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1. BoapacTa~~aR ponb TeopVIVI aoaMy~eHH~ 

B Te4eHHe HCTeKwero AeCRTV~neTVIR cy~ecTaeHHO aoapocna ponb 
nepeHOpMVIpyeMOH TeOpVIVI B03My~eHHH B TeOpVIH 3IleMeHTapH~X 4ac
TVII.\. 

C03AaHHaR OKOJlO 30 neT Ha3BA KOBapHaHTHaR nepeHOPMV~pyeMaR 

TeOpHR B03MYIL\eHHH /nTB/, CHMBOilBMitl KOTOPOI':1 CTBilH AltlarpaMMa 
<t>eHHMaHa 1-1 R -onepau,HR 6oron~6oaa, npowna cno>KHblif nyTb paaa~t~
THR VI 3KCnaHCHH. nepBOHa4aJ1bHaR 06JlaCTb ee HCnO!lb30BaHHR fi~na 

orpaHH4eHa KBaHToaoH 3neKTPOAHHaMHKoH /K3Jl/. BbTCoKa.A /111 ace 
aoapacTaiOu.taR/ cTeneHb cornacHR nTB a K3,n c AaHHbiMVI onbiTa c ca
Moro HB4ana RBHnacb nCHXOilOrH4eCKOi7t OCHOBOif yaepeHHOCTH B 

cnpaBeAilHBOCTH H 3$~eKTVIBHOCTVI! 
/1/ KBaHTOBOnoneaoH BePCVIH MeXaHH3Ma 

3JleKTPOMBrHHTHbiX B3aHMOAe~CTBHH, 
/2/ TeOpHH B03MYll~eHHI1 B KBaHTOBOI1 TeOpHH non.A /KTn/, 

/3/ MeTOAa nepeHOPMHpOBOK YilbTpa<!>HOJleTOBbiX paCXOAHMOCTeall. 
0AHaKo nonbiTKH npHMeHeHHR xopowo paapa5oTaHHoro annapaTa 

nepeHOpMHpyeMOH KBBHTOBOnoneeoall TeOpHH BO~My~eHHH K cna6biM 

VI CVIJlbHbiM B3aHMOAeiiiCTBHRM HBTOI1KHY11HCb Ha H3BeCTHble TPYAHOCTH. 
no3TOMY -/a TaK>Ke noA anHRHHeM napaAOKCa 11 np~t~apa4Horo ncm10ca 11 

8 K3A/ y>Ke BO BTbpoall nOJlOBHHe 50-x roAOB HHTepec K nTB ocna-
6VIJ1C.A "' Ha noaecTKY AHA cTanV~ MeTOAbT KTn, He caRaaHHble c paa
no>KeHHeM no MBJlOMY napaMeTpy HHTeHCitiBHOCTH 83BHMOAeHCTBHR. 
C 3TOIII u,e!lbiO 6bl!lH C03AaHbl H /HJlH/ HHTeHCHBHO pa3BHBa!lHCb MeTOA 
AHCnepCHOHHbiX CObTHOWeHHH, MeTOA ¢YHKU,HOHBilbHOrO HHTerpana, 
a TBK>Ke MeTOA peHOPMBil~3BL.tHOHHOH rpynnbl /Pr/, RBJlRIO~HHCR cno
COfiOM nepecyMMHpoaaHHR IlHAHPYIOIJ.tHX BKilSAOB nTB H YilY4WeHHR ee 
annpOKCHMBU,HOHHbiX CBOHCTB. 

bo-e rOAbl npownV~ noA aHaKoM AHcnepcHOHHoro nDAXOAa K ¢HaHKe 
CHJlbHbiX B3alo1MOAealiCTBII!i1, a TBK>Ke pa3BHTVIR nony¢eHOMeHOJ10rlo14eCK~X 

