
,IJ:YliHA - EPEBAH. 

OPliHThl COTPY,rt:HHqECTBA 



(} o3'N 
,ll;YliHA-EPEBAH. /i,-ifg!J 

OPliHThl COTPY,lJ;HJiqECTBA 

K 80-JieTHIO co ,[(HH 0CH0BaHHH 

EpenaucKoro rocy,[(apcTneuuoro yuunepcuTeTa 

Tio.n o6rn,eii pe,naKu,1-1eii B.r.Ka,nblrneBcKoro, A.H.Cttca:rorna 



BhrnycK. HaCTO.HIUero c6opmma npnypo"tJeH K 8O-JieTHIO co ,llH.H OCHOBa

Hll5! EpeBaHcKoro rocy,uapcTBeHHoro yHnBepcnTeTa. CTaThH pe310Mnpy10T 

Te HanpaBJieHH.H llCCJie,llOBaHHH, no KOTOpbIM BeJIOCh Hay"tJHOe COTPY.llHH"tJe

CTBO OM5IM - ErY c 1992 no 1998 ro,UbI. 

Ilo,u o6ruen: pe,uaKunen:: B.I'.Ka,abIIIJeBCKoro, A.H. C11carorna 

CocTaBnTenn: 

B.B.llarroHH, 
I'. C.llorocHH 

<l>oTo: M.llarrmorn, IO.A. TyMaHoBa 

ISBN - 5-85165-543-7 © 061,enHHeHHbIH HHCTHTyr 

5lllepHbix ttccnenosatt11i1 . .lly6tta, 1999 



CoTpy.UHIP:IeCTBO q>ll3MKOB ApMeHHH ll O6'be.llMHeHHOro HHCTHTyTa H,n:ep

HhIX HCCJie,n:oBaHHH ( OI15II1) - Me2K,n:yHapo,n:HOH Me2KnpaBHTeJihCTBeHHOH Ha

Y'IHOH opraHH3aunn, pacnoJI02KeHHOH B lly6He, HaC'lHThrnaeT He o,n:Ho .n:e

CHTHJieTne.· IlpaKTH'leCKH c MOMeHTa opraHH3aUHH 0115111 B 1956 ro.n:y 

K pa6oTe B pa3JIH'lHhIX Jia6opaTOpHHX 11HCTHTyTa IlO.llKJIIO'lHJIHCh q>H3HKH 

ApMeHHH, K0Top1,1e BHeCJIH cBo:ii op0:r0:HaJihHhIH M BecoMhIH BKJia,n: B peaJin-

3aUHIO HaytIHhIX nporpaMM 0115111. 

y HCTOKOB COTPY.llHM'leCTBa CTOHJIH TaKHe BhI.llaIOIUHeCH yqeHhie, KaK 

A.11.AJinxaHoB, A.If. AJI0:xaHHH, B.A.AM6apuyMHH, I{.11. BJioxHHUeB, 

H.H. BoroJI1060B, B.11.BeKcJiep, B.II.I{2KeJienoB, B.M.IloHTeKopBo, r.H. <l>Jie

poB, 11.M.<PpaHK 0: .n:p. 8To 6h!JIO BpeMH 6ypHoro pa3BHTHH H.n;epHOH q>H3HKH 

M q>H3HKH 3JieMeHTapHhIX qacTHU. B 50-e n 60-e ro,n:1,1 B lly6He M IlpoT

BHHO 61,m0: 3arryIUeHhI KpynHe:iinrne YCKOpHTeJIH npOTOHOB. B 1968 ro.n:y B 

EpeBaHCKOM q>H3H'leCKOM HHCTHTyTe 61,m 3arryIUeH 3JieKTpOHHhIH ycKOpH

TeJih APYC c peKop,n:HhIMH Ha TO BpeMH rrapaMeTpaMn. · PeryJIHpHo rrpo

xo,n:HJIH xoporno ll3BeCTHhie q>ll3HKaM CTaprnero IIOKOJieHHH Me2K,n:yHapo,n:Hhie 

Hop-AM6ep.n:cK0:e IIIKOJihI. AKTHBHO pa3BHBanoc1, coTpy.n;HH'lecTBo q>H3HKOB 

lly6HhI c EpeBaHCKHM rocyH0:Bepc0:TeToM, B10paKaHcKo:ii acTpoq>H3H'leCKOH 

06cepBaTop0:e:ii M .n:pyrHMH HHCTHTyTaMH AKa.n;eMHH HayK ApMeHHH. 

B 1992 ro.uy He3aBHCHMaH Pecrry6JI0:Ka ApMeHHH cTaJia IIOJIHorrpaBHOH 

CTpaHOH-y'laCTHHlleH O6'be,ZlHHeHHOro llHCTHTyTa H,ZlepHhIX HCCJie,n:oBaHHH. 

CoTpy.n;HH'leCTBO OI15II1 - ErY HMeeT TpH.n:llaTHJieTHIOIO HCTOpHIO. OHo 

MHOrHM o6H3aHO KaK yqeHhIM CTaprnero IIOKOJieHHH, CTOHIUHM y HCTOKOB op

ramnau0:0: OI15II1, TaK n yqenhIM, Herrocpe,n:cTBeHHO pea.rrH3YIOIUHM 3TO co

TPY.llHM'lecTBo: A.M.BaJI,ZlHHY, IO.A.By.n:aroBy, C.A.ByHHTOBY, A.II.rac

rrapHHY, H.H.roBopyHy, K.5I.rpoMOBY, E.Il.)K0:.uK0By, B.r.Ka.n:1,rrneBCKO

MY, B.r.KaJIHHHHKoBy, E.A.KpacaBnny, B.A.MaTBeeBy, P.M.Mypa,n:HHY, 

K.O.OraHecHHY, IO.U:OranecHny, IO.A.IlaHe6paTUeBy, IT.11.IloHoMapeBy, 

I1.B.Ily31,rn0:Hy, A.H.C0:caKHHY, 5I.A.CMopo.UHHCKOMY, A.H.TaBxeJIH.ll3e, 

A.B.TapacoBy, r.M.Tep-AKorrHHY, M.H.XatiaTypHny, B.A.lllax6a3HHY "n 

.up. Co CTOpOHhI ErY 6oJihllIOH BKJia,Zl BHeCJIH P .O.ABaKHH, A.U.AMaTyHH, 

C.A.AM6apuyMHH, T.IT.AcaTHaHH, r.A.BapTarreTHH, A.C.I{aHaryJIHH, 

P.M.MapTHpornH, c.r.MaTHHHH, B.B.IlarroHH, r.C.IlorocHH, r.C.CaaKHH, 

ll.M.Ce.upaKHH, B.M.Tep-AHTOHHH, A.r.Xy.n:aBep.n;HH, IO.C.lfaJIHHrapHH, 

8.B. lly6apHH, P .JI.IIIax6arnH M .up. 

B 1996 0: 1998 ro.n:ax, B xo.n:e Oq>HUHaJihHhIX Bll3HTOB PYKOBO,ZlHTeJieH 

OI15II1 B ApMeHHIO, cocT0HJIHCh 6ece.u1,1 c Ilpe30:,n:eHTaM0: ApMeHHH ITeBo

H0M Tep-IleTpornHoM M Po6epToM KoqapHHOM, a TaK2Ke BcTpeqn B rrpaBn-
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· TeJibCTBe Pecny6mm11 ApMeH1111, c npe311,n:eHTOM Hau110HaJihHOH aKa,n:eMHH 

HayK .<P.T.CapKHC5IHOM, C peKTOpOM ErY P.M.MapTHpOCSIHOM, C .n:11peKTO

.pOM -Ep<PM P .M.MKpTqsrHoM, c yqeHblMH ApMeHHH. O,n:HHM 113 cymecTBeH

HhlX pe3yJibTaTOB pa3BHBaIOlllHXCSI KOHTaKTOB SIBHJIOCb nommcaHHe Tpex

CTOpOHHero CornarneHHsr o coTpy.n:H11qecTBe OM5IM - Ep<Pli - EfY. Co

rnarneHHe npe.n:ycMaTpHBaeT pacrn11peH11e 11 pa3BHTHe HayqHo-TexH11qecK11x 

CBSI3e:ir B Ha116onee nepcneKTHBHblX H B3aHMOBbirO,llHbIX HanpaBJieHHSIX. 3To 

cornarneHHe HaqaJIO npHHOCHTb CBOH ITJIO,llbl. B HaCTOSilllee BpeMSI Be,lleTCSI 

o6pa6oTKa <pH3JiqecKOH HH<pOpMaUHH, nonyqeHHOH B COBMeCTHbIX 3KCilep11-

MeH1:ax, npoBe.n:eHHhIX Ha EpeBaHCKOM ycKopHTeJie APYC. B 1998 ro.n:y Jia-

6opaTop11en TeopeT11qecKofr <pH3HKH HMeHH H.H.Eoron1060Ba OM51M Ha 6a3e 

EfY 6bIJIO npoBe,n:eHo III Me2K,n:yHapo.n:Hoe pa6oqee coBemaHHe no KJiacrn

qecKHM H KBaHTOBblM HHTerp11pyeMbIM CHCTeMaM. K O,llHOMY H3 Ba2KHbIX 

pe3JJlbTaTOB pa3BHBaIOmerocsr C0TPY.IlHJiqecTBa MO)KHO OTHeCTH rrommca

HHe B 1998 ro.n:y peKTOpOM ErY P.M.MapTHpOCSIHOM n .n:npeKTOpOM OM5II1 

B.f .Ka.n:h1rneBcKHM CornarneHHSI o co3.UaHHH Ha 6a3e EfY H OM5II1 Me2K.n:y

Hapo.n:Horo ueHTpa nepcneKTHBHblX HCCJie,lloBaHHH, KOTOpbIH npH3BaH cny

)KJITb .n:aJibHeiirneMy o6be.UHHeHHIO HayqHoro noTeHunana OM51M n EfY B 

o6JiaCTH cpyH.UaMeHTaJibHOH 11 npHKJia,llHOH HayKH, npoBe,lleHHIO COBMeCTHOH 

.n:esrTeJibH0CTH no nOBbIIIIeHHIO KaqecTBa o6pa30BaHHSI, a TaK)Ke yKpem1e

HHIO H pa3BHTHIO Me2K,llJHapo.n:Horo COTPY.UHJiqecTBa, B TOM qJicJie H B 3a

KaBKa3be. 

B HacTosrmee BpeMsr coTpy.n:H11qecTBo OI151I1 - EfY oxBaThrnaeT Bee 

na6opaTop1111 OI15II1. EfY npe.n:cTaBrreHo B OI15II1 Kacpe.n:paMH TeopeT11qe

CKoii <pH3HKH, sr.n:epHOH <pH3HKH, TeopHH OITTHMaJlhH0ro ynpaBJleHHSI H npH-

6JIJI)KeHHhlX MeTo.n:oB H HIIO "Jia3epHasr TeXHHKa". 

y HHBepcHTeTCKaSI HayKa MHOronpocpHJihHa, qTo H HaIIIJIO CB0e ecTe

CTBeHHoe OTpa2KeH11e B co.n:ep2KaHHH HaCTOSilllero c6opHHKa. IIpnBe,lleH

Hhie B c6opHHKe CTaThH C0TPY.UHHK0B ErY, pa6oTaIOlllHX no KOHTpaKTaM B 

OM51I1, Ha Harn B3rnsr.n:, BeChMa aKTyaJihHhI H npe.n:cTaBrrsr10T 2KHBoii Hayq

HhIM HHTepec. 3TH CTaThH ,llaIOT HHTerparrhH0e npe.n:cTaBJieHHe O HayqHhIX 

CBSI3SIX Me2K.UY OI15II1 n ErY (1992-1998), IlO,llB0,llSIT HeKOTOpbie ero HTOrH n 

HaMeqaIOT nepcneKTHBhI pa3BHTHSI 3Toro IlJIO,ll0TBOpHoro COTPY.IlHHqeCTBa. 

ABTOphI, COCTaBHTeJIH H pe.n:aKTOphI 3Toro He60JihIIIOrO c6opHHKa IlOCB51-

maIOT ero 80-neTHIO EpeBaHcKoro rocyHHBepc11TeTa - Kpynuenrnero o6pa-

30Ba TeJihHoro, HayqHoro H KJJihTJpHoro ueHTpa ApMeHHH, KOTopoe OTMe

qaeTCSI B OKTSI6pe 1999 ro.n:a. 
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Ha nptteMe y 11pe3tt,nettrn Pecny6nttKtt ApMeHtttt P.Ko'Iapirna 

3ace,natttte peKToparn nposo,nttT peKrnp EpesattcKoro rocy,napcrnettttoro yttttsepcttrern 
aKa,neMttK HauttottaJibHOH aKa,neMtttt ttayK ApMetttttt P.M.Maprttpocirn 



Cnpaaa ttarreao: aKa,[leMttK HAH ApMett1111 r.C.CaaKl!H, ttay'ltthitt coTpy,llttttK EfY 11.B.JiyueHKO, 
aKa,lleMttK HAH ApMett1111 E.B .lly6apl!H 11 npocpeccop B.B.Tianol!H nocrre ceMttHapa 

TeopeT11K11 a rocrnx y coTpy,llHHKOB Kacpe,llpbI l!,llepHott cjll1311Kl1 EfY. Crreaa Hanpaao: M.Tep-fyKaCl!H, 
M.B.JlyueHKO, B.M.Acarypl!H, C.E.Maprapl!H, r.c.rrorocl!H 



)6C)')KJ:{eHtte COTPYAHH<Iecrna MelKey OJ15JI1 TT EfY. Ha cporn: J:{eKaH cptt3tt<IecKoro qiaKyJJbTeTa EfY 
1KaJ:{eMHK HAH ApMeHttH IO.C.lJttJJHHrapiIH (a ueHTpe), 3aa. na6oparnpttdi cptt3HKH BbICOKHX :meprntl 
-.C.TTorociIH (cneaa) tt npocpeccop KacpeApbI TeopeTtt<IecKott cptt3HKH EfY B.M.Tep-AHTOHllH 

J611nettHbIH, 600-tl CeMHHap Ha KacpeApe TeopeTH<IeCKOH cpH3HKH EfY (9 CeHrn6pl! 1987 r.) 



CoTpy,n;HHK EfY, Hff'WJlbHHK HOO OIUll1 r.M.Ap3yMaHl!H, Ha'!aJlbHHK OPPl1 OIUll1 
E.A.KpacaBHH H A.H.CttcaKl!H Ha rrpe3eHTaUHH c6opHHKa Tpy.n;oa MelKeyHapo.n;Hofi 
KOH<pepeHUHH «ITpo6JJeMbl 6IIOXIIMHII, pa.n;ttaUHOHHOH II KOCMH'JCCKOH 6IIOJ10fIIH», 
rrocBl!JUCHHofi 90-nernIO aKa,n;eMIIKa H.M.CttcaKl!Ha, KOTOpb1fi B 1928- 1929 rr. 
6bm cry.n;eHTOM, a B 1945- 1950 rr. - rrpocpeccopoM EfY 

.[(ttpeKTop OIUil1 B.f.Ka,n;b1llleBcKttfi (a ueHTpe), 
BIIUe-,n;IIpeKTop 0115!11 A.H.CIIcaKl!H (crrpaaa) II rrpocpeccop B.B.ITarrol!H 
Ha III MelK,n;yHapo,n;HOH KOH<pepeHUHH no KJJaCCH'ICCKIIM II KBaHT0BblM HHTerpIIpyeMb!M 
cIIcTeMaM B EfY (EpeaaH, 1998) 

.l ·' ...... 3'½L~ 0 , 

r;t,,,i~. '~ "1 l' . •.>-~ti-.. 
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5 

7 

13 

16 

20 

27 

30 

33 



10.A.Ey,aaroB, B.H.illHraeB, A.P.AcTBaL{aTypoB, A.9.Jla3HeB, 
H.A. CycnoB, C.B.KnHMemw, E.A. Cno6o,aroK, B . .ll. CaMoiinemw, 
B. <P. Ypa3MeToB, C.B.Henro6oB 

Hccne.n;oBaHHe H pa3pa60TKa HCKYCCTBeHHLIX aeu:pOHHLIX ceTeU: 

.l(Jljl 3a,n;aq <l>H3HKH BLICOKHX 3HeprHU: 

A.B.Kapa6eroB 
MaTeMaTH"<IeCKHe acneKTLI KBaHTOBaHHX 

H.B.JiyaeHKo, B.A.CapHH 
KoppeJIXU:HOHHLIH MeXaHH3M U:BeTa H npo3pa"<IHOCTH KpHCTaJIJIOB 

JI.I'.Map,aoHH, A.H. CHcaKHH, B.M. Tep-AHTOHHH 
Ilpo6neMa reaepau;uu ,n;uoaon B KBaHTonou: MexaHHKe 

A.Hepcec.HH 
AHTHCK06KH: reoMeTpHX H <l>H3HKa 

B.B.IIanoHH, B.H.IIepBylllHH 
Ha6n10,n;aeMLie «l>pu,n;MaHoBcKou: nceneaaou: B KJiac~uqecKOM 

H KBaHTOBOM raMHJILTOHOBOM 4>opMaJIH3Me 

Bn.B.IIanoHH 
Mo,n;eJIH caMoopraHH30BaHHOH KpHTH"<IHOCTH 

O.M.Xy,aaBep,aHH 
reoMeTpH"<IeCKHe u anre6paH"<IeCKHe acneKTLI HeKOTOpLIX 

npo6JieM KBaHTOBOH TeopHH IlOJIX 

6 

35 

40 

44 

46 

51 

55 

58 

62 



MCCREilOBAHMEPO)KilEHM~ 
HEHTPARhHhlX 1r, TJ, w - ME30HOB 
M ,1-KBAHTOB' B ~IlPO-~IlEPHhIX 

B3AMMOilEHCTBM~X 
HA CMHXPOCl>A30TPOHE M HYKROTPOHE 

OM~M 

X.Y.A6paaM.srn, A.C.rano.srn, B.M.H3'hropoa, M.A.KmKHH, 
r.JI.MeJIKyMoB, M.H.XaqaTyp.si:H, A.r.Xy.n:aaep.n;.si:H, 

C.A. 4aTp'-1.si:H 

OcHOBHaH cpyH.n:aMeHTaJihHaH rrpo6JieMa, B paMKax KOTOpon: rrp0BO.UHTCH 

3TH HCCJIC.U0BaHHH - KBaHT0BaH xp0M0.UHHaMHKa Ha 6oJibllIMX paCCTOHHHHX. 

IJ poB0.UHMbie 3KcrrepHMeHThI HarrpaBJICHhI Ha HCCJIC.U0BaHHe rrpo.n:oJihHOM H 

rrorrepeqHOH K0MII0HCHT HMIIJJibCHoro pacrrpe.n:erreHHH KBapK0B B HJKJI0He. H 

H.n:pax. KorruqecTBCHHhre oueHKH 3THX K0MII0HeIIT rro3B0JIHT orrpe.n:eJIHTh 

xapaKTep B3aHMO.UeHCTBHH KBapK0B na paccT0HHHHX, cpaBHHMhIX C pa3Me

paMH 11yKJI0Ha. CpaBHeHHH yKa3aHHhIX pacrrpe.n:erreHHH B HJKJI0He H pa3-

rrrrqHhIX H.Upax II03B0JIHT oueHHTh poJib K0JIJieKTHBHhIX 3<p<peKTOB B H.Upe: 

cprrywryaurrrr IIJI0TH0CTH, KoppeJIHUHH Me)K,n:y HJKJI0HaMH rr o6o6rn:ecTBJie

HHH BaJieHTHhIX KBapK0B, rrpHHa.n:Jie)Karn:rrx pa3JIHqHhIM HYKJI0HaM. KpoMe 

3Toro, UCJibIO rrpoB0.UHMhIX 3KcrrepHMeHT0B HBJIHCTCH rrorryqeHHe HH<pOpMa

UHII, Heo6xo.n:MMOH .UJIH BhIHCHeHIIH MexaHH3Ma p0)K.llCHHH Me30H0B B6JIH3H H 

3a KHHeMaTWICCKOH rpaHHUett .UJIH HJKJI0H-HJKJIOHHhIX CTOJIKHOBeHHH. 

B paMKax yKa3aHnoij rrpo6rreMhI ocyrn:ecTBJIHeTCH perneHrre crre.n:ymrn:rrx 

3a.n:a,1: 

a) 3Kcrrep1IMCHTaJiblIOe IICCJIC.U0Bamie po)K.n:eHHH Hen:TpaJihHhIX qacTIIU 

(rr
0

, TJ,w) II ,-KBaHT0B B IIHKJII0311BHhIX rrpoueccax: 

(1) 

r.n:e Ap-JCKopHeMoe H.Upo: 1) rrytJKM p, d, a, C C11nxpocpa30Tpo1-1a OM5IM 
(IIMIIJJibC rryqKa 4.5 f38/c na HYKJI0H, 2) IIJ'IKI1 HyKJIOTpona C HMIIJJihCOM 

2f3B/c ~ PA ~ 6 f38/c na HJKJIOH; Ar = C, Cu, Pb - H.n:pa Mrrrnem1_ ua 

Rbrne.n:cmrhlx nrmax Cmixpocpa3oTpona, MJIM Ar = C, Au, ... - BHJTpeHntte 
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MHrnemr HyKJIOTpoHa. Ilpe,rumnaraeTCH Hc<.::re.uoaaHHe peaK:O:HH (1) B IIIH

poKOM ,UHarra30He rrpo,UOJihHOH H rrorrepeqHo:ii KOMIIOHeHT HMIIYJihCOB o6pa3y

eMhlX qacTH:O:, H3MepeH:He .LlBOHHOro .n:mpcpepeH:O:IIaJihHOro ceqeHH5! peaK:O:IIII 

H orrpe,n:eJieH:He rrapaMeTpoB, xapaKTepII3YIQI:o:IIX KBapK-rrapTOHHYIO CTpyK

TJPHYIO cfJYHK:O:HIO .sr,nep Ap B o6nacTII 0.6 ::S X ::S 2 H O ::S P.1.. ::S 1 I'3B/c, 
r,ne X - KYMYJI.sITIIBHoe q:HcJio, P.1.. - rrorrepeqHhIH IIMIIYJihC Me3oHa. 

6) Mccne.n:oaaHIIe cTpy:iiHoro Me)KaHH3Ma B rrpo:o:eccax MHO)KeCTBeHHoro 

o6pa30BaHII5! He:iiTpaJihHhIX qacTII:O: (Nrro 2: 2; Nr, 2: 2; ... ). Mccne,n:oBaHIIe 

xapaKTepIICTIIK CTpy:ii B 3aBIICIIMOCTH OT CTerreHH "KYMYJIHTIIBHOCTII" rrpo

:o:ecca ( MaKCIIMaJihHoro 3HaqeHII5! nepeMeHHOH X B co6hITIIII). 

PerneH:He 3a,n:aqII ocymecTBJI5IeTC5! Ha 90-KaHaJihHOM qepeHKOBCKOM ,

cneKTpOMeTpe Jia6opaTopIIII BhICOKIIX 3HeprIIii: OM?fM. Ilo,npo6Hoe onIIca

HIIe ycTaHOBKII co.uep)KIITC5! B pa6oTe [2]. ArrnapaTypa no3BOJI5IeT II3Mep5!Th 

KaK HarrpaBJieHII5I, TaK II 3HeprIIH ,-KBaHTOB, o6pa3oBaHHhIX B peaK:O:IIII ( 1). 

Mo,n:yJIII ,-cneKTpOMeTpa pa6oTaIOT He3aBIICIIMO II MoryT 6bITh co6paHhl B 

MaTpH:O:hl pa3JIIIqHhIX pa3MepoB. IlpII paCCT05IHIIII OT :o:eHTpa MIIIIIeHII .LlO 

1 -cneKTpoMeTpa 350 CM (pa3perneHIIe no yrny < 0. 7°) yrnoaoii: IIHTepaaJI 

perIICTpHpyeMhIX 1r
0

- Me30HOB 00 = ±16°, qTo o6ecneqIIBaeT ,UIIana30H none 

peqHhIX IIMnyJihCOB, II3Mep5IeMhIX B O,UHOM 3KcneplfMeHTe, npaKTIIqecKII OT 

0 .n:o 1 f3B/c. 

MMeIOmIIeC5! B HaCTOHmee BpeM5! ,n:aHHhie O pO)K,UeHIIII Me30HOB B 5!.Llp0-

51,UepHhIX B3aIIMO,UeHCTBII5IX B6JIII3II II 3a KIIHeMa TII'IeCKOH rpaHII:o:eii: .LlJl5! 

HYKJIOH-HYKJIOHHhIX CTOJIKHOBeHIIH, B OCHOBH0M norryqenhI .LlJI5! 3ap5I)KeH

HhIX qacTII:O: II OTHOCHTCH K o6rracTII .uo 3Hepnrn 3 f3B/nyKJIOH. B 3KC

nepHMeHTax, BhlIIOJIHeHHhIX rpynnoii: Mennepa H .up. (EepKmf) IIOJiyqeHbl 

HeTpIIBIIaJihHhie 3aBIICIIMOCTII ceqemrn OT ar0MHhIX BeCOB H,Upa-cuapH.LJ.a H 

51.z::i:pa-M:HIIIemI, a· IIMeuuo: auoMaJibHO CIIJihHaH 3aBIICIIMOCTh OT Beca H,llpa

CHapH.n:a B o6JiaCTII X > 1 (KaK A;2
·
0 

.LJ.JIH 51,llep a II C 12 
npII X ~ 2). 

3HaqeHIIe CTeneHII B A-3aBIICIIMOCTII ,llJIH H,llpa-MHIIIeHII npH6JIH)KaeTCH K 

~ 0.4 npH X 2: 0.6. 

Oco6eHHOCTh HaIIIeii: fIOCTaH0BKH - 3T0 B03M0)KII0CTh H3MepeHHH B OJ-I.

HOM 3KCnepHMeHTe Me30H0B B IIIHp0K0M HHTepBaJie nonepe'IIIhIX HMfIYJihC0B, 

qTo no3BOJI5IeT no.upo6uo IICCJie,UOBaTh 3aBHCHM0CTh CTeneue11 m H n B napa

MeTpII3a:o:mr Eda jdp ~ A;;-1 ( IIJIII An KaK OT X F M X, TaK H OT nonepe<rnoro 

IIMnyJihCa Me30HOB B IIHTepBaJie .Ll0 1 f3B/c. 

PeJyJihTaThI, nonyqeHHhie rpynnoii: 3a IlOCJIC.Lllrn:e fO.LlhI ony6Jrn:KOBaHhl 

B pa6oTax [1 - 10]. 
K HacToHmeMy apeMeHII 3aaepmeu UHKJI JKcnepHMeHTOB ua Cm1xpo-
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cpa3oTpoHe OM5IM no IIHKJII03IIBHOMY o6pa3oBaHIIIO HeiiTpaJihHhIX IIIIOHOB 

B rrpoTOH-5I.UepHbIX II 5I.Up0-5I.llepHhIX B3aIIMO.UeHCTBII5IX rrpII IIMIIYJihCe 4.5 
f3B / C. 3aBeprneHa o6pa6oTKa 3KCIIepIIMeHTaJihHhIX .uaHHhIX, rrorry-cieHHhIX 

Ha rry-ciKax rrpoTOHOB II 5I.Uep d, Q'. II12C. 
Ilorry-cieHhI crre.uy10:ru:IIe ocHOBHhie pe3yJihTaThl. 

a. BrrepBhie, B O.UHOM 3KCII~pIIMeHTe, II3MepeHhI 3aBIICIIMOCTH rrapaMe

Tpa m B rrapaMeTpII3aUIIII Ed3a/d3p ~ A:a, r.ue AB - Macca CHap5I.Ua, KaK OT 

X, TaK II OT rrorrepe-ciHoro IIMIIYJihCa IIIIOHOB. 3aBIICIIMOCTh IIHBapIIaHTHoro 

ce-cieHII5I OT Macchi 5I.Upa-cHap5I.Ua orrpe.uerr5IeTc5I, B ocHOBHOM BeJIII'llIIHOH X, 
a He rrorrepe-ciHoro IIMIIYJihCa, yKa3bIBa5I TeM CaMhIM B IIOJih3Y MexaHII3Ma 

pmK,ueHII5I IIIIOHOB c X > 0.9 -ciepe3 cprryKTyaTIIBHoe o6pa3oBaHIIe B 51.Upe 

MHOrOKBapKOBhIX KOH<pIIrypaUIIH, a He -ciepe3 MHOroKpaTHhie CTOJIKHOBeHII5I 

HYKJIOHOB. Herrocpe.ucTBeHHO II3 3KcrrepIIMeHTa orrpe.uerreH rrapaMeTp p6 -

Bepo5ITHOCTb o6pa3oBaHII5I TaKIIX KOH<pIIrypaUIIH. 

