJIOBOTO KONbIA YXKe Ui Waymend 3a
IOmuTtepom npyroro Oonbmiero mianerouaa (maHersl) - CartypHa.
CatypH ymanéH OT COJTHEYHO-3EMHOTO IIeHTpa MmpuMepHO Ha 4,27 a.e.
CpenuHHas eI B BUPTYaIbHOW OpOMTAaNBbHON BOCBMEPUYHOHM LiEMH
CartypHa oOpa3yercs yxXe COJHEUHBIM CIIOEM B TpaH3UTHOH cdepe
BOKPYT' COJIHEUHO-3€MHOro IleHTpa. Ho KpaliHss nerns B CHIOBOH
opOutanbHOi nenn CaTypHa, Kak Bbl MOXKETE NPENCTaBUTh, YK€ HE
MOXET MPOSIBUTH TAKOE OrPOMHOE OPOMTABHOE KOJNBIIO, KAK CHIIOBYIO
WIH KOHTYPHYIO OKPYXHOCTb, MOJOOHYIO CHJIOBBIM MarHUTHBIM
smuausaM. [loromy opOuTanbHas cuioBas 1ienb CatypHa o0pasyer yxke
Kak Obl CBOMM MPOAOIDKEHUEM M OpOHUTANBHYIO LENb MIYHIEro 32 HUM
VYpana. U B Takoli kak Obl COBMEIIEHHOW OpOMTATBHON BOCEMEPHYHON
LEeNU CpPeJuHHAs NETs Al YpaHa, a 3HAa4uT, U caM YpaH IOJIydaer
BpallleHUE Y)KE M0 X0y YacOBOM cTpeiku (mogooHo Benepe).

Bpamenne CaTypHa BOKpPYI COJHEYHO-3€MHOTO ILIEHTpa (TOdHee
BOKPYI' COJIHEUHO-3€MHOM 0O0mieil cdepbl BpalieHus) o0pasyeT
COOTBETCTBYIOIIMI KOJBIICBOM CIIOH T'paBUTALlMOHHON OpOWTAIBLHON
qacrorrocru 10* B TpaH3UTHOH cdepe. M1 3TOT KOHTYp TpaBUTOHHOTO
BpallleHUs] TIPOCTHPAETCSl Ha PAacCTOsIHKE, Oonbliee, yeM 8,5 «a.e.». OH
MOMOTaeT MOJAJCPKUBATh BpalllcHUE Kak pa3 OOJIBIION CpeIuHHON
nerau YpaHa B CHJIOBOW opOHMTanmbHOM nenu. M oOpatHoe, yeM y
COCEIHMX TUIaHETOU OB, BpallleHHue Y paHa O3HayaeT, 4To 37eCh, Kak U Yy
Benepsl, uaér pereHepauuss HMCXOAHOW T'PaBUTOHHOW YacCTOTHOCTH
npouwtoro 10°, mocrymnarorieii y:xe ot manerHoit cdepsr CatypHa, B
MarHUTHYIO TPaBUTOHHYIO YaCTOTHOCTb. A 3THUM MpOSBISETcS YXe U
clenyromas opouTanbHas CHIIOBas LENb W3 TPEX MeTeNb Ui APYroro
razoporo miaHerouga - Henrtyna. OTTOro m ochb BpalieHus YpaHa
MOYTH JIOKUT Ha BOCBMEPHUYHOW IUIOCKOCTH OpOMTHI, Oyaydn
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HaIlpaBJICHHONW B CTOPOHY Cienylomero 3a HuM HenTtyHa. A CyTHUK
VYpana OOepoH, BpalIalOUIMKCS TOTOMY IOYTH NEPHEHIMKYISPHO K
«TUTOCKOCTHY» OpOUTHI YpaHa, 0003HavaeT chepuIHOCTb €ro CpeIuHHOMI
METJIA B OpOUTAIBHOM 11eTTH.

N BBl yxXe MoXere MNpeACTaBUTb, YTO I[OCIE€ BHUPTYaJIbHOTO
OpOUTANTBHOTO CUJIOBOT'O KOJIBIIA, MMPOSBIIsIEMOro BpallleHneM FOnwurepa,
Kak Obl BBICTpamBaercs oOmas opOWTanbpHas [enb U3 TpEX
tanerons1oB. Ho camu Gomnbiue miaHeTouabl (OQHUIMATBHO MIaHETHI),
KOHCYHO, [JaJICKO HE BCCraa BBICTPOCHBI B OJAHY JIMHUIO. BGZ[I)
IPOSIBIIEHUE 3TOM LENU IMOCIENOBaTeNbHOE. B 3TOM M 3akirouaercs
q)aKTI/I‘IeCKOG CAUHCTBO BpEMCHH, HAUYNHAA CO CPCANHHOTO BAKYYMHOI'O
CJIOS, U €ro siBHas HEOJHOPOJHOCTb WJIM OTHOCHUTEIBHOCTh YK€ B
HallleM HaJIBAKYyMHOM MHUpE. A BOT MOCJCAHSS NETs B OpOUTAIBHOM
cunoBoil nenu HenrtyHa, Bpamasich BOKPYT COJIHEYHO-3€EMHOIO LIEHTpA,
W OTpaHHYMBAET CUCTEMY WX cepy OONbIINX MIIaHETOUIOB.

IToromy, Hampumep, U TpPAaeKTOpHs IBMXKEHHs KoMeTbl [aies
IMMOKa3bIBACT I'paHUIy CUCTEMbI 60.]'[]:.HII/IX IJIaHETOUI0B, TMOBOpavYMBasd
00paTHO Kak pa3 Ha 3ToM paccrosHuu ot Conaia. M ona uaér BIoib
Kak Obl 0oOmIel CHIIOBOM OpOMTANbHON enu OONBIINX IJIaHETOH]OB,
IMOCKOJIBKY B I‘J'Iy6I/IHHI:IX BaKyyMHBIX CJIOSAX 60HI)H.II/IG IIJIaHETOU b
00pa3yloT UMEHHO OOIIyI0 OpOHTaNbHYIO Henb! W Tombko B Halem
HaJABaKyyMHOM MHUPE YK€ HCT 4YaCTOTHOIO WJIM TPaBUTOHHOI'O
€IMHCTBA, OTYEro IIJIAHEThl pAacXoIATCs MO pa3HbIM  YacTIM
OKPYKHOCTU TOpPU30HTa. Benp qBUXkEHUE U KU3Hb UIET BCETJA TOIBKO
B HCBHJIUMMOM BaKyyM€ WJIM B BAKYyyMHOM TI'PaBUTOHHOM BCHICCTBE. B
HaleM K€ MUPEC MBI BUIUM TOJIBKO CICACTBHUEC 3TOI'0 ABUKCHUSA U ITOM
KHU3HU.

Pazaunyenne Cupuyca u TaiiHa KaJleHAAPH.

0O, xomerax, cucreme Ilinyrona u k npasjae spameHus JIyHbl.
31ech TOBOPUTCS O TOM, UTO

- 1) ABUKEHME KOMET, KOr4a OHU, HAaNpPUMep, MOBOPAYMBALOT CBOW XBOCT OT
Co/HUa, NOKa3blBAET UMEHHO AENCTBUTE/IbHO CYLLECTBYIOLLYHO B3aUMHO-
LLEeHTPMYECKYIO MNAHETHYIO CUCTEMY.
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1 Sanumamenvroe Paznuuenue.

B cooTBeTCTBUM C Hel MayToH BXOAUT B COCTaB TPeTbel HanbobLien
KonbLLeBOW cdepbl, KDOME CONHEYHO-3eMHOM Chepbl U KONbLEBOM Chepbl
NN CUCTEMbI BObLINX NIAHETOMAOB, COCTABAOLWMX OOLLYHO CONHEYHYIO
chepy B Kocmuyeckom Tpunone «ConHue-LieHtaBpa-Cupuycy;

- 2) NYHHbIE W CONHEYHbIE 3aTMEHMA TaK}Ke NPOABAAIOT AENCTBUTENbHO
CYLLLECTBYIOLLYIO B3aMMHO-LLEeHTPUYECKYIO CUCTEMY, MOCKO/IbKY BO
B3aMMHOM Ka4YeHWWN FPaBUTOHHbIX COTHEYHO-3eMHbIX Chep BOKPYT Apyr
Apyra ycnosHaa opbutasnibHan NNOCKOCTb BPaLLEHMUA UAN SKAUNTUKA
coBepLuaeT nogobue KayeHua, obo3Hayas BOCbMEpPKY. Mo opuumanbHom
e cucteme ¢ CoNHLLEM B LEeHTpe (C HenoABUKHOM opbuTanbHOM
NAOCKOCTbIO) GAKTUYECKU HEBO3MOXKHbI Bb1/IM Bbl U NONHONYHMS;

- 3) M coOBCeM He CTbIKyeTcs ¢ opuLManbHON CUCTEMON, B KOTOpoin ConHue
- B LLeHTpe, o6paTHOe BpaLeHue JlyHbl BOKPYr 3emaun. A Befb 3TO, UTO
Ha3bIBaETCA, IEXKMUT Ha NMOBEPXHOCTU, ECIN aHANIM3MPOBATbL UM Pa3NnyaThb
0bpasoBaHMe NyHHbIX dpa3. ObpaTHbIM ABUNKEHUEM JIyHbI, KPOME TOro,
06BACHATCA U MOPCKME NPUANBLI Ha 3emne. BpalueHue JlyHbl ¢
MEHbLUNM KOJIMYECTBOM 3EMHbIX CYTOK B JIYyHHOM roZy 1, Ha0bopoT,
ABNEHMe 3ana3ablBaHMA B ABUXKEeHUM JIyHbl No HeBOCBOAY, a TaKXkKe
0603HaYeHmne 3TUM CpeaHEero KoaMYecTsa AHen B rogy (umcnom B 360)
NoKa3bIBaeT M HEOBXOAMMOCTb NPUMEHEHUA AENCTBUTENIbHO UAYLLETO
TPETUYHOIO KaneHgapA.

Komertsl B ux nBrmkeHuu, nmoaxons K COIHILY, CBOMMH XBOCTAMH
MPOSIBIISIIOT KaK pa3 IuiaHeTHbie cdepbl. [IoBOpOT e XBOCTOB KOMET 11O
HanpasiieHnio oT CoyHIa 00BSCHIETCS, KaK BbI YK€ MOXKETE IIOHUMATh,
BpalllcHHEM KX BOKPYT COJHEYHO-3€MHOI'0 IIEHTpa, a HE BOKPYT
Connma. Yrto wHTEpecHO, cTapash HayKa «OOBSCHSET» TOBOPOT
KOMETHBIX XBOCTOB BCE TEM XK€ MOJICKYJIAPHBIM TPUTAXKCHUEM, KaK
4acThIM ciy4aeM rpasuranud. Ho korna koMmera ['annest yneraer naxe
no Ilnyrona, a moToM omsiTh nouemy-to ABMkercs K ConHIly, yxe
HUKaK U HE «OOBACHSIOT». Y KOMET - OOJBIION Yroji HaKJIOHA K 00Iiei
OpOUTANBHON «IIIOCKOCTH» COJHEYHO-3€MHOM CHUCTEMBI U CHCTEMBI
6OHI)HII/IX IIJIaHETOUIOB. U BEBI ke YK€ MOKETEC OTBCTUTH, YTO IMOTOMY
OHU U JIETAIOT MO JAajsiM KOCMOCa, MOCKOJNBKY CHadana YBJIEKaloTCS
BpalllcHHEM KOJBLEBBIX CIOEB TPAH3UTHOW c(epbl BOKPYT COIHEYHO-
3eMHOrO IEHTpa MW BpalleHWeM IUIaHeTHBIX cdep, a 3aTeM Yyxke
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I 3anumamenvrnoe Pasnuuenue.
BBITAJIKUBAIOTCSA OTHMHU IKE€ BpPAIICHUSIMMU. BOprF IJ1aHeTonaa
[InyToHa, KOTOpPBIH - YK€ BHE CHUCTEMBI OOJBIIMX IUIAHETOWIOB,
oOpasyercsi KonblieBas IiaHeTHas cdepa. OHa moiy4yaer BpalCHHE
IPOTUB XOJAa 4YacOBOM CTPEJIKM OT KpalWHEHd IeTIu B CUJIOBOH
opbutansHOil nenn Hentyna. W konmbuesas cdepa Iliyrona, mono6HO
iaHeTHor cdepe Mepkypus, moinydaeT BpalleHHE cpa3y M BOKPYT
aCTEpOMIIHOTO IIeHTpa BpaiueHus (4to uaéT 3a IlmyToHOM) U BOKpYT
COJIHEYHO-3EMHOT0 LIeHTpa (TO4uHee — BOKpPYr yxKe oOmiell cdepbl
COJIHEYHO-3€MHOI'0 BpAILCHHUSI M BpaIlleHHs] OOJIBIIKMX IJIAHETOUIOB).
OTUM U O0BACHSETCS €r0 TAKOW Ke OOJBIINON SKCIICHTPUCHUTET.

ObpazoBanue miaHeTHOH cdepbl [lIyroHa BHYTpH KOJIBIEBOI
cdepbl O3HAYaET YK€ MEMJIEHHOE €ro BpalleHHWe MO CPaBHEHHIO C
npyrumu mianerougaMu. Otroro [I1yToH U TepsieT IIOTHYIO Ta30BYIO
0001I04KY BOKpYT HEro, oOHaskas JBa sApa, BPAIAIOIIMXCsl BOKPYT APYT
Jpyra. A 4To 3TO Tak, TOBOPUT OJMHAKOBHIN MEPHOJ BPALLIEHHUS BOKPYT
oCH U 1A camom IUIAHCTBI, WU IJId SIKO6I)I IJIaHETBI-CITYTHUKA, a HC
caMoM Jefie - MaJioro sipa BOKpyr Oombluero simpa. B3anmHoe ke
BpallleHUE JIBYX SJIEp HE BOCIPUHUMAETCS H3-32 OOIIEro OOJIBIIOro
opUIMATBHOTO JKCLUEHTPUCUTETa BO BpalleHMH OOJNBIIOrO siapa
mianerousa [hyton sikoObr Bokpyr Comnia. T.o., moteps [LnyroHoM
ra3oBodl OOOJIOUKM HArJsAHO TOKa3bIBA€T, YTO TPaBUTAIMS — 3TO
B3aMHOE BpallleHUE KAaYE€HHUEM BOKPYI IpYyr JApyra IPaBUTOHOB H
noJo0HOe eMy B3aMMHOE BpallCHHE MOJEKYISPHBIX Tel, a He
TATOTCHHUEC, aHAJOT'MYHOC MAarHuTHBIM CHJIOBBIM JIMHHAM. A TO, 4YTO
nuaMerp Oombmioro siapa IlmyroHa mpuMmepHO B TpH pa3a Oolnblie
MAJIoro siipa, TOBOPHUT O TOM, 4TO ¥ Macca CoNHIIA, KaK HaJBAKYyMHOT'O
Tela WIM TeTMOU/a, Ha CaMOM Jielie BCETO0 B TPU pa3a OoJbIlle MacChl
3emmn. OkasbiBaeTcst, Mo100HO U Macca JIyHbl IOYTH POBHO MEHbIIE B
3 pa3a Maccel 3eMJId, €ClTM UCXOIUTh U3 CPAaBHEHMsI IYHHOT'O IHaMeTpa,
paBHOro oko0j0 3476 —11 «KM» M BHEUIHETO 36MHOTO Sipa AUaMeTpoOM
okomo 10300 «km». A cpaBHeHHE HEOOXOIMMO C Hapy>KHBIM
IWaMeTpoM  HMEHHO  sipa,  IIOCKOJBbKY  3€MHas  MaHTHS,
pacmonararomascsi HaJl HAM, oOpa3oBaHa B OCHOBHOM OCEIaHUEM
KOJIBLIEBOM c(pephl TBEpIU, KaKk BepXHEi 3eMiid HaJl OCHOBHOM 3eMiéii B
MPOIECCE 3EMHOM 3BONIONMU (CM. BTOPYIO KHHTY ).

Huxke n3o0paxén ruianerou wim cucrema [LimyroHa us aByx siaep,
BpAIIAOIINXCs KAUCHHEM UX TUIAHEeTHBIX cep BOKpyr apyr apyra. 1
3TO HE YTO MHOE, KAK MUHUATIOPHAs B3AUMHO-LIEHTpUUECKas CUCTEMA,
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I 3anumamenvrnoe Pasnuuenue.
MoJj00Hast COMHEYHO0-3eMHOM crucTeMe. Benpb B TakoM BpalieHUH
HAXOISATCA U TPABUTOHBI B HAPY)KHOM BaKyyMHOM cjioe. MIHpIMu

CIIOBaMH, HMMEHHO TaK M B TAKOM BpalIeHUH 0QOpMIIEHA B CTPYKTypa
BCEro pazInyuMoro Hamu mupa. To, 4To Majoe PO KasKeTrcsi HAMHOTO
MEHBLINM — CJIEACTBUE €r0 PAcCTOSHUS OT Oonboro siapa. [logobHbM
00pa3zoM BBITJISIAT U BCe OONBbIINE MIaHETOUAbI (0hUIIHAIEHO OOJbIINE

IUIAHETHI), €CIIU 3aIJITHYTh 32 X a30BYI0 000IOUKY.

