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HacTO.l!lil8,8: .IJ;B.CC8l)Tru:J;lil0lillali pa6oTa llOCBm!l8H8. HSytJ.eIDW peax:urui 

pasBaJia .itelTPOHa. Ha npOTOHe 

d+p--p+p+n 

C noMOl!II>D M8Tp0BO« BO.ItOPO.ItHOi nysl:lpLKOBOI KaM8pl:l JIB3 0Hffi1/1/, 8KCno

HHPOBaHHOI B cenap:apoaa1IH'ou nytJ.Ke ,It8ITPOHOB c m.myJILCOM (3,33±0,08) 

raB/o. K Ha.tJ.aJJY HalllHX HCCJ18,ItOrearut (1971 r.) 8TO 6HJlO nepooe 06.nyqe

~e EH.ItROBO.ItOPO.ItHOI KaMep1:1 perurrHBRCTCKEMH .itelTpoHBMlI/2/. 

Bl:l6paHHrut nOCTaHOBKa omrra EMeeT cy111eCTB8HHl:le MeTO.IJ;B.tJ.8CIU!.8 npe

may111ecT:oof3/ nape.it Tl)a.ItHIJ;HOHHo :acnom,ayeMHM BapHaHTOM o6nytJ.eHHJI nea

Tep:aeBol K8M8Pl:l Bl:lCOK08HeprHtJ..IWMH npOTOHaMR. 0Ha., 06.na.ttaJt npe111MY!ll8CT

BBMJ! KBMepaol MeTO.ItHRH, CB060.ItHa. OT O.ItHOro HS cy111ecTB8HHIDC He,ItocTaT

KOB - H8BOSMOlltHOCTlit HCCJ18,It0BaHWI nponeccOB C MM!,JMH mMnyJILCaMH npo

TOHOB-cnexTaTOpOB, tJ.TO, B tJ.aCTHOCTH, cnoco6CTBOBaJ10 axcnepHMeHTaJIL

BOMY :aaytJ.emm pea.KIJ;Hl!l pasBana nelTpoHa.. 

C ipHSHtJ.8CKOI TOtJ.KH spe~ HCCJ18,ItO:eamte 8TOI pea.KD;HH smJUiJlOCL HH

TepecHHM no cAe.ItYllllll!M np:atJ.RHBM. 

Bo-nepBWC, B aacTo~ee BpeM!i axcnep:HMeHT8.JILHl:le .itaHHl:le no peax-

Illl.RM paaBaJia .itelTpoHa. d~ppn B 06J1acTH aaeprRR 6om,me 1 raB npax-

THtJ.ecKH OTCYTCTBj'llT. HeT .ItaBHWC no cetJ.eHllD. Boo6111e roBOp!i, 61:lJlH aKc

nepHMeBTH no litSytJ.eruw pd-BSBJ!MO.itelcTBHI C pasBaJIOM nelTpoHa.. Ho B 

KaMepHl:lX axcnepHMeHTax, B OCHOBHCltl, RSYtJ.a.mtCL pea.KD;Hl!l pasBa.na .itelTpo

HB. C o6paaOBaHliteM Il-MeSOHOB, a B 8J18KTPOHHl:llC CTaBRAHCL Ollli'l'l:l, .ItaDJlH8 

litl!qlOlJ,48.UlU> B YSKOI o6.nacTH lit3M8HeBWI KlitBeMaTHtJ.8CKHX nepeMeHHYX. 
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BO-BTOPIDC, HCCJ18)t0Bal!R8 peaxnim dp.ppn npe.itcTaB.llmlO WiTepec 

.IW1 npoB8PRH MO)teJiett, HCllOJII,SyeMHX .IW1 06D1ero OIIHCWW! BSal!MO.itelcT

BWi -qacTRI:( c smpaMn l:ID.lllYJII,CHOe npa6JIRXerutel4 ,5/, MO)t8JII, rnayCSepa 

/S,?/ a ]tp.), liJlli onacHB8.ll!U!X onpe.iteneHHHe MexrumsMH npmion smeP

Holl pea:kinm/8,91• 

B-Tp8Tl>IDC, TeopeTH'l8CKHe paCCMOTpeiw/1~ 121 pea.KnHR nepesa

PH.ItKH HYK~OHOB Ha .itellTPOHe noxasa.im BOSMOlltHOCTl, HSBJ18'18HWI 1Ul4)0PMa

~ o cnIDIOBOli sa:mrnl!MOCTH 8Mllm!TY.ItH · o6MeHHOI'O np -paccie.mms·Iio.it 

M~Jll,!MH yrnar.ia. ·Ilo.itoCSHllf! no.ItXo.it oco6eHHo noJieseH npa BHcom aHepra..:: 

me, llOCKOJll,KY B 8TOM .· cny-qae npoBe.iteHHe rip.BMmc · llOJ!RP.l!S~OHHIDC 9KC:,;. 

nepllMeHTOB conl).filKeHo c cyD1ecTB8HlWMHTPY.ItHOCT.RMH • 

.lulccepTanim cocToHTHs "i'pexr.naB~ BBe.iteHM·n saxJIDIJeHM. 

AHaJIHS peaxnim pasBa.na· .itellTpOHa dp.:+,ppn· -6HJI npOB8)t8H Ha 

cTaTHCTm<e 10 182 coCSHTwr; 

B nepBOH rJra.Be·paccMOTpew ocHoBHHe MeTO.ItH'IElCKHe nccne.itOBaimJI 

/ 13/, HeoCSxo)tHMHe .itJIJI nonyqeHHJI qj:as:aqecxmc pesyJII,TaTOB. 3aTpoHyTHe 

B STOll rme BOnpocH OCHOBaHH Ha CTaTllCTRK8 40 000 CTepeOCIDIMKOB • 

Pa6o'IHH o6~eM lltH)tKOBO.ItOPO.ItHOtt nysapbxo:soli xSMepH HMeeT·pasMe

PH 950x350x300 MM~ KaMepa noMellleHa ii MarHHTHoe none co cpe)tHBM sHa

'leH:aeM H = 18 500 apcTe.it. ~oTorpaqj:apo:BaHHe•ripo:asBO.ItRTCH no MeTo.ey 

CBeTnoro llOJIJI '18THp1,MJI 06~8KTHBaMH. B Ka'l8CTB8 OTpaJKamtett CHCTeMH 

npRMeHeH npHsMaTH'l8CKlla pacTp llOJIHoro BHyTpeHHero·oTpaJK8HruI • 

Ha . nepBOtt C'l'a.ItHli o6pa60TK.H CTepeocHHMKOB npOBO)tRJIOCl, ~- He.sa- · 

BRcRMmc npocMoTpa Ha crienHa;u,HHX npoCMoTpoBmc CTOJiaX. 3qxpeKTHBHOCTl> ·; 