6. Ha CTaTIICTIIKe 37 ThlC5I"I 1r
0-Me30HOB BIIepBbie II3MepeHO .UBOHHOe 

mrcpcpepenuIIaJihHoe ce"!eHIIe peaKUIIII d + C ➔ 1r
0 + x rrpII IIMIIYJihce 4.5 

f3B/c Ha HYKJIOH. HaH.UeHHhie B o6rracTII yrrroB BbIJieTa 1r
0-Me30HOB 01r :::; 

10, 6° 3aKOHOMepHOCTII yKa3bIBaIOT Ha cyrn:ecTBOBaHIIe rrpoMe2KyTO"IHOro 

o6'beKTa co CKOpOCTbIO {3 = 0.62 ± 0.04, B pe3yJihTaTe pacrra.ua KOToporo 

pmK.uaeTC5I perIIcTpHpyeMhIH 1r
0-Me30H. B o6rracTII 01r > 10, 6° yKa3aHHa5I 

3aKOHOMepHOCTh napyrnaeTC5I, "ITO yKa3bIBaeT Ha CMeHy .UOMIIHIIpy10:ru:ero 

MeXaHl13Ma p0)K,UeHH5I 1r
0-Me30HOB B 3TOH o6rracTH yrJIOB. 

n. HaH.ueno cpaKTOpII3oaamwe npe.ucTaBrrenIIe mrnapIIaHTHoro ce"leHII5I 

peaKu:1111 p + C ➔ 1r
0 + x np11 IIMnyrrhce 4.5 f3B/c, B o6rracTII XF 2: 0.66: 

Ed3a/d3p = c · (a - xF)N · <I>(pi), 

r.ue a= 1,032 ± 0,008; N = 2, 79 ± 0, 13; 

2 2 )] <I>(p1_) = exp[-p1_/(0, 10 ± 0,01 , p1_ B f3B/c 

rrp11 x2 /cTCII.CB06. = 5.1/11. HaH,UCHHa5I 3aKOHOMepHOCTh II03BOJI5IeT IIH

TeprrpeT11poBaTb cpyHKUIIIO <I>(pi_) KaK IIMIIYJibCHOe pacrrpe.uerreHIIe KBapKOB 

B CMCTeMC TIOK05I npoTOHa. 

r. Ila nyt-IKe pemrTMBHCTCKHX 51.uep c1mxpocj)a3oTpona OM5IM rr3y'-IeHa 

B03MO)KHOCTb KaJin6pOBKl1 raMMa-crreKTpoMeTpa 113 CBMHUOBOro CTeKJia C 

noMouu,10 crprrnmnrroBhIX cppan1e1ITOB HarreraIOIUHX 51.Uep. HaH.ueno, '-ITO 

B 06rracn1 HMIIYJibCOB 2: 3 r3B / C na HYKJIOH OTITI1MaJibHbIMl1 .UJI5I KaJIII-

6poBKH 5IBJUUOTC5I cpparMeHThI H e3 BBH.UY BhICOKoro aMrrm-ITy.unoro pa3-

pememrn (a/ A ~ 3%) nprr IIe3Ha'mTeJibHOM BJIM5IHHH na 3HepreTII'-IeCKHH 

:JKBHBancnT neynpyr11x npoueccon. 
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.u. IlpoBe,ueHo cpaBHemie Bemrg:irn X 0 B rrapaMeTpH3aUHH Ed3a / d3p ~ 
exp( - X / X 0 ), rroJiyqeHHbIX rrpH pa3HbIX :rneprm1x HaJieTaIOIUHX H.Uep re

JIHH_ H yrJiepo,ua. y CTaHOBJieHo, qTo C yBeJIHqeHHeM aTOMHOro Beca cppar

MeHTHPYIOIUero H,Upa BblXO.ll ceqeHHH Ha CKe:ttJIHHrOBblli pmKHM ( BbIXO.ll Ha 

"rrJiaTo" rrapaMeTpa Xo, xapaKTepH3JIOIUero KBapK-rrapTOHHYIO cTpyKTyp

HYIO q>yHKUHIO H,Upa) HacTyrraeT rrpH 6oJiee ~bICOKHX :rneprHHX. 

IIepBbIH ceaHc ycKopeHHH Ha HOBOM cBepxrrpoBO..UHIUeM ycKopHTeJie Hy

KJIOTpoH 6bIJI rrpoBe,UeH B MapTe 1994 r. [4]. B 3TOM 3KCIIepHMeHTe 6bIJIH 

rrpoBe,.UeHbl H3MepeHHH Ha rryqKe .neii:TpOHOB C liMIIJJihCOM 3,8 f3B / c, C liC

IIOJib30BaHHeM BHJTpeHHeii: Au-MIIIIIeHII. UeJib 3THX H3MepeHIIH - oueHKa 

q>OHOBbIX ycJIOBlili H H3yqeHHe B03M02KHOCTeH perHCTpaUHH 71"
0-Me30HOB B 

3KCIIepHMeHTaX Ha BHyTpeHHHX rryqKax HyKJIOTPOJ:Ia C IIpliMeHeHlieM MHO

roKaHaJibHOro (2 X 16 KaHaJioB) qepeHKOBCKOro ,-crreKTpOMeTpa Ii3 CBliHUO

Boro CTeKJia. 8 pe3JJibTaTe aHaJIH3a ,naHHbIX Haii:,neHbl OIITHMaJibHbie ycJio

BHH OT6opa CHrHaJIOB H IIOKa3aHa B03MO)KHOCTb Ha,.Ue)KHOH li,.UeHTliq>HKaUlili 

71"0-Me30HOB. IlyTeM MO,.UeJIIipOBaHliH rrpouecca po)K,.UeHIIH "7- Ii <l>-Me30HOB B 

ycJIOBHHX 3KCIIepHMeHTa IIOKa3aHa B03MO)KHOCTb IiCCJie,.UOBaHliH 3TliX rrpo

ueccoB B o6JiaCTli HaqaJibHbIX 3HeprliH .no 6 r,1B/HYKJIOH, ..UOCTYIIHbIX Ha 

HyKJIOTpoHe. 

B arrpeJie 1997 r. 6bIJI ocyIUeCTBJieH rrepBblli 3KCIIepIIMeHT no Ha6opy 

q>H3HqecKOH HHq>OpMaUHH Ha BHyTpeHHeM rryqKe .nettTpOHOB C liMIIYJibCOM 

2.3 f3B/c Ha HJKJIOH. O6pa60TKa rroJiyqeHHbIX 3KCrrepIIMeHTaJibHbIX .nan

HbIX B HaCTOHIUee BpeMH rrpo,.UOJI)KaeTCH. 

Pe3JJibTaTbI rrpe,ucTaBJIHJiliCh Ha V Me)K,nynapo.nHoii: KoncpepeHUlili rro 

H.npo-H,nepHbIM B3aHMo,neii:cTBliHM B TaopMm1e, I1TaJIIIH, 1994; na pa6oqeM 

COBeIUaHHH ITO rrepcrreKTHBaM pa3BlITliH peJIHTHBliCTCKOH H,.UepHOH q>Ii3liKli B 

BapHe, EoJirapHH, 1994; B 11:HCTIITyTe q>Ii3liKli BapurnBcKoro Tex1rnJiorIIqe

cKoro yHIIBepcHTeTa, BapmaBa, 1996, a TaK)KC na XI - XIII MC)K..UyHapo.n

HbIX ceMHHapax rro rrpo6JieMaM peJIHTlIBliCTcKoH H.nepuoft qrn3HKII, Ily6na, 

1992 - 1996 r.r. 
Pa6oTbI rrpoBO.IlHTCH B paMKax rrpoeKTa rrepaoro rrp11op11TeTa Ccf)EPA 

II rro.n.nep2KIIBaIOTCH PoccIIii:cKIIM cpoH,noM cpyH.naMeHTarri,nbrx uccJre,noBan11I1 

(rpaHT N 95-02-04802, pyKOBO..UHTeJib - X.Y.A6paaMHH). 

B nepcrreKTHBe nJiaHIIpyeTcH: 

a. AnaJIH3 rroJiyqeHHblX 3KCrrep1IMeHTaJII,HbIX JlaIIIILIX B paMKax pa3-

JIIiqHblX TeopeTHqecKliX MO,.UeJieH o6pa30BaHliH Me30HOB; 

6. MccJie,.UOBaHlie pO)K,.UeHHH TH)KeJiblX Me30HOB (17,w, .. . ) B 51..Up0-51,.UepIIbIX 

CTOJIKHOBeHliHX. CorrocTaBJieHIIC BbIXO,.UOB HeHTpaJibllbIX TTlIOHOB tt 6oJice 
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T5I)KeJihIX Me30HOB, co.n;ep2Ka1IJ;HX B KaqecTBe BaJieHTHhIX, MOpCKHX KBapKOB 

1103BOJIHT IIOJiyqHTh .n;orroJIHHTeJibHJIO llH<pOpMaUHIO O MexaHH3Me peaKUHH. 

B. Mccrre.n;oBaHHe MH02KeCTBeHHoro po2K.n;eHHX HeIITpaJihHhIX IIHOHOB, 

cpaBHeHHe cpe,n;HHX rrorrepeqHhlX HMIIJJihCOB qacTHU B KOHeqHoM COCT05I

Hllll C pe3JJibTaTaMH .n;JI5I llHKJII03HBHhIX rrpoueccoB. 3TH .n;aHHhie 1103BO

JI5IT orrpe.n;eJIHTh pOJih rJIIOOHOB B rrpoueccax MH02KeCTBeHHoro o6pa30Ba

Hll5I Me30HOB. llrrx Hccrre.n;oBaHHX cTpyII rrpe.n;rrorraraeTcx rrpHMeHemrn pe

JIXTHBHCTCKH HHBapHaHTHoro MeTo.n;a aHaJIH3a .n;aHHhIX C IIOMOIIJ;hIO rrepe

MeHHOII bk = -(V - uk)2, r.n;e Uk - 4-cKopocTh k-oII qacTHUhI B co6hlTHH, 

V = (~uk)/[(~uk)2]1l2 
- e.n;HHllqHhIII 4-BeKTOp B.n;OJih rrpe.n;rrorraraeMOII OCH 

CTpyH. l1MeIOrn;HeC5I pe3JJibTaTbl ,n;JI5I 3apx2KeHHhIX a.n;poHOB OTHOC5ITC5I K 

o6rracTH OTHOCHTeJihHhIX 4-cKopocTeii: bk ;?: 3. Oco6eHHOCThIO HaIIIeII 110-

cTaHOBKH 5IBJI5IeTC5I OTHOCHTeJibHO BhICOKa5I :c><p<peKTHBHOCTh perHCTpaUHH 

co6bITHH rrpH rrpe.n;eJihHO MaJiblX OTHOCHTeJibHhIX 4-CKOpOCTXX, qTo 1103BO

JIHT rro.n;po6no Hccrre,n;oBaTh o6rracTh bk < 3. IlorryqenHhie .n;aHHhie II03BOJI5IT 

rrpoBepHTh rrpe.n;IIOJIO)KeHHe O TOM, qTo B pa3JillqHhIX THIIax B3aHMo.n;eII

CTBllll HCToqnHKOM IIHOHHhIX CTpyii: 5IBJI5IIOTC5I UBeTHhie ofrheKThI C o.n;Hna

KOBhIMH 3naqeHH5IMll 3<p<peKTHBHOH MaCChl. 

r. IloHCK B03MO)KHhIX IIp05IBJieHHH 7T"-KOH.n;encauun B uenTpaJihHhIX 51.z:i;po-

51.z:i;epHbIX CTOJIKHOBemrnx, Kor.n;a MO)KeT 6bITh ,n;OCTHrnyTa KpHTHqecKax 

IIJIOTHOCTb 51.z:i;epnoii: MaTepHH C napyrnenHeM IIHOHHOro BaKyyMa. 

JlttTepaTypa 

1. Kh.U.Abraamyan et al., Inclusive neutral pion production at forward 
angles at 4.5 Ge V /c per nucleon in nucleus-nucleus reactions. In: XI 
Intern.Seminar on High Energy Phys. Problems. Abstracts. JINR, 
El,2-92-371, Dubn_a, 1992, p.54. 

2. Kh.U.Abraamyan et al., Inclusive neutral pion production at forward 
angles at 4.5 GeV/c per nucleon in a+C ➔ 1r

0 +x and a+Cu ➔ 1r
0 +x 

reactions. Preprint JINR, El-92-307, Dubna, 1992, Phys. Lett. B323 
(1994), p.l. 

3. X.Y.A6paaM5III H .n;p. l1mw103HBHoe o6pa30BaH11e 1r
0 -Me3OHOB B pC- 11 

pCu-B3aHMo,aeikTBH.HX npn HMnym,ce 4.5 I'3B/c. IlperrpHHT Ol15Il1 
Pl-94-289, lly6na, 1994, 51<1), 59 (1996), c.271. 

4. A.M.Baldin, Kh.U.Abraamyan et al., An experimental run on the new 
superconducting accelerator Nuclotron at 3.8 and 6.2 Ge V /c deuteron 
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HaUHH no A-3aBHCHMOCTH ceqeHH.H o6pa30BaHH.H llHOHOB B npoTOH

H.aepHbIX CTOJIKHOBeHHHX. Ilperrp1rnT OM5IM, Pl-94-497, Ily6Ha, 1994. 

7. Kh.U.Abraamyan et al., Analysis of meson production models in rel

ativistic nucleus-nucleus collisions by the dependence of cross section 

on nucleus-target mass. In: XII Intern.Seminar on High Energy Phys. 
Problems. Abstracts. JINR, El,2-94-358, Dubna, 1994, p.25. 

8. X.Y.A6paaM.srH n .up. KanH6poBirn qepemwncKoro raMMa-cneKTpo

MeTpa pen.HTHBHCTCKHMH H.apaMH. IlperrpnHT OM5IM. Pl-95-532, 
Ily6Ha, 1995, IIT3, N 6 (1996), c.5. 

9. Kh.U.Abraamyan et al., Inclusive neutral pion production in proton

nucleus and nucleus-nucleus interactions at a momentum of 4.5 Ge V / c 
per nucleon. In: XIII Intern. Seminar on High Energy Phys. Prob
lems. Abstracts. JINR, El,2-96-314, Dubna, 1996, p.122. 

10. X.Y.A6paaM.srH n .up. 11mmI03HBHoe o6pa3oBaHHe 1r
0-Me3OHOB B CC

H CCu-B3aHMo.aencTBHHX npH HMIIYJibce 4,5 I'3B/c Ha Hy1moH. Ilpe
rrpnHT OM5IM, Pl-96-493, Ily6na, 1996; 51<1>, (a rreqaTn) 

ABP AM51H XA 9HK YHAHOBH9, pomrnc.sr B 1958 ro.uy, OKOH'-IMJI 
q>II3M'-IeCKMH q>aKyJihTeT EfY B 1980r., KaH.UM.UaT q>M3.MaT. nayK (1994r., 
JIB3 OM5IM, .unccepTauM.sr "MHKJII03MBHoe o6pa3oBaHne HeiITpaJihHhIX rrM-
0H0B B rrpoT0H-.sr,uepHhIX II .sr.upo-sr.uepHhIX B3am,10.IlCHCTBMSIX rrpH HMIIYJihCC 
4.5 f3B/c Ha HYKJIOH"), .uo 1992r. M.H.C. Irnq>e.Upbl q>M3MKM BblCOKMX :.rnep
I'llH n 3JieMeHTapHhIX qacTMU EfY, Ha'-InHa.sr c 1993r. rro u/a c.H.c. JIB3. 
TeJieq>oH: 62877, E-mail: abraam@sunhe.jinr.ru 
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HCCJIEilOBAHHE IIPOTOH - 51.llEPHbIX 

11 51.llPO - 51.llEPHbIX PEAKI(Hlf 
HA P A3IlEJIEHHbIX H30TOIIAX OJI OBA 

M.AJlaM, r .C.Aii:ea3RH, A.P .Bana6eKRH, A.C . .IlaHaryJIRH, 
B.r.KamrnmIKOB, JI.r.MapTl:lpOCRH, B.11.CTeraii:noe, 

B.M.<l>oMl:IHhIX, rr.qaJIOYH, A.H.Ilpl:leMhIIIIeB, .51p.<l>paHa 

B rrocrre.r:mne ro.n;bI B03poc HHTepec K nccrre.n:oBaHHIO a.n:poH-51.n;epHbIX H 

<pOTO.sI,n:epHbIX peaKUHH C HCIIOJib30BaHHeM B KaqecTBe MHIIIeHell pa3.IJ;eJieH

HbIX H30TOIIOB C BbICOKHMH o6orameHH51MH. Bb16op TaKHX MHIIIeHell II03BO

JI51eT BhrnBHTb cTpyKTYPHhle xapaKTepncTHKH KaK 51,n:ep-MHIIIeHeft, TaK H 

OCTaToqHbIX 51,n:ep, B qacTHOCTH H30CIIHHOBa51 3aBHCHMOCTb ceqeHHll OCTa

ToqHbIX .s1.n:ep B peaKUH.sIX pacmerrJieHH51 .n:aeT CBe.n;eHH5I 06 H306apHqecKOll 

HHBapnaHTHOCTH .s1.n:epHbIX CHJI. IloMHMO 3Toro C03,n:aeTC51 B03M02KHOCTb 

.IJ;JI51 06cy2K.n;eHH51 MeXaHH3MOB o6pa30BaHH51 BbICOKOCIIHHOBbIX COCT05IHHH, .n:e

B036y2K,n:eHH51 51.IJ;ep, BJIH51HH5I CIIHHOBoro H 3HepreTH'IeCKoro pacrrpe.n:erreHH5I 

ypoBHell Ha BbIXO.IJ;bl pa3JilfqHbIX H30MepoB rryTeM HCCJie.n;oBaHHll H30MepHbIX 

oTHOIIICHHH ceqeHHH mm BbIXo.n;oB ocTaToqHbIX 51,n:ep. KpoMe Toro, Hccrre.n:o

BaHne 3aBHCHMOCTH H30MepHbIX OTHOIIICHMH OT qlfcJia HCHTpOHOB MHIIICHH 

TI03BOJI51CT Y'-IHTbIBaTb TaK)Ke oco6eHHOCTH CTpyKTYP 51,n:ep. 

C cepe.n:nHhI 70-x ro.n:oB Ha Kacpenpe .s1nepHoft cpH3HKH EfY rrpoBo)lH

rrncb HCCJie)lOBaHH51 <pOTO.sI)lepHbIX peaKUHll Ha pa3)leJieHHbIX H30TOIIax B 

MaCCOBOll o6JiaCTH MHIIIeneft 24<A<130 c nerrpepbIBHbIM rryqKQM <pOTOHOB 

c MaKCI-IMaJibHOH 3Heprn~ft 4.5 f3B. nhIJIH rrorryqeHbI HHTepecHbie pe3yJih

TaTbI oTHOCHTeJibIIO MexaHH3MOB cpoTo.s1nepHbIX peaKUHH, CTPYKTYPhI 5!Jlep 

H xapaKTepa .s1nepIIbIX cnrr. MccrrenoBaHne rrpoTon-HnepHbIX peaKUHH 5IBJI51-

10Tc.s1 IIpOJlOJI)KeIIHCM 3THX pa6oT H BCJlYTC51 COBMCCTHO C COTPYJlHHKaMH 

H305IC II PX J15Il1 OM5IM (lly6Ha). PaJnerreHHbie H30TOIIbI orroBa o6rry

tfaIOTC.sI npoTonaMH c :rnepni:eft 0.66f3B, 1 f3B n 8 f3B Ha CHHxpocpa.3a

Tpone JI51l1 OM5IM 11 na c1rnxp0Tpone J1B3 OM5IM. B Ka•1ecTBe MHIIIeHH 

BbI6pano OJIOBO, TIOTOMY qTo 3TOT 3JieMeHT HMeeT caMoe 6oJibIIIOe qlfCJIO 

cra6ttJihHhIX 1130TOI10B 'ITO TI03BOmieT B 60JibIIIOM )lHana30He Mace 5I)lpa

Ml1IIICHl1 l1CCJIC)lOBaTb l130Clll1HOBYIO 3aBl1Cl1MOCTb. CneKTpbl uaBe)leHHbIX B 

MHIIICHH aKTHBHocTeii: H3Mep.s1eTc.s1 na HpGe - neTeKTope B H305IC H PX. 

IlonyqeJIHbie cneKTpbl o6pa6aThIBaIOTC5I KaK B ErY, TaK tt B OM5IM. 
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Uenb HacToxme:ii pa6oTbI: 

a) MccnenoBamre H30T0nHoro 3q:>q:>eKTa ( 3aBHCHM0CTH ceqeHHH peaKUHH 

OT H30T0nHoro C0CTaBa xnpa-MHIIIeHH H xnpa OCTaTKa) B peaKUHHX pac

menJieHHH (p,xp yn), (d,xp yn); (o:, xp yn), (C,xp yn). 

6) MccnenoBaHHe peaKUHM pacmenneHHH H cpparMeHTaUHH B 3aBHCHM0-

CTH OT 3HeprHH HaqaJibH0ro nyqKa. 

c) O6Hapy2KeHHe HeKOT0pbIX KHHeMani:qecKHX xapaKTepHCTHK 0CTaToq

HblX xnep MeTonoM ynaBJIHBaIOrn;HX q:>OJibr. 

n) MccnenoBaHHe 3aBHCHM0CTH o6pa3oBaHHH BbICOKOB036y2KneHHbIX co

CTOHHHM xnep-ocTaTK0B OT qHcJia BbIJieTeBIIIHX HeMTpOHOB. 

IIonyqeHbie 3a BpeMH C0TpynHHqecTBa pe3yJibTaTbl CB0nHTCH K cneny-

10meMy: 

IlpH o6nyqeHHH MHIIIeHe:ii 112Sn, 118Sn H 124Sn npoToHaMH c 3HeprHeI1 

660 M3B nonyqeHbl ceqeHHH 6onee 20 peaKUHM THna (p,xn),(p,pxn) H (p,2p ). 

MccnenoBaHHe 3THX ceqeHHM noKa3ano, qTo peaKUHM THna (p,n) npoTeKaIOT 

no 3apxnoB0- o6MeHHOMY MexaHH3MY, a peaKUHH THna (p,pn) H (p,2p) npo

TeKaIOT B 0CH0BH0M qepe3 nByXcTyneHqaTblll MexaHH3M ( Heynpyroe paccex

HHe npoT0Ha Ha HYKJI0He xnpa H nocnenoBaTeJibH0e HCnapeHHe H3 Hero nen

TpoHa (p,pn) HJIH npoToHa (p,2p)). 3KcnepHMeIITam,Hbie 3HaqeHHH ceqe1mx 

cpaBHHBaJIHCb C pacqeTHbIMH, cnenaHHbIMH no KaCKanHo-HcnapHTeJibHOH 

MoneJIH. fl3 cpaBHeHHH M0)KH0 cnenaTb 3aKJIIOqe1mx 06 HcnapHTeJibH0M 

xapaKTepe x-1 HenTpOHOB B peaKUHHX (p,pxn). 

B 3T0M 3KCnepHMeHTe nonyqeHbl TaK)Ke 9 H30MepHbIX OTHOllleHHH ( 0T

H0IIIeHHe ceqeHHH o6pa3oBaHHH BbIC0K0CnHH0B0ro C0CT0HHHH xnpa-ocTaTKa 

K HH3KocnHHOBOMY) 0CTaToqHbIX xnep H3 Ka2Knon MHllleHH 0JI0Ba. MccJie

noBaHHH 3aBHCHM0CTH H30MepH0f'0 0TH0llleHHH OT 'Il:ICJia BbIJieTeBlllHX uen

Tp0H0B noKa3aJio, qTo Hapxny C KaCKanHo-HcnapHTeJibHbIM npouecC0M npH 

o6pa30BaHHH BbIC0K0CnHH0BblX COCTOHHHH cymecTByeT npouecc rrorJiome

HHH OTpHUaTeJibHbIX BT0pHqHbIX IIH0H0B II0BepXH0CTIIbIMH KBa3HnettTpO

HaMH. 

BbrnBJieHHax 3aBHCHM0CTb ceqe1rnx o6pa30BaIII:15i Hnep-ocTaTK0B OT 1130-

T0ilH0ro C0CTaBa KaK xnep-MHrnenen TaK H 0CTaT0'IllbIX 51:)lep I103B0J151:CT 

roBopHTb 0 BKJIIoqemrn qJieHa, Y'IHTb1Ba10mero H30CIIHHbI 51.l.l,ep-ocTaTK0B I1 

xnep-MHIIIeHen B H3BecTHYIO noJiy3Mn11pw1ecKy10 cpopMyny PyJlcTaMa. Ilo

JiyqeHhI TaK)Ke ceqeHHH o6pa30BaHHH cpparMeHTOB 113 MHlllenen 0JI0Ba H na-

6JIIO)laeTCH 3HepreTH'IeCKa5i 3aBHCHM0CTb 3THX cetreHHH. 

B xo)le naJibHenIIIero coTpy.uirnqecTBa MC)K.UY EI'Y 11 OI15II1 nna1mpy

eTcx 06JiyqeH11e 3THX 2Ke pa3nenemn,rx H30T0II0B onoBa ;.i:eilTpo11aM11, o: -
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qacTIIUaMH H HOHaMH 12C C pa3HhIMH 3HeprmIMH, H HCCJie,llOBaHHe MeXaHI'.13-

MOB o6pa30BaHmr OCTaToqHhIX x.nep, a TaK)Ke 3HepreTrrqecKHX 3aBIICHMO

CTe:fi: ceqeHHH peaKUHH pacmenneHHH. 

3KcnepHMeHTaJihHhle ,naHHhle MO)KHO HCnOJih30BaTh ,llJI5I TeopeTH"leCKOll 

HHTepnpeTaUHH cTpyKTYPhI x,nep, a -.:iacTh nonyqeHHhIX pe3JJihTaTOB B pa

.nrraunoHHOll Me.llHUHHe rr B pa6oTax no aKTHBaUHOHHOMY aHaJIH3Y. 

p a6oTa BhIIIOJIHeHa H npoBO,llHTC5I B paMKax npoTOKOJia O COTPY.llHH"le

CTBe Me)K,ny OI15II1 H EfY no TeMe "Mccne,noBaHHe cna6h1x H 3JieKTpoMar

HHTHhIX B3aHMO,llellCTBHll npH HH3KHX 3HeprHxx". (HoMep 2966-2-96/98). 

JlttTepaTypa 

1. B.3.AneKcaH,npxH, r.C.A:fi:Ba3XH, A.P.Eana6eKXH, A.C.llaHarynxH, 

BT. KanHHHHKOB, B.I1.CTera:fi:noB, 5Ip.<PpaHa. Hccne.aoBamre H3o

MepHbIX OTHOIIIeHHH ce'leHHH IIp0T0H- JI,aepHbIX peaKUHH Ha H30T0IIax 

0JI0Ba, 5I<P, 59, (1996), c.21-25. 

2. B.3.AneKcaH,npxH, A.C.llaHarynxH, JI.f.MapTHpocxH, A.P. Eana6e

K5IH, B.f .KanHHHHKOB, B.1LCTera:fi:nOB, 5Ip.<Ppana. (p,n), (p,xn) H 

(p,pxn), (p,2p) - peaKUHH Ha JI,apax onoBa, Te3HChI .llOKJia,noB "Me)K

.n:yHapo,nHoe coBemamre rro q>H3HKe x.npa" 1996,MocKBa, c.218. 

3. A.C.llanarynxn, JI.f.MapTHpocxn, H.C.AMeJIHH, A.P. Eana6eK.srn, 

B.r. KanHHHHKOB, B.J,LCTera:fi:noB, 5Ip.<Ppana. Hccne.aoBaHHe peaK

IlHH (p,xn), (p,pxn) H (p,2p) Ha H30T0IIax 0JI0Ba, 5I<P, 60, (1997), 

c.1-5. 

4. 11.A,naM, A.P.Eana6eKxH, B.f.KanHHHHKOB, B.11.CTera:fi:noB, r.C.A:fi:

Ba3xH, A.C.llauarynxn, JI.f .MapTHpocxH, 5Ip. <PpaHa. Hccne.a0Ba

m1e peaKurriI (p, XP.; yp) Ha 113ororrax onoBa, Te3HChI ,noKna,noB Me)K

Jlynapo.nnoro c0Bema1rnx "CBo:fi:cTBa x.nep, y.naneHHhIX OT ,noJIHHhI 

CTa6HJihHOCTH", 1997, O6mmcK,c.151. 

BAJIABEK51H AHA1i'IT PA<l>1i'IKOBHA, po,nnnach B 1955 ro.ny, 

OK0II'IHJia cpH3ll'Iec1rn:fi: cpaKyJihTCT ErY B 1978r., KaH,llll,llaT q>H3.-MaT. HayK 

(1993r. JI5ITI 0115111, ,llHCCepTauvrn "cl>oTopacmerrJieHHe H30TOIIOB OJIOBa H 

HCCJie,llOBaHHe rrpoCTbIX peaKUHfI IIO,ll .ne:fi:CTBHeM raMMa KBaHTOB TOpM03-

noro H3JIYt.JClIH5I"), .no 1992 ro.na II.C. Kaq>e.n:pbl cpH3HKH BhICOKHX 3HeprH:fi: 

n 3JICMCIITaprHhIX qacTHU ErY, c 1995 ro.n:a CTapnrn:fi: HH)KeHep, a c 1977 

C.H.C. JI51Il 0115111 

E-mail: anahit@nusun2.jinr.dubna.su 
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qv.1cJIEHHbIE METO,Jlbl PEillEHv.151 
OBPATHblX 3A11Aq 

KBAHTOBOltl TEOPv.lv.l P ACCE51Hv.151 
p .r .AiiparreTilH, E.11.)Kn:.n;KOB, H.B.IIy3bIHHH 

3a.n;aqa 'IlICJieHHOro BOCCTaHOBJieHlI.H noTeHu11ana B3al1MO.n;eiicTB11.H no 

naHHhIM pacce.HH11.H xoporno 113BeCTHa 11 Ba)l{Ha KaK C TO'IK11 3peH11.H BhI

'IlICJilITeJibHOli MaTeMaT11Kl1, TaK 11 .UJI.H aHaJI113a pe3yJihTaTOB q>l1311'IeCK11X 

3Kcnep11MeHTOB. Ilo3TOMY B Hay,.rnoii n11TepaType eii yneneHo nocTaTO'IHO 

MHoro MecTa (K.IIIanaH, II.Ca6aThe, O6paTHhie 3a.n;aq11 B. KBaHTOBoii Te

op1111 pacce.HH11.H. M11p, MocKBa, 1980.). KaK H3BeCTHo, ocHOBHhIMH Me

To.n;aMH perneH11.H o6paTHhIX 3a,naq .HBJI.HIOTOI MeTO.UhI Mapl.leHKo, KpeiiHa 

11 f eJibq>aH.n;a-JleBlITaHa, no3BOJI.HIOIU11e CBO.UlITh 3TH 3a,naq11 K lIHTerpaJib

HhIM ypaBHeHlI.HM. B TO )Ke BpeM.H pa3pa60TKa COOTBeTCTBYIOIUlIX 'IlICJieH

HhIX anropHTMOB conp.H)KeHa C TPY.UHOCT.HM11, CB.H3aHIIhIMH C HeKoppeKTHO

CThIO 3Tl1X 3a,naq, T.e. C HeycTOli'1HBOCTbIO no OTHOIIIeirnIO K B03MyIUeH11.HM 

HCXO.UHhIX .naHHhIX ( CM., Hanp11Mep A.M. 1IeH11coB. 0 '1HCJieHHOM perneHHH 

o6paTHOli 3a,naq11 pacce.HH11.H. )K,BhI'111CJI. MaTeM.H MaTeM. q>H3. 17, (1977), 
N 3, 753-756. ). IIocne.nHee o6CTO.HTeJibCTBO orpanwrnBaeT npHMeIIl1MOCTh 

yrroM.HHYThIX MeTO.UOB perneHlI.H o6paTHhIX 3a,naq KBaHTOBOH TeopHH pac

ce.HH11.H B rrpHKJia,UHhIX lICCJie,noBaHH.HX H BhIHY)K]laeT MHOrHX aBTOpoB CBO

.UlITh perneHHe 3a,,naq11 K rro.n6opy necKOJihKHX napaMeTpoB B 3apanee no.no-

6paHHOIT q>OpMe IIOTeHu11aJia. Eorree 3q>q>eKTHBHhIMH .HBJI.HIOTC.H aJiropHTMhI, 

OCHOBaHHbie Ha MeTo.n;ax peryJI.HpH3aUHH HeKoppeKTHhIX 3a,naq, 

IIpe,nJIO)KeHHble HaMlI MeTO.UhI MO)KHO YCJI0BH0 pa3,UeJIHTh Ha .n;Be rpyn

nhI. B rrepByIO BXO.U.HT MeTO.UhI '1HCJie1rnoro BOCCTaH0BJieHH.H IlOTCIIUHaJia 

no 3Ha'1eHH.HM q>a30Boro C.UBHra npH HyJieBOM op6HTaJibHOM MOMeHTe, no

rry11eHHbie coBMeCTHO c E.II. )KH.UKOBhIM ( JIB TA OI15II1), P .JI. Illax6arnnoM 

(EfY) H 51. Eyrna (TexnHtJeCKHH ynHBepCHTCT KoIIrnue, CJroBaKH.H) [1,2,:J]. 
B OCHOBe lIX peaJIH3aUHH Jie)KHT anaJIH3 aCHMIIT0TH'ICCKOf0 Il0Be,UeHH.H nan

HhIX pacce.HHH.H rrpH BhIC0KlIX 3HeprH.HX, II03BOJI.HIOlllHH nocrpoHTb pcrymr

p1130BaHHbie arrropHTMhI, ocHoBaIIHhie Ha MeTo.nax Kpei1:na. H Map'!eHKO. 

