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Jlna ro;o;a, npome;o;mHe co npeueHH npomJiolt xoH¢epeHI.tHH, cy!lleCTBeH

HO H3YeHHJIH CHTyai.tHD B 06JiaCTH HCCJie;D;OBaHHH CHJibHHX B3aHMO;D;eltCTBKlt 

npK BUCOXKX 3HeprHHX Ha OCHOBe rKnOTe3H no~DCOB Pe;o;xe. 

3KcnepKMeHTU, BHnOJIHeHHUe B EpyKXeBeHe /I/ no ynpyrouy pac-

-+- K.- -ceaHKD :ff-p, p , fl f 
1 

TIOKa3aJIK, liTO npK nepe;o;aHHHX HllTIYJibCax 

-t 01' 0,2 (8~92 ;D;O 0,8 (8~'!)1., B 3TKX peaKI.tHHX OTCYTCTByeT 

COKpa!lleHHe ;D;KtiJpaKI.tHOHHOrO KOHyca, Ha6JID;D;aBmeeca B f>}> - pacceSHHK. 

C TOIIKH speHHH rKnOTe3ll UOJIDCOB·Pe;o;xe 3TO 03HallaeT, liTO aCHWTOTHKa 

ynpyroro pacceHHHH npH 3HeprHHX COBpeJleHHUX YCKOpKTeJielt H 3THX 

nepe;o;aHHHX HllnYJibcax He onpe;o;eJiaeTcn o;o;uKJl noJIDCOll Pe;o;xe. 

EUJio BllCKa3aHO yTBepz;o;euHe ( 2) , liTO sxcnepuueHTaJibHue ;o;auuue 

uoryT 6UTb o6~SCHeHll C TIOMO!IlbD HeCKOJibKHX TIOJIDCOB. B ;o;pyrHX pa6o

TaX /'J/ npe;o;JiaraJIOCb OTIHCHBaTb 3ItCnepKlleBTaJibl!He ;D;aHHlle C TIOYO!IlbD 

ITOJIDCa H CTOS!Ilero B6TBJieliKH. 0;D;HaKO 3TH ITOITHTKK 06~HCHeHHH OITUTOB 

He uoryT H3Jl:HHTb TOrO tfJaKTa, ~TO MH He HJleeJl B HaCTOH!Ilee BpellS 

sxcnepHYeHTaJibHHX no;o;TBepx;o;eHHlt rHnoTesu noJIDCOB Pe;o;xe. 

O;o;noBpeueuuo 6Jiaro;o;apa TeopeTHIIeCKKJl HCCJie;o;oBaHHRll, rJiaBHHY 

o6pa30U Mau;o;eJibCTauaf4/, TIOHBHJIHCb cepbe3HHe OCHOBaHHS CIIHTaTb, liTO 

ITOJIDCa Pe;o;xe B peJISTHBKCTCKOlt TeOpHK reuepKpyDT ';o;naraDlJIHeCR TQqKH 

BeTBJieHKS B TIJIOCKOCTH KOWJieKCHHX JlOJleHTOB ( j - fiJIOCKOCTb). 

3TH ;D;BHraD!IlHeCR BeTBJI6HHR, TIOCKOJibKY OHH reuepHpyDTCS TIOJIDCaKH 

Pe;o;xe H onpe;o;eJISDTCJI HX TpaeKTOpH.mnf , He JIHKBH;D;HpyDT OCHOBHYD 

J 



rHnoreay o rou, ttro acH:unTOTHKa paccesmna npH 6on&mott auepr:a:H S 
H ~HxcHpoBanno:u nepe~anuo:u H:unyJI&ce ~ onpe~eJiaeTca cnexrpo:u 

ttaCTH~ H pe30HaBCOB B aHHHrHJIS~OHHO:U KaHane npH Be60JI&MHX .~ • 

O~HaKO OHH cy~eCTBeHHO YCJIOXHBDT CBB3& rpaeKTOpHtt DOJIDCOB C acHKD-

TOTHKOtl. B.peayJI&Tare MH ne H:uee:u B uacroa~ee Bpe:us reopeTHttecxott 

OCHOBH ~JIB o6cyx~eHH8 cy~eCTBYDIIlKX 3ltCnep:z:ueHTOB. 

B 3THX ycJIOBHSX He06XO~HJIH 3KCnepHUeHTH, KOTOpHe B03:UOXHO 

·6oJiee tteTKHU o6pa30U YOrJIH 611 no~TBep~TL HJIH onpoBeprHyT& OCHOB

HHe yTBe~eHHa TeopHH xo:unJieKCHHX uoYeHTOB. TaxHliH axcnepHKeH

rrum, nO-BH,ltiDLOJiy," uoryT SBJIBTDCS 3KCnepH:ueHTH no JICCJie~OBaHHD 

3aBHCH:UOCTH OT 3HeprHH DOJIHHX cetteHHll HeynpyrHX ~ByxtJaCTXtJHHX 

nponeccon (pRe.!) , xoropue :uoryT ~TH sa ctteT o6:ueua cocroa

HHSJIH C O~HaKOBHJIH KBaHTOBHKH tJHCJlauH 

g~do 
a,~ 

PHc.I. 

ll03TOUY 8 B nepByD Ottepe;u,& OCTaHOBJIDC& Ha npe~CKa3aHH.IIX, 

KOTOpHe UOryT 6HTb c;rr.eJiaHH rJiaBHUU o6pa30U OTHOCHTeJI&HO ueynpy-

rHX nponeccoB, npH ue otten& xecTKHX npe;u.noJioxenHax·o xapaxrepe 

OC06eHHOCTett B. J-nJIOCKOCTH. Bo BTOPOU paa;u,eJie R paCCMOTpiD CHTya

nnro B 06JiaCTH HCCJie~OBaHHR OC068HHOCTell aMTIJIHTY~ B KOMllJ18KCHOll llJIOC

KOCTH H OCTaHOBJIDCb Ha T8X 3aKJIDtJ8HHBX 06 aCH:UOTOTHK8 ynpyrHX 

H ueynpyrHx npo~eccon, xoropue :uoryT 6HT& noJiytteuu np:a: npe~oJio

xe~HH 0 C~8CTBOBaHHH ]I,BHJ:YillKXCB 'l'OtJeK B8'1'BJ18HH8. 3aKJIDtJHTeJI:&Haa 

qacr& ~oxn~a nocBa~eua Bonpocau, cBsaaanHK c pe;u.xuaa~en TeopHH 

B03:U~eHHtt. 
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§ I. YHHBepcan&aocr& 

Ecx:a: napnxaJJ&aas a:unDry~a nponecca a...,. C 7- ..g T d H:ueer 

HaJI60Jiee DpaBYJ) OC06eHBOCTD npH j: j (i:.)_ , TO a_s:a:unTOTHKa 

BlliiJIHTY~ nponecCOB Q + ~ - C t-d B a.+ d ~ ~ + C npH 60JI&

mett auepru S x ~ucxpoBauuo:u nepe~auno:u Jt:unyJI&ce f.-..{fa-Pc)-2. x) 

oeer BQ: . • H.) . 
. · o._Ars,t}= :!SJ Cfffli), 

(I) 

r~e tfff,·l:'jonpe;u.exsercSI xapaxrepo:u oco6euuocr:a :a aan:acHr or S 
TOJl:bKO JiorapH~ecu I f= en s I .• (3TO BHpaxeu:ae cnpaBe]I,JIHBO 

TaKXe ~ B TOU CJIYttae, eCJIH j ::- j ( t) .liBJIBeTCSI 'l'OtJKOil cry~eHHSI 

oco6eunocrelt. 

CBS3& acHUDTOTKKH a:uDJIHTY]I. C OC068HHOCTRKK napn:zaJI&HHX BOJIH 

xax ~yaxn:a:lt :uo:uenTa annaerca aa:ueqareJI&Holt c reopeTHttecxott TOttKH 

apeuHSJ. O~uaxo ca:ua no ce6e aTa cB.R3:& npHBO~T !on&xo x orpaHHtte- 1 

HHD xapaxrepa acHKnTor:axH. 

3a:uettaTeJI&uue ~H3HttecxHe cne~CTBHS noauaxanr ~Jiaro;rr.apa Touy, 

tJTO B CHJIY yCJIOBHB yHH'l'apHOCTH OC06eHHOC'l'H a:unJIHTY~ napnaan&HHX 

BOJIH pa3BHX nponeccOB OKa3HBaD'l'CS YHHBepcaJI:&HHMH. HueHHO, eCJIH 

napn:a:muas a:unJI:Is:ry~a ·sJ 
1 

n. (i:) uexoTopott peaxnH:a · H:ueeT oco6en-

uocT:a np:a: j = J lt:) , ro a:unnHTy;rr.u ncex ;u.pyrax peaxnHll, cBsaau-

uux c v. +-C: ·~ .f + cl ycJIOBHe:u yunapuocTH ( r. e. HUeDiltllX Te x~ 

x)PaneHCTBO c'etteHHtt nponeccoB a + e -'to c + d , a + Ci ~I e_ + (, ' 
BBJIBD~eeca oOo6~en:a:eu reopeMH llQuepanttyxa, HHTencHBHO o6cyx~anoc& 
B nocJie]I,Hee Bpe:us B pa~e pa6or 1~1 6ea HcnoJI:&30BaHHB ranoreau o 
TO:U,tJTQ aCDKTITOTHKa onpe;u,enaeTCB OC008HHOCTSUH B KODn1I8ltCHOt1 DJIOC
ltOCTH d • 0]1.Ha1tO H8SCHO, .liBJISDTCS JlH HCnOJI:b30BaHHHe B 3'1'HX pa6o
Tax npe;u.noxoxeHHa 6oxee o6~, tteu B reopHH xo:unnexcnHX uo:ueHTOB. 
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• ,, 
xsaa:rosue qxcna ~· ) KMen:r, soo6~e rosopa, oco6eHHoc:rL npH :rou 

/1 J 

-se snaqeHRH j-::: J ltJ • Ecu He npe]T.noxarau, no cy~ec:rsye:r 6oxL-

moe qxcxo oco6eunoc:reR c o]T.Hon H :ron -se pea.JILHOR qacTLD Jfi) ,xo 

yuHBepca.JILHOC!L OC06eHHOC!el npHBO]T.H! CO CTeneHHOI TOqHOC!LD X 

ynKBepcanLHOCTH acHUDTOTHKH pasuqHBX nponeccos. 

