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OBI!Afl XAPAKTEPHCIBKA PAEOTH 

AKTyam,HOCT:& T8MH. IlpodJieMa Mel!tdaSHCH!lX nepexo.ztOB RBJIR8TCR 
COCTaBHOH 'laCT:&D TeopHH KBaHTOB!lX CHCT8M co CKP!lTOH CHMMeTpHen, 
H.zteH H MeTO.Itll KOTopon PO.ItHJIHC:& IIPH HCCJI8,ItOBaHHH IIOB8,It8HH.ll -qacTHU B 
KYJIOHOBOM H OCUHJIJIRTOPHOM IIOJIRX H SaTeM IIOJiyqHJIH CBOe paSBHTHe B 
KBaHTOBOH TeopHH II::>JUI (~.H.EoroJIOOOB), qJHSHKe 8JI8MeHTapH!lX 'laCTHU 
(tt. T. To.ztopoB), TeopHH JiasepoB (P .,llHKKe), MO,It8JIH OdOJIO'lSK (.I{l!t.3JIJIH
OT) H B KOJIJISKTHBHOH MO,It8JIH JJ.nep (B.EaprMaH, M.MOlllHHCKHH). 

CaMa npodJieMa cpopMyJIHpyeTCH CJI8,Ityl0l!U!M odpasoM. IlepeMeHHHe B 
YPaBHeHHH llipe,nHHrepa, OIIHCHBaJOmeM Od'b8KT!l, H8,ll8JI8HHH8 CKPHTOH CHM
MeTpHen, pa8,It8JIJJJOTCH,KaK IIpaBHJIO, B HSCKOJ.11,KHX CHCTeMax KOOP.ItHHaT, 
H COOTBSTCTBYIDmHS pemeHH.ll odpasylOT npH .ztaHHOH SHeprHH noJIH!l8 dasHC!l 
no ocTam,HHM KBaHTOB!lM 'lHCJiaM. BHdop dasHca .ztHKTyeTcJI coodpaJKeHHeM 
Y.ztOdCTBa,H npodJieMa 8rutlIJ)'!aeTC.ll B pas~OlK8HHH O,ItHoro dasHca no .ItPY
roMy. TaKHe pa8JIOlK8HH.ll HasBaH!l B .ztHccepTaUHH MelKdaSHCH!lMH nepexo
.naMH, a K08qJmHUH8HTH pasJIOlKSHH.ll - MaTpHUaMH nepexo.zta. 

IlpHMepaMH Mel!tdasHCH!lX nepexo.ztOB CJIYl!taT JI~e B OCHOBe TeopHH 
.ItH<ppaKUHH H qiasoBOH TeopHH pacceJIHH.ll paSJIOlKSHHe IlJIOCKOH BOJIHH no 
ccpepH'lSCKOH (PeJiett), pasJIOlK8HHe BO.ItOPO.ItHOro napadoJIH'!ecKoro (CTOYH, 
IlapK, TapTep),. pesepqiop.ztOBCKOro (IlepeJIOMOB H IlonoB, MaJOH,Itap H Ee
sy) H cqiepoH,ItM:&HOro (KoyJICOH H .I{l!tosecp) dasHCOB no cqiepH'lSCKOMy H 
MHOrHe ,ztpyrHe. 

B HaCToamee BpeMR YCJIOBHO MOlKHO Bll,ItSJIHT:E, .ztBa no.mco.zta K llCCJI0,ItO
.B8.Hl1.IO MeJ.:OaSllCHIDC rrepeXO,ItOB.B rrepBOM HS ID1X ( TeopeTllKO-rpynIIOBOH 
no,IUCo,It) llCIIOJII,SyeTC.ll llH(!)Op!,iaulUI O rpyune CKp!lTOii CHMM0TPHI1 l1 SIBH.llli 
BH.It HHTerpMOB .ItBRlK8HH.ll. BTopon (aHMHTH'lSCKHll no,IUCO,It) ucnOJI:&syeT 
pemeHHJI YPaBHSHR.ll llipe,ItHHrepa R cymeCTB8HHHM odpasoM onHpaeTCH 
Ha annapaT cneUHMbH!lX <tJYHKUHH. B CHJiy H3B8CTHOH CB.!ISR MSlK.ztY Teopuen 
rpyrrrr ll_ Teop.11eii cneUHam,mnc <tJYHKUHll 8TH ,ItBa no.mco.zta BO MHOrOM 
nepeKpHBaJOTC.ll H .ItOIIOJIHRIOT .ztpyr .ztpyra. 

