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BBe;yeHne· 

B ;ztHCC8pT8ItHH paCCMOTp8HH H8ROTOpue ,acneK~l,I H8a;ztHa6aTHqH?CTH 

BP81ll8Tenr,aoro ;ztBHllt8HHH B ;newoJ>l4HPOB8HHLIX Mpax •. 

IIIHT8HC11:BH08 H8ROllJl8HH8 3!,mHpHqec&oro M8T8pHana llO IJOT8ItHOH

HLll4 .Boa<Syll)temum .11;nep (cM., Himpm.iei/,11) y&aauBaeT. Ha c~JI~Hoe nc-
- ' -

K8l!t8HH8 llP_81ll8HHH Cll.1181,JO C llnY,Tp8HHl'IM ~Hllt8HH8M. 06nacu a;nHaCi~TH

qecim ue;nneHHoro BP81ll8HHH ll nyqmeM cnyqae orpaHHqeHa Boero Hec1<_onr,

RHMH HHl!tallmHlrn ypoBH.IIMH pOT8ItHOHHOit llOJIOCH. 0TCIO;zt8 npOHCT8I¥J8T oc

HOllH8.II TPY'AHOCTI, llPH WOPMYJIHPOllK8 88;ztaqH 00 OllHC8HHH M8pHoa po

T81.tl'IH .B paHKSX !r80pHM .14HOrHX TCJI. ~J{a COCTOHT B Heonpe;neneHHOCTH 

T80p8THqecKoro llU'A8Jl8HH.II BP81ll8HH.II cpe;ztH OCT81l»Hb1X MO;zt ll peanr,HUX . 
ycJIOllHHX 1 KOr;zta H88;ztHa6aTJ,fq8C~8 3WW8KTU He npeHe6pelU!MO M8Jllilo 

Cy!lleCTByeT HeManoe qncno ~pH61IHllt8HH~ MCTO;ztOB/2/, OCY!ll8CTB1I.II~ 

' 
IO!ll'IX 601Ief! H1IH ll8H88 npOH8B01II,HO llbl'A8Jl8HH8 TOll qacTH M8PHOro ra-

1,(H;JII,TOHHaHa H I KOTOpa.11 .IIBJl.118TCll_."OTB8TC,;lleHHOil11 aa pOT8ItHOHHb18 

BOa6yll)teHH.II MP8 • Mu KOPOTKO nepeq11cn.11e11 H8_H6onee H8138CTHb18 H8 

HHX BO BB8,Jt8HHH K ;ztHCcepTa~,rn • 

' B nacTO.lllllett,pa6oTe Hccne;nyeTC.11 B8PH8HT MHKPOCKOnHqecKOll Teo

PHH KOJIJl8KTHllHOro ~HX8HHH, npHMeHHMOit H ;l!Jl.11 OllHC8HHH poTartHH, 

npeJJ,JIOXeHHbllt ll/3 ,4/_ ,Heonpe;zteJieHHOCTI> B Bbl'A8Jl8HHH Ka~oro:JIH60 _;ztllH

llt8Hlf.ll _HCll01II>;3Y8TCH_ 13, ;ztaHHOM ~e)tXO;zte Ha HaqanI>HOII 3T8ll8 ~~CTp08HH.II 

T80pHH C; TOM, qTo6u nonyqHTI, OllHQ8HH8 aa;naHHOll COBOKyllHOCTH CTa-
; ", ' ~ . ;.. . ' . . ·.. . . . - ' ' 

ItHOH8pHNX COCTOHHHil (pOT8ItHOHHblX,llOJIOC 1 llH6partHOHHUX MYJI»THllJI8TOB) 
• ' i •• t' . 

BO ,,llcen_ HX pnOlltHOCTH.~, )(JI.II a Toll l.t81IH llllO;ztHTC.11 T .H • Mo;yen»HW! raMHJII,

!Qfil!fil! .. h , , a~BHC.lllll~~ • .'oT H,e~oToporo ,qH~JI~ cBodo;nHux J!8p~ueTpOB 

p~ ;··~ 8~P~,;~~e~ T~~. ~;O.OLI ero:;zteit,?TBH8 Hacoc~O.IIHH.11 pac~MaT-:- . 
. . . . . . '•• , , ' . . -.. . . . 

pHB88140ll, C0llOKYllHOCTH,6UJIO' O;ztHH8lt0Bml C ;zt8HCTBH814 M8PHOro r8MH1II,

TOHH8ll8 H. ~{aK ~~1<888HO B 131' ypa~HeHH~ TeopH~ MOZHO cwapuynH~O-

'"'I Q5;,...,~G-EB£lZLlU tll!Cffl"~ 
®tpm:lit rn.:t~eL~namr'd 

E~:&JWiCff EKA 



BaT:& Henocpe.1tcT»eHHO ;zJ;JIH onpe.1teneHHH nap~ueTpOB P~ . T.o.,B 

)!8HHOII ~OpM8JlH8M6 He npHXO)!HTCH npeHe6peraT:& qneHaMH B MHOrOqaCTHq

HOll ra1mJI:&TOHHaHe CHCT81W H, qTo6u nonyqHT:& M0)!8JI:&Hl:ltt rallHJI:&TOHH

aH h. • B~~CTO,STOro C caxoro 
1

~aqaJia ~rutCHp;eTCH ~YHKnHOH8JI:&H~l1 .. ,• '. ,· . . .. . . , -

BH)! h. 1 a BMeCT6.C Tell H a~~eKTH, KOTOpue XOTIW .HayqaT:& Ha OCHO-.. . . ' ' -. . . '· , ,· '. ; 

BaHIIIH .1taHHwc.o raMHJI:&TOHHaHe cHcTeMu MHOrHX Ten. ijuxpocKonmqecime 
, ,, . ,.,. ' ' 

ypaBHeHHH,, H8, KOTOpUX oripe;zJ;emmTCH ll81)8MeTpH fK • uoryT, XOTH C5H 

» UpHHnHne, yqHTW18T:& BCe C110JtHOCTH H., 
PeaJIHBanua STOil cxe11u B cnyq,ae OllllIC8HHH OCHOllHOl1, IlOJIOCH qeTHO

qeTHWC H;zJ;ep HJIH.H8CKOJI:&KHX,CBH88~HWC,no~oc )!8H8,ll,~6aope/4/. 0~H911 

H8 npo6neu.npH nocTpOeHHH, T8KOl1 T~OPHH HB11H8TCH OllTHll811~HHlt BU60p, 

M0)!811:&HOro raMHJI:&TOHHaHa h. • IlpH OllHC8HHH poTan~H(B cnyqae,oc-

h(- .. J i -.. 1-.. 12 HOBHOi1 ncinocu) uolll!ci non:r,ao»aT:&CH paano:ateHHe11 I =.a1, I +BI + •• ·, 

KOTOpo~, 0.1tli,8KO,. CXO;!!HTCH;,oqeH:& M8)!118HHO, npH B~COIG'IX am1qeHHHX cm1-

Ha. Bonpocy o 6onee;COBepmeHHOM BH6ope,nap~MeTpH88nHHPOTanHOHHWC 

SHeprHtt (Ha OCHOBe KOTOPOH UTPOHTCH M0~8111>Hwl r~MH11:&TOH~8H), MU, 

Y.1t6JIH811 OCHOllHOe llHHM8H~e ll rn. I .1tHccepTan1rn. 