To, q:ro AaHHan oco6ennoc:rL Huee:rca B napnxanLHHX aunJIHTy]T.ax 

XD6LIX peaxitHR C ]T.aHHYUH XBaHTOBLIMH qHCJiauH, D03BOXSie! rOBOpH!L 0 

HeR He3aBHCKYD ox aunJix:ry~ xouxpe:rnon peaxJ:tHH, cqx:raa; q:ro ara 

oco6euuocrL HBJiae:rca npoaBJieHxeu uexo:roporo BHPTYa.JILHoro coc:ronHHR 

CKJILHO B3aKMO]T.elcrByn~x qacrxn c Hel{l'ft13'ft1qeCKHK uoueurou H onpe]T.e

neHHHKH 3HaqeHHRUK ]T.pyrHX KBaHTOBLIX qncex. 3TH COCTOSIHHSI ectecr

BeHHO Ha3BaTL pe]T.XHOHHLIUH COCTOSIHHRKH, DOCKOJILXY npocrenmxu npH

uepOU raxoro COCTOSIHHH SIBXHeTCH COCTOHHHe,npHBO]T.Sl~ee K llOJIIDCY Pe]T.Xe. 

!ox l{laxr, qro acxun:rornxa pacce~a onpeAeJiae:rca oco6eHnocraUH B 

KOUDJieltCHOI DJIOCKOCTH j UOXHO I!OHHKaTL XaK pe3yJILTaT roro, qro 

npH 6onLmxx 3Heprxax nponecc pacceaHHH H]T.er rJiaBHHU o6pasou sa 

cqer 06UeHa onpe]T.eJieHHHUH pe]T.XHOHHLIMH COCTOSIHHRMH. 

OnuTH (IJ no ynpyrouy pacceaHHn yxasusanr na orcyrcTBHe YHH

BepcanLHOCTH B CORpa~eHHH ]T.HI{JpaKIUtOHHOrO DHKa. 0]T.HaXO Hy.EHO HUeTL 

B DH]T.y, qro 3Ta HeyHitBepCa.JibHOCTL OTHOCHTCSJ K 00.1IacTH - f: ']- q ~{ r:f, 
B xoropon co]T.epurca TOJILKO uaJiaa qacn Bcex ynpyrHx coOurxn. Ha-

8 :L o6opox, B .o6nacTH 0,2(.~ , B xoropon co]T.epxHTCSI OoJILmaa qacrL 

ynpyrHX C06HTHR l ~ ., /f(i)j;!. H, CJie]T.OBaTeJILHO, YHHBepca.JILHO 3a

BHCHT (roqnee ne SaBHCHT) ox sneprnH. To xe OTHOCH:rca H x nOJIHLill 

ceqeHxau. pasnaquux nponeccos. K cozaJieHHD, 3TH l{lax:ru (riocroan-
do ·..1. CTBO DOJIHLIX ceqeHHR H He3aBHCHUOCTL tf7;" OT S np:a He60JILmliX -,;;: 

HeJIL3Sl cqHTaTL DO]T.TBepJK,IteHHeM YHHBepCMbHOCTH, T .K. OHlt Moryr 

6HTL cne]T.CTBHeu Oonee npocTHX ]T.HI{JpaxnHOHHHX coo6paxeHl!R. 

B cxyqae neynpyrxx nponeccoB, :raKHx xax nepesap~xa 

jtr- -rp..,.1t"0 -r n, , }'.-""" P ~11- nf (po-s]T.eHHe pesonaacos 1 x+P~ t('+ II-, 
o . - -.,• I c -yr-t- p ·~ f + n.,.. , 71'-+ p-t 1.0'1" rt.. , ~ + p ·-9 K. + n., pO%]T.eHHe 

c:rpaHHBX qac:rHn (T + p~ r.. +I\ , K T~1 ) (pacceaHHe na 6oxL-

Il!He yrxu ( lr + p _,. Q}V -t 7i , J( .;.JI--, Y. + .:K ) , aiumrHJISIIUUI 

( J/-r.N~ Jr-t7r , a}l-t-J/~7f+'L ) H ]T.pyrxe , »>!lJpaxitHo:imue 

coo6pa-seHHa o:rcy:rc:rsyn:r. noa:rouy npe~cxasaHHe o :rou, q:ro ceqeuxa 

p~a !axHX nponecCOB ]T.OX'SHLI O]T.HHaKOBO ( CO c:reneHHOR :roqHOC!LD) 

.3aBHceu o.:r aueprxx,He nxae:rca :rpHBHa.JILHHu. 

§ 2. Heynpyrxe nponeccu 

lJIH TOrO, q:roOU BHSICHHTb, KaKHe rpynnH nponeCCOB HUeDT O]T.H

HaKOBYD aCHUD!OTRKY, HeOOXO,lUWO KJiaCCHI{JHitHPOB.aTL pe]T.DOHHHe COC

TOSJHRSI onpe]T.eJieHHLIUH XBaHTOBLIUH qgcJirum. Pe]T.DOHHHe COC!OHHHII 

xapaxTepHsynrcs :reUH ze xsaHTOBHUH q:acJiauH, qro n qacTll~; xpoue 

uouenra. Buecro uoueHra, pe]T.ZHonnoe cocroanHe xapax:repH3ye:rcs 

cHrna:rypo« P; =+I. P.· =I, ecH:a·cocToaHHe.nsnaercn l{lzswqe-
o - A · 

cKHU npH qeTHHX J , z pJ · =-I, ecmt ono aBJiae:rcn l{lB3'ft1qeCKKM 

npH neqerHHX. npyrHe KBaHTOBHe qHcJia onpe~eJISIDTCII DO KBaHTOBHK 

qHCJlaM qac:rHn, B KO!OpHe. 3TH pe]T.XHOHHHe COC!OSIHHSI unry:r nepexo

]T.RTb. Y]T.o6no suecTo qernocTH f' xapaxrepH30BaTb pe]T.DOHHoe 

cocroan:ae BeJI'ft1qHllOlt Ptt = ( -ljj P B cJiyqae OosoHHBX cocTOSJHlil 
3-J. p R PR·"" (-1) 2. · B cJiytrae l{lepWIOHHHX cocToaiUIR. 

llpRBe]T.eU HeCKOJILKO np:auepOB YHHBepcaJibHOCTR HeynpyrRX 

nponeccoB. 

PaccuorpHu nponeccu 
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rr- -t: p -7 "Jf"o .,.. n... ' 

J'f-+-f ~ 1C ·t- n.., 
K--rr ~ "i.o +n-. 

/I/ 

/III 

/lll/ 

llepnun H3 srzx nponeccon uoxer H~TH ronLxo sa c~er o~uena 

COCTOSIHHm.m c s =<>, B= o, T=I, 6 =I, Pj =-I, Pp_ =I, 

nropoa - cocroHHHHMll c S =D, B=D, T=I, 6 =-I, I} =I, P~~.. =I, 

TpeTHD-3a c~eT O~UeHa O~OHUH COCTOSIHHHUH. Cne~OBaTenLH0 1 B 3aBHCH

UOCTH or roro, xaxoe cocroSIHHe HUeeT 6onLmHD uoueHr, ~a H3 rpex 

nponeccon, nH~O I H m, nH~O n H m, HMeDT co crenennon roqHOCTLD 

o~HHaxonoe acHUnrornqecxoe none~eHHe. llpH srou rperHD ~ox:en na

~arL c snepruen ~ucrpee. _AnanorH~Hoe coornomenne Kueer uecro ~nR 

nponeccon o~pa3onaHHSI qacrnn co cnRnou, ne panHsu nynn. 

1T-+ p ~ [ 11, nJt 1 i" L If~ W
01 , /I

1 I 

'j\--;-p~ [n.,n+]+ c~O~!GJ 7 Ill'/ 

}C -t p .... [ n 1 no;( J + 1:: . liD' I 

Jlll~o ceqeHHSI (I , . ' m I ) ' nH60 ceqeHHSI I n, ' m , I &eDT O)UlHa

KOBYD acHJ.mrormey. B nepnon cxo~xe oo~epmrca qacumr, B xoropue 

nepexo~r nporon, no nropon - qacrRmr, B xoropue nepexo)Ulr ue30H. 

AcnunTOTHB:a 3THX peaxnan ornnqaercs OT aCHMnTOTHKH npe~u

AYll\HX Teu, qro peaxnaH c o~pasonanHeu qacTHJl co cnHnou uoryr 

H~TH sa cqer COCTOSHHD c p. =+ I, p, .;, + I. (B cJiyqae o6pa-
d - .... -

30BaHHSI ~ HUeercs orpaHHqeHHe, cns3annoe c reu, qro ~ns 

CHCTeYU JV J/ npH p R. =I ~· 6 =-!) • 

PaccYoTpHY npKMepu peaKnMtt, ~JISI xoropux neo~xo~HY o6ueH 

pe~HOHHHM COCTOSIHHeY C OTJIHqHOlt OT Hyns crpaHHOCTLD. 

B srou cnyqae, nocxonLKY Her orpanHqeHHtt, cns3annux c coxpa-

neHHeu G - qeTHOCTH, KOnHqecTBO COOTHOmeHHlt 3Ha~HTeJILHO B03-

pacraeT. HanpKuep, ceqenKs peaKnHtt 

8 

K.-+F ~[I\'':"' 2': 0 2:"..--J + [rrwC' {1 
I J I ' .I - f 

K- ·t F ... [A, 1\ *] -r [ f : lf ~ t.0: :t cJ 
(IY) 

~On%HU HMeTL O~myD aCHMnTOTHRY· 
IIpH nu~ope npHne~ennux npHuepon cqHranocL, qTo pe~Honnoe 

cocroanne aueer onpe~enennue xnan:onue qacna. EcJIH sro He rax, 

TO eCTL O~HO H TO %e pe~HOHHOe COCTOHHHe KOXeT nepeXO~TL B 

COCTOHHHe qacTH!l C pa3HHMH KBaHTOBWlH ~HCnauH, TO ymtnepcanL

HOCTL ycHnHBaeTCH. HanpHMep, ecnH pe,UHOHHOe COCTOJIHHC He HMCeT 

onpe~enennon qeTHOCTH, TO ce~enHa peaxnMD 

Tr- r-f..,. [/1,1\•z~ Z'~l +tee. 
' 

1t -i"" r -~ [ J\ )\.l( 1 + "ifc 

HuenT TY xe acHMnTOTHKy, qro H peaxnun (IY). 
I\a.K ~y~eT O~CYJIC~eHO HUe, pe,14lmOHHHe COCTOSIHHH , OTBeqaDllU'Ie 

~HraDll\HMCH neTBJieHHHY, cy~eCTBeHHHM B acKYnTOTHKe, HMeDT BGe 

KBanronue ~HcJia onpe~enennuMH 1,KPOYe qernocTH. EcJIH pe,ItXHOnnoe 

·cocrosnHe HUeer onpe~enennun H3oronHqecKHtt cnHn, TO nosHHKaDT 

HsoronHqecKHe·cooTHomenHR, ne Tpe~ynll\He ~JIB cnoen nponepKH zccne

~onanHR 3aBHCHKOCTH ceqenHs or sHeprHH. HanpHuep, uex~y ceqe-

HHSUH peaxnan: _ 
K-+- r ·'7 r z ~I z;.,.J + L ')ri, f~ J 

~onxnu RuerL uecTo H30TOnHqecKHe cooTnomenHs 

0-r : ()(> : (f_ 9:4:I, 

ecnz pe~onnoe cocrosnHe c ~OJILmHu uouenrou Hueer T=3/2,HnH 

6' -t- : 6"0 : 0- 0: I: 4, 
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ecnH pe~OHHOe COCTOHHHe C T = I/2 HUeeT dOHLmHA UOUeHT. 

