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OB SHEPTETNMYECKOM CIIERTPE HEYETHbLIX
COEPIYECKHX SIIEP

C. T. BEJIAEB, B. I'. 3EJJEBAHCKUAN

(HTocmynuaa 6 pedanryuwio 12 wonsa 1964z.)

PaceMoTpeHEl BO3OYKIEHWs HEYETHOTO CPEPEIECKOTO AApPA B IPEAIONOKEHHH, YTO
OCHOBHBIM fBISETCS B3AHMOJCHCTBHE HEUETHOT0 HYKJIOHA ¢ KOJNJIEKTHBHLIMU BO3OY:KIe-
‘HUAME- YeTHOro ocrToBa (domomamm). Taroe NpeAIONOKeHHE OIPABIBIBAETCA B CIydae
aanafaTHIHoOCTH KOJIIEKTUBHBIX BO30Oy:kaeHwil. (DOHOH-HYKIOHHOe B3amMofeiicTnue He
cunTaercss caabbiM. IIpum cyMMHUpoBaHmm TIpaduKoB TeOpUH BO3MYINEHMil MCHOIL3YeTCS
pasioyReHne 10 CTeleHH XAOTHMYHOCTH B CIOMKEHHH TIPOMEKYTOUHBIX MOMeHTOB. B Hexo-
TOPBIX IIpefieJBHEIX CIydasx HalifleHbl aHAAUTHUCCKUE BHIpAyKeHHA AiA pyErnmzm I'puna
B BHJe CyMMbl OECKOHEYHOT0 9UmCia IMONIOCHBIX ciaraeMbrx. OGcykmaiorcd Quamieckme
HPOABIeRN 3PPeKTOB HYKIOH-(OHOHHOTO B3aWMOAEHCTBAA B HEUETHBIX AApax.

1. Bsepnenue

Hmxrne Bos3Oy:rmeHHbie cocTosiHmsa cepUUecKUX UYETHO-IETHHIX AfAep C
JOCTOBEPHOCTHIO MMEIT KoimerTuBHyt mpupony [']. EcrecTtBenHBIM Kaskercs
[PeJIoNoKeHne, UT0 HIDKHIE BO30OYIKIEHIs HEUETHOTO Afpa MOKHO OIHCATD
KaK pe3yIbTaT B3aMMOMENCTBUA HEUETHOTO HYKJIOHA ¢ KOJJIEKTUBHBIMU BO3-
oy:peHnsMu yetHoro ocropa. DeHOMEHOIOTHUECKOMY aHAIN3y HKCIePUMEH-
TANBHBIX JIAHHBIX Ha OCHOBE TaKOW MOJENIN IOCBAIMAETCSA SHAYUTEIHHOE THCIIO
pabor, ocoGernno B mocaeguee Bpems [2]. O6mas cxema aHaxmsa NPIMEPHO
TaKOBa. XapaKTePHCTUKE KOJIITEKTUBHBIX BO30YKIEHWIT 0CTOBA 3aMMCTBYIOTCSH
73 HKCHEPUMEHTANBHBIX JAHHBIX JIJISI COCEMHNX YeTHO-4ETHBIX aAnep. Homeram-
TLI B3AMMO/[EIICTBYS HEUETHON YaCTUIIBI ¢ OCTOBOM SIBJISIOTCS CBOODOTHBIME IIa-
pamerpamu. V3 pesynpraroB aHammsa cieayeT, 9TO HONOOHAsS IPOCTas KapTu-
Ha B OCHOBHOM HE IITPOTHBOPEYHNT B3KCIEPUMEHTANBHBIM (QaKTaM, X0Td LI
00BACHEHNsT BEPOATHOCTEll I€PEeXOI0B MPUXOIUTCH BBOMUTH JOMOIHUTEIHHEIS
HapaMerpsl (IpuMecu K BOJHOBBIM (DYHKIMAM OT JAPYTUX OFHOIACTOTHBIX CO-
croanmit). pm s10M, K COMKAIEHNIO, TMUCI0 CBOGOJHBIX IapaMeTpoB IOUTH CO-
BHAJlaeT ¢ YMCIOM JAaHHEBIX, W3BECTHLIX U3 HKCIEPUMEHTA, TAK UTO HEIL3A CHe-
JaTh yOeguTeabHOr0 BBEIBOJA O CHpPaBeJIMBOCTH Mojexum. B Takoii cmryamun
HpeficTaBiger GOJIBIION MHTEPEC MUKPOCKOIMMYECKOe PAaccCMOTpeHne Bo3Oy:Kme-
HIIII HEYeTHOTO sipa, MPH KOTOPOM He TpeGyercs BBEIEHHS OOJBIIOrO YHCIA
CBOOOMHELIX KOHCTAHT. :

[lomHOCTEIO CcOrTacoBaHHOE PACCMOTPEHNE MOMKHO BRIIOYATH MCCIETOBA-
HIE KaK KOIIGKTHBHBIX BO30OY/KIeHWUN geTHoro ocroBa («POHOHOBY), Tar 1
B3AUMOJICICTBIA ¢ HAMM He4eTHOro HykKiaona. OmHAKO 110 CYIIECTBY OTH JIBE
3aJaun pasfelAIOTCHA, TAaK KaK M3MeHEeHHeM CaMHX KOJIeKTHBHBIX BO30y:Rie-
HIE 0T OPUCYTCTBUsI HEYETHOTO HYKIOHA MOKHO mpeHeOpews. [lpyrumm cio-
BaMIT, MBI MOYXEM OTOKECTBUTH (JOHOHBI HEUYETHOTO SAPA ¢ AHAJOTHIHBIME
BOBOYIRICHISMI COCEHUX YeTHBIX sfiep. AHAIM3 cBOICTB (JOHOHOB W WX B3AN-
MOJieiicTBUN MesKIY c000i («aHrapMOHMYHOCTEY) caM IO cefe ABIAETCH CIIOM-
HOIl 3ajaueit [°], ogHaro A HaxoskmeHWs BO30Y:KIEHUIT HEUETHOTO sAPa TPe-
OyioTcs nuInh caMbie OOIMIE CBENEHUS O xaparkrepe (OHOHHOrO cmexrpa. MEr
OyjieM Tpe.roIaraTh, YT0 OCHOBHEIM SIBJIISIETCS B3aWMOJIEHCTBIE MEKIy HederT-
HBIM HYKRIOHOM ¥ (DOHOHAMMU, & B3aUMOJieiicTBHeM Me;Rny (OoHOHAME, KOTOpOe
JUI QHTAPMOHMIECKUX H(PQPEKTOB B UETHOM SApPe ABIACTCA OIPeeIaouM,
3JIECH MOKHO IIpeHebpedb. JKCIepHMeHTaTbHbIe TaHHBIE TTOKA3BIBAIOT, UTO Ta-
KO€ IpPEeJII0I0KeHNe ABIALTCS PABYMHBIM [Jisi GONBIINHCTBA WHTEPECYIOIINX
Hac c(hepuiecKux samep.
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Pacemorpenne s, HYRIOH-(hOHOHHOrO B3amMOMEiiCTRIS O3HAYaeT Tpe-
HeOperxenne cpasnio HEIeTHOr0 HYKJIOma ONHOYACTHIHEIMU BO30YK e aMI
OCTOBa, KOTOpAsT ONUCHIBAETCS IPAMEIM (quLIpeXd)epMHOHHLIM) B3ammopeiicr-
BIeM. Yder mpsamoro B3AMMOMICHCTENSA IPHBOAUT oy, & He3HAYNTENBHON TTe-
DecTpoiike omHOYacTHYHOTO CIeKTpa (cMecn ROH(Urypammit) KOTOpas Mosxer

AOVRHO yaUTEIBATHCS IOTIOMHATONBHO,

IPderTusmoe B3aNMO/IeiiCTBIe HYKIOHOB ¢ doronamm B ANpe He ABIAeTCH
¢1abbIM, ODTOMY 0GBIImas Teopusa Bosmymenmit [5] wim o0pesaHne ma mamonm
ancne gomomnos [6] me ABIAIOTCA 000CHOBANHBIMY Hponmenypamu. Msr 6ymen
IPHMEHATE Tpaduueckyio TeXHURY ((ymrrmoum Ipuna), s KOTOpOIl Hanbosee
HIPOCTO ¥ IOCTIeT0BATeILHO HCCICNYIOTCA BEICIINE TIPUOIISK ORI,

2. Cucrema ocHoBmbIX YpaBHeHmii

JIro6oit Geitmmanosermit rpaduk B bacemarpmBaemoit cuereme B3auMopeii-
CTBYIOIAX HYKIOHOB W (hoHomOB CTPOUTCS W3 TPeX CTPYRTYpHEIX DIEMEHTOB,
AHATATHICCKIE BRIDAREH ST 151 ROTOPEIX momyucHsr B [7],

3 fiv -+ ABv = 1, Ay— By — EV/EV, By — &yo3'= AVGZ,
El=FE2— g2 + A2 {2408

(3mecs m wmKe of — Marpunst Taymm; no mopopy OCTaNBHBIX 0003HATCHIH
em. [7]).

