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OHQAH XAPAKTEPMCTVIKA PAEOTbl 

AI!Tyam,HOCTI, npo6neMbl. Ilpo6neMa pe3IllTl1Bl10TCROro on11caHl1fl. COCTaB­
Hb!X qacr11u B I!BaHTOBOM reop1111 ll03Ifl npl1B3IORaeT II ce6e BHl1Ma1111e Kall C 
q11cro reoper11qecKofi roqK11 3peHHH, Tall 11 npaRT11qeoI1oro np11Me11e1111H B 
pa33Il1qHblX o6naCTHX pe3IllTl1Bl1CTCKOli ~113111(11. Hapfll(Y C Tpa,!1~110HHl,fM HH­
TepecoM I( 3TOH npo6neMe B Teop1111 Cl13II,HOB3al1MO,!leMOTBYIDm0x qaCTl1U (Ha­
q11ttafl C nepBb!X I!BapI!OBblX MO)l83IOM )10 I!BaHTOBOM xpoMO)ll1HaMl1I!l1 (KX,11:}) B 
HaCTOH~ee BpeMH Olia aI1Tyan1,11a 11 B CBfl311 C 38)1aqaMH peJIHTl1Bl1CTCI!Olt 
HiWPHOM ~fl!311Ill1 (Hanp11Mep, KY~ 3IflTl1BHhlH 11 EMC - a~el!T!,J) • 

CymecTBY~l1e IIO)IXO)ll,J"II IICCJIO)IOB8Hfl!ID npoueccoB B3811MO)IOMCTBIIH 
COCTBBHl,fX qacTfl!U B 3aBl1011MOCTl1 OT xapaRTepa on11caHl1fl. ,l\83IflTCH Ha 
qeTl,fpexMepHh!O 11 rpexMepH1,Je, KBa311110TOHUllaJII,Hl,fO. IlepBl,fe, 06na11aa BCe­
MH npe11M,YmecTB8Mfl! KOBapllaHTHOI'O qeTl,fpex!.llpHoro on11caHl1H, RBI! 113BOCTHO, 
He CBOClO)IHl,f OT TPY ,I\HOCTOM C ~11311qeOROM l1HTepnperau11eLt 11 CJI011CHl,f B M8-
TeMaT11qecKOM 0Tttomett1111. C )lpyron CTopoHH,RBa311norettu110m.H1,Jll no)IXO)I 
B pe3y1II,TaTe nepexo11a R rpexMep110M,Y on11ca1111ID nonyq11n npe11M,YmecTBO 
B flCHOCTII Wl1811qecRoro CMblC3I8 B03IHOBblX ~YHI!Urul H B OTHOCHT83II,HOll npoc­
TOTe pac~eTOB B np11no~eHIIHX. 

ECTI, eme 0,1\HO Ba~Hoe o6CTOflTOJII,CTBO, ROTOpoe He06XO)ll1MO yqllTl,f­
BBTI, np11 on11ca111111 npouec~OB pacceflHllfl C yqacTHOM COCT8BHblX qaOT11U. 
E,nHHCTBOHHl,fM perynapHNM MeTO,!IOM BblqHcne1111n B I!B8HTOBOll Teop1111 ID1Ifl 
flBJIHOTCH TeopWI · B03~mett11l1. 0)1Hal!O MHOl1118 38Jlaq11 paccq11T1,JBaIDTCfl C 
ee noMOm1,ID n11m1, qacr11tzHo 11 ,n1Ifl we nonHoro pemeHIIH 11eo6xo1111MO np11B1Ie­
qe1111e TBK Ha3bJB88MblX HenepTyp6aTIIBHhlX MeTO)IOB. 8TO OTHOCl1TCfl, B 
qacrHocr11, HR npo6neMe on11ca1111H npoueccoB pacceHHHH cocraBHblX qac­
r11u. Yqer COCT8BHOH CTPYRTY~li ~8CTl1Ubl npl1BO)IHT K H006XO)ll1MOCTl1 110-
1103II,30BaHIIH ~YHRUIIM, COOTBOTOTBYIDmllx nepexoro ~11311~eCROL1 qaOTl1Ul,f B 
COCTaB3IfllCllll18 ( BOJIHOBble WYHRUIIII CBfl3aHHoro COCTOHHllfl), onpe)IOJIOHl1e 
ROTOPHX, Rall 118BOCTHO, Bl,fXO)ll1T 38 paMRII TeOpllH B03Myme1111n. IloaTOM,Y 
~enaT03II,HO 11MOTI, ~pMalil18M, B IIOTOpDM qacT1,, paocq11T1,JB88M8fl 11enep­
Typ6aTIIBH1,JMII MeTO)IBMH, M8IICl1MalII,HO ynpome11a, Ilo 3TOll np11q1111e npe)I­
CTBBHHOTOH Ba~Hl,fM ~OpM,YJil1pDBI!8 npouecca pacceHHIIH COCTBBHblX Pe1IHTII­
Bl1CTCI!IDC qacT11U B TepMl1Hax, 6onee nµtBhlqHbJX C T0ql(l1 3peHllfl H8peJm:­
TIIBl1CTCKOll KBBHTOBOll MexaHl1IIII, B03IHOBblX WYHRUIIM CBfl38HHOro COCTOHHllfl 
B CHCTeMe llOROfl. Hatto, qTQ 0,1\HIIM BH6opoM CIICTeMbl OTcqeTa )IOClllTI,Cfl 
TaRoro,Boo6me roBOPH,HOB03MOEHO. Heo6XO,I\HM MeTO)I, ll03B01IH!Clllllli y~11-
Th!B8TI, ll03IHHtt 11MnyJII,C COCTaBHOH Cfl!CTeMbl. 3aMeTHM, ~TO B Hepe3IHTl1BIICT­
CKOl1 KBBHTOBOM MOX8HHI!e~~~ro;1!!3p~.Jan11n~e~CI!Oi:t IIHB8pllaHTHOCTl1 TaRott 
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npo611eMh1 He CYJll0CTByeT, BOnpoc pernaeTCll IutHeMaTl11!eCRH, Bbl;ll0JI0Hl1eM 
ueHTpa HHepu1111 CHCT0Mhl. B cnyqae lKe pe1IHT11Bl1CTCROH Te0pl1H He T01IbRO 
OTHOCl1Te1IbHOe ;llBIDKeHHe COCT8B1IHKJD;l1X, HO 11 J:lBH1KeH11e COCTaBHOH CHCTeM!,( 
.1(8.1( ueroro onpe;zie1IlleTCll ;lll1H8MHHOH B3al1MO;llellCTBl1fl. 