3~ecL +, 0, - osnattaer saps~ o6paaymmeroca uesona. 

Mnoro HHTepecHHx coornomeHHA B03BHitaeT npx paccuorpeBKH 

pacceHHHH Ue30HOB Ha HyxHOBax Ha dOHLmKe yrHB, 6HH3ItHe X I80°, 
KOTOpoe ~OHXHO H~TH 3a cqer o6uena pe~OHHHU COCTOHHHeu C 6apH

OHHBY aapa~ou, paBHHU I (pHc.2). 

~x 
f/ 11" 

PHc.2. 

Eo~Lmoe KOJBtleCTBO TaKHX COOTHOmeHHD 6uno no~yqeHO B pa6o

rax, B KOTOPHX aBTOpU HCXO~~H H3 npe~nO~OlteHHB, tiTO acHKOTOTHKa 

onpe~enseTCB 0~ llOHDCOU Pe~e. qaCTL 3THX COOTHOmeHHD, He 

Tpe6yDmRX ~HH CBOero BHBO~a ~KTOpH3anHH BUQeTOB B nO~Dce, HUeer 

uecro H B cnyqae donee o6~en oco6ennocrH. HanpHuep, ue~ ceqenH

RUH peax~D 
'Ji'"+f-i> f+'Jri"', 

1f--r p ~ n + JrQ 

Jt-+r~ P -+lr-

HUeDT MeCTO H30TOnHtleCXHe COOTHOmeHHSI 6'1 ~ 6' 2.: o3 =I : 2 : 9, 

· ecnH pe,JJ;XHOHHoe cocroanHe Hueer T = 312 (o6pa~ennoe t!JepMHeBcxoe), 

HJIH oj ~· 0'2. : 63 = 2 : I : o, ecnH T= I/2. 

PacceaHHe naaa~ ocodenno Hnrepecno B CBB3H c reu, qro ono, 

KaX XOpOmO H3BeCTHO 161 , ll03BOHHeT BHHCHHTL, RBHReTCH HH HYK

HOHHHD nOJIDC ~Hra~uca. 

IO \ 
! 

, I 

fl XOTeH TOHLXO no~epXHYTL, tiTO YTBep7.~eHHe 0 TOY, tiTO y6u

BaHHe t!..!!.. npH S ~aJ H $HxcHponannou /L.-= ( P,.- Pp) !2, oana-
ti.JL 

tiaeT ~HlteHHe HYXJIOHHOrO noHDCa, BBHHeTCB CTpOrHU H He 3aBHCliT OT 

rHnores o xapaxTepe oco6ennocTeD B j - nnocxocTH. 06napyxennun 

B nocne~nee npeua 1?1 nHx B o6nacTH. 6onLmHx·yrnoB, nanHt~He xoTo

poro. qpeaBut~atano ecTecTBenno c ~cnepcHonnoa TOtiKH apenna, noaBo

nseT H~eHTLCH Ha TO, tiTO, UOlteT OHTL, yxe B dHHXalamee BpeUH UH 

yanaeu, HBHHeTCB HH HYKHOH pe~HOHOU. 
B 3aXJIDtleHHe a xoqy cxaaaTL neuaoro o neynpyrHx npo~eccax c 