ttcCJie.ztoBaHHe M8lKdasRcmnc nepexo.ztOB aKTYMbHO no HSCKOJ!bKHM 
IIPH'lRHaM. Bo-nepBllX, TaKHe nepexo,ItH nepeBO,ItRT HH<tJOPMallHD O rpyrrnax 
CKPHTOH CRMM8TPHH Ha .!ISHK KOHKpeTH!lX MaT8MaTH'l8CKHX COOTHOW8HHH 
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Mel!UXY 6aanca.MH. BO-BTOPHX, HeKOTOpHe ll3 HIDC (HanpnMep, CB060'AHOe 
'ABHJKeHne H .KyJIOHOBO noJie) "MO'AeJIH.PYJ)T" HaH6oJiee llHTepecHHe ,c qinaH
qecKoft TOqKR apeHHR CHTYaIUIH (pacceRHHe). B TpeTbllX (KaK ,STO llMeeT 
MeCTO B 3a.ztaqe 06 O'AHOP0'AHOM MaI'HllTHOM nOJie),TaK.He nepexo~ MOryT 
CJIYltHTb OTilPaBHOft TOqKOft npn BWJCHeHllH TeopeTllKO-rpynnOBHX acneK
TOB TeopnH cneUH8Jll,HHX qJyHKUHil. B qeTBepTHX, H3 HeKOTOPHX MeJK6a-
3HCHHX nepexonoB (HanpHMep, B CJIY'Iae KpyroBoro oc:uwumTopa) CJie.ny
JOT HOBHe TeopeMH CJIOJKeHHR .JtJJJI cneUHaJII,HHX qiyHKUHft. HaKOHel.l, MHorne 
M_eJK6a3HCHHe nepexo~ HCilOJ!b3YJOTCR npn pemeHHH KOHKpeTHHX 38,Itaq 
.ll;llepHOft qiH3HKH, Teopan MHOrOaTOMHHX MOJie.KyJI, Me30XHMHH H T.'A. 

06mee qHCJIO 6aaHCOB B H3BeCTHHX CHCTeMaX co CKPHTOft CHMM6T
pueil AOCTaTO'IHO BElJillliO,O,ll;IffiKO 'AO IlOCJie.v;Hero BpeMe.Hll JililllI, MeJli,Ily He
KOTOPHMH H3 HllX 6wm HaazteHH nepexonu. IlpHtmHOft aTOMY, IlO-~OMY, 
RBJIReTCR TO, qTo B paMKax TeopeTHKo-rpynnoBoro no~o'Aa HeT YHHBep
cmHoro peuenTa IlOCTpoeHIDI MeJK68.3HCHHX nepeXO'AOB, a aHaJIHTHqecKHft 
IlO~O'A CBO'AHT npo6JieMY K BHqHCJieHHJO MHOrOKpaTHHX CYMM. 

B 'A.HCCePTalU{H HaazteHH Mellt68.3HCHHe nepexonu B KpyrOBOMH H30""'. 
TPOilHOM OCUHJIJIRTOpe, B 'AByxMepHOM KYJIOHOBOM IlOJie, B O'AHOponHOM 
MarHHTHOM IlOJie, B aTOMe Bonopona H B MHoroMepHOM H30TpollHOM OCUHJI
MTOpe. B CJIY'Iae KpyroBoro OCUHJIMTOpa H 'AByxMepHoro KYJIOHOB~ IlOM 
HCilOJ!b3YJOTCR o6a OTMeqeHHHX BHme no~ona, B OCTaJll,HHX c.nyqamc BH
qHCJieHim Be.nyTCR B paMKax aHaJIHTaqecKoro no~ona. Krut B nepBoM, 
TaK HBO BTOpoM CJIYl!ae aHaJIHTHqecKHft no~on HCilOJ!b3yeTCR co CJie.ny
lll!l!eft MonHqinKauaen (MeTon acHMilTOTHK). HcxonHoft npe~ocHJIKoft aToro 
MeTona RBJIReTCR TO, qTO 6aancH, Mel!UXY KOTOPHMH nmeTCR nepexon, : 
3HaqHTeJ!bHO ynpomaJOTCR Ha 60J!bmHX (B CJIYl!ae nncKpeTHOro cneKTpa) H 
~ (HenpepHBHHft cneKTp) paccTORHHRX OT neHTpa CR/IOBoro IlOJIR H 
~ TO lite BpeMR coxpaHRJOT BCJO HHqiOpMauHJO, He06XO~MYJO .JtJJJ1 BHtIHCJieHHR 
MaTPHUH nepexona. B peayJ!bTaTe HcxonHBH npo6JieMa CBO~TCR K 6o;ree 
npocTott sa.ztaqe Haxoll!,I(eHHR ,MaTPHUH nepexona Mel!UXY acHMilTOTHKaMH 
6a3HCOB. 

UeJ!b H aa.rtatm pa6oTH qiopMYJIHPYDTCR CJie.IlYJIJ!l!HM o6paaoM: 

I. OTHCKaHHe MeJK68.3HCHHX nepexonoB B Tpex CHCTeMaX OCUHJIJIRTOPHO
ro THna: KpyrOBOft OCUHJIJIJITOP, tra_CTHUa B·onHOPOnHOM MaI'HHTHOM IlMe, 
TpeXMepHUft H30TponHHft OCUHJIMTOp. 

