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na6opaTOPHB TCOpCTH11CCKOi tHlHKR o6~e.Jl'1iCBB0f0 IIRCTllT}"ra 

•.11.eplllil RCCJIC.11,0B&HHH, r. ly6ea MOCKOBCKOi o6JiaCTK. 
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OGIIIAR XAPACTBPHCTHli PA&OTY 

ArrJ&AloBO~T'a. npo64CMY: B hOCJICAKHC tO.D',1,1 B pnym,TaTe 

BCCLMa ycnewuoro OnI1caaHa 

cpe.lUIHX H Ta•enwx RAep 

B3&11MOACJICTBYDIIHX 6030HOB 

CBOHCTB XOJIJJCKTHBHYX COCTOIKHH 

oqeHL nonynspHOH CTana MOACJIL 

(MBS). HCXOJU1a• 4>H1H11ec~a• 

KOHllC~H• MBS- Ta •e. 'ITO H B XOJIJICXTHBHOH MOACJIH Sopa H 

MOTTCJILCOHa: Bl,IJlCJIXCTCK TOJILXO KBa.llpynOJILHal CTCDCHL 

CBO~.D',1,1. nepBYH ■apHaHT M0.11:CJIH ( MBS-1) 6wn BBCACH qaCTO, 1 

ct,e.HOMCHOJIOrJNeCKH: DOCTynapOBaJIOCL, 'ITO taMHJILTOHHaH- :no 

caMWi o6uuui HHBapH8HT, IJOCTpOCHHLIH H3 reHepaTopoB SU(6)­

anre6pw. faMHJl'&TOHH&H MO.llCnJI CTpOHTCI c DOMOU(LI) onepaTopoa 

cKan1pHoro a- 6o3oHa H XBa.D.pynom,Horo d- 601oua. 

nonyn1pHOCTL MBS B 3Ha'IHTCJlLHOH CTeneHH 061,sCHJICT-Cfl 

.llBYMI np1111HHDOI: BO- nepBNX, B03MO?ICffOCTLD ODHCaHHI Ha C.llHHOH 

oCHOBe HMCDIPIX MCCTO cymecTBCHHLIX H3MCHeHm\ CTpyxTypu 

xonneKTHBHlilX cocToxHHH •Aep B JaBHCHMo·cT111 OT qHcna HY,KJJOHOB 

nyTCM MaBRoro H3MCHCHHH napaMeTpOB MOACJlH, H, BO- BTOpwx, 

npOCTOTOH DpRMCHCHHS. 

B pmax- MBS npoBeACHW pacqeTW )tJIJI MHOrHX H,llep B 

WHpoKoi o6nacTH MaccOBLIX 'IHCen H npo.D.eMOHCTpHposam,i 

B03MODOCTH teHOMeHOJIOrHqecxoro DO.llXO.lla )tJIX onHcafflix 

KOJIJJ~XTHBHJilX COCTOXHHH. 

BMCCTe C TCM BNDOJJHeHHWe pacqeTW D03BOJlHJIH 06HapyDTL 

paCXOlglCHHI C pelyJJLT&TaMH :nccnepHMCHTOB. B HCKOTOpYX 

cnyqasx 3TO CBH3&HO'C HCXOJUIWMH orpaHH'ICHHJIMH MOAtJIR.· CTaJJO 

KCHO, qTo Heo6XO.llHMO yqHTNBaTL .D.pyrue KOJJJICXTHBHWC CTeneHH 

CB060.D',1,1 ( OXTYDOJJJ,Hl,IC H reKC&.llexanOJILHJile). 0K&3HBal>TCSI 

BailCHlilMH TaJOlte HCXOJIJICKTHBHLIC ( ABYXKBa 311'1aCTH'IHl,IC) CTCDCHH 

cao60AJ,1. 

8 TO •e BpCMH BXJIJOqeHHe B paCCMOTpCHHC 3THX 

AODOJJHHTCJJLHYX CTeneHeA CB060JU,1 Ra $eHOMCHOJIOfll'ICCKOM YPOBHC 

BCAeT • pe3XOMY yaenuqeHHl> qucna CB060.D.HLIX napaMCTpOB, 1fTO 

3H&1fBTCJJLHO o6ecueHHB&eT MO.llCJIL. fi03TOMY Ta1ta• 3a,llaqa .n:omma 

pemaTLCI B paMK&X MHKPOCKOrmqecxoro DO.llX0.1Ul. 

Jlnl MHKpOCltODHUCXOrO o60CHO_BaHHI MB6 H .llpyr11x 

.:.!~ ~ ·, ~ •. ...,'.'"-: ; 

l~ .1L~~J,~ ~ .. ~~~··, t:f~~ 
·-·-!\~ \ ~,-~,:-~.,. ·~ 
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c},eHOMeHOJIOnAecltlix MO,!l.CJICA ltUHpO~O . H;nonuye-rc• Me~O,Jl 

6o30HHhlX npe,ncTaBJieHri 4>epMHOHHYx onepaTopos. 3TOT M~TOA 

npe.ncTasm1eT co
1
6oi o6myio cpcipMyJIHpoBl(y 3a,na11H ~<>.rHx 1'..~JI ~• .: 

J ~ ~\ 

CHCTCM, COCT\OHIHX Hj 'ICTHoro 'IHfJla c},epMHOHOB. B 3TOM Mc;1'o~e, ,, 

6HJ1HHeim>Jle KOM6HHaLlHH 4>epMHOIJHlilX onepaTopos a&rpauxrrcs 11!pe:1 

H,!l.eam,HYe onepaTOpY 6030HOB. BeKTopa COCTOllHHH, , DOCTP~fHBWe 

H3 H,!l.CaJII.HYX 6030HOB, . 06pa3yvr npOCTpaHCTBO H)J.eaJlbHl,IX 

6030HHlilX COCTOllHHH, a . , B,CKTopa. KOTOpYe CTa,aTC1&. '' •'~ 

COOTBCTCTJIHC, cl>CJ>MHOH~ COCT-Oll)IHIIM, o,6puym cl>H3H'ICCJtOC , 

no.nnpocT.paHCTao.a noJIHOM 60301PfOM,ltpocTpaucTae. . 