B nameneiimen Gymer yZo6Ho menons30BaTh TamKe dyrxmmo Tpura xpa-
SWYACTHIT, KOTOpas MmoMTywaercs ma (2.1) ¢ momomsIo RaHOHMIECKOTO mpeoGpa-

3oBanuA BoromoGoza, T, e, eifcTBmeM Marpaner U, = u, + jp,ot, d10 TIpe-
obpazoBanne Mensger mmy «HatmpaBienmey F,:

Ey—> OB0F — (, T 0v0") By (2 — ivyot) = Eyot, (2.2)

a4 Brlpaskenme (2.1) popmampmo ocraeTcs 6es mameHenmit,
YEROuA I'puna omona B pexcrasaennn Dypre nra QyHRDIS

aveer o6bIaHbIL By
D 0) = 200/ (0?2 — og), (2.3)

JdaemenTaprag BOPHINHA  HYKIOH-POHOHEOTG Baammopeiicteus  (cm. pume. 1)
pasua
A A S T 2
Luo (vivy') = [0 (717,) Gayr (— 1 )i 2.4)
9(11) (71/1) 117 ( ) my —my’ i (
rae (...) — 8j-cumpon Buruepa.
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puna 014/ B IIpeICTaBIeHNHN UCXOAHBIX YaCTUI[ paBHA 03, a A KBa3n-
mpeobpasyercs B

¥ A "O'Au' = U1(53U1'+ = (lhlli' — 1/'1U1') o3 + (uivy + viuy) 02 =
= Eu'O’a -I— 7]11'0’2 = O01/1. (25)‘

Omenka exmuuesr 10(j1j1") B HylIeBoM mopsaire IIo IapaMeTpy afmabaTmd-
MOReT OBITH moryueHa u3 cooTHomeHuit [7]

flr';'.é(iiii’)b = ygu (— 1)7"2,  guw ~ [+ 1)} +1)]", (2.6)
' 1 2 BB — &;& i+ AjAj
— X O il
L %gu EE; (E; + Ej)®

(2.7)

-rpyﬁoﬁ OIEHKHN MOKHO CUMTATH, UTO
v2 ~ wo(2E)3Q,

o 2F — cpepiass HHEPTHA OJHOYACTHIHEIX Bo3Oy:menumit, a Q — adderTns-
(0@ YHUCI0 OJ{HOYACTHYHEIX COCTOSHMIL, JAIOMUX BKIAJ B KOJI-
JIEKTIBHOE BO3OVIKIeHMe., OTO UHCI0 IO TOPAAKY BeINYTHELL
COBIAfiaeT ¢ IHCIOM cocTosHmil B oGomoure (~ A”) m moxer
MPAKTUYECKN IOJHOCTHI0O KOMIICHCHPOBATH MaJoCTh ajmaba-
‘mmaeckoro mapamerpa (wo/2E)%. Ilosromy /

(v/ @)%~ (2E [ w)3Q~t ~ 1. (2.8)
Veaopue (2.8) MBI I0JI0KUIM B OCHOBY OIEHKH Pa3iWYHEIX Tpa- B 1

 (puKoB TEOPUU BO3MYIIIOHUIA.

@Oynxnun 'puna myxiaona G m goHoHa DD ¢ yderoM HUX B3amMopelicTBHit
| YAOBIETBOPAIOT 0OBIYHEIM ypaBHeHmaM [laiicona:

G(j, &) = G, &) + G, &) I (], ©)G (i, 2), (2.9)
D(0) = D(0) + D(0)I(0)D (v). : (2.10)
CobcTBeHHODHEPTETHIECKUE YACTH HyRIOHA Mu ¢orona I moxm0 BBHIpA-

3UTH Yepes TMONHYH BepmuHAY dacts I'y. Tak Kak 3aBHCHMOCTH BePIIMHHOM

gactm 'y (1, e — o; 17, &) or mpoexknmit MOMEHTOB BHENIHNX JIMHHI SBIACTCS
YHUBEPCATBHOM, YT00HO IOTOKITE (2:41y

fiad jr_1 ].1 jl' 2 A
e N Hed ? Ji—my+J -2 . ST
?P- (1, & ®; 1 9 8) s Tgll (—’— 1) (ml i ml, ”) F (]1, e ®; ]1 ; 8)-

!
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=
3
-
b
i
\

|

|

;
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Brepenmas TaxuM oGpasoM cranspHadg Marpuna I ABisercs Oespa3MepHOil I B
HyJIeBOM MPUONMKEHNIT PABHA Oy47.

Co6crBennosnepreTndeckas dacth gouoHa II(w) comepsKUT B3aMKHYyTEHIe
HYKIOHHBIE TIOTIN ¢ CYMMUPOBAHUEM IO (OIBIIOMY UHCIY OfHOUACTHUYHBIX. CO-
crogumii. Vsmenenuwem I1(®») or mammdms BEITEIEHHOTO HEUETHOIO HYKIOHE
MOMHO IpH DTOM TpeHebpeus, Canras, 910 cTPYKTYpa QOHOHOB B UETHOM ANpe,
1. e. pemmenne ypasuenus (2.10), nzBectHo, MBI B FauapHeiimem He Oyjem pac-
cMaTpuBath monpasku K D°(w), momarag, gro mcrmaHas ¢ynxmua [puma do-
mona D (w) mmeer Ty ske cTpyrrypy (2.3), HO ¢ mEepeHOPMHUPOBAHHOWE YacTO-
TOH o. i

Jlas cobersennonHepreTHyecKoii wacrn mykmona M (j, &) mocie cyMMupo-
BaHUA [0 TPOCKIUAM MOMEHTOB BHYTPEHHIX INHMI HaX0 1M

9 ’ gL 72 A.., en d—(!) AN ot Aan S o )
M(j, ) = T} _I_ijz%gjj, zgzﬂ DG, e—wo)l'(,e—w;7],e).(2.12)

Yro6sl saMrayTh cucTeMy ypasmenmit (2.9) u (2.12), tpeGyercsa cuenath omn-
pejlesieHHEIC TIPeImoNomenHns o Beananne I, '
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3. Amamms rpadukos BepmmmHOi wacTn

A
Pacemorpmm cmagara mompasky ® I' mammmsmrero nopsaaka (cM. pme. 2),
LT KOTOPOIL ITOCHIe CyMMIPOBAHIS 110 TIPOCKIIAM HAXOTIM

! 83
(1) /o . _ w2 N1812800 82y [J1 2 ]y S
PP e—a; i, g =yt QBBest L & Ll i
Joda” gll /2 2 /2
.(dw' B g sev . A 31
X l.)——zﬂ D (o) 612G (J2) € — 00') 605G (J, E—0— )y, (3.1)
rae {---} — 6j-cmmBouL
Hac nnrepecyer sepmmunas wacrs 1" mpn smawenmsx sme TeTHYeCKIX IIe-
pecy p b P
beMeHnbIX & ~ K, 0 ~ . Ecim nepemennas & me 6amska & sHepruu [; on-
HOro 113 OJHOYACTHIHEIX Bo30ysKueHmit, To B MHTerpaie (3.1)
MOJRHO CIUTATh 10 HOPAARY Bexuannsl G ~ 1/E, aro mpusout

K OIlCHKEe
T ~ g2 Mg2F-2{ 3} (3.2)

Ecim 6p1 mox 3maxom cymmsr B (3.2) orcyrcrsoBam 6j-cmmsou,
T0 B coorBeTcTBHN ¢ (2.8) »Ta Beamumma mWMexa GBI HOPATOK
E [ 09> 1. Hammuwe {---} npmeomur x PEeSKOMY YMEHBIIEHIIO
BeIITIIHEL cyMMbl (2.7), BO-IIePBEIX, BBUAY MaXOCTH a0COIIOTHOM
Bemmuunkl 6j-cumBona (~1/g% mpm Gompmmx j), a, Bo-BTO-
PBIX, BCJIECTBHE 3HAKOIEPEeMEHHOCTH er0 Kak (JyHKIUH 2. Jo'.
Harp rarue-mubo obime OYKBEGHHEIE OI[EHKN IIe IPERCTABIACTCA BO3MOKHEIM,
OfVHARO WIICIEHHBIC ONMEHKN CyMMbl (3.2) momaseiaior, wro ' << 1, Cymmzr
IOZ[00HOTO Pofia MBI GyJeM CIMTaTh MATBIMI. D10 10 CYLIEeCTBY ABISETCSA MPH-
Omuwsxennem xaormaecknx as. CyMmMMmbr, He COfiepsKaIe BHAKOIIEePEMEHHbBIX
Beaudny tuma {- - -}, XapaKTePHBI A KOTepEHTHHX KOLIeKTHEHEIX adherton
(cm., manpumep, (2.7)). Hanname sxe {- -} mommocTIO paspymaer KOTrepeHT-
HOCTB.

