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OEIUAfl XAPAKTEPHC'll1KA PAEOT!l 

MTyaJI1>HocT1, TeMH. YcTruioBJieHHe H npoBePKfi IIPliHrmITOB mmaPitaIITHocrn 

H CllMM6TpHli - O,IlHa ll3 Brume:llmmc 3a,IlatJ qM3HKH. B par.max JIOKaJII,HOfi 

' peJI.fITIIBitCTCKOii TeOpHH ITO.ID!, OIIItCUBaJOilleil B3aHMO,Il6HCTBH.fl 'laCTHIJ,,cpyH-

;rr.aMeHT8JII,HHM IIPll:HrmITOM CllMM6TPlill I'aMIIJil>TOHHaHOB OTHOCRT6JII,HO ,IlHC

KpeTHUX oneparmil o6pameHH.fl BpeMeHH T ll OTpa.JKemUI npocTpaHCTB8HHUX 

Koop,IlHHaT P. n 3apsmonoro conpmKeHIDI · C JlllJII!eTCJI CPT-

mmapHaHTHocTI> (CPT=I). Cpa.BHHTe.n:1>110 ,na.BHo H3BecTHo, tiTo B CJia6mc 

B3aHMO,IleficTBWIX HapymaeTCJI KruK,Ila.fl ll3 CIDM.ieTpHH B OT,Il6JII,HOCTH (Ho, 

IIO-BR.InIMOMY, CPT = I)• 0,nHaKO B03MOlKHOCTll KOJmll6CTB8HHOI'O Oim:CrumJI 

STHX, HHOI',Ila OtJ8Hl> TOHKHX~3q$KTOB Hapymemm B03HllKJill TOJil>KO IIOCJie 

061,e,IlllHemm CJia6wc, 3JI6KTp0Wll'HllTHWC ll CHJil>HWC B3aHMO,neilcTBllfi RBap

KOB ll JI6IITOHOB B pa.MKax RaJm6poBotJ:HIDC MO,IleJieii. IIpocTefunM !)eaJillCTll

tJeCKM MO,Il6Jil, IIOJiyqaeTCJI rryTeM npm.ioro 061,e,mmelllUI R8Jill6poBO'lHUX 

rpyrrrr SU(.t)c U(1)xS!1('3t R BRJIIOti:aeT 3JI6RTPOCJia6yio MO,Il6Jil, BaiiH6epra

CaJia.Ma-TJI31110Y H RBaHTOBYIO xpoMO.IlHHaMHKY (KX.ZO • .lVIJI MeKTpoCJia6ofi 

MO,IleJIH {SCM) ,IlOBOJII,HO 6UcTpo 6wm Hafr,neHU 3KCIJepHMeHTaJil>Irue IIO.Il-

TBePllt,I(emUI B JI8IITOH--JieIITOHHOM ll JieIITOH-a.npoHHOM ceRTOpax. qTO Kaea-· 

eTCJICJia6HX HeJieIITOHHHX'IIpoIJ,eccOB, TO 3,Il8Cl, CitTyaIJ,Wt MeHee orrpe.ne

JI8HHM. .lJ.eJio B TOM, '!TO RBapK-I'JilOOHHHe B3aHMO,neiicTBllJI (KX.lO CYl!l6CT

B6HHO nepeHop.mpyioT 3aTpa.BO'llllle MeKTpoCJia6ue aMIJJIHTY.IlH ll ,Ilruite IIpH

BO,Il.fIT K IIOJIBJieHmO HOBWC: CTPYKTYP B HHX. EoJree cep1,e3Ha.f! IIpHtJHHa co-
~ . •:-: .. 

CT0.11T B TOM, '!TO B paMRax KXJl IIOKa· OCTaJOTCJI HepemelllWMit rrpo6JieMH', .r .· 

KacaDltileCJI CBOiiCTB a,npoHHOI'O BaKYY}&l n ,IlHHaMitKII RBapKOB _Ha 60JII:,lllllX . 

pacCTORHl1fIX (~on!J?afun-1eHT,a,npoHit3armR.KBaJJKOB ll T.n.). Emmy OTCYT-
' ., .~. ' < ., ' 

CTBHJI y,noBJieTBOpHTeJil>HOtt .lU'lH8Mll'l8CKOtt T80Pllll a,IlpoHOB, IIOCTpoemmit 

' C IIOMOIIU,IO KX.II, nepexo.n OT imaHTOBOIIOJieBWC MO,IleJiefi SCM H KX.U K Ollll-
' ~ . -~ ' ' ' . 

camm 3<1qeKTOB B TepMHHax a,npoHOB noKa ocymecTBJUJ;eTCfi C IIOMOIIU,10 Hll3-

K~BHepre'l.'H'leCKOil q8HOM8HOJIOI'HH (~6pa TOKOB, PCAC , eve, Sl(~)-

'f' li:;1 .. ~;r;:-;~;!lihlri B~!~tmw7 
' l . 
i !",i!Jq. 1;,].'{ m'':' .'H~.llOr.!mm1 f 
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Cm.1MeT.l)WI ll T .n.) ll KBap!tOBHX COCTaBHWC MO.tteJiett a.Itp0HOB. TamDC, rum 

.ny6HeHCltltit "MemoK" :wm 60Jiee c.7.1Ol!UW8 ero pasHOBII.nHOCTll. lb CllX nop 

Tazat8.H8 y,naeTCJI llOCJI8.llO:BaT8Jll,HO ll KOPp0RTHO :eu:eecTII ll3 ll8pJ3OnplitH

mmo:e y.no6HHe .n,na; onncamm Hm3KOSH8Pr8THl!8CKlIX HYRJIOH-HYRJIOHHWC 

(,naJiee NN ) :esamro.neficT:emi cwrl>HUe n -OJia6He noTeHIUIWIH. B noMe.n

Hee :epeWI, O.JUiaKO, Haitn;eHH o6xo;ume JJYTR, HaIIJmMep, RBaPK-H,D;ePimll 

no.mco.n, :e KOTOpoM NN -nsaIDl!O.ItettcTBruI Ha r~ pacciromnmx O1mcu

:eamCJ1 Henocpe.ncir:eeHHo :e irepwnmx KBSJlROD, a He ,iepes ~c:IMeHH. Tsme

JWMH M83OH&m. 