.Itl3YXKpaTHciro npOCMOTpa OKasa,mc1, paBHOll 99%. OcHOBHHMBH.ItOM IlOTepl,; 

npH noacxe co6HTd.6HJIH noTepn Bynpyrnx BSBJ!MO.iteicT~l!JDC npa Mama 
nepe)taHH!ilC '18Tlij)8X-HMllyJlI,C8.X It I< 0, 02 (raB/c)2• · 
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HsMepeHWI OT06parumx co6HTHll npoBO;n;IUIRCL Ha nonyaBTOMaTR'l8-

CKHX HSM8PHT8Jll,HHX npn6opax (IIYOC-1) JIBTA H B BapmaBCKOM HHCTHTyTe 

si;ttepHoll q>HS!illUi Ha cnenHaJU,HHX MHKp0CKOnax. He60JII,WaJI cepwr (OKOJlO 

1000) OTOdpaHHHX co6HT:all 61.lJla HSMepeHa npn sanycxe aBTOMaTH'l8CKOrO 

HSM8PHT8Jll,HOro ycTpoilCTBa HP.U JIBTA. ,UaJI1,HellmaH o6pa6oTKa co6HTRfi 

Benac1, Ha a.EM C.UC-1604A no neno'll(e ~anTupoooHHHX nporpaMM UEPI-l'a: 

THRESH - GRilID- SLICE- SUMX • B )tl!'.ccepTa.umI )ta8TCJI cxeMa o6pa60TKH, a 

TaKl!t8 Oill!CaHH8 BCllOMOraTeJII,HHX nporpaMM, H!lllll.Carumx aBTOPOM, )tJ!JI 

aqq>eKTRBHOrO HCllOJll,SOBaHHJ! Bpe.M8Hll aBM R MarHHTHHX A8HT. 

,UJIJI KHHeMaTH'l8CROro aHaJIHSa co6HTRll H8o6XO)tHMO sHaHHe napaMeT

poB ny-qxa B pa6Qti8I 06.nacTH R8M8PH (mAllyJII,C P, yroJI norpyllteHWI A. , 
asmAyTaJII,HHI yroJI 'f , a Ta.Kllte cocTaB ny'll(a). Ilpone.eypa cinpe.itene

HWI STRX B8JlR~IDi )taHa B § 3 .itaHHoii rJiaBH H nony'leHH CJ18)ty!OO\H8 SHa

-qeHHJI: P::(3,33±0,08) rsB/c; ,;\ =(0,005±6,ooa) pa.ItHaH; 'f =(3,165± 

± 0,002) ~a.H;,lT,OJH .iteiiTpOHOB B flY'IK8 K=(91;t3)%. 

IlpOB8'A8HO cpaBHeHHe TO'IHOCTei RSMepeHWI Ha paSJIRtiHHX RSM8PRTem.

HHX ycTaHOBKax. C noMOIJU>IO conocTaBJieHIDI pacnpe.iteJieHHll no cpe)tHeRBa.It

paTZtJHhlM OTRJlOHeliIVlM nsMepeHHHX T0ti8K OT q)RTRPOBaHHOll cnnpaJIR, yr

JIOBHM a HMnyJII,cHh1M cneRTpaM HeliTpotta-cnexTaTopa B peaxna:adp•ppn, 

cpe)tHHX SHattelmll, nyJlJlOB R H8)tOCT8.ilUUIX Mace (peaxnaii d~ppn H 

d~dp )"noxasaHa )tOCTaTOt{HaJI H.It8HTR'IHOCT1, MaTepRaJia, nosBOJIRB-

lllaJI npOB8CTH CyMMRPOBaHHe pesym.TaTOB. 
C YtJ8TOM llOT8p1, B ynpyI'BX BSWWO'A8llCTBWDC {25±5)% R npmAecn 

npOTOHHHX co6HTHit (5±2)% nonytteHO SHatJeHHe MJ!JlJil,l6apH-SKBiiBaJI8HTa 

'AJlJI 'A8itTpoH-llPOTOHHHX co6HTRil: 3=(4,66±0,15) MK6H/co6HT. 

,llJlJI onpe'AeJielil!JI cetteHllli peaxnim dp•ppn 6WI npoBe.iteH aHa-

JIRS npHMeCR B 8TOT RaHaJl co CTOPOHH KOHKYPHPYJllll!X nponeccoB, a TaK-

11e "yxo.it" zs nsyttaeMoro 1<aHaJia. c aToil nem,n 6H.11H nporeHepnpoBaHH 
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no MoHTe-KapJio C llOMOl!ll,l) nporpaMMH PARE, C llOCJie.IzyJOlllea ":e.iteHTBqrexa

nnea" no llPRWITI:&! npaBHJIBM, C06HTR/t peax:qim dp•ppn H OCHOBHHX,,_ 

ROHKypHpyJOlllWC pp-peaxnna WlJI peanr,HIDC YCJIOmtlt R8.MepH. IlpH STOM sa

'Aa:eaJioc:r, 6JIHsRoe R axcnepmaeHTanLHOMy yrJioBOe pacnpe'AeJieHHe npoTo

HoB·B CHCT8Me neHTpa Mace. Pe3yJIJ:,TaT1,1 reaepHpo:eamm H COllOCTaBJie

HHe cneRTPOB Il-MesoHOB HS peamnm dp.ppp11· (4C~HT) H dp.pmm 

(He~THPYeMHff Kalla.JI) ·'AaJIH apryMeHTl,I B noJIJ:,sy npHCBOeHWI I'HllOTese . 

dp.p~n Baca, paBHoro e~~e. ROr'Aa C06HTH8 ~THPOBaJIOCT, H80'AHO-

sHaqHo. OnncaHHaH npone,eypa nosBOJIHJia oneHHT:r, ceqeHHe·peaxnna pas

BaJia 'A81:tTpoHa Ha npoToHe Rax b =(37,2±1,4) MCS. 

