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TELLLLLLLLLLLLLTLLLLILLLTLLT

KBAHTOBASA TEOPHA MOJIA U ®H3HKA 3JIEMEHTAPHBIX
YACTHL,

KBanroBasi Teopusl 1OJs1 — 5TO COBDEMEHHas TeOpHs dJIe-
MEHTapHbIX YaCTHIl, H3 KOTOPHIX, KaK Mbl CUHTaeM ceHuac,
coctouT Beltectso. [losToMy npo6aeMbl KBAHTOBOH TeOpHH
oJisi SIBJISIIOTCS BMECTe ¢ TeM IpobjeMaMH CTPOSHHs Bellle-
CTBa.

CTpoeHue BellleCTBAa M3JaBHA HMHTepecoBaslo yueHbX. Bo-
IIpoC O TOM, CYILECTBYIOT JIH MeJbyaiilline HeAEJHMble Ya-
CTHIIb BELIeCTBA, HHTEPECOBaJ ellle ApeBHUX rpekoB. Ho, Ko-
HEYHO, B Te BpeMeHa 3HaHHs O NMpHpoje OblIM HeXOCTaTOYHBI
JIJIs1 TIOCTPOEHHST HayYHOH TeopHH; npobseMa CTPOeHus Bellle-
CTBa mpejcTaBisna co6oif Torxa npeiMer pasMblllieHud, a
He uccienoBanuii. IlepBoit cTymenblo Ha NyTHU MO3HAHUSA TalH
CTPOEHHSI BelllecTBa Obl1a MOJIEKYJIsipHAs Teopus JIOMOHOCO-
Ba. Ha 3Toit crynmeHn u3yyeHHS BellleCTBA 3JIeMEHTaPHBIMH
YaCTHIIAMH CUMTAJMUCh MOJIEKYJIBI, MOCKOJIbKY NPH BCEX U3-
BECTHBLIX TOTla B3aUMOIEHCTBUSIX MOJEKYJbl Bely ceGi  Kak
ellHOe ILIeJioe.,

JlanbHeline HCCJIeIOBaHUS NOKa3aJsHu, OQHAKO, YTO MOJe-
KyJIbl BenyT ce0s Kak eauMHoe Liesioe He BO BeeX caydasx. Ec-
JIN BHEIHHee BO3/eHCTBUe HAa MOJIEKYJNY JOCTATOUHO BENHKO,
TO MO2KeT NMpOou3oHTH pacnan ee. Okasanoch, 4To MOJIEKYJIa—
CJI0XKHaa yacTula, cocroduias u3 atoMoB. Bo Bcex u3Becr-
HBIX B 9TO BpeMA ABJIECHUSX aTOMbI ObLJIM HENeJUMBIMU. B cBa-
31 C 3TUM 3JleMEHTapHbIMU YaCTUIIAMH CTaJH CUMTATh aTOMBI.

Mel 3qaem, uTO CBOHCTBAa aTOMOB ONpPENSJSIOT CBOHCTBA
XUMHUECKHX 3JemeHToB, IToaToMy Ha 3Toll CTyneHu pasBHTHA
Hayku — B XVIII—XIX BB. — Teopueii 3MeMeHTaPHbIX YaCTHIL
Obina xumusi. OHa onMHUCHIBasa, KaK BEAYT ce6s aTOMBI IpH
B3aMMOJEHCTBIY, KaKHe COEJHHEHHS] BO3MOXKHBI U3 aTOMOB
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JAaHHBIX BEILECTB; HCCIeN0Bala 3aKOHOMEPHOCTH CBOUCTB aTo-
MOB U YCTaHOBHJIA, KaKUMH BeJHYHHAMH HY2KHO XapaKkTepH-
30BaTh aTroM.

BrinatomuMcss JOCTUXKEHHEM XHMUH TOTO BPEMEHH cralia
nepuonnyeckas cucrema . M. MenpeneeBa, CBUAETENBCTBO-
BaBlIasg O CYIIeCTBOBAHHU IN1yOOKOro BHYTPEHHEro eIMHCTBa
B 3aKOHOMEDHOCTSX aTOMHBIX cBoficTB. Ho xumus, nerasnbHO
ONUCHIBAsl XUMUYECKHEe CBOMCTBA aTOMOB, HE MOTJIa OTBETHTD
Ha BOIIPOC, IOYEMY aTOMbl 00JIafaloT TaKHMH CBoOHCTBaMH,
CKOJIBKO BHJIOB aTOMOB CYLIECTBYET B TIPHPOJS, KAKOBA BHYT-
PeHHAsl CBfI3b MeXAy HUMH. YCTQHOBHB INEPHOAHYHOCTDb
CBOHCTB XHMMYECKUX 3JeMEeHTOB, XUMUSI He Morja ee 00b-
SICHUTD.,

PasButne ¢usuxy B Hayaje XX B. I0Ka3ajo, YTO aTOMb
He ecTb 3JleMeHTapHble yacTulpl. IlosTomy ciaemyioulelr cTy-
NEHbIO B H3y4YeHUH CTPOEHHs BelliecTBa Gbl1a aTOMHAsl Teo-
pHsl, CO3aHKNe KOTOPOHl CBA3aHO ¢ HMeHaMU JAaTCKOTO y4yeHOo-
ro bopa u aurmmuanuna Posepdopna. Okasasock, yTo aToM
NpeACTaBAAeT COO00H CIOKHYIO CHCTEMY, COCTOSIIIYIO H3 ATOM-
HOTo Sipa M JABMXKYILUXCS BOKPYT sifipa 3JIeKTPOHOB. Brisic-
HHJIOCh, B UAaCTHOCTH, YTO NEepHOJHYECKHe CBOHCTBA XHMHUUe-
CKHX 3JIEMEHTOB TECHO CBSI3aHBI CO CTPOEGHHEM aToOMa — C KO-
JIMYeCTBOM 3JIEKTPOHOB B aTome. DJIeMEHTapHBIMH YaCTHIA-
MM CTaJli HasblBaTh 3JEKTPOHBI U NPOTOHBI — sIApa aToMma
soJopozna.

B 1932 r. 6bl1a OTKpHITa HOBas 4acTulla — HEHTPOH.
Cpasy xe coBerckufi yuenniii JI. JI. ViBaneHko Wu, Hesa-
BUCHMO OT Hero, HeMelkH{i yueHblli ['efi3eHOepr BBIABHHYJIA
TUIOTE3Y, YTO aTOMHBIE SIAPA COCTOSIT U3 HefATPOHOB M MPOTO-
H0B. ONBITH MOATBEPAMJIN 3TY TCHUIOTE3y., BMecto aToMOB
THTYJI «3JeMeHTapHas 4acTHLa» CTaJ MPHMEHATHCS K 3JIeK-
TPOHAM, MPOTOHAM M HeHTpPOHaM.

Kpome Toro, ©Gbl1a uM3BeCTHa ellle ONHA 3JIE€MEeHTapHAs
yacTuna — (oroH. DOTOHB — 3TO KBaHTHI ¢BeTa («IOPLMH»
cBeTa). POTOHBEI HCIYCKAIOTCS HJIM MOIVIOLLAIOTCS aTOMaMH H
SAPaMy TIPH HU3MeHEHHH COCTOSHHUS (T. €. eC/IH H3MeHseTcs
JBHKEHMe 4YacTHl, B atome uiau anpe). Tlocle OTKpHTHSA
HeHATPOHA HEKOTOpHIe YUeHble HaAesiIiCh, YTO HAKOHEI[ JO-
CTHTHYTA TIOJIHAST SICHOCTh B CTPOEHUH BelllecTBa. Bce Beule-
CTBO MNPEACTARJSIOCh COCTOAIIUM M3 aTOMO3, MOCTPOEHHBIX
U3 HeATPOHOB, MPOTOHOB U 3/IeKTPorOB. HO TH HamexKAb! Gbl-
JIM pasBesiHbl B CJENYIOIEM XKe Fony, Koraa GBLT OTKPHIT 10~
3UTPOH. JIIOGONBITHO OTMETUTD, YTO CYILECTBOBAHUE MO3UTDPO-
Ha — dacTHUbl, OTJHYaloLleHACcs OT 2JeKTPOHA 3HAKOM 3apf-
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Jia, — HEMOCPEJCTBEHHO BBITEKANo M3 KBAHTOBOH TEOPHH
2JIeKTPOHA.

BakHeHIIuM 00CTOSITEJbCTBOM, CBSI3AHHBIM C OTKPbITHEM
MO3UTPOHA, ObLIO OTKPbITHE NPEeBPaLlaeMOCTH 3JIEKTPOHA H
nogutpoHa. OKasaJjoch, YTO B H3BECTHHIX YCJIOBHSX JJIEKTPOX,
KOTOPHIH CUMTAJICSl PaHee HEM3MEHHOIl N HepaspyWUMoil va-
CTHULlefl, BMECTe C TIO3UTPOHOM MOTYT NpeBpaTHTbCs B (POTO-
HBI, H, HA000pOT, POTOH NPH B3aUMOJEHCTBUM € aTOMHBIM siI-
POM MOXKET NMPeBPaTUThCS B Napy MO3UTPOH—3JIEKTPOH.

Hexkoropble sjieMeHTapHble YacTHLbl ObLIM NpEACKa3aHbl
TeopHeil. OnbIThl O Tak HasbiBaeMoMy Oera-pacmany siiep
IPUBEJH K THNOTE3e o CyLIeCTBOBAHMM ellle ONHOH 3JIeMeH-
TapHOH YacCTHLbl — HEHTPHHO, YTO YBEJHYHUJIO YHCJO- dJEeMEH-
TapHBbIX YacTUll A0 wWwecTH. Pa3BuTiHe (HU3MKH aTOMHOTO sjpa
BLIABHHYJO Npo6eMy O SiIepHbIX CHJax, T. e. <CHJAaX, Jed-
CTBYIOLIMX MEXAY yacTullamu B siipe. IlbiTasice OOBACHHTb
XapaKTepHYI0 OCOGEHHOCTb 3THX CUJ — UX GOJBILIYIO BEJIHYH-
Hy mpu MajioM paauyce aeficTBusi, — simoHckuit yuenslit IOka-
Ba B 1935 I. npeanoyoKuiI, 4To CyIIECTBYET ellle OAHH THT
3JIEeMEHTAPHbIX YaCTHIL — Me30Hbl — ¢ Maccodf, B 200—300
pa3 GoJsbluel, ueM Macca 3JeKTpoHa. Me3oHbI ¢ TaKuMH
cBofictBaMyu OblIM B KOHIE KOHLOB HaififeHol B 1947 r. Onu
Ha3bIBAIOTCS T-Me30HaAMHU.

B npensoeHHble, 1 0COGEHHO B NOCJ€BOEHHBIE, TOABI MPO-
HCXOMMJIO MCKIIOUHTENBHO OBICTPOE pasBUTHE (U3MKH 3Jie-
MEHTapHbIX YaCTHll; OHA POCJa BMeCTe ¢ silepHO# (HU3UKOH
U (U3UKOH KOCMHUYECKHX JIyyeil.

Brucrpomy pasButHiO (DU3HKH 3/€MEHTApHBIX YaCTHI U
KBaHTOBOH TEOPHUH MOJS CHOCOOCTBOBAJNO BaKHOE MpaKTHUe-
CKOe 3HaueHue siIepHOH (u3MKu, OGJarofgaps ueMy TeXHHKa
3KCNepUMeHTa B (PU3HKe 3JIeMEHTapHBLIX YaCTHIl BO3pocia B
3HAYUTE/bHO GOJIbIIeH CTeneHH, ueM B KaKOH-1HGo Apyroi
oTpacau (GU3NKH, © B 3TOH 06JIaCTH COCPENOTOYUIINCE O0Jb-
11Me HayyHble CHJIBL

Juist uccaenoBaHus dJeMEHTAPHBIX YACTHUIL ceHyac HCNOJb-
3YIOTC YCKOPHTENH (CHHXPOUUKJIOTPOHBI), MOIIHOCTH KOTO-
PBIX BO3paCTaeT C KaXKIbIM ToJOM. B yckopurensx MoxHO co-
3/1aBaTb HCKYCCTBEHHO HEKOTOpPble 3JieMeHTapHble YaCTHILBI.
Kpome Toro, ucroJb3yercsi Takxke TOYHAsi pPaJHOBOJIHOBAS
Texuuka. OyeHb MHOrO JaHHBIX NOCTaBJIsS€T HaM H3YyYeHHe
KOCMHYECKHX Jyyel.

bnaronapsi ycoBepLIEHCTBOBAHHIO — SKCIEPUMEHTANbHOMN
TEXHUKH B NIOCJIE€JHHE TOABI CHEJAaHO HEMaJIo BaXKHEeHIHUX OT-
KpbiTHi. CTano yxe OOBIYHEIM, 4TO MOYTH KakKAblH roj o6Ha-
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PYXHUBAIOTCS HOBble YacTHUBI. UHCIo H3BECTHBIX 3JeMeHTap-
HBIX 4YacTull yke npesbimaer 20, 1 TPYAHO CKa3aTh, CKOJbKO

€lle TaKuX yacTul CymeCTBYeET.

Bce u3BecTHEIE B HacCTosillee BpeMsl YacCTUILEI IepedHcIIe-
Hel B Tabu. 1. Ceiiuac HOCTOBEPHO YCTAHOBJIEHO, UTO HE TOJb-
KO 3JIEKTPOH, MO3UTPOH H (JOTOH MOTYT HUCHBITHIBATH IpeBpa-
LIeHUs, HOo U Jio6Gasi sjeMeHTapHas YacTulla He ABJISETCS He-
u3MeHHOH. B3auMomnpeBpalllaeMoCTh MOXHO CYMTATh CBOMH-
CTBOM 3JIEMEHTapHBIX YaCTHLL

dneMeHTapHHEe

r{?ﬁ. Hassanmue Cumson | Macca ag'ae;;f :
1 PoTOH . . . . . ... ... 1 0 0
2 | He#ttpumo . . . . . . . .. v 0 0
3 |TpaButon . .. .. .... G 0 0
4 ANEeKTPOH . . « v & « .+ . . e 1 —
5 | Mosutpon . .. .. .... p 1 +
L-Me30ubl
6 | MomoxuTeNbHBIN p-Me30H pt 210 +
7 | OrpuuareapHsli p-Me30H u 210 —
8 | Heddtpaabumiit  m-Me3oH =0 265 0
9 | OrpHuatenbHblil ®-ME30H nt 216 —_
10 | MonoxureabHslit n-Me30H L 276 -+
K-me3onsl
11 {-ME30HHI ¢ 550 +
12 %-ME@30HHI xE 915 +
13 | 3apsxkeHHbe T-ME30HBI ot 965 +
14 | He#irpanbuelif  t-Me30H 0 965 0
15 Y.-M€30HBI yt  950—980| +
16 6°-me30H 60 1000 0
17 {IHpoton . ... ... ... P 1836 +
18 | He#itpon . . . ... ... . N 1838-5 0
Tunepoust
19 | He#iTpanbHbiit rinepon A 2190 0
20 | MonoxuTeabHwit runepoH . . Y+ 2200 +
21 | OTpuuartenbHblii CUIEPOH . . . Y= 2600 —_

Ta6anua coctaBieHa MO JAHHBIM, H3BECTHBIM K sHBapio 1955 r.




TakuM o6pasoM, NMOHATHE «dJeMEHTapHas 4YacTHLa» Te-
nepb ©MeeT HHOM cMBbIc], yeM Jer 25 Hasax. PasnooGpasue

BJIEMEHTAPHBIX YaCTHI,

B3auMOIIpeBpallaeMOCTb H BO3MOXK-

Hasl CJI0XKHOCTb HEKOTOPLIX M3 HUX HblHE OUEBHAHBI WIS JIO-
6oro ¢usnka. Paspurie (U3UKH dJMEeMEHTApHBIX YaCTHIL HOJ-
HOCTbIO NOATBEPAMJIO NMOJOXKEHHE O HEHCUEPIAaeMOCTH 3JieK-
TpoHa, BbickasanHoe B. M. JlenunniM emte B 1909 r. B cBAA3H

C KPH3HCOM B (pH3HUKe.

SJIEMeHTaprIe YaCTHUIIBE XapaKTepU3YyIOTCA CJeayrlIuMHU

Tabauya 1
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OCHOBHBIMH BeJIMUMHAMH: Maccoil Mmokos, T. €. TOH Maccod,
KOTOPOH 06JIafaloT YacTHLbl p COCTOSHHM TOKOS, — 3JIeK-
TpUUYECKHUM 3apsifioM H cnuHOM. Cnue — 370 0cofoe CBOHCTBO
9JIEMEHTAPHOH YaCTHLbl: COOCTBEHHBIH MOMEHT KOJHUYECTBa
JIBHXKEHUS YacTHLbl. MoXKHO cKa3aTh, YTO YacTHila, 00nagan-
uwasi CoMHOM, BeleT cefsi Kak Bo4okK. Kpome Ttoro, co cun-
HOM CBSISbIBA€TCSl TaKXKe W COOCTBEHHBII MarHUTHBIX MOMEHT
YacTHIBI, T. €. TO, YTO OHa BeleT cebst kak marHur. Cnug va-
CTUUBI MOXeT GBITb PaBeH TOJbKO LEeJOMYy HJH NOJyLeJOMY
yucay nocrosinueix Ilnanka (o mocrosHHoi Ilnanka MBI cKa-
KeM HUKe, HA cTp. 19). B Tabnune asneMeHTapHBIX YaCTHIL CITH-
Hbl BCeX YaCTHI [JaHbl B euHHLAX rocrosHHol [Tnanka. Mac-
Chbl TIOKOS YaCTHIL AaHbl B €IMHUIIAX MacChl ITOKOsI JEKTPOHA.
3aps/ibl 3JIeMEeHTAPHBIX YACTUL, MOTYT OBITb TOJBKO PaBHbI
M TIPOTHBOTIOJNOXKHBL 110 3HAKy 3apsifia djeKTpoHa. Bompocu-
TeJIbHblE 3HAaKH B TabJiMlle 03HAYAIOT, YTO 3TH CBOMCTBA elle
HeusBeCTHbH. B mpexnmocsennem crobue ta6a. 1 npuseneHo
BpeMsl XKH3HH YaCTHIbI MO OTHOILEHHIO K ee pacmaay Ha ya-
cTHUB! MeHbIuefi Macchl. C 3TOH TOUKH 3peHHs] HEKOTOpble
YaCTHUIBl YCTOHYMBHL (BpeMsi KU3HH OECKOHEYHO BEJIHKO).
Cxema pacmafa yaCTHIBI NpHBeJeHA B HOCJAEAHEM CTOJOLE.