IlocTpoeHHe MHKPOCKOnuqecKoll TeOpHH BPBllleHHH. ,B qeT,HO-ll8THUX 

H.Jtpax c.Hcnon:&aoBaHHeM h .npo.1te110HcTpHpOllaHo, Hanpoep,. ll pa~oTe/5{ 

KOTOpaa ll )tllICcep,TariIU> He llXO)tHT. B H8CTOftlllel1 pa6oTe (IlpllIJIO:ateHHe I) 

MN .1taeM npIDilep MHKpOcKonHtiecKoro onpe.1teneHHfi.KOS<J/(pHnHeHTOB h 
Ha OCHOBe TeOpHH K01111eKTHBHOI nepeMe!JHOi1/6l.,o)!HoBpeueHHO C 8THl4 

T814 lW HCcne;zJ;yeTCH H, llOnpoc 0. ~H8HtleCKOll CMHCJie npe)!110llteHHOI H811H , 

B rn .• I napaueTpHaanmu. poTanuoHHwc aHeprHl1. 

Ecn c,nyqaH, itor.1ta C0;!!8pllt811l8HCH ll MO;zJ;eJI:&HOM ,rallHJI:&TOHHSHe HH- . 

~p1o1anHa O BP811l8HHH qeTHWC H)!ep MOllteT 6HT:& HCll01I~8,0B8H8 Henocpe;n;c!r

B8HHO H aeaancmi:o OT Toro, K8K (IIHKPOCKOllHqeOKH HJI~ ~HOM8H9JIOrH

qecKH') 011pe.1teJieH!i napaueTpu MO;zJ;eJI:&Horo ra11HJ1:&TOHHaHa.;.STo oJiyqau, 

4 

KOr.1ta BO BpaQaDllleMCR R.1tpe HMeDTCR c~ado CBR38HHlie HYK~OHH, xax, 
uanpuuep, B A-HeqeTuux H;zJ;pax. 

0;zJ;H8KO 11exaHHqecKOe nepeHeceHH8 )!8HHOtt TeOpHH Ha OITHC8HHe 

.HeqeTHWC H)!ep B8)!8T 'K TOMY, qTo M0)!8JI:&Hul1 raMH11:&TOHH8H•)!011:ateH 

6UT1> I18;!!8118H CTpaHHUIIH CBOHCTB811H: KOS<J/(pHnHeHTU, HMelOlllHe CMUC1I 

UOMeHTa HHepnuH qeTI!Oro OCTOBa, HO CTOHl!IH8 nepe)! qneHaMH C pa8HOl1 

onepaTOpHOll CTpyKTypoll B h. 1 ]t011lltHll ID48T:&.p88HHe 8HaqeHHH )!11fi 

KOppeKTHOrO K011Htl8CTll8HHOrO OilHC8HHH.8KOll8pHM8HT8JI!>HOlt K8pTHHU. 

oTO XOpomo H8B8CTHl:ll1 H8 W6HOM8H0110rHtJ8C.KllX M0;!!611eii 3<J/(p8KT 11yMeH:&me-

HlUl11 l(OpH011HCOBa B88HY0)!8itCTiBHH. !IOSTOMY B rn.rr MU HCC1le)!ye11 npa

llOMepHOCT:& npH6nneHHi.i,o6mHo 11cnon:&aye:11ux B MaccuqecKoll M0.1ten11 

KepYaHa/7/,H npe;zJ;naraeM HOllllll napHaHT Teopuu, D KOTOPOM MOlllliO H3-

6e:ataT:& Heonpe;zJ;eneHHOCTH B peHOpMa11H88~1Ht ra111m:&TOHH8H8 HeqeTHOrO 

H.1tpa. 

rna»a I. ~eHoMeHonorHtJecKoe onucaHHe aHeprHi.i OQ~QBHLCX; 
poTaquoHHUX nonce qeTHo-qeTHmc n~ep 

Cpe:zt1t llOBMoimux ~eHoMeHonoruqecKHX napaueTp11aaima poTanHoH

Hux aHeprua MOlltHO B11Jt811HT1> . .1tB8 OCHOBHue THna: 

a) napaMeTpHaan~u, D KOTOPUX;BCe He0.1tHaOaTHtJeCKHe aqiqieK~U 

BXO]tHT ~ B ~opuyny :zt11H SHepruH. K STHM llO:ztX0)!8M OTHOCHTCH 

paanoaeaHe Bopa-MoTTen:&cona/8/ · . 

Ex= L a,K [I(f+-1)] i< (I) 
~-1. 

n paano~eHue XappHca/9/ 

~ 2)K 
Ex=2-ci.K(w • (2) 

/(s, i 

K nocne.1tHei.i ~opuyne .1to6a»nneTcH H ycno»He co~~aco»aaun aHaqeHHll 

aHepr1rn u cnuHa, onpe;zJ;eJimoll{ee nenHqHHY yrno»ott qacTOTU BPBlll8HHH 

w 
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cl.Ex o[o/i(tt1J 
--=w---
J.w oLw (3) 

6) MO.Itenu (T.H. uo.Itenu c ne~eweuum,: woueHTou HHepuuu)II□/, 

B KOTOpwc poTaUHOHHaH BHeprHH napaueTpuayeTCH npH noMOll!H onpe.IteneH-

Hwc runoTea HacqeT uexauuaua BXHHHHH npall!eHHH Ha noTeHuuan:&Hy~ 
'. , 

aueprmo H'APa. 