ITpoBeniennas omenra cramoBHTCH HeIIPEMEHUMO’, Korja IepeMeHHAs &
JeRUT BOIMBM DHEPIUN OJHOTO U3 ONHOYACTHIHEIX yposueii, nanpumep, Ey (ma
paceToARmAX mopsnka |& — Fo| < wo). Torma 8 (3.1) onmn ms wirenos CYMMBI
(«pesomamcHELY, j = jo), mus Koroporo G (jo) ~ 1/wo, 3HaUMTENBHO HpEBOC-
XoguT ocradbHble. B pesyaprare

T®(jijy") ~ y2we2g0e2

Pre. 2

L
i o e (3.3)
Jo 2 jo
Taxmm o6pasom, pesonamcHbrit BEJIAI TOJIBKO OT OJHOTO OJ[HOYACTHIHOTO yPOB-
Hil 3HAYHTENLHO HPEBOCXOAUT CYMMApHEI, HO HEKOrepeHTHBIL BEJAJ OT Beeit
TPYIIEL YPOBHEIL,

Pesonancmas obmacts € B BepmuHHON Yactu I' momkma mrpars CyIIeCTBeH-

A

HYIO DOIIb IPY BLIYUCICHAN COGCTBEHHOI SHepPrum HyKIOHA M, rne & apasercs
durcnposanmoil BHemHell mepeMenHOiL, Bran sxe pesomamcmbix o6macreii & B
doroHHEYIO co0CTBeHHOYHEpreTIIecKyo dacTs 11 He UTPaeT IPUHIUILATLHO
POIlT, TaK KaK OPH 9TOM € CIYRUT TepeMeHHOI HHTETPUPOBAHNS 1 MEHIETCS
B MIIPOKAX Tpeferax. JTo I OHPABALIBACT CAGTAHHOE BHIMIE LIPeIoI0KeHIe 0
TOM, {TO M3MEHEHHEM CTPYKTYPH (JOHOHA OT FOGABIEHWS HedeTHoi JaCTUDEI
MOJRHO IIpeHeOpedp.

Paccemorpum Temeps Bmicmme rpagurn. Ecan orBmeunca ot reoMeTpuue-
CKHX (DaKTOPOB, BOZHUKAIOIINX OT CJIOKEHIIS TPOMEKYTOYHBIX MOMEHTOB, TO
JIETKO yCTaHOBUTE, 4T0 Bee rpaduxu B I' mmeor ommm u ToT e TMOPATOK, ecJan
BCE LDOMEMKYTOUHEIE COCTOSHUA HYKIOHA — DPe30HAHCHEIE (8 mepesomamcHoM
taydae Bce Becmme rpadgurn (2r 4 1)-ro mopsaaxa COJepsKRaT JIOTONHHITEIb-
HbIe mMaupre MHOuTenn (wo/2E)%"). Bux reomerpmaecroro daxropa saBucuT
OT ROHKpeTHOro rpadura. Taxk, rpagurn puc, 3, «, 0, 6 cofiepsKaT IPOU3BEeHTe
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- gByx 6j-cumBomoB, a rpadux puc. 3,2 — 9j-cumBox u 1. 1. CylgecTBeHHO, 01~
HAK0, UTO IO Mepe YCJIO;KHEeHNsS TeOMeTPHYecCKUX (PaKTOPOB WX BEIMYHHA [0-
~ BOJIBHO OBICTPO Iajaer. [lJIs OIeHKN paccMOTPHM cIydail OJHOI0 Pe30HAHCHOTO
- yposus ¢ j > 1. Torga reomerpmueckmii paxrop g2{- - -}, Bxomamuit B (3.3),
MOsKH0, coraacuo (2.6), omeHnTH KAk

. 2 9
B8 1{’_ _}gi———. 3,
Sl jrd g iiE1) it
Herpynro ybeauTsess, 910 ¢ yUeTOM TONBKO WICHOB MOPSAAKA j 2 Bce Teo-
Merpudgeckne (aKTOPHl MOryT OBITH TpeJCTABIEHBI KaK HEKOTOPAs CTEIeHD
u§34) Tax, gaxrop, comepmammuii 9j-cumBoI, sKBUBaMeHTeH WP, mBa (harTOpa

Pme. 3

¢ 12j-cumBosamu — w* m w° m 1. A. Taxkum oGpasoM, B 8TOM NIpPHOIIKEHUN
CIOJKHOCTh TEOMETPHYeCKNX (PaKTOPOB XapaKTepH3yeTcsl CTEleHbI0 HKBHBA-
JEHTHOTO BEIpasKeHUd wm.

I ONMEHKN ITOKA3BIBAIOT, ITO XOTA IpH (POPMATBEHOM Iepexofie K Ipefery
j—> 0o Bce reomMeTpuuecKme (DaKTOPHI 0OparmfalTes B eUHUIYY, ONHAKO [
~ (usenposauroro (xora u 60JII>HIOI‘O) j onm yOpiBator ¢ n. llpm mammamm mHe-
CKOMBKIX De30HAHCHEIX YPOBHEI 510 yObIBaHie CTAHOBUTCA ele 6oiee OBICT-
PBIM H3-3a J{OIOIHUTENBHON Xa0THIHOCTH B CIOKEHHN MOMEHTOB. JTO OTKDBI-
BAET BOBMOKHOCTDL MUCKPUMWHANN TPAagitKOB 110 NX TeOMEeTPUYEecKoil CTPYK-

 Type W MCIONB30BAHIS CTEIeHIT ee CIO0KHOCTH B KadyecTBe HEKOTOPOTO mapa-
METPA PABITOKEeHUS.
Ecrectsenno, uro B obuieM ciyuae Helbss yKasarh HEOOXOJUMOE THCIO
rpaqnmos B I', KoTophie ciefyeT YUHTHIBATH MIA JOCTIKEHHS sKelaeMOi TOd-
" HOCTI, II DTOT BOTIPOC MOMKET OBITH PEMIeH JIUIIH TPH KOHKPETHBIX THCIeHHBIX
pacquax
Oy 1Ipesie bHBIM CIIyYaeM SIBIAeTCA NOTHOE IPeHeGpesReHe BCeMM Ipa-
~ (uravnu B I comepsRATIIIMI j-CUMBOXE! (caydail moaHOl Xao0TUYHOCTA). ITO
; -.‘BKBPIBaJIeHTHO samere 1' ma sarpapounyio sepmmuy 1P OGpartHOMY mpemeis-
| HOMY CJIydgaio OTBEUACT 3aMeHa BCeX TeOMEeTPUIECKHX (AKTOPOB Ha eAMHHLY.
It AiBA_CiLyuas OUPE/ICIAI0T HIKHIOI T BEPXIOn I'DAHWIE JIIT  PEANBHBIX
pemiernit. Kax Gymer moxasamo HIzKe, JUIS OJHOTO PE30HAHCHOTO yPOBHsA 00a
TMPEeeNBHEIX CIydasl JOIYCKAIOT TOTHOe penieHne,

Mcerenosanne OCHOBHBIX ypaBHeHRit

Ceazp M ¢ G un I' (2.12) mMmeer muTErpaTBHBIN XapaKTep, YTO MPUBOINAT B
‘o0mieM crydae K CHCTeME HEeNMHEeiHBIX HHTErPAJIBHBIX ypaBHEHU 0T OZHOI
- aHepreTmueckoii mepementoil. MoskHo, 07HaK0, IOKA3aTh, YTO ¢ TOYHOCTHIO [0
HECYLIeCTBEeHHBIX YICHOB ITOPSIIKA (coo/ 2E)? warerpanbible YPaBHEHUS MOK-
HO mpeobpasoBath B QPYHRINOHATHHLIE COOTHOIIEHIS, He COJep:RAIme IHTeT-
PHPOBAHMIL.