DJieMeHTapHble YaCTHIBI NIPHUBENEHB! B TabJule B NOPSAKe
BO3paCTaHMs UX MacChl MOkosl. Bece wacTuubl ¢ maccamy, mpe-
BBILIAIOIUMY MaccCy 3JeKTPOHA, HO MEHBIUIMMH MacChl POTO-
Ha, HA3bIBAIOTCSl Me30HaMU. Me30oHbI TofpasnesIsioTcsl Ha OBe
rpynmnbl: L-Me30HB U K-Me30HHI,

L-Me30HBl — 3TO JIerKHe Me30HbI; K HUM NpPHHaAJeKat
M-Me30HbB U w-Me3oHbl. CylllectBoBaHue L-Me30HOB TBEPAO
yCTaHOBJICHO, H HX CBOHCTBA AOBOJIBHO XOPOIIO U3YY€HHI (K0-
HEYHO, IO CPaBHEHHIO CO CBOHCTBAMHM [JPYrUX ME30HOB);
T-Me30Hbl MOXKHO CPaBIIHTE/bHO JIEFrKO MPOM3BOAHTH HCKYyC-
CTBEHHbIM O0pa30M B YCKODHUTENSX 3JIeMeHTapHBIX YacTHI
(cuuxpouukaorponax). K K-me3aoHaM oTHOCATCS MeE3OHHI,
Macca KOTOpbIx MpeBblllIaeT Maccy T -Me30HOB, HO MeHble
maccel npotoHa. Cpeau K-Me30HOB Jyuyllle BCEro YCTAHOBJIEHO
CYLIECTBOBAHHE 3apsi:KeHHBIX T-ME30HOB, U3 KOTOPHIX INOJIO-
KUTeJIbHBIN T -Me30H HabJiogaercss yacto. B ombiTax maGiio-
naercs U HEHTpaJIbHbIA T-Me30H.

deMeHTapHble YaCTHIIBI C MAaccol, Npepbllaolleli Maccy
HEeHTPOHA, UMEHYIOT runmepoHamu. HHorma ux maseiBaloT TA-
*)esnpiMu Me3oHaMu. IToka ycTaHOBJIEHO CyIecTBOBaHHe 3apsi-
EHHBIX THIEPOHOB, 0O6JafaloluX NPUMEPHO ONWHAKOBOM
Maccoi, a Takxe CYLIeCTRBOBAHHE QUeHb TSXKeJIOro HeHTpaJib-
HOTO TUNEepoHa.
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Bo3MoxKHO, UTO He BCe U3 YACTHUll, ePEUYHCIEHHBIX B TaG-
JIMLE, 3JeMEHTapHbl, H GyAyLlHe ONBITHI MOTYT Aa)e yMeHb-
WATh X yucao. OfHAKo Y HAC MoKa HeT OMbITHHIX (haKTOB, 3a-
CTaBJISIIOIINX COMHEBAThCS B 3JEMEHTAPHOCTH YacTHll Tabil. 1,
3a HCKJ/IOYeHHeM, OBITb MOXKeT, rumepoHoB. K aroii Tab-
JIMLIE MBI BEDHEMCST MO33KE C MO3HLHH KBAHTOBOH TEOPHH MOJIA.

B Teopum 3JeMeHTapHBIx YaCTHL — KBAHTOBOH TeopHH
fois — 3a Iocitenuue rogel (HauuHasa ¢ 1947) Takxke Ho-
cTHrHYTHl Gousbline ycnexu. Ho kBaHTOBas Teopus mois He
MOKET ceHyac AaTh OTBET Ha BOTPOC — CKOJVIBKO 3JeMeHTAp-
HBIX YaCTHL AOJKHO OBITh H NMOYEMY CyLIeCTBYIOT HMEHHO Ta-
KHe yacTHlbl, a He apyrue. B coBpemenHofl KBaHTOBO# Teo-
pHH NOJIST IPenojiaraeTcs, YTo CBOACTBA 4YacTHUBl (Macca,
CTiMH, 3apsA) 3aJaHbl, — U3BECTHBHl U3 ONbITA. DTa TeopHH
VCTaHaABJHMBAET 3aKOHb! ABHXKEHHS [NJI YACTHI U HM3y4yaeT HX
e3auMmoneficteue. OT cCOBpeMeHHO! KBAaHTOBOH TEOPUH MGJS
TPeOyIOTCST OTBETHl Ha BOMPOCHI O 3aKOHAX, YNPaBJSIOMIAX
CTOJIKHOBEHHEM YacTHL, HX [peBpallleHHeM, O BO3MOXKHOM
COCTOSIHMK CHCTeM 3JieMeHTaplbix yactuu. M pmaxe Ha Ta-
Kie, Gojee IPOCTBIC BOMPOCHI KBAHTOBAsi TEOPHS MOJIS  He
BCEraa MoxeT jgaTth oTBeT. OJHAKO HMCK/IIOMUTENBHBIE yCIa-
Xu ee B OODBSCHEHMH Pa3HOOOPA3HBIX OILITOB HE AOMYTKAlOT
COMHEHHST B TOM, YTO OCHOBHble HAEH KBAHTOBOH TEODHH
10/11 BePHBI M YTO, ONMHMPasACb Ha DPe3yJbTaThbl COBPEMEHHOH
TEOPHH, MOXKHO OyIer cienarh CJAeRyOIMHA Imar u mo-
CTPOHUTh TEOPHIO, OGLACHSIOLLYIO YHCIO U XapaKTepHbIe CBOIi-
CTBa 3/IeMEHTapHBIX YaCTHL — HX Maccy, 3apsii d T. A.

PasBurue KBAHTOBOIH TeOpHH NOJSI He TOJbKo oforaiiaer
Hall{ NPEACTaBJEHUs] O CTPOSHHH BellleCTBa, O «NPHPOJE Be-
ieif», — OHO Ba)KHO U C MPAKTUYeCKOi TOUYKM 3peHus. Cpenu
OPYTHX 3aJay KBAHTOBAsS TEOPHS IOJS, B YaCTHOCTH, LOJKHA
pelIuTh 3ajayy O SJepHbIX CuJaax, T. €. CUJIax, AeHcTBylo-
fIMX BHYTPH aTOMHOrO siApa.

KeaHTOBast Teopusi MoJist — BaxKHeflIUA pasgen cospe-
MeHHO#I (u3uky. PU3nKa 37eMeHTapHBIX YacTHIl — 3TO Kax
Obl nepenHuit Kpail ¢ponra ¢usuku. HMmeHnHo 3mech oxuja-
fOTCSI OTKPBITHS IPHHUUINAJBHOTO Xapakrepa.

KJIIACCHYECKHE mMoJd

Bcest coBpemeHHast ¢u3HKa NOAPA3EseTcs Ha JBe ua-
CTH — KJIACCHUECKYI0 u KBaHTOBYylo. KiaccHueckas paccMa-
TPUBAeT JBHXKEHME MAaCCHBHBIX TeJ, KBaHTOBasi — HU3yyaeT
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CTPOEHHe aTOMOB H MOJIEKYJ W ABHXKEeHHe 3JleMeHTapHBIX
vyacTHll. KeanToBasi ¢usnka — 310 du3HKa sABJIEHHH MHKpO-
macmitaba. KBaHTOBEIe 3aKOHBI PE3KO OTJIMYAIOTCSI OT 3aKO-
HOB KJIaCCHYECKOH (DU3HKH M NEePeXONAT B HHUX TOJBKO B CJYy-
yae sIBJIEHUH GOJIBIIOTO MaciuTaba.

KsanToBasi TeopHsl IOJIST ONUPAeTCs Ha KJIACCUUECKYIO
TEOPHIO MOJsT U KBAHTOBYIO MeXaHHKY M IIOJIydaeTcs IepeHe-
ceHHeM KBaHTOBBIX 3aKOHOB B TeopHio mnoJist. [Tosromy wusmo-
JKeHHe OCHOBHBIX MJell KBAHTOBOII TeOPHU NOJIS HaM INpHIET-
€51 HayaTb C pacckasa o KJACCHYECKHX TOJSAX M KBaHTOBOH
MeXaHUKe.

Yro ke npeacraBiaser coboii Kiaccnueckoe nose? Ilpexae
BCEro, 3aMeTHM, UTO CJOBO «moJes yrnorpebJsercss B (DU3HKe
B pas/JMYHOM CMbIcse. ['0BOpAT, HanpHMep, O MoJie CKOPOCTel
JKHAKOCTH, 0 TeMIepaTypHoM noJe u T. I. IlpexncraBienye o
TaKUX NOJsX ObLIo BBeIEHO IJsi yHoGCTBa paccMOTpPeHHA
IpPYTHX SIBJIEHHH, U TI09TOMY TMOLOGHHE MOJsT MOMKHO GHLIIO Obl
Ha3BaTh «MaTeMaTHYECKHUMH», YTOOB OTJIMYATh MX OT (H3H-
YeCKHX I0JIeH, KOTOpble NMPEACTaBJsioT co0off 0coOblil BHA
marepud. Mel Gyaem B HaJbHeiinleM paccCMaTpHBaTb TOJBKO
¢usnueckue noss. OTMeTUM, KpoMe TOTO, UTO (H3HUECKHEe
TNOJIsT CYLIEeCTBYIOT U B BaKyyMe (OTCYTCTBHe BellecTBa), B TO
BpeMs KaK GEeCCMBICJEHHO TOBOPHUTb O <«MaTeMaTHYECKHX»
noJsix B BaKyyMe,

IIpencrasienue o nose 6blTo0 BBeXeHO B (H3HKe AJIS ONH-
caHusl B3aUMONeHCTBHS Mexay yacTHuaMu. [lepoHauaibHO
CYUTAJIOCh, YTO ONHCAHHE B3aUMOJEHCTBUS C NOMOIIBIO TIO-
Jisl — JIMLIb OAHMH H3 COOCOG0B ONHMCAHHSL H  3KBHBAJIEHTHO
Zpyromy crnocofy, OCHOBAaHHOMY Ha TNpPeINOJIOXKEeHHH O BO3-
MOKHOCTH MTHOBEHHBIX NefiCTBHl Ha pacCTOSTHHH.

C TOuKM 3peHHsT CYIIECTBOBAHHUS TOJS B3aUMOMAeHCTBHE
MeXy YacTHLAMH ONMHChIBAaeTcsl caenywoouuM odpasom. [Ipu-
CYTCTBHE YaCTHIbI BbI3blBAET B OKPYKalollleM INPOCTPAHCTBE
H3MeHeHHUs], oOHapyXUBaeMble [MOCPEACTBOM CHJI, KOTOpbIe
6yoyT mefiCTBOBaTb Ha JAPYroe TeJIO, BHECEHHOe B 3TO NPO-
cTpaHcTBo. ['0BOPAT, UTO YacTHIA cO3haeT NoJle; HAJIHYUe TIO-
Jisl IPOSIBJISIETCS. B CHJlaX, NeHCTBYIOIIMX Ha APYrue 4acTHIHL.

Ilpumepamu kiaccHyeckux mosiefi CJHIYyKHT dJeKTpoMmar-
HUTHOE NOJIe U IToJie TATOTEHHS.

ITose Tarorenus cosmaercss JOGLIMH TeJIaMH H OEHCTBYET
Ha Jo6ble Tesa. s noJist TAroTeHUsi XapakTepHO, UTO B HEM
BCe TeJla ABMIKYTCH OfHHAKoBO. Ecuau mMbl 6pocHMm C HEKOTO-
POH BBICOTBHI NATAYOK U ABYXNYAOBYIO T'HPIO, TO, HECMOTpPS Ha
pasHuuy g Maccax, o6a Tena OyAyT nazath ¢ ONHHAKOBHIM
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ycKopeHuem (ecsH, KOHEUHO, He TPUHAMAThb BO BHHMaHHE CO-
IPOTHBJIEHHE BO3/yXa).

Ilosie Trorenns TeMm 6GoJbllle, YeM OoJibllle Macca Teda.
Jlaxke Teso BeCOM B HECKOJIBKO TOHH CO3JaeT moJje TIpak-
TUYECK! HHUYTOXKHOE, TaK YTO €ero MOXKHO HEe YYHTHIBaTh,
[Mosie TATOTeHHS 3HAUUTENIBHO TOJIBKO JJISI MacC aCTPOHOMHYe-
CKHX MacuTabos. VIMEHHO MO3TOMY HAM KaXKeTCsl, YTO MEXKAY
TeJlaMH Ha 3emJie He JeHCTBYET CUJIa ‘TITOTEHHS M OHH TPH-
TATUBAIOTCS TOJBKO K 3eMye. Pusnka 3jleMeHTapHBIX YacTHIL
HMEET JeJI0 C HUYTOXKHBIMM MaccaMu, a IIOTOMY B KBaHTOBOHM
TEOPHH NOJIS He YYUTBIBAeTCsl BJHSHHE IOJIS TAMOTEHHS Ha
JBHXKeHHe YacTHIL.

Jsis KBaHTOBOH TEOpHH NOJISI BeCbMa Ba)KHOE 3HAueHHe
HWMEeT H3yueHHe KJIACCHYeCKOTo 3JIeKTPOMAarHUTHOTO IMOJfA.
DJIeKTPOMArHUTHOE MoJie CO3JAeTCsl TOJbKO TedaMmu, obJa-
JAIOLIAMH SJIEKTPUUECKHMHU 3apsilaMH U JBHKeHHeM 3JIeKTpH-
4ecKHX 3apsiloB B TeJaX — 3JeKTPUueckuMu Tokamu. Ecin B
cB0oGOMHOE POCTPAHCTBO Mbl BHECEM 3apsikeHHoe Teslo (MM
MPOBOA C TOKOM), TO B OKpYy2KalolleM IIPOCTPAHCTBe MpO-
H30HIYyT U3MeHeHHs, KOTOphle, KaKk U B Cjydae IOJsA TATO-
TEHHUSI, MOKHO OOHapyXUTb, €CJIH IIOMECTHThb Ipyroe 3aps-
KenHoe Teqo (MM mpoBopy ¢ TokoM). Takum o6pasom, 06-
JacTh NeHCTBUS 3apslOB H TOKOB OIpelensercs TeM IIpo-
CTPAHCTBOM, TJe CYLIECTBYeT JEeKTPUUYECKOe MoJje. DJeKTpo-
MarHUTHOE TOJIe eCTh NMPHUYMHA NeHCTBHS CHJBL Ha 3aps-
KeHHOE TeJO MM 3JIeKTPUYECKHH TOK.

DJIeKTPOMArHUTHOE ToJle B KaKoH-i1uGo TOYKe MpOCTpaH-
CTBa OMMCHIBAETCS] C MOMOLIBIO HAaNpsiKEHHOCTeH TmoJsel —
HaNpPSAKEHHOCTH 3JeKTPUUECKOr0 W HaNPSIKEHHOCTH MAarTHUT-
HOTO TOJ4.

CMBICJT 3TUX BEJIHYMH MOXKeT OBITh TIOHAT Ha MpocTelllieM
npuMepe: eCJId 3apsnbl MMOKOATCS, TO CHJIa, JAeHCTBYMOIIAs
MEXIy HHUMH, ONpENeNsieTcsi TOJNbKO HANpSIAKeHHOCTBIO 3JieK-
TPUYECKOTo TOJIsI U NMPONOPLUHOHAJbHA eff; MAarHHTHOe XKe
iloJie, XapaKrepHusylolleecs TONbKO HaNPSXKEHHOCTbIO MarHuT-
HOTO I0JIsI, CO3LAeTcsT MOCTOSIHHBIMH ~MaTHHUTaMH H IIOCTOSIH-
HBIMH 3JIEKTPHYECKHMH TOKaMH. BecbMa BakeH 3aKoH 3Jiek-
TPOMArHHTHOM MHAYKIHH, CONIAaCHO KOTOPOMY H3MEHEHHe
MaTHUTHOTO TIOJIST CO3JaeT dJeKTpHueckoe nogse. [Toatomy co-
CTOSIHME MEHSIIOLUEroCs 3JE€KTPOMaTrHUTHOrO MOJIs HYXKHO Xa-
pakrepu3oBaTb OOEHMH HANPSKEHHOCTSIMH. 3HATh 3J/EKTPO-
MAarHuTHOE NoJle — 3T0 3HAUUT 3HATh UHCJEHHBbIe BEJIHYHHE
HanpsiZKeHHOCTEH MarHHTHOTO H 3JIEKTPUUECKOTO MOJeHd H nX
HanpaBJieHuss B KaXJAOH TOUKe NIPOCTPaHCTBA.
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CuuTtas, yTo Bce JeficTBHS NepefaloTcs NOCPeACTBOM I10-
JIsl, Mbl TeéM CaMbIM [DHM3HAEeM, UYTO B NPUPOAe CYLIECTBYeT
TOJNBKO «NPUHUMIN ONH3KONEHCTBHSA», U OTBepraeM TaK Ha-
spIBaeMblil «IPHUHLHUI HaJbHOAEHCTBUS», HJIH «HeHCTBHS Ha
paccrosinin». CorslacHo NPHHUHNY OaJbHOACHCTBUS, CUMTA-
JIOCh BO3MOKHBIM, YTO KaK0e-JI1G0 TeIO HIH COGLITHE B OAHOM
TOYKe MPOCTPAHCTBa TOTYAC Ke AEHCTBOBaJio Ha TeJO HIH
coObITHE IPYro# TOUKHU NPOCTPAHCTBA, MHUHYSI HPOMEXYTOY-
ble o6acTH. 3aMeTHM, UTO COINIaCHO TaKOH TOYKe 3peHHs
HYXKHO OblIo Gbl HCCJIENOBATh GOJIbILIHE NPOCTPAHCTBA, YTOOL!
OBbITb YBEPEHHLIM B OTCYTCTBHM NPHYMH, MOTyLIMX 3aMeTIo
BO3LeHCTBOBATh HA H3yyaeMoe SBJEHHUE.

CorntacHo e DPUHUUNY GJIU3KOAEHCTBHS, T. €. C TOUKH
3pEHHST CYIIeCTBOBAHUS MOJs, BCe COOBITHS B KaKOM-JIubo
OIpefie/IeHHOM MeCTe M B ONpeIesIeHHBII MOMEHT BHOJHE
OMpeeNIOTCH TeM, YTO IPOUCXOAMIO B COCEJHUX TOYKAxX Npo-
CTPAHCTBa B IIPEJIIECTBOBABLIMN MOMeHT BpeMeHH. [IpHHUMT
«JaabHOHeACTBUS» OblT OOLIENPUHSATBIM [O CO3JaHHsI 3JIeK-
TpoMarHutHoi Teopun MakcBessa. Ilpu paccmorpeHuu npo-
[1ECCOB, He 3aBHCSILIMX OT BpPeMeHH, «IPUHUMN GIH3KOAEHCT-
BHSA» IIPUBOJUT K TEM XKe pe3yJbTaTaM, YTO U «IIPHHIUM JaJb-
HofeficTBus». [ToaToMy, Hanpumep, B HallleH pedyx 4yacTo BCTPe-
yaoTcsd (OPMYJIHPOBKH, COOTBETCTBYIOUIHE IPHHIMIY JaJbHO-
JeHCTBUSI: Mbl TOBOPHUM — «TOK OTKJIOHSIET MAarHUTHYIO CTpeJI-
Ky», «OJHOMMEHHO 3apsiKeHHble TeJla OTTAJKHBAIOTCA» U T. X.

«[IpuHuMn Gau3KonefcTBUS» M pealbHOCTh MOJs HOA-
TBEPXKJAIOTCS MHOTOUUCJEHHBIMU hakTaMu., Kak Mbl yBHAUM
HHXKe, T€OPHSI OTHOCHUTEJNbHOCTH MPOTHBOPEUHT «NPHHIUIY
JanpHONeHCTBHA», U I03TOMY OJecTslllee COLJIaCHe TEOPHH
OTHOCHUTEJIbHOCTH ¢ OTIBITOM MOXKHO CUHTAThb J0Ka3aTesbCT-
BOM (hHM3MYECKOH peasibHOCTH moss. OIHUM U3 3aMeyaTelib-
HBIX YCHOEXOB TEOPHU 3JEKTPOMAaTHUTHOro MoJist ObLIO 0ObsiC-
HeHHe NpUpoabl cBeTa. CBET—A3TO 3JI€KTPOMATHHTHBIE BOJIHBI.
ITpu aTOM BHIHMOMY CBeTY COOTBETCTBYET JIMIIb HeGOJbLIAS
YacTh INKaJbl 3JEKTPOMArHUTHbIX BOJIH. Teopusi amekTpomar-
HUTHODO IIOJIST NpeJcKasana, Kak MOXKHO NOJYYUTh TaKHe BOJI-
HBl HCKYCCTBeHHBIM oOpasom. Besmnkoe wusoGperenne A. C.
IloroBa — paano —arto TakXKe OAMH M3 TPUYM(POB TEOPUH
noJisi.