MCTO)ll,I 6030HHl,IX pa3JIO)l(eHHi : 11C ,naBaJIH 6Y npeHMymeC1't • 
eCJIH 6Y. ace BBCACIIKblC onepaTopw, , 60JOHOB 6WJH :B&llCHW n'pH 

onHcaHHH HHJKonell<amux cocToa1u1H •. OCHOBHaa u,ne• .~-ex 6o30IUIWX 
',, . ' . 0 ' ''' 

pa3JIO~CHHH COCTOHT B orpaHH'ICHHH HCCKOm,KHMH -~PJLJICK'J:'HBHlilMH 

. 6o30H&MH B cl>HJH'ICCKOM 60JOHHOM DOAitpoCTpaHCTBe. : ... . ' ' ' 
.,J •• 

CJie.noaaTCJibHO, Ball<HOH 3&.11,a'ICH npH pa6oTe~)!~ 6o30HHYMH 

npe,ncTaaneH~SIMH nnseTcs HACHTH$Hsaumr ~ ,_;; ycTpaHeHH,e 

Hecl>~3H'ICCKHX . KOMDOHCHT B DOJIHOM 6o_JOHHOM 'llJl()CTpaHCTBC. 

D03TOM}' onepaTop npoeKTHpOBaHHSI DOJIHOro, 6030HHOro 

. npoc:rpaHC'tBa Ha cl>HJH'ICCKOC no.nnpocTpaHCTBO H:r•pJeT Ba)IQlylO 

poni. a 6o30HHYX pa3JIO)l(CHHSIX. 
I , 

.• 

OCBOBlll,IC 'QC.AR pafiOTLI: HCCJICAOBaHHe ~KpOCKODH'ICCXO.tO 

no.ztxo.na K nocTpoeaHX> 6o3ouuoro raMHnb.TOHHaHa J1JJ;pa npH DOMOUUI 

MCTO,D;a. 6030HHOro npe.i.lcTaaneHHSI ct>epMHOHHYX onepaTOpOB. 

'Hccne,noBaHHe ~6unlx CBOHCTB onepaTopa npoeKTHJ)OBaHHJI DOJIHOro 

4)epMHOHHpro npocTpaHCTBa Ha 4>H3H'ICCKO~ no,nnpocTpaHCTBO. ' 

Hccne,noBaHHC B03MOXCHOCTH BKJIO'ICHHH ,npyrHX CTeneueii: CB060.nt,1 B 
t ,· • ,: 

~B6 Ha MHKpOCKOTIH'ICCKOM YPOBHC. Hccne.zi;oaaHHC C)lBHra 

ABYXcl>oHOHHIIIX COCTOJIHHH B ,ne4>opMHpqB&HKblX KJJ;pax, 
o6ycnOBJICHHOro BJIHHHHCM npHHUHna naynH. 

,, 
Hay11sa'~J. BOBR3B8 a npairreqcc'kas 'QCRROCT1>: B .nHc~epTa~IIB Yi 

•~cne.11.yxrr...p( o6Ullle caoicTaa onepaT,opa npoeKTHpos~n~• • ~a , ;,11 

9B3H'ICCKOe no.nnpOCTpaHCTBO nonaoro ,6030HHOro npocTpaHCTBa'.. 
' ; . . • . -' t . ' ' ~ ·, :/., . t 

Ha OCHOBC .,3THX CBO~C,TB npe.nnoxceu 3KCD011CHUH8Jlb~LIH BR.II. 
(~ ,, 

' ' .... 
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onepaTopa npoeKTHpoaaHt.rJI, KOTOpblH MOJKeT 6YTi. Hcnoni.3oaau a 

npu6nmKCHHlilX paC'ICTax, H HOBaR' cl>opMa 60JOHHYX npe.ncTaanead 

4>epMHOHHYx onepaTopoa, 06bC.llHH&Kll!laJ1 H o6o6ma0llaa 

cymeCTBYOllHC 6oJOHHYe npe)lcTaBnCHHH. 

nony'leH 60JOHHYH raMHJlbTOHHaH s.npa, 0606inaD11HH 

raMHJlbTOHHaH MBS-1 .llBYMS pa3HYMH cnoco6aMH. nepBLIH- C 

HCTIOJlbJOBaHHCM npH6JIIDKCHHOH TpaKTOBKH o6o6meHHOro 6030HHOro 

npeJJ;CTaaneHHa XOJICTCHHa- npHMaKOBa H BTOpo~- C 

HCTIOJlb30BaHHCM 3KCUOHCHQHaJlbHOro BH,D;a onepaTopa 

npoeKTHpOBaHHa. H&HJJ;eH cnoco6 BXRl>'ICHHS .ztpyrHx CTCDCHCH 

CB060JJ:Y (KOJlJICKTHBHYX H ABYXKBaJH1faCTH11HYX) B r8.MHJlbTOHH&He 

MB6-l Ha MHKPOCKOID111CCKOM ypoaue. 