Bo BTOpoa rnaBe npOBO~TCH aHa.JIHS yrJIOBlilX H m.my111,cHIDC pacn~e

Jielillil HYRJIOHoB-cneRTaTopoB, a Tru<llte pacnpe'AeJieHHa no yrJiy Tpei!MaHa -

HHra c neJIJ:,m asyqeHHH MexrumsMa npm4oro pasBaJia 'AeffTpoaa dp•(np)p 

(CR06K8MH "BH'A8Jieru. HYKJIOHl,I "'AeffTPOHHoro npOHCXOl!,IleHHH", ROTOpl,Ie sm,;. 

JIHIOTCH 6HCT.P},IMH qacTHnaMH B naCS~CHCTeMe) •. B T80pm[ M8plil,IX peaxnH1:t 

npJJMoff pas:eaJI ~e!Tpoaa OTROCHTCH K IlJlRM!,!M M8PHI& peaxnwm, B ROTO

PllX SHeprHH, BHeceHHaH qacTHtieff.B ~o. nepe~a8TCH O~OMY Hyl(JlOHy. 

~JIH OllHCaHHH nPRMHX M8PHlilX nponeccoB cymecTeyln' TOJI1,RO npHCSJIHllteH

lil,{8 MeTO~, C nOMOl!ll,l) ROTOPl:lX npoCSJieMa MHOI'HX T8JI CBO~TCH K pac

CMOTpeHHD B3aHMO'A8ffCTBHH 'ABYX TeJI. -OCHOBHl,Ie qeprH MO'A8JlH nPRMoro 

B38.HMO'A8ffCTBM qacTHn C Jl)ij)aMH H9JI0llt8Hl,I B § 2 3Toff·rnaBH. 3'A8C1:, ~e 

IlPHBO~TCH RpaTKHff o6sop axcnepmaeHTOB, 'AaBIIIHX xaqecTB8HHOe no~

TBepg,IteHHe MO'AeJIH np.aMoro BS~O'AeffcTmut qacTan c .impaMB. ,.· 

TeopeTHqecRHM pacqeTaM B manyJll,CHOM npHCSJIHllteHHH C llJIOCK.HMH HJIH 

HCKallt8HHHMH BOJIH8.MH B ~e!HMaHOBCKOM ~Jl,1aJlHSM8 OTBeqam COOTB8TCT

B8HHO noJilDCHM ~arpaMMa H Tpeyrom,HaH ~arpaMMa c ynpyrma nepepac"'.:' 

CeHHHeM qacTan. B pa60Taxf13 ,9/ paccMOTpeH BOnpoc.J!,IteHT~mtanu no

Jll)CHOro MeXaHHSMa, ROTOpl,Iff 'A0Jlll8H ~BaTI, OCHOBHO! ~.BRJJa,It B aMnJIHTy,ey 
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KBaSHynpyroro BHCSHBaHHH B oCSJiaCTH MaJillX nepe'AaHHHX HMllYJll,COB q 

OT ~ MHlll8HH R OCTaToqHOMy ~. a HMeHHo, B oCSJiaCTH,' q~qo ,3'A8C1:, 

q0 oCSosHaqaeT noJIOllteHHe noJilDCa H paBeH q
0
:V2m"ii"f , r'Ae .. m" - npz

Be~eHHaH Macca BRPTYam,Horo HYRJIOHa H ocTaToqHoro Mpai a E - RX 

aaeprM CBHSH B ~8-MHm8HH. 

~JIH axcnepmaeHTaJII,HOH npoB8.PKH cnpaB8'AJIHBOCTR BHCKasaHHoro YT

B8pllt,I(8RHH HMemcn TeopeTHqecKHe npe'ACKasamu/8091, HBJIHIOlltHecn KPH

TepMRMH llpRM8HHMOCTH nOJil)CHOff ~arpaMMH.•HeKOTOp1,1e RS HHX Bec:r,Ma 
i, 

oCSmero xapaKTepa H He saBRCHT OT KOHKP8THOro BB,Ita·m.lllJIHTy'A mi:pTyaJII,-

HlilX nponeccOB, TaKEMH KPHTep:am.1H .R:B.7UIIOTCH YHRBepcaJII,HOCTT, npHBe~eH

lilll IDHPRH R KPHTepaa Tpei!Maaa·-.HHra •. IIocJie'AHHa TpeCSyeT H30TPOilHOro 

pacnpe'AeJieHWi no yrny MeJ!t'AY nJIOCKOCT.llMH pasJieTa qacTHrt B BepmHHax 

noJilDCHOii ~arpaMMH (yroJI Tpet!Maaa - HHra) B cnyqae 'AOr,nrn:apy~ero 

BK~a,n;a nOJlHJCHOrO M8XaHHSMa B ~IlJIHTy.Izy peaKnHH K~SHynpyroro B!iCSH

BaHHH, 

Hs npocTeilmea ~OIJ,IH HMnym,cHoro np:a6JlHllteRHH (cneRTaTopHaJI Mo

'A8JII,) cJie,eyeT, :qTO B CHCTeMe· IlOROH 'A8ffTp~Ha HMilyJII,CHHH c~eRTp; HyK

JlOHOB-cneKTaTopoB_B peaxnna dp+ppn 'A0Jlllt8H COOTBeTCTBOBaTI, q,ypbe-
- ., ~ . ' ' 

npeoCSpasoBaHHD. npocTpaHCTBeHHOfl BOJlHOBOff 4JYHKnHli 'AElflTpOHa, . a ··yrno-

BOe pacnpe~eJieRHe o~aeTcH asoTponHI&: CpaBHeIDJe nonyt1e11HllX :mcne

PHMeHTaJII,HJ:DC· pacnpe~e;eHl!ff no imny ]11:,~y .. H °'O~PHOMY yrny HyKJIOHa

cneKTaTopa B aHTHJiaCSopaTOPHOff CHCTeMe C npe~cRaSaHl:UlMR.HMnyJII,CHOro 

npH6JlHllteHHH ~aHO B.§ 3 STOA rJJ.a.BH. B RaqecTBe cneRTaTOpa BH6Hpa.JICH 

HyR~6H c ifumieHl>IDHM HMny JII,Ca.1 B cacTeMe. nbKOH 'Aeff-rpoHa/3/. 