2. BuqnCJie~e MaTPHU, peaJIH3YJl!IIDC MeJK68.3HCHHB nepexo~ B 'AByx
M8pHOM KYJIOHOBOM IlOJie KaK B ~cKpeTHOM, TaK H HenpepHBHOM cneKTpe. 

3 • .AHaJIH3 nepexonoB B TpeXM8PHOM KYJIOHOBOM IlOJie. 
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4. HcCJienoBaHHe Mellt6a3HCHHX nepexonoB B MHOroMepHOM ll30TPOilHOM 
OCUHJI.1I.IJTOpe. 

5. IIocTpoeHHe MaTpaqHHX MeMeHTOB onepaTopa MHoroMepHHX Bpam~
Hllft no neKapTOBOMY OCUHJI.1I.IJTOPHOMY 6aancy. 

. 
HayqHaJI HOBH3Ha pa60TH. B ~ccepTalU{H BnepBHe: npen;roJKeH 06-

mHil MeTon llCCJienoBaHHR MeJK6a3HCHHX nepeXO'AOB B KBaHTOBHX CHCTeMax 
co CKPHTOft CHMMeTpnen, HCIT0Jib3YJ(l!llltii IlOBeneHHe 6asHCOB Ha 60J!b
mnx n MaJIHX paccTORHHRX OT ueHTpa; HcCJienoBaHH nepexonu MelK,cy' no
MPHHM H napa60JIHtreCKHM tH Ha060pOT) 6a3HC8.MH nByx- H TpeXMepHoro _ 
.KyJIOHOBa IlOM B odJiaCTH HenpepHBHOro cneKTpa; no.JiytieHO pasJIOJKeHHe 
neKapTOBoro JiaHnayeBcKoro 6asnca no UHJIHffnpHqecKoMY; o6o6meHH He
KOTopHe cymeCTBYJOmHe MaTeMaTHtreCKHe pe3yJ!bTaTH (TeopeMa CJIOJKBHIDI 
.JtJJJJ IlOJIHHOMOB 3pMHTa, HHTerpam,Hoe npencTaBJieHHe nM <liYHKUHil Eec
ceJIR, MeJK68.3HCHHe nepeXO'AH MHJIJiepa, pa3JIOJKeHHe IlepeJIOMOBa H IlonoBa 
pesepqiopnoBCKOtt BOJIHOBOft rnyHKUHH no cqiepntreCKOMY 6asncy); BHBeneHO 
HHTerPaJibHoe rrpencTaBJieHHe, BHpaJKa10mee MaTPHuY nepexona OT neKapTo
Boro 6aaHca MHOroMepHOro H30TponHoro OCUHJI.1I.IJTOpa K rrpOH3BOJibHOMY 
rnnepcroepHtrecKoMY qepea rnnepcqiepnqecKyro rapMOHHKY, cBRaaHHyro c 
naHHHM nepeBoM; pasBHT ~arpaMMHHft MeTon nocTpoeHHR MaTpHUH nepexo
.na OT neKapToBoro 6aanca MHoroMepHoro naoTporrHoro ocUHJI.1I.1JTopa K rn
nepcqiepnqecKoMY; BHtIHCJieHH MaTpnqHHe aJieMeHTH onepaTopa MHoroMepHHX 
KOHeqHHX BpameHHil no OCUHJIMTOPHOMY neKapTOBOMY 6asncy H pa3BHT nH
arpaMMHHft MBTOn HX rrocTpoeHHR. 

IlpaKTHqecKM geHHOCTb. HattneHHHe B nHccepTaUHH MaTpHUH MeJK6a-
3HCHHX nepexonoB HMeJOT mnpOKYJO odJiaCTb npHMeHeHHft. OHH MOryT 6HTb 

HCnOJ!b30BaHH rrpn BHqHCJieHHH pa3JIHqHHX MaTpHqHHX aJieMeHTOB B 3a.ztaqe 
'AByx ueHTPOB C KYJIOHOBCKHM B3aHMoneftCTBHeM, rrpn cpaBHeHHH MeTona 

·K - rapMOHHK H TpaHCJIRUHOHHO-HHBapHaHTHOft MoneJIH o6oJioqeK rrpll Bhl.ffC
HeHHH CBOftCTB JierKHX .ll;llep, a TaKJKe npH HCCJienoBaHHH BH6POHHHX ne
pexonoB B MHOroaTOMHHX MOJieeyJiax, TaK KaK corJiaCHO aqiqJBKTY ,IlymHH
CKoro cocTORHHR,reHepapyJOmHe TaK.He rrepexonu,oKasHBaJOTCR noBepey
THMH OTHOCZTBJ!bHO npyr npyra B MHOrOMepHOM npocTpaHCTBB. C MaTe
MaTHqecKoft,ToqKH speHHR 3HaHHe MaTpnu,peaJIH3YJOmHX rrepexo~ B MHO
roMepHOM H30TPOilHOM OCUWIJIJJTope,oTKpHBaeT ITyTb ,JtJJJI BWJCHeHIDI TpaHc
~OPMaUHOHHHX CBOftCTB rnrrepcqiepaqecKHX rapMOHllK npH KOHBqHHX Bpame~. 
HHRX Ha 6aae npocToro ~arpaMMHoro R3HKa. 
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Anpo6aIU'ISJ pa6oTH. P83YJII,TaTl:l, llOJIY'J8HJm8 B .lmCC8.P'l'aIUIH,')tO.KJUl.lnl
BWIHCb Ha C8MHHapax !N 0IDil1, Raql8,1U)li T80P8TH1!8CKOtt cpRSHKH H Kaql8.It
pli cpRSHKH BliCOKHX 8H8prHtt EI'Y H Ha ceccHH Off~ AH CCCP B !982 r. 

