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H3yqenne rrponecca AenennH 6onee qeM 3a ·30 neT c MoMeHTa 

ero OTKpbITllH rrpnae_no K pa3BllTIIIO AocTaToqno nrnpoKoro 11 06oco6-

nenHoro pa3Aena HAepHott (jln3nK11. HHTeHc11aHoe nccneAoaanne_ sToro 

HBneHIIH npOAOnlK80TCH, OAH8KO AO H8CTOHUlero BpeMeHII (jl11311qecKoe 

cymecTao npo_necca _ AenennH ocTaeTCH 'l'yMaHHhIM AnH cjiu311KOB, .D.o

cT11lKeH11e Eopa II Y11nnepall/ .ll ¢peHKeng/2/, rrpeAnolK11Bw~x B 

1939 roAy lKllAKO-KanenbHYIO MOAenb AeneHIIH II CAenaBWIIX OCHOBO-

nonararom11e pacqeTbI a s-rott MOAen11, no cett A0Hb HBnHeTCH oc-

HOBHbIM AOCTlllK0HlleM cjill3llKOB B IlOHIIM8Hllll µeneHllH. HeCMOTpH Ha 

3Haq11TenbHbie _ycrrexn )]KllAKO-KarrenbHott MOAenn AeneHnH, rrocneAHHH 

He B COCTOS!Hllll XOTH 6b1 KaqecTB0HHO o6oHCHIITb OCHOBHbie 38KOHO -

MepHOCTll AeneHHH HAep npn Hll3KllX sneprllHX B036YlKAeHllH, qTo 

CB5138HO C. qpe3Bb1qafiHO CllnbHbIM BnllHHlleM Ha rrponecc AeneHHSI 

oco6eHHOCTett MllKpOC,KOITUqecKott CTpyKTypbl HAep ( o6onoqeqHbIX 

scjl~eKTOB). 

Bo3MOlKl!OcTii . sKcrrepnMeIITanbHoro n3yqeHnH Aene11ng cymecT

aeHHO pacwnpmrncb C IlOHBneHHeM ycKopHTenett 38pHlKeHHblX qaCTllll 

ll pa3BllTlleM. ycKOpllTenbHOA TeXHllKII. EoM6apAllpOBKa THlKenbIX ll 

cpeAHllX HAep 6bICTpb!Mll 3apmKeHHb!Mll qacTllll8Mll IlO3BonHeT H3y

qaTb Aenemie B036ylKA0HHbIX COCTOHHllA HAep B oqel!b WllpOKOM 

llHTepaane napaMeTpa AennMOCTll Z 
2 

/ A n s11epr1rn Bo36y)l(AeHnH, 

a_ To apeMH KaK Aenenne rrpn sneprngx Bo36YlKAeHHH rropHAKa snep

rnn CBH311 HeATpona B HApe llCilb!TblB8IOT nnwb sneMeHTbl THlKenee 

Ra. 

3KcrrepnMeHTanbHO ycTanoaneno, qTo rrpn snepr11n·ao36ylK

A8HHH HApa, 6onbwett 40 Msa, xopowo ll3B0CTHbie CTPYKTYPHbi0 oco-
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6eHHOCTH neneHHH Hnep B6nn3n 11opora ncqe3a10T, neneHne.cTaHoBnT

CH CllMMeTpll'IHbJM B cornacnn c lKllnKo-KallenbH0H Monenb!O, O6bl'I

H0 aTo o6cTOHTenbcTBo CBH3brnaroT co 3Ha'Il!TenbH0H n11c11epc11ell. 

pac11peneneHl!H HyKn0H0B 0Kono rpaHl!Ubl <t>epMll nnH B036y)KJleHHblX 

C0CT0HHHH Hnep, llpllB0llHIIIelt, 110-BllllllM0MY, K pa3pyweH1110 o6ono

'Ie'IHblX aql(jleKTOB B Hnpe, MoJKHO llYM8Tb II03T0MY, 'ITO H3y'IeHne 

neneHnH B036yJKneHHbJX Hnep c11oco6Ho naTb HeK0Topb1e cBeneH11H 

o 'r11npon11HaMnqecKolt cTopoHe' npouecca neneH11H,·KoTopb1e Henb-. 

3H 1!3Bneqb 113 ll8HHblX 110 Hll3K03HepreTll'IH0MY 'neneHll!O, EcTeCTBeH -

Ho, 'ITO pe3ynbTaTb1, 11onyqeHHb1e nnH HarpeToro Hnpa, Henb3H He-

11ocpencTBeHH0 l!CII0llb30BaTb llpll o6~HCHeHl!II Bcex 3aKOHOMepHOCTefi 

neneHl!H B6nl!31! 11opora, onHaKo HeK0T0pble xapaKTepHbJe qepTbl 

MexaHH3Ma KonneKTIIBHofi Heo6paT11Molt ne¢opMaunn Hnpa B npo

uecce nenemrn MoryT 6bJTb 06mnM11 nnH nenemrn n106b1X Hnep 

( Hallpl!Mep: xapaKTep nB11JKeHl!H Hnpa B6n11311 T0'IKII pa3pbJBa, pac-

11peneneHne HyKn0H0B MelKJly pa3nenHJOWIIMIICH_ OCKonKaMI! II T,n.). 

nepe•mcneHHbJe 11penMymecTBa IICII0llb30B8HllH ycKopeHHblX 

38pHlKeHHblX qaCTllU B IIOnHOH Mepe 0TH0CHTCH K TRlKenbJM H0HaM 

KaK qacTnuaM, BbJ3bJBaromnM neneHne; llnH 11ocnenHnx nMeeTcH 

ewe II TO 11pe11MymecTBo, 'ITO HnepHbJe peaKUlill C Tsi:JKenbJMli no

H8Mli B ocH0BH0M nnyT qepe3 11onHoe cn11HH11e Hnpa M11weH11 n 6oM-

6apnnpyromelt qacTl!UbJ BllnoTb no aHeprnlt = 10 MaBIH.yKnoH, 

3To naeT B03M0lKH0CTb 1!3y'IaTb neneHl!e 0'IeHb BblC0K0 B036yl'<neH

HblX COCTOHHIIH Hnep (no E = ( 150-200) MaB) llpll CTporcilt 

¢11Kcau11n Z , A H 3Hepr11n B036ylKJleHl!H nenHmefiCH CIICTeMbl, 

l1c11onh30BaTb nnH aT11x uenelt aHeprH'IHbie nerKne qacTl!UbJ (p,d) 