Ha OCHOBC MCTOJJ;a 6030HHblX pa3JIOXCCHHH B .necl>opMHposaHHOM 

6aJHCC Hai.zteHO Bblf'DCHHC .ZUUI C.ltBHra 3HeprHH .llBYXcl>oiloHHoro 
nonnca. 

c.nauroM, 

npHHUHna 

C T01fHOCTbX} JJ;O 

paCC1fHTaHHYd C 

naynH. 

Anpofia-s pafio"n\l: 

rnaBHYX 11JICHOB OHO cosna.naeT co 

RPA cl>oHOHaMH npH CTporOM y11eTe 

PeJyJibTaTbl, npeJJ;CT&BJIICMLIC B 

JJ;HCCepTaUMB, BCO,!l.HOKp&THO )lOXJiaJJ:YBanHCb H o6cy»:.Z(anHci. Ha 

CeMHHapax Jfa6opaTOpHH TeopeTH'ICCKOH cl>HJHXH 06bCJJ;HHCHHOro 

HHCTHTyTa S)lepHYX HCCJICJJ;OBaHHH, Ha XXXVIII (Saxy, 1988):,.. 

XXXIX ( TamKCHT, 1989) H XL ( JfCHHHrpa,n, 1990) BcecOXJ3Hl,IJ 
w I 

COBCll(aBH&X n~ •.ztepHOH CDCKTpOCXODHH H CTPYKType aTOMHOro 

s.npa, Ha coacmaHHR no MCTOA&M CHMMCTpHH (06HHllCX, 1989), aa 

MCJQ:{yHapO.nHOi KOHc},epeHQHH no H36paHHl,IM BODpOCaM crpy~Typw 

J1.11,pa (Ay6Ha, 1989), B WKOJIC no JIACpHoi tHJHKC (BapHa, 1989). 

Dy6A11Ka-•: no MaTepHanaM )lHCCCpTaUHH ony6JIHKOBaHHo 
7 pa6oT. 

Ofi'bCII patSo-rw: .llHCCCpTauus COCTOHT HJ BBCACHHS, DSITB 

rnaa H 3&KJR>tfeHHS. 0Ha co,nep;geT 113 CTpaHHll M&IDHHODHCHOrO 

TCKCTa, 7 pHCyHICOB, 3 Ta6nHQI,I H 6H6maorpa4>H'leCKIDi CDHCOK .3 

112 H83B&RHH. 
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COAEPZAHHB' PABO'fl,I •. 

BBCA,CB■C co.o:eplKHT KpaTxoe H3n02CCHHe nocTaHOBKH 

4>H31f11ecxoi 3a,o:a'IH H .o:aeT o6ocHOBaHHC axTyaJILHOCTH H Ba)ICHOCTH 

Hccne.o:yeMYx npo6neM. 

B ncpaoa rAaec uccJie,o:yeTCJI npH6n•esHOC, npHMeHeHHe 

0606uleHHoro npe,o:cTasneHHJI xoncTeliua..: np-..axosa .o:m1 

MHKpOCKOnlfllCCKOrO 'o6oCHOBaHHJI MB6. nepBHC .naa naparpaq>a 

SBJllll>TCK BBOAHJ,IMH . 

B § 1 c4>opMyJ1HpOBaHH OCHOBHLle nono,iceHHK MCTOA& 6o30HHWX 

npe·.o:cTaBneHHH 4>eJ>MHOHHLIX onepaTopoa Xoncfeiua- DpHMattoaa:' H 

.ztaiicOH.a. 

B §2 c4>opMyJIHpOBaHH OCHOBHblC DOJIO:iKCHHJI npH6JIHXCCHl!lll 
TaMMa.- .D,aHxosa, KoTopae ncnoJIL3ymcJ1 is ,o:HccepTaUHH. 

B §3 n.pe.ir,nolKeaa npoo:e.llypa npH6nH:iKeuaoro pac•eTa 

~TPH'IHHX 3JICMCHTOB onepaTopa / 1 - ~ '; 1xoropl,m ~pHCYTCTBY~T 

B 6030HHOM npe,llCTaBJICHHH 4>epMHOHHLIX om!paTopoB XOJICTeii:ea­

DpRMaKOBa. OHa COCTOHT B TOM, 'ITO B onepaTope 

~ -\b+ b 
■t L tu ■u 

u 

COXP&lfllCTCJI TOJILKO MOHODOJILHasf qaCTL., KOTOpaH ,llHaroHaJIJ»Ha 

K&K no O.l(HO'l&CTH'IHWM HH,llCKCaM, TaK H B SU(S)- 6a3HCe. B 3T()M 

npH6JIH:iKCHHH pa3JIO:iKeHHe onepaTopa ✓ 1 - ~ B 6eCKOHC'IHHH p10l 

no CTeneHKM onepaTopa ~ nerxo cyMMHpyeTCJI H 3aBHCHT ioni.xo 

OT 'IHCJia 6o3O~0B "n". ,cpaBHCHHe 3Ha'ICHHH MaTpH11HL1X 3JICMCHTOB 

nonyqeHHOro onepaTopa H onepaTopa / 1- f\/N n MBB-1 
1

)Vl11 
1 0 4 max . 1 Pd H t1 Cd noxanrnaeT, 'ITO npH COOTBCTCTByDIICM aY6ope 

N aax OHH 6JIH3 KH APY r K .ll:PY r y. nony11 CH KBa,ApynQJJio~ 

KOnJICKTHBHHii: raMHJILTOHHaH, HMCIOUlHH CTpyxTypy raMHJIJ»TORH&Ha 

MBB-1. 

