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[IpuBosATCS OCHOBHBIE CBEJIEHHS O CHUCTEMHOM paCHOJOKEHUUM U Pa3MEpPHOCTHBIX
B3aUMOCBS35X (PU3NYECKUX BEJIWYUH, HCIOJIb3YEMBIX B KBaHTOBOW ¢u3uke. [locnenoBaTenbHOCTD
paccMOTpeHus1 y4eOHOTo MaTrepuasia COOTBETCTBYET obmenpuasaTomy B yueonuke 1.B. CapenbeBa
u yueonuke JI.K. Maptuncona u E.B. CMupHOBa, UCTIOIB3YEMbIX NIPU U3YUYEHUU JAaHHOTO pa3jiena
obuieit puzuku B MI'TY um. H.O. baymana. B nepByto ouepenip JaeTcs cCUCTEMHOE MPECTaBIEHUE
00 W3IIyyaTeNbHBIX TEIUIOBBIX BEJIIMYMHAX, M3YYEHHE KOTOPHIX B MPOIIJIOM IMOJIOXKHUIO HAYyalo
CTaHOBJIEHUS! KBaHTOBOU (u3uku. CreoM paccMaTpUBAIOTCS COOTHOIICHMsI HEOoNpeaeaeHHOCTeN
leiizenbepra u Qu3uueckue BEIWYUHBI, MPUMEHseMble B BOJHOBOM MexaHuke Ilpéaunrepa.
[locne ocCBOEHMSI 3TUX pa3/EiOB H3y4aeTcsl KOMIUIEKC (M3MYECKUX BEJIMYMH, OTHOCHUMBIX K
paspsay GpyHIaMEHTATbHBIX PU3MYECKUX MOCTOSIHHBIX (MPUPOIHBIX KOHCTAHT). B MX 4KCI0 BXOIAT
nocrosiHHas [lmaHka, 3apsn  2J€KTpoHa, JJIEKTPUYECKas, MArHUTHAasT MW TCpaBUTAlMOHHAs
MIOCTOSIHHBIE, PAJ APYTMX BEJIWYUH. BOJIBIIMHCTBO MPUPOJIHBIX KOHCTAHT OKAa3bIBAKOTCS CUCTEMHO
CBA3aHHBIMU JIPYT C APYIOM 3aKOHOMEPHBIMH CBSA3SMH, YTO BBIPAXKAET €IUHCTBO U LIEIOCTHOCTH
(buznyecKoro Mupa.
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IIpeaucaoBue

[lepuon Bpemenu ¢ koHua 19 Beka u Bech 20 Bek /10 Hayaja HbIHEIIHEr0 O3HAMEHOBaH HE
CTOJIBKO OTKPBITHEM HOBBIX NMPHUPOJHBIX B3aUMOCBS3EH, CKOJIBKO OTKPBITHEM (yHJAaMEHTATIbHBIX
(GU3NYEeCKUX KOHCTAHT WJIM MOCTOSIHHBIX. K TaKMM KOHCTaHTaM OTHOCSITCS CKOPOCTb CBETa, 3apsil
AJIEKTpOHa, MocTosiHHasg [lnaHka, NOCTOSIHHAsE TOHKOM CTPYKTYpbl M HEKOTOpbIE JApYyrue
¢dbyHaamMeHTanbHbie BenUunHbL. OKa3anock, 4TO Bce (yHIAaMEHTAIbHbIE (U3UYECKUE KOHCTAHTHI
(O®DK) TecHO B3aUMOCBS3aHbBI JAPYT C JPYrOM IO BEJIMYMHAM M Pa3MEPHOCTAM. DTH KadyecTBa
YKa3bIBalOT HaM Ha enunyto rnpupony @OK, na enunctso IIpupoast BooOIe.

@OyHIaMEeHTaIbHbIE KOHCTAHTHl BXOJST B YPAaBHEHHUS U3 CaMbIX pa3IMYHBIX oOjacTei
(Gu3MKKM, AEMOHCTPUPYS TEM CaMbIM CBOIO YHHMBEpCalbHYIO mnpupony. B cuiny storo OOK
SIBJIIIOTCSI OCHOBHBIM HHCTPYMEHTOM, IO3BOJIIIOLUIUM CPaBHUTh TEOPUI0 C OSKCIIEPUMEHTOM.
TounocTe uncnoBbix 3HaueHurn ODK omnpegenser npenensl BO3MOXHOCTEM TEOPETHUECKHUX
pacueroB. WmmocTpareil cka3aHHOTO SBJSIOTCS TMPEIU3UOHHBIE BBIYHUCICHHUS KBAHTOBOM
JNEKTPOJMHAMMKHU: WX TMpPEJCKa3aTeNbHas CUia 3aBHCUT OT TOYHOCTH, C KOTOPOM OIpEAeNICHBI
nocTtosiHHas Pundepra, mocTosiHHAsi TOHKOM CTPYKTYphl, OTHOLLIEHUE MacC 3JIEKTPOHA U MIOOHA U
ap. [1].

N3ydeHne npuUpoOIHBIX B3aMMOCBA3E€ M YTOUYHEHHME Ha 3TOM OCHOBE 3HaueHuid DPOK
MPEACTABISIET COO0M BAXHEHIIYIO 3371a9y COBPEMEHHOM TEOPETUUECKON (PU3UKHU U €€ TPUKIIaTHBIX
HanpaBJIEHUN, BKJIIOYas MeTposoruio. Merposorudeckas 3HauuMocts ODK onpexaenseTcs: poibio,
KOTOPYIO KOHCTAHTBI UTPAIOT B CO3/IaHMH COBPEMEHHBIX ITAJIOHOB €IMHUIL] U3MEPEHUs (PU3NUECKUX
Benuud (PB). TlpumepoM SBJISETCA HCIOJNIB30BAHHE CKOPOCTH CBETa ¢ M DJIEKTPHUCCKOM

IIOCTOSIHHOM €, B OIPEIEJIICHUN aMIiepa — OJHOU U3 OCHOBHBIX eaunun CH. JIpyruMu npumepamu

SIBJISIIOTCS. HAanOoJIee TOYHBIC OMPE/IEICHHS MMOCTOSTHHON TOHKON CTPYKTYPHI M MOCTOsiHHOM [1nanka
"snekTpuuyeckumMu’  Metonamu. B HacTosimiee  BpeMsi  MPOBOMATCS — MCCIEAOBaHUS IO
MEePEONPEICTICHUIO EAMHUIIBI MAaCChl — KUJIOrpaMMa ¢ TOMOIIBI0 (PyHIaMEHTANBHBIX (PU3HUECKHX
KOHCTaHT [2].

[IpakTukym mnpeaycMaTpuBaeT KCIOJIb30BaHUE CHEIHATU3UPOBAHHON KOMIIBIOTEPHON
nporpaMmsel. [Ipy BBIMONMHEHUU MPaKTUKyMa CTYJIEHTHI MPUOOPETAIOT TAK)KE€ HABBIK MOJIb30BAHUS
IJIaHAPHBIMM (TJIOCKUMU) H300pakeHussMH cucteMbl @Bu3 B pa3IMuHbIX BapuaHTaX HUCIIOJTHEHUS.
Ha »Tux n3o0pakeHusx, BHITOJHEHHBIX MPUMEHUTEIHFHO K Pa3HBbIM pa3jiesaM KBAaHTOBOW (DHM3HKH,
MPUCYTCTBYIOT OonbIMHCTBO DB, BeTpeuaronuxcs B chepax KBaHTOBOM M BOJTHOBOI MEXaHUKHU.

KoMmmbroTepHbiii  1a0OpaTOpHBIM MPAKTHUKYM TPU3BAaH CIIOCOOCTBOBATH 3aKPEILICHUIO
TEOPETUYECKUX 3HAHUN, TPHOOPETAEMBIX CTYJCHTAMH Ha JIEKIHUAX U MPU paboTe ¢ TUTEpaTypHBIMH

HCTOYHHUKAMH.



Iesb KOMIBIOTEPHOIO JIA00OPATOPHOI0 NPAKTUKYMA

Ienp 1aHHOTO KOMITBIOTEPHOTO J1A00PATOPHOTO MPAKTUKyMa — MO3HAKOMHTH CTYJCHTOB
¢busnueckux crnenuanbHocTeld ¢ @B kBaHTOBOM MexaHuku, B ToMm uucie DODK, mokazats ux
CHCTEMHBIE CBOHCTBA — OCOOCHHOE PACIIOJIOKEHUE U PAa3MEPHOCTHBIE CBS3U, MPOMUTIOCTPHPOBATH
WX €IWHCTBO, JEMOHCTpHpYyloliee eAuHCTBO (usuueckoit Ilpupoast BooOme. B pesynbrare
BBINIOJIHEHUSI JIaHHOTO JIaDOpaTOPHOTO MPaKTUKymMa JOCTUIaeTcs yriayOJIeHHOe H3yueHue
CTyJI€HTaMH €QUHUILl U3MEpeHus U pasmepHocrerl @B, BcTpedaronuxcs pu U3y4EHHH Pa3JesioB
KBaHTOBOH (M3UKM W (KBAaHTOBOW) BOJHOBOM MEXaHUKM B Kypce oOmed ¢usuku. IIpaktukym
CrocoOCTBYET YyriayOieHuI0 Mpo(ecCHOHATbHBIX 3HAHUN CTY/IEHTOB MO CBOEH CIEIMATBHOCTH U
(hOopMHUPOBAHHIO CUCTEMHOTO MPEACTABIEHUS 00 OKpPYKAIOIIEM MUPE.

JUis  ocBoeHusi HacTosIero rmocoOus TpedyeTcsl MpelBAPUTENILHOE  BBIIIOJIHEHUE
KOMITBIOTEPHOTO MPAKTUKyMa WJIA CaAMOCTOSATENIbHOE M3ydeHue yueOHoro nocobus [3], B KoTopom
paccMaTtpuBaeTcs 001Iee CTPOCHUE CUCTEMbI (PH3NYECKUX BEIMYMH U 3aKoHOMepHocTel (OBu3) u
nproOpeTaeTcs MepBUYHAS TPAKTHKA MOJIb30BaHUS 3TOM CUCTEMON B 00JIaCTH 3JEKTPOMAarHUTHBIX
BenmmurH. JlomoHUTENbHBIC cBefieHUs TI0 cucTeMe @Bu3 nuMeroTcs B uctoununkax [4, 5].