Uenb pa6oTu - paspa6oTHa pe1IHTHB11cTCRoro no;zixo;zia H onucaH11ro 
B38HMO;lleHCTBl1fl COCT8BHhlX qaCT11U, B HOTOpOM 8MIIJil'ITYJ:l8 pacCeHHl1ll npe;zi­
CT8B1I0Ha B TepMHHaX BpamaTe1IbH0-11HBapHaHTH11X BOJIHOBblX ipyHHUl1H CBH-
38HHOro COCTOHHHfl B Cl1CTeMe llOHOllo 

Haytn1afl HOBl13H8 pa60TbI. Ilpe;zi1101KeH HOBhlH no;zixo;zi R onucaHl1ro npo­
ueccoB pacceflHHll C yqaCTl1eM COCT8BHhlX qaCT11U, B ROTOpOM onpe;zie1IflIDJllYID 
p01Ib. 11rpaeT ROB8p!i8HTHhlH onepaTop 3B01IIDU1111 COCTOflHl1fl MelKJ:lY J:lBYMfl 
npOCTP8HCTBeHHono;zio6HhlMH r11nepll1IOCROCTHMl1. C ero llOMOJllbID no11yqeHO 
p831IOlKeHHe one paTopa :nopeHu-npeo6pa30B8HHll BeRTOpDB COCTOflHl1fl (one­
paTOpa 6ycTa) no cTeneHRM ROHCTaHThl CBH311. 8To pasJI01KeHue no3B01IHeT 
BhlP8311U 8Mll1I11TYJ:lY pacceHHl1ll qepe3 B01IHOBhle ipyHRnHH llOROlIJllHXCfl coc­
T8BHhlX Cl1CTeM, a ;llBl1lK0HHe CBll38HHOro COCTOHHl1ll 1(8.1( uenoro Ylll1Tb1B8Tb 
no Teop1111 B03M.YmeHHH. 

Ilpe;zi1101KeHO HOBOe , 11 CMemaHHOe 11 npe;zicTaB:neHl1e ;ll1Ill ipopMipaRTOpa 
COCTaBHOtt qaCTl1qhl,YJ:l06HOe J:l1Ill npaMeHeHHfl B sa;ziaqax C 601lbllll1MH nepe;zia­
qaMl1 11Mny1IbC8, B ROTO pOM O;llHOBpeMeHHO 11Cll0:1Ib3Y IDTCfl BO:IIHOBhle ipyHRUHH 
CBfl38HHoro COCTOflHHfl 06hll!HOtt TeOpHH H TeOpl1H llO:IIfl Ha Hyilb-llJIOCROCTH. 

Ciiic>PMY1I11poB8H HOBwi Bap11aHT pas1101KeHHH CTPYHTYPHhlX ipyHRUHH 
rny6oROHeynpyroro Jl0llTOH-a;zipoHHOro pacceHHl1fl no CTelleHflM .l(OHCTaHThl 
CBfl3H, RalK;ziwi q:neH ROTOporo 06:na;ziaeT CBOttCTBOM cneRTpanbHOCTH. lisy­
qeH BO npoc o cnpaBe;zi:nHBo cT11 HMrzy JlbCHoro np1161IH1KeHHH ;zi1Ill ceqeH11H 
rny60ROHeynpyroro npouecca B 38Bl1Cl1MOCTl1 OT Bhloopa Cl1CTeMbl OTcqeTa. 
TaRafl 88Bl1Cl1MOCTb xapaRTepHa ;ll1Ifl no;zixo;zioB, B ROTOIJ!,!X·Bhl;ll0JlflJarCfl He­
ROB8JM8HTHhle 11HenepTy pCa TRBHhle 6JlORl111

' B Ham8M CJiy"<Iae -BOJlHOBb!e ipyHR-
. U1111 CBfl88HHOro COCTOHHl1fl • 

06paJlleHO BHRMaH11e Ha sHaqeH11e OTHOmeHHH ceqeHHH rny6oROHeynpyro­
ro aneRTpOH-HyR1IOHHoro pacceHHHH HettTpoHa 11 npoTOHa, F;_en, /Ji.el' ,RaR 
Ha ll0.1(838Te11b peJIHTHBRCTCHOro xapaRTepa OTHOCHT0JU,HOro ;llBHlKeHHfl .KBap­

ROB B HyRJIOHe. 
Hatt;zieH c~.co6 nocTpoeHHll onepaTopoB npol18BOmHhlX .i!enpePb!BHhlX 

npeo 6pasOB8HHH rpy IIIlhl. npocTp8HCTBeHHOtt CHMMeTpl1H B38HMO;lleHCTBYIOllleli 
IraaHTOBo-no.iieBO! CRCTElMB B mute·paSJIOJit8HWl no OT8ll8Hm4 ROHOTaHTH OBJl-
811. 