BeCbMa 38TpyllHl!TenbH0, TaK KaK B 3T0M cnyqae o6pa30B81111IO 

KoM11ayHn-Hnpa npenwecTByeT 6bICTpb1lt 11pouecc KacKanHoro Bb1611-

BaHHH HyKn0H0B, llpl!B0nHWHH K 3H8'Il!TenbHOH n11c11epc1111 K0MllayHn-

Hnep 110 ·z , A n aHepr11n B036ylKJleHHH, HecMOTpH Ha aTo, 

no HaCT0Hmero BpeMeHn neneHl!e Hnep THJKenbJMII H0H8MI! 6bmO 

1!3y'IeH0 0'IeHb Cna6o1 oco6eHHO B o6naCTII BbJC0KHX Z
2 
/ A, ne-, 

nHWllXCH K0MllayHn-Hnep. OTO o6cTOHTenbCTBO o6~HCHHeTCH, no

~nnl!M0MY, orpaHl!'IeHHblM Kon11qecTB0M ycKopnTenelt THJKenbIX II0H0B, 

11Merom11xcH cefiqac BO BceM Ml!pe. 
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llaHHaH pa6oTa II0CBHWeHa 3Kc11ep11MeHTanbH0MY 113y'IeHl!IO 
2 

neneHl!H B036yJKneHHblX THJKenblX ( z /A> 37) K0MllayHll-Hnep, 

06pa3yromnxcH 11p11 cn11HH11n Hnep 
12 16 

YCKopeHHb!Mli II0H8Mll C • 0 

197 Au , 209 Bi 

20, 22 Ne 

238 U 

40 Ar 
C 

ll11ccepTau11H cocT0IIT 113 BBenemrn, 'IeTb1pex rnaB 11. 3aKnro'Ie.-

HIIH, 

I. 

nepBaH rnaBa: • neneHne Bo36yJKneHHbIX Hnep II JKl!nKo-Ka-

11enbHaH Monenb' coneplKIIT KpaTKrtlt o63op n11TepaTypb1 110 aKc11e

p11MeHTanbH0MY Ir3y'IeHIIIO neneHHH CllllbHOB036yJKneHHblX Hnep, 

a TaKJKe HeK0Topb1e cBene1111H o Teop1111 11pouecca nene1111H. l13noJKe

HbI 0CH0BHb!e 11pen11onoJKeHIIH lKl!llK0-KanenbHOH Monen11 neneHIIH, on11-

CblB8IOTCH cxeMbl paC'IE!T0B B pa3nll'Il!b1X Mon11¢nKaUl!HX Teop1111, ne

naeTCH 11011b1TKa·aHann3a aKc11epnMeHTanbHOH 06ocH0BaH11ocT11 HeKo

T0pbIX 11pen11onoJKe1111lt n 11pencKa3aHnlt cywecTByrow11x pac'IeToB, 

O6cyJKnaeTcH Bo11poc o MecTe lKllnKo-KarrenbHolt Monen11 neneHl!H 

cpen11 npyr11x Teop11lt aToro 11pouecca, B c11eu11anbH0M 11aparpa¢e 

paccMaTpllBa!OTCH TeopeTll'IeCKlle 11 3KC11ep11MeHTanbHble naHHble 

o pa3B11Tn11· 11pouecca neneHl!H Bo apeMeHI!, noKa3aHo, '!To 3HaH11e 

BpeMeHHbIX xapaKTep11cT11K 11pouecca neneHIIH HBnHeTcH 11p1111u111111-

anbH0. BalKHblM nnH 11paB11nbHoro TeopeT11qecKoro onncaHl!H 11po

uecca. nonpo6Ho 113noJKeHbJ coapeMeHHbie ¢11311qeci<:11e npenc-raBne-

. HIIH. 0 ¢opM11pOBaHllli MaCCbl II 3apHna 0CKonK0B neneHl!H n 06 

11x yrnoaoM pac11penenean11. no cywecTBY B 11epBolt rnaBe 113noJKeH 

Beeb nnTepaTypHb1fi MaTep11an nnH Tpex 11ocnenyrom11x rnaB, C¢opMy

nnpoBaHa TaKJKe 3anaqa 011b1ToB 110 • 113yqea1110 nenemrn Hnep THJKe

nbIMn noHaM11, nnH pewemrn KoTopolt 6bma ocymecTBneaa cnenyro

maH 11porpaMMa aKc11epnMeHToB: 

1. l13MepeHl!e yrn0BOH 8HH30Tp0IIIIII 0CK0llK0B neneHIIH THJKenbIX 

H)lep ycKopeHHblMII II0HaMI! 
14 

N 
16 

0 • 
2~ 40 

Ne , Ar c uenbro 

011peneneHUH a¢¢eKTllBHoro M0MeHTa l!Hepun11 nenHWeHCH CIICTeMbl 

B cennoBolt T0'IKe, cpaBHeHIIH pe3ynbTaT0B C llpencKa38HIIHMH lKlln-
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KO-KanenbHOli Monenn neneHllR ll OUBHKll onuoro ll3 OCHOBHbIX napa-
. 2 

MeTpOB. STOli Monerin ( z / A) KpllT. 

2. HaMepeHlle MaCCOBblX n aapRnOBb!X pacnpeneneHllli · OCKOn

KOB neneHllR Boa6y)KneHHhIX Ko114nayun-R.llep, 06nanaJ01Ullx• paann'I

Holi sHeprneli aoa6y)KneHllR B rnnpoKoM llHTepBane·auaqeHllli napa-
2 

MBTpa nenllMOCTll 37 < z / A < 44 nnR nony'leHllR caeneHllli 0 

xapaKTepe nBll)KeHllR nenRIUelicR CllCTBMbl OT cenna no TO'IKll paa

pb!Ba n cpaauemrn c pac'leTaMn no cTaTllCTll'lecKoli Teopnu Macco

BbIX n aapRnOBbIX pacnpeneneHnli. 