A HMCHHO, .UJI.H noTeHUHaJI0B, HMeIOIUHX a6coJIIOTIIO cyMMHpyeMyIO npoH3-

BO.UHYIO, ac11MnTOTH'1eCKOe IIOBe,UCHHC q>a30BOro CJlBHra H qlyHKUHH 11.ocTa 

rrp11 BhICOKlIX 3Heprm1x no3BOJI.HeT BhI,UeJI.HTI, 11'.3 IIHX ycJI0BIIO CXO.U.Hmy10O1 
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qacTh, .umr KOTopo:ii: npeo6pa3oBamre <l>yphe ToqHo Bh1qncmreTc.sr. llarree, 

npH perneHIIII JIIIHeHHhlX CIICTeM, norryqaJOill;IIXCH B pe3yJihTaTe ,ZllICKpeTII-

3aI(IIII HHTerpaJihHhIX ypaBHeHn:ii: MapqeHKO II Kpe:ii:Ha, ncnoJih3yeTc.sr acnM

nToTnqecKoe no rnary .uncKpeTH3aU:IIH 06pam;eH1Ie MaTpnu:, qTo, B KoHeqHoM 

cqeTe, .uaeT B03M0)KH0CTh 1I36e2KaTh HeycTo:ii:qHBOll npou:e.uyphl qncJieHHoro 

.D;mpcpepeHu:npoBaHHH. lloKa3aHa TeopeMa 06 ycTo:ii:qnBOCTII nocTpoeHHhlX 

qncJieHHhlX arrropHTM0B. Arrrop11TMhl ycneIIIH0 peaJIII30BaHhl Ha K0MnhIO

Tepe. IlpoBe.D;eHHhle q11cJieHHhie 3Kcnep11MeHThl npo.D;eM0HCTp11p0BaJIII IIX 

BhlC0KYIO TQqHQCTh 11 ycTo:ii:q11BOCTh no 0TH0IIIeHl1IO K B03Mym;eH11HM 11C-

XO.ZlHhIX .D;aHHhIX. 

Bo BTopy10 rpynny BX0.ZlHT MeT0.ZlhI, ocHoBaHHhie Ha HenpephlBHOM AHa

rrore MeTO.Zla HhIOToHa (HAMH) 11 ero MO.Zl114)11Kau:11.srx, norryqeHHhie co

BMeCTH0 c H.B.Ily3hIHl1HhIM 11 E.II. )K11.ZlKOBhIM (JIBTA OH5Illf). Ilpe.u

JI02Kena noBaH MO.Zl11cp11Kau:11H MeT0.Zla [ 4]. OHa no3B0JIHeT 1136e2Ka Th npo-

113B0.Zll1Moro B HAMH Ha Ka2K.Zl0M rnare 11Tepau:11:ii: 06pam;eH11.sr onepaTop

no:ii: npo113BO.ZlHo:ii: <l>perne. BMecTo 3Toro, np11 pearr113au:11n npe.urraraeMoro 

~ MeT0.Zla, HY2KH0 o6pam;aTh npoM3B0.ZlHYIO <l>perne T0JihK0 B TQqKe HaqaJih

'r.) H0ro np116JI112KeHMH. 3aTeM, BBe.ZleHHaH B pa6oTe pacrnMpeHHa.H CMCTeMa 

:l) .ZlMcpcpepeHU:MaJihHhIX ypaBHeHMll B r11Jib6epTOBOM npocTpaHCTBe no3B0JI.HeT 

~ np0M3B0.ZlMTh MTepau:1111 C 0.ZlH0BpeMeHHhIM Bh1q11cJieHMeM onepaTopa o6paT-

~ HOH npoM3BO,ZlHoii. lIJij{ npe.ZlJI02KeHHoro MeTo.Zla .Zl0Ka3aHa TeopeMa o cxo
(' 

.Zl11M0CTM, no cymecTBY, rrp11 Tex 2Ke orpaHMqemrnx, qTo 11 M3BeCTHa.sr Teo

peMa cxo.ZlMM0CTM .ZlJIH HAMH. 3cpcpeKT11BHOCTh MeTo.ua npoMJIJIIOcTpMpo

BaHa Ha np11Mepe HeJI11HeiiHoro r11rrep6orrMqecKoro ypaBHeHMH (ypaBHeHMe 

KIIpxrocpcpa). II pe,UJI0)KeirnaH MO.UliqJIIKaUIIH no3B0JIHeT cymecTBeHHO pac

lilliplITh o6JiaCTh ero npIIMeHeHIIH, 0 qeM CBII,UeTeJihCTByeT, B qacTH0CTlI 

ero ycrrernHaH peaJIII3aU:IIH B o6paTHoii 3a.Zlaqe KBaHTOBOH Teop111I pacce

SIHIIH. llerro B TOM, qTo -lI3BCCTHhIC MaTeMaTIIqecKIIe MCTO.Uhl no3BOJIHIOT 

B0CCTaHaBJIIIBa Th II0TCHU:IIaJI no cpa30BhIM C,UBIIraM, 3a,UaHHhIM JIM6o npM 

qJHKCIIpoBaHHOM op6HTaJihHOM MOMCHTC, JIII6o rrp11 qJlIKCIIpoBaHHOH 3Hep

rIIII. O.D;HaKO OHM uerrpIIMCHlIMhl K 6orree ecTeCTBeHHOH II Ba)KHOM c cpM-

3WICCKOH T0qKlI 3pCHlI51 3a,Uaqe BOCCTaHOBJICHlIH IIOTCHU:MaJia no cpa30BOMY 

C.UBIIry 3a.ZlaHHOMY na IIO.ZlMH02KecTBax ( l, k )-rrnocKocTII 6orree o6mero BM,Zla. 

HaMH npe.ZlJI02KeI-rn nosaH nocTaHOBKa o6paTHOH 3a,n:aq1I KBaHTOBoii Teopmr 

pacccsr,rnsr: 0 BOCCTaH0BJICillilI IIOTCHUIIaJia IIO 311aqeHIIHM cpa30Boro C.ZlBMra 

na ceMciicTBe oTpe3KOB B (l, k)-nnocKocTII, y.uoBJieTBOpHIOm;eM BBe.D;eHoMy 

B pa6oTe [5] ycnoBIIIO "Jlecnrnu:a". Ilpc.ZlJIO)KeH, TaK2Ke, qMcJieHHbIM MeT0.U 

JlJIH cc pemeHHH, ocnoBaHHhIH Ha ormcaHHoii BhIIIIe HhIOTOHOBCKOM IITepau:11-



oHHa5! cxeMe c o.nHoBpeMeHHhIMH HTepauH5IMH o6paTHOH rrpoH3BO.UHOH. IlpH

Be,neHhI pe3yJihTaTbI TeCTHpoBaHH5! COOTBeTCTBYIOIUHX anropHTMOB, IIOKa-

3aBIIIHe HX TO"l!HOCTh. 

. IT pe,UJIO)KeHHhie HOBhie IIOCTaHOBKH H "9:HCJieHHhie MeTO,UhI peIIIeHH5! 06-

pa THhIX 3a,Ua"9: KBaHTOBOH TeOpHH pacce5IHH5! ycrreIIIHO ,UOJIO)KeHbI Ha He

CKOJihKHX Me)K,UyHapO.UHhIX KOH<pepeHUH5IX: 

l."O6paTHa5! H anre6paH"9:eCKa5! KBaHTOBa5! TeOpH5! pacce5IHH5!. EaJiaTOH 

1996", BeHrpH5!. 

2."O6paTHbie H HeKoppeKTHhie 3a,Ua"l!H"' MrY, MocKBa, 1996. 

3." Ma TeMa TH"l!eCKOe MO,UeJIJIHpOBaHHe H BhlhI"l!HCJIHTeJibHa5! <pH3HKa"' 

lly6Ha, 1996. 

Jh1TepaTypa 

1. P .r .AHparreT5IH 1 E.Il.)KH,nKoB, P .JI.lliax6ar5IH. Y.11cneHFibIH MeTo,a 

, pemeHHJI o6paTH011 3a,aaq11 TeopHH pacceJIHHJI, OCHOBaHHbIH Ha pe

rynJipH3aI{HH IIO aCHMIITOTHKe, MaTeMaTH"l!eCKOe MO,UeJinpoBaHHe, 8, 
(1996), 33~48. 

2. P .r.AHparreT5IH, 51.EyIIIa, E.Il.)Kn.nKoB. 0 perynJipH3OBaHHbIX '-IH

cneHHbIX. anropHTMax pemeHHJI o6paTHOlf 3a.,aarrn I(BitIITOBOH Teop1111 

pacceJIHHJI, Coo6meHH5! OI1$II1, Pll-96-38, lly6na, 1996. 

3. · E.Il.)KH,nKoB , P.r.AuparreT5IH. lfacneHHbIH MeTo,a pememrn 06paT

Ho113a,aaIJ11 KBaHTOBOH Teopirn pacceJIHH>I, BecTn.MocK.Yn-Ta. Cep.l, 

MaTeMaTnKa, MexannKa, 1996, N 6. 

4. R.G.Airapetyan, I.V.Puzynin. Newtonian iterative scheme with si

multaneous iterations of inverse derivative, Preprint .JINR Ell-96<392, 

1996, Dubna, Comp.Phys.Comm. (in press). 

5. R.G.Airapetyan, I.V.Puzynin, Zhi<lkov. Numerical Method for Solv

ing the Inverse Problem of Quantum Sca.t,/,ering Theory, Leet.Notes 

Phys., 488, 1997. 
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AHPAIIET5IH PYBEH rYPrEHOBHq, po.mmrn B 1951 ro.uy, 

0K0H"l!HJI q>H3H"l!eCKHM cpaKyJihTeT ErY B 1973r., acrrnpaHTypa ErY ( 1973-

1976), KaH,UH,UaT q>H3. MaT. HayK (1981 r. MHCTHTYT MaTeMaTHKH AH Ap

MeHHH, ,uHccepTaumr "CMemaHHhre 3a,ua"l!H ,umr rHrrep6oJIH"l!ecKHX ypaBHe

HHH H CHCTeM."), .uo 1994r . .uoueHT Kacpe,upbl Te0pHH 0IITHMaJihH0ro yrrpa

BJieHHH H rrpH6JimKeHHhIX MeTo,UoB Ef~', c 1994r. c.H.c. JIBTA OM5IM. 
E-mail: airapetyan@vxjinr.jinr.ru 
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CYIIEPMHTErPMPYEMbIE CMCTEMbl 
B IIPOCTP AHCTBAX 

IIOCT05IHHOl1 KPMBM3Hbl 

E.l\1.AKorrn:II, A.A.H3MeCTheB, T.C.Iloroc'.srn, A.H.C0:caiorn 

B rrocne.n:Hee .uec5ITirnenre CMJihHO Bo3poc MHTepec K TeopmI cynepMH

TerpM pyeMbIX CMCTeM, K0T0pa5I 5IBJI5IeTC5I COCTaBHOH -.:raCTblO TeopMM MHTe

rpMpyeMbIX CMCTeM. 

KaK M3BeCTHo, KBaHT0Ba5I MJIM KJiaccM-.:recKa5I cMcTeMa c N cTeneH5IMM 

CB060.Ubl 5IBJI5IeTC5I IIOJIHOCTblO MHTerpMpyeMo:fi, eCJIM cyIIIeCTByeT N He3a

BMCMMbIX MHTerpaJIOB .UBM2KeHM5I (BKJIIO"Ia5I faMMJII>TOHMaH CMCTeMbI), Ha

X0.U5IIIIMXC5I B MHBOJIIOUMM MJIM, B KBaHT0B0M cny-.:rae, N - MHTerpaJIOB .UBM)Ke

HI:151, KOMMY™PYIOIIIMX C raMMJibTOHMaH0M ( TeopeMa J1MyBMJIJ15I). O.uHaKo, 

eIIIe B rrpOIIIJIOM CT0JieTMII 6bIJIII Il3BeCTHbI KJ1acc11-.:reCKI1e CIICTeMbI, o6na

.uaIOIIIIle 66JihIIIMM "IMCJI0M He3aBIICIIMbIX ( TaK Ha3blBaMbIX .UOIT0JIHIITeJib

HbIX) MHTerpaJIOB .UBI12KeHM5I, K0TOpbie Heo6XO.UIIMbI .UJI5I II0JIHoro pa3,UeJie

HM5I rrepeMeHHbIX KaK B ypaBHeHIIII raMIIJ1bTOHa-5£Ko611, TaK II B ypaBIIemrn: 

Illpe.UMHrepa. ll3BeCTHO, "ITO "IIICJIO IIHTerpaJIOB .UBI12KeHI15I He M02KeT rrpe

BbIIIIaTb 2N -1, r.ue N - pa3MepHOCTh npocTpaHCTBa, rrp11-.:reM .uorroJIHHTeJib

Hhie MHTerpaJibI .UBI12KeHil5I K0MMYTIIPYIOT C raMiiJibTOHilaHOM CIICTeMbI, HO 

He o65I3aTeJihHO K0MMyT11py10T Me2K.UY co6o:fi. TaKHM o6pa3oM, B KBaHTOBOH 

MeXaHMKe B03HIIKaeT aJibTepHaTIIBHbIH Ha6op orrepaTopoB OIIIICblBaIOIIIIIX 

II0JIHbIM o6pa30M CIICTeMy' "ITO, KaK Il3BeCTII0, rrpHBO.UIIT K 'IaCTil'IH0MY 

IIJIH IT0JIH0MY Bblp02K,UeHIIIO CIICTeMbI no a3HMyTaJibHOMY l1 op611TaJibHOMY 

KBaHT0BbIM "IHCJiaM. 

K HaH6onee 113y-.:reHHbIM cyrrepHHTerpttpyeMbl.M cwreMaM 0TII0C51TC5! cny

-.:ra11: 

1 . .UBI12KeHI151 -.:raCTHUhI B KerrnepoBOM IIOJIC, r.ue cyruecTBYCT IIICCTh HH

TerpaJI0B .UBI12KeH115I: TPH K0MIT0HeHTbI yrmmoro M0MCHTa L; H TPH 

K0MIT0HeHThI BeKTopa Jlannaca-Py11re-J1e11ua A;, CB513aHHhIX .UBYM}l 

cooTHOIIIeHirnMH L; + A; = H, L;A; = 0, H no3T0MY .n:an11a51 cttcTeMa 

o6na.uaeT MaKCHMaJibHbIM q11cJIOM 2 X 3-1 =5 He3aBIICIIMhIX HHTerpa

JIOB .UBH2KCHH5I; 

2 . .UBI12KCHil5I B IIOJie KBa.upaTH"IHOro IJ0TCI!Illlc1Jla ( rapMOHil'ICCKHH oc

UHJIJI5ITOp), ,UJI51 K0Toporo TaK)Ke cyinecTByeT .UOITOJIHIITCJihHblli HH

Terpan .UBH)KeHJ151 - TeH30p JleMKOBa. 
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Hamrcrn:e .UOIIOJIHHTeJihHhIX HHTerpaJIOB .UBH)KeHH5I .UJI5I 3TIIX .UBYX ueH

TpaJihHO-CIIMMeTpH"tJ:HhIX CIICTeM rrpHBO.UIIT B KJiaCCII"tJ:eCKOM MexaHIIKe K Ta

KHM IIHTepeCHhIM CBOMCTBaM, KaK 3aMKHYTOCTh TpaeKTOpIIM .UJI5I q>IIHIIT

HOro .UBH)KeHII5I ( TeopeMa EepTpaHa), IIOJIHa5I pa3.UeJI5IeMOCTh rrepeMeHHhlX B 

HeCKOJlhKIIX OpTOI'OHaJihHhIX CIICTeMaX KOOp.UIIHaT .UJI5I ypaBHeHII5I raMIIJih

TOHa-5£Ko6II II IIlpe.urrHTepa, "cJiy"tJ:aMHoe BhipO)K.UeHIIe" 3HepreTII"tJ:ecKoro 

crreKTpa no op6HTaJihHOMY H a3HMyTaJihHOMY KBaHTOBhIM "tJ:IICJiaM II, HaKO

Heu, cyrneCTBOBaHHe TaK Ha3bIBaeMOM rpyrrrrhI .UHHaMH"tJ:eCKOM CIIMMeTpIIII, 

6oJiee BhICOKOII "tJ:eM reoMeTpH"tJ:eCKa5I CHMMeTpII5I IICXO.UHOI'O ypaBHeHII5I IIlpe

.UHHrepa (.um1 a TOM a ao.uopo.ua 3TO rpyrrrra O ( 4), a .UJI5I OCUIIJIJI5ITOpa -

SU(3)). 
IloJiroe BpeM5I cqrrTaJIOCh, qTo TOJlhKO 3TII .uae CHCTeMbI 06Jia.ua10T CTOJib 

BbI.D:eJieHHhIMH caoiicTBaMH, o.uHaKo B cepe.urrHe rnecTrr.uec5IThIX ro.uoa II.BIIH

TepHIITUeM, 5.I.A.CMopo.UHHCKHM c coaaTopaMH, a 3aTeM B KOHUe aocbMII

.uec51ThIX p .3BaHCOM 6hIJIH Haii.ueHhI Bee HeueHTpaJibHbie ( cpe.uII ueHTpaJib

HbIX IIOTeHUHaJIOB TOJlbKO 3a.z:i:aqa KerrJiepa H rapMOHH"tJ:eCKHM OCUIIJIJI5ITOp 

corJiaCHO TeopeMe EepTpana HMeIOT 3aMKHYTbie TpaeKTOpm1 .UBII)KeHH5I) 

.UByMepHbie rr TpexMepHbie IIOTeHUHaJibI, o6Jia.uammrre .UOIIOJIHHTeJibHbIMII 

HHTerpaJiaMH .UBH)KeHH51, rrprrqeM CHCTeMbI C 2N - 2 He3aBIICIIMbIMII lIHTe

rpaJiaMH CTaJIH Ha3bIBaTb MHHHMaJihHO cyrreptlHTerpIIpyeMhIMH, a C 2N -1, 
MaKCHMaJihHO cyrrepmITerprrpyeMbIMH CHCTeMaMH. HeKOTOpbie ll3 3TIIX IIO

Tem111aJIOB (XapTMana HJI11 KaJIO.U)Kepo - Mo3epa) Haxo,n:5IT rrpHMeHeHIIe B 

MOJICKYJI51pHoiI q>H3HKe HJIH rrpII perneHHH 3a.z:i:aqII N - TeJI na rrp5IMOH. 

lhyqeH11e cyrrepmITerpIIpyeMbIX CHCTCM B rrpocTpaHCTBax IIOCT05IHHOM 

Kp11BH3Hbl naqaTO OCHOBOIIOJiarammeiI pa60TOM IIlpe.UIIHrepa, KOTOpbIM B 

1910 ro.uy IIOKa3aJI, 'ITO, KaK 11 B cJiyqae IIJIOCKoro rrpocTpaHCTBa, .UJI5I 

3a,na,rn KyJiona-Kermepa na 3 - ccpepe HMeeT MecTo rroJIHoe Bhrpo)K.UeHIIe 

no op6wraJibHOMY H a3HMyTaJibHoMy KBaHTOBhIM '-IHCJiaM. B .uaJihHeMIIIeM 

(Higgs 11 Leemon, 1979; Eoryrn, Kypo'IKHH H OT'-IHK, 1978) 6bIJIII Ha:i1.ueHbI 

JI0II0JIIIHTCJlbI-lbIC HIITCrpaJibI .UBH)KCI-11151, 0606rua1omrre l1HTerpaJI JiarrJiaca

Pynre-Jlenua .UJI51 K,YJIOHOBOII rrpo6JICMhI 11 TeII3op IleMKoBa .UJI5I ocu11JIJI5I

Topa, 11 TeM caMbIM 61,IJia Bbrncnena rrpwnrna Bblp0)K.UCHII51 .uaHHbIX ClICTeM 

B cJiytJae npocTpaHCTB IIOCT051HHOI1 KpHBl13Hbl. C .upyro:i1 CT0p0HhI, necMO

Tp51 ua 51BII0C CX0.UCTB0 3THX 3a,Ua'-I .um1 npocTpaHCTB IIOCT051HHOM II0JI0)Kl1-

TeJibIIOII H OTpHUaTCJibHOII Kp11BH3HbI 11 C00TBeTCTBYIOIUHX 3a,Uaq .UJI5I IIJI0C

Koro npocTpaHCTBa (pa3,UCJI51eMOCTb nepeMeHHbIX B HeCK0JlbKl1X ClICTeMax 

KoopmmaT, CTCIICIII, Bhip0)K,UeHHSI 3HepreT11qec1<0ro CIICKTpa, 3aMKHyT0CTh 

KJiaCCH'!CCKl1X op6wr H .up.)' HMeeTC51 TaK)Ke cyruecTBennoe 0TJIHqrre: K0M-
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MyTaUIIOHHhle COOTHOIIIeHII5I Me)K.uy KOMIIOHeHTaMII orrepaTopa Jlamiaca -

PyHre - JleHua mrn TeH3opa IleMKOBa B cJiy-qae KpIIBhIX rrpocTpaHCTB HO

CHT HeJIIIHeMHbIM xapaKTep II OIIIICbIBaIOTC5I KBa.upaTII"IHbIMII (MO,UHbIMII B 

rrocJie,UHee BpeMH) W - aJire6paMII. TeM caMhIM, orrpe.ueJieHIIe CIIMMeTpIIii 

,UJI5I cyrrepIIHTerpIIpyMhIX CIICTeM B rrpocTpaHCTBax IIOCT05IHHOM KpIIBII3Hbl 

rrpe.ucTaBJI5IeTC5I HeTpIIBIIaJibHOM 3a,Ual:leM II cpaKTII"leCKII CB5I3aHO C rrpo6Jie

MOM JIIIHeapII3aUIIII W - aJire6p. nhIJIO rroKa3aHo TaK)Ke, "ITO rrpII KOHTpaK

UIIII rrpocTpaHCTB IIOCT05IHHOM KpIIBII3HhI, T.e. rrpII CTpeMJieHIIII pa.uIIyca 

KpIIBII3Hbl R K oo, w - aJire6pbl nepeXO,U5IT B KJiaCCII"leCKIIe aJire6pbl JIII. 

Ilpyroii HeTpIIBIIaJihHOM 3a,na-qeft HBJIHeTcH, c O.UHOM CTOpOHhI, BhI,UeJie

HIIe BCex cyrrepIIHTerpIIpyeMbIX IIOTeHUIIaJIOB ,UJI5I rrpocTpaHCTB IIOCTO5IH

HOM KpIIBII3HhI, a IIMeHHO, B cJiy-qae .UByx-, Tpex- ~ n-MepHolI ccpep II cooT

BeTCTByiomIIx .UBYTIOJIOCTHbIX rIInep6oJIOII,UOB, a, c .upyroii CTOpOHhI, onpe

,UeJieHIIe pa3,UeJI5IIOIUIIXC5I CIICTeM KOOp.UIIHaT II COOTBeTCBYIOIUIIX peIIIeHIIlI 

ypaBHeHIIM faMIIJihTOHa - 5lKo6II II IIIpe.uIIHrepa. 

C q>II3IIl:lecKoii TO"IKII 3peHIIH, B rroJih3Y IICCJie.uoBaHIIH cyrrepIIHTerpII

pyeMhIX CIICTeM B rrpocTpaHCTBax IIOCT05IHHOlI KpIIBII3HbI MO)KHO npIIBecnr 

,UBa CJie.UyIUIIX apryMeHTa. Bo-rrepBbIX, KaK 6bIJIO BrrepBbie IlOKa3aHO B pa-

6oTaX lbMeCTheBa, KyJioHOBcKy10 cIIcTeMy na TpexMepnoft ccpepe MO)KHO 

ycneIIIHO IICIIOJib3OBaTb B Kal:leCTBe MO,UCJibHOlI rrpII lICCJie,lJ.OBaHlilI T5I)KC

JlbIX KBapKOHIIeB, TaK KaK ccpepa, 6y.urm KOMITaKTHbIM npocTpaHCTBOM, 

c O.UHOM CTOpOHhI, o6ecrre"IIIBaeT "reoMeTpWICCKIIlI" 11 "ITOTCHUliaJibHbilI" 

KOHq>aMHMCHT, a rrplI 6oJibllIIIX 3Hal:leHlI5IX pa.u11yca ccpepbl HOTCHUliaJI ClI

CTeMbI COBrra.uaeT C xopOIIIO II3BCCTHbIM KOpHeJibCKlIM HOTCIIUliaJIOM, a C 

.upyroii CTopoHhI, 5IBJI5IeTC5I TO"IHO-peIIIaeMOlI 3a.uaqeft. Bo-BTOphIX, 3a,Ua'Ia 

O.,UBII)KeHIIII 3ap5I)KeHHOlI l:laCTIIUhI B IlOJie .UBYX KYJIOIIOBCKlIX uenTpoB, B OT

JIII"IIIII OT aHaJIOrII"IHOlI 3a,lJ.a"llI B ITJIOCKOM rrpocTpaHTCBe, o6Jia.uaeT TOJihKO 

.UIICKpeTHhIM cneKTpOM II MO)KeT CJIY)KlITh MO.UeJibHOlI 3a.ua1:IelI IIplI lICCJIC

.UOBaHIIII 3a,Ua"III Tpex TeJI B a.uIIa6IITlI'IeCKOM np116JilI)KeHlilI. 

3a IlOCJie,lJ.HIIe mITh JICT (1992-1997) IIaMlI pacCMOTpen 11 pemen p51.U 

3a,Ua"l, CB5I3aHHhIX C ,UaJibHClIIIIIIM lI3ytICIIIICM cyrrerrnnTerp11pyeMbIX KBaH

TOBhIX CIICTeM, TaKIIX, KaK rapMOHlI'ICCKlilI OCUlIJIJI51TOp, KYJIOIIOBCKlill no

TCHUIIaJI, rroTenuIIaJihI TIIrra CMopo.u11ncKoro - BmnepHlITUa, Kano.u)Kepo

Mo3epa, PacaxaTIIyca II .upyrIIx, KaK B nnocKoM CBKJIH.UOBOM rrpocTpauT

CTBe TaK II B npocTpaHCTBax IIOCT05IHHOH IIOJJO)KHTCJII,HOH KpHBlI3Hhl. 

K OCHOBHbIM pe3yJihTaTaM MO)KHO OTHCCTlI CJIC.UYIOIUlIC: 

1. IloJiy-qeno pa.uIIaJihHoe ypaBHCHHe lllpe.umirepa B .n.11cKpCTHOM HM

rrynhcHoM rrpe.n.cTaBJICHHII .UJI5I llCHTpaJibHhIX TIOTCIIIlHaJIOB ua TpexMepHOH 
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ecpepe [1] ll BbJq}IeJreHa KBa:mpa.n;HaJibHa.H KYJIOHOBeKa.H cpyHKUll.H B 3TOM 

npe.ueTaBJieHHH [2]. 
2. IlpoBe.n;eHO Heerre.uoBaHHe ll30TponHoro rapMOHHqeeKoro oeuHJIJI.HTOpa 

B TpexMepHOM 3JIJIHneoH.n;aJibHOM eHeTeMe KOOp.UHHa T [3]. 
3. IIoeTpOeHO perneHHe ypaBHeHll.H reJibMrOJibUa Ha TpexMepHOM e<pepe 

B 3JIJIHneo-uHJillH.UpllqecKHX l ll II, ll 3JIJIHneoH.n;aJibHOM eHeTeMaX KOOp.UH

HaT (4,5]. HaI1:.n;eHbI pa3JI02KeHH.H 3JIJIHneo-UHJillH.UpHqeeKHX I ll II 6a3HeoB 

no 6oJiee npoeTbIM UllJillH.UpHqeeKOMY ll rHnepecpepHqeeKOMY, qTo yeTaHa

BJIHBaeT .uonOJIHllTeJibHbie, paHee He ll3BeeTHbie, eB.H3ll Me2K.UY eneuHaJib

HbIMll q>yHKUll.HMll. 

4. BbJq}IeJieHbl Me2K6a3HeHbie pa3JIO)KeHll5I .UJI.H eynepHHTerpHpyeMblX 

eHeTeM Tllna XapTMaHa, o6omeHHOro eHHryrr.HpHoro OeUHJIJI.HTOpa; eHeTeMbI 

e a6erreBbIM MOHonorreM B TeopHH KarryUhI - KrreI1:Ha, .UJI.H noTeHUHarra rap

MOH~qeeKoro oeuHJIJI.HTopa H 3a,n;aqll Kenrrepa Ha TpexMepHoM ecpepe (6-12]. 
5. IIoeTpoeHbI Bee eynepHHTerpHpyMhie noTeHUHaJibI Ha .UByx- H Tpex

MepHoM npoeTpaHeTBax noeTO.HHHOM norro2KHTeJibHOM H oTpHUaTeJibHOM Kpll

Bll3HhI, 0606ma1ornHe eOOTBeTeTBYIOIUlle eHeTeMbl B nrroeKOM eBKJill.UOBOM 

npoeTpaHeTBe [13-16]. licnoJib3Y5I MeTO.U KOHTHHyaJibHOro llHTerpHpOBa

Hll.H, Heerre.uoBaHbl Bee TOqHo-pernaeMble erryqaH, eOOTBeTeTBYIOIUlle pa3.n;e

rreHHIO nepeMeHHhlX B pa3JI}IqHbIX eHeTeM KOOp.UHHaT. 