H' TaK CKa3aTb' II nof5o4Hb1X 11 Jli.1HHH KTn. nyTeM ~t~cnon b30Bal-iHR Me
TOAa <!>YHKI.\HOHaJlbHOrO HHTerpana H npHBJ1e4eHHR HAeH CnOHTB.HHOrO 
HapyweHHR CHMMeTpHIII YABilOCb peWVITb 3BAB4y nDCTpOeHHR nepeHop
MIIIpyeMOH TeopHH B03MYil.teHHH AilR MBCCHBHOrO Hea6eneaa KB!lH0pOB04-
HOrO nonR. B Ha4ane 70-x- rOAQB nepable pac4eTbl no nrs A11R m;meH 
RHra-MHnnca npHeenH K o6HapymeHHIO RB!leHHR acHMnTOTH4ecKoH cao-
60AbT. 3TOT peayJlbTST, Ka 4eCTBeHHO OTBe4ai011.1VIt1 napTOHHOali KapntHe 
CTpOeHHA BAPOHOB, 6bl!l nony4eH nyTeM COBMeCTHOrO HCnQJ1b30BaHHR 
MeTOAOB :nrs VI Pr. OH oaHaMeHoean Ha4ano Hoaoro 3Tana a ¢111-
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MeTOAbl 

nTB + Pf 

¢yHK'-'HOHaJ1bHbli:1 
HHTerpan 

peA)I(HCTHKa 

f!Hr-MH!lllC 

.£lHCnepCHOHHble 
COOTHOWeHH.R 

nTB 

Jseo 

PHc. 1 

KX~,MoAellb CanaMa

Ba~H6epra 

K3!1 

3H4eCKOM nOHHMaHHH lo1 TeOpeTVI4eCKOM aHaJlH3e MeXaHH3Ma CVIJlbHbiX 
83ai-!MOAei1cT8Hi:1c 

¢H3H4eCKO~ OCHOBOH TeopeTio14eCKHX paC4eTOB CTana KBaHTOBaR 
xpoMOAHHaMHKa /KX{J./. 88HAY 11 HeAOCTaTo4HOH c.nafiocTH 11 KXll B3aHMo
AeHcTBHR 3AeCb OKa3~8aeTCR Heo6XOAHMbiM COBMeCTHOe HCnOJlb30BaHHe 
nTB 1o1 Pr. 06paaHo ro8op.R '· Ha npoTR>KeHHVI Tpex AeCRTH.neTI-IVi rno-
6a.nbHaR KapTio1Ha 8 TeOpHH 3JleMeHTapHbiX l.JaCTHU. lo1Cnb1Ta11a nQllHbi.Vi 
BHTOK Cnl-lpalll-1 n03HaHHR, H 8 HaCTOR~i-!Vi MOMeHT HaAe>KA~ no nQBOAY 
nepcneKTHB ¢1-131o14eCKOro HCnOJ1b30BaHHR pe3y11bTaToB nTB + Pr Ha
nOMHHa~T 3HTY3Ha3M Ha4a11a 50-x rOAOB /CM. PHC. 1/. 

8amHOe OTJ1H4He AaHHOro MOMeHTa, OAHaKO, COCTOHT 8 TOM, 4TO 
8 KX{J. cy~ecTseHHO Heo6XOAHM nocneAOBaTellbH~Vi y4eT 8~CWHX pa
AHa~HOHHbiX /MHoroneTne8biX/ nonpa8oK. CyMMHpyeMbiH ~HKll pa6oT 
COAePM<J.1T HOBble MeTOAH4eCKHe J.1 ¢lH3H4eCKHe pe3yJlbTaTbl 8 3TOH 
o6nacn1. 

2. PaasHTHe TeXHHKH MHoroneTnesblx Bbi4HCJ1eHHVi 

B HaweVi rpynne 8 nT~ Q~~~ CHCTeMaTH4eCKHe HCClleAOBaHHR pa
A.J.1a.t.tJ.10HHbiX nonpasoK, Heo6xoAHMbiX Allfl Sbi4HcneHHA Pr xapaKTepH
CTHK KBaHTOBOnOJleBbiX MOAelle~, Ha4allHCb 8 1973 rOAY Ha npHMepe 
CKa.nRpHOVi MOAe11H g f/J 4.. 6biJ1H Bbl4ltiCJ1eHbl 2-neTJleBble, a 3aTeM 3-
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P"c.Z 

neTneBble/1/ BKila,Qbl s peHopMrpynnosyiO ¢yHK~J..110 {3(g). TpexneTJleeoe 
Bbll..lliiCJleHIIIe noTpe6oeano pact.~eTa ceMI-1 ,Q\IIarpaMM 4-ro nop.A,QKa 
/p"c.Z/. 
~ KS}f(,QOa:1 1.13 3H1X ,QvtarpaMM He06XO,QI-1MO 6bii10 Bbi41-1CJUH b MJ1a,Q

