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Baeµentte 

C C03/lSHHeM cneunanhHbIX ycKOPHTeneii TIDKenbIX HOHOB Ha

ti:anocb 6b!CTpoe pa3BIITHe Hccne1:tOBSHHii, B KOTOpb!X B Kati:eCTBe 

60M6ap1:tnpy10nmx ti:acTHU ncnonh3YIOTCSI si1:tpa nerKHX aneMeHTOB. 

B CoBeTCKOM Co10ae Hati:ano TSKIIM HCcne1:tOBSHIISIM 6binO no

noJKeHO pa6oTaMn r.H.<1:>nepoaa c coTPYllHHKSMH B l1A3 HM. 11.B.Kyp-

/l/ 
'ISTOBa • C BBO/lOM B CTpofi a 1960 r. 310-caHTIIMeTpOBOI"O 

UIIKnOTpOHa Ol1Hl1 yti:eHbie couttanttCTH'leCKHX. CTPSH nonyti:HnH B CBoe 

pacnopsiJKeHHe nepBOKnacCHblfi yCKOpHTenh TSIJKenbIX HOHOB, no paa

H005pa3HIO ycKopsieMblX 'ISCTHU H HHTeHCHBHOCTH nyti:K0B UHKnoTp0H 

Y-310 SIBnsieTCSI Han6onee MOIDHblM YCK0pHTeneM TSDKenbIX II0H0B 

/2/ 
caoero noKoneHHSI 

Ha 6aae Y-310 B na6opaTopnH si1:tepHbIX peaKUHfi Ol1Hl1 6hmn 

pa3BepHyTbl HCCne1:tOBSHHSI no BCeM 0CHOBHblM HanpaaneHHSIM <jJH3H

KH TSIJKenbIX H0HOB: CHHTeay HOBblX aneMeHTOB II H30T0ilOB, H3yti:e

HHIO MeXaHH3M0B SI/lepHb!X peaKUHfi, B036yJK/leHIIIO paannti:Hb!X gJiep

HbIX COCTOSIIIIIH 
121

• 

O1:tHH II3 BSJKHblX paa1:tenoB 8THX nccne1:t0BSH1Iii - nayti:eHne 

npoueccoB, npoTeKa10m11x npn KSCaTenhHOM CT0nKH0BeHHH llBYX Sl/lep. 

3 



3HaqnTenbH0·6onblliHll, rro_cpaBHeHHIO C rrp0T0HaMH.H AellT0HaMH, 

aT0MHblll H0Mep H MaCC0B0e qncno TsnKenoro H0Ha rrpHB0ASIT K pea

K0MY, B03pacTaHHIO ponn Kyn0H0BCKHX H ueHTpo6e)KHblX c11n BO B3a

HM0AellCTBHH, naa CT0nKHYBlliHXCSI SIApa He BCerAa cnHBaIOTCSI Aa)Ke 

rrpn CHnbH0M rrepeKpb!TllH SIAepHbIX rroaepXHOCTen. CyrueCTByeT He

K0Topoe KpHTHqecKoe 3HaqeHHe op6HTanbHOl'O M0MeHTa, Bblllie K0TO

poro He rrpoHCX0AHT o6pa3oBaHHSI K0MrrayHA-SIApa. BMeCTe C TeM 

HHTeHCHBH0e SIAepHoe B3aHM0AellCTBHe C03AaeT 6narorrpHSITHbie ycno

BHSI AnSI rrepeAaqn OT SIApa K SIAPY 3HaqHTenbH0ro.qncna HYKn0H0B, 

n11ccepTaUHSI IT0CBSIIIIeHa nayiieHHIO MeXaHH3M0B peaKUHll rre

peAaqn, oco6eHHO rrepeAaqn HeCK0nbKHX HyKn0H0B, HCIT0nb30BaHHIO 

STHX peaKUHll AnSI CHHTe3a H30T0IT0B nel'KHX aneMeHT0B C 6onblliHM 

H36hITKOM HellTpOHOB H oueHKe, Ha 0CH0BaHHH rronyqeHHb!X· AaHHbIX, 

rpaHHUbl SIAepH0ll ycToilqHB0CTH AnSI ST0ll o6nacTH HyKnHA0B, 

rn. I , 3Kcrrep1JM8HTanbHbl8 MeT0llhl . H3V'leHHSI peaKUHH 

rrepena'IH C TSl)KenbIMH H0HaMH 

Eonbrnoe 'IHCno KaHanoB rrpSIMbIX peaKUHH C TSl)KenhIMII H0Ha-
, 

MH H He6onblliHe pa3nH'IHSI B yAenbH0H H0HH3aUHH H 3HeprHH C0CeA-

HHX H30T0IT0B rrpeA'bSIBnSIJOT BbIC0KHe Tpe6oBaHHSI K paaperna10men 

crroco6HOCTH arrrrapaTypbl, 3arpy3Ka AeTeKT0p0B HHTeHCHBHbIM IT0TO

K0M yrrpyro H Heyrrpyro pacceSIHHbIX H0H0B 3aTpyAHSieT HAeHTHqJHKa

UHIO peaKUHH C ManbIM Ce'le.HHeM, 

B rrepao~ rnaBe AHCcepTaunn orrncaH pSIA MeToaoa, paapa6o

TaHHhIX H HCIT0nb30BaHHhIX HaMH AnSI H3y'IeHHSI peaKUllll O rrepeAa'IH 

Ha TSI)KenbIX H0Hax. 