6. Meerre.uoBaHbl KOHTpaKUllll rpynn 0(3) H 0(2,1) Ha eBKJill.UOBY rpynny 

E( 2) n npoeJie)KeHbl nepeXO.Uhl Me2K.UY eHeTeMaMII KOp.UHHa T, llHTerpaJiaMll 

.UBII2KCIIII5I II 6a3IIeHbIMll cpyHKUll.HMll (.UJI.H ypaBHeHII.H reJihMrOJibUa), onpe

.UCJieIIHI,IMII ua .UByMepnoI1: ecpepe n Ha .UByMepHoM nrroeKOeTH (17,18]. J13y

lfCIIhI rrpeneJihHhie R ➔ oo nepexo,n:bI Me)K,n:y pa3JilllfHhIMH pa3,n:eJI.HIOIUH

Mnea cneTCMaMII IWOp.UIIIIaT Ha TpexMepHOM ecpepe II B TpexMepHOM nrroe

KOM npocrpaneTBe [19]. Ilrr.H errrrn.H n-MepnoI1: ccpepbI aHaJiorHqHhie 3a,naqll 

B errrrne TaK Ha3bIBaCMbIX no.urpynnoBbIX KOOp.UIIHaT paeeMoTpeHbI B pa-

6oTe [20]. 
7. C noMOlllhIO MeTo.ua HIIBeua rroeTpoeHhI Bee B03M02KHbie noJIIIHOMll

HaJihHbie 6a3HebI .nm1 JlByMepHbIX eynepHHTerpIIpyMhIX noTeHUllaJIOB, onpe

JlCJICIIIIbIX na .UByMepnott ccpepe H B JlByMepHOM eBKJIH.UOBOM npoeTpaHeTBe 

[21], a TaK)Ke Ha JJ.ByMepnoM .UBYIIOJIOeTHOM rIInep6oJIOH.Ue [22,23]. IloKa-

3aHo, '[TO COOTBCTCTBYIOIUHe IIIITCrpaJibI JlBII)KCHII.H Y.UOBJICTBOp.HIOT HeJIH

IIC}lIIblM KOMMyTaUHOHHI,IM COOTIIOUICHII.HM H OIIHebIBaIOTe.H e IIOMOIUbIO KBa

.npaTHtlIIbIX arrre6p. 

l3 JlaJibHCMllieM rrJiairnpyeTeH IIpOJlOJI)KIITh HCeJIC.UOBaHII.H no TeOpllII ey

nepIIIITerpIIpyeMbIX CIICTCM B npocrpaHCTTax nocTO.HHHOM KpllBII3HhI, a TaK-
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)Ke rrpIIMeHIITb pa3BIITYIO MeTO.UIIKY .umr perneHIIH 3a,n:aq c .UBYMH KYJIOHOB
CKIIMII ueHTpaMII Ha TpexMepHOH ccpepe II B q>II3IIKe TH)KeJibIX KBapKOB. 
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HCCilEilOBAHHEBilH~HH~ 
MOilH<l>HKATOPOB HA BhIXOil 

TOqKOBhIX MYTAI(HH B KilETKAX 
IlPO)K)KEH 

r.M.Ap3yMamrn, c.r.ApyTIOH.SIH, K.III.BocKamrn, 
E.A.K pacaB1u1, A.B .P3.SIH:UHa 

HccJie,n:oBaHIIe MexaHI1:3MOB I1 3aKOHOMepHOCTeM BhlXO,IJ;a reHHbIX I1 xpoMO

COMHblX MyTaUHM Ha KJieTKaX HI13IIIHX 3yKapHOT - ,n;pm1OKax, rrpe,n;cTaBmieT 

oco6bIM HHTepec, TaK KaK Ha 3TOM ofrbeKTe rrpH cpaBHHTeJibHO 6oJiee rrpo

CTOM MeTO,n;I:IKe HCCJie,n;oBaHHM MO)KHO Ha6mo,n;aTb Te )Ke 3aKOHOMepHOCTH, 

qTo 11 Ha KJieTKaX MJieKOIIHTaIOIU11X. 

PaHee B oT,n;eJie pa,n;1106110Jior11H OPPH OH5IH B 3KcrrepHMeHTax c KJieT

KaM11 Bacillus subtilis 6bma H3yqeHa 11H,n;yK11H his- -his+ MyTaHTOB B Bere

TaT11BHhIX KJieTKaX 11 crropax rrpH ,-06JiyqeH1111 11 ,n;eMCTBl111 TH)KeJibIX HOHOB 

( JII13=20-80 K3B / MKM) [1]. Ehmo rroKa3aHo [2,3], qTo ,n;o30Bhie 3aBl1CHMO

cTH 11H,Il;YKU1111 MyTaurrft B BereTaTl1BHbIX KJieTKax MoryT 6bITb OIIHCaHhl 

Jil1HeMHO-KBa,n;paT11qHblMl1 <pyHKUHHMl1 J{aK B cJiyqae I - o6JiyqeHmi, TaK 11 

rrp11 ,n;eHCTBl111 TH)KeJiblX 110HOB. Y CTaHOBJieHo, qTo B ,n;11arra3oHe ,Il;03 (rrpH-

6Jil1311TeJibHO ,Il;O 80 rp) BCe ,Il;030Bble Kp11Bhie HOCHT Jil1HeMHbIM xapaKTep. 

lIJIH 6oJiee BhICOKl1X ,n;o3 JI11HeHHh1e <pyHKUH11 rrpeo6pa3yIOTCH B KBa,n;paTHq

Hbie. 3aB11c11MOCTh OTHoc11TeJibH011: 6I10Jior11qecKo:ii 3<p<peKTl1BHOCTH ( 0 E3) 

113JiyqeH1111: OT 11x JUI3 ,n;JIH KBa,n;paT11qHoro KOMIIOHeHTa KpHBOM MyTare

He3a y BereTaTl1BHblX KJICTOK 11MeeT JIOKaJibHblM MaKCl1MyM. 

l10JiyqeH11e rro,n;o6HbIX pe3yJihTaTOB ,Il;JIH KJieTOK 3yKapHOT rrpe,n;cTaBJIHeT 

6oJibIIIOH Hay~hIH 11 rrpaKT11qecK11:ii 11HTepec. Ilo3TOMY Ha ,n;po)K)KeBbIX KJieT

Kax [4-5] TaK)Ke 6bIJil1 1iaqaTbl 11CCJie,n;oBaHl1H 3aKOHOMepHOCTeM HH,Il;YKUl1I1 

TOqKOBblX MyTau11:ii. BrrepBbie 6bIJia 11CIIOJib30BaHa HOBaH TeCT- CHCTeMa, 

rro3BomnomaH TecT11poBaTh 6 T11110B 3aMeH nap ocH0BaH11:ii y ,n;po)K)KeH Sac

charomyces cerevisiae. 3T11 IIITaMMbI CKOHCTpy11poBaHbI npo<p. X3MIICH 

113 Yn11Bepc11TeTa lllTaTa Jiy11311aHbI (CIIIA). TecT-Cl1CTeMa ocHoBaHa Ha 

TOM, 'ITO IIOJIO)KCHIIe 22 UI1CTCI1Ha B 6eJIKe I130-UlITOXpOM-C HBJIHeTCH KpH

T11qecKI1M. CKOHCTpyIIpOBaHbl 6 IIITaMMOB, lIMeIOIUHe B 3TOM IIOJIO)KeHHH 

3aMeHhl nap OCHOBaHIIH, '-ITO npIIBO,Il;lIT K 11HaKTI1BaU11I1 <pepMeHTa I1 Hecrro

co6nocTI1 pacTII Ha cpe,n;e c Hec6pa)KI1BaeMhIM 11cToqHI1KOM yrJiepo,n;a. Boc

cTanoBJieH11e <pyHKUlIOHaJibHOH aKTlIBHOCTlI B03MO)KH0 TOJibKO 3a cqeT HC

Tl1HHhIX peBepCIIH, BOCCTanaBmrna1om11x KO,Il;OH UI1CTel1Ha B IIOJIO)KeHHH 22. 
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TaKIIM o6pa30M, nonyt.J:eHa npocTa.H II Ha,Ue)KHa.H CIICTeMa, IlO3BOJI.HIOllla.H 

onpe,ueJI.HTb npoHCXO.U.HlllIIe B KJieTKe ll3MeHeHII.H HYKJieOTll,UHOH nocneno

BaTeJibHOCTll IlHK 6e3 .rrcnoJib3OBaHH.H CJIO2KHbIX MeTO.UHK ceKBeHrrpoBaHH.H 

IlHK. B HacTo.Hmee BpeM.H HaMH nonyt.J:eHbI KpHBbie BbI2KHBaHH.H H t.J:aCTOTbI 

MYTHpOBaHH.H .UJI.H .UBYX .UHITJIOll,UHbIX IIITaMMOB 3THX npo2K2Keii; .UJI.H IIITaM

MOB YMH-52 H YMH-55 nprr rrx o6nyt.J:eHHH 1 -Jiyt.J:aMH. B nepBoM IIITaMMe 

B pe3yJibTaTe o6nyt.J:eHH.H B .IlHK nporrcxo,urrT GC - AT TpaH3HUH.H, a BO 

BTopoM mTaMMe GC - CG TpaHcBepcH.H. Pe3y.TibTaTbI rrccne,uoBaHHH ITO

Ka3aJIH, t.J:'.I'q IIITaMM YMH 52 6onee pe3HCTeHTeH ITO t.J:YBCTBHTeJibHOCTH K 

I - o6nyt.J:eHHIO, O,UHaKO t.J:aCTOTa MYTHpOBaHH.H 3Toro IIITaMMa Ha MHOro 

BbIIIIe. B HacTo.Hmee BpeM.H Be.UyTc.H rrccne,uoBaHH.H ITO B03.UeHCTBHIO o: - 'la

c.THU Ha 3TH IIITaMMbl. IlnaHrrpyeTC.H ITpOBe,UeHHe 3KCITepHMeHTOB ITO BO3-

neHCTBllIO pa3JIII'lHbIX MO.UII<pIIKaTOpOB Ha Bbl)KllBaeMOCTb ll BblXO,U MyTaH

TOB ,up02K)Keli B .3aBIICIIMOCTll OT JIII3 IIOHII311py10mero 113JIYt.IeHII.H. 3TH 

pe3yJibTaTbl BHecyT .HCHOCTb rrpH BbUIBJiemm MeXaHH3MOB BO3HllKHOBeHII5I 

3THX MyTaUIIH. lhBeCTHo, 'ITO KaK rn6eJib KJieToK, TaK H BO3HHKHOBeHIIe 

B HIIX MyTaUIIH CB.H3aHo c rroBpe2K,ueHH.HMII .H.UepHoro IlHK , ITO3ToMy ITopa

JieJibHO Be.UyTC.H HCCJie,UOBaHH.H no B03,UeHCTBHIO 11OHll3HpyIOlllllX ll3Jiyt.IeHH5I 

c pa3JIII'lHOH JIII3 Ha t.IHCThIH IlHK H xpoMaTHH. CoITocTaBJieHrre 3THX pe-

3YJibTaTOB c pe3yJihTaTaMH no neTaJibHOMY 11 MyTareHHOMY B03,ueiicTBI1IO 

II3JIYt.IeHIIH Ha npo2K2KII IIO3BOJIHT HaM 11MeTb ITomiy10 KapTm1y ITocnencTB11ii 

o6Jiyt.IeHII5I KJieTOK. 
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11011:CK 3K30TlfqECKHX CTP AHHblX 
CTABHJlbHbIX If METACTABHJlbHbIX 

IlHBAPHOHHbIX PE30HAHCOB 

II.)K.AcnaH.srn, B.A.lllax6a3gH, A.A.Ky3Heuoa, 
A.r .Xy.uaaep.ugH, IO .A. TpogH, T .A.BoJIOXOBCKM, 

B.H.EMeJigHeHKo, A.C.MapThlHOB 

Mccne.n:oaamrn: HarrpaaneHbI .n:m1 peIIIemur o,n:HoH H3 ueHTpanhHhrx 3a,n:aq 

Teoprrrr CHJihHhIX B3aHMo.n:encTBHH. Ilprr 6onhIIIHX Me)KKBapKOBbIX paccTo-

5!HH5!X, B CHJIY KOHcpaHMeHTa KBapKOB, T.e. 60JibIIIOH KOHCTaHTbl CllJibHhIX 

B3aHMo.n:encTBHH, rrepTyp6aTHBHhie MeTO.Il:hI KXII HCKmoqaeTcx. Ilo3TOMY 

X(JI5! HH3K03HepreTrrqeCKOH cpH3llKll a.n:poHOB Heo6xo.n;HMO llCIIOJih30BaTh He

rrepTyp6a TllBHhie MOX(eJIH rr rro.n:xo.n;hI. K TaKOBhIM OTHOC5!TC5! rrpaBHJia cyMM 

KXII, Mo.n;eJIH CKHpMa, MeTo,n: 3cpcpeKTHBHhIX JlarpaH)KHaHoB, Mo.n:enrr MeIII

KoB, peJI5!TllBHCTCKlle ll HepeJI5!TllBHCTCKHe MOX(eJIH KBapKOB ll .n:p. Ilnx co-

3,n:aHH5! HerrepTyp6aTHBHOH KXII Heo6xo.n:rrMa IIIHpoKax 6a3a B arr.n:e 3Kcrre

prrMeHTaJibHO rrpoBepeHHbIX TeopeTifqecKHX rrpe.n:cKa3aHHH ll eme 60JihIIIeH 

CTerreHH HOBhIX, HelI3BeCTHhIX panee 3KcrreprrMeIITa.JihHhIX q>aKTOB. Pe3yJih

TaTbI naIIIHX llCCJie,n:oBaHHH MoryT OKa3aThC5! cymecTBeHHhIMll He .TOJihK0 

X(JI5!' C03X(aHH5! TeOpllll CllJihHhIX B3aHMOX(eHCTBllH na 6oJibIIIIIX pacCT05!HlI5!X, 

HO Ba)KHbl TaK)Ke ll X(Jl5! peIIIeHH5! cpyH.n:aMCHTaJII,HhlX rrpo6JieM acTpOcpll3llKII 

rr KOCMOJIOI:HH. B 1rncTH0CTH, ao-rrepBhix, cornacHo O.EeHBeHyTo, rrpe.n:cKa-

3aHnax <t>.C.MrrIIIeJieM KBapKoBa5! a-1rncTrrua - CB5!3aHHoe cocTo5!HHe Tpex -

H-.n:rrrirnepoHoB, 5!BJI5!eTC5! rr.n:eaJihHOH cTpyKT,YpnoJ':i e.n;HHHileH .IlJI5! rrocTpoe

HH5! M0X(eJIH CKphIToro BemecTBa BO Bcenerrnon, H B0-BT0pbIX, rrpHBJieqe1me 

3TOH KOHUeIIUllll II03BOJI5!eT 06b5!CHHTh KaK cpeHOMeHOJiormo B3pbIBa CBepx

HOBblX 3Be3,n: THIIa II, TaK ll cpeHOMCHOJiormo JI,YJibCapoB. 

IlprrMeqaTeJibHO, '-ITO HerrepTyp6aTJIBHhIC M0JlCJIH rrpcJ{CKa36IBa.IOT cy

mecTBOBanrre 3K30THqecKHX MYJihTHKBapKOBhIX a.n:poHOB C0CT05!Il{IIX II3 G, 
9-H KBapKoB. Harr6onee 3K30TH'IHhIMH 113 n11x 5!BJI~IoTc5! JlH6apaonhI co 

CTpaHH0CTblO S= -2, -3 CTa6HJihHhIC K CHJlhHbIM pacrra,ua.M. 

H-,n:HrHrrepOH IIIeCTHKBapKOBOe C0CT05!HI1f' C BaKyyMHhlMH KBaHTOBblMI1 

'-IHCJiaMH IJ=00, o6orameunoe cTpannocThIO -2. <l>aKTH'-!ecKH 3T0 cacTeMa 

ll3 Tpex CKaJI5!pHhIX X(llKBapK0B, B Ka)KJlOM I13 K0T0pb!X 3a C'ICT HHCTaHT0H

noro B3aHMo.n:encTBH5! B03HHKaeT cHJihnoc rrpIIT5!)KCime (npaBirno Xyn.na). 

HerrepTyp6aTHBHoe B3aHMo.n:encTBIIe MC)KJlY KBapKaMH qepe3 HHCTaHT0HbI 

.n:aeT CllJibHOe IIp11T5!)Keime B CllMMCTf)H'-IHOM no UBCT-cmmy npencra,mc

HlllO 11 IIOJIH0CThlO 0TCYTCTByeT JJ:,JI51 anTHCHMCTpWIIII,IX COCT05!HHH. Ilcp-
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Bble 3KC11epH:MeHTbI 110 IIOllCKY H-.ru1rn11ep0Ha, BbIIIOJIHeHHhle BCKOpe IIOCJie 

llllOHCpCKllX pa6oT R.I.Jaffe (1977), He penrnJill BOllpoca O cyIIIeCTBOBaHllll 

H-.unrn11ep0Ha, 6bma 11orry11eHa JillIIIh Bepxmrn rpaHnua ero po2K.neHH:H. 

IlepBbie y6e.nnTeJibHbie 3KC11epH:MeHTaJIHbie pe3yJibTaTbI 6bIJill 11orry11eHbl 

B Ily6He B rpy1111e 110.u pyKOBO.UCTBOM HhIHe 110Ko:fi:Horo B.A.lllax6a3HHa. Pe

rIIcTpaunH .ua)Ke CaMbIX 11pOCThIX H:3 CTa6H:JibHbIX MYJibTllKBapKOBhIX COCT0-

5!Hllli (S=-2) HBJIHeTcH BeCbMa cJI02KHOH 3Kc11epnMeHTaJihHoft 11po6rreMoft. 

IlrrH ee ocyIIIeCTBJieHH:H Heo6xo.nnMo co3,naTh TeXHHKY perncTpaunn n Me

TO.UHKY n.neHTllCpH:KaUH:II a.neKBaTHYIO q>ll3ll"leCKOH 11po6rreMe, "ITO 5IBJI5leTC5! 

Ba)KHeftIIIeft II3 3a,ua11 .UJIH IIOCTaHOBKll yc11e1IIHOro 3KC11epnMeHTa. ll3Mepe

HIIe ll aHaJIH:3 3KC11epIIMeHTaJibHOro MaTepllaJia Ha 2M-11po11aHOBOH IIY3blpb

KOBOH KaMepe JIB3 Oll.5Ill y6e)K.uaeT, "ITO IICIIOJih3yeMaH TeXHH:Ka BIIOJIHe 

110.uxo.nnT K n3y11aeMoft q>II3H11ecKoft 11po6rreMe. TIIIaTeJihHhIH aHaJIH:3 .uocTo

IIHCTB ll He.UOCTOTKOB cyIIIeCTBYIOlllllX MeTO.UllK a 11pH:BeJI K BbIBO.UY O TOM, 

"ITO Ha HhIHeIIIHeft pa3Be,UbIBaTeJihHOH CTa.UH:ll IIOllCKa HaII60Jiee a.neKBaTHa 

3Toft 3a,ua11e MeTO.UIIKa 11po11aH0Boft 11y3hipbKOBoft KaMepb1.ll 3TOT BhIBO.U 

orrpaB.UhrnaeT01. Ha q>oTorpaq>II.SIX 2M 11porraH0Boft 11y3hiphKOBOH KaMephI 

JIB3 OI15Ill, 06Jiy11eHHoft 11poT011aMn c IIMIIYJihCOM 10 f3B / c, BllepBbie na-

6mo.neHhI BOCeMb CTa6H:JibHhIX .un6apH:OHOB co CTpaHHOCTbIO S=-2. 

IleTeKTIIpoBaHIIe KaK JierKIIX, TaK II T5!2KeJibIX CTa6IIJibHhIX .un6apH:OHOB 

B03MO)KH0 110 IIX crra6bIM pac11a.naM II,KaK BrrepBbie 11pe.UJIO)KeHO, 110 Ka

naJiaM CIIJlbHhIX B3aIIMO.UeHCTBIIH-BHyTpII5!.UepHOH KOHBepcIIII CTa6H:JibHbIX 

.un6apHOHOB B rII11epOIIbl. 

06napy)KeHO OCHOBHOe COCT05IHH:e H 0 Jienwro CTa6H:JihHOro, .UBa2K.UhI 

cTpaimoro .nn6apIIOHa c Maccoft MHo = (2146.3±1.0)M3B/c2 II B036y2K.UeH

noe cocromme Hg c Maccoft MHo = (2203.0 ± 5.9)M3B/c2
• IleTeKTIIpOBaH 

2 

::>JICKTpoMarnIITHbIH 11epexo.u Hg ➔ H0 + 1 . TH)KeJihIH cTa6IIJihHbIH .UII6a-

pHou c S=-2 o6napy)KeH B .UByx 3ap5!.UOBhIX cocTOHHIIHX, neftTpaJibHOM H c 

Maccofl MH = (2396.9 ± l 7.0)!vhB / c2 II B IIOJIO)KIITeJibHO 3apH2KeHHOM H+ 
c Maccofl MH+ = (2392.6 ± 23.6)M3B/c2

• Cpe.UH5!5! 11po.UOJI)KIITeJibHOCTh 

)KH3Hll CTa6ttJiblll,IX .UH6apIIOHOB ITO OTHOIIIemno K CJia6bIM pac11a.naM oue

HIIBaeTC5! B :l.3 X 10- 10 ceK. Ce11e1me po)K.uemrn HX B p12 C B3aIIMO.UeHCTBII5IX 

nptt 10 f::>13 / c cocTaBJrneT Menee GO u6. 

B .naJibHCHIIIeM npe.nrroJiaraeTcH: 

1. l1 pO.I(OJI)KHTb o6pa60TKY IIMeIOIUIIXC5! q>OTorpa(pIIft ,UJI5! II.IIeHTIIq>IIKaUIIII 

CTpaHHbIX V tracn1u ll napaIIIHBaTb CTaTIICTHKY C06bITII11 C 12000 .no 25000. 

2. l1ponoJI)KIITb IlOHCK CTpaHHbIX 5 = -2 CTa6HJihHblX .UIIrII11epOHOB H,"ITO 

1103BOJIHT YBCJill'IlITh HX 'IlICJIO .no :3-5 nec5ITKOB,.UeTeKTIIpOBaHHblX 110 BCeM 

31 



MO,ZlaM CJia6bIX pacrra.n:oB H BHyTpmr.n:epHOH KOHBepCHH. 3To II03BOJIHT HC
CJie,ZloBaTb MexaHI:I3M I:IX o6pa30BaHI:I5I,I:I3MepI:ITb BpeM.H )KI:13HI:I H no OTHa
IIIeHI:IIO K cJia6bIM pacrra.n:aM.Orrpe.n:eJII:ITh ce11eH1:1e po2K.n:eHI:1.H H B CTOJIKH0-
BeHI:I.HX pC rrp1:1 I:IMIIYJihCe rry11Ka 10 f3B / c. 
3. Ilpo.UOJI)KI:ITb IIOHCK CTpaHHhlX MeTaCTa6I:IJibHbIX .n:1:16apI:IOHHhlX pe30HaHc
COB rrpI:I 60JibIIII:IX Maccax I:I 60JibllIOH cTaTHCTHKe. 
4. Pa3pa6oTaTh H0Bhie MeTO.ZlhI rro1:1cKa H 1:1.n:eHTHqmKau1:11:1 co6b1T1:1ii, 'IT06hl 
yBeJII:I'IeHI:ITb OTHOIIIeHI:15! 3cpcpeKT / q>OH H 3<peKTHBHOCTb pa60TbI rrporpaMM
Horo 06ecrre11eHI:I.H. 

IT11TepaTypa 

1. B.A.Shahbazian et al., JINR Rapid Commun_ications, 1[69]-95,61. 

2. B.A.Shahbazian et al., Proc. Int. Conference HADRON'95. 

3. B.A.Shahbazian et al., Z. Phys. C39, (1988), 151. 

4. B.A.Shahbazian et al., Phys. Lett. B235, (1990), 208. 

5. B.A.Shahbazian et al., Phys. Lett. B316, (1993), 593. 

6. B.A.Shahbazian et al., Nuovo Cimento, 107 A.Nll, (1994), 2459. 

7. P.Z.Aslanyan, B.A. Shahbazian et al., Proc. Int. Workshop WIN'97. 

8. P.Z.Aslanyan, B.A. Shahbazian et al., Proc. Int. Conference Advances 
in Nuclear Physics and Related Areas, Thessaloniki Greece, 1997. 

9. II.)K.AcJiamrn. 51¢ , (B rre11aT11), 1997. 

10. II.)K.AcJiaH.HH. rrperrpHHT 0115111, Pl-96-150, 1996, Ily6Ha. 

11. II.)K.ACJiaH.HH 11 .n:p., rrperrpHHT 0115111, Ill-96-418, 1996, Ily6na. 

ACITAH5IH IlETPOC )KOP AEBH'4, po.uwnc.SI B l 9.56r., OKOH'IHJI 
cp1:131111ecK1:1ii cpaKyJihTeT EfY B 1979r., Kan.n:w.na:r <}rn3. MaT. 11ayK (1989r., 
JIB3 0115111, .n:1:1ccepTaUI:I.H "l1ccnenosa1rne .n.m}>cpepenu11arn,uoro ce,reIIH.SI 
peaKUI:IH 7T' - p 1--t 77~0 (1232), 77 1--t ,,"), .no 1992r. c.n.c. Ka<pe.nphl <pH3HKH 
BhICOKI:IX 3Hepr1:1ii H 3JieMeHTaprnbIX qacTHU EI'Y, c 1992r. c.n.c. JIB~:) 
0115111, B HaCT0.SIIUee BpeM.H pyKoBo.IJ.HTeJih rpynm,1. 
TeJiecpoH: 62018; E-mail: aslanyan@sunhe.jinr.dubna.su 
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HEP AillfAJibHbIE I'P ABHTAL(lfOHHblE 
If MAI'HHTOI'lf.IIPO.IIHHAMHT.JECKHE 
KOJIEBAHH5I HEltlTPOHHOJtl 3BE3Ilbl 

C.H.BacTpyKoB, B.B.IIarroHH 

Teopeni:qecKHH aHaJIH3 o6nrnpHoii: 3KcnepHMeHTaJihHOH HHcpopMaUHH, 

HaKOIIJieHHOH B 5I.UepHOH <pH3HKe 3a rrpoIIIe,UIIIHe ,UBa .uec5ITHJieTH5I II03BO

JI5IeT 3aKJIIOqHTh, qTO aTOMHOe 5I,Upo, MO,UeJIHpyeMoe KaK 5I,UepHa5I CIIJIOIIIHa5I 

cpe.ua, rrpo5IBJI5IeT cBoii:cTBa, npHcymHe Kpaii:He 2KeCTKOMY yrrpyroMy Ma

TepHaJihHOMY KOHTHYYMY, ynpaBJI5IeMoMy ypaBHeHH5IMH 3JiacTO.UHHaMHKH. 

IIocKOJihKY Heii:TpoHHa5I 3Be3.ua 5IBJI5IeTC5I o6'beKTOM c KpyrrHoMaCIIITa6HhIM 

pacnpe.ueneHHeM 5I.UepHoii: MaTepHH, B pa6oTe [1] 6hmo rrpe.uno2KeHo rrpo

BeCTH HCCJie,UoBaHHe ceii:CMOJIOrHH HeHTpOHHOH 3Be3,Uhl ( OCHOBHa5I 3a,naqa 

KOTopoii: COCTOHT B BblqHcJieHHH HOpMaJibHhIX MO.U co6cTBeHHhIX rpaBHTa

UHOIIIlhIX KOJie6aHHH) Ha ocHoBe ypaBHeHHH 5I.UepHoii: 3JiacTO.UHHaMHKH. B 
KaqecTBe nepBoro IIIara B 3TOM uarrpaBJieHHH 6bIJIH BhlqHcJieHbl qacTOThl 

ccpepOH,UaJihHhIX rpaBHTaUHOHHo-yrrpyrHX Hepa.uHaJibHhIX KOJie6aHHH HeH

TpOHHOH 3Be3,Uhl B MO,UeJIH caMorpaBHTHpy10111eii: MaCChl OllHOpO.UHOro Heii:

Tpouuoro BemecTBa H uaii:.ueHo, 'ITO C 3THMH KOJie6aHH5IMH MO)KHO CB5I3aTb 

BapHaUHH HHTeHCHBHOCTH MHKpOHMITJJihCOB pa,UHOH3JiyqeHH5I, Ha6n10.uae

Mble B MHJIJIHCeKyII.UHOM ,UHarra3oHe crreKTpa ITJJibcapa. B paQOTe [2] H3yq

JiaCh HC0llHOpo.una5I MO.UCJih co6cTBeHHhIX rpaBHTaUHOHHblX KOJie6aHHH He:ii:

TpOHHOH 3Be3.UhI H I10Ka3auo, 'ITO HCO.UHOpO.UHOCTb pacrrpe.ueJieHH5I MaCChl B 

pa.uHaJibHOM narrpaBJICHHH rrpHB0.UHT K .UHITOJibHOM Hepa.uttaJibHOH MO.Ue B 

OTJU1'IHC OT o.unopo.unoii: MO.UCJU1. HHJKaHIIIa5I rpaBHTaUHOHHa5I MO.Ua KOTO

poii: HMeeT KBa.upyrroJihHbIH rrop5I.UOK. 