llyMHKaI:U!H • no pesyJII,TaTBM .lmCCB.PTa!UIH ony6JmKOBaHO .It8CHTb pa-
60T, CllHCOlt KOTOpliX npHBO.ImTCJI B KOHU8 aBTOpe~epaTa. 

CTpyKTypa H 06'f>8M µccepTailHH. ,llHccepTaitWJ COCTOHT HS BB8,It8IDIH, 
qeTupex rJISB, Sait1IDti8HWI H npRJIOXeruIH, CO,It8pxHT !40 CTPamnt MalIIHHO
llHCHOro T81tCTa, 'ABS Ta6.7nnu,l, II PHCYHKOB H CllHCOlt JIHT8paTYPil HS !4! 
HaHM8HOBBJmSJ. 

co~ PABOTbl 

Bo BB8,It8HHH ,ItaH o6sop COBp8M8HHOro COCTORHHSJ TSOPlU'I KBaHTOB!lX 
CHCT8M co CltPHTOtt CHMM8TpHett H npo6JieMH M8X6aSHCHIDC nepeXO,ItOB, oc
BooteHa aKTYaJII,HOCTb T8Mll, ~OIJMYJIHPOBaHH sa;n;atm HCM8,ItOBaHHR H 
ltpaTKO HMOX8HO CO,It8p,taHH8 imccepTaIUIH. 

B nepBott rJISBe paccMaTPHBamcsr Mex6asHcHlle nepexonu B xpyroBoM 
OCitWIJIRTOpe, OnHOPO.ItHOM MarHHTHOM no.ne H TP8XM_8PHOM HSOTPOllHOM oc
~ope. 

B §I llOJIY'J6Hll MaTPHUH nepeXO,ItOB M8llr,ItY nexapTOBllM, no.nsrpHHM H 
llOBBPHYTHM Ha yro.n 'Ii/I( .It6Ka.PTOBW 6aSHCBMH KpyrOBoro OCitWIJijJTOpa. 
IIoxasaHO, qTO BC8 TPH nepe~MBHHllX nepexona peaJIHSYJ)T~ d, - cpya- · 
KUHJJMl'l BHrHepa OT aprYMBHTa '1r/2. . naHO TeopeTHito-rpynnoBoe 06'!:,JJC
H6HH8 COBlla;D;8HHID MaTPHU STHX nepexo,noB C cl - <pyHKUHett BHrHBpa. BH
SJCH8HO, qTO nepeXO,It OT llOB6PHYTOro Hayro.n 'tl"/4 ,It8KapTOBOro ·6asHca 
It HCXOnHOMY ,IteKapTOBOMY .. o6o6maeT HSB8CTHYID T80P8MY MOXeruIH .nJIJI no
JIHHOMOB 8PMHTa. 

B §2 paccMOTP8H Mex6asHcHHtt nepexo,It B O.ItHOPOnHOM MarHHTHOM noJie. 
B xaqecTBe.6aSHCOB BSRTli ,IteKa.PTOBlltt H UHJIHH.llPH1I8CKH:il (o6a 6asHca OT
HOCRTCR lt,OnHOMY H TOMY.Z8 Bli6opy KaJIH6poBKH B8KTOPHOro.noTeHUHaJI~ 
➔ . ·. 
A 9 i (-l:I, x, 0) ) • noxasaHO, qTO B ~ae OTpHnaTMDHO sapmteHHOll 
qacTHUH 'rt . 

"-\- t\'Jo (~.~), = L. Ht\•l'n ( !:Y411 _ 111~"",m (~,If), 
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B §3 llOJIY'J8HH MaTPHUH nepexona M6JlmY ,IteKapTOBliM, UHJIHRJlPHq8CKHM 
H c~epnqecKHM 6asncaMH. IloKasaHo, qTo nepexon OT UHJIHH.ItpH1IecKoro 
6asHca K cqiepHqecKOM;y OCYlll8CTM.lISTCH IIpH ITOMOI$1 K08~mH8HTOB Ivre6ma
rop,ItaHa,HH,llSKCH KOTOpIDC MOryT HM8Tb qeTBepTbUeJIHe 3HaqeHHsr,rrepexo.It OT 
nexapToBoro 6asHca K ~H.ItpHqecKOMY peaJIHsyeTcsr cl - <pyHKUHRMH 
BnrHepa OT apryMeHTa 'Ii/2 , a nepexon ".ztexapT-c~epa" naeTcsr noc-
Jie.ztoBaTMbHOCTblll nepexo.noB ".ztexapT-UHJIHRllP" H "u;HJIHH,IIJl-cqJepa". 