MoxxHo 1M HarIAAHBIM 06pa30M TIPeACTABHThL cefe Kiaac-
CHYEeCKOe 3JIeKTpOMarHuTHoe noJe? UTtoGul OTBETHTH Ha 3TOT
BOIIPOC, NPEXK/Ie BCEro PAaCCMOTPHUM, YTO 3HAYUT «HAMVISLHOES
npexcrasienHues. Korna xakas-m6o o61acT HaykKH XOpowuIo
M3y4eHa, KOrJla XOPOIUe H3BECTHbl B3aHMOCBSI3H MeXIY fBJIe-
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EMSIMU B 9T0i o6JacTd, BblpabarblBaeTcs CUCTeMa Inpel-
CTaBJIeHHUH, N03BOJIsIONIAs OOBSICHATh BCe SIBJIEHMS B 3TOH
ob6nactu, Torma marjisiaiHoe NpeAcTaBjeHHe — 3TO NPEICTaB-
JieHHe TOCPEeCTBOM NPUBLIYHBIX Mofesell u monstuii. Cosep-
IIEHHO OYEBH/HO, YTO HATVISAHBIM 06Pa3OM MOXHO OODBsIC-
HUTb JIMIIb SIBJIEHHS], He BBIXOJSLIME 3a PAMKH CYLIECTBYIO-
IMX TEOpPHI, He Tpelyloliie CO3aHHs HOBbIX NpeICTaBJeHuH.
Ecnu xe HOBble (haxkThl BHIXOAST 32 PAMKH H3BECTHBIX TeEO-
pu#, To GECCMBICJIEHHO NbITATbCS OOBACHATb UX C TOYKH 3pe-
HHUsl CTapbiX NpelcTaBJeHHil HarasAHblM ofpasom. Toraa
HY2KHO CO3[1aBaTh HOBYIO CHCTEMY IpeacTaBJICHHH.

B ucropun (u3uKH H3BECTHHl MOMBITKH HaIVISIHOTO 00b-
SICHEHHSI DJIEKTPOMATHUTHBIX SIBJEHHH ¢ IOMOILBIO MeXaHH-
YeCKHX Momesied. Bo BpeMsi pasBUTHS 3JIeKTPOMarHHTHOM
Teopun OOLIeNPUHATHIMH ObUIH MeXaHHYeCKHe IpeacTaBJe-
HUsI. MexaHnKa K 3TOMYy BpPeMeHU JOCTHIJIA U3BECTHON 3aBep-
IIEHHOCTH, XOpOIlo OODBSCHSJIA MHOrOYMCJIEHHBle SBJICHHS,
HpeJCTaBJeHus: ee ObLIM NPHUBBIYHE], H MHOTHM Ka3aJoch, UTO
U BCe OCTAaJNbHOE JOJIKHO YKJIaJblBaTbCA B PAMKH ME€XaHHYe-
cKuX Bo33peHuil. JIJs1 oObsCHEeHUs 3JeKTpoMarHeTuama OblIo
BBEJICHO MOHsTHE 00 YHHUBepCaJbHOH yNpyroi cpefe, 3amod-
HAIOIIEH BCe NMyCTOe NPOCTPAHCTBO, — MUpPOBOM 3¢dupe. Bcee
TeJia CYUTAIUCh NOTPYXKEHHHMH B 9QUP H NPOHH3AHHBIMH
3¢ uUpoM. DJIEKTPOMATHUTHOE MOJIe MO 3TOil Mojesnn AeHACTBO-
RaJ0 B 3(upe, OHO TIPEACTaBJISNOCH IOCPEICTBOM MeXaHHye-
CKUX HanmpsiKeHuil B ynpyrom apupe. CBeT paccMaTpHBAaJICH
KaK pacnpocTpaHeHHe ynpyrux KojeGaHuii B 3¢upe. Ho ¢
pasBUTHEM 3JIEKTPOMArHuUTHOH TEOPHH, C OTKPBLITHEM HOBBIX
ONBbITHBIX (AaKTOB NPH TAKOH TPAKTOBKE BO3HHKAJO BCe 0OJb-
e TpyAHOCTeH. DdHP NMPUXONUIOCh HALEISTh CaMbIMH MPO-
THBOPEUMBLIMH CBOHCTBaMH: OH JOJIKeH ObLT BeCTH cebsl Kak
TBEPAOE TeJIO NPH OBICTPHIX KOJeOaHUSX W HE CONPOTHBJIATH-
Csl JBHIKEHHIO NIJIaHET, 3(pHUP CPABHHBAJICA C XKHUAKOCTbIO, CO
cMosioff ¥ T. 1. B nanbueiiieM, B CBSI3H C 3THMH TPYXHOCTS-
MH, CTQJIH paccMaTpuBaTb 3(hUp Kak 0co0yl0 MaTepPHaIBHYIO
cpedy, HaJeJleHHYIO CBOACTBaMM, HE HMeEIOIIVMH HHYero of-
LIero co CBOHCTBaMH OOBIMHBEIX TeJ. [Ipennoviarasock TOJbKO,
4970 9(Up MOXKeT CIYXKHUTb CHCTEMOH OTCYETA, T. €. YTO MOXKHO
TOBOPHTb O CKOpOCTH 3eMJ1 OTHocHTenbHO ¢dupa. Ho u Ta-
Koe InpencraBlieHHe 06 3dHupe ©OKa3aloChb HEYINOBJETBOPH-
TeJbHBIM. OmblT aMepHKaHCKOro yueHoro MaiikeJbcoHa
IOpYTHe ONbITH YCTAHOBHJIH, UTO HeJb3sl ONPELEUTh XBHXKe-
HHe 3eMan oTHocHTesbHO ddupa. Ilonarue 3upa xaK Heko-
TODOH CyOCTaHLHU TIOTEPSIO CMBIC/, TOCKOVIBKY HEJb3si onpe-
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JeJIATh JBHKEHHe TeJ OTHOCHTeNbHO 3¢upa. Henemo 6Obiio
NHITaThCSl OOBACHUThH JEKTPOMATHHTHBIE SIBJEHHS IIOCPEa-
CTBOM YOPYrHX CBOHCTB cpenbl — 3¢upa, — KOTOpas He
Morjia ObITh OGHapyXeHa B onbitax. IloHsTue sdup OBLIO
IIOJIHOCTBIO YCTPaHEHO M3 JEKTPOMAarHUTHOH TeOpuH B CO-
3faHHOM DIHITEHHOM TeopHH oTHOcuTeabHOcTH (1905).

B Teopuu OTHOCHTENBHOCTH C CaMOro Hayajia Ipeanovia-
raercs, YTo 3(upa He CyILIECTBYET.

Taxkum oGpa3oM, Bce MNOMBITKM MeXaHHYECKOro OOBbACHE-
HHS 3JIEKTPOMArHUTHBIX SIBJICHUIl He HMeJH ycrnexa. DIeKTpo-
MarHUTHOE T0JIe HeJb3sl NPeACTaBUTh C MOMOLLbIO HArVISAHBIX
MexaHHYecKHX MopeJed. Ero MoxHO chejath HarJIIAHBIM M
[PHBLIYHBLIM, JIMUIB H3YYUB NOJAPOOHO Bce ero cpoiictBa, Mul
MOX€M, HalpuMep, NPeACTaBUTb JJEKTPOMArHHUTHOE mojie C
NOMOILBIO JIMHUII HaNps)KEHHOCTH 3JEKTPHUECKOTo MOJS Ml
3KBUNOTEHUNANIbHEIX NTOBEPXHOCTEH; MoxkeM  H300pasuts
MarHuTHOE I[0JIe C MOMOIBI0 MAaTHUTHBIX CHJIOBBIX JIMHHI
i T A

IlpencraBiienue o mosie, B 4aCTHOCTH 00 3JEeKTPOMATHHT-
HOM, — O/IHO K3 OCHOBHBIX B COBPeMeHHO# (u3uKe. DjeKTpo-
MaTHHTHOE IToJie TIpefCTaBjasieT co6oil 0coObl BUL MAaTepuu.
OHo ofnanaer sHeprued, onpelensiolleiics 3HAYEHUIMH Ha-
npsiKeHHocTelt noss. Iy Kiaccuyeckoro sJeKTPOMAarHUTHO-
ro MOJIsi XapaKTePHO, UTO €ro SHePrHs MOMKeT MEHSThCI He-
NpeprIBHEIM 00pa3oM.

B cBs3H ¢ MONBITKAMH HAEANUCTHYECKOTO HCTOJKOBAHHS
3aMeHbl MeXaHHYeCKOfl TeopUM 3JeKTpoMarHutHo#t, Jlemuu
nHucad: «...KaK HH HeOObIYHO OrpaHUYeHMe MeXaHHYeCKHX
3aKOHOB JIBHXKEHHs OJHOH TOJNBKO 00JIACTBIO SIBJEHUH MPUPO-
Abl B TOAYMHEHHe HX GoJiee TJIyGOKMM 3aKOHaM 3JIEKTPO-
MAarHHTHBIX SIBJICHMH H T. A., — BCE 3TO TOJILKO JIHIIHee nod-
T8epxcOerue NHaNeKTHYECKOr0 MaTepHain3mMay.!

TEOPHA OTHOCHTEJIbBHOCTH H TEOPHUS MNOJd

Cosnanvie TeODHH OTHOCHTENLHOCTH YCTPAHWJIO TPYAHO-
CTH, CYLIECTBOBaBIIMe B 3JIEKTPOMAarHUTHON TEOPHM B CBS3!
¢ npefcraBieHnaMy o6 3dupe. DTo NPUAANO KJIACCHUECKOil
TEOPHH 3JEKTPOMACHHTHOTO IO/ 3aKOHUEHHBIH BUA. B ocho-
Be TEOPHH OTHOCHTE/IbHOCTH JIEXKHUT OAHH H3 YHHBEPCAJbHBIX

1 B. M. Tenun. Cou, 1. 14, crp. 248,
14



33KOHOB NpPHPOJbI, ¥ TOSTOMY COBPeMeHHast (usuyeckass Teo-
pUs, B TOM 4HCJe Ji06ast TeOpHs MOJIsi, HEBO3MOXHa, eCJIH
©OHA He OTMPAaeTcsl Ha TEOPHIO OTHOCHUTeNbHOCTH, Teopus or-
HOCHTEJNbHOCTH — GOJIbIION LIar B HalleM IO3HAHHMH IPHPO-
anl. Kak u3BecTHO, cefiyac TeopUsl OTHOCHTEJNbHOCTH BaXKHA
He TOJIbKO C NPUHUMNHAJBHOH TOUKH 3DeHHs, HO H [OTOMY,
yYTO Ha HeH OCHOBBIBaeTCsl pacueT paboThl MAIIMH aTOMHOU
TeXHUKH.

[Mpunuun orHocHuTesbHOCTH DHHIITEHHA YTBEpPXKAaeT, U4TO
BCE 3aKOHBl IPUPOJBl OLHHAKOBB!I BO BCEX HHEPUHAJbHBIX CH-
cTeMax OTcueTa, T. €. BO BCeX CHcTeMax orcyeTa, ABHXKYLIUX-
€Sl ¢ NMOCTOSIHHOM CKOPOCTBIO, M YTO CKOPOCTb pacIpoCTpaue-
HUsI B3aUMOJEHCTBUI KOHEeYHa M paBHa CKOPOCTH cBeTa C.
Dto 03HAyYaeT, B YACTHOCTH, YTO He CYLIECTBYET TaKHX TeJ,
BUJOB SHEPIUH, CKOPOCTb IBHXKEHUSI KOTOPLIX MoIvia Obl mpe-
sbIllIaTh CKOPOCTh paclpoctpaHeHuss cBera c¢. VHaue rogso-
Pl — TE€OPHsT OTHOCUTEJIBHOCTH HECOBMECTUMA C NPHHLIHIIOM
JanbHOJeHCTBUSA. [lefCTBUTENIBHO, IPH KOHEYHO CKOpPOCTH
pacnpocTpaHeHtsl B3aHMOAEHCTBUSI JBHXKeHHe OHOU K3 ya-
CTHI[ MOXeT NOBJUATb Ha APYIYIO YaCTHHY TOJIBKO uepes
HEKOTODPBbIH NPOMEXKYTOK BPEMeHHU, T. e. B HEKOTOPBHI onpese-
JICHHBII MOMEHT BpeMeHH B3aUMOIEHCTBHE BO3MOXHO JHIlb
Mexay OeckoHeuHo OJM3KHMU TOYKAaMH mpocmpaHcrBa. Ta-
KHM 006pasoM, g TEOPUH OTHOCUTEJNBHOCTH B3aHMOMEHCTBHE
BOBMOXKHO TOJIBKO MOCPeACTBOM moJisi. Hy:XHO momuepkuyTh,
YTO BCe CKa3aHHOe OTHOCHTCS K JIIOOOMY HOMIO, K JIOObIM
B3aUMOJEHCTBHSM.

Teopust oTHOCHTENBHOCTH BHeCJHa IUIy6OKHE H3MEHEeHHS
B Hallly MPEJICTaBJE€HUS o NMPOCTPAHCTBe U BpeMeHH. Temepb
MBI yXKe He MOXKEM pacCMaTpHBaTb pPa3JesNbHO MPOCTPAHCTBO
u BpeMs. Belb ¢ TOUKH 3peHHSI TEOPHH OTHOCHTEJBLHOCTH Bpe-
Msl He a0COJIIOTHO, T. €. He SIBJISIETCSI TAKUM, KOTOPOe, MO CJIo-
saM HbloToHa, «mporekaer camo no ce6e, HE3aBUCHMO OT ye-
r0 Obl TO HH OBIO BHEUIHEro», H KOTOPOE OJMHAKOBO BO BCEX
cucreMax orcuera. C TOUKH 3peHHST TEOPHH OTHOCHTEJIbHOCTU
BpeMsl T€UET Pas3jIHYHO B PA3NHYHBIX HHEPUHUANbHBIY CHCTe-
Max OTcyera, NMOCKOJIbKY CKODOCTb PacnpoCTDaHeHHs CHIHa-
JI0B He MOXKeT ObITb Gosbile ckopoctn cBera c.Ecou £ — ppe-
Mf H X, Y, 2— KOODAMHATH B OJHON HHePUUANbHOH CHCTEMe
oTCcyera, a ! — BpeMs M X/, Y, 2’ — KOOpIAMHATEL B APYroii
HHEPLHUA/JIbHON CHCTEME OTCYEeTa, ABMXKYINEHCS OTHOCHTENBUO
TIepPBO#l CHCTEeMBbI OTCYeTa C MOCTOSTHHOH CKOPOCTbIO U BIOJS
OCH X, —TO 3TH BpPeMeHa H KOODAHHATHl CBSI3aHBEI COOTHO-
(IIeHHSIMH:
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Atu opmyJibl OblIH BIepBble BbIBEAEHBI BbIIAIOIKMMCS
¢usukom JIOpPEHUOM M HA3BIBAIOTCA  NPeoOpasOBaHHAMU
Jlopenua.

YrBepxaast NpelesbHbIH XapakTep CKOpPOCTH CBeTa C
(ckopocreil IBHKEHUS TeJ HJIM KAaKHX-Iu00 BUIOB JHEPrHn,
NpeBbILAIOLKX CKOPOCTb CBeTa, He CYMIeCTBYeT), TeOpHs OT-
HOCHTEJIbHOCTH TeM CaMbiM IPHIAET CKOPOCTH CBETa Xapak-
Tep (yHAAaMeHTaJbHOH NOCTOSIHHON. 3aKOHHl HBIOTOHOBOR
(U3MKK MOJYYAIOTCS KaK YacTHBIH clyyaii 3aKOHOB TEOpUN
OTHOCHTEJIbHOCTH JUJIsl MeJJIEHHBIX CKOpOcTel — ecii U K C.

Teopusi OTHOCHTEJNBHOCTH YTOYHMJIA HAlUM MPEeACTaBJIEHHSE
O MPUYHHHON CBSI3H, MOKasasa, 4T0 O3HAYAlOT MOHATHS «ab-
COJIIOTHOE GyRylLtee» UMM «aOCOMIOTHOE IPOLIEALIee» 0 OTHO-
UWIEHHIO K pacCMaTpHBaeMOMY COOLITHIO, ¥ TakKuM 00pasom
onpejiesinjia YCJIOBUS, KOIJla UMeeT CMbICJ TOBOPHTb O ABYX
COGHITHSIX KaK o NPHUYHHe U O CJIeACTBHH. [lpHunHHAA CBS3b
BO3MOXKHA TOJIBKO MEXJY TaKMMH{ COOBITHSIMU, KOTOpHIE pas-
meJeHbl HPOMEXKYTKOM BpeMeHH, IpeBbINAIUIUM BpeMs,
HY>XKHO€ JJIS IPOXOXKIEHHSI CBETOM NPOCTPAHCTBEHHOTO pac-
CTOSIHHST MEXAY 3TUMHU CcoObITHAMU. IIpo Takue coOGHITHA ro-
BODSAT, YTO OHH pasfeseHbl BpeMeHenoJOoOHEIM HHTEPBAJIOM.
DTo cielCTBHE TEOPHM OTHOCUTEJNBHOCTH TPHOGPETAeT 0Co-
0oe 3HaueHHe B KBAHTOBOH TEOPHH IOJSI.

BaxkHoe ycsioBHe, Kacalolleecss MOCTPOeHUsS (DH3HUECKHA
TEOpUH, BbITeKaer U3 (pakra, YTO 3aKOHBEI NPUPOABLI OTHHAKO-
Bb BO BCeX HHEPLHAJNbHBIX CHCTeMax orcuera, Eciu Mbl, Ha-
npuMep, NePexoauM OT ONHOH HHepPUHaJbHOH CHCTEMBI OTCUE-
Ta K JAPYro#, To JOJKHBI NPH 3TOM BHIPA3UTh KOOPAMHATH H
BpeMsl B CTapoll CHCTeMe OTCYeTa 4epe3 KOOPAHHATHI H Bpe-
Msl B HOBOH CHCTeMe, T. €. IIDOM3BeCTH NpeobpasoBanus JIo-
penua. OueBHaHO, YTO NpPeoOPa3oBaHUAM TAKOrO XKe pPOAa
MBI IOJDKHEBI MOJBEPTHYTb M APYTHe BEJIHYHHBI B YPaBHEHHSX,
ONMKUCHIBAIOUIMX 3aKOHBI NPHPOAL!, HANPHMED SHEPTHIO H UM-
MyJIbC, SJIEKTPUUECKUH TOK. Tak Kak 3aKOHH NPHPOIB ONHHA-
KOBbl B 00€HMX CHCTEMaX OTCU€Ta, TO H YPaBHEHHS, COOTBeT-
CTBYIOIlHe 3aKOHAM TNPHPOIbl, B HUX HOJKHH HMETb ORMHA-
KOBBIH BHJ (HJHM, KaK FOBODPAT (DM3HKH, JOKHBI GbITh HHBa-
PHAHTHBI) OTHOCHTeNbHO NpeoGpasoBanufl Jlopenna. ro yc-
JIOBHE, TAaKHM 00Da3oM, OrpaHHYHBAET BO3MOXHHIE BAA Pa3-
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JIMYHBLIX BbIPa)KeHUHl B YPaBHEHHSX TEOPHH, M, KaK YBUAUM B
AaJibHeHIIeM, OHO HMeeT IpHMeHeHHe B KBAaHTOBOH TEOPHH
qoJs.

OfHO M3 CJIEACTBHIl TEOPHH OTHOCHTEJBHOCTH — YCTa-
HOBJIEHHE CBfI3H MEXIY IOHSTHAMM SHePIHH M MacChl: 9Hep-
russ £ paBua uHc/eHHO Macce M1, YMHOXKEHHOH Ha KBampar
ckopoct cBera E = mc2. D10 3HAUHMT, YTO Maccoit obia-
naloT U ¢pu3nyYecKue moJist, HalpuMep 3JeKTPOMAarHUTHOe MOJe,
TaK Kak 3Ty noJs obaajnaior sneprueil. Takum o6pasom, Teo-
PHSI OTHOCHTEJIBHOCTH O6GOOIINIA 3aKOH COXPaHEHHs SHEPTHH,
BKJIOYHB B €ro PACCMOTPEHHe 3JHEPTHIO, COOTBETCTBYIOUIYIO
Macce mokosi yactuy. KpoMe Toro, Teopust OTHOCHTENBbHOCTH
EHJON3MeHUuJa U ero (opMy, YCTaHOBHB, YTO 3aKOH cOXpa-
HEHHsT 9HEePTUyY U 3aKOH COXPaHEeHHs HMIYyJbca TeCHO CBs3a-
Hbl Y COCTABJSIOT eIUHbIH 3aKOH COXpPaHEHHS SHEPTHH U HM-
uysibca. Kak H3BeCTHO, 3TOT 3aKOH COXpPaHEHUS — OJHH U3
¢$yHnaMeHTaJbHBIX 3aKOHOB NPUPOAB], KOHKPETHOE BEIpaxe-
f1e (QUIOCOPCKOTO MONOXKEHUS O HEYHUUTOXKAEMOCTH U He-
COTBOPUMOCTH MAaT€pHH M JBHXKEHHS, 0 B3aUMoIpeBpallaeMo-
CTH PasHblx BHAOB MaTepHHU.