HcnOJll,30BaliliBJI nocTaHomta OllHTa Il03BOJIHJla BI18PBH8 IlOJiyqRTT, He

HCKallteHimff mmy 111,CHl,If cneKTP. HyRJIOHOB-Cil8KTaTopoB, KOTOPHH IlORasaH 

Ha pHc.1. CnJIOlllllall KPHBaH COOTB8TCTeyeT·pacqeT8M no BOJIHOBOit <IJYHR

nllli X1>JII,TeHa H HOIJ,1Rpo:saHa Ha 'IHCJIO co6HTH« c HMnyJll,COM ~o 200 

MaB/cf14/. BB.ItHo xopomee KaqecTBeHHoe corJiac:ae ·BllJloT:r, 'AO 200 MaB/c. 
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Pnc.1 - l1MnyJI:E,CHOe pacnpe,IteJieHRe HYKJIOHOB-cneRTaTOPOB B peax-

a) 

~H dp•ppn B CHCTeMe IlOKOH ,IteHTpoHa. 
d,-.ppn 3.ll .-~% 
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Pac.2 - Pacnpe,IteJieHRe no KOCHHycy noJUipHoro yrJia HyKJIOHOB-

cneRTaTopoB B peaR~ ripm..ioro pasBaJia .1te~TpoHa B 

CHCTeMe IlOKOH .IteiiTpoHa 

a) .ItJUI co6HTHii 6es OT6opa no It I 
6) .ItJUI co6aTrut c ltl <. 0.2 (rsB/c)2 • 
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HB.l!nyqmee cor.11acae B pTOfl o6JiaCTR nonyqaeTcH npa sHaqeHRa napaMeT-

poB. or. =(52.2±1 !~) MsB/cL ~ =(245:~<4) MsB/c, ci.&=~1 ~3 Il;P~ :nJ>~~~). 
• , - •• • • • ... -• • I 

KpaBHe, nonytieHHHe .c RCD0.11!,SOBalll!eM BOJIHOBWC qJyHR;tnIH rapremcaysi;i, -
. ~ , _., . - . .,.. . ' . . . . .. - : .. - _- '.. ~ . ': 

MopaB'iRKa R Max ra, Taxllte Ha.XO~CH B corJiaCRR C. SRcnepHMeHTaJII,HblM 
• .-· I • • r . •·· • .· -· . :;,., . ·.,' , ._ .• •. • -. .'" • • : . ·.·.~ .• 

RMJiyJIDClWM pacnpe,IteJielll!eM ,Ito 200 MsB/c. O'Afiaxo qacT:Ei cneRTpa (60.nr,-
. .. • \- - • . • .; - ! . • . . ' . • ' - - • • • ., • · .... 

me 200 MsB/c) He OnRCHBa5TCH IlOJIHOCT:EilO HR O'AfiOfl RS llSBeCTHWC BOJIHO-
. . - • .- • . • . . ·. . - • ' -~, :· : . r •. , • -~ , • 

BHX. <.QY;HR~H ,Ite~Tpo~ •. 

l{aHo Ra'iecTBeHHoe 06'bHCHeHRe.Ha6Jll0.1taeMoro pasJIH'IIDI Mew yrJio-
__ .. ' . . . ~ -· ', .. ,.,. . 

BHMR pacnpe,IteJielll!m,IH HyRJIOHOB-cne_RTaT_OPOB B pe~~ n11/™oro pasBa

Jia .1tei!TpoHa dp.(np)p R nepesaPH,D;KH dp.(pp)n. 

IlonytieHHHe y;JIO~~~ pac:np~,IteJl~HRH, cne~T~Topma ~~C;HU ':a peaR~H 

dp•(n;)p ·. '· ~JlHSRpO~JlHC:Ei ·B\'lMny.nr,cHOM npH6~~~ C y-qeT6f.A. .B03-

MOlltHOfl ~~O'Afi03Ha4HOC~Z B onpe]:\e.nerurn 'cneRTaTopaoif -qad-rznu H ., B§~~ 
,IteHCTBWi ~ ROHe'iHOM . COCT0~15/ •. Ilp~ STOM 81,l~Jll'ITyia y'~pyrord HyK~ 
JioH.:.ayxJioHHoro pacceHHHH napaMeTpnsoBaJiaCl> sxcnoaeimHam.aoil sa:BRc~

MOCT:E.10 B npeHeOpeJiteHHH CllHHOBOi! CTPYKTypoa: 

FpN(t?=~(i+~)exp(bNt/2) N=p~~•-

Ila~eTpa (Au ' ~ ) HaxO~JIHC:E, HS 4l,liTHPOB8.HHJi ,ItaHHWC .:n? ~ .ItJISI 

y.npyrmc PP-.lil pn -pacceHHRl,l. B l{a,qecTBe BOJIHOBOA qJyill(~ QCHOBHoro . \, ., . .:. . ..... -- . ._,. .. 

COCTO.llllHJI,, ,IteATpOHa 6pa,iac:Ei _ 4JY'HR~ Max fH 6es .ytieTa Bl{.na,na D-COCTOH-. - . . . :· ~ . . \. : '. .. 
HHH. B3aHMO,IteffCTBHe HyKJIOHOB B ROHe'lHOM COCTOmmH paccMaTplQ3aJIOC:Ei B 

. ., -,, . . --- . -- .... . 

npH6JIRlltemm sqxll_eRTHBH~ro J;la,ltllYCa a. npeaeoperaJioci, ~HeMa~com.JMH S<p-

cpeRTaua. 