IlpaHTHqecHafl qeHHOCTb pa6oTu. Ilpe;ll1IOlKeHH8fl ipopM;y1IHpoBRa onncaHl1fl 
8Mll.,~HTYllU pacceHHHfl saMeTHO YllpoJllaeT qaCTD pacqeTOB, He CBfl88HHbIX C 
M8TO,It8MR_Teopo BOSMYJll8mni. 

Pa3BHThlH B ;llRCCePTau1111 no;zixo;zi H OllHC8Hl1ro B88HMO;lleHCTBHfl COCTaB-
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Hb!X Cl1CTeM OH81KeTCfl, no-BHJ:!HIDMY, B8lKHhlM npH Hccne;zioBaHHH no1IllpR38-
UHOHHhlX flB1IeHHH B npoueccax r11y60RoHeynpyrHX ll a;zipoH-a;llpOHHhlX CT01I­
HHOBeHrul • B paMRax Tpa;llHUWlHHO npHMeHReMoro ipopM81IH3Ma ~ ➔ 00 , 

H8R 118BeCTHO' J,!3y qeH11e no;zio6HhlX npouecCOB CT81IHl1BaeTCfl C onpe;zie:neHHhl­
Ml1 TPYJ:!HOCTHMl1 113-38 C1IOlKHOCTl1 OllHC8Hllfl Clll1HOBhlX CTeneHett CBOC50;llhlo 
IlpHMeHett11e Tpex!.epHhlX BpamaTe:1IbHO-HHBap11aHTHhlX BOJlHOBhlX if>YHRUHH coc­
T8BHblX qaCT11U B Cl1CTeMe llOROfl, 06naiarom11x npOCTOH CnHH-YHHTapHOtt 
CTPYRTY poa, ;ziaeT B03MOlKHOCTb npoBeCTl1 nocne;zioBaTeilbHhlH 8H81IH3 CllHHO­
BblX flB:IIeHHH B npoueccax pacceflHRfl. 9ipqieHTl1BHOCTb ipopM81Il13M8 C B01IHO­
BhlMl1 ipYHRUl1flMl1 CBfl88HHOro COCTOflHl1ll B CHCTeMe llOROll rip11 Olll1C8HRl1 
npouecCOB, B ROTOpbIX B8lKeH HO ppeHTHhlH yqeT CnHHOBhlX CTeneHett CBOC50;llhl, 
npo;zieMOHCTpl1poBaHa B ;zi11ccepT8Ul10HHOH pa6oTe Ha np!iMepe usyqeHHH OT­
HOllleHl1fl ceqeHl1H pacceRHHfl HeilTpOHa 11 llpDTOHa C aneHTpOHOM Ha rpaHRUe 

ynpyrott o6nacTH. 
IloMHMO aToro nonyqeHHhle npe;zicTaBJieHHR ll1Ill ipopMl)aHTopoB cocTaB-

HhlX qaCT11U MOryT 6b!Tb 11Cll01Ib30B8Hhl H B pe:nflTHBHCTCROH H;ziepHOH ipH3HHe, 
r;zie cymecTByeT 6onblll8fl 11Hql0pMaUHfl HMeHHO O B01IHOBhlX ipyHHUHllX llOHOH-

mwccfl R;ziep. 
Anpo6auHR pa60TbI. Pe3y1IDT8Thl, no11yqeHHhle B ;ziuccePTaUHH, ;zioH:na-

J:lhlB8lll1CD Ha MelKJ:lYHapo;llHblX ceMl1Hapax "KBapHR-86 11 (T6H1IHCH,I986), 
11KBapHH-88" (T611n11c11,I988)' YilI MelK]lyH8p0;llHOM COBemaHl111 no npo6neMaM 
HBaHrOBOtt Teop1111 ll01Ifl (AnyrnTa,1987), BcecOID3HOM ceMHHape 11CoBpeMeH­
Hh1e npo6neMhl MaTeMaTHqeCHOH qll13HHH (T6HJIHC11,I987), qecCl1H OM~ AH 
.rpCCP' a TaRlKe Ha Hayl!Hhl?( ceMHHapax OT~ MaTeMaTHqecHoro HHCTHTyTa 
AH I'pCCP H Jia6opaTOp11H T.eopeTHqecHOH qlli3HHH 06rie;llHHeHHOrO HHCTHTYT8 

fl;lle pHb!X HCCJie;llOB aHRll • 
Ily61111Ha4u11. Ilo pe3YJIDT8T8M ;ziuccepTaUHH ony63Il1ROB8HO 9 CTaTett. 
06~eM·pa60Thlo ~RCC0pT8UHfl COCTOHT HS BBe;zieHHH, Tpex rJlaB OCHOB­

HOrO TeHCTa, 38HJirol!0HHfl, lJeThlp0X npHnolKeHHH, co;ziel)lKHT ISI CTpaHHqy 
MamHHOll11CHOro TeHCTa, 14 pRcyHHOB. Bu61111orpaip11qeCRHH CllHCOH JIHTepaTy-

Phl co;ziep'IKl1T II2 H8HMeHOBaHRtt. 