 O5-10 - 45

Ber yxe mnonsnm, uro IIIyroH BXOOUT B COCTaB TpPETbEU
OKOJIOCOJTHEYHOM  cHCTeMBbl (C acTEepOMAHBIM IIEHTPOM BpAILEHMUS).
IlepBasi cucrema — 3T0 cama cdepa CONHEUHO-3EMHOTO BpAalllCHHS,
OrpaHMYMBacMasi BpAIlCHHEM KOJIBIICBOW IUIaHETHOH cdepbl Mapca.
Bropas — 310 cucrema Oonbimx 1uianerousioB. Cucremy ke [lnyrona
MOXKHO Ha3BaTh CUCHEMOLU 2UNEpHpoCMmMpancmed, TMOCKOIbKY 3TO YXKe
TEMHas JJI HaIIEero BOCIPUATUS CHUCTEMA, COCTOSIIAs JalblIe Y)Ke U3
00BEKTOB, HE HAXOJAIIMXCS JaXe B HAPY)KHOM BakKyyMHOM cioe. U
KpalHssi TOYKAa OTOM CHCTEMBl OIPAaHMYMBAECT OKOJIOCOJHEUYHYIO
KOCMUYECKYI0  cdepy, BXOAAIILYIO B COCTaB KOCMHYECKOI'O
tpéxchepuuka  Connne-llenraBpa-Cupuyc.  Haumnas ke ¢
OpOUTANBHOTO CHJIOBOTO KOJbLIA BO BpalleHMH MepKypusi, 3TO U €CTh
nocneanas 7-1 chepa u3 ykazaHHbIX B Kopane cemm Hebecax Haj
3eMiéil.

HpO‘II/ITaHHI)Ie BaMH HCpPA3JINYCHUSA BIIOJHE O0OBACHUMBI H3-3a
OTCYTCTBUS B HbIHEINHEH Hayke Pasnmuuenus. Ho To, 4ro 10 cux mop
cuutatorT JIyHy cmyTHHUKOM 3eMild, HUKaK HempocTuTenbHo. Hampumep,
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I 3anumamenvroe Pasnuyenue.
KaK MOXHO Ha3blBaTh CIyTHUKOM JIyHy, eciau €€ OKpyXHas CKOPOCTb
BpaIlleHUs BOKPYT 3eMJIM MOYTH B /IBa Pa3a BbIIIE CKOPOCTH CYTOYHOT'O
3emMHoro Bpamenus? Ho ectb u apyroe HamHOro Oonee SIBHOE
obcrositenbeTBO. BoI 3Haere wnm BeciomuHaere o (aszax Jlynsl. M korga
Jlyna pacrymas, To cepn €€ Mecsua HampasliieH BrpaBo. [loromy u3
IIKOJBI Bbl MOXKET€ BCIIOMHMTb, YTO €CIH MOCTaBUTh MAaJOYKy K
pactyuieMy Mecsily, TO TOIyduTcs: OykBa «p». A Tipu crapetomeii Jlyne
0e3 BCAKOW MaJIOUKH TOJTydaeTcsi OyKBa «C».

Ho 10 obcyxeHuss 3Toro HeoOXOMMO PacCMOTPETh TO, YTO B HE
pa3IMYEeHUU B3aMMHOIO COJTHEYHO-3€MHOI'O BpallleHUs HE pa3iudaeTcs
Jaxke W TNpuyrMHa 3aTMeHui! Bwl yxe 3Haere, 4Yro Korga Ha
0e300:1a4HOM HOYHOM HeOe - monHas JIyHa, OHa oTpa)kaeT OT CBETOBOM
00004k Ha €€ TIOBEPXHOCTH KaK Obl BTOPWYHBIA COTHEYHBIN CBET.
Bo3bMuTe OONBINION MSUUK, TPEACTABISIONIMNE 3eMITIO, TOCTABBTE €ro
Iepes; CBETOM pPOBHO HAMpPOTUB CPEIUHHOT'O TOPU30HTA U TaK XKe
MOCTaBbTE MAJIEHBKHI MSUMK, HO c3aau Oonbiioro. M passe 3aech
nomnajaeT CcBeT Ha MajieHbkMi Msa4u? Ho Beab 3TO M eCcThb MOJENb
o(pUIMATFHOTO TUIAHETHOTO BpallleHHs, B KOTOPOH Jake HE MOXKET
OBITH MIOJTHONYHUH, a BCEr/la - JTyHHbIE 3aTMEeHUS!

[TocMoTpuTEe Ha OPUIHATIEHYIO CXEMY JIYHHOTO 3aTMEHUS B
ounmransHOM TUIaHETHOM BpatieHuu ¢ CouHileM B nieHTpe. [1o Hell kak
pa3 M MoJy4aercsi, YTO HE JIOJHKHO ObITh ITOJIHOJYHHIMA.
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1 Sanumamenvroe Paznuuenue.

[Moromy obmas mmockocts BpameHus: Connna, JIyHbl U 3emian npu
B3aMMHOM COJIHEYHO-3€MHOM BpalleHHH coBepiiaerT konebanue. Ona,
TO MOJHUMAETCS, TO OMyCKaeTcs HaJ ropu3oHToM. MHauye roBops, 3T0
MIPOMCXOMIUT KakK pa3 M3-3a B3aUMHO-IIEHTpHUUecKoro BpamieHus. Kpome
TOTO, M «IJIOCKOCTBb» BpamieHus JIyHsl oOpa3yercs BOCHhMEDKOI,
MOCKOJIbKY OHa TIOJIy4aeT BPAIlEHHE OT COJHEYHO-JIYHHOM CHJIOBOM
opOuTanbHOM 1enu. J[a 1 3eMHOI 3KBaTOP BCEr/ia HaKJIOHEH noj 67,5° k
ropusoHTy. WM BB yXKe pasznudaere, uyTo 3TUM JIlyHa MOUYTH BCerja WU
KaK pa3 KpoMme 3aTMeHu mojcBednBaercss CONHIIEM MO OTHOIIEHUIO K
3emMJie CHU3Y WU CBEPXY.

Taxk BOT, pacTyluid IpaBblil cepl MPU 3TOM OCBELIEHUU U BBIXOJIUT
CrpaBa, a 3HA4MT, JIyHa ABMXKETCA MO XOAY YacCOBOM CTPEIKH BOKPYT
3emmu mpu B3rane ¢ CeBepa. Cama ke 3emis, Kak BbI MOXKETe
BCIIOMHUTH, Tpu B3rsime ¢ CeBepa Bpalmaercs IIPOTUB YacOBOM
crpenku. Ho cnenys ycranoBke, uto JlyHa sikoObI CIyTHHK 3eMJiIH, Ha
[I0Ka MPUMEHAEMON CXeMe, «HHMYTOXKE HE CYMSAIINCH», PacTyLIUi
MPaBbIil CepIl MOCTaBJIeH clieBa OT JyHHOH (a3pl HoBonmyHus! OmHAKO
BBl MOYKETE 3aMETUTh, 4TO JIyHa mo HebocBOay IBMXKETCS ¢ 3amaaa Ha
BocTok u monydaercs, 4To, SKOOBI, KaKk U 3eMJis, - MPOTHUB YacOBOM
ctpenku. Ho BB yke 3Haere, HampuMep, UYTO AHTUYACTUIBI — 3TO
MepeBEPHYThIE B BEPTUKAIBHON IUIOCKOCTH YACTUIIBI WM, YTO B
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I 3anumamenvrnoe Pasnuuenue.
BOCBMEPUYHOM HAPYKHOM BaKyyMHOM CTPYKTYpPE, KaK 4aCTOTHOM BOJBI,
BpallleHHe TP B3MIISIIE CBEPXY OYyZeT yKe 0OpaTHBIM 110 OTHOLIEHHUIO K
B3rJIsiLy cHU3Y. [loToMy, Kak 1 B ciyyae ¢ CO3BE3IMSIMHU 30[MaKaIbHOTO
Kpyra, Ha JIyHy Mbl CMOTpPHM BCer/la CHU3Y, a BOT BpalllaeTcsd OHA HaJ
3emiéit Bcera cBepxy. DTO U €CTh JIVHHbLU 3 pexm.

Hwxe npencrasnena odunmanbias cxema das JIyHsl ¢
[I0CJIE0BATEIbHOCTBIO UX U3MEHEHHUS.

1.HOBOyHUE, 3. IepBas YETBEPTh, 5. MOIHOIYHHE, 7. OCHEHSS
YETBEPTh.

A 371€Ch - TIOCIIEIOBATENBHOCTh U3MEHEHNs1 BUauMon JIyHbI Ha
HeOe.

2 3 4 5 6 8

W Bl BUjUTE, uTO cumnTas JIyHy CIIyTHUKOM, € HA3HAYAOT
BpaIlleHUE POTUB YaCOBOW CTPENKH MPH B3IIIAJIE «CBEPXY» HIIHU C
Cesepa 3emiu, aHaJIOTHYHOE HAIpPaBJIEHUIO BpAIlIEHUs HalleH
IJIaHeThl. A Tenepb nmocMoTpute Ha a3y JIynsr Ne2. Pa3se moxer
pacTyuui Wi MOJIOJI0M MECsL, paclo0oKEHHbIN crpasa,
BBIXOUTH ciieBa. Onsith abcypa. [lotomy Bparaercs Jlyna Ha
camoM Jienie 00paTHO K 3emile, o3Hauas e€ BpalieHue
HEMOCPEICTBEHHO OT COTHEYHO-JIYHHOU CUJIOBOW OpOHMTANILHOM
LeNH, a HUKaK He oT 3emiu. Hazo moctaBuTh B 00paTHOM MOPSIIIKE
W TIOCIIe/IOBATEIbHOCTD IYHHBIX (ha3.
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1 Sanumamenvroe Paznuuenue.

A Teneph mocMoTpuTe Ha CHUMKH (pa3 BeHnepsl. 31eck, Ha000poT,

yYMEHBIIIEHHE CepIia MPOMCXOAUT cripaBa. M 9To Kak pa3 moTomy,

uro BeHepa Bparaercss BOKPYT COMTHEUHO-3EMHOTO IIEHTPa, Kak 1
3emts, - MPOTHUB XO/1a YaCOBOW CTPEITKU BHUIOM «CBEPXY».

April 1 ' May 1 )
April 10 ’
May 9
April 19 )

May 15
April 25 ) ay )

Y cdepsl KOHEYHOH JIYyHHOM TETIM B  COJHEYHO-TYHHOH
opOUTaIbHONH CHJIOBOM IleMM B IEHTPE HaxXxomuTcs 3emis. A
TpaBUTAIIMOHHAS] YACTOTHOCTh 3eMJIHM, HMCXonsmias u3 e€ IeHTpa (B
00pa30oBaHNHN 3eMHOMW TTAHETHOW C(ephl), COBMEIIAETCS C TPABUTOHHON
YaCTOTHOCThIO, TocTymnawmeii or CoiHia, 3Toi OONBIIONH JTyHHOU
neriau (B JeciaTb pa3 OoJblleil 3eMHOW TUIAaHETHOW cdepbl). ITHM U
nosryyaercss 3(QQEeKT NPEBBIIICHUS YaCTOTHOCTH 3E€MHOW TI'paBUTAIlUU
HaJ e KOHTYpHOCTHIO B 10 pa3. B pesynbTaTe u 00pa3yercs oTle/nbHas
gactoTHass cdepa 3eMHOW TpaBUTaUMM, Bpamaomas JlyHy wu
repearolas BpalieHue KoabIeBo TIaHeTHO!H cdepe Mapca.

Hwuxe nokasaHa cxema JIyHHO-3eMHOTO BpaiiieHust BujioM ¢ CeBepa
3emin.
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1 Sanumamenvroe Paznuuenue.

JIyHHast kOHEuHas NeTId B COJTHEYHO-
JIYHHOW OpOWTAIBHON IIETH.

Jlubpanms JlyHsl.

IInanetHas ¥

chepa 3emim.
| °

Kombueas mianernas chpepa Mapca.

Exinworld©

Mepkypuit Bpamaercs Bokpyr CounHila, Oyaydud B IEHTpPE €ro
riaHeTHo cdeppl. A oOpaiieHneM IuTaHeTHOW cdepsl Mepkypus
BOKpyr CoJHIIa MOIIEP>KUBAETCS €ro OpOMTaTbHOE CHIIOBOE KOJBIIO.
Jlyna e, B omamune oT MepKypus, Bpamaercsi BOKpYr 3eMiH
HEMOCPEICTBEHHO OT YaCTOTHOH cdepbl 3eMHOW TI'paBUTAlMH, KakK OT
MOCNEAHEH TMeTIH B COTHEYHO-TYHHOW OpOMTaIbHOM CHIIOBOM LEIH.
OTUM nosydaercs 3epKkajbHOe OTpa)KE€HHE BPAILEHHs COJTHEYHOro sapa
— renuouga. Iloromy Ui Takoro BpallleHHs HE BaK€H M JAMAMETP
3eMHON HapyKHOW WJIM TUIaHETHOH cepbl, U pa3Mep mpeamonaraeMoi
KOHTYpHOH JyHHOW cdepbl (Ha pUCYHKE OHa OOO3HaUYeHa Cepoi
OKPYXXHOCTBIO BOKPYT JIyHBI). DTO BpallleHre BCerAa MOCTOSIHHO. DTUM
U 00BsICHSIETCS, YTO B SBOJIOLMH 3eMITH 3a €€ TOA0BOM 000poT y JIyHBI
Bcerma Owbuio 12 HoBonynuid. OOpamiena ke JlyHa Bcernaa ojHoOU
CTOPOHOM K Halllel MIaHeTe U3-3a CIEeIyIOIIEro.

YacrotHast 1uiaHerHass cdepa 3emud  (Kak  TOpU3OHTalIbHAs
COCTaBIsifOIIAsl JIFO0OH TPAaBUTOHHOH cdepsl) — OSTO YacTOTHAs
miaHeTHas cdepa u JIlyHel. A BBl yXkKe pa3iinyaere, YTO YaCTOTHOCTH
BpallleHUsI BCET/1a CHApY>KU MEPEXOJUT B OOpPaTHYIO O OTHOIICHHUIO K
Hell KOHTYPHOCTh, ¥ Hao00poT. [ToToMy JIyHHOI MTaHETHOM cdepsl, KakK
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I 3anumamenvrnoe Pasnuuenue.
TaKOBOH, HET, HO €CTh KOHTYPHbIE TpaBUTALMOHHBIEC JTMHHUU, 0OPAaTHO
HaIlpaBJICHHbIE K 36MHOM 4AaCTOTHOW IUIAHETHOHM rpasurtauuu. Ilotomy
9TH JIyHHbIE TUHHUU (MT0J0OHBIE cuiIoBbIM) npu Buzae ¢ CeBepa 3emiu
BMECTE C BpallleHHeM Halled IUTaHeThl, UAYT MPOTHUB XO/a YacOBOU
crpenku. Ha pucynke 3To Gonblasi cepasi CTpenka, IpoxXoAsiias yepe3
LEHTp Halel IiaHeThl. A MOCKONbKY JBUXkerca JlyHa Bokpyr 3emin
4yepe3 CONHEYHO-TYHHYIO OpOWTaNbHYIO Ienb MO0 XOAY 4YacoBOH
CTpENKH, TO, KaK U B ciaydae ¢ MepKypHueM, Kaxablil MOBOPOT KopIiyca
JIyubl (OT KOHTYpPHBIX TPaBUTALIMOHHBIX JIMHUHA BOKpPYr HeE)
BO3BPAILAETCS B MPEXKHEE MOJIIOKEHUE BPAIICHUEM KOHTYPHOU 3EMHOMI
chepbl. OTHM U OOBICHSETCS MNPUYMHA KOJCOAHUS WM Kak Obl
nokaunBanus JIyHsl mpu e€ oOpalieHHH BOKPYT 3eMJIM, Ha3bIBAEMOTO
mubpanueii. M nomyuaercsi, 4ro, kak u 'y Mepkypusi, y JIyHbI Her
BpAaIlleHUsI BOKPYT OCH. A TOCKOJIbKY MepKypHil — 3TO IUIaHeTa, TO U
JIyHy MO>KHO U HY>KHO Ha3bIBaTh IJIAHETOM, a HUKAK HE CITyTHUKOM.

