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. 11-10/ 
B HalliHX pa6orax 6hmH paeeMoTpeHbi pa3ni1'1Hbie qaeTHbie Bonpo-

ebi, eBSI38HHbie e 1'0)K)leeTBeHHOeTbJO a· KB8HTOBOi1 MeX8HI1Ke. HaeTOSIIUaH 111'0-

I'OBaSI eraTbH eoAeplKI1T ua6poeoK o6xuero Ka'leeTBenuoro auanuaa npo6neMbi 

TO>K)leeTBeHHOeTH. B eOOTBeTeTBI111 e noeTBBJleHHOit 'uenbJO oeHOBHOe BHHMaHHe 

yJleneuo npi1.1IUHnl1anbHbiM MOMeHTaM, TeXHI1'1eeKI1e JleTanl1 onyxueHbi 11nu MaKei1-

ManbHO eoKpaiUeHbi. 

06xuenpHH.II1'8SI TO'IK8 3peHI1H eoeTOI1T B TOM 0 'ITO KBaHTOB8.1I MeX8HI1K8 

p8Jli1K8JlbHO 113MeHI1Jl8 llOAXOil K npo6neMe TOlKAeCTBeHHOeTH B ABYX OTHOllle-

H11SIX: 

1; noK838HO eyxueeTBOB8HI1e a6eomOTHO TOlKAeeTBeHHblX MI1Kp006'beKTOB 

.(Bee .aneKTp0Hbi 0 Bee npOTOHbl 0 Bee 81'0Mbl BOAOpOA8 'B OeHOBHOM eoeTOH

H1111 11 T,Jl,), 

2. DoBeAeime ei1CTeMbl 113 ABYX ( 11n11 HeeKOJlbKI1X) TOlKAeeTBeHHbiX lJaeTI1U 

Ka'leeTBeHHO OTnH'IaeTeSI 01' llOBeAeHHSI e11eTeMbl eKOnb YI'OAHO 6nH3K11X 'lae1'11Uo 

T,e, cp11311lJeeKI1e .eBoi1eTB8 SIBJlSIJOTeSI pa3pbiBHOH cpyHKUI1ei1 uenpepbiBHbiX napa

MeTpOB, XapaKTepl13yJOIUHX ereneHb · 6Jli130e1'11 '18C1'11U 0 o6pa3yJOIU11X e11eTeMy • 

Pa3pbiBY B llOBelleHI111 eoOTBeTeTByeT 1'8KlKe H pa3pb1Il B Olli1C:8HI111 0 noeKOnbKY 

JlnH 1'0)K)leeTBeHHbiX 'lae1'11U BOnHOB8SI cpyHKU11H AOnlKHa 6biTb ei1MMeTpH30B8H8 0 

a. B enyqae eKOJlb YI'OilHO 6nH3KHX0 HO pa3Jli1'1HbiX. lJaeTI1U OH8 MOlKeT 6biT.b 

.j· B 91'0M eMbJene npOI13BOJlbHOi1. 

j 06a aru nonolKeHI1H, ue uMeJOIUI1e HI1KaK11X auanoruit B Apyrux paa)lenax 

cpi1311KI1
0 

06bi'IHO paeeMaTpi1BaJOTeSI KaK yeTaHOBJleHHble BO. Beex OTHOIUeHH.IIX 

oKOH'IaTenhHO H e .·a6conJO;ruoi1 ~ocToBepuoeTbJO, Doll'lepK11Bae.TeH, 'ITO oun 

HBnSIJOTest . HeMHHyeMbJM 
. . . . 

ene)leTBI1eM MIIOI'0'111eneHHbiX 9KenepHMeHTOB 0 Jl8JOIUI!X 0 

KaK e'IHTaeTeSI, H8 BOllpOebi 0 np11pOAe 1'0)KJleeTBeHHOel'H OllH03H8'111bie OTBeThl 

3 



.-_,~ .. 

~ ' 

TJUia , .ua-HeT". Pe"lh HlleT s.uech 0 TBKHX !flaK Tax, KaK HanH"'He Ha K-ot5ono"l-
"il 

Ka~ STOMOB TOnhKO llBYX aneKTpOHOB1 OTCyTCTBHe HeKOTOphiX · poTaUHOHHbiX 

ypoaueii:, .uayxaro~HhiX MoneKyn H. r • .u. 

l13 CK838HHoro SICHO, 'ITO pe"'h HlleT 0 CHCTeMe B3rnSI.llOB 1 BbiXO.llSIIUHX 

.sa rrpe.uenhr coeycraeHHo cPH3HKJ{ H HMeiOmHx 6onee UIHPOK?e Mero.uonorH"lecKoe · 

3.Ha"l~HHe •. Henh3SI oTpHuarh 1 'ITO arH:rrpe.ucraan~HHSI o ~pHpo.ue TO*.lleCTBeH

HOCTH ChirpanH cymecraeHHyiO ponh B CTaHOBneHH~ KB8HTOBOH MeXaHHKHo :O.uHaKO 

Mbi c"lnraeM, 'ITO paccMarpnaaeMhie KaK a6conroTHhre, oHH rrpoTHBope"laT ee 

llYXY H 6yKBe. MO*HO CK838Th 1 'ITO OHH OTP8*8IOT TOnbKO HeKOTOpbie ~rrpaKTH

"leCKH . .Ba*H.bie rrpe.uenhHbie cnrya~uH, KOTOpble HRor.ua. xopomo' { HO BCe *e 
.. - . " . ··. . . . . . ~ . - ' ·. 

He- a6coniOTHO!·) COOTBeTCTBYIOT .ueii:CTBHTenbHQCTH 1 a H.Hor.ua CQBepUieHHO .eii:-· . . x/ . . '. . . • .. 
He· COOTBeTCTBYIOT 

·· B Ka"leCTBe .. KOHKperHoro .rrpH,Mepa 1 cnyJ:Kamero .unSI iros'IcHeHHSI Hameii: 

TO"'KH 3peHHSI,. .paCCMOTpHM, cne.UySI. <fleii:HMaHy/11 /,, sa.ua'iy 0 · pacceSIHHH "lac

THU. .. ,;_ 
'. 'Dpe.urronmKHM; :<ITO Mbl. HMeeM .uaa reueparopa B~rpe"'HhiX rry,tiKOB pasnn"l

·HbiX ·"'SCTHU A H B ' .KOTOpb!e .. rroc.ire .pacce~HHSI Ha. •yron 8 .HnH- TT-8, rrorra.uaroT 

a :Jlaa ·c"leT"'HKa (rrpe.urronaraercSI, 'ITO na6oparopHaSI CHCTeMa coBna.uaer 
. ' . -~ -· 

.C~. CHCTElMOH 'UeH~pa • HHepUHH.). Bo3_HHKaeT BOIIpOC 1 ·"leMy,:·pa~Ha BepOSITHOCTh 

·;_' COBMeCTHoro · Cpa6a TbiBSHRSI -.C"leT,tiHKOB? 

EcnH COOTBeTCTBYIOJIIHe 8MIInHTYllbl paBHbl {(8) H {(TT-8), TO ··aepoSITHOCTh 

cpa6aTbiB8HHSI 

<-~' • . 'l11>J7,"_·J 

1 
2. . 2 .. w -( [(8) I +I:I.(~_.,.,8JI ). 

., 

( 1·) 

3.uecb uer ~fi!{aKo'~- 'liure~~e~emilm 'Jo.ie)K.uy .uayMSI ':K~Ha_~~MH", iroci{onhKY Ko

ue"llib~e 0 'cocr~~HUSI ~pasnH"'HMhi: B O.UHOM cny"lae Ii' rrepimfi H BTOpofi ciJeT"'UKU 

rrorra.uaror coo·raeTcTB~HHo "laCTHUbi' A 11 B·; BO aropoM c~y"'Ae, Hao5op.oT~ -8 

H A. no.uiiepKH.eM,: 'ITO. p~3ynhTBT { 1) HMeer· MeCTO He3aBHCHMO ·or TO~o. 

a "leM J{MeHHo pasnn"'Hhi "lacrnuhr A n B; Ba*HoJn.rirhh, "lro6hr lix Mo)!(Ho 6hrno 

ornn"'HTh . .upyr or· .upyra~ 
:'. .. 0 '.<·-

x/3aMeTHM; · -iro.' ilocnenliee -o6c'i'osiTenbcTBo· Bbrsmlwocb co. Bee iF orqe~ 
n!IBOCTbiO T,OnbKO HeCKOnhKO. ner .TOMY Hasan B CBSISH C KOHUeHrpaunei\ BHHMa
HHSI Ha aecTauuoa~pabix uHl-ep~epeauuoaHbrx SIBneaami: Tuna· Te·x~' KoTopbre nMeiOT 

· MecTo B cjJuauKe· · aeiiTpaiii.HhiX · K -'MesoaoB. • . : 
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llpyroe .ueno, ecnn o6a reHeparopa HCIIYCK8IOT OllHHSKOBh 

cKa*e~, rHriaA.B ~ToM _cny<Iae pacceSIHHSI Ha yrnhr_ 0 n TT

K Hepaa'nH"'HMbiM KOHe'lHbiM COCTOSIHHSIM { B 060UX . C'lel''lllKSX 'laCTll 

B COOTBeTCTBHll c o6JIIHM KBaHTOBOM~XaHU'leCKIIM IIpliHUHIT.OM HH1 

8MIInlll'Yll pa3nU'lHbiX K8HanOB 1 IIpHBO.llSIJIIIIX K OllHOMY II TOMy *E 

cocroSiu_uro/1,11 I, .BepoSITHOCTh cpa6aTbiBaHUSI C"leT'lllKOB 

... - 2 x/ 
W -,;.Jf(O)+ f (TT-0 Jl 

TaKIIM o6pasoM, Mbi cranKHBaeMCSI c KOHKperHoii: peannsar 

.uoKca paspbmHocrn", c¢opMynnpoBaHHoro B o6meM an.ue B H~"l< 

pacceSIHlle CKOnh yro.uHo' 6mt3KHX 'laCTliU :A H !1 OIIHCb!BaeT_CSI CO 

{1 ) 1 B TO BpeMSI KaK pacceSIHHIO OllHH8KOBb!X 'l8Cl'HU OTBe'laeT 

.Upyroe COOTHOJIIeHIIe ( 2) • 3KCIIepHMeHT IIOK83biBaer,. 'll'O, . Haiiplll\. 

TllUbl pacceHB8IOl'C.SI .Upyr Ha .upyre B COOTBe:rcTBllH C. {2) •· Ore 

38KniO'l8IOT 0 'll'O BCe a -'laCTHUbl a6coniOl'HO l'O*.lleCTBeHHbl H 'll'O : 

.Ueii:CTBHTenbHO IIOATBep*.ll8eT cymeCTBOB8HHe II8p8.1lOKCanhHOrO Cl 

.ueHHSI rrpn rrepexo.ue or 6nn3KHX 'laCTHU K TO*AeCTBeHHhlM. 

Do CBOef!" llpllpO.Ue aro" IIpHMb!KaeT K rrapa.UOKCy fu66ca II K j 

panoKcaM paaphmaocrn", rrpoaHannsnpoaaHHhiM B Hamnx pa6oraJ 

B COOTBeTCTBUH C. 8l'HM CXO.llCTBOM ero peUieHIIe, MO*eT 6b!Th I 

·roM llie rryrn. 

x/ . 
nnSI onpeneneHHOCTH TipennonaraeTCSI0 'ITO 'l8CTHUbl He HM' 

CTporo roBopSI, BMeCTo (2) cnenoaano 6bi aanuca Tb W- I f( 0) + e io 
0AHaKO XOpOWO · 1!3BeCTHO, 'ITO cjJa30Bbiii MIIOlKHTelrb 0 MO>KeT 6bi1 
nu6o HyniO, nu6o 1T; nepBOMy cny'laiO OTBe'laiOT T.H. 'HCTHHHO l'OlK 
6030Hbl ( T.e~ TO>KAeCTB.eiiHble 6030Hbl 1 HaXOASIIUHeCR B O.QHHaKOBbiX 
COCTOSIHHSIX/i f), BTOpOMY - 'HCTHHHO TO>KAeCTBeHHbie' tjlepMHOHbi. 
aHanaa 9Toii npo6neMbi MO>KHO aaiiTn, Hanpuli.!ep, 8 pa6oraxll,10/. 

xx/ '\ 6 6 - .. '' OlKHO .Qa>Ke CKa3aTb 1 , 'ITO STO 118H onee rny OKHII" H3 n, 
pa3pblBIIOCTII' 1 ne>KaWI!ii B OCHOBe 60nbWHIICTBa · OCTanbHbiX •. 3AeCb 
MeTiiTh ni06onhiTHoe H3Meueane · Hay'lHoii ncuxonoruu, npoucmeriuiee 
nonyneK~: cpaBHUTenbHO 'laCTHOMY napanoKcy fiio6ca nocBSIIIlena I'! 
nurepaTypa, a cxonuaSI H cymecTBeuuo 6onee cjJyHAaMeUTanbHaSI CH 
B KBaHTOBOii MeXaHHKe 6onbWHIICTBOM cneunanHCTOB A8>Ke He OC03 
qecise napanoKcanbHoii. 
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~x, KaK aanuque aa K-ci66noq-
•,.,: 

~BHe HeKOTOpb!X · pOT8UHOHHbiX 

HCTeMe B3I'liSIAOB 1 Bb!XOASIIUHX 

ee lliHpOK?e M9TOAOliOI'll'I9CKOe 

m;ausr o ppnpoge TO*AeCTBeH

IH KB8HTOBOli MeXaHHKH, :OnaaKO 

IIOTHbie, OHH. npOTHBOp~'I8T ee 

.lOT TOnbKO H9KOTOpb!9. ppaKTH

~ HHOI'Aa. xopo~o· ( HO BCe )1{9 

>CTH, a H.HOI'Aa CQB9plli9!J,fiO. eli 

~ -. . 