CO,lIEPJKAHliE PABOTbl 

Bo BBeAeHHH OTMeqeHa 8HTY8JibHOCTb BOllpOCOB, CBfl38HHblX C uccne­
;llOB8HHeM npo6JieMhl onucaHHfl CBfl38HHhlX COCTOflHHll B HB8HTOBOH TeOpHH no­
JlH; ;ziaH o6sop OCHOBHblX llO;llXO;llOB H pe3y:IIDT8TOB,no:nyqeHHhlX B 8TOtt oc5-­
Jl8CTH. CipopM.YnHpoBaHa sa;ziaqa ;ziuccepTaUHOHHOtt pa60Tbl' )J;Wi HpaTHHH 

o6sop ee co;ziel)'IKaHHR. 
IIepBafl r:naBa HaqHHaeTCll C BBOJ:lHOrO naparpa(I/a, B ROTOPOM aHa-

:IIH311pyeTCH IlOHflTHe 8BOJIIDUHH pe1IHTl1BHCTCHOH RB8HTOBOH CHCT0MbI, TaH 
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R8R Ra11araeMblM B 7-111ccepTa1.um no;zoco7-1 R on11caHl1!0 Baa11m7-1ellCTBl1H coc­

TaBHblX Cl1CTeM OCHOB8H Ha np11MeHeHl1l1 ROBap11aHTHOI'O onepaTOpa 3B01110Ul111 

u ( 0.2, J 01) MelKi'-IY i'-IBYMH npocTp8HCTB6HHOno7-106HJ,JMl1 r11nepn110 CROCTHMl1 61 
11 6',2 • 06cy1K7-1aeTCH cnent,i(J111lia nOHHTl1H 3B011IOU1111 B peJIBTl1Bl1CTCROll Cl1C­

TeMe, np11BOi'-1HII\aH Ii paa1111qH~M (J)OpMaM i'-111HaMl1Rl1, liOTOpble onpe7-1e11l110TCH 

TOM 111111 11HOll noBepXHOCTblO (J)l1Rcau1111 (J111311qecRl1X yc110B11ll. B MrHOBeHHOM 

(J)OpMe i'-111H8Ml1li11 np11 liOBapl18HTHOM \POPMY1111!X)Blie ypaBHeH11tl RBaHTOBOH 

Teop1111 noM l1CX07-IHT 113 npe7-1cTaB11eHl1H, B liOTOpOM COCTOHHl1e Cl1CTeMbl 

aa7-1aeTCH Ha TI1IOC!i0M npOCTp8HCTB6HHOTI07-I06HOti noBepXHOCTl1 ?.·X = q;" > 
( ?,2 : 1) ').0 >0) . B COOTBeTCTBl111 C 3Tl1M BeRTOp COCTOHHl1l1 cp HBM­

eTCfl. ( B npe7-1cTaB11eH1111 lllpe7-111Hrepa) 'l1YHRUl1ell napaJ.!eTpOB ?, 11 CC , a 

3B011IOU11H nOHRM86TCH li8li 113MeHeHl1e aMn1111TY i'-lbl COCTOHHl1l1 <p , Bb!8B8HHOe 
. . . A ft 

7-1ellCTB11eM reHepaTopoB rpynn11 TiyattRape p
0 

11 M
0

K ( K= 1, 2,3): 

cp j = exp fi'I: ~) exp (-,i MoK tJK) Cf/ 
~-X=«r .Xo=O 

/( 1,K I. ➔ 
W = --:::. atC.S/'l, /Ji/. 

/').) A 

l!M one paTopa ex.p (-icr P0 ), on11ch!Ba10mero aB01110u1110 RBaHTOBoti c11c-

TeMbl, CBl13aHHYJO C BpeMeHHblMl1 TpaHC11HU11l1Ml1, cymecTByeT xopomo 113BeCT­

HOe npe7-1CT8B11eHRe B Bl17-le xpoH011or11qecRR y nopa.zioqeHHOll SRCnOHeHTbl 

;llallcoHa: 
() et 

exp {-i<r ~) = exp ti"~) IT'exp fi Jdt Hxfti) crY 
0 .... 

( P0 -onepaTop aHepr1111 HeBaaRM07-1ellcTBYIOII\ell c11cTeMbl, Hz{t:) -raMR11:r.-

TOH11aH B3al1M07-l6MCTBl1l1 B npe,llCTaBR6Hl1l1 B88l1M07-1ellCTBl1H ). 

Kali noHaaaHo BO BTopoM naparpawe, 11 i'-11IH onepaTopa IJ; s 

5. ex.p(-i<,J!< M0~ ) , CBHS!,lllalOII\ero BSKTopa · cocTOHHl1H 1 aa.ziaHHble Ha noBepx­

HOCTHX Xo= 0 11 :>-·.x -:: 0 1 11MeeT MeCTO aHa11or11qHOe npe.zic TaB11eH11e: 

/I ..R 
exp (-i Mo,c w") = ex.p (-i Mo/(. wK),. 

x { 'l'exp{:i. fJYx 'dip:>) }{Te.xp fi Jc1"x. ifl1 <x>)}+, 
,fl, ,S?,+ . 