Pesy.nr,TaTH Bll'lHCJlelmJI, HOp.!RpOBaHHHe Ha .. noJIHoe "IHCJIO. C06HTHH, 
·- • . 'l.• . ~ ', .: • •; • • ' _;.,, . •' .. • • • :, 

m1ecTe c sxcnepmMeHTaJII,HWH .ItaHlwMil noxasaHH _m PHc.2 .. (a n.6) .ItM - .. "' . . ... . . -~ ' .. -. - '. . . ~ 

cny-qaeB 6es OTOopa no ltl. B RBasaynpyrOM CTOm<HoBemm. H c ltl.< 0,2 

(raB/c}2 • lia6im.n;aeTCH · He6on~~., .. y~eJIRtieHHe. ~CID.lMeTpH~ B. 06JiaCTH HM:_ 
. - ' •. ~ .. . .. . . , . 

nyJU,COB.cIIeRTaTopa 6oJU,me 80 i,l9B/c npn. ftl< 0.2 raB/c. Ha pncyHRe ·- - . . .... . 
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nyHKTHPHHe KPHBlie COOTBeTCTBJJOT pacqeTBM, B KOTO,PIDC He yqnTmiaeTCH 

Heo~H03.HaqHQCTb B onpeJJ,eJleHRH cnexTaTOPHOll qacTHUI,t H B3aID.IOJJ,eilcT:ime 

B KOHeqHQM COCTOJJHHH, CilROIIIHl,!e KPHBHe - yqeTy HeO,lUl.03.HaqHOCTH~ a 

mTpmc-nyHKTRPlllie KPHBlie y,niTli:saM TaKxe H B3aHMOJJ,ellcTBHe B KOHeqHQM 
!1. . 

cocToJUilllf. Ha aHaimsa no X -KPHTepRD .e. cpaBHeHHH Ha6Jm,IJ;aeMmc acm.1-

MeTpHll c pacqeTHHMH 6HJIO IlOKasaHo, qTo B 06JJaCTR HMny.m.cOB Cil8KTaTO

POB JJ.O 80 MaB/c yrJIOBHe pacnpeJJ,eJleHWI HyKJIOHOB-Cil8KTaTopoB B CHCTe

Me IlOKOH JJ,ellTpoHa KOJIHqeCTB8HHO xopomo OilHCtmamCH npeJJ,cKasa.HRRMH 

llMilJJIE,CHoro npadmuteHHH C IlJIOCKHMR BOJIHaMH. 

Pesy.m.TaTu aHaimsa xpnTePHH TpeMMaHa - HHra JJ.J1H peauom. npaMo

ro pasBaRa JJ,eilTpoHa.114 •16/ npnBeJJ,eHH B § 4. 3JJ.ecb xe JJ,aeTca o6sop 

axcnepHMeHTaJU,HHX JJ.aJlHWC no nccneJJ,OBaHRIO MeXaHRSMa peaKnim x:eaa.e.

ynpyroro BH6R:eaHRH c Hcno.m,soBB.HHeM KPRTePHH TpeMMaHa - flHra. Bmm 

nonyqeHH pacnpeJJ,eJ1erurn no yrny TpeMMatta - HHra B saBHCHMOCTH OT HM

ny JU,ca HyKJIOHOB-Cil8KTaTOP0B H nepeJJ,aHHOro qeTliP8XM8pHoro HMnym,ca 

jtl B -x:easRynpyroM cTOJJKHOBeHHH. IIoxaaaHo, qTo B npe,neJJaX cTaTncTH

qecKHX oma6oK pacnpe,neneHRH H30Tponllli B o6JJaCTH 1™IlJJll,COB Cil8KTaTO

pa 4 < 80 MaB/c, qTo xopomo B.0,1tHo 113 pac.3. Ha p:acyHKe nyHKTRPHHMR 

KPHBHMR noxaaaHH npe,ncxasaHHH noJIKJCHoff JJ,Harpamiu. Ilpn yBeimqeHHI! 

HMny.m.ca cnexTaTopa Ha6JIJO,naeTca pocT acJWMeTpna B pacnpe,neneHHHX no 

yrny Tpefu.i.aHa - HHra. Ha6JOOJJ,eHo Taxxe, qTo ocHOBHaH acm&eTpRH npa 

4 > 80 MaB/c cocpe,noToqeHa B o6nacTH MaRHX nepe,naq HMny.m.ca 

/tl<0,2 (raB/c)2 B x:eaanynpyroM cTOJJKHOBemm. '· 

Ha npoBeJJ,eHHoro B aToll rRaBe aaaimaa MOEHO CJJ.8JlaTb aaKJW!leHRe 

o npeo6JJaJJ,aIOO!eM BKJJaJJ,e noJIKJCHOit ,naarpaMMu (HMnym,cHoe Bp116.muteHHe c 

IlJIOCKl!MR BOJIHaMR) B aMilJIHTY.zt.Y peaKnim IlpaMOro paaBaJla .neATpoHa B 06-

JlaCTH HMilJJll,ca cnexTaTopa JJ.O 80 MaB/c. TaKHM o6paaoM IlOJJ,TBeP!Uta8TCH 

Ilp8JJ.IlOJIOX8HH8 0 saTHrR:eaHRR 06JlaCTH IlpHMeHHMOCTH IlOJUOCHOH JJ,HarpaMMli 

B cnyqae .zteffTpod9/ ( q0 = 45.6 MaB/c). 
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FOl.11 MOlo£NflN TRANSFER [~/ell 

Pac.4 - JlI$pepeHUHam,Hoe ceqeHHe !!§ JJ.J1H peaKnim np.RMoro 
dt 

paa:ea.na JJ,e!TpoHa. Cnnoilllllie xp11Bue - pacqeTu no uo~enn 

rnay6epa C HCilOJll,80BaHHeM paaJIH'¾HliX B.0,ltOB cpopMtpaK

TOpoB JJ,effTpOHa. 
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TpeTI,sr r.naoo .nnccepT~ nocBJm1eHa ruia.1msy nonyqeHlillX. ,IUiip:pepeH-

IUiam.HIDC ceqemtlt .~ .ItJLCI perunnm np..<Woro pasoo.na .n:eiiTpoHa R nepe-

sapJUtKR B paMKax MO,It8JIB rnay6e¢6•7/. 0CHOBHHe MOMeHTH MO,IteJlli r.nay-

6epa ,ItJlSI pacceSIHHsr a,npoHOB Ha .n:ellTpOHe o6cyllr,ltru:>TCSI B § 1. 

Xap8I<TepHasr .n;HHaMmta~ np.l!CYlll?JI pea.I!!UlSIM npm.ioro pa3BaJia .n:eiiTpo

Han nepesapH,IJ;Ra, .n:ana BOSMOl!tHOCTL mc.aKcnepmieHTa.Jll,HOro pas.n:e11elll!JI 

n nosBonn_na onpe.n:eimTL c~qeHHe ~e~esapH,ItR:e: dp.(pp)n K8I</17/ 

6 = {6.4 + 0.2) M6H. 
ex - .... 