Hayqeim:e CJia6wt Hecox~ 11eTHocir1, (HlI) /1/tJ -nsa.m.ro.nettcir

:ed - :eaJ!llleilmast llaC'rl> OtJepq:eHHofi l3Hlll8 npo6.neMa'rllltll. B 8KCll8,Pm,48H

TaJU,HOM OTHOmemm STa.O6.naC'rl> HaC'rOJll>KO T.PY.7U!a, WO llaROIIJI8Hl!8 .ttaH

HWC :e Hett ll!JIO ,neCJI'rll'JleTllS!Lm ,n Jm1111> :e noCJie,lUiee :epem sq:qieRTH HlI 

pean::&HO BSM8p.lIBJTCJI B MaJIOHYRJIOHHwt pearonmx B CBSmll C nosmJielm:eM 

CWil>HOTOTUIUX YCROp:HTeJI8il•llp0TOHOli (MeBOHHHX qiac:lpmc). 

IteJg, pac:IOTlJ. Pasmmte BCllOMOraT8JII,HWC MeTO.ltRK B.no.mco.no:e R ormcamm 

sqxieRTOB HecoxpaHeHWI ,ieTHOCTB :e CJiac:lwc tJN-B3BJE.Mo,nettcirimHX. Ha oc~ 

Ho:ee O61.e]UiHeHWI Ka.JIRc:lpo:eolJH!lX MO.tteJiett $U(.i)Lx U(,t)}( ~U('3)c 
C UeJII>J> O'rB8Ta Ha :eonpoc: HaCK01Il>KO a.zt8K:Ba'rlm .ruumaH MO.lt8Jil> 11 Hamll 

cnococ:lu o:imcSHWI 8;ItepHWC clJJI np11po,ne sToro JmJieHWI'? Ilo)tqeJlRHOM, .'i:rro 

imaxosHepreTBqecRBe aqxpeRTH HtJ B NM. B 8;ItepHWC peaxnwix ymmam,HH 

B TOM O'rHOmemm, 1i'l'O B OTBe'rCTB8HHWC sa mot KB8p!tOBUX Mexa.HH3MBX 

ytiaC'l'BYJ)'l' Bee KOMIIOH8H'rH BTO! MO.lleJJB. 

HajnmaJI HOBHBHa. 3@)eRTH IflI BBM8.Pal7l'CJI Ha.zt MOntmm qJOHOM npouecco:e 

Cl!Jil>HHX,. a 1lal!t8 - llOCKOJll>KY qJOH IJ8ll!IIO- SJieK'rp0Mal'Hl!THWC B3a:lWO.Jte:ll

c'l'BB!. IloBTOl'q B .ItE[CC8pTantm, ~e BC81'0 1 np0D8.ll8H qJ8HOM8HOJ!Offl

llecm 8H8Jm8 MaTJIH1llnlX SJieMOH'rOB 8JI8RTpomrHH'rHHX TOROB 8,Iij)OHOB C 

llOMODU,ll Te:xmnm MYJII,TmIOJil>Blll: pasJiozemrli. IIpH 8TOM B paMRaX lt1IaCCB

qeCROI'O 8Jl8KTp0Marn8TBBMa :enepime xoppeRTHO m,,n:8JI8HO ·TpeTI,8 car.mi-
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CTBO MYJil>TllllOJU,HHX MOM8HTOB, Kp0M8 sa~OBWC H Mal'HRTHWC - Topo;im

ma:. lfJrH. COOTBeTCTBYJl)lll3X STlIM MOMeHTaM qJO.PMqaltTOpoB B a,npommx SJieK

Tp0MarlmTHHX TOKax npime.1teH .P,Fm KOHKpeTHWC npHMepo:e (nepexo,!W B TSI

llteJIHX smpax, B KBaBRM8PHOll CBCT8M8 ll .ItJ).) 1 KOr.lla yqeT BTHX qJOp.$K-. . .. ~ 

TOpoB (MOMellTOB) H8Oc:IXO.IOIM, B 1f8CTHOCTH, npn aHa.lllI38 aqxp8KTOB HlI. 

Ha OCHOBO O6.'I.e,ItWieHBSI 00M B RXJl (CTaIWlpTHaSI MO.ll8JI:&) BII8pJ3H8 

6es no,nroHo-cnmx II8paM8Tp0B pacctmTrum llOJIHH8 3Ha1f8IDVI l{ll KOHCTaHT 

c.nac:lux M N/1/ -:esaID/!O,neiiCT:ed 'h M • ., 
PasmITO Ilpl!M8H8HH8 Kl38Jllt"".mtepaoro IIO.mtO.lla It omrnamm 8qxpeKTOB . 

HlI B NN -B3am.ro.ttellcTDlffllt n norumrum RPHTITTHocT1> arnx B@eKTo:e It 

.ll8TSJIJIM MYJlliTIDCBapKOBOl'O MexamISMa ,mepHHX CWI Ha MaJIHX !llCCTOSilm:

mt • 

IIpa1tT:1A89lSM U8HHOCTl>. Bl:,,n8J18HH8 Tp0Tl>8I'O COMettcTBa MOM8HTOB - TOpo

immot - cnococ:lcTBOBaJIO He TOJil>KO pemeHm> llOCTaBJI8HHOA 8.ll8Cl> s~atm, 

HO, HaIIplfMOp, YCTllllOBJiemm HO,BSX TBIIOB cpaso:ewc nepexo.no:e B T8Opmt 

ROH,neHCHpoBrumoro COCTOHHWI cpe.n B qll:t8R1I8CKOtt BHTepnpeTamm rpymz 

Wll'HRTHHX CnMMeTpd RPHCTMJIOB. ()qemotHa II!)HMeHBMOCTI> Topo:iwmx MO

M8HTOB .lWI npoeKTBpoBamui llOJVlpRBaillIOHHWC BKCII8piIM8HTOB C aTOMaMn: ll 

MOJIORYJI8Mil B imcoKomrreHCHBHJ:Dt BJIOKT.PR11ecimX u mrmrrma: nOJIHX. 

lteMOHCT,PanWI pea.im:cTHTmOOTB CTaH,na!)THOtt MO.lle.mt llO3DOJISl8T oueHH

:&aTI, C llOW>DU,ll Hailttemmx J.tOHOmH'l' Ht,,t 8(MieltTU JI1l B BRCll8.PmmHTSX
1 

IIPOBO;Ltl'!U:« WlH nnrumpyeMUX Ha Mesommx qac:linmax ll 8ltCII8,PBM8HTMl>HWI: 

uahpommx pemtTopax. 