B §'4 HCCJI_e.llyeTCJI o60CHOBaHHOCTL npon;e,nypa. -npeJJ;JIO-~Oi 

B §3. .ll,Ha_!Pa.111,HLIC B SU(5)- 6a3HCe H no 0,JlH011aCT1(11fAN 

mutes:caM -~cTH • onepaTop~ ~n ( n a: 2) ue ~ ao.a:•ic~ :' K 

COOTBCTCTBYlllllHM CTeneHHM MOHODOJILHOH 'l&CTH, onepaTopa f B 

-:4-

1' ~· ;.\ \. 

1;'( 

'I 

lill" 

> 

pi6oTe Y'IHTHBaCTCH TOtruo MOHononLHa11 qacTt. onepaTopa ~2• feM· 

caMl:.IM npHnH'Ta BO BHHMaHHC laBHCHMOCTb MaTpH11llLIX 3:1ICMCHT.OB i 2 

He TOJIL1(0 OT 'IHCJia 6030,HOB, HO H OT yrnonoro MOM~HTa' H. 

ceeLOpHTH. cpasHeHMe 11uc11eHHLUc 3°Ha11eHHH MaTpH'IHYx JJICMeHTOB 

AJIK 'one~aTopa ✓ 1 - i ' B ,llaHHOM npH6JJIDKCHHH co. 3H&'ICHHMH, 

nony'letlllLIMH B §3, . noxa31,1saeT, 'iTO npu 3HaqeHHllX 'IHC.na 

6o30HOB n, MCHLWHX MaKCHMaJibHO B03MOlKHOro, MOmIO rOBOpHTL 0 

CXO.D,HMOCTH pe3yJit.TaTOB. noKa3aHO, KaK MO:iKHO Y'IHTLIB&TL TO'IHO 

MOHOU~Jlt.Hyl> 'laCTL in { n = 1 ; 2, 3, 4) . 

Bee pe3ynLTaTLI DOJiy<'ICHbl B npH6JIHlKCHHH, KOr.l{a onepaTop 

npoeKT .. (>OBaHHJI Ha (pH3HtJCCKOe IlO.llnpocTpaHCTBO noJIHo.ro 

6030HHOrQ npocTpaHCTBa 3aMeHJICTCJI e,o:HHHQeH. 

B §5 noKa3aHO, KaK MOlKHO, HCDOJIL3YJI pelyJILT&TLI 

npe,lll,IAyttiHx naparpa4>os, BKmO'IHTL B paCCMOTpenHe .llpyrae 

KOnJICKTHBHLle a HCKOJJJICKTHBHble CTeneHH cuo6p.llb1. 

Bo BTOpoii ruec HCCJIC.llyeTCJI onepaTop npoeKTHpOB&HHll 

nOJIJ«)fO 6030HHOro npOCTpaHCTBa Ha ~H3H'ICCKOe no,llnpocTpaHCTBO 

B 6030HHblX pa3JJOXCCHHJIX. 
A 

B §1 BBOAHTCJI onepaTop A, y.llOBJieTnopJ1mu11i cJie.D.yOileMy 

COOTHOWCHHI> 

exp(-A) b + = {b + 
■ t ■ t. 

A 

r.a:e F = 1 ,- L 
■ tpq 

b+ b+ b 
■ t pq ■ p 

- [F,b ] exp(-A), A + } A 

■ t 

b . 
tq 

, II<,; 

noxa1auo, 'ITO onepaTop npoeKTHposaHHJI n JTOM cnyqae MOllteT 

6wT• npeACTaBJICH CJIC.D.YlllllHM o6pa30M 

A 
p = 1 

(N - 1)!! exp(-A). 
A 

B pe3ynLTaTe noxa3aHo, '!:TO onepaTop npoeKTHposaHHB Pn, 

,o:eiteTBYDilHH · Ha 6o30HHoe noAnpocTpancTBO c onpe,lleJ1eHH1:,1M 
'IHCJIOM 6030HOB •n• co.o:eplKHT 'IJICHbl B BH.ll:C npOH3BC,llCHHH 2n H 

2( n-1) onepaTOpOB 6030HOB. B ,TaKOM BH)l.e ero O'ICHJ. TPYAHO 

HCUOJIJ.30B&TL. onaxo nonyqeeo peKyppeHTHOC COOTHOIDCHHe A,1111 

BH'IHCJICHHJI M&TpH'IHLIX 3JICMCHTOB onepaTopa npoeJCTHpOB&HHK. 3TO 

-5-
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peKyppeHTHOC 

npH6JIIDltCHHOM 

COOT.~PtQCHHe MO*CT 6YTb HCDOJlb30BaHO 
I 

paccMOTpCHHH,. orpaHH'IHBalOlllHMCJI J(OJIJICKTHBH ... . 

00.lllfPOCTpaHCTBOM. 

B §2 n0Ka3aao, xax MO)KCT 6WTb nocTpoea onepaTop·. 