IlpoBe.n:eHo cpaBHeB.l!e ~o;zyqeHHOl'O ~KCll~p.l!MeHTanLHOro .n:aqxpepeHIUI-

am.Horo ceqeH.l!H ~ .n:M ·peaKIUIB np~oro pasBaJlll' .n:eiiTpoHa dp•(np)p 

c npe.n:cKa3aHHSlM.l! Mo.n:enn rnay6epa 6es yqeTa CilHHOBI:lX aippeKTo:af6/. B 
' ' . 

pacqeTax aMllnHTY.ItH ynpyroro·npoToH~HYKJIOH.Horo pacceHHRII npe.n;cTaBJVI-

MCL B axcnoHeHIUiam.Hott cp°opMe, napaMeTpH KO.Topoa. HaXO,IUiJmCL ~IlTHpO

BaHHeM axcnepHMeHTam.~ . .D:allHHX no·ynpyrHM pp- a ~p-pacceJ!HWD,1.Ilo

nyqeHHHe TeopeTaqecK.l!e KpHBHe C HCllOll30Balm8M paannq.Hl:lX B.l!.n:OB ~Op.1-

~Topa .n;eaTpoHa {B npeHe6pe1teHHH D-BOJIHOttr BMeCT8 C 8KCll8pHM8HTa.JI&

HBMR ,ItaHHBMH npe,ncTaBJl8HH Ha pHc.4. 3.n;ecL lite llORa3al!H BKJia,ItH .D:13YX

KpaTHOl'O pacceSIHHSI .I! HHTeppeperunm'Mellr,lty·o.n;HoKpaTru& Ii .n;ByxKpaTHI,JM 

· pacceirnneu B c11YlJae rpopM¢auopa ABB. 3:ro:r qiopwpaKTop 6HJ1 nonYlJeH 

All6epa, EePTOK.l! a EsrJIKOBCKm.119/ H3 BOJIHOBOit.!pyHKinUI EpecceJlSI -
,· 

KepMaHa. 

CpaBHeHRe aKcnepRMeHTam,Horo .n:H~PeHIUiam.Horq ceqeHRSI c pac-
-,> \, 

qeTH!:lMH KPRBBMR noxasa110, qTo B npe.n:e11ax TOqHQCTlrI HCilOll3YeMHX ,ItaH-

HHX no ynpyrOMy HYKJIOH-llYKJIOHHOMy pacceruuw npe,ncKasaHHSI Mo.n;eJm 

rnay6epa c qiopM¢aK:ropow ABB xoimqecTBeHHo xopomo cornacymca c 

axcnep.l!MeHTaJII,HBMR .n:~181. 
B cnyqae pe8I<IUIH nepesapir,u;K~ dp+(pp)n aa6J11U1;aeTca pacxoJK,Ite

Jme Mew npe.n:cxasaIDISlMRl MO,ll;~Jm rJiay6epa/7/ {B npeHe6pe:iemm ci:µrnOM) 

I~ 

H aKcnepmieHTaJII,lWMH .n:aruwr,m no ~ /1?/. B pac1IeTax aMnJ1RTy,11;a 

nepesapH,IJ;RH B 8Jl8M8HTapHOM aKTe np-pn 6pa11acL B c11e.n:yDI1eM B.l!.n:e: 

Fc=A1exp(b1t)+~exp(b2t). (1) 

3p;ecL nepBHtt qJleH (c 60JILmHM HaKJIOHOM~ COOTBeTCTI3YeT nepa~epaqecKO

MY He!TpOH-llpoTOHHOMy B3aHMO,ll;eHCTBWO C 06MeHOM Il-Me30HOM R B3SIT KaK 

.n:eiicTBHTeJILHHi!, a BTopoa - ~paKUHOHHOMy paccesrmno • .UM ~IlTRpoBa

HRJ! napaMeTpoB A1, A2' b1, b2 RCll0ll30BaJmCL 8KCllepI1MeHTaJ1I,HHe .n:aH-

HHe illenap.n:a/20/ a .n:p. H E1rnap,nal21/ n .n:p. , 

Pesy.1II,TaTH TeopeTH'IeCKHX pacqeTOB .n:M .ItBYX Ha6opoB napaMeTpOB 

BMnJIHTY.ItH np -nepesap~H C HCllOJIL30BaHHeM qiopMqlaKTOpa ABB noKa

saHH Ha pac.5 KpilBHMH A {llienapp;) a.C {Ensap.n;). BMHHHe .n:eiiTpoHHHX 

aifqleKTOB B.l!.n:HO lrl3 cpaBHeHRH KPHBHX AH B, r.n:e noc11e,ItHSISI npe.n:cTaBJVl

eT ~epeHIUia.m,Hoe ceqeJme ,ll;JISI a11eMeHTap!1oro ~pon;ecca np-pn, no

;zyqeHHoe Ha ocHo:aamm axcnepm.ieHTa.m,HHX .n:aaHHX menap.n:a R .n:p. Bap;no, 

qTO 8TH aippeKTH cynteCTBeHHH B o6JJaCTR It/< 0,15 {raB/c)2 , a llpli 

6ollmmc ltl OHR Heaaaqa:renHH no cpaBHemno c lrIMBD!lRMRCH aKcneplrIMeH

Ta.Jll,HJ,JMR OIIIR6K814R. 

Ha6JID,naeMoe pacxol!meHRe Mellt.n:y pacqeTOM n axcnepHMeaTaJILHBMR 

,ll;a.HlWMR He o6~HcHsreTca noJIHOCTLD yqeTOM CRCTeMaTH'IeCKRX oma6oK B 

axcnep.l!MeHTax IJlenap,na H Easap,na. OHO MOllteT 6HTL CBSI3aHO CO CililHO

Bw.tR a~KTaMR ( np:e: MaJIHX ltl ), KOTOpue B pacqeTax He Y'IllTHBa

JIHCL,a :raKxe c :rew,qTo qacTL co6HTH! nepesaPH,D;Ra na .n:eaTpoHe MollteT 

HBJISITLCH peayJILTaTOM B3aRMO,Ite!cTmta: C yqacTReM npoMelltYTOqHHX H30-

6apHHX COCTOS!Hllii. 
C11e.n:ya ·npe,nJiaraBme!csr cxeMe aHaJ1Hsal10-12/, B § 4 aToH r.naBH 

Ml,[ .nenaeM nonUTKY onpe~eJIRTL CilHH-H83aBHCHmyn qacTL &mJlllTY.ItH 3JI8-

MeHTapHO! np-nepesap.smxa no.n: MaJlliMR yr~17/, KOM6HHHpysr Ha!llR 

,naHHHe no ~ ,1l;Jl1I peaKIUIH nepesap.smxa Ha .n:eiiTpoHe, R .n:aHHHe, aa-
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PHc.6 - Pacnpe.neJ1e1me ~; .IVlil peaxwm nepe3aPiI,1),l{H. Kp1rnue 

AH C paccqRTaHH·c yqeTOM qacTR aMilJlHTY~, 3aBHC.fIUleil 

OT cnmia. 
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BJieqeHHHe H3 axcnep:eMeHTOB menap,na n En3ap,na .IlJlJI o6MeHHoro np -pac

cealil!Ji. 