'amero Ali!ii iiosicaeHH!ii Harneli: 

11 /,,. saga'Iy. o · paccesrHHH qac-

opa as;Tpe'IHbiX rryqKOB pasnnq

aa .. yronO .flliH· rr-0, nonagaroT 

>aTopHa!ii cncTeMa c.?~nanaeT 
~ 

)0C 1 -qeMy_:·P81lH8 BepOSITHOCTb 

{(0) fl {( ir-0), TO ·aepOSITHOCTb 

·: .·, 

(I-) 

1sr ':Ka~a.~~~u,;,._iioc~onbKY Ko

' 5' nepBbifi H BTOpori citeT'IHKn 

BTOpOM criyttae, HaoelopoT; - B 

M9CTO H938BHCHMO 'OT TOI'0 1 

) 'n!iiiii;, 'IT06bi nx Mo»mo GblliO 

Bo· BbiHBHn.ocb co. acen' oT'Ie~ 
CBS!3H C KOHU9HTpBUH9fi BHHMB~ 

neniiS]X Turra TS'x;· KoTopbie HM~JOT 
; .. l 

.Llpyroe geno, ecnu o6a reaepaTopa ucnycKaiOT OAHI!aKOBbie qaCTIIUbi, 

CK8)K9M 1 THI-iaA.B ~TOM cnyqae pacceSIHIIH Ha yrnbi 0 H rr-0 npi!BOJHIT . . ~ 

K Hepa3lifi'IfiMbiM KOH9'1Hb!M COCTOSIHfiSIM ( B o6011X .. C'IeT'IfiKaX 'I8CTI1Ubl TIIII8 A ) , 

B COOTB9TCTBUII C 06WHM KB8HTOBOMeiaHII'I9CKUM npi!HUflllOM IIHTep~epeHUI!I! 

8MllliUTYA p83liU'IHblX KaHaliOB, npi!BOASIIUHX K OAHOMY II TOMY )1{9 KOH9'IIIOMY 

COCTOSIHI!I0/1,11 /, .BepOSITHOCTb cpa6aTbiB8HfiSI C'I9T'IIIKOB 

2 x/ 
w·;;.if(O}+f{rr-O)i (2) 

TaKI!M o6pasoM, Mbl cTanKuaaeMcsr c KOHKpeTHoli: peannsm.i!Ieii "napa-· 

goKca pa3pbmaocTu", cqJopMynuponaaaoro a o6meM BI!Ae B Ha'Iane cTaTbn: 

paccesrHne CKOlib yrOAHO. 6mi3KHX 'I8CTHU A II _8 Olli!Cb!BaeTCSI COOTHOW9Hil9M 

( 1 ) 1 B TO BpeMSI K8K paCCeSIHIIIO OAUHaKOBb!X 'I8CTIIU OTB9'189T COB9piii9HIIO 

Apyroe COOTHOlli9Hile (2), 8KCIIepll~leHT IIOK83b!B8eT,. 'ITO, HaiipiiMep,· a -'IOC

TUUbl paCCefiB810TC.51 Jlpyr Ha Jlpyre B COOTB9!CTBilll C ( 2). 0TCIOA8 06bl'IIIO 

38KliiO'I8IOT, 'ITO BCe a -qaCTilUbl a6COliiOTHO T0)KJl9CTB9HIIbl ll 'ITO 9KCIIepnMeHT 

A9MCTBilT9libHO ll0JlTB9p)KJl89T cyiUeCTBOBaHne IIapaAOKCBlibliOI"O CK8'IK8 llOBe

Jl9HfiSI npn IIepeXOJl9 OT 6n!I3KfiX 'IaCTfiU K TO)I{AeCTB9HHb!M, 

no cBoef!" rrpnpoAe aTo· rrpnMbiKaeT K napaAoKcy fii66ca 1i K npyrnM "rra-· 

paAOKCaM paspb!BHOCTII", npoananiisnpoBaHHbiM a nawnx pa6oTax16;7 ,8/x x/. 

B COOTBeTCTBIIII C 9TIIM CXOACTBOM ero pemeHne M0)1{9T 6b1Tb llOliy'IeHO Ha 

·TOM )1{9 nyTH, 

x/ . 
llnH onpeAenennocTu ripeAnonaraeTcSI, 'ITO 'IBCTHUhi ne HMeJOT cnnna. 

CTporo roaopSI, BMecTo (2) cneAOBano 6bl aanncaTb W-I f(O) +e 18 i{rr-0 Jl 2 • 

0JlHBKO XOpOWO · 113BSCTHO, 'ITO ljlaaODhlii MIIOlKHT~nb 8 MOJKST 6b1Tb paBeH. 

nH60 nyn10, nH60 TT; nepBOMY cny'IBIO OTBS'IBIOT T,H. 'IICTHHHO TOlKilSCTBeHHhle' 

6030Hhl ( T.e: TOlKilSCTD9HIIble 6030Hhl, HaXOJlH!UHSCS! D OllHIIBKODhlX cnHHODblX 

COCTOS!IIHS!X/l/), DTOpOMY - *llCTI!HHO TOlKilSCTBSHHble" cpepMHOHbl, JleTanbHblfi 

ananHa a Toil npo6neMhl MOJKHo naiiTu, nanpHMep, a pa6oTaxll,lO/ •. 

xx/M 6 6 • • OlKHO llalKS CKa3aTb,. 'ITO 9TO Hal! onee rny OKI!II' H3 napBilOKCOB 

paapbiBllOCTI!", ne)l(aWI!fi B OCHOBe 60nbWHIICTB8 OCTBnbllhlX,. 3AeCb CTOHT OT

MeT!iTb nro6onbtTnoe H3MeneHHe nay'!Hoil ncHxonorun, npoHcwemiiee a Te<lenue 

nonyaeKa: cpaBfii!TenbHO 'laCTHOMY napaJlOKCy fuel6ca llOCDH!USHB rpOM81lH8Sl 

nHTepaTypa, a CXOilHBS! H cyureCTBeiiHO 6onee ljlyHilBMSI!TanbHBS! CHTyBUHS! 

B KBBHTOBOfi MeXaHI!KS 6onbWIIHCTBOM cneUHBni!CTOB llBlKe He OC03HOH8 B KB

'ISCTBS napallOKCBnbHOfi, 
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06Cy:lKJlaeMbliL napaJlOKC CBOJlUTCSI · K CK8'IKY B Be}:>OSITHOCTH pacCeSIHHSI . ,, .. · •, . . 

'rrpn Herrpepb!BHOM C6nii:lKeH!m HeKOTOpbiX rrapaMeTpOB; XapaKTepH3YIOII!RX ~ac-, 

~enBaroiuuecsr· 'I~CTHUbi A ii B. BoaHnKae~, OJlHaKo, cymecrBeHHbiil: Bonpoc: Boa

MO:lKH~ ~H !jlaKTH'IeCKH TaKoe Herrpepb!BHO~ 'c6nn:lKeH~e, ~-e llpOTHBOpe'IHT nn 

oao KaKnM-nn6o aaKoHaM {jJII3HKn? Ecnu Jla - napaAoKc ocraercsr. Ecnn - net-,·. . ... . . . . . . ' 

T.e. ecnii paann'IHSI Me~AY 'I8CTHU8MH .MOI'yT II3MeHSITbCSI TOnbKO llHCKpeTH01 

rrapaAO~C Hq'Ie3aer: HeT HII'Iei'O YllHBIITenbHOI'O B TOM, 'ITO rrpn llHCKpeTHOM 

'II3MeHeHIIII cBoil:crB 'IaCTIIU BeposrrHoCTb paccesrHIISI TaKlKe II3MeHsrercsr AIICKper-

. Ho. 

Ha .nepBbiil: BarnsrA KalKeTcsr, 'ITO peanbHO ocymecTBnsrercsr KaK paa BTopasr 

B03MO:lKHOCTh • .lleil:CTBIITenbHo, roBopsr o paa,mi'IHbiX 'Iacruuax A n B , o6bi'IHO 

. ITOApaayM.eBaiOT1 . 'ITO OHH ·OTnn'IaiOTCSI Apyr ·or Apyra K8KHMII- nn6o AIICKpeT-
- ~ . , ·: . . .. 
HbiMII II CO~paHSIIOIIIHMIICSI KB8HTOBbiMII 'IIICna~H (aapSillOM1 6apnOHHbiM 'IHCnOM1 

'IeTHOCTbiO. n T.A.). B srnx ycnoBIISIX napaMeTpbi, onpeAensrromne creneHh 6nn

aocrn 'I8CTHU 1 He MOI'yT H3MeHSITbCSI Henpepb!B~O. 

CKaSaHHOe 6bJnO 6bl AOCTaTO'IHbiM1 ecnn 6bl B, ·KB8HTOBOil: MeXaHHKe· OT

CyTCTBOBan ~pHHUIIIT cyneprr03HUHH. 0AH8KO-cynep11031IU~H cyii!eCTBYIOT1 II BTO 

KopeliHhiM 66paaoM MeHsrer Afmo • .lleil:CTBnrenhHO, B o6meM cnyqae B "reHepa

ropa.x":· .1 H 2 MoryT B03HHK8Tb HeKOTOpble -cynepnoanUHR COCTOSIHHH A H B ·, 

OITIICbiBaeMbie BHyTpeHHHMll BOnHOBbiMH !jlyHKUHSIMH 

C=a
1

A+f3
1
B D =a A + f3 B 

2 . 2 
(3) 

.: 
. Kos¢4muiieHTbi srux cynepnoaiiu«'fi'.aasiicsri. or ycrpoil:crBa "reHeparopoB" n Mo-

, . _.. ,- ' •• • ' ! • • • • ~ • . . . 

ryT .paccMaTpnBaT_bCSI KaK. Henpepb!BHble napaMeTpbl 6nnSOCTH. Me:lKJlY c !1 D, 

ITOCK.On~Ky· npu a1.:..a~ ·" f31'.:..{32COCTOSIHlisr.C n D, irenpepb!BHO II3Me~SISICb, ~nn
B810TCSI p.pyr c ApyroM. MolKHO nn renepb yTBep:lKi:taTb, ·'ITO npn CKOnh yroAHO 

Mano_M OTnH'IIIH. a 1 OT a 2 II {3 1 OT {32 , T.e. rrpii C {: D, BepOSITHbCTb pacCeSIHHSI 

· C Ha D A~ercsr cooTHOilleHIIe~ ( 1), a npu a 1 =a 2 li f3 1;.,{32 , r.e. np~ C = D,-

.. COO~~Oilief!HeM· (2)? .llocTa~~'IHO ITOCT8BIITb 3TO·T:. B.OITp'OC 1 '!TOtS hi ITOHSITb1 ·'ITO . ' . , . 

x/ 
•· Ecnu A II B o6naaaiOT paanwiHbiMH aHa'leHIIRMH .. 3/lpsmoB n HeKOTOpbiX 

· apyrux KBaHTOBbiX 'IHCen·cxoaaoro Tuna, TO o6paaoaaane cyrreprroannnil: ae
B03MO)!(HO ( T.H. rrpaanno cyrrepoT6opa '12/). IlpearronaraeTCR, 'ITO STO ae HMeeT 
MecTa; _'laCTHIIbi A u B MoryT paanu'laTbCll 'leTHOCTbiO, rrpoeKnneil: crrnaa Ha ae

·KoTopoe_ aarrpaaneane u T.a. 
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OTBeT MO:lKeT 6biTb TOnbKO OTp'IIUaTenbHbiM ll 'ITO BepOSITHOC1 

srBnsrercsr ·HenpepbiBHoil: ¢yaKuneil: napaMeTpoB .a Tr. n f3Tr.. 4ro K< 

COOTBeTCTBYIOII!ei'O Bbipa:lKeHIISI1 . TO OH 38BIICIIT OT pSIAa KOHKpei 

Mbl orpaHH'IHMCSI npocTeil:IIIIIM cnyqaeM,. KOrJla aMrrniiTYllbl paCC( 

B Ha B n. A Ha· B coBrraAaiOT, a aMnnnTYJlbi .npoueccoB rrpeBpa 

TIIrra. A +A .:.. A +B II A +A.:.. B +B paBHbi Hynro/5,9/. TorAa nonHas 

·paccesrHnsr 

W -(If (8}1 2 + If (TT-8)l 2 +2l<CiD >1 2 Re f(8}f*(TT-8 )) . 

3AeCh ·cii~BonoM < Cl D > o6oaHa'IeHo cKansrpiioe npoii3B.eAeHiie BO 

unii (3), r;e. 