[Monobue mnanerHoit cdepsl JIyHbI, MposBIIIEMOE 3a TpaHHIICH
3eMHOH TUTaHETHOW c(ephl, Bcero mpuMepHo B 1,2 pa3za MeHbIIE 3TOH
cdepbl. OTHM U HET HUYEro YAMBHUTENHLHOIO B TOM, YTO TAKOH OOJIBIIONH
TPaBUTOHHBIN IIAp B €ro JBW)KEHUU BbI3BIBAECT MPHUJIMBBI U OTIMBHI Ha
3emie. K ToMy e NpUIMBBI IPOMCXOIAT M3-3a ABMXKEHUS JTYHHBIX
KOHTYPHBIX (CHJIOBBIX) JIMHHWH, YBIEKAIOIIMX OKEAHCKYI0 BOAY B
KOHTaKTe ¢ e€ MOJIEKyJIsIpHON 000sioukoi. TouHee cka3aTh — HE TOJIBKO
W3-32  TPaBUTOHHOTO  JBMXKEHMS 1O  JYHHBIM  KOHTYPHBIM
TPAaBUTALIMOHHBIM WJIM CHJIOBBIM JIMHHSIM, a emé M H3-3a 00paTHOro
Bpamieuss JlyHel  Bokpyr 3emud, d9ro  oOpa3yer  paboTy
MPOTUBOJAEHCTBUS. A HaJIW4KMe PaBHOIO JEHCTBHS U MPOTUBOAECHCTBHUA,
KaK BHEIIHEe YCIIOBHME Hayala JIBUKEHHSA, U BBI3BIBAET MPHJIUBBI C
OTJIMBaMH.

BbrlI 3Haere, 4TO B IYHHOM KaJIEHIApE MEHBIIEE KOJIUYECTBO JHEN. 1
JYHHBIM Toj KOpoue TpoIuyeckoro Wiu ompeznensiemoro no ComHIly
roga Ha 11 cyrok. [Toromy u monHBIH 000POT BOKPYT HalIeH MIIaHETHI
Jlyna coeprmaer He 3a 30 mHel, a mpumepHo 3a 27,3 CyToK. DTO U
MOHATHO, Beab JIyHa Bcerma - BbIIE OTHOCHUTEIBHO 3EMHOIO
HaOIoAaTeNs, a TOTOMY y He€ M Kak Obl MEHBIIHMHA PajJlyC BpaIlICHHS,
4eM y 3emiii. DTUM Hapy>KHO HMJIM Ui HaC OHa M Bpallaercs ObIcTpee.
Ho, uro unTEpecHo, ecnu KaxIblii Beuep oTMeuaTh JBHKeHHue JIyHbI B
TEJIECKOI, TO MOXXKHO YOEIUTHCS, YTO OHA MPHUXOIUT K ONpPENCIEHHOM
Touke (KyJIbMHUHAIMK) Ha HeOecHOW cdepe He paHbIlIe, KaK MOXHO
OBLTO OXWAATH, a TO3KE KaXIbIi pa3 mpuMepHo Ha 50 MuHyT! A 3TO
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03HA4YacT, YTO BHYTPCHHC WJIN YK€ B I'PaBUTOHHOM JIBUKCHUU JIyHHLIﬁ
Mecsi1l, Hao0opot, oonbie 30-1 JHEH Ha IeIbIX 25 YacoB.

[Toromy »TOT (hakT MOAOOCH M HAOIOJCHUIO BEKOBOT'O JBMXKCHUS
TOYKHW BCCEHHCETIO PAaBHOJACHCTBUSA, KOTOPOC Z[eﬁCTBHTeHI)HO €CTb, HO
COBMECTHO C COJTHEYHO-TYHHOH OpOHMTOW M COBMECTHO C aHAJIOTUYHBIM
BpallleHueM 3BE37-3HaKoB 3oauMaka. VI roBopUT 3TO O TOM, YTO Ha
caMoM Jielie KaK Obl CPEIHMI JIYHHBIA MeCSI] - 3TO OKoJio 30-u JHEH.
WNHpIMU clioBaMH, KaKk U B CiIydae C JEHCTBUTENBHBIM 12-M JETHUM
THUKIOM COJIHEUHOM aKTHUBHOCTHU BOCIIPUATHE U MCHBUICTO COJTHEYHOI'O,
U MCHBLLIICTO JIYHHOI'O MECdAlla, © BEKOBOI'0O MMCHHO CMCIICHUA TOYKHU
BECEHHEr0 paBHOJIGHCTBUSI CBS3aHO C IOTPEHIHOCTBIO 3EMHOI0
HAOJIOIGHHST HM3-32 COOTBETCTBYIOIIETO HAKIOHA 3€MHOH OCH. JTHM
roJTy4yaercs, 4YTo U KaJeHAaph JODKEeH COCTOATh He u3 365-u, a u3 360-
U JHed. Takod KajleHJapb M TMOMNBITAJMCh BBECTH B IEPUOA
(paniry3ckoit pesoitonuu B 1793-m rony (nepea Hanmoneonom). Ho u3
9TOH 3aTeW HUYEr0 HE BBINUIO, TOCKOIBKY OT 5-H KakK Obl <CIMIITHHX)
Z[Heﬁ HUKYOa HE JCThCA, u Hux MMpUXoanJIOCh CUUTaTh
«IONOTHHUTENFHBIMI» CYTKaMu. M3-3a 4ero jxe OHM MoayqatoTcs?

K npasae kajneHxapHoOro c4éra u BHeLIHEr0 BU/Aa JIK0JIeil ¢

BO3PAaCTOM. 371eCh TOBOPUTCS O TOM, UTO

- 1) npuynHa 06pa3oBaHMA BUCOKOCHOrO roAa — B Hayane oTcyéTa
opMLMaNbHOro aCTPOHOMUYECKOTO rofia OT TOYKMU BECEHHETO
paBHOAEHCTBUA Ha COBMECTHOW CO/IHEYHO-3eMHOWN opbuTe 1 B
[0MNONHUTE/IbHOM FO40BOM CYTOYHOM BpPaLLLEeHWUN BOKPYF LEeHTPaIbHOM OCH
UIN UHPOTaLUKNKn,

- 2) He NpMMeHeHMe 06PALOM MYCY/IbMAHCTBa, Ha3bIBAKOLLMMCA MCIAMOM
PasnnyeHuna, kotopomy B KopaHe NocBALEHa AarKe Lienan cypa (rnasa),
NPUBOAMUT K MPUMEHEHMIO IYHHOTO KafeHJaps, Kak pas 3anpewjeHHo20 B
KopaHe.

M peno 3pecb B He pasIMYeHUN NOHATUA KBCTAaBKMUY», MPUMEHSABLLENCA B
COJIHEYHO-TYHHOM CE30HHOM KasieHAape, NoJly4aBLIeMCs UMEHHO 13
JIYHHOTO KafeHaaps.
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M He moKeT BbITb MCNONb30BaHMA BCTaBKM AKODbI Ana npucnocobneHns
JIYHHOTO KafieHAaps K CONHEYHOMY UM K HbIHELLIHEMY CE30HHOMY
KasieH4apto, Kak cumTatoT B opuLManbHOM Ucname. Beap Torga ato 6biia
6bl NpMbaBKa;

- 3) Ha NpMMepe NYHHOTO BPaLLEHMA TaKKe 1 3eMs BpaLlaeTca
nonepemeHHo, To 6o/bLLe B BaKYYMHOM NPOCTPAHCTBEHHON cpeae uam
3amef/1IeHHO, TO 6onblUe - B HAZBaKYYMHOM UM HALEM MOJIEKYNAPHOM
MWPE, @ 3HAYUT, - yBbICTPEHHO, a 3aTeM — KaK bbl nocepeaunHe 3Toro.
MoTomy M HEOBXOAMM B NMPUMEHEHUN Mpemuy4HbIii KaneHAapb,
OTpaKaloLWMN pa3IMyeHme TaKOro 3eMHOTo BpalLeHUsA. Takum
pasnnyeHnem obbACHAETCA U Pa3HbIi BHELIHWUIA BUA, OAHOBO3PACTHbLIX
noaen.

Otu 5 Kak Obl «IMITHUX» JHEH NPUXOAATCA Kak pa3 Ha 2 JHS
COJIHLIECTOSIHUA W Ha JiBa JHS PaBHOACHCTBUU. BBl yxe 3Haere, 4To
TUTaHeTHas 3eMHas cdepa, Kak W Jodas rpaBUTOHHas cdepa, yxe B
HaIIeM HaJBaKyyMHOM MHUpe 00pa3yercsi 4eThIpEXCPEepHUKOM U3 ABYX
BOCBMEPOK. M mpOosBISAIOTCS NETIM 3TUX BOCBMEPOK HA MJIOCKOCTH Kak
pa3 B JHSAX COJHIIECTOSIHMM W paBHOAEHCTBUH. OTTOro M B3aMMHOE
COJIHEYHO-3€MHOE BpallleHHe, o0pa3ys oOIIyro opOuTy, paszuenser eé
TaKKe Ha YEThIPe YacTH. A 3TO U MPUBOJTUT K MOSBICHHUIO S-THEH, YTO
cocraBisier B cpenHeM 30 4acoB Ha KaXAyl0 BOCBMEPHYHYIO METIIIO.
OdunuanbHO K€ CONHIECTOSHUS «OOBSCHSIOT» BHCOKOCHBIM TOAOM
WJIH OJIHO HE OOBSCHEHUE MOKPHIBAIOT JPYTHUM HE 00BSICHEHHEM.

BucokocHplli  TOH, Kak BBl YXKe UMTalM, oOpa3yercs
JOTIOHUTENBHBIM UM TPETbUM TOJOBBIM CYTOYHBIM BpAICHHEM
MaHTUU 3eMJIU, COBMECTHBIM C €€ CYTOYHBIM U TOJOBBIM BpalllCHUEM,
WIH WHpoTalued. DTo M o0pa3yeT Kak Obl <JIMIIHHE» OIHH CYTKH.
[Monywaercs, 4To CyTO4YHOE BpalleHHe, KaKk KaueHHe MIaHeTHOH cdephl
no OpOUTAILHOMY CHJIOBOMY KOJIbIly TIPOMCXOOUT Kak Obl 1O
BO/IOpA3/ieNny MEXAYy HapyXHbIM BaKyyMHBIM CJIOE€M IPOCTPAHCTBA U
HaIlllUM HaJBaKyyMHBIM MHpOM. MHpoOTaIus >xe Wik JOMOTHUTEIEHOE
CYTOYHOE BpalleHUE 3a TOJ UAET yKe 3a CUET HApYKHOHU OpOUTAILHON
CUMMETPUYHOH cdepsl 3eMiu yXe B CPEIMHHOM BaKyyMHOM CIIO€.
[Tonygaercsi, 4TO MBI BO BpallleHUU 3eMITd OJHOBPEMEHHO HAaXOIUMCS U
B HaIlleM BUJMMOM MHUPE, U B BAKYYMHBIX TPABUTOHHBIX Cpeax.

Tak BoOT, ecii OBl OTCYET KaKAOr0 TOJa HAUMHAJICS C 3UMHETO
COJIHIIECTOSIHMSI, TO DTH (JIMINHUEY» OJHH CYTKH OCTaBAIUCh ObI HE
3aMeueHHBIMU. Benpb romoBas uHpoTamus 3eMid BOKPYr €€ Ocu
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BIIMCBHIBANACh OBl Torzma B e€ oOWmMiA ToJ0BOH 00OPOT, TOCKOJBKY B
TOYKE 3UMHETO COJHIIECTOSHHS, KaKk B TOYKE JIOMOJHHUTEIHHOTO
MOCTYTUIEHHSI TPAaBUTOHHOM YaCTOTHOCTH K 3eMiie, MPOUCXOIUT KaK Obl
obnynenue BpameHus. Ho ngemo B ToM, 4YTO OQUIMATBHBINA
TPONHMYECKHH TO/A, KaK OCHOBa JUIsi OOLICMPHHATOrO KaleHAaps,
HAYWHAETCSI OT TOYKA BECEHHEro paBHOACHCTBHA. MHBIMH cloBamu,
CY4éT CYTOK HAYMHAIOT OT HEOECHOW TOYKH, OTCTOSIICH OT TOYKH
3MMHETO COJHIIECTOSHHSI Ha YeTBEPTh 000poTa.

U BB ye MOHMMaeTe, 4To MPH 3aBEPIICHUH Toja M TaKoro cuéra
CYTOK B HEM [ONOJHHUTEIHFHOE HWJIM TPEThbe COBMECTHOE BpalleHHE
3emnn mnpuHOCHT Kak pa3 0,25 (uwerBepts) cyrok. Ilotomy wu
MoJydJaloTcsi depe3 4-e¢ Toja JONOJHHUTENbHbIE HEKHE BUCOKOCHBIC
CYTKH. DTO 03Ha4aeT u To, uTo FOnuaHnckuil KaneHnape (MCIONb3yeMbIi
MpaBoCIaBHOM LEPKOBBIO) BHYTpEHHE WIH TPaBUTOHHO
(rpaBUTaIMOHHO) To4Hee oOmenpuHsTOro I 'puropuanckoro. Bemp B
IOnuanckoM kaneHgape 3Ta MOrpenrHocTh cocTaBisieT poBHo 0,25, a B
I'puropuanckom - apodHoe urcio win 0,2425 cyTok.

[TocMoTpuTE HA PUCYHOK, OOBSICHSIIOIINI MPHYMHY 00pa30BaHHS
BHCOKOCHOTO T'0J1a BUJIOM «CBEpXy» WK HajJ CeBEepHBIM MOIIOCOM
(nmpore rosops, - ¢ Ceepa 3emun). JlomoNHUTENBHOE CYyTOYHOE
rojI0BO€ BpallleHne MaHTUH 3eMJIN HJIM MHPOTAIUs, COBIAAAIONIAs C
HaIpaBJICHHMEM KaueHHsI 3eMHOM TIAHETHOU cepbl, HaunHACTCs
Ka)KJIbII TOJ1 C TOUKH 3UMHETO cofHIecTOsiHUS. CUET jKe Kon4YecTBa
BpAaILEHUI HAllle! NIJIaHEThl BOKPYT OCU MJIW YKCJIA CYTOK B
OOILENPUHSATOM TOKa KaJleHJape HAUNHAETCS ¢ TOUKH BECEHHETO
PaBHOJEHCTBHS. A TIOCIIE TOYKH 3UMHEr0 COJIHIECTOSHUS MPOUCXOUT
Kak Obl OOHYJICHUE JIOMOJIHUTEIILHOTO I'OJIOBOI'0 BPAIICHUS M
WHPOTAIMH, YeM OHA UJET y’Ke He CHHXPOHHO C CYTOYHBIM BpallleHUEM,
a craraercst ¢ HUM. [IoToMy K MOICYUTAHHOMY KOJIMYECTBY CYTOUHBIX
BpallleHn i pUOaBIIsieTcs YeTBEPTh JTOMOTHUTEIBHOIO TOI0BOTO
BpalieHus. A 3TO U €CTh KaK pa3 YeTBepTh CYTOK.
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PaHbilie u3-3a MEHBIIErO KOJUYECTBA CYTOK B TOAY, OBIBIIErO B
Mpolecce 3EMHOM DBONIOIUHU, NPUXOAUIOCH MPUMEHSTh JIYHHBIN
KaJIeH1aph 110 HapYyXHOMY JBUXeHUIO JIyHbI (110 yHHBIM (a3am). Ho
TElepb 3TO HE CcepbE3HO. Benp Torma MAET HapylleHUE CE30HHOCTH
(kora 3UMHMI MECSIII MOKET Ha4yaTbcs jeroM). M 4ro0sl coriiacoBath
TaKOM JIYHHBIM KaJi€eHJapb, OTCTAIOLIUN OT CE30HHOCTH, C KaJICHJIapEM
no ConHily, BBOIWIH JONOTHUTEIbHBIA 13- MM «BUCOKOCHBIM»
JYHHBIA MECSIl KaKAble TPU TOJa, BCTaBIsAA €0 B paMKaX HMEHHO
COTHEUHOT0 KajeHnaps. s cormacoBaHus ke KaxJI0ro CE30HHOTO WIH
COTHEYHOT'0 TOJa C JYHHBIM KaJieHAapéM TMONydaercsli BCTaBKa B
COJTHEYHBIH KaJieHJIaph yxe U3 11-u MMEeHHO JYHHBIX cyToK. OTTOro U
ckazano B Kopane (1,9:37), uTO «BCTaBKa — TOJBKO YBEIUYCHHE
HEBEPUS», BBEIEHHAS IS COIVIAaCOBAHMUS C TEM CYETOM, «KOTOPBIH
3amperua Aliax», a 3HAYHT, - C JIYHHBIM CUETOM.

B odurmansHOM ke ucname naxe 4yutaroT KopaH Hau3ycTh, HO HE
0e3 PasnuyeHus He BHUMAIOT MOHSTHS BCTABKU. A 3TO HCXOAMT YXKE U3
HMCKXEHHOTO BOCHPHUATHS OTHOCHUTENBHOCTH, TJI€ HET pa3IudeHUs
BHYTPEHHETO U BHEMIHEro. Beap BcTaBKa - 93TO OTHOCHUTEIHHO
COTHEYHOI'0, a HE JIYHHOTO KayeHAaps. OTHOCHUTEIBHO K€ JIYHHOTO
KaJIeHIaps ToJydaeTcs yxe NMpuOaBKa WM JOMOJIHHUTEIbHBIA MECSII.
BcraBka, oHa U ecTh 6cmaska, UHBIMHU CIOBAMH, €CIIA TPUHAIIATHIN
JYHHBIA MECAIl Cmasisemcsi, TO 3T0 - UMEHHO B paMKaX COJIHEYHOTO
366 _Pasnmuuenue pusuku u acmpornomuu.