Paceyorpiym cTpyRTYpYy Tpahuxa IpOMBBONBHOTO MOPAAKA TEOPHH BO3MY-
- ImeHui [ua T wmm M. B OpUHATOM TpPHOAMKeHNN (3aMKHYTHIE HYRIOHHBIC
WeTANm He paccMaTpmBaioTes) Jafo6of rpadmK COCTOMT W3 ONHOME CIIOMIHOM

2 g, pam 1 il



HYKJIOHHOW JMANN ¢ HAHW3AHHBIMU Ha Hee PAa3IHIHBIMEH CITocofaMu doron-
usivn upsvu (pue. 4). Herpyamo Bugers, uto mocme cooTBeTcTEyMOITerc
BEIGOpA BHYTDEHHUX TePEMEHHBIX HHTErPHPOBAHIE 10 HHCPIHH JIH06Or0 po-
MEKYTOYHOTO (POHOHA BAaTPATMBAET HECKONBKO HYKIOHHBIX W TONBLKO OfHY
(ponounyto pyrrnmo I'puna, manpumep,
. do’ n A ] ’ 7

1, (e, co):zgé}c—D(m)Glo(s——m)de20(e~—m——m). (4.1)
Beruncnss sror marerpan ¢ momomsio (2.1), (2.3), HalileM, 94T0 ¢ TOYHOCTHIO
7o 4ieHoB Hopsaaka (wo/2E)? pesymbraT WHATErpHpOBAHMS MOMKHO 3aIHCATh
B BUJIE

7 b B, ) ;
= R U SARE - Src . 2= = _L_
112(8’ & (S—El_(ﬂo ' e + £ 4 o, st
AAQ Bz 7 :
. (S—W—Ez—(ﬂo—l-e“m‘f“Ez—f"@o)’ S

T. e. mHTerpuposanue B (4.1) mo cymectBy skBHBameHTHO CIABUTY IIOJIOCOB
HYKTOHHBIX (ynrnmit ['puma, mpm koTopom abcomormas senmamma mosTI0ca
YBEIMUUBACTCH HA M. JIerko y6equrhes, aro
9TOT Pe3YNbTaT CIPaBeJINB W TJs WMHTe-
IPaJioB, COJePIKAINNX ILPOM3BE[eHIe TI060ro
qucna GO Boxee Toro, mus IMOJXYYeHUsA DTOTO
pesyibraTa CYINeCTBEHHBI JIMINh aHAIMTHIC-
Puc. 4 cKme cBoiictBa GO HOSTQMX eCTeCTBEHHO
camurarh, 4To AuA Bemmumu G, M, T', monyaaio-
IIXCHA CYMMHUDOBAHNeM rpaUKkoB paccMaTpuBaeMoro THIIA, CIIPaBeIINBO Tpa-
BILIO MHTErPUPOBAHNSA MO dHeprun HoHOHOB, anaxormumoe (4.2):

€

ig-zd—;JD(m)cﬁ(a—m):c“D(e_cso), (4.3)

rfie fo6aBra — wo K aprymenty @ 3mech I B TanbHedIIeM 03HAYACT CIBWUT BCEX

TIOJOJKUTEIBHBIX 1moJ0coB @ mo JIaHHQﬁ HepCMQHHOfI BIIpaBO Ha g, a oTpuIma-
TEJIBHBIX — BJEBO.

Menombsys coorromenne (4.3), mponsseney HHTeTpUPOBaHue IO O B ypaB-
Herun (2.12), mocie wero omo MpHHIMAeT B

2 g 5 A L4 A . H -~ i
M, e)= 27—1—{ Zgjj»zdﬁ'G(f 8 — @) I' (', e — ;3 /, &) (4.4)
-

(mpn mpumenenum (4.3) k Gyurmm I'(e — w; €) mepemennsie ¢ m & — o cire-
AAyeT paccMaTpHBaThH KaK He3aBUCHMEBIC, W N0GaBIeHMe ©p K OAHOH 13 HuX
CABHTALT ITOM0CA TOLBKO TIO HTOIi IIepeMenHoii) .

Hanpmeitmuii amamms smawnTexbHO VIPOIIAeTCS, ecom paccMaTpUBaTh
dyrrmun I'puna wsasmuacrun, B srom ciaydae marpuna GO mguromannma (cM.
(2.2)). Bepmmuna I 8 sroM mpencrasmennn BBIDasKAeTCA B BUe cyMmbr (2.5)
ARATOHANLHONO U HE/INAaTOHANBHOTO YICHOB, IPHYEM X BRJIAT B rpadurm oKa-
SLIBACTCA IPHHNHUNNANGHO PasmuynbiM. OrpaHmYEMCs NOKa — MHATOHAILHOMN
1ac1si0 1Y (~ 0%). Torpga HyrmoHHAS MUHES B JH0GOM rpaduKe HuUTIe He Me-
HACT CBOCT0 HANPABICHNS, M MATPUYHAS CHCTEMA DACITALACTCH HA [BA HE3ABH-
CHMBIX YDABHEHUA Al KBA3WMACTHLBL W KBasMubIpkm. Ilomywamomasmes mpn
yH4eTe ToJBKO JAHaroHanbHol vactu I monmas Bepiimanas wacts Tamsie amaro-
HajbHa.

Brmouenme megnaromansueix wacreii I memser HaUpaBICHNe HYRIOHHOI
JULHIH, TPIYeM Kazijloe UBMeHeHNe HalpPABIeHUs BHYTDPEHHeHd TiHi mpespa-
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MiaeT pesoHaHCHEI 3HaMeHaTens &€ — £ ~ ©o B HepesoHAHCHBIH & + F ~ 205
Ilosromy takue rpaduru B I' B mpmEATOM UPUOIMMKEHUN YYNTBIBATL HE Cle-
myer b,

Taxum o6pazom, A yueTa Pe3OHAHCHLIX YJIEHOB MBI IIPUXOJAUM K CJIEYIO-
mieit cucteMe ypasHeHmit aia Qynknmu 'puna KBasudacTunbl (He cofep:ka-
el BUKAKUX MATPIII) ©

G1(j,e) = & — By — M(j,e), (4.5')
2
M, )= 5" &il%nG(e— o)L e—onfie)  (45)

d

(capur aprymenta (Qyurunmii G m I' B (4.5) cnepyer nonmmarh B TPAMOM

CMEICIE).
Cucrema ypasHeHmii (4.5) mMeer yiKe [JOCTATOYHO IPOCTYIO CTPYKTYpY ¥

_ pemieHusa ee A KOHKPETHBIX Alep MOryT OBITH IIafIlIeHBI YNUCJEHHO IIpM yueTe

B I' HECKONBKMX IEPBBIX YICHOB PABIOMKEHNA II0 CTEHEeHH CIOMKHOCTH TeoMeT-
pudeckoro parTopa 2.

Xaparrep pernenuii sicer u3 (pusmdeckux coobpaxennii. llomoca Qyarmmm
I'puna G(j, ) onpepensior 9Heprum BO3OYIKIEHHBIX COCTOMHUI € MOMEHTOM
J = j. B orcyrcTBEe B3aMMOJCHCTBUS OCHOBHOE COCTOsiHHe SAJpa OTBEYACT He-
YeTHOMY HYKIOHY Ha YPOBHE j = jo, a IOCIeIoBaTelbHBIe BO30YKCHHbIE
COCTOAHNS, KpoMe HyKioHa, cogepskar 1, 2, 3 u 1. 1. dononos. llpn Briu0oTeHnN
B3aUMOJEIICTBIA BCE T COCTOAHES MEPEMEeNIHBAIOTCs, W TOBOPUTH 06 oImpere-
JEeHHOM umcie (DOHOHOB MOKHO JIWINH OYeHb YCI0BHO. HpoMe Toro, MOsABIAIOT-
A TAKKe IPUMeCH JPYTHX OJHOYACTHYHBIX COCTOSHMUIL ¢ j 7= jo (KOoTOpEHIE 0CO-
Gerno cymectBenubl, worga |E; — Ej| < wo). Dyurmuma I'puma G (jo, €),
ABIAIINAACH PellleHneM cucTeMbl (4.5), COLepIKUT MOoTca, 0TBeYAIONIAe BCeM
BOBOY/RICHHBIM COCTOSHUAM YKA3AHHOTO THIA ¢ MOMeHTOM J = jo.

Jlas cocToAHMIT ¢ PYTHMI MOMEHTAMU [ %= jo HeoOXOIUMO OMpPeMIeTuTh 10~
moca gynrmun Tpuna G (j, €). 3aMernym, 4To fase B TOM cJaydae, KOT/la OJHO-
YACTHUHOE COCTOSHIE ¢ JAHHBIM MOMCHTOM j u bHeprmeil [; JeHUT BBICOKO,
gyuxmus ['puma G (j, €) Bee ke MoKeT mMeTh HUBKOJIeMKAIuil momioc (Tmma
HYKIOH B OCHOBHOM COCTOSIHUE jo 1urioc dououni). Herpynro Bumers, aTo ypo-
BeHBL HTOTO THIA MOIKHO oupepmensars us momoca M (j, €). IleiictBurensuo, ecun
B (4.5') Ejzj,— o0, ¢ ~ E;, + wo, To nomoca G(j, &) u M(j, &) Paxruue-
CKII COBIAMAIOT. ITUM 00CTOSTETHCTBOM MOJKHO BOCIIOIb30BATHCI M B TOM CIY-
Yae, KOIJa OfHOYACTIYHOLO YPOBHSA ¢ pPAaccMaTpuBaeMBIM MOMEHTOM j BOOGIe
HeT B [aHHO 000I09Ke.