Ha ocnoBe cBo€il TeopuH OTHOCHTEJILHOCTH JHHIITEHH Mo~
CTPOMJ U TaK Ha3blBaeMyio OGIIYI0 TEOPHIO OTHOCHUTEJIBHOCTH.
B 3TO# Teopun paccMaTpHBaercs BceMHpHoOe TaroreHue. Oxa-
3bIBAETCSI, YTO XapaKTep NeOMETPHH NPOCTPAHCTBA ¥ BpeMe-
HH TeCHO CBSI3aH C pachpejeseHHeM MacC U HX IBUIKEHHEM,
T. €. CBOHCTBA NPOCTPAHCTBA U BPeMeHH ONpPedeJIsIOTCs CBOH-
CTBAMH MaTepHH, a He ecThb 4TO-TO HemaMmeHHoe. Kak ¢opmy-
supyer akageMuk B. A. ®ok, o6uiasi TeOpHUs OTHOCHTENBHO-
CTH eCThb TeOpHsI TArOTeHHs, KOTopas BMeCTe C TeMm Ipef-
CTaepJser co0oft TeopHIO MpocTpaHCTBa U Bpemenn. Kax yxe
yKasblBaJIoch Bblllle, TAFOTGHUE HE UIPAeT POJIM IPH B3aUMO-
TeHdCTBHH SJIeMEeHTapHBIX YaCTHIL BBUAY UX MaJoil macchl, Ho,
TIOA06HO TOMY KakK, OTIPaBJSSACh OT KJACCHYECKOTO JIEKTPO-
MarHUTHOTO INOJISI, (PU3HKH MOCTPOUJTH KBAHTOBYIO 3JIEKTPO-
JUHAMUKY, TaK U Ha OCHOBe OOlIell TeOPHU OTHOCHTEJbHOCTH
IIOCTPOEHA KBAHTOBASl TEOPHs IOJS TArOTeHUs1 (rpaBUTALH-
OHHOTO TIOJIS).

KBAHTOBBIE 3AKOHOMEPHOCTH H TEOPHUA NoJAd

OnbITH MOKa3aJu, YTO MIKPOMHP — MHp aTOMOB, MoJe-
KyJl M 3JIeMEHTapHBIX YaCTHI — HeJIb3s MBICIHTh 10 00pasily
makpomupa. CTpoente aToMOB, MOJIEKYJ M aTOMHOTo SiApa,
JBHXKeHHe 3JIEKTPOHOB ¥ APYTHX dJeMeHTapHbIX YacTHIL onpe-
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ZReJISIIOTCS 3aKOHAaMU KBAHTOBOH (PH3HKHU, U HUX HEJIb3S TOHATH
HCXOAsl M3 TPEACTABJEHHH Kiaaccuyeckoll (H3UKH — (QU3HKH
Makpomupa.

OkasbiBaercsl, YTO SHEPTrUs BHYTPEHHHUX COCTOSHHH aTo-
MOB, MOJIEKYJI, aTOMHBIX SIepP MOXeT HPHHHMAaTb TOJbKO
npepuiBHble 3Hauenus. Ilepexon aTroMa M3 OZHOTO COCTOSIHHS
B JIpyroe CONpPOBOXKAAeTCH H3JAYy4YeHHEM HJIH MOIVIOUIEHHEM
CBeTa BIIOJIHE ONpeJesIeHHOH SHEepPruU: H3JIyueHHe uMeeT Ipe-
PHIBHBIH XapakTtep. Takue NOpLMM SHepruH Ha3bIBAIOT KBaH-
1amu. C TOUKH 3pEHUS KJIACCHUECKOH MeXaHHUKH TaKasi OcCo-
OEHHOCTb aTOMHBIX COCTOSIHHH HEMOHSITHA.

Muxkpouacruipl 06/1a5al0T U CBOHCTBAMH YaCTHIL, KJIaCCH-
YeCKOH MeXaHUKH — KOPHYCKYJ, M BOJHOBLIMH CBOHCTBaMH.
Hanpumep, ecsiu nyyok 3JeKTPOHOB NPOXOAMT uepe3 Kpli-
CTalJl1, TO Ha IJIaCTHHKe 32 KPUCTAJJIOM MOXHO HaGJI0faTh
KapTHHY, XapaKTePHYIO TOJNBKO JJIsT BOJIHOBBIX MpPOLECCOB.
C npyro#t CTOpOHBI; Mbl, HAIIPUMEP, MOXKEM ONPENETUTh KO-
OpPAHHATY 3JICKTPOHA, YTO BOBMOXKHO TOJbKO OJIST YaCTHLBI.
C TOYKM 3peHHs KJIaCCHUeCKOH MeXaHHKM, CBOHCTBA YaCTHIL
Y BOJIHOBBIE CBOHCTBA B3aUMHO HCKJIOYAIOT OPYT ApYyra, B TO
BpeMsl KaK KBaHTOBAs MeXaHHKa JaeT UM HENPUHYKIEHHOS
cObscHenue.

Uro6el MOHATb OCOGEHHOCTH KBAHTOBO-MEXaHUYECKOIs
OMHCaHKs, PACCMOTPUM B KauecTBe NpuMepa, Kak XapaKrepH-
3yercsl COCTOSIHUE YaCTHIB B KBAHTOBOH M KJIaCCUYECKOH Me-
XaHHKaX.

CocrosiHMe YacTHIBI B KJIAacCHYeCKod MexaHuke Oymer 3a-
IaHO IMOJIHOCTBIO, €CJIH MBI 334aJUM KOOPJIMHATHL U HMIYJbC
yactulpl. Torna c moMoliblo ypaBHEHHUH IBHXKeHUs (HAIpH-
mep, ¢ moMolblo ypaBHeHui HbloToHA) MBI cMOXKeM ompene-
JINTb COCTOSIHHE YaCTHLBI B JIIO60H MNOCHAEAYIOIIUHA MOMEHT
BpeMeHH M Ha#iTH TPAeKTOPHUIO YaCTHUILHL.

B KBaHTOBOH MexaHHKe He CYLIECTBYeT TaKHX COCTOSIHMI
YaCTUIbI, B KOTOPBIX 00e BeJUYUHBl — HUMIYJbC U KOOPJAHHA-
Ta YaCTUIBI — HMeJIU Obl onpenesieHHble 3Hauenus. Iloatomy
OJHOBpEMEHHOe 3aJlaHHe HMIYJbCa ¥ KOODJAUHAT YacTHUUb!l 3
KBAHTOBOH MeXaHUKe HEBO3MOXKHO, a TOHATHE TPAEKTOpUH He
CYyLIEeCTBYeT: Belb AJS ONpe/esieHHsT TPAeKTOPHH HYKHO 3HATh
B UMIOYyJbC H KOOPAMHATH YacTHLbl. ECJM B KaKOM-TO KBaH-
TOBOM COCTOSIHUM MMIYJbC UYAaCTUIbl HMEET ONpeneseHHOS
3HauyeHHe, TO KOOPJAMHATA YaCTHLb! HE UMEET ONpeNesNeHHOro
3HaYeHUsl, 1 Hao60POT. DTO 3HAUUT, UTO B COCTOSIHMH, KOraa,
HampyMep, HMMYJbC YaCTHLUB UMeeT- ONpefesieHHOe 3Haue-
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uue, 3HAUEHUs] KOOPJAMHATHl YacTHUbI OYAYT pasJIu4YHBl AJis
pas3IHyHblx U3MEPEHHH M MOXHO TOBOPHTb TOJIBKO O BEpOSAT-
HOCTH TOTO WJIH HHOTO Pe3yJbTara.

KBaHTOBOE COCTOsIHME XapaKTepHU3yercsl TaK HasbiBaeMoH
BOJIHOBOH (yHKIHell; BUA ee ONpeAeseTCss 3HAUEHUAMH BCEX
TeX BEJIMYMH, KOTODble MOTYT HMeTb ONpefeJieHHOe 3HaueHHe
B 3TOM cocTOosiHUM, EciaH MBI 3a7afuM KBaHTOBOe COCTOSIHHE
YaCTHIIBI B HAYaJIbHBII MOMEHT BPEMeHH, T. €. €ClIH 3afaliuM
BOJIHOBYIO (DYHKIMIO YACTHUIBI, TO COCTOSIHHE YaCTHLbl B IO-
CJAENYIOMIHA MOMEHT BpeMeHH ONpene/seTcss C IOMOLLbIo
YpaBHEHHUS] NBUMKEHHS] 1Jis1 BOIHOBOH (yHKUMH. DTo ypaBHe-
Hue, H43biBaeMoe ypaBHeHHem [lpenunrepa (aBcrpuiickuii
¢u3nK), No CBoeMy THIY eCTb ypaBHEHHEe DACHPOCTPAHEHHUSR
BOJIHBEI, T. €. YpaBHEeHHe JIBHXKEHHs HJIsl YacTHIBI B KBaHTO-
BOH MexaHHMKe ecThb ypaBHeHHe JJII BOJHOBOTO Mpolecca,
YTO BhIpa’kaeT CYyLIeCTBOBAHHE BOJHOBBLIX CBOIICTB Y MHKPOC-
YaCTHIL.

3Hast BOJHOBYIO QYHKIHIO, MBI MOXKeM HaWTH pacnpeje-
JIeHHe BEepPOATHOCTeH AJIs pe3yJbTATop M3MEpEeHHH Tex ¢Hlu-
YeCKUX BeJHYHMH, KOTOphle B 3TOM COCTOSIHHH He UMeIOT Oompe-
neJieHHoro 3HaueHusi. Hanpumep, MOXKHO BBIYHUCIHTH BEpPOSIT-
HOCTb TOTO HJIM MHOIO 3HAueHHs KOOPJUHATbI YaCTHUILLL.

Takum o6pasoM, KBaHTOBasi MeXaHHKa €CTb TEOPHS CTa-
THCTHYECKAsI — OHa JlaeT JIHLIb BepPOSTHOCTH Pe3yJbTaToOB H3-
Mepenusi. Pacrpenenenne BeposiTHOCTEH KOODAHUHAT X M HUM-
TyJbCOB YaCTHUbL! Py BCErAA TAaKOBO, UTO NPOU3BENEHHUE He-
OMPOJEIOHHOCTH HMITYJIbCa YacTHUbl A p, Ha HeoNpeleseH-
HOCTb CONPSIZKEHHOH eMy KOODIUHATHI YaCTHIB AX He MOXeT
GbITb MEeHbILe HEKOTOPOH MOCTOSHHON BEJIMUHHBI — MOJIOBUHLI

o h
nocrostuHofl [lnanka h: Ap, Ax > 5 STo COOTHOILEHUE

HasblBaeTcsi COOTHOLIGHHEM HeomnpedesaeHHOCTH. OHO GbuIO
HaiileHo HeMellkum ¢u3ukoM [eiisenGeprom. CooTHoOLIeHHE
HEOTpee/IeHHOCTel O3HAayaer, 4TO YeM TOYHee ONpeleseHa
KOOpJIHHAaTa YacCTHUbl, TeM GOJbIle HeONpeNeJeHHOCTDb B 3Ha-
YyeHHu uMmnyJbca. Pasymeercs, anajornunble COOTHOIUEHNS
HEONpe/leJIeHHOCTeH HMeIOT MecTO M JJIsi JIOObIX ABYX OPY-
FHX Be/IMYHMH, HE MOTYIIMX HMETb OJHOBPEMEHHO OlpeesieH-
Hble 3HAUEHHs] B OJHOM H TOM K€ KBAHTOBOM COCTOSIHHH.
BesnunHa HauMeHBIIEro NPOM3BENEHHs HeompejeseHHOCTeH
pasiuysa AJs pas’fMyHbIX (DH3UUECKUX BEJIHUMH.

CoorHoleHHe HeoNpefleSIeHHOCTell XapaKTepU3yer mpenent
NPYUMEHHMOCTH KJIACCHYECKHX MpelCcTaBJeHHil 0 YacTHLE, T. €.
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rpaHully O0JIaCTH, I[e YacTHUEe BO3MOXKHO ONHOBPEMEHHO
OPHIMCHIBATH ONpefe/eHHble 3HAUEHUSI BCeX BEJHUYHH, KOTO+
pble MOTYT ObITb H3MepeHbl B OTIEJbHOCTH (KOOPAUHATHI,
HMIYJIbC, SHEPTHSt U T. 1.). I[lomOGHO TOMY Kak JJisl TEOpHH
OTHOCHTEJIBHOCTH XapakKTePHO BBeJCHHE HOBOH (yHIaMex-
TaJbHOH NOCTOSIHHOH — CKOPOCTH CBeTa, TaK M AJSI KBAHTO-
BOH MEeXaHHKH XapaKTeDHO BBeleHHe HOBOH ¢yHZaMeHTaJb-
Hoft mocrostuHoi — mocrosinpoi Tloranka A=1,05 - 10‘“2730%-

[Tepexon or KBaHTOBOH MeXaHMKH K KJIACCHYECKOH COOTBET-
cTByeT (hopmasbHOMy nepexony h->0. Ecin, nanpumep, Mol
nooXXuM A =0 B COOTHOILUEHHSX HeONpeIeJeHHOCTe!

h
Ap, Ax > 5> TO HONYYAM BO3MOXKHOCTB  OJHOBPEMEHHBIX

ONpeJIeJIeHHBIX 3HAYeHWN KOOPAMHATHL U HMMITyJbCa B KJac:
CHYeCKOH TeopuH,

Uro Ke M3MEHHTCS u YTO CYIIECTBEHHO, ECJIM pPacCMaTPH-
BaTb C KBAHTOBOH TOUKH 3pEHHs He 4YacTHIy, a mnojae?

Bo-mepBbix, M0Je MOXKHO paccMaTpPHBaTh TOJbKO PeJsATH-
BHCTCKUM 00pas3oM (T. €. B COTJIACHU € TPeGOBAHUSMH TEOPHH
oTHocHTeNbHOCTH) . [lamee, yacTuua HUMeeT TOJbKO TPH CTerc-
ay cBo6oabl (TpH KOOPAMHATHI), B TO BPeMs KaK MOJe— 3T0
CHCTeMa ¢ GeCKOHEUHOo GOJIbIIMM YHCJIOM CTermeHell CcBOOGOMDI.
JleHCTBUTENBHO, KOTAA LIjla peYb O KJIAaCCUUECKOM MoJe, Mbl
TOBOPHJIH, YTO NOJE ONpEeJISiercs 3alaHAeM BEJHYHH ‘(una-
npuMep, HaNpPSXKEHHOCTEH 3JIEKTPOMArHUTHOIO MOJISI) B KaXK-
Jo#fi TouKe mpocTpaHcTBa. TakuMm o6pas3oM, Kaxe ecsd B Kax-
Ioil TOYKE 3afaBaTb TOJBKO OJHY BEJIHMYHHY — OJHY <«KOOp-
JMHATY NMOJS», TO AJs OOIIeH XapaKTEPUCTUKU IOJIT HYXKHG
CTOJIBKO «KOOPAMHAT MOJISI», CKOJBKO UMEETCST TOYEeK B IpO-
crpancTBe. Kaxmoit «koopauHare 1moJisi», 0 aHAJOTHH C Me-
XaHUKOH YaCTHIbI, Mbl JOJXKHBI COMOCTABUTh «UMIYJbCy. Ta-
KOE€ pacCMOTpeHHe IOJsS KaK CBOeoOpasHOH MeXaHHJecKoli
CHCTEMBI II03BOJISIET CPa3y e NMEePeHeCTH B TEOPHIO MOJIsl BCe
pe3ysbTaThl OOBIYHON KBaHTOBOH MexaHuku. Ilo amasoruu
C KBAHTOBOH MEeXaHHMKOf YacTHIlbl, MEI MOXeM 3aKJ/IOYHTh,
YTO He CYLIECTBYET TAaKHX COCTOSTHUH NOJIsi, KOrZLa «KOOPHAH-
HaTa» U «UMIYJbC» B ONHOH M TOI Ke TOUKE MOJSI B OJHO WU
TO Ke BpeMs HMeIOT onpejeJieHHble 3Hauenusi. Ho sHepruio
U KOJIMYECTBO ABHXKEHHSI BCETo NOJIS,, HANPSMKEHHOCTH MOJIs
MOKHO BBHIPa3HTh Yepe3 «KOOPAMHATBI® H «UMIYJbLCHI». 3HA-
YHUT, TEM CaMbIM DelleH BOHNPOC O TOM, KaKHe U3 3THX OCHOB-
HbIX BEJIMUMH INOJIST MOTYT MMEThb OJHOBPEMEHHO Olpeae/eH-
Hble 3HAYEHHUs], KAKHMH BeTHYHHAMH MOMHO XapaKTepH30BaTh
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COCTOSIHHSI ITOJISI, KAKOBbl COOTHOMIEHHSI HEOIpeJeieHHOCTeH
JUIS Pa3jIMuHbIX [TOJIEBBIX BEJIHUMH,

Hanee, Tak Kak B KBAHTOBO! TEOPHH TOJS KOOPAHHATHI»
NoJIsT MOXHO pPacCMaTPHUBAaTh B PA3JMYHBIX TOUKAX MPOCTPaH-
CTBA M B PasjIMYHOe BpeMs, TO BO3SHHUKAET BOTIPOC — B KAKOM
ciiydae «KOOPAHHATBHI» MOJIST B IBYX TOYKaX NMPOCTPAHCTBA 3
pasHble MOMEHTH BpeMeHH He3aBUCHMBI? OTBer Ha 310 gaer
TEOPHsSI OTHOCHUTEJIbHOCTH: NMPUYHHHAS CBSI3b BOSMOXHA TOJb-
KO MeXIy TOYKaMH, COeAMIIeHHBIMH BPeMEHENOJOGHBIM HH-
TEPBAJIOM, U, CJIEN0BATeJNbHO, B TAKHX TOYKAX HeENb3s pac-
CMaTPUBATb «KOOPAMHATHI» MOJIST HE3ABHCHMO.

JanpHefiline MaTeMaTHYECKUe BBIYMCJIEHHS NPHUBOLAT K
3aMeyareJIbHOMY BhIBOLY. OKa3blBaeTCs, YTO SHEPTUST H KOJIH-
YeCTBO ABHIKEHHsT BCETO IOJSI MOTYT OBbIThb NpefCTaBJEHbl B
BUIEe CYMMBl SHePTruil H KOJHYEeCTBA JBHXKEHHUSI OTAeJbHbIX
BO30Y:KNeHull 1noJs — KBaHTOB movisd. bosiee geranbHoe HC-
CJle0BaHNe KBAHTOB MOJS IIOKa3bIBaeT, YTO OHH 06Jafaior
CBOHCTBAaMHU 3JleMEHTaPHbIX YaCTHIIL.

Takum oGpasoM, npuMeHeHHe 3aKOHOB KBAHTOBOH Mexa-
HUKH K KJaCCHYECKOfl TeopHM IOJSI, MOCTPOEHHOH B COOTBET-
CTBHH C TeOopHell OTHOCHTEJBHOCTH, Ia€T HaM KBaHTOBYIO TE€O-
PHIO NOJS, U IPH 3TOM aBTOMATHYECKH MOJIyYaercsl, 4T0 Mbl
MOXKeM TPaKTOBaTb KBAHTHI NOJSI KaK 3JeMEHTapHble ua-
CTHIBL.