I 3anumamenvroe Pasnuyenue.
WIH ce30HHOro cuéra. MHaye e peub mpia Obl 0 NMpuOaBIEHUU K
JYHHOMY KalleHAapio uiau cué€ry! A pa3 BcTaBka M3 TPHUHAIIATOTO
Mecsilla JeflaeTcsi B COJHEYHOE WM CE30HHOE MCUMCIEHHE, HO
cocrosiee W3 12-u JTyHHBIX MeECAIEB, TO 3TO Kak pa3 - Uit
COIIACOBAHUS C JIYHHBIM KaJIeHIapéM, 3anpeléHusiM ['ocrionom uepes
npopoka MyxaMMaja, U y)K HUKaK He Haobopor. Ho B odwuimansHoM
HcIaMe HeT pa3iIMyeHHs] HapyXHOTO M BHYTPEHHETO.

ConHeyHbI WM CE30HHBIM KajleHJaph OOpa30BBIBANIM paHbIIE
TyHHBIM KajeHaapéM. OQuuuaibHO Ha3bIBAeTCS OSTOT KaleHAaph
COJIHEUHO-TYHHbIM. VIMEHHO MpO 3TOT, & HE HBIHEUIHWW COJHEYHBIN
KaneHaapb u3 365-u qHe, u ropopurca B Kopane. B aTom comHedHo-
JIYHHOM CE€30HHOM KaJleHJape MPUXOIUIOCh B CPEHEM Yepe3 TP roja
JieNlaTh BCTaBKH, KOTOPBIMH M COTJIaCOBBIBAIM J3TOT KaJleHJapb C
JIYHHBIM CUETOM WJIM MPHUBS3BIBAIM €r0 K HOBOJYHUAM. TOT CE30HHBIN
TPEXTOAMYHBIN KaleHAapb 00pa30BBIBAJICS JTYHHBIMH MECSIIaMH, HO W3
COJIHEUHBIX JHEH, T.6. C MEHBIIMM KOJIMYECTBOM. HBIHEIHUN Ke
COJTHEYHBIN KaJeHJaph — 3TO Y>K€ COBCEM JPYroi KaJeHIapb, UTO TOXKE
HE Pa3MYaloT B OQHUIMANEHOM HCIaMe. JTO 3HAYHUT, YTO XOTS M
YUTAIOT CJIOBO «BCTaBKa», HO CUUTAIOT €€ COrJIACOBAHMEM C COJTHEYHBIM
KaJleHnapéM, a TO, 4YTO TOrJa BCTaBKa JIOJDKHA HA3BIBAaThCS YXKe
«pubaBKON», ake U HE 3aJyMBIBalOTCS. M, Kak TOBOPUTCSI, KHUUYTOXKE
HE CyMSIIIIUCHY, TPUMEHSIIOT JIYHHBIN KaJleHaph.

3nech HEOOXOAMMO YHNOMSHYTh U TO, YTO O SHIUKIONEINYECKUM
OIIpENIEeNeHNsIM COJHEYHO-TYHHBIM KaJleHJapb IpeIHa3HadeH s
COTJIACOBaHMS JIYHHOTO CH€Ta JIHEH C CONHEYHBIM KajeHaapéM. A BOT
BCTaBKa B 3TOT COJTHEYHO-TYHHBIH KaJleHJaph JelaeTcsi, Hao0opoT, Js
COTJIaCOBaHMsI  COJIHEYHOTO KajleHAaps C JIYHHBIM CuéroMm, Oymyuu
COCTaBIICHHOW HMMEHHO W3 JIyHHBIX Kak Obl Ooliee KOPOTKHX IHEH.
MHbIMM CnhoBamMu, CHMTAOT, YTO BCTaBKa AenaeTca AN1A CornacoBaHMA NyHHOro
NCYMCNEHUA C CONHEYHbIM KaneHZapém. Ha camom ke gene pasbusaHue roga
Ha JIyHHble MmecAubl — 3TO YXXe W3Ha4a/lbHO CcornacoBaHuMe C COJIHEYHbIM
NCYMCNIEHNEM, MOCKOJ/IbKY BCTAOT U N10XKaTcA-To No ConHuy, a He no JlyHe! A
3TO 3HAYMUT, YTO KOrZa NPUMEHAIOT TPUHAALUATLIA NIYHHbIA MECAL, UK, Koraa
MAET peyb O BCTABKe, TO 3TO M 03HAYAET COr/IaCoBaHMe Kak pa3 C HOBOJIyHMEM
WUAN C IYHHbIM CHéTOM, d HWKaK He C HbIHEWHWUM COJTHEYHbIM Kaner,apéM!

[ToroMy HUKakMe YXUIIPEHUS HE MOTYT HM30aBHTh OT WCTHHHOMN
uctunbl Kopana! BeraBka mo tekcty Kopana He MoXeT mpeBpamaThes
B mpubaBKy, YeM H He mnpubaBisieTcd K JyHHOMY KalleHJIapro, a
BCTaBJISIETCS. B COJHEYHOE CE30HHOE HCUHUCIEHHE, YTO0 COoriacoBaThb
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COJTHEYHO-TYHHBIH KaJeHJapb WJIM CMEHY CE30HHOCTHM HMEHHO C
JYHHBIM cu€roM, 3ampeméHHbiM AsutaxoMm! 3ampemienne Kopanom
BCTaBKM M O3Ha4yaeT HE YTO MHOE, KaK OTKa3 OT COJHEYHO-JIYHHOI'O
KaJleH/1apsl, @ HUKAaK He OT HBIHEIIHEr0 COTHEYHOr 0 KajeHaaps u3s 365-u
nueii. Kopoue rosopsi, Kopan yTBepkgaeT HBIHEIIHWM COTHEYHBIN
KaJeHJapb. YX, HaBepHoe, [ocmoge bor, coTrBOopuB Bech MHp,
MpeAyCcMOTpen COONIOACHUE CE30HHOCTH B KalleHJIape, OTTOr0 |
3amperusi MMeHHO JyHHBIH cuér. [loromy u ckazano B Kopane (1,
2:185), 4TO HOBOJIYHHSI — «OHHU OINpPEICICHUE BPEMEHH ISl JIFOJICH», a
HE JUIs IPSMOTO MCUYHCIEHMSI U cuéTa BpeMeHU. OnpeziesieHue - OHO U
€cThb OIlpeJ/ielieHne, HalpuMep, KOrJa COBEpIIaTh MaJOMHUYECTBO U
Xa/K WK KOTJja caXkaTh B oropojie. 1 3To ofHO U3 TIIaBHBIX MCKaKEHUH
Kopana B odunnansaom ncname. [lonoOHOE MCKakeHHE OTHOCUTCS U K
MOHATHIO 1ocTa (0 4YéM pedb B TpeTbeil KHUTE).

A nns ompeneneHus BpeMeHu B KopaHe M cka3aHO mpo 4eThIpe
3alpeTHBIX Mecsma (BKIOYas MeCsIl Mocta — pamazaH). B Hux
BepyIolye MOTyT (HO He 00S3aHbl MPHU TEIECHOW YXU3HU) COBEPIIATH
XaJK WK nocenienre xpama KaaObl B Mekke, HauaTblii CTPOUTHCS SIIé
MpaoTieM ABpaaMoOM C CBIHOBBSMH, U JIOJIKHBI CTPEMUTHCS COBEPIIATH
MaJOMHUYECTBA K CBATBIM MecCTaM (B WHBIX BEPOMCIIOBENAHUAX MWITU
o0psimax moxsonenus). Ckazano B Kopane u o TOM, 4TO HOBOJYHHUS,
JUIALIecs B TEYEHHE ABYX THEH, ONpenenstoT KOHKPETHBIM CpOoK A
XaJlKa, 9YTO M TOBOPUT O BaXKHOCTHU JYHHBIX (pa3. Tak ke U OropOAHUKH
ucnonb3yrot (asel Jlynel. Ho HOBONyHHS B 3eMHOM BpallleHWH BCernaa
YBSI3BIBAIOTCS C COJIHLIECTOSHUSAMHU M PaBHOJECHCTBUSAMHU. A 3TO 3HAUWT,
YTO W ONpeJefieHue BPEMEHU HY)KHO YBS3bIBaThb C €ro COJHEYHBIM
cuérom. Ho He aymaiiTe, 4TO MOTOMY HEOOXOIUM HEKHI HOBBIN
KaJeHAapb. MOXXHO W JaKe HYKHO HCIOJNB30BaTh OOIEPHUHSATHINA
KaJleH/1apb, HO C HA4aJoOM OTCYETa OT TOYKH 3UMHETO COJIHIIECTOSHHS
(I MCKITIOYEHNU ST BUCOKOCHBIX TO10B). W KakuMm e 3To 06pazom?

Bb1 oOpainiany BHUMaHKE, YTO 110 CPEIHEH TeMIiepaType JICTOM MU
3UMOI OBIBAIOT U JKapKHUE, U XOJIOJIHBIC, U KaK Obl 00bIUHEIC rona. Jleno
B TOM, YTO BpallleHHE 3€MHOro IIapa B HaJBAaKyyMHOM IPOCTPAHCTBE
MPUMEPHO COOTBETCTBYET KaK pa3 JIyHHOMY KajeHjapio, niau Ha 10
nHEH Kopoue oOmienpuHsATOro. BpaleHwe ke B BaKyyMHOM CIIO€
YaCTOTHOM BOjbI, HaoOopor, Ha 10 JHEW JIMHHEE OOILIEIPUHSTOrO
Kanennaps. M momydaercsi, 4To KOJTUYECTBO CYTOK B 365 nmHelt — 3TO
cpenHee 4yucio (BCIOMHUTE aHAJOrM4YHOE BpaileHue JIyHbr). DTHM u
BparieHue 3eMiu HIET OJUH roJl Kak Obl OOJbIlle B HAJBAKYYMHOM

368 _Pasmuuenue puzuku u acmpoHomuu.




I 3anumamenvroe Pasnuyenue.
MPOCTPAHCTBE-BEILIECTBE, YEM T'0J] Moiydaercs: (pakTHYecKu Kopode, a
3HAYUT, U XOJoHEE. Jpyroi ros noinydaercs CpeAHUM, a TPETUHN - UJIET
Kak Obl OoJIbIlIe B BAKYYMHOM CIIO€ TIPOCTPaHCTBa-BEIIECTBA. ITHM OH
CTaHOBUTCS JUIMHHEE W JIETOM OTHOCHUTENBHO Teruiee. DTO U O3Ha4aeT
Mpemuunblil KaieHoaph.

HopMmanbhblii wiaM CpelHMl TOJ HAuMHAETCS Kak pa3 B JIEHb
3MMHETO COJHIICCTOSIHUST WM 22-ro jekaOps u okaH4uBaercss 21-ro
nekabps. Crnenyromumid 3a HUM PaCTSHYTBIM MU OTHOCUTEIBHO KapKHIA
rog (eroM, a 3WMOW XOJOAHBIA) HauuWHaeTcs 22-ro aekadps u
OKaHYMBAETCS MPUBBIYHO WM 31-r0 jekadps. A 1mocie HEero uaet yxe
KOPOTKUH ToJ HavajoM l-ro sHBaps M OKOHYaHueM 21-ro nekalps.
Hanpumep, 2007-i rox, xak u 1977-it rox Obiu xapkumu, 2008-it —
xononubM, 2009-i — 310 TOA CpemHelt mpogomkuTenbHocTH, 2010-i Ke
— 3TO ONSITh KaK Obl paCTAHYTHIA 'O MM OTHOCHTEIBHO TEIUIBINA JIETOM
WU XOJOIHBIA 3uUMOW roia. M Bbl MOHHUMAETE, YTO CMEHA XOJOAHBIX M
XKapKUX TOJ0B HIET, KOHEYHO, Ha (OHEe WM OOHMX KIMMAaTHYECKHX
M3MEHEHHI, YeM 3TO JaJIeKo He BCer/a M pa3suTenbHO win ourytumo. Ho
SIBHO MOYKHO Pa3iIMUUTh PACTSHYTBI M KOPOTKMI HMIIM KaK OBl CXKaTBhIH
roJl 110 BPEMEHU LIBETEHUS pAacTeHU. B pacTSHYTbIM WM «UIMHHBIN»
roji LBeTeHHE HaYMHAETCs IPUMEPHO Ha MOJITOPBI HEJEMU paHblle, YeM
B KOPOTKUI. DTO BBl CAMH MOKETE 3alIOMHUTH M OTMETUTBH LIS CEOSI.

B kanengapHoM He pa3nuyeHUM OPHUIIMANBHBIA HCIaM Ha3HA4YaeT U
MECHII [T0CTa pamadan KaKAbIA pa3 Ha Pa3HbIA Ce30H. A 3TUM TepsieTcs
CMBICII TIOHSATHUS HOUM MOTYIIECTBA MJIM HOUM 3UMHETO COJHIIECTOSHHUA,
npuBenéHHoro B Kopane. Iloromy Mecsn pamanaH — 3TO Kak pa3
nepuog ¢ 22-ro HosiOpsi mo 21-e nexaOpsi. HasBanwe >xe cBOE OH
MOJIy4MJI HE OT 3EMHOro, a OT HEOEeCHOro ero mojaodus apabCKoMy
nerHeMmy Mmecsny sipuaiiero Comxna (uro Obi1 10 Myxammana). U, kak
BBl CJIBIIIMTE W3 HOBOCTEH, Xa/pK (MocenieHrne MEKKH) COBEpINAoT
JUIIb B OJIUH pa3 B rofy, Jenas cronnorBopenue. A B Kopane ckazano
WMEHHO O 4YeThIpEx MecsAnax s Xamka (Ipyd HOBONYHUSX B OTH
MECSIIbI), TTOCKOJBKY «Xa/K - M3BECTHBIE MECABD», & HE OAMH MECHIL.
Ho 00 mckaxeHusIX B PEeNMTHH pedb pa3fenax TpeThedl KHUTu. Takum
o0pazoM, B TPETUYHOM KajJeHAape CoOXpaHseTcsi OOLIenPHUHSATHINA
KaJleH/1apb, HO JJIs pa3jMueHMs Hayaja roja U pelurdo3HbIX MECSIEB
NPUMEHSIOTCS] JHU COJIHLIECTOSIHUN U PABHOJEHCTBUH.

DTO 3HAauYWT, YTO KpPOME pamMajaHa TOSBISIOTCS emeé Tpu
PENUTHO3HBIX WJIM XapaMHBIX MecsleB. [IepBblil WM BECEHHUN MecAl]
HaumHaercs 21-ro mMaprTa, B BECEHHEE PAaBHOICHCTBUE M JIUTCS A0 21-
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ro ampens, BTOPOM WM JIETHUH Mecsl] UAET OT 22-ro Masl A0 JHS
JIETHEr0 CONHIECTOSHUS 22-r0 HIOHS (IOZOOHO 3WMHEMY MeECSIly
pamazany). M Tperuéi OCeHHMI Mecsll - OT Hadajla OCCHHEro
PaBHOAEHCTBUS WM OT 23-T0 ceHTs0ps 10 23-T0 OKTAOps. BecenHwmii
MecsI], KaKk Bbl MOXKET€ CaMM JOraJaThCs, CBA3aH C BOCKpPECEHHEM
Xpucra wiu ¢ ero macxour. M, ucxoms w3 bubnuu u Kopana, kak
[Mucanus nenukoMm, JeTHUN MecAl MPUYpPOUYEeH K MOHSATHIO TPOULIBI WU
K TPOWYHOMY TPOSIBJIEHUIO B HaIlleM HaJBAKYyMHOM MHpE OJHOTO U
ennHcTBeHHOro bora besnavanmpHOoro, Ammaxa u k Ero TponmunHomy
nMenn: Otua u CeiHa u Cestoro ayxa. OceHHui Mecal nocBsiméH bory
besnauansHomy, Amnaxy, boropomumne u bymme. Cam xe Mecdn
paMajzaH IIOCBSILEH bory, mpopoky MyxaMmmany, Kak I€4aTw
(CKpEIUICHUI0) BCEX MPOPOKOB M POXKAESCTBY XpuCTOBY. [logoOHO 1 B
XPUCTHAHCKOM 00psiZie BEpPOMCIIOBENAHUS Tacxa XpUCTa WIH €ro
BOCKPECEHHE pAacCUMTHIBAETCS s KaXJIOro TojAa, HCXOAsd U3
HoBonyHust. [lotomy u poxxnenne Uucyca Xpucra Taxke ObLIO CBS3aHO
C HOBONYHHSMH (0 4éM pedb B TpeTbell KHHUIe «3aHUMAaTeIbHOIo
Paznuuenns»).