B paMRax mmyJlI,CHoro npH6Jlilllterum c HCilOJII,SOBaHReM npa6Jllillterum 

noJ1HOTH .ItRqXpepeHii;naJII,Hoe ceqeHne nepesaPR;IJ;RR Ha .neilTpoHe cor11acHo. 

111 , 121 sanHCHBaeTCH B BR,Ite 

(d6')dex=(1-S(t))(~)1ex+(1-::!.s(t))(~)2e~ ' (2) 
dt dt 3 dt 

P,Ite 
( d6')ex :,r 2 2 dt 1 =p•2Qacl +/cc/ ), a)~~ 2 2 2 2 

(cit 2 =p•2(/bc/ -t/ccl +/eel +lfcl ~ 

3,necI, p•. - m.myJII,C B CRCTeMe neHTpa Mace .IlBYX HyKJIOHOB, cyMMa 

<!~)~x+(::)~x paBHa ~qxpepeHIJ;0aJII,HOMy ceqeH1110 SJieMeHTapnon np -ne

pe3apH.ztKR, S(t)- qiopll1flaKTOP ,IleHTPOHa, a KOa@lmi;neHTH ac , be , 

cc , ec , fc OTHOCHTCH K CilRHOBl:lM HHBapHaHTaM aMilJlHTY~ np - ne

pesapa.ztKR. M3 ~OPMYJIH (2) BH,IlHo, qTo .naqxpepeHii;naJlI,HOe ceqeHne nepe

sapsur;1rn Ha ,nettTpoHe np:a /ti = 0 noJIHoCTI,JD onpe,neAAeTcII qacTI,IO ceqe-. 

HHI! ane~eHTapHOH n~ -nepe3apJW{H, 3aBRQ.fIUleH OT CilRHOB HYKJIOHOB. 

.l{M oneHRH Birna.na _cmrn-He3aBRC.fillleil qacTH ru.1nJIHT;y,nu np -nepe3a

PsmKR no.n ny11eBl:lM yrnoM pacceIIHnII ,Illiqxp~peHii;naJII,Hoe ceqeHne, onpe.ne

MeMoe cnnn-~~BRC.fillleH qacTI,JD, napaMeTpR30BaJIOCI, cne,nyIOUU!M ~6pa30M: 

d6'ex ( ) .( ) (-)2 ::X1 exp 2b1 t +X2exp 2b2t. dt 
(3) 

3HaqeHHI! napaMeTpOB X1 H X2 6wm noJiyqeHH c IlOMOIItI,IO qJHT.0.POBaillHI 

~Hpai!:eHwf (2) '. C 'n·c'iiom,3oiiamre.M ·c1) i (3) K in<enepRMeHTaJII,HOMy pac

npe.nenelillIO: .lvut.iinyx Ha6opoB :,naHHIDC (Ulenap.na n Enilapa) no aJieMeH

TapHO~ np -nepe3apfue 6iin~; onpe,neJieH BRJia.Il cmrn-Hesa.B.0.Cffillen qacTH 

BMIIJlHTY.!Ul o6Memioro np ':...paccemuIB npa ltl ;; 0 '• 

: - (do/dt}~x ,. ·· ·1 ·· -. 
R- -----'----, 

- (d6'/dt)~x+(d6'/dt)? {t/=0 · · 

COOTBeTC'l'BeHHO xaxf1.7/ 0,86±0,09 R 0,57±0,22 • 

··-\. -~- ~--'.'"' 
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TeopeTHqecKJ,i:e pacqeTl:l no ipop.1yJle (2) c onzcrumoit Bwne napa- ,,. 

M8TPH3auH8it 'AM no.iJyqeHRl:lX p;gyx Ha60p0B napaMeTpOB noRa3aHl:l Ha 

pHc.6 KPRBllMH A (menap'A) H C (Ensap'A). 

0CHOBHl:l8 pesyJI&TaTl:l ~ccePTauHH MOryT 61:lTb cq>Opi4yJlRpOBaHl:l 

cne.n,ylOIIIRM o6pasOM. 

1. C n;eJI&JO nccne'AOBamlJI peaxrnm pasBMa 'A8itTpoHa Ha npoToHe 

6wia npOB8'A8Ha MeT6~qecRM pa6oTa: 
a) onpe'AeneHl:l napaMeTpl:l nyqxa (m.myJI&c P::(3,33±0,08) raB/c, 

yro11 norpylltellrui ll. =(0,005;t0,004) ~aH, asHMyTam.rurn yroJl 

If =(3.165±0,002) ~aa. 'AOJlli 'Aei!TpOHOB B nyqxe K=0,91±0,03); 

6) on;eHeHl:l noTepa B ynpyrax co61:lTIDDC npn MaJll:lX nepe'Aruuw:x: qe

Tllpex-HMnyllcax RaR (25±5)% H nonyqeH MH)l)lR6apH-8RBRBan8HT Ha 'A8it

TPOH-llPOTOHHOe co61:lTH8 3=(4.66±0,15) MK6a/co61:lTHe; 

B) noKa3aHa 'AOCTaToq.HaJl: ~eHTH'IHOCTb MaTepHaJla, H3M8peHHOro B 

pasHl:lX JJa60paTop.0mc COTPY'Alm'18CTBa C nOMOIJtJ,IO p8.3JlR'IHIDC H8Mep.0TeJII,

Hl:lX npa6opoB, Il03BOJlR:amaJI npoBeCTH cyMMHPOBa.lm8 pesyllTaTOB. 