llnR ocymecTaneHnR ueneli,_ cqiopMynupoBaHHhIX a sTnx nayx 

rryHKTax, noTpe6oaanocb TaK)Ke: 

a) naMepllTb yrnOBbie pacnpenenemrn yrrpyro pacceRHHhIX ., 
TR)Kenhlx noHoB nnR onpeneneHIIR pacnpeneneHIIR K0Mnayun-Rnep 

no yrnoBOMY MOMBHTy f • 

6) ll3MepllTb yrnOBble KOppenRUllll OCKOnKOB neneHIIR nnR 

ll3y'laBMbIX peaKUllli, C TeM, 'IT06bi onpenenllTb aenll'IIIHY BKnana 

peaKUllli HenonHoro cnl!RIIl!R 60M6apn11pyJ01Ueli 'laCTIIUbl C R.llpOM 

MllillBHII B nonHoe ce'leHne neneH11R; 

a) SKcnep11MeHTanbHO onpenen11Tb aHa'leHne.cpenHero q11cna 

HeliTpOHOB Ha aKT neneHl!R ji B 113y'laBMbIX peaKUIIRX nnR Toro, 

'IT06b! cnenaTb B03MO)KHbIM nocTpoeHlle nepBll'IHblX (no 11cnycKaHllR 

HeliTpOHOB) MaCC0BbIX II aapR.llOBbIX pacrrpeneneunli 0CKOnKOB no 

113MepeHHbIM BbIXonaM paanU'IHblX ll30Tonoa-nponyKTOB peaKUllll nene-

HHSie 

II 

Bo II rnaae onncaHa MeTon11Ka ll rrpencTaaneHbI peaynb-

T8Tbl 113MepeHIIR n111jlqiepeHullanbHbIX CB'IBHllli peaKunli ynpyroro 

pacceRHIISI JI neneHIIR, a T8K)Ke yrnoBblX KOppenRUJ!li nap OCKon-
197 209 238 

KOB rrpu o6ny'IBHJ!Jl TR)KBnbIX MUilleHeli Au , Bi , U 

paanU'IHbIMII ycKopeHHbIMII UOH8MII. B onbITax IICITOnb30Banucb. BbIBe

.neHHbJe ny'IKJ! TR)Kenbi'x' J!0HOB UIIKnoTp0Ha n.HP O11.HH Y-300. Ha

MepeHUR npoaon11nllCb C noMOIUb!O nonynp0BO.llHUKOBbIX noaepXHOCTHO-

6 

.,, 

,, 
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6apbeptibIX neTBKTopoa, perncTpllpyJOIUllX 6bICTpbie aapR)KBHHbie '.{BC

Tl!Ubl, POMnaJOIUllBCR B T0HKOli nenRIUelicR MllllleHll non nelicTBlleM 

ny'IKa TR)KBnbIX IIOHOB.- OcymeCTBnRnOCb 113Mepeane saepreTll'IBCKOro 

cneKTpa qacTuu nnR MHornx aaaqea11li nonRpHoro yrna 0 BbmeTa 

'laCTllll OTH0CllTenbHO ny'IKa 60M6apn11py101UllX llOHOB. Ha SKcnepn

MBHTanbHbIX naHHhIX no yrnoBbIM pacnpeneneHIIRM ynpyro pacce

RHHbIX uouoa onpenenRnocb pacnpeneneu11e KoMnayan-Rnep no yr-

noaoMy MOMeHTy nnR Ka)Knoli na ·nay'leHHhIX peaKu11li. 

C ncnonb30BaHUeM STllX naHHbIX, a T8K)Ke peaynbTaToB Jl3Me

peHIIR yrnoaoli aHll30Tpomrn OCKOnKOB neneHnR, 6bmll nony'IBHbl 

3Ha'l~HIIR sqiqieKTIIBHoro MOMeHT8 uaepuu11 nenRIUllXCR Rnep B cen

noaoli TO'IKB J sqiqi. ITp11 o6pa6oTKe SKcrrep11MeHTanbHbIX naHHbIX 

11cnonbaoaanocb TeopeT11'1eCKoe onncaa11e yrnoBbIX pacnpenenea11li 

ocKonKoB neneHIIR, paamiToe B pa6oTe131• ITony'leHHbie sKcnep11-

MeHTanbHO aHa'leHIISI J sgiqi. xoporno cornacyJOTCR c peaynbTaTaM11 

paC'leT0B B )Kll.llKO-KanenbHOli Monen11, Y'IIITb!BaJOIUIIX 38BIICIIM0CTb 

noaepXHOCTHoro HaTR)KBHIIR OT Kp11B113Hbl. ~11qiqiyaaott Rnepaoli 

noaepxuocT11/4/, Ha p11c. 1 npe~cTaaneHbI 3Ha'IBHIIR Jcqi/J sqiqi B 

38BIICIIMOCTII OT Z 
2 

/ A nem1m~rocsi R.llpa, rrp1rneneHbl TaK)Ke pe-
2 

aynbTaTbl paC'leTOB no .o6bi'IHOli KanenbH0li Monen11 C ( z / A )KpllT': 

50, t/5/ 11 pac'leToal4 /. ITony'leHHb1e aHa'leHIIR J A-.l\. xoporno 
' 3~~-

cornacyJOTCS! c peaynbTaTaM11 sKcnep11MeHTanbHoro 11ccnenoaaHIIR ne-

neHIIR TR)KBnbIX R.llep neliTOHaMII II a - 'leCTIIUBMll/6/ 11 rrpOTll

aope'laT peaynb.TaTaM paHHeli pa6oTbif7/, a K0Topoli nay'lanacb 

yrnoaasi 8Hll30TponllR OCKOnKoB neneHIIS! R.llep TR)KBnbIMll IIOHaMn. 

HeKOTOpbie SKCnepnMeHTanbHbie naHHbie II peaynbT8Tbl ux 

o6pa6oTKll npencTaaneHbI a Ta6nnue 1. 

Coananeune SKCnep11MeHTanhHblX naHHblX II paC'leTHb!X/'.1/ 

3Ha'leHllli . .laqiqi. CBll,lleTenbCTBYJOT O TOM, ,'ITO TepMO.llllHaMU'IBCK0€ 

paaaoaecne a nenRmelicR cncTeMe ~ cennoaoli T0'IKe onpenensieT 

Bll.ll yrnoaoro pacrrpeneneHIIR ocKonK0B neneHnR. OTcJOna MO)KH0 

HaliTn Hll)KHJOJO rpaanuy apeMeau cymecTB0BaH11S1 nensimelicR c11c

TBMbI B cennoaoli TO'IKe II aepxHJOJO rpam1uy apeMeH11 cnycKa 

OT cenna no TO'IKU paapbIBa ( 'cenn >>r 
5 

; r < r ) • 
- • pam. cnycK, apam. 
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Puc. 1. 3aBIICIIMOCTb Jc<p. / J a<p<pPT Z / A .nemuuerocg l'lllpa. 
Kp11Bal'I a - pac'!eT rro OObl'!HOl! KairnnbHOl! Mo.nen11/ 5/, 
KPIIB8H b - pac'!eT 113 paoOTbl/4/ • I1oKa38Hbl TaKJKe ~op
Mbl g.nep B ceanoaol! TO'!Ke ang g.nep C pa3nll'!HbIMII Z / A. 