Bonbiree komuuecTBO JHEH B «KapKOM» TOAy TPETUYHOIO
KaJIeH/1apsl 03HayaeT U MEHBIIYI0 CKOPOCTh BPEMEHU B HEM. A OTCUET
TOI0B KaXKIbIN pa3 oT 1-ro sHBaps, Kak OT 3BOHKA JI0 3BOHKA, IPUBOJUT
K COKpAIICHUIO XU3HU UMEHHO Ha kKod(duiment 375/365. U 3Haere,
YTO 3TUM Toiydaerca? A To, 9To 75 JeT 4elOBEK BOCIPHHHMACT Kak
yke 77 wIn yMUpaeT Ha Lenbix 2 roja pansiue! Bpamenne xxe ConHua
BOKpYT' CBOEH OCH 3a MEHBIIYIO JUINTEIBHOCTh 3€MHOI'0 Mecsla WU
MPUMEPHO 32 25-26 CYTOK, KaK BbI Y)K€ UATaIIU, O0BSCHSIETCS HAKIIOHOM
ocH 3eMJIM W BBITEKAIOIIUM OTCI0Ja OpOUTANBHBIM KO3((PUIHEHTOM
1,2. Ho ecTb ¥ oAMHAKOBOE MPEBBIIIEHHE COJIHEYHOrO MecsAla Haj
3eMHBIM TpH BoOcHpusiTHH ABkeHWss CoJHIA yXKe B BaKyyMHOM
MIPOCTPAaHCTBEHHOM ciioe. BbI 3HaeTe, YTO OJJHOKIIACCHUKH, BCTpEYasich
Mocjie OKOHYAHHUS IIKONBI, BBITJIAAST COBCEM IIO-pa3HOMY. OJTO U
o0BsICHSIETCS TeM, YTO, KaKk W B BOCIpHATHH ABwkeHuss ConHuoa, y
OJHHUX JIOJeH JXW3Hb MNpPU3EMIIEHHAA, a Jpyrue J>KUBYT OONblIe B
BaKyyMHOH cpene. U oTHOcHTenbHO BoctipusTus aBxkeHust ConHna (1o
opOuTaIbHOMY KO3 (MHUIIMEHTY) HEKOTOPbIC U BRINIISIAT B S0 JIeT Ha BCe
60 nm Hao0opOT.

Taiinpl Cupuyca 1 KOCMHYECKHX JaJIeil. 31ecb TOBOPHTCS O TOM,
910
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- 1) cMeHa MarHWUTHbIX NMOOCOB B UCTOPUM 3EM/IM — 3TO CNeacTBUE
BPALLEHMA KayeHnemM obLen CoNHeYHoM chepbl B KOCMUYECKOM TpUnose
«ConHue-LleHTaBpa-Crpnyc» BOKPYr LLeHTPA 3TOM chepbl. B Takom
cnupanbHo-cepruyeckom BpaLLleHUM 33 OAUH FOPU30HTA/IbHbLIN 060pPOT
NPOXOAMT NONOBMHA BEPTMKAZIbHOFO BPALLEHMWA, @ 3HAUYUT, - NOBOPOT
YC/IOBHOM FOPM30HTA/IbHOM NAOCKOCTM HA 180°, 4em 1 CTaHOBUTCA BEPX
3eman nnu eé Cesep HU30M;

- 2) nockonbKy cnuctema Cupuyca — 370 NPSIMOE OTPaKeHue obLyen
conHe4yHol chepbl UM opuLManbHO CUCTEMBI, TO HabtogaeMbli nepuos,
B3aMMHOro BpaLeHuna Cupuyca-nnaHeTbl n Cupuyca-3sesabl BOKPYr Apyr
apyra B 50 3eMHbIX 1eT 03HAYaEeT MEHbLLYIO TaM NPUMEPHO B 2 pasa
CKopocmb epemeHu. [leno B Tom, 4To chepryecKnii nepnog, BpaLleHmn
ConiHU@a 1 3emv BOKPYT ApYr Apyra, KOTOpbI/ MOXKHO HabaoaaTb U3
KOCMOCa, COCTaBAAET 24 rofa MM NPUMEPHO KaK pa3 B 2 pa3a MeHbLLUe.
Benb HabnogaeMoe KOCMUYECKoe BPpaLLleHWe — 3TO BPaLLeHWe BMNIOTb A0
BAaKYYMHOTO C/10A TMMepnpOCTPaHCTBa;

- 3)BbIX0AUT, cucTema Cupuyca npumepHo Ha 2000 NeT MOJIOXKE CONHEYHO-
3eMHoM coepbl. U Bckope Ha nnaHeTe CMpUyC, Kak U Ha 3emne, HauyHETcA
cny>keHue XpucTa, a B Hawem 2012 rogy mnageHew, XpUcToc ABMUACA Tam
HapoZy, Kak byaywmii Cnacutens. Ha npumepe GU3MKK U aCTPOHOMMUK
NMOHATHO, YTO TO/Z1IbKO PasnmqumeM, KaK 0AHOBPEMEHHO U HayKOl‘/‘I, n
Hay4YHbIM MeTOA40M, MOXXHO NONY4YUTb XOTA 6bl UTO-TO 6/1M3KOE K UCTUHE B
3BOIIOUUN U UCTOPUMN.

Brr YK€ 4YUTaJId, YTO Kak 6I)I HadaJlbHass TOYKa 3HUMHECIO
COJIHIIECTOAHUA (B O(bI/IHI/IaHI)HOM HU3JI0KEHUHU — 3TO TOYKAa BECECHHET O
pPaBHOAEHCTBHSA) Ha oOOMIEH COMHEYHO-3€MHOM OpOHMTE MENIEHHO
JIBIDKETCS 1o 3BE3gamu 3oauaka, mpuuéM — BMecTe ¢ Humu. U
COBEpIIAETCs TaKOW OIMH 00OPOT MPHUMEPHO 32 26 THICAY HBIHEITHHX
3eMHBIX JieT. Bam HHMuTO 3TO He HamomuHaer? Ecnu paccmaTtpuBaTh
IUIOCKOE BpalleHHe KOHTypa WM OKPY)XKHOCTH COJHEYHO-3EMHON
opOuTHI Mo 3HaKamMu 3o/1Maka (C COTHEYHO-3eMHBIM [IEHTPOM) BOKpPYT
o0IIero meHTpa KOCMHUYECKOro TpéxcdepHHuka (TpUmoins) «3emis —
HenrtaBpa-Cupuyc» nogobuem BpamieHust CoHIIa BOKPYT CBOECH ocH,
TO 3TO M 03HAYAET, YTO BpalleHHe M0/ 3BE31aMHU OCTaJIOCh HEM3MEHHBIM
C JHeW TBOpeHud. Benp, Kak Bbl MOMHHUTE, TOI/Ja OJWH JIEHb
COOTBETCTBOBaNl Thicsiue romaM. Ho, B cdepuyHom mpocTpaHCTBE
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YacTOTHOH BOJBI TPOUCXOMUT M C(HEpUYHOE BpaIIEHHE CONHEYHO-
36MHOM OpPOMTHI C COJNHEYHO-3€MHBIM IICHTPOM. A OHO B JiBa pasa
MeJIJICHHEe BPAICHHS 110 OKPYKHOCTH, TIOCKOJIBKY 3TO yxke He «2TTR»,
a «4nR». W mockombKy OTHOCHTENBHO HEMOABIKHBIX 3BE31 CornHile
COBEpILIAET BpallleHHe MPUMEPHO 3a 25-U CYTOK, TO MOKHO CKa3aTh, YTO
cepryHOE BpallleHHE TOUYKA 3UMHErO COJIHIECTOSHUS TPOXOAUT 3a 50
TBICSIY JIET, KaK TOI0BBIX 3€MHBIX BpalIeHUH.

3TO0, BO-TIEPBBIX, U O3HAYaeT JUIMTEIHHOCTh METrasmnox: MepBOH,
JUIMBLIEHCA 10 TOrO, KaK BBIMEPJM JUHO3aBpbI, 3aTEM BTOPOH, Kak
OKOHYMJICS TIOTON OOJbIIEH YacTu BepxHel 3eMiu, a Ternepb WAET Hala
TpeThsl Merasmoxa. Bo-BTOpBIX, cdepuueckoe BpallleHHE MPUBOAUT K
CMEHE HalpaBlIeHUS HaMarHW4YMBaHWA WIM K CMEHE MarHUTHBIX
noJirocoB 3emiu. T.0., IEpHOA MPELecCut JUIUTCS B JeHCTBUTENBHOCTH
25 ThICSY JIEeT, a He 26 ThICAY, YTO TOXKE OOBICHICTCS MMEHHO 3€MHBIM
HAOJIOIGCHUEM JaHHOTO SIBJIEHHS WJIM COOTBETCTBYIOLUIMM HAaKJIOHOM
3eMHOM ocu. Koraa ke ofjMH JeHb COCTOSIT U3 THICSIUHM, a 3aTeEM COTEH
ner (B HadaJbHYIO MErasmoxy), MarHUTHas WHBEPCHSA, KaK BBl YKe
MMOHMMAaeTe, MPOUCXoAuiIa HeoqHOKpaTHO. Beap Torma 50 Thicsu et —
9T0 ObUIO0 JMmb 50 ThICAY TOJOBBIX BpalleHHH 3eMiIM BOKpPYT
COJIHEYHO-3€MHOT0 IIEHTpa M3 HX O0OLIero 4Wcia B MHJUIAAPIBI
BpamieHnidi. [lotoMmy ®m B oduUIMaNbHOW TEOXPOHOJIOTMM CMEHa
(MHBepCHS) MATHUTHBIX TIOJNIOCOB Mpoxoauia B nepuoasl oT 500 Teicay
1o 50 muH. netr. M nmomyvaercs, 4To 3a OAWH MEPUOJ WM LUKI CMEHBI
MarHMTHBIX TIOJIOCOB, a TEMepb 3a OAHY MErasnoxy, MPOXOIUT JBa
MOJIHBIX BpAIIEHUS TOYKM 3HMHEr0 COJIHLIECTOSHUS, NPUYEM — HE
TOJIBKO MO/ 3BE3/]TaMU 3HAKOB 30/]aKa, a U BMECTE C HUMHU.

Hwuxe npuBenEH pucyHOK, OKa3bIBAOLIUM, H3-3a YEr0 MPOUCXOANIIA
CMEHAa MAarHuTHbLIX ITIOJIOCOB B 3BOJJIOIINH 3emiu. 310 BpaleHue
COJTHEYHO-3EMHOT0 LIEHTPa BOKPYT LIEHTPa KOCMHYECKOTO
Tpéxcheprnka unm tpunonst «Connue-LenraBpa-Cupuycy,
HaxoJIsIIIerocs B IeHTpe kocmuueckoit chepsl LlenraBpa. U sto
BpallleHre CITUPaIbHO-CPEPHUUECKOe, B PE3YNIbTaTe KOTOPOTO COITHEYHO-
3eMHast opOuTa, a BMECTE C Hel M 3eMHOH IIap MepeBOpavynuBaroTcs Ha
180°. [Totomy uepe3 50 ThICSY JIET, KaK TOJJOBBIX BpaIlleHUN 3eMITu,
Cesep cranoButcs KOrom u Ha000poOT, a emé yepe3 50 Thicsy JieT BcE
BO3Bpalaercst Ha cBoM Mecta. CMeHa MarHUTHBIX MOJIFOCOB O3HAYAET
JBE Bely. Bo-TmiepBhIX, 3TO jJIoKa3biBaeT odIiee chepuueckoe
I'PaBUTOHHOE BpallleHN e, KaK CTPYKTYpPY BCEro MpoCTpaHcTBa-
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BEIIECTBA. A BO-BTOPBIX, ITO 03HAYAET MOCTOSHCTBO MOCTYIIJICHUS
TPAaBUTOHHOM YaCTOTHOCTHU K 3€MJIE CO CTOPOHBI HBIHEITHEr O
CeBepHOro moJ0ca WK MOCTOSTHCTBO BEpXa U HU3a OTHOCUTEIBHO
Bcenennoit uctuaHOM BoAbI (T1e 1apcTBO boxkbe).

ConHeuHo-3eMHOM IIEHTP

HeHTp KOCMHYCCKOI'O TPHUIIOJIA.
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W3 BhIIenpuBeAEHHOT0 pUCYHKa MOXHO 3aKIIOYMThH, 4TOo 32 50
ThICAY TOAOBBIX BpaH_[eHI/Iﬁ Hameld IJIaHeThl MMpoOXOJAUT II0JIOBUHA
UMEHHO C(EepUIHOro 000pOTa CONHEYHOH Cdepbl B KOCMHYECKOM
tpunone Comnuue-LlentaBpa-Cupruyc BOKPYr ILIEHTpa 3TOTO TPHUIIONA,
Haxozsmerocs B chepe lLlentaBpa. DTOT 000pOT, IMOKA3aHHBIA Ha
PHUCYHKE 3€l€HOM CTPENKOH, MPOXOAUT MPH CIHPATBHO-CHEPUISCKOM
BpallleHnu cdep B UX KaueHUU BOKPYT Apyr Apyra. U 3a Bpems mosHoro
cepruHOro 000poTa COTHEYHOH Cephl BOKPYT IEHTPa KOCMUYECKOT O
TPHIIONS TPOXOAUT YeThIpe 000pOTa B TOPU30HTAIBHON MIIOCKOCTH, KaK
ABHUIKCHHE TOYCK BECECHHET O PAaBHOJACHCTBUA U 3UMHCTO COJTHIECCTOAHUA
(Ha puCyHKE OHO IIOKa3aHO cuHed cTpenkoi). Ilpu sToMm
TOPU3OHTANbHAS WM OpOWTallbHAs IUIOCKOCTh COJHEYHO-3€MHOT0
BpallleHUs] BpallaeTcs W B BEPTHKAIBHOM IJIOCKOCTH, YTO M O3HAyaer
cnupaibHO-chepuueckoe BpallleHHe (Ha PUCYHKE JTO BpallleHHe
MOKa3aHO TEMHO-KPACHOM CTPEITKO ).
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IIpu 3TOoM 3a Bpems JBYyX OOOpPOTOB COJIHEUHO-3€MHOW chepbl
BOKpYI' IEHTpa KOCMHUYECKOTO TPHUMONSA OpOUTaIbHAsE IUIOCKOCTh
COJIHEYHO-3EMHOTr'0 BpaIlleHUs! CoBepIaeT moBopotr Ha 180° min kak Obl
nepeBopauuBaercs. [loroMy mocTynieHne KOCMUYECKON T'PaBUTOHHOMN
YaCTOTHOCTH K 3eMJie HauMHAaeT HUOTH, HAITPUMEDP, YKE HE C HBIHCIIHET O
Cesepa, a ¢ IOra. A 3To 1 03HauaeT MarHUTHYIO UHBEPCHUIO, KaK CMEHY
MarHUTHBIX MOJIOCOB. J[0 TOrO e MOMEHTa KOCMHYECKasi YaCTOTHOCTh
B JIBIDKEHUM TPaBUTOHOB MPOJOJIKAET MOCTYMaTh K 3eMile ¢ MpeXHen
CTOPOHBI 332 CYET HapyKHOU c(hepbl BOKPYT COJHEUYHON KOCMUYECKOH
cephl, KOTOpas Ha PUCYHKE 3ajMTa TPABSHBIM I[BETOM. OJTO 3HAYUT,
YTO CONTHEYHO-3eMHasi KocMuueckas cepa, kak cepa BHYTPEHHSIS WIH
4acTOTHasl, Bpallaercs Kak Obl BHYTPH 3TOH HapyKHOW (KOHTYPHOI)
chepol. [lomoOHBII MOpSANOK BpamieHHss cdep CyIeCTBYeT M BO
BpalllcHWH TPaBUTOHOB, KaK yxXe Mejbuaiimmx chep MpocTpaHcTBa-
BEILIECTBA, MJIM BO BCEX TPABUTOHHBIX HEBHIUMBIX chepax. [Tpuuém
MPOSIBJIIETCS  TaKoe CIHPalbHO-cEepUUecKoe BpalleHHuEe sIBICHHEM
JABUXCHHS MAarHUTHBIX ITOJIFOCOB, UMCEIOIIIUM KOHe6aTeﬂbeIﬁ XapakTep
(HO He MOCTOSIHHBIN, YTO HE Pa3IN4aeTcsi B CTAPOi aCTPOHOMUM).

T.o., B Hauane Hamiel, TpeThel Meras’moxu, cocrosmel u3z 50-u
ThICAYN JICT AOJJIXKHA 6]:1.]]3 6I)ITI) CMeHa MATrHUTHBIX IIOJIOCOB. A
HAXOIUMCS MBI YK€ ONM)Ke K KOHIy BTOPOH IOJIOBUHBI METadIOXH.
[loTroMy cMeHBI MarHUTHBIX TIONIOCOB OXKHJAATh €lI€ JOBOJIBHO JOJTO.
CrnupanpHo-cepruHOe BpallleHHe TOYKA 3UMHErO CONHIECTOSHUS
TOBOPUT K TOMY K€ U O HECOOTBCTCTBUH TOI'0, YTO BUJAT B TCICCKOIIbI,
TOMY, YTO €CTh Ha CaMOM Jeie. B KkocMoce MBI BHJIUM Ha CaMOM JIelie
BpallleHHs1 cepuuHble W HIyOIHE YK€ B BaKyyMHBIX CIOSIX
npocTpaHcTBa-BemecTBa! A cdepuuHble BpamleHWsT HIYT Bcerjaa
CHUPANbHO, €€ W M3-32 ITOr0 OOJBIIMHCTBO HAOIIOJACMBIX SKOOBI
raJlIaKTUK CITUPAJIbHBIC.