U3 toro ¢akra, 4TO B KBAHTOBOH TEOPHH MOJIsi TAKXKE HET
1aKMX COCTOSIHHMH, MPH KOTOPBIX BCe BEJHUHHBI HMEIOT oOlpe-
HeJleHHBle 3HaueHus, cpasy Ke CJIefyeT BbIBOMA, UYTO, Kak H
KBaHTOBAsl MeXaHHKa, KBAHTOBasi TEODHUA NOJIS €CTh CTaTH-
cTHyeckasa Teopusi. Ecay, HanpuMep, NPOUCXOOHT CTOJKHOBE-
HHe -JBYX UaCTHL, TO Mbl He MOXKeM MpeACcKa3aTh OJHO3HA4-
HO pesyJIbTaT W3MepeHHUsi, — MOXKeM INpeAcKasaTh JiWilib Be-
POSITHOCTb TOTO HJIM HHOTO pe3yJsbTara — BepOATHOCTb pac-
CesiHMsI Ha ONpeeJeHHbIH Yro, BepPOsSTHOCTb O00pa3soBaHUA
HOBBIX YaCTHL[ IIPU CTOJKHOBEHHH U T. H.

[TepBrle paGoTel, NPOKAaAbIBAIOIINE OYTh B KBAHTOBYIO
TEOPHUIO MOJS, MOSIBUIHCh TOTYAC Ke Tocje CO3JaHHsT B
1925—1926 rr. ocHOB KBaHTOBOH MmeXaHHKH. B aTux paGorax
GbUIM YCTAHOBJIEHBl PEJISITHBHCTCKUE YDABHEHHsI JABHXKEHHS
IJIS 4aCTHIL, T. €. YPaBHEHUs, COrJIacyIOIInecs: ¢ TeopHeH oT-
HOCHTEJNbHOCTH; paspaboran MeTOX, MO3BOJSIOLIHHA paccMma-
TPHUBATH MPOLECCHl POXKIAEHUS] W IOLVIOUEHHST YacTHl, T. e.
paccMaTpuBaTbh CHCTeMbl ¢ MEHSIOUIMMCA YHCJIOM YacTHIL.
Takoil MeTo1 Ha3blBAeTCs METOAOM BTOPHUHOTO KBAHTOBAHHS,

Yxe B 1925 r. coserckuit yuenniit B. A. ®ok u, nesaBucu-

21



MO OT Hero, IIBeACKHH ¢u3uk KiefiH HaluH nmepBoe peJsisiTH-
BHCTCKOE ypaBHeHue — ypaBHenue Kueiina—®oka, ucrnons-
3yeMoe ceiyac AJs YacTHIl, He objiananouux cnuaoM. Coot-
BETCTBYIOLIEe PENIATHBUCTCKOE YDaBHEHHE [ 3JIeKTpOoHa,
(pPUrOJHOE JJIS BCex YacTHIl C NMOJIOBUHHBIM CIHHOM, OBLIC
OpeNJIONKEHo aHrIHiACKUM yueHbIM [upakom B 1928 r. Co-
rjacHo ypaBHeHuio Jlupaka, JJisi YacTHIBI, OIHCHIBAeMO#H
3TUM ypaBHEHUEM, BO3MOXKHBI COCTOSHHS KaK C IIOJIOXKH-
TeJIbHOH, TakK U C OTPULATEJbHOI KHHETHYECKO#l 3Heprueil.
Ho no cBoeMy CMBICTy KHHETHYeCKash SHEPrusl He MOXKeT
ObITb OTPUIATENbHOI, U MO3TOMY CBOicTBa ypaBHeHus upa-
Ka OblUIM BHayajle HemOHSITHBL. Mexay TeMm, IpeKpacHoe Co-
rjacue BCeX BBIBOJOB U3 STOTO YPaBHEHHS C ONbITOM y6exna-
JIO B €ro NpaBHJbHOCTH. BbIxon OblT HafileH IO3Xke CaMHM
IlupakoM, KOTOpEIil MOKa3aJl, 4To pelleHUus € OTpPHIUATeNbHbI-
MU 3HepIUsSIMH CBSI3aHBI C IBHIKEHHEM YaCTHIH CO 3HAKOM 3a-
psila, IPOTHBOTIOJNIOXKHBIM 3HAKy 3apsiia 3JEKTpPoHAa, — I03HU-
TpoHa. B nanbHefilleM no3uTpoH GbLT OGHApYyKeH Ha OIbITE.
Psp nHTepecHbIX pacueToB, OCHOBaHHBIX Ha Teopuu upaxa,
nposest B Te rofan coserckuil yuewwli M. E. Tamm. On pac-
CMOTpEJI HpeBpallleHye JeKTPOHa U TIO3UTPOHA B (DOTOHBI H
paccesiHue cBeTa CBOGOIHBIM 3JIEKTPOHOM ¢ YUY€TOM BO3-
MOXHOTO POXKICHHSI 3JI€KTPOHHO-TIO3UTPOHHBIX map. Coser-
ckue yuenple JI. JI. Jlampay n E. M. JIndumu pacemorpeu
00pa3oBaHHe 3JIEKTPOHHO-MO3UTPOHHLIX Nap NPH CTOJKHOBE-
HUY 3apSKEeHHBIX YaCTHIL.

Heo6xonuMmeli aJ1s1 HOC/Iel0BaTeIbHOTO U3YUYeHHs TIpeBpa-
IeHHH YacTHI, MeTOA BTODHYHOTO KBAHTOBAaHHA ObLI paspa-
6oran Jdupakom B 1927 r. mpuMeHHuTeNbHO K YacTHIAM, 06Ja-
HAKIIUM [eJIOYHCIEHHEIM CIHHOM. [{upax pasBusl 3TOT Me-
TOJ Ha rpuMmepe GOTOHOB — KBAHTOB JIEKTPOMATHUTHOrO I0-
as. B mocsenyioueM roxy Hemelikne yuenole Hopnman u Bur-
HEp PaACHpPOCTPAHWIU METOJ]l BTOPHYHOTO KBAHTOBaHUS Ha
cayyail asekTpoHoB. McuepnbiBaolllasi Teopusi BTOPHYHOTO
KBaHTOBaHUs Oblia maHa B 1932 r. ®okoMm. DTo GBLIO Wep-
BOe sICHOe M IIOC/Tef0OBaTes]bHOE U3J0XKeHHe MeTo[a BTOPHY-
HOTO KBAaHTOBAHHS U €ro CBSI3M C KBaHTOBOH Mexanukoil. o
nosiBjieHus: padorsl Poka CBsI3b BTOPHYHOI'O KBAHTOBAHHUS C
OOGLIYHOH KBAHTOBOH MexaHHKOH He GblTa BIOJHe TOHSATHA,
TaK 4TO B HEKOTOPHIX paborax (ocoGerHOo B craThsix HMopra-
Ha) TpeanoJarajgoch, YTO METOj BTOPHUYHOTO KBAHTOBAHHS
BLIXOAMT 32 PAMKM KBAHTOBOH MeXaHHKH U SIBJISIETCS «oflLeit
Teopuell AMCKpeTHOH CTpPyKTypbl Martepuus. Pok Torma xe
3HAYUTEJBHO Pa3BHJ METOJ PAaCCMOTPEHMSI CUCTEM C MEHSIO-
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mumes gucjoM yacruu, Cefiyac o6 3T0M MeToNe HHOTAa NH-
IIyT KaK O MeToJle paccMOTpeHHs B «mpocTpaHcTBe Poka».

ITepBasi Teopyss KBaHTOBOTO MOJA Obl1a MOCTPOEHA IS
H3Y4YeHHs SJIeKTPOMArHUTHOro NOJs, B3aMMOJeHCTBYIOLIEro
C JIEKTPOHaMH, HeMelUKHMH yueHbIMH [efizenGeprom u ITayomi
B 1927—1930 rr. B kBauroBoil sJekTponuHamike Iefizenbep-
ra u Ilaynu umenuch sarpyasenus. Hekoroprie cooTHOmeHNs
3TOI TEOPHUH He HMeJ¥ HHBapHAaHTHOTO BHAA, TpeGyeMoro Teo-
puell orHOCcHTenbHOCTH. He GBlIO MOKa3aHo, KaK MOXHO IO-
JYUYUTh B3aUMOJEHCTBHE YACTHI, [OCPEJCTBOM KBaHTOBOTO
nons. B 1932 r. dupak, Ha npuMepe IBIXEHUSI B OJHOM HU3-
MepeHHH, N0oKa3aJ, KaK JOJIXKHO MOSBJATLCS B KBaHTOBOH
TEOPHH I0JIsST H3BECTHOE KYJOHOBCKOE B3aHMONEHCTBHE MEXIY
sapsnamu. B Tom e romy umes dupaxka Oblta pasBuTa AJid
peaJbHOro TpexmepHoro aBuxkenus Poxkom u B. IMTomosn-
ckuM. HoBoit KBaHTOBOH aJeKkTpoiMHAMUKe ObLI INpuUAAH
OKOHYATEJbHHIH BHI B COBMeCTHOH paGore dupaka, ®oka n
IMononbckoro, «Muorospementas Teopus Iupaka—®Poka—
Honqnbcxoro>> ObiTa BaKHEHIIMM STANOM B Pa3sBUTHH KBaH-
TOBOH TEOPUH HOJIS.

B npaabueiimem, 8 1932—1934 rr., nys nocjienosaTesbHO-
IO U CTPOTOrO HCC/IeA0BAaHUS B3aUMOLEHCTBHS 3JIEKTPOHOR
€ 3JeKTpOMarHuTHbIM novieM Pok co3nan MeTof, QYHKIHOHA-
JIOB, KOTODHIH NPHMEHSETCSt U /ISl H3YUeHHs] NPYTHX MoJel.

C OTKpBITHEM HOBBIX 4YaCTHI[ ¥ B CBA3H ¢ mnpoGiaemoi
S7epHbIX CUJ [PeACTaBJeHHs] KBAHTOBOH 3JIEKTPOAUHAMHUKH
CTalli PaclpOCTPAHATLCS H Ha APYyrue Teopuu noJsi. IlepBhl-
MH OpPEANPHHSJH IONBITKY OObSICHEHHS SIepPHBIX CHJI  Kak
OOYCJIOB/IEHHBIX IEPEHOCOM 3JIEKTPOHOB HJIM TIO3UTPOHOB H
nefitpudo Tamm u npyroit coBerckuit yuensri, I1. II. FiBanen-
ko, B 1934 r. B 1935 r. sanonckuit yuenn#t IOkaBa nokasad,
YTO JIJIst KaYeCTBEHHOT'O OOBbSCHEHHUS sOePHBIX CHJ HEOOXOu-
MO MpEeANOJIOXKeHHe O CYLIECTBOBAHHY HOBBIX 3JIEMEHTAPHBIX
YaCTHIl — ME30HOB. B cBs3u c aTUM B mocienywliem Oblia
pa3Buta Teopusi Me3oHHOro noJsi. Ha sroM 3akaHuuBaercs
NepBLIH 9Tan KBAaHTOBOH TEOPHH MOJISI, KOTAA GbLIM YCTAaHOB-
JIEHBl MareMaTHYeCKHe OCHOBBI TEOPHH W OCHOBHEIE €€ Npej-
CTaBJIeHUs.

YACTHLBI — 3TO KBAHTHI NMOJA

Upesa o wacTullax KaKk KBaHTaX NOJS SIBJSETCA PYKOBOASA-
el B NpencTaBJeHHSAX COBDPEMEHHOH KBAHTOBOH TeOpUM MO~
Jis. DTH NpeNCTaBJeHus, C OXHOH CTOPOHbI, eCTh KBAaHTOBHIE
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fpeICTaBJIeHHs], C APYroil — BKIIOYAIOT B ce6sl BCE MpPeAcTas-
JIEHHS] TEOPUH OTHOCHTEJLHOCTH.

Yxe B caMoll uaee o YaCTHIIAX KaK KBaHTax MOJs 3aKJIO-
YeHO NpE/CTaBJeHHEe o BO3MOMKHOCTH DOXKIEHHS ¥ MOTJIoUle-
HHUS YaCTHIL.

Paccmorpum cHavajla oIHO Kakoe-TO MOJie, He B3aHMO-
IeficTByIOIee ¢ APYTUMH MOJISIMH, — CBOGOMHOE MOJIE.

KBaHTOBOE mOJIE MOXKET HAXOMHUTHCS B PAa3JTHYHBIX COCTOSA-
HHSIX, OTJIMYAIOLIUXCS APYT OT ApYra Mo 3HAYEHUSIM TeX Be-
JIHYHH, KOTOPBIe COXPAHSIOTCS BO BCe BPeMsI IBUKEHMs TIOJI,
T. €. [10 3HAaYeHHAM BeJIMYHH, I/ KOTOPBIX CYIIECTBYIOT 3aKO-
Bl COXpPaHEHHSI, — [0 JHEPrHH, 3apsily H T. A.

Ho ¢ Touku 3peHHst KBAHTOBBIX NMPEACTaBJIeHHI COCTOAHHSA
fI0J11 MOKHO OTJIHYATh 10 3HAYEHUSM He BCeX COXPaHSIOIHX-
¢Sl B&JIMUHH, a JIHIIb TeX, KOTOpble MOT'YT MMeTb OLHOBPEMEH-
HO ompeleseHHble 3HaueHusi. Hampumep, u3BecTHo, yro, Kpo-
Me 3aKOHOB COXpaHEeHHsl HEPI'MH U HMIYJbCa, HMEIOTCS TakK-
e 3aKOH COXpaHeHHs 3JIeKTPHYeCKOro 3apsna, 3akoH cCoxpa-
HeHHs] MOMEHTa KOJHYecTBa ABIKeHHs. M3 3Tux BeaHuuH
UMIOYJbC ¥ MOMEHT KOJIHYeCTBa JBUIKEHHS He MOTYT HMeETb
COBMECTHO OmpefejeHHble 3HaueHus. [loaroMy cocrosiHus
KBAHTOBOT'O IIOJIT MBI MOXKEM OTJIHYaTh MO 3HAUEHUSM SHep-
FHH, HMIYyJbCa M 3apsifia, JMOO MO 3HAYeHUSIM 3HeprHH, Mo-
MeHTa KOJIHYecTBa JBHMXKeHHST M 3apsina. Ilpu Baaumoneil-
CTBUH TOJIe MOXeT NepeXoJUTb H3 ORHOTO COCTOSIHHUS B APY-
roe. [Tpu mepexone moisi M3 OAHOrO COCTOSIHHSI B Jpyroe
9Heprusi ¥ MMIIYJbC TOJIST MOTYT M3MEHSATbCS TOJMBKO MOp-
uusMH (KBaHTaMH), NPeICTaBJSIONUMH COGOH 3HEPrHI0 H
UMIOYJbC (MM SHEPTHIO H MOMEHT KOJIMYECTBa ABHIKEHHs)
gacruupl. ITepexon nosst u3 cocTosHust GoJsiblledl SHEPrUM B
COCTOsIHME MeHbUICH 3HeprHMH NpejcTaBJ]seT co0o# Hamyye-
fiHe YaCTHIBI, CONOCTABJSEMOl 3TOMY MNOJIO; MePexox MoJA
3 COCTOSIHHSL MeHbIUeH 3HepPruH B COCTOSHHe GoJbluefl dHep-
THY CBSI3aH C NOTJIOWEHHeM KBAaHTAa MOJIS — YacTHILL IOV,
Uem Goubllle MMeeTCss yacrull, teM GOJbLIe SHEPTHs “TIOJ,
Sosbille Bo36yxKaeHue nojst. OTCiofa OYeBHAHO, YTO COCTOS-
gde coGonHoro moasi, obJajaiolllee HauMeHblUeil dHeprueit
10 CPaBHEHHIO C JPYTHMH COCTOSIHUSIMH CBOGOIHOTO [10J15,—-
3TO BAaKyyMHOE COCTOsIHHe, KOIJla B IIOJIe HET YacTHIL.

B Hacrosilliee BpeMsi H3BECTHO MHOIO Pa3JjIHYHLIX KBAHTO-
BBIX noJieft. MIx uucsio sHauuTes1bHO GOJIbIle, YeM B KJaccHYe-
CKO# du3sKKe, Ile H3BCTHBI TOJIBKO 1Ba MOJST — 3JeKTpoMar-
HUTHOE M TPaBHTAalHOHHOe (Moje Tsarorteuus). Uncna sugon
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KBaHTOBHIX TOJIefl MBI TIOKa elle He 3HaeM, TaK KakK 3TOT
BOTIPOC CBfI3aH C YHCJIOM BHJOB 3/1€eMEHTapHBIX YaCTHIL.

KpaHTOBbBIE MO MOXKHO MOAPA3AEJIATH N0 PSAY NPHU3HA-~
KOB. BaxkHefiluasi xapakTepHCTHKa NOJS —3TO THI CTaTH-
CTHKH, KOTODOi MOAUHHsIOTCS ero yacTuubl. Ilox cratucTukoi
YacTHI[ NOApa3syMeBaeTcsi CBOHCTBO, ONpeesioliee MoBene-
HHe aHCaMOJs ofMHAKOBhIX 4acTHIl. CyllecTByeT HBa THIA
cratucTuk: Bose—immreiina 1 Pepmu—Jupaka, HasBaH-
Hble TaK IO MMeHaM MX cosjaTeseifl — HHIMACKOro (H3HKA
Bose u A. ditnwreiina, utaabsHckoro ¢usuka Pepmu u du-
paka. jts1 yacTHIl, TOAYMHSIOLIHXCS CTATHCTHKE Boze—diin-
mrefiHa (MX HASHIBAIOT OGLMHO Go3e-yacTHUAMH, uaH 6030-
HaMu), XapaKTepHo, 4To B aHcaMm6ije 603e-4aCTHI, B OJHOM H
TOM K€ COCTOSTHHM MOXKET HaXOQUTbCS NPOH3BOJIbHOE YHC/IO
yactull. JIJsi YacTHL, MOAYMHSHOLIKXCS CTaTUCTHKe PepMu—
Iupaka (¢epMu-4acTHL WJIH (PEPMHOHOB), XapakTepHO, UTO
B OJHOM H TOM K€ COCTOSIHHM H€ MOXKeT HaXxOAuThcsl GoJiee
onHoit yactuipl. Kak 6buio ycTanoBleHo [layan ¢ nomoilbio
COOGPaXKEHHUH TEOPUH OTHOCHTEJILHOCTH, THI CTAaTHCTHKH TeC-
HO CBsI3aH CO CluHOM yacTuubl. OKaspIBaeTcs, YTO BCE YACTH-
ub, o6Jafaioniie TIOJMYIENbIM COIMHOM (M3BECTHblE H HEH3-
BECTHbIE), JOJIKHBI TIORUHHSAThCS craTHcTHRe Pepmu—lupa-
Ka, a BCE H3BECTHble W HEN3BEeCTHble YACTHIBI C LEJbIM CIH-
HOM — craTucTHke Bose—3iiHuTelina.