1. BwaeneHHe palinoaKTHBHbIX rrpoAyKT0B peaKUHH rrepeAaqn 

6ea rrpnMeHeHHSI paAH0XHMHH rryTeM HCIT0nb30BaHHSI s'iia'IHTenbHbIX 

/3-5/ 
rrpo6eroa n crreuncpnqecKoro yrnoaoro pacrrpeAeneHHSI 
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17 
2. PerµcTpaUHSI aarra3AbIBaIOIIIHX HellTp0H0B pacrraAa SIAep N 

. 16 /6-9/ 
H 3HeprnqHbIX /3 -qaCTHU H y -KBaHT0B pacrraAa N • 

3, Oco6eHH0 acf>4ieKTHBHOll MeTOAHK0H 0Kaaanacb rrpeAn0)KeHHaSI 
. . . . .. · j101 

JIElMH KoM6HHE1UHSI MarHHTHoro aaannaa n MeT0Aa AE , E · · • 

'3 cpoKanbHYIO rrnoCKOCTb Mal'HHTH0l'O aHanuaaTopa 6hm rroMe!IleH Te

neCK0IT 113 T0HK0l'0 H ToncTOl'O. rronynpoB0AHHK0BblX ileTeKTOpOB: Me

roAHKEl cotieTaeT B ce6e 6bICTpoAefiCTBHe, BblC0K0e H30T0ITHOe paa

perneane - yAaeTCSI pa3AenHTb H30T0Ilbl C Maccoll 40-50, Bb!COKYIO 
. . -33 2 

'Y!:3~°!'.'BHTe~~H0C:!> "' JO . · CM , 

fn. 11 • Ol1HOHyKn0HHbie rrepel;JB'ill 
,,- ·!··-·,'-. • _,. 

ManElSI IJnHHa Ae6pofineBCKOll B0nHhl pt)Kenoro H0Ha n CHnb

H0e IT0I'lf0IIIeHHe B SIAepH0M aemecTBe nplf130ASIT K rrpBepXHOCTHOll 

noKannaaUHH peaKUHll rrepeA8'1II, 3rY oco6eHHOCTb M0)KHQ IT0IIbITaTb-
~ '. • ,; ; ""'" . ~'-' ' ' ~ • t( ' ' • "• ' ' ' . , ,I, • / , ,-, ' ' • • ~ - • < • , , ~ C ' : 

CSI lfCII0nb3pBaTb AnSI H3y'leHHSI CTPYKTypbl rroaepXH0CTH TSl)KenhIX 

SIAep. CpaBHHBaSI IT0AXBaT HeiiTpoHa, rrp0T0Ha u· a -'laCTHUhl, MO)K

H0, ·B rrpHHUHIIe, rrony'IHTb HHqJOpMaUHIO 06 a -KnacTepn3aUHH Ha 

noaepxH0CTH TSI)KenhIX SIAep, K0TopaSI' rrpeACKa3bIBanacb B pSIAe pa-
. /11/ 

6oT ( CM., HarrpHMep, ) • 

HaMH 6bWH IIpOBeAeHhl 3KCIIepHMeHTbl ITO H3y'leHHIO ITOAXBaTa 

HeiiTpoHa B peaKUHH · ( 
15 N , 16 N ) Ha 

181
Ta, 

197 
Au , 

232
Th , 

238 /9/ U • EhmH ll3MepeHhl AHcf>4iepeHunanbHb!e Ce'leHHSI, qJyHKUHH 

B036)')KAeHHSI, 3HepreTH'leCKHe crreKTpbl, <t>yHKUHH B036y)KAeHHSI. 6bI-
. . 12 27 lOJ 

nu H3MepeHhI TaK)Ke Ha · C , Al , Cu H Rh • lfa nony'leHHhIX 

AaHHblX cneayeT, 'ITO IIOAXBaT HefiTp0Ha Ha TSl)KenhIX SJAPaX rrponc

X0AHT rrpH rrepuit,epHiiHhIX noaepXHOCTHbIX CT0nKH0BeHHSIX. ,Ung ce

'leHHfi· peaKUHll Ha pa3nH'IHb!X SIApax 6hma rrony'leHa 3aBHCHM0CTb 

norapHit,Ma Ce'leHHSI OT KBaApaTHOl'O K0pHSI H3 3Hepl'HH CBSI31f HefiT-

/ 12/ 
poHa B SIApe-A0H0pe 
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12 
TIO/lXBaT npoToHa H3y'lancSI, B OCHOBH0M, B peaKUHH ( C 

13 N .) 12c 27Al 51'v 93N' b A . 181.T /13,14/. C -Ha , , , ,-, g , a • neuH 

~H'l8CKOH oco6eHHOCTbID Il0/lXBaTa npoTOHa: o6Hapy*eHHOH B HaWHX 

aKcnepnMeHTax, OKa3anocb CHnbHOe BnHSIHHe KynoHOBCKoro rtonSI SIil-
. · 12 

_pa-MHW8HH Ha BepoSITHOCTb nepei:ia'IH. Ce'leHHe peaKUHH - ( C , 
13 N ) . . 

6b!CTPO na11aeT C pOCTOM z Slllpa-MHW8HH, OTHOW8HH8 Ce'le-
. ..__ 12 l3 12 1 ' 

HHH peaKUHH ( C , C ) H ( C , 3 N ) Ha 
197Au u 232 Th /lOCTH-

raeT . H8CKOnbKHX Tb!CH'l, Tipii IlO/lX.BaTe npoTOHa C8'18HH8 peaKUHH. 

na11aeT c aHeprHeft 6onee pe3KO, 'leM n'pn no11xBaTe · HeiiTpoHa~ nnSI 

, . ( 12· 13 ) -
o6'bSICHeHHSI na11eHHSI C8'18HHSI B peaKUHH C • N 6bmO Bb!CKa-

3aHO npe11non0*8HH8 0 "nongpns_aunH" Bp_nHOBOH ~YHKUHH cna6o CBSI-

3aHHOro npoToHa B Slllpe 
13 N ( t .. ,;; 1,93 M;m), TI011asneHHe Kyno-

n -

HOBCKHM noneM TSI*enoro ~pa-MH_W8HH IlO/lXBaTa npoTOHa KpaiiHe 

3aTpy11H1mo. B03MO*HOCTb H3Y'l8HHSI CTpyKTypbl nosepXHOCTH TIDKe

. 'nhIX Sl/l8p, TI011xBaT a -'laCTHU BOo6i:ne He y11anocb Ha/l8*H0 pe-· 
. . 27 

I'HCTPHPOBaTb Ha TSI*enhiX SI/lpax, TOI'/18 KaK Ha Al OH /lOCTHran 

·11eCSITKa MHnnn6apH. 