Wyl0 norapH¢MJ..1l.lecKyiO acJ..1MnTOTIIIKy. TaK, HanpHMep, ynbTpa¢J..1one
Toea.R aOtMnTOTJ.1KS ,Q!IISrpaMMbl ~ VIM€€T BillA 

0 2 k2 - -- + C -2L • L ~ ln - . 
6 "2 

noneaHyiO J.1H¢lopMat..tl-110 /B.KJla,Q e Pr ¢YHK1..1HH/ ,QaeT K03¢l¢lHLIHeHT 
/-2/ npJ.1 nepeo~ CTeneHH.L. CnyCTA H€CK0IlbKO Jl€T ,QJlA MO,Q€11H ¢4 
6bi!1J.1 Bbln011H€Hbl 4- neT fl€8bl€ 8bl"l.IJ.1CI1€HIII.A /2,12/, KOTOp'bl€ noTpe60BSI1J.1 
paccMoTpeH"'.A 23 .QHarpaMM 5-ro nop.R.QKa, no,Qo6HbiX H3o6pa)KeHHbiM 
HS plt1C.3, 

0 
P"c.3 -,--

nn.R xapaKTep1t1CTHKIII TPYAHOCTH paC4eTa MJla,QWIIIX norapH¢lMJ.14€CKJ.1X 
BKJlS,QOB no,Q06HbiX ,QJ.1arpaMM C 8 BHYTP€HHHMH nHHHRMH OTM€THM, ~TO 
OOCil€ Bbln011H€HH.R ~€TblpeXM€PHbiX HHT€rpHpOBaHHi1 no SHpTyailbHbiM 
HMnynbcaM H nposeAeHH.R 4-cTyneH4aToi1 R-onepa~HH nony4eHHoe 
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KOH€LJHO€ BblpS>!<€Hl-1€ npe,QCTSB.ri.A€TCFI 7-KpSTHbiM \IIHTerpa.rJOM no 

$e~HMSHOBCKI-1M napaMeTpSM, n.n.A CPSBH€HMFI 3SM€TIIIM, LITO COBpe

M€HHbl€ BbiLJitlC.rJ€H\11FI SHOMS.rlbHOrO MSrHitlTHOrO MOM€HTa 3.ri€KTPOHS 

npoae,QeHbl an.noTb AO 3-neTneaoro np!-16.nl-1}f{eHVI..A. CooTBeTCTBYIOUJ,VIe 

BK.rJS,Qbl 3JleKTpO,QY1HSMJ.1Ll€CKI-;JX ,QVISrpaMM 7-ro nOpFI.QKS CBO.QFITCFI 

K 8-KpSTHbiM napaMeTpVILl€CKY1M VIHTerpa.rJSM, l-13 COPOKS TSKVIX ,Q!-1ar

paMM 35 Bbll.JVIC.ri€Hbl .QO KOHL\S B SHS.rii-1TI-1Ll€CKOM BVI,Qe. 3TO OKS3a

J10Cb B03MQ}!{HbiM 6naro,QapFI 11CnO.rJb3088Hl-110 38M .Q.ri..A aHSm1TVILI€CKVIX 

Bbi4J.1C.ri€HV1\Ii, 

8 Hawe\li rpynne TSK}f{€ npVIM€HFie·rc..A MSWVIHHSFI aHamHVIKa /eM, 

o6aopbl 110,11/ I. 3To HanpaeneHI-ie pa3Bl-1BaeTc.A a 0\.1fH1 c cepe,QH

Hbl 70-x ro,QOB COBM€CTHb1Ml-1 YCYI.rJY!.AMYI y4eHbiX nBTA VI nTctJ, 8 .QSH

HOM C.rly4ae 6bl.rJ8 VICnO.rJb30BSHS CJ.1CT€MS SH8J1J.1TV14€CKI-1X a.nropMTMOB 

SCHOONSCH!P, noCTasneHHaR Ha CDC-6500. 
B peaynbTaTe .QllR 6eTa-$yHKL\I-1YI MO.Qenlt1 ¢4 6blno no!lyLiehO 4-

neTneeoe npY16.rJI.1}f{eHI-1e ( f = 1:
1
" -g¢ 

{3 (g)= ~-,g2 _ n_ g3 + 19,3 g4 -146 g5 
2 6 

BbiLJVICJleHVIe nocne.QHero 4JleHa, BblnonHeHHoe 

RB.ri.A€TC.A peKOP.QHbiM ,QOCTVI}f{€Hit1€M, 0HO ,QO CIIIX nop 

BblpameH\IIe 11 I MomeT f>biT b npe.QCTaaneHo e BIII.Qe 

{3 ( ) 3 2[ g g 2 g 3 
g =--g 1---+(-) -(-) + ... ] 