odpaaoBanHeu necxonLXHX qacTH~ 6es oOpaaonannn peaonancnoro coc

TOHHHH. ECJIH npH H3yqeHHH, Hanpnuep npo~ecca npeBpaJlleHHB ~BYX 

qacTH~ B TpH
1
BH6HpaTL cnyqan, xor~a 3HeprHn napa qacTH~ (pHc.3) 

~~~ He BeHHKa, TO aCHUnTOTHKa TaKHX nponecCOB ~OnxHa dHTL 6HH3-

xa x acnunTOTHxe ~ByxqacTHtiHHX nponeccoB. 

t., . I 

g~l 
...--u-==--=-3 

t3 
PRc.3 

S, i. 

Q~HaXO ~axe npH MMHX nepe~aHHHX lUtnyHLCaX t
1 

H i-3 B03UOJ:HH 

xon$Hrypa~H, npH xoropux 3HeprHH nap S .. , S " , S.z 3 BeJIHKH, 
I;~. I..;, . 

HO y~OBHeTBOpHDT YCHOBHD, HanpH!lep S~ $:.~.3 ::::: Y.:: C'\) • 

PaccuarpuBas 3TY o6nacn1K.A. Tep-MaffrHpocan I 8 I npe~no
nozHn,' qro acHunrorKKa B 3TOA o6nacTH onpe~enaerca ocoOennocrsKH 

B d - mtocxocTH xa~ t,-, rax H t 3 - xanana. llpe,JJ;nonara.JI, tiro 

TaKH!lH OC06eHHOCTHJW HBHSIDTCH noJIDCa, OH npHmeJI It aCHMnTOTHKe 

BH,JJ;a 
S

c;Lit;) .,l.(tJ) 
,z, s.23 ~rt.i,~t..3,ll) 

(2) 

H noxaaan, qro npH 3TOU paccuaTpHBaeUHe xontiJarypanHH ,JJ;aDr cymecr

aennuA BKJia,JJ; B nonnoe cetieHHe. 

II 



B pa6ore D.A. CHuonona, K.A: ~ep-Maprupocaaa, npeAcrannennon 

na xon¢epenn»D, noxasano, qro acnunrorKKa conoxynnocrn ~arpauu . 
BH~a pnc.4. 

~ 
Pnc.4. 

uueer crpyxrypy (2). Heo6xo~KH ~anLaeRmHe uccne~onannsr ~a 

BHSICHCHHSI B03MO%HOCTH OOHCaHHSI aCHHOTOTHKH TaKHX npo~eCCOB C no

uomLD xoun~excnux uouenron. 

§ 3. IIonnca Pe!!e x pesonancH 

ITOADC6 Pe~e ~0Jl%HH 6HTL TeCHO CBSI36HH He TOALKO C aCHYOTO

THKOA npo~eccon npu 6onLmnx sneprHsrx, no H c na6nn~aeUHM cnexTpou 

qacTH~ H pesonaHCOB. B qacTHOCTH, HCXOASI H3 cymecTBOBaHHSI BaKyyu

HOrO nonnca - nonnca IIouepanqyxa, onpe~ensrnmero acuunroTHxy ynpy

roro paccesrnusr, ~payqn, renn-Mann u 3axapnacen npe~cxasanu cyme

crnonanue qacrnnu co cnnnou 2 rionoxurenLnon qernocrn, uaccoR 

oxono I EsB H ~pyrHMK KBaHTOBHMK qucnaMH, paBHHMH nynD. Taxasr 

qacrn~a c uaccoR I250 Msn 6Hna o6napyxena B pa6ore I 9 I H nony

qnna nasnaHHe To -uesoH. O~naxo B nocne~nee npeusr o6napyxena 

qaCTH~a ~~ CO COHHOM 2, fiOJlO%HTCJlLHOR qeTHOCTLD T = I H uaccoR 

I3IO MsB I IO I. B CBSI3H c 3THM B03HHKAO no~ospeHHe, qro fo uo

xer nxo~rL B ynarapHHR KY~Lrnnner nuecre c ~~ • B srou cnyqae. 

OH He HM6R 6H OTHOmeHHSI B BaKyyYHouy OORDCy. npyroR pe30HaHC, ~j' 

no ~anHHu, npe~crasnennHM na sry xon¢epennxn, no-n~auouy, xueer 

KBaHTOBHe qHcna 2- -, T = I. EcAH 3TO npaBHRLHO, TO ero HOZHO 
paccuarpHBaTL xax pesonancnoe cocroanue, ~ezamee na ron ze rpaexro 
pHH, qro H W- U630H. 

12 

r, 

B ornomenBK ~pyrax pesonancon, Koropue uozno cqurarL ~ex~-

xa na o~o« rpaexropxx, cnrya~a sa nocxe~xe ~a ro~ He usueau-

xacL. 

· § 4. IIoxnca H Bern~enxsr 

IIepe«~eu x o6c~eHHD reopeTHqecxo« cxryan»H B npo6xeue BH

acHenxa roro, xaxxe oco6ennocrx peanLHO cymecrnynr B roounnexcnoR 

nnocxocTK Mouenra roo~zqecrBa ~BKZenxa. 
IIepBul BOnpoc, Ha KOTOpHA He06XO~O OTB6THTL, COCTOHT B 

TOK, KaKHe OCHOB6HHSI, Kpoue nepeASTKBHCTCKOR aHaJl~rHH, HKe~HCL . 

xna rxnoTesu no~DCOB Pe~e. 
\ 

3TH OCHOBaHKSI oqeHL npOCTH~ Ecnx UH paCCMOTpHU auDJlHTY~ 

!J{~) nexoTopo« pe~H npx ¢nxcuponannou ~ocTaTOQHO 6oxLmouJ 
xax ¢ynxnxn .~ , TO ec~H HUeer uecro npe~cTanxenxe MaH~eXL• 

cTaua) £.(i) He 6y~er xueTL na ¢Hsaqecxou nxcTe xounnexcnoR nxoc-
:rd . . 

xocrx ~ HHKaKHX oco6eHnocren~xpoue npasoro x xenoro paspesa 

pxc. 5. 
t. 

~r2. ir:L ,,,..~ 

( 

PHc. 5. 

I3 



I· 

EcJIH npH ueKOropou J H 1:. ua ciJusHt~ecxoY JJHcre~·{-tj HYeer oco6eu-. 

uocn, ro sro osuaqaer, qTo npH sTouj oco6euuocn-fjltJ npxmna, 

B TOqKy t C HeclJH3HtleCltHX JIHCTOB UJIOCKOCTK t • Il03TOyY BOUpOC 

06 OC06eHHOC!SX B nJIOCKOCTK j (noJIOXeHHe ltOTOpHX 3~BHCHT 0! 

i: ) eCTb Bonpoc 06. OC06eHHOC!SX Ha HeclJH3,KlleCKKX JIHCTax B UJIOC

ltOCTH t . :BHJio noxasauo I II I, qro ua ueciJHsKqecKKx JillcTax nJJoc

xocTH i: , cnasauHHx c JieBHK paspesou, HeT oco6euuocTeA, noJioxe-
1 • 

. HXe ltOTOpHX 3aBHCHT OT J • Il03TOKY HHKaKHX OC06eHHOCTel C 3!HX 

JIHCTOB noanHTLca He uoxeT. Ilpo~oJIXeuae aunJIHTY~ ua ueciJHsHqecitHe 

JIHC!H, CBasauRHe c npanHY pdspesou, onpe~eJiaeTca ycJIOBHeu yuHrap

uocTH. YcJioBae yHHTapHoc!H npH HeneJIHX_j H3Becruo TOJILKO ~a 

~yxqacTHqHHX noporoB. 3To ycJIOBHe yHHTapuocTH npH~o~r 1t Touy, 

qTo Ha ueciJHs:HllecitHx JIHcmx, cBasauHHX c 3THW .noporauH, uenrca 

UOJIDCa B Toqxax j: a (t) , onpe~eJiaeKHX ycJIOBHeY. 

-f[i}~ fft' (3) 
a 

r~e j-i {t) - aunJIHTy~a ua clJHs:Hllecxou JIHCTe, a K - HYnync oT-

HOCHTeJILHoro ~HXeHHa B npouexyToquou cocToaHHH. 3TH noJIDca npH ne

JIHX J COBU~aDT C 06HllHHUH pe30HaHCauH. IlpH H3UeHeHHH J OHH 

' uoryT BHITH Ha ~H3HqecltHA JIHCTrH TOr~a OHH Ha3HBaDTC8 UOJIDCaKK 

Pe~e. TaKHU o6pasou, noJIDca.Pe~e HaBepuaxa cy~ecTByDT; Bonpoc 

COCTOHT B Tou,,eCTb JIH e~e H ~pyrHe OC06eHHOCTH. Ha ~yxqacTHq

HHX He~HSHlleCltHX JIKCTaX HHKaKHX ~pyrHX OC06eHHOCTen BeT. Il03~0yY 

~pyr:r&e OC06eHHOCTH uoryT 6llTb o6yCJIOBJieHll TOJibKO MHOrOtJaCTHtJHIDll'l 

npoyexyTOqHHUH COCTORHHUH. 

3~ecL uu cTaJIKHBaeuca c npo6JieYoA npo~oJIXeHHa ua uenenueJ 

KHOrot~aCTHliHHX ycJIOBHI YHHTapHOCTH. 3Ta np06Jieua ~0 HaCTOS~ero 

BpeueHH He pemeua ~axe B HepeJISTHBHCTCltOA ~eOpKI'I. Ha 3TY KOH

ciJepeHnHD npe~CTaBJieH pa~ pa60T~ UOCBa~eHHllX HCCJJe~OBaHHD CBOIC!B 

I4 

~. 
I 

TpexqacTHliHHX COCT08HHI B HepeJISTKBHCTCltOI TeOpHH. O~axo B 3THX 

pa6oTax o6c~aDTca TOJILXO rpy~HOCTH paccuaTpHBaeuon npo6JieUH. 

B peJiaTHBHCTCKOI TeOpKH TO, qTO UH 3Haeu, no-B~)[y, TBeP

~o1- 3TO jCJIOBHe yHHTapHOCTH npH neJIHX clJH3HqeCitHX i • IlpH neJIHX 

J Ha He~H3:Hlle~ltHX JIHCTax UJIOCltOCTH i , CB83aHBHX C KHOrot~aCTH
qHHUH noporaKH,Itpoue UOJI~COB,HYeDTCa Taxxe TOq~ Be!BJieHH8. 3TH 

Toqxx BeTBJieHHa OTBeqanr nopora~o~ o6pasoBaHHa pesouaucoB H npoHc

xo~aT OT ~Harpayu BH~a pHC. 6a H 66. 

M 

AX 
t' 

t'\, 

)X~~I( 
!\oz. 

PHC. 6a. PKc. 66. 

rrocxoJILity uaccu pesoHaucoB M , M1 , M~ (p:wc.6) ltOMIIJiexcHH,To 

H noJioxeuHa Toqex neraJieHHa KOMIIJiexcHu: t.-== (I"+- M) R. ( qac!Hna H' 

pesouauc), -1: = {II, +!tz.)!t (2 pesouauca). O~HaxO noJio:a:eHHa STHX 

Toqelt BeTBJieHHS onpe~eJJRD!C8 TOJibltO KaCCaKK pe30HaHCOB H He sa-

.BHC8T OT j • Il03TOYY 3TH TOqltH BeTBJieHHa He UOryT BHITK Ha 

clJH3HqecitHI JIHCT npH H3YeHeHHH J 
B uepeJiaTHBHCTcxon TeopKH 3TH coo6paxeuHa, no-BH~ouy, npa-

~ 

BHJibHll H 06~8CHSDT, noqeyY B nJIOCltOCTH J He UOJiyqeHO HHKaltHX 

OC06eHHOCTel, 3aBHC8~X OT t , ltpOYe UOJJDCOB. . . 