CBsi3b CrYHA ¥ CTaTHCTHKY BBIIBHTAET CHHH YacTHLBl Ha
Mmecro (yHIaMeHTaJbHOTO CBOHCTBA, XapaKTepU3yIollero
KBAaHTOBOe NoJie. ¥YCTaHOBJIEHHE 3TOH TIIyGOKOH CBf3H —
OIIHO H3 GOJIBIINX TPHHIMITHAJIBHBIX JOCTHXKEHMH KBaHTOBOH
TEOPHHU TOJIS U TEOPHH OTHOCHTEJBHOCTH,

M3 Ta6auusl sneMeHTapHBIX YacTHI, BULHO, YTO HEHTPHHO,
SJEKTPOH, NO3UTPOH, M-Me30H, TNPOTOH U HeHATPOH — 3TO
$epMHu-yacTulibl, a GOTOH, 'PABHUTOH H T -Me30H — Ho3e-ya-
crullpl. CIHMHBI OCTAJIBHBIX YaCTHI| ellle He YCTAHOBJIEHH!, H
MOBTOMY NOKa Heslb3sl ONpPeNeNUTh THII CTATHCTHKH, KOTOPOMY
TIOJUHHSIOTCS BCE OCTaJIbHBble YaCTHIBL. 3aMeTHM, YTO 0Obsic-
HeHNe NepHOoAHYeCKoH cucreMbl MeHneneeBa, a Takxe MOA-
paszesieHde TeJl Ha AHOJEKTPHKH, IPOBOJHUKH H OVIYIPOBOA-
HHKH OCHOBBIBAIOTCSI HAa CBOHCTBAX CTATHCTHKH 3JIEKTPOHOB.
Ilpu pasBuTHH aTOMHOH (H3HKM 5TH CBOHCTBA (OPMYJIHPO-
BAJHCh Kak 0060oOlleHne ONbITHBIX NaHHBIX B BHAe 3amnpera
ITaynu (B OZHOM COCTOSIHHH HE MOXKET HaXoauTbcsi GoJjee
OfHOTO 3JeKTpoHa). TakHm 0O6Pa3OM, pasBHTHE KBaHTOBOM
TEOPHH NOJIST MO3BOJIMJIO TJYOXKe INOHATH IPOHCXOXKIEHHE
aTOMHBIX 3aKOHOMEPHOCTeHl, CBSI3aHHHIX c 3amperoM [layam.
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Hpyro#t xapaktepuctukoii moas Gyzaer 3apsiia. Ksantosbie
a0 MOTyT 00J1afaTth dJeKTpuyeckum 3apsizoM. C aroit TOY-
KM 3PEHHsI BCe TIOJISt OAPA3NEJSIOTCS Ha 3apsKeHHbe M Hel-
tpagbHble. [IpyMepoM HeHTpaJIbHBIX MOVIedl MOTYT CIyXHTb
uedTpuHHOE TIOJE, JEKTPOMArHUTHOE U MoJie TAroTeHus. 3a-
MeyaTeieH BBIBOJ, KBAHTOBOI TEOPHH IOJIS O CHMMETDPHUM IO
3apsNy: KaxKIoMy 3apsikKeHHOMY MOJIO HempeMeHHO COOTBeT-
CTBYIOT KaK INOJIOXKHTEJIbHO 3apsiKeHHble YaCTHIbl, TaK H OT-
pHIaTeJbHO 3apsiKeHHble yacTHlbl. KopHE 3TOrO BBIBOZA 3a-
KJIIOYEHbl B MATEMaTHYECKOM anmapare TeOpHHM M He MOTYT
OBITh OOBSICHEHBl IPOCTO.

Tak, nanpumep, u3 ypaBHeHHs1 Jlupaka AJg 3JeKTPoOHA
Heo6XONMMBIM 00pa30oM BBHITEKAeT CYLIeCTBOBAHHE aHTUIJIEK-
TPOHA-YaCTHIBl, HMeIollefl Ty XXe Maccy, HO JpPYyrod 3HakK
3apsifa (nmosurpon). Tak kak ypaBHeHue Jlupaka roxuTcs
LJIS BCEX YaCTHL, CO CTHHOM, PAaBHBIM IIOJIOBHHE, TO OTCIOAA
HeMOCPENCTBEHHO BBHITEKAET, YTO BCEM YacTHLAM CO CIHHOM
1/, cooTBeTCTBYIOT W aHTM4acTHIH. Eciau wactuma oGaagaer
IJIEKTPUYECKUM 3apsOM, TO 3apsii aHTHYACTHUBl JOJXKeH
#METh NPOTHUBOMOJIOKHBIA 3HAK, MAcChl K€ YaCTHIBl U aHTH-
4aCTULBI HOJIKHB! OBITh ORMHAKOBHIMH, V3 TaGauLBl MBI BH-
1M, YTO, JeACTBUTENBHO, CYLIECTBYET ABa THUIla M-Me30HOB.
Uro Kacaercst mporoHa u HeliTpoHa, TO B TaGiuMiy He BHece-
Hbl aHTHIOPOTOH U aHTHHEATPOH, TaK KaK OHHM ellle He o0Hapy-
sKeHbl B OMbITaX; aHTHOPOTOH M AHTUHEHTPOH HOJIKHEL 00Ja-
IlaTh OYeHb OOJIbLIOH Maccoiél (TOH iKe, YTO MPOTOH H HEH-
TPOH); NOSTOMY HCKYCCTBEHHOe 06pa3oBaHMe 3THX YacCTHIL
Tpebyer GOJIBIINX SHEPrui, ellle He JOCTHMHYTHIX B COBpe-
MEHHBIX YCKOPHTeNsIX 3JeMeHTapHbIX uactul, Ho ¢usuku-
TEOPETHKY B CBOUX pPaCyerax MCXOASIT H3 IIPENNOJIOKEHHS, UTO
o6e 3TM aHTHYACTHIHI CYIIECTBYIOT.

M3 Ttabmuipl BUAHO, YTO BBIBOA KBAHTOBOH TEOPHH MOJS
0 CUMMETPHH OTHOCHTEJbHO 3apsiia XOPOILUO MOATBEPKAACTCS
¥ JJIs BCeX YacTHI € UeJbIM cnuHoM. Heo6bsicHeHHBIM
0CTaeTCsl KBaHTOBHIH XapaKTep 3apsja, — MOuYEMYy BCe 3aps-
JKEeHHble YaCTHLBI UMEIOT 3apA] ONHOH H TOH Ke BEJHUHHBI.

Takum o6pasom, Bce KBaHTOBbIE MOJIS paclafaloTCsi Ha
nse OoJibLiIMe TPYIILI 10 TUIY CTATUCTHKH, a KaXKAas M3 3THX
rpymin, B CBOIO OUepenb, PacHafaeTcss Ha MOJs, ¢ KaxkKAbIM U3
KOTOPBIX CBSI3BIBAETCS «CeMEHCTBO YacTHI(», €CJIU TIoJe 3apsi-
’eHo. Tax, Mbl rOBODHM 06 3JIEKTPOHHO-NIO3HTPOHHOM HOJIe,
KBaHTaMy KOTOPOTO SABJSIOTCS 3JEKTPOHBI H NMO3UTPOHBI, O
“-M€30HHOM [10JIe, KBAHTbl KOTOPOro — {.-Me30Hbl. Tpu 4a-
CTHLBE — IIOJIOXKHTENbHBIH, OTPHIATENbHLIH U HeHTpasbHbIH
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T-Me3OHLI CUHTAIOTCS KBaHTaMH w-Me3oHHOro mouis. [lowio
TAOTEHHS] COMOCTABJIsSETC YacTHIla, HasbiBaeMasi TIPaBHTO-
goM. I'paBUTOH [0 cHX nop He OblI OOGHAPYHKEH IKCIEePUMEH-
TaJIbHO, U HMEeTCs MaJo HaJexA, YTo €ro ymacrcsi obuapy-
KWTb, O KpaiiHeit mepe B OJuKaiiuue Jecsituiaerusi. Jeno B
TOM, YTO TIOJIe TSITOTEHUS upe3BblYalHO cJ1abo 10 CpPaBHEHHIO
¢ APYTHMH NOJISIMH, H [OSTOMY BEPOATHOCTDL 0GpasoBaHus
rpaBUTOHA B pe3yJibTaTe B3aUMOJEHCTBHsI KBAHTOBBIX MOVIEH
HUYTOXHA, DJIEKTPOMATHHTHOE TNOJIE, KOTOPOMY COMOCTaBJISA-
torcst (hOTOHBI, B KBAHTOBOH TEOPHH NOJIST paccMarpHBaercs
Ha PaBHLIX TIPaBax C JAPYTHMH TONAMH, XoTst GoToH (KaK M
rpaBuTOH) He 00JlagaeT MacCod IMOKOsl.

Ilo cux mop Mbl FOBOPHJIE OO OTJeJbHEIX KBAHTOBBIX MO-
JSIX B CBSI3U ¢ HHeeil: «4aCTHIBl — 5TO KBaHTHL nossi», Ho ara
ujesi oNpeleNsieT TaKXKe H NpelcTaBleHue o B3aUMOIEHCTBHU
B KBaHTOBOM TEODHH IIOJIf, SIBJAAIOLLEECS HOBHIM IO CpPaBHe-
HHIO C [IPEJCTABJIEHHSIMH O B3aHMOJEHACTBHH B KJaCCHUECKOH
teoprd. Hanpumep, B3auMOACHCTBHe MeXIy 3JeKTPOHOM H
TO3UTPOHOM  OCYIUECTBJISIETCSI [TOCPENCTBOM 3JIEKTPOMAarHuT-
HOro HOJIs CJISAYIOUHM 06pa3oM. DJIeKTPOH U MO3HTPOH B3aH-
MOIEHCTBYIOT ¢ 3JeKTPOMAarHHUTHBIM IIOJIEM; Mepoii 3Toro
B3aHMOJIEHCTBUSA CJHYXKUT 3apsii 3JeKTPOHAa H IIO3HTPOHA.
Baaromaps B3auMomeficTBHIO C 3/J€KTPOMArHHTHBIM IOJIEM
AJIEKTPOH UCMyCKaeT (POTOHBI, a TO3UTPOH TOTJOIIAaeT 3TH
¢oToHbl;, BMecTe ¢ (OoTOHAMU JeiCTBHE OT 3JIEKTPOHA mepe-
DaeTcsa NO3UTPOHY; B CBOIO Ouepelb, IO3HTPOH HCHYCKaer
(oToHBl, MOTJIONLaeMBle 3aTeM 3dJiekTpoHaMmu. C/ef0BaTENbHO,
B3aUMOJIeICTBHE MEXAY SJIEKTPOHOM U NMOSHTPOHOM  (HJIH
MeXIy IBYMsI 3J€KTPOHAMHU) NPOUCXOJHUT NMOCPEACTBOM oOMe-
ga (POTOHAMHU — «TIePeKHbIBaHHA» (OTOHAMH.

AnanornyHeiM 06pasoM MBI MOMXEM pacCMaTpPHUBATh B
KBAHTOBOH TEOPHH NOJISI B3aUMOLEHCTBUSL MeXAy (HOTOHAMHU
(4To BOOGILE HEBO3MOXKHO B PaMKax KJaCCHUYECKOH TEODHH
noJis1). DTO B3AUMOJEHCTBHE MOKET OCYLIECTBJAATHCS MOCPe]-
CTBOM JII0GOTO NOJISl, C KOTOPbIM B3aHMOJEHCTBYET 3JIEKTPO-
MarHuTHOE TOJe; HanpHUMep, HOCPEICTBOM 3JIEKTPOHHO-II03U-
TPOHHOTO I0JIS, M-ME3OHHOrO, T-Me30HHOTO H T. A. Ho 3iek-
TPOMAarHUTHOE NoJie HEHTPANbHO, a 3JIEKTPOHHO-TIOSHUTPOHHOE
noJie, K-ME30HHOE U T-Me30HHOe HecyT 3apsil. Tak Kak mpu
MIOOBIX MpeBpalleHHsIX 3JeMeHTapHBIX YaCTHI] BcerAa BHINOJI-
HSIeTCSl 3aKOH COXPaHeHHus 3apsiaa, To QOTOHBI MOryT ofpa-
30BbIBaTh 3apsiKEHHblE YaCTHLbI TOVIKO NapaMH: HanpUMej,
rnapaMu 3JeKTPOH-—MO3UTPOH HJH NapaMH NOJIOXKHUTeNbHHI
P-Me30H — OTpHLATebHbIH |1-Me30H, B3aumonmeiicTBue MeX-
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zy GoTOHaMH MOXKET NPOUCXOAUTH, TAKUM 0GpasoM, NMOCPEa-
CTBOM <«IHEPEKUIBIBAHUSI» OT OJHOINO (GOTOHA K APYIOMY 3JIEK-
TPOHHO-NIO3UTPOHHBIX Nap WJH Nap #-Me30HOB.

ITo pa3oGpaHnHOll BhIlle cCxeMe IOCTPOEHA M TeOPHUs slep-
HOFo B3auMogmeiicTBus. HelTpoH H MPOTOH B 3TOH  TeEOpHil
CUMTAIOTCS PA3HBIMH COCTOSIHHSIMM OIHOH 4acTHIbl — HYKJIO-
Ha, HefiTpoH — 3To Takoe COCTOsIHUE HYKJIOHA, KOTAa €ro
9Heprusi MUHUMAaJbHA M JEKTPUUYeCKuil 3apsiy paBeH HYJIO,
a B TIPOTOHHOM COCTOSIHHM JHEDPTHS TaKxkKe MHHHMaJbHAa, HO
3apan paBeH efuHHIE. SlnepHble CHIBI—3TO CHJIbI, AEHCTBYIO-
mye Mexnay HykjaoHaMu. HykJoHBl B3auMOAEHCTBYIOT C pas-
JHUYHBIMH MoJasMH. Ho Kak TI0Ka3blBalOT HaHHbIE ONBITOB, H3
H3yUYeHHBIX B3aUMOAEHCTBHH HaubGoJee CHABHO B3auMomeli-
CTBHE HYKJIOHOB ¢ T-Me30HHBIM moJieM. IToaTomy cefiuac cuu-
Taercsl, YTo B3aUMOJEHCTBHE MeXKIy HYKJOHaMH OCylle-
CTBJISIETCS, B OCHOBHOM, IIOCPEeJCTBOM T-Me30HHONO HOJISI:
OJIHH HYKJOH HMCIyCKaer w-Me30Hbl, APYrod morJolliaer HX,
# HaobopoT. Ilpu oOMeHe 3apsKeHHBIMH T-Me30HAMH 3JIEK-
TPUUECKUH 3apsj [eperaercs OT OJHOro HYKJIOHAa JPYyromy:
HeHTPOH, H3JyYHB OTPHLATE/bHbIH T-ME30H, CTAHOBHTCS NPO-
TOHOM, a NpPOTOH, TIOTVIOTHB OTPHIATEJBHHH T-Me30H, TIpe-
BpallaeTcsi B HeATPOH. AHAJIOTHYHBIM 06Pa3oM IpH H3Jyye-
HUH TOROXKUTEJNPHOTO T-ME30Ha INPOTOH NpeBpallaercs B
HEHTPOH, a HeHTpOH, NOIJIOTHB 3TOT Me30H, MpeBpailaercs
B NpoToH. Tak simepHble CHJIBI CBSI3aHBl C OOMEHOM 3apsifaMu
Mex1y TporoHOM H HefitpoHoM. IlpencraBnenne o SAepHBIX
CHJIaX, OCYILECTBJSEMBIX MOCPEACTBOM OOMeHa TsKeJbIMH
4aCTHIaMy T-Me30HaMH, MO3BOJSeT XOPOoUIo OGBSCHHTL Ma-
JIBl pafiuyc QeHCTBUS SIePHBIX CUJI: OHM NPOSBJSIOTCS JIMIIb
Ha paccrosiHusax, MeHbpimux 10—13 cm. Heno B ToM, uTO, €
TOUKH 3PEHHs KBAaHTOBOH TEOpUH NOJISA, PaAMyc NeHCTBUS CUJ
TeM MeHbllle, 4eM OoJibllle Macca MOKOSl KBAHTOR IOJisS, IO-
CPelNCTBOM KOTOPOro OCYLIeCTBJISieTCsl B3aHMoneiicTBhe. [ng
oObsicHeHHs1 panuyca jpeficrBus 10—!3 ¢cM  Heo6GXOmUMO,
yToOBl Macca IOKOsi KBaHTOBOTO IoJisi 6ruia pasHa 200—300
3JIEKTPOHHBIM MaccaM. Macca ke w-Me30HOB paBHa 265 (3a-
psDKeHHBIE Me30HBI) M 276 3JeKTPOHHBIM MaccaM (HelTpasb-
HBIIT Me30H).

CoBerckie (H3HKH B HCCJIENOBAHHH B3auMOJEHCTBUI
T -MESOHOB C HYKJOHaMH{ HMEIOT PSR JoCTHXKeHHE. Mnoro
BBIUHCJICHUH B 3TOfi 006J1aCTH TPOBEJEHO MOX PYKOBOLCTBOM
akan. H. E. Tamma.

B Hacrosilllee BpeMsi npo6aeMa SIEPHBIX CHJI HAXOMHTCSI
8 MaJIOyLOBJIETBOPHTENbHOM cocTOsAHMH. [lo cux mop Touno
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He YCTAHOBJIEH BHJ B3aHMONEHCTBUS MeXKAY HYKJIOHAMH H
T -Me30HHBIM MoJIeM. B KBaHTOBOH TeOpHH MOJIST MOXKHO CpaB-
HHUTEJIBHO IPOCTO BLIMHCATh BCE BO3MOXKHbIE (DOPMBI B3aHMO-
IeHCTBUSA MEXIY Pa3HbIMH MOJISIMH, OCHOBBLIBasiCb Ha TOM CO-
o0paxeHHH, YTO BbIpaxKeHUe AJIs B3aHMONEHCTBHUS B ypaBHe-
HHH JBHXKEHHS He AOJKHO 3aBHCETb OT BbIOOpa CHCTEMBI OT-
cueta. JanbHeiimui oT60p HCTHHHOTO BHAA B3aUMOILEHCTBHS
U3 BOSMOXKHBIX BUIOB ONpeENe/sieTcs] CpaBHEHHEM TEOpUH
¢ onbiToM. Ho B Hacrosiliee BpeMsi T€opHs ellle He CTOJb CO-
BepIIeHHa, YTOGbl MOXKHO GBIIO yBepeHHO BHICKA3aThCs B
10/1b3y ONpeJiesIeHHOTO BapuaHTa B3aumoneicrsusi. Kpome
TOl'0, BECbMa BEPOATHO, YTO AJs GOJIBLIMX 3HEPrHH CyLIecT-
BEHHOe 3HayeHHe HMeeT B3aHMOAEHCTBHe HYKJIOHOB ¢ OoJjiee
TAXKEJTbIMH Me30HaMHU — HalpUMep ¢ T-Me30HaMH.

[Tomumo p3aumopeiicTBus ABYX nosiell (mapHOe B3aHMO-
JeHcTBHe), M3BECTHBI TaKXKe NpSAMble B3auMOLEHACTBHS Tpex
noJsiell: B3auMoefiCTBIE 3JeKTPOHHO-IIO3UTPOHHOTO, M-MEe30H:
HOI'O ¥ HEHATPHUHHOrO moviefl Wi B3aHMOJeHCTBYe HYKJIOHHOTO,
3JIEKTPOHHO-ITOBUTPOHHOro ¥ HeHTpUHHOTO movieil. DTo 3Ha-
YUT, B YaCTHOCTH, UTO MEXIY HEHTPOHOM H NPOTOHOM, KpOoMe
T -ME30HHOTO B3aUMOJEHCTBHUSI, UMEeTCd TaKke B3auMOJeH-
CTBHe, OCYIIECTBJISIEMOE NOCPEICTBOM 3JIEKTPOHHO-NO3HTPOH-
HOro d HefitpunHoro movieif, Ilepegaua Takoro B3auMoneii-
CTBUS OyJeT NPOUCXONUTh NyTeM H3JIyueHHs oQHOi yactuueil
(nanpumep, HEATPOHOM) 3JIEKTPOHA U HEHTPHUHO H MOCJIELYIO-
WHKM NOTJIoLleHHeM HX Apyrodl uactuueit (mporowom). Ho
BBUAY MAaJIOCTH TOCTOSIHHOTO B3aHMONEHUCTBHUS 3JEKTPOHHO-
[IOBUTPOHHOrO, HYKJOHHOTO ¥ HEATPUHHOTO NoJiedl Takoe JO-
TOJIHUTEJIBHOE B3aUMOMEHCTBIe MeXAYy HEHUTPOHOM M NpPOTO-
HOM Ype3BblYafHO MaJlo 1O CPABHEHHIO ¢ HX T-ME30HHBIM
B3aHMOJEeHCTBUEM.