B pa6oTax [3,4] pa3BHTa TeopH5I co6cTBeHHhIX MarHHTOrH.UPO.UHHaMH

qecKHX KOJie6a1-rnii: neI1TpOHHOH 3BC3.Uhl. 3Ta TeopH5I 5IBJI5IeTrn KOHCTpyK

Tl1B1IhIM pa3B11Tl1CM rttrroTe3bI Xofma-HapJIHKapa-YHJIJiepa o TOM, qTo .UJI5I 

IICBpaina10mettC5I HettTpOHHOM 3Be3.Uhl r11.upoMarHHTHble OCUHJIJI5IUHH MoryT 

OKa3aThC5I CJ{HHCTHCIIHhIM HCTO'IIIHKOM ee 3JI(:!KTpoMarHHTHOII aKTHBHOCTH, 

JIOCTYIIHOH .usrn na6mo.uerrntt. O1icmrn lJaCTOT nepa,uHaJihHhIX ITOJIOH.UaJib

HhIX l1 T0pOH.UaJibHhIX rH.upoMarHHTHbIX KOJie6aHHII, B03HiiKaIOIIlHC B rrepH

<j>cpHihmtt KopKc ( o6nacTH JIOKamnallHH Ae-cpa31,1) 3Be3.UhI BITOJIHe cor nacy

IOTC5I C 0CHOBHhIMH lfaCTOTaMH pa.UH0H3Jiyqemrn TIYJibcapoB. TaKHM o6pa-

30M, nanrn pC3YJibTi-1Thl TIO.UTBepJK.UaIOT ynoM5IIIYTYIO rHTIOTe3y O TOM, qTo 

HCT01 IHHKOM pa.UHOH3JIJ'ICHI15I nettTpOHHOH 3BC3.Uhl MOJKCT 6hITb He TOJlhKO 
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ee TBep,n:oTeJibHOe BpamemrnM, HO TaK:lKe H aJibBeHOBCKHe MarHHTOIIJia3MeH

Hbie KOJie6aHmI, B036y:lK,n:aeMbie rrpH BCIIbII.IIKe CBepXHOBOli. OKoHqaTeJib

HbIM IIO.D:TBep:lK,n:emreM pa3BHTOli TeopHH 5IBHJIOCb 6hr Ha6mo,n:eHHe CBepx-

6bICTpbIX rrynhcapoB H3JiyqaromHx c qacToTaMH rrpeBbII.IIaIOIUHMH KpHTH

qecKyro qacToTy BpameHHSI. 

JlHTepaTypa 

1. S. Bastrukov, I. Molodtsova, V. Papoyan and F. Weber. Nonradial 
Vibration of Neutron Stars. J.Phys. G22, (1996), L33. 

2. n.B. IIo.n:raHHbili, C.H. EacTpyKoB, H.B. Mono.n:uoBa, B.B. IlaII05IH. 

Hepa,zwaJibHbie KOJie6aHHH HeihpoHHOH 3Be3,abI B Heo.aHopo.aHoii rH

.apo.aHHaMwrecKoH Mo,aeJIH. AcTpoq>H3HKa 39, (1996), 475. 

3. C.H. EacTpyKoB, B.B. IIarroSIH, Il.B. Ilo.n:rairHbIH. AJibBeH0Bc1rne Ko

Jie6aHHH 3JieKTp0HH0 - H.aepHoH IIJia3MbI · B rrepmpep11iiHoii 1wpe Heii

TpOHHOH 3Be3,abI. IlHcbMa B )K3T<I>, 64, (1996), 593. 

4. C.H. EacTpyKoB, H.B. Mono.n:uoBa, B.B. IlarroSIH, Il.B. Ilo.urairHhIH. 

0 co6cTBeHHbIX MI' II KoJie6aHHHX HeHTpomwH 3Be3,abI AcTpo<pH3MKa 

40, (1997), 77. 

IIAII051H BJIA.UHMHP BJIA.UHMHPOBHLI, po,n:HJic.H B 1937 
ro.n:y, OKOHqHJI q>H3HqecKHli cpaKJJibTeT ErY B 1960 ro.n:y, acrmpaHTypa ErY 

c 1964 no 1966 ro.uhI, KaH.n:H.uaT cpH3. MaT. nayK ( 1969 ro.u, EfY, .n:Hccep

TaUHSI "HeKOTOpbie BOIIpOCbl TeOpHH CBepXIIJIOTHbIX BpamaIOlllHXC5I KOHq>M

rypaIIHli"), .D:OKTOp q>M3. MaT. HayK (1990 roJl, ErY, JlMCcepTaUM5I "Ilpo-

6JieMbl TeOpHH CTaTHqecKHX H CTaUMOHapHblX rpaBMTallM0IIIIbIX nonef1"), 

rrpocpeccop Ka<peJlpbI TeopeTHqernoir q>H3MKM Ef'Y, c 199:3 r<)JJ,a no u/s no 

KpaTKocpoqHbIM KOHTpaKTaM (4-5 MeC5IllCB s rony) B.H.C. JIT<J) OH5II1. 
lfoeH yqeHoro coBeTa OH5IH. 
E-mail: vpap@thsunl.jinr.ru 
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HCCJ1E.1IOBAHHE 11 P A3P ABOTKA 
HCKYCCTBEHHbIX HEHPOHHbIX CETEH 

.1IJ151 3AlIA q <1>113HKH BbICOKHX 3HEPrHH 

IO.A.By,naron, B.H.ill:uraen, A.P .AcTBa:QaTypon, A.3.Jla3:uen, 
H.A.Cycnon, C.B.Kn:uMeHKo, E.A.Cno6o,nroK, B.11.CaMOHJieHKo, 

B.<l>.Ypa3MeToB, C.B.Hemo6on 

licKyccTBeHHhie HeHpOHHhle ceTll npe,ncTaBJUIIOT co60:0: OTHOCllTeJibHO 

HOBYIO, 6ypHO pa3BllBa10my10cx TeXHOJIOrllIO Bhl"'IllCJieHMH, OCHOBaHHYIO Ha 

co3,naHnll MaTeMaTn"'IeCKllX CTPYKTYP, cnoco6HhIX K o6y"'IeHMIO. O6nacTn 

npnMeHeHnx ncKyccTBeHHhIX He:0:poHHhlX CeTeH (HC) nrnpoKII II pa3HO

o6pa3HhI. OT c<pep 6n3Heca (nccne,noBaHne n rrporH03I1poBaHI1e phIHKa) ,no 

y-qacTllH B perneHllll rrpo6JieM <pyH,naMeHTaJihHhIX llCCJie,noBaHllH. lilcnOJih-

30BaHne HeHpOHHhIX ceTeH B 3a,na-qax HayKn ll TeXHIIKII CJJillT 60.Jiblliile 

B03MO)KHOCTll TaM, r.n:e Tpe6yeTCH o6pa60TKa, llHTepnpeTa:UllH II npIIHHTile 

perneHllH Ha OCHOBe orpOMHhIX IlOTOKOB BXO,UHOH llH<popMa:o;mI. 

Y cnoBnsr rrpOBe.n:eHnsr 6y.n:ymnx 3KcnepnMeHTOB Ha cTposrmeMcx B CERN 

KpyrrHe:0:rneM rrpTOHHOM KOJIJia:0:.n:epe LHC 6poca10T TeXHil"'IeCKIIH II Tex

nonorn-qecKMH Bhl30B pa3pa60T"'IllKaM CllCTeM ynpaBJieHIIH 3KcnepnMeHTOM, 

CllCTeM orrepaTllBH0ro pacno3HaBaHllH co6hITllli B peaJihHOM MaCillTa6e Bpe

MeHll ( llHTeJIJieKTyaJihHhIX TpnrrepoB) ll CllCTeM HaKOilJieHIIH ,naHHhlX. 

CJIO)KHOCTh 3a.n:a-q ll )KeCTKOCTh ycJIOBllH B KOTOpbIX OHM .UOJI)KHhI 6bITh 

perneHbI, onpe.n:eJISieTCSI CJie.n:yIOIUllMll MOMeHTaMH, xapaKTepHbIMII ,UJIH <pil-

3H"'IeCKHX HCCJie.UOBaHHH Ha KOJIJia:0:.n:epax: 

• BblCOKaSI "9:aCTOTa sr.n:epHhlX B3aHMO.UeHCTBHH (:::::: 108 co6bITIIH B ce

KYH.Uy); 

• 6oJiblllOe qucJI0 KaHaJIOB perHCTpa:o;HH HH<pOpMa:UHH (:::::: 108 KaHaJIOB); 

• nrnpoKHH .UHHaMM"'IeCKHH .n:uarra30H 3Haqenn:0: perucTpupyeMhIX cI1r

uaJIOB (:::::: 104); 

• ruraHTCKlle IIOTOKH llH<pOpMa:Ullll B CHCTeMax perncTpa:o;nII co6bITllH 

H :nx orrepaTHBHoro anaJIH3a; 

• MHOroKpa THOe ( ua MHOro rropH.UKOB) IIpP.BbIIlleHne qncJia <pOHOBhIX co-

6bITllli no OTIIOillemno K CIIrHaJibHbIM co6bITllHM, npe.n:cTaBJIHIOIUIIX 

co6oii o6beKT uccne.n:oaau:nii; 
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• rrpHCYTCTBHe KoppeJmpoBaHHoro IIIyMa B 3aperHcTpHpoBaHHhIX co6hr

TH5IX, B oco6eHHOCTH rrpH BhICOKOM CBeTHMOCTH ( HHTeHCHBHOCTH rry'I-

, KOB ycKopeHHhIX rrpoTOHOB)' Kor ,n:a arrrrapa Typa ,n:eTeKTOpOB peaJihHO 

perHCTpHpyeT He OT,n:eJihHOe co6hlTHe, a cyrreprro3HIIHIO .n:o HeCKOJih

KH.X .n:ecHTKOB co6hITHM, cpe,n:H KOTOphIX MO)KeT HaXO,[(HThC51 H CHr

HaJibHOe co6hITHe ( 3cpcpeKT pile-up). 

Pa3pa60TKa TeXHH'IeCKHX rrpoeKTOB KPYIIHhIX 3KcrrepHMeHTaJihHhIX yc

TaHOBOK, rrpe,n:Ha3HatJ:eHHhIX ,[(JI51 pa6oThI Ha KOJIJia:H,n:epax, OIIHpaeTC51 Ha 

arrpo6HpOBaHHbie TeXHOJIOI'HH, MeTO,[(hl H cpe,[(CTBa aHaJIH3a .uaHHhIX KaK 

Ha HCXO,[(HYIO 6a3y. BMeCTe C TeM, Be,[(yTC51 IIIHpOKHe IIOHCKOBhie HCCJie,[(o

BaHH51 B o6JiaCTH HOBhIX TeXHOJIOI'HM H MeTO,[(OB, a,n:eKBaTHhIX B03pocIIIeM 

CJIO)KHOCTH 3a,[(a'I 3KCnepHMenTaJihHOM <pH3HKII. 8 irncTHOCTH, npHMeHeHHe 

HCKYCCTBeHHhIX He:HpOHHhIX ceTeM B o6JiaCTH 3KCnepHMeHTaJihHOM <pH3HKH 

CTaHOBHTC51 rrpe,n:MeTOM B03pacTaIOrrrero 'IHCJia HCCJie,[(oBaHHM H coo6rrreHHM 

Ha KpyrrHhIX Me)K,n:yHapo,n:HhIX KOHcpepeHIIHHX ( CHEP, AIHENP H ,n:p. ). 

C ytJ:eToM BhICOKHX TeMIIOB pa3BHTHH coBpeMeimoM 3JieMeHTHOM 6a3hI 

,[(JIH peaJIH3aIIHH HcKyccTBeHHhIX HC, nanpaBJieirne HCCJie,n:oBaHHM, pa3BH

BaeMhIX B paMKax HaIIIHX pa6oT, npe,n:cTaBJI5IeTC5I BeChMa aKTyaJihHhIM rr 

CBOeBpeMeHHbIM. 

' I1MeeTC51 B BH,[(Y' 'ITO naMH 6y,n:eT peIIIeH p5I.U Ba)KHhIX 3a,[(a'I 3KCIIepH

MeHTaJihHOM <pH3HKH B paMKaX IIporpaMM C03,[(aHH5I H pa3BHTH5I KpyIIHhIX 

<pH3H'IeCKHX ycTaHoBOK ATLAS H CDF .UJrn npoBeJleHHH rrccJie,[(0Bairn11 na 

cTpoHrrreMrn 6oJihIIIOM Konna:H,n:epe LH C (CERN, lllBeMrraprr5I) H KOJIJia11-

.uepe HarrHoHaJihHOM ycKoprrTeJILno11 na6opaToprr11 <PepMH ( FN AL, oaTa

BHH' CIIIA). 

PeIIIaeMhre 3a,n:a,rn MO)KHO no.upa3,n:eJIHTL na TPH rpym1L1: 

• A. O6rrrHe 3a,uatJ:H B o6nacTH KanoprrMeTfH1H na ycTaII0BKe ATLAS; 

• E. Crrerrrr<pHtJ:ecKHe 3a,n:atJ:11 nporpaMM 11ccs1c;~oBaHH11 B o6JJaCTH B
<pH311KH na ycTaHOBKax ATLAS H CDF; 

• 3a,n:atJ:H, CB5I3aHHhie c nporpaMMOM .nccJ1e;toBam111 na ycTa!I0BKe AT
LAS, irnrrenennLre na o6napy)Ken.ne XmTc-60:wna. 

B ,n:ocTH)KeHHH 3cpcpeKTHBHLIX peweHHM 6om,urnJicTBa :rn;ta'I wi nepc•rn

cnennhrx, orrpe,n:enmorrry10 ponL 6yJlyT 11rpaTL uoB1,1e II0JlX0JlLI 11 anropHTMhI 

,[(JI51 anaJIH3a KanopHMeTpH'IeCKHX JtaHIII,IX. 
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KaJiopHMeTp ( :meKTpoMarHHTHbIM + a,upoHHbIM) ycTaHoBKH ATLAS 3TO 

- YHHKaJibHbIM ,UeTeKTOp BeCOM 4000 TOHH, COCT05IIUHM H3 HeCKOJibKHX pa3-

HOTHIIHbIX MO.UyJieii C peryJI5IpHOM BHyTpeHHeii CTPYKTypoii H TpexMepHOM 

cerMeHTauHeii pa6oqero o6'beMa, II03BOJI5IIOIUHM IIOJiy'laTb HHq>OpMaUHIO 06 

:rneproBbI,ueJieHHH B Ka)K,uoii pa6o'leii 5I'leiiKe B rrpocTpaHCTBe .ueTeKTopa 

( o6m:ee 'IHCJIO KaHaJIOB C'IHTbIBaHH5I - > 2 . 105 ) Bc10 COBOKYIIHOCTb 3Ha

qeHHM 3HeprOBbI,UeJieHH5I B 51qeiiKaX KaJIOpHMeTpa rrpH perHCTpaUHH co6bI

TH5I MO)KHO paccMaTpHBaTb KaK MHoroMepHbIM BeKTOp H3MepeHHM - o6pa3 

co6bITH5I-, Ha3bIB'aeMbIM TaK)Ke OTKJIHKOM KaJiopHTMeTpa. 

B rpyrrrre A ueHTpaJibHoii 5IBJI5IeTc5I 3a,uaqa pa3pa6oTKH HOBbIX BbI'IH

cJIHTeJibHbIX aJirOpHTMOB H rrpoue.uyp IIOBbIIIIeHHOM TO'IHOCTH ,UJI5I BOCCTa

HOBJieHH5I 3HeprHH q>H3H'leCKoro rrpouecca ITO ero OTKJIHKY B KaJIOpHMeTpe. 

To'IHOCTb BOCCTaHOBJieHH5I - :rnepreTH'leCKOe pa3peIIIeHHe KaJIOpHMeTpa 

- 3TO <pyH.UaMeHTaJibHa5I xapaKTepHCTHKa KanopHMeTpa H ee ynyqIIIeHHe 

HMeeT rrepBOCTeIIeHHOe 3Hat:IeHHe ,UJI5I q>H3H'leCKHX 3KCIIepHMeHTOB Ha ycTa

HOBKe ATLAS. 3a,uaqa HaXO)K,UeHH5I orrTHMaJibHoii, corJiacHo BbI6paHHhlM 

KpHTepH5IM, rrpoue.uypb! BOCCTaHOBJieHH5I 3HeprHH OTHOCHTC5I K KJiaccy, TaK 

Ha3bIBaeMbIX, 3a,uaq Kan0:6poBKH KaJIOpHMeTpOB. XoT5I BbI6HpaeMhle KpHTe

pHH OIITHMaJibHOCTH .UOCTaTO'lHO o6m:He - MHHHMaJibHOCTb CTaTHCTH'leCKOM 

rrorpeIIIHOCTH H HecMem:eHHOCTb oueHKH B rpaHHUax pa6oqero .UHaIIa3oHa 

3HeprHii -, IIO,UXO,Ubl K pa3pa60TKe anropHTMOB H rrporpaMMHhlX peaJIH3a

UHH .UOJI)KHbI B IIOJIHoii Mepe yqHTbIBaTb oco6eHHOCTH .uaHHOM yHHKaJibHOM 

ycTaHOBKH, TaKHe Kale 

• necKOMIIeHCHpoBaHHOCTb KanopHMeTpa ( rrpH paBHbIX 3HeprH5IX 3Jie

MenTapHLIX 'laCTHU OTKJIHK 3aBHCHT OT rrpHpO.Ubl 'laCTHU); 

• npocTpaHCTBCIUia5I HeH30TpOIIHOCTb XopaKTepHCTHK KanopHMeTpa; 

• IICilOJIHa5I repMeTHqHQCTb KanopHMeTpa; 

• ncn0:11eii11ocn, OTKJIHKa KanopHMeTpa B rpaHHUax pa6oqero .u0:arra-

10Ha 3Hepnrii. 

<f>aKTIFICCKH rpyrma A BKJIIOtJaeT B ce65I cepHIO 3a,uaq Tima Kam16pOBKH, 

neo6xomIMOCTb pemeHH5I KOTOpblX B03HHKaeT B rrpouecce BblIIOJIHeHH5I KOJI

na6opaUHH ATLAS no C03.UaHHIO Mo.uyne:i1: KaJiopHMeTpa H HX HCIIbITaHHii 

na pcaJibHbIX rrrIKaX pa3JIH'IHbIX 3Hepru:ii Ha .ueiiCTBYIOIUCM ycKopHTeJie 

UEPil-a. 
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, B rpynny B BKJIIOtieHa 3a.uaqa ·IIccne.uoBamuc B03M02KHOCTII cyIUeCTBeH

Horo Il0BbIIIIeHII5I TeMna 'Ha6opa cTaTIICTIIKII co6bITIIH, CB5I3aHHhIX C II3ytie

HIIeM p5I.Ua MO.U pacna.ua: B-Me3oHa. IlnaHIIpyeTc5I IICKaTh peIIIeHIIe 3TOH 3a

.uatIII Ha nyT5IX Il0BhirireHII5I 3<pcpeKTIIBHOCTII II,UeHTII<pIIKaIIIIII ( MetieHII5I) B

co6bITHH, co.uep2KaIIIIIX MIOOH C MaJibIM nonepetIHbIM IIMITYJibCOM, npII 3TOM 

,UJI5I ycTaHOBOK ATLAS II CDF IIccne.uyeMhre no.uxo.uhr 6y.uyT pa3HhIMII. 

lln5I ycTaHOBKII ATLAS Heo6xo.uIIMO pa3pa6oTaTh Hen:poceTeBhre KJiac

cII<pIIKaTopbI C xopoIIIIIMII 6nepaTIIBHhIMII xapaKTepIICTIIKaMII paCIT03HaBa

HII5I CTpyn: 3JieMeHTapHbIX tiaCTIIII, c6.uep2KaIIIIIX MIOOH c MaJibIM nonepeq

HbIM IIMITYJibCOM, no OTKJIIIKY a.upoirnoro KaJIOpIIMeTpa (rrpII MaJibIX 3Hatie

HII51:X IIMITYJibCa MIOOH C 3aMeTHOH Bep05ITHOCThIO rrorJIOIUaeTCSI MaTepIIaJIOM 

KaJiopIIMeTpa II ,UeTeKTOpoM, pacIIOJIO)KeHHbIM 3a, BHeIIIHIIM KOHTypoM Ka-

JIOpIIMeTpa ATLAS). · 
lln5I ycTaHOBKII CDF Heo6xo.UIIMO pa3pa6o'iaTh 6b1cTphIH TpIIrrep Ha 

6a3e Hen:poceTeBbIX KJicLCCII<pIIKaTopoB, aHaJIII3IIPYIOIIIIIX ,UaHHbie C TpeKo

Boro ,UeTeKTOpa, ,UJI5I 06Hapy2KeHII5I B COCTaBe co6bITIIH TaKIIX TpeKOB, rrapa

MeTpbl KOTOphrx cooTBeTCTBYIOT IIMrrynhcy MIOOHa B rpaHIIIIaX 1 - 5 f3B / c. 

<l>aKTOpbl, CJIO)KHOCTII 3a,UatIII: 

• MaJioe BpeMH Ha aHaJIII3 o.uHoro co6bITII5I ( 1 :J2 nceK Me)K.uy cocemrnMH 

ITO BpeMeHII co6bITH5IMII); 

• BbICOKa5I MHO)KeCTBeHHOCTb TpeKOB B O,UHOM co6bITIIII; 

• KOpOTKa5I II3MepIITeJibHa5I 6a3a ,UJI5I oueHKH KpHBII3Hbl TpeKa; 

• orpaHIItieHIIe CBepxy Ha o6IUee tIIICJIO KanaJIOB perHCTpaIIIIII. 

fpyrrna B rrpe.uycMaTpIIBaeT pa3pa6oTKY nen:poceTeBhIX KJiaCCII<pIIKaTo

poB .UJI5I peIIIeHH5I .UBYX 3a.uaq : 

• if,UeHTII<pIIKaIIII5I CTpyn:, reneTIIqecKII CB~namll,IX C Tay-rreIITOI-IaMHj 

• cerrapau1rn raMMa/rrH-HOJih no OTKJIHKY KaJiopHMeTpa ATLAS . 

B ocHoBy MeTO.UOB IIccne.uoBa1rnn: norro)KeHI,I rrro6aJibHhie cBon:cTBa BC 
- o6ria,e.MOCTb Ha _OCHOBe OTibITa (TpeHIIpOBKa CCTH) I1 B03MO)KIIOCTh MO,IJ,C

mipOBaHII5I apx1ITeKTyp1,1 ceTII na ,annapan11,1x cpe.ucTBax Tpa.UHIIIIOHHOH 

BhltIIICJIIITeJibHOH TeXHIIKII (B TOM tIIICJie na nepconaJibHbIX KOMilbIOTepax 

IIK). 
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O6yqa10mne BbI60pKH <pH3HqecKHX rrpoueccoB TaK)Ke M0)leJIHPYIOTC.sI 

rrporpaMMHhIMH cpe.ucTBaMH · ( MeT0.Il MoHTe:-Kapno). IllnpoKOMacmTa6Hble 

nccne.uoaaHH.sI HC .un.si: CT0Jih CJI0)KHhIX 3a.uaq, KaK <1>B3, rrpoao.u.si:Tc.si: anep

Bbre. IlporpaMMa pa6oT BKJIIOqaeT B ce6.si:: 

• aHaJIH3 TeopHH H MHpoaoro 0IIhITa HCII0Jih30BaHH.sI HC B HayKe H Tex

HHKe; 

• co3.UaHne MaTeMaTnqecKoro rrporpaMMHoro o6ecrreqeHH.si: Mo.uennpo

BaHH.sI HC pa3JIHqHo:fi: apxHTeKTYPhl H Torronornn, a TaK)Ke M0.IleJIH

poaaHH.sI <pH3HqecKHX rrpouecC0B )lJI.sI TpeHHp0BKH ceTHj 

• Hccne.uoaaHHe cpyHKUHOHaJihHhIX B03MO)KHOCTe:fi: HC B 3a.uaqax <1>B3; 

• co3.uaune arrrrapaTuo:fi: H rrporpaMMno:fi: 6a3hI HC ua ocHoae Mo.uenhHhIX 

HCCJie)lOBaHH:fi:. 

B pe3JJibTaTe BhIII0JIHeHH.sI )laHHO:fi: pa60Thl 6y.uyT ccpopMJJIHpoaaHbl pe

K0MeH.uaUHH ITO 0IITHMaJibHhIM anropHTMHqeCKHM, apXHTeKTYPHhIM H cxe

M0TeXHHqecKHM pemeHH.sIM .un.si: rrpoMhIIIIJieHHo:fi: pa3pa6oTKH HC mnpoKoro 

npHMeHeHH.sI. 

JIA31i.lEB APMEH 3.IlY AP .IlOBJi.19, po.unnc.si: B 1970 ro.uy, oKoH

qHJI <pH3HqecKHM cpaKJJibTeT ErY a 199lr., acnnpaHTypa ErY (1991-1994), 

c 1995r.- M.H.c. J151II Ol151l1. 
E-mail: laziev@nu.jinr.ru 
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MATEMATl1:9ECKl1:E ACIIEKTbl 
KBAHTOBAHl1:51 

A.B.Kapa6eroa 

KBaHTOBamre CIICTeM C KOHeqHbIM qIICJIOM CTerreHeH CB060.l.I.bl OKa3aJio 

orpoMHOe B03,n:eiicTBIIe Ha o6JIIIK coBpeMeHHOH MaTeMaTIIKII II rrocJiy)KIIJio 

OCHOBOH .n:mr C03.l.I.aHII5I TaKIIX ee q)YH.l.I.aMeHTaJibHbIX o6JiacTeii KaK TeopII5I 

rrceB.l.I.0.l.I.II<pcpepeHUIIaJibHbIX orrepa TOpoB, IIHTerpaJibHbIX orrepa TOpOB <Pypbe 

II TeopII5I rrpe.n:cTaBJieHIIH rpyrrrr ITII. 

3a IIOCJie,n:HIIe .n:ec5ITb - II5ITHa.n:uaTb JieT B MaTeMaTIIKe B03HIIKJIII ue

Jibie HOBbie "KBaHTOBbie" o6JiaCTII, TaKIIe KaK TeOpII5I KBaHTOBbIX rpyrrrr II 

HeKOMMyTaTIIBHa5I .l.I.II<pcpepeHuIIaJibHa5I reoMeTpII5I .• Ha 3TOM q>OHe B03poc 

IIHTepec K MaTeMaTIIqeCKIIM pa6oTaM co6CTBeHHO no TeOpIIII KBaHTOBaHII5I, 

II B oco6eHHOCTII .n:ecpopMaUIIOHHOro KBaHTOBaHII5I, qTo CB5I3aHO C II05IBJie

HIIeM cTaBIIIIIX y)Ke KJiaccIIqecKIIMII pa6oT B .B. <Pe,n:ocoBa. P a3JIIIqHbie 

acrreKThl TeopIIII KBaHTOBaHII5I B MaTeMaTIIKe OTpa)KeHbI B Ha3BaHII5IX co

o-r:BeTCTBYIOID;IIX narrpaBJieHIIH: reoMeTpu1.1ecKoe I<BaHTOBaHIIe (KIIpIIJIJIOB, 

KocTaHT, Cypbo), CIIMBOJibHoe KBaHToBairne (Bepe3IIn), acIIMIITOTIIqecKoe 

KBanToBanIIe (MacJioB, KapaceB), .n:ecpopMaUIIOHI-IOe KBaHTOBanIIe ( cf)JiaTo, 

<Pponc,n:aJib, ITIIXHepoBWI II .n:p. ). MaTeMaTWieCKIIH arrrrapaT II TeXHIIKa, 

IICIIOJib3yeMbie B HIIX, pa3JIIIqHbI. B :nannoii. pa6oTe Mb! paccMOTpIIM reo

MeTpIIqecKoe, CIIMBOJibHOe II .n:ecpopMaUIIOHHOe KBaIITOBaIIII5I. 

KBaHTOBaHIIe corrocTaBJI5IeT cpa3oBoMy rrpocTpancTBY KJiaccIIqecKoii ra

MIIJibTOHOBOH MexaHIIKII - CIIMIIJICKTWICCKOMY Mirnroo6pa3IIIO 1\1/ C 3a.ll,aH

HOH Ha neM CIIMIIJieKTIIqecKoii cpopMoii w - <lla3oBoe rrpocTpaHCTBO KBaH

TOBOH MeXaHIIKII, - rIIJib6epTOBO npocTpaIICTBO fl (To1.mee, COOTBCTCTBJIO

mee npoeKTIIBHOe rrpocTpaHCTBO p ff). KJiaCCl1'1CCKIIM raMHJibTOHIIaHaM -

cpyHKUII5IM Ha M - OTBeqa10T onepaTophI B H. CooTBeTCTBIIe 1rnanT0Boii II 

KJiaccIIqecKOH MeXaHIIKII CB5I3bIBaeTC5I C paccMOTf)CHIICM CCMCMCTBa KBaHTO

BbIX MeXaHIIK, napaMeTpII30BaHHblX MaJihIM BernecrneHIIhIM rrapaMeTpOM fi 
- rrocT05IHHoii IlJiaHKa. IlpII fi ➔ 0 KBaHTOBa5I MexaHIIKa B KaKoM-TO CMhICJie 

rrepeXO.l.I.lIT B KJiaCcIIqecKyIO. IlpIIHUIIII COOTBCTC:TBI15I .n:orrycKaeT CTporym 

MaTeMaTIIqeCKyIO cpopMyJIIIpOBKY. EcJIII cpyHKUIIII f ( CIIMBOJIY) Ha M OTBC

qaeT orrepaTop Opti,(J) B rIIJib6epTOBOM rrpocTpancTBe l-fti, TO orrepaTopuoe 

YMHO)KeHIIe IIH.l.I.YUIIpyeT HeKOMMyTaTIIBHOe YMHO)KCHIIe *ti B cpyHKUII5IX Ha 

M. IlpII 3TOM .l.I.JI5I cpyHKUIIii J, g na M .l.I.OJI)KIIhr BbIIIOJIH5IThC5I rrpe.rr.eJibI 

limti--tof*ti9 = Jg II limti--+ofi- 1(/*tiY-Y*rif) = i{J,g}, r.rr.e {·,·}- cKo6Ka 

IlyaccoHa Ha M, OTBeqa1oma51 w. 
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B reoMeTpII-ciecKoM KBaHTOBaHIIII no MHoroo6pa3IIIO M cTpoIITCSI reoMe

TpII-ciecKM peaJIII3aUIISI rrpocTpaHCTBa fl B ce-cieHIISIX ( IIJIII B KOrOMOJIOrIISIX 

C K03q>q>IIUIIeHTaMII B rry-ciKe pocTKOB ce-cieHIIli) HeKOToporo JIIIHeftHoro pac

CJIOeHIISI Ha.u M. 
B CIIMBOJibHOM KBaHTOBaHIIII aHaJIIITII"CJeCKIIMII MeTO,UaMII II3y-ciaIOTCSI 

anre6phl CIIMBOJIOB (An, *Ii) Ha M, .UJISI KOTOphIX oT06pa2KeHIIe CIIMBOJI

orrepaTop f 1---t Opn(f) SIBJISieTcSI rrpe,ucTaBJieHIIeM An B Hn, II ,uoKa3bIBaeTcSI 

BhIIIOJIHeHIIe rrpIIHUIIIIa COOTBeTCTBIISI. 