Aupoc:lagp pagom. 0CHOBBHe.pesyJI:r.TaTH, npe,nCTaBJieHHHe B ~CC8PTSUHK, 

~o:r, Ba C8Mlmapex .mc:lopaTOpdt OWilf, aw! mi. II.H.Jiec:le,tteBa, 

Hml AH CCCP, HTSQ, HHIDII .MI'Y', Im AH YCCP, fiHODTYTa RpHCTMJiorpa

(mr AH COOP m.t. A.B.lllydmmo:ea,z IIO Hlm ttl!TMHOI, JI8~ Ha lllltOJISX. 

Orite.JWme . ,P83JJII,TBTH · IJI)e.ltCTaMmmo:r. B ,ltORJ1B,ltUB9JmCI, Ha Me~po,tt

HO! itoB«;epemp no ql:t8l!K8 llHCOIGDt SH8prd B CTJJYRType B.1U>8 (,Jzy6aa, • 

197!; I!a,Imt, 1981), Ha C8M11!fape "3718K'lp0Mlll'HBTHH8 B88l!MO.It8!CTBRII 
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smep npu MaJruX u cpe.zumx aHep:rnmc (MoCima, 1972), MeJK.I(YHapo,lUIOM ClIM-

noa:eyMe •no TeOpm! MeMeHTapHHX traCTIDJ; (Pru1Hxap,nc6pymI, 1972), MeJ!UCY

napo,1Uioii KOHcfepemnm-no clJllamte BHCOKHX aHeprnfi (T6wmcH, 1976; Toirao, 

I978; Ilapu, 1982), BcecoroaHoft KOHcfepemnm no npo6JieMe HecKOJibKKX 

TeJI B smepHoii clJllamte (Jlemmrpa,n, I983), MeJ1UCYHapo,1Uioii KoHcfepemnm 

no npo6JieMe HeCKOJ!bKKX TM B qJll8Ime (JlY6Ha,I979; T~llJIHCH, I984), 

Me,imyHapo,lUIOM cewmape no npo6JieMaM qiaalIKlI BHOOKHX aHeprnft (M;YJibTlI

KBapKOBHe B8alIMO,neficTBIDI lI KXJ0 (JlY6Ha, I98I,I984); MeJ!UCYHaPO,lUIOM 

c0Be111rumu no npo6Jier.JaM KBaHTOBOii Teopm nOJI.fI (A.JcymTa, I984), Bceco

roaHoM ceMHHape "Ilporpa.MMa 8KCnepuMeHT8JI1,HIDC lICCJie,noBaHUil: Ha Me30HHOH 

qe.6pmte mm AH cccp" (3BeHHropo.It ,I983, I985), MeJK,eyimpo.ItHOM cm.nmape 

"TeopeTUKo-rpynnoBHe MeTO.Illl B qnamte•(!OpMaJia, I985), a TaKllte Ha .IlPY-:

rmc pa6otmX coBe~mc, clIMil03nyMa.X, cecc:wi:x: n 6ropo oT,nMeHWI ro:tep

Hoii qll!31IKlI AH CCCP. 

11y6.mmamm. Ilo OCHOBHHM peayJibTaTaM ,IlllCCePTaznm Ony6JIHKOBaHO 28 pa-

6oT. 

CTpyRTypa H o6~eM pa60TH • .lllrccepTaIJ;WI COCTOHT H3 BBe,IleHIDI, Ill!TlI I'JiaB, 

38.KJIKReHWI, ,IlByx npwrOJKeHHft; co,nepimT ISO CTpaHIDJ; MallllIHOilHCHOI'O 

TeKcTa H IO PlICYHKOB, II Ta6.mnt H CilHCOK !(HTHpyeMOH JIHTepaTyp!l 

H3 240 Ha3BaHHfi. 

CO.llEPJWil,!E PAEOTH 

Bo BBe8eHHlI KpaTKo o6cy,p:.naeTCH Kpyr o6meTeopernec:rwx n.ztefi n 

8RCnel)lIMeHTaJibHHX cpaKTOB, ~poBal31lll'!fi npoBe,nemrue lICCJie,ItOBaHWI, 

o6ocHOBaHa BaJ!tHOCTb pemaeMIDC npo6JieM, KpaTKO H3JIOXeHO OCHOBHOe co

.ne J)lltaID!e .Il,llcce PTa!(HH. 

B nepBoii I'JiaBe ,IlHCC8PTa!(HH npoBe,D;eH .Il8TaJibHlltt aHaJIH8 }J!YJ!bTHIIOJTh

HOI'O pa8JIOX8HWI 4-ToKa B par.max KJiaccnqeCKOI'O 8JieKTp0Mal'H8TH8Ma • 

IIpn 8TOM HS nonepetmoft 8JI8KTJ)H'i8CKOfi qacTlI pa3JIOXemI.fl Bli,Il;8JI8HH Topo-

4 

n.ztHHe MYJ!bTHnOJibHHe MOMeHTH (pacnpe,neJieHIDI) lI uayqeHH llX CBOliCTBa. 

IIoitaaano, 'ITO ,Ile'l'aJIH3a!(HH H3B8CTHOfi Teope?A!:,1 reJIDMI'OJ!bUa, no KOTOpofi 

JIID6oe pery.1U1pH08 B8KTOpHoa nOJia WIH TOK pa36RBa9TC.fl na CYMJfiY "npo-
--:"" _., _., ... ~ -,,. 

.IlOJ!bHoit" n "nonepetmoft" qacTeii 1 ::: ~ 
11 

+ j.1 = V'(J f-Uffl (nl)liqeM J,,tvA:: 
= O), r.ne 

1:(-Zt) = '(lit c_iw)+ -ust-wt(iJ) = r '¥ + -'t(,:f 
(I) 

O,IlH03IlalJHO I'OBOl)lIT O CYilleCTBOBaHHH H83aBllClIMOI'O TpeTbero ceMeiicTBa 

?,tyJ!b'rlffiOJ!bHIDC MOMeHTOB • .TI.eftcTBl1T8J!bHO, ?,tyJ!bTllnOJibHOe pa3JIOX8HH8 aa-

pro:(OBOfi IlJ!OTHOCTH 

. = O'f> = - jl 

7 
oc_,{, t) u CB.fl3aHHoil: c nefi coxpaHeHHeM ToKa cl I If J = J II 

,naeT Ha6op MYJibTimOJ!bHHX aapro:(OBHX MOMeHTOB 

11 · llX pa,nnycoB: 
. Q ~ ( 0 if' J\ (),(}.YI) "- f O 't..e+11.n V .y ell . ~ J J l"' > t... . J J t,,c 't • . ~ 

EcJm lite. HallpID,tep, J :: 0 ' HO j J. 'I: 0 ' TO aHMOI'UlJilOe pa3JIOXe-

HH8 'f 11 1 ,naeT (BHnHmeM JIHlllb onpe,neJiemm !,1/ll'HHTil!DC H TOpolWWX 

MOMeHTOB): 

Mt~ .... ) (i·{) 7-l Ye: Ji' 

TeYll"" j (i· "fi ') '-t y;._ d\.. 