<C I D >=aj a2 +f3Jf32 · 

Benii'IUHY < Cl D> MOlKHO TaKlKe Ha3BaTb creneHhiO HeoproroHanbHO< 

C II D . .llnsr TOlKAeCTBeHHb!X COCTOSII!Uii, KOI'lla _a 1= a2 U {3 l.= ~'liM 

ecnn :lKe < C ID·>= 0, TO cocrosrHnsr C II D oproro~anhHbi, OHII sr 

nii'IHbiMII C06CTBeHHblMII COCTOSIHUSIMI! HeKOTOp'OI'O Sp'MIITOBOI'O OITE 

I'YT 6h!Tb C IIOMOII!b!O COOTBeTCTBYIOII!ei'O ·aHanH38TOpa. ITOnHOC1 

oi:J.Ho oT Apyroro. B npoMel:<yTO'IHoil: cnTya·ullu, KOrJla 

O<I<CID>I<l; 

nro6oii auanuaaTop, BbJAenmomiiii cocTosrune C, B ueKO'J'Opoii MeJ 

BaeT" II COCTOSIH!Ie D. TaKIIe COCTOSIHHSI He MOryT 6b1Tb H831 

. JleCTBeHHbiMH, HH rronHOCTb!O pa3nH'II!Mb!Mll, 

'3aMeTHM 1 'ITO. COOTI!OllleHHe ( 4) COAep:lKIIT B ce6e ( 1 ). 11 

J:tenbl!bie: npn I<CID>I.:..l OliO Herrpepb!BHO rrepeXOJlHT B (1), IT] 

B (2). "napaJlOKC pa3pb!BHOCTU" rronHOCTb!O HC'Ie3 1 ITOBeAeHUe . ( . 

rrpeKII o6menpnHSITOMy MHeHUIO, OK83b!BaeTCSI HenpepblBHOii cpyHKI 

poB 6n!I30CTH 'IaCTHU, o6paayiOIIIHX CllCTeMy •. BMe.CTO npoTUB 

a6comOTHO TOlKJleCTBeHHb!X II a6coniOTHO pa3nH'IIIMblX COCTOSI!Hill 

K ~onee o6meMy nousrrnro 'Ia~rnqno paami'IHMbiX cocTbsrnu[i, o 

JlB8 Kpail:HUX ITOI!SITHSI B Ka'IeCTBe rrpeAenhl!biX cnyqaeB, 



~KY B ~epOHTHOCTH pacceHliHH 

eTpoe; · xapaKTepn:syiOumx ~ac~ · 

o, ~ymecTB~HHbiii eonpoc: eos

'!H)I(eHn:e, He npOTHBOpe'IHT. JIH 

lpaAOKC OCTaeTCH; .Ecn11 - HeT1 

-!3MeHHTbCH TOJ!bKO. AHCKpeTHO, 

D B TOM, 'ITO npn: AHCKpeTHOM 
_,I: 

iHH T8K)I(e 'H3MeHSieTCH AHCKpeT-

)CyiUeCTBJIHeTCH KaK pa3 BTOpaH 

!HbiX 'IBCTIIUax A n: B , o6bi'IHO 

npyra KBKHMH~ JI1160 AIICKpeT

'(aapSIA~M,. 6apHOliHbi~ 'IHCJIOM1 

>I, onpenenHIOIUIIe creneHb 6n11-

10, 

6bi s, KBaHTOBoii MexaHn:Ke oT-

1epnosnu~om cymecTeyiOT1 n 3TO . 

o, e, o6meM cnyqae ~ "reaepa-. . - . 

1epnosnu11n: cocToHHIIii A n: B , 

HMH 

- (3) 

~rpoikrea "reneparopoe" ·~~ Mo-. ,; ·- " . ' 

1_eTpi:.1 6n11ao_cT11. · Me)l(ny C !,-I D, 
t' ' ,· " '" I" • 

, _nenpepbiBHO ·nsMe~HHCb, cnll-

ip)i(ilaTb, 'ITo· np11 cKcinb · yronno 

•H € f:D, BepOHTHbCTb pacceHHHH 

=a 2 H {3 1:{32 ,T,e, npn: CsD,

o·T:~·B·onpoc; ~T06bi llOHHTb1 \'ITO 

l'IeHI!HMH .. 3/lPMOB II HeKOTOpblX 
6pa3oaaane cynepno3nuni'l ne

ennonaraeTcSI, 'ITO 3TO ae !!MeeT 
raocTbiO,- npoeKunei'l emma aa ae-

_ , 

·] 
I 

I 
l' 
J 

'l 

OTBeT MO)I(eT 6bi'rb TOJ!bKO OTpiiUaTeJ!bHbiM H 'ITO BepOHTHOCTb pacceHHHH 

SIBJISIE!TCSI. Henpepb!BHOH <iJyHKUIIeii napaMeTpOB a k II {3 k. 4TO KacaeTCSl BHA8 

COOTBeTCTBYIOIUei'O Bbip8)1(eHIISl1 TO OH 38BHCHT OT pHA8 KOHKpeTHbiX yCJIOB!Ii'l, 

Mbl orpaHII'IHMCH npocTeiiiUIIM cnyqaeM, Korna 8MllJIIITYAbl pacceHHHSl A Ha A, 

B ua B 11 A ua B coBnanaiOT, a aMnJIIITYllbi npoueccoe npeepameHIIH .. 'laCTIIU 

Tuna. A+ A .. A +B 11 A +A-> B +B paBHbi nyni0/5,9/, Torna nonnaH BepoHTHOCTb _ 

paccesrHIISI 

W-(\f{0)\ 2 +\f(rr-0)\ 2 +2\<CjD>\ 2 Re f(O)f*(rr-O)). (4) 

3necb ·cn~E.onoM < C\ D > o6osaa'leHo cKansrpnoe nponseenen11e BOJIHOBbiX ¢YHK

uni'l (3), T,e, 

(5) 

Benn'IIIHY <C\ D>Mo;>Kno raK;>Ke naseaTb cTeneHbiO neopToronanbnocru cocTOHHIIi'l

C liD. liJIH TO;>KJl8CTBeHHbiX COCT051HHi:i, KO!'Aa _a 1=a2 l! {3 1= ~,IIMeeM <C\D>=1; 

eCJIH )K8 < C \D>=:o 0, TO COCT051Hl!51 C II D OpT'OI'OHllJ!bHbi 1 OHH 51BJI5I!OTCH. pa3-

JIII'IHb!MH C06CTBeHHbiMII COCT051Hl!51MI! HeKOTOpOI'O 3pMUTOBOI'O onepaTopa ll MO

ryT 6biTb C noMO!UblO COOTBeTCTBYIOIUei'O ·aH8JIH38TOpa llOJIHOCTblO OTJ::(eneHbi 

onno oT npyroro. B npoMe,KyroqHoi'l ·cnTyai.mn, Korna 

0<\<C\D>\<1, 
n106oi'l iaannsarop, BbiAeJIHIOIUIIi'l cocTOHHile C, B HeKoropoii Mepe "saxBaTbi

eaeT" H COCTOHHII9 D. TaKIIe COCT051HIIH He MOI'yT 6LITb H83B8Hbl HU TO)!(;_ 

. AeCTBeHHb!Mil, Hll llOJIHOCTblO pa3JIH'II!Mb!MII, 

'3aMeTHM, 'ITO_ COOTHOilleHHe (4) COAepX<UT B ce6e (1) II (2) K8K npe

)leJ!bHbie! npu \<C\D>\->1 OliO nenpepb!BHO nepeXOlli!T B (1), np11 <C\D>->0-

~ (2), "flapaJlOKC pa3pb!BHOCTII 11 nOJIHOCTblO I!C'Ie3 1 noBeneHUe CI!CTeMbi 1 BO

npeKI! o6menpiiH51TOMY MHeHIIIO, OK83biBaeTCH Henpepb!BHOi'l <iJyHKUIIei'l napaMeT

pOB 6nii30CTI! 'laCTIIU, o6paayiOIUHX CIICTeMy. · BMeCTO npoTueonocTaenennsr 

a6COJIIOTHO TO;>K)leCTBeHHbiX H a6COJIJOTIIO pa3JII!'II!Mb1X COCTOHIIHi'l Mbl llpiiXOAIIM 

K ~OJiee o6IUeMy llOH51TIIIO 'lllCTII'IHO p83~1I'lHMbiX COCTOS!Hilfi, OXBllTb!BlliOIUeMy 

ABa Kpai'IHIIX llOH51TII5l B Ka'leCTBe npeneJibl!biX CJiy'laeB, 

7 



.. 

•.. 

! 
I· 
I 

;~ . 

:.:L. 06paTnMcsf 'Tenepb ':K yTBepli<JleHnro 6 cymeCTBOBaHnn··a6conroTHo TOJKJlec,.;... 

IieHIIhiX :MnKpoo6'be~~oB~ Mbi Bnh~nn, ·'ITo 's nro6oM "reHepaTop~".·BoaHiiKaroT, 
Bo'o6me:I'OBOpSI, HBKOTOpbie" cynepttOS:IIUHH THilB· Q;,.aA+f38, KOslf>!f>HUHB~Thl KOTOpbiX 

3~BHC'SI; OT CBOilcTB "reaep'aTopa". Ho Bcmmfi_ :reHepaTop". BKriio'laeT' B ce6sr 

~aKp.ocK_ ona'leCKne''::meMeHibi a no siofi npH'lHHa·:. ero cBoiicTBa MOI'¥t':Henp'e~--
. ' . 

p~IB_Ho liaMeHsrTbcSi npn HSMeHeHnn ~aKHX-T~ MaKpocKonnqecKn~- ·napaMeTpoB. 

3To 03Ha'JaeT, 'ITO B JlBHCTBHTBllbHOCT:II He cymecT~yeT .JlBYX a6C01IIOTHO .OJlH

HaKOBbiX "reltepaTopoB"; 6onee Toro, JlaJKe OJlHH n TOT JKe "reHepaTop" He 
~ .. . T ' ~-. \ . •. ·- • 

ocraeTcsr a6conroTHo HenaMeHHbiM o:r. ·onHoro .. aKTa reHepaunn' .qo Jlpyroro. 

Cne)loBaTe1IbHO, HB1Ib3SI C03Jl8Tb .cynepnoanUHIO C=aA +f3 B c aapaHee. 

aaJ:faaHbiM~· SHa~eH:IISIMH Koalf>lf>uuneHTOB a 0 :II {3
0

, MOJKHO 1Illlllb C03Jl8Tb cy

nepnOS:IIUHIO, · B KOTopoii a H: {3 6nHSKH K a0 n {3~ c Toil Hnn·· HHo:if· cTeneHbiO 

TO'IHOCT:II, aaBHcsrmell: ?T TO'lHOCTn naroToBneHnsr n cTa6H1IbHOCTH "reHepaTopa"·. 

CxoJlHbiM o6paaoM·· Henbasr coaJlaTb JlBe a6conroTHO 'oJlHHaKOBbie cynepnoaHunn• 

,~KaSaHHOe .B n01IHOii Mepe OTHOC:IITCSI H K 6a3HCHbiM COCTOSIHHSIM A H 8 , KOTQ

pbie' C. paCCMaTpHBBSMOii . TO'IKH ap'eHH.SI SIB1ISIIOTCSI BCSI'O 11Hlllb ·'lBCTHbiM:II · cny-

'IBSIMH cynepnoanunfi '(a=l H: f3= 0 · naeTA, a= 0 H{3=1 · naeT B )~ 
. . . 

. . B Ka<i:ecTBe · H111IIOCTpnpyro_lllero npHMepa paccMOTpHM qacTnUbi co cnHHOM 

)'= 1(2. Ponb 6aanCHbiX COCTOSIHHH.A; H 8_ HI'paiOT. 3Jl8Cb COCT05I~I:IISI C npoeK

UHSIMH.. cnnHa m '= ±. 1/2 Ha HeKOTOpoe HanpaB1IBH:IIe, pa31IH'lHbiM cynepnoan- . 

UHSIM' OTBEl'lSIOT COCTOSIHHSI co· cnnHoM, opneHTHpOBaHHbi~. onpeneneHHbiM o6pa-

'30M 'no OTHOIIIeH:IIIO K H36paHHO_ll o~~ ~BaHTOBaHHSI. Henpepbi.BHbiM napaMeTpOM 

61IH30CTH SIB1ISI8TCSI yron (} MBlKAY HanpaB118H:IISIMH Cil:IIHOB, CTeneHb HBOpTOI'o-: 
; . . . . . . (} 

~a~bHOCTn I< ~ I D >"I = cos T. 
.•·_t. . 

,llBa. COCTOSIHHSI co; cnHHBMH, opHeHTHpOBBHHbiMH. B npOTHBOn_onmKHbiX . 

HanpaBneHHSIX_, nonHOCTb~ pa31IH'IJ!J.Mb1 0 COCTOSIH:IISI C napan~e_1IbHbiMH CnHHll~H 

TOlKJlBCTBeHHblo. "feHepaTOpSMH" .B JlBHHOM cnyqae MOI'YT cllylK:IITb yCTaHOBKll, 

HCno~~~~eMbie, B ~nbiTaX lllT~
0

pHa H rep~axa. HcHo~ 'ITO Han~SJ31IeHnSI:.Mai'~HT
Hbfx nonefi B TBK:IIX ycTaHOBK~X Henb3SI lf>nKCHpOBSTb C a6C~1IIOTHOii TO'lH?CTbiOo 

lloSTOMy ;KpafiHHe C1Iy'laH nonHOCT~IO pa31IH'lJ!J.MbiX :II n01IHOCTbiO .TOlKJlBCTBBHHbiX 

cyn~pii~S:IIUHH. TBK.JKe JViO.lKHO pea1IH30BBTb C 11106oll: KOH_e'IHOH _TO'lHOCTbiO, HO 

"I:OllbKO He .C a6C01IIOTHOllo . .. , 

8 "'-

··' 

·~ j 
l 
i 

· llpyroii HHTepeCHbiil npHMep c~sraaH c Hei'ITpanbHbiMll K-Mea 

COXpaHSHHSI CTpaHHOCTH ilpHBOJlHT K TOMy, 'ITO B HBKOTOpbiX.pe~ 

· . · o K +K 
reHepHpoBaTbCSI T01IbKO cynepnoaHUHH THna K I 2 HeaaBncnM . . ,/2 
ilepBH'lHbiX 'JaCTHU, HMnynbCOB BTOpH'IHbiX 'laCTHU II T.A. B peaK 

THna, Hao6opoT, B03HHKBIOT T01IbKO OpTOI'OHa1IbHble cynepil03HUHH 

llOSTOMy .MOJKeT ilOKSSaTbCSI, 'ITO BCe 'JaCTHUbi, OTHOCS!IIIIIBCSI K OJ 

lKB H3 STHX JlBYX K1IaCCOB 0 CTpOro TOJKJl8CTB8HHbl 0 a 'JaCTHUbi_pa: 

il01IHOCTbiO pa31III'lHMbi. 