BTOpaH rJISBa co.nepxnT ,It8TaJIDM aHaJIHS M8X6a3HCHHX nepexo,noB B 
nByxMepHOM KYJIOHOBOM no.ne. PaccMaTPHBaJOTCSJ nBa 6asHca - llOJ!J!PHll:il H 
napa60JIH1IecKHii. 

B §I Hal\lteHU no.nsrpHl:le H napa60JIHqecKHe BMHOBHe WHKUHH B Hen
pepUBHOM cneKTpe. IloKasaHO, qTo napa60JIHqecICHtt 6a3HC B HenpepUBHOM 

. "IL(.+) it. t•l 
cneKTpe pacmeilJIJJeTcsr Ha ,nBa no.zt6asHca 'f" it~ ( ~ 2) H T ic.r,. ( l, tz) 
( (o - KOHCTaHTa pas.neJieHHSJ B napa6MHqecKHX KOOP.ImHaTax, t:~'i2rrif/t), 
KalK,ltllll HS KOTOPHX xapaxTepHsyeTCSJ onpe,IteJIBHHOtt qeTHOCTD!ll O.ItHOM8PHHX 
napa60JIH1!8CKHX BMHOBilX cpyHKUHtt. YMOBH8 llOJIHOTH co6JDQitaeTCH He 
.nmr KWK,Itoro HS STHX no.n6asHcoB, a ,ItJISi napa6oJIHqecKoro 6asHca B ne
JIOM. 060CHOBaHO, qTo TOJIDltO 6asnc "I-':~ (l!, 2) • nocTp08HHil:il HS na-: 
pa6oJIHqecKHX OnHOMepHHX BOJIHOBilX WHKUHtt c IlOJIOZHTMDHOtt qeTHOCTDID, 
COOTB8TCTBY8T sa;n;aqe pacceSJHHSJ. 

B §2 paccMaTpHBalllTCSJ nepexonu B .ImCKPBTHOM cneKTpe H B s~qe 
paccesrHH.11. IIoxasaHo, qTo B o6JiacTH.JmCKPBTHoro cneKTpa MaTpnna ne
pexona c TOqHOCTblll no ~soiloro MHOlKHTeJISJ coBna;n;aeT c d - <pyHKUHett 
BHrHepa OT apryM8HTa 112 . Rax H B ~ae KpyrOBOro OCUH,lIJISJTopa, 
.ItaHO TeopeTHKO - rpynnoBoe 06'!:,JJCH8HH8 5TOro pesyJII,TaTa. YcTaHOBJie
Ha CBR3b pesewop.nOBCKOtt MaTPH~ nepexo.na C KYJIOHOBOtt ~asott pacce
SJHWI H noKasaHO, qTo 5Ta MaTpnua SJBJIRBTCR aHaJIHTHq8CKHM npo,ItOJillt8HH-
8M cl - WHKUH:il BHrHepa, reHepHpYIJitHX cooTBBTCTBYIJitHll nepexo.n B 
.1U!CKP8THOM cneKTpe. 

B §3 noxasaHo, qTo napa60JIHqecKHe 6asHcH nBYXMBPHOro eyJIOHOBa 
no.nsr B nenpepHBHOM cneKTpe BHpaxaJOTCSJ qepes c~epH1IecKHtt 6asnc Me
;IJYXllIIHM o6pasoM: 

00 +) 
(.i:) )"' <:- ,1. "r w.r (~, ti) = L W"-f''M 'f'ttm (t,'f), 

111:-110 

(+} 11111 ,.. C~p r(cl--tw-tl111a { -1-, 1ml ,-111'11 \ l 
Wr.prn = (-!) m Ci,:111 i(al-+v} ?,~ l ¥2, f-tW- ! J 7 
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l-) lml-1 "" C;°l r(\11"-tc}+Jml) \~-t~ l+lml, l-h11I\ } 

W -<:,) tn~ ~~- F ! 
Kj!>m - CI("' r(U,--\ f+ 1) l Z ?>j,z. J \-\' I)-;- W, .· 7 

(:±) 
r,ne C ic~ H C ~m - HOpMHpoBO'IJrne na~a60JIH1IecKHe H ccpep.lfllecKHe 
ROHCTaHTH, rs '{l!- ii (.H ~), ~= 1/'I - iK (i- f,>) • B 3TOJi lite na-
parpacpe ,noRa3aHO, 'ITO ]J.JIR .MaTPHil nepexo.noB w- ~~n. cnpaBe,IT,ru'IBH 
HHTerpam.HHe npe,ItCTaBJl8HHR! 