fn, [[[ , PeaKIIIIlI nepena'IH HeCK0llbKHX HYKn0H0B 

PeaKUHH nepe11a'IH HeCKOnbKHX HyKn0H0B, oco6eHHO ),l'.H0I'OHy-

KnOHHb!e nepe11a'IH - npouecCbI, xa'paKTepHbie 11nSI B38HMO/l8HCTBHSI 
:-. ,, 

i:iBYX cno*HhIX ~ep. TiocKonbxy HX Teop_eTH'leCKoe onHCBHHe 
. . . : 

cnO*H8SI H _noKa 'ITO HepeweHH_aSI_ 38/18'18, npH. npOB8/l8HHH ~Kcnepn-

MeHTOB OC060e ~HHM8HH8 y11ensinocb _BhISIBn8HHID 8MilHpH'l8CKHX 38-

KOHOMepHocTeft B CBOHCTBax 'MH·oroHyKnOHHhIX nepe11a'l, _ TaKHe 3a-
.' 

KOHOMepHoCTH noM'oraroT Ka'leCTBeHHo noHSITb MeXaHnsM peaK11Hli: 
. . -. ' .. . - . .· '\ 

H ,11aroT B03MO*HOCTb aip~eKTHBHO HCnonb3°0B8Tb
0

' HX 11nsi CHHTesa HO-

Bb!X HsoTon~B -H Bo36Y*11ell~si 'b~euH~n'lecKHx SlllepH~i~-: cocT0'51ii11i 
.,.';:_ • •: \~ •. ,,_ -- •'\: _,'.: • ' -, • • ', , •• ·. t • .',_;\·.• . ·<-, ~ !=-, :,,--· ;.,_._G,,.. 

OHH cny*aT xopoweft 8KCnepHM8HT8llbHOH OCHOBOH'JlnH nocTp~eHHSI. 

KOnH'l8CTB8HHblX TeopeTH'l8CKHX MO/leneil, 

6 

B HaWHX 8KCnepHM8HT8X 6hma nony'leHa nepBaSI HHqiopMaUHSI 

,, ,, u /15,16/ E 
o cneKTpe peaKUHH nepe11a'l :. • _hm~ noKas_aHa B03MO*!IOCTb 

npSIMblX peaK!lHH, B KOTOPbfX SIJlPO-MHW8Hb TepSieT 6onee, 20 I,IYKnO

HOB, a HaneTaromee SlllPO IlO/lXBaTbIBaeT 6onee 10 HyKnOHOB, nan?e, 

_6bma BhISIBlleHa acHMMeTpnst B ce'!eHHSIX peaKUHH nepe11a'IH .He~Tpo

HOB H npOTOHOB Ha TIDKenhIX Sl/lpax: H_eHTpOHbl nepe11aiqTCSI npe~MY-

meCTB8HHO OT TIDKenoro K nerKOMY SillPY, _npoTOHbl B npoT1rnono-

. . /17/ 
no*HOM HanpaBneHHH ·• 

102 

i 10 

t, 
-.:! 

~~ -,er, 

,02 

103 

~ 
013c '\.n 

15N - 2 • "\B '-!De, 
~

6 J
5
c 128 • ':.9ee 

0 

_N. 139• ~ 
17N• ... •14N .,~&c - - ~10s "-.. .. ,is, . 

·"- ·..1e, .!SN•'\. 1291~ 

. nc -t4s•, 
13N•"'\; 17c•\_ . ..'\.. ·. 

. ~ 159 ""'\. 

10c• '\_ 

·5 -10 -15 -20 -25 ·30 ·35 ·40 
Ogg !MtVI 

Piic. 1 •.. Ce'!eHHSI o6pa30B8HHSI H30TOilOB asoTa, yrn:eipo11a, :6opa. ' 

H 6epnnmisi npH o6ny'leHHH -~J 2Th HOHaMH -
16 0 c aHeprHeft 137 MaB. I 

Ce'leHHSI naHhl B 38BHCHMOCTH OT BenH'lHHbl Q peaKUHH, COOTBeT

CTByromero o6pa30B8HHID KOH8'1Hh!X npO/lYKTOB B OCH0BHOM COCTOSI

HHH, 

Ebma ycTaHOBneHa CHCTeMaTHKa ceqe1rnii:. pa3nH'lHblX KaHanoB 
. ,,.. . . . - /17/ 

·• peaKUHii. _nepena'IH 11nsi peaKUHH, H/lYlllHX ·-co cpb!BOM npOTOHOB 

(pnc. 1. ); .RorapHCl>M ce~eH1rn- peaKUHH, B KOTOpbIX o6pa3yroTCSI 

H30TOilbl onpe11enemfi>ro aneM'eHTa, 38BJ:'CHT nHH8HHO OT Qg s-- 9Hep- I 

rm1, H/lymeii: Ha nepecTpOHKY Sl/l8p, CHCTeMal'HKa OT'leTiIHBO ne-
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MOHCTpHpyeT CHllbHOe BnHHHHe Ha BenHqHHY ceqeHHH qHcna·npoTO