.0JlHBKO STO BepHO T01IbKO npH61IU3HT81IbHO, ilOCK01IbKY CTpal 

HSIBTCSI 11Hlllb B CH1IbH~IX B38HM0Jl8HCTBIISIX, a I'~HepaUHSI K-Me30H 

poii Mepe o6ycnoBneHa H cna6biMH BSaHMOJleilcTBHSIMH. Y'l~T cnli 

JleHCTBHi; HeMSJl118HHO ilpiiBOJlHT K 3aBHCHMOCTll Koslf>lf>HUHBHTOB 

OT KHHeMaTU'leCKIIX napaMeTpOB, KOTOpbiS He MOI'yT 6biTb !jlnKCI!pC 

1IIOTH0ll TO'lHOCTbiO. TeM CSMbiM Mbl npHXOJlHM K T.OMy' )!{8 1 'ITO I 

llleM np_uMepe. 

To o6cTOSITe1IbCTBO, 'ITO co cna6biMII B3aHMoneiicTBIISIMII c: 

Ma1Ibl8 BapHaUHII KOslf>!jJHUHeHTOB paCCMaTilHBSBMbJX cyn~pil0311Uf 

cyromeM HaC ce~~aC OTHOillBHHH He HMeeT ilpi!HUHiliiB1IbHOI'O 31!a'l€ 

l!bl, BilpO'IBM, H .TaKUe peaKUUII, B KOTOpb!X KOStiJqll!UHeHTbJ· cynepn 

BapbHpOBaTbCSI II aa C'leT ClWbHbiX B3ai!MOJlellCTBilll. llpi!MepOl\c 

lKUTb o6paaoaaHHe cocTOSIHI!i1 Tuna a K I::+ f3 K 2 

aonoB c srnpaMn. 

ilpll 'CT01IKIIOBel 

B CBSI311 C paCCMOTpBHHblMII npnMepaM!I YMBCTHO OTMeTHTl 

npo6neMhl.TOlKJlBCTBBHHOCTI! B KBaHTOBOll MSXBHI!Ke OC110lliHS!B 

BCBI'O ilp0'181'0, I!CTOpll'IBCKl! C110/KI1BlllellCS! IIyTaHUUeii B TepMI!H 

HOBaSI ¢YHKUnsr HeiiTpanbHoro K -Me3oHa B o6llleM cnyqae Ill 

aiK I+·~K2 • C npyroi1- CTOpOIIbi, BOnnonasr <jJyHKUHS! 'laCT!IUbl CO CIIII 

TaK)!{e ·M0)!{9T 6biTb aarrucaua B snne ljJ =a 1/J . +a 
2 

1/J , • rAE 
• . 1 +~ -h 

OTBC'laiOT JlBYM B03MO)!{HblM npoeKUIISIM j 

C 06llleii KBB~TOBOMeXaHI!'JBCKOii TO'IKII SpeHIIS! pe'lb B 0 

ll}leT 06 OJlHOM II TOM )!<e. Te~ He MeHee ycTaHOBI!1IaCb }l0B011 

TpatinuHsr, cornacno KOTopol! B cnyqae K I n K2 'laCTHU ( n B JlPYl 

Hb!X ciJyqasrx) TOBOpS!T 0 pa3Hb!X 'laCT!lUaX, a 'laCTI!Ubl C m = + 1 
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:TBOBaHHH ·a6comoTHO TCllKAeCT;., 

ioM "rem:!paTopJ". ·aoaHJiKaJOT1 . ~ . . 
::aA+f3B; KoatiJqiuuHeHTi.I KOTOphiX · 

•ren~p~Top" aKriro~aeT'a ce6H 

;·;. ero CBOHCTB8 MOI')ft: 'nenpe.;.; . 

' ' t ' 
lKpOCKOUH~9CKHX: 'napaMeTpOB, 

ecT~yeT .JlBYX a6comOTHO OAU

HH n ToT·*e "reaepaTop" ae 
\ .. ' '\ .,. ··, . .· 

aKTa reaepauun' ~o Apyroro. 

IHUl:llO C=aA +{3 B c sapanee. 

I 
0

,, MO*!tO nHwb· coaJlaTb cy

{3~ c Toil HnH·· u!ioii· cl-eneHbiO 

H CT~6HnbHOCTH "renepaTopa"·, 

rHO 'oJlHH8KOBbl9 cynepU03HUHH; 

[hiM COCTOHHHHM A H B I KOTo-
~ . 

H · ac9ro nHWb -~acTHhiMH .. cny-

t,a=O nf3=1 AaeT B r.· 
CCMOTpHM ~aCTHUhl CO CUHHOM 

OT 3Jl9Cb COCTOH!tHH C npoeK

i9HH91 paanH~HhiM 'cyn9pnoaH- · 

IOB8HHblM. Oll!>9JleneHHbiM o6pa

~H; H9np9jJbi'BHbiM napaMeTpoM 

IMH· CUHHOB1 CTe~eHb HeOpTOI'O-· 

18HHblMH, B npOTHBOn_onO~Hb!X .. 

HH . C napalin9nbHblMH CUHH8MH . .. . . , ~ .. 
. ae ~oryT c~Y*l:!Tb ycTSHOBKl:l1 ... 
mo1, ~To nanpa,a.nenuH·,.MarHHT:-. . . 
El8Tb C a6coniOTHOii TO~HOCTblO, 

•• • . J• • '•' i 

X .lf.·ITOnHOCTblO ,TO*Jl9CTB9HHhlX 

>60ii, KOite~HOfi ro~HOCTbl0 1 HO 
• • < '.;. ' • • ' 

. j 

:I 
j 
l 

; I 

npyroii HHT9p9CHb!H npuMep C~H38H c neinpanbHbiMH K-M930HaMH. 3aKOH 

COXpaH9HHH CTpaHHOCTU npHBOJlHT K TOMY 1 ~TO B HeKOTOpb!X. peaKUI!SlX MOI'YT 

· · . o K + K 
I'9HepupoaaTbCH TOnhKO cyn9pnoauuuu Tuna K - I 

2 HeaanucuMo OT aueprHn 

[2 
nepnu~HbiX ~aCTHU, uMnynhCOB BTOpH'IHhiX qaCTHU u T,Jl, B peaKunnx Jlpyroro 

THU8 1 nao6opoT1 noaHuKalOT TOnbKO opToronanbHhie cyn9pnoanunn [(
0 = K 1- K2 •. 

..;2 
ilo9TOMY M0*9T noKa38TbCSI, 'ITO BCe 'I8CTI!Ubl 1 OTHOCS11Ul!9CS1 K OJlHOMY II TOMY 

*9 113 9TI!X JlBYX KnaCCOB 1 CTporo TO*Jl9CTB9HIIh1 1 a 'IaCTI!Ubl pa3Hb!X IWaCCOB 

nonHoCTbiO paanu'IHMhi, 

0JlH8KO 9TO BepHO TOnbKO npa6nuai!TenbHO, UOCKOnbKY CTp81IHOCTb COXpa

HS19TCSI nuwh B cunbHhiX aaauMOJleiicTBI!HX1 a r~uepaunSI K-M930!IOB B neKOTo

poti M9p9 o6ycnOBn9Ha H cna6b!MH B3aUMOJl9llCTBHS!MH, Y~~T cna6hiX B31l.UMO

Jl9HCTBI!i; H9M9Jln9HHO npUBOJli!T K 3aBUCHMOCTH K09tlJcpHU1!9HTOB CY,nepn03l!UIIH 

OT KUH9MaTU'I9CKHX napaMeTpOB, KOT0pb19 He MOI'yT 6b1Tb ljJUKCllpOB8Hbl c' a6co

niOTHOll TO'IHOCTbiO, TeM caMhiM Mhi npuxoAHM K TOMy · *e1 'ITO u B npeJlhiAY

weM np.uMep9. 

To o6cronT9nbcTao, ~To co cna6biMII B38HMOJl9tiCTBI!S1MU cnnaaHhi o•IeHb 

M8nbi9 BapHaUHH K09tlJtiJHUH9HTOB paCCM8TilHB89Mb!X cynepn03l!UUti, B III!Tepe

CYIOW9M HaC ceti~IaC OTHOIUellUU He HM99T npHHUHUUanbHOI'O 31!8'Iei!!IS1, HaaecT

Hhl, anpo'I9M, H TaKHe peaKUHH, B KOTOpbiX Koa¢¢nuuenThi cynepnoauunii r.wryT 

Bapbl!pOBaTbCS! U Sa C'IeT C!Inb~b!X B3aUMOJl9llCTBUi1~ ilpUMepoM MO*e.T cny

*liTb o6paaonaHHe cocTOSlHHii Tuna aKI.+f3K 2 npn ·cTomwonenunx K2 -Me

aonoa c smpaMH. 

B canau c paccMoTp9HHbiMU npuMepaMu yMeCTHO oTM9TUTh, •no ananua 

npo6n9Mbl. TO*Jl9CTB9HHOCTU B KBaHTOBOfl M9XaHI!K9 Ocno;KIIS19TCSJ 1 nOMilMO 

acero npO'I9ro, HCTOpH•IecKu cno*uaweilcn nyTaHIIU9li a Tcpr.mnonorun. Bon

uoaan tjlyHKUIIH H9liTpanbHoro K-M9aona a o5meM cny•Ia9 I!MeeT BI!Jl 

a 1 K 1+~K2 .C Jlpyroii CTOpOHhi, BOniiOBaSl tPYHKUllS!.'IaCTUUhl CO CUUHOM j = 1/2 

TaKlK9 MO*eT 6hiTb aanucana .B Bl1Jl9 1/J =a 11/J +ll +a 2 1/J -ll , rAe + 1/2 u -1/2 

OTBe'Ia!OT JlBYM B03MO)KHbiM np09KU!I SlM j 

C 06IU9il KBaHTOBOMeXaHU'I9CKOli TO'IKII 3peH!lS1 p9'Ib B 050UX cny~aHX 

UJl9T o5 OJlHOM u TOM )1<9, T9!'1 He M9H~e ycTaHOBIWaCb JlOBOnbHO crpannan 

rpaAUUHSl, cornacno KoTopoii B cnyqae K I u K2 ~aCTHU ( n B Apyrux ananoruq

HhiX cnyqagx) TOBOpS!T 0 pa3HblX 'I8CT!IUaX, a 'IaCT!lllbl C m= +1f2 ll m =-1/2 
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... 

... 

. , 

~rro'IeMy-To c'InTaroT -To*.necTBeHHhiMn:. flocKonbKY .C:::BOiicTBa·.·Ki.n: K2- peaKo. 

·paanU'IaiOTCSI, ecTeCTBeHHO C'I~TaTb ux,:·a BMeC_Te, C HUMU U .?OCTOSIHUSI C,.m =. 

-=·+1/2 u m"' -1/2, p~ann:'IHhiMH ·'IaCTUUaMH, l1MeHHO TaKaSI TO'IKa· apeHUSI (Ka-
• ' • '' :. • ; " .. • • >.t ' ~ 

CaiOIUaSICSI BCeX BHyTpeHHllX KBaHTOBbiX 'IUCelr) nEl)!{llT B OCHOBe BCei'O HaiUei'O · 

paccr:·10Tpe·H~Six/. , -. 

:Uorryc~uM, ~ro, 6aaucHhie cocTOSIHHSI A n:. B n:MeroT P!l3Hhie Macchi (oc

.Hoaaoe U B036y)!{.QeHHOe COCTOSIHUSI aTOMa ll r . .n.), MO)!{HO. nn 3THM BOCIIOlrh-

30BaTbCSI .nnSI rrona~'ro oT.ne·neH~SI A· OT B ·c. IIOMOIUbiO KaKoii-nu6o rr~poroaoii 
·.peaKUHll U TeM CaM hiM .QnSI· I'~HepaUllll a6coniOTHO TO)!{.QeCTBeHHhiX. qaCTllll? 

HeT, H~nbaSI! Pa6oTa nro6oro peanhHoro "reaepaTopa'' ca·SI3aaa c HeKoTopbiM 

X:apaKTepHhiM rrepuo.noM ycTaH:oa.neHUSI !lt; cne.noaaTel!bHo, ua-aa c·o-oTHo

rueiiiiSI Heorrpe.neneHHOCTll /l£ /l t.::_:h IIOpOI'OBhie •ycnOBllSI Bcerira· 6Y.QY.T B TOil 

unu uaoii Mepe H~pyiiiaTbCSI, · Ponb aTux iiapyui'eauii. reM MeHhiiie, 'IeM .6onbiiie 

paanifqaroTcSI MaCChi A ~ B u 'I eM 6onhiiie aenuquaa /l t, ao · coaepiiieano' lf~6a-
~ . . . ' . . 

'. 