(2) 
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r7-1e J?., ( .5?/) -0611acn npocTpaHCTBa - BpeMeH11, orpaH11'!e1-1iiaa nnoc­

ROCTHMR ::t: 0:0 11 ~-X: 0 C .xo>O (.X. 0 <o) • I!OWMO npe7-1CT8B-

116Hl1H (2) BO BTOpOM naparpa(J)e nonyqeHbl 11 7-1pyr11e Bapl18HTbl p88110lK6Hl1l1 

· onepaTopa e:c.f/.(-i Mo1e uJIC) no CTeneHHM ROHCTBHTbl Baa11MO.ziellcTBl1H. 

3aMeTl1M, · ~To i'-IM ocTaBm11Xca npeoCip~aoBaH11ll rpynnbl IIyaHRape cooTBeT-. 

CTBYIOII\116 rettepaTOpbl IIpll ~8T8 B88liMO'A8llCTBWl He OT1111qa10TCH OT 

CB0007-lllb!X B MrHOBeHHOll (j)OpMC ,lll1HaMRli 11, 11 no 3TOl,\Y npe7-1c T8B11eHl1H (I) 11 

(2) 11cqepTib!B8IOT BCIO rpy nny Ilya1mape • HB11HIOTCH 1111 npe,llCT8BR6Hl1l1 (I) 
11 (2) xapaRTepHI1MR 1111lllb i'-11IH rpynn11 IIyaHRape ? 9TOT ronpoc o6cyl!tl-la­

eTcH B TpeTbeM naparpall)e • B HeM TIORaaaHo, 'ITO npe7-1CT11B11eHl1e Tlma 

(I), (2) cnpaBe,lliJ:11BO i'-11IH onepaTOpOB liOHe'!HblX npeoC5paaOB8Hl1i1, COOT­

BeTCTBYIOII\11X np0118B011bHOll napaMeTpl1'!0CROi1 rpynne Cl1MMeTpl111 nJX)CTpaH-

CTB8 - BpeMeHl1 B8al1MD7-l0HCTBYIOII\ell Cl1CTeMbl • -

BTOP8l1 r11aBa TIOCBHII\6H8 npl1MJ)H6Hl1IO no11ytieHHhJX npe.zic TaB116HRll 

,llJIB onepaTopa aB01110u1111 A(:>i)=ll,. ~ B np6l-lCTaB11eH1111 Baa11Mo7-1eficTBl1H 

B. Teop1111 Y npy r11X penHTl1Bl1CTC!il1X qiopMJ)aRTOpOB. Ha np11Mepe (J)OPMQJ8RTO­

pa noRa38HO, !(8!i M01KHO Bblpa811Tb aMnn11;y "/1.Y pacceHHl1H COCT8BHbIX qac­

Tl1U qepea IDHHOBble Q>YHRUl111 CBH3aHHOro COCTOHHl1H B Cl1CTeMe TIOROH. 

Ha OCHOBC CBOHCTB 11opeHU-l1HBap11aHTHOCTl1 B nepBOM rraparpaQ~ no11y'leHO 

npe,llCTaB11eH11e i'-IM 31ICHTpOM8rHl1THOro \I/OpMJ.)aRTOpa CBl138HHOrO COCTOflHRfl: 

~(P,G) = < .P / J'~(o)/Q) = 

. 0 0 

= (A;1 
/ .< o/ U U + A(;.)J (oJ Jo>, 

i 'f" :>.2 ~1 y lg) 

. }1")11 >-1< ( -) 
r7-1e ( I\ l" , K= 1, 2., -MaTpHUhl npeoC5paaoBaHl1l1 6ycTa /\ }."= 1,0 , 

napaMeTp1130BaHHble e7-111Hl1'lHhIMR 4-BeRTOpaMR ?.1.:: Q / M 11 '.-\2 = P / M, 
- . 0 

/ O) - BeRTOp cocTOHHl1n TIOROl11I\eticrr cocTaBHOil c11cTeM11. V:>.K. -
YHl1TapHhIH onepaTop, rrpe7-1cTaB1IH!OII\l1ti npeo6paaoBaH11e CiycTa /\""' B 

npocTpaHCTBe !l>O!ia. CoOTHOlllCHl1e (3) CBO,lll1T aa.ziaqy nocTpoeHl1H Q)OpM­

waRTOpa COCTaBHOH '!aCTl11.(hl R 113Y'l6Hl1IO B01IH0Bb!X WYHRUIB1 ITO!iOHII\eroca 

CBl13aHHOro COC T0l1Hl1H 

➔ Id) n -t 7/J' ➔ ...-
( p_,, ... ,pn Jo>= J ( ~f) r

0 
➔ Cp., •.• ,J>,,) 

'"f 
l1 R Bhl'll1CJ!eHl1!0 MaT pl1'!HblX ::me MeHTOB O nepaTO pa 3B01I!OU1111 

B6RT0p8Ml1 COCTOHHRli CBO 607-IHblX 'l8CTl1U: 

o O + . -1 ).,, r = <~-·-l'n I U., ~ A().) I (o) l9t· .. 'Jm > (AA ·u. t' • ".2 "'1 'If 'fr 
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TO eCTl, 

~ (P,Q) = r_ fcc1pJ
11 
~:rpJ ~ 11'0 tf,Jcdi,J

111
, 

n,m 

rAe 
3n ... 