2 0,53 0,23 0,22 • 

/1/ 

B 1977 COAY f2/, 
He nosTopeHo. 

/2/ 

1.13 KOTOpOrO .ACHO 8V!,Q€H 11HSM€K 11 HS 8CHMnTOTI.14eCKI1~ XapaKTep 

paanomeHH.A. Ha-aa Toro, 4To s~pameHV!.A no,Qo6Horo po,Qa .AB.n.A-

IOTC.A o6pbiSKSMH SCHMnTOTH4€CKHX p.A,QOB, BCTaeT cnet.IH¢H4€CKaFI 

3S,QS48 11BOCCT8HOBJ1€HH.A C!>YHKU.H!-1 11 f3 (g) no HeCKO.rlbl01M nepBbtM 

41leHaM ee paanomeHJ.1.A T3~11opa 11 V1H¢opMau.HH o npe,QenbHOM BH.Qe 

K03¢0H~~€HTOB np~ 60nbWHX k: 

k 
{3(g)- };. (-g) {3k. 

k~2 

{3 k= l,l·k! k
712

[l+O(Vk)] 

131 

(k » 1). /4/ 

80CCT8HOBneH~e CYMM~ SCHMnTOTH4€CKOrO P~AB eCTb H€0.QH03Haq

HSFI onepal-'·H.A. He,QOCTaiOI.I.Ia.A 1.1H¢OpMal\J.1fl MO}f{€T 6b1Tb c¢opMyllHPOBa-

Ha B BHA€ aHanJ.1T\114eCK~¥ CBOHCTB ~(~ B KOMnneKCHO~ nnOCKOCT~ 

nepeMeH.HOH g. 8 pa6oTax13•4 •13/ 6tm pa3BHT MeTO.Q 3Q>¢eKTHBHOrO 

CYMMHpOB8HIIIfl 3H8KOnepeMeHH~X PRAOB C ~cnonb30BaH~eM HHTerpaJlb

HOrO npe.QcTas.neHJ.1.A nannaca /cyMMHpoeaHHe no 5openl0/, KOH¢opM

Horo npeo6paaosaHH.A s n.nocKoCTI-1 6openeao~ nepeMeHHOH V! cne

~Ha.rJbHOH npo~eAYP~ ~HKCHpoaaHHfl HeKoTop~x AononHHTenbHbiX 4HC-
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JlOBbiX napaMeTpOB 143 YCJ10814Fi Hal4fibiCTpe~we~ CXO,QVIMOCTV! nOCI1€,QO

BaT€IlbHOCTY1 nonyLleHHbiX cyMM. B pe3YllbTaTe ,QllA pacxo,Qfii.J..Ierocfl 

pA,Qa /2/, ofinaCTb npi4M€HY1MOCTI4 KOTOpOrO orpaHV~~eHa YCI10BI4€M 

BV!,Q8 g 5 0,1, Y.QSJ10Cb nonyliV~Tb 11 CYMMY 11
, COOTB€TCTBYIOlJ..IYIO 

/3/,/4/, npeACTasneiO~YIO {3(g) s HtHepsane O<g ::;50, T.e. 
paCWHPV!Tb 06JlaCTb npi4M€H14MOCT14 nTB 6onee ~eM Ha 2 nopA,QKa. 

014314LlecKoe cne.QCTBVle 3Toro pesynbTaTa 3aKn~LlaeTcR 8 ycTa

HOBileHI-1111 BHyTp€HH€~ npon1BOpeo. .. u.1BOCTVI MO,Q€!114 ¢ 4 • 0m1C8HHaR Me

TO,QI4Ka BOCCT6HOBI1€HHA 6biJ16 38T€M npVIMeHeHa/2/ K 3-MepHOMY aa

pytaHTY MO,Qe.nl-1 ¢ 4 , oni4CbiBaiOI.Ll€MY 3a,QaLly ¢a30BbiX nepexo,qoa. n,ony
LleHHble pe3YI1bT6Tbl HaXO,Q.ATCA 8 XOPOW€M COrllaCVIVI C ,qpyrVIMV. 