" A a BH.lle p11,11a no onepaTopaM Gn, yJJ.oaneTBop11DI1HM 

XOY',IJTaD;HOHHl,N COOTHOWCHHBM: 
;\ 

[ G b+ 
n ' at 

+ An ) ] = ( b P at . 

no11y11eHY BYJ)UCCHlllS JJ.Jlll Gl, G2, G3 H G,. 

B §3 Ha OCHOBC CBOHCTB onepaTopa npoeXTHpoaas~• 

no11y11eHa HOaaa cf>opMa 6030HHl,IX npCJJ.CTaBJICHHH 4>ept,mQ~~ 
onepaTopoa. C npaKTH'ICCXOH TO'IKH lpCHHll 3Ta Hoeaa cl><>pAa, He .. 

npHBOJJ.HT K C)'lllCCTBCHHliolM ynpomeHHBM. OJJ.Haxo. OHa HHTepecHa 

TCM, 'ITO 06'bCJJ.HHBeT H o6o6maeT npe.nYJJ.yUllle ~030IPD,le 

npeACTaBJICHHB. 

8 TJ)CThei rAa11e ua OCHOBC cf>opMan'H3Ma H3Jl0'.lltC_HHOro 

•Topoii rnaee, HCCJICJJ.JCTCB 6o~OHHOe npe,ACTaBJICHHe cl>epMHOHHOrO 

raMHJibTOHHaHa: B KOJIJlCKTHBHOM KBaJlpynOJlbHOM 6o30HHOt,1 < 
DOJJ.npocTpaHCTBC. 

B §1 JCTaH&BJlHBaCTCB COOTBCTCTBHe MaTpHIU,l 

ci>ePMHOHHl,IX COCTOBHHH C MaTpH•JHblMH 3JlCMCHTaMH onepaTopa 
. " exp("".'~) B 6030HHOM KBaJlpy~OJlbHOM KOnJICKTHBHOM npocTpaHcTie,: 

" <n'v'x'.J:MlnvxIM> = F F 8
(n'v'x'IMlexp(-A) lnvxIM)

8 

B :JTOM cny11ae 60l()HHblH o6pa3 onepaTopa TaMMa-

3&DHCYBaeTCB B cneJlyllllleM BHJlC: 

Q+ 
µ 

1" + 1" 
---. exp(- 2 A) dµ exp(2 A). 

nony11eHo 

M8TpHu;H HOpMbl. 

pexyppeHTHOe COOTHOWCHHe JJ.JIB BLl'IHCJI,CIPIB. 

" MaTpH11HYC 3JlCMCHTl,I onepaTopa exp(-A) B o&;QCM 

cny11ae 3aBHCBT OT BCCX K88HTOBblX 'IHten SU(S}- 6a3HCa. B 

11aCTHOM cny11ae, xor,11a C
0

=C
2
=C

4
, r,11e 

,} 
or:~,., 50 I r· .j n u 

jr ja • • • t 
ar rt 1111 ut ' 

2 2 
ratu 
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QOJitleHBOC 6o30BHOe npeACTaBJICHHC ,gea,1:tpyIJOJll>HOrO 
. . ' 

'KOJIJleltT~Beoro onepaTopa Ta~a- J(aHx0n;a npHBo,ABT 4>epMHoHHHi 

raMHJIJ.TOHHaH X 'l'OMJ BHJJ.y. KOTopw MY HMeeM B MB6-l C, SU(6) 

clNdttpxei. 
8' §2 " DOJJY'ICHO 6030HHOC DpCJJ.CT&BJlCHHC 11aCTH'IHO-

',n;ypo11HOrO onepaTopa • 

B §3 Ha OCHOite 6o30HHOrO npCJJ.CTaBJICHHII KBaJlpynOJil>HblX 

lCOJIJICltTHBHblX 4,epMHOHHblX COCTOSHHH HaHACH 6030HHYH o6pa3 
I 

(lepMBOHHOro raMMLTOHHaHa. OOJIJ'ICHH&IH rafytHJILTOHHaH co,11epllCHT 

11nc;1111· 6onee 061:llero BHJJ,a, 'ICM B MB6- 1'. B HHX npHCJTCTBJDT 

onepaTop1,1 exp(-½A> H exp(½A>, x0Top1,1e )''IHTYBaDT 

MBoro11ac'.1'1111HYe 9<)1(1,eKTY. _ raMHJibTOH_HaH MB-6-1 nony11aeTcs ' e 

npeACJlbHOM cny11ae. Hccne.nytOTCSI OTJIH'IHB MCX<JJ.Y DOJIJ'ICHIWM 

6030HHYM faMIIJibTOHHaHOM, KOTOpblH COJJ.eplKHT 'IJICHl,I, o6o6malllllHC 

OMHYJO SU(6)- ~iDAieTPHl> H raMMb.TOHHaHOM MB6. Pe3yJibTaTY 

pac11eTa 3HeprHH HH3KOJICllKantHX COCTOBHHH noxa31,11:1am, 'ITO 

OTX.nOHCHllB OT pe3yllbTaTOB ~B6 HecymeCTBCHHl,I H MOryT 6L1Tb 

. aocnpOlllBC,JlCHY npH MaJiblX H3MCHCHHHX <t>eHOMCHOJIOrH'ICCKHX 

n&paMeTpOB. 