5. Tounbple permenus

31ech MBI PACCMOTPUM [BA YAaCTHBIX CIydasd, JONYCKAWN[XX TOYHOE pelrne-
HIe, KOTOpEIe He TOJILKO MO3BOJAIOT HCCIEL0BATH OOIIYI0 CTPYKTYPY (yHKmit
Ipuna pua mameii sajaum, HO U MMEIOT CAMOCTOATENBHbIH (U3MICCKUil WHTE-
pec. O6a mpuMepa OTHOCATCA K OJHOMY («PEBOHAHCHOMY») OFHOYACTHUHOMY
VPOBHIO U IIPECTABIAOT ABA IPOTUBOIOIOKIBIX TPEENTbHBIX CIydas OTHOCH
TEIBHO Te0MeTPIICCKOM Xa0THYHOCTH.

A, <MakcuMaaIbHag XaO0TUUYHOCTHY. B HymeBom IpUOIMMKEHUU
MBI MoykeM 3aMeHHTH 1" ma I'°, mo mac Oyjer mHTepecoBaTh TaKKe IepBasd IIo-
HpaBKa, TOTOMY MBI COXpaHmM cHauasna B I' Bce umeHbl, conepskamue 6j-cum-
BOJMBI, HO He cojepskamiime OoJiee BBICOKIX TIeoMeTpHUYecKnX (PaKrTopos.

~
) Bee mepesoHAHCHBIE TONPABRH K HYRIOHHOR cOGCTBeHHODHEpreTmIeckoi wactn M
MOZFRHO BBIUICIATL, HCI0abaysa s [ Tonbko nynesoe npubiamkerne. Jra (HepesoHaHCHAs)
s 3 3
wacTh M ovedn crabo 3aBHCHT OT € U MOYKeT CUMTAThCi RoHeTauToil. B manbmeiimrem Msi
He OyAeM YUuTHIBATL TOT He LPefCTaBLomuil TPULIIIIa/ILH0T0 HHTepeca WieH, Ipej-
TOTATas ©r0 BRIAOTCHHBIM B 9HEPTHI0 KBasHuacTHIr ;.
2) MopManbHO DTO PA3TOKEHIE MMECT TOT i€ BIJI, YTO ¥ B TEOPUH BO3MYIICHMIT, HO
KasKI0il BHYTpeHieil JUHHN co0TBeTCTBYeT Tounax gyurims Ipuna G.
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Herpynmo yGenurnen, wro yuer Beeii coBorymmocTu rpa)mKoB, COepsRAIIAX
TOIBKO HYJEBOI WIeH u 6/-CHMBOIIBI, IPUBOMMNT K MHTETPATHHOMY ypABHEHHIO
mis I, msoGpaskennomy rpamaeckn ma pue. 5. Ilpomssos MHTETPUPOBAHIE
B IOCIeJHEeM wWieHe cornacHo (4.3), MBI HpHXOAHM R ciefyiomeMy (yHKIIO-
HaTbHOMY YpPaBHEHWIO (MHJEKC jo ONyI[eH):

o fJo 2 jo

El(e—ow,e)=1—y23" _}E‘il‘(e—m,a—w—mo)x
]02]0

XG(e—o—w)I'(e —o—wy,e— ) G(e— 0T (e — wo, e). (5.1)

B sripaskenne mus coGerBemHosHeprermueckoii yactm M (4.5”) ¢ymrmua T
BXOMIAT NIl Ipn © = &o. IIpu sToM smauenmu mepemenmoii yparmenme (5.1)
: " MOMKHO 3alucaTh B CIEIYIONEM BHJE:

El (e — o, &) = 1T =
== _}_ g-—BawP/G//IvG/F’ (52)
F % rie w paercs  (opmymoit  (3.4),
L roa=vyg¥: /[ (2jo+ 1), a mrpmxom

0603HaTaeTCA CHABAT DHEPTETHIECKOH
Piro, & ePEMEHHOIf & Ha BeTmInIy g, Ha-

upaMep G’ = G (e — wg), I'=
= I'(e — 200, 8 — o) = I'(e — o, & — 200) m 1. fi. B 310X K6 0G03HATEHMAX
ypaBuenne (4.5”) npuaumaer Buy

M= oG'T /&, (5.3)

Hernouan I'uz (5.2) u (5.3), morywmm ypaBHenue

QM = Gl a—in’G”‘1M’, (54)

KoTOpoe coBMecTHO ¢ ypasHenmem [laiicorma (4.5) oupegensger M u G.
HAnsa ananuza mexmounm ms (5.4), (4.5) dynromo G u zammmrem noJTy-
aaiomeecs ypasuenue Aust M B suge Geckomednoro psga

2 3
oMt=¢—E—wy— M [1 + w4 iM”M’ -+ w—zM”M”’M”M’ +.. .‘ :
o a i
(5.9)
Jlerxo Bmgers, ato mrepamuoOHHHIi PAN B KBalpaTHBIX ckoOkax (5.5) momkem
ObrcTpo cxommThes. [leiicrauTensHo, BemencTRIe pocTa 4mcIa TITPUXOB Iaje-
Kme 4leHBl psAfa yOMBaior BOnumsu momioca M Eak (0w [ @) [ k! (k4 1)1,
T. e. Kak psax pua dyarnum Beccemns J;.
~ O6osraunm psj B KBajpaTHIX CROGKAX (5.5) gepes A. Ilpm Maxsix w Besm-
mHa A = 1 + w, 1. e. CBOAUTCA K HOCTOAHHOM, OCTAIBHES TIOHEL pAfa MoryT
AAABATh DESKYI0 3aBUCHMOCTE OT & WML B OYEHb Y3KHWX OGIACTAX, TAK KAK I0-
moca M) pacmomosxensr 6mmsxo k mymsm M™, B TPUOIIKEHAN TI0CTOAHHO-
ro A pemenue (5.5) MoykeT GHITH TOLYIEHO AHATATHIOCKIL.

B aroM npubnmxennn, kag BuHO N3 crpykrypst (5.5), momoca M+ poq-
HO coBmajaior ¢ Hymsmu M, mosromMy ML MomeM mcKaTh pemmemme B BHJE

M(e) =(cF(s — wo) | F(e) = cF'| F, (5.6)

rae F — nenasn Qywrmmsa. Monerapasas s1o BhIpaskeHne B (5.5), MBI MONyIHM
amHeitHoe (A = const!) ¢yarunonamsmoe ypasuenme st F, Kotopoe mo op-
Me COBIAajaer ¢ PeKyPPeHTHLIM COOTHONICHHeM s (DYHKmuit Beccemrs. Do
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eT IMOTYy4YnTh OKOHYATENBbHEII OTBET B BUJIE

M(e) = Vo [Mp(t) [ Tna(T),

p=1— (e—E) /o, L = —27ak [ w2

crasiussn (5.7) B ypasmenme [laiicoma (4,5"), HaxomuM TOCIE HEKOTOPHIX
[peoOpasoBaHmil BEIpaskenue s QyHkiun I'pura ByRiIoHa:

G(e) = T Tp1(8) .
Yo Jp—2(C)+ (1 —1/4) 75 (T)

yarmuna Beccens Jp (L) kar QyHKUmA mujerca p WMeeT MDY BEIIECTBEH-
% 0 GeckoHEUYHOE YHCIO . OTPUIATEIHHBIX BEIECTBEHHBIX KOPHeH
—Dn. Hostomy Qynrmma I'puma (5.8) mmeer GeckomHeuHoe WHCIO MONIO-
B TOUYKAX € = &,, OTBEYAIOIINX DHEPIUAM BO30OYMKIEHHBEIX COCTOSHWIT CH-
Mpr. Haiirenmoe pemenne TouHOE B Ipefielie «MaKCHMAIbHOI XaOTHIHOCTIY,
Jla Bce reoMeTpudeckme ParTopsl 06paianTces B Hyab (A—1). '
B. OGparHEeiit mpefenpHbIl CIyYail COOTBETCTBYET 3aMeHe BCeX TeoMeTph-
ecRuX (haKTOPOB W, WX MAKCHMaJIbHBIM B3HAaYeHUeM, paBHbIM emmuamme. [Ipu
T0M Bce IPaUKM B TOYHOCTH COBIAAIOT ¢ AHANOTHYHBIME IpauKraMm s
OHOB, B3aMMOJEMCTBYIONUX €O CKamspHbiMu QoHoHaMu. B mociegzeM
ae CIIPaBEIAMBO PA3HOCTHOE COOTHOMIeHHEe Yoppa 3

G1(e) —G1l(e — o) =D"1(0)D(0) 0T (c — o, &), (5.9)