(2f11) (dp) = 
n 

h h -> 

o" ( ;r, i{) n Jp,-
,, i:1 2p. 0 

I 

3aMeTl-!M, tITO tI8CTO ynoTpeoJIHeMoe npl-!OJil-!lKeHHe AM BOJIHOBOll ipyH.KUHH 

ABHJKYl!\erocH COCT8BHOro oo~e.KT8 

;)I ;)I -I 

<f{ ... pnf P> ~<II P,, ... ,A P11 l O) , ,=F/M, 

flBMeTCfl HyJieBbIM nµIOJIHlKemrnM B npCACT8BJieHl-!H (3). 

B RatzeCTBe npoBep.KH 3cpipe.KTHBHOCTH p83BHB8eMoro nO]lXOA8 BO 

BTOpoM naparpatl)e 3TOiil rJI8Bhl p8CCM8Tpl-!BaeTCfl ipopM!p8.KTOp COCT8BH0ll 

CHCTeM!,J npH OOHI,llll-tlC riep6A81!8X HMnym,ca B KX,ll. IlOBeAeHHe ipopia.KTOpa 

npli t ➔ - 00 B HyJieBOM nopHA.KC IlO .KOHCT8HTe CBfl314 U~ ~ 17,_ 
nonttOCTI,ID onpeAeJIHeTCH 8CHMnTOTT4.KOti BOJIHOBOti WYH.KUl-114 CBfl38HHOrO 

COCTOHHHH B CHCT6Me no.KOH B OOJI8CTH, I'A6 Bee !4Mnymchl COCT8BJIHIW\T4X 

BeJIH.KH • IlpoBeAeHHblll 81l8JJl-!3 3TOt! 8Cl-!MTITOTT4.KI-! H8 OCHOBe ypaBHeHHti H8 

CBfl38HHble COCTOflHliH B KX,lI A8JJ OOJiee CHJIJ,HOC naAeHHe ipopM:p8.KTOp8,tI6M 

3TO npeAC.K 83hlB8CTCH 11 npaBT4JI8MT4 .KB8p.KOBOro CtieTa 11 • 9TOT qJB.KT CBH38H 

C TeM, tITO npooJieMa ytzeTa !4MJIYJII,C8 COCT8BHOti CliCTeMbl HBllileTCH Al-!H8-

irntzeC.KOiil npooJieMoil; BCA,Yl!\8H 8CHMnTOTH.K8 (j)o PMll)8.KTO pa COA6PlKT4TCH B 

nocJJeAYIDl!\liX nopHA.K8X pa3JIOJKeHHH onepaTopa 3BOJIIDUT414 no CTeneHHM ROHc­

T8HTbl B381-!MOA6llCTBHH. B Tper1,eM naparpaqie·nO.K838HO, tITO pactzeT BO 

BTOpDM nOPfiA.Ke TCOpHH B03MYl!\CH0ll KX,11 np14BOAT4T .K MOHOnOJII,HO~ naAe­

Hl-!ID Me30HHOro qiOplq>a.KTOpa npli OOJJI,lll0X nepeA8tI8X 1-!MJIY JJI,C8, tITO noA­

TB6PlKA86T .KOppeRTHOCTI, npe,llJI01i;eHHOro H8MT4 cnocooa ytzeTa IlOJIHoro 

!4MnyJILC8 COCT8BH0ll CliCTeMbl. 

B CBH3H C 38A8tI8MI-! OnHC8HHH B38!4MOACtiCTBT4H COCTBBHhlX CliCTeM C 

OOJII,lllliMI-! liMny mcaMli B nOCJIDAHeM na par pacpe 3TOti rJI8Bbl npCAJJOJKeH OT­

Jilil!Hblll OT (2) cnocoo p83JIOJKeHlifl onepaTopa oycTa no CTeneHHM ROHC­

TBHThl B381iMOAetiCTBlifl. Cera nOMJJ!\I,ID noJiytzeHO npeACTBBJICHHe AJIH ipopM­

'P8RTO pa, B .KOTOpOM OAfiOBpeMeHHO HCnOJil>3YIDTCH BOJIHOBble cpy HRUHT4 CBH-

38HHOro COCTOflHliH B TeOpl-111 nOJifl C MrHOBeHHOiil 14 ippOHTOBOll qopM8MT4 

AliH8Mli.K. 

Tpenfl rJiaBa nocBHl!\eHa H3ytzeHHID rnyooROHeyni:zyroro JieilTOH-HYR-

JJOHHOro pacceHHliH. B 3TOM CJzyl!ae npooJieMa yl!eTa noJIHoro HMJIYJJI,C8 

COCTBBHOti C liC Te Mb! pe lllaeT CH Bb!OOpOM C HCTeMbl OTCtzeTa. Ka.K npll noc-
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TpoeHI,rn ynpyr1-1x ll)OpM@rnropoB, TBR I-! B 3TOM cnyqae TP8Al-11.tl-!OHHO npH-

MeHHeTCH ipopMaJIH3M Cl-!CTeMbl" oecROHetzHoro RMny m,ca 11 
• B OTJil-!1Ille OT 

a Toro TpeT1>H rJiaBa no cBmneaa ll)Opi.cy JIHJX)BRe rnycxrnoaeynpyroro nrouec­

ca pacceHHl-!H B Cl-!CTeMe IlOROfl COCT8BH0ll tI8CTHUhl. 