• 0TKpb!Tbl0 TO'!KII - pe3ynbT8Tbl paoOTbif 6/, 3aqepHeHHbie -

HBWII ll8HHbie• 

Taon11ua 1 

Pe3ynbT8Thl oopaooTKII 8KCnep11M0HTanbHb!X .naHHh!X no yrnOBb!M 

pacrrpe.neneHlll'IM OCKOnKOB .neneHlll'I II yrrpyro pacceHHHhlX IIOHOB 

z';A 
E..._ E• ... 

W(o.°" J c4>. : L o, K' 
(Moe) (Moe) W(OO O) 

0 

J a¢4>. (rPan.yCbi) 

35,I 102 58 42,3 !64 2,65;!;0,IS : !27 l,25!0,!2 
Iro 65 50,6 !68 3,20! o,15 . ; 145 1,30,!0,13 

35,8 8! 36 28.,5 170 2,38:0,IO 106 I,23!U,l3 

.36,2 · 154 75 '51,o !70 3,54:!;U,I5 I5J 1,12,!0,lO 
175 93 67,5 170 3 ,84;!;0, 17 !74 I,II;!;U,10 

36,8 94 35 35,0 166 2,00:0,10 216 : 0,62:0,01 
112 51 56,U 166 2,60:!;0,!2 ,; 249 ; 0,64:!;0,07 
134 7I 67,0 !66 2,91:0,12 i 26! : 0,70:0,07 

39,3 Il4 60 52,o 166 2,22:0,!5 : 385 ; 0,50:!;0:05 

. 
43,5 300 98 92 170 1,50:0,15 ;rsoo : o,ro!o,03 

Eb - aHepr11H 60Moap.n11py10wett 'IaCTIIUbI, E* - aHeprllH B030YlK-

.ne1111H .nengwerocg l'lllpa B Ce,!lnOBOfi TO'IK0 L - rrapaMeTp, xapaK-

Tepll3YIO!Ulll! pacnpe.nene1111e KOMil8YHll-Hll0P rro MOM0HTY/ 12/, 
2 

Ko -. cpe.n1mi! KBaapaT rrpoeKu1111 yrnoaoro MOMeHTa Ha- OCb 

aene1111g, 0 :ax_ MaKCIIManbHOe 3H8'!0Hlle rronHpHoro yrna, no KOTO-

poro 113Mapl'lnocb yrnoaoe pacrrpe.nene1111e OCKOnKOB .neneHIIH. 
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3aaqemrn 3q>q>eKTHBHOI'O MOM8HTa HHepUHH onpeneneHbl JlllSI SIJlep 
2 2 

c paanH"IHbIMH Z / A ennoTb no Z I A = 43,5, "!To noaeonSieT 

C BbICOKOll TO"IHOCTbIO onpenenHTb OJlHH 1{3 OCHOBHb!X napaMeTpOB 

)Kl{JlKO-KanenbHOii MOJlenH neneHHSI ( z 2 
/A) = 46:!:.. 1. 

KpHT0 

OnbITbl no H3MepeHHIO yrnOBbIX KOppenSIUHll nap OCKOllKOB 

B nayqaeMbIX peaKUHSIX noKaaanH, 'ITO OCH0BHbIM npoueccoM B3_aHMO

neiiCTBHSI TSilK81IbIX HOHOB C SIJlpaMH SIBIISI8TCSI nonHoe cnHSIHHe, H 

ponhro peaKUHii HenonHoro cnHSIHHSI MOlKHO npeae6peqb npH onpene

neHHH COCTOSIHHSI SIJlpa, H3 KOTOporo npoHCXOJlHT ne11e1me. 

III 

rnaBa III coneplKHT onHCaHHe onbITOB no H3MepeHHIO Macco-

BbIX ll aapSIJlOBbIX pacnpeneneHHii OCKOIIKOB neneHHSI SIJlep TSilK81IblMH 

HOHaMH M8TOJlOM. ll3MepeHHSI BblXOJlOB paJlHOaKTHBHbIX npoJlyKTOB 

peaKUHH neneHHSI. npoH3B0JlHIIOCb paJlHOXHMH"18CKOe paaneneHHe 

aneMeHTOB - nponyKTOB peaKUl{I{ neneHHSI SIJlep TSilK8llbIMH HOHaMH 

H 1!3MepeHHe cneKTpOB Y - 1{3/Iy"leHHSI nonyqeHHb!X HCTO"IHHKOB C 

noMombro Ge(Li) - Jl8T8KTOpOB~ no HHT8HCIIBHOCTH Y -IIHHHll: 

Toro HnH HHOI'O paJlHOH30TOna C BB8Jl8HH8M COOTBeTCTBYIOlllHX nonpa

BOK onp8Jl81ISIIICSI BbIXOJl H30Tona B peaKUHH Jl8ll8HHSio OWH6Ka B 

H3MepeHHI{ OTHOCHT81IbHblX BbIXOJlOB H30TOnOB He npeBb!Illa/Ia 15%. 

Ha. riony"!eHHbIX naHHhIX nyTeM crreuHanbHoll· o6pa6oTKH, onHcaH-

Hoii B pa6oTaxl 8, 9/, MOlKHO 6bmo CKOHCTpyHpOBaTb MaCCOBbJe I{ 

aapSIJlOBbie pacnpeneneHl{SI nepBH"IHbIX OCKOIIKOB (no 11cnapeHHSI 

HefiTpOHOB), 

B Ta611Hue 2 npHB8Jl8Hbl peaynhTaTbl H3MepeHHSI MaCCOBbIX 

pacupeneneHHii OCKOIIKOB n·eneHHSI JllISI ecex H3Y"l8HHbIX H.9.MH peaK

UHii. Ha pHc. 2 JllISI 11p11Mepa noKaaaHbl crreKTpbl Mace OCKOIIKOB 

197 12 / 10/ 238 20 238 40 . 
neneHHSI Jl/ISI peaKUHll: Au ( C,f), , U( Ne, f), U( Ar, f ). 