D pe.narHBHcrcxol TeopHH B03HHKJIO coBepmeuuo uoBoe o6cToaTeJIL-

CTBo, CB83aHHOe C Cy~eCTBOBaHHeU CHrHaTypll H TpeTbei.KaH~eJILCTa

UOBCltOI cneltTPaJibHOI clJYHitnHH. 0HO COCTOHT B CJie~D~eu. 

PaCCMOTpHM CKaqox napnga.n&HOR BOJIHll ua OC06eHHOC!H, COOTBeT

CTByD~el nopory o6pa30BaHH8 ~yX t~aCTHn HJIH pe30HaHCOB CO CUKRaUH 

0 1 H 02. • 

I5 
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'! 6", .s-2.. !! Pfi, Mlj ML) rtj- m,-m-2-r/~ .;;J fJ Jf 

:~(1:}:: G G iff rt•-tm Till i"l) o,m,6';,m2. ~,rn,6':z.n'Jz_' (4) 
m = -6' "z." -6'v. d 1 ~ 

,',':t 
! 

li( 

: f 

i 

rl 
:! I 
iii i 
, I 
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li 

't 
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I 
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. ' .... 

rxe m 171" - CUHpa.JI:&HOCTH qaCTHn IllJIH pe30HaHCOB 1 'J "" 

r fi- rn,- tnz.+ •} -:: .2l ~JJ. p/ (e.)d2 
i.f cJ m r {J -i" m, i" f11z. ·rl) _, 

- ¢a30BHR o6~eu cocToaHHS c onpexeJieHHHK uoueHTOu x ero npoexnHeU 

na nanpaBJieHHe KKnYJI:&ca OTHOCHTeJI:&noro ~HXenxa. EcJIH npoxoJIZHt:& 

(4) na neneJJHe J npH J~<5'1 -t-6'z , To npa neJJHx J::::~-t-6"z.-n 
( n. = I,2 •••••• ) f - <liYHXnHH o6pa~aetca B 6ecxoaeqnocn. 

~TO OTpazaet TOT qiaxT, qto COCTOHRHS C npoeXQBeA M~KeHta,<JOJI:&meA, 

qeu uouenT, SBJISilTca neqia3xqeczauat. B nepeJISTKBHctcxoA teopxH 3TO 

o6p~enHe B 6ecxoneqHoc±:& qiasoBoro o6~eKa nx x qeuy He npxBOXHTJ 

nocxoJI:&xy npx neJWX J aMUJmTY.Jni nepexoxoB B neqiHszqecue coc

TOSIHHSl J = m, + mz.~ rz, pa»Hu BY Jill. B peJIUHBl4Ctcxoa Teopo qiH3H-

qecitao SBJISDtca Jmdo qeuue, u<Jo ueqetme d" ( J - cBoeH 

cxruaTypu). nosorouy npx i' qylltot! cHrHatypu aunJmoryxu ~;.., 6": 
111 ' Q. ' J"tr,···· z. ,2... 

nepexoxoB B neqiasaqecKHe coctoaBKa ne o<Jasanu o6~at:&ca B nyJI:&. 

lJia paxa npocTeftmax xxarpaux TeopKH B03uy~eHHI uoxno noita3aT:&, qto 

BJmJIHTYXH f) ~ ..,. npH i = m, +mz.- n. xettcnueJI:&Ho ue .,,111, "2.-'''2.. a 
o6pa~DTca B nyJI:&, ecJIH 3TH xxarpaMKH KKeDt oorJIHquyD oT nyJia 

cnenpaJI:&uyD qi:9JixnzD PIS; uj • EcJIH ne npe,JUioJiaran, qTo B 

TOqaoK TeOplllH. 8.MJIJIHTY,llH .f
6
S m ~ .., BC8 xe paBHH HYJID npx 

. . 1 1uz.t"2-

J= m,+-mz.-tl. ,TO 1m npHXO,JUW X BHBOXJ, qTO .6Si(t) HKeeT UOJIDCa 

npH j = o, +6'2.. -. n. , . , ~To aBJieHHe, s,nepBue saueqeHuoe AsDoBm/ I2 , 

npe,llcTaBJISeT co6oa cve~eHHe oco6eHHocTeR npx oTpznaTeJibHUX nexsx 

j II'J I XJISl qacTHn CO CUHHOK. EcJIH 0, +Ci'z_ ~ ,!L , TO ORO npo-

TlmopeqzT ycnoBHil ~pyaccapa. 
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1: 

PaspemeHHe ~Toro nap~oxca 6ano naaxeno MaHxeJI:&CTauoM I 4 I. 
Ha npxwepe onpexeJiennoro XJiacca XHarpauw Teopxx Boswy~enHK (pBc.7) 

llanxeJI:&CTEW noxasaJI, qoro 
L 

L'''liiTIT)( 
PRe. 7. 

npoxonzeHHe Ha HeneJiue J BRn~a Tpexqacorxqaax cocToanHK B 

ycJIOBHe YHHTapnoctH coxepxwT :roqKY BeTBJieHHS BHxa: 

J : ~ ( ( ft-t').t) - i ' (5) 

r,lle .olfi)- Tpaexoropxs noJIIlca Pe~e, HKeD~erocn B aMUJIHTy~e pac

cesuan qacTHn I H 2 (pzc.7). 

B UJIOCKOCTH ~ ett COOTBeTCTByet TOqxa BeTBJieHHSl nplll 

t t J J -= { v J..-• fJ + ·, J , + r) ~ (6) 

ilOCXO Jl:&Ity YCJIOBHe d f-t (f) : 0 npH qeTHOJl HJIK HeqetHOM 6 onpe 
1 M2 ~ xeJinet uaccu qacun HJIH pe3oHancoB "t:-6"'-= cr , TO Toqita BeTBJieHH~ 

(5) npz J = ()- 1 HaXOXHtca npx -1: =- { M6 +('I)£ H coBna,IJ;aeT c · 

Toqxott BeTBJieHHa, o6ycJioBJieuuott poX,lleHxev pesouanca x qacTHns. 

llpH j ':: ()1- I ' rxe r; I '- CUHH xpyroro pesonanca, Jie:Ea~ero 
ua ToR xe TpaeKTopaH, Toqxa BeTBJieHHa (5) coBn~aeT c noporou 

po~eHBa storo pe3onanca i.==(Hrs'-tfl).t H T.x •• JiaH,lleJI:&CTEW 

noroa3aJI, qTo toqxa BeTBJieuHa (6), nepexo~a oT oxuoro nopora It 
, .. ·' :.· .) 

,llpyrouy, xaxxun pa3 KOHneHCHpyeT COOTBeTCTBYD~K a3HUOBCKH1t UOJID 

I7 



fipH nenux J CBOCI CHrHaTypH CXa'IOX Ha OCOdCHHOCTH (6) odpa

QaCTCR B HOBL. Ja~e~LCTSK yxaaaB Taxxe, 'ITO CCXH paCCKOTpCTL CO

BOXynHOCTL ~arpaKM THna xaodpazeHHol ua pxc. 8 

X''''''''X I I I I I I I I I 

Pxc. 8. 

H yqecTL B aunXHTy,;u;ax pacceauna qacTHn 1,2 • 3,4 OXHH x TOT ze 

no~DC Pe,JtZe C TpaeitTOpHel d. (i.) , TO KODO npHitU X 3aKJID'ICHHD, 

'ITO oeeTca Toqxa Benxeuu npx J = _2d.(!) - i . Ecxx aaTex 

HTCpHpOBaTL yC~OBHC YHHTapHOCTH, TO UO~'IHTCJI COBOXynHOCTL BCT

BJICBHit BH)ta: 

J" = ncJ.[ ;,..) ~ n -r i (7) 

xoTopaa npx KaJIHX t: 6s~a paccuoTpeua eme Aua:rx, ~ydxu:x B CTaH

reJIJIHHH /l4 I. B pa6oTe /!5/ 6sJia c.Jte~aua nonsTxa n~HJITL B03HHXHO

BCHHe 3THX BCTBJICHHI donee Henocpe,ltCTBCHHO C TO'IXH 3pCHHJI UHOrO

qacTH'IHHX ycxoBHI yux:rapuocorx. OcHOBHaa MDCXL cocTOHT B Tou,t~To 

yc~OBBe yHHrapuocTH ua nopore odpaaoBaHBa, uanpHUe t~eTHpex qac

THn (pHc.9)7 UOZCT dHTL 3aUHCaHO B BH;D;e, aHaJIOrH'IHOU (4) 
) 

! 

Pnc. 9. 

EcJIH COCTOJIHHR nap ~acTHn !,2 H 3,4 xapaxrepH30BaTL KOUCHTaHH 

6'1 H o2 ItaQOI napa B HX CHCTCUC U, 
1 
\It H Da)tpa!aHH KaCC 

!8 

lt8.Z,ltOI napH i ,~ M,~ i:~ M;-, TO t~eTupe:xqacTH'IHOe yc~oBHC 

YHHTapHOCTH dy,;u;eT OTJmtlaTLCR OT (4) TOXLXO Tell, 'ITO HC06XO~UO 

BHnoJIHHTL HHTerpHpoBrume no JiaccaH H,, M2. {-t;,, t 2 ) · H npocyu

MHPOBan no cmmau 0, H ~ • Ka1t yxe roBop:e~ocL, npo,;u;on:s:euxe 

Ta.xoro BupaxeHHJI ua ue~ense J BcTpeqacT cepLeause Tpy,;u;uocu. 

O,;u;uaxo acuo, 'ITO uapw c TPYJtHOCTJIKJI,. c.Basauumm c pacxo)tlwo-

cuo CYJOI I! nOBC)tCHHCll aYDJil!TJJt y~ m 6". "" t XOTOpHe v 1 1 .z. r•l-

I!)(CI)T KC.CTO H B HCpC1lBTHBHCTCXOllt :reopHH, B peJIRTHBHCTC:S:Olt TeOpHlt 

KKCCTCJI JtOUO~HHTCJILBaJI TPYJtHOCTL, odyCJIOBJICHHaJI no~llCauR r ~yHK~ 
~·· fipH UOnHTI!:C npO;D;OXEHTL yc~OBHC YHHTapHOCTH B BHJtC Cyuull no 

6; m, , 6"z. tllz. oxa3HBaeTca, 'ITO A:!.. 1-t) oeeT noJIDca npx Be ex 
. ) d 

neJiwt J qysoa cxrua:rypsx • Ecxx npe,;u;no~oun, 'ITO aTa orpy,;u;uocn 

' ycTpaHJICTCJI nepeXO)tOU OT CyYK X HCXOTOPHK :S:OHTYPHHM HHTerpa~au, 

TO HC3aBHCHKO OT JtCTaJILHOI ~Opllli XOHTYPOB UO'ITH O'ICBH;u;HO, 'ITO 

COBUa,JteHHe nOXDCOB Pe,JtXe aKnJUITY.lt }. A •' .· c nOXDCaMH r- ~yHK~ 
I rs,m,cra mz_ 

~H npHBC)tCT X TO'IXC BCTB~CHHR. 

1 
IDITepeCHO OT!ICTHTL, t[TO C 3TOI TO'IKH ~CHlUJ TOliKH BCTBJI'ElHHR 

Boamuta:o'J: xa-sa cHHryxapuocTH ~soBoro o6t.eua. npouexyoroquoro . co

cocToau:xa H nonouy m.reDT TY :z:e npxpo)tJ, qro H o6WIWC noporoBse 

TOliXH BCTB~CHHR. 

Ha Taxou ny:rx y,;u;ae:rca HCCKOJILKO 6o~ee no~Ho,·q~u 3TO 6!iJIO 