T€0P€TV14€CKVIMVI nO,QXO,QSMVI, a T8K)I{€ C 3KCnepi4M€HT8I1bHbiMVI ,Q8HHbiMH. 

npo6JleMa CYMMI4p088HVIFI 3H8KOnOCTOFiHHbiX pR,QOB, 6KTY6I1bH8Fi 

,qnA KanV16poeoLlHbtX Hea6enesbtX Mo,qene~, 6blna paccMoTpeHa 8 pa-

6oTe /5.'. 

Cne,QyiO~afl ea~Hafl rpynna pe3yJ1bTSTOB OTHOCVITCA K MHOroneT-

11€8biM 3¢l¢leKT6M B T€0PYilll 5lHra-MV111JlCS J.1 KB6HTOBO~ XpOMO,QVIH8MHK€. 

KaK y~e OTMe46110Cb B n. 1, 8 KXn B€CbMS 3I106o,QHeBHO~ RBJlfi€TCA 

3a,Qal.la paCLleTa MHOroneTJ1€8biX Pf xapaKT€Pi11CTVIK VI BKJ16,QOB B MaT

pYi~Hbl€ aneMeHTbl. B 2-neTnesoM npH6J1H)I(€HYH1 AflFi nonR .AHra-NHnnca 

8 nyCTOTe B npOV138011bHOt1 K6J1H6pOBK€ 3TH paC4€Tbl 6bt.nH BbtnO.nHe

Hbl a pa6oTe161 • OfioO~eHYie Ha KX/l 6bl.no CAenaHo a pa6oTe'
71

• 5blna 

nOATBepm,QeHa Kan~-t6poBO~HaR HHBap~-taHTHOCTb 6ery~e~ KOHCTSHTbl 

CBR3H KX~, nonyLleHo 111 peweHo Pr ypaeHeHHe AJ1A Ka.n~r~6poeo4Horo 

napaMeTpa, a TSKme H6~,Q€Hbl SHOM6I1bHbl€ pa3M€PHOCTH 8 npOM380J1b

HO~ Ka.nH6pOBK€. 

Ha~-t6o.nee cepbe3HbiM pesynbTaToM 3Toro HanpaeneHHfl HBH.ncH 

3SKOH4€HH~~ 8 1980 rOAY paC4€T K86HTOBOXPOMOAVIHSMH4€CKO~ ~
¢lYHK1..4YIH 8 3-neTII€80M nptr~6J1Y!}I{€HHYI lSI. 

3TOT pe3yJ1bT8T 

/31 (g)--< n- .?..ng2 -< 102- ~f)g 3 -< 282L - .2.9~~-r + il~r')g4 !51 
3 3 2 18 54 • 

rAe g""' a 5I 4rr. Yi f - LlHCilO apoMaTOB, OOA06Ho I 1 I HBilfleTCA nHo

HepcKMM Yl ,QO C14X nop OCTaeTCfl peKOPAHbiM. AflH ero no.ny4€HHR 

npMWJ10Cb 8~~HCI114Tb 440 AHarpaMM. Ha"'6o.nee CJ10*Hb1€ H3 HHX npi11-

8€.Q€Hbl Ha pHC. 4. 00CKOI1bKY cor .naCHO K86HT080XPOMOAIItHaMVI~eCKI-1M 

II 
110 90

11 

PHc.4 

npaBHJ16M ¢e~HMaHa Ka~,QaR ¥13 6 aepWHH 3THX AHarpaMM OnH~biBaeTCH 
6-4J1€HOM, TO o6~ee KOJ1H~€CTBO CIIaraeMbiX, B03HHKSID~~X npH Sbl-
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41-1CI1€HJ.11-1 41-1CI1HT€I1.R nO,QbtHTerpa!1 bHOrO BbtpameHHfl, OKS3btBaeTC.R 
paBHbiM 

66 
z 46656. 