BHJlHO CHllbHOe paCIIIHpeHHe MaCCOBblX pacnpeneneHHfi C poCT~M 
2 

z I A nenmueroCSI SIJlpa. 3TOT q>aKT HaXO)lHTCSI B pe3KOM npOTHBope-

"llll{ C npencKa3aHHSIMH CTaTIIC,Tll"l8CKOll TeopHH/ 11/, "!TO •CBHJleTenb

CTByeT o aeo6xonHMOCTH paccMoTpeHHSI ecero npouecca cnycKa 

Sinpa oT cenna no TO"IKH paapbIBa npH pac"!i!lTe MaccoBbIX pacnpene-

10 



. . 

•. . . . 

Ta6mma 2 

3KcnepHM8HTanbHhl0 peaynbT8Tbl no MaCCOBbIM pacnpeAeneHHSIM OCKOnKOB 

neneHHH 

. 
PeattnWI 2 . . Z /A : E* . (Man) . . . . . . . . 

209 ·20 . 
37,7 

. 
• Bi( Ne ,f) . . 100 : . . . 

238 16 . 
39,4 

. 
8I u ( 0, f) . . . . 

: : 
238 20 . 40,3 . I20 U( Ne ,f) . . 

95 

65 . . 
,209 •o 41,0 : II5 Bi ( Ar, f) ! 

238 
U ( '

0 
Ar , f) 43,5 . IIO . 

! 

75 

2 
o - napaMeTp nmp11Hbt Maccoaoro pacnpeneneHllll np11 annp0Kc11-

MBURH rrocnenaero pacrrpeneneanH 
1 . . 

P(A 1 -A.,/2)=-=e,q,-
yrro 2 

raycca Bllll!,I 
(Ar-Ac/2) 
----;;2" 

. e . . . . 0 •. 

7IO . . . : . 
. 

! 1280 . 
. . . 2280 •· . . . . . . . 1660 . . . . . . . . II30 : : 

. 2200 . . : 

2790 

1980 

v 

10,8 

II,2 

.. 
12,6 

II,5 
8,9 

9,5 

13,3 

I0,6 



41 

:.-

a, llu'-C12 

G(mb) 

(d'),/ 
£2.-T 

40 ""' 

"I NX \ V\~:"'• I 

QI \ , ,,,. 
~ ~ .~ a,o \ ~ 

P11c. 2. 
CrreKTpbI Ma~9 OCKOnKoB .Qene1m.11 .Qn.11 paanH'IHhIX JleaK1111fi: 

1- I Au ( 12 C f) t10/ 2 - 238 uc·ll N f)-/8/ ~ma 40 ' . , e, , 
3 - U ( Ar , f) / 8/. Bo Iicex peaK1111.11x aae pr11.11 

Boa6y)l{.Qeam1 .Qenmaeroc.11 .11apa 6hma 6n11aKa K 100 MaB. 

12 

~ ........ ~~-~ 

,~ 

n eHHfi, TaK KBK 9TOT rrpouecc, IIO-Bll.Ql!MOMY, aenb3.II C'IHT8Tb KBa-

3HCT8UHOH8pHblM. nocnei:rnee YTBep)l{.QeHHe ae npoTHBope'IHT oueH

Ke BpeMeHH cnycKa .11apa OT ceana ao TO'IKH pa3phlBa, caenaHaofi 

B rnaBe II, a CKOpee HBXO.QHTC.11 B cornaCHH C 9TOfi oueaKofi. 

Dpn H3y'Iemm aap.11n0Boro pacnpeneneam1 noKaaaHo, 'ITO Ha11-· 

1 6onee Bepo.llTHblfi aap.11n OCKOIIKOB cpl!KCl!poBaHHOll MaCChl Z P ( A 1 ) 

nn.11 Bcex Hay'IeHHhlX peaKUl!ll HBXO.QHTCH B COOTBeTCTBHH C pac

'IeTOM COI'IIBCHO I'l!IIOTe3e p8BHOI'O CMeWeHHH 38p.11.QOB o60HX OC-

KOIIKOB OT IIIIHHH f3 -cTa6nnbHOCTll, a T8K)l{e , c Z p ( A, ) , 

onpeneneHHblM 113 YCIIOBl!H Ml!Hl!MyMa noTea1111anbHOll aHepr1111 oc

KOIIKOB neneHl!H/ 11/. 8TH pe3yIIbT8Thl CBJI.Q~TenbCTBYIOT O Hann

'IIIH CT8TllCTl!'IeCKOI'O paBHOBec11.11 B nen.11wefic.11 CHCTeMe no OTHO

llleHl!IO K TOll CTeneHn CB060.Qhl ee, KOTOpa.11 OTBe'IaeT 38 pacnpe

neneHl!e 3ap.11na Me)l{.Qy OCKOIIK8MII, T.e. K .QHIIOIIbHbIM Kone6aHll.llM 

.11npa (cMerueHH.IIM ueaTpa 3ap.11na CHCTeMbl OTHOCl!TenbHO ueaTpa 

Macchl). Hanl!'Il!e CTaTl!CTH'IeCKOI'O paBHOBeCl!.11 B CHCTeMe no OT

HOIIleHHIO K .Ql!IlOIIbHhlM Kone6aHH.IIM ae HBII.IIE:TC.11 YllllBl!TeIIbHhIM, 

T8K KaK T < 10-22 ceK « T HecMoTp.11 Ha aTo, 
a11n.Kon. cnycK. 

n11cnepCH.II 3ap.11na OCKOIIKOB neneHll.11 o6Hapy)l{l!B8eT 38KOHOMepHOCTH 

naMeHeHn.11, coBepllleHHO He cornacyrownec.11 c npencKaaaHH.IIMII cTa

Tl!CTl!'IeCKoii Teop1111/lll. 