BUTbCSI. OT HUX HeB03MO)!{iiO, TaKUM · o6pa30M, ·a B 3TOM OTHOIIIeHIIU IIpOTUBO-

IIOCTaBnenue Me)!{.Qy TbN(.QeCTBeHHOCTbiO U IIOnHoii paanU'IllMOCTbiO SIBnSieTCSI 

OTHOCf!TenbHhiM, 

Bepaei-.icSI K ·aa.naqe o pacceSIHnu u aorrycTHM; 'ITO a. o6cif!X "reuepaTopax" 

COOTB.eTCTByiOIUIIe 3Hepi'llll Bbiiiie. IIOpOI'OBbiX;·· ~cne.QCTBlle 'IEii'O B03HllK8IOT 

cyriepiT0,3liUUU '( 3), B 'Ko'rOpbiX KO~cpqmUIIeHTbi . a 1 ' ll • a 2 COIIOCTaBUMhi .' IIO Be

nU'IllHe C {3 1 II {3 2 • f0Bop'g 'paHee 0 COOTHOIIIeHi!II. ( 4), Mbi ~e SIBHO rrpeanona

rann, 'ITO A If B !iMeiOT OJlUHaKOBbie MaCChi,· nocMOTplfM, 'ITO ,113M~HUTCSI, ecnf! 

in A l=m 
8 

.' B •· aToM cnyqae c'ynep!loanunlf ( 3) ·Hec-raunoaapHhi n K:oacpcplluneHThi 

·a k u· f3k aaBf!CHT OT co6cTBeHHhiX · apeMeH r k, OTC'IUThiBaeMhiX oT MOMeHTa 

reaepaunu a Ka)KJlOM !fa· "reaep'aTopoa'" ao MOMeHTa pacceSIHUSI: 
,_,_ .. 

. -im 2 / 
·a - 0. . Ac T·k t. 

k .-a k e 

t:l-' 0 .,...imBc2r j.r, 
~-'k-f3ke . k . (6) . ' 

.;_ ._·, 
x/ • 

· Harr.oMHHM a ·:;noli: _caSISif" cnoaa A •. nyaaKape, KOTOphifi noJ:t'IepKIIBan, 
'ITO B HayKe "~;. TO'lHO onpeAeneHHblll SI3h!K - BeUib BeCbl)-{8. He 6eapa3nii'l-

····a·ag"/}3/.' ·~ · · 

. ' -~ ,...._ 

10. 
. 

... 

·I' 

,,_ 

1(.f. 

I 

( • r (· 
l. 
. f s 
' ~ 
~ ~-
r 

i 
i! 
,( 

\ 

. i 

\{: 
(r I 

~( 
(,\ 

'l 
\ 
I 

... 

. n OSTOMY CTeneHb Heop6ToroaanbHOCT~ {5) ll . Bep.osi!llOCTb pacceSIH 

6yJlyT aaBnCeTb OT. BpeMeHn •. fler~o .Bn:J:ie'Tb, 'ITO .aaBliCliMOCTb 3T8 

KaSI 'c 'I8CTOTOii 

w ., 
mA-mB 
---c2 
1i . 

•.·· 

.UnSI .ee Ha6mo.neHn:SI aeo6xo.nn:Mo n:MeTb ~reaepaTopbi" .. n: o6nac1 

aocTaTO'IHo ManhiX paaMepoa. YKaaaHHhie yc~oB~SI Mornn:. 6bi 6biTI: 

·BbmonHeHHhiMII, aa~pH~ep, npa·paci:eSIHn:~· Heii:T~anhHhiX K -Meso 

To.pbiX pa3~<?CTb. ·MaCC m K}mK
2 
O'I~~b Mana ~- COOTBeTCTBYIOIIUiii,:( 

CTBe!IHbiH IIepUOJl COCTaBnSieT 06hi'IHO HeCKOnbKO CaHTUMeTpOB, 

Etnn: aenuttuHa m A - m B JlOCTaTO'IHO Benn:Ka, ·To aaBUCSIIUllC 

UHTepcpepeauuoHHhie qneHhi ycpeJlHSI~TCSI, Go-~T~omeHue ( 4) rrpn:E 

an.n: 

• 2 2 2: -2. . . : .. 2 
W-[(la1 1'1~ 2 1 +lf3 1 1 lf32 1~Jif(O}+[(rr-O)_·I+ 

. ' 

"! 

2 2 2 2 . 2 
+{lazl lfJ2I +lf3111a21 Xlf(OJI +lf{rr-OJI_:JL: 

HHhiMU cnoaaMu, aepoSITHOCTb pacce9:HHSI rronyqaeTcSI' TaKoii. )!{e; 
' . . ~ 

B Ka)l(.noM u3 "reaepaTopoa• 'ISCTHUhl A n: B aoamiKann: Heaaauc 

·il~~ra c ~epoSITHOCTSIM~ I~ ,k 12 
u I f3 k I~ ·cooiaeTcT~~·HHO coaaaeT' 

Hue, iiTo a aayx aKTax_ reliepauau .MoryT aoaHitKaTb··JlBe ·'a6conro1 

BeHHhte qacTn:Uh; ( Ai una BB ) . na·6~ a~e ~Gcon~THO. paann:qu~ 
('A uB). 

OrrucaHHasl CHTya~HSI ac~peqaeTcSI, XOTH if ·ile. aceraa, · lio B< 

TO'IHO 'IaCTOj aa}KHQ OT~eTH'I'b,' 'ITO OHa COOTBeTC~Bye;· ho'ITU.B< 

.aHa'itaa KOTophrx ·chrrpan orrpe.n'enSIIOmyro ponb rrpn: aoaHifKHo~e'at 
--~exaHHKH~ Harrpa~e~, ·ecna. pe'Ib HlleT ·~ aayx ~To~Hhix ·yJ:?OBHSI: 

(u- 1Q15 CeK-1, .nnSI ypOBHeii SI.Qpa ;llllH'IHhl~ .3Ha'IeHHSI Ct> ~ 
I ' -~ " . •' .•' -{, : • . \ ' 1' . 1 "- . \ '1 :. '~. ''' . :' '• 

B 3TUX ycnoiiHSIX o6ruerrpHHSIThte B KBaHToaoii:.MexaHuKe II! 

·o IIpHpOJle TO)KJleCTBelili~CT~ SIBnSIIOTCSI C .ppaKTH'IeCKOH TO'IKH 3 

.. -:·· 

.. :;:: : ·:' 11 



1IbKY ·~BoilcTBa/K1 . n K2- pesKo. 

:_Te, C HHMII II COCTOSIHIISI C •. m = 
~eHHO TaKaSI TOqKa speHUSI (Ka-

, .. • • J.\_ • • 

ne~UT B OCHOBe BCe~O Harne~O· 

l ~. 

B HMeiOT paSHhle MaCChi ( oc

n.). Mo~r~/nn :niiM. Bocnonb

>MorubiO KaKofi-nu6o ne>poroBoil 

IOTHO TO~AeCTB~HHhl:x. qacTuu? 

lpaTOpaj: C~SISaHa C lleKO~OpblM 
:neAOBa Te1lbH01 US-Sa C'OOTHO

l 'J'CnOBIISI BCerita· 6YIJ.Y.T ~ TOil 
. ' ' ; 

eHufi .. TeM MeHbllie1 _qeM. 6onbrne 

~qnHa ·/J,. t, HO. coBeprneHH0
1 n~6a-. ·.· . •. .. 

-u B 9TOM OTHOllieHHII. npOTUBO

IHOfi pasnnqHMOCTbiO SIBnSieTCSI 

:nM; qTo B. o6cinx ·"~ElHepaTopax" 

; · ~_cneACTBHe qero BOSHHKaiOT 

a1 : n :a 2 conocTtiBIIMhl :·no Be

·Hiin ( 4) 1 Mhl ue SIBHO npennona-
-:-···'. . . 

OCMOTpHM1 qTo ,II3M~HHTCSI1 ecnu 

:ec-rauuoHapHbl n K'oa<Ptt>nuueHThl 

k ,· oTcqnThm~eM:brx c:>T Mo!\.ieHTa 

MeHTa pacCeSIHIISI: 

(6) 

lya!!Kape1 · KOTOphifi no.nqepK!man1 
-Bellib ilecbl).fa· He 6eapaannq-

·. '1 

~ i ' 

'. ~, 

. · · .... 

!I -

'.·• .... 
.: '• 

f109TOMy CTeneHb HeOp~TO~OHanbHOCTU (5). II -~eposl!HOCI'b pacceSIHUSJ ... (4) ':TaK~e . 

6ynyT SaBUCeTb OT. BpeMeHn. nef.I,{O, BHJie'Tb1 qTo S8BUCIIMOCTb 9Ta. llePli?AUqec::-,-· 

KaSI C qaCTOTOH 

(/.) -
m -m 

A B C2 

1i 

. •,' ..... :1-

(7) 

,UnSI .ee Ha6niOAeHUSI He06XOAHMO UMeTb :'reHepaTOpbl", U o6naCTb paCCeHHHSI 

AOCTaToqHO ManhiX paSMepOB. YKaSaHHhle yc~OBUSI MOI"nH 6bl 6h1Tb npaKTUqeCKH 

.BbmonHeHH~IMH 1 . H·a~pn~ep 1 npn paccesmu~· HeilT~anbHbiX K -MeSOHOB1 nn~ K~ 
T~pb!X paSH<;lCTb ·Mace m t<·i'mK2 oqellb Mana U COOTBeTCTBYIOrllHfi,.('J:) npOCTpaH~, 

CTBeHHhlfi .nepHOA COCTaBnSieT 06biqHO HeCKOnbKO CaHTUMeTpOBo 

Ecnn BennttuHa m A - m B AOCTaTOqHo BenHK81 TO SaBUCSIIUHe OT BpeMeHH 

UHTep4JepeHUUOHHhle qneHbl ycpeAHSIIOTCSI. COOTHoriieHne ( 4) npnHHMaeT TOI"fl8 

BUA: 

:• j· .•. I 

(8) 

i,, .. 

11 Hb!MU cnOB8MU 1 BepoSITHOCTb p8CC9S!IHHSI nony'IaeTCSI · T8KOH. ~e; KaK e~nH 6bi 

B Ka~AOM u3 "reHepaTopo~" 'IaCTHUbi A n B Bosmu<,ann aesaBncnMo npyr· ot' 
-n~yra c BepoHTHOCTHM~ I a 1 12 

n I fl 1 I~ ·cooiBeTcTB~HHO cosnaeTcH ·BnetiaTne

HUe1 iiTo B. ABYX aKTax. reHepaunn -MOI"yT ao3HHKaTb: ABe a6coniOTHo To~nec-r:- · 

BeHHble 'IaCTHUh; ( Ai unn BB ) mr6~ n~e a6com~'rao paann'IHMb!e. qacTHUbi 

(A n B). 

OnucaHHasi: CUTya~HSI BCTpeiJ:aeTCSI1 XOTSI li ire BCei"Aa 1 · HO Bee ~e AOCTa-· .. 

TO'IHO '!aCTo; Ba)Kad OTMeTUTb,' qTo olia cooTBeTcTByeT· no'ITH BCeM cnyqa~M, · . 

. aHa:riua ;wTopbrx ·chrrpan· ~npeA'enHIOmyro poiu, npn BO~HnKao~e'anli · KBaHToBofi • ..• -

. J',.{exaHnKn~ Hanpn~ep~ 'ecnn pe'Ib nAeT o ABYX aToMHhrx · yroBHHx,· To· o6hr'IHO . · 

0.>- 1Q15 CeK-1 
1 

AnSI ypOBHeil SlApS T.HfiH'IHhl~ 3H8'I9HHSI cu- 1020 C9K-1, 
' ' ~; f, 

0 
, , • , 

0 
• • , 1' I'. , ': 

1 ·~ • I , • \ 

. B a'THX ycnoBHSIX o6menpHHSITbl9 B 'KB8HTOBOii'. MexaanKe npeACTa'BneHHSI 

0 npnpoAe·TO*A9CTB9HHOCTH SIBnHIOTCH C .ppaKTH'I9CKOfi TO'IKH 3peHHSI BllOnHe 



i d! 

4 

rrpueMneMbiMH, HeH01 0):{H8K01 'ITO OHH OTB8'l810T TOnbKO O):{HOMY H3 B03MOlKHbiX 

npeaenbHbiX qaeTHbiX en;yqaeB, H HX a6eomoTH38UHSl He MOlKeT e'lHT8TbCSl 38-

KOH~OH, B apyroM npeaene, Koraa qaeToTa (7) aoeTaTo'lHO Mana nnn aaJKe 

paBH8 HynJO ( T,H, BbipmKaeHHe), :3TH npeaeTaBneHHSl eoBepiiJeHHO He eoOTBeT

eTBYIOT aefieTBI!TenbHOeTH, 

no enx nop npe!liTOnaranoeb, 'ITO eHa~ana o6pa3yiOTCSl cynepn03HUHH, 

Tnna (3) 1 KOTOpbie _3aTeM paceenBaioTen. DpHMepHo TaKan JKe KapTHHa B03Hn

Kaer II TOr!la, Kor):la reHepiipyroTen BOnHOBbie naKeThi oproroHanbHhiX n era

uno!IapHbiX eoeTOSlHIIH A II B 1 a noene paeeennnn e noMOIUbJO eooTBeTeTByJO

IUIIX aHannaaTopoB oT6nparoTen HeKoropbie eynepnoanunn L u M, onpeaenneMhie 

eOOTHOIIJeHHSIMH 

* * L =EA + ILB, * * M=vA+T/B· (9) 

3TO 03H8'l88T1 'ITO eoeTOSIHHe L 5IBni18TeSI O):{HHM H3 eo6eTB8HHblX. eoeTOSIHHH 

nepBoro ):lereKTOpa, M - Broporo J:leTeKTOpa. 