Bpamienre Bo BTOpOM BHYTPEHHEM BaKyyMHOM CJIO€ COJIHEYHO-
3eMHBIX c(ep MPOXOIUT, KaK Bbl MOXKETE BCIIOMHHTS, 3a 12 ner. Ho ato
IUIOCKOE OKPYXKHOE BpalleHHWe, BOCIPUHMMAaeMO€ HaMH B HalleM
HaJBaKyyMHOM MHpE, COCTaBJIE€HHOE OJHOW BOCHMEPKOH (0 uéM
CKa3aHO B Hayajle KHHTM). B paccMaTpuBaHMM e KOCMOca
BOCIIPHHUMAETCSI YK€ HMMEHHO C(EepUYHOEC OKPY)KHOE BpalleHHE,
oOpaszyeMoe IByMS BOCBMEpKaMU MM KaBapymnoieM. [loTromy, ecnu
HaOmoaaTh 3a 3emuél, Hampumep, ¢ Toro xe Cupuyca, Mbl Oyaem
BOCIIpUHUMAThL HE TOJIBKO B 12 pa3 3aMeIjIeHHOE BpalleHue
(cocraBmsiromee 12 ner), KoTopoe HAET YK€ B CPEIMHHON BaKyyMHOM
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cpene. Mbl OyneM oTMedaTh UMEHHO c(hepryHOe OKpYKHOE BpallleHHE.
A 3TO 3HAYWT, YTO TMEPHOJ COMHEUHO-3EMHOI'0 BPALICHUS, TSI HE U3
3eMiIH, KaKk ¢ HaJBaKyyMHOr0 HAlllero MpOCTPAHCTBA, a U3 yNaJIEHHOU
TOYKH KOCMOCA, KaK yXe M3 BaKyyMHOH cpeabl, OyleT COCTaBIsATh HeE
rog, a 24 roma. OTTOrO M Mepuoj; B3auMHOro BpamieHus Cupuyca-
3Be3qbl M Cupryca-TiaHeThl HaOIr01aeTcsl B TEIECKOIbI, KaK MPUMEPHO
50 mer (c ydéroM MeHbIIEH TaM CKOpOCTH BpemeHH). [logoOHO
o0bsicHsIeTCs M paccTosiHie Mexay Cupuycom-3Be3fiol u1 Cupuycom-
miaHeTo (cumTaeMod HekuM OenbiM  KapiukoMm) B 20 a.e.,
BoclipuHUMaeMoe ¢ 3emnu. Benp chepuueckoe 3ame/yieHre BpallleHHs
BO BHYTPEHHEM BaKyyMHOM CJIO€ MPOCTPAHCTBAa B 24 pa3a O3HA4aeT U
COOTBETCTBYIOILIEE YBENMYEHHE pa3Mepa OKPYKHOCTH. A C y4€Tom
opOutanbHOro koddduimenta «1,2», YMEHBIIAIONIEr0, HAIpUMED,
COMHEUHBIA MecsI J0 25-U ¢ JUIIHUM 3eMHBIX JHEHW, Kak pa3 u
nonyyaercd He 1 a.e. IeWcTBUTENBHOTO paccTosHus CupHyca-IaaHeTsl
OT CBOEH 3BE3JIbl, MOJI00HOT0 3eMHOMY, a 11eibix 20 a.e.

U BBl yxke MoXeTe pasiauyaTh, 4YTO TEPHOJA BpalIeHUS B
HAJBaKyyMHOM CJIO€ TuTaHeTHOW cdepsl Cupuyca U ero paccTosHUE A0
Cupuyca-3Be3Ibl Ha caMOM Jiele Takue ke, kak u y 3emuu. He
ClydalHO W y JpeBHUX erunTsH 3Hak Cupmyca — 3TO Kak Obl
3epKallbHOE  OTPaKEHHE COJIHEYHO-3eMHOTO  BpamieHus. HHbMH
cioBamH, tianera Cupuyc (cunraemMas HEKUM OEJIBIM KapIHKOM) — 3TO
pomHoii Opat 3emsn. OTTOrO0 M y CeBepoappUKAHCKOTO TUIEMEHH
JIOTOHOB, COXPaHMBIINX YIUBUTEIbHbIE aCTPOHOMUYECKUE CBEICHHS O
cucteme Cupmyca, maneiii Cupuyc wim Cupuyc-3emiss — IJIaBHas B
3TOM cucteme. A ceprueckuii meproj 3BE3MHO-TIIAHETHOTO BPAICHUS
Cupuyca He B 24 rofa, a B 50 HBIHEITHUX 3€MHBIX JIET 03HAYAET HE UTO
WHOE, KaK PUMEPHO B 2 paza MEHbBIIYIO0 TaM CKOPOCTb BpeMeHH. Takast
CKOPOCTh BpeMeHH Oblia Ha 3emile Kak pa3 B Havalle Haliei pbl (rmocie
poXkIiecTBa XpUCTOBA), O YeM pedb OyJeT B TPEThel KHHTE.

OTUM MOXXHO CKa3aTb, YTO B HAPY)KHOM Pa3BUTHH LHUBUIN3AIUSL
Cupuyca HaXOIUTCS MPUMEPHO HA TOM ypOBHE 3eMIIM, Ha KOTOPOM OHa
ObuTa B MEpBOM ThicAuyeneruu Hamed spbl. To, uro Cupuyc-miaHera
i Cupryc-3emitsi HabIroieHreM ¢ 3eMId 0 pa3MepaM Kak pa3 paBHa
eit, a Cupmyc-3Be3na Oonbinie Comuna B 1,7 pasa, oObsicHIETCS
nposiiieaneM  CuprycoM-3Be3Iod  cepudHOro, a He MIIOCKOT0
BpallleHUs] H3-32 HAMHOI'O MEHBIIEH CKOPOCTH BpaileHus. Benp u
ConHue coBepmiaer oOAMH 00OpOT 3a OAMH 3€MHOW  Mecsl
(BocippHMMAaeMBbIi ¢ 3eMiin 0KoJI0 25-u aHel). CTapelnHbI TIeMEeHH
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I 3anumamenvrnoe Pasnuuenue.
JIOTOHOB PaccKa3blBalOT U O TPEThEM BaKHOM KOCMHYECKOM OOBEKTE B
cucreMe Cupuyca. A 370 He 4TO HHOe, Kak CHpHyC-ITyHa, TOCKOIbKY Yy
3TOro 0OBEKTa MO paccKazaM JIOTOHOB TaKOW ke Mepuoj, oOpaimieHus
Bokpyr Cupuyca-3Be3nbl, kak U 'y Cupuyca-zemnn. TodHee, TOTOHBI
ropopsAT He o JyHe Cupuyca-3emMiu, a o BepxHed 3emse Cupuyca,
pacnosarasiierics moj jgyHoi Cupuyca-3emiid, KoTopas ObUTa TI0JJ00Ha
BepxHel 3emiie, CyIeCTBOBABIICH B HCTOPUHU 3EMHOM IBOIIONUH (0 YEM
peyb BO BTOPOid KHUTE).

Huxe nokasana odunmanbHas cxema opouts miianetsl Cupuyc (B)
otHocuTenbHO Cupnyca-3Be3fibl (A). Bbl BuuTE, 4TO TaKOE
pacrmonoXeHrne BO3MOKHO TOJIBKO MPH B3aMMHO-IICHTPUYECKOM
IpaBUTOHHOM BpatieHnu. O(UIHaIbHO JKe STO Ha3bIBACTCs BpallCHHEM
BOKPYT «00I1Iero neHTpa Macc». M MHorue B opuImManbHON HayKe
MPUHUMAIOT TaKOH aOCcypA. A pa3Be MOKET OBbITh Macca OTJEIbHO OT
Tel, T.e. — BHEe HUX? Macca — 3To U ecTh Macca, Kak XapaKTepUCTHKA
OT/IENBHO B3SITOr0 HAaJBAKYYMHOI'O Teja, a He ABYX Tel.

2030 037 Cem
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A 371ech nokasaHa 3Be3jia U mianera CHpuyc Ui B3auMHO-
LIEHTpUYEcKasi TpaBUTOHHAs cuctema «Cupuycy 1o pucynky NASA.
Bot Tak npumepHO u3 Janékoro kocMoca BBITIISANT U Hallla 3eMiis B eé
B3aMMHOM BpAIIeHUH BOKPYT JApyr Apyra ¢ CoaHIIEeM.
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1 Sanumamenvroe Paznuuenue.

Teneps e MOCMOTPUTE HA HUXKE MPHUBEASHHYIO (OTOrpaduio TOro
ke NASA c 3012 Messenger, cienanHyo Ha pacctosHuu okoio 200 -
X MIUTHOHOB KHJIOMETPOB, OT Hamied miaHersl B 2010-m rogy. OrtoT
30H1 Obul 3amymieH B 2004-M rony [uis ucclieAoBaHHS MepKypusi u
BBIBEIICH MpUMEpHO Ha ero opouty Bokpyr Comnna. [Ipu 3tom
yTBepKAaeTcs, uTo Ha (ororpaduu nzodpaxena, Mo, 3emis u JlyHa:

Ho mockonbky paccrosiHue OT Harmied ruranersl g0 CoyHIa — 310
149,65 MIIH. KAJIOMETPOB, TO 30H] HAXOAHUTCS 32 COJHEYHO-3EMHBIM
BpamearueM u c3aau CoiHIla MO OTHONIICHWIO K 3eMJie, a HHUKaK He
nepen HuM. K ToMy ke ¢ Takoro paccTOsSHUS Hallla TUIAHETa C pa3MepoM
B JMaMeTpe NMpUMEpPHO 13 ThICAY KUIOMETPOB JOJKHA BBHITJISIETh Y)KE
JIUIIb APKOW TOYKOM, YEM OHA U €CTh Ha CaMOM JIENE CpaBa PSAIOM CO
CBATAIIMMCS OOBEKTOM, BBIJaBaeMbIM 3a 3emito. Tem Oonee,
MOCKOJIBKY Y IKOOBI 3eMJIH OCBELIEH BeCh IUCK (0e3 cepria), TO C TaKOro
paccrosiHus u CoJHIIE JTODKHO OBLIO OBl 3aClIOHSATH OOBEKTHB, UTO U
ectb Ha camoMm jaene. [loromy Ha ¢ororpadhun M300pakeHO WMEHHO
Conuue n 3emis, npuuéM, kak u cucrema Cupuyca, B BHUJE HEKOeH
«IBOHHOI» 3Be3lbl. A 3TO 3HA4YUT TO, uTO NASA mbBITaeTCs CKPHITH
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B3aMMHO-IIEHTPUYECKOE TNIAHETHOE BpallleHUE, B TOM YUCIIE, U TIOTOMY,
YTO y HEro HeT Hay4yHOl 0a3bl AJIsl ero OOBSCHEHUSI.

A Teneps mocMOTpHTE Ha (poTrorpadrio B3aMMHOTO BpaleHus
Cupuyca-3Be3nbl 1 Cupuyca-mianers! win Cupuyca-coHIa u
Cupuyca-3eMiH, CHATYIO C TEIECKONa B U3TY4YCHHH MATKHX
PEHTIeHOBCKUX Ny4eid. M pa3Be BbI BUIUTE 3/1€Ch KaKUE-TO OTIHYHUS OT
BepxHel Gororpaduu COTHEUHO-36MHOTO BPAILICHHS?

O Oonpmieir ckopocth  BpemeHH Ha 1aHere  Cupuyc
CBUJICTEIbCTBYIOT W 3amUCH O HEM, HauuMHas C JIPEBHUX BPEMEH.
[IIymepckue actpoHoMmsl B 11 Beke g0 Hamielt spbl HasbiBamu Cupuyc-
3BE3/ly OTHEHHO KpAacHOM, Kak Melb. A BbI YK€ 3HaeTe, YTO KPaCHBIH
LBET 3BE3/Ibl TOBOPHUT O OONBIIEH TaM CKOPOCTH CBETa WM O TOM, YTO
TaM emé WM COBCEM HE IPOSIBIECH, WM HE TOIHOCTBhIO IPOSBIIEH
HaJBaKyyMHBII cJoii mpocTpaHcTBa. [lTonmemeli, HaOmoAaBIIMiA 3a
3Be3noit Cupuyc B Hayajie Hallleil 3pbl, MUcal O Hel, Kak y)Ke He O
OTHEHHO KpPacHOMW, a O KpacHOBAaTOW camMoil Apkoil 3Be3ze. Tenepp ke y
3Be3pl CHpUYC W HE KpacHOBaTbHIM, a roily0oBaTo-O€NbIil I[BET, YTO
TOBOPUT M O TIOJIHOM TMpPOSABIEHHMH TaM HaJBaKyyMHOTO MHDpa,
MoI00HOr0 TOMY, YTO BUAMM Mbl. be3 Paznuuenus xe B ohUIIMAIBHOM
aCTPOHOMHMH KpacHble 3BE3/bI, HA00OPOT, HA3BIBAIOT CTapbiMH. U
3HaeTe, Kak Ha3HA4aloT CIIEKTpaJibHbIe Kiacchl aisl 3BE3A? — IO
aHAJIOTUH C IIBETaMU KaJeHus cTayiu. Mo, eciiu 3Be3/ia KpacHasl, TO OHa
y)Ke XOJIofHas, a ecliu Oeias, To ropsvas. Tak pasBe 3Be3ga — 3TO
TBEPJIOE HAJBAaKyyMHOE HJIHM MOJEKYJSpHOE Teno, MomobHoe cranu?
Bunute, xak He paszaMYeHHE CTPYKTYphl NPOCTPAaHCTBa-BEUIECTBA
MPUBOIUT K TOJHEHIIeMYy HCKaXeHHI0 B acTpoHomuu? To, 4yTOo B
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I 3anumamenvrnoe Pasnuuenue.
cnektpe 3Be3fbl CHpHyc sKOObI OOHApYKEHO »Kene3o, TOBOPUT O
IaHere, MoA00HONW Mepkypuro, Bpamaromieiics Bokpyr Cupuyca-
comHna. M uMeHHo sik0OBbI Oomplmid pazmep 3Be3asl CupHyc, YeM y
ConHia, BBI3BaHHBIM HaONIOJEHUEM YXe C(HEepUYHOro BpameHUs
Cupuyca-colHIa, CKpPbIBaeT HAXOXKICHHE PSAIOM C HUM DTOH IUIAHETHI.
Taroke 1 3aBBIIIEHHAsT MOITHOCTh M3JTy4eHHUs 3Be3ab CHUpUyC o3Hadaer
W TIPOsIBJIEHHE €10 CEepUYHOro BpamieHus, u Oonee panHuit (Ha 2000
JIET) BO3PACT 3BE3/IBL.

O TtBOpennu mianersl Cupuyc nian Cupuyca-3eminn ropopurcs B 41-
i cype Kopana. Ilocne corBopenus 3emin U Bcero €€ BHYTPEHHETO U
Hapy>XKHOTO OKpykeHus1 bor besnauansHbli, Amnax ckazan Cuie B nuie
locnona anst Cupuyca ob6pa3oBath CleAylolne ceMb Hebec, HO Y)Ke He
BOKpYT 3emuid, a Bokpyr Cupmyca-zemsid. M 3T0 mpou3onuio Taxxe 3a
ABa OHA TBOPCHUA. OTCIOZ[a AHAJIOTUYHO MOXHO 3aKJIK4YUTh, YTO
wianera CUpuyc nmo e€ HapyKHOMY WM HaJIBAKyyMHOMY DPa3BUTHIO
miajie 3eMIId Ha JIBE€ ThICSUM JieT. [lo JaHHBIM IPUKIIaTHOM HAYKH B
cektpe CHpHyca-3eMIIn «HAOJI0JaeTCsl TIOUYTH YHCTHIA Bogopoa». Ho
eciu HaOmronaTh 3a 3emiiéil ¢ moBepxHocTH CHupuyca-TUIaHeThl, OyJer
IIpUMepHas KapTuHa. Benb BHYTpEHHE WM B HAapy)KHOM BAKYYMHOM
cioe atMocdepa 3eMITd — 3TO BHYTPEHH:IsI (HAIIOJIOBHHY MPOSBIIsIEeMast
JUIs Hac) ra3oo0pasHasi BoJa WJIM TONyBaKyyMHasi BOJAa, KOTOpas
BOCIIPUHUMAETCS, KOHEUHO, HE BEIIESCTBEHHON BOaOH (TeM Ooliee B
BaKyyMHOH cpezie) U He BO3AyXOM (a30TOM C KHCIOPOAOM), & UMEHHO
YUCTBIM BojioposioM! MIMEHHO IIpo ATy MOMYBaKyyMHYIO BOAY JOTOHBI
TOBOPSAT, KaK IPO «CaMoe TKENOE BELECTBOY BeeneHHoM.