0TOpoe B paccMarpuBaeMoM HaMmm Ipubiamiennnm (POHOHBI He IIEPEHOPMU-
yiorcst, D = D°) maer memocraomyio cBsish Mexay I' m G, 3aMBIRag cucre-
. My ypaBHeHmii (4.5). -

Uewmowas I' u M ms (4.5), (6.10), moryuaem ypasuenwe Jjs (PYHKIHE
uHa:

(5.8)

a a
T LT L (5.10)
B A\ o / ®o
. 970 QyHRmmOHmANBHOe ypaBHEHHe SBISAETCS JINHEHHBIM W DeIIeHme ero, Kak
HeI‘RO IIpOBepI/ITL, nMeeT BT
/©®)™ 1
n! e — E -+ (a/wo) — nog

G (&) =e—%lod ﬁ e

n=0

(5.11)

ITocnennee BLIpaskemme mMeeT HATIAAMHBIA (Quamwecknii cmeica. Cmerema
‘ofmagaer GECKOHETHBIM YMCIOM YPOBHEN, KOTOpPHe B TaHHOM CIydae SKBUU-
CTaHTHEL. BEUeT B KajKIOM IIOJIIOCE OTpPeenser MoJI0 ToJ0ro HYKIOHa B JaH-
HoM cocrogann. Hax summo m3 (5.11), mpumecu GecoHOHHOTO COCTOSHMS Pac-
mpenenens 1o 3axkony Ilyaccoma, mpmueM 9T0 COCTOSHTE JaeT MaKCHMAIBHBII
BRIIAT B YPOBEHE ¢ N ~ 1 = a [ oo’ JIpyramu caosamm, mpn o/ 0o? =1 ocHos-
" H0e COCTOSIHIE TONHOCTHI0 MEHseT CBOI0 «0ec)OHOHHYIO» IPHPOAY.

B o6mem cayuae w 5= 1 mounoro coorHomrenus Yoppa tuna (5.9) He cy-
€CTBYET. OTO CBARAHO ¢ TEM, UTO B CIyuae KBA[PYIONbHEIX (DOHOHOE BHEII-
g (poHOmHAT IUMHHA, KPOMe DHEPTHU, BHOCHT B TpaduK JOMOTHHTOIHHBIN
OMEHT, T. e. HeajquTuBHYI Hepemenmyo. [ToproMy pesymprupylommii Tpa-
%m( u He pasbubaercsa ma mBa cimaraemMerx. Onmaro Tpm MajbIX BHAYEHWAX

| — w ypaeTcA IONYYHTL MPUGIIKEHHYI0 ¢BA3h I' ¢ G B BUJe pasioseHns
1 — w, Tak 4TO B IPHUHIUIIE PACCMOTPEHHBIN MeTOJ] TO3BONSIET YUeCTh TaK-
JKe I IIONPABKY, CBA3AHHEIE ¢ TeoMeTpueit 4.

3 Bemoy (5.9) Mosker 6BITH mpoBeeH, HAIPUMEpP, CIOCOOO0M, AHATOTHYHEIM HCIHOb-
30BAHHOMY B [8] A cHCTeMBI JJIIEKTPOHUB H OHOHOB B MeTase. :

4 PaccmMaTpmBaeMoe HIPHOAMKEHMe MANBIX 3HAYeHWH | — w MOMKeT MMEThL IpaxTmie-
Rl WHTCpeC sl M30;MPOBAHIOTO ONHOYACTUUHOIO YPOBHSA ¢ GONBIIMM BHAUEHWeM MO-
MeHTa j. UmeThIM cirydaeM TOXOOHOTO Poja ABAAETCS YPOBEHL ¢ YeTHOCTHIO, OTINMYHOIR
OT OCHOBHO} YeTHOCTH JamHO# ofomourm  (Hampumep, huj, B ob6omouke N = 5). Mur

mpefroIaraeM PaccMOTpeTh DTOT Ciydail Golee moApo6HO B APYTOM MecTe.
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Kar 6bl70 TOKa3aHO BBINIE, YPOBHE ¢ MOMEHTAaMM!, OTINYHBIMI OT CIWHA
DCHOBHOTO COCTOSIHWA, HAXOMATCA U3 IMOJIOCOB COOCTBEHHOIHEPIeTHIeCKOil
yactu M (¢). KHorma Mbl paccMaTpuBaeM TOTBKO OJMH OJHOYACTUYHBIN YPOBEHB,
TO BHYTpeHHAs cTpyKTypa M ojHa u Ta ke I BceX MOMEHTOB, & 3aBHCH-
MOCTH 0T J COflepsKHUTCS NUINh B TEOMETPHUYECKHX (DaKTOpax BXOJHOI U BBI-
XomHOI BepmtmH. B umererx caysasx A m B (coorBercrBenno wn, = 0 m
wy, = 1) M me 3aBucuT 0T MOMEHTa W BCe COCTOSSHEA ¢ J 7= jo BBIPOIKJEHEL
Cocrostnust ¢ J/ = jo OTIIEIISIOTCS, TaK KaK UX BHEPIUH OHpeNeNsTioTcsa JApy-
ruM ypasHenmeM (uz nomrocoB G). Yposuu c¢ J 7= jo He copep:ar GechoHOH-
BBIX COCTOSHMIL, MODTOMY HpHW CraboM B3aNMOJEHCTBUI HaWHW3IINM OKa3bI-
paercst yposenb ¢ J = jo (B ocuoBHOM GecdomomEbIi). Onmako mpm pocre
KOHCTAHTHI CBSA3KM BKiaay 0ecOHOHHOrO COCTOAHWA B HTOT YPOBEHL Majiaer
(cm. Berme). Ilosromy cremyer ommaTh, 9TO DHEPreTHYECKOE PABITUYNE MEHK-
ny ocuoBHBIM (/ = jo) m TepBEIME BO3OYMKIEHHBIMI cocTOAHEAME ¢ J 7= jo
JOIKHO YMCHLIIATHCA, B cKazamHoM Jerxko yOemmThes, paccMaTrpuBas achMII-
Tornueckue Beipaskenus G u M mpm GOTBIINX 0.

Dopmyna (5.11) masx G Mosker GBITH 3allEcaHa depe3 HEMONHYI0 raMMa-
dymsmuio  y(a, b). Wenonpsys juis Hee acHMITOTHYeCKOe pasJozKernue, ImMo-
oydqaem

1 @ \* o oo
G (x) = — woe T <—E)2—> Y( e e e ) ~
2 P X g .
~ _mo‘rﬂ_—}—e*a/moz% e OL2> I‘(—x)‘}e, (5 4:2)
mity O R (OT)) .y

e z = (e — E) [ wo+ o/ 02, a ['(—z) — ramma-pyuxnma. Orcioa Haxo-
M s M

a o2 o
M(z)y~ z—— + oo [—O—l—e—“/‘”DZ(—
o €l

)x F(—x)i]!_i . (5.13)

a2

Nz (5.12) m (5.13) merpynHo BumeTh, uro momoca M n G copmajgaior ¢ T04-
wocTeio 10 exp (—a/ we?). Yuer reoMerpudecKax (DaKTOPOB MOFKET IIPUBECTIH
IIPY HTOM K WHBepcun yposHeit ¢ J = jom J 5 jo.

Cpasnenme cryuaes A m B IokasbiBaer, 4ro KauecTBeHHAas KapTHHA Pe-
feHwii 1o CymecTsy ogma m Ta jke. HerpymHo yOGepuThes, 9TO IPH Masoi
romcranre cBasm (o / we2<< 1) m yuere TepBBIX TeoMeTPHYECKNX IOIPaBOK
ofa caydas IPHBOAAT K OJHOMY M TOMY ke BhIpaykeHmio nus gymkmum ['puna:

1 — a/we? a/we?
e—E-+a/oy e&—E—w+ aw/wg

(5.14)

Pasnnune mempy cayuaamu A m B Oyger mpoABIATHCA JTUINb B CAELYIOIIMX
[ONI0CAX, BLIYETHI B KOTOPHIX NMeIOT 6ollee BBLICOKHIT TOPAMOK 10 &/ W
C 71pyroil cTOPOHBI, PACCTOSHUSA MEKIY HAATeKUMHI IOJTIOCAME TaK:Ke COBIIA-
NAl0T B 060WX cIAydadAx, UTo JIEKO ToKaszath, paccmarpusas B (D.8) acmwmm-
ToTmyecKre sHavenus QyHRIuii Becces mpu GONBITOM MHIEKCE.

3aMeTnM, U4TO peaNbHBI CIyYail MTPOM3BOILHOW XAOTWUYHOCTH SBISAETCSH
mpomeskyTounbiM Meskiny A m B. IlostoMy cymectBoBaHme KOHEUHBIX peIIe-
HAiT B 9TUX KpailHUX CIydYasx JOKa3biBaeT TAKKe CXOTUIMOCTH PABIOIKEHMA
TI0 Xa0TUYHOCTH.