'Ji" w- (;t) 

~s·"" 
= ,_J-♦ W-fil C.~~ r(lnMl•t-11,r..) ~(H.o~tcl-t-~~)(.D51Yt1fcl'1\ 

Zb CKYft ,('fi-r,,)r(l/z-1().) 
0 

~ 

11)-'(-) _ ~ ... v1-1zrr ~ r(1m1-t1-.,.-w-) 
W t.j!>m - 2 211 Cw.111 r (H>•)r(1-iV-) 

r _.,_ -U,. 

_)<l-~lf)(ltr.o!lfHt11rnq, ~f. 
0 

(::!:) 
B §4 BWll'ICJieJrn napa60JIH1IecKHe HOpMHpoBo~Jrne ROHcTaHTH (: K ~ , 

ycTaHOBJI0HO CBOi!CTBO OPTOHOpMHpyeMOCTH 

C (:t) (±)• d ( . \ 
J W K~n, W Y.f>rn' d j-> = 2 \ dm,m' ± drn,-rt.' / --

H Hall.IteHO pa3~0lK0HH0 ccpepH1I0CROro 6a3HCa ,ItByxM0pHoro RY~OHOBa nomr 
no napa60JIH1IeCKHM. 

B §5 paccMOTpeH Bonpoc O cor~acoBaHHOCTH nepexo.noB B ,ItHCRP0THOM 
H HenpepHBHOM cneRTpax Raj( B11llPRMOM11,TaR H B "o6paTHOM11 paMOlK0HH.IIX. 
IloRaaaHo, 'ITO M0lK6a3HCHHe nepexo,ItH B ,ItHCRp0THOM cneRTpe BOCCTaHaB
JIHBaDTCR H3 HenpepHBHOro, eCJIH B noCJI0,ItH0M COB0p!IIHTb aHaJIHTH1I0CR00 
npo,nOJilleHHe B oMaCTb OTPHU8-TeJib}Il,IX 3HeprHi!. lloRa3aHo COOTHOlli0HH0 

T 'Ii" _ (:,) (a,)! (Z1m1)! 1.. F. 1 z. Z. ! 11t·tll1. \Ml tll+lral .l:.!!i.>~ \) 

cl"•'\'!> ( 2 )- 2 n ~! c:,,~~(,-1,,.! r()ifni-,,+i)H ~;,..~ j', 1"-1· ;,- • 

B §6 HCCJie,ItOBaHH H0ROTOpHe npe,It0Jll,Jrn0 CJIY'IaH. Hall.IteHO, 'ITO 
npH \< ➔ 0 H3 06IIU!X cpDPMY~ BHTeRaeT, 'ITO 

6 

I,,:. 
l I 

>.1 
'\ 
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I ·i' 
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>) 
' i 
' 

• 1ml 1l°. 
1 1.M'f (-1) s \"M8 ( 'ft-EY) 
.J2.im, one · =--:::: e ~ ~ r.oS T de. 

211 -1' 

3TO COOTHOW8HH0 npH \f = 11 nepexo,ItHT B H3B0CTHOe HHTerpam,Hoe 
npe,ItCTaBJl0HH8 ]J.JIR qJyrumHi! EecceJI.R:. noRa3aHO, 'ITO npH cl ➔ 0 

( U= - d../Z. ),T.e. IIpll nepexo,n;e K CB060,D;HOMY ,ItBID!teIDIIO,BOCIIpOH3BO,Il;lITCH 
pe3y~TaTH MHJIJiepa. 

B TpeT1:.et! rJiaBe o6cy,K,na.IOTCR nepexo.ItH MellfJlY napa60JIH1IecKHM H 
ccpepH1IecKHM 6a3HCaMH TpeXMepHoro ey~OHOBa ITOM. 

B §I M0TO,ItOM acHMITTOTHK no.nyqeH pe3y~TaT IlapRa. 
B §2 .n?RMaHo, 'ITO .MaTpHUa nepexo.na 

00 

't~tl'WI (rt11,'f) = S w:; "lft<~""(~,Z,lf)c;(~ 
- DO 

OT napa60JIH1IecRoro 6a3HCa TpeXMepHoro eyJIOHOBa IIOJIJJ R ccpepHtJ0CROMY 
B HenpepHBHOM cneRTpe onpe.neM0TCR B!lpalKeHH0M 

W e"" .· m-lmt c.·)e-thl\l ~~e.\ ('"",ti t ~... (lll\l+I ~ ~ ... )l 
- , •) 2 ~ e r =---::.r:.)r ---+ :.J;. "f" - ,- • - -- Z. '2.k I(. Z. ~Ir, IC. 

'>J21t'k \ml~ r(l"ll-t-l- ~/IC.) · • 

{
~-l.- ~ · .e"°lm\·H .. -f+h"~\ l f: z. 2,1; ~ ) I . 

i a . ! 
\11\\-t- ,i. J \1"1\\--\' ¼.- '-/~ ' 

,. tie-t-t)Ct-t-1"'1)! 
(t-lm1)! 

r.ne de.-:: O¼ r( e-t\-... /i,:.) - ey~OHOBCRaR qia3a pacceRHHR. 