[Ipaktukym no wm3ydeHuro cucreMbl @Bu3 npegycMarpuBaeT IMOJIb30BAHME CIIELUAIBHO
pa3paboTaHHOM AIEKTPOHHOU (KOMIBIOTEPHOI) mporpaMMoid. MHCTpyKIIHSI MOJB30BaTeNs JTaHHON

NporpamMMoH [6] u3ydaercst pu BBIMOJHEHUH TPAKTUKyMa.
BBenenue

Cucrema ®Bu3 npeacrasmsier coboit LT — pasmepHocTHOE OCHOBaHUE, B KoTopoMm Bce OB
MOTYT OBITh BBIPQXXEHBI IO Pa3MEpPHOCTU 4depe3 dauHy U @pemsA. B pazmepHoctsax cuctembl CU
MHorue @B ornuyarores oT ux LT — pa3sMepHOCTHOrO NpEACTaBICHHS HAa  TOT WJIM HHOM
JOTIONTHUTENbHBIA ~ Pa3MEPHOCTHBI ~ COMHOXXUTENb,  KOTOpbIe  TOJIO)KEHBI B OCHOBY
crpykrypupoBanus @B B cucremy ®Bu3, oka3siBaroiieiics MHOTOYPOBHEBON (MHOTOCIONHOM).

Ha puc. 1 npencraBmena oOmas apxutektypa cuctemMbl ®Bu3. CucreMHble ypOBHU
0003HaYCHBI CBOMMHU Pa3MEPHOCTHBIMU Ko3(duimeHramu, coaepxamumu kodpdumnreatsl G u K
CO CBOMMH CTENECHHBIMHM TMOKa3arensiMu. Dusnueckue BEIUYUHBI OMPENEICHHOTO CHUCTEMHOTO
YpPOBHS, TIOJy4asi CBO€ pa3MepHOCTHOE BhIpakeHue B cucteMe CU, oTnuyarorces mo pasMepHOCTH OT
ux LT — mpencraBieHus Ha OJMHAKOBBIA Pa3MEPHOCTHBIN COMHOXHUTENb, YTO M OIpEAesieT UX
MPUHAIIKHOCTH K TOMY WJIH HHOMY CUCTEMHOMY YPOBHIO.

Kosddunment G umeer pa3sMepHOCTh 2pasumayuoHHOU NOCMOAHHOU, KOTOPas YUCICHHO
paBHa OTHOIIICHHIO WHEPTHON Macchl, MU3MEpsSEeMOil B KHIIOTpaMMaX K TpaBUTAIlMOHHOW Macce,
m3MepsieMoii B M°/c?. Kooddurment K — ecTh pasMepHOCTHOE M YHCIOBOE COOTHOLICHHE MACCHL 1

cunel moka. B pannoit cucteme ®Bu3 wmacca u cuna moxa npU TIAHAPHOM (TJIOCKOM)
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M300paXECHUM CHCTEMHBIX YPOBHEH pAacIoJiararoTCsl B OJHOW CHCTEMHOW sueiiKe, MX YHCICHHOE
COOTHOIIIEHUE TpHBeACHO Ha puc. 1. JIuHuM Ha puc. 2 0003HAYAIOT CUCTEMHBIE Pa3MEPHOCTHBIC

cBaA3u OB, yyacTBYIOIHUX B 3aKOHOMEPHBIX cBA3sX OB 3TUX ypoBHEN.

MHoroyporHeBas apXxuUTeKTypa G
CHCTEMBI (PI3MIECKUX BETITUIH
11 3akoHOMepHocTelt (PBu3)

.
dim G = M-1L3T2 Gk E
dim k= MI-! :
G =47y ~8,385-10719 »3/(kr-c2) i
f~4,901-10%¢xz/ 4. :
Gk? 1 Gk?

CHCcTeMHEIE YDOBHH H JeHCTBYIONIHE MEKYPOBHEBEIE CBA3H (DH3HUYECKHX BETHUHH:

1 - odmne 6a30Bble KHHEMATHYESCKHE BEIHYHHEL k1 - HoNIeRbIe HIEKTPOMArHHTHEIE BETHIHHEL

G - o0mHe 6a30Bble ATHHAMHYECKHE BEIHIHHEL Gk - ctpykTypo-cpemorble DMB 1 110 ArpyIIs
Gl - ypoBeHb TPABHTAITHOHHOH KOHCTAHTH G2 - crpykTypo-cpenoBble DMB 2 moATpYIIIB
Gk - 6a30BbIe AMeKTPOMArHHTHBIE BeTHYHHEI k1 Gkl - nonoNHATENBHEIE CHCTEMHBIE YPOBHH

Puc.1. ApxutekrypHoe n3zoopaxenue cucreMbl ®Bu3
1 TeopeTnueckas 4yacThb

1.1 CuctemHoe OpeACTaBJICHUEC TCIJIOBBIX U3JIYy4YaTCIBHBIX d)I/ISI/I‘IeCKI/IX BCJIIMYHH

Ha puc. 2 npencrasieno mianapHoe uzo0paxenue cucreMbl ®Bu3 ¢ npeumyniecTBeHHbIM
M300paX€HUEM TEIUIOBBIX M H3JIydaTeldbHBbIX BEJIMYMH, W3Y4eHHE (PHU3UKH KOTOPBIX SBHIIOCH
MPOJIOTOM 3apOXKIACHUS M CTAaHOBIIEHUS COBPEMEHHOW KBaHTOBOW (u3uku. [lns paboTel B
KOMITBIOTEPHON MporpamMme cieayer ucrnonb3oBath (aitn TEITJIOTAL.ItS, cooTBeTCTBYyrONIMiA
TaHHOMY n300pakeHnto. OcHOBHBIE (DOPMYIIBI, HCIIOJIb3YEMBIE B pa3jiesie, MPUBEICHbI Ha PHC. 2.

WHTerpanbHOi XapaKTepUCTUKON TEMJIOBOTO M3IIYYCHMs SIBIAETCS usayyamenvHas (110
MHOMY, HCIyCKaTellbHas) cnocobHocmb Tela WIM oHepeemuueckas ceemumocms R. CioBo
HHTErpajibHas O3HAYACT U3ZIYUAMENbHAs CcnocobHocms (manee usiy4amenbHoCms) BO BCEM

AUana3oHe 4aCTOT WU UIMH BOJIH, COOTBECTCTBYIOIIHX TCIIJIOBOMY U3JTYYCHUIO.
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coboit cnekmpanvhvie (O YacTOTe W JUIMHE BOJIHBI) MIOMHOCMU ustyyamenvhocmu. WX

cooTtHomenue I, do=r, ;dA.

Cuctema ®Bu3 ¢ VYUACTHCM TCIIIOBBIX M HU3JIVUATCIbHBIX BCJIMUMH
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Puc. 2. Cucrema ®Bu3 npuMeHUTEIHHO K chepe TEIUIOBBIX U M3JIy4aTelIbHBIX BETHYUH

OcobenHocTbio 3TOM 4yact cucremMbl ®Bu3 sBisercs HazHaueHHE pPa3MEPHOCTU
memnepamypsl TaKOH e Kak U 'y uacmomul. ONpaBIaHHOCTb 3TOr0 OyJeT scHa U3 AajbHEHIIero
U3JI0KEHUs MaTepuaa.

OcHoBHble DB cBs3zanHble Cc TemnepaTypoil 3to sHeprus — W, oumponus — S,
mennoemrkocmos — C, nocmosnnas borvymana — K, u3ydeHne KOTOPBIX MPOBOAUIIOCH B pa3jeiax
MOJIEKYJISIPHOM (DM3UKK U TepMOJMHAMUKU. B pasgene KBaHTOBOHN (PM3MKU MCHOJIb3YIOTCS HOBBIE
®B: unteprpanpHas u auddepeHuanbHble U3Ty4aTeIbHOCTH, TPUBOJUMBIE BBIIIE, HOCMOSAHHbIE
Buna — by u by, nocmosinnas Cmeghana-bBonvymana - G, pyrue BeIUYUHBL

Tenepr o pasmepHOcTH memnepamypsi. llpuBonumsle Ha puc. 2 auddepeHuanIbHbe

cooTHoIeHus QpyHkimi Kupxroda
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MIPU UHTETPUPOBAHUH 110 COOTBETCTBYIOIIECH IEPEMEHHON NPUBOIAT K 3akoHY CTedana-bonbiimana

R =0T* ¢ nokasarenem crenenn 4 npu memnepamype. Takum oOpa3oMm, JIMHEWKa PAIOM
CTOSIIMX TMOKa3zarenu creneHed 3, 4 u 5 nmpu ®, T U A, a TakkKe HU3BECTHOE COOTHOIICHHE
A =2nC/® mpsAMO YKa3bIBAIOT HA COBIAJCHHUE PA3MEPHOCTEH memnepamypuvl U 4acmomai.
Hapsiny ¢ u3ydeHHeM TEIUIOBOTO M3IIyUYEHHUS, HWCTOPUYECKOE CTAHOBJIEHHUE KBAHTOBOU
¢u3ukn OBUIO CBSA3aHO M C JOCTHKCHHSMH B U3YyYCHHH ONTHYECKOTOo U eme Oosee
BBICOKOYACTOTHBIX CIIEKTPOB M3IyYeHHI. DTO HampapiieHue GU3NKU, B KOHIIE KOHIIOB, BHUIMIIOCH B
TEOPHUIO0 AaTOMAPHOTO CTPOCHUS BEIIECTB, MOJTYIUBIIEH OOJBIIIOE MPAKTHUYECKOE MPUMEHEHHE.
YacTOTHBIN CHEKTP ONTHYECKUX M3IIYYEHUW M TMOIIOLICHW aTOMOB ONPEACIISIETCS B BHJEC
pasHoctu (OMEHHWs) IEJIOYMUCIEHHO KpaTHBIX YacTOT C KBAJAPAaTUYHOM  3aBHUCHUMOCTHIO