6 . 3ammoueHue

1. Ypasuenusi, mOJyIeHHBIE BBINE, OTKPBIBAIOT BO3MOMKHOCTH yuera ¢o-
HOH-HYKIOHHOI0 B3amMOJeiicTBIA, He mpuberas K TEOPUU BO3MYIIEHUI IO
KOHCTAHTe CBSA3W., TOYHO peileHHbIe YacTHLIE CIAyYam I03BOJSIOT CHelaTh Ka-
Ye¢TBeHHOE CpaBHeHUe ¢ peaylbraramu (heHOMeHoIOoTHIeCKoiT Momenn |21
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eerie) . OueBmymoO, 9TO BTA MOJCNDB JaeT JMITh 0UeHb rpy6oe ommca-
paBeIIBOE, CTPOTO TOBOPS, TOJNHKO HpH IOCTATOYHO MANOil KOHCTAH-
311

moMHEM, 4T0o d>(PQeKTHBHOE B3aUMONeiicTBIE HEYeTHOro HYKJIOHA € KOI-
HBIM BO3OY;RIEHIEM OCTOBa B (DEHOMEHOJOTMYECKOd MOJeIn [2] omm-
paercst HexoTophlM moTeHumasoM. Ha camom peme vra BeamdumMHA (pomom-
OHEBII 4eTHIPeXToNOCHIK [) CYIECTBeHHO 3aBUCHT OT IepejaBaeMoil
I, 970 DRBUBAIEHTHO CUIBHO 3aIla3[BIBAIONIEMY B3AMMOJEHCTBHIO. Ilo-
B UACTHOCTH, OKA3HIBAETCS HeBEPHBIM ofImee yrBepienue, cdopmy-
unoe ne-IMannrom [2], o Tom, uro 0XHOMOHOHHEI Ay0IeT, MOCTPOEH-

-+

Pnc. 6

i Ha O[HOHYKJIOHHOM COCTOSIHHE € j == l/», He pacuiemuisercsa HpHm KBajpy-
IBHOM B3amMojeiicTsum. JleficTBHTenbHO, KajKIOMYy rpadury, AaoiieMmy
aJl B 4eTBIPEXIIONIOCHUK /, COOTBETCTBYET AHAIOLITHBIIT rpaduk 06MEeHHOTO
ma (puc. 6). ITu rpaduRM OTIMIANTCS TONBKO XAPAKTEPUCTHKAME BHEII-
x guanii. CyMMapHELD BRIA 9THX, TPA(UKOB MOKHO 3ammcaTh B BHJIE

Z {In(e, o1, @2) + (—1)*r(e — @1 — w2, — 0y, —1)}, (6.1)
k

, [, OTHOCHTCS K UeTHIPEXTIONIOCHAUKY ¢ OHNPEIeTeHHEIM MOMEHTOM /i B amH-
WIANIOHHOM Kamame. Ecmm I ABIAETCA NOCTOSHHOI, TO B CcyMMe (6.1)
cuesaloT HeudeTHble MOMEHTHL B ciyuae j = !/; mpm »TOM ocTaercd eimHCT-
penmoe ciaraemoe k = 0, KOTOpoe, ecTECTBEHHO, He TPUBOJAMT K paclierie-
 quio (onor-mykronnoro aybuera (/= %), 5/,). Tak xak B3amMofieiicTBHE Ie-
pepaercsi omomamm, to ynrmma [p(e) Ha caMoMm pem;e CYI[CCTBEHHO Me-
WaeTcsl UpH CABUre apryMenTa Ha BemmdmHy mopsaxa «o. Ilooromy wmen ¢
— 1| B cymme (6.1) me sBIAETCS MATBIM.
9. Ciyuaii sjep €O CIHIOM OCHOBHOTO cocrosmmms Jo = jo == 'fz ¢ mourm
\BPEHIA TOTYIEHHBIX BHIIE YPABHEHWIl ABISETCA BBIIETEHHBIM, TaK KAk IPH
jorsonienny (POHOHA HYKJIOH BEIHYKJIEH MePeXoinTh B OXHOYACTHIHBIC CO-
TOANS ¢ APYrEM MoMeHTOM. B 5TOM cimydae B nH000M rpadure (HATpUIMED,
¢. 4) BHYTpeHHNE (PE3OHAHCHBIE) HYKIOHHELE COCTOFHUA 0b6sA3aTeNbHO de-
peyorcs ¢ «HepesoHancHEIMIY. Ecam ofHOYacTHIHE YPOBHIL C ="y
| JesaT He CIMIIKOM O/1M3K0, TO 0T0npas B BePIIMHHON 1aCTi I' rpaduru ¢ max-
| CHMATBHO BOBMOMKHBIM UHC0M Pe3OHAHCHBIX JINHWIL 1 HauOOJLIIMMY TI0 THC-
JleHIOf BeMMUNHEe TeoMeTpuIecKnMu QarkropaMu (B TAHHOM CryYae OHI BRITIO-
ator 6j-cumsonr  {J 2 J7}), merko momydmts PyHRIHOBAIBHLIE YPABHEOHUS
ma (5.1) mns oHeprmit yposmeii ¢ MoMentaMm J = 3y, 5/5. IIpocTast cTPyK-
_aypa brux ypasHeHmii T03BOJITET cierath ofmiue KAaueCTBEHHble 3aKIIOUCHIA
|0 HopsKe YPOBHEil mepBoro BoaOyskieHHoro aybrera (J = 3/s, °/2), ROTOPBIT
Yo JOJKEH COBIANAaTh ¢ IOPSKOM COOTBETCTBYIOIIAX OfHOYACTHIHHX CO-
crosmnii (j = 35, 9/>). VMeromuecs SKcrepuMeHTaIbHbIe TaHHbIe (s m30-
tomos Se”, Rhios| Aglon 109, Xel2T, 120 Tet2t, 123, 125 P195 Hgl® TI n 1p.) mon-
TBEPKAIOT DTOT BEIBOJ. .

3. BzamMojeiicTBie KBA3WYACTHNE ¢ KOICKTHBHBIME BO3OYKICHHAME
A0MARHO UpHBeCTH K 3aMeTHBIM ddderraM NpaKTHYecKH Bo Beex Habiofae-
MBIX XAPAKTePUCTHKAX HIKHUX COCTOSHWI HETeTHBHIX fAflep, B TOM 4YHCIe H B
76X, KOTOpble B OCHOBHOM SBIAIOTCS OJJHOYACTHYHBIMA.
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VnrepecHBIM TIPEMEPOM MOMKET CIIYYKATH U30MEPHEBIl CIBUI aTOMHBIX YPOB-
seif. Vzsmenenne pajmyca pacmpenenenns sapafa (R? ceasbiBaioT 06bramo0 [9]
C Pa3IuymeM B COCTOAHWAX HedeTHOro Hyknona. [lma meiirpona sror sddert
paBeH Hymo (ecim He YYATHIBATH MAarHUTHOro B3auMopeiicTsus). Ilpumecn
(OHOHHBIX COCTOAHUII TaKKe MPHUBONAT K ma3MeHeHuo /2. Wsz-za Gombpimoro
Pa3IYNs COMHOB OCHOBHOIO M MeTacTabMILHOTO COCTOSHUI CpefHee Yheio
oroHOB MoeT CHIBHO OTIMUATHCH ¥, MPHUEM HTOT KOMIERTHBHBIL HPert
UMeeT OfIMH U TOT jKe IOPSAJOK JJIA HeYeTHOro IPOTOHA ¥ HEYETHOTO HeHTpPOHA.
Taroit mMexaHmsM HOpTBep:KTAaCTCH MAMEPEHMAMHI ¢ IOMOIBHIO Mecchayopos-

i
! !

Pirc.. 7

CKOil TeXHHKH H30MepHOTo casura B sppe Hgl¥ [10]. IIpmmecs «{homommoro
001aKa» B OHOYACTHYHEIX COCTOSHUAX OY/CT CKA3BIBATHLCA W HA OTHOCHTENH-
HBIX BEPOATHOCTAX 00pasoBaHUs OCHOBHOTO WIH BO3OY:RIEHHBIX COCTOSHMIIT
KOHEYHOro ANpa B PeaKNUAX CPHIBA H IOJXBATA, a TaKxe B P-pacliafe Heder-
HBIX Afep. ITH BepPOATHOCTH MOMKHO HEIIOCPENCTBEHHO CBASATH C BHIUETAMH
B momocax gynknun I'pmma Hewermoro mywmoma (cm. mampmmep, (5.11)).