Ha (9) BbJTeKaeT1 'ITO aMnnnTYJ:l-'>1 perneTpaunH eocTOSIHnii: A n B nepBbiM 

):lereKTOpOM paBHbl eOOTBeTeTBeHHO E H 11 , a BTOpblM ):leTeKTOpOM- V li ."/ , 

KaK noKa3aHo B/1 I 1 BepoSITHoeTb J:l30iiHoro eoBnaJ:leHnSI B onnebiBaeMoM Kop-

penSIUHOHHOM SKenepHMeHTe: 

W -IIE'f/f{ e) 12 +lllvf (rr-e) 12 
+ 

+ 2 R e ( r 71 v* 1L * f (e) f *(;- e ) e 

2 rr
1
-r

2 
)c 

ilmB-mA) h 
( 10) 

)I. 

r_[te T l II r
2 

- eo6eTBeHHbJe npeMeH81 ore'li!ThiB88Mb18 OT MOMeHTa paceeSIHUSI 

llO MOM8HTOB epa6aThiB8HI!5I eOOTBeTeTBYIOIUUX .QeTCKTOpOB,' 

Benu 'lacrnUhi pernerpnpyioTCH neMc):lneiiiiO noene aKTa pacceSIHI!SI, To 

r 1 =T 2 = 0, II (10) !IepeXOAIIT B 

' 2 . 2 ' ' 

W-II•T/f(e)l +lllvf(rr-eJI +2Re( .. qv*lt*{(e){ *{rr-e))l. (101) 

1'2 

~! 

" 
: -'·DpeJ:lnonoJKHM ):lanee1 qro· o6a aereKropa y-el-pifeHbi: oanHaK"oBc 

TenbHOf ol-6up~J9r o.tiniia.KOBbiEl · cynepnoauuuH'' L =M (E=V,/L='f/·). Tor ):Ia 

~8!18liTHO ~ COO;'a:Olli~HHIO. ·(2), XapaKTepfioMy anSI. TOlK):leerBeHHhiX ' 

~aKMe,·' 'ITO IIpH1 E->V: II IL"'T/ nepe~OJ:l (10'). B (2) .·npoHeXOAH.T HE 

B oomeM: e.nyqae,. KOr):la i 
1
-r 

2
;f. 0,. Bd3HHK~JO~· ~•.eoorBereTBil:J 

· Tep!~JepeaunoH!Ihie ''6neHHSI" BeponrHocTn perneTpaunn. Eenn·. pa: 

,in A-m B · )locr.aro'IHO Be_ilnKa,' Heo6xo):l:uMo · ycp.eJ:lHHT~'":·.( 10) no· I 

IIT • · 3ro npuBOJ:lUT K eooTHoilleHUJO . 2 

'2 ' • 2 . ' 
W-:.{ lqf(eJI +lvllf{rr-e)j·. I. . .. ~· . 

'."·i· L • - .? 

.ae'·eoaepmameMy nHTepiflepeamwimor'o qneaa, T,e. exoaaoMy no eB' 

pe t' ( 1 ) , 

nnn: Heera6unbHbiX qacTnu: <>.r6op eyne~noanunii L · n· M 

n:ecrBnnTb.cn nyTeM perncTpaunn coriTBeTcTeyromnx. Mo.ti-: pac 

B TaKciM or6ope no eyTn aena; ~· eoeTOHT npuqnaa •P.oai-tnKliOI 

!~Jepeauno~HhiX SIBriea11fi npH perneTpauun paenarioB aeeT~6H~bHhiX 'II 

noaqepKHyTb'1 'IT~ n' al:teeb nMeeT MeeTo aenpepbiBHhifi. nepexoa'·.'K 

J:leCTBeHHbiX' qaeTHU, eenn OT611paeMb{e, eoeTOSIHHSI. e6nulK810TeSI .~ 

(6onee ~.o!lpo6uo cMJ1,2,3/), , '· . ·;. 

no ~HX nop Bee pacCMOTpeH~e Benoeb llpHMCHHTenbHO K 

KOHKpEiT_HhiM aaaa'laM. HeH01 oaaaKo;. ~-To npoBe!leHHhiii' a.aarina 

aaaqeane. nnn roro 'lT06bi y6e):{HTbCSI B enpaBeamBocrn sroro ':J 

paCeMOTpHM KOpOTKO BOllpOe 0 eTpyKType BOnHOBOii.!IJyHKUHH en . . . ",.'• ... ' 

Tnu/1110/, Caa<Jana npean.onoJKuM, 'ITO pe'lb HJ:leT o nonaoeTbJO .pa 

<JaeTnuax A II B • 3ro Moryr GbiTb nro6:b1e_ napbi qaerau; eKa;>Ke: . . 
nn6o a-'laernua n rr -MeaoH, nn6o aneKTpoHhi c· npoe:Ku~SI}'~1H enn 

• -- • • .- • • • < 

H -1/2. H. T,JJ. 

. x/. . . - - . . - - ' . 
3aMeTHM1 qro· ·creneHb ueoprorouanbHOCTU <LIM> Henocpe 

s ·(lo) a'- (10") He BxoniiT; reM He Menee ocraeren cnpaaennn: 
yra~pJKneHn~.: npu I<L IM>I _,.] npoucxonHT. uenpephhiHhiiL nep.exon 
CI1CTeMbi ToJKnecraeHHhiX qacruu. 

13 



TOnbKO OJlHO~~:iY U3 B03M0)Kl!b!X 

lUllS! He MO)KeT C'll!TaTbCSI 3a

) JlOCTaTO'lHO Mana HnH Jla)Ke 

eHI!SI COBepllleHHO He COOTBeT-

'Ia .o6pasyiOTCst cynepnosnuuu · 

~pliO. TaKaS! )Ke KapTnHa B03Hli

IaKeTbl OpTOI'OHanbllblX II eTa

liS! C IIOMOlllb!O COOTBeTCTByiO

p!I03l!Ullli L n M, onpenenSieMbie 

(9) 

!liM 113 C06CTBeHHb!X. COCTOSIHHI':i 

>aUI!Ii COCTOSIHHH A II 8 nepBbiM 

BTOpblM JleTeKTOpOM- V JI .T/ , 

.naneHHSI B OIII!CbiBaeMOM KOp-

2 
1-r2 lc . ( 10) . 

b )I, 

3aCMbiC OT MOMCHTa paCCCSIBUS! 

teT'eKTOpOB,' 

mo nocne UKTa pacceSIHII SI, TO 

( *(rr-0))1. (10') 

"·npennonO*HM nanee, 'ITo· o6a neTeKTopa Y'cTpdeHbi· Olli!HaK'oBo n; •,cnenoBa

renbnor or6npmpT onuira.KOBbie cynepno3HUHiFL :M(£=v,p=TJ)Torna (lO'J .. sKB~~ 
~a~eirTHO · • coOTHOlli~HHIO ·(2); xapaKTepH'oMy nnSI TO*AeCTBeHHhiX qacT~u. He no 

·TaKX<e,''lTO rrpn 1 .£->V: HJ.t->T/ nepeXOJl (10'). B (2) ·npOHCXOAH.T Henpepb!BHOX/, 

8 o6meM cnyqae, KOI'Jla f 
1 
-r 

2 
;f, 0, Bb3l!HKa!O~ ~. COOTBCTCTBiili: C (1 0) .Ill!-

. repcjlepel!UHOHllbie 1'6uenust" BepoSITHOCTH perucrpauun, Ecnu pasilocii:.·.' Mace·,. 

,in A-m~· 'AOC'TaTO'lHO BeiinKa,' Heo6XOJlUMO yi::peAHHTh'~· (} 0) liO · BpeM9Hf.1M r 1 

ur ;' 8ro npHBOJlliT K COOTHoineHHIO 
. 2 

• . 2 . . 2 
w,.q lqf(OJI +lvp.f{rr-OJI· I. '(10'.') . 

·:,' 
' . 

. He" COJleplkallleMy I!HTeplf>epeHUHOiiHOI'O 'lnena, T,e, CXOJlHOMY no CBOefi CT~yKTY.- .. 

pe t:' ( 1 ) , 

llnst 'necTa6nnbHbiX qacruu or6op cynepnosuuuii: L' u M MomeT ocy-: 

necrBnstTb.cst 'nyr-~M perncrpauuu coorBercrayromux. MO.ti· pacnana •. 

8 TaKOM or6ope no cyTI:I ]lena ll COCTOHT !Ipll'll!lla: B03lil!KHOBel!HS! lll!Tep-
~ . .._. 

· cjlepeHUHOBHbiX SIBneHHii npu p·e.rncTpauliH pacnanoB l!ecTa6HnbllbiX qacTuu. Ba)KHO. 

nonqepKHyTb, 'ITO n, sneci:. uMeeT MecTo nenpepbiBllbifi nepexon· k cny'laiO: TO)K

necrBeH.HbiX <Jaciuu, ecnn or6HpaeMbie cocrostliJist c6nu*aiOTCst .Me~ny co6oii: 

( 6onee nonro6uo eM.! 1 ,2 ,3 I), , . 

llo C_HX nop Bee paCCMOTpeHH.e BenOCb !IpUMeHUTenbHO K OTAenbHbiM 

KOHKperlibiM sana'laM. Hcno, onnaKo, tiro npoBenenllbiH aHarius uMeer o6mee 

3Ha'leHue. llnst ioro 'lT06bi y6enuTbCst B cnpaBenmBOCTH sroro yrBeP*IlEHIHst,' 

paCCMOTpHM KOpOTKO BOllpOC 0 CTpyKType BOnHOBOH cpyHK~H!i CUCTeMbl 'laC

THU/1, 10/, Ciiaqana npennono*uM, 'ITO pe'lb uner o nonnocTbiO .pasnt,l'laiOlllHXCSI 

qacTuuax A u 8 • 8ro Moryr 6biTb ni06bie napbi qacruu; cKa*·eM,- K 1 u K2 , . 

nn6o a-'lacrnua !I" -Me3oli, nu6o sneKTpOHbi c npoeKU~st~u. cnuna m = +112 

H -1/z' H. T,JJ. 

~· . . ' 

3aMeTUM, 'ITO. CTeiieHb HeOpTOI'OHanhHOCTII <LIM> Henocpe/lCTBeHHO 
B• (10) u' (10") He BXOilHT; TeM He MeHee OCTaeTCSI cnpaBellnUBblM. IIpe)I{Hee 
yrBeplKAeHu13.: npu l<L IM>l-.1 npoucxoAUT aenpepbhiHbilt. nepexon K noBelleHUIO 
CllCTeMbl TOlKileCTBeHHhiX 'l!ICTIIU, 
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ByneM paccMaTpiiBBTh A II B KaK naa pa3HhiX cocTOHHlHI'OAHofi··u: Tot!: 

}Ke '18CTIIUhi, T.e. BBeAeM HeKOTOpOe BHyTpeHHee KBaHTOBOe 'IIICJIO, OAHOMY ·II3 

aHa'IeHnii KOToporo. orneqaeT cocTOHHne A , -ilpyroMy - B • Torna aonH:oaan 

¢yi!KUUH CI!CTeMhl 6yneT 38BUCeTh He. TOJibKO OT KOOpAUHBT 'I8CTHU1 HO II OT 

HX anyrpeHHIIX KB81!1'0BhiX 'II!Cen. 

BseneM Teneph npencTaaneuue o raK uaahmaeMoii "nonHoil. nepecraHoaKe", 

-COCTOHUleii B nepeCTai!OBKe B C e X apryMeHTOB BOJIHOBOH ljlyHKUHH KaK BHelll

HUX, TBK II BllyTpei!HIIX. fl ocne TBKOH nepecTaHOBKH Mhl npi!XOAHM K npefKHeMy 

ljJH3H'IeCKOMY COCTOHHHIO, O'TKyAa, KBK U3BeCTH01 cnenyeT, 'ITO BOJIHOBBH ljlyHK-. . . ' 

U(!H nn6o nepeXOAUT C8Ma B Ce6H (6030Hh!), nu6o MeHHeT 3H8K (ljlepMUOHhi). 

TionqepKHeM, 'ITO nonyqeHHhiii: peaynhTaT un a Koeil. Mepe He npennona

raeT rmKnecTBeHHOCTu A u B; OH npaanneH raKllie 6eaoTHocuTenbHO iK -TOMY 1 

no3MO}KHhi nnn ueao3MOlliHhi cynepnoanunn cocTOHHuii: A n · B. Ecnu TaKue 

cynepnoanunn aoaMOfKHhi ( nMeliHo a ToT cnyqafi Hac nHrepecyer npefKne scero), 

TO cljlopMynnpoaaHHOe. yTBepfKAeHue 0 CHMMeTpii3BUUII ( HJIH 8HTHCHMMeTpll3a

Ullll) aonHoaoil. ljlyHKUnn o'IeBHAHhiM o6paaoM cnpaaenmmo He TOnhKO nnn A 

II B 1 uo n nnn mo6hrX ux cyneprroanunil. C u D • 

06paruMCH reneph K cucTeMe nayx TaKux cynepnoauuuil. 1 onpenenneMhiX 

B COOTBeTCTBHII C (3) 1 ll 38ABAHMCH BOIIpOCOM: KBK H3MeHHel'CH BOJIHOBBH 

· qJyHKUHH Cl!CTeMbl nocne nepeCT8HOBKH OAHHX TOJibKO BHelliHl!X KOOpJ:IliHaT1 HUK8K 

. He 38Tpal'HB810Uleil. BllyTpeHHUe KB8HT0Bhle · qucna? Ecnu C:D, TO no OTHOllleHHIO 

K TaKOli nepeCTBHOBKe BOJIHOB851 lPYHKUU51 o6nanaeT npHBhi'IHhiMH CBOii:CTB8Mll 

BOJIHOBOH ljlyHKUHH TOlli,[leCTBeHHhiX '18Cl'HU, T.e. He. U3MeH51eTC511 111160 MeH51el' 

a·naK. 