MCKHUHTCPBAJIbHBIX 3HaYCHWI
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To ke caMoe COOTHOIIIEHUE B OpeACTaBICHUHA YE€PE3 TJINHY BOJIHBI UMECT BU/:
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YacroTHasg nocrosiHHas Punbepra R, ® AnMHHOBONHOBas moOCTOsiHHas R,

0

MPUCYTCTBYIOIINE B 3TUX BBIPAXKEHUSIX, TECHO CBS3aHBI C MapaMeTpamMu 3JIEKTPOHA U aTOMHBIMU

KOHCTAaHTHBIMH BCIIMYMHAMH, CPEAN KOTOPBIX OKAa3bIBAKOTCA: KJIaCCUYECKUI paanycC SJICKTpOHa —

r,, pamuyc bopa — @, M KOMITOHOBCKas JUIMHA BOJHBI 2JE€KTPOHA Ay :m, IpU y4acTuu
e
MIOCTOSIHHOM TOHKOM CTPYKTYpBI & U CKOPOCTH CBETA C.
2
m.C o
2h

[[J'II/IHHOBOJ'IHOBEUI nocrossHHas P I/m6epra onpeacsI€TCss COOTHOMCHHUEM ROo = C

. mg; _ mgc’
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YaCTOTHOM ITOCTOSIHHOM R Y HEC CBA3b TaKasd KC, KaK CBA3b YaCTOTHI C

obparHoii  jmmHbl BonHbl (R, =2nCR,). JluHeiika aTOMHBIX KOHCTAHTHBIX BEJIHYHMH C
PasMEPHOCTHIO ONUHBL (B TMOPAAKE UX BO3paCTaHI/I5{) BBITJIAAWUT TaK.
-1
L=a’a,; M= 27-0; 3 =0/4nR,)); R~ =2\ /d’.

Takum 00pa3oM, MOCTOSIHHAs TOHKOW CTPYKTYphl O SIBISieTCS BaKHEUIIEeW KOHCTAHTOMN

(1)I/I3I/ILICCKOI“O MHpa, BOIIPOC O €€ MPOUCXOKACHUHN N0 CUX MOP ABJIACTCA JUCKYCCHUOHHBIM.



1.2 CucreMHble IpeaACTaBICHUA (bI/I?)I/I‘-IeCKI/IX BCIIMYMH, MCIIOJIL3YEMBIX B KBAHTOBOM BOJIHOBOM

MEXAHUKE

W3yuenne manHOTO pasznena Kypca (U3MKU NpEeayCMaTpUBAeT 3HAKOMCTBO C KBAaHTOBOU
OTITUKOM, B KOTOPYIO BXOJISAT CIIEKTPAIBHBIC 3aKOHBI ONITHYECKUX U3ITydeHUH, PoTodpdexT, apdext
KomnToHa u cooTHomieHune HeompeneneHHocTel [eiizenbepra. Kak moxassiBaroT mocieaHue
(GopMyIBl 3TH pa3/enbl TECHO CBS3aHBI C MPENIICCTBYIOIIUM Y4eOHBIM pazfaenoM (U3UKH —
anekTpoauHamukoi. Ilostomy Hambonee mnonxoxasmue uzo0paxkenus cucrembl OBu3  mis
M3yUYeHHs JJAaHHOU pa3jiena KBaHTOBOW (PM3HMKH ATO M300paKEHUS C YYaCTHEM 3JICKTPOMArHUTHBIX

BeMYUH U pa3mMepHocTeid @B. OHu npuBeaeHs! Ha pUC. 3 U APYTHX MOA0OHBIX H300paKESHHSIX.

BO3MOKHBIE COOTHOIIEHIA HEONPEJIETEHHOCTEI B 9JIEKTPOMATHETH3ME
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Puc. 3. M3BecTHBIE B KBAHTOBOM MEXAaHHKE U BO3MOJKHBIE COOTHOIIIEHHS HCOHpeHeHeHHOCTeﬁ

Ha »tom PUCYHKE I/I306pa)KeHBI W3BECTHBIE B KBAaHTOBOW MEXaHHMKE COOTHOIIICHUS
HeOHpeHCHeHHOCTeﬁ C YydacTuem nocrosuHoi Ilnanka. HpI/IBOMTCH TaK:KC BO3MOXXHBIC (HO
CHCTEMC q)BI/I3) COOTHOHICHUSA C Y4aCTHEM rnocrossHHo# Ilmanka u QJICKTPOMArdUTHBIX BCIMYMUH.
CTy,Z[eHTaM PEKOMCHAYCTCA HOHpO6OBaTL caMUM CaMOCTOSITEILHO TMOoHucKaTh B cucreme ®Bwu3

Jpyrue noaoOHbIe pa3MEPHOCTHBIE COOTHOLIIEHHS C Y4acTHEM MOCTOSTHHOM [1naHka.



dusnueckre BEIMYMHLL U COOTHONIIEHUS, BcTpeyaroluecs B ypasueHnax Hlpéaunrepa.

[Tnanapuoe m3obOpaxkenue cucreMbl @Bu3 Hambornee moaxojsiiee AjIsi BY30BCKOTO Kypca
KBaHTOBOM (BOJHOBOM) MexaHukH [IIp&nuHrepa He COACPIKUT FMEKTPOMATHUTHBIX Beln4nH. Takoe

n300paXkeHNe MOKa3aHo Ha puc. 4.

CHCTEMHOE PACIHOJOXEHHE BOJTHOBOI ®VHKINHI 1 CBAASAHHBIX C HEI BEJIITYHH
Em\ocrb 06?1,3\,1 S 3;{1:[ e Nars Soniean Hefictene
P -T§ HMITYIBCA R i2m,
2T NE IL‘1T3I2 i § LT 112 MIAT! MLAT2
11z Z[EHCTBHG
I ﬂpm-mu, posozmmc TOIAB S sapaa i) EaANL {ie;cz’::; i
AT I—ZS q b q\-—IZ L=nh P
LT NAL T 12 I\]LZT‘I [L_ST—Z
Bpema Jmaa Humyase. 3HEP]‘I—IX
t l h{2m, P=mv
LTt MLT! MILAT 2
g 'Bespas)repﬂ’o Ckopocrb TpasuTam. Macco::mbm CH‘la M.m:c[ﬂoc
;/ KOHCTAHTa, % noTenmman, (v3) pacxon
'." LUTEI LT—l LzT_z NIT_]‘ h]I.-T_z EZT—J
TIoToK Ycu)penﬂe Ha.T.‘iDICCHHE Havenenne
Bepomoc‘m in cust (CF/Cr)
L1 BIT2 MLT?

Conpomﬁﬂ Bextop
VMOBE -

TIofimTHATa

ML2T312 MT CooTHOIIEHHA
- BOJIHOBOH MeXaHHKH:
(E\imcn) 1 EBIt Mavenene N
cE/gi TABTEHIET P= ”‘-P[‘dp’,-
L‘2 1! MLT T2 M-I MEZT m={jas:;

[[ +dlw}W | j= f(%rader\P*arad‘P) Ehﬁ:[f’_+g}p £ 4
0

2my, ét

Puc. 4. ®usnueckue BeIMYNHBI 1 COOTHOIIEHUS KBAHTOBOU BOJIHOBOI MEXaHUKHU

@B, oTHOcAIIMECS K AIEKTPOMArHUTHBIM BEJIMYMHAM Ha puC. 4 MOKa3aHbl JHIb YacCThIO,
MIOCKOJIbKY B BY30BCKOM Kypce KBaHTOBOM BOJHOBON MEXaHUKU OHH OOBIYHO HE (PUTYPUPYIOT.
B sTOoM pasnerne ocoOblii MHTEpeC MPEACTaBISIOT CIEAYIolue creuu(GuyecKkue BeTuIHHbI

BOJIHOBOM MEXaHUKH: BOJHOBAas (1)YHKI_II/I$I b4 , 31E€Ch OHA TpEeXMEpHas, KBaJaparT BOJIHOBOH (I)YHKI_[I/II/I

2
2 U | g h
Y , INIOTHOCTBh NOTOKA BEPOATHOCTECHU | = g N, a TaKxke (1)I/I3I/I‘IGCKI/IG BCIINYHHBI 2— u 5 .
m m
0 0

1.3 CucremHbIe OpeaACTaBJICHUA KBAHTYCMbIX 1 KOHCTAHTHBIX d)I/I3I/I‘-IeCKI/IX BCJIMYHNH,

OPpHUHAJICKAIIINX Cd)CDC QJICKTpOMaracTusmMa

C mpakTHyecKOoW TOYKHM 3peHHs HauOojiee BaKHBIM SBISIETCS M3Y4€HHE C CHUCTEMHBIX
no3unuii 6osbmioi coBokynHoctd POPK unm kBaHTyeMbIX M KOHCTaHTHBIX BennuuH (KKB).

Cucremnoe ctpykrypupoBanue @B c Boinenenuem B cucreme ®Bu3 ocoboii rpynmsl KKB moxHO
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OBLIO 3aMETHTH elle MPU U3YYCHUU SJICKTPOMArHUTHHIX BenuunH. bompmmHcTBo KKB oTHOCATCS
MMEHHO K 3Toii cdepe. JlaHHbIi pa3aen MoCBAIIeH IMEHHO 3TON TPYIIe BETHYNH.