. e 
B r-3 rroRa3att:>, tJT::> MaTpHua nepexo.na W ~ BllpaJKaeTcR -qepe3 

R:>3qi<fiJ,!UJ,!0HT!l K.neCirua - rop.naHa, np::>.IlOJllK€HH!le B KOMIIJI€KCHYJO 06.JiaCTb 

m-lTI, 

W eh\ J-+ 2. C :'a 
'£,(':> = (:,) .Ji 

I N-rc-(.. 

r(.t-11-)r(l-u)r(\-te+ V~S 
-------- J( 
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t., 1ml 
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r,ne c~ 11 NA.I<. - HOpMl-!pOBOtIHHe IIOCT0.fl!1HHe B rrapa60JI11tiecKoil 11 
cqiepl1'!8CKOll BOJIHOBOil (llYHKUl1.flX, o-... u,,-i+\)/z-~ <.Y~t-p) , IA=Ollll-\-\)J.t-'\(½-pJ 
11 ~ - rrapa60Jil1'!8CKM KOHCTaHTa pas,neJI6Hl1.fl. 

B §4· BHBe,neHO YCJIOBl1e opTOHOJ)Ml1pyeMOCTl1 

co e e'-_i w:;. w; ct~ = ~u 
11 IIOJIYtieHo pasJio~eane ccpepntiecKoro 6as11ca rro rrapa60JI11tiecKoMY. 

B §5 rroKasaao,KaKl1M oelpasoM 11s rrepexo,noB B aerrpep!IBHOM crreKTpe 
BOCIIpOll3BO,n.flTC.fl nepexo,nH B ,!{11CKp8THOM cneKTpe. 

B §6 ycTaHOBJieHH COOTHOlli8Hl1.fl 

W 
e)W\ 

~r- ~ (:,)~-Ye\ .fiii YeM ( ~~Zf-1. 0 ), 

e~ w~o 
ftM 

(-1)2 
=-

tit.-tO((-t1"'1-1}!~ (e-1\'f\1-,)!: ,1. 

\r(1+ .e7~)}' "2" c et11111)U ce-1""1)!! 

f'tlM\ 

W
(rn1 1tll -re."' ::: (-,) ~ .!... 
~ NIC,I{"'\ \Ml\ 

(2.l111l+1~ 
2 

B tieTBepToil rJiaBe 11CCJie,nyK)TC.fl Me~6a311CHHe rrepexo,nH B MHOroMep
HOM 1130TpOIIHOM OCUHJIJI.flTOpe. 

B §I .nJISI MaTpl1UH rrepexo,na 
-"t 

"f .... l;) ~ ?; w ie -q, ,.,, e' c \,; r 
h e, 

. OT MHOroMepaoro ,neRapTOBOro Claszca K IIPOH3BOJI1,HOMY r.1mepccpeJ)HtieCKO
MY rro;ryqeao oelmee HHTerpaJI1,Hoe rrpe,ncTaBJieHHe 

➔ tf;!J l 11..1.0 .... ~ ~I 

W 11,e · ,-,) 2. {2"r(t!:/J+1)r<¥>\ '.Z( • P ,., "~ 

;;t =- f2. ,.,,., (11,)i(.112,)\ ••.. ,.,p)i jo\.n. Yt,➔ (il.[l, (Xi) ' 

➔ --r ,n e 6=- (.Q,,Gz, .... '&e;-,), h :.(.n,,"2 , •.•. ~,) , N= \'h+n1:°"•·· "() , 
~ = (x,,x 1 . .. Xp) , x~ = xi/~ , t = ce,. e2, ••. e,.,). €1 - r;ro6~
HHi1 MOMeHT, e2,e1 ,. .. 'lp-t - rHrrepMOMeHTH. 

B §2 rroKasaao, 'ITO rrepexo,nH ",neKapT-rnrrepccpepa" reaepzpymTc.R: 
MaTPHnaMR

7
npe,ncTaBJl.lIDill1MR co6oil rrpozsBe,neHHe KoaqimHUHeHTOB Kn:e6-

ma - rop,naaa OT tieTBepTbUeJIHX MOMeHTOB. 

8 

B §3 rrpe,ll]IOllteHa HarJIJUtHa.fl ,!{11arpaMMHM T8XHHKa BH'IHCJIBHH.II Ma'l'-
P.llllH nepexo,na W 't' . . 