HCHOi OAHBKO, 'ITO CK838HHOe He Ol'I!OCUTC51 K 06llleMy cnyqai01 KOI'Aa 

C f- D II nepeCT8HOBKa KOOpA!IH8T B· KaKOH-TO Mepe ll3Mel!51eT CBOHCTBa Cl!CTe

Mhi. Hcuo TaK}Ke, 'ITO npu C ... D Mhi · nMeeM neno c HenpephiBHhiM nepexonoM 

K noBeAeHUIO TOfKAeCTBeHHhlX 'IaCTIIU/10/. 3TO OTHOCIITCH KO BCeM acneKTaM 

noB~ACIIIIH CI!CTeMhl, nOCKOJihKY BCe O~ll B paBHOli Mepe xapaKTepn3yiOTC51 
. . 

cnc;>~icraaMn aonHoaoil. ljlyHKUIII!. TeM. caMhiM nneH o nenpephiBHOM nepexone 

OT pa31ll!'I810lllllXC51 '18CTIIU K TOfKAeCTBP.HHhiM npn c6nirlliel!l!ll l!X BllyTpeHHIIX 

COCTOAI!l!ll ljlopMynnpyeTCH B Hal!60nee 06llleM BUAe. 

B uenHX yroqnenuH cnenaervr ellle HecKOJihKO aaMe'Itllmii. 
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06hi'IHO C'IHTaeTCSI1 'ITO. -H81lli'Ille Ha.K-o6_oJIO'IKaX aTOMOB. 

· aneKTpOHOB SIBJIHeTCH. cneACTBHeM HX a6COJIIOTHOH TOfKAeCTBeHHOCTil, ,, . - ·.... ; . . . -

· pa3yMeHu~.' ~)leii:c'TB.I!Te11bH0 1 KaK . Mhl. yllie BHAe1lll 1 a6COJIIOTHO TO 

aneKTpOHOB · qiaKTH'IeCKH: ne cymecrayeT; · Ha caMOM •nene o6cyfKAae 

K-o6mio'IeK HBnneTcSI cnencraueM ~puaunna cyne?noanu~n ~H __ an 

BOJIHOBOH ljlyHKUHH no OTHOllleHHIO K:nonHoii nepecT~HOBKe; KOTopas 

BeH!~oro ·OTHOllleHHSI K a6coniOTHOii: TOfKAe.<?TBeHHOCTil, He HMee:T1 

roMy, 'ITO MOllieT .. 6hiTh cljlopMynHpoBaHa nnH ni06hiX paanu'IaiO,IUll 

HOB' (aanpnMep; AJISI HefiTpOHa ll npOTOHa1 3119KTpOHa H no3HTp 
• -. • • ' . ' • . ~ • l • 

TOlliA9CTBeHHOCTb .. 3J:(eCb MOlliHO ·6hinO 6bi BBeCTH TOJibKO ;qHC1 . . . . . . ; . ' . . . ~ "; . . 

nonaraSI BCe aneKTpOHhi, B :KaKHX 6hi. COCTOSIHH~X OHil .HH 6binll ., " :. . 

TOllil\eCTBeHHhiMH no oirpe)leneHHIO. Bh!lllel· ~AHBKOI 6b!n0· noKa3aH 
--._. ' .. ; ~ .. . t. -: -.' 

. Tep1>11!HOJIOI'HSI JIHllleHa- paayMHOI'O CMhiCna; 

3necb . MOfK91' B03HHKHYTb ·npyroe · B03pallieHHe. t.{ eM 6hi HH 
~ . . "'' ' .. ; ; . ~ . 

CBOHCTBa K-aneKTpOHOB !'e11H51 1 OCTaeTcsi. ljlaKTOM1 'ITO a· Hepen 
•. ' ' '·,· f .. • • -. • 

llpH611HfKeHHH !IX CIIHHhl CTpOI":O 8HT,IlllapannenbH:qi; C11eAOB8'fe11bHO . ~-· , "' .. . . 
pOll hi a6COJIIOT~O J?B311H'IIIMhi~. C., Apyroii: ~TOpOH~I! Cyll.leCTBy_IOT .II 

.UHOHapHhle COCTOSIHH51 aTOMOB renHSI1 ·a KOTOpbjX CIIHHhl 3JieKTp 
• : •" • ~o, ,:.~ '·~·t• '•' ~-w ,• ,__ •• ~ < ,•,';'' •:: • ., ,, 

·napann!'!nhHhi1 r,e. ane:KTpOHhi a6coniOTHO TOlliAeCTBeHHhi. He paa 
. ' . . . ~ .. . . . ,_ ~-- ' 

3TilMH npuMepaMH H8lllll npencTaBneHHSI 06 OTCyTCTBHH a6COJIIOT 

~eHHh;·x u a~c~n~~HO ~a~~~q~~~~-~ sn~KTp~~oa? .. ' , . . ... . . . 
'.:.··' 

H II B KOeii: Mepe! Caoii:CTBa' yKa3aHHh!X CTBUHOHapHhlX, COCTC 
.. , ··l,· ! ••. ,- ' -•• 

neii:CTBI!TeJibHO. TaKOBbl 1 HO CBMll. 9TH COCTOHHHH.- acero Jllllllb Tc 
... _... .. . ' •. ~' . f' :.·.· :'. • ' • 

·a6crpaKuun; ux MOfKHO coanarJ:l TonbKo c noM:ombiO "nneanhHhiX r 
- . '• ' '· •' . ;){'' ' .. ,,.· r: 

o6nana10mnx 6~nhlllHM nepnonoM ycTaaoanea:HS!:. B peanbHhiX ."r 
1... •• .," .,·. ' .!•, ' 

o6HaarenbHo, ~03HilKHyT cynep_rroauuuu crauuoHapHhiX aToMOB1 scm 

31leKTpOHhi TBKHX ~TOMOB ·.He MOr.yT C'Il!TBTbCSI .Hll .. :a~C~JIIOTHO 
< . ' - • ' . • ·-. . ' . . .;. ' -" !· --~· 

Hh1Mll1 . Hll a6coniOT~IO paanu~HMhiMH~j ~ • • ·/. . . . ..; . , . 

xl . . . 
· · CnenyeT nMeTh a nnny, 'ITO B ni06biX pea11hHhiX ycnonnl 

npucyTCTBYIOT, HaiTpHMep, HeOAHOpOJ:IHbie M8f'Hll-l'Hbl8 nonsi, CMeU 

MeMny (:q6oj\. CHH~neTHbie ll Tpllnnenihi~::SOCTOHHUH .renH,SI. Pace 

C:T8lli_!OH8p!jble COCT.OSIIIHH ren!f!': :6e3, y~_e"r.lf, BJI!fl'!!IIIR TBKHX ,nonei 
Hneann3aunH! ,.I:>enHTHBHCTCKH.e nonpanJ<n,. ~J!:BUBaneHTHbie _y.qery 

OJ:IHOp~llHb!X ~Hy~pliaTOMHbiX,:no~eii, r~~~e ~piiBI>ASIT. j<·.nepeMeur 
c. nneTHbiX li.,!::unr'~eTHblX COCTO~IHUU~ ·.:· . ,, : . ,, ,.. ' . . . . ' 

'• '' '·. · •· •· ~ ·~ -'- • • ~~, ,J.!!• _. ,i,;).r.> .•• ~ r 

. •'-" "-;~ :> ~; c~.. -... 
\!;· 

; ' 

15 



;i3HbiX -COCTOSIIIIISI · OllHOll' 'II TOfi 

le KBaHTOBOe <J:ucno, OllHOMy · 113 

pyroMy - B • Torlla · nondonast 

OT KOOpllHHaT qaCTIIU 1 HO II OT 

maeMoii "nonaoii nepecraaonKe", 

:>B BOnHOBOll ljlyHKUIIII KaK · Bllelli

OBKll Mbl npHXOiliiM · K .npe:li<HeMy 

,, cnellyer, qro nonuo~aSI !jlyHK

m6o MSHSieT 3HaK ( clJepMIIOHbi). 

1111 n Koeii Mepe He npellnona

tKJKe 6e30THOCIITenbHO iK -TOMy, 

:ocrostHIIii A 11 · B. Ecnii TaKIIe 

Hac uarepecyer npeJKile ncero), 

JII3~UIIII (Hnll 8liTIICHMMeTpH3a

cnpaBellnHBO He ronhKO nnSt A 
n D. 

:x cynepnoSIIUHii, onpellenSieMbiX 

OM:,KaK U3MeHSteTCSt BOnHOB8SI 

:>nhKO Bll8lliHHX KOOPilHliBT, HIIK8K 

1a? Ecnn C=D, TO no oraorneHHIO 

allaeT npHBbiqHbiMH CBOHCTBBMII 

~. He U3MeHSteTCSI 1 nn6o MeHSteT 

'HTCSI K o6meMy cnyqai0 1 KOI'Il8 
• • ,. I 

-tepe 113Me.USieT CBOHCTBa CIICTe~ 

eno c HenpepbiBHbiM nepexonoM 

0 OTIIOCIITCSI KO BCeM acneKTaM 

Jannoii Mepe xapaKrepusymTcSt 

ulleSI o HenpepwnuoM nepexone 

npfl. c6miJKeHUI! HX BllyTpeHHI!X 

1. BUlle. 

1nhKO a·aMC'!EIIIIiii, 

r: 
I 

i 
' I, 
I 

I 
I 
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I· 
I 
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06biqHO cquTaeTCSt1 qTO Haniiqiie Ha:K-o6pnoqKaX aTOMOB. 'ronbKO ABYX 

· a~eKTpOHOB :S!BnSreTC:St cnellCTBIIeM HX a6coniOTHOll TO/KileCTBeHHOCT_II, 3TO - HellO

. pa3yMeHIIe.' 'nenc'TBHTenbH01 KaK Mbl yJKe BHilenii, a6conl0Til0 TO/KileCTBel!Hb!X 
., . . . . . ' " . ' ' ' . . ~ . . '~' . " 

aneKrponon · clJaKTIIqecKII: He cymecrnyer; · Ha caMOM Ilene o6cy>KilaeMOe~ cnoiicrno 
. . •. 

K-o6onoqeK SIBnSieTcSt cnellCTBIIeM npiiHUIIna cynepnoSIIUIIII II aHTHCIIMMSTPIIII . ~. . . . . -

BOnHOBOii.clJyHKUIIII no OTHOU18H1Im K nonHOll nepeCTaHOBKe 1 KOTOpaSI-HenocpellCT-
., ' ... 

BeHHOI'O OTHOllleHIISt K a6conmTHOll TOIKile<;:TBeHHOCTII He IIMeC::To XOTSI 6hi no

TOMy, qro MOJKeT 6biTh cclJopMynHpOBaHa llnH nro6biX pasniiqam~IIXCSt clJep~mo

HOB (HanpuMep, gnst HeiiTpOHa II npOTOHa, aneKTpOHa II n,03HT~Ol!a ll ;,A,), 

ToJKgecTBeHHOCTh agecb MOIKHO 6bmo 6bi nne.?,TH TOnhKo .qncT<? cnonecHo, 

nonarast., Bee aneKTp0Hb1 1 B ;KaKHX 6bi COCTOSIHHSIX OHII HII 6binii 1 a?con~THO 

TOIKAeCTBeHHblMII no. onpeAe,neHIIIO, Bbillle,. OAHaK01 6binO noKa3aH01' qTO· :_aKaSI 

. Tep~mHOnOI'IISI niillleHa- pasyMHOI'O CMbiCna, 

3ne_Cb. M()IKeT B03HIIKHYTb gpyroe · B_?spaiKeHIIe, tJ eM 6bl HH 06'bstCHSilil!Cb 

CBOHCTBa K-aneKTpOHOB rennst, OCTaeTCSI. clJaKTOM 1 qTo B' HepenSITl!BIICTCKOM 

npii6niiJKeHIIII ax cniiHbi crpor.o aHTII~apannenbl!llii cneAOBa~_enhHO, 9TH aneKT

pOHbi a6conmTHO pasniiqiiMbi, C Apyroii cropoHbi, cymecTnymr 11 TaKIIe era;.._ 
• ~ f • 

_UIIOUapHQie COCTOS!Hii~ 8T0\'-10B reniiSt1 B KOT~pb!X Cnl!Hbl an~KTpOHOB CTpOI'O 

·n~p~nn~nhl!bi, r.e. aneKT~OHbi._a6conmTl!o TOJKgecrneHHbi, He p~spymaroTcSt _nii 

~TIIMII HPII.~epaJ\:1.!1., H8lllll nr.ellCTaBneH~SI 06. OTCY'TCTBUH a6COni;<J~:"O TO/KAS,?T-

I?eHHbiX II a6conroTl:l0 pasnnqiiMbiX aneKTpOHOB? 
; -~~· 

HII B Koeii M~pe! CnoiiCTBa· yKasaHHbiX cTaUIIOHapl!biX cocTOS!\IHH 
1:: h -·· r '' • • . "'··· 

aTOMOB 

llellCTBHTenbHO ·TaKOBbl 1 HO CaMII 3TH .COCTOSIHIISI - BCel'O nl!lllb TeOpeTIIqeCKaSt 