C)tCJiaHO MaH;D;C~LCTaKOK, npoaHaJIH3HpOBaTL.B03HHK8.D~C TOliKH BCTBJIC~ 

HHR. TOliXH BCTBJICHHR (6),(7) UOXHO paccua.rpBBaTL Kalt noporH o6pa~ . 

30BaHHR pe)tlDlOHa H t~aCTHn!i, JtBYX pe,ltXHOHOB H T.)t. H COUOCTaBJISITL 

c HHMK ,;u;HarpaMMH an,;u;a pnc. IO. 

x) Ha 3TO 06CTORTCJILCTBO BnepBUC o6paTHJUI BHWHC, H.H~A3H-
)(0B' A.A. AHcenLu, r .c. .llaHH~OB H H. T • .JlaT~OB. ,• 
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~ ~ 
PHc. IO. 

(BO~HHCTUe ~HKH COOTBeTCTBJDT peXJ:HOHau). 

~ 

CxaqOK Ha paspese, CBa3aHHOK C 3THUH OC06eHHOCTHKH, HKeeT B~, 

qpe3Buqa!HO CXOXHUR C 06uqHUK YC~OBHeU YHHTapHOCTH, HO ~a YaC:rHn 

nepeueuuott uaccu. OH onpexe~ae:rca au:rerp~ou or npoasBexeHHs au
~:ryx pOJ:XeHHS peXJ:HOHOB. 

qpessuqanuo cymec:rseumnr auae:rcs c~e.icr»II!Hn ¢an. IIpH -I; 
sume noporoB o6pa30BaHHs pe~:r:.Hwc qacTHn auee:rca uuoro pasHUx 

:roqex Be~BxeHH! KaK':rana (6), oxseqaD~x nopory o6pa3oBauas pex~ 
~HOHOB qac:ran, 3aBHCamHX aBHO OT KaCC qacran, TaK H THna (7), OT-. . 

BeqaD!IlHX nopory 06pa30BaHHa peXJ:HOHOB H 3aBHCS~X TO~bKO OT :rpa-

8KTOpRtt no~DCOB. DXHaKO npH KaXUX 1: B n~OCKOCTH . j: OCTaDTCa 

TOXLKO OC068HHOCTH THna (7), He 3aBHCaii!He OT KaCC qac:rHn. (IIpex

UOXOJ:eHO, q:ro qac:ranu xexa:r ua pexzeBcxax :rpaex:ropaax). 3:ro osaa

qae:r, q~o ~a acHun:ro:raqecxoro noBexeuaa aunxHryx B S - xaa~e · 

( t < 0) CYR!8CTB8HH!1 TOXLKO TO~KH B8TBX8HHa THna (7), Onpe.ite
~HeKUe :rpaex:ropHSKH UOXDCOB. 

B 3aRXDqeHHe HYJ:HO no,lttlepxeyn, uo CYII!eCTBOBaHHe lWJl,1tex:r:.

c:rauoBcxxx xs~xcs :roqex :Be:rueaxs uex:r:.sa cqH:ra:r:r:. c:rporo xoxa

saHHHM. D~HaKO OCHOBaHHH ~XH npe~ITOXOX8HHH 06 HX cy~eCTBOBaH.HH 

oqeH~ Cepl.e3H&. l103TOMy H806XO~HMO paCCMaTpHBaTI:. C~e~CTBHH~JIJI 
aCHMIITOTHKH,K KOTOp&M OHH npHBO~HT. B HaCTOJI~ee BpeMJI HeT OCHOBa

HHtt ~XJI npe~ITOXO%eHHR 0 cy~eCTBOBaHHH KaKHX-JIH60 H~&X ~BH~R!HXCJI 

OC06eHHOCTett.R COX~8HH~,3TO MOXeT 6&TI:. CBJI3aHO.C TeM,q:ro MU He 
,- ; 

3HaeM :roquon c:rpyx:rypu npo~onxeHHUX Ha He~en&eJVMHoroqac:raqH&x 
ycnoBHfi YHHrapHoc:rH. 

20 

B qacruocra, KH ue suaeu,xaxHe oco6eHHOCTH uoryr rrpHn:ra c ue¢nsH

qecKHx ~HCTOB, CBa3aEHHX C OC06eHHOCTRKH, 06HapyxeHHHKH HC~aKOK, 

H xpyrHKH I 16 I. Sicuo, uo saxaqa npoxo~zeHHa woroqacTHquwc 

y~~osntt YHH:rapuoc!a Ha Hene~ue J- aB~ae:rca B Hac:roa~ee speKa 

nepBOCTeneHHOU, UOCKO~bKJ 3TH YC~OBHa JHHTapHOCTH aB~SDTCa axex

BaTHUK cpexcxsou acc~exosauaa oco6eHuoc:rett nap~a~bHHX so~u, :ro 

ecx:r:. acaunxorHKH pacceaHHa npa 6o~:r:.mnx 3Heprnax. 

§ 5. lBHraD~ecs TQqKH BeTB~eHHa H B3aHK08eUCTBHe 
npH BUCOKHX 3Hepmax 

Toqxa BeTBJieHHa, o6uapyzeHHue Mauxe~:r:.c:rauou, KUeD:r pax saue

qa:rex:r:.HHx CBOltCTB. 

PaCCYOTpKU COBOKYUHOCTb Toqex BeTBBeHHa, B03HHKaDIIIHX Ha 
\ .L • 

6ase o,JtHoro H Toro ze nonDca 0( L t:;) 

j n.lt) == l'l c< ( .t) - n., + 1 . (8). 

IIoxoxeuHe :roqex Bersxeuna npn 6o~:r:.max rt onpe~exaeTca 3HaqeHHeu 

rX (o). 
Ec~ <X (O) > l , :ro J,_ ~ 00 H aMIIJIK:ry~a pacT ex 6uc:rpee ~D6ott 
CTeneHH. 1lu npHXO,ltHK, ·TaltHJl 06pa30M, K Tpe60BaHHD C)( ( 0) ~ ! 
Hesasa.cHMo oT reopeYU ~pyaccapa. Ecxa OC.(o)<" 1 , :ro npH, tt....,.oo 

J"-......:;. - oO. IIpH s.fou roqKH BeTBJieHHa npa uaxux t < 0 Haxo

~arca Jiesee noJIDca H He CYIIlecrseHHH B acHMU:ro:rHxe. II pH 0( C 0)-= d. 
:roqxa se:rBJieHHH cr~:rca x I H npa 1:~() Haxo~:rcs npaBee no~Dca. 

IIpH Y~I:OC t 

d, 
I 

-= .1 + ex coL! 
n. 
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TaKHK o6pasou, xoqxn BetBnenHa (8) cy~ecxneHHu B acKUntOTHKe,, 

Tonuo ecna lX L -1:) - xpaeKxopaa nonnca IlouepanqyKa. 

PaccuotpHu ToqKY nexnnenHa, oxneqanmyn nopory o6pasoBauna 

YL - pe.JUtHOHOB 0(. (-I:) ( P - -rpaeuop:aa) H rYi. - pe~onoB c 

Tpaexxopuelt f.> {t) • IlpH uanux -l:: nonoxenHe -raKolt -roqxn neTBne

HHR UDXeT 6UTb 3aUHCaHO B BH~e: 
cx'{o )(1>

1
lo) i: 

J11..-1-nt. = m.(3Co) -m + 1 + »-tcx'lo) + n('o'to) · (IO) 

H3 BUpaJ:eHHH (IO) CXe~eT, q'J:Q TOXbKO 'J:OqKH BeTBXeHHS C fYt =1. 

npaBee nonnca ~ ( t) H cyll!eCTBennu ~a acHJIIITOTHKH 

cx. 1 lo) f:1 to) 
Jtt+l. = ~(o) + __ ,, , .... , __ , t. (II) 

3nanHe nonoxeRHlt ToqeK BetnnenHa no3nonaeT c;n;enaTb neKo-ropue 3a

xnnqenua o6 acRWTITOTHKe ynpyrHX H neynpyrHx nponeccoB. 

a) Ynpyroe pacceaHHe 

PaccuoTpuu ynpyroe pacceanae a npe;n;nonoxau, qxo cyllleCTByeT 

nonnc llouepanqyxa. Tor;n;a naH6onee npaBHUH ocoOennocTauu, pacno

noxenHinm B6nH3U J = i , 6y~yT -roqKH BeTBneHHa (9) u nonnc 

j,= o< Lt) , otneqaDil!He o6Meny "P . - pe;n;:z:Honrum: (pHc. II). 

X + Q 
PIW. II. 

CTpyuypa J- ..-nnocKOcTH B6XH3H 

na pHc. I2. 
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+ ~+ 
, 

J = I uueeT BH;n;, U306pazeHHHlt 

. 
d' ' 

J::. (+o<.'·t 

e~.~t 
A.,_ '"'2.:" 

Puc. I2. 

i 

Hcno, qxo nanwqHe -roqex BeTBneHHa, crymaDil!HXca K I, npnBe

~ex, BO BCSKOll C.nytJae, K cymecTBeHHOyY yYeHbmeHHD cp:eHHR ~lfJ

pO.KJ.UiOHHOrO Konyca no cpa.Bnenan co cnyqaeu O.l{Horo nonnca. ll.e

T~bHM CTpyKTypa ~((Jpa.KJ.UiOHHOrO KOHyca 3aBHCHT OT BenHqHHH 

BKX~a BeTBXeHHlt. 

B pa6oTe Ilouepanqyxa, Tep-MapTapocana H uoelt 6ana c,l{enaua 

UOnJiTKa BuqHCXHTD BM~ BeTBneHHlt npH UMUX t . O~KO B 

3TOlt pa6oTe npe,J;nonarMOCb 7 q'J:O aHIIXHTY,D;Il o0pa30BaHHR pe,ltJ:HOHOB 

UOCTOSHHH B6XH3H pe,JUtHOHHUX noporoB. B HaCTOfill!ee BpeUR.HlleDTCS 

OCHOBaHHH cqHTaTb, qTo 3TH aunnHTy~ HMeDT Cyll!eCTBeHHOe noporOBOe 

noBe,l{eHHe. II03TOMY pe3yXbTaTu, nonyqennue B 3TOlt pa6oTe, no-BH~

uouy, nenpananbHU. 

3,l{eCb a xoqy OTUeTHTb TOXbKO cne,l{yDmHlt Ba%H!llt nyHKT. 

0THOCHT~XbHM BenHqHHa BKna;n;a llOXDCa H BeTBXeHHlt npH Man!lX 1; 
onpe.l{enaetca Teu, 3anpell!eH HXH ne-r nepexo;n; o;n;noro l? -pe;n;zuona 

B ;n;Ba. Rnaqe rOBOpa, Cyll!eCTBYDT XH ~arpauuu BH;n;a pUCe 13. 

y 

~ 
PHc. D. 
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ECJIH TaKHB ~HarpaMUH OTCYTCTBYDT, TO MOXHO llOKa3aTLi qTO npH 

-1;=0 BKJI~ neTBJieHHa ueHLme BKJI~a nonnca .H, cne~onaTeJibHO, 

aCHUIITOTllqeCKH HU6DT ll6CTO COO!HOmeHHH M8lt~Y ceqeHHSU.m: 
.2. 

~Q.. • G"' bb = tJo.f:, 

EcJIR TaKHe ~arpaullH llpHCYTCTBYDT (BeTBJieHHH yCHJIHBaDTCB ITOJID

COU), TO BKJia~ B6TBJieHHtt MOlt6T 6HTb CpaBHHU, HJIH ~axe 60JILme BKJia

Aa nonnca. HHTepecHo, qTo B 3TOM cJiyqae cooTHomeHHH uex~y ceqe

HHHMH TaK:J:e COXpaHRTCH, llOCKOJibKY BKna~ BeTBJieHH~ 6yAeT onpe~e

JIHTbCH ycHJieHHHUH ~arpauuaUH- pHc. I3,.xoTopse I!JaxTopn:sonaHH. 