BsauMogeiicTBie YaCTHI, — 9TO TOJBKO OJHO H3 NPOSBJC-
Huii B3auMopeficTBus novieit. KpoMe B3auMoaeHCTBHS YacTHIL,
B3auMOJleicTBHe KBAHTOBBIX NOJiEH BeleT K MNpeBpauleHHAM
4aCTHIL

B03M0XHOCTD TOrO WJIH HHOTO TIpeBpalleHUs olpelLessier-
Csl, KOHEYHO, HE TOJBbKO CYIIEeCTBOBAHHEM B3aHMOAEHCTBUSA
MeXIy MOJISIMH, HO ¥ 3aKOHaMu coxpanenus. [IIpu seruncie-
HHSIX B KBAHTOBOH TEOPUH MOJISI He HYKHO ClIeLHalbHO Yuu-
THIBATh 3aKOHBI COXpaHEeHUs, — 3TH 3aKOHBl COMEPKATCH B
MaTeMaTHUYECKOM ammnapaTe KBaHTOBOI Teopuu novis, Hampu-
Mep, OCHOBHOE ypaBHEHHe KBAHTOBOI TEODHH I0JIS NPeICcTaB-
Jsier coboft, Mo CYLIECTBY, 3aKOH coxpaHeHust Heprud. Eciu
Obl Mbl MONBITANHCh BHUHCAHTH BEPOSITHOCTD TAKOTO (QHKTUB-
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HOTO TIpollecca, Ie He BHIIOJIHAETCS XOTs Obl OUH 3aKOH €O-
XpaHeHHs!, TO NOJYYHJIH Gbl aBTOMAaTHYEeCKH, YTO TaKas BEpO-
STHOCTh PaBHA HYJIIO.

BsauMogeiicTBHeM noJell OGBACHATCS HEYyCTOHYHBOCTD
HEKOTOphIX 3JeMeHTapHbIX YaCTHI| 0 OTHOLIEHHIO K pacnmany
Ha YacTHLbl MeHbleH Macchl. PaccMOTpuM B KayecTBe Ipi-
Mepa pacnaz MOJOXHTEJNBHOTO T -Me30Ha. I"[chIe T -ME30HOB
B3aHMOJEHCTBYeT C NOJIeM M-MEe30HOB M HEHATPUHHBIM MO-
Jem. Biarogapsi 5roMy B3aUMQIEHCTBHIO T-Me3OHHOE IoJe:
MOJKET NepefaTh MOJOXKUTEbHbI 3apsa U YacTh SHEPTHU
HMIyJbCa ¥-ME30HHOMY MOJI0, a APYrylo 4acTb dHepPruu w
MMITyJIbca — HEHTPHHHOMY MOJIIO, WJIH, HHAYe TOBOPH, fOJO-
KUTEJbHBIH T-ME30H MOXKET PacnacThCsi Ha INONOXKHTEJIbHbIN
p-Me30H W HefiTpuno. Takoe mpeBpallleHHe BO3MOXKHO, TakK
KaK TpU 3TOM BBINOJHSIOTCS 3aKOHBl COXPAHEHHS. 961pamoe
nipeBpallleHHe — pachaj ¥-Me30Ha Ha T-Me30H U HeHTPHHO —
HEeBO3MOXKEH, TaK KaK Macca MOKOsI #-Me30Ha MeHbIle MacChl
nokos mw-me3oHa. UeM cusibHee B3auMoOJeHCTBHE MeXIy
nosisiMu, TeM Oovibllle BEPOSTHOCTb INPEBPAIeHHS YacTuil,
TeM, CJIeA0BaTeJbHO, GoJibllle BEPOATHOCTb pacnaga H MeHb-
e BpeMst XKHU3HU yacTHUBl. M3 Tabauupl sneMeHTapHbIX ya-
CTHIl BUAHO, YTO BPEMS XKU3HH HeHATPaJbHOr0 T-Me30Ha BO
MHOIO pa3 MeHblle, YUeM BpPeMS XU3HU 3apsIKEHHBIX T-Me30*
HOB. DTO CBSI3aHO € TEM, YTO T-Me30Hbl cJla6o B3auMoJei-
CTBYIOT C -Me30HHBIM nosteM. Mexny TeM, mjas pacmana
HeHTPaJbHOrO T-Me30Ha 3TO B3aUMOJIEHCTBHe HECYILECTBEH-
HO, TaK KakK aHaJOTHUHBIN pacrnag HeHTpaJbHOro w-Me30Ha
HEBO3MOXKEH B CWIY 3aKOHAa COXpaHeHUs 3apsiza. DoJee
6bICTPHIA pacnaf HeATpaJbHOTO T-Me30Ha BHI3BIBaeTcs GoJee
CUJIbHBIM B3aUMOJeHCTBHEM HeHTPaJIbHBIX T -ME30HOB C JJIeK-
TpoMarHuTHEIM nodieM. HemocpencTBenHo 3TH Me30HB! He MO-
TYT B3aUMOJEHCTBOBATL C 3JMEKTPOMATHHTHBIM IIOJIEM, TakK
KaK y HHX HET 3JIEKTPHYEeCKOro 3apsna, HO OHH CHJIbHO B3aH-
MOJIEHCTBYIOT ¢ TIPOTOHAMH, OGJAZAIOUIUMH  3JIEKTPHUIECKUM
3apsinoM. Pacnaj e 3apsoKeHHBIX 7-Me30HOB Ha (OTOHGI
HEBO3MOXKEH B CHJIY 3aKOHA COXpaHeHWs 3apsia.

B knaccuueckoil ¢u3nKe NpPOBOAWJIACH CTpPOTasi TpaHb
MEXKIYy NBYMSI OCHOBHBIMU IMOHSATHSIMH — ITOHSITUEM YaCTHILBI
H moHsatueM noss. Yactuna cospaBajia moJe, MOCPEICTBOM
HoJI OCYIIeCTBJSAJIOCh B3aMMOJEHCTBHEe MEXIy YacTHLIAMH.
B KBaHTOBOH Ke TeOpHM IOJIST Takas TrpadHb ucyedsa. Ha
paso6paHIIbIX TONBKO YTO NMpHUMepax Mbl YOeIUIHCh, YTO B
KBAHTOBOH TEOPHH MOJIST KOPNYCKYJSPHBI HJIM BOJTHOBOH Xa-
paKTep HefCTBHII MoJIsi 3aBUCHT OT THIMA PacCMaTPHBAEMOTO
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sIBlIeHHs. B3aumonmeiicTBHe MeEXAY 3JIeKTPOHAMH oOCyLie-
CTBJISIETCST OCPeCTBOM oOMeHa (OTOHAMHU — Yepes3 3JIEKTPO-
MarHuTHOeE I0JIe; C APYrOf CTOPOHBI, B3aUMOIECHCTBHE MEXKAY
(hOoTOHAMH NPOUCXONUT Yepe3 3JIEKTPOHHO-NOSUTPOHHOE MOoJe,
NOCPeICTBOM OOMeHa 3JIeKTPOHHO-NO3UTPOHHBIMH TapaMH.
B nepBoMm ciiyuae seKTPOHBI BBICTYNAIOT B DOJM YaCTHIL
KJacCHyeCKOH (H3HKH, BO BTOPOM CJyuyae — B pOJH H3JIY-
yeHHs.

IToueMy e M3 BCeX KBAHTOBLIX NOJICH MpH Tepexoje X
GosbluuM MacwiTabaM — NpU mepexofe K «KJACCHUECKHM»
UOJISIM — OCTAIOTCSl 3aMETHBIMH TOJIBKO 3JIEKTPOMarHHTHOe
oJie U noJie TAroTeHus? ATo oObACHSETCS MaJjblM pPafHyCoOM
OefCTBHS CUJ, CBSI3aHHBIX CO BCEMH OCTAJbHBIMH IOJSIMH.
DJIeKTPOMAarHUTHOE TMOJie H IIoJIe TATOTEHHSI OTJIHYAIOTCS OT
OPYTHX NoJiefl TeM, YTo KBAHTHl 3THUX TIoNell He 06JafaioT
maccoil mokost. Tak Kak pamuyc neficTBus cuil o6paTHO Npo-
nopuuoHaJleH Macce NMOKOS KBAHTOB NOJIS, TO AJISE SJEKTPO-
MAarHUTHOTO NOJIST U TOJIS TATOTEHUS pajuyc NeHCTBHSI OYeHb
BeJMuK, G/arofapsi 4eMy S5TH MOJsI UMEIOT 3HAUUTENBHYIO Be-
JIHYMHY Ha PAaCCTOSHHUSIX, BO MHOTO pa3 NpPeBOCXOASALINX pas~
Mepbl atoMoB. MlHaue roBops, 3TH movisi CyLIeCTBYIOT B 06.1a-
CTSIX, paccMaTpuBaeMbIX KjaaccHueckoit dusuxoil. [leficrane
¥e IPYTHX MoJedl B CTOJIb OOJbIINX 00JaCTAX OOHAPYXKUTEH
HeJIb3s BBUJY MAJIOTO pafuyca CHJ;, 3JEKTPOHHO-TIO3UTPOH-
HO€, HYKJIOHHOE U Me30HHbIE I0JIsT MOTYT MPOSIBJATHCS TOMbKG:
B KBAHTOBLIX SIBJICHUSIX.

HOBBIE HIAEH

HecMmotpst na GoJiblive yclexd, KBaHTOBash TEOPUS TOVIstH
He GbliIa TOCeN0BaTeNbHON Teoprued. TPYAHOCTH KBaHTOBOK
TEOPHU MOJI NPOSIBJSUINCE B NOSIBIEHUH DAaCXONSILIUXCH Bbl-
paxKeHUH JNJIs pa3IUYHbIX (PU3UYECKUX BEJUYUH.

Meronom pellenns ypaBHeHHH KBAHTOBOH T€OpUH TIOJIST
CJIYKHT. TAK Hasblaemasi Teopus Bo3MylleHu#l. B Teopuun
BO3MYILEHHUII NPEANOoNaTaeTcs, YTo B3aUMOJeACTBHe MEXIY
NOJISIMH MaJio, YTO B HYJIeBOM NPUOIHIKEHHH KBAHTOBBIE HOJIS
MOXXHO CYUTATh HE B3aUMOJEHCTBYIOUIMMH, YTO B3auMoAeH-
CTBHe TOJIell — 3TO MaJioe pa3MellleHNe, BbI3bIBaKOllee Iepe-
XOJbl MoJlell U3 OMHOIO COCTOSIHHS B ApYroe (poXKIeHue U mo-
TJIOLIeHHe  YaCTHL, B3aUMONEHCTBHE  MEXIy  YacTH-
HaM# H T. 1.).

ITpi TakoM crocoGe pelleHHsT p TNePBOM MPHOIHKEHUY
TOJYYHJIHCh Pe3yJIbTaThl, XOPOLIO COTVIACYIOLIMEeCs: ¢ ONBITOM,
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YTO pacCMaTPHBAIOCh Kak MOATBepxaeHHe Teopuu. OnHAKO
Ip{ MOMBITKAX YTOUHHTb PaCuYeThl HEM3MEHHO BO3HHKAJIH 3a-
TPYAHEHHUS: B CJAEAYIOLIHX NPHOJUKEHUAX TEOPHH BO3MYILe-
HHH BBHIUMCJIEHHS] NPUBOAMJIH K OGeCKOHEYHO OOJbIIMM 3Haye-
HHAM Kak Ajs GU3HUeCKUX BeNHYUH — SHepruH, 3JeKTpHye-
CKOT'O TOKa M AP., TaK u AJs BePOATHOCTell TepexojoB — Be-
pOsITHOCTEl mpeBparlleHui, BepositHocTell paccesHus. Cosna-
JIOCh TIapaJoKCaJdbHOE MOJIOKEHHe, KOTa NepBoe mpubJuxKe-
HUe IPU pacyeTax NaBaJio KOHEYHBIH pe3yJbTaT, B TO BpeMs
KaK MOCJeAyIolHe MPHUOMHKEHUS, KOTOpble NOJKHBL  ObLIH
Obl BHOCHTb TOJIbKO MaJible MOTNPaBKU K NMepBOMY NpHOJHKe-
HHUIO, JaBasli PacXonslinecs Pe3ysabTaThl. IJTO NOJOXKEHHe
OCJIOXKHSAJIOCH €llle TeEM, YTO He/b3s ObIO CYUTaTbh BEChb METOM
BbIYHCJIEHUH HEroJHBIM, TaK KaK NepBoe NpUOJIKeHHe XOpo-
10 COTJIaCOBLIBAJIOCH C 3KCIIEPHMEHTOM BO BCEX H3BECTHBIX
cayyastx. MHOrO MOMBbITOK MpeAnpUHUMAJNOCh [JIST TOTO, 4YTO-
Obl YJYYIIUTb TEOPHIO, HO 3TH MOMBITKH OCTaBaJuCch Ge3yc-
OelHBIMY RO T€X Top, NoKa, Gaarogaps YCOBEpPLIEHCTBOBA-
HHIO0 9KCIEPHUMEHTANbHON TEeXHUKH, He ObUIH TOJY4YeHbl HO-
Bble ONbITHBIE HaHHble, YKa3aBllHe NMyTb Pa3BUTHsI TEOPHH.

B 1947 r., ¢ noMOILIbIO MOUHOH MHKPOBOJHOBOH TeXHUKH,
amepukanckie ¢usuku JIsm6 u Posepdopa obGHapyxumu
CIBUT YpaBHEHHI 3JEeKTPOHOB B aroMe BOAOPOJA MO CpaBHe-
HHIO ¢ TeM 3HaueHHeM, KOTOpoe JaBaJja TeopHsl: YyacToTra CBe-
Ta, H3JlyYa€MOro aTOMOM IpH Mepexolax, okKas3aJjach OTJHMY-
HOH OT TeopeTHyeckoil. AHajornuHble cABUTM ObUIM OGHApY-
JKEeHBl TaKXKe AJIs1 IJIEKTPOHOB B aToMax JAefitepus (TsxKeJOoro
Bomopona) W rejusi. Bemuuuna casuros Gblia He3HAUHTEJNb-
HOH: 4acTOTa OT/IMYaJNach OT TEOPETHYECKOH MeHee ueM Ha
OJIHYy ThICSUHYIO noJiio. KpoMme toro, s Apyrux omeitax ObLIO
YCTaHOBJIEHO, YTO MAarHHTHbI MOMEHT 3JIEKTPOHa TaKXKe OT-
JUYaeTCH OT TEOPETHYECKOrO 3HAYEHHST MPUMEPHO Ha OXHY
TBHICYHYIO YacTb. XOTS BeJHYHHA PACXOXKAEHUS DKCIepHUMeH-
T4 U-TeOPHH Obla MaJla, HO K 9TOMY BpEMEHH JKCIE€PHMEHT
IOCTHI TaKOH CTeNeHHU TOYHOCTH, YTO ITO PACXOXKIEHUE BHIXO-
JIUJI0 3a Npefesibl BO3MOXKHBIX OMIHGOK. TH ONBITH M AaJH
TOJMYOK 3aMeYaTeJbHOMY Da3BUTHIO KBAHTOBOH TEOPHH MOJIS
B NOCJIEHHE TOJBL.

O6bsicHenre CABUra U JOMOJHUTEIbHOTO MArHUTHOIO MO-
MeHTa OBLIO NMOJIYUEeHO MyTeM ydyeTa TaK Ha3blBaeMbIX BaKy-
YMHBIX (PIyKTyauHil ! 3J€KTPOMArHUTHOTO H 3JIEKTPOHHO-IIO-

! ®nyKTyauwus — GecriopsilouHoe u3MeHeHHe KakoH-nu6o Be-
JINUHHBL.
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3UTPOHHOTO noJiefl. UTo Ke NpeJCTaBJAlOT co60i ¢IyKTya-
uuu nonsi? JlJis oTBETA Ha 3TOT BONPOC HYXKHO Gojiee MOfpo6-
HO paCCMOTPEThb NpeJCTaBJeHHe O BaKyyMe KBaHTOBOTO MOJSI.
Mb&l onpezessiin BaKyyMHOE COCTOSIHME KBAaHTOBOTO TOJISI KaK
cocTosiHie HauMeHbliell Heprud. ITOCKOJbKY YacTHLBI — 3To
KBaHTBI TIOJIsI, «dJIeMEHTapHble BO3OYXIEHUSI» MOJs, TO BaKy-
YMHOE COCTOsIHHE MOJISi — 3TO COCTOsIEHe Ge3 wactull. [lig
3JIEKTPOMArHHTHOTO MOJIsT BAKYYM — 3TO COCTOsIHHMe 6e3  (o-
TOHOB, JJISI 3JIEKTPOHHO-IIO3UTPOHHOIO TMOJIS BakKyyM — 0e3
JIEKTPOHOB U MO3UTPOoHOB. OTCYTCTBUE YACTHI, B IOJie He
O3HAyaeT, YTO HET M CaMOTro MoJis. DTO 03HayYaeT TOJNbKO, UTO
noJie HaXOAUTCS B HEeBO3GYXKIeHHOM cocTosiHuU. MoxHo mo-
Ka3aTh, OCHOBBIBasiCh Ha pa3o0paHHbLIX paHee KBaHTOBO-Me-
XaHMYECKHX 32aKOHOMEPHOCTSIX, YTO B BAKYYMHOM COCTOSIHHUU
o6si3aTesibHO CyllecT3yer movie. M3 annmapara KBaHTOBO# Teo-
DHU 3JIEKTPOMAarHUTHOTO MOJS BEITEKAET, UTO HANPSXKEHHOCTh
3JIEKTPUYECKOTO ITOJIS B YHCJIO (POTOHOB — STO BEJHUHHbBI, KO-
TOpble He MOTYT MUMETb B OJHOM U TOM 2Ke COCTOSIHHM Olpe-
nejeHHble 3HavyeHHs. Ho B BakyyMHOM COCTOSIHMK YHCJIO Ua-
CTHL[ H3BECTHO TOYHO: OHO paBHO Hy.i0, IToaToMy B BakyyM-
HOM COCTOSIHHHM HANpPSIKEHHOCTb 3JEKTPHUECKOro IO/ He MO-
KeT OBITh TakKe paBHAa HYJIO, — 3TO INPOTHBOpPEUHNO Gbl CO-
OTHOLIEHHUIO HeolpeJeseHHOCTeH AJa YucJa YacTHL M Hamps-
HKEHHOCTH 3JIEKTPUYECKOTo moJis. B BakKyyMHOM COCTOSIHHH,
TaKUM 00pa3oM, HaNPSKEHHOCTh MOJS OTJIMYHA OT HYJA M He
HMeeT ONpeJesIeHHOro 3HaYeHus, — noJie Gpaykryupyer. Baky-
yYMHBIe (QJIYKTyalluH XapaKTepHbl AJs JI0G0ro KBaHTOBOIO 10~
JIl, He TOJIbKO AJIS1 SJEKTPOMarHUTHOTO MOJIS.

CHBHUT ypoBHEHl aTOMHBIX 3JIEKTPOHOB MOXKET ObITh TeNepb
00BACHEH CJICAYIOUIHM 06pa3oM. YPOBHH SHEPrHH 3JIEKTPOHA
B aTOMe ONpefesIsloTCS B3aHMONeHCTBHEM 3JIEKTPOHa C aTOM-
HbIM siIpOM. BakyyMHble GUIyKTyallu SJeKTPOMarHHTHOTO
[0JIs1 U3MEHSIOT JBHXKEHHe JIEKTPOHA; B TOJe BAKYYMHBIX
(baykTyaunii sJeKTpoH Kak Obl KoJsie6GJieTcs, IPOKHUT, 4TO BHU-
IOU3MEHSIeT ero B3aHMOAEHCTBUE C aTOMHBIM SIAPOM; H3Me-
HEHHOMY B3aHMOMEHCTBHIO COOTBETCTBYIOT CIBUHYTbIE YPOBHHA
3Heprud. BhIYUC/IEHHS DONOJHHTENBHONO MarHHUTHOTO MOMEH-
Ta 3JIeKTpOHA NOATBEPAMJH, UTO U ITOT 3((deKT CBs3aH CO
B3aMMOJIeHCTBHEM 3JIEKTPOHAa U BaKyyMHBIX duaykryanus
3JIeKTPOMarHUTHOTO TOJ.