B .uecpopMaUIIOHHOM KBaHTOBaHIIII cpopMaJihHhIMH reoMeTpII-cieCKIIMII II 

anre6paII-cieCKIIMII MeTO,UaMII OIIIIChIBaIOTCSI BceB03MO)KHhie accouIIaTIIBHhie 

YMHO)KeHIISI * B rrpocTpaHCTBe :F cpopMaJihHhIX CTerreHHhIX pSI.UOB OT rrapa

MeTpa v, :F = C00 (M) [[v)], TaKIIe "CJTO f *9 = Jg (mod v:F) H f*g-g*f = 
iv{f,g} (mod v2:F). 

TaKoe cpopMaJihHOe yMH02KeHIIe * Morno 6hI B03HHKHYTh II3 rronHoro 

acHMIITOTH"CJeCKoro pa3JIO)KeHIISI HeKOTOporo CIIMBOJihHoro _ YMHO)KeHIISI *Ii 
ITO Ii ➔ 0, KaK 3TO II rrpOIICXO.UIIT B rrpocTeftnrnx H3BeCTHhIX rrpIIMepax, IIO

CJIY)KHBIIIHX OCHOBaHHeM .UJISI KOHUeIIUHH .uecpopMaUHOHHOro KBaHTOBaHIISI. 

O.n;HaKO .uo IIOCJie,UHero BpeMeHII .uecpopMaUIIOHHOe KBaHTOBaHIIe OCTaBaJIOCh 

"BeIUhIO B ce6e" H H3y-ciaJIOCb KaK caMOCTOSITeJihHM 6oraTaSI II co.uep2Ka

TCJihHaSI TeopHSI. fleno B TOM, 'ITO II3BeCTHO He TaK Y2K MHOr<~ rrpIIMepoB 

anre6p CIIMBOJIOB, ,UJISI KOTOpbIX y.n;aJIOCh .UOKa3aTh rrpIIHUIIII COOTBCTCTBIISI. 

11 ,Ua)Ke B 3THX CJiytiaSIX (3a IICKJIIO"lleHHeM caMhIX rrpoCThIX. II II3BeCTHhIX 

anre6p BHKOBCKIIX, aHTHBHKOBCKIIX, pq-, qp- II BCHJieBCKIIX CIIMBOJIOB) y 

.uecpopMaUIIOHHoro KBaHTOBaHHSI, B03HIIKaIOmero II3 aCIIMIITOTII"CJeCKoro pa3-

J10)KCHHSI CIIMBOJibHoro YMHO)KeHIISI, He 6bIJIO .UOCTaTO"CJHO o6mero aBTOHOM

Horo OITHCaHIISI. 

Cei'I•iac uaMeTI-IJiaCh TCH.UCHUHSI K o6be,UHHCHHIO reoMeTpH-ciecKoro, CIIM

BOJihHOro H .uecpopMaUHOHHoro KBaHTOBaHHli Ha rryTII reoMeTpII3aUIIII Bcex 

KOHCTpyKUIIH, CBSI3aHHhIX C KBaHT0BaHIIeM. B pa6oTe [1] M. Ka3H, c. fIOTT 

H fl)K. PoHCJIH H3ytllIJIH C TaKIIX I103HUHli KBaHT0BaHIIC Ha K3JiepOBhIX MHO

roo6pa3HSIX. O1m .uann reoMeTpttqecKH HHBapHaHTHoe orrpe.ueneHIIe Kore

peHTHhIX COCTOSIHHH, B TCpMIIHaX K0T0phIX orrpe,ueJlSIIOTCSI K0BapIIaHTHhIC 

CHMB0Jibl Eepe3HHa, a 3aTeM OITHCaJIII aCHMITT0THqecKoe pa3JI0)KeHHe rrpo

H3BCJJ.CHHSI CHMB0Jl0B no h ➔ 0, rrpHB0.USIIUee K .uecpopMaUIIOHHOMY KBaHTO

BaHHIO I-Ia K0MITaKTH0M K3JlepoB0M CHMMCTpH '-ICCKOM rrpocTpaHCTBe M. 113 

pa6oT ell.A. Eepe3HHa [2] H K. MopeHo [3] H3BecTHo, qTo TaKoe .n;ecpopMa

unounoe KBaHTOBa1rne .n;orrycKaeT aBT0H0MH0C 0IIHCaHIIe B TepMIIHax IIHBa

pHaIITilhIX .ZJ;II<pcpepenuttaJibHbIX onepaTopoB na Af ( T.e. 3T0 OIIIICaHIIe CBS!-
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3aHO C'FlaJUI"l!MeM rpyrrm,I aBTOMOpq>M3MOB CMMMeTpM"llCCKoro rrpocTpaHCTBa 

M TeM caMbIM He MO)KCT 6bITb rrepeHeCeHO Ha o6mMe K3JiepOBbI MHOroo6pa-

3M51). B pa6oTaX [4,5], MbI IIOKa3aJIM, "9:TO TaKoe .ueq>opMaUMOHHOe KBaHTOBa

HMe y.uoBJieTBop51eT npocToMy ycJIOBMIO "pa3.UeJiemrn rrepeMeHHbIX" M .uaJIM 

51BHOe OIIMCaHMe Bcex B03MO)KHbIX .ueq>opMaUHOHHbIX KBaHTOBaHMH C pa3-

.ueJieHMCM rrepeMeHHbIX Ha rrpOM3BOJibHOM (rrceB.UO )K3JiepoBOM MHoroo6pa-

3MM B TepMMHaX q>OpMaJibHOH .ueq>opMaUMH HCXO.UHOH ( IICCB.UO )K3JiepOBOH 

MeTpMKM, TO eCTb '-IHCTO reoMeTpH'-ICCKM. lfa 3Toro pe3yJibTaTa CJie.uyeT 

ecTeCTBCHHOe rrpe.urroJIO)KCHMe, '-ITO KBaHTOBaHHe KOBapHaHTHbIMH CMMBO

JiaMM Bepe3MHa Ha rrpoM3BOJibHOM K3JiepOBOM MHoroo6pa3HH .UOJI)KHO IIpH

BCCTM K .ue<j>opMaUMOHHOMY KBaHTOBamno C pa3,UeJieHMeM rrepeMeHHbIX. B 
cJiy-qae, ecJIH 3TO TaK, B03HMKaeT 3a_uaqa M.UeHTHq>IIKaUMM 3Toro .ueq>opMa

UMOHHoro KBaHTOBaHM51 C O.UHHM H3 51BHO OIIMCaIIHbIX HaMM KBaHTOBaHHH C 

pa3,UeJieHMeM rrepeMeHHbIX, Ha cero.UH51IIIHHH .ueHb TeXHHKa, neo6xo.UHMa51 

.UJI51 .UOKa3aTeJibCTBa 3Toro rrpe.UIIOJIO)KCHM51, IIOKa He pa3pa6oTaHa. 

B pa6oTe. [6], B C.UMHOM reoMeTpM"llCCKOM KJ1IO'-Ie, HaMH OIIHCaHO reoMe

TpM'-IeCKOe, CMMBOJibHOe H .ue<j>opMaUHOIIHOe KBaHTOBa1rne ( C pa3.UCJICIIHeM 

rrepeMeHHbIX) Ha o6o6meHHOM MHOroo6pa3HM q>JiaroB ( KOIIpHCOe.UHHeHHOH 

op6MTe KOMIIaKTHoii: rroJiyrrpocTOH rpyrrrrhI Jh1), 1-rn.ueJieHHOM mrnapnaHTHOH 

rrceB.UOK3JiepoBoii: MeTpHKOH. B cJiyqae, 1wr.ua 3Ta MeTpHKa rroJIO)KMTeJibHO 

orrpe,n:eJieHa, MbI npHXO.UMM K KBaHTOBaHHIO KOBapHaHTHhIMH CHMBOJJaMH 

Bepe3MHa, a B cJiyqae, Kor.ua oHa oTpnuaTeJibHO orrpe.neneua, - K KBaHToBa

HMIO KOHTJ:iaBapHaHTHbIMH CHMBOJiaMH. 

B pa6oTe [7] na rrpoH3BOJihHOM KOMIIaKTHOM K3JiepoBOM MHOroo6pa3HII 

MCTO.UOM KBaHTOBaHM51 Bepe3HHa-TerrJIHUa, OCHOBaHI-IOM Ha HCIIOJib30BaHIIII 

KOHTpaBapMaHTHbIX CHMBOJIOB, 6bIJIO IIOCTpoeno HCKOTopoe 11.eq>OpMaUHOH

HOe KBaHTOBaHMe. KaK M BhIIIIe, MO)KHO rrpeJI.IIOJIO)KlITb, ~ITO 3TO KBaIITOBa

HMe' C pa3)leJieHMeM rrepeMeHHbIX, H IIOCTaBIITb COOTBCTCTBYJOIIIYIO 3a_uaqy 

H)leHTHq>MKaUMM. 

- TaKIIM o6pa30M, rronrremibie HaMH pe1ym,TaThl TCCIJO CBH3am;1 C ){py

rMMH rrpoBOJI.MMbIMH ceH"tJaC HCCJieJI.OBaHHHMH s o6JiaCTH KBallTOBamrn. 8TH 

pe3yJibTaTbI II03BOJI51IOT CTaBMTb 3a.n:a~m, CTIIMYJIIIpy101nIIe )_(aJ1I,HCHIIIHC 

MCCJieJI.OBaHMH. 
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KOPPEJI5111;11:0HHbIH MEXAHH3M· UBETA 
11 IIP03P A t.IHOCTH KPHCTAJIJIOB 

H.B.JlyueHKo, B.A.CapHH 

lhBecTHO, qTo rro.u .n:eirc.TBMeM Hen:TpOHHoro o6JiyqeHM.H KpMcTaJIJihI Me

H.HIOT IIBeT M rrpo3paqHOCTb. Bo3HMKaeT Borrpoc: MO)KHO JIM 3TO M3MeHeHMe 

c,n:eJiaTb yrrpaBJI.HeMbIM, T.e. MO)KHO JIM .n:en:CTBY.H Ha o6pa3eII rrpM,n:aTb eMy 

3aBe,UOMO Heo6xo,n:MMbie rrpM3HaK11? Ilo,n:qepKHeM, qTo HMeHHO IIBeT I1 rrpo-

3paqHOCTb 5IBJI5IIOTC5l rrpI13HaKaMH, orrpe,n:eJI.HIOIIIHMH TeXHOJior11qecKyIO I1 

KOMMepqecKyIO IIeHHOCTb KpHCTaJIJia. 

CqMTaeTC.H, qTo rrpH 06b1qHbIX ycJIOBI15IX ( T .e. H_e oqeHb BbICOKHX TeM

rrepaTypax), rrpo3paqHOCTb I1 IIBeT 3aBIIC5IT JIHillb OT o6mero KOJIIIqecTBa 

rrpHMecen: B KpHCTaJIJiax. BMeCTe C TeM 3KCIIepeMeHTaJibHO ycTaHOBJieHo, 

qTo o6mee. KomrqecTBO rrpIIMecen: B KpIIcTaJIJie He Me1rneTc.H rro.n: .n:en:cTBHeM 

06JiyqeH11.H. IloqeMy )Ke rrp11 3TOM MeH.HIOTC.H rrp03paqnocT~ II IIBeT? Bh1xo.n: 

II3 3Toro Jior11qecKoro TYITIIKa npocT: BonpeKH cKa3annoMy BhIIlle, rrpo3paq

nocTb I1 IIBeT 3aBHC5IT He TOJibKO OT o6mero KOJiliqecTBa npIIMecen:, HO I1 

OT' OTHOCIITeJibHbIX KoppeJI5IIII1M Me)K,n:y HHMH. B cJiyqae,Kor.n:a 06JiytieH11e 

He MeH.HeT 3TlIX KoppeJI.HIIMM, nanpIIMep I13-3a ne.n:ocTaToqHon: HHTeHCHBHO

CTlI nyqKa,oKpacKa M rrpo3paqHoCTh KpHCTaJIJia OII5ITb-Tairn onpe,n:eJI5leTC5l 

KOJIHqecTBOM 'co.n:ep)KaIIIHXC5l B HeM rrpHMecett. 

Mb! npHXOLI:HM K BbIBO,n:y: KpHCTaJIJI eCTb MI-IOrOKOMIIOHeHTHa5l CTaTI1-

CT1IqecKa.H CHCTeMa, B KOTOpon: rro.n: .n:en:CTBHeM Hen:TpOHHoro o6Jiy'leHII5l Me

H5IIOTC5l OTHOCHTeJibHbie KoppeJI.HIIHH Me)K,n:y rrpHMeC.HMH, 11, KaK CJie,UCTBHe, 

MeH5IIOTC5l npo3paqHOCTb H IIBeT. 3To ,n:eJiaeT aKTyaJibHbIM 03yqe1rne BJIH-

5IH1I5l Hen:TpOHHoro rryqKa Ha OTHOCHTeJihHbie KoppeJI5IIII1I1 np11Mece11 B KpH

CTaJIJiax. 

Y cTaHOBKa PEr ATA Ha peaKTope l1BP-2 no3BOJI5leT MeToJ~aMH ue11-

TpoHHO-aKTI1Bau110Hnoro aHaJIH3a orrpe,n:eJIHTb KOIIIIeIITpaIIHM npHMecen: B 

KplICTaJIJiaX M npocJie,UHTb H3MeHeHH5l HX IIBeTa H npo3paqnoCTH. 

06IIIMM o6beM pa60Tbl BKJIIO"lJaeT CJie,n:ymmtte 3Tallhl: 

(a) o6pa60TKa ,UaHHbIX nen:TpOIIHO-aKTHBaIIHOHHOro anaJIH3a 11 IlOCTpoe

HHe MaTpMIIbl OTHOCHTeJibHbIX KOppeJI5IIIHM; 

(6) C03,UaHHe KapTOTeKH KoppeJI5IIII10HIIbIX wa6JIOIIOB I1 pa3pa60TJ<a npa

BHJI COOTBeTCTBH5l, I103BOJI5IIOIIII1X no :>THM ma6noHaM npe,n:cJ<a3LIBaTh 

npo3pa'IHOCTb H IIBeT KpHCTaJIJioB; 
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( B) pa3pa60TKa MeTO,UOB rrpe.n;CKa3amu1 pe3yJibTaTa 3BOJll0ll;IUI Koppemc

:U:lIOHHOH KapTIIHhl no .n;aHHhlM 06 lICXO,UHhlX Koppem1:u;mcx. 

IlpIIMeHeHI:Ie OlllICaHHOro MeTo.n;a K KpIICTaJIJiaM TOIIa3a IIpIIBeJIO K CJie

.UYIOllllIM pe3yJibTaTaM: 

( 1) o6Hapy)l<:eHo, "ITO B rpyrrrre II3 6oJiee i:ieM .n;Ba.n;:u;aTII rrpIIMeceii JIII.UII 

py10meii HBmreTCH rrpIIMecb 3JieMeHTa cKaH.n;IIH (Sc); 

(2) OTKpbITa HeII3BeCTHaH paHee reOXIIMII"leCKaH 3aKOHOMepHOCTb, Bblpa 

)KalOlllaHCH B MaKCIIMaJibHOll OTHOCIITeJibHOH KoppeJIH:U:lIII 3JieMeHTa :u;e 

3IIH (Cs) OT 3JieMeHTa cKaH.UIIH (Sc). 

MaTepIIaJI no lICCJie,UOBaHIIIO Tona30B HaXO,UlITCH B CTa,UI:IlI no.n;roTOBKII 

K ny6JII:IKa:U:IIII. 

MeTO)lbl o6pa60TKII lIHq>OpMa:U:IIII, KOTOpbIMII Mbl noJib3yeMCH [1-3], C 

paBHbIM ycnexoM npIIMeHIIMbI TaK)Ke K .n;aHHbIM HeiiTpOHHO-aKTIIBa:U:IIOHHOro 

aHaJIII3a npo6 BO.Uhl, B03.n;yxa, 6IIOJIOrIIqecKIIX ofrbeKTOB, o6pa3:U:OB ropHbIX 

nopo.u II MIIHepaJIOB. 

1. B.l'I.Jiy:u;eHKo, l'I.B.Jiy:u;eHKo, B.M.Tep-AHTOHHH. IloKJia.UbI A.H. ApM. 

CCP, 76, 213, 1982. 

2. B.l'I.Jly:u;eHKo, l'I.B.Jiy:u;eHKo, B.M.Tep-AHTOHHH. IloKJia.UbI A.H. ApM. 

CCP, 79, 133, 1983. 

3. M.B.Jly:u;eHKo, A.fLCIIcaKHH, B.M.Tep-AHTOHHH. npenpIIHT Ol'I5Il'I, 
P2-92-504, Ily6Ha, 1992. 

JIYUEHKO 11r0Ph BJIA.IlMMMPOBMG (1951-1997), oKoHqIIJI 

q>II3IIqecKIIii q>aKyJibTeT ErY B 1973r., KaH.n;II.n;aT q>II3.-MaT. HayK (1990r., 

JIT<P OM5IM, .n;IIccepTa:u;IIx "Heo.n;Hopo.n;HoCTb KJiaccIIi:iecIIx II KBaHTOBbIX 

CMeceii II aHOMaJIII}l KYJIOHOBCKoro BblpO)K,UeHIIH B O,UHOMepIIII"), c 1978r. no 

1991r.- H.c. Kaq,e.n;pbI x.uepHoii q>II3IIKII ErY, c 199lr. no 1995r. - H.c. 

Kaq,e.n;phI TeopeTIIqecKoii q>II3IIKII ErY, c 1995r. no 1997r. - c.H.c JIH<P 

OM5IM. 
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IIPOBJIEMA rEHEP Al(MM 1111:0HOB 
B KBAHTOBOJtl MEXAHMKE 

JI.r.Map,n;ogH, A.H.CncaKj{H, B.M.Tep-AHTOHj{H 

II po6rreMa reHepau1rn ,IJJIOHOB .irnmreTc5I Ba)KHOH qacTbIO 6orree o6rueiI 

rrpo6JieMbI IIOllCKa BllTTeHOBCKOH .n:yaJibHOCTll B cpopMaJill3Me KBaHTOBOH Me

xaHIIKll. CorJiaCHO BllTTeHOBCKOH .n:yaJibHOCTll, Kam16poBoqHble TeOpllll C 

CllJibHOH CB5I3bIO acIIMIITOTllqecK11 3KBl1BaJieHTHbI Teop115IM, B KOTOpbIX C 

O,[J;HOH CTOpOHbI .n:eHCTByeT c.na6a5I CB5I3b, C ,n:pyroiI - rrpIICYTCTBYIOT TOIIOJIO

rIIqecKll HeTpIIBIIaJibHbie ofrbeKTbI B BII.Ue MOHorrorreiI II .UIIOHOB (N .Seiberg, 

E.Witten, Nucl. Phys., B431, 484, 1994). B11TTeH_oBcKa5I .n:yaJibHOCTb OT

KpbrnaeT IIYTb K rrpoBe,UeHIIIO Ha,Ue)KHbIX Bbl'lvl:CJieHIIH B Teop115IX C Cl1JibHOH 

CB5I3bIO, T.e. K pernen1110 o.n:non: 113 Ba)Knen:rn11x 3a,n:aq TeopeT11qecKoH cp11-

311KII. 

B rrpe.n;Jio)KeHHOM HaMII MexaHII3Me renepau1111 .n:11onoB 11cxo.n:noiI Mo.n:e

JibIO c cIIJibHOH CB5I3bIO cJiy)KIIT 113oTporrHhIH ocn11rrJI5ITOp. CTpyKTypa Me

xaHII3Ma TaKOBa, qTO OH OCTaeTOf B Cl1Jie 11 IIOCJie .n:o6aBJieHl15I K OCU11JIJI5f

TOpHOMY IIOTeHUIIaJiy rrp0113BOJibHOH <pyHKU1111, He HapyrnarorueiI KOH<paH

MeHTa. llpyr11MII crroBaM11 peqb 11,n:eT o .n:ocTaTO'UIO yH11BepcaJihHOM Mexa

Hll3Me. 

OTnpaBHOH ToqKoiI 11ccrre.n:0BaH11iI rro rrpo6J1eMe renepau1111 .ll110HOB rro

cJiy)KIIJIII pa6oTbI, rrp11MbIKaIOIU11e K Teop1111 11c6MCKTMBHbIX 6MJIMIIeHHbIX 

rrpeo6pa3oBaHMH, cB5I3aHHbIX c aJire6pott Krrtt4H}>op.rla H y.noBJICTBopHIOIIlHX 

Ba)KHOMY c <pH3ttqeCKoiI ToqKII 3peHH5I ycnoBmo 8ttnepa (L.S.Davtyan, 

L.G.Mardoyan, G.S. Pogosyan, A.N.Sissakian, V.M.Ter-Antonyan, .I.Phys., 

A20, 6121, 1987; D.Lambert, M.Kibler, .J.Phys., A21, 307, 1988; Le Van 

Hoang, Tony .J Viloria, Le ahn Thu, .J.Phys., A24, :3021, 1991 ). O,~
HaKo Jillllib B 1994 r. HaMl1 6bIJia OC03Hana CB5I3h 3TOH npo6JTeMbI C 6oJiee 

<pyH,n:aMeHTaJibHOH rrpo6JieMOH IIOMCKa BMTTCHOBCKOH JlyaJTbII0CTH B cpopMa

Jill3Me KBaHTOBOH MexaHIIKll. TaKOH B3rJrnJJ. aKTl1Bll3HpoBaJJ nam mncpec 

K rrpo6JieMe, 'ITO B KOHC'IHOM C'"ICTe npHBeJT0 K ny6JTHKaUM5fM cocraBl1B

Illl1M 0CHOBbI HaCT05IIUero coo6rueHH5I. HeKOTOpl,Ie H3 H3J]0)KCH!IbIX IIM)KC 

pe3yJibTaTOB 6bIJil1 noJiy'leHhI coBMecTHo c A.ll.IlepcecmmM, BhICTYIIMBIUl1M 

B 3TOM c6opH11Ke co CTaTbeH no a!ITllCK06KaM. 

I. MaTeMaT11'!eCKYIO OCHOBY rronxona COCTaBHJI l~HKJI pa6oT [1-4], OTH0-

C5IIU11XC5I K rrpeo6pa30BaHl1IO fypBHUa. B 3THX pa6oTax: (a) 61,ma ycTa

HOBJiena arrre6panqecKa5I cTpyKTypa yKa3aI 'T1oro II peo6pa30Ba11 HH [ l]; ( 6) 
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BbUIBJieHI,I HaH6oJiee 3cpcpeKTHBHble C TO"IKH 3peHH5I KBaHTOBOll TeopHH yrJIO

BOro MOMeHTa MeXaHH3Mbl pe.uyKIIHH BeKTOpOB COCTOHHHH [2,3]; (a) pa3BHTa 

TeopHH, BbIXO.UHIIIaH 3a paMKH Tpe6oaaHH5I 6HJIHHeHHOCTH H Il03BOJI5IIOIIIa5I 

HCITOJib30BaTb MOIIIHYIO TeXHHKY rHnepccpepH"IeCKHX rapMOHHK B peIIIeHHH 

KOHKpeTHblX 3a,uaq [4]; 
II. Ilo xo.uy ,ueJia MbI CTOJIKHYJIHCb c 3a,ua"IHMH OTHOCHIIIHMHCH K cneK

TpaJibHOH Teopmr mrneM:HbIX onepaTopoB H K TeOpHH Me)K6a3HCHbIX npe

o6pa3oBaHHll. 8TH 3a,Ua"IH 6blJIH peIIIeHbI B pa6oTax [5-7]. 
III. Y HHKaJibHOCTb npeo6pa3oBaHHH fypBHIIa cocTOHT B TOM "ITO OHO 

nepeBO.UHT npo6JieMy OCIIHJIJIHTopa B npo6JieMy KyJioHa-KenJiepa. TaKOH 

nepexo.u B03MO)KeH, O,UHaKo, JIHIIIb .UJIH OCIIHJIJIHTOpHbIX npocTpaHCTB C pa3-

MepHOCT5IMH 2,4, 8. 8TOT CTpaHHblll, C nepaoro B3rJIH.Ua, cpaKT CB5I3aH 

C cymecTBOBaHHeM Tpex cpyH.UaMeHTaJibHbIX CTPYKTyp: KOMITJieKCHbIX "IH

ceJI, KBaTepHHOHOB H OKTaHHOHOB. Ilpeo6pa30BaHHe fypBHIIa nepeBO.UHT 

3TH pa3MepHOCTH B pa3MepHOCTH 2, 3, 5, n0Kpbrna10111He BeCbMa IIIHpOKHll 

crreKTp rrpo6JieM TeopeTH"IeCKOH q>H3HKH. B caMoM ,ueJie, B npocTpaHcTaax 

C pa3MepHOCTblO 1 + 2 B HaCTOHIIIee BpeMH ycnenrno pa3BHBaeTC5I KBaHTOBa5I 

TeopH5I rpaBHTaIIHH H TeOpH5I aHHOHOB. QqeHb cymecTBeHHO, "ITO B 3TY 

TpOHKY nona.uaeT H pa3MepHOCTb 3, KOTopa5I B oco6bIX KOMMeHTapHHX He 

Hy)K.uaeTC5I. HaKoneu, rrpocTpaHCTBa C pa3MepHOCTblO 5 5IBJI5IIOTC5I IlOJIHro

HOM .UJIH cpopMyrrHpoBKH TeopHH KaJiyIIhI-Kneiina, BHe.upeHH5I B cTpJKTYPY 

TeopHH rpyrrrrbI .ue CHTTepa, pa3BHTH5I TeopHH MOHonoJieH 5Inra H nocTpo

eHHH 6orree CJIO)KHbIX, "IeM 6bIJIO OTMe"IeHO BbIIIIe, MO,UeJieH KBaHTOBOll rpa

BI1Ta111111. 

IV. r eHepau:mo 3JICKTpnqecKoro 3apH.ua o6ecrre"IHBaeT npeo6pa3oBaHHe 

fypa11ua, ITOCKOJILKY HMeHHO OHO rrepeBO.UHT OCUHJIJI5ITOpHble MO.UeJIH B Ky

JIOHOBCKHe. Ilpu oT06pa)KeHI15IX (2,4,8) ➔ (2,3,5) Tep5IIOTC5I HeKOTOpbie 

CTeIICHH CB06o.ubI. Mb! rrp11.uaeM cpyn.uaMeHTaJibHYIO poJib 3THM cTeneH5IM 

CB060.ub1, HCIIOJ1b3Y5I HX .UJI5I IIOCTpOeHHH KaJIH6poBO"IHbIX npocTpaHCTB na.u 

KOHCp11rypau110HHb!MH rrpocTpaHCTBaMH (2,3,5). renepaUH5I MarHHTHOro 3a-

1rn.ua 1Ip0113B0.UHTC5I npeo6pa30BaHHCM, CB5I3bIBaIOIIIHM OCIIHJIJI5ITOpHbie rrpo

crpaHCTBa C KaJIH6pOBO'!l-IbIMI1. 13 pe3yJibTaTe 3THX MaTeMaTH"IeCKHX rrpe-

06pa:msa1rnii po)KnaeTCH CBH3annaH c11cTcMa 3ap51,n:-.u110H (8-11]. 
V. HaM11 6bIJI TaK)Ke npH.UJIO)KeH MexaHI13M reHepaUHH .UHOHOB, TIO.U"IH

HHJOlUHXCH .upo6noii CTaTIICTIIKe [12]. CooTBeTCTBy10111a51 MO,UeJib npe.ucTa

BJ15IeT co6oii TpexMepHbIH II30TponI-IhIH ocuHJIJI5lTop, orrpe.ueJieHI-IbIH na BJIO

)Kem10M B TpexMepnoe rrpocTpaHCTBO .UByMepHOM IlOJIYKOHyce C BhIKOJIOTOll 

Bepll!HHOH 11 C yrJIOM paCTBOpa ;3Q0
• Bh!KOJIOTOCTh BepIIIHHbI rapaHTHpyeT 
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amroHHhlM xapaKTep Mo.uemr, a Bb16op ynia paCTBOpa o6'b5ICH5IeTC5I TeM, 

'ITO TOJlhKO rrpII 30° CIICTeMa 3ap5I.U-.UIIOH OKa3bIBaeTC5I orrpe.ueJieHHOM Ha 

3BKJIII.UOBOM rrnocKOCTII. B 3TOM MO.UeJIII 3JieKTpII11ecKIIM II MarHIITHhIM 3a

p5I.UhI reHepIIpJIOTC5I rrpeo6pa3oBaHIIM T' Xoq1Ta. 

VI. Ilepexo.u OT OCUIIJIJI5ITOpHhIX Mo.ueneii K CIICTeMaM 3ap5I.U-.UIIOH He

ceT B ce6e KOHUerrTyaJibHO Ba)KHbIH 3JieMeHT .uyaJibHOCTII, COCT05IIIIIIM B 

TOM, 'ITO 3HeprII5I II KOHCTaHTa CB5I3II OCCUIIJIJI51TOpa TpaHccpopMIIpyeTC5I B 

KOHCTaHTY CB513II II B 3HeprIIIO CIICTeMbI 3ap51.U-.UIIOH. TaKIIM o6pa30M, oc

UIIJIJI5ITOp He TO)K,IleCTBeHeH, a .uyaJieH CIICTeMe 3ap5I.U-.UIIOH. YKa3aHHhIH 

cpaKT ecTh ocHoBorronaraIOIIIee cBOHCTBa orrepaTopa Illpe.UIIHrepa, o6'h51CH51-

IOIIIee CB5I3h rrpo6JieMbl reHepauIIII .UIIOHOB C BIITTeHOBCKOH .uyaJibHOCThlO. 