OTO M 3HAYWT, YTO BECh JAJNLHUH KOCMOC HAOJIOJACTCS YXKE B
BAKYYMHOH Cpezie IPOCTpaHCTBa-BewlecTBa. MHBIMU ClIOBaMHU, TO, 4TO
HAOJIOIAIOT B TENECKOIBI, - 3TO COBCEM APYroe MO CPaBHEHHIO C TeM,
4TO BUJEN OBl YENIOBEK, €CJI ObI IMona B TO MpocTpancTBo. [ToToMy He
BHJIHA HE TOJIBKO TUIaHETa, Mo00Has Mepkypuro y 3Be31ibl CUpHyC, HO
He BHIHa W BeHepa CupHyca, TOCKOJIBKY TMOKa MpeObIBaeT emié
MOJIHOCTBI0 B BaKyyMHOM cpele. A TO, YTO Ha3bIBAIOT O(QHUIIUATBHO
3Be3JlaMH, Hampumep, - bapHapaa (pacmonokeHHOH cpa3y Mocie 3Be3 bl
LentaBp), Bonbda 359, u 3BE3mamMu, CICHYIOIIMMU IOCIE CHCTEMBI
Cupuyca — Bc€ 9TO, Kak BBl YKE€ MOXETe pas3iinuaTh, OONbIINE
IIJIaHCTONAbl, a4 HHUKAKHEC H HE 3Bé3Z[I)I. B nnockom BOCIIpUATHUN
MPOCTPAHCTBA, KOTOPOE MOJOOHO BOCHPHUSATHIO CKATEPTH HA OTPOMHOM
CToJIe, Ha3HA4aloT KOCMOCY M aOCypIHbIe «IbIpbDy (4€pHBIC U Oembie). A
BBl YK€ 3HaeTe, YTO BCE MPOCTPAHCTBO-BEIIECTBO, a 3HAYUT, M BECh
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I 3anumamenvrnoe Pasnuuenue.
KocMoc cepruuer. M xorma mpu moMomny Teieckona Kak Obl MomajgaroT
BHYTPb KOCMHYECKHX c(ep, TO MecTa CPepHYecKHX COCAWHEHHH H
CUMTAIOTCSl HEKUMHU JIBIPAMU, €CJIM BOCIPUHUMATH c(pepy MI0CKOCTHIO.

bes Pasnuuenus, kak BBl BHOUTE Ha MpuMepe QHUIUKUA U
ACTPOHOMHH, HE MOXKET OBITh SICHOW KapTHHBI M JJIsl SBONIOLWN HAIICH
TUTAHEThI, U JUIS CTaHOBJICHWS YeNOBEeKa, M JUIS ero ucTopuu. Bugst mup
TOJILKO CHApYKH, OJHH CYHTAIOT, YTO W3 OPraHMYECKOH MOJIEKYIIbI
BOJIIIEOHBIM 00pa30M MOSBUIICS MUKPOO, a 3aTéM — am&ba. A mocie ot
amMEOBI OMATH HEM3BECTHBIM 00pa3oM (a 3HAYHT, - OISATH BOJIIIEOHO)
BO3HHUKJIM U PACTEHHUSl C KMBOTHBIMH. JIpyrwe e CUMTaloT, YTO BCS
3eMHasl JKM3Hb Oblla cpady coTBopeHa borom mnomobuem B3Maxa
BonieOHoi manouku. Ho Hayka, kak m penurus - He BommedcTBo! U
MOT'YT OHH (Hayka W penurus) ObITh MMEHHO HayYHBIMH TOJNBKO B
Pazmuuenuu, ucxonsamum u3 [lucanus uenukoM. Bel yke 3Haere, 4to U
aTOMHBIE s7[pa, W 3JIEKTPOH, W AJIEKTPUUYECTBO — OTO BCE JBHIKEHHUE
HEBHUJIUMOM T'PAaBUTOHHOM YaCTOTHOCTH, COCTABJISIOLIEE YAaCTOTHYIO
BOjy Hamiei (a3pl BeenmeHHoH. A Beib Takoe HEM30BIBHOE JIBUXKCHUE -
9TO M €CTh HaYaJIbHOE MPOSBJIEHUE KU3HH B HAILIEM CMEPTHOM Mupe!

JanuMaTeJbHbIe BHLIBOALI (DM3UKH M ACTPOHOMUWH
Pazaunuenus.

3aHMMaTeNnbHO, B TEPBYIO O4YepeAb TO, YTO Ha (OHE BBICOKHX
TEXHOJIOTU pa3BHTa MOKA JIMIIb ONbITHAS HayKa, YeM HaOpaH OOJIBIIONM
0aHK OIBITHBIX JIAHHBIX, TOCKOJBKY 0€3 pa3JIMYeHHsI CIHPATBHO-
cepudeckoll CTPYKTYPbl MPOCTPAHCTBA HAayKa, KaK TaKOBas, OCTaércs
MeCTaMU Ha YPOBHE aHTUYHOCTHU. A Beb emé B 1918-Mm rogy Hemerkas
¢uznuka Ovmu  Hérep ToOBOpMIIa O CBOWCTBaX CHMMETPHUH
MPOCTPAHCTBA WM (PAaKTUYECKU BBIBEIA 3aKOH CHUMMETPHH, XOTS U HE
oryiacuB 310. M 3TO, BEPOATHO, MOTOMY, YTO TOrJa Obl €€ HE MOHSUIH,
XOTs, KOHEYHO, HET YBEPEHHOCTH B MPUHATUM U 3TOW KHUTH. Tak BOT,
Hampumep, JEUCTBUIO BCErJa €CTh PAaBHOE IPOTUBOAECHCTBUE,
OCTIEMUTENBHO SPKOMY  IPOTUBOCTOMUT IOJNHAS TEMHOTA, XKAPKOMY —
XOJIO/l, YBEIMYEHUIO Beca B JIBIDKCHUM WJIM TEpPerpy3ke — €ero
YMEHBIIICHUE, BHYTpPEHHEW »Hepruu — BHemHss u T.4. [locrymieHue
TEIUIa YBEIIMYMBACT BHYTPEHHIOI TPABUTOHHYIO (YK€ MOJEKYJISPHYIO)
YaCTOTHOCTH BEIIECTBA (YTO BUAHO HA MPUMEP KUIIEHUS BOABI U MOXOAa
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I 3anumamenvroe Pasnuyenue.
B MapwikKy WIA B CayHy) W Hao0OpOT, MOCTYIJICHHE YacTOThl B
JMana3oHe TEIUIOBBIX (POTOHOB K TeNy, HAIPUMEpP, B MUKPOBOJHOBOH
MeYH, YBETMUUBACT TEMIIEPATypy Teia. A 3aKOH CHMMETPUH U O3HAYaeT
00111yI0 Cc(hepUYHOCTh MPOCTPAHCTBA, T.K. TOIBKO B Chepe BO3MOXKHA
CUMMCTPUYHOCTL HJIM CAWHCTBO BHYTPCHHUX W BHCUIHUX CBOMCTB.
[onywaercs, 4YTO MJIOCKOE 3€pKalio OTpa)kaeT CPEepUYHOCTh BCETrO
NPOCTPAHCTBA, a IUIOCKOE OHO IMOTOMY, YTO M pa3BOpavyMBaHUE W3
OIHOH cdepsl (HampuMep, BHyTpeHHEW) B Ipyryto (BO BHEUIHIOW HIIH
KOHTYpHYIO cdepy) MpPOUCXOIUT uepe3 IIocKkocTh. OOo3Hauas xe
npeoOpazoBaHus CHUMMETpuH, HErep moapa3dymeBana YacTOTHOE
IPaBUTOHHOE MPOCTPAHCTBO, MPOIIE TOBOPS, - BpAIllEHHE, KaK CIoco0
CYIIIECTBOBaHUs MPOCTpaHCTBa U (hopMy oOpa3oBaHUs BellecTBa. Benb
npeoOpa3oBaHre CHMMETPHHU Yepe3 MIIOCKOCTh, KaK Halll BUIUMBIH MU,
— 9TO U €CTh BpallICHHE.

Ommu Hérep kak pa3 B 1918-m, xorna eii 66110 36 Jier.

Kpome Toro, Hérep roBopmiia o 3aKkoHaX COXpaHEHUS, BAJCHTHBIX
(IeHCTBYIONMMX) OTHOCUTEIBHO JIMIIb 3aMKHYTBIX WJIH BHYTPEHHUX, T.€.
TPAaBUTOHHBIX CHUCTEM. A €CIH CYIIECTBYIOT 3aMKHYTHIE CHCTEMBI, TO
€CTh CHCTEMBI M OTKPBIThIC WM BHEIIHUE (YXKe Kak Obl TUIOCKHE), TIIe
3aKOHbl COXpPaHEHUs HE JeUCTBYIOT. MHBIMM ClIOBaMH, 3aMKHYTas
CHCTeMa W O3HadaeT HEeBHIMMYI0 HaM BakyyMHyI (asy uim cpemy
MPOCTPAHCTBA, TJIe MPEOBIBAIOT JICKTPOHBI U HEUTpuHO. Hamr sxe wiu
BHJIUMBIA HaMU MHUp (Ha3BaHHBIM B KHHWIE HaJIBAKYYMHBIM) — 3TO Ha
caMmoM Jielie TOJbKO MPOMEXKYTOouHas (pa3a MpocTpaHCTBa MM Kak Obl
OTKPBITO-3aKpbITasi CUCTEMA, MOCKOJbKY €CTb MHp €€ ¢
MOJBAaKyyMHBIM, KaK MOJHOCTbIO OTKpbITad cucrema. [loromy B Hamem
HaJBAKyyMHOM MHUpPE e€m€ BO3MOXHO IPEoOpa3oBaHUE JHEPIrUU U3
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I 3anumamenvrnoe Pasnuuenue.
OJIHOTO BuJa B npyro. Ho HIMEHHO uepe3 KOHTaKT 3aKPBITOM CUCTEMBL
Hallero OpraHu3Ma ¢ BHJIUMBIM HaM HaJBaKyyMHBIM MHpPOM U
MPOMCXOAUT €ro crapeHue. B moaBakyyMmHOH ke (haze mMpocTpaHCTBA
(nposiBAEMO CBEPXUIMHHBIMU BOJHAMH) — TOJBKO IOIJIOLIEHHE
SHEPTUU WK OTCYTCTBHE naxe e€ mpeoOpasoBaHus. K Tomy ke Halo
paznuyaTh M HAJBaKyyMHOE IPOCTPAHCTBO HAILEr0 MOJEKYJISPHOTO
MHpa, KaKk M BCE€ IPOCTPAHCTBEHHBbIE CpeAbl Ha TPH CIOS. OTO
MOTPAHUYHBIN CIION YK€ K BaKyYyMHOM cpene, TIE paciupoCTpaHsercs,
HampuMmep, CBET, BTOPOM €€ TPaBUTOHHBIA CIOH, Tl€ WIAET
ANEKTPUYECKOE JBWKEHUE, W TIPOSBISIOTCS MAarHUTHBIE CQepsl, H,
HaKOHell, TPETUN CIIOW MOJEKYISPHBIX YK€ M BUIUMBIX U OIYTHMBIX
HamM# 000JIOYEK Te M MPEAMETOB (XOTS M TAKXKe TPAaBUTOHHBIX ).

Haubonee Onm3ka K TMOHATUIO TPAaBUTOHHOTO JIBMYKEHHS, Kak
4aCTOTHOCTH, Teopus 3dupoaunamukn B.A. AitokoBckoro. Ho B Hel
TaKXKe HeT BOCHPHATHS c(PepUYHOCTH MPOCTPAHCTBA, Pa3UUCHHS €ro
(a3, ¥ TOro, 4TO HAII BUJUMBIA UM HAIBAKYYMHBII MUDP — 3TO MEHbIIIE
5% BCcero MpOCTpaHCTBa-BelIecTBa. A OTCIO/A, XOTS M O00O3HAUYCHO
BUXpEBOE JBWKCHHE, HO OMiITh - TpeciIoByToro sdupa, Kak
ra3onof00HOr0 HEBUIUMOTO «KOHTHHYyMa» HIIM, TMpPOIIEe TOBOpS,
3TaKoOro HOCHUTENS, HEBUAMMOH MOJJIOKKH BCEX BOJH M YacTUI. A
JBUKEHNE «UHCTOT0» TPAaBUTOHHOTO BELIECTBA, NPEACTABIISAIONIETO
co00i «BpalleHHuE BO BPAILCHWW» HE Pa3iuyacTcs M3-3a BOCTIPHSITHUS
BaKyyMa WJIH TIYCTOTBI HEKOeH aOCONIOTHOW MYCTOTOH, a He
OTCYTCTBHEM BOCIPHHMMAEMOT0 HaMH W HMMEIOMIMMHUCS MpHOOpaMu
WHOTO BeriecTBa. 13 3Toro rpaBUTOHHOTO «BpAaIlleHMs], BpaIllaloIerocs
BO BpalICHHHM» WM M3 BaKyyma, 0003HauUE€HHOTO B KHHI€ YacCTOTHOH
BO/ION, U BBIIUIO BUAMMOE HaMHU BeUIECTBO Hamiero mupa. Ilotomy
BaKyyM — D3TO OKa3bIBaeTrcsi He TOJBKO HEBHAWMAs TpaBUTOHHAS
CTPYKTypa 4acCTOTHOW BOABI, HO U €€ NBM)XXECHHME WIM TedueHue. Benp
nycTota (Tak TEPeBOAUTCS BAaKyyM) M €CTh IIyCTOTOH, KakK TOJBKO
OTCYTCTBHEM BUAMMOTO BEIECTBA.

Kopoue roBops, HecmoTpss Ha pasroBop Hérep o 3akpbIThIX
CHUCTEMaX, 3aKOH CcoOXpaHeHus, Kak eme B 18-M Beke wiM mpu
JloMoHOCOBE, OTHOCAT W K HaIleMy MHpPY, XOTH BCE IPEKPacHO
MOHUMAIOT, 4TO JII000€ JABHIKEHHE 3/1eCh PAaHO WIIM TO3AHO 3aTyxaer.
Jlume 31eKkTpoH, Omaromaps UCXOXKICHHIO €ro W3 BaKyyMHOW HIIM W3
«4IHMCTO» YACTOTHOU IPaBUTOHHOM Cpe/bl MPEOBIBAET OTHOCHTEILHO HAC
npakTudeckd BeuHo. Ho u Oonee Toro, Hérep B nokazarenbcTBe e
TeopeMbl (paKTHUECKA TOBOPHIIA O TOM, YTO Pa3HOCTh JBYX MOMEHTOB
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BpeMeHH t1 M t2 B 3aMKHYTOM cHCTEME paBHa HyJI0. OTHM OHa
HaMmeKala, 4To (pu3Mueckoe MOHMMAaHUE BPEMEHH — 3TO HE 3amMephl
BpEMEHH, HE UTUTEINBHOCTh, a CIHpalbHO-Chpeprueckoe MM KPYroBoe
TEUEHHE WCXOJHOW YacTOTHOCTH (BPEMEHHBIX TPaBUTOHOB), Kak
MMEHHO BHYTPEHHEN 3Hepruu. B 3ToM U ecTh OAHOPOAHOCTH BPEMEHH,
KaK OJHOPOAHOTO JBM)KEHHS BpPEMEHHOIO BaKyyma, IIOCKOJIBKY
cnupalibHO-c(hepruiecKoe BpalleHne HiTh JTI000H «CIBUT BO BpEMEHN» B
TUTOCKOM BHJIE - 9TO BCET/Ia OKPYKHOCTH «270»., YeM M HET JTHMHEHHOCTH
WM JTUHEWHOW Pa3HOCTH MOMEHTOB BPEMEHHU (JUTUTENLHOCTEN ).

CKopoCTh K€ TeueHHUs BPEMEHHBIX MJIM HMCXOJHBIX I'DaBUTOHOB B
Pa3HBIX 3aKPHITHIX CHCTEMaX MOXKET OBITh pa3HOW, YeM U CUET BpEMEHH
y)ke He onHoponeH. [Ipu 3TOM ecThb CKOpPOCTh TE€UEHMsI BHYTpPEHHEH
SHEpPTUM MM CKOPOCTh BPEMEHU U y uelloBeKa, U y miuaHeThl. [loTomy
MBIl M BOCIHPUHMMAeM HWHOI/IA IO-pa3HOMY TEUEHHE BPEMEHHU. ITO
O3HAYaeT, YTO M TUTaHeTHas cepa - TOKE 3aKphITasi YaCTOTHAS CUCTEMa,
XOTS MBI B HeW 1 HaxoauMcs. Ho moroMy oHa U 3akpbITasi cCTeMa, 4To
HEBUIMMA, Jenas, KCTaTH, HEBUIAMMOH U OTKPBITYIO CHCTEMY
MOJIBAKYYMHOT'0 MpOCTpaHcTBa. U, 9TO MHTEpecHOo, XOTS W MPUHSIIH
nokazatenbcTBo HErep, HO He 0Oe3 PaznuueHus He pa3aTuuuIM
BHyTpeHHee WK (PU3MYECKOe TMOHMMAaHWE BPEMEHH M BHEIIHEEe WIIH
Oonpllie 0OMXOAHOE TIOHMMAaHKeE, Kak ero cuér. M 3To He ToBOps yke 0O
TOM, YTO HE Pa3IUYMIN BHYTPEHHIOI IHEPTUIO 3aKPBITBIX CHUCTEM U
BHEIIHIOIO SHEPTHI0 CUCTEM OTKPBITHIX. He pasnuumnm, KoHedHo, U To,
YTO Halll HAIBAKYYMHBIM MHUpP — 3TO TPEThsl, OTyOTKPHITasl CHCTEMA.