llncnepcn.11 aap.11na ( a; ) peaKo BOapacTaeT c yBen11.qea11eM 
2 

napaMeTpa nen11MoCTH KoMnayHa-.11nep B paiioHe Z / A > 37, aa-

BHCIIT oT TeMnepaTyph1· nen.11weroc.11 .11npa 6onee cna6o, 'IeM a~ .,,T, 

HaKOHeU, cywecTBeHHO yMeHblllaeTC.11 C yBen11'IeH11eM acl!MMeTpHII 

paanenean.11 A 11 / A 21 • 

nepe'Il!CneHHbie 38KOHOMepHOCTll II03BOII.IIIOT nyMaTb, 'ITO B 

n11cnepcnro 3ap.11na BHOC.IIT cywecTBeHHblll. BKnan He TCIIbKO TeM

nepaTypHhl~ cpnyKTyau1111 o6'heMaofi IIIIOTHOCTH 3ap.11na, KOTOpbI.e 

Y'IHThlBBIOTC.11 B CTBTl!CTll'IeCKOll Monenu; HO JI HeKOTOpb!e apyrue 

aqicpeKThl B nen.11weiic.11 CIICTeMe. OnHo H3 TaKHX srnneHHll 38KIIIO

'IaeTC.II B 06orawem111 npoToHaMu Toro 11nu. npyroro ocKonKa B 

peaynbTaTe cny'!attHOI'O pacnpeaeneHl!.11 HYKIIOHOB Me)l{.QY OCKOII-_ 

KaMH Ha n11a1111 pa3pbrna. 8TOT acpcpeKT 06.113aTenbHO non)l{eH npn-

13 



cyTCTBOBaTb, TaK KaK pa3pb!B wel!Kn smmieTcSI, ITO-Blllll!MOMY, 

cymecTBeHHO HecTaunoHapHbIM ITpoueccoM nalKe B MacwTa6e Bpe

MeHn HyKnOHHOr'O llBHlKeHHSI. Y'leT norronHHTenbHOll llllCITepcnn sa

psina ns-sa cnyqali:Horo pacITpeneneHnH HyKnoHoB MelKllY ocKon-_ 

KaMn Ha nnHnn paspbIBa ITO3BOnHeT Ka'!eCTBeHHO o61>HCH11Tb Ha6mo

naeMbJe Ha OITbITe 38KOHOMepHOCTll ll3MeHe'HHSI llHCIIepCHH 3apH

na19/. B Ta6nmie .3 rrpnBeneHbl HeKOTOpb1e ll8HHbie O WHpHHe 

sapSillOBblX 11 H3OTOIIHblX pacrrpeneneHHll OCKOnKOB neneHHSI B H3Y

'!eHHhIX H8MH peaKUllSIX. 

Ta6nnua 3 

PesynbT8Tbl ll3MepeHnll 38pS!llOBblX _H H3OTOITHbIX pacrrpeneneHHll 

OCKOnKOB neneHHSI B pasnH'!HblX peaKUHSIX nnsi CllMMeTpH'IHOro 

pasneneHHSI m:ipa ( A Ir I A 2r " 1) 

• P«lKWR s 
& 

u"te':f) 82 Jll+ 4S ff. co to •at5 

u"tNl:f} f9S -taJ 115 22• 11) fl5 lf •OJ5 
1156 90 20• tO f2.5 $ •OJS 
f4f 70 111.5• t.O ta.5 26•QJ5 

116 50 tU•l5 8 23•at5 

U-(1#.J)*' f7J ',0.0 75 lll.5•io 12 UtQ/5 

u"'(tuJ:f)"' '270 "3.5 70 2Q/Jtl5 ff zss,a. 

a - llHCITepcnH sapHna OCKOnKOB IIPH ~HKCHpoBaHHOll Macce, z 
a! - llllCITepCHH MaCCbl rrpll ~l!KCHpOB8HHOM z OCKOnKa. 

Ha pHc. 3 ITOK838Ha 38BHCHMOCTb lll!CITepcnn 38PHll8 
a2 

z 
2 

oT rrapaMeTpa · nennMoCTH Z / A KOMITayan-smpa. fiocTpoeHHe Mac-

coBbIX ll 3apSillOBblX pacrrpeneneanl! ITepBH'!HblX OCKOnKOB ( no HCITa

peHHH HellTpOHOB) Tpe6oBano 3HaHHSI 'IHCna ael!TpOHOB, BO3HHK8IOWHX 

B aKTe neneHHH V • Benn'!nHa V BBOllllnacb ITapaMeTpH'!eCKH 

B pac'!eTbl ITO o6pa6oTI~e _3KCITepHMeHTanbHblX pesynbT8TOB. H ·rron6H

panacb H3 ycnoBHSI HaHnyqwero caMocornacoB~HHSI naHHbIX.· fionyqae-

Mble IIPH 3TOM 3Ha'!eHIISI V cornacyIOTCSI C TeopeTH'!eCKHMH oueH-

KaMll, OllH8KO ITOnH&SI OITpeneneHHOCTb naHHblX MOlKeT 6bITb llOCTHr

HyTa nHWb rryTeM HeITocpenCTBeHHOr'O H3MepeHHSI '!Hcna nel!TpOHOB 

Ha Olll!H 8KT neneHHSI sinep TSilKenbIMU HOHaMn. 

IV 
B rnaae IV coneplKUTCSI OITUC8HHe ITpS!MbIX OITblTOB ITO H3Me .-

B peaKUHH neneHHSI Hllep HOHaMH 
12 16 

C , 0 
22 

Ne, peHHIO 'IHCna V 

40 
Ar. B Ka'!eCTBe neTeKTOpa 6b!CTpb!X Hel!TpOHOB UCITonb3OBaHbl 

cTeKna, aaxonsimnecsi a KoHTaKTe co. cnoeM nensimerocsi aemecTBa 

14 
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237 
.( Np·) , o5na.i:taromero HH3KHM noporoM .i:teneHHH ( "" 0,5M aa). 