HOB, nepenaHHbIX OT nerKOI'O K TSDKenOMY snpy. 11MeH B Birny 3Ha

qHTenbHOe B036y)KJ:t0HH0 KOHeqHbIX HJ:{ep B MHOI'OHyKnOHHbIX nepena

qax, nonyqeHffYIO 3aBHCHMOCTb MP)KHO HHTepnpeTHpOBaTb KaK yKa-

3aHHe Ha cTaTHCTHqecKHfi xapaKTep npouecca o6MeHa ffYKnoHaMH, 

CHCTeMaTHKa Il03BOnHeT npencKa3bIBaTb ceqeHHH o6pa30BaHHH B pe-
- '-.._ 

aKUHHX nepenaqH HOBbIX H30TOTIOB, 

Ha pHJ:te snep H3yqanHCb peaKUHH nonxBaTa J:tBYX H Tpex Hefir-

/18-26/ · 
poHOB • TToKa3aHo, qTQ 8TH peaKUHH npoTeKaIOT npH nepH-

qiepHfiHblX IlOBepXHOCTHbIX CTOnKHOB0HHHX J:tBYX M0P, TTonyqeHa nH

HefiHaH 3aBHCHMOCTb norapHqiMa nonHOI'O ceqeHHH peaKUHH OT KBan

paTHOI'O KOpHH H3 8HeprHH CBSl3H nepenasaeMblX HeilTpOHOB B si:npe-

J:lOHOpe, aHanorHqHaH 3aBHCHMOCTH nnsi: IlOAXBaTa OJ:tHOI'O 

/26/ 
HefiTpO-

Ha 

l13MepeHO 3HaqHTenbHOe qHcno qiyHKUHfi B036y)KJ:leHHSI peaKUHil 

. /18 21/ 
nonxBaTa, Cpb!Ba H o6MeHa HyKnoHaMH ' • l13MepeHbl qiyHKUHH 

· 1, n 
B036Y*J:t0HHSI H J:tHqJqiepeHUIIanbHbie ceqeHHH peaKUHH ( N I N 

90 92 94 /20 22/ 
Ha pa3neneHHbIX H30Tonax UHPKOHHsi:: Zr , Zr , Zr ' , 

CeqeHHH peaKUHH OKa3anHCb B0CbMa qyBCTBHTellbHbl K H3M0H0HHIO 

CTpyKTypbi Mpa, oco6eHHO B6nH3H KynOHOBCKOI'O _6apbepa, YrnOBbl0 

pacnpeneneHHSI, HanpOTHB, nns Bcex Tpex H30TOllOB npaKTHqeCKH 

OJ:tHHaKOBbl. H OTpa)KaIOT, B OCHOBHOM, rno6allhHbl0 xapaKTepHCTHKH 

B3aHMOJ:t0HCTBHSI - KynoHOBCKOe OTTanKHBaHHe H HJ:t0pHoe nornome

HHe, 

27 51 
TTpH H3yqeHHH nonxBaTa ffYKnOHOB Ha MHWeHHX H3 Al, V 

93 16 . 
H Nb , o6nyqaBWHXCH HOHaMH O c aHeprHett· 137 MaB, c HCTIOnb-

30BaHHeM TOHKOI'O (1o·M~) nonynpOBOJ:tHHKOBOI'O neTeKTOpa,- B aHep

reTHqecKOM cneKTpe nerKHX nponyKTOB peaKUHfi nepenaqH o6Hapy

*eHa HH3K08HepreTHqecKaH qaCTb cneKTpa ( PHC, .. 2)' CBHJ:teTenbCTBY-
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PHc. 2. 3HepreTHqecKHe cneKTpbI F , Ne H Na , nonyqeHHbie npH 

o6nyqeHHH 93 Nb HoHaMH 16 0 c aHeprHelt 131 Mas B ncK. CTpen

Kofi yKa3aHa aHeprHSI Aliff Q = Q g g t nyHKTHpOM - Bb!XOAHOH Ky no
HOBCKHlt 6apbep. 
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romaR o npoTeKaHHH npoueccoB nepeAa'IH npH rny6oKo HeynpyrHx 

/29 30/ 
CTOnKHOBeHHRX ABYX RAep ' • EbmH aaperttcTpHpOB8Hbl 'laCTH-

llb! C 8Heprtteii 3H8'1HTenbHO HH:lKe KynoHOBCKOro 6apbepa AnSI KO
/Sil . . · 

H0'1Hb!X SIJJ;ep. PaHee 'laCTHUbl MBnbJX 8HeprHll: 6bmH o6Hapy:lKe-

27 14 18 
HbI HBMH B peaKUHH Al ( N , F ) npn perttcTpaunn PBAHOaK-

18 . 
THBHOro F B CTOITKaX anlOMHHH0BblX <j>onbr. B paMKaX 06b!'IHOI'O 

AByXTem,Horo npeACTaBneHHSI O npSIMOll: peaKUHH o6~SICHHTb IT~RBne

HHe B BblXOAHbl~ KBHanax '18CTHU TBKHX ManbIX 8Heprnll: He YA88TCSI. 

--IlpeAnO:lKeH B03MO:lKHbIH MeXaHH3M, OTB0TCTB0HHb!ll: 38 ITORBne-

HHe HII3KO 8HeprII'IHb!X 'IBCTHU.· CTonKHOB0HHSI C 8Heprmm. ~bIWe 

KynOHOBCKOro 6apbepa II yrnOBblM MOM0HTOM, 6onbWHM KpHTH'leC

Koro, lj:O 6ntt3KHM K HeMy, npnBeAeT K 06pasoBaHn10 raHTeneo6pas-
\ . . . 

HOH CHCT0Mbl H3 ABYX SIAep. KynOHOBCKHe H ll0HTpo6e:lKHbl8 CHnbI 

npenSITCTBYlOT HX CnHSIHHlO. Cttm,Hoe RA0PHOe B3aHMOA8HCTBHe o6ec

neqHBaeT. BpameHHe CHCT0Mbl KaK eAHHoro uenoro. Ilocne ITOBOpOTa 

Ha H0KOTOpb!H yron CHCTeMa pa3pb!B80TCR._ 3aMeAneHne BpameHHSI, 

CBSI3aHH.oe C yBenH'l0HH0M MOMeHTa HHepumr, ITPHBOAHT K TOMY, 'ITO 

Bpe114g :lKII3HH CHCT0Mbl AO pa3pb!Ba OK83blB8eTCSI MHoro 6om,we xa

paK_TepHoro RAepHoro BpeMeHn. B peaynbTaTe B_.cncTeMe ycneBaIOT 

ITPOSIBHTbCSI CT8THCTH'l0CKHe 3aKOHOM0PHOCTH, a CaMa CHCT~Ma ne

P0A pa3pb!BOM OKa3bIBaeTCSI_ CIInbHO Ae<j>opMHPOBa!fHOll:. 