IIocTpoeHue MO.Iten:r,uoro ra11unnouuaHa n MHKpocxonHqecxoa Teopuu 

Ha ocuone onp~.IteneHHOil napaueTpuaauuu E .r ocyll!eCTnnaeTcH npoll!e 

ncero npH ucnon:r,aonaHHH TaKHX napa11eTpuaauun, KOTopue nupallteHu Ha 

aauxe .llHHauuqecKHX nepeueHHwc, HMe!OlllHX xopomo onpe.IteneHHun ~nepa

TOpHun o6paa B 6aauce C06CTBeHHWC COCTOHHHH. 
". . - ' ' ' 

C .Itpyron CTOpOHll, caua 38.Itaqa 06 onpe.IteneHHH KOB~HUHeHTOB 

weHOMeHOXOrHqecICHX WCPMYX .ll1Ifi BHeprHH HB1IHeTCH nepeonpe.IteneHHOll 

aa.Itaqen co CTaTHCTHqecKHM xapaKTepou. IlpH ee pemeHHH He06XO.lllDIO: 

a) HCCHe.ItOBBHHe o6ycnonneHHOCTH 38.llSqu H CXO.llHll~CTH npmieHaeuoro 

.ll1IH ee pemeHHH HTepauHoHHoro npouecca; 6) ycTaHo:imeuue aanucHMoc

TH Mellt.llY MaKCHMaJll,HO B03MOlltHllM. tJH_CJIOM XOB~HgHeHTOB t BXO.llfill!HX B 

napa11eTpHaauu10,u t1Hc11ou penepHwc TOtJeK, no KOTOpllM OHH onpe.Itena-

10Tca; n) onpe.Ite:nenue,cTaTHCTHt1ecIG1X omu6oK lllltIHCnHe11wc napa11eTpo:a. 

B, §I.IM~ npe.ItnaraeM HOBYIO wopuynHpOBKY aa.Itaqu O wenoueHono

ruqecKOM onucaHHH BHeprun OCHOBHWC no11oc tJ6THO-tJ6THWC fi'Aep. Hc

XO.lllillM nyHKTOM npH BTOM HB1IHeTCH T .H_. WoPMY1I8 Cawapo:aa t no11yt1eH
H8H B pa6oTe/II/: 

Ex= 9o(J.t+cr-I(1:+~) - i). (4) 

~opuyny (4) MOlltHO nonytJHTI,/12/, npe'AllOHOUB, tJTO MOMeHT 

6 

') 

~ 

; 

l 
1 

1mepnuu B OCHOBHOI noJioce JIBJIHerca JIHHelHOI qJYHitllHel or 3Hepr1rn 

COCTOHHHll nonocu, T.e. 

Ji (Ex)=- cj_ +.Cz E.r , (5) 

8 CBMH pOTaUHOHHll6 BHeprHH BlltJHC1IHIO:CH no wopuyne 

Ez. = I(I+1}/ z tx. (6) 

B o611!eM cnyqae 11uoueHT HHepuuu 11 pean:&Horo poTaTopa, noHH-

11ae11un KBK napaueTp B ~opuyne (6), HB1IHeTCH WYHKUHen COCTOflHHH 

BP811la10ll!eilca CHCT8Mll. Mu .ItOnycRaeu, tJTO '11 MOllteT 6UTI, npe.ItCTaB

neH mo6on rna.ItKOI O.llH03HS11Hon wyaxnuen OT a11epruu:'f1:~11 (f_,.;{tf). 
B .llHCceprauHH paccMaTpHBaeTCH npe.ItCTanneHue' ~YHKUHH Jr ( EI.) 

B BH.ll8 6eCKOHetJHOrO CTeneHHOro PH.ll8 (B _061l!eM cnyqae) H1IH nonHHOMa 

OT Er (B npaKTH11ecKHX cny11amc). T.e~ npe.Itnonaraeu 
N - I< 

J(E· 1&-f)=LB"(Ex.). N=O,l,2, ... V\I\Vl,:,C,. (7) 
r I 11 ' · , 

K=O 

IlO.ItCTaHOBKa ~YHKUHH (7) B ~OpMyny (6) .ItBeT T.H. "oopaTHOe 

paSJ!Ol!teH.118 11 C06CTBeHHWC 3HatJeHHil cnHHa no CTeneH}W poTaUHOHHOil 

BHeprHH 
/1/ 

I(, -

iHI+1)=1..EK(EJ;C/(::tl<-:1,/v"' 0,1,2, ••• HJIH ~(8) 
K=:1 

B npe.Itnonaraeuou nO.ItXO.Ite MOMeHT HHepUHH HB1IH8TCH 0.llHOSHaq

HOll wYHKUuea OT xopomo uanecTHon .ItHHBMHtJecKon nepe11eH11on E~ 

onepaTOPHllM o6paaou·KOTOpon :a npocTpallCTBe npall!aTen:r,Hwc COCTOHHHil 

H'APa an11neTcH MO.Iten:r,Huil rauun:r,ToHHaH h . 
.B .llHCcepTBUHH ycTaHOB1IeHu COOTHOmeHHH Mellt.llY K03~HnHeHT8¥H 

Tpex OCHOBHWC Pfi'AOB: (I), (2,3) H l8). CpaBHeHMe CXO.ItHMOCTH BTHX 

Pfi'AOB Henoauolltllo, TaK KaK 061l!HX ~opuyn·.ItnH nmucmHHH HX Koawwu

nueHTOB He Cyll!eCTByeT. Teu He MeHee, ecnu PH.llll CXO.ItHTCH B npHHUH

ne, 11oeo noKaaau, 'ITO t111e11u "o6paTHoro paanollteHHH" H pH.Ila Xap

puca OCT810TCH 6nH3KHMH no 3Ha'l6HHIO H pacTyT Me.ItneHHee C noapacTa-

7 
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• 

Hliel! BHeprmi (cmrna), qeu COO'fl38TCTl3YDllll'Ie· t{Jl8Hl:l PH.JJ:8 Eopa-Mor

TeJI:&COHa. 
ITpH onucaHHH Bpamaren:&HUX: aHeprHll ocHOBHWC nonoc H,JJ;ep o6nac

TH 128 ~ A-=: 194 ( 58 ~ ~ ~ 78) Ubl annpoxcmmpOB8JlH MO:U:eHT . HH8PllHH 

llOJIHHO:U:8UH OT aHeprHH/131. rronytzaDI118HCH npH BTOM nepeonpe;neneHH8H 
· • · ~1<cn 

CHCTeua ypaBH8HHi'l (BKJIDll8Dllt8H CBH3H (8) npH E z. = E .r • ) 6bllla 
I • 

pemeHa B CUb!CJie _ namteH:&mmc KB8.ltP8TOB • Mb! YCTSHOBlUIH CJ18.ltYDll!H6 oco-