(2) 

(3) 

B ,IlHCCePTainm BHB8,Il;8Illl 60Jiee 06mHe onpe,neJiemur MOMeHTOB .IlJ!.fl TO-
I•~ 

ROB, He orpaHH'ieHHWC yCJIOBHeM ~1.u-1 = 0 • 

Bo BTopoit I'JiaBe .Il,llccekamm MYJIDTHIIOJibHlltt aHaJIHa npm.reMeTCH 

,Il;JI.fl napaMeTpnaamm peJIJITl1BHCTCKHX MaTpnqlWX 3JI8M8HTOB onepaTOpa 

SJieKTpoMaI'IlllTHOro TOKa 8,Il;poHOB C JIJJ6mm: CmntaMll.·Oco6oe Bill1MaH118 

Y.IleJI.fl8TCH CBOitCTBBM ITOJIY'i8HHHX MYJ!bTHIIOJ!bHWC qJOpt$KTOp0B IT.PR onepa

nrutX o6pamemm BJl8M8mI H OTpal!'.eHlm IIp0CTpa.HCTBeH!IllX KOOp,IlHHaT. lfu 

cpaBHeHlIJI onpe.nMeHRit (2) 11 (3) MOlmO mmen, 'ITO TO,t>olJ,ItHHe MOM8HTH 

TO'ie'lffil:DC peJIJITHBlICTCKllX 'iaCTHU B03HHKruoT ,Il;JI.fl 'l:8THHX . t TOJIJ,KO 6Jia-
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ro.naPJI HecoxpaHemno P -mmapnaHTHOCTH, He'!eTirne - 6Jraro,n:ap!I 

HecoxpaHemno 'f -mraapnaHTHOcrn. II01msaHo Ta.ttxe, '!TO napa.MeTpnsa

uim 'l'OI-U cmrnopHIDC '18.CTlrr( B 611emmopHOM npe,n:CTaBJiemm Jrliprum MOl!teT 

samtc1:maTI,c.fI <Iepes a.HanOJII>lffifi qx>PMQl8.KTOP 3em,.n:omNa(I957) *~ 

• - I 2 "' F'(a) 
(. j/> ~ U.(?J(t ~-ii~)°ts t12)U(P),~=~-~ (4) 

IfJIII MYJII>THITOJII>Ht.ii qx)p.$:lKTOP 

{_ 1r)"' i:{(?') tJA"lj 1:"t ~ t(c\2) U[p~ ~ =~t_f,<5) 

COOTB9TCTBYRJIItltfi TOpou,n:HOM,Y .znmOJITO. IIoim3aHO, 'ITO pa.3Hm(a B onpe,IteJie

Hl:t.fIX cyniecTBeHHa npn paCCMOTpemw l13JIY'lemm H .IJ,1I.II ,n:pyrnx (!M3H'!9CKRX 

sa,natI, KOr,n:a TOK .fIBJI.fISTC.fI nepexo,n:Hl,IM. MeTO,Il;OM aHaJIMTM'!8CKOro npo.n:OJI

llteHM.fI qx>pMqiamropoB no Macce a,npona nOJiytieHa cucTeMa .ItMcnepcHoHHl,IX 

COOTHOW8Hl:tfi, noSBOJISilO!llW{ Bl,lpa;KaTI, TPY.n:HOHSMepm.rue, H8.ll.l]IDl.6P, rrepe

XO,Il;H!,19 qx>pMqmtTOPH '!epe3 IISMepeHIWe. 

POJII> 'l'OpOn:,n:HHX MOMSHTOB B ,n:pyrMX o6JracT.fIX <IMsmm o6cyiK,I(aeTC.fI B 

IIPMoJKemm: I. 

Ha 3TOM 38.Ka.wmBaeTC.fI M8TO,n:ll:'!8CKM '!aCTI, ,n:ll:CCePTauim (B OTHOme

mm K IlOCJI8.nyIOlll8M.Y MaT8IJHUJIY) H CJie,n:yIOT rJia.Bl,I, HCUOJI1>8yrolllli8 COB,P8-

M8HH!,18 annapaTU Ka.im6poBO'IJHWC Teoplifi H KBaPKOBllX MO,Il;eJiefi a,npoHOB 

.u.im ,n:mia.MlfCiecKoro OmICaHM.fI s/M)eKTOB necoxpaHeHl!.fI tieTHOCTM B NN -
B88.MMO,l(8HCTBWIX. 

B TpeTMil: rJiaBe OTpalK8Hl,I ,l(OCTMJKeIIIDI llOCJI8,n:ImX ,n:eC.fITM JI8T B pas

BMTlW llOT8mma,Il>HOro no;nxo.n:a K OIIHCaHmO SqxlleKTOB WI B Hl:t3K03HepreTH

'!8CKllX N Iv- H mtepirux pearunurx. ~PHBe;neH Bll:,l( WI noTe~aJia, nOJiytieH

noro B llIJH6JrlilK8~ O,n:HOM930HHWC 06MeHOB ~ , .P , W , Ha OCHOBe KO

Toporo npoB0,11,HTC.fI pactieT WI aMIIJilITY,D; B Tep.mHBX 'a,npoHOB. O:rm:cuBamC.fI 
.. 'id H4 

OCHOBH!,18 warH B npoue;nype Bl,IBO,D;a SqxlleKTMBHOro rru.mm,TOHHa.Ha t(. : 

iJ JK31\l?,I957,T.33,Blill.I2(6), c.I53I~I533. 
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1t \iii = 2 C PQ: ~ .P' i Q l\, : (6) 
rQ. P,Q 

r.ne C - KOeqxlHUReHTlffie ~yHKUBH onepa.TOpnoro paSJIOJKeHH.fI Bltnco-

Ha, p H Q. - Ma.T,l)RUH B npocTpaHCTBe UBSTOB (3x3) H apoMaTOB (4x4). 
"fl)H4 . ,., , 