ITocT8HOBKa 0Ilb!T8 COCTOHna B O.QHOBpeMeHHOH perHCTpauuu 'IHCna 

HettTpOHOB H OCKOnKoB, B03HHK8l0l!IllX npu o5nyqeHHH TOHKOH .i:tenH

meucH MHll!eHH fiY'IKOM TH:n<enblX HOHOB.- .lleTeKTOpbl HettTpOHOB 5hl

nu TIIIaTenbHO 383KP8HHp0B8Hbl OT BHeWHHX HCTO'IHHKOB HettTpo-

HOB u 5binH 'IYBCTBHTenbHbl nHWb K noTOKy 5blcTpblX HettTpOJIOB, 

pom.i:taeMhIX B MHweau. LlnH onpe.i:teneJIHH '!Hcna v noTpe5oaa

nocb H3MepHTb yrnoBble pacnpe.i:teneHHH OCKOnKOB .i:teneHHH H HeuT

pOHOB .i:tnH K8X<.QOH H3 H3y'!eHHblX peaKUHH, ITony'!eHHble peaynbT8Tbl 

npe.QCTaBneHbl B Ta5nuue 4. CpaBHeHHe .i:taHHblX co 3Ha'!eHHHMH ;; ' 

yKaaaHHhIMH B Ta5nuuax 2,3, noKaah1BaeT xopowee cornacoaaaue pe-

aynbT8TOB Henocpe.i:tCTBeHHOI'O H3MepeHHH ;; u aaaqeaun, nony-

'!eHHblX KOCBeHHblM o5pa30M npu H3y'!eHHH M8CCOBblX H 38PHAOBbIX 

pacnpe.i:teneHHH, KaK BHAHO H3 Ta5nHUbl 4, aenH'IHHa V cymecTBeH

HO 38BHCH~ OT aaeprHH B035ymneHHH nenHIIIerocH H.i:tpa, He COBCeM 

OAH03H8'1H8H CBH3b Mem.i:ty ;; ·u aHepruen B035ym.i:teHl!H AnH paa

HblX peaKUHH CBHAeTenbCTByeT O HeKOTOpOH 38BHCHMOCTH V 

.OT z H A .i:tenHmeroCH HApa. 

OcJIOBHbie HTOI'H pa5oTbl .llO.QBe.QeHbl B 38KnIO'll!TenbHOH '18CTH 

AHCcepT8UHH, 

I, Co3A8Hbl 3KCnepHMeHTanbHble ycTaHOBKH H paapa50T8Hbl 

MeTO_AHKH paanH.'IHOI'O Tuna AnH H3y'!eHHH .i:teneHHH B035ym.QeHHblX 

"KOMll8YHA- H.Qep, o5paayrol!IHXCH B peaKUHHX C TH:n<enbIMH IIOH8MH: 

a) ITpeuuauoaaaH annapaTypa nnH uaMepeHHH yrnoBhIX pacnpe

.i:teneuun OCKOnKOB .i:teneHHH II ynpyro pacceHHHblX HOHOB MeTOAOM 

perucTpaUHH 5blCTpblX aapHmeHHblX '!aCTHU nonynpOB0AHHKOBb!M 

noBepXHOCTH0-5apbepHblM .i:teTeKT0pOM npu o5ny'!eHHH TOHKHX .i:tenH

I!IHXCH MHll!eHeu ny'!K0M _TH:n<enbIX HOHOB, 

5) MeToAHKa H3MepeHHH MaCCOBblX H 38pH.QOBblX pacnpeaene

HHH OCKOnKOB aeneHUH nyTeM y - cneKTpOMeTpHH npo.i:tyKT0B peaK

UHH C noMOWblO Ge(Li) - nonynpOBO.QHHKOBOI'O •y -cneKTpOMeTpa. 

a) AnnapaTypa .i:tnH naMepeHHH cpeaaero '!Hcna (v) u_yrno-

BOI'O pacnpe.i:teneHHH HeHTpOHOB aeneHHH H.Qep TH:n<enbIMH HOHaMH 

c'ucrronb30B8HHeM AHaneKTpH'leCKHX .QeTeKTOpOB (cTeKon) .i:tnH 

perHCTpaUHH HettTpOH0B H OCK0nKOB neneHHH. 

16 
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Ta6m1ua 4 

PeaynhT8Tbl H3Mepemrn cpenHero 'IHCna HeiiTp0HOB, B03l!HKa10m11x 

B 8KTe nenel!HSI Sinpa TSIJKenbIM H0H0M 

. . . • . . - . 
PeaitnHH . Eb . E* . V • . . . 

i . . 
- Maa . MaB • a..... . . 

197 16 . . 
9,8 :!: I,o Au( o, f) . 134 88 . . . 

• . . 
• 197 22 . : . Au( Ne, f) 

. 
II,5 + I,o . . 183 109 . . . . - . . . 

4 . . . . 209 16 . . 
ro,4 :t 1,0 . Bi ( O,f) . I34 74 . . . . . . . 

209 22 . 
183 

. 
n,o: 1,0 Bi( Ne, f) . 97 . . : . 

: . . 
105 l,5 ·-209Bi(40 Ar' f) . 302 . 12,9 + o; 

• . . . . . . . . . . : 238 :12· - . . : 14,0 ! I,2 U( Ne ,f) . 183 . 106 . 
• . . . . . . . . . . . . . . . 
"-
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2. C II0M0l!lb!O rrepe•mcneHHblX ycTaH0B0K: 

a). MaMepeHb1 .im#epeHunanhHbie ce'!eHnsi peaKunii yrrpyroro 

pacceSIHHSI Tff)K8nblX H0H0B H neneHHH Hllep B paanH'IHblX KOM6HHa

UHHX MHW8Hb-'laCTHUa IIpH H3MeHeHHH SHeprnn 6oM6apnnpyromnx 

'!aCTHU. Ma SKCllepnMeHTanbHblX naHHblX H3BneqeHbl 3Ha'IE!HHSI a4JqieK

THBH0I'0 M0MeHTa HHepuHH nenHl!lHXCH Hllep B cennoBoii T0'!Ke B 
. 2 . 

aaBllCllM0C_Tll OT 11apaM~Tpa nenHM0CTll B llHTepBane 35< z / A::, 43,5. 

6). B11epBble CllCTeMaTU'leCKll ll3Y'l8Hbl r:,rnc°COBbie Ii aapH/l0Bbie 

pacrrpeneneHHH _0CK0llK0B neneHHH . Boa6y)KJleHHblX Tff)K8!lblX K0MllayHll-
2 

- Hnep B paiioHe 43,5 2:: Z / A > 37 n 011peneneHbl aaK0H0MeplI0CTII 

113M8H8Hl1SI n11c11epc1111 aapgna II MaCCbl 0CK0nK0B -B 3aBIICHM0CTH 
2 

OT z /A H SHeprHH BOa6y)KJl8HIIH nengmerocSI Hllpa, 

B). B11epBble II0CTaBneHbl 0llb!Tbl 110 He11ocpencTBeHlI0MY II3Me-

peHIIIO 'IHCna V nnH neneHHH Hll8P TH)KenbIMII II0HaMII, 

Ha 0CH0Be rrpoBe.i:teHHblX 3KCI18plIMeHT0B M0)KH0 cnenaTb cne

llYIOIUII8 B bl B 0 ll bl: 

1. BpeMH HaX0)KJl8HIIH B036y)KJl8HHoro nengmerocg Hllpa B 

cennoBoii T0'!Ke 3Ha'IIIT8nbH0 Ilp8BbIWaeT xapdKT8pHo·e "Bp8MSI Bpame-

HHH Hllpa nnH BCex 113y'l8HHblX HaMll K0MIIayHll-Hll8p Bllll0Tb ll0 
2 

Z /A = 43,5. 