B •eTaep-roi rAaBe npeJJ.JIOllKCH MCTOJJ., .C IlOMOlllLD KOTOporo B 

KOJlileKTBBHYii xea,11pynom,a1,1H raMHJibTOHHaH MOllKHo BKJI1>11aTL Hoeue 

CTeneHJI CB060Jll,I, I xax KOJIJICKTHBHYe, Tax H HCKOJIJICKTHBHYe, 

OPCHB&IIQJIC .neyx1tea3H'laCTH'IHYe B036y)K,lleHHSI. MCTO,ll B capeii 

OCHOBC •anseTCH MHKpOCKODHtJCCKHM H D03TOMY D03BOJIS£e'T 
I 

paCC'IHTHBaTb 3Ha'ICHHB TCX HOBYX KOHCTaHT B raMHJlbTOHHaHe, 

ltOTOpble xapaxTepH3yX>T BK~DqCHHblC B aero JJ.ODOJlHHTCJibHLle 

CTCDCHJl CB060.Jn,1 H HX CBBlb C . KOJIJlCXTHBHYMH KBaApyqOJibHblMH 

nepeMeHBl,IMII. B Ka'ICCTBC npHMepa paCCMOTpeHO CMCIDHBaHHe 

~QCTOJIHHH OCHOBHOH KBa3HpOTa~HOHHOH DOJIOCY H DOJIOCY, 

DOCTpOeHH~i Ha ABYXKBa3H'laCTH'IHOM COCTOSIHHH 'ICTHO- 'ICTHblX 

1130TODOB Kr, B KOTOPYX nepece11eHHe nonoc npOHCXOJJ,HT npH 

cpaBHHTCJlbHO He60JlbWHX CDHHax. 

B § 1 onpe,11e11seTCK npocTpaHCTBO COCTOBHHH, BJCJil>tf&llUlee 

COCTO~HHB SU(S)- 6a3HCa lnvxIM) H ABJXKBa3H'laCTH'lHble 

. COCTOBHHII: 
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lnv'xJ,l:IM) = [ (JM'ltnlIM) b;
1
_tjj) lnvxJM'). 

' K' m 

COCTOHHHH 

C' . ,• r1;\ 
B 3TOM npocTpaHCTBe nony1JeHo peKyppeHTHOC , • 

COOTHOWCHHC WUI Bi,{l{HCJlCHHH MaTpHQlil HOpMlil B npCAilOJlOJCCHHH •. 

'ITO OHa JaBHCHT TOJlbKO OT 'IHCJta KBa.u;pynonbffblX • 
\ 

.D:BYXKBt3H'laCTH1iHLIX 6030HOB. 

B §2 ·iloc'l"poeu 60JOHHLIH raMHJibTOHHaH a,u;pa B cneAyDQeM _ 

BH.11:C: 
A A A. A 

H=HB+HF+HBF 
A . 

r .u;e HB - KBa.u;pynOJlbHLIH KOJIJICKTHBHlilH 60!30HHlilH raMHJtl>TOll-HaH 
A 

MB6-1, H -taMHilbTOHHaH, 
F A 

BKJIO'lalOIIIHH TOJlbKO ABYXKBa3H'laCT1111HlilC 

nepeMeHHYC H ,HBF - raMHJibTOHHaH 

xonneKTHBHLIX H ABYXKBa3H'laCTH11HlilX 

6nHClilBaDIIHH CB.lb 

CTeneHCH CB06o.11,L1. 

' napaMtTpr.t KBa,D;pynonbHOro xonneKTHBHOro raMHnbTOHHaHa MBB-1 

onpe.nemmTCSI q>eHOMeHOJIOrH11eCKH, a Bee OCTaJibHLIC KOHCTaHTLI 

paCC'IHTYBal>TCSI MHKpOCKOilH'ICCKH. 

B §3 npHBCACHH pelyJibTaTH paC'ICTa cneKTpa HlOTOilOB 1Cr c 

HCnOnb~OBaHHCM nony11eHHOro raMHJibTOHHaHa. Ha pHC. l npHBCACIUil 

CilCKTpY HH3KOJIClKamHX COCTOHHHH 'ICTHO-'ICTHYX H30TOITOB 
79-e•Kr, pa_cc'IHTaHHHe C y11eTOM H 6e3 . y11eTa ABYXKB83H"laC­

TH'IHLIX B036yllCACHHH. .llJUI cpaBHCHHH noKaJaHLI .JKCnepm.tCHTaJILHYC 

CDCK11pH. H3 pHcyHxa BHAHO, 'ITO y11eT ABYXXBa31AaCTH'IHliX 

XOHq>HrypaQHH CKa3L1BaCTCH B OCHOBHOM Ha 3HeprHRX COCTOHHri C 

6om,WHMH cnHHaMH: 6;, s; H s;. B H30Tonax 
02-a•Kr, y11er 

ABYXXBa3H'laCTH'IHYX KOHq>Hrypaum'.% Il03BOJIHCT cymeCTBCHRO, 

yny'IWHTh OilHCaHHC 3KCnepHMCHTaJibHLIX .u;aHHblX. 6.C3 Taxoro y11eTa 
HCB03MOXQIO 061.JICHHTb HapyweHHC' peryn,ipHoro xo,µ;a 3Heprd 

COCTORHHH OCHOBHOH KBa3HpOTal(HOHHOH IlOJIOCbl B 3THX KApax. 