BKJrmemte d{.. B B8pmlllY MIJN Il08BOJI.fI9T Bl,l'lHCJIHTI, HtJ KOHCTaIJTH n M 

hM "- zMN l Jl HI{ l tv) J M ~~)y,w . 
(7) 

OcHOBHOH Tpy,n:HOCTI,D _pemeHH.fI ll9J.lBOH sa,na'!H .fIBJI!I9TC.fI ,Y'!8T_1.t13eTo-

Bl,IX Bsam&o.neiicTmnl:, BllJIOTl> .no pa,n;Hyca KOHcpaimMeBTa R c , r.ne BJIIDI-

HKe HX Ha nepeHOJ!,!Hp0BKY "saTpaBO'!HWC11 8JI8KTpoCJia61,1X aMllJillTY)i, KaK 

llOK8.8aHO, BeJmKO .nruge B
0 

o.n:aoneTJI9BOM npa6JIHJKemm. TeXHM'!eCKOe peme

HHe 8TOtt sa,na'!H npoBe;neHO nyTeM cyw.mpoBaim.fI BKJia,D;OB Be,l(ylllWC JIOrapaip

MOB ""(J.1 evi Mo/flt Y' (r.ne p.. ~ To'!Ka nepeHop.mpoBKH) Ha oc-:

HOBe peHOpMI'pynllOBUX ypaBHemtll (BI:lH9C9HO B IlpMJIOl!temte 2). CynteCTBeH

Hl,IM.B 8TMX pac'lleTax .fIBJUISTC.fI ,Y'!ST ,nn:arpaMM, CO)i8.l)llt8JllWC KBapKOBUe 

neTJIH, T.e. yqeT BJIIDIHH.fI1KBaPKOB MOP.fl 1¥1 HtJ B3aIIMO,l(ellcTBRll BaJI8HT

HWC KBSPKOB. II.PR 8TOM, '11T06H H86ellta.TI, COKpantemtn l)mta onpe,D;eJI.llJ)llt!DC 

,nn:arpaMM Ta.Kora TlUia, H806XO,ll;liMO y-imTHBaTI, pa.3JIH'!li8 MB.CC u , • d. 
-:1 R d KBapKOB (Bll8J.lBH9 HCllOJI1>30BaJIOCl> BaiilimTellHoM H ~~ (1975, 

-~· e 4 · .... · · '·:•. 
I977) ,nnJI BW30,l(8. 1t A~ = '1 , $ - CT~OCTI,) • Y'!T8HO TaIO!te RSMeHe-

HHe MacmTa6Holl ROHCTaHTH /\ t . B 6erymen KOHCTaHTe CB.fI8R W39TOBHX 

B88RMO,l(e:ltcTmnl: ~1 JI8l'KHX H T.fillWJIHX KBSPKOB ( 1. E Ui1 'roocf3E/ i 
.ll. B.llliIPKOB, . I98IJBBE/) •. 

PQ 
.Is,mCJieHHe 1<oa@IIUReHTHWC qJYHIUlJt11 C ecTecTBeHHo npoB0,11,HTl> B 

TO'!Ke nepeHop.mpoBRH .fl = po , r.ne }'-o - napa.MeTp RHippaxpacaoro · 

R-4 o6pesaHWt . J'-o "- C • II.PR pac'!8T8 a,npoHHHX MaT.Plf'IHHlC 8JI9M9HTOB 

(?} 8TO OTB8'1189T CHTYEUl;lm, KOr,tta JIOra.PRi{t.m'lleCKHe BKJia,IJ;l,I B mIX OT 

Bcex neT8Jll>, B TOM '!HCJI8 R BR1IIRBDltRX MOpcKHe KBapKH, YtIHTHBaJOTC.11 

i}IlKCl>Ma B llra'N>,I975,T.22,mm.2;c.I23-I25;E31\l?,I977,T.72,BHII.4, 
c.I2?5-I297. 
~ Nucl.l'hys.1980,v.B176, p~61;..69. 

HI1,I98I,T.34,BHII.2(8),c.54I-545 • 
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B . KoaqxpmmeHTHHX <p:f.HKUWIX C e Q , a 111a.Tpwnrne aJieMeHTbl onpe.zt.eJilUOT

· c.fl BaJieHTHb!Mll KBaPKaMl! (BnepBbleno.no6mrli:no.ItXo.It.nJDn,1eire.H K r.ny6oKo-.. . . · ... · ~ . . 
;,HeynpyroMY pacce.!IID!lO HoBmtOBblM n .It.P!, 197?). 

,!JaJiee ytruTb!BaBTc.fl 06J.l!M CTpyKTypa WI ~BepnnIH (B - HyKJIOHbl 

n/wm nmepoHbl) •· Ha. ocHoBe .P CA C , c ~OMOUll>lO TeopeTmto-nOJieBoU 

• TeXHmtll IIO.eyt!eHO, "ITO IIOJIHafI a.MIJJIHTy,D;a ( 7) ,n;ruvM :.)I B Mlll'KOIIHOHHOM 

·L npn6JrmlteHHH ( k1t ➔ O ) onpe,D;eJISieTc.fl cyw.toii BKJia,I(OB·.D:BYJC THIIOB, paa-:-
·r. JIH'!aIOlllllXc.fl M6XaHH3Ma!lm WI B ffiB Bepnnme •. 3To :.. <paKTOIJl!3Y8Mble BKJia.ztbl, 

T.e. CBO,nmnl:t8CJI K nponaBe,D;eHHJIM !l!aTpwn!blX SJieMeHTOB'a,I(poHHHX TOKOB, 
I . • 
1 

• j H HeipaKTOIJl!3Y8!,n.18 BKJia,I(bl. .n,iJ:r onepaTopo::a, BKJIIOtJalODtiDC: Kai JieBble, Trot 

I 

" . • . j .:· 

ll npaBUe TOKH, BKJia,I(bl nepBOro-THna nponopUllOHaJ!I,Hbl CKBJIR:PHOii IIJIOT-

HOCTll Brucyytmoro KoH,D;eHcaTa (ol~ci,101 ri B -~ oHH .noMlllnipyJO'l'. Ta~ 

lWM o6pa30M, no ll3MepeHHJIM Hll3K08HepreTHtJeCimX ffq 3qxpeKTOB, onpe,D;e,;,: 

JI.IDaltHXCJI .It.aJII>Ho.neftcTByroIIteil: KOMIIOHeHToil: WI .R,l(epiruX CllJI,. MOJJtHO ouemiTI, 