B nep:BOM naparpaqie IlOJiytzeHO npeACT8BJieHHe AM 8,llpDHHOro TeHSO-

pa rny 60.KoHeyni:zy roro pacceHHl-!H 

W,_ = (297)3 L J'"'(P-ta.- F/11 ) Tu rr:,+ r11 n.. , ,-

( Pen) -cyMMapHb!lt 4-HMI\Y JlbC 11.. CBOOOAHbfX 1!8CTT4tt), B ROTOpoM 

8MilJJl-!TYAB pacceHHl-!H 

rr; =<Pl ;to) { I-+ [2-H0 +i€J
1T{r:) }In) 

A 

onpeAeJJHeTcH ttepes rr'/r) MBTpHcy corJiactto pasJioJKeHl-!D 

A 
T(-r)::: 

co . 1-\. 

H
1 
L {[i-H0+if]-

1Hz} 
h::o 

IlpH 3TOM H8JJH1!1-!6 B (4) tzeTb!pexMepHOil: 0 -qiyHRUl-il-1 B JIDOOM IlOPfiARe 

np6,llJIOlKeHHOI'O Jl8 p!48HT8 TeOpl-!li B03MYl!\eHHtl o6ecnetzHB86T coxpaHeHl-!e 

CBOllCTB8 cneRTpaJII,HOCTI-!; .Wµy= 0 Hl-!JKe nopora peaRUllli Xa,r=- q-z./2P.t>1. 
Bo BTOpoM naparpaipe B RMnyJII,CHOM npHOJililKCHl-!1-! 8H8Jil-!81-!IJYCTCH C.KeUJIHH­

roBOe IlOBeAeHl-!e cetzeHl-!H pacce.fllll-!H. ~sy~aeTCH 8CHMilTOTllR8 CTPYRTYP­

Hb!X IPYHRUT4ti Ha rpaHm.te ynpyrolil: 06JiacT1-1, o6cy1IQ4aeTcH Bonp:>c o cnpa-

BCAJil-!BOCTH HMnymcHoro npHOJJl-!lKeHHH B 88Bl-!CHMOCTH OT Cl-!CTeMl,J OTC1!6-

T8. 110R888HO, tITO B OTJil-!tIHe OT HMnyJII,CHOro Ilp!OJJl-!JKeHHH B CHCTeMe 

Pr ➔ 00 B Cl-!CTeMe IlOROH CBH38HHOro COCTOHHHH AJIH noJiy-

tzeHHH Be:,zy men 8Cl1MilTOTl-!RH Ilpl-! Xaj ➔ 1 HeOOXO}.tHM ytzeT B881-!14)A6itCT­

BKH B ROHetIHOM COCTOHHl-!H. B TpeTreM I-! 1!6TBepTOM naparpaqiax no71p06HO 

paCCM8TPl-!B86TCH 8CHMilTOTl-!R8 CTPYRTyPHblX ~YHRttHtl Me80H8 H HYRJIOH8 

B KX,lI npH Xsj ➔ 1. Ilo:nytzeHHble 8CHMIITOTl11!eC.KHe BblP8iteHHH H8XO,llHTCH 

B corJiaCl11-! C pactzeTaMH 1-!MnyJII,CHOro np116Jil-!JKCHHH B TeOpl-11-! nonH H8 

HY JII,-IlJIOCROCTH C TOtIHOCTI,D AO IlOCTOHHHOrO R03!piPHUl1eHT8 • 

B IlOCJI6,llHeM naparpaipe 11CCJie].tyeTCH OTHOWCHl-!e CTPYRTYPHHX 1PYHR­

u1-1n HeitTpoHa H npoTOH8 Ha rpaHliUC ynpyron 06JI8CTI-!. BRcnept1MeHT8JII,­

Hble ,ll8HHble CBl-!,lle TeJII,CTBYDT O ,llOM11Ht1pylW\ett po1m ,U, -RB8pRa B OOJI8C­

Tl1 3:sj ➔ 1 ; OTHOWeHl-!e OR88b!B86TC.iI HHlKe BeJilitil-!Hb!, npe71CR88b!B86MOJ.t I-! 

H8HBHOtl RB8p.KOBOtl MOAeJII,IO (2/3), 11 RB8p!(-rm:x>HH0ll MO}.tCJil,D (3/7). 

7 



B HameM Il01t]CO]le B peay11DT8Te KOppeHTHOro yqeTa CilHH-yHHTapHoil 

CTPYHTYPhl BO:rIHOBOtt ipyHHl.lllll HYH110H8 3TO OTHOmeHHe OH88blB8eTCH 88BH­

cmi!HM OT HBHOro Bll.l\8 npOCTpaHCTBeHHOil qaCTH BOllHOBOil ipyHHl.lllll. TipnqeM, 

npR npe]lil01101KeHHR O HepenHTRBRCTCHOM OTHOCHTeiII>HOM ]lBH1KeHHH HBapHOB 

B HYHWHe a:ra 88:BUCUMOCU CT8HOBUCH HeCyll{eCTBeHHOli. ll nonyqaeM R8-

BeCTHhJtt peay~T8T 3/7. To eCTD OT1!UqHe aHcnepUM8HT81!DHOro 8HaqeHUH 

OTHOmeHHfl lien /fieP OT 3/7 MO'e.eT 6h!TD o6tiHCHeHO H8K npoHmreHHe 

pe11HTHBH3M8 OTHOCUTellDHOro ]lBU'e.eHUH HB8JlROB • 

B 88H1!B)lemm C!pO PMY Jll'Ip0B8Hbl · OCHOBHble peay 11DT8Tbl, npe]lC T8B1leH­

Hhle B ]lllCCepT81.lRR. 