IlpeAno:lKeHa CHCTeMaTHKa MeXaHH3MOB peaKunll: nepeAa'IH, 
Ji,., 

B oc~~BY KoTopoll: nono:lKeHa Benn'IHHa yrno5oro MoMeHTa cTonKHo-

BeHHR.<' 8bISICH0Hbl ycnoBHSI, B KOTOpb!X MoryT npoTeKaTb: KBa3H

ynpyrnll: npouecc nepeAa'IH;. ITepeAa'IH npn CKOnb3SimeM CTOnKHOBe

HHH H nepeAa'IH npn rny60KO HeynpyroM CTOnKHOBeHHH. 

10 

l1 

rn. IV • Ilonv,eHHe nerKIIX smep C 6onbWHM H36bITKOM. 

Hell:TpOHOB B peaKUHSIX nepena'IR C TSI:lKenbIMH 

noHaMH, fpaHuua RnepHoll: cTa6nnhaocTu 

'B nocne.o;HHe rOAbl BHHMaHHe <j>H3HKOB BCe 6onhwe npnBneKalOT 

·SI.o;pa, pacnono:lKeHHbie B.o;ann OT nonOCbl f3 -CTa6HnbHOCTH. 3Ha'IH-. 

Tem,Hoe H3MeHeHHe COOTHOWeHHSI Me;KAY 'IHCnoM Hell:TpOHOB H npoTO

HOB B SIJJ;pe npHBOAHT K ITOSIBneHHlO HOBb!X SIJJ;epHbIX CBOHCTB, Bo3HH

KaeT B03MO:lKHOCTb HOBb!X BHJJ;OB paJ:lHOaKTHBHoro pacna.o;a, cymecT

BeHHO M0HSieTCSI B38HMHOe npocTpaHCTBeHHOe pacnpe.o;eneHHe npoTO

HOB H Hell:TpOHOBo 

0.o;Ha H3 <j>yH.o;aMeHTanbHbIX npo6neM SIJJ;epHoll: <j>H3HKH - rpaHH-

- . /32 33/ 
Ubl SIJJ;epHoll: ycTOH'IHBOCTH HyKnHAOB • • Ilpe.o;en npOTOHHOMY 

H36b!TKY B SI.o;pe CTaBHT KynoHOBCKOe OTTanKHBBHHe, C Hell:TpOHHbIM 

H36b!TKOM .o;eno o6CTOHT cno:lKHee. PaccMaTpHBaeTCSI o6naCTb ner

KHX SI.o;ep, r.o;e HMelOTCSI 8KCnepnMeHTanbHbl0 B03MO:lKHOCTH nonyqe

HHSI 6om,woro OTHOCHTenbHOro H36bITKa Hell:TpOHOB. Pac'leTbl B paM

Kax Mo.o;enn o6ono'leK ITOK83bIB8lOT, 'ITO nerKHe SIJJ;pa C 6onhWHM H3-

6bITKOM Hell:TpOHOB He MoryT 6bITb y'CTOii'IHBblMH, ITOCKOnbKY B HHX 

.o;nSI pasMemeHHSI HyKnOHOB Tpe6yeTCSI 6om,we ypoBHell:, 'leM B SIJJ;pe 

C N = z • H BepxHne ypOBHH OK83b!B8lOTCSI HeCBR3aHHbIMH. 0.o;HaKO 

K 8THM BbIBOJJ;aM cne.o;yeT no.o;XOAHTb C OCTOPO:lKHOCTblO. Mo.o;em, 

11 
o6ono'leK npe.o;cKa3bIBaeT, 'ITO MPO Li .o;on:lKHO 6bITb SI.o;epHO-He-

yCTOH'IHBO, o.o;HaKO TpeM 8KCnepHMeHTanbHb!M rpynnaM y.o;anocb ero 

CHHTe3npoB8Tb. Pa3BHBaeMb!ll: B nocneAHHe rOJJ;bl HOBb!ll: no.o;xo.o; 

.K pacqecy Mace SIAep H oueHKe HX CTa6nm,HOCTH Ha OCHOBe MeTO

.o;a MHOrO_MepHb!X rapMOHHK He HCKnroqaeT B03MO:lKHOCTH cymeCTBO

BBHHSI SIAep co 3Ha'IHTenbHO 60nbWHM H36b!TKOM Hell:TpOHOB, 'leM 

/34 35/ 
y H3BeCTHb!X HyKnlfAOB 

1 
, Be_CbMB cymeCTBeHHO, 'ITO B 8TOM 

MeTo.o;e ycTaHOBneaa TeCHaSI CBSI3b Me:lK.o;y CBOli:CTBBMH TaKHX Mep 

11 



H BenH'IHHOli: H 3HaKOM noTeHUHana V JJ , OllHCbIBaromero B3aHMO

Aeli:CTBHe HyKnOHOB co CllHHOM H H3OCllHHOM, paBHhlM 0AHHHUe. 

B HalllHX 9KCnepHMeHTaX BllepBbie Ami nony,i:emrn nerKHX smep 

C 6onblllHM H36b!TKOM Heli:TpOHOB 6bmH HCllOnh3OBaHb! peaKUHH ne

peAa'IH Ha T5I:>KenbIX HOHax. BoaMO,KHOCTb HX HCnonb3OBaHH51 cneAO

Bana H3 HalllHX A8HHb!X no no/lXBaTy O/lHOI'O, llBYX H Tpex Heli:Tpo

HOB:" Ce'l0HHe peaKUHli:, XOT51 H na/lano C yBenH'leHHeM 'IHCna nepe-

. /26/ 
ll8HHbIX Heli:TpOHOB, O/lH8KO na/leHHe He 6hmo pe3KHM • PeanH-

3OB8 Tb STY B03MO,KHOCTb YAanocb nHlllb nocne CO3/l8HH51 HOBOH Me

TO/ll!KH - KOM6HH8Ul!H MarHHTHOI'O aaanHaa H MeTO/la Af , £ , 

o6ecne'IHBl!lell H8A0,KHbie BbJ/leneHH51 H Hll0HTHcl>HK8UHIO HOBb!X H30-

TonoB. 