KpoMe BakyyMHBIX (JIYKTYyalHii 3J€KTPOMarHHTHOrO MO-
Jisl, B CABUT YPOBHE#l BHOCAT HEOOUIBIIYIO NOJIIO H BAKYYMHBIC
GJYKTyalluy 3JeKTPOHHO-TIO3UTPOHHOIO MOJIS: BaKyyM 3JIeK-
TPOHHO-NIO3UTPOHHOTO MOJA Kak Obl NOJNSPU3YeTcs, — B HeM
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BOSHHKAIOT SJIEKTPHUECKHE TOKU W 3apsibl (KOHEUHO, OOIHH
NOJISIPU3ALHOHHBIN 3apsil PaBeH HYJI0). DTH TOKH M 8apsiibl
cBs3aHbl ¢ 00pa3oBaHHEM <«BHPTYaJbHBIX» 3JIEKTPOHHO-NO3U-
TPOHHBIX Nap, KOTOPble MOXHO NPENCTaBUTh KakK maph! dJeK-
TPOH—TIO3UTPOH, MOMJIOLIaoIHecs: nocie o6pasoanusd. [lo-
JISPU3ALHOHHbIE TOKH M 3apSAbl TaKXKe BJHSAIOT Ha B3aHMO-
JeiCTBHe 3JEeKTPOHA ¢ SAAPOM.

TeopeTHYecKHe BBIYUCJEHHS] CABMra aTOMHBIX YPOBHe#l H
JIOIOJTHUTEJNBHOTO MAarHHTHONO MOMEHTA 3JIEKTPOHA, OCHOBAH-
Hble Ha NpeICTaBJeHHH O BaKyYyMHBIX (DJIYKTyalHusaX, oOKasa-
JIChb B NPEKPaCHOM COBNAJeHUU € OmbiToM. B 3ToM 3akiio-
Yyaercsl 0Ka3aTeJbCTBO PeaJbHOCTH BaKyyMHBIX (DJIyKTyauui.

DT0T BbIBOJ KBAHTOBOIH TEOPHUHM IOJS HMeeT H (uaocod-
cKoe 3HaueHne, C TOUKH 3peHHS NUAJNEKTUYECKOro Marepua-
MH3Ma NPOCTPAHCTBO U BPeMsl NMPEACTaBJASIOT cobolt  (HopMbl
CYILIeCTBOBAHUSI MAaT€pPHH: HEBO3MOXKHO INPOCTPAHCTBO BHE
CBSI3H ¢ MaTepuel, He MOXET CyLIeCTBOBATh HeMaTepHaJbHOe
«IyCTOe MpocTpaHcTBO». PeaspHoCcTh BakyyMHBIX (JIyKTya-
(¥ O3HAYAET, YTO BaKyyM («IycToe MPOCTPAHCTBO») MaTe-
puajsen. dto mnpexacraBiser cobofl (H3HUECKOe NOKa3aTesb-
CTBO TIPAaBHUJIBHOCTH (UJI0CO(CKOrO Te3Hca O NPOCTPAHCTBE
Kak (opMe CYIIeCTBOBAHUS MaTePHMH U  SIBJSIETCS HOBHIM
TIOATBEPKJCHUEM NPAaBUABHOCTH MaTepHaJIMCTHYECKOTO MH-
POBO33peHHus,

B HoBelillleM pa3BUTHH KBAaHTOBOH TeOpUH 1oV ObLIH
TlepeCMOTpPEHBI TaKXKe INpeAcTaBAeHHs O 3apsiie M Macce ya-
ctull. Jlo BosHUKHOBeHHsI mpobJieMbl B3aUMOJEHCTBUsSI C Ba-
KYYMHBIMH (DJIyKTyalusIMH Ipeanosaraloch, 4YTo macca Mo-
KOSl KBAHTOB H30JIUPOBAHHOTO MoJs (He B3auUMOJeHCTBYIOLIe-
ro c JPYruMH NOJSIMH) €CThb Macca ITOKOsl 4acTHll, CONMOCTaB-
JsieMblX atoMy nojio. Hampumep, cuurasntoch, uro Macca H
3apsn KBaHTOB CBOOOJLHOrO 3JIEKTPOHHO-NOBHTPOHHOTO  NOJS
paBHBI Macce U 3apsy dJeKTPoHa uiu nmosutrpona. Ilpencras-
JeHue 00 H30JUPOBAHHOM, CBOOOJHOM IIOJIe SIBJISIETCS, OJHA-
KO, uieannsauueil: B NeHCTBHTENbHOCTH NOJS BCEria HAaXU-
osiTcsl BOo B3amMogelicTeuu. axe Torma, korga nose npe6b-
BaeT B BaKyyMHOM COCTOSTHHHM, OHO B3aUMOZeiCTByeT C Jpy-
TUMU ToJsiMU OJsaronapsi BakyyMHeIM ¢uykryauusim. C tou-
KH 3peHHs] peaJIbHOCTH BaKYYMHbIX (UIyKTyalyil HEBO3MOKHO
NpeAcTaBJIeHle O HeB3auMOJEHCTBYIOLMX MOJISX.

BsaumoneficTBHe nosiT ¢ BaKyYMHBIMH (QJIYKTyaUUsiMH
IPYTOro moJisi U3MeHseT CBoiicTBa 3TOro moJjs. Tak, B3anMo-
JleficTBHe 3JIeKTPOHHO-IOSUTPOHHOTO MOJIST € BaKYYMHBIMH
GJIYKTYaLUsaME 3J1€KTPOMarHUTHOrO MOJIsT U3MEHsIeT CBOHCTBA

34



3JIEKTPOHHO-TIO3UTPOHHOTO NOJISE, a B3aHMOJEHCTBHE JIEKTPO-
MAarHgTHOTO NOJISE C BAKyYMHBIMH GJIYKTYalHsIMH 3JIEKTPOH-
HO-NO3UTPOHHOTO MOJISI U3MEHSIET CBOHCTBA 3JIEKTPOMATHHT-
goro noJisi. KeaHToBRIe BBIUKMCJIEHHSI NMOKa3bIBAIOT, YTO WHeMe-
HEeHHe CBOMCTB 3JIEKTPOHHO-MO3UTPOHHOTO IOVIS COCTOHT B 1O-
sIBJIEHUH JONOJIHUTENbHON 3JeKTPOMarHHTHOH MacCel H  Jo-
NOJIHUTENBHOTO 3apsja y SJeKTPoHa (H y MO3HTPOHA) A HO-
[PaBOK K YPOBHSIM 5HEPTHH, K BEPOSATHOCTSM Hepexoxos (pa-
AYMalHOHHble NONpaBKu). BJusHHe BakyyMHBIX (JyKTYai(Hi
Ha 3JIeKTPOMarHUTHOE IOJIe NPOSIBJSETCS] B BOSMOXKHOCTH Ta-
KHX 3((EKTOB, KaK paccesHHe cBeTa Ha CBeTe, paccadiue
CBeTa 3JIEKTPOCTATHYECKUM TIOJIEM H T, H.

Taknm o6pasoM, npu yuere BaKyyMHBIX (DJIYKTyauuil oka-
3bIBAETCS], YTO TaKue (yHIaMeHTaJbHble BeJHUMHL], KaxK Mac-
€a M 3apsl 3JeKTPOHA, 3aBUCAT OT B3auMojelicTsus movefl
Ho B3aumopneficTBie MeXIy 3/1€KTPOHHO-IOSUTPOHUDLIM H
2JIEKTPOMATHHUTHBIM NOJISIMH CYIIEeCTBYeT BCErna, u, CasAoBa-
TeJIbHO, Macca M TOT 3apsif 3MeKTPOHA, KOTOpHI Habaionaer-
csl B 9KCIepUMeHTe, NPeACTaBJsIOT CoOOH yKe MOJNHYI0 Maccy
¥ IOJIHBIH 3aps[ 2JeKTPOHA C YIeTOM MOJIEBBIX 100aBOK. 3Ha-
YHT, Macca U 3apsii KBaHTa CBOGOLHOrO 3JIEKTPOHHO-NO3H-
TPOHHOTO NOJISI HE PaBHBI Macce H 3apsiAy JJEKTPOHA M He
uMeroT (usuyeckoro cmbicia. IlocTpoeHHast Ha STHX HIesX
polleflypa BLIYHC/IEHHH TOJMY4NIa Ha3BaHUe [1epeHOPMHPOBKH.

C noMollpi0 NepeHOPMUPOBKH MacChl ¥ 3apsifia JIEKTPO-
Ha OblTu ycTpaHeHbl Bce GECKOHEYHO OOJbIINE BbIpaXKeHUs
(«GECKOHEUHOCTH») U3 OKOHUYATENbHBIX Pe3yJbTAaTOB BHIYHUC-
Jenuit. Temepb MOXKXHO BBIYHC/ISITE BEPOSITHOCTH JIIOGBIX PO~
IIeCCOB B JIIOGOM NPHOJIHIKEHHH.

OnHako NepeHOPMUPOBKH — He BNOJIHE [OCJEN0BATEN -
Hast mponenypa. IlepeHopMHPOBKa MCXOOUT M3 MNoapasaele-
HHUSI TOJIHOH Macchl 2JIEKTPOHA M HA «HAYAJIBbHYIO» Maccy M,
(Maccy kBaHTa CBOGOLHOTO 3JIEKTPOHHO-NIOBHTPOHHOTO MOJIST)
H 3JeKTPOMarHHTHYl0O MacCy: m=mg -} dm, a TaKxe
aHaJIOrMYHOE TIOLpa3fe/eHHe 3apsifa 3JEeKTPoHAa e Ha Ha-
YaJIbHBIA 3apsill ep U IOMOTHUTEJBHBI 3aps de : e=ey-|-de.
Ho rtakoe mozxpasznesenne, CTporo roBops, JIHLUIEHO CMBICJA,
NOCKOJIbKY CMBICJI UMEIOT TOJbKO MOJTHAS Macca W MOJIHBIH
3apan aJjektpoHa. [Ipu BbIUHCIEHUSX COIVIacHO Mpoleaype
[1epeHOPMHPOBKH IPEIIOJAraeTcsi, YTO BEJTUYUHEL Om U 8¢ Ma-
JIBl TI0 CPABHEHHIO C MIOJIHBIMH Maccolf m u 3apsaoM e. Mexny
TeM, B pe3yJIbTaTe BBIUHCJIEHHH 5JIeKTPOMAalHHTHAs Macca om
K JOTIOJIHUTENBHBIN 3apsil 8¢ oKashIBalOTCsk GeCKOHEUHO GOb-
wuMH. B onpaBrante oOblMHO CCHIIAlOTCA Ha OyAyILylO mpa-
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BHJIBHYIO TEOPHIO, TOBOPST, 4TO GECKOHEUHO 6oJblIke 3Haue-
Hus Om M 8¢ — 3To CJIeACTBHE HECOBEePIIEHCTBA COBPeMeHHOH
TeopuH, uto B OyAylieil NIPABUIbHOH TEODUM STH BEJUYUHBI
JIOJIKHBI GbITh KOHEYHbl W MaJbl 11O CPaBHEHHIO C M H e.

Kakum ke 06pa3oM yaaercss ¢ NOMOLIbIO CTOJIb HemocJje-
JoBaTebHOH MPOLEayphl YyCTPaHHTh H3 TEOPHH BCe GecKoHey-
noctu? OxasbiBaercsi, YTO B KBaHTOBOH TEOPUH 3JIEKTPO-
MareUTHOrO MOJIsl, B3aUMOJeHCTBYIOLIEr0 C 3JIEKTPOHHO-NO3H-
TPOHHBIM I10JIEM, BCe BCTpeyalouiuecss GeCKOHEYHOCTH BXOAAT
B BbIpaKeHHe s BEPOSITHOCTH IIPOLECCOB TakuMm 00pasoM,
4To 9TH OGECKOHEYHOCTH MOXKHO OTOXKAECTBHTb C 3JIEKTDPO-
MarTHMTHOH Maccoil /72 M JONOJHHUTEJbHBIM 3apsifom Se. 3a-
TeM TOBOPUTCS, YTO B OTAEJBHOCTH O/m H 8¢ He HMEIOT CMBbI-
cjla, 4TO XOTsS 0/ M 8e MmoJyYyunuch GeCKOHeYHO OOJIbILHMHY,
HO B TIPaBUJIbHOH TEOPUU OHU OYAYT KOHEUHBLIMH BeJIHYMHA-
MH, U M03TOMY &m H G¢ BMeCTe C KHayaJbHBIMH» Maccoi Mg
1 3apsiiOM €, JOJIKHBI ObITh 00beAMHEeHBE B KOHEUHbIE BeJH-
YMHBI — MOJIHYIO MacCy m==mo—+ 8m W TOJHBI 3apsii
e =€y %e. 3HaueHHs m u e GepyTCsl U3 SKCIIepPHUMEHTa.

Takum o06pa3oM, MepeHOPMUDOBKA He YCTPaHSET TPYAHO-
CTH KBaHTOBOH TE€OPHH MOJIS, HO H3OJHPYeT 3STH TPYAHOCTH,
[IOKa3bIBaeT, UTO OHH HECYLIECTBEHHBI JJI1 PACCMOTDEHHs Be-
pOSITHOCTEH TIePEeXONOB M CpeNHHX 3HAueHUH (U3NUECKHX Be-
auyuH. TpyIHOCTH TEODUH MOJISI MOXKHO CBSI3aTbh ¢ mpobJe-
MOH «CTPYKTypbI» 3JEKTPOHAa U JPYTUX 3JeMeHTapHbIX dYa-
CTHIl, ITOCKOJIbKY, MOBHIHMOMY, BeJUYUHB 8/m H e olpene-
JSIIOTCST «CTPYKTYpOIl» YacTHUBI (HOZ «CTPYKTYPOi» He cJe-
JLyeT NOHHMaTb MeXaHHUYecKylo CTPYKTYypy). ¥Ycmex KBaHTO-
BOH TEOPHHU NOJISL B yCTPaHeHHU GEeCKOHEUHOCTEH W3 BCeX BbI-
pakeHull AJisi BEPOSITHOCTH NPOLECCOB MOXKHO TOTJa TOJKO-
BAaTh B TOM CMBICJIe, YTO KCTPYKTYpa» 3JeKTPOHa HEeCyIecT-
BEHHA JJIsi POLECCOB, paccMaTpuBaeMblx TeopHeil noJs cei-
yac. Psan vHTepeCHBIX HCCIEIOBaHUH 1O MepeHOPMHPOBKE
NpOBeJ COBETCKHH yueHblH akazemuk JI. Il. Jlanmay c co-
TPYIHHKaMH.

[Tepexon or Teopuu 6e3 MepeHOPMUPOBKH K KBAaHTOBOI
TEOPHH TI0JsI ¢ TIePEeHOPMHPOBKOH 03HAYaeT yueT HepasphiB-
HOH CBfI3Y YaCTHIbl YU NOJS. YCIeX TEOPUM NPH TAKOM Mepe-
Xole SIBJISIETCS BbIPaXKEHHEM CYILECTBEHHOT'O XapakTepa 3ToH
¢Bsi3u. TPYAHOCTH TeOPHH C ATOH TOUKH 3PEHHUS CJIEAYeT BH-
JleTb B TOM, YTO HEPa3PBIBHYIO «CBS3b C YyacTHLed Moy He
YAQercst yyecTb MOC/IENOBATeJbHBIM 00pa3oM: He yjaercs
ellle TIOCTPOUTb TEOPHIO, COAepXKallyld ¢ CaMoOro HayvaJjaa
TOJIbKO 3KCIEPHUMEHTAJBHYIO MacCy H SKCIEePUMEHTaJbHbIN
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3apsin SJEKTPOHA U He MOJb3YIOULYIOCS BCIIOMOTATENbHHIMMN
BeJIHUUHAMH Mo U €,.

3AKJIIOYEHHE

Ilpucrynast K H3/0XKeHUIO uaeldl KBaHTOBOH TeOpHH MOJA,
MBI HCXOJHJIK W3 NPEACTABJEHHS, YTO BEIleCTBO COCTOHUT H3
3JieMeHTapHblx yactul. Tenepb, Korga okasajuochb, 4To 3Jie-
MEHTapHble YaCTHLBI CaMH No cefe — 3To KBaHThl Pa3/IHYHBIX
noJjieif, MOXKHO CKa3aTb B TOM K€ CMBICJIE, UTO HPHPOLA Be-
IIeCTBa ONpEAe/IsSeTCs KBAHTOBBIMU TIOJSIMH.

CoBpeMeHHast KBAHTOBAsi TEOPHUS MOJISL — 3TO, MNO Cylle-
CTBY, COBOKYIHOCTb Psila TEOPHH, OTHOCSIIUXCS K OTAeIb-
HbIM TNOJSIM ¥ B3aHMOJEHCTBHAM JBYX MOJef: 3JeKTPOHHO-
[O3UTPOHHOrO C 3JEKTPOMATHUTHBIM, HYKJIOHHOTO € Me30H-
HbIM u T. X. KoHeuyHo, Oyayiuiasi moJiHasi TeOPUST SJeMeHTap-
HBIX YacCTHl, JOJKHa PacCMaTpHBAaTh BCe KBAHTOBHIE MOJIA
coBMmectHo. Bynymas Teopusi mo/kHa Jath oOGbsCHEHHe
YHCJY BHAOB 3JeMEHTapHBIX YaCTHI, HX Maccam Hu IPYTHM
cBoiictBaM. B03MOXKHO, YTO TPYZHOCTH COBPEMEHHON Teo-
pUH — DPaCXOAMMOCTb 3JIEKTPOMArHHTHOH Macchl, JOTOJHHU-
TeJBHOro 3apsiia — MOTJIH Gbl ObITh yCTpPaHEHBl MpPH COB-
MECTHOM pPacCMOTPeHHH BceX KBaHTOBbIx moJell. Ho cosna-
HHe TaKOH elMHOH TeOpHM 3JeMEHTapHLIX YacTHL IOKa 3a-
TPYZHACTCS OTCYTCTBMEM OTBITHBIX HAHHBIX; OHW MOIVIH OBl
06JieryuTh NMOUCKY DPYKOBOASLIEro NPHHIUNA JJSI TOCTPOe-
HUS eUHOH TeOpUM KBAHTOBBIX MOJeEH.

HoBrble HeoXHIaHHBIE OTKPBITHSL MOTYT OBITB CH€JIaHbl
NpH HU3YUEHUH 5JeMeHTAPHBEIX YacTHI. B yacTHOCTH, HeZaBHO
6by oOHApyXeHbl (aKThl, 3aCTaBJSIOLIME COMHEBATBCS B
3JIeMeHTapHOCTH THrepoHa. lcronkoBaHWe STHX OMBITHBIX
JaHHBIX BeIeT K NpeICcTaBJIeHHIO O FHIepOoHe Kak O Bo36yX-
JIeHHOM HYKJOHe. Ecsn moc/enyiolliie ONBITBHI NOATBEPIST
nogo6HOe NpeacTaBJeHHe, TO TOTAA NPHUAETCS MO-HHOMY MO-
JOHTH K BoOMpocy 06 3/JeMeHTapHOCTH IIPOTOHA H HeHTpOoHa.
Torpa sty onbIThl GyAYT HayasJoOM M3YyYeHHS HOBOTO MHpa—
MHpa HpPOTOHA.

Ho xakue Gbl HH OblIM HOBble OTKPBITHS, OCHOBHBIE TIPel-
CTABJICHHS] KBAHTOBOH TEODHU IOJIST COXPAHSIT CBOIO CUJIY
B ¢Boefl ob.1acTu. Pa3Burie reopun nofiner no myTtu cosmanus
GoJlee MoMHON TEOPHH, OTpaXKawllel TIyGxe OOGBHEKTHBHYIO
PeaNbHOCTh M COlepIKallel COBPEMEHHYIO KBAHTOBYIO TEODHIO
NOJISl KaK YacTHBIH ciiyuail.

Astop: Hosoxuaos 10puft Buxroposuu
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