6eHHOCTH paccuarpn~aeuott sa).latzH: a) MBTPHl'.la nepe).l HeuaBecTHl:ll4H 

( &" ) /coc;ofll!la~ H~ creneHell E~Kcn; ffllnaerca CXO.ltHOi1 c ua:rpHl'.lalo!H 

r1m:&6epra u oOJia;s;ae:r m1oxott o6ycJIOBJieHHob~:&~14/, yxy,ltmaDmeltca 
. . 

c pocrou ua1tcHuan:&Hol1 cTeneHH annpoxcmmpym~ero nommoua; O) aa-

.ltBllli !BKOro THna OTHOCRTCll K T.H. 11HexoppeKTHO llOCT8BJI8HHml 38).lB

qau~ pema:rb·roc B o6meu cnyqae DOauoEHo Ton:&xo Ha ocHOBe perynapHao

BaHHblX HTepanuoHHUX: nponeccoB TWI8 raycca-H:&lll'fOHa/IS/; B) IUIOX8ll 

o6ycnOBJI8HHOCTl'> 88).l8llH npHBO,ltH'f It 88ltlII)ll8Hm>, llTO npH cymecuymmux 

omu6~ B E~Rcn. uoeo_onpe;n~JIHT:& ~e 6onee qeu 3-Itos~unHenra 

llOJIHHOUi18JlLHOll annpOKCHK8IlHHi r) B 60nl>.IHHCTB8 CJiytzaeD qzcno 8KCll6-

pHM8HT8JILHblX ,ltBHHb!X ne;nocTaTOllHO ,ltJIH xopomea OJ'.l6HKB CT8THC'fHqec

KHX OmH60It H8H8B6C!rHHX:. liCXO,ltH HS Heonpe,lteJieHHOC.TH pacnpe,lteJieBHH 

omu601t :a~o~Hux: ;naHHI:lX (E~Kcn.), .uu npe;itnaraeu Cionee 1toppe1niHy~ oneH

KY ;itJIH xopa;itopa _craxmcrzqecxmc omu6ox· napaMerpou, BHtzHCJieHHlil no 
ue~o).ly CTLJO).leHr~➔umepa/1~/> ... · · · · · 

-1IHcneHHoe HCCJie,lto:ea~ue nocTaBneHHoi aa.italiH.(B cnytzae nonaHoua 

3-ell creneHH) no1taaano, tzro.(cu. pHc:· I H 2): 
. . ' . • . " ,. '' '(3) . , . 

a) IIepBHI us onpe;n;enaoub!X napa11erpo:e -&J. o6na;naer no:se-

;nem1e11, CXO~H!~, C no:ee;it6HH61! 06WlHOrO 110148H_!a HB6pJ'.lHH ;f O:. 3/E;::z•. 
. (3) • •· ., ... -· 

3HaqeHHH -Bi or uaorona ~ aaoTony cne;nyDf xo;ny aHatzenaa napaueT-

pa paBHOB6CHO! Kll8;itpyno•LHOi ;lt6WOPH8IlHH cpe;n;uero nonB .!,llpa. 
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(3) &(3) 
6) B xo.J{e napaMeTpOll B2. u .c1 HUeeTcH pH]:t oco6eHaocTeil. 

o<31 , 
,1lJrn xoponmx poTaTopoB 3Ha'leHHH v, npH6JIH3HT6Jil>HO IIOCTOHHHU_, a 

r,(3) 
3Ha'leHHH 1]3 - oqeur, OJIH3KH K HyJIJo. Y H30TOIIOB, !I KOTopux KPHBaH 

}(wz.) 11MeeT S -oopaaHy10 wop1,1y, Ha6JI10;zta10rc.11 xopomo Bupam:eaaue 
t3J ( n t 3> ) 

MHHHMYMU (MaKCHMy1.m) :B aaaqemrnx &, Ii 3 • Manoe 8Ha'leHHe 
~~ . ' 
VL :e 8THX cnyqamc MOlltHO IIOHHMaTl> K8K OJiaronpHHTHOe ycJIOBHe ;ztJIH 

6UCTpOrO pOCTa BHeprHlf ll OCHOBHOtt IIOJIOCe, CIIOC06CT:BYJOl!lee nepeceqa

HHIO BTOil IIOJIOChl H KaKOil-JIH()O ;21pyron IIOJIOCU :e OOJiaCTH s -o6paaaoro 

IIOBe;lleHHH MOM6HT8 HHep~HH. 

IlpHJIO:atemte I; TeopHH KOJIJI6RTHBHOil nepeMeHaon Ha OCHOBe MO,ll6JlJf 
,llBYMepaoro MHrKoro poTaTopa 

3;ztecr, uu npHMeuneu Teopmo KOJIJieRTHBHOil nepeueauon/6/ (TKil) 

K OIIHC8Hlll> Bpall!eHHH peaJil>HhlX H]:tep. O;llHO'laCTH'lHhlii 6aaHC H]:tpa,B BTOM 

cnyqae annpOKCl!MllpOBaH CO()CTBeHHb!MH \PYHRilH.IWH raMHJII,TOHHaHa, ~eH!r-

paJil>Han ~acu rmToporo HMeeT n111.iI7/ 

,r 1 <v- 1 'dz. z. , ..Q.2. 
11 - ____ - - - - + 4B .r- + 2. 
1 llM p - ,h,,. v- ,h' ,[',. ':llfz. .f (IO) 

Mo;ztenr,, OCHOBaHHan Ha raMHJil>TOHHaHe (IO),- BTO MO'A6JII, 'ABY-

·uepHoro MHrKoro pOTaTopa (M,UMP). 9HeprHH TaKOil CHCT8LIU nepe;ll8JOTCH 

qiopMyJIOil 

E n,m. = L/B, (2 n + C /1. + ~:' + 1), 11= o, t.,z, ~,.--,(II) 

r;zte1Yl.=O,I,2 ••• - Kll8HTOBOe 'lHCJIO yrJIOBoro MOMeHTa B ;ztByuepHOLI 

cnyqae. Ha (II) MOlltHO Bl,l'AeJIHTI> ll HBHOM llH;ll8 a11eprim pOT8~HOHHOro 

;llBHJ!teHHH - E m =- EYI ,,,,-E,," = LfBC (✓1. + !!!"- - t') . OHa COllIIS;ztaei' 
I , cz. ' 

IIO \POpue C qiOpMyJIOjt ;IIJIH pOT8~HOHHOil BHeprlm 0 ll LIO;lleJIH G8\PBPOB8 

(HJIH ll ;llllynapaMei'pl!'leCKOU "o6paTHOU paaJIOllt8HIUI") • 

B 6aaHce ,1lMP IIOCTpoeH B HBHOU BH;zte onepaTop KOJIJI8KTHllHOil 

,~ 
10 

\ 

;1 
u 

,1 

i 

~ 

' I 
I, 

t 
1 
) 

nepeueHHoa. IlpoBe;zteno cpaBnea111.e peayJI:r,TaTon, nonyqaeuux_na ocnone 

TKil B oaaHce COCTC>HHlli! AMP,c peayJIH8T8Ml! TO'lHOro pemenl!H MO;ll6JIH. 