4. Haubompmmii mATEpec mpH CPABHEHNN ¢ DRCIEPAMEHTOM HIpeCTaBIAT
KBaJpynoNbHble W MATHUTHEIE MOMEHTHL Afep M BEPOATHOCTH DICKTPOMATHIT-
HBIX Tiepexonos. [[as mx BEIUHCIeHWA ciefyer HaiiTH »QQeKTHBHOE B3amMO-
[lefiCTBRe CHCTeMBI ¢ BHENIHWM TOJeM COOTBETCTBYIOIEil MYJIBTHTIONBIOCTH.
Hommas pepmmma Fr (o) rakoro BaamMopeiicTsms ompesensercs COBOKRYTI-
HOCTHIO TpaUKoB, M306pPAKEHHEIX HA pHc. 6.

Ipagmr ma pume. 7,a msobpamaer momHy BIEKTPOMATHUTHYIO BCPIITHY
Al HyRIOHa B fAfpe Ges ydera B3amMojeiicTBus ¢ (oHOHaMm; Tpaduka Ha
puc. 7,0 naioT ee M3MEHeHHe BCIELCTBHE DTOTO BaamMojeiicTsus, B caydae
mutonbroro mons (L= 1) n © = 0 rpaduk pme. 7,a Brmouaer sce (B ToM
qucie CUMH-opOMTANbHBIE) OHOYACTHYHBIC MONPABKE K MIMHATOBCKOMY 3HA-
9eHHI0 MArHATHOr0 MoMmenta (06 wmx Boiumexennm com. [4]). Tpadurn
pue. 7,6 B aTOM ciydae AT AOIOMHATENHHYIO IEPeHOPMUPOBKY MATHETHOTO
momenTa. Ilpocreie omenku, amamormausie (3.2), TOKABHIBAIOT, UTO B PEBOHANC-
HOM ciydae 5TH HONPABKA OTHIONL e Manbl (~y2/w¢® ~ 1). Ilo-Bmpmmonmy,
eme Gomee UYECTBUTENLHEL K STUM THOIPABKaM BeposTHOCTH M1-1IepexosioB.
ompenensieMsle BepmuHoii [i (0 7= 0). Baskmo ormermth, Uro mOMOGHLIE
KOJIIOKTUBHEIC IPauKN [OKHBI XapaKTePA30BATLCA IIABHON 3aBUCHMOCTHIO
OT 3AIIOTHEHNS U CACTEMATHYECKH PACTH ¢ YBENMUCHHMEM (KOIICKTIBI3ATIAIY
(ymenbrenmem o). [leiicTBUTEe RO, KAK TTOKAZAHO B [1], raras renmenmms
CYLIECTBYeT I BeChbMa APKO NPOABIAETCSA B YBEIANYCHHN DRCIIEPIMEHTATBHBIX
SHAYeHMI MaTPUYHBIX BAEMEHTOB TaK HABBIBAGMBIX «/-3alperteHunixy M1-ie-
DexXofioB MpyW YHaJeHHH OT 3AMKHYTHLIX ofGosouer. OrmeTnMm, uto mius obbsic-
Henus 51ux 9QQeKTOB OKaBEIBACTCA HEJOCTATOYHEIM YUeT CBASK ¢ (POHOHAMA
B mpocreiitmem oarodoroRHOM Tpubamkenun |[12].

Bruap rpagura pme. 7,6 oramden or HyNs AuA cayuas KBaIpyHONbHON
Bepmunsl (L = 2). 3amTpuxoBamHHAaj TeTAA CBABANA C BEPOATHOCTHIO
B(E2; 2t —0) B WerHOM sAfpe W JOMKHA BETHCIATHCH C YIETOM AHIAPMO-
mmagoctn []. Tockompky sroT TEpexox mo MopAmKY Bemmummel B Q paz yeu-

% Ha sro mame suuvauue oopatna Ji. IT. Tpeuyxus.
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SPABHEHNIO C OJIHOYACTHYHEIMU ONEHKAMH, a ero sHeprud (paBHas o)
K DHeprum m3ydaeMbIx [/2-Tlepexoj0B HEUETHOTO Aapa, HMEHHO HTOT
JaeT OCHOBHOM BRJIay B HAOIIOMaeMble BePOSTHOCTH IIEPEXOI0B.
JlyeT OTMETHTh, 4T0 HamOOJbIIero OTINIHSI OT COOTBETCTBYIOIIeil Be-
HOCTH B YETHOM Ape Hajo ORUAATH JJIA MEePexXOof0B B OCHOBHOE COCTOS-
U3 MePBOro BO30YRIACHHOIO € TeM je MOMEHTOM. JTa BEepPOATHOCTH MOKET
CYIIECTBEHHO ociaabiera W3-3a HAIWIWA B BO3OYKIEHHOM COCTOSIHHR
HOHHOIT KOMIIOHEHTHL, Taroil BBHIBOJ MOJNTBEPKIAETCA Pe3yabTaTaMi II0
BCKOMY Bo30ysenmio [1].
Hen, Tpa@uKu THia IPUBEICHHOTO HA PHC. 7,2 B IEKTPOMaTHHTHOIR
e [/;, yumrhIBaioT BO3MeiicTBUE BHENIHETO moAd Ha (OHOH U TamKe
¢ anrapmonnuecknmu g derravn. [Iaa L = 1 rpadur puc. 7, 2 naer
KI, CBA3aHHLIe ¢ THPOMATHATHHIM oTHomeHmeM (onoHa (g, ~ Z/[A).
Ilomyuennvie BEINIE pelleHms B IMPelelpbHEIX ciaydaax A m b mpencras-
T TaKse HEKOTOPHI MEeTONWYeCKWil MHTEpec, TaK KaK WX BHJ HAXOJUTCH
IpejieleIIIOM ITPOTHBOPEYNE ¢ OOBITHBIMU YTBEPIKASHHAMI 0 XapakTepe
yeHHOCTe ofHouacTuIHEIX (pyrknuit I'pmra. g 6eCKOHEUHEIX cHCTEM M3-
CTHO yTBEpHJeHre O TOM, 9YTO MAaccoBHI omepaTop M He mMeeT MOJIOCOB
TONLKO OOUH B Ccjlydae KYIEPOBCKOTO CIIAPHBAHWUA — CM., Hamupu-
[*]). Tna koHewHBIX CHCTEM, CTPOTO TOBODH, STOT BEIBOJ HECTIPABEINB
JIICKPeTHOCTH ypoBHeil B (epMu-30He; OXHAKO HTO OTJIMYME MAjo Cy-
TBEHHO (BMECTO WHTErpalia, He WMEIIero 0CoGeHHoCTH,— CyMMa mo Gob-
My qmeay Gruskux monocos). HaGop TmomocoR B MOTYydeHHBEIX HAMHU peTiie-
AX HMeeT MPUHIUIINAALHO APYroe mpoucxoykaenme. B mpuannme mogo0HbIe:
' PEIeHTIsT BO3MOSKEE M B GECKOHEUHON CHCTeMe, eCIi CYIMecTBYIT KOIITeKTHB-
HBIe BO3OY:RIeHIsA, XapaKTepuayeMbie He WMITYIbCOM, a HEKOTOPLIM JIMCKPeT-
BIM HapaMerpoM (mampmMep, MoMenToM). IIparna, rakme Bos3Oy:RaeHIsa M3-34
[0CTH CTATHCTHIECKOTO o0beMa He MOIYT TIPeACcTaBIAThH mHTepeca. B Ampe
HAC MHTEPeCYIOT He CTATHCTHIECKUEe XaPAKTePUCTHKU, & MHAWBIIYAILHEIE
BHI, I YYeT TAKHX COCTOAHNII HeoOXOXUM.
W3/ crazamroro MOsKHO BaKIIOUNTEL, YTO TPU MEPEHECCHHN OOIAX Pe3yib-
| TaT0B, CIPaBEJNMBBIX B MaKPOCKONMYECKMX CHCTeMax, Ha sAgpa Tpebyercs
[IpefiesTeHHas 0CTOPOIKHOCT, 9TO OTHOCHTCS, B YaCTHOCTH, K WCIOJNb30BAHITIO
govactmuroit pyurnum Tpuma reopwm  depmu-muaxocTn  (comepsareit
TG OJIHO TIOIOCHOe cllaraeMoe) B KawecTBe TOUHON OJHOHYRIOHHON (ByHK-

- IEH A7pa.
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ON THE ENERGY SPECTRUM OF ODD' 4 — SPHERICAL NUCLEI

S. T. BELYAEV, V. G. ZELEVINSKY

Excitations of odd — 4 spherical nuclei are considered, assuming that the basical
‘interaction is that of the odd nucleon with collective excitations of the even core
(phonons). Such an assumption is justified for adiabatical collective excitations. The
phenon-nucleon interaction is not considered to be weak. In some limiting cases, analy-
tical experessions for the Green functions are found, in the form of sums over an
‘infinite number of pole terms. Physical cousequences of the nucleon-phonon interactions
in odd — 4 nuclei are discussed. !