B DSITOii rAaae Ha OCHOBC MCTO,D;a 6030HHLIX pa3nolKCHmi ,B 

.u:eq>OpMHpOBaHHOM 6a3HCC HaH,D;CHO , BblpalKCHHC raMHnl>TOHBaua 

q>epMHOHHOH CHCTCMY 11epe3 onepaTOpbl H.u;eaJILHLIX $0H~HOB C 

TO'IHOCThn AO 'IJICHOB 11eTBCpTQrO IlOPH.D:Ka. 

B § 1 .,DpllBCACHbl qiepMHOHH&IH .· ; raMHnbT~HB&H _,MOA~n:,. 
AB~XKBaJIA_.rii~HLle H 11acTH1JHO- AL1po11HYe onepa,Topw c 
onpe.u;eJICHHblM 3HaKOM npoeKL(HH yrnoBoro MOMeHTa. 
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B §2 

6HJIHHeiieoii 

nony11eHo npH6J'fIDKeHnoe 

XOM6HHaUHH tpepMHOHHblX 

6030HHOC BHpui.euHe AA• 

onepaTopoQ, CO.llepicamee 

JJHHeiiewe H xy61111ec1tHe 11JJeHhl no onepaTopaM·HAeani.HhlX 6o30HOB, 

ICO:Jctxl,HIJHCHTLI npH xy6H1fCCKHX 'IJJeHaX onpe.llCJUIJIHCb TaK, llT-06~ 

3TH Bhlp~CHHJI Y.IlOBJJCTBOpHJJH COOTBCTCTBYIOUlHM KOMMyTaUHOHHliM. 

COOTHOWCHH~ )tllJI 6HtpepMHOHHblX onepaTopos. aoxa3aeo., xa~ 

MOlKHO nony'IHTb 3TH DpH6JJmKCHHhlC BblpruKCHHSI H3 060611lCHllOf,() 

npCACTaaieaw• xoncTeiua- npHMaxosa. 

B §3 ocywecTBnJICTCH nepeXO.ll K onepaTopar.1 . H,JlCaJibllliQ 

fl,oHOHOB RPA. nony11ee 6030HHblH raMHJJbTOHHaH MO){CJIH. nony11euo '' 

Bhlpa~eeHe AJ:IA C,JlBHra 3HeprHH ABYX<l><>HOHHOrO DOJJl>Ca. C 
TO'IHOCTbl> ,JlO 

pacc11HT8HHYM 

naynH. 

rnaBHblX 'IJICHOB 

C RPA «l>oHOHaMH 

OHO 

npH 

cosna.naeT co C,JlBHrOM, ' 

cTporoM y11eTe npHH~Hna, 
' ' ' 

.• 38IAll)IICB■R cyMMHpyl>TCH OCHOBHble DOJIY'ICHHblC pe3YJJbT8TY 

H fl,opMynHpyorcJI OCHOBHI,IC BLIBOJl.bl ,JlaHHblX HCCJIC.llOBaHHH. 

"-

OCBO~RWC pc3JAbTaTW AHcceyra~HH,BWABHraeMl>IC .A,A5I SaUIRfl,I~ 

1.- Ha OCHOBC npn6JIH~CHHOH TpaKTOBKH o6o6meeuoro 

6o3oeeoro npe.ncTaBneHHK 60tpepMHOHHhlX onepaTopoa XoncTeina:­

DpHMaxoaa noc-,poeH KOJJJJCKTHBHblH KBa.ApynOJibHI,IH raMHJibTOHHaH, 

HMCIJUIUH 'CTpyxTypy raMHJlbTOHHaHa MB6-1. O.neaxo DOK338HO, 'IITO. 

tpaKTOpY, Y'IHTblBalllQHe BJJMHHHH npHHUHDa nayJIH B 3TQM 

raMMJibTOHHaHe, 38BHCJIT ee TOJlbKO OT 'IHCJia 6030HOB, HOK OT 

yrJIOBOro MOMCHTa H CCHbOpHTH. HaH.llCH cnoco6 BXJil>'ICHHJI a 
pac'CMOTpeeHe HCKOJIJICKTHBHhlX CTeneHeH CB060Jl.bl. 

2.- HCCJIC,Jl0B8HY HCKOTOJ>l,IC o6mHe CBOHCTBa onepaTOpa 
A . 

npoeKTHp0B8HHJI P Ha 4lH3H'ICCXOe 6030HHOe DOATIPOCTpaHCTBO 

DOJJHOro 6o30HHOro npocTpaHCTBa. nony11ee 3KCDOHCHUHaJtl,Hl,IH •• 

onepaTopa npoeXTHpOBaHHH H pexyppeHTHOC COOTHODJeHHC AD• 
BW'IHCJICHHll ero MaTpH'IHYX 3JICMCHTOB. 3TO pexyppCHTHOO 

COOTHOme,HHC MO~eT 6b1Tb HCDOJlb30BaHO B npH6JIJGCCHBOM' 

paCCMOTpCHHH, ,, orpaHH'IHBalOUlCMCJI KOJIJICKTHBHblM 1CBa.1t.pynom.1U,1M 

DOJlllpOCT.~OM. nony11ena HOBaSI 4><>J>Ma 6olOHROto ,,~ 
DpCJl.CTaBJICHHK, HHTepecHaH TCM, 'ITO OHa 060C.ll.JIHHCT H o6o6uuleT 

H3BCCTHYC 6o30HIIWC npeACT8BJICHHH. 
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... ·'; .... Ha, OCHOBe. 4\JOJ)MaJIH3M~. HlJIOJCCH'HOfO .•• rilaae ·z ... no.Ryll CH 

~lOlll&Ul , . o6p&3 'cf>CpMHOHHOro raMMJlbTOl;IHaHa. B 31'0M · 

n"·Jl.C::Tatn~HJI■ onepaTop, · KOTOpblH socnpOH3B0.ll.HT , 4'epMHOHHy1> 

MaTPffllY , llOPMf,1. 1 HrpaeT 011eHb sa)Kffyl> , poni.. Habeeo 

peayppCHTROC COOTHOmCHHC ,JlJIH BY'IHCJICHHJI CFO M8Tp1111HWX 
·'1.' 