Ha puc. 5 npuBeaeno ynporieHHoe (ckeneTHoe) nzoopaxenue cuctemsl ®Bu3 ¢ yuactuem
AJIEKTPOMArHUTHBIX BeauuuH, OTHOCUMBIX K KKB (®®K). Illecturpannukamu o6o3nayeHsl OB,
cojiepxainiue nocrosiuuyto Ilnanka m O6e3pa3MepHbie BEIUYHHBI. JDTH BEJIMYMHBI MOXXHO Ha3BaTh
OTIOPHBIMH WJIM perepHbIMU g cucteMbl OBu3, nx MecTONnoJI0XKeHHH HEU3MEHHO IS JIFOOBIX
BAPUAHTOB IPEJICTABICHUS ITOM cHUcTeMbl. bosbluMmu Kpykkamu 0003HaueHbl KBaHTyeMble DB:
NeKMpUdecKull 3apsao, MASHUMHBIL HOMOK, 9NeKMPUYecKoe conpomueierue u npogooUMOCHb.
Psimom pacnonoxenusie ¢ HUMU DB, 0003Haue€HHBIE MaJBIMU KPYKKaMH, — 3TO KOHCTAHTHBIE
BenuuuHbl. Mectononoxenue snekrpomMarHuTHeIXx KKB B cucreme ®Bu3 HeomHo3HAuHO, OHO
3aBUCHUT OT BBIOOpA PAa3MEPHOCTU OJTHOM M3 AIIEKTPOMATHUTHBIX BEJIUYMH U €€ MECTa Pa3MEIICHUS
oTHocuTenbHO DB, 0003HAaYEHHBIX IIECTUIPaHHUKaMU. [IpUBOIMMBIN BapuaHT pa3MelleHUs
anektpomarHuTHeIXx @B B cucreme ®Bu3, ecnmu He camblii UCTHHHBIN, TO YK CMEJIO MOXHO

YTBEpKIaTh, OH HauOOJIeE MOAXO AN /IS yueOHbIX Tieneit [4].

Puc. 5. Ckenernoe nzobpaxenue cucremsl ®Bu3 ¢ yuactuem KKB

Ha puc. 6 mpuBeneHa aHaJorM4yHAsh CXeMa C y4acTHEM MEXaHMYECKOW KOHCTAaHTHOM
BeanuuHbl (Ml) ¥ HEKOTOPBHIMH CHCTEMHBIMH CBSI3IMH, KOTOpPbIE Ha PHC. 5 HE BHIHBI WIH HE
0003HAYAJINCh.

Ha puc. 6 Ha MecTe nunelinoeo snemenma moka MPUCYTCTBYET MEXaHWYCCKas BEIMYMHA —
MPOU3BEICHUE Maccovl Ha Oauny. OKa3bIBACTCSl 3TO COOTHOIICHHE TOXKE KOHCTAHTHOE, OHO €HMHO
s Bcex Mukpouactui (ml = 3,786'10'41 Kr'M). B kauecTBe Onumbl JUIsi MUKPOYACTHI[ B 3TOM
COOTHOIIICHUH BBICTYITACT X KOMIITOHOBCKAS JUTMHA BOJIHBL. ICTHHHOCTH MMPUBOJIUMOTO YHCIOBOIO
3HAYEHUS HE BBI3bIBACT COMHEHHUH ITOCKOJIBKY OHO COOTBETCTBYET HM3BECTHOM KOMIITOHOBCKOM

JJIMHE BOJIHBI MUKPOYaCTHII, paBHOﬁ OTHONICHUIO ITocTossHHOM [1nanka k CKOPOCTH CBETA.
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CucTeMHble B3aMOCBA3MN
KBaHTyeMbIX N KOHCTAHTHbIX

o9

Puc. 6. CxenerHoe m3o0paxenue cucremsl ®Bu3 ¢ yuactuem KKB

Bepxuuit ropmsontaneHbiii psigq KKB Ha puc. 5 w puc. 6 mokasaH B TpeXIBETHOM
WCIIOJIHEHUU M B 3TOM 3aKJIOueH ompezeneHHbId cMmbica. Ha puc. 7 mokaszan Tot xe psg KKB,
0003HaYEeHHBIX CIUIOUIHOM yTomeHHoW okaHToBKO#. [Ipyrue KKB, Bkitouasi ckopocTh cBeTa,
KOTOpBIE€ PACIOJIOXKEHbI BHE OCHOBHOIO CHCTEMHOIO psiia, OOO3HA4YeHbI HAa 3TOM pHUCYHKE

MMYHKTUPHOM YTOJIIIEHHOW OKaHTOBKOIA.

CHCTEMHBIE B3AIMOCBA3I KBAHTYEMBIX 11 KOHCTAHTHBIX BEJITYIIH

HelicTEHE JeHcTBHE
OﬁfbeM 1. ,C[P}H MOM. Mars. :w}le‘;rr ATYThCA SHepTeTHHUECKOS
N JL—lTSIZ L3 I LT 1 L2 MLAT-! MLAT

Hetcrene
oo DeHHManY

EMrocTs

C
L 2T

oy 8 npoﬂgu, ,HEHCTBHE

oo
LI 3T

- “Baskocts
KHHEMATHY. .

MLT! ML2T2

.,E;a ,{@m‘ \ zc' e ) [ om ) e
oL S LT 7 WA ML?T e / MT ! MLT ML?T ?
’IH,:(yKTHBHOCT Hactora HaTH.}KeHHe TsMeHeHHE
) cune (GF/E1)
ML2T-[2 =/ N\ MLTZI MLAT-1 MT 2 MLT-
{Manfl Jopormn\// COH]JUTPIB;I Soldr YBigf_ ﬂDED
TotinTuara
\&ILT_EI ) {\leT—SI > , MT-2I-! MLTZ / \ ML2T-4 AT ﬁ _ 1.
P
(E\E{OCT}';) -t cB/ot OF/ot Hsyenenne
oE/Cl HARICHHEL _ 1 _Luﬂ _&
MLT=12/ \MLTHI2 MT=1 MLT~I ML R 2acs, 2a 2a

Puc. 7. Cucremnoe pacnonoxenue KKB B cucreme ®Bu3 B nmiiaHapHOM HCIIOJTHEHUN

(Cropocts)!
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ODK, obpasyromire TeM Wi APYyruM crocodoM B cucreMe DBu3 oCHOBHOI cHCTEMHBII
psan KKB, B cucreme CU umerot cienyromne 0003HAUYCHUS U YHCIIOBBIC 3HAYCHHS
€0 — ANEKMPUUECKAS NPOHUYAEMOCb BaKyyMa (21ekmpuyeckasn nocmosnuas), g =1/(po c?);
Wo — MACHUMHASI NPOHUYAEMOCHb BaKyyMa (MacHumHasi NOCmosiHas), ho = 4m-10 7 Tu/v;
R« — mocrosiaaas o Knuruunra, Rq = 25812,807449(86) OM mim cBsi3aHHOE C HEH
conpomugnenue Bakyyma, Rg = Clig = 20R« ( Rgu Rk Bxonar B 01HY cuCTEMHYIO sTUEHKY);

q, (MHOE 06O3HAUEHNUE €) — 3aps0 dMeKTpoHa, [, = 1,60217653(14) -10 *° Ki;

(1) g — mpeanoNaraeMslii 0 CHCTEME KBAHT JIUHEUHO20 dlleMeHma MokKa,

h — nocrostanas [lnauka, h = 6,6260693(11) -10 ** ix-c;

I — nomenyuanvroe oeticmeue (NPOU3BEICHUE Culbl HA NIOWAOL); HOBAsk CHUCTEMHO
3Haunmas OB.

Kpome 0603HauenHbix KKB 0cHOBHOTO ccTeMHOro psijia, B ONPENesIIONX YPaBHEHUIX U
YPaBHEHUSIX CBSA3M C MX YYaCTHEM HCIOJNB3YIOTCS ¥ JAPYrHe BEJIMYUHBI, 3a4acTyi0 TOXKE
oTHocuMble K @OK (4acTh U3 HUX MPUBOIUIACH BBIIIE):

C — ckopocmsb cBeTa, ¢ = 299792458 m/c;

0L — IOCTOSIHHAs TOHKOH CTPYKTYpBI, o - = 137,03599911(46);

G — epasumayuonnas nocmosnnas, G = 6,6742(10) -10 ™ v*/(c? xr);

@, — kBaHT MacHumnoz2o nomoka, ®o = h/(2e) = 2,06783461(61) 1078 BO;

K; — Bennuuna, oopatHas ®o, mocrostunas Jxo3edcona, K = 483597,879(41) -10° T/B.

m, — Macca sexTpona, m, = 9,1093897(54) -10 " r;

I, — KJIaCCHYCCKHIl pajiyc IeKTpoHa, I, = a’a, = 2,81794092(38) -10 *° m;

Ay — KOMIITOHOBCKAsl JUIMHA BOJIHBI 2IEKTPOHA, A, = L 2,42631058(22) 10 12 M;
m.C

e

a,— pamuyc bopa, a, = a/(4nR,)=0,529177249(24) -10 *° m;

R, — mocrosunas Punbepra, R, =m.ca?/(2h) = 10973731,534(13) m™ .

Nmetorcest u apyrue @B, otHocumbie k KKB (wiu, o uaomy, @DK).

Puc. 4, puc. 5 u nocneayromue pucyHku WLTIOCTpUPYIOT, 4To DDK cBsizaHbl Mexay co00i
3aKOHOMEPHBIMU COOTHOIICHUSIMU, KOTOpBIE JIErKo oOHapyxkuBaroTcs B cucteme PBu3 kak
CUCTEMHbIE Pa3MEPHOCTHBIE COOTHOIIEHUS (BBIACICHHBIE MapajluieorpaMMbl Win JuHuK). Ha aTom
U IPYTUX MOAO0OHBIX MIIOCKHUX (TIJIaHAPHBIX) U300pakeHusX cucreMbl @Bu3 Bu3yaiabHO BbIIENSETCS
TOpPU30HTAIBHO pacroyioxkeHHbIH psa KKB, sueiiku koTopbix 0003HaYeHbI Ha pUC. 5 YTOJIIEHHOM
OKAHTOBKOM.