HaII6onee 3na11IIMhIMII, na narn B3rJI5I.U, 51BJI51IOTC5I cne.uyIOIIIIIe pe3JJih

TaThr: 

1. IloKa3ano, qTo rrpeo6pa3oBaHIIe (8) --+ (5) pacIIIeIIJI51eTrn Ha KOH

cpopMnoe rrpeo6pa3oBaHIIe (2) --+ (2) II rpyrrrry SU(2) rrpeo6pa3oBaHIIH, .ueii

CTBJIOIIIIIX B rrpocTpancTBe rrapaMeTpoB K3JIII-Kneiina (11]. 
2. IIpe.uJio)Kena rrapaMeTpII3aUII5I, B KoTopoii rrpeo6pa10Ba1rne (8) --+ 

( 5) TO)K,IleCTBeHHa rrpaBIIJIY CJIO:,KeHII51 3HJiepOBbIX IIOBOpOTO~, a MeXaHII3M 

pe.uyKUIIII BeKTopoB cocT051HIIH .uaeTc51 TeopeMoii CJIO)KeHII51 .UJrn D-cpyHKUIIH 

BIIrHepa [2]. 
3. Pa3BIITa ne6IIJIIIHeiina51 Beporn [3] npeo6pa10BaHII51 fypm1ua rro1Bo

JI5IIOIIIa51 rrepeBO.IlIITh rIIrrepccpepn11ecKIIe .uepeBI,51 BmrenKIIHa - Ky1He110Ba -

CMopo,UIIHCKoro II3 BOCbMIIMepHoro eBKJIII.IlOBOro rrpocTpaHCTBa B II51TI1Mep

HOe. 

4. Ha 6a3e rrpeo6pa3oBaHII5I fypBIIUa pa3BHT 3HJiepoB MexaHH3M pe.uyK

UIIII, TO)K.IleCTBeHHhIH pa3JIO)KeHIIIO Kne6rna-fop.uana H3 Teopnn KBaHTo

Boro yrnoBoro MoMeHTa [4]. 
5. Pernena BOChMIIMepHa51 OCUIIJIJl51TOpHa51 H II51THMepHa5I KJJI0HOBCKa51 

crreKTpanhHa5I rrpo6neMa MeTO.U0M cpaKTopn1auun orrepaTopa lllpe.unnrepa 

B 3HJiepOBblX KOOpJlIIHaTax [5,6]. 
6. BhrqIIcnena MaTpIIua IIapKa-TapTepa JJ:Jrn CHCTCMhI .ru1ou--nmm. 1Io

Ka3ano, 'ITO 3Ta MaTpIIua TO)KJlCCTBeHIIa KO'.HjHj>HUHCHTaM Me)K6a3HCIIbIX 

pa3JIO)KeHIIH B qeTblpexMepH0M 0CUHJIJI5IT0pe [7]. 
7. IloKa3aHo, qTo B pe3JJihTaTe rrpeo6pa3oBamrn (1) --+ (:3) 11 U(l)

penyKUIIII a TaK)Ke rrpeo6pa3oBaHIIe (2) --+ (2) 11 Zrpe.n:yKrrn:n po)K,uaeTc5I 

TpexMepna51 CIICTCMa 3ap5IJl-.UIIOH 11 JlByMepHa}I CHCTeMa 3ap5I,U-BHXpb co 

CIIIIH0M 1 /2 cooTBeTCTBenno . .IlaH reoMeTpH'"Iece1rn11 BhIB0Jl npasHJra KBa11-

T0BaHII51 IlIIpaKa-Usanu1IIrepa-lllm-mrepa [8-1 OJ. 
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8. B paMKax rrpeo6pa3oBamur (8) -+ (5) CKOHcTpynpoBaHa Hea6eneBa 
SU(2) Monenh, orrnchrna10ma.s.c cncTeMy 3ap.s.cn-nnoH [11]. HeTpllBllaJihHhIM 
KOMIIOHeHTOM 3Toii Monenn cJiy)KllT rr.s.cTnMepHhIH MOHOIIOJih 5IHra. 

9. IIocTpoeHa cncTeMa 3ap.s.cn-nnoH, rron~rnH.s.c10ma.s.cc.s.c npo6Hoii cTaTn
CTllKe (12]. B KaqecTBe llCXOllHOH CllCTeMhl B3.S.CTa MoneJih TpexMepHoro oc
UllJIJI.S.CTOpa Ha nByMepHOM rroJiyKoHyce C BhIKOJIOTOH Bepnnrnoii ll C yrJIOM 
pacTBopa 30°. 

Cpenn HeperneHHhIX HaMn rrpo6rreM ocTaJiach rrpo6JieMa rronKmoqeHn.s.c K 

OIIllCaHHOH cxeMe reHepaunn llllOHOB 3JieMeHTa aCllMIITOTllqHOCTll, .S.CBJI.S.CIO
meroc.s.c HeOTbeMJieMoii qacThIO BllTTeHoBcKoii nyaJihHocTn. He llCKJIIOqeHo, 
qTo nrr.s.c perneHn.s.c 3TOH rrpo6neMhI HaM rrpnneTc.s.c o6paTnTc.s.c K rrpocTpaH
CTBaM, HanerreHHhIM HeTpllBllaJihHOH reoMeTpneii ll TOIIOJiorneii. 
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AHTMCKOBKM: rEOMETPl151 11 <lll1311KA 

A.Hepcecsrn 

KaK H3BeCTHo, cyrrepreoMeTpH51 .uorrycKaeT .UBa THrra cKo6oK IlyaccoHa, qeT

Hhie lI HeqeTHhie, B cooTBeTCTBHH c MX rpaccMaHoBoii: rpa.uyrrpoBKoii:. B 

TO BpeM51, KaK qeTHbie CK06KH IlyaccoHa 51BJI51IOTC51 o6o6rn:eHHeM o6brqHhIX 

II lIMeIOT CXO.UHhie C HlIMlI CBOMCTBa, HeqeTHbie CK06KH IlyaccoHa ( aHTlIC

K06KH, lIJilI CK06KH CxoyTeHa) 51BJI51IOTC51 qlICTO cyrrepreoMeTpliqecKIIM o6b

eKTOM lI o6Jia,UaIOT YHHKaJihHhIMlI CBOMCTBaMH. B TeqeHHe .UJIHTeJihHOro 

BpeMeHlI aHTlICK06KlI cqHTaJilICh o6beKTOM, He lIMeIOrn;lIM q>ll3liqecKHX IIplI

JIO)KeHJIM: raMlIJihTOHOBhl ClICTeMhI, Cq>OpMyJIHpOBaHHhie C lIX IIOMOill;hIO, He 

.uorrycKaJilI KaHOHliqecKoro KBaHTOBaHlI51. 

B 1981 ro.uy, EaTaJIHH H BHJIKOBHCKHM rrpe.unmKIIJIH coBepIIIeHno He

O)KJI.UaI-rnoe lIX IIplIMeHeHHe, Cq>OpMyJIHpoBaB C lIX IIOMOill;hIO KOBapHaHTHhIM 

MeTO.U narpaH)KeBa EPCT KBaHTOBaHH51 KaJIH6poBoqHhIX Teoprrii: (EB-q>op

MaJIH3Ma). B rrepBoI-IaqaJihHOii: q>opMyJIHpoBKe EB-q>opMaJIH3Ma reoMeTplI

qecKHe CBOHCTBa aHTlICK060K He HrpaJilI cyrn:ecTBeHHOM poJIH, T.K. q>lI3lI

qecKHe rrepeMeHHhie 51BJI51JilICh KaHOHlit.JeCKlI corrp51)KeHHhIMlI BCIIOMora TeJib

HhIM ( aHTlIIIOJI51M). 

O.uHaKo, Hat.JHHa51 c 1990 BHTTeH, UBaii:6ax lI .up. HaqaJIH pa3BHBaTh Ha 

ocHoBe EB - q>OpMaJIH3Ma CTPYHHYIO TeopHIO IIOJI51, a JlHaH lI llyKepMaH 

o6Hapy)KlIJilI CXO.UIIhIC CTPYKTYPhI B TOIIOJIOrlit.JeCKlIX TeOplI51X IIOJI51. 

Bee :no rropomrno BOJIHY lIHTepeca K 1nyqenmo reoMeTpHH aHTlICKo6oK 

lI BB - q>opMamI3Ma, rrpoBO.UlIBIIIlIMC51 pa3Jilit.JHhIMH rpyrrrraMH aBTopoB. B 

::>Tott o6nacTH aBTopoM, coBMecTno c O.Xy.uaBep.U51HOM 6hm rronyqen p51.U 

rrplI0JH1TCTI-IbIX pc3ym,TaTOB, II03BO.TIHBIIIlIX naTb reoMeTplI"ICCKYIO lIHTep

rrpeTaUHIO I3B-q>opMaJIH3Ma, H IIOJIHOCThIO KOBapHaHTlI3lip0BaTb ero CTpyK

Typy. TaK, 6hmo rroKa3aI-Io, t.JT0 BB-q>opMaJIH3M ocnoBaH Ha "rrepBhIX rrpHH

I~Hrrax" TeopHH HI-ITerpupoBaHH51 na cyrrepMnoro6pa3H51X, B qacTHOCTH, Te

opeMe CToKca, .uano HHBapHaHTnoe orr11ca1rne ero 6a30BhIX o6beKTOB, 6hmH 

rrpc.unmKeHhI KOHCTPYKUHH cKo6oK IlyaccoHa Ha narpaH)KCBhIX rroBepxHo

CT}IX anTHCK06oK, I1 mrnapHaHTI-IhIX ITJIOTHOCTeii: Ha I-IHX [3],[10]. CoBMeCTHO 

c rI.llaMraap.uoM (MncTHTYT H11n1,ca Gopa) aBTopoM 61,mo rrpe.UJIO)KeHo rra

paMeTpwrecKoe on11ca1rne T.H. Tp1umeKTHt.Jec1wro ¢opMaJIH3Ma (EaTaJIHH, 

Mapnen11yc, CeMHXaTOB 1995), II03B0JIHBIIIee BKJIJOt.JlITh B Hero lI3BeCTHYIO 
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paHee cxeMy BPCT-aHTIIBPCT IIHBapIIaHTHoro KBaHTOBaHmr, II cTaH.n:apT

HbIH BB-cpopMaJIII3M [6]. 
3Ta pa6oTa rrpo.n:omKaeTc.sr aBTopoM B coTpy.D:HII'IecTBe c K.BepIIHroM 

(Y HIIBepcIITeT Y rrrrcaJibI). Ha cero,n:H.sIIIIHIIH ,n:eHb rroJiy11eHbI ocHOBHbie KOH

CTPYKIIIIII, II03BOJI.sIIOIIIIIe Harrp.srMyIO CB.sI3a Tb TpII1IJieKTII1IeCKIIH ( JiarpaH

)KeB) cpopMaJIII3M c raMIIJibTOHOBhlM BPCT cpopMaJIII3MOM 6e3 pacIIIIIpeHII.sr 

rrpocTpaHCTBa rroJieir, a TaK)Ke BKJIIO'IIITb B ero CTPYKTYPY cpopMyJibI JioKa

JIII3aIIIIII (CM. HII)Ke). 

IlapaJIJieJibHo, aBTop, coBMecTHo c O.Xy.n:aBep.n:.srHoM rrpo.n:oJI)KaJI II3y11e

H:n:e cyrrepMHOroo6pa3IIH, OCHameHHbIX o60IIMII TIIIIaMII CK060K IlyaccoHa, 

II CB513aHHbIX C HIIMII cyrrepcIIMMeTpII1IHblX MexaHIIK. B 1IaCTHOCTII, II3Y-

1IaJIMCb K3JiepOBbl cyrrepMHoroo6pa3II5I, IIMeIOIIIIIe OJlHOBpeMeHHO 'IeTHYIO 

CK06Ky IlyaccoHa II aHTIICK06Ky II CB513aHHbie C HIIMM cyrrepCIIMMeTpII1IHbie 

MeXaHIIKII [12]' rrpo11e.n:ypa raMIIJibTOHOBOH pe.n:yKIIIIII Ha TaKIIX cyrrepM

Horoo6pa3IIH [9]; 6bIJI rrpe,n:Jio)KeH 06111IIH MeTOJl rrocTpoeHII.sr TaKIIX Mexa

HIIK [8]. Pa60Tbl B 3TOH o6JiaCTII 6bIJIII Ha1IaTbl aBTOpaMII B KOHIIe 80-bIX 

B ErY. H:cxo,n:HhIM nyHKTOM 3TIIX IICCJie,UOBaHIIH IIOCJIY)KIIJIO Ha6mo.n:eHIIe 

(II.B.BoJIKOB II .n:p., 1985), 'ITO cyrrepcIIMMeTpII'IHa.sr Mexamma BIITTeHa 

.n:orrycKaeT cpopMyJIIIpOBKY Ha 513bIKe aHTIICK060K. 

B HacTo.srmee BpeM.sr, coBMecTHO c C.IT.srxoBII'IeM (ToMCKIIH YHIIBepcII

TCT), Be,n:eTc.sr pa6oTa no rrpIIMeHeHmo 3THX K0HCTPYKIIHi'I ,n:JI.sr rrocTpoe

HII.sI MHHIIMaJibHhIX MO,UeJieH cyrrepCIIMMeTpH'IHhIX peJI.srTHBHCTCKHX a1rno

H0B. OTrrpaBHbIX M0,UeJI5IMII JlJl5I HX II0CTpoeHII5I cJiy)KaT MHHIIMaJibHbie M0-

.n:eJIII peJI.sITIIBIICTCKIIX aHIIOHOB, IIOCTpoeHHbIC raMHJlhTo'HOBOH pe.n:yKIIIICH 

TBIICTOpHOII peaJIII3aIIIIII (2+ 1 )-MepHon anre6pbI IlyaHKape [1] . 

Ilpe.n:cTaBJI.sIBIIIIIec.sr coBepIIIeHHO cpopMaJihHhIMII Ha naqaJihHOH cTa.D:HII 

II3y1IeHII.sI, cyrrepcIIMMCTpII'-IHhie MexaHIIKII C l.JCTHOH II Hel.JCTHOH CK06KaMH 

Ilyaccona OKa3aJIIICh CB513aHHbIMII TaK)Ke C cpopMyJiaMII JIOKaJIH3aIIIIII TIIIIa 

llbIOCTepMaaTa-3KMaHa (1983), 11 C00TBCTCTBenno, '.JKBHBapHaHTHbIMH K0-

roMOJIOrII5IMII [11,14]. IloMIIMO TexnHl.lecKoro yno6cTBa, TaKoii rro.n:xo.n: rro-

3BOJIIIJI ,n:aTb HOBYIO IIHTeprrpeTaUHIO 3KBIIBaptt.UJTHbIX xapawrcpHCTWie

CKIIX KJiaccoB, II IIOCTpOHTh IIX 0606rue1rn.sr Jl.fUJ ITOBCpXHOC'l'Cll B 3a]laHII0M 

MHOroo6pa3IIII [13]. OH 0Ka3aJIC5I BeCbMa y.n:o6HblM TaK)Ke rrpH 0ITIICaHHH ne

a6eJieBbIX 3KBHBapIIaHTHhIX KOrOMOJIOrHi'I, II03B0J1HB ccpopMyJIIIpoBaTb M0-

.n:eJIII, HeMe,UJieHIIO 1IpHBOJl5IIIIIIII K cpopMyJiaM Jl0KaJIH3aUHH [4] . 
liHTepec K 3KBIIBapIIaHTHhIM KOr0M0JI0rII.srM II CB513aHIIhIM C HHMH cpop

MyJiaM JI0KaJIII3aUIIH, rrpo.srBJI5IeMhIH B rrocne.unee BpeM.sr B clrn3IIl.JecKoM co-

06111ecTBe, CB.sI3aII C C03JlaHIICM na HX 0CH0Be K0IIIlCHTyam,II0 H0Boro non-

52 



xona K Bbl9]iCJiemuo nyTeBbIX HHTerpaJI0B, npnMemi:eMoro, B "t!aCTH0CTH, B 

KBaHTOBOli MexaHHKe (CeMeHO<p<p, HneMH, n np., 1991), n T0il0JI0rH"t!eCKHX 
TeopmIX 51Hra-MnJIJICa (ATMI, l12Ke<p<ppH, 1990; BnTTeH, 1992). 

TaKHM o6pa30M, aHTHCK06Kn, erne HenaBH0 6bIBIIIHe "ranKHM yTeHKOM" 
cyrrepreoMeTpHH, 0Ka3aJIHCb YHHBepcaJibHbIM n BeCbMa yno6HbIM o6'beKTOM, 
rro3B0JISIIOIUHM o6'beJJ:HHHTb JiarpaH2KeBo BPCT KBaHTOBaHne, cynepcHMMe
TpH"t!Hbie raMHJibT0H0BbI CHCTeMbl H ( cyrrep) CHMilJieKTH"t!eCKYIO reoMeTpHIO. 

IlpoBeneHHbie pa6oTbI nonnep2KaHbI rpaHTaMn Me2K.UyHaponHoro Hay-q
Horo <poH.ua ( <poHna Copoca), Me2K.UyHaponHoro ueHTpa <pyH,uaMeHTaJibHOH 
<pH3HKH B MocKBe, n coBMeCTHbIM rpaHT0M MHTAC-P<l><l>M. 
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HABJIIOlIAEMbIE <l>PH.1IMAHOBCKOH 
BCEJIEHHOH B KJIACCHqECKOM 

11 KBAHTOBOM rAMHJibTOHOBOM 
<l>OPMAJIH3ME 

B.B.Ilarrosrn, B.H.Ilepayurn:H 

Heo6xo.n:HMOCTh rrpHBJie"l!eHH.sI KBaHTOBOH TeopHH .UJI.sI perneHH.sI q>yH.ua

MeHTaJihHhIX rrpo6JieM KJiaCCH"l!eCKOH K0CM0JI0rHH CTHMYJIHpoBaJia pa3pa-

60TKY raMHJibT0H0Ba rro.uxo.ua K Te0pHH rpaBHTaUHH H, B -qacTH0CTH, K K0C

M0JI0rH"l!eCKHM M0.UeJI.sIM BceJieHHOH. OcHOBHOH 3a.Ua"l!eH Hccne,uoBaHHH rro 

raMHJibT0H0B0MY 0ilHCaHHIO K0CM0JI0rH"l!eCKHX MO,UeJieH .sIBJI.sieTC}l Il0CTpoe

HHe BOJIHOBOH q>yHKUHH BceJieHHOH. BMecTe c TeM, Borrpoc 06 OTHorneHHH 

Ha6n10.uaeMbIX KJiaCCH"l!eCKOH q>pH.UMaHOBCKOH K0CM0JI0rHH K .UHpaKOBCKHM 

Ha6mo.uaeMbIM raMHJibT0H0Boro q>OpMaJIH3Ma 0CTaeTC}l .uo KOHUa He BbI.sIC

HeHbIM. CornacHo I!HpaKy, rJiaBHOH TPY.UH0CThIO B orrpe.ueneHHII "Ha6mo

.uaeMhIX" rrpH raMHJibT0H0B0M 0ilHCaHHH CHHryn.sipHbIX ClICTeM co CB.sI3.sIMlI 

.sIBJI.sIIOTC}l Bo-rrepBblX "JIHIIIHHe" rrepeMeHHhie H BO-BTOpbD( HaJilI"l!IIe CB.sI3eH 

rrepBoro po.ua, 0Tpa)KaIOIUHX BblC0KYIO CHMMeTpHIO HCXO.UHOH TeOpHII OT

H0CHTeJibH0 rpyrrrrhI rrpeo6pa30BaHHH, K0TOpy10 o6bI"9:HO Ha3bIBaIOT "KaJIII-

6poB0"9:HOH". KoppeKTHoe perneHHe Borrpoca o Ha6n10.uaeMhIX, rroBH.UHMOMY 

B03M0)KH0 JIHIIIb rrpH Il0JIH0M 0T,UeJieHHH CeKTopa q>H3H"9:eCKlIX rrepeMeHHbIX 

OT "9:HCT0 KaJIH6poBo"l!Horo ceKTopa "JIHIIIHHx" cTerreHeir cBo6o,uhI. CTporo 

roBop.si, TaKa.si 3a,uaqa rroJIHoro 0T.UeJieHH.sI q>H3H"l!ecKoro H Heq>II3H"l!ecKoro 

ceKTopoB He pacMaTpHBaJiacb HH .UJI.sI o.uuoir KOCMOJiorH"l!eCKOH M0.UeJIII. B 

uarneir pa6oTe Mbl HCil0Jih3yeM pa3BHTbIH He,UaBH0 06m11ir MeT0.ll raMIIJibTO

HOBOM pe.uyKUHH cmiryn.sipHbIX CHCTeM C 0T,UeJieHHeM KaJIH6poB0"9:HOro ceK

T0pa [1,2] B cnyqae rrpdcToir, no oqeub Ba)KHOH MO.UeJIH BceneHHOH co cKa

n.sip11bIM IlOJieM, mm Bbl.sICHeHH.sI CTaTyca ua6n10.uaeMbIX q>pH.UMaHOBCKOH 

BceJieHHOM B KJiaccw1ecKOM H KBaHTOB0M raMIIJihTOHOBOM q>opMaJIII3Me. C 

3TOM ueJibIO CTp0IITC}l JiarpaH)KeBa MO,UeJib, ypaBHeHH.sI .UBII)KeHH.sI KOTOpOH 

COBrra,uaIOT C ypaBHeHII.sIMII q>pH.UMaHOBCKOH MO,UeJIH pa.n:HaUHOHHO - .UOMH

HaHTHOH Bcenennou H 3aTeM, IIcrroJib3Y.sI 6e3KaJIH6poBO"l!HYIO Bepc1110 .u11pa

KOBcKoro raMHJibTOH0Ba rro.uxo.ua [3,4] OT,UeJI.sIIOTC}l q>H3HqecKHe H Heq>II3H

'IeCKHC ( KanH6poBO'IHhie) rrepeMeHHhie. Ilanee KOHCTPYHPYIOTC.sI .UHpaKoB

CKHe na6mo.uaeMbie, C00TBeTCTBYIOIUHe Il0H.sITHIO na6JIIO,UaeMbIX BO q>pH.U

MaHOBCKOH KOCMOJ10I'IIl1 H rrpoBO.lllITC.sI KaHOHll'IeCKOe KBaHTOBaHHe rrpe.UJIO

)KeHIIOM M0,UeJIH B pe.uyuIIpOBaHHOM q>a30BOM npocTpaHCTBe [5,6), "9:TO .uaeT 
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B03M0XH0CTh mrn:caTh K0CM0Jiorn:qecKIIe Ha6mo.uaeMble B KBaHTOBOll Teo

pn:n:. CTpon:Tc5I cpyHKUHOHaJihHhIH HHTerparr · a.ueKBa THhIH 6e3Karrn:6poBoq

H0MY raMHJihT0H0BY KBaHT0BaHn:10, BhrncH5IeTc5I ~O~)TBeTCTBYIOlllHH 3T0MY 

KBaHT0BaHn:IO crroco6 yrrop5I,noqeHn:5I orrepaTopoB B ypaBHeHn:n: .Yn:rrrrepa-Ile 

Bn:TTa (YIIB) n: rroKa3aHo KaK B rro.uxo.ue ~'LIB Mo.un:cpn:un:poBaTh B0JIH0By10 

cpyHKUHIO pa.un:aun:oHH0 - .uoMn:HaHTHOll Bce.rieHHOH TaK, qT06b1 oHa orrn:chI

BaJia 3B0JIIOUHIO BcerreHHOH n: KpacHoe cMeIUeHn:e. 

TaKn:M o6pa3oM, Ha rrpocT0M rrpn:Mepe o.uHopo.uHo:ii BcerreHHo:ii, 3arrorr

HeHo:ii B036y)K,ZleHH:5IMil: CKaJI5IpHoro II0JI5I paCCM0TpeH0 C00TH0IIIeHn:e KJiac

cn:qecKOll cppn.uMaHOBCKOll K0CM0JI0rHH H .ZlHpaK0BCKoro raMHJihT0H0Ba 110.u

xo.ua K KBaHT0BaHHIO BcerreHHo:ii. Ha 3T0M rryTH y.uarroch rroKa3aTh,qTo 

CB5I3h q>pH,ZlMaHOBCKHX Ha6mo.uaeMhIX C .unpaK0BCKH~H ocyIUeCTBJI5IeTC5I 110-

cpe.ucTB0M KOHq>OpMHOro rrpeo6pa30BaHH5I, a TaK)Ke ycTaH0BHTh, qTo 0,ZlHa 

H3 rrepeMeHHhIX Heq>H3nqeccKoro ceKTopa B rrpouecce pe.uyKUHH rrpeBpaIUa

eTc5I B rrapaMeTp BpeMeHH H He M0)KeT paccMaTpHBaThC5I B KaqecTBe .UH

HaMnqecKOll rrepeMeHHo:ii. B 3T0M rrpeBpaIUeHHH rrepeMeHHOH B rrapaMeTp 

rrpnqnHa KaK HeHopMnpyeM0CTH BOJIHOBOH cpyHKUHH YIIB, TaK H B03HHK

H0BeHH5I 6ecKoHeqHoro KaJin6poBoqHoro cpaKTOpa B 4>YHKUHOHaJihHOM HHTe

rparre XoKHHra-XapTJIH. PeuerrT MaTeMaTii'TecKoro H q>H3JiqecKoro 0CMhI

crreHH5I ypaBHeHH5I H B0JIH0BhIX q>yHKUHH YIIB, .. K0Topb111 . .uaeT 6e3KaJIH-

6poBoqHa5I pe.uyKUH5I, rrpo5ICH5ICT HX 0TH0IIICHHe K KJiaccnqecKOll K0CM0JI0-

rnn:. C 3To:ii ToqKn 3peHH5I, pacnpocTpaHeHHoe yTBep)K.Ue1n1e o cTauno

HapH0CTH ,BOJIHOBOH cpyHKUHH YIIB 0TH0CHTe.TihH0 ncxo.uuoro speMeHH Te

p5IeT CMhICJI, II0CK0JihKY TeopH5I mrnapnaHTHa 0TH0CHTeJihH0 penapaMeTpH-

3au1rn 3Toro BpeMeHn:, qTo o3HaqaeT ero nena6mo.uaeMoCTh. Ha6mo.uae

MhIM BpeMeHeM 0Ka3hIBaeTC5I HMeHH0 Ta "nrnop11pyeMa5I" .Ill1HaMnqecKa5I 

rrepeMeHHa5I H3 pacIIInpeHHoro cpa3oBoro rrpocTpaHCTBa, K0Topa5I B npouece 

6e3Karrn6poBoqHo:ii raMHJihTOHOBOll pe.uyKUHH rrpeBpaIUaeTc5I B rrapaMeTp. 

"llrHopnpyeMa5I" rrepeMenHa5I n oTseqaeT 3a 3Bomoumo cppn.uMaHOBCKOH 

BceJieHHOH KaK B KJiaccnqecKoii, TaK 11 B KBaHTOBOH Tcopm1x. B qacrno

CTi1, II0Ka3aHo, qTo BapHaUH5I BOJIIIOBOll cpyHKUHH Bcene1rnoii: 0TH0CHTeJihH0 

co6CTBeHHOro BpeMeHH 31IHIIITC1IHOBCKOro na6mo;{aTCJI5I BCJlCT K KpacnoMy 

CMCIUCHHIO ,ZlJI5I 6e3MaCCOBhIX CKaJI5IpHhIX B036y)KJ.{CIIH11. l1ua,re rosopsi:, 

cppn.uMaHOBCKoe pacIIInpeHne BcerreHHOH .um, c>11muTe11noBcKoro na6mo.na

TeJI5I cTaH0BHTC5I cpopMo:ii cyIUeCTB0BaHH5I cpn3nqccKoro BpeMenn. Ilo3TOMY 

He B03HHKaeT Borrpoc o rrpnqnne pacurnpeHnsi: BceJienHoii. K KaKHM no

BhIM CJIC,ZlCTBH5IM M0)KCT rrpHBCCTH TaKa5I raMMJibT0H0Ba HHTepnpeTau1rn 

Mo.uerrn cllpn.uMana? IlnH peaJihHOll BceJienuoii:, JanoJinenoii: rrpoTonaMn, 
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B ycJIOBlUIX, Kor.ua KllHeTnqecKaJI 3Heprll51 rrpoTOHa HaMHOro rrpeBblmaeT 
ero 3Heprmo IIOKOJI KBaHTOBbie B036y)K,lleHll51 TaKllX rrpoTOHOB CTaHOBJITCJI 
He oTJinqnMbI OT B036y)K.IleHMH 6e3MaccoBbIX qacTMU. B TaKOH BceJieHHOH 
HeT CMbICJia roBOpllTb 06 3HHillTeHHOBCKOM Ha6mo,uaTeJie ll co6CTBeHHOM 
BpeMeHll CB513aHHOM C CllCTeMOH IIOKOJI MaCCllBHblX qacTMU, Bee Ha6mo
.ua TeJill rrpeBpamaIOTCJI B CBeTOIIO,ll06Hble COCT051Hll51, ll ,llJIJI HllX B pOJill 
"co6cTBeHHbIX" BpeMeHll n paCCTOJIHllil BbICTyrraIOT KOHq>OpMHbie BpeMJI n 
paccTOJIHMe. 
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MOJIEJIH CAMOOPr AHH30BAHHOl1 
KPHTHGHOCTH 

Bn.B.Ilarro.srn 

B rrocne,n:Hee BpeM5I llCCJie.noBaHIIe HepaBHOBeCHhIX rrpouecCOB B .nn:HaMM

qecKMX CllCTeMaX co MHOrllMll B3allMO.n;eMCTBYIOIUllMll ·3neMeHTaMM ll KpllTll

qecKMX cBo:n:cTB pa3JIIJ:qHhIX cTaTMexaHn:qecKn:x .Mo.nene:n: rrpn:o6peno oco6oe 

3HaqeHn:e. 3To o6b5ICH5IeTC5I TeM, qTo MHOrn:e q>ll3n:qecKn:e 5IBJieHM5I xa

paKTepn:3yIOTC5I OTCYTCTBlleM xapaKTepHoro MaCIIITa6a, CllJihHhIMll q>JiyK

TyaUM5IMll ll HeaHaJIMTIJ:qHOCThIO KoppeJI5IUI10HHhIX q>yHKUllM. q.nHaKo ll3 

paBHOBeCHOM CTaTMCTIJ:qecKOM q>ll3llKll ll3BeCTHO, qT? TOJlhKO rrpn: HaJin:qn:n: 

orrpe.neneHHhIX CllMMeTpllH llJlll B KpllTn:qecKOM. TOqKe MO)KHO O)Kll.Il:aTb ca

Morro.no6n:5I n:nn: q>JIYKTyaun:0., He n:Me10run:x xapaKTepnoro MacnITa6a. 3To 

3acTaBJI5IeT llCKaTb llCTOqHIJ:K MaCIIITa6HOM. llHBapn:aHTHOCTll B rrpn:po.ne 

cpe.nn: 6oJibIIIOro qn:cna HepaBHOBeCHhIX CllCTeM. cf)aKTIJ:qecKn:, MO)KHO rrpe.n

IIOJIO)KllTh, qTo cyruecTByeT ueJiblM. KJiacc nepaBHOBeCHhlX CllCTeM, KOTOpbie 

o6na.naIOT MaCIIITa6HOM. llHBapn:aHTHOCTbIO B IIIHpOKOM llJlll rrpoH3BOJibHOM 

.nn:arra3oHe M3MeHeHH5I q>H3nqecKnx rrapaMeTpoB, o6ecrre~mBa5I peann:3aumo 

qacTO BCTpeqa10rueik5I B rrpn:po.ne KpllTIJ:qHOCTH. 