0THOCHTeJibHaa BeJIHqHHa BKJI~a llOJIDCa H B8TBJieHHtt UO:EeT 

HueTL TaK:J:e OTHomeH~e K sxcnepHueHTau RoxoHH H ~p. I I? I n~ 
pp - pacceaHHD npn: 60JibmHx nepe~aHHHX n:unynLcax. EcJIH BKJia~ 

BeTBJieHHM c pocTou 1: y6snaeT 6scTpee BKJI~a nonnca, TO npH 

6oJILmHx, t ( 5 A>> f.) AOJIXHO ua6JID~aTLCH coxpa~eHHe KOHyca, xo

Topoe C pOCTOU 5. 6yAeT yueHbmaTbCH. 

Ha sTy xoni!JepeHnHD npe~cTanJieHH pesyJILTaTH I 7 I , nony

qeRHHe B EpyKXsBeHe no HsuepeHHD ynpyroro pacceHHHa 
.-t 
Jt Ha 

npOTOHaX H npOTOHOB Ha npOTOHaX B 06JiaCTH oqeHL UaJIHX·nepe~aHHHX 

· HUllYJILCOB. TaKHe ~aHHHe, HO npH 60JILmett 3HeprHH uoryT OKa3aTbCS 

qpe3BHqa~HO cy~eCTBeHHHUH ~JIH BHSCH6HHH BOnpoca 0 BJIHSHHH TOqex 

B6TBJI6HHB Ha aCHUITTOTHKy. 

6) Heynpyrn:e npo~eccs 

PaccuoTpHu xaxon-un:6y~L H3 HeynpyrHx npo~eccon, o6cyx~aB

mn:xcH Bsme, HanpHMep, Jl- +P ~ Jf0+t1 B STOll cnyqae o6ueH 

1? - pe,uHOHOM HeB03KoxeH. BosuoxeH o6ueH pe~xHoHou c KBaH

TOBHllH qHcJirum Pj =-I, Pr<. = I, G = I, T = I. llycTb 3TOT pe~
XHOH HUeeT TpaeKTOpHD (~lt). Tor~a Hapa}Jy C ITOJIDCOU B aCHMnTOTHKe 

2lf 

cy~eCTBeHHH TQqXR BeTB~eHHH (II) , OTBeqan~e 06KeHy O~HHK pe~

OROJI ~ L -1::) H npoHSBO~LRWI qzcnou P - pe,uHOHOB (pn:c. I4). 

y 
I 
I 

/"'-.. 

v 
+ ~ 

Pn:c. I4. 

\{ 

+ + 

CTpyxTypa .~ -nnocxocTH B 3TOK cnyqae n:so6paxeua ua pHc. I5 

~(o)+~'t 

I 

r..(o)+~ I"',;' ot'+~'. 

Pn:c. I5 

[!>(0) 

llOJIHOe ceqeHHe peaKnHH 6y~eT npH 60JibmHX 3HeprHHX y6HBaTL KaK 
sz [(!>{O)--iJ f(~), 

r~e ~()) - lPYHKnHH, SaBHCS~ag OT 5 JIOrapHilJJIHqecXR l = .en..s, 
H onpe~eJiseuaa COOTHOmeHHeU BKJia~a ITOJIDCa H B8TBJI8HH~. 

CeqeHHH ncex ~pyrHx peaxnz~, ~Jis xoTopsx o6weH pe~HoRou c Tpa

eKTopHett r> ( t) HBJIS8TCH rJiaBHIDl, 6y}JyT HKBTb TY xe CTeneHHyD 

3aBHCHUOCTb. 

2~ 



ACHKUTOTRKa Heyupyrax npo:QeCCOB 1 BOSHHKaDIIIM UpH ~ere .1tBH-: 

raD~XCR BeTBneHHti 1 HUeer Ba.J:HOe CBOACTB0 1 Ha XOTOpOU He06XO~HUO 
OCTaHOBHTDCSI. 

Ilycn aaps,zy c uonncou (3lt) c KBaHTOBiilllH ~ucnrum PJ =-I , 
?~<..=I, G =I H T= I, HMeercs nonnc c rpaexropuea r;(1:) 
c KBaHTOBIDm ~HCna.Jm PJ = - I, PR. =-I, G = I, T = I, 
Taxon, ~To pte) >(~to). B peaxnHD :il--rto.~T0vt raxol 

nonnc He uoxer ~arh Bxna~a~ O~xo o6uea pe~oaou ~(~) H 

nll6w ~HCJIOM P - pe,It%HOHOB uoxer ~an Bxn~. 
TaxaH BOSMOXHOCTh o6ycnOBJieHa1 reu, ~TO COCTOSIHHe, HanpHuep 

~BYX pe,It%HOHOB, npHBO~SIIllee X TO~Xe BeTBReHHH 1 RBJIReTCR cynepn03HqHeti 

COCTOSIHHti C op6HTaJihHIUm UOMeHT&m f = ·o H e =-I H He HMeeT 
r.- ~o onpe~eneHHOti ~eTHOCTH. ACHKUTO!HKa peaitnHH JL -+(J __..., JL + t'l 

· B 3Tou cJiy~ae 6y~er onpe~ensThCH npo:QeccaMH Tuna pHc. I4 , HO 6es 
· c 2r(i:<.o) -1] :Xt<?' nonncaoro ~neaa. Ce~eHHe peaxnaH 6y~er y6HBarh xax J Yl~4 

T.e. Tax xe (co cTeneHHOti TOqHocThD),.xax ceqe~s peaKnHR, ~Jia 
,-., \ 

xoTopux Bosuoxea o6ueH pe~XHOHOM P, (t"/ • 

KaaHTOBHe ~Hcna pe~%HOHHOrO COCTORHHSI - pe~XHOH {i(t)-!- npo-

HSBOnhHOe tlHCnO ~ - pe~XHOHOB 1 Sa HCKnDtleHHeM qeTHOCTH
1 

COBna-
.-.... f • . 

~aDT C XBaHTOBIDIH tlHCnaJm (~ '...t). Tax ItaK UOJIDC Pe~xe COOTBeTCTBye:r 
1 

Boo6~e rOBOPSI, cocTO.!lHHD, HuenmeMY BnonHe onpe~eneHHHe coxpaHRD

IIIHeca KBaHTOBHe ~Rena, TO H paccuaTpRBaeuue TO~KH BeTBneHHSI HMeDT 

onpe~eneHHHe xBaHTOBue ~HcJia,xpoue qeTHOCTH. Ecnu 6u w paccuoT

pena TOtlKY BeTBneHH.!l 1 BOSHHitallll{yD Ha 6ase ~BYX nonDCOB (bi ( t) 
H. ~4{i:) 1 HKeDIIIHX OTnKqHilti OT Hyn!l H30TOUHtleCKHti CUHH

1 
TO COOT

BeTCTBYDillee COCTOSIHHe He HKeJIO 6U onpe~eJieHHoro H30TOUHqecxoro 

cnHHax). Rax 6uJio o6~scHeHo Bume, TaKHe Toqxn BeTBneHHR He cymecr-

x)H 6naro~apea A.A. AHcenhyY, o6paTHBmeuy uoe BHRuaHne Ha sTo 06CTOSITenhCTBO • 
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BeHHH B aCHUDTOTRite R1 cne~OBaTeRhH0 1 aCRUDTOTHKa onpe~enseTCSI 

pe~OHHHUH COCTOSIHHSIMH 1 RUeD~KUH onpe~eneHHHe KBaHTOBHe ~Rena, 

xpoue ~eTHOCTH. 3To uoxeT B npRHnHne CnJXHTh cnoco6ou npoBepKH, 

oupe~enRDT nu paccuaTpHBaeuue BeTBneHHH acRKUTOTR~ecxoe noBeAeHKe 

peaxnHH. 

B) Paccesaue aasa; 

B OTCYTCTBHe ,1tBHraD~XCSI BCTBJieHHA pacceaHHe Ha 6onhmHe 

yr1ru onpe~eJiserca .1tBY!lll xouunexcHo conp!lXeHmnrn: q,epUHOHHwm noJID

ca~m Pe~e. TpaexTOpHH sTHX nonDCOB {2>± ( u) RBn.!lDTca cpyHxnHilMH 

1/U , r~e U. = ( Pet.- pcJ.f'- XB~paT :meprHH B cHcTeMe n.H. 

XpOCCHHrOBOrO xaHana. 

~~(u_) :::~(±VU.) 

l~) 
• ~( vu_) 

. ~(O)toc.'u. ~(0) 

. 0 (;- VCi-) 

PHc. 16. 

Tipn wnsx Ll 
~±Cu..)= (S<.o) + oVU:... 

Bupa.:s:erme (II) ~ns nonoxeHHSI Toqex, cooTBeTcTBYDIIIHX nopory o6paso

BaHHR ~lLl)H p -peA%HOHOB 1 Henpa.B"HJihHO 1 B qaCTHOCTlri UOTOMY 1 
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"~ITO npn (). = 0 ~'(u)=oq llo:no noxa.san, ,ll;eltc:rBya aHMOI'HtlHo/I~I; 
q:ro noRoxeHna :roqex BetBReHKR B a:rou cRyqae 6y,li;YT 

'i. =11.(0)+0('~ 
(J k.+ I I w n... 

n, cne,ll;ona:reRI>Ho, c:rpynypa J. - nnocxoc:rR npH uaJlHX &l6y,11;e:r 
nue:ri> BH~, nso6paxeHHUit. ua pnc. 16 •. 

3:ro osHaqae:r, q:ro actncn:ro:rnxa pacceaHHa Ha 6onLmHe yrRn no~ 

-npexaeui uoxe:r onpe,ll;eRHTI>ca ayxnouanu nonncou. Kpoue :roro1 nos

uoxuu ocnnnna~n B .1tH~epeH~anLaou ceqeunn, o6ycnonneHane HH:rep
~epeH~ea BKKa,ll;a OOHDCOB H BeTBHeHHlto 

§ 6. llonnca Pe8!e n :reopna nosuygeHHlt 

3a npome,11;mne ,li;Ba ro,11;a 6an c,11;enau PSI.1t nu:repecHUxpa6o:r B o6nac:rH 

HCCAe,li;OBaHHH aCHYTITOTHXK ,li;Harpauu TeOpHH B03uy~eHHtt. B pa6o:rax 

llonXHuxopaa n Tnx:ronynoca IIB,I91 paspa6o:ran YHHB~pcani>HUlt cno

co6 nonyqeHna acnun:ro:rnXH nRauapHux ,li;Harpauu no nx :rononorll'lecxoa 

c:rpyx:rype. B npoc:reltmeu cnyqae cxo,ll;amHxca nRauapuux ,li;Harpauu oc

HOBHolt pe3yALTaT 3tHX pa6o:r COCTOHT B TOM, QTO aCHNnTOTHltB. ,li;Harpau

W npH S ~ 00 n ~HKcHponaHaou t HMee:r BH,ll; . S -cs (.e..,';))~ r.Jte 

'i? - UHHHMa.JILHOe llHCJIO JIHHHit, XOTOpRe He06XO,li;HMO C%8.Tb II TOtlltY, 

q:ro6u ,li;Harpa:r.ma nepec:ra.Jia sanHce:rL o:r S , 'X onpe.Jtenae:rca 'qHc

nou He3aBHCHURX CnOC060B, KOTOpHMH MOXHO C,ll;eRa:ri> ,li;Harpauuy He 3aBH
CH~eit OT 5 , CXaB f$ JIHHHlt. 

B pa6o:re llOJIKHHxopua I 18 I 6uJio noxasauo, q:ro conoxynnoc:ri> 

,11;uarpauu Jiec:rnuquoro :rnna npHBO,li;HT x pe~encxouy none,ll;eHHD. 

BRna nuacneHa I 20 I cne~aJILHaa poJII> ·HenJiaHapHUx ,li;Harpauu, 

(,li;Harpaw, HueDlllHX :rpe:ri>D cnex:rpaJILHYD ~YHlt~D ~ l S • u.) ), 

TOpRe npH CyuuHpOBaHHH npHBO,li;HT 1t aCHUnTOTHite, COOTBeTCTBYD~el 