IloKaaano, qTo uaTpH'lHue aneueHTU onepaTopa KOJIJieKTHBHOi! nepeMeHHott 

H 3HB'l6HllH nepllhlX ll8CHOJII,KIDC KOBqiqJH~eHTOll B paaJIOllteHHH poTa~HOII-. . 

HOl:t aHeprnH no CTeneHHll cmma I llU'lllCJI8HHU6 Ha OCHOBe ypaBHeH1-1I TKII 11 

i'O'lHOro pemeHl!H M,1lMP, COBila'ASIOT. 

.ztanr,me, B pm.max TRII, npHMeneano.li K onucaHHJJ pean:r,noro H]:tpa, 

nonyqeHu H pemeau B npocTettmmc cnyqamc ypaBHenns, onpe;21eJIHl!l~He 
. . . K 

HHKpocKonnqecKH Koaqiqi~lfeHTu uo;zienr,Horo rauHnI>TOHHana h-=I..aK (I') /IB/. 
. K 

PeayJil>TBTU pacqeTOll 'A1IH LIO;ll6JII,HOro H]:tpa C A=I68 (c yqeTOU cnapHBa-

TeJII>HOro B38lWO:zteflCTlllfH Ll6llt'AY HYKJIOHSMH) 

1 
.2a..1 = 34,6 MaB-I ' 

Q.,:l. 
a 3 =6,18 MaB:...2 

:J. ' 

C xopomen TO'lHOCTI,JO COBil8;ll8IOT co 3HaqeHHHUH BTHX napaueTpOB, no~ 

JiyqeHHlillH na qieao1.1eaonoruqe0Koro aHannaa (;ztna H'AP8 A=l68, ~ =70) : 

1 
2a = 33,8 MaB-I 

J. ' 

a..; a 3 =6, 76 Mal3-2 
1 ' • 

H npeHeOpexea1111 cnapaBaTeJII>HhlM naamco~elcra11eu onpe;zteJIHi'I> 
1 

xoawqiu~neH!f az HelloauollU!o, a 'AJIH 
2 

a.1. nonyttaeu aaaqeHue 

I36 MaB-I. 

rnaBa n. BJIHHHHe CIIHHa HA8pHoro COCTOHHHH Ha ,llBH~eHHe OT,ll6JI!,HIDC 
H,Y_KJIOHOB_ 

B rn. n npolle;ziea aaanua llPall!eHHH A-He'leTHUX H]:tep. Mu o6pa~aeu 

BHHMBHHe Ha-cepr,eaHue H8TO'lHOCTH IIPH wopuynHpOBK8 KJiaocHqecxoli 
11pOTOpH~fl11 IIO;lleJIH H6'l6THOrO H;ztpa (MO;ll6JIH Kepuaaa/7/), KOTopue JdO

I'YT m.teTl> MeCTO H3-B8 CJIHmK01: ynpo~eHHUX npe;ztnOJIOllt6HHil O BHy~pe_H

Heil qacTH llOJIHOBOli <pYHRilHH. OTl!e'lalOTCH T8Kllte llOBllOEHue HeO_!tH03H8'l

HOCi'H npH IIOIIUTKe OIIHC8TI, corJIBCOB8HHO unoro CHJII,HO B38HMO;llettcTBYJO
~ruc UOJIOC B plUIKaX 3TOI MO~enu. 

II 



Mu HaqHHaeu (§ 2.I) C wopuynHpOBKH 140l(e1IH, OilHCWIBIOlllel1 CBH3D 

BHyTpeHHHX B036YEl\eHHl1 C poTanaen (MBBCP)/191. YpaBHeHHH uo11enH 

BW1e11eH1,1 Ha uHoroqacTHqHoro ypanHeHHH llipel\HHrepa l\1IH paccuaTpHnae

uoro He~eTHoro wa 

H 1J1;IM = E,,,r. 1/T;xM. 
BonHOBaH WYHKnHH 1/f;r,.,. BSHTa B nn11e 

tf;rn = J_ Cr()II) P,.,~F' D.p Io). 
p 

(12) 

(13) 

B (13) npe;ztnonaraJOTCll H3B8CTHwrn: a) COCTOHHHe IC?> ' onHCWIBIOntee 

cynepnoaHnHD H3 COCTOHHH!1 OCHOBH0!1 poTanHOHH0!1 nonocu B qeTHo-qeT

HWC coce:ztHHX HApax; 6) onepaTopu np, np13:ztcTa»nmontHe co6ott one

paTopu pox;zteHHH (nornonteHHll) KB83HqaCTHnu H1IH KOU6HH8nHH HS KBa

sHqacTHij (B03MOEHO,BKnJOqaIOntHe @OHOHU KOnneKTHBRWC HepoTanHOHHliDC 

COCTOHHHtt)*); B) npoeKnHOHHLlff onepaTop p~ Kp ' BL16Hpa1011tH!1 HS 

COBOKYllHOOTH COCTOHHHff C onpe11eneHHWI SHaqeHHeM Kp TBKHe, y KOTO

pwc KBBHTOBhle qHcna nonHoro cmma H ero npoeKnHH Ha ocH Ol pa»Hhl 

I,M. HeHs»ecTHhle aunnHTy;ztu Cp(vl) , c KOTOPUMH BOJIHOBhl8 @YHKnHH 

c onpe;zteneHHWI sHaqeHHeu Kp BXOl\HT B BOnHo»y10 WYHKnl'lll HAPB, Ha

XOl\HM UHHIDlHSanHel1 cpe;ztHero 3HaqeRHH sHeprHH B l\BHHOM COCTOHHHH 

(13). 