1,!Xet.leltT()B B l(OJIJICKTHBHOM KBa.ApynoJibHOM 6olOJIBOM 

·uo~i,oeTpa11CT'3C,. nony'ICHHblH raMHJibTOHH8H COJtepmtT 'lfJICJD,1 

Go;ite~( . ofiulero BK.Ila, 'ICM B MB6-1. faMHnbTOHHall MB6- l 
:,:'·,'i'•.· ,, '. ' ' 

:~,afTCJI H'3 Hero B npe.llCJlbHOM cny11ae. Pe1yJ11»TaT.,. paC'ICTa 
·,· . .'. '1l1 .·,.·1 . 
,_,,n•tdi n1xoneXC8111Hx cocTOHHHM noxa3YBaa:rr, 'ITO OTKJIOBCltHl OT , 

·~}yJn,TaTOB MBS-1 He HBJIBl>TCH npHHlUmaJlbllJ:A1H H MoryT 6YTb 

-~~Rp<>H3JIC.llCHbl npH MaJtblX H3MCHCHHHX ct>eHOMCffOJIOrllllCCKHX 

·~paMCTPOB . raMHJlbTOHHaHa, B3HTOrO B tt,opMe MBG-1. 
'',J . 

1
/ ,', 4. - ,llJIJI ODHC&HHSI HHJKQJtCW.amHx COCTOflHHH IICTHO~ 11CTHYX 

•~dp' HCCJICAOBaHa BOl'MO)l(JtOCTb nocTpoeHHB Ha ~tcpocKQIIH11ecx01i 
r,, , • 

.,OC .. OBe raMHJibTOHHaea H.llpa, BKJllO'lalOWCrO Kalt ICOJIJIClt;tHBHWC 

~~~pynon~HYC, T&IC H HCJCOJIJICKTHBHblC CTeneHH cao60,D.J,1. M~TO.ll 

1~~~.Hpoaau TaK, . 11To napaMeTpw KOJIJJeKT·HBHO:i, 11acTR 

' ,'~aTOHRaua onpe.11eJIHtOTCll· ct>eHOMCHOJJOrH'leCKH, TOr,JJ,a Kalt B.ce 

: i)ij1'11WlbHYe, KOHCT&HTbl paCC'IHTblBal>TCH MHKpoc~onne-c~•- 8 
~~~qTBC npHMepa DpHMCHCHHH npeNJO)ICCHHOfO MCTp.Jla pa~cqKTaHHY 

,\'tr,, : ,. 

.c;~e:it-pw , HHlKOJICllCalllHX COCTOIIHHH '1.CTHO- 11eTHYX RlOTOffl),B 

~- JlOCTHfHYTO BDOJIHe y.llOBJICTBOpMTC)lltHOe co~~Jia,CHe '~ 

·,a¢,pepHMCHTOM, 

. ./'' , .5, - B .llCtt,opMHpOBaHHOM 6a31i~e ll-OJiy'leHO npR6JUlllCeHHOC 

6<>$bHHOe npe.llCTaaneeae Jl)IH 6HJIHHeiiHoii KOM611nraUHH 4)epMHOHHYX 

.,~·pa-ropoa, COJJ.Cp)IC8lllCC .JIHHe~Hf,le' H' xy6H'lfeCKHe 'IJICHY· no 

0.p&TOpaM HJlC8JlbHblX 6Q30HOB. K03qicl>HLtHCHTY npH 1ty6~CCKH.X 

·11.-.ax o.npe.llCJICHI,1 Tax, 'lfT06Y 3TH 1;11,1pa,iceeu11. yAoaneTaopanH 

;.,,~t~eTCTBYIOUlHM KOMMyTal(HOHHblM COOTHOWeHJiUIM NIJI. 6H4)epMHOHHYX 
. . ~-, t 

'o~paTOpOP. 00Xa3aHO, UK MO:«HO TIOJIY'IHT,._ 3TH npH6Jlll)CC,HHYC 
;' {,.1;,,1• . / . 
~-CHHJI H3 o6o6qie,HHOro npe.llCTaBJICHHH XOJICTCHHa- OpltMHOB&. 

,• Op~yqee 6030HHYH raMJ4JlbTOHHaH B TeJ)MHHaX MCUbHYX 

S.O~CKTHBHblX fl,oHOHOB B npH6JIIDKCHHH X80TH'IHLIX tf>a3 BMOTlt AO 

, ~HOB llCTBCp'l'Ol'O DOp$1JlKl'l. nony11eHo '•~pa>ICCHHC Jl)IJI CAB■ra 

:,tteprHH .nayx4K>HOHHoro TIOJIIOCa. C TO'IHOCTblO Jt.0 rnaBHYX qJieHOB 

-'-11-
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OHO conna1.taeT co CJlBHfOM, paCC'IHTaHHblM C RPA tl><>HOHaMH npli 

CTpOrOM Y'ICTC npHHUHna naynH. 
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