B §4 ,no1tasaao, ~To SaROH rrpeo6pasoBaHR.R: ,ne1tap-r0Boro Claszca 
KpyroBoro OCUHJIJI.flTOpa IIPH BpameHHmc orrpe,neJISieTC.II d - cpyruaurnil 
Bzraepa OT ,IJ;Boi\Horo yr;ra mrnopoTa. IIo;ryqeao HHTerpaJI1,Hoe rrpe,ncTaB
JieHHe ,nJISI cl - /PYHKUHil Bzraepa 

-- 00 -

c;(~, m.('f) = S&~ ~<¾ Hi+m(x) H;.tn(~) " 
I _..., -OQ 

- " 'f)-H l -~ If) H- ,(11.~-2.t~!h\2 i-m•,X~hlzt~~l "~ - . - . 
~epe3 HOPMHPOBaHHHe IIOJIHHOMH 3J)Ml1Ta. B 3TOM xe rraparpaqie Hail,neao, 
~To MaTPHtIHHe MeMeHTH orrepaTopa Vl - MepHHX KOHe~m Bpameazil 
a(~) , BS.II'l'l:lX !IO .I(6KapTOBOMY 6a3HCY ( OCUHJIJI.fl'l'OPHHe qiyHKUHH 

BHraepa), BHP8lltaDTC.R: -qepes t\(l\•t)/2 _yrJioB 3i1Jlepa CJIB,nylOlllHM oelpasoM: 

¥\•\ i "T'". " ~ n n oli~ , <W,/l-z ... wl\\Gi.(\'\)\tJ,',riJz'_ .. rJ~)=-L , _ ctm. ~.c2 ,.11+1), 
plt\ l1l t"I I':\. ,l', lk 

r,ne 

la-··p~ 

Pm t.i., li.) N' N' N' t. + Pi. t ... +Pt::: ,+ :z.+ •.• i. 
(,)_ Ill I p ~"~ N· pi - ,,, ) .I, - ,. , 

i = i/2, .... n 

l l+1 • (' l I (.il ~ (.,+i) i-t-1 

2 r;I<. = Nitl +LP.., -L- Pv T PJ-11:+2 
'11s.i-"+I . ..,,. l-K+2 ' 

\ . . j+1 . 
2'ot1 . . N' ~ ll) \; . {i-t-1) 

;l(.::s: i+1 +L- Pv - LP~ -
(J+1) 

P,-ic.+2. ' '= j.;.l(-t-1 . ' , "=i•l(+i . 
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ru 
npHqeM B CYMMffpOBaHHH npHHHMBXlT ~acTHe TOJil,KO Te sHaqeHHR Pt 
}lJIR KOTOpIDC ol - $YHKUHR HM88T CMHCJI. 

B §5 paSBHT ~HarpaMMHHH MSTO~ nocTpOSHHR OCUHJL1IJITOPHIDC ~YHKIUIH 
BHrHepa. 

B SrutJID~SHHH nepeqHCJISHH OCHOBHHe pesym,TaTH, llOJIY'!SHHHe B 
~CCSPTauHH, 

B llPHJIOXSHHH npHB8~8HH Ta6JIHm,t K03qiqlHUH8HTOB K.ne6ma - rop~ruia 
}J,JIR HSKOTOPIDC qeTBepTnUe~x SHaqeHHH MOMSHTa. 

OCHOBH!IB PESYJibTATbl PAEOTH 

l. HaitneHH MaTpHm,t nepexO,!lOB MSlK,llY 6a3HCaMH KpyroBoro OCUHJI
MTOpa ll ,IJ;ruia .l1JC TeopeTHKO - rpynnOBM HHT8pllp8TauHR, 

2. HaitneH nepexo~ MSlK,lly ~eKapTOBHM H UHJIH~pnqecKHM 6a3HCaMH, 
COOTB8TCTBYl(Illl1MH O~OMY ypOBHIO JiaH,D;ny, 

3. HaitneHH Mex6a3HCHHe nepexo~H B ~ByxMepHOM KYJIOHOBOM llOJie 
KaK B CJIY'!ae ~cKpeTHOrOJTaK H HenpepHBHoro cneKTPOB, 

4.HaitneHo pasJio~eHne napa66JinqecKoro 6asnca TpexMepHoro eyJio~ 
HOBa llOM no Q$8pHqecKOMY, 

5,. IloKaSaHO, qTQ B HSKOTOPHX qacTHHX ~aRX Me~6aSHCHH8 nepe
XO~H npHBO~T K H3B8CTHHM pesym,TaTaM TeopHH Cll8W'la.1I1,HHX <PYHKUHil,' 

6, HaitneH BH~ MaTpHm,t nepexona MSlK,llY ~eKapTOBHM H rHnepQ$epH~ 
qecKHM 6asHCaMH MHOroMepHoro H30TponHoro OCUHJL1IJITOpa H cdiOPMYJIHpo
BaHa ~arpaMMHM TSXHHKa BHqRCJISHHR 3THX MaTPHU, 

?. Ilo~eH RBHHil BHn OCURJI.1IJlTOpHOil ~YHKUHH BHrHepa H 0$0PMYJIH
poBaHa ~arpaMMHM TSXHHKa HX BHqHCJISHHR B npocTpaHCTB~ npOH3BOJI1,
HOil paSMepHOCTH. 
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