IlpH nocTp08HHH ypaBH8HHtt uo;ztenH Ul,I nocne;ztOBBTe1IDHO-KOUUYTH

pyeu UHOroqacTHqHull rauHnDTOHHBH H co BC8UH sneueHTBMH B021HOBOff 

llJYHKnHH {13) c Teu, qTo6u OH 11ettcTBOBan Henocpe11cTBeHHO Ha cocTOH

HHe Jo> • IlpH 8TOM yqnh!Baeu @BKT, ttTO ero ;zi;ellcTBHe Ha /0) sx

BHBaneHTHO ;ztettcTBHD uo;ztenDHoro rauHnDTOHHaHa qeTHoro HAPB h(l2
). 

le) COCTOHHHH Slp 10> CttHTaeu C06CTB~HHUMH MH o~epaTOpa I~ 
(B na6opaTOpHol1 CHCTeue KOOp;ztHHBT) H 0603Haqaeu Kp COOTBeTCTBYl>
ntee codcTBeHHoe aHaqeHHe. 

12 

· Ilocm:i;zi;HlfH llB1IH8TCH oneparopou 3H8ttHT6llDH0 6oJiee npOCTID.I~ qeu 0814 

H; KBK onepaTOpHull o6paa poTanHOHH0!1 8Hepr1m, h, no;ztqHHlleTCH 

ypaBHBHHlW li:l). 

B ;!t8HH0!1 CX8148 OilHC8HH8 SHeprHH HeqeTHOro HAPS ~OCTHraeTCfi·dea 

»Be11eHHH cno6o;ztHwc napaueTpon. 

Ypa»HeHHH MBBCP uoryT 6UTD S8llllCBHU B 148TPHllHOil wopue TaK: 

- £ . , C('II)= Cp{vI) 
/1.1 (-;;ec:rJ_.f,,, )cc)lr)=- o · ( : ·) 
('le(I!._ fvr) g(I) ('.(VI): Q : J (14) 

(I) + I. . . 
r;zte sp,p,_= <ol.D.r2 f;:f'zKPJ.D.r1.IO)- MaTp:m~a lJHTerpanoB nepexpuTHH 

npoexTapo»aHnmc cocTO.HHHtt; -;;ecrJ - uaTpHna, co;itep~antaH xowyraTop 

[H,npJ 11 qneH .nr h(Y'). . . 

JlBB ypaBHeHHH (14) m.te!OT 06ntee pemeHlte ;zi;na C!(Vn D,cnel(CTBUe 

poranHOHHOit HHBBpHaHTHOCTH raunnHOHll8Ha H: ecm1 Ha q!fCJIO COCTOll

HHfi, BNCTYilBIOlltHX KBK.npouexyTOttHue COCTO.llHlfH B KOWIYTBTOpe 

[ 
u:) ci:>J · · · x 

1l , 8 ,He H81IOllteHO HHKBKHX orP3HHqem1tt, TO KOMMYTBTllBHOCTD P,.,K 
. [ (I) (I.) J 

H H :ae;zteT K YCJIOllHIO .. ";!-{ , f . == 0 • Tor,ta pOJID MBTP!Ulhl f (~) 

B ypaBHemrnx (14) CBO;!tHTCll · 11 '' OCHOBHOM K yqe,:y BOSJ.!Ol!tHOtt mmett-

HOl! 88BHCH!d0C~H UBE:ztY COCTOflHHllllH :pM\p .D. f' IO)• . 

Kor:zta qHcJIO 6a811CHUX: COCTOllHHtt B (13) mm yttHTUBaeuux: MaTpHq-
(xi . . ·. . . ·• . . .• 

HUX: aneueHTOB !l orpaHifqeHO (CKalileu, paBHO M)' TO , ' ' . 
""·( trl <rl · +c21 ·cii) · · ' ... L fr., Jf.,p,. --:le.p,. :f;.p2 4- O H ;ztBa nep»ue qne11a .» ypa»HeHHHX (lL/-) 

•"1" . ♦ • ' 

pa SJIHTiaHcH •. Jlyqmee npz6rumem1e x pememm B raxou cnyqae nonyqm,:, 

BOCllOJIDSOBBllfilllCD DBPHBnHQHllUM npHHn1mo:1:1. ,1lnH SToro cpe11Hee OT ra-

14HJIHOHH8H8 aauume:u B :u;ite ~ OCT81lll!HKCll sp!lHTOBWI npH Jlll6UX: orpaHH

qeHHHX, HBRJIB;itWIBeHwc Ha Ciasucnue fPYHKnHH H. uaTpHl!Hli6 anel!eHTU , . f. CI} . • ..•. ·• . . . . 

M8TPIDUI =+ {;Jt(rl (I'+ oCr);;e(J:)Jc<vr) 
- yI _ C (~I) f J • (IS) 
.H - 2. c+c)lrJ Ju' c en) 
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r'Ae 

YcnOBBe CT8UHOHapHOCTH STOro WYH~HOHana npHBO'AHT K ypaBHeHm:> 
-vr 

('Jeer!_ E-,,.r)C(vI): 0 j Evr.=- /-1 ~ (16) 

'Jeer~± (Jcr.JJ{<rl + 7/{cr'.f(r})- ( l.r~ i)Evr. (17) 

HaCTOfilllHa BHBO'A ypaBHeHHn 'AnH A-HeqeTHOrO H'AP8 llOK83HB8eT, 

qTo Bee 31.@eKTH, CBH38HHUe C BP81I1eHHeM OCTOBa, npoHCXO'AHT 38 cqeT 
. ➔ ➔ 1 

tmeaoB rmnmI>TOHHaHa h(I 2
). B cnyqae, KOr'Aa ·h:1/z'I. , B MaTpH-

ir.J ~ 
ue &( MOllHO Bl,l'AenHTI, TO'IIHO qneHu, C00TB8TCTBYIOIIIH8 qneHaJI 06WI-