Ham viin BUiuMblid HAMU MUP, UCXOASIINEN U3 YACTOTHOW BOJBI U
00pa30BaHHBIN €10, MO’KHO CPaBHUTH C KPOHOW JiepeBa, CTBOJI KOTOPOTO
OmIKe K 3eMIle CTAHOBHUTCS CHavaja MpO3pavyHbIM, TOTOM HEBUAWMBIM,
a 3aTeM - U HE OUIYTUMBIM. I BHellHe JepeBO Kak Obl BHUCHUT B
MPOCTPAHCTBE, HO 3HAs, YTO J0OOE pacTeHHE AOIKHO HCXOAWUTH W3
MoJ00Hs MOYBKI, YK€ MOHSITHO, YTO 3TO HE BaKyyM B cTapoil (usmke,
Kak Tycrasg IycToTa, a HMEHHO dYacToTHas Boxa. [logoOHO U
o0OpazoBaHWE HEBUIMMOTO OJJIEKTPOTOKA KCXOAMT OT BpaIICHUS
KOHKpPETHOT0 poTopa wiu sikops. JIroboe ke BpalieHHe — 3TO U ecTh
TPaBUTOHHAsE KOHTYPHOCTh WJIM TPOSABIEHHE YacCTOTHOW BOABI, Kak
MOBTOpPEHNE KOHTYpa JABM)KEHHS BHYTPH HETO CaMoro (BHYTPH 3TOTrO
JIBUKCHUS).

Takke ¥ BBIBOABI TEOPHUM OTHOCHUTENBHOCTH A.DWHIITeHHa
O3Ha4YarT HWMEHHO c(epHyeckylo CTpYKTypy mpocTtpaHcTsa. [lo ero
TEOPUM TATOTEHHWS Teno (JacTHla) JBWKETcI B KOCMOCE B
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HCKPUBJIEHHOM MPOCTPAHCTBE-BPEMEHH o reoIe3N4eCKUM
(cTpeMsiuMCs K CHIHMpajin) JIMHUAM. VICKpUBICHHOE e CIUPAIbHOE
JIBUYKEHHUE — ATO €CTh CIUpabHO-chepuueckoe BparieHue. [1og00H0 u
MpoBo3rfaméHHas DWHIITEWHOM OTHOCHUTENIBHOCTh OJHOBPEMEHHOCTH
03HAYaeT UMEHHO KaYEHHE YaCTOTHBIX WM T'PAaBUTOHHBIX HEBUIMMBIX
chep BOKpYT Ipyr Apyra, a HUKaK He MPSIMOJIMHEWHOE IBIKeHUE. Benb
TOTJIa ¥ 7Sl MAIllMH Ha I1I0CCe, ABUTAIONINXCA C Pa3HBIMU CKOPOCTSIMU,
Obuta Obl Takas HEOJHOBPEMEHHOCThb, YTO HE cephe3HO. M uMeHHO
YMEHBIIEHHE TJIaHeTHOH cdepbl 3emin B €€ HBONIONHMHM 03HAYAIIO
HW3MEHEHHE CUu€Ta BPEMEHU U Ha CaMOU HallIel IIaHeTe.

A. DifHIITEH B CpelHEM BO3pacTe.

[ToroMy u 3ameUieHHE «TE€UEHHS», a TOYHEE - CYETa BPEMEHU B
OBICTPOJIBIIKYIIIEMCS TEJie, OIVIAIEHHOE ODUHINTEHHOM, MOXET OBITh
TOJIBKO B KPYT'OBOM JIBUYKEHHH UJTH BO BpaieHuu. [Ipuuém cokpaienne
MIPOAOIBHBIX (B HaIpaBJIeHUU JIBYDKEHMS ) pa3zMepoB
OBICTPOABHIKYIIETOCS Tejla TakKe HaONoAaeTcs JIUIIb BO BPAIllCHHH.
Benb, Hampumep, ¥ U3BECTHBIM IIBEULIAPCKUM KOJUIAWIEp WU
YCKOPHUTEIb YaCTHI[ — ATO Kpyrias TpybOa, oOpasyiomias Kpyr. ITo
MOJATBEp)KAAeTCd M Y/UIMHEHWEM 3EMHOro IIapa [0 OCH WIH
CTaHOBJICHHE €r0 MOXOKUM Ha PErOMHHBIA MY IPH COOTBETCTBYIOIINX
W3MEHEHUSX CYTOYHOTO BpAIEHWS B 36MHOH 3BOMIONUH (0 4éM CM.
BTOPYIO KHUTY).

VYBenuueHne *e Macchl 4acTULBl MPHU YBETUYEHUU €€ CKOpPOCTH,
3alMCaHHOE B TEOPHUH OTHOCHUTEIBHOCTH, OTHOCHUTCS, KOHEYHO, HE K
Macce, IOCKOJIIBKY YaCcTHIIbl, HE MMEIOIIME aTOMHOrO 3apsja, He
00JIaZIaf0T Maccoil, a - K BpalaTeJIbHOMY 3apsily B JBH)KEHHH YaCTHIIBI
Kak pa3 KaueHMeM. Jleno B TOM, 4YTO NpPOM3BEJNEHHE METPUUYECKON
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YacTOTBI YaCTHUIIBI C Pa3MEPHOCTHIO B «1/M», BOCHpUHUMAaeMOH Maccoi,
Ha KBaJpaT CKOPOCTH, OJU3KOH K CBETOBOMY 3HAYCHHIO, M 00paszyeT
3apsy (yckopeHue) BpalieHus. MHave, TOBOpsi, IPU JIBUKCHUU YaCTUILIBI
B Hapy)XHBIX BaKyyMHBIX cllosiX (Hampumep, ToJ JieiicTBUEM
MarHUTHBIX CHJI) TpHU €€ YCKOpEHHH JIOTMYHBIM 00pa3oM pacTér eé
BpaIlATENIbHBIN 3apsij, a 3HA4YUT, - U €€ METPUYECKAs 4acToTa, YeM OHa
BCcE OoJbllie ymoaoOJseTcs MelbYyaiinell NeCYnHKe, a He HEBHIUMOU
gactune. Otcrona W u3BecTHas (opmyna dSHeprud A.DWHIITEHHA
O3HauaeT He 3HEPTHIo, a 3apsj BpalleHus yacTuusl. 1 3To moromy, 4To
HET pa3JM4CHUs BHYTPEHHEH »Heprum, 0003HA4YaeMOW 4YacTOTOW, U
HApYKHOM DSHEPIHM, KaK SHEPrUM MOTEHUHAIbHOW, KWHETHYECKOM,
SHEpPIruM yAapa u T.J.

OTcroa HeT pa3indeHus 1axe B TOM, 4TO €CTh MacCOH, U 4YTO €CTh
BecoM. Bce mpekpacHO NMOHMMAIOT, YTO, XOTd B HEBECOMOCTH U B
KOCMOCE Beca HET, HO Macca octaércsi, mpuuéM M ecThb (opmyia,
orpenensromas Bec, UCXoasd u3 Macchl. Ho BMecTe ¢ TeM Ha3zHa4aroT
ATAJIOH MAacchl B BUJE IUIaTHHOWMpHAMEBOW Tupu. Ho m Oosee Toro,
YCTAaHOBWJIM JIa)KE€ OKBHBAJIEHT MacC, a 3Ha4uT, - (akTudeckn
SKBMBAJIEHT Beca Tefla, KaKk Hapy)KHOH Macchl, U UMEHHO €ro MaccChl,
XOTsI W TOBOPAT HE O Bece, a 0 macce. [locMoTpum ewié pas, 4To 3TO
takoe. CoriacHo sHIMKIoNenUu (3, ¢.767) «B KIaCCHYSCKONH MEXaHUKE
Macca SBIsieTCS  KO3(QHUIMEHTOM MPOMOPIUOHAILHOCTH — MEKIY
JICHCTBYIOIICH Ha TEJIO CHJION M €r0 YCKOPEHHEM», MOJ00HOE MOHSATHE
ecth W B (Qopmynae Beca, Ha3bIBAEGMOTO CHJIOW TSDKECTH, T/
MPUMEHSIETCS]  TPaBUTAIMOHHBIA  3apsn  (yCKOpeHHe CBOOOIHOIO
najgeHus). Bpoae Obl BC€ mNpaBWIBHO, HO Belb OTaJOH MacChl,
HaszbiBaeMol koddduimeHToM, — 3TO Bec, Ja H B IpeaMere
«COTPOTHUBIIEHHE MaTepHalIoOB», TJE€ PpACCUUTHIBAIOT HAAEKHOCTh
KOHCTPYKIIM, MPUMEHSIOT, KOHEUHO, Bec. IHBIMU ciioBamH, TOBOpsT 00
9TallOHE MAacChl, TOBOPSAT B JACHCTBHTEIBHOCTH 00 JTaloHE Beca,
KpUTEpPUEM Macchl CUMTAIOT IUIOTHOCTh, @ TOBOPS 00 OIpeereHnn
Beca, BKJIIOUAIOT B ()OPMYITy OMpEAeeHusl KaK pa3 3Ty Maccy, KoTopas
B JielicTBUTENILHOCTH — Bec. Kopode, ToBopsAT 01HO (0 Macce), TyMarT
BTOpOE (O TUIOTHOCTH), & JINAaloT TPeThe (B3BEIINBAIOT).

IToromy Macca HCXOIUT U3 OTHOLIECHUS BHYTPUMOJIEKYJISIPHON CUJIBI
Bcero oObEMa BemlecTBA K €ro BHYTPUMOJEKYJISIPHOMY 3apsimy.
IToHsATHO, YTO BHYTPUMOJIEKYJISIpPHAs CUla — 3TO Ui HAc Yxke
cozeplaTenbHas BEIMYHMHA, HO HECPAaBHEHHO Oosiee Co3eplaTeNbHBI,
HampuMep, BCSAKWE OpOHWTalNM, Ha3HayaemMble OO0ONOYKE AaTOMOB.
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HaBepHoe, Hacrana yxe mopa MONTATHBATH M (U3UKY JI0 YPOBHS
COBPEMEHHOCTH U HE Ha3bIBaTh €€ XUTPO KIACCHYECKOM, YTO O3HAYAET,
Ha caMOM Jiefie, YCTapeBIIeW, WJIM KBAaHTOBOM, YTO O3Hayaer B
JeWCTBUTEIBHOCTH HE MOHSTOW, K TOMY )K€ U pa3zaensis e€ Ha (QU3UKY
KJIACCHYECKYIO ¥ KBAHTOBYIO MJIM YCTapeBLIYIO U HEMOHATYIO.

To xe camoe kacaercs U aCTPOHOMHUU, UCXOJAIIEH M3 BO33PECHUU
naxe He camoro Komnepnuka, a ero nocienonateneid. Hade roBops, Kak
nocnenoBaTenyu Hbpl0TOHA MCKAa3MIIM €ro 3aKOHBI, TaK W TMOCJIEI0BATENN
Komepauka He TOTBKO HE CTald Pa3BUBATH JAJBIIE €r0 M3BICKAHUS, a
octapmiin COJHIIE LIEHTPOM IUIAHETHOM CHUCTeMBbl, XOTsi KomepHuk u
TOBOPUJI O TOM, YTO BO BcCeNeHHOW HET BEIIECTBEHHBIX LIEHTPOB. U,
HanpuMep, UICTUHHOE MOHATHE MAcCChl U 3JIEKTPOTOKA eIl€ JOJIT0 MOTJIN
Obl HE NMPHHHMMATH, MOCKOJBKY 3TO Maj0 MEIIAeT TEXHOJIOIMYeCKUM
M3BICKAHUSM (YEM U €CTh B JICHCTBUTEIHLHOCTH HBIHENIHsAS Hayka). Ho
BOT JeicTBUTENBbHOE BpamieHue JIynel, Mapca u Mepkypus, Kak u
npaBary o Cupuyce, yKe HE YIacTCsi WrHOPUPOBATH BBUIY
HALIEJICHHOCTU JIFOACKUX TEXHOJIOTMH Ha KocMoc. TONBKO 3TO U
COCTaBJISIET HAJISKTY Ha TO, YTO KHUTH 3aHUMATEIbHOr0 Paznuyenus He
OCTaHYTCS OJIHUM JIMIIL KOMITbIOTEpHBIM HabopoM. K ToMy ke Ha BCE
BosIs BoXnbs, Hallle ke JIeNo UL IOBECTH JI0 CBEACHHS B MEpy HaIei
HUKYEMHOCTH M OTPAaHUYCHHOM CTIOCOOHOCTH.

Tak BOT, Takk€ M pPAcCTOSHHUS A0 3BE3 U3MEPSIOT MapajylakcoM
WM TIO0 SIKOOBI MPSAMOM JIMHUM, X0TA emié JlobaueBCKuii HaMeKa, 4To
BCEe NpsAMbIle B HaIleM MHpE — 3TO Ha CaMOM JieJie OTPE3KH ayT
OKPYXXHOCTH (IIOTOMY OHH W Tiepecekarorcs). 11 aTo He roBopst yxe o
TOM, YTO CBET OT JAJbHMUX 3BE3] MAET Yepe3 THIEepIpOCTPAHCTBO MITU
MPAaKTUYECKH MTHOBEHHO M YK HUKaK HE C OMO3JaHUEM B COTHU JIET.
Ono3gaHue >K€ CHTHAllOB OT KOCMHUYECKHMX 30HJIOB OOBSCHSETCS
MpUEMOM HX Ha 3emJie uepe3 HapyKHbII BaKyyMHBIN CIIOM.

MoHO cka3aTh, YTO 3a CUET KU3HU, NPUXOAAUIEH OT UCTUHHOU
BOJIbI BTOpOW BceneHHoM, BCE MpOCTPaHCTBO-BEIIECTBO U CYIIECTBYET.
KuzHp He 3apoxknanach, OHa TMPOSBMIACh Ha 3emiie CHayajla B
Hapy)KHOH BaKyyMHOH, a 3aTeM - B Ha/IBaKyyMHOH cpene Omaromaps
COBIIaJICHUIO CBETOBOM U TEIUIOBOM YaCTOTHOCTH HA HAILEH IIJIAHETE C
0a30BOH JKMBOW YacCTOTHOCTBIO, MCXOISIICH OT HMCTUHHOH BOmbl (OT
napcrea boxwsero mo penmruu). WM 3TO  OBUIO  MOCTEIEHHBIM
MPOSIBJICHUEM BUIUMBIX I HAC OCHOBHBIX BHJIOB PACTCHUM U
J)KUBOTHBIX, TPaBUTOHHO co3naHHbIX Cmioili mo boxeemy cioBy
HauyWHass C TPEThEro JHS TBOPCHUS (THICSYEICTHS B TOTJAIIHEM
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OpOUTaIbHOM BpallleHUH). DTO M €CTh 3BONIONHMS. A BOT JAJIbIIC MUIO
YK€ aBTOHOMHOE IPOSIBJICHHUE U MPE00Pa30BAHUE BUJIOB, UCXOJISIICE U3
WX YCTOMYMBOI'O BHYTPEHHETO >KENaHHUS, HO TaKXe W3HAYAIBHO
HanpaBieHHoe Cuioil. M 3T0 OBIIO yKe aBTOHOMHOW 3BOJIOIUEH.
Buanre, mckaxx€H M caM CMBIC]I TOHSATHS »BodoLuU. Beapr paxke
CeNeKIus He MOXKET ObITh 0e3 ympaBiieHus. YTo ke Toraa roBOpuTh 00
oOpa3oBaHuu HOBBIX BHUAOB? I[loj00OHOE€ OTHOCHTCS M K UCTOPHUH
craHoBieHus 3emun. Ho, 4YTo WHTEpeCHO, 00 SBONIONMM HAIICH
IJTAHETHI HeT Ia)Ke UCKaXKEHHOTO MPE/ICTABIICHHUS, 4 TOIBKO MOJTHOCTHIO
YCIIOBHOE pa3jieJieHue Ha BCSKHUE MEPHOJIbI THUIIa IOPCKOr'0, MEIOBOTI0 U
TaKk Jajnee. OTO 3HAYUT, YTO DBOJIONHUS 3E€MJIM U 4YEIOBEKa C
HETEPIIEHUEM KJIET CBOETO paznuyeHus. To ke caMoe MOXHO CKa3aTh U
00 WCTOpHMH, KaK O Hayke, TeM OoJiee, KacaTeIbHO WUCTOPHH PYCCKOH
CTpaHbl, y KOTOPOW HET pa3InyeHus J1aKe B €€ Ha3BaAHUU.
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Paznuuenue gusuxu u acmponomuu. 389




1 Sanumamenvroe Paznuuenue.

3aHuMarenabHoe Paznuuenue
(Uckaoicenus naue2o epemenu).

Kuura 1-1.

3-4 penaxiusi.

Odopmnenue — B.B. ®unumnmos.
Penakrop — B.B. ®ununmnos.

[Tonnucano B nevars: neppas penakuus - 04.10.10.; Bropast
penaxius — 07.02.11; Tpetbst penakuus — 17.03. 11. @opmar
60*90/16. Yca. ned. 1. 26.

390 _Pasnuuenue puzuku u acmpoHomuu.