2. BnepBl:le onpe'AeneHl:l ceqellrui peaxD;RH pasBaJJa 'A8il:Tpotta dp.ppn , 

(6 =37,2±1,4 M6) a nepesap.a:ztKH dp.(pp)n(6 =6,4±0,2 M6) B accne.n,ye

Mott o6JJaCTH aHepr:im. 
3. Jl,nsi asyqeHWr MexaimSMa peaxrnm npm.1oro _pa.sBaJla 'Aei!TpoHa Ha 

npoTOHe nonyqeHl:l :iwnyllCHOe pacnpe'AeJleHHe HYRJlOHOB-ClleRTaTopoB BO 

BceM ~anasoHe HMnyJlbcoB, a TSIU1te pacnpe'AeJieHIDi no llOJISJPHOMY yrny cne

RTaTopoB H yrlfY TpeiiMaHa - HHra B saBRCRMOCTH OT m,myJII,ca cneRTaTO

pa H nepe'AaHHOrO qeTspex-m.myJI&ca B RBa3Hynpyrax CTOm<HOBeHRmC. 

4. IIoxasaHo, qTo B paMRax npocToro m.myJII,cHoro npH6mmeHIDi 

(cnexTaTOPHaJI MO'Aem,) m.mym,cHoe pacnpe'AeneHHe cneKTaTopa B o6na

CTR (0-200) MaB/c Ka1leCTB8HHO xopomo OllHCima~TCfi BOJIHOBOi W]HlUv,teft 

XllJlbTeHa. 
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5. Pacnpe'AeJleHRH C061:lTnit no-llOMPHOMy yr;zy cneKTaTopa H yr;zy 

TpeffMaaa - .f!Bra :n o6nacu MaJWX m.myJlbCOB cneKTaTOpa (0-80) MaB/c 

B npe'A8Jlax CTaTHCTnqecKRX OllJR60K H30TPOilHl:l,a B 06JlaCTH (80-200) 

MaB/c Ha6)ll)'Aa8TCfi:yBenaqeHRe acm.lMeTpHH C YB8JlRT{8HHeM HMnynca · 

cneKTaTopa. 

6. Ha6JW.IJ;aeTca, qTo acl!!MMeTpM B pacnpe'AeneHlUDC no yr;zy Tpeii":'· 

MaHa - .f!Bra B OOJlaCTH mmyJI&COB cneKTaTopa 60JII,file•80 MaB/c B OCHOB

HOM cMsaaa c MaJlHMH nepe'AaqaMH qeTl:lpex-~nym,ca B RBasnynpyrax 

CTOJlRHOBeHRHX. · 

7. IIpoBe'AeHHl:le .B HM~y Jll,QHOM np.06.11Hllt8Hlili pac_qeTll yrJlOBl:lX pac-' 

npe'AeJleHHH HYKJlOHOB-cneKTaTOPOB H aHaJlH3 pacnpe'A8Jl8HHH no yrny-Tpeit

MaHa - .f!Bra Cm!,lt8T8JII,CTBYDT O npeo6]lR'AamteM BK]lR'Ae IlO)ll)CHOit ~ar-:.. 
PaMMH B aMilJlHTY.IJ.Y pe~rnm np.RMoro p8.3BaJla''A8itTpoHa B o6naCTH HMilYJI&

ca cneKTaTopa (0-80) MaB/c. 

8. IIoffl7qeHHoe nu~epeHUHaJII,HOe ce-q;eHHe . db 'AM peaRD;HH np.q--~ ~ . dt 
Moro pasmna 'Aei!Tpoaa xopomo cormcyeTca c npe'ACKasaHMMn MO'A8JlH 

rMy6epa 6es yqeTa CilHHOBl:lX ajxlleKTOB c ncnOJI&SOBaHHeM ~opM!f>aKTOpa 

ABB, IlOJzy"iaeMoro HS BOJIHOBOti W]HRrnui EpecceM - Kel)MaHa. 

9. B c;zyqae peaxrnm nepesapswm Ha 'Ae"lfTpoae Ha6)ll)M8TC.l! pac

xoJK,I1;eHHe ~e'IIJJY aKcnepHMeHTaJI&HBM ~ifqlepeHD;RaJII,HllM ceqeHHeM · ~ 
H pacqeTOM no MO'A8Jl.0 _rnay6epa, KOTOpoe "iaCTHqHo MOlt8T 6llTb CBJraaHO 

Jlli60 co CilHHOBllMH aifqleKT&m, HeyqHT!lBa8MllMH B MO'A8JlH, B o6nacTH Ma-
-~-

Jll:lX (ti , Jl.060 c 'APYrHMH MeXlillllSMaMH, 'AaJOl!IHMll BKJl.8J.lll :e peaRD;HX) ne-

pesapH,ItRH. 
. ' . 

10. Hcnom,sya nony"ieHHoe ~epeHUHaJI&Hoe.ce"ieHHe .ItJ1H peax~ 

nepesapH.ItRH · Ha 'AeitTpoHe 'H w<1 ;;a6opa aKcnep:iweHTam.HllX ·'AaHHllX no 

3JleM8HT8pHOI np -nepesapH,ItRt::, Mil C,ItenaJUt llOllllTKY ll3Bn8tJ8Hll/l CllllH

He3aBllCllJJlSit qacTH aMn~mry,n1,1 O(h.reH'Horo np -pacceHHWr npa ltl =0 H no

nyqana CJle.n,ymtHe snat1eIDUI: R=0,86±0,09 :a R= 0,57±0,22. 
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)lHcce~TanHR HanRCB.Ha Ha OCHOBe pa6oT, pesy.m,TaTH ROTOp!lX 

~ORna.rtHBaJIBCb Ha BcecODSHOtt ROHpepeHnHR no Jmep.HHM peaiu.1;wn11 npR 

BHCORWC aHeprruuc B T6RJIHCR (~972 r.), Ha CeccRR OT~eneHHR Jmep-

Hott ~RSHRH AH CCCP B MOCKBe (1972, 1974 rr.), Ha Mellt,eyHapo,nHWC 

cHMnosayMax no ~swte BHCOKHX aHeprRtt H aneMeHTapHHX ~aCTRn B 

illTp6CKo Ilneco (1972 r.), BapHe (1974 r.), npe~cTaBJISIJIRCb Ha Mez
~Hapo~e KO~epeHnRR no ~Rswte BHCOKIDC aHeprlitt B BaTaBRR (1972r.), 

Yncane (1973 r.) R ony6nwtOBaHl,I B pa6oTaxf2- 3,13-18/. 
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