' non JIO'AenH 11pOTOp + ll8CTHU8 11
, B TOM ,mane qneH KOPHOnHCOBS B381UlO

'AeitcTBHll. Ham BHBO'A ypaBH8HHit npHBO'AHT K B8lltHOMY 38MJOqeHHIO 0 

TOM, qTo BHe 3SBHCHMOCTH OT crpyKTypu ht1•)-H flp -onepaTopoB, 

qneau, COOTBeTCTBYIOIIIHe yBen~eHlfll llHcna KB83Hll8CT~ B COCTOHHHH 

Jl f' f O > , MoryT B03HHKa:rb ~ 38 Cll8T OCTSTO'lHOro H8HMO

'A8HCTBHll B MHOroqaCTHllHOM raMHnI>TOHHaHe H, KOTOpun Yll8CTByeT B 

ypaBH8HHJ'IX l14) B BH'A8 KOMMyTaTopa [ 1-1, ..UP] • 

KnaCCHll8CK8H MO'A8nI, KepM:aHa HBJIH8TCH Kalt qac?HliM cnyqaeM 

H8CT0filll8~ ~OpMynHpOBKH 38'A8l{H. JpaBH8HHH MO'AenH KepMaHa MOlltHO 

nony'lHTb H3 ypaBH8HHn MBBCP npH CJ19'AYIOIIIHX ynpOD18lOIIIHX npe'AnOnOllt8HH

mc: a) YllHTHBSTI, TOnI,KO qaCTI, H, COOTBeTCTBYIOIIIYIO 'ABlflleHlllO CB060'A

HUX KB83~8CTHU µ 0-::: 4- ~; Lt .L ~I ; 6) annpOKCHMHPOBSTI, COCTOll-
' 

HHe I 0) COCTOHHHeM I ) , HBUIOIIIHMCH pemeHHeM 38'A8llH XapTpH➔oKS-

EoronJ060B8, B KOTOpou CP8'AHee OT H o6pal1!88TCll B MHHm.tyu; B) B3!1TI, 

onepaTopu n p B Blf'A8 onepaTOpOB OorOJlllOOBCKHX KB83Hll8CTHU/20/ 

n"' == "'-; , TaKHX, llTo Lp, >= o, { ip, .1./, 1+ =- S-f>r' ;. 
➔z 

r) Hcnon1,80BaT1, MO'Aem,Hun rmrnnnoHHaH h::: .I /2J H 'A) cqnTaTI>, 
()(I) c_:--

l{T0 J P />, = () f P' • 
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B §·2.2 MU ~HanH3Hpyeu cornacoBSHHOCTI, H O'AH03H8'lHOCTI, ypaB

H8HHH MO'A8nH.KepM8H8 npH O'AHO:epeueHHOM OllHCSHHH H8CKOnI>KHX CHnI>HO-
. -f6C:Sy1_ 

B38ID40'A8itCTBYIOll!HX nonoc B H'AP8 . P • B CDH3H C STHM HSMH 61:ma 

pemeHa o6paTH8H 88'A8ll8 BOCCT8HOBn8HHH ane11eHTOB pOTOpHoro raL11fnI,TO

HH8H8 no imcnepHM8HTanI>HUM_ ;!{8HHW,I 06 irneprHlDC STHX no_nocl21/. Oc-. . . 

HOBHH8 38KnJOl{8HHH aToro HCCn8'AOB8HHH TSKOBu: 

a) -3HaqeHHe napaMeTpa 1I1enH, aa«'Aeaaoe H3 o6paTHoi1 3S;l{alllf, 

npeBumaeT Ha.40% BenuqHHy aToro napa11eTpa, oueH~HHYJO no sHeprHHM 

cnapHBSHHH/201. Cor.11acHH Mellt;l{Y 060:IIMH SHaqeHHHMH ~OlltHO ;l{OCTHlll>,_ 

ecnH O!rK888Tl>CH O!r O'AH0Bp8ij8HHOro OllHCSHHH_BCex CBH38HHUX: nonoc 

HnH nyTeM CHnI,HOro yueHI>meHHH MS!rpHllHUX:- aneueHTOB_ KOPHOnHCOBa 

B38:IIMO]leitcTBHH •. IlpH HOpMani,aon B8nHllHH8, _ KOPHOnHCOBS B38ID40;!{8i1CTBHH 

napaueTp menH B03p8CT88T co cnHHOM B OC~OBHO~ nonoce _H yMeHI>maeTCH 

B nonoce, nocTpoeHHOn Ha B036yllt;l{8HHOM COCTOHHHH. PeHOpM8nH38UHH 

MS!rpHllHUX_SneueHTOB CHnu KopHOnHca npHBO'AHT K 3H8llHT8nI>HOMY H3Me

H8HHJO XO'A8 1I18nH co ClllfHOM. B qacTHOCTH, napaMeTp 11!8~H CTSHOBHTCH 

noqTH IlOCTOHHHUJI B OCHOBHon nonoce, ecnH B381WO;l{8itCTBHe KopHOnHca 

yMeHI>mHTI, HanonOBHH~. 

6) IlOCTaBneHHSH 38;!{8'118 m.i:eeT ~ pemeHHe npH pasnH'lHUX 

( HlUITHpOBaHHWC HCKYCCTB8HHO) sqxpeKTSX nepeHOpMHPOBKH CHnH KOpH-. . 
onHca H pOTSUHOHHUX napaMeTpOB ll8THOro OCTOBa. ~nH O;l{H03H8llHOro 

:eu6opa KSKOl'O-HH6y'AI> Ha BSpHaHTOB Mylltlio nH6<J npHBneqeHHe _HHWOPMS_

UHH O CTpyKType BOnHOBHX cpyHKUHn (T.e. 0 nepeXO;l{8X·M8llt'AY pOTS[tHOH

HLDllf COCTOHHHHMH HelleTHOro H'APS), nH60 ,Hcnon1,aoBSHHe TeOp8Tllll8CKH 

o60CHOB8HHWC pacqeTOB O BOSMOlltHWC nepeaop1.rnpOBK8X MaTpHl{HUX an_eMeH

TOB raMHnI,TOHH8Ha. 

B paMKSX MBBCP .TaKHe nepeHOpMHPOBKH nonyqaroTCH K8K cne,llCfBHe 

yqeTa HHTerpano:e nepeKpliTHH, KOr,lla l{HCJIO 6a3HCHWC COCTOHHHit, BXO-
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. ,1lHIJIHX :U qiyH1tn1rn HelleTHOr~ HJJ,pa (!3),. orpaHHlleHO •. rai.n'IJII,TOHHaH 
paccMaTpH:uaeuoil 88,1l8llH 'J(_(t) (I7) :U npHC>lIHllteHHH, COOTB8TCTBYDIJl8M . . . w : 
M0,1l81IH KepuaHa, HO yq11T1:ma1011111ll paa1111qHH ll8TPH!lll j' OT 8,1l~.HHllHOil 

:U mmanmeu npHC>1IHllt8HHH, OTJIH'l88TCH OT raMHlII,TOHHaHa, ncno111,ayeuo

. ro :U OC>lillHOil M0,1l61IH ~epMaHa, TeM, IJTO: 

I) IlapaMeTp MOM8HTa HHepnHH, BX0,1lflll1Hll :U ,1lHaroHa1I1>HyIO no K 
. ' . ~ex} . . . . : . . " ..... ,. 

ll8CTI, pOTOpHoro raMl!lll,TOHHaHa 'Je , YB81IHllHB88TCH no cpa:uHeHHIO co 

8HatJeHHm.4 STOro napaMeTpa B ll6THO-tJeTHliX COC8.l{Hl!X H.l{pax. 