2, 3qiqieKTIIBHblH M0M8HT moiepUllll Hllpa B cennoBoii_ T0'!Ke He 

aaBIICIIT B rrpenenax T0'IH0CTH aKcrrep1IM8HTa OT crroco6a o6paao

BaHHH, TeMrrepaTypbl II yrnoBoro M0MeHTa K0MIIaYHll-Hllpai! II HB

nH8TCH - 0llH03Ha'!H0H <pyHKU118ll rrapaMeTpa nen11M0CTII Z /A 

3. 3Ha'l8HIISI aqiqieKTIIBHOI'O M0M8HTa IIH8pUIIH J a<p<p 

rrony'leHHbie aKcrrep1IM8HTanhHo, xopowo cornacyroTCH c pac'!eT0M 

J ,u, B Monenu )KIIJlK0ii Karrn11 C y'leT0M aaBHCIIM0CTII.II0BepxH0CT-
3\f/'t'• • 

H0I'Q HaTH)K8HHH -OT KpHBH3Hbl lllltp<pyaHoii rpaHHUbl Hnpa, ITyTeM 
1 . 

3KCTpa11onHUHH --- ➔ 0 HafineH 0llllH II3 0CH0BHblX rrapaMeTp0B 
Jaqiqi, 2 

KarrenbHOii M01len1I { Z / A ) 1,{PH=T,46:t_l. ITepBbie TpH BblBOlla BHeCnH 

orrpeneneHHyro HCH0CTb B Borrpoc 06 yrn0B0ii aHII30Tp0IIHH 0CK0nK0B 

IIplI neneHHH Hllep Tff)K8nbIMH H0HaMH II 06 J acfiqi. H3BneKa8MblX 

H3 3TIIX 0ilbIT0B. IToKa3aHa OWH50'IHOCTb peaynbTaT0B paHee 

IIpO}lenaHHOH pa5oTb/
7 

/ 1 JlaBaBwefi CYl!l8CTB8IIHyIO 3aBllCIIM0CTb 

-!i¢¢. OT aHeprHH Boa5y)K}l8HUSI K0MIIayHll-Hllpa. 

18 
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4. ITonyqe•Hbl naHHble IIOKa3b!Ba!0WHe, '!TO llllCIIepCIIH aapHlla 
• 2 

H MaCCbl 0CK0llK0B neneHHH pe3K0 BoapacTaeT C pOCTOM Z / A 

B paiioHe Z 2/A > 37. 3TO HaX0JllITCH B rrp6TIIBOp8'!1III C rrpen

CKaaaHIIHMl! CTaTl!CTH'l8CKOH 
0

TeopHII neneHllH. O5Hapy)KeHa TaK)Ke 

cywecTB8HHaH aaBl!CIIM0CTb ilHCI18pCHII aapsina OCKOnKa _IPIIKCl!pOBaH

Hotl: Maccb1 oT acl!MMeTpl!II paaneneHl!H K0MIIayHll-Hllpa ( A 11 I A 21 ). 

5, IToKaaaHo, '!TO BeCbMa cyUieCTBe!lHyro ponb B qiopM11poBaHl!ll 

MaCCbl H aapsina 0CK0!lK0B neneHl!H M0)1{8T llrpaTb M0M8HT paapbl-

Ba wetl:KH. ,llaeTCH Ka'!eCTB8HH0e o6bHCH8Hlle peaynbTaT0B 110 aapg~ 

ll0B0My pac11peneneHIIIO 0CK0llK0B neneHIIH, BblllBllHyTo 11pen11ono)Kel.. 

Hl!e_o TOM, '!TO llllff o5bHCH8HIIH MaCC0BbIX pac11peneneHIIH 0CK0llK0B 

neneH1rn TH)Kenb1x KoMrrayHll-,Hllep Tpe5yeTCH y'leT npoueccoB, nponc

xonHmnx B nenHwetl:cH Cl!cTeMe Ha BCeM ee rryTu oT cenn~ no T0'IKII 

paapbIBa. 

6, Paapa5oTaH llpOCTOii M 8T0ll ll3M8peHIIH cpenHer~ 'IIICna 

HeiiTp0H0B (v) Ha aKT neneHl!H. sinep Tff)K81lblMII HoHaMl!j nony-. 

'18HHble nepBbie tplI311'!8CKl!8 peaynbTaT'bl H8XOllSITCH B HennoxoM 

cornaCHH C npenBapl!TenbHblMll TeopeTII'18CKHMl! H 3KC~eplIM8HTanb

HblMH oueHKaMH B81ll!'IIIHbl V , 

PeaynbTaTbl, ne)KalUII8 B ·ocHoBe lll!CCepTaUl!II, ll0KllallbIBalll!Cb. 

Ha XVIII H XIX BC8C0I03HblX coBewaHIIHX no sinepHoii Cll8KTpo-

CK0I!l!II n CTPYKType Hnpa, Ha fopllOHOBCKOtl: KOH<pepe.iiunn B 1966 ro

ny ( CllIA), Ha, Me)KnyHaponHoii KoH<pepemmn no qinauKe TH~enb1X 

II0H0B ( 1966 r., ,lly6Ha). Ha Me)KJlyHapOllHOM CIIMno:imyMe. 110 CTPYK

Type Hnpa ( 1968, ,lly6Ha), a TaKl!<e 011y6n1IK0BaHbl B )KypHanax 

"flnepHaH <pll3l!Ka" I 'ATOMHaH SHeprlIH" I ... ITp_1I6opbl l! T8XHIIKa .·aK

cneplIMeHTa' JI B Bnne npenplIHT0B OMHM. 

/8-9, 12-16/ 
Jl1IccepTaU1IH HanllcaHa 110 MaTepnanaM pa5oT • 
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