B 9THX 9KCnepHMeHT8X B K8'10CTBe 6oM6apllHPYIOIUHX '18CTHU 

ncnonb3OBanHCb neI'KHe smpa, y,Ke l!Me!OIUHe H30b!TOK aeil:TpOHOB: 
1I 15 18 22 2J2 

B ' N ' 0 , Ne • MHlll0Hb!O cny,KHn Th • flpO/lYKTbl peaK-

UHll nepeAa'IH perncTpHpOBWll!Cb noll yrnoM, 6nH3KHM K yrny peaep

cpop/lOBCKOI'O pacce~HH51 npl! xacaTenbHOM CTOnKHOBeHHH ABYX 51Aep. 

B Ta6nnue 1 npnBe/leHbI nony'leHHb1e pesynhTaTbI, 3a cpaBHH~enhHO 

KOpOTKHH cpbK B peaKUHrot' nepeAa'IH C T51,KenbIMH HOHaMH YAanocb 

CHHTeanpoBaTb 11 HOBb!X H30TOnOB C , N ' 0 ' F ' .Ne H Bee 

H3BeCTHbJe /lO 9TOI'O Han6onee T51,Kenhie H3OTOnbI OT 
8 

He AO 

24 /36-44/ 
Ne ( pnc. 3). B Ta6nnue 2 npHBe/leHhI peaKUHH nepeAa'IH, 

ncnonb3OBaHHb!e /ln51 nony'leHH51 9THX H3OTonoB. 

CpaBHeHne perucTpHpyeMb!X Bb!XO/lOB Ha116onee T51,K0nbIX 1130-

TOllOB C ' N ll O B peaKUH51X rny60KOI'O pacmenneHH51 Bb!COK0-

9HeprH'IHbIMH npOTOHaMH H B peaKUII51X nepeAa'IH Ha T51,KenbIX l!OHaX 

noKa3bIB8eT, 'ITO nocneAHHe o6na/la!OT 3Ha'IHTenbHb!M npenMyIUeCT

BOM - perncTpnpyeMb!li: Bb!XO/l Ha T51,KenbIX HOHaX B COTHH paa 

60nbllle. 3To Aano B03MO,KHOCTb llOCTaBI!Tb 9KCnepnMeHTb! no onen-

12 

i 
I . 

j 
·~ 

I 

l 

· 1 

I 

' 

!' 

\)f 
!r 
; 
1 

Ta6nHua 1 

HefiTpOHOH36bITO'IHbJe H30TOllbl nerKHX aneMeHTOB, nony'leHHbie B pe

aKilH51X nepe/la'IH C T5i,KenbIMH HOHaMII 

a) H3BeCTHbl0 H30TOnbI 
8 11 12 15 17 19 21 22 24 

He,. Li, Be, B, C, N, 0, F, Ne 

6) HOBbJe H3OTOllbl 
18 C 20 N i2 O 2J F, 25Ne 

' ' ' 
21 N, 2Jo, 24F, 26 Ne 

240, 25 F 

Ta6nuua 2 

PeaKUlfH nepe/la'IH C T51,Ken_bIMII HOHaMH, ncnonb3OB8HHbJe Ami nony

'10HH51 neli:TpOHOH36bITO'IHb!X H3OTOllOB nerKHX aneMeHTOB 

1) llO/lXBaT neli:TpOHOB 

n ➔ 
19 0 n ➔ 

23 
Ne 

2n ➔ 
20 0 2n ➔ 

24 Ne 

18 21 0 0 + 3n ➔ 

4n ➔ 
220 

22 25 Ne. 
Ne +3n ➔ 

4n ➔ 
26 Ne 

2) cpb!B npoTOHOB 

11 B - 3p ➔ 

8 
He 15 N 

12 
- 3p ➔ Be 

15N -· 4p ➔ 11 
Li 16 0 12 

- 4P ➔ Be 

22Ne - 4P ➔ 
18 C 

3) o6MeH ayKnOHaMH 

15 15 
N(-2p,+2n) ➔ B 

22 24 
Ne (-1 p, +3n) ➔ F 

15 14 
N(-3p, +2n) ➔ Be 

22 · 25 
Ne(-lp, +4n) ➔ F 

16· 15 
0(-3p, +2n) ➔ B 

22 22 
Ne (-2p, +2n) ➔ 0 

18 18 
0(-2p, +2n) ➔ C 

22 23 
Ne (-2p, +3n) ➔ 0 

18 20 
0(-lp, +3n) ➔ N 

22 24 
Ne(-2 p, +4n) ➔ 0 

22 Ne(-3 p, +2 n) ··➔ 21
'N 
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Ke nono)KeHHH rpaHHUbl smepHofi CTa6HllbHOCTH B 8TOfi o6naCTH Hy

KnHJlOB. 

Ha pnc. 4 nao6pa)KeHa KapTa :n.~oTonoB B o6nacTH nerKHX ane

MeHTOB H OTMe'IeHa rpaHHUa HJlepHofi.:'cTa6HnbHOCTH no TeopeTH'IeC-
/45,36/ ,·, , ~ : .. , - ~-

KHM' OUeHKBM • lJaMH 6bmH ·npoBe)leHbl 8KCnepHMeHTbl 1):0 

CHHTeay Mep 10 He , 13 Be , 14 Be :·: K~'I'opbre ne;aT ·aa npeJlenaMH 
· ·. /47-49/ .. ; i' JO 

npeJlCKa3bIBaeMofi TeopHefi rpaHHUbl . • 3aMeTHM, 'ITO He 
. '. ' . • 10 

HBnHeTcg JlB8)KJlbl Marn'IeCKHM smpoM. Pac'IeTb! MBCCb! He I Bbmon-
/35/ . 