MoXHO 3aMeTuTh, 4YTO BHE OCHOBHOro cucreMHoro psna KKB pacnonokensl eme

Heckobko DB, kotopbie Toxke MOkHO oTHecTH K DDK, mosTomy oHM 0003HAYEHBI YTOJIICHHON
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IIYHKTUPHON OKAaHTOBKOW CHCTEMHBIX sfueek. [IBe u3 satux ®B (macnummnas nponuyaemocmo n
conpomugnenue) oopatHsl Mo pazmepHoctu OOK, BxoasmuM B ocHOBHOU cuctemHbld psiig KKB.
Ckopocmb cama 1o cele sSBISETCS KOHCTAHTHOW BETMYMHOM (CKOPOCTh CBETA), a KBAHTYEMOCTb
MA2HUMHO20 NOMOKA, BO3MOXKHO, 00YCIIOBJIEHA KBAHTYEMOCTBIO 3aMKHYTBIX JIMHEHHBIX 2JIEMEHTOB

toka (QV=Il) i KBaHTyeMOCTbIO nomoka Hamacnuuennocmu (P; = JS). Tlocnemnss OB

IpearoaraeMas, €€ pa3MEpHOCTb, KaK M PACIIONIOKEHUE B CUCTEME, HICHTUYHBI PACIIOJIOKCHHIO
aeMeHma moka.

Ha puc. 7 mpuBenena gactb (Gopmynsl ocHOBHBIX cootHomeHnid KKB u ux cucremHubie
n3o0paxeHuss. ['Opu30OHTaIbHONW MYHKTUPHOM JMHHEH B OCHOBHOM cucteMHoM psny KKB
0003Ha4YeHa B3aUMOCBS3b JJIEKTPUYECKOM M MarHUTHOM MOCTOSHHBIX 4Y€pe3 CKOPOCTh CBETa M

BOJIHOBOE COIIPOTHUBIIEHHE Bakyyma R;.

-t p-l_ M 377 om

€oldg Os €

[lapannenpHass JUHUS KpPacHOrO IIBETa, MPOXOJAIIasi MO TOMY € CHCTEMHOMY psIy
o0o3Hauaet cBsA3b nocrostHHoM Knuruunnra (R, ) ¢ mocrostauoi [1nanka u 3aps10M 3eKTpoHa

h 1
qe gK

Haxnonnast ToueuHast IMHHASA CHHETO LBCTA BU3YAJIU3UPYET OTY KE€ 3aKOHOMEPHOCTD.

BBI,Z[GJ'ICHHHﬁ napajjicjaorpamMm, 0003HaYEeHHBIA KpaCHbIMHW IMIYHKTHPHBIMH JIMHUAMU,

WJUTIOCTPUPYET CUCTEMHYIO CBSI3b KBaHTa MarHUTHOTO notoka @, ¢ npyrumu OOK

h

D, =—.
0 2qe

Hocepem/IHe OTOI'0 BBIACJIICHHOTO MapajijicjorpaMma npoB€ACHA CIIJIOIIHAA JIMHUA KpaCHOI'O
OBCTa, KOTOpasd o0o03Hayaer CYILICCTBOBAHUC 00BEKTUBHBIX (1)I/I3I/I‘leCKI/IX csaseiit B «Onemenm
mokxka», UMCIOLICIo pasMCPHOCTDb Ll, C DJIEMCHTApPHBIM JJICKTPUYCCKHUM 3apsAIoM (e U KBAHTOM
MACHUMHO20 NOMOKA (DO . BBI/II[y CBOCTO CUCTEMHOI'O PACIIOJIOKCHU A ®B snemenm moxa NOIXKEH
OBITE KBaHTyeMOﬁ WIM KOHCTaHTHOM BennunHoM. HamOoiee BCPOATHOC 3HAUYCHHC KBaHTa

sslemenma moka, onpezaensieMoro cucremoit ®Bu3 crneayromiee [5]:

(1), =X —68522.10° Am.
(0]

3nech (], = € — 3aps] 2IEKTPOHA; ¢ — CKOPOCTb CBETA; Ol — IOCTOSIHHAS TOHKOW CTPYKTYpBI.
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OsxupaemMasi CHCTEMHAsl U YNCIIOBasi CBSI3b KBAHTA 2J1eMEeHMa MoKa ¢ KBAHTOM MACHUMHO20
nomoka OnpeAeseTCs BhpakeHueMm [5]
)
(D =u KB
0 0 :
4
KBant maenumnozo nomoka B paccmarpuaemoit cucreme ®Bu3 3aHuMaer nmpakTuuecKu
HEHTPAIILHOE MECTO, YTO HArJsiIHO WIUTIOCTpupyer puc. 8. CucremHas CBs3b, 0003HAYCHHAs Ha
9TOM pPHUCYHKE B (OopMe NPSIMOYTrOJbHHKA, TMOKAa3bIBA€T 3aKOHOMEPHOE COOTHOIIECHHUE KBaHTA
MA2HUMHO20 NOMOKA, dIEMEHTAPHOTO 3/IeKMPU4ecko2o 3apsaoa U MPOBOAUMOCTU (, , BEIUUYUHBI

oOpatHoit mnoctossHHOM Kimruuara. B cucreMHON CBA3M 1O TUIY MNPONOPIUM, Y4acTBYET

Oe3pa3MepHas IOCTOSIHHAS, ¢ YMCIOBBIM 3HaYeHUEM 1/2.

D, =
20k

Cucremusbte coorHomieHnus ©B vacnummnsiii nomok ¢ npyrummn KKB

Emcoc‘rb Oﬁ’he\l Da ;.prm MO, Nars Afosen n{l[:;;i:ca
i :
LT NEALALYTEE ILT ILz MILAT?

Basrocts
KMHEMAaTHY.

: /XM ML2T-2
£ </ Momﬂom
___ MT! MILT2 ML2T3
/’ f\ HaIa}KE:Hﬂe Hsmencnne
ene (€F/0F)
: ’T“ . MLTH MLT 1! I\IT - MLT?
/i{_am I'IPOH-PI} L(onporma'ly O(P JoF ?;i;?_
l’”"’” - Iofgrunra
\MLT—ZI-2 / \MLZT 31 -2 MTT MLT-31-1 ML2T-I NT-
(Enxo CTB) oB/ot AP Hameticrne )
cE/el i JaBrieHnA _ 40, S _ LM
MLT-I- ML*T-I MT-1 MLTI! MLT3 e dag,

Puc. 8. CucremHbIe CBSI3M € y4acTHEM KBaHTYeMbIX M KOHCTaHTHBIX BenuurH (KKB)

-

2|

Ha cileayromeM - puc. 9 IIPpUBCACHA KBAHTOBAsA 3aKOHOMCPHOCTD, HMCHYCMaA

HecTaluoHapHbIM 3¢ pexToM [xo3edcona. PopMylibHOE BbIpaKEHHUE 3TOM 3aKOHOMEPHOCTH
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20 v

3neck A@ — Pa3HOCTh IJEKTPUYECKUX IMOTEHIMAJIOB Ha JKO3e(COHOBCKOM IEpexojie

(M30JIATOpE MEXKTY IBYMS CBEPXIPOBOISIINMU KOHTAKTAMH); V — YacTOTa U3JIy4aeMbIX (DOTOHOB.

CHCTEMHBIE B3ANMOCBA3SH KBAHTYEMBIX I KOHCTAHTHBIX BEJINYITH

He#ieTie JHeticTsie
HMIVIBCHOC SHEPIeTHUCCKOE
MIAT ! MIAT ?

JeHCTRHE
o Deltrvany

Lemlr vl =Fs
\ MLT 1 MLT~

1L h
Cm?‘}m“ MY'IJ'C BHepmz
Lo I\ItT—l MIIT2
! s . CH'IB. DIJ.[HDC'{B
3 s pac¥on
5 " 5 NIT*1 MLT- ML
HYKTHBHOC T—Iacrcn'a HaTmKEHHe HavencHue
v .r; e ST A cns (EF/CL)
MI2T212 MLT2I! MI2TA1L MT MLT?
aTH. r{po COHPOTHB"I éo/lér 5’;:;213‘
TofnTHET h
MLT 2] =2 IL2T12 MT 21! MLT3I! MILATHT2 NIT3 b = %
(E\ﬂ{OCTL) L cB/ét CE/ot Hsvenenus Oddexrt Tixosedeona:
dE/él JABACHHA h _Ap
MLTI?/ \MLAT-I M- MLT-I MLAT ¢ v

Puc. 9. KBantoBanue marHuTHOTO 1OoTOKa M 3 dekT [[xo03edcona

HI0BOC {r:o‘rcHn

Maccogp frit

ITockonbky Bce @OPK 0Ka3bIBAIOTCSI TECHO YBA3aHHBIMHM IPYr C IPYroM, TO 3Has WU
3a/1aBasCh TOYHBIMU YHMCIIOBBIM 3HAYEHHMEM JJIsl OJHOM WM JIBYX M3 HUX, YAAETCS CPABHUTEIBHO
TOYHO BBIYMCJIUTH YWCJIOBBIE 3HAYECHHs A OCTalIbHBIX. lIpm 3TOM BO3HMKAaeT BO3MOYKHOCTb
ompezeneHnsi ocHOBHbIX enauuul (kak CU, Tak u npyrux cucrem m3mepenuid) depes OOK nmm
yepe3 apyrue @PB, enuHuiepl u3MepeHus KOTOpBIX omnpeaenstorcs TouHo. Hampumep, B CU
MOSIBJISIETCSL BO3MOKHOCTD IIEPEONPEICIICHUST €IMHULBI U3MEPEHNUs MacChl — KWJIOIpaMMa 4epes
AJIEKTPUYECKUE BEJTMYUHBI [2].