. B npMOllt8HHJDC i'(Bif Il0i'(p06Hblll BblBO.ll !pOp!JY 11, npIIBe,n;emwx B I ll 

II rm:eax. 

n:rm 88ffiRThl Bbl;!lllRr8IDTCfl Clle,llYID!I{He p88Y11DT8Tbl, nonyqeHHhJe B 

.llRCceprauuu: 

I. Ilpe]lllO'e.eH Il010(0.ll H OITHC8HRID pellHTRBHCTCRHX COCT8BHblX CRCTeM, 

OCHOB8HHhlll Ha npuMeHeHRH HOB8pH8HTHOro onepaTOpa 8B011IDl.lRR Me-e.i'(y 'ABY­

Mfl npocTpaHCTBeHHOilO]l06HblMH runepnnoCHOCTHMH. C ero nOMO!I{DID nonyqe­

HO pa8110JKeHHe onepaTOpa 11opeHI~-npeo6paaoB8HRH BeHTOp0B COCTOHHRH no 

CTeneHHM HO HCT8HThl CBH8R •' 3TO pa81101KeHHe no a BO :rmeT Bblp88HTD 81.!IlllRTY­

i'lY pacceHHHH COCT8BHblX CHCTeM qepea BOllHOBble ipyHHl.lRR CBH88HHoro coc­

TOHHUH B CRCTeMe noHOH, 8 .llBR'e.eHRe COCT8BHOil CHCT8Mhl H8H ue110ro 

yqUTblB8TD no TeOpRU B08Myll{8HRll. 

2 • IlonyqeHO Ilpe]lCT8B1leHRe .llllH onepaTopa npoR8B011DHhlX Henpep1,m­

HblX npeo6pa80Bl'lHHli rpynltbl CRMMeTpHR B88~MO]lellCTBYID!I{ell HB8HTOBO-no- . 

neBoil CUCTeMbl B BR]le XPOHOllOruqecHH ynopH]lOqeHHOil 3HCnOHeHTbl, 8H8110-

ruqHoe npe,D;CTaBJI8IilllO JJ,ailcoHa •. Ilokat:!8Tem, 3HCnOHeHTbl 88i'(88TCH RHTerra­

noM OT IlllOTHOCTH raMHiII>TOHR8H8 B88HMO]lellcTBRH B HapTRHe ~Rp8H8 no 

06118CTR, onpe.zie11HeMott paCCM8TPl1B88MblM npeo6p880B8HReM. 

3 • YnpyrHli ipopMj)BHTOP penHTRBHCTCHOll COCT8BHOt! CRCTeMbl 88IlliC8H 

B TepMRHax BOllHOBblX ipyHKl.lRil CBH88HHOro OOCTOHHRH B CRCTet.e IlOHOH,8 

88BHCRMOCTD OT nepei'(aqu uunym,ca CO]l6plKRTCH B onepaTope 3B011IDl.lRR. 

4. IlonyqeHO npe]lCT8B116HHe .llM ~OpM!p8HTOpa COCT8BHOtt CRCTeMbl,B 

HOTOpoM O]lHOBpeMeHHO ucno11D8YIDTCH BOllHOBble ~YHRl.lliR CBH88HHOro coc­

TOHHRH B Teopuu nOllH C MrHOB6HHOil R ippOHTOBOll !pOpM8MH .llRH8MRKR. 

5. CwopMy11Hp0B8H HOBblil B8pU8HT pa81lOJKeHRH CTPYHTYPHblX ipyHH-

1.lRil rey6oHOHeynpyroro 11emoH-8i'lpDHHoro pacceHHRH no cTeneHHM HoHc­

TaHru B88HMOi'(eilcTBHH, H81K.llblll qneH HOToporo 06118i'(86T CBOilCTBOM 

cneHTp81!DHOCTH • 

6. IlOH888HO·, qTO B CRCTeMe noHOH CBH88HHOro COCTOHHRH HMnym,c­

HOe npu611llllteBHe He]lOCTBTOqBo .ll1lfl HoppeHTHoro onucaHHH ynpyroro npe­

]le11a, B OT11Hque OT CliCTeMbl pii! ➔ oo 1 U He06XO]lRM yqeT B38RMli'(ellcT­

BWl COCTaBJIJmllWC B ROH8'll!OM COCToronm. 
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7. 0TH110H8HHe 3HCnepHM6HT81II,HOro 8HaqeHHH OTHOmeHHH CTPYHTYPBhlX 

'PYHKl.llltt HettTpOH8 R npoTOH8 OT npei'(CH888HRH 3/7 06t,HCH8HO Ha OCHOBe 

HCIT011D80B8HRH Bp8!1{8TeiII>HO-RHB8pH8HTHblX BOllHOBblX ~YHRl.lllil HYHJJOH8 H8H 

IT p0HB118HRe penHTRBH3M8 0 THO CHT6 llDHOrO .l\BlllK6HHH RB8 PROB B HyHnoHe • 

OCHOBHble peaynDT8Thl ]lHCCepT81.lH~ ony611HKOB8Hbl B c11e,ny~HX 
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