2) MaTpHqaue s11eueHTH :U881W0,1leilcTBHH Kop~01IHCa TaIOKe H8Me

HHIOTCH. IlpH STOM qiaKTOp H3MeHeHHH 38:UHCHT OT SHeprHil, C:UH3UBaeuux 
' '~ ' . 

KOPH01IHCO:UOil CH1IOil COCTOHHHll. STOT qiaKTOp uen1,me 6)tHHHnu ,1l1IH HHllt-

Hero ua ,1l:uyx :usamrn,1leilcr:uy10111mc ypo:unell H 6on1,me e1tnmin1,1 - ](JlH 

:uepxnero;:u IJ8CTHOCTH, COCTOlIHHH C 0,1lHH8KODOil sneprHeil (uanpHMep, 
. ·1 

K"':a -cocroamrn) ue nperepne:uamT HaueneHnH~ 

3) i11eT nnrerpano:u nepeKpuTHH npH:U0.1lHT raxxe K npllllouy cuemu

:uaHHJO COCTOHHHil C AK =2 • 

Bee nepel!nc11enuue sqxp.eKm xopomo ua:u.ecTHbl ua no.nyqieHoueHon:o

rHqecKmc uo]lenea :upa111aTen:1>Hwc sHeprua Hel!eTHh\X HJJ,ep/22/. llp1:rne,1len

Hhle Hmm nnlIDCTpaTH:UHh!e .npm,epu . ( CM. TaclJrnny I) nOKa3UB8DT, qro npe.n

CKa38H.HH reopH11 Haxo.ni:irca B xopomeu KOJIHqecr:ueaaoi,: cornac:irn c a1tcne

pHMenran1>Hh!MH ,1laHHh!MH (no KpailHeit uepe :u rex rpaminax, B KOTopux 

npa:uouepHO IICilOJII,80:UaHHe nonyqeHHWC H8MII npHC>JllUteHHUX :uupallteHHH, 

,1l1IH HHTerpano:u nepe1tpuTHH). 

B aaKJixrnnTe111,uou. n?parpaqie ( § 2 .4) BTopoil rna:uu nonyl!eH . 

06111un »H.1l npH:ue,1lennoro uarpHqnoro s~euenTa ,1lJIH uy111,~nno111,aoro one

paropa sneKTPHlleCKOro THna' :u cxeue MBBCP/23/. TIOK8~8HO, qro yl!e.T 

UaTpHnl:l nepe1tpUTHJI npH:U0,1lHT H 8,1l8CI, K SqlqJ8KT8M nepeHOPWIPO»ItH.POJII, 

STHX nepeHOpMHpO:UOK M8TPHlIHUX sneueHTO:U (31!8KTPHll80ItOro KB8,1lpyno111,-
' ·. ;• " ' 

Horo onepaTopa) Hccne,1lo:uaHa Ha np11uepe E2-nepexo,1la uez,1ly ocHo:uHott 
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Tae51Ill.!!!!..!.. ~aKTOPl:l oc11ao11eHHH KOPH01IllCO:Ua :U38HM0,1l8HCTBl!H 

(ii~~,) H SHeprHH nep:uux COCTOHHllH B OCHOBHOH 
( K: ~/.2.) nonoce .1.H f.l! . 

Kr Ki,' ( :t) - (:r) ET/OP • ESI_tCn I 12 pp/ /KaB/ /K-aB/ 

3/2 I/2 (9/2). 0.920 321.36 32!'.30 . ·9/2 

5/2 3/i. (9/2) 0.854 426.46 426.60 II/2 

7/2 5/2 (9/2) 0.7IO 555.U 555.00. 13/2 

9/2 7/2 (9/2) 0.8I7 708.!7 708.20 I5/2 

H 0,1lHOit llS B036yllt,1l6HHhlX non:oc H,1lpa 
235U • BH,1lHO,' qTO' ecnH nepe-

HOpMHPO:BKY OTH8CTH 38 CtJeT uaTpHqHoro SJieLieHTa KOPH01IHCOB8 :U38HM0-

,1lElitCT13l'lli Mellt]ly COCTOHHHHllH nonoc' npe,1lCK838HHH TeOpHH )taJOT xopomee 

K01Il4lI8CT:U6HHOe cornacne cnonyqaeMblM qieHOM8HOJIOrHtJeCKll 3HaqeHH6M 

STOrO M8TpHqHoro 31!8M8HT8, Tpe6yeuoro ,1l1IH OCi'.&l'lCH8HHH SitCnepllM8H

T81Il>HOil ItapTHHU/24/~ 

na111>Heilme~ pa8:UHTl48 npe){JIOX6HHOit M0,1l81Ill (MBBCP) C1Ie,1lyer,npo

,1l01Illt8TI, :u cooT:uercTBHH c oe5~ett ~opMynHpo:uKoll aa,1latJH, ,1laHHOil :u 

,1lnccepranHn KaK :u orHomeHHH 6onee Toqaoro :uuqncneHnH HHTerpano:u 

nepeKpUTHH, TaK H B OTHOmeHHll :Ul:lHCH8HHH p01!H ocraroqaoro B38HM0-

,1l8itCTBHH M6X,1ly nyKiroHaun, KOTOpb!M noKa MU npeHe6peraJIH. 

0CHO:UHh18 pesyJ11>T8Tli ~HCcepTannH ony6RllKO:U8HU B paC>OT8X 
/4,I3,I7,I8,I9_,2I,23/ .OHH Taiae ,noKJ1B,1llill81Illc1> Ha ce1.rnHapax JIT~, 

Ha XXII H XXll) ExerOltHliX co:ue~aHH~ no HJJ,epHOil cneKTpOCKO~llH 14 

CTPYKType aTOMHOr.o HJJ.pa' Ha CHMnosHyMe "COCTOHHHH C .BhlCOKHMll cnH

H8Mll H C:Ufl38HHUe C HlWH HB;JJ:8HHH11 ,CTOKrOJII>M, lll:u~nHH, '!972 r·., H Ha 
rr-ott HanHOH81II,HOit KOH~epeHnHH MOJIO~liX ~H8llKO:U, CO~HH~ HPB, !974 r. 
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