OcHOBhIBaHcb Ha 3TOM, EaK, Tanr n Be3empenb.n B 1988 ro.ny BBeJrn 

KoHuerrun:10 caMo-oprann3oBaHHOM. Kpn:Tn:quocTn (COK) KaK 06ruy10 ¢opMy 

orrn:caHll5I KJiacca .nn:HaMnqecKMX CHCTeM, KOT0pbIC 3BOJIIOUHOimpyioT B KpH

TIJ:qecKOe cocTOHHMe co cTerreHHbIMM 3aKoHaMn pacrrpe.nene1m0. .nn:ccn:rraunn 

.nn:cKpeTHOM. 3Heprnn:. Kpn:Tn:qecKoe C0CT05IHHe B03HHKaeT aBTOMaTll'IeCKH 

6e3 rro.ncTpOM.KH rrapaMeTpOB. B 3TOM COCT05IHHH MaJioe co61,1T11e BbI3bIBaeT 

uerrHyIO peaKUHIO, KOTOpa5I MO)KeT IIOBJII15ITb Ha mo6oe ~rncno 3JieMeHTOB 

CllCTeMbI. Eonee Toro, TaKHe CHCTeMbl HHKor.na He .llOCTIIraroT paBHOBCCH5I, 

a BMeCTO 3Toro 3BOJIIOUHOHIIPYIOT OT 0JlIIOfO MCTacra611m,Horo COCT05IIIl15I 

K .npyroMy. Enaro.nap5I rnoei1. yrmBepcaJibHOCTH 11.nen COK 6blcTpo narnJnI 

IIIllpOKOe OTpa)KeHIIe B pa3JIJiqHbIX o6naCT5IX HCCJICJlOBaHHM., OT reoq>H3HKH 

no 3KOHOMHKM, KaK rrpoo6pa3 MeXaHH3Ma, ofrb5ICII5IIOIUero B03IIHKIIOBeime 

MaCIIITa6HOM. HHBapHaHTHOCTH 11 CJIO)KHbIX CTpyKTYP B npHpOJlllbIX 5IBJie

HirnX. OKa3aJIOCb, qTo MHorne MOJleJIH OTIHCbIBaIOII~He pacnpocTpanenne HH

q>opMaun:n, TpaHCIIOpTHbie IIOTOKH, 6HOJIOrll'ICCKYIO 3BOJIIOI~HIO, 3eMJieTp5I

ceHH5I, JieCHble IIO)Kapbl ll npyrne CJIO)KHbIC Ka.;aJJ0Cb 6bI ne CB5I3aHIIhle 5IBJIC

Hll5I o6Hapy)KJIBaIOT rrpH3HaKH caMoopraIIH30Ba!IIIOM. KpHTll'IHOCTH. 3THM 

o6b5ICH5IeTC5I aKTyanhHOCTb nccne.noBaHHM. MOJ~enei1 COK. 
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IlocKOJibKY TPY.UHO rrocTpOHTb peaJIHCTH"'IHYIO Mo.n;eJih, rro.u.ua10my10cSI 

TeopeTH"CJecKoMy orrncaHHIO, nccJie.uoBaHHe .SIBJieHH.SI COK KaK rrpaBHJIO ocHo

BaHo Ha H3y"CJeHHH .UHCKpeTHhlX pemeTO"'!HbIX MO,lleJieii. B IIOCJie.UHHe ro.n;bl 

6bm rrpe.UJIOJKeH ueJihlH p.SI.U MO.UeJieii COK, nccJie.uoBaHne KOTOpblx rrpoBO.UH

JIOCb JIH60 C IIOMOIUbIO "'IHCJieHHblX 3KCIIepHMeHTOB, JIH60 rrpH6JIH)KeHHblMH 

aHaJIHTH"CJeCKHMH MeTO.UaMH. CaMoii rrorryJI.SipHoii H3 3THX Mo.uerreii .SIBJI.SI

eTc.SI MO.UeJib BaKa-TaHra-Be3empeJib.Ua (BTB), TaK Ha3bIBaeMa.SI "rreco"CJHaSI 

Kyqa". 3Ta MO.UeJib C Te"CJeHHeM BpeMeHH 3BOJIIOUHOHHpyeT B orrpe.n;erreHHOe 

KpHTH"CJeCKOe COCTO.SIHHe, B KOTOpOM pa3JIH"'!Hble .UHHaMH"CJeCKHe xapaKTe

pHCTHKH HMeIOT cTerreHHbie pacrrpe.ueJieHH.SI. Mo.ueJib o6rra.uaeT a6eJieBoii 

CTpyKTypoii n MOJKeT 6bITb HCCJie.UOBaHa c IIOMOIUbIO aHaJIHTH"CJeCKHX MeTO

.UOB. KpoMe Toro .uncKpeTHa.SI cTpyKTypa MO.UeJIH II03BOJI.SieT IIccrre.uoBaTb 

ee MeTO.UaMII KOMIIbIOTepHoro MO.UeJIIIpOBaHH.SI. 

B 1992 ro.uy B Jia6opaTopIIII TeopeTII"CJecKoii q>II3IIKII HM. H.H. BoroJII0-

6oBa OI15II1 rrpoq>eccopoM B.B.IlpIIe3JKeBbIM 6bma opraHH3oBaHa HayqHa.SI 

rpyrrrra, KOTopa.SI ycrrenrno 3aHIIMaeTc.SI 3Toii TeMaTIIKOH. IlorryqeHbI KaK "CJH

crreHHbie TaK II aHaJIIITIIqecKIIe pe3yJibTaTbI, KOTOpbie .UaJIII 6oJiee IIOJIHOe 

01mcaHIIe Mo.uerrII BTB. AHaJIIITII"CJeCKII Haii.ueHbI Bee rpaHII"'!Hble KOpperr.SI

TOpbI II TOqHo BbJqIIcJieHbl .UIIHaMII"CJeCKIIe KpIITII"CJeCKIIe HH.UeKCbl JiaBHHO

o6pa3HblX rrpoueccoB Mo.uerrII, a TaK)Ke ee cTpyKTYPHbie xapaKTepHCTHKH . 

.IloKa3aHa BOJIHOBa.SI CTPYKTypa rraBIIHoo6pa3HbIX rrpoueccoB. Ilpe.UJIJKeHa 

(B.B. IlpIIe3)KeB II II. Ilxap) Han6oJiee o6ma.SI R-Mo.uenb COK, co.uepJKaIUa.SI 

B KaqecTBe qacTHbIX crryqaeB MO.UeJib BTB, MO.UeJib 3ifnepoBbIX 6nyJK.UaTe

rreii ( crryqaiiHoe 6Jiy)K.uaHIIe Ha opIIeHTHpoBaHHott pemeTKe) H cJiyqaifHyIO 

Mo.uerrb MaHHbI. 

Pe3yJibTaTbI rrorryqenHbie HaMII rro rrpo6rreMe COK (qacTH"'IHO coBMeCTHO 

c acrrIIpaHTOM EfY ( 1993 - 1995rr.) P .P. IUep6aKOBbIM) CBO.U.SITC.SI K cJie

.uy IOllJCMY: 

l.facrre1mo HCCJie.UOBaHbl aCHMIITOTHKH pacrrpe.uerreHHH pa3MepoB BOJIH 

B Jiamrnax B .UByMepHoii a6eJieBott BTB MO.UeJIH. Ilony"CJeHbI oueHKH rro

Ka3aTeJiett .UJI.SI II.SITH cepIItt BOJIH, BKJIIOqa.SI rrepByIO H IlOCJie.UHIOIO BOJIHhl 

nasm1L1. a TaK)Ke pacrrpe.uerreHIIe pa3MepoB B0JIHhI o6mero BH.Ua H rpaHH"'I

noii JiaBIIHbl. 3TH pe3yJibTaTbl xoporno cornacyIOTC.SI C TeopeTII"CJeCKIIMII 

rrpe.ucKa3aHII.SIMII 11 '-IHCJieHHbIMll oueimaMII .upyrIIX aBTOpOB [1]. 

A6erreaa Mo.uerrh BTB 6hma paccMoTpeua ua perneTKe XI03IIMH H3 KBa

.upaTHLIX [2] 11 TpeyroJibHhIX [3] IIJiaKeTOB. Ilorry"CJeHhl aHaJIHTH"CJeCKH TO"'I

Hble Bbipa)KeHH.SI .UJI.SI pacrrpe.ueneHII.SI Bepo.SITHOCTett BbICOT B COCTO.SIHHH ca

MoopraHl130BaHI-IOH KpIITIIqnocTII. TaK)Ke 6h1m1 ToqHo BbI"'IHCJieHbl .n;Byx-
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TO'Ie'l:Hble KoppemurrroHHhie cpyHKIIIIII nmr Y3JI0B pacrroJI0)KeHHhIX rrry6oKO 

BHYTPII perneTKII. Bh1.rra Hail:neHa o6o6meHHa5I cpopMyrra nrr5I pacrrpenerre

HII5I Bep05ITHOCTeil: BhIC0T Ha perneTKe.XI03lIMM C rrp0II3B0JihHhIM KoopnMHa

IIII0HHbIM '1:0:CJI0M q . · 

Ilrr5r Monerirt 3n:rrepbBhIX 6rry)KnaTerreil: Ha KBanpaTHoil: perneTKe, Mcrrorrh-

3y51 MeTon MoHTe-Kaprro M KoHe'l:Ho-pa3MepHhin: aHaJIM3, ynarroch IIccrreno

BaTh pacrrpenerreHII5I Bep05ITHOCTeil: "JiaBMH IIMKJIM'IHOCTM" lI HaMTM llMHa

MM'IeCKMe KplITM'IeCKIIe MHneKChI [4]. 
3aBeprneHa pa6oTa, rrocB5IIIIeHHa5I o6o6meHIIIO peHopMrpyrrrroBoro · rron

xona IleTpoHepo K MonerrII BTB Ha TpeyrorrhHOn: peIIIeTKe, B KoTopoil: rrpoBo

llIITC5I cpaBHeHIIe Bepo5ITHOCTeil: BeTBJieHM5I nepeBbeB II HerronBII)KHOM T0'IKM 

[5]. 
<PpoHT pa6oT, II0CB5IIIIeHHhIX M3y'IeHMIO 5IBJieHIIH COK, II B HaCT05IIIIee 

BpeM5I 0CTaeTC5I nocTaT0'IH0 IIIIIp0KIIM. OcTaHOBMMC5I na TeX 3anaqax, K0-

T0phie HerrocpencTBeHH0 IIplIMhIKaIOT K IICCJTenoBaHMIO R-MoneJIII: 

1. Iln5I R-MonenII Ha KBanpaTHoil: perneTKe BhI'IIICJIIITh pacrrpeneneHMe 

Bep05ITHOCTeil: llIICKpeTHbIX rrepeMeHHhIX Y3JI0BbIX T0'IeK peweTKM lI 

IIX KoppeJI5IIIM0HHhie cpyHKUMM. 

2. Han:TII rpacpII'IeCKOe rrpencTaBJICHIIe peKyppcHTHhIX KOHcpIIrypauIIil: M 

JiaBirnoo6pa3HhIX rrpoueccoB, II Bhl'IlICJIMTh D:MHaMM'ICCKHe KpHTH'Ie

CI\'.He HH,z:i:eKChI R-MonerrM. 

3. OrrpenenHTh KJiacchI yHnBepcaJihHocTH pa3JIH'IIIhIX BapnanToB R-Mo

nenn H BhUICHeHHTh HX CB5I311 C C00TBeTCTBYIOIUHMH KJiaccaMH M0.D,e

neil: cpa3oB.hIX rrepexonoB BToporo pona. 

4. Hail:TH cTpyKTYPHhie H mmaMH'1ecK11e xapaKTep11cTI1KH R-Monenu Ha 

perneTKax c npeBOBH.D.Hoil: cTpyKTypon 11 B cpcnne-noneBoM np116Jrn

)KeHmr. 

5. O6o6IIIHTh peHopM-rpyrrrroBott rro.n:xon Ilwrpoucpo K croxacTwrecKon 

R-Monenn. 

6. IlpoBecnI qncnemroe MonemrpoBamre MCTO.D.OM MonTc-Kapno H co

nocTaBHTh naHHhie K0MilbIOTCpHLIX '.)KCrrepHMCHT0B C pc3ym,ra'taMH, 

rronyqeHHhIMH aHaJIHTI1'1CCKHM rryTcM. 
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rEOMETPJIIqECKIIIE III AJirEBP AJIIqECKIIIE 
. ACIIEKTbl HEKOTOPbIX 

IIPOBJIEM KBAHTOBOl1 TEOPJIIIII IIOJI51 

O.M.Xy.naeep.rvrn 

B rrocJie,n:Hire necHTh-,n:Ba,n:u;aTh JieT MeTO.L(I,I KBaHTOBamrn B TeOpHH rrom1 

cymecTBeHHO o6oraTHJIHCh BRST MeTo,n:oM. 3ToT MeTo,n: KBaHToBaHHH cHH

rynHpHhIX JiarpamirnaHOB ( .CHCTeMhi CO CB5I35IMH), · KOTOphIMH B qacTHO

CTH orrHChIBaIOTCH KaJIH6poBoqnhre Teopti:H, HBJIHeTCH naJieKo rrpo.n:BHHJThIM 

o6o6menHeM MeTo,n:a neorrpe,n:eJieHHhIX JiarpamKeBhIX MH02KHTeJie:iI. 

HcrroJib3JeMhIH H3naqaJihHO B rrpHJI02Kemrn K IIOJIHM 5.Inr-MHJIJica B na

cToHmee BpeMH BRST MeTo,n: rrpHo6peJI caMOCTOHTeJihHhIH CMhICJI. B qacT

nocTH s HeKoTopbIX TeopHHX poJih BRST 3apH,n:a ne Menee cpyn,n:aMeIITaJihHa 

qeM poJih JiarpaH2KHana ( narrpHMep B CTpynax H TOIIOJIOrHqecKHX TeopH5IX). 

C ,n:pyrou cToponhr, H MhI rro,n:po6Ho KOcHeMcH TYT :noro Borrpoca, cpopMaJih

no-MaTeMaTHqecKHe acrreKThI 3Toro MeTo,n:a o6oraTHJIH MaTeMaTHqecKyro 

q>H3HKJ CB5I35IMH 'c ·roMOJIOrHqeCKOH aJI:re6poH H; 'ITO cymecTBeHHO, 5IBH

JIHCb CTHMJJIOM .Ii:JI5I HCCJie,n:oBaHHH B CHMIIJieKTWICCKOH reoMeTpHH cyrrep

rrpocTpaHCTB. B KaKOM-TO CMbICJie cymeCTBeHHbIM MOMCHTOM rrpHMenemrn 

MaTeMaTHKH B q>H3HKe 5IBJI.SieTC5I ·npo6JieMa pernemrn ypaBHCIIH5I 

u = o. (1) 

3Ta 3a,n:aqa TpHBHaJibHa C cpopMaJihHO-MaTeMaTIPieCKOH TO'IKH 3peHH5I eCJIH 

IIpOCTpaHCTBO f KOTOpOMJ IIpHIIa,n:Jie2KHT U JIHHeHHO: ecmI { e;} --6a3HC r', 
TO perneHHe ypaBHeHH5I ( 1) CBO.Ii:I1TC5I K perneHHIO CHCTeMbI aJire6paH'ICCKI1X 

ypaBHeHttir: 

U = U;ei = 0 =;, U; = O .LVrn mo6oro i. (2) 

Ecmr )Ke rrpocTpaHCTBO r HeJil,JHeHHO HJIH )KC IICB03MO)KCII Bhr6op na6opa 

{ ei}, KOTOpbIH o,n:noBpeMeHHO rro.rrou, HC3aB11Cl1M 11 IIC napymaeT ctrn31,1qe

CKOH CHMMeTpHH 3a,n:aqH, B 3a,n:aqe B03Hl1KaIOT HeTpI1Bl1aJIJ,llhIC OCJJO)KJie

HH5I. I1MeIIHO C 3TOH CHTyau:HeH Mhl CTaJIKHBaCMOI B ,n:miaMHKC Cl1CTCM co 

CB5I35IMH. 

IloHCHHM cKa3a1moe Ha rrpHMepe. 

IlycTh raMHJihTmrnan H orrttchrnaeT JlHHaMHKY B cl>a3oBoM rrpocrpan

CTBe E co CB5I35IMH 'Pa = 0, orrpeJ{CJI5IIOIU:HMH IIOBepxnocTh M. IlycTI, ro 
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rrpocTpaHCTBO Bcex q>yHKil;JIH Ha E H J M rrpocTpaHCTBO q>yHKUHH, 3aHymI

IOIUHXCSI Ha M.Tor.ua q>li3H:1IeCKHM ceKTOpOM 6y,ueT q>aKTOp-rrpocTpaHCTBO 

fph = f/JM, (JM -3TO H:,UeaJI B fo, IIOpO)K)leHHbIH Ha6opoM CB.S.C3eft {cpa}). 
KaK pa6oTaTb C q>H3H:1IeCKHM IIpOCTpaHCTBOM f ph, B TepMHHaX IIpO

CTpaHCTBa f o, TO eCTb He pa3perna.s.c SIBHO CBSI3eft {<pa}? 

(3) 

B 3TOH KopoTKOH TO'IHOH rrocJie,uoBaTeJibHOCTH J M HecBo6o,nHbIH MO.UYJib 

Ha,U r o, eCJIH KOJIH:1IeCTBO CBSI3eH 60JibIIIe O,UHOH: B rrpocTpaHCTBe q>yHKUHH 

JM = {f: f = L Racpa} r.ue Ra E r O HeB03MO)KH0 BbI6paTb 6a3HC Ha,U 

KOJibUOM f o. 
O.uHaKO aHaJiorH'IHO (3) MO)KHO "pa3B.S.C3aTb" CB5l3li B JM: 

(4) 

r,ne f 1 y)Ke CB060,UHbIH MO.UYJib, pa3MepHOCTb KOTOporo paBHa KOJIH'IeCTBY 

CBSI3ett: {cpa}: r1 3 f = L Raea, 7!"ea = <pa• AHaJiorH'IHO MO.UYJib J(l) = 
{ j: f 1 3 j = R(ab] <pb} TaK)Ke HeCBo6o,ueH ( ernH KOJIH'IeCTBO CBSI3eft 60JibIIIe 

.UBYX) H MbI HMeeM 

(5) 

H TaK ,uaJiee ... 

8 HTOre IIOJiyt.IaeTCSI, 'ITO KOJib CKOpo (B CHJIY cepbe3HbIX q>li3H:1IeCKHX 

npH'-IHH!) Mb! He XOTHM SIBHO pa3pernaTb CBSI3li li pa6oTaTb B TepMHHax CB0-

60,n:HhIX MO.UyJieft, TO HaM rrpHXO,nJ1TCSI OIIHChIBaTb q>li3H:1IeCKOe rrpocTpaH

CTBO f ph B TepMH:HaX "6aII1Hli" CB060.UHbIX MO.UyJiett: fo,f1, f2 , H.T.,U.: 

,,.r ,,.r ,,.r ,,.r ··r ,,.r 
... ~ k~ k-1···~ 2~ 1~ o~ ph ~ 0 (6) 

M1,1 nona.naeM B MHp roMoJiorwiecI<ou: aJire6pb1! 

B <}>H3Ht.JecKIIX TepMIInax 

(7) 

eCTb q>a30BOe rrpoc-rpaHCTBO, ocnarn:eHHOe rocTaMH [1]. A H:MeHHO IIOCJie,uo

Ba TCJihHOCTb ( 7) 0IIHCbIBaeTCSI cyrreprrpocTpaHCTB0M 

Eenlarged C K00p.UHIIaTaMH ZA = (x, r/, ... , 1-,k),r,ne X KO0p,UH:HaThI q>a30BOro 
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IIpOCTpaHCTBa f o, a T/m He'leTHbie KOOp.IUIHa TbI COOTBeTCTBYIOIIIJie CB.SI3.SIMIO 

( k - 'lJICJIO CB.SI3e:U:). 3JieMeHTY Ra, ... am eat A ... A eam rrpocTpaHCTBa rm co

OTBeTCTByeT cpyHKUJI.SI Rat ... am T/1 .. • T/m' a rrpoeKUJIJI 7r B ( 6) COOTBeTCTByeT 

He'leTHOe BeKTOpHoe IIOJie 8: 7r7Jm = 'Pm, 

a of 
of(x,T/1,••·,T/~) = c.p OTJa (8) 

McrroJib3Y.SI aHaJiorII'lHhre KOHCTPYK.UIIII B03MO)KHO orrIICbI_BaTb cooTBeT

CTBYIOIIIYIO .IIJIHaMJIKY B TepMIIHax cyrrepMaTCMaTJIKJI. OKa3bIBaeTC.SI, "ITO 

HaB~.IIeHIIe cooTBeTCTBYIOIIIeir CJIMIIJieKTII'IeCKoir cTpyKTYPbI Ha TaKoM cy

rreprrpocTpaHCTBe II03BOJI.SieT rrepeBeCTJI OIIJICaHJie .IIJIHaMJIKJI CJICTeMbI C 

.SI3b!Ka roMOJIOrJI11ecKOH aJire6pbI Ha .SI3b!K raMJIJibTOHOBOH MexaHJIKJI 3Toro 

cyrreprrpocTpaHCTBa. BRST 3ap.sr.rr TeopIIII B 3TJIX TepMIIHaX-3To crreuII

aJibHbIM crroco6oM rrocTpoeHHa.sr He11eTHa.sr cpyHKUJI.sr Q Ha cyrreprrpocTpaH

CTBe Eenlarged, KOTOpa.sr O.IIH03Ha11HO OIIpe.rrerr.sreTC.SI CB.SI3.SIMJI c.pa TeOplIII JI CO

OTIIOIIIeHJieM {Q, Q} = 0-KoroMorrorJI.srM orrepaTopa Dq (Db= ½[Dq, Dq] 
= 1/2D{Q,Q} = 0) COOTBeTCTBYIOT <pII3I-rl!CCKI1e BCJ1I1'1I1Hbl TeOpI1I1. 

OKa3bIBaeTC.SI,11TO TaKOH IIO.IIXO.II B03MO)KCH 'He T0JibKO npH raMHJihTO

HOBOM OIIJICaHJIJI .IIJIHaMI1KI1, HO TaK)Ke I1 npH JiarpaH)KCBOM. EcJIH rrpH 

raMJIJihTOHOBOM no.rrxo.rre IIO.IIXO.II.SIIIIa.SI CI1MIIJICKTI11lCCKa.SI CTpyKTypa cyrrep

rrpocTpaHCTBa Eenlarged 3TO IIO.IIH.SITI1C. CI1MIIJICKTI1'·ICCKOH crpyKTYPhl C 113-

Ha'laJibHOro cpa3oBoro rrpocTpaHCTBa, TO B rrarpaH)KeBOM rro.rrxo.rre, r.rre B 

JI3Ha'laJihHOM KOHcp11rypaUJIOHHOM rrpocTpaHCTBC OTCYTCTByeT CI1MIIJICKTI1-

11eccKa.sr CTPYKTypa, Mhl rrpI1XO.III1M K 3K30TI1'1CCKOl1 nelfCTHOH CHMIIJICKTI1-

'ICCK0H CTpyKType B Eenlarged• 

McTop11qecKJI cJIO)KHJIOCh TaK, 'ITO BRST no.rrxo.rr, BBCJi:CHHbIM B pa6o

Tax [2], 6bIJI ·oc03HaH BHa'laJie B TepMHHaX CHMIIJIC](TJI'ICCKOH reoMeTpI1I1 

(raMJIJihTOHOB IlOJi:XO.II - 'ICTHa.SI CI1MIIJICKTI1'ICCKa.SI CTpyKTypa [3], JlarpaH

)KeB rro.rrxo.rr - ne'!eTHa.sr CI1MIIJieKTI111ecKa51 crpyK'rypa [4]), a JII1IIIh 3aTeM B 

TepMIIHax roMorrorJilfecKoir arrre6phr [l]. 
Crre.rryeT OTMeTHTh, "ITO reoMeTpH.sr HCl!CTIIOH c11MIIJICKTw1ccKoM crpyK

TYPbI pa3HTeJihHO 0Trr1111aeTc.SI KaK OT cTaH.rrapnroi1 CHMITJieKTWiecKOM rco

MeTpIIH TaK I1 OT reoMeTp111111eTHOH c11MrrJieKnF1ccKoM cTpyKTypi,r, KOTopa.SI 

Ka'lCCTBCHHO He OTJII11laeTC.SI OT CTan;i:apTHOH. MmKHO CKa3aTb, lfTO rrno

nepcKa.SI pa6oTa 1;aTaJII1Ha 11 BHJIKOBhICKOro [4], q>aKTI1'1CCKH II0JIO)l(HJJa ua-

11arro HOBOMY IIHTepecHoMy pa3.rrcny B CHMIIJH~KTWICCKOH reoMeTp1111. Ba)K

Hhie pe3yJihTaTbl B 3TOM Harrpa1meu1111 61,JJTH IJ0JJy<IellbI aBT0p0M B pa.60-

T~X [5,6].. B 11aCTHOCTJI HM 6h1m1 IIO--BI1.fl.HM0M.Y nepBhlM 0('.03Ha.na B [6] 
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rrpo6neMa reoMeTpn3aunn D.-orrepaTopa-Ba)frne:ihrrero nHrpn.nneHTa cpop

MaJIH3Ma EaTaJinHa-BnJIKOBbICKoro. 

MoSI OCHOBHaSI .neSITeJihHOCTh B rrepno.u Moero rrpnKoMaH.nnpoBaHHSI B 

Ily6He (1992-1996rr.) rrpoBo.nnnach coBMeCTHO c COTPY.UHHKOM JIT<I> 

A.Il.HepcecSIHOM. OHa Kacanach nccne.noBaHHSI HeqeTHOII cnMrrJieKTnqecKOII 

reoMeTpnn, CBH3aHHOII c narpamKeBhIM rro.uxo.noM ( cpopMaJIH3MOM EaTann

Ha-BnnKoBhICKOro.) HaMn 6hma nccne.noBaHa reoMeTpnqecKaH HHTeprrpe

TaunH 3Toro cpopMaJIH3Ma. 3Tn nccne.noBaHnSI rrpe.ncTaBJISIJin He3aBncn

MhIH MaTeMaTnqecKHII HHTepec. B 3TOM ro.ny MHOIO 6bIJI rrocTpoeH rro

BH.UHMOMY HOBhIII reoMeTpHqecKHII o6beKT HeqeTHOII cnMrrneKTnqecKoII reo

MeTpHH, HMeIOIIIHH aHanorHH co cpe.nHeII KpHBH3HOII rHrreprroBepxHOCTeII B 

pHMaHOBOH reoMeTpHn H rrpoSICHSIIOIIIHH reoMeTpHqecKHII CMhICJI HeqeTHOII 

HHBapHaHTHOII IIOJIJIIJIOTHOCTH [5]. IlonyqeHHhie pe3yJihTaThI .UllKTJIOT He

o6xo.nHMOCTh .naJihHeiirnero IIpO.UOJI)KeHHSI pa6oThl B 3TOM HarrpaBJieHllll. 

HaMn COBMeCTHO co CTy.neHTOM - .UHIIJIOMHllKOM Kacpe.nphl TeopcpH3llKll 

ErY CaaKSIHOM II., 6hIJia BhIIIOJIHeHa pa6oTa O CB5I3ll Me)K.ny o6o6meHHhIMll 

CHMMeTpHSIMll JiarpaH)KHaHOB n KOrOMOJIOrHSIMH COOTBeTCTBJIOIIIHX anre6p 

CHMMeTpHH. IlpH perneHHH rrpo6JieMhl HCIIOJih30BaJIHCh rrpO.UBHHJTble Me

TO.UhI roMOJIOrHqecKOH anre6phI, KOTOphie rrpoSIBHJIH CB5I3h C 3a.naqeii O co

OTHOllieHHSIX Me)K.ny BRST MeTo.noM H cTaH.napTHOH raMHJihTOHOBOII pe.nyK

I{HeiL MhI co6HpaeMcSI rrpHcTyrrnTh K perneHmo 3Toii 3a.naqn. l'.IcrroJih3J

eMhIH HaMH arrrrapaT TOJihKO-TOJihKO HaqaJI rrpoHHKaTh B MaTq>H3nKy. Ilo 

MHOrHM rrpH3HaKaM OH .UOJI)KeH OKa3aThC5I IIJIO.UOTBOpHhIM B rrpo6JieMax co

BpeMeIIHOH KBaHTOBOll TCOpHH IIOJISI [7 ,8 ,9]. 

Cne.nyeT OTMeTHTh rny6oKHe cpopMaJihHO-MaTeMaTnqecKne CB5I3H Me)K.ny 

anre6paHqecKHM rro.nxo.nor; K BRST cpopMaJIH3MY n TaKnMH 3a.naqaMn KOM

IIhIOTepHoii anre6phI, KaK anropnTMnqecKoe IIOCTpoeHHe y.uo6HhIX 6a3HCOB 

B n.ueaJiax KOMMyTaTHBHhIX anre6p (6a3llChl rpe6Hepa, ... ). 3TH 3a.uaqn co

craB.SIT rrpe.nMeT MOllX 6y.nyIIIHX HCCJie.noBaHllll ( OTMeTHM, qTo B HaCTOSIIIIee 

Bpel'vr.SI, s '.)TOM nanpasnemrn BeChMa HHTeHCHBHO pa6oTaeT ceMHHap rrpocp. 

f'ep;{Ta B.TI.). 
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