OTmedeHHOE OTHOCUTCS He TOJIbKO K cucteme eaunul CH, HO ko BceM apyrum. IIpu atom,
OUeHb BAXKHBIM SIBISIETCA IEPBOHAYAIbHBIM BHIOOP YHMCIOBOTO 3HAYEHUS E€IWHUIIBI M3MEPEHUs
kakoi-160 ogHoM n3 GDK. Copepii€HHblil BEIOOP equHULIBI U3MepeHus 10001t DK craHoBUTCS
ONPENENAIUM U aiud Apyrux. Hampumep, ucnosnb3dyemas B HACTOALLEM IPAKTUKYME CUCTEMaA
®Bu3, ocHoBaHHas Ha LT—cucreme ¢ pa3MepHOCTBIO AIIEKTPUUYECKOTO 3apsia L3T, B oxmoii u3

BO3MOXXHBIX CBOHMX MO,Z[I/I(pI/IKaL[I/Iﬁ CTAHOBMTCS OJIM3Ka IIJIAHKOBCKOHM CHCTEeME CINHUIL [2], rac
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SNEeMEHMAPHBIU DIEKMPUYECKUl 3apsia0 U CKOPOCMb c8ema TPUHATHI €JUHUYHBIMU. DTa CHUCTEMa
NOJIyunIia HauMeHoBaHue «EcTecTBeHHOM KnHeMaTH4ecKo# cuctemsbl pasmepHoctein» (EKCP) [3].
KaxoBbl 3nauenuss ®OK B paznmuunbix cucremax eaunun, Bkitouas EKCP, mokazano B

cienyromei Tabm. 2.

Tabnuma 2. Yucnoseie 3HaueHuss @DOK B pa3snuvHbIX BapuaHTaX CUCTEM CIIUHUIIL.

NTEESTTE D TIpu , 99?92!4?5:8_ ot ly=1m; 1p=1,481936667-10-36 m
1 e | fh= tp=14,943208636:1045 ¢
cucreme CH | h=lmfo=1c h=1c. 1/2.99792458 105¢ | °
Ksant 2,89916169-1027 | 2,4309540-10-¢ o= I = y
IIOTCHITHAJILEHOTO - ) 1053 _70 v}
rettctams, IL, T M6/t 2,704801066-10 3.009497057 10
M 6,62607553-1034 | 5,5559801-10~% T, , pasmeprocts LT3 12y
ITnaHka, h Ix-¢ M/c3 20
KpanT s
N 3,225752423-10% | 2 704801113-10-%#
R AHOTE ’ II . PasMepHoCTE LAT2 1/a
JIEMEHTA TOKA, A*M M2 ¢
{Dxs
OIIeMEHTApHEL | 7,851916834-10-%% | 6,583850953-10-% a1
MEKTPHYECKHI . \ I1,0., Pa3MEPHOCTE LT 1
3aPAL, ge Kn M*/c
(MarsuTHaA ss 1074
S 1,911262529-10 1,602598179-10 11,0, PAIMEPHOCTS 12 "
! MWTH* M2
IO 2107 | 7.801880513-10°
Kmutownara) L, 9.304541882-10 ; 11,20’ pasmMepHocTh LT 202
Ry 1/0n* M-C
DIIEKTPHYECKAd | 2,12656636-10-%2 | 1,783130954.10%! 2 2
HOCTOSAHHAS, &) 1,0, PasMCpHOCTE T a
D* /M c?

B naganpHBIX cTONOmMax Tabn. 2 mpuBeneHbl 3HaueHus POK ams AByX cHUCTEM €IUHUIL
oueHb NOX0XkUX Ha cuctemy CHU. B mepBom cronbiie HCXOJHBIM 3HAYEHHUEM CHCTEMHOTrO psia
OOK npunaTo uzBecTHoe yucioBoe 3HaueHHe B CU mocrosuuoit [lnanka. IIpu aTom cobmroaeHO
CHCTEMHOE COOTHOIIeHHE 0a30Boit LT—pasmepHocTHO# cuctembl (eplo=c/o.. Bo BTOpOM cTOI0IIC
npuBeaeHbl unciaoBbie 3HaueHUusT PDK Toil ke cucreMbl, mpeoOpa3oBaHHON B «METP-CEKYHIHOE)

LT—paSMepHOCTHOG IMpCACTABJICHUC. B »stux YCIOBUAX YHUCIOBOC 3HAYCHHUEC g KOTOPOC

09
PacIoyIoKEeHO Ha APYroM KOHIlE OCHOBHOTO cucteMHOTo psina KKB, okaspiBaeTcs mopsiika 10% u
10!, TonstitHO, 4TO ¢ TAKMMHU YMCIOBBIMH 3HaueHHsMH DDOK u pa3dpoCOM 3THUX 3HAYCHHIA
paboTaTh OYEHb HEYIOOHO.

B mocnexyromem cnBoeHHOM cToJOlEe Tabl. 2 TMOKAa3aHO KaK WM3MEHSIOTCS  YHUCIIOBBIC
3HaueHus: OCHOBHOro cucremMHoro psjna KKB mpuBoaumbix LT—pa3MepHOCTHBIX CHCTEM, €CIH
eIUHULICH OuMbl TIPUHATH METP WM €IWHULIEH 6pemenu TPUHATH CEKYHIy, a COMPSDKEHHYIO C

Humu OB yBA3aTb CO CKOPOCTBKO CBCTA. YuciaoBele 3HAYECHUS KKB, BKJIIO4ass KBaHT

NOMERYUAIbHO2O Oeticmeust IIp, B »a1HX BapUaHTaX OKa3bIBAOTCA Pa3JIAYHBIMHU, HO OHH
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00s13aTeNIbHO BKIIOYAIOT B CeOsl 3HAYCHUS, COOTBETCTBYIOIIUE MOCIEIHEMY CTONOIY Tabna. 2, To
ecTb, Bapuanty EKCP.

Takum 06pa3oM, JaHHBIE TAOIHUIBI 2 WUTIOCTPUPYIOT, YTO BHIOOPOM YHCIIOBBIX 3HAUEHUI
eIMHUIl U3MEPEHUsl OIuHbl U épemenu B LT—cucreMe pa3MEepHOCTEH MOXHO HOOHTHCS TAaKOTO
nonoxeHusd, 4ro Bce KKB OCHOBHOro CcHCTEMHOro psaa IIOJdy4aT 4YHCIOBBIE 3HA4YCHMS,
OTpe/esiieMble JIUIIb TOCTOSHHON TOHKOM CTPYKTYphI o.. D10 U gocturuyro B EKCP.

Wutepecno, uto B cucreme EKCP oOHapyxuBaercss TOKOBasi CYyIIHOCTb M €JUHCTBO TPEX

TJIABHBIX CUJIOBBIX (PM3UYECKUX B3aMMOACHCTBHIA, UTO MOKa3aHO B Ta0d. 3

Ta6numa 3.
OcHoBHBIE CITOBBIE B3amMoaelicTid B EKCP
HaumeHoBaHUE Bsamvo neticTsyro- LT - YpaBHEHHE CBSI3H,
e PH3HUCCKHE )
CHIJIOBOTO pasMepHOCTD OTIpEJSTISEOIEe CHITY
N BETTHYHHEL N
B3aHMO/ICIC TBHSA BETHYHH B3aHMOJIEHC TRHSA
10 3apsiy | II0 TOKY
DHeKTpo- g It 3T I = i 449, — i (It)l(-[f)z
CTATHYCCKOS 2 2
g, 4nr- g, 4dur
ek Tpo- V). (gVv), H.(IDh,
1po- w0 | re | pep @0, @D,
THHAMHYECKOES A2 A2
_ 3o 11,
I'paBuTannonHOE q't I LT F= ——
47

Ha puc. 10 B Tabnuunoii popme npuBeaens! 3HaueHUs: B EKCP 11st 0CHOBHOTO CHCTEMHOTO
psna KKB wu 3nadyeHuss mna ux Omkalmmx cooTHomieHud. OdYeBUAHA CHMMETPUS OTHX

OTHOH_ICHI/II\/'I, nepexogsiaiias, €CjInu TaK MOXXHO BBIPAa3sUTHCA U «HA OTHOLICHUSA OTHOIIICHUI.

HucmoBele cOOTHOIIEHUS B cucTeMHOM psijty PDK (B 3HaueHmsx EKCP)

DIIeKTpHY. (TTocTosHHAS (MarsuTHasS OIeMeHTapH. Kpant ITocTostHHAS KpanT
SIEMEHTa TIOTEHIL.
moctosiHHas | Kmurtnmara)™! | mocrosHHas) ! | amexTp. 3apsaa Ilnanka ~
TOKa JICHCTBHA
2
- c q
& @ | () e 4= h =2
o g,
a 202 a | ol (2a2)-1 ol
4 C C C
2o.c - - - 2ac
20 o4 o 2o

Puc. 10. CootHomenus uncnobix 3HaueHuii KKB B EKCP
AmnanoruuHas Tabnuia, COOTBETCTBYyIomas neiictByromedt cucteme CH mokazana Ha
puc. 11. Oka3siBaercs, uto B CU ocHoBHO# cuctemubiii psa KKB (kotopsie, B unCIoBO# hopme Ha
puc. 11 He mpuBoAATCSA, HO TOXE B OONBIIMHCTBE CBOEM, OKAa3bIBAIOTCA CBA3AHHBIMHU uepe3
CcKopocmb CBETa) UMEET JBa «pa3pbiBa», 0003HAYacMble Ha PHUCYHKaX CMEHOW I[BETa 3aJUBKH

MOCJICAOBATCIIbHO PACIIOJIOKCHHBIX (HO FOpI/IBOHTaHI/I) stueek ¢ OB.
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CootHomienus B cucremMHoM pajry @OK (B 3HaveHndax CI)

. Kpant Keanr
DIIeKTpHY. (TlocTosHHas (MaruuTHas DeMeHTapHEIH IlocTosHHAs
37IEMEHTa TIOTEHII.
nocTogHHAA | Kimurmumra)~! | mocTogHHAg)™! | 3NeKTPHU. 3apAx IT1aBKa N
TOKa JeHCTBHA
q.c 4.
_ -1 —
g (Re)™ (o) Ge e h ="
a €,
1 5 RI\ _C q.u, :E_,C/U. = C ha _ ?;C j e
=20c¢ - = — - = —
R.g, Mo 2o | 2013355-10% o gc 2a g,h

Puc.11. Yucnosseie 3nauennga KKB u ux coornomrenns 8 CU

«Pa3pbiBbI» Ha puc. 11, B oriinuue ot LT—pa3meproctHoro Bapuanra puc. 10 (310 napHbie

-1
COOTHOIICHUA MCKIAY 3HAYCHHCM |, M JJICMCHTAPHBIM OJ€KmpudecKum 3apﬂOOM qe’ a TaKXeE

MCKIAY «K6AHMOM 3JjlemeHma moxa» Hu nocrosuHoi Ilmanka h) JOIIOJIHUTECIIBHO O6yCJ'IOBJ'IeHBI
0COOBIM cooTHomeHneM B CU CAVMHUL U3MCEPCHUSA Maccvbl U CUJIbl MOKdA. I[aHHOG COOTHOIICHUEC

OTPENIENAETCS BRIPAKEHUEM, cOCTOAIMM onATh xke u3 KKB. B CU 310 cooTHomenue & = o, /¢

npuoaM3uTeNbHO paBHO 4,901 10% A/kr. B BapuanTax LT- cucrem Tabmn. 2 oHO eqUHUYHOE.