YMHo>!<eHHe, npHse,.qeHJ.1e no,.qo6HbtX H HHTerpJ.1posaHJ.1e ,QI1.A ,.ql-1arpaMM 
PHCo4 3SHHMS€T 110 H 90 CeKYH.Q MSWJ.1HHoro speMeHI-1. 
-----o-TMeTHM, 4TO pacCMOTP€HJ.1€ 6btJ10 npOH3B€,Q€HO ,Qll.R Of5Lilero 
cny1..1aR Karm6poeo4HO~ rpynnbt SU(n) "' pa3J1J.14HbtX npe,.qcTaeneHH~ 
none~ MaTepHHo 3To ,.qano B03MOmHOCTb 11Cn0!1b30BaTb nony1..1eHH~~ 
06Li1HH pe3yJlbTST AI1.R H3Y4€HJ.1.R CBO~CTB nepeHOPMHPOBKJ.1 OC06o 
J.1HTepecHOi7t KSJ1J.16pOB04HO~ cynepCHMM€Tplt14HO~ MO,Q€Jlltl C SU( ·4)-
CltfMMeTpHe~' npe,QJ10}!{€HH0~1 n~t~044H' 0Jllt1BOM "' VJepKOM 0 

,lJ.Jl.R 3TOH MO,Q€1111 paHee 8 OAHO- It! ,QByxneTJ1€BbiX npH6Jlltf)f(eHH.RX 
6bt!1 YCTaHOBJ1€H ¢aKT OTCYTCTBH.R BKJlS,QOB B fieTa-¢YHK4HIO, To€o 
OTcyTCTBitf€ nepeHOpMHPOBKitf 3SP.RAa. 3aMe4aTei1bHbtM o6CTO.AT€!1 bCT
BOM TSK)f(€ .ABJ1.R€TC.R TO, I..! TO npltf npOB€,Q€HHV! Bbl41t1CI1€H1.1£1 8 TSK 
Ha3btBaeMo~ cynepnoneeo~ TeXHHKe YI1bTpa$1.10J1€TOBbte pacxo,.q~t~Mo-
CTH He nO.A,BJl.R}OTC.A B006tqeo 

s· pS6oTe'91 
Bnepebre 6brno noKa3aHo, 4TO 6eTa-¢yHK41.1.R pasHa 

HYI110 1t1 e 3- neTnesoM npH6!11.1)f(€HI.1J.1o 3TOT pe3yn bTaT, nony4eHHbtH 
8 anpeile 1980. ro,Qa, 6btCTpO CT8I1 1.13B€CT€H 38 py6e>KOM H BCKOpe 
6bti1 no,QTBep)f(,QeH ABYM.R rpynnaMH aeTopoe, ~t~cno!1b30B8BWit1MH cynep
noneBbre npas~t~fla $ei"iHMaHci 0 

TaK~t~M o6paaoM, npJ.1H~..tltlnltfanbHOe 3Ha4eH~t~e pa6oTb/91 3aKI1104aeT
c.R B TOM, 4TO OHa npSKTJ.14€CKJ.1 y6e,QJ.1!1a T€Op€TJ.1KOB 8 CYL11€CTBO
BSHHH B€CbMS HeTpJ.1BJ.1aJlbHO~ KSJ1HfipOB04HO~ MO,Q€Jlltl KBSHTOBO~ Teo
PJ.11.1 nOJl.R, CO,Q€p)f(8l1.1€i7t B€KTOPHbte M€30Hbl, CnHHOpbt, CKaJ1.RPbl J.1 
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nceB,QOCKaJ1APbl 8 4-MepHOM npoCTpaHCTBe-epeM€HH, CB060,QHOJ~i /npH 
cynepnoneBOM cnoco6e BblllHCneHHill/ OT Y1lbTPS$111011€TOBbiX paCXO,QH
MOCTeJii. 

B 3aKJ110Ll€HHe R xo4y np~t~aecTH CBOAKY peKOP.QHbiX pac4eToe, no
nyl!eHHblX B ,QaHHOM U,VIKJ1e pa6oT /CM. Ta6Jlii!U,Y/ • 

R 6naroAaPIO A.A.Bna,QHMHpoaa, a.~.Ka3aKOBa Ill O.B.Tapacoaa 
3a nOMO~b B nO,QrOTOBK€ ,QSHHOrO T€KCTS, 
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