Ba"ltHefunyro xapaKT8IJl!CTmtY T80IJl!H CllJll,H!lX· B~allMO,D;e:iicTBHil:I ' 

HeipaKTOpH3yeMble tJaCTH B hv (Katt ll qaKTOIJl!3YeMble) . BnepBim pac

CtruTaHbl 6e3 llCIIOJII,30BaHHJI no.nroHOtJiruX napaMeTIJOB (B OTJilltrue OT pac

tJeTa .lT.eIIJiaHKa ll .np. I980)~TO n03BOJillJIO nocTaBllTI, ·:sonpoc O npoBepKe 

CTaH,D;apTHo:il: MO.zteJIH, IlOJilllle ·3HatieHl!Jl KOHCTaHT hM np.HBe,D;eHU B Ta6JI. I. 
B 'll8TB8pTott rJiaB8 npHBe.nem1 nPHM8Pbl pactieTa H%;a(fxieKTOB B MaJIO-

HYKJIOHHblX ll smepHWC pearoJ,RlIX ll aHaJill3ll.PYJOTc.fl 8KCll8IJl!MBHT8Jil>Hble CJie,D;

CTBHJI CTaH,D;aPTHOil: MO,IteJill ,nJIR:.ll3MepeHHb1X-8qxpeKTOB; KOTOpbley,naeTc.fl 

. , · pacctJRTaTI, C nOMODtI,10 nOT8HUlt8JII,HOro no,ICXo.na ... B ,KatiecTBe llJIJIJOCTpa-' 

TllBHOro !l!aT8pH8Jia npHBO.It.JITc.fl cxeMbl pactieTa mIPKYJISIPHOii llOJIJIIJl!3~ 

Y- -KBaHTOB B paJtllam!OHHOM 3aXBaTe T8IIJIOBUX H8HTIJOHOB npoTOHaMH 

rip ➔ ctr ll ~ MO,IteJII,HOil: KBa3RJI.n8PHOtt cncTeMe. Ha nIJl!MBpe nepBoii peaK

Ullll .neMOHCTIJl!pyeTcJI 3aB.RcRMocTI> pesyJII,Ta.Ta oT Bbl6opa noTeHUHaJia 

CRJII>Horo B3aEMo.n.ettcTB.llJI HYKJIOHOB. Ha nIJl!MOpe BTopott perucumI rioKa3a-

•7 .. HH/Ann.Phys.,1977, v,105, n.2, p.276-287. 
Ann.Phys., 1980, v.124, n.2, p,449-495. 

\ 
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.Ta6.mma ~- KoHCTaHTU hM B cTaIIMPTHo:ii MO.zteJIR SU.(l)1-.i' Lt(-t).x$U(3l 

nM (3. T.) H hM (H. T.) - Blqra.nl,1 3apimeHlIUX, H, He:iiTpaJII,HUX TO.,. 

KOB B, hM ; B CK06Kax cn.l)aBa oT1 3Hatiemm h M,, - 3Hatiemm .. 6e3 

ytieTa•UB8TOBUX B38RMo.neftCTBllft. 

\Js. T. )xrn7 1-t"(H. '.l'. )xro'7 1i~xro'7 

o,o , I,3 I,3 ._(0,48). ·. · 

- 6,2 - 2,I - 8,3 (-0,55) 

, 0,00 0,39 0,39 . (-0,26) 

.:. '15,i:i' 8,8 - 6~7 C-II,I) 
, .. r :·" 

- 2,9 - I,0 - 3,9 (+2,2) 
~y. • 

0,0 - 2,2 - 2,2 (-2,2) 

HO, tJT.O B 60Jiee T8CHO:li, .'tJeM ,D;eilTOil • (VA/ -cncTeMe ,MOllteT' nponcxo,D;HTI, 

3HatruT8JII,HOe ycRJieHlle WI eqxpeKTOB. no 8TOil '1t8 npntmHe CTaHOBJITc.fl 

CYlll8CTB8HHW.m BKJia,I(bl B Ei-nepexo.nu TOpoH,D;Horo ,D;HnOJIJI H ,D;a,llte,Hatt,n:eH 
. . .. ' ··'' 'i:.' -!'i 

KOHKpe.THblfi CJIYll8.ll,. KOr,D;a ffq 8qxpeKT onpe.rteJISI8TCJI TOJI:&KO OI'O'Cmni:OBO:ii 

tiacTJ,10, .lJJm oueHKR HtI 'a~KTOB B Nii -cncTe~e BblBe,neHbl ~6uft WI 

NN ~noTeHUKaJI n onepaTop'TopoH.I(Horo .minoJIJI .IT,lIJI ciicTe~ .D:BYJC ~o

HOB. 

B KatJ8CTBe nIJl!MBpa npime,D;eHU '.,Tme pe3yJII>TaTll BU~ck~mut IIIHpmnl 
6 L ,it f o-t- T 1· "" 3anpelll8HHOro no tieTHocTH pacIIa.I(a -t. ( ':I = , · = ; · E = 3, 56 

MaB) 7 d.., +rl. .... ~OT __ paqm;,zt_ ll3.I(~Ha. n~eKaJI B~e 8KCI;!8pm.18HTaTo

po,B, Itru(;,ll q6~'J.'.ltllil x;:rpon~cc, ll(_)CKOJII,KY n~,D;ITOJI~a.rr,oc;r,, ~TO }iqxpeKTU 

~HllX ~~- B_ f.?CHOBHOM,, 3~,.ctJeT .Ji._ ; • )Ipq~,zteHHble H8J.4ll_ BnepBble ITOJI-

. Hbl~. B~~eHllSI ,YKa38¥ Ha B~9CTI, .yge_Ta. BKJia,I(a )3,BKTOPHblX. Me3qHoB ll 

, ,D;a.m lllll~ T ~ to-11aB,: tiTo. HBJCO,D;HTCJI .3a ;npe.ne.rrru.m coBpeMeHHblX 
' • , , , t.-• ; ,· , •~ , ~. , "! • .• · •.• , ,. • ' ~, l • .'·· .' , -.• • • · · 

8Kcnep~H':i.'8JI~BOSMOl¥.tOCTett. H3ytieHa,YCTOll'llllBOqTI> pe~y~11:C~TOB K 

· Ba~ ;oHc~~ hM ·n -Bbl6opy KoppeJISITopa Nlv-B3anMo,D;eil.cTBllit 

Ha MBJIHX paCCTOmmHX. 
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.n,rJI TJDKeJIHX smep, Ha npm.repe nepexo.I(a 9/-Z-9/2 - 7/'l:7/2 B sm

pe 175 L U. , noK~aaHo, 'ITO B pac11eTax aaTO!)MOJ!teHHUX MeKTpll1Jemmx: 

nepexo,I(oB, KpoMe oclwmoro sa.Pff.ItoBoro .rtmIOJISI CJie;cyeT Y1JKTH13aT1, TO

poH,llHlrli .rtmIOJIL, UOCKOJILKY BKJ:ta.tt me lIHTepqepemzy.ioEHOI'O 'IJJISHa MOJlteT 

,I(OCTlII'aTJ, ,I(8CSITKOB npoueHTOB. 