·~·6.crpaKUli.Sii ~X MOIKHO C031laT~ ;~~hKO C ~OMO~~¥;> ·~II~'ean,~l~l>IX,I'~H~~~To.pon" 1 

o6nagamm1IX ,_6~nhUI,J;IM neiJHOAOM ycraHonnemist. B pe~~hHhiX "re.~~faTopax" 

o6SI3a TenhHO , !303Hl!KHYT cynepll031iUHH CTaUHOHapHbiX a TO MOB, BcneflCYBHe qero. 

aneK.rpoHhi TaKHX aTOMOB ·.He Moi-yr cqHTaTh~st HH .a~c?,niq:rHo TQ)KgeCTBeH~ 

HblMH 1 . HH. a6conmTHO pasnHqiiMbiMHXi, 
•' . . ) 

x/ 
. CnenyeT liMeTb B BHAYo 'ITO B nl06b!X peaJibHbiX ycnOBIISIX IICel"Aa 

llpHCyTCTByioT,· HallpHMep, H80AH0pOAHble M8I"HIITIIble non.sl; CM8lliiiB810lllll9 

,, . M8li(JlY cq6ojf. CIIHI"neTHhie 11. Tp11IlJ19THbl~: SOC.TOSIIIHSI, renJ:I.SI• p aCCMa TpHBa Tb 

CT8UJ:!OHapH,bie COCT.OSIHIISI ren!fSI• .6ea Y.'l.eT.£t Bfl!!Sji!HSI T8KllX,IlOneii - TOlK~, 
HAeanH38U.1fSI! .. F,'enSITIIBIICTCKj!,e rrorrpaBKII,. ~Jj:BHBaneHTilbie .Y.'19TY BnllstHIIst He

OJll!()p~AHbiX ,ilnyrpnaroMiihix .riOneii, T~Klli'e ~pnapnstr· ~<·.nepeMeliJim~HHIO rpn-
-: • - • ' • ' ' , , • , I >J, • .;_ '· o ' • ~ ' ', , • 

. ,, nneTHbp~ ... H ... :PHH:r.n.~.T_H.~lX; CO~'!'OSIHHH .... \ .. ,·, ~ .. ;, 11111 ~1 .,~,.~.,1 J ;· ,. ····'·• • • • 

. ·•··. ),', 'I.;~ ,""'< r 1 f:; 
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Bee BbJlllensnmKeHHOe OCHOBaHO Ha npiiHUHlle cynepn03HUiiii~ D OSTOMy 
' \..1 

cneJlyeT eme OTBeTHTb Ha TaKoii nonpoc: ncerJla n~ -n-Mero~csr cocTOSIHHSI B, 
. r~ , 

o6pasyromue cynepnosHUHH c HHTepecyromuM Hac cocTOSIHHeM A? HaM Ka)K(n-

cSI, 'ITO BCSI CTpyKTypa COBpeMeHHOH KBaHTOBOH MeXaHHKH C Hen36mKHOCTbiO 

npHBOJlnT· K nonmKuTenbHOMY OTBeTy. DpaBHna cynepoT6opa_ He nponmope'I!lT 

TaKOMy BbJBOJly, TaK KaK OHH sanpemaroT TOnbKO HeKOTOpble cynepn03HUHH, 

HO OTHIOJlb He Bee. 

T aKHM o6pasoM, Mbi MO*eM B npoTHBOBec JlBYM nono*eHHSIM, npHBe

JleHHbiM B Ha'lane. CTaThH, c4JopMynHpOBaTb cneJlyiOIIlHe HTOrOBbie 3aKnJO'leHHSI: 

1. He cymecTByeT HHKaKHX peanbHbiX a6conroTHO TO*JleCTBeHHb~X o6'heK

ToB. A6coniOTHO TO)KJleCTBeHHble COCTOSIHHSI BbiCTynaiOT TOnbKO B Ka'leCTBe 

HJleanH3HpOBaHHblX sneMeHTOB, TeOpHH, HO B JleiiCTBHTenbHOCTH OHH MOryT 

6biTb peanusoBaHbi He 6onee, 'leM HJleanbHbie sTanoHbi HSMepeHHSI B KnaccH

qecKoii ljluSHKex/. 

2. ilnSI Ka)I{JlOrO KBaHTOBOM8X8HH'l8CKOI'O 06'beKT8 MQ)I{HO yKa3aTb 6eCKO

HeqHOe MH0)1{8CTBO JlpyrHX CKOnb yrOJlHO 6nu3KHX K HeMy 06'beKTOB. 

3. Dpu iienpepbiBHOM c6nH*eHuH cBoiicTB 'laCTHU noBeJleHHe cocTaBneH

Hoii H3 HHX CHCTeMbl H3M8HSieTCSI HenpepblBHO, 6e3 KaKHX-nH60 CK8'1KOB. 

4. PesynbTaTbl THlla (2) HHKOHM o6pa30M He JlOKa3biBaiOT CyllleCTBO

B8HHSI a6coliiOTHO TO>!CJleCTBeHHbiX 'laCTHU; OHH .SIBnSIIOTCSI cneJlCTBHeM He a5-

' COnJOTHOii T0)KJl8CTBeHHOCTH, a 061IlHX Hf!Tep4JepeHUHOHllbiX npHHUHllOB KBaHTO

BOH MexaHHKH. 

CKa3aHHOe, KOHe'IHO, He 03Ha'laeT, 'ITO KBaHTOBaSI MeXaHHKa He BHecna 

HH'lero HOBOrO B npo6neMy TQ)KJl8CTBeHHOCTH. B 'laCTHOCTH, -uMeHHO C KBaH

TOBOii MeXaHHKOH CBSI3aH O'leHb Ba)I{Hblll H npHHUHllHanbHO HOBblii MOMeHT. 

Pe'lb HJleT 0 cymeCTBOBaHHH T8KHX COCTOSIHHH, KOTOpble He SIBnSIJOTCSI HH a6-

coniOTHO TO)KJleCTBeHHblMH, HH a6COnJOTHO pa3JlenHMblMH. l1MeHHO 9TO o6CTQ-

, SITenbCTBO, BbJTeKaJOIIlee H3 llpHHUnna cynepll03HUHH H llOJl'IepKHyTOe B CBOe 

BpeMSI <l>oH-HeiiMaHOM/14/, SIBnSieTCSI no cyTH Jlena OCHOBHbiM HCXOJlHbiM nyHK-

TOM.HaCTOSIIIl8H pa60Thl. 

~ - . 
0TCYTCTBHe CK8'1K8 B llOBeJleHHH npH nepeXOJle OT 6nH3KHX cynepn03H-

UHH K OJlHHaKOBbiM noaBonHeT npeAnonmKHTb, 'ITO JlaJKe Te HJleanuanpoBaHHbie 
06beKTbi, KOTOpbie Mbl HMeHyeM a6COniOTHO TOJKJleCTBeHHbiMH, C8MH 0 B CBOJO . - . 
O'lepeJlb, HBnHIOTCH cynepll03HUHSIMH K8KHX-TO JlpyrHX, llOK8 'ITO He BbiSIB-
neUHbiX COCTOSIHHH. TaKaH I'HllOTe38 He SIBnSieTCSI0 KOHe'IHO, o6SI3aTenbHOH 0 HO 
B qifcTo norn'leCKOM nnaae oaa Bnonae B03MOJKHa. CooTseTCTBYJOIUHit aaanna 
npoBeJleH B pa6oTe/9/, 
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. - ·11-101 B saKnJO'leHHe cneJlyeT saMeTHTh, 'ITO B pa6ol'aX 
:!:-.--' - . - -- .- . '. '- .. ' -. 

JlOBOflbHO MHOI'O O'leBRJlHbiX one'laTOK II HeTO'IHOCTeii, a B HeKOTOpi 

Jla*e ·q~cT·H·biX o~H6oK. 3Toc.He YAHBH~e~bH6,_·ecnH yqecl-&."'o5~eM 
TeMbi; KaK · np~~nno, ynoMSIHYTbi~ HeTO'IHOCTH He HrparoT- cy~ecT 
H Mbl ~e 6yJleM Ha HHX cneUHanbHO. OCTaHaBnHB8Tb.CSie YKa)l{eJ 

- paccM_o:rpeHHbiii -~11 I KpaftHe. Heyit~'<{Hbiii npBMep c rHn_oTeTH'leCKF 

MH, o5naJlil.JOIIlHMH OJlHHaKOBbiMH KBaHTOBbiMH 'IHcnaMH,- ·Ho paSHbi 
•'-' ' . . . -- ..... ' 

DpB~ep sl-oT BO Maornx OTHollleHn:srx HeSiceH n: B cuny cBoeii rm 
'. ... . . ·-- ·_ .-·. . ' 

.He·JlonycKaeT QJlH03Ha'IHOii HHTepnpeTaUKH. 

. B. K~·H:u~/1 I _npJIBE!JleHo HeTo'IHoe satvie'laHile o npo.l'ie)l{yTo'q-Hc 

'leCKO~- paBHOBeCKH; cneJlyeT HMeTb B BKJly, 'ITO OHO_ OTHOCHTC 

KOrJla B Ha'lanbHblll MOMeHT COCTOSIHHSI BCeX .. 'laCTHU CHCT8Mbl OJl~ 

COOTBeTCTBYJOT OJlHOii H TOll lKe cynepll03HUHH. 
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UIIne cynepn031IUHII. ll O~TOMY 

'Jla n!I' II.MeiO~CSI COCTOSI~list B, 
J' 

c cocTostHIIeM A? HaM KameT-

ii MeXaHIIKII c Heiia6e)!<HOCTbiO 

cynepoT6opa_ He nponmope"'laT 

,Ko HeKOTOpbie cynepno31IUIIII, 

ec llBYM nonomeHHstM, npnBe

lYIOIUIIe IITOI"'OBbie 3aKniO"'leHIIst: 

OniOTHO TOmJleCTBeHHbiX o6'beK

biCTynaiOT TOnbKO B Ka"'leCTBe 

leiiCTBIITenbHOCTH OHH MOI'YT 

3TanOHbl II3MepeHIISI B KnacCII-

>6beKTa MOmHO yKa3aTb 6eCKO

IX K H9MY_ 06'beKTOB. 

"'laCTIIU ll0B9Jl9HH9 COCTaBneH-

100 6es KaKIIX-nii60 CK8"'1KOB. 

)M He Jl0Ka3biBaiOT CyiUeCTBO

.RBnRIOTCSI .cneJlCTBIIeM He a6-

>9HUUOHitbiX npiiHUIIllOB KBaHTO-

:aaHTOBast MexaHIIKa He BHecna 

B "'laCTHOCTII, ·HMeHHO c KBaH

:inHUIIlliianbHO HOBbllt MOMeHT. 

KOTOpble . He RBnRIOTCSI H~ a6-

renHMbiMH; l1MeHHO 9TO o6cTo

t31IUHII II llOJl"'lepKHyToe B CBOe 

tena· ocHoBHbiM IICXOilHbiM · nyHK-

nepexoae oT 6n1I3KIIX cynepnoaii
qro aalKe re naeannanpoBaHHbie 
OlKA8CTB8HHbiMII 1 C8MII0 B CBOIO - . . 
• .. APYI"'IIX, UOKa qTo He BbHIB-
'TCSI, KOHeqno, OOSI38 TenbHOli 0 ItO 
>lKHa. CooTBeTcTBYIOIUnll ananna 

I 
I 

I· 

l 
I 
I 
' I 

1· 
I 
l 
' ! 
l· 

l 
i 
I 

I 
I 
I 

... 

.. , . 11-101 
B aaKniO"'leHne cneJlyeT saMeTIITb, "'ITO a pa6oTaX COJlepmiiTCSI 
. I:.·' . 

llOBOnbHO MHOI"'O 0"'19BIIilHbiX one"'laTOK II HeTO"'lHOCTefi, a B HeKOTOpblX cny"'laRX ;.. 

.Jlame "'lac-r'HbiX OIUII60K. 3To'" He YlliiBIITenbH0 1 .• ecnn y"'leCTb .o6beM II cnolKHOC~b 
TeMhi. KaK npaaiino, ynoMRHYThie HeTO"'lHOCTII He III"'paiOT cymecTBeHHoii ponii, 

II Mbl He 6yJleM Ha HHX cneunanbHO. OCT8H8BnHB8TbCst. YKameM TOnbKO H8 

. paccMoTpe~Hbiii :Sil I KpaiiHe Heyll~"'lHbiii npnMep c rii~OTeTII"'lecKIIMII · qa~TIIua..: · 
·.I. . ' ' • 

MH, o6naJlaiOIUIIMII OlliiHaKOBbiMII KBaHTOBbiMII 'IIICnaMII, ·Ho pa3HbiMH MaccaMII. 

llpii~~P. 9TOT BO MHOI'IIX OTHOIUeHIISIX HestceH II B CIIny CBOefi I'IInOTeTH'IHOCTH 

.He·JlonycKaeT OllH03Ha'IHOH IIHTepnpeTaUHII. 

. B. Koliuell I npnBelleHo HeTO"'lHoe saMe"'laHne o npoMemyTO"'lHOM cTaTJICTH

qecKoM paBHOBeCIIHj cneJlyeT IIMeTb B BllllYt "'ITO OHO OTHOCHTCR K cny"'laiO, 

KOI'Jla B Ha"'lanbHbiH MOM9HT COCTORHIISI BCeX. '18CTIIU CIICTeMbl OiliiHaKOBbi1 T.e. 

COOTB9TCTBYIOT OilHOH II TOH lKe cynepn031IUIIII, 
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