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xo-

. 
,li;BHraD~CH TO'IIItall BeTBJieHHSI B ~-nJIOCltOCTH. 

BoJII>mott ~ItA pa6o:rl21 ~ 251 , Haqa:rua pa6o:rott 'reRJI-Uanna H 

roJII>,11;6eprepa I 21 I, 6uJI nocna~eu npo6Jieue pe,Jt%Hsa~K noRilcon,· 

COOTBeTCTBYD~X 3ReMeH:rapHUK qaCTHnaM B TeOpHH B03uy~eHHit. Hate

pee 1t 3TOuy BOHpocy OC06eHHO 060CTpHRCH B CBH3H C HHTeHCHBHUKH 

,11;e6a:rauu Ha :reuy: xaxa.a H3 necy~ecTBYDlllHX :reopHlt nyqme - :reop:Ha 

S - ua:rPHnn, o6INHaH :reopHa nona HAH axcnoua:ruqecxnn no,!Oto,ll;. 

ITo cy~ec:rny nonpoc cnasau c :reu nsnec:rHUu ~axrou, q:rq B 

HepeASITHBHCTCltOit TeOpHH CBSI3aHHOe COCTOSIHHe B03HHitHeT tOALltO npH 
' 2 

YCAOBHH, QTO KOHCTaH:ra CBS13H ~ ,li;OC:raroquo BeAHxa. Ha S13UKe no-

ADCOB Pe,nxe 3TO npOSIBASetCSI B TOM, QTO npH Ma1I!lX <=J-2.. nOAD~a B 

· ocHOBHOM nax~,~tarca Jienee· AHHHH Rei"' - I/2 B. nJiocxoc:ra ~ H 

3aXO,li;HT npanee 3TOit AHHHH TOALKO Ha Ua.JiyD BeAHQKHY nopH,li;Ka ~~ 
AnanorHquaa CHTyanHa nuee:r uec:ro B npocrettmHX uesoHHRX :reopuax 

3 - . . 
( A'-{' ) \.11 os- o/ ) • B a:rHx :reopnax napnxaJILHUe aunJIHTY.ltH, BINHCJieH-

·uue C nOMO~LD nepBRX HeCltOJll>KHX npH6RH%eHHit teopHH B03uy~eHHit H . ~ 

npO,li;OJ!lteHHUe Ha HeneRUe ·J- , CtaHO~SlTCSl OpH Ua.JIHX ~ 60RbmHUH 

tORl>KO B6RH3H OTpHna:reJILHRX neJIRX ~ • 3:ro 03Haqae:r, QTO llOJI!lCa 

Pe~xe npu uaJIRX ~~ uory:r 6RtL TOJILKO B6JIH3H s:rnx :roqeK. Tionnca, 

COOTBetCTBYDlllH6 3JieueHTapHRU qaCTHnau, He HMeDT K 3THM TOQKaM 

HHKaKOrO OTHOmeHHH H nOSIBJIHDTCSI B HeaHaAHTHqecKHX no J qAeHax 
(" ( . 

:rnna u jc l a~'':. . Tios:rouy B :raKHX :reopHSIX , ecAH qac:rnns H ne• 

xa:r Ha pe,li;XeBCKHX :rpaeKTOpHSIX, TO TOJil>KO npH ,li;OCTa:roqHO 60JII>mHX H, 
. :z. 

nO-BH,li;HMOYy 1 ~HKCHpOBaHHUX ~· • 

renn-MaHH, roJII>,11;6eprep, Hoy H ,ll;p.l 23 l.o6patHJIH BHHJ.laHHe 

Ha :ro, q:ro B B6KTOPHOit uesOHHOit :reopHH ( ~{(~~·Af"") CHTyaUH~ 
MO~e:r 6Rtl> HHOtt. B 3TOU cnyqae napUHaJILHRe aMOJIHTY,li;R, BU'lHCReH-. 
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HUe C ITOUO~LD HeCKO.IILKKX nepBHX ITpHd.IIRXeHHR TeOpHH B03MJ~eHHR, . 
Hanpmuep, paccesHHs uesoaa Ha HyxnoHe, Be.IIHKH npa ~~ OnH3KHX x 

+ I/2. 3TO OdyC.IIOB.IIeHO TeU npOCTHU ~KTOU, tJTO BBe~eHHe tJaCTH~ 
CO CITHHOU e~HHH~a YBe.IIHtJHBaeT BK.II~ ~arpaUUH B aCHUnTOTHity. 

Ha asuxe nap~anLHHX aunnHTy~ ycHneHHe BKna~ ~Harpauu B 

acHunTOTHKY npH BBe~eHHH tJaCTH~ CO CITHHOM ITpOBB.IISeTCS B ITOBB.IIe

HHH Tax nasusaewx oeccwcn~Hirux cocTOBHRlt ( nonsen~e states). 

HanpHuep, CHCTeua BeKTOPHHR Me30H IT.IIDC HJKHOH UO%eT HaxO~TLCS B , 

Tpex COCTOSIHHSIX C Onpe~eneHHHU MOMeHTOM ~ H tJeTHOCTLD (-I) i -II2, 

OTnaqan~xca npoex~ea uouenTa ~ Ha nanpanneHHe OTHOCHTenLHoro 

~BHXeHHs ( ~ =! Il2, ! 312 ) • 3aaqeHHe ~= Il2 snnaeTcs·¢H3H

qecxHu, o~naxo cocTosHHe J = Il2, f =312 He¢m3Hqecxoe ( t10rl~en.se 
$ tu.te ). Ilap~MLHaa aunmuy~a paccesHHS B COCTOBHHH C j-( =312 

nosTouy uoxeT dHTL donLmoa npH ~= Il2. renn-Mann a ~p. noxa3anH, 

tJTO B dOpHOBCKOJ.I npHO.IIH~eHHH TeOpHH B03My~eHHSI 3Ta aunnHTy~a HUeeT 

nonnc npH J =Y2. IlOCKO.IILKY npH j. 1 OnH3KOM, HO He paBHOM Il2, 

COCTOSHHR ~ =+ Il2 CBR3a~H ycnOBHeM YHHTapHOCTH C COCTORHHeM 
f - . . 

ft= 312, TO B ~ne~D~X npH0.1IH%eHHRX aunnHTy~~ 1 COOTBeTCTByD~He 
COCTOSIHHJIMH r· = ! Il2, Taue BenHKH B0nH3H J:. Il2. 

QqenHino, o~naxo, qro oonLmas BenHtJHHa aunnmTy~ nap~anLHHX 
BOnH B~.IIH3H ~= Il2 RBnJieTCSI HeOOXO~MHM, HO He~OCTaTOtJHHJ.I ycno

BHeM Toro, tJTOou, HanpHuep, nonnc, coorBeTCTByn~n nyxnony, nexan 
Ha pe~xeBcxoa TpaexTopHH. 

renn-MaHH H ~p. I 22 I noxasanH, tJTo ~pyrHl! Heooxo~mw yc

JIOBHeM HMReTCSi ¢aKTOpH3a~HSi nap~HanbH!lX aunnHTy~ B dOpHOBCKOM ITpHd

.IIHXeHHH. OHH B!lRCHHnH, tJTO 3TO ycnoBHe Bunonneno B cnyqae pacceJIHHa 

Bexropnoro MesoHa na HyxnoHe H He nurronHeHo B cnyqae pacceaHHa 

BeKTOpHoro Me30Ha Ha CKMHpHoU tJaCTH~e. 
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·B 'npOH3BOJILHOM nop~Ite TeOpHH B03My~eHHR B BeitTOpHOll Ue30H

HOR TeOpHH KM He y~MOCL ITOita3aTL, qTO HYK.IIOH ne:Z:HT Ha pe~eB

CKOll TpaeitTOpHH. O~axo·npH HeltOTOpuX ~OITOJIHHTenLH!lX npe~nOJIOXe

HHSIX OHH yde~HJIHCL B pe~XH3a~H HYKnOHHOrO ITO.IIDCa npH yqeTe necT

HHtJHHX·~arpauu ~o mecToro nops~xa. Q~onpeueano OHH yOe~HJIHCL B 

OTCYTCTBHH pe~sa~H ITOJIDCa, COOTBeTCTByn~ero CKa.IIHpHOll qacTH~e. 

B .paOOTe, npe~CTaB.IIeHHOR Ha KOH~epeH~D, IJoJIKHHXOpH noxasan, 

tJTO ~OITOJIHRTenLHHe,npe~OJIO:Z:eHRS, HCITOJIL30BaHHlle B paOoTe 1231, 

npanHJILHH, H Teu cauuu sanepmHJI ~oxasaTenLCTBO pe~sa~H HyxnoH

noro nonnca·B 3THX ~Harpauuax. 

B pa6oTe Man~enLcTaua, npe~cTanJieHHoR Ha xoa~epeH~D , pe~H

sa~a HYKJIOHHOrO ITOJIDCa B TaKOR TeOpHH AOita38Ha B ~ByxtJaCTHtJHOM 

npHOJIKEeHKH 0e3 HCITO.IIL30BaHHH TeOpHH B03uy~eHHR. 

Taxmu oOpaaou, B nacToamee BpeMR muenTca cepLesnue apryueHTH 

B ITOJIL3Y TOro, tJTO B BeKTOpHOR ue30HHOH reopHH HYK.IIOH HaXO~TCH 

na pe~xeBcxon Tpae~TOPHH. 

B CBS3H c pe~sa~Hen cxanapHon qacTH~ B Taxon TeopHH 1241 
S XOTeJI OTMeTHTL, tJTO eCJIH CtJHT~TL uaccy BeitTOpHOrO Ue30Ha 1\ ua

JIOR H npeHedpetJL en Bcn~y, xpoue HH~paxpacHHX qJieHOB, co~epxa~x 

~ ~ , To cxanapHaa qacTH~ Taxxe oxaaunaeTca nexamen Ha pe~

xeBcxon TpaexTopmm. Mne xaxeTca, qTo raxoe npHdnHxenme uoxeT 

HMeTL OTHOmeHHe K ItBaHTOBOR 3JieKTpO~HaMHite H ~T pe~H3a~H 

CKaJIHpHOR qacTH~ CBSI3aH C TeM, qTO aneitTPOAHHauHKa qaCTH~ CO 

· CITHHOM 0 BBJUJeTCS CTOJTL :z:e XOpomen TeOpHeR, Italt H 3JleKTpO~HHauHita 

tJaCTHU CO CITHHOU Il2 • 
EcHO , qTo cne~n~n BOnpoc, KOTOpull B03HHXaeT, - HB.IIHeTCS nH 

BexTopaun ueaon ~BHran~uca. 
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B paOore, npe~craaneHHOR Ha XOH~epeH~HD, Ma~eHLCTaK llPHBeH 

apryueHTH B noHL3Y roro, qro BeKTopHHR ue3oH ne HexHT Ha rpaexro

pHH. 3TOT BOnpoc He np~CTaBHHeTCH UHe, O~HaKo, OKOHqareHLHO 

BHHCHeHHHK. 

Epyroa HHrepecHutt Bonpoc. Moxno HH c roqKH 3peHHS reopHH 

B03MJ~6HHR llOllHTaTLCH BHHCHHTL, cy~eCTBYeT HH llOHDC llouepaHqyxa. 

B paOore, onyOHHKOBaHHott ne~aBHO I 25/ , reHH-MaHH H ~p. noxa3anH, 

qro B .qerBeprounopH~KeBeXTOpHOtt Y630HHOR TeOpHH cy~eCTByeT llOHDC 

C KBaHTOBHYH qHCnaMH Baxyyua, KOTOpHtt npH YaCCe Y630Ha, paBHOR 

HYHD, npoxo~HT qepe3 roqxy J ·= I npH ~= 0. 

PyxonHcb nocrynHHa B H3~arenbCKHtt 
or~en I9 aBrycra 1964 r. 
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