Takum o6pazom, puc. 11 wmmoctpupyer, yro B cucreme PBu3, mnocrpoeHHoil Ha
pasmepHocTsx u eauHUIaXx CU, 31eKTpOMarHuTHEIE BETMYHHBI Pa3HBIX CHCTEMHBIX TPYIII (a TakkKe
M WX OTHOIIeHHs) B oTauuue oT LT—pasmepunoctHoro Bapuanta (cm. puc. 10) comepxar
JOTIOTHUTENbHBIA Pa3MEPHOCTHBI COMHOXXHTENb, 00YCIOBICHHBIN OTIMYUEM €AMHUI] U3MEPEHUs
maccol 1 cunwvl moka. Ecnu macca v cuna moxka usmepsiiuck 0bl B enununiax EKCP, o usBecTHbie
CUJIOBBIE 3aKOHOMEPHOCTH COOTBETCTBOBAIM ObI Ta0. 3.

Ha6mrogaembie cootnomenuss ®DK, pacrnonokeHHbIX B OCHOBHOM cucTteMHOM psiay KKB u
uMmeroux pasmepnoctu CU, npuBenensl B Tabn. 4. Ilo Tabnuie, kak u 1mo paHee MPUBOJIUMBIM
pUCYHKaM BHJHO, 4TO OCHOBHOHM cucteMHblid psig KKB moapaszpensiercs Ha Tpu rpynmbl. OTH
rpynnel KKB mpunamiexxar Oosiee mupokum Tpynnam OB, orauwyarommumes ot ux LT—
Pa3MepHOCTHOTO TPEICTABICHNUS Ha JOTOIHUTEIbHBIE pa3sMepHOCTHBIE Kooddurments: Gk?, GK u
G, paccmarpuBaBIIKecs B yuyeOHOM mocoOuu mo anekrtpomarnetusmy [3]. Puc. 11 u Tabn. 4
wuiocTpupytoT, uto u B CU, HecMoTpst Ha mnpuHamiexHocTh POK K pa3HBIM CHCTEMHBIM

rpyiimnaM, uX nocCIeA0BATCIbHOCTD BIIOJIHE YIIOPAAOYCHA.

Ta0m. 4.
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Cootromenna OPII B cuctemuom pagy KKB npn ygactun ckopocTnt cBeTa ¢ H HOCTOSHHON TOHKOI CTPYKTYpHI O

20c Ecla =g, Ee/2a=gp,/2
€9 R! i ge (INxs q./g,
gy, € 2ocs, g & 2uch Je, 2 h/a h 20ch
R h (2ocR)™! R - JI—T E\/F—T h 2ach
20R R a VR
3o 20 } 20/ 2ch
o, h (c”) 1 s Hul = = h 2ach
HoC Cly oLy
Jh e =2 2 4. g.clo h 2ach
Qe * 20ch h 2ah 9
€y, (e g 2ace, g,C” ge g.clo L %
2ace, g,
2a 2
24-1 =0 -1 clu 9. Mo 202
Mo e (k™) e M ge % Sy g1C
1 c 2 2
R R! — cla ‘R 20cq, R
- 4 20cR 20R 2 h i 7
€
€95 My g 20 % My
Ho
c/2a cla 20

Ilpumeuanue x maon. 4. lepsas konounka conepxut KKB, nocpencteom KoTopbix Bhipaxarotcs apyrue KKB toro

ke psina. BepxHuil 1 HYWOKHUIA psibl TaOJUIBI cofepKaT (B TPEyroJibHBIX sueiikax) Kod(QUIMEHTHI, MOKa3bIBAIOIIHE

cB3b cocenHux OB B ocHOBHOM cucteMHOM psagy KKB.

2 IlpakTHyecKas 4acThb

2.1 Tlpu moAroTOBKE OTYETa BBIMNOJHIEMOTO KOMIIBIOTEPHOTO MPaKTUKyMa 3apHUCOBaTh
YIPOIICHHbIE CKEJETHbIE CXEMBI pHUC. 4 U pUC. 5, 3aKOHCIIEKTUPOBATh 0003HAYEHUS] U YUCIIOBBIC
3HaueHnss KKB OCHOBHOro CHCTEMHOTro psifja M pacnoJIOKEHHbIE BHE €r0, UCIOJIb30BaTh CUCTEMY
CU. Bsinucate OCHOBHbIE (DOPMYIBHBIE COOTHOIICHHMS, AJISi TEIUIOBBIX M ONTHYECKUX 3aKOHOB
W3JIy4E€HHS], B TOM YKCJIE BBIPAYKAIOIINE UX CBA3U C ATOMHBIMU KOHCTAHTaMH.

2.2 Vicnionb3ys 3JEKTPOHHYIO NMPOTPaMMy M HHCTPYKIIMIO O paboTe ¢ Hell [6] BhIBECTH Ha
9KpaH KommbioTepa u3zoOpaxeHus cuctembl ®Bu3 nHaumbonee moaxonsiue Ui BBINOTHEHUS
3a/IaHHi IO 3a/IaHHBIM BApUAHTAM.

2.3 TlocTpouTh ¢ MOMOIIBIO AIEKTPOHHOM MPOrpPaMMBI, a TaKKe BPYYHYIO HU300paxeHUs
TpeOyeMbIX CUCTEMHBIX 3aKOHOMEPHOCTEH B COOTBETCTBUU C 33JaHHBIM BapuaHToM. OTOOpa3uth B
KOHCIIEKTE 3TH 3aKOHOMEPHOCTH B BHJIE€ BBIJICICHHBIX JUHUN WM NApajljIeorpaMMOB IO THUIY
JIOKaNIbHBIX yacTel puc. 4 uimm puc. 5 ¢ o6o3HaueHueM Juisd yyacTByrommx B HUX PB: obumiero
ypaBHEHHUs CBs3M, OyKBEeHHBIX 0003HaueHuit @B u ux pazmepnocreit B CU.

2.4 Tlonb3ysace cucremort ®Bu3 noneiTarbes HaTH ¢ ydacTueM HecKoJdbkux OOK takue

CUCTCMHBIC COOTHOLICHUA, KOTOPBIX HET B JaHHOM y‘le6HOM IOCOOHH.
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Bapl/laHTLI 3anaﬂm‘i AJIA BBIIIOJIHCHUSA B HpaKTH‘IGCKOﬁ YacTH.
110 3aJaHHBIM YPAaBHCHUAM CBA3U I/I306paSI/ITB (HOCTpOI/ITB) CHUCTCMHBIC CBsA3U WUJIM IIOKa3aTh
CUCTCMHBIC COOTHOIICHHUA JJId UX COCTABIAIOIINX

Ne 3amaHus o CucTeMe B 3aJaHus 110 CUCTEME B 3aaHus 110 CUCTEME B
Bap. | wn300pakeHUU puc. 2 n300paxeHnu puc. 4 n300pakernn puc. 3, 59
1 * _ h 1
)y =W 4 [w=wdv =1 o=l o
dav. ¢ RN 2e €My
2 .- 2
R*:GT4 H:ifde, APXA)(ZE gX:e_; uozza_R
2 h c
3 drR . in h Ao
r._o=—— j=——(Porad¥ *+¥ *grad ¥') — == h=0¢°R
“T do 2m, 2 v %
4 dr Q¥ . - ee [
M :ﬁ 7.|-d|VJ =0 O« =20LC€0, e= 8020LCh
> AT 2oy AWAL > 7 D =—: (), =
bl_ m PZJ“P‘dV, = o_zgx ) KB — o
6 o 20 E
W =KT ——L +divj dvV =17 === =20 |22
I( o 9 Rg 9 Ho
7 I
) 2 D, =p, ( L)lKB ;
S=kInQ ZXTJ{i—”]‘P:O
° R, = \/E ~377O0m
€p

IIpumepsl yNpoueHHOro u300paskeHusi CHCTEMHBIX CBsi3eil, BBIPAKAIIMX (PpU3HYECKUE

3aKOHOMEPHOCTH
Bropoit 3akoH HbloToHa B3auMOCBS3b Cuibl U dasneHus
m o =
M ) ( .\ﬁ
7 / L \ / L \
G 7
\ 1070 - ( 00 = F/!
&l \ =g \ MLT?) — \ PEFE MLT2
o — B
a / -2
LT2 i

B3aunmMoceA3b MowHOCMU N CUnbl

N =Fv

N/ -~ VH\“. //-]_" N N N

';\\L()TE: /’—‘\ LT.] /.: \N[LTZ/'—I\VILITJN
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KOHTpOJIbeIe BOIIPOCHI K 3alllUTE naﬁopaTopﬂoro NMpakKTuKyMa

1. B uem nposasercs npupogHoe equHcTBo PDK? Posnp ®DK B meTposiorun.

2. Tlosicuute oOCHOBHBIE OcOOeHHOCTH cucremMbl ®Bu3 B 00macTH TEIUIOBBIX H
W3ITy4aTeNIbHBIX BEJTMYHH, B 0071aCTH BOJTHOBOW MEXaHUKH.