HeHHbre B pa6oTe MeTOJlOM MHoroMepHbIX rapMOHHK, OCTaBnH-

nH oTKpbITbIM Bonp·oc o cymecTB0Ba11im aToro suipa. floi'lo)KeHHe 
· ' · : ' 14 ,'. 0 · '. , • · · 

C npeJlCK838HHeM C:BOfiCTB Be 6bin() TaK)Ke Heonpe)leneHHbIM. 3MnH-

PH'IeCKaH .. 3KCTpanonHUHR 8HeprHH CBSI3H HefiTpOHOB yKa3b!Bana Ha 
,:., .· /50/ 

ero smepHy!O YCTOll'IHBOCTb •. 
·~ _.,.} 

10 ., 
-nng CHHTeaa. He 6brna HCilOnb30BaHa peaKUHR ·cpb!Ba 5 npOTO-

HOB c ki>a 
15 

N • \3 aKcnepuMeHTax c aaMeTHbIM BbIXOJlOM 6bmH ' . , .. , · · 15 
aapeI'HCTpHpOBaHbl peaKUHH CpbIBa OT 1 A!) 4 npOTOH01;l, C N • 
13 l,t . . -':' 

Be H Be JlOn)KHbl 6binH o6pa30B8TbCH_ B peaKUHRX 'ci6MeHHoro TH-
15.. 13 15 . -- ' · ; 14 .< :. - . 

na: N (-3p, +n) Be , N (-3p, "+2n) _ l1e ·;, 06e 3TH pe-
. . 232 

aKUHH Ha6n10JlanHCb G aaMeTHblM Ce'IeJIHeM npµ_ o6nY,'I~_HHH Th 

noHaM_H 
16 

0 c aHeprnefi 137 M;~. B xa'Iec~Iie Mm11eHe~ B o6oHX .. , 

cny'IS.Hx ncnonbaoBancg 232Th • 3kep~Ji_g :~c:>HOB 1,-N, focTaBnHna 
;r,<!·"' .._ ' 

145 MaB, ,nng nocTpoeHHH CUCTeMaTIIKH Ce'IeHHfi H Bbr6opa MaI'HHT-

HOI'O nong aHanuaaTopa. 6bmH H~~~;'~-~~i~,B-b!XOJlb! H 8HepreTH'I~CKHe 

cneK~pbr H30TonoB C , B :, :.Bi:', Li , He. ~p~ ~6ny'IeHHH 
232Th 

···J 5 ·cc·.,;_,. . . 
HOHaMH' N , ., ,' · ·; _' .. 

.. '" •· t·232 15 
3a 20-'IaCOBOe o6ny'IEilIH0 Th HOHBMH N. npH cpe)lHeM TOKe 

'=2 /LA B o6naCTH 1 I'Jle Q)KHJli;{a~b- p~I'HCTpjUHH W ll~.'; H~ 6binO aa

perHCTpHpOBaHO HH OJlHOro IIM~yn~~a (np~ Hyneao~' <fio;~), TaKOfi 
",1.' .,-, -1., :;. ,:. ,,, .· :• ,,:. /·~ 

)Ke peayllbTaT 6bm nony'IeH np11 ,JlBYX 'i:lpyr11x 3H~'I~HH5IX MarHHTHO-

15 
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10 
r.o nonSI H8CK01lbKO Bbllll8 II Hll)K8 OCH0BHOI'O. Ecn11 6bl He 6hm 

Sl.!lepHo-ycTofi•ma, Mb! ll01l)KHbl 6bl1lll 6b! aaperHCTpllpOB8Tb npHMep

HO 80 co6hITHfi (p11c. 5). BepXHllfi npeAen C8'I8HIISI, o6ooHa'IeHHblfi 

HS 3TOM pHCYHKe TO'IKOfi co CTpenKofi, COOTBeTCTByeT per11cTpaUllll 

OllHOro co6b1T11S1 aa 20 -iiacoa o6nyqeHHSI. Ilpii no11cKax 
13 

Be H 
14 

Be 
13 -· 

0)Kllll8118Cb per11cTpanHS1 np11MepH0 550 SIAep Be II OT 30 llO 70 
14 ( _ • 

Slll8P Be B 38BIICIIMOCTII OT npeAil0110)K8Hllfi 06 3HepI'llll CBSl3ll 
10 , 

llBYX HefiTpOHOB). He paHee llCK81ICSI c~ellll npOllYKTOB CilOHT8HH07 

252 
ro ll8118HHSI Cf , npaBAa, B ycnOBHSIX O'I8Hb nnoxofi CT8TllCTIIKH 

. 23:;U _ • /50/ B 6 II np11 ll8118Hllll T8Il110Bb1Mll HeHTpOH8Mll • 0 0HX cny'Ia-

SIX 6bl11 nony'IeH OTp11naTe11bHblfi peay1lbT8T. 3aMeTHM, 'ITO ())Kllll88-
ro • 

Mblfi BblXOll He B 3THX papoTaX oneHIIB81ICH Ha OCHOB8Hllll qiopMa1lb-

4 6 8 
HOfi 3KCTpanonsin1111 BblXOllOB He , He , He• 

nocK01lbKY ll30TOilbl C ManoA: 3HeprHefi CBSl3ll 
14 B , 11 Li xopo-

1110 YK118llblB8IOTCSI B CHCTeMaTHKY Ce'IeHHfi (p11c. 1), nony'IeHHbl8 

H8Mll peaynbTSTbl MO)KHO HHTepnpeT11poaaTb, K8K yKa3aHHSI Ha SIAep-

10 13 '14 
Hy10 HeycTOH'IIIBOCTb He , Be H Be • 

OKOH'I8T81lbHblfi BblB0ll O rpaH11ne SIAepHoA: CT86ll1lbHOCTH B 06-

naCTH nerKIIX HYK1lllll0B C 6o1lblllllM 11a6b!TKOM HefiTpOHOB Jl8118Tb, 

IlO-BllllllMOMY, eme paHO. Hy)KHbl ll81lbHefi111He 3Kcnep11MeHTbl C 1130-

TOilSMH llPYI'IIX aneMeHTOB ll 6onee BblCOKOfi 'IYBCTBIIT81lbHOCTb!O, 

a T8K)K8 TIU8T81lbHhlfi TeopeTH'I8CKHfi aH811113 ycnOBllH o6pa30B8HHSI 

B peaKUHSIX nepell8'IH C TH)K81lhlMll HOH8Mll ll coxpaHeHHe OT paaaa

na nerKHX HYK11Hll0B C ManoA: 3Hepr11efi CBSl311 Heil:TpOHOB. 