C yqeTOM OIJHTa, lll)H06peTeHHOI'O B UO.I(06llHX BwmCJiemmx, nporum
Jm31Ip0Balill 8KCll8l)HMSHT8JILHl:l8 ,nainme ITO HTI 8qxp3KTaM (OKOJIO' ,nByx ,ne

CSITKOB peaiannt). XapaKTepHUe lll)HMS.PH upime,neHU B Ta6mm;e 2. 

Ta6Jmua 2. 

CpaBH8HR8 T80p8Tli118CKllX lI 8KCil8pHM8HT8JIJ,HHX p83JJILT8TOB. 
Bo BTopoli KOJIOHKe: nepBoe CJiaraeMoe - mura,n sapSDJteHHHX, 

BTopoe - H8i!:Tp8JILHWC TOKOB B Sqxp:lKT; B CK06Kax - paC118TllH8 3Ha1J8HWI 

8qxp3KTOB 683 y11eTa UB8TOBWC B38.1IMO,I(ei!:cTBirli. 

3@eKT Toop. 

AL(pp-.PP) x rn7 -2,1-0,2 = -2,3 

E = 45'. MaB ( -0, 76) 

AL(Pcl~PcL) x rn7 -2,0-1,5 = -3,5 

E = 46 MaB ( -0,39) rr (iE'O) x 1a5(aB1/ 2) o, 79+0,31=1,l 

-0,II 

Py-erlu)x 1a5· 1,7+2,3 = 4,0 

(0,28) 

3Kcn. 

-2,3 ± 0,8 

-3,3 :!: 0,9 

1,1 ± 0,1 

5,5 :!: 0,5 

OJ:MeTDM, 'IJTO 3KCIT8pm.reHT8JIJ,H08 3Ha1J8HlI8 aCHMM8TpHH B paccemmH fol 
B TO BJl8Mli, KOr.zta Hmm npoBO,ItllJICJI ·aHaJm3' OU8HlIBaJIOCL KaK (0, 94 ± 
0, 97) xI0-7 • 0rM8TlIM TaKllt8 , 'IJTO OU8Hl0'1 WI-eqxp3KTOB B T.ID!t8JWX smpax 

(mmpm.rep, Py- ( 175 LU. )) m.rem TeH.Ite:mnm K YBe.mt1Jemm npa y'IJeTe 

nepeHopmtpomm KOHCTaHTH c.na6oro pacna,na IIKOHa B sme.PHott cpe,I(e. · 
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B U8JIOM MOltHO KOHCTaTHpoBaTJ, corJiaCll8 SKcnepnMeHTaJIJ,HHX ;nammx 

ITO WI sqxp31tTaM B Illl3KosnepreTH1JecIWX NIii n smepma: pearuI,WIX n pe

SYJil>TaTOB me pac11eToB c ncnOJil>SOBaHHeM Hanmx sHa11erm:ii KOHCTaHT 1,M • 
Il0.It'l8PK!l8M, '!TO 3TO - CJI8,ItCTBll8 CO:W8CTHoro ;neiiCTBIDl BC8X KOMilOH8HT 

CTaH.ItaPTHOi!: MO,IteJm (HeilTpaJII,HllX TOKOB, UB8TOBHX B3alIMO.I(ei!:cTBHi!:), a 

IIOTOMY B03HHKaeT YB8Jl8HHOCTJ, Bee CITpaB8;nJIHBOCTli KaK T80P1Ill Hll3KO

SHepreTH1J8CKRX B3alIMO.I(eficTBHil KBapKOB. Pa3BRTH8 upe,I(CTaBJI8Hllll 0 

KBapKOBHX .MelllKax'H HMeBlllaJ!CH Hey,nOBJI8TBOpelIHOCTI, BBe.nemm KOpoTKO

,I(ei!:cTByIDlllett 11aCTlI smepHHX CM tJepes 06M8HU B8KTOPHUMlI M830JW.MH, llpll

BeJia K l'llIIOT838 0 CYJ!l8CTBOBamm B smpax MYJibTIU038PKOBHX COCTOSIHHi!: 

(MaTBeeB Ji Cop6a, 1977 H .I(p. )1Y 3-ro HallPaBJI8IDI8 MOJKHO paccMa.Tpm3aTI, 

KaK peaJIHsaumo ,I(aBH8li imen O B03MOlltHOCTR CMI>Horo ITepeKPHBallIDI BOJI

HOBHX <WHKUHi!: HYKJIOHOB B smpe (lpJIYKTOHHU!i: MexaHll3M, Tu!OXHHU8B,I956)~/ 

m npe.I(CTaBJI8llIDI OKa38JilICb y,no6HHM11 .nJISI qJOPMYJIIrp0BIO! KBapx-smepno

ro no,nx<i,na K 0TI1Icanmo sq,:leKTOB HTI B /JN -BsaHMo.I(e:iicTBIDDC (.JJy6oBHK, 

}Co6ymrom, 19?8} /IO/. 
B mrro:ii rJiaBe ITpllBe.neHH pesyJI1>TaTH pac'leTa ITOJIBpn:sarnm Pir-- D 

Y\ \>-+ clt- n acliMM8TI)Im A\. B :imsxoanepreTwrecKOM paccemnm: 

fp-+pp C llOMOlll]',IO MO,neJilI COCTaBHoro KBaPKOBOro M8IIIKa (,ItaJiee CKM, 
:lBBE/, • 