3. Tlosicuute ocHOBHBIE 0COOEHHOCTH cucteMbl ®Bu3 B 001acTH BOJHOBOM MEXAaHHKH.
[osichute ¢usnueckuit cmpicnt OB ywactByrommx B ypaBHeHusix Llpémaumurepa m apyrux
YpaBHEHUSI KBAHTOBOM BOJTHOBOM MEXaHUKHU.

4. [IlpuBenute ypaBHEHHE CBSI3U U TOKWKHUTE CHUCTEMHYIO 3aKOHOMEPHOCTh C y4acTHEM
AIIEMEHTAPHOTO 2IEKMPUUECKO20 3apsA0a N MACHUMHOU NOCMOAHHOU,

5. [IlpuBenure ypaBHEHHS CBA3M U TOKKUTE CHUCTEMHBIE 3aKOHOMEPHOCTH C YY4aCTHEM
NIEKMPUYECKOU NOCMOSIHHOU W MACHUMHOU NOCMOSIHHOMU.

6. IlpuBemuTe ypaBHCHHE CBS3U M IOKAKUTE CHCTEMHYIO 3aKOHOMEPHOCTh C yJacTHEM
noctostHHOM [lmaHKa v 2JIEMEHTApHOTO 91eKMpuUiecKo2o 3apsaod.

7. TloscHUTE TIPOUCXOXKJICHHUE W 3HAYEHUS TOCTOSHHOW JIxo3edcoHa M mMOCTOSHHON (HOH
Knurnunra.

8. OmpenenuTe CHCTEMHOE PACIONIOKEeHNE BO3MOKHON OB nomox namaenuuennocmu.

9. Omnpenenute CUCTEMHOE pacrojoxeHne Bo3MoxkHOW DDK «koHcTaHTa JIOKaTH3aIuU
MHKPOUYACTHUID» C Pa3MEPHOCTHIO IPOU3BEACHUS MACCHl HA ONUHY.

10. Ilo 3amaHHBIM YypaBHEHHUSAM CBsI3M Haiiaute B cucteMe ®Bu3 cooTBercTBylOINE UM
CHUCTEMHBIE N300paKEHUS.
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IMPMJIOXEHN A

Ta6muua I11. TenyioBble ¥ U3JlydyaTe/bHblE BeJIMYMHDI, yYaCTBYIOIHE B COOTHOLIEHUAX

KBaHTOBOW GU3UKHU

HanMeHOBAMIE Pasmepnocts ®B CooTtHomieHue
Ne e — Ve B CUCTEME pa3sMepHOCTEN
n/m 00603H. LT MLT ®B (LT/MLT)
Bxoosuwue 6 ounamuuecxkue obuue 6azosvle 8eIUHUHbL
DHeprus, W 54 202
! (paborta, Temiora) (4, U) LT MLTT
2 | Mommocts N LT [ MLT®
3 | Mmmynbe (KOTWY. IBHKEHHS) P LT MLT
4 O0beMHas INIOTHOCTD u(T) L 2T ML 2
SHEPrUH (JIaBJICHHUE) (p)
5 | Macca m LT M
6 | OO6bemMHast MIIOTHOCTh MACCHI Pm T? ML
7 | U3nyuaTenbHOCTh R L°T MT
5 CrnekrtpanbHas MIOTHOCTh ot |37 MT 2
M3ITy4aTeIIbHOCTH 110 (
9 CnekrtpanbHas MIOTHOCTh o |25 MLLT3
W3JTy4aTeIbHOCTH 10 A '
10 CrekTpanbHas (110 m) Uyt L2783 MLAT
00BbeMHas TNIOTHOCTh YHEPTHU '
11 CrekrpanbHas (110 1) Uyt LT ML 2T 2 M- (Lg.l_,z) -G
00BeMHAas TUIOTHOCTh YHEPTHH ’
JelicTBue, MOMEHT UMITYJIbCa, H L,
12 | TemI0eMKOCTh, SHTPOIIHS, C, k; LT3 ML2T
nocrosiHHas bosbiimMana (nh)
[Tocrositnnas Credana- 31 *
13 Boarnmana, I[>I</K4 © LT (MT)
Bropas nocrosinnas Buna, 2 v
14 BT/(M3‘K5) b, L (ML™T9)
15 | dyukuus F(w/T) F(o/T) Rams MT
16 | ®yukums y(LT) yT) | L°T° | ML*T?®
Bxoosuyue 6 kunemamuueckue obujue 6azo6vle eudUHbL
1 be3pa3mepHas KoHCTaHTa B B B
(B cucreme LT: G'=1)
2 | Bpewms t T T
3 | Jnuna I L L
4 | [Tnomanp S L° L°
5 | O6bem Vv L® L®
9 | CkopocTtb v LT LT
10 | YacroTa (yrioBas) 0 T T! lg)IiH;_Tlo

*

pasMepHOCTBIO YacToThl T L,

1.
- B orTimune OoT cucrtembl CHU Pa3MEPHOCTL TEMIICPATYPhI ® [MpUuHATa COBITAQJAIONIEH C
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y4acTHEeM

Tabmuua I12. Baxxneiimme TeruioBbie M U3y4YaTeIbHBIC BETUUYMHBI M YPAaBHEHUS CBS3H C MX

Ne | HammeHoBaHME Onpenensomux 1 MHBIX
/o ypaBHeHu# cBsazu OB YpaBHeHUe CBSI3U MpumeyaHue
V - 4aCTOTa M3JIYH.
1 | Jnuna BOSHBI U3IyYCHHUS, A A=cv i
[UKJIHIECKasT
YacToTa M3IydeHus KpyroBas, o Ty — UINTEIBHOCTh
2 ya pyrosas, o =2nv; v =1/T, n— 2
(TpaBUIIbHEE - YACTOTA YIIIOBast) [IUKJIa, TIEPUO]T
3 O0bemMHas TUIOTHOCTH SHEPTHU u(T) = WiV
PaBHOBECHOTO TEIJIOBOTO H3JyYCHHUS
CnekrpanbHas (110 ®) o0beMHas
4 P (110 ©) Uyt = du(T)/do
IUIOTHOCTH SHEPTHH
CnekrpanbHas (110 A) oObemMHas
5 P (no 2) Uyt = du(T)/dA
IUIOTHOCTH SHEPTHH
N3nydarenbHOCTb, MOUIHOCTb, U3ITydEHHUS,
6 | (oHepreTHuecKasi CBETUMOCTh — R =N/S TPUXOIAMIAACT HA
YCTapeB.) €AMHUITY TIOLIaAn
¢ — CKOPOCTh
7 | Usnysarensrocts AUT - (RY) R" = (c/4)-u(T) P
cBeTa
8
c =5,67-10
8 | 3akon Credana-bonbimMana R =oT* ’
P Br/(M%K*)
3HaYeHHE U3TydaTeIbHOCTH IS
9 i A R = ooT*
Ceporo Tena
CrektpanbHas (110 M) MIIOTHOCTh
10 P (no ) ror = dR/do
H3y9aTeIbHOCTH
CrekrpanbHas (110 A) IJIOTHOCTh
11 P (o 1) for = dR/dA
H3JIy4aTeIbHOCTH
OmnpeeneHne U3Iy4aTeIbHOCTH Yepe3 T T
12 el v P R=[r, do R=[rdx
foTH T ’
! ! 0 0
do” dd,- nagarormit u
13 | IlormomarenbHas CIIOCOOHOCTE TEN a,r = q cDm dd,*- nornommeHHsIit
o MOTOKH B HHTepBaie do
r(J),T rut,T r);r r):-r
14 | 3akon Kupxroda (1859 .) =——=f(o,T) —— | =7=0Q.T)
am,T i 1 T Ji 1
%
CriekTpasibHast IJIOTHOCTh _ . MoT — cnexrpanbhas
15 M3IIy4aTeIbHOCTH CEPOrO Tea foT = doT T ot [LTOTHOCTE
yd p m3nydarenpHocTn AUT
CooTHoIIeHHE CIIEKTPATIBHBIX (110 © U
16 | X) 06beMHO TIIOTHOCTH SHEPTHU H UpT = 4ry1/C Uy, =4r,.1/c
W3ITy9aTeIbHOCTH
17 COOTHOIIICHHE CTIEKTPATbHBIX .t =r,1 de/dA T ="reoT 2mc/\;
IUIOTHOCTEH M3Ty4aTeIbHOCTH IO A ¥ ® (hT=ant -r7) o7 — s AUT
2
®
* —
18 | ®opmyna Penes - xunca Mot e KT
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[TepBriit 3ak0H Buna

19 Am = by/T by = 2,898-10° MK
(3aKOH CMeleHus)
Bropoii 3akon Buna _ 5 b, = 1,287-1075
20 (115 Ty ) FamaxT = D2:T Br/(M°K’)
r*w,T =
_ ho® 1
21 | Oynakuusa [Tnanka A o
exp T -1
22 | Oyuxmus Kupxroda F(w/T) F(o/T) = ry1lo’
23 | ®yukims Kupxroda y(AT) y(OAT) = oA’
24 | ®opwmyna [Tnanka Ey =hv
o5 WuterpanbHas IIOTHOCTh SHEPTUH u(T) = 4o T
U3JIy4yeHus] GOTOHHOTO rasa c
4
26 | Jlanenne GOTOHHOTO raza p= 3—GT N
c
o7 | Temmoemxocts GoTonHOro rasa mpu Cy = 160 T
MOCTOSIHHOM 00BbeEME c
1
28 | DHTponus (OTOHHOTO ra3a S= %T v
c
VYpaBHeHHE DUHIITENHA 111 BHEIIHETO _
29 dororddexra hv=~As +En
30 | YpaBHenwus e bpoiins E=1%o; p= hk
MomeHT uMITysbca (MOMeHTU L = mvr = Wt = nh
31 | xonmuectBa aBrkeHUs). ([lelicTBue A~
(Wt]=C=YS)
aKTyaJbHOE)
32 | JlelicTBrue NOTEHIMAIBHOE IT=FS=WI [I1] = hc = bk
33 | UMmynbce (KOJIMYECTBO JBUYKEHHUS) Py = h/A P=mv=Ft
34 | O6beMHas MIOTHOCTH UMITYJIbCa pp =PIV
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