ClIMOHOB,!981) • 06a STlI s<lqeKTa oupe,neJIJDJl'CH KOpoTKO.I(eilcTBYIOIIlHMlI 

BSruIMO.IJ;eilcTBRf!MlI HYKJIOHOB. B MO'AeJm CKM NA/ -BsaHMo,nei!:cTBRe c Hlf 

ITpoHCXO,nlIT B Tpll STana: I) CllJII,H08 B381™0,It8ilCTBR8 M8JIQUT HYKJIOHaMll, 
I!pli1BO,nsDll88 K o6pasoBalmll meCTHKBapKOBOro Menma; 2) CJia.6oe WI B3allMO
.n;eitCTBH8 M~ K.!38PKaM1I, OllliCl:lBallJl88C.!I, HaIIpH!;t8p ,'K, Hl{ ; 3) pacna.u; 06-
paaoBaBWeroC.!I B pesyJIJ,TaTe cocromnm Ha KOH8'lllll8 HyKJIOHll. 3TOT IlO.llXO.IJ; 
IDJl88T TO IlP8HMYJ!l8CTBO, 'ITO KaK CWil>Hlle, TaK 11 c.na611e a.MlIJmTY,nll pac
C'll:ITUBaIOTC.!I B H8M 8,IU:lHHM o6pa30M. STO oco6eHlIO Bl:ll'O,nHO npa paCCMOTpe
IDlll MBJIOHYKJIOWWX pe~. 

~ Lett.Nuovo Cim., 1977, v.20, n.12, p.435-439. 

H/ JKS'Ni, I95?, 'l'.33, BWI.5, C.1295-1299. 
HJ£/ . Phys.Lett.,. 1981, v.B107, p.1-6. 
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B cpll3lltJ:eCKOM II TeximtJ:eCKOM OTHomemmx KBaIJR-M8PHHii rro.rcxo.n He 

CTOJII, pa3BllT, KaK IIOT8HUJ'IMI,HHii, 0,ItHaKO OH IIPlmO,ItllT K pa8YMHHM 

oneHKaM paccl\iaTIJHBaerirux aqxpeKTOB Py-(l'lp➔ct..ll'-)---108; AL (Pf)~ 1cr7 • 

.liaJI1,Hefuuee pasm1Tne STOro rro.nxo.na BBCl>Ma IIOJIB3HO, B OCHOBHOM, WIJl 

rrpoBBIJRll rrpe.ncTa:BJieHHii O N/1.1 -B38llMO,zteiicTBllilX Ha MaJIWC paCCTOJIHIDIX. 

B 3a.KJIJOtJ:eHJm IIpoll3BO.I(llTCJI CpaBHeime ,ItByx pasBnTHX IIO,ItXO,ItOB 'K 

om1camno 8qxp8ItTOB If! B IJJ..} -B3anMo,neiiCTBll.RX II rrepetJ:HCJUIIOTCJI OCHOD

me pesyJI1>TaTH pa6oTH. 

OCHOBHhlE PE3YJI:bTATll 

1. B paMKax KJiaCClltJ:eCKOii MBRTpo.I(l'IHaMHRll Hafi.neHO TpeTI,e cer.reii

CTBO TOROBHX MOMeHTOB, KpoMe sa~OBHX l! MaI'IDITHHX. - Topon,nHHX. · Y1<a-

3aHH 06.nacTn qJHs1001, r.ne IIOJiesHo nx llCIIOJI1>soBaime. 

2. Ha OCHOBaHllll IIOJIHHX MYJil>TllIIOJII,HHX pa8JIOlKBHllii pa8BllT qiopr,ia

JIH3M MYJII,Tl!IIOJII,HOii rrapru.1eTp:1I3atnm peJISITHBllCTCRHX uaTp[ItJ:HHX MeMeH

TOB SJIBRTpoMaI'HJITIIOro TOita a,ztpoHOB c JII06HMII CIIl!HaMll. Haii,neHH IIpaBll

Jia OTOOpa IIp:II OTpa,i(eHlUDC p II T. Jvm TORa peJISITllBIICTCIOIX o~Y.t) cm1-;

HOPHHX tJ:aCTlUJ; YRMaH qiopMqiaKTOP, COOTBeTCTByIOillliH' TOpoll,ItHOMY ,ItllIIOJil,

HOMY pacnpe,neJiemuo.Iloim3aHH IIp:IIMepH pactJ:eTa SJIBKTpO!darHHTHHX ijiopM

qBKTOpoB a.rtpoHOB U "MOP, BKJIIOtJ:8.fI TOpo:imm,18. · 

3. B pesyJI1>TaTO,aHa.mI3a SRCIIBp:IIl\teHTaJII,HHX .naHHHX IIO aq$KTa?A 

HeCOXpaHeHlUI tJ:eTHOCTll B /JAi -B3al!:MO,neiicTBWDC Ha OCHOBe If! IIOTBHUl'I

aJia O,ItHOM830HHHX 06MeHOB BnepBHe IIOKa3aHO, 'ITO CTaH,ItaPTHaJI KaJIH6po-

BO'l!H8Jl Mo.neJI1, gu.(1)L,. U.(-i),. SL{.(1)c II.PIIBO.I(llT It pe8.1IllcTlI'iecRUM 

3HatJ:eHIDIM If! ROHCTaHT h"' . IIPH aTOM corJiacIIe ~1tcrrepl!MeHT8JI1>HHX II 

TeopeTntJ:ecIOIX pesyJI1>TaTOB .nocTIIraeTCJI sa ctJ:eT COBMBCTHOI'O IIpoJmJieHlUI 

BCeX ROMIIOH8HT CTaH.naPTHOii MO,IteJill, B TO~.i tJ:l!CJie HettTpaJil>lillX TOKOB II 

~eTOBHX B3ru!:MO,nettcTBIIil. 

4. Pa3BIIT KBapK-MepHHii rro.rcxo.n It paccMoTpemm aqxleRTOB H:I B 

MaJIOHYKJIOHHHX peaKUIDIX, lICXO,nmillltt ll3 rHIIOT83ll O Cyil18CTBOBaHlilI MYJII>'II!

KBaIJROBHX COCTOJIIlllii (ipJ!yRTOHOB) B Mpax. B STOtt cp!I3}ttteCiaI IIp:IIBJie-
\ 
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RaTeJI1>Hoii ItaPTHHe pactJ:eT rrpome, tJ:eM tJ:epes MosoHHHe o6MeHH, T.K. 

WI BSal!:Mo.neiicTBHe BRJI!O'laeTCJI nonapHo MeAAY BceMll KBap1tru.m Gci, -coc

TommH. B no.rcxo.ne rrQJIYtJ:eHH pasyr.nrue oneHKII aqxpeRTOB If! B peaRIUUIX 

Vlr ~ ill{-- lI rP➔ PP 
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