OCHOBHbl8 Bb!B08bl 

-1. Paapa6oTaH pSIA MeTOllllK A1ISI 11ay'IeH~S1 peaKn11il: nepeAB'IH, 

BK1IIO'I8SI per11cTpaUH!O p8ll118KTIIBHblX II CTa611ru,Hb!X npOllYKTOB. Ha

H6onee 3qJqJ8KTIIBHOH SIB1ISl8TCSI KOM611Han11S1 Maf'.HIITHOf'.O aHan11aa 

H M8TOll8 6.E , £ • 
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PHC. 5, CeiieHHR 'o6pa30BaHHSI H30TOIIOB yrnepOJlS, 6opa,· 6epHnnHSI, 

nHTHSI H renHSI rrpH o5ny'IeHHH 232Th ;".HoHaMH 15 N , c aHeprHeil 145 Maa 

flCK, B aaBHCHMOCTH OT QGG, YKa3aHbl BepXHHe rpaHHUbl Ce'IeHHSI 

o6pa3oBaHllSI lO He, 13 Be , l4 Be, ycTaHoBneHHbie B SKCIIepnMeHTe, 

' 3Ha'Ie
0

HllSI Q gg _AnSI, o6pa30Bl;'ffHSI STHX HyKnHAOB COOTBeTCTBy!OT IIO

poraM HX S!Aepiioil ycTOfi'IHBOCTll, .nng 14 Be BTopoe' 3Ha'IeHUe Q gg 

COOTB8TCTBY8T SHepI'llH CBS13ll JlBYX 'HeilTpOHOB- - 1,9, Mai1~
01

• 
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2,. Ha PSI/le Sl)lep nay11eHbl peaKUIIH IIOJlXBaTa HeilTpOHa H rrpo

TOHa, noKa3aHO, 'ITO o6e peaKUHll IlpOT8KSioT IlpH 'rrepuqiepnliHbIX _rr·o

BepXHOCTHbIX CTOnirnoBeHH.IIX H HOCSIT KB83Hynpyrnfi 'xapaKTep: .Um1 

IIOAXB~Ta HefiTpoHa rrony11eµa nHHeilHaSI 3aBHCHMOCTb norapllqJMa ce

'I8HHSI. OT aHeprn·n CBSI3H H~fiTpoHa · B SIJlpe-JlOHope, 06Hapy)KeHo '. 
~ .; "· ·, ' 

CHnbi'!Oe BnHSIHHe KynOHOBj::KOI'O IIOnSI •Sl/lpa-MHllleHll Ha Ce'IeHHe rrepe-
'• 

JlS'IH rrpoTOHa, 

3, .nng MHOI'OHyKnOH~bIX rrepe)la'I rrony11eHbl JlSHHbie O qiyHKUH

.IIX B036y)KJleHHSI, yrnOBblX .· pacrrpeJleneHH.IIX ll ~HepI'el'H'IeCKHX ·'crreKT

pax, YCTllH-~BneHa CH<?TeMaTHKa Ce'IeHHil pa3nH'IHbIX KaHanoB pe~K.;_ 

UHii rrepeJlS'IH )lnsi peaKUll~. co ~pb!BO~ rrpoTOHOB, ·"o6Hapy)KeHbl rre-· 

peJlS'IH rrpn rny6oKO HeyrrpyI'HX CTOnKHOBeHH.IIX, npeJlnO;>KeHa B03-

MO)KHSH HHTeprrpeTaUHSI STHX rrpouecCOB Ha OCHOB9· o6pa30BSHllH 

JlBOiiHoil Sl)lepHoil cHCTeMbI, npeJlno)KeHa CHCTeMaTHKa MexaHll3MOB 

peaKunil rrepeJla'IH, 

4. PeaKUHll rrepe)la'IH c TSl)KenbIMH HOHaMH BIIepBble IlpHMeHe-. 
Hbl JlnH CHHTeaa H30TOIIOB neI'KHX. aneMeHTOB. C 6,onblllllM H36b!TKOM 

HefiTpoHoB, nony11e.Ho 11 ,HOB1>1x TH)K8llbIX, naoTorroa C ·; N , 0 ; 

F' ll

0 

Ne •. noKa3aHO, 'ITO peI'HCTp~pyeMbiit BbIXOJl STHX Ji3_9TOIIOB 

B. peaKUll.llX rrepe/la'IH B .coTHH. paa 6onb¥Je, 11eM B peaKUAHX rny6o-

KOI'O pacmerrneHllSI BbICOKOSHepI'H'IHbIMH rrpoTOHaMll~ 

5, npoBe)leHbl SKCIIepHMeHTbl no OU0HKe rpaHHUbl roiepHoii ye-
.~-. -- . ' . 

TOfi'IHBOCTH )lnH neI'KHX ,HyKnHJlOB C' 6onbWHM H3,6bITKOM HeilTpOHOB, 
. _, . ,· ,.:< , '.:' ~ ~ : - ' . : _.:· .: . ··• .-

n ony'IeHbl )laHHbie, CBH_Jl~'l'.e_~CTBYIOIUHe O. _.sIJlepHo_fi. Heyc'l'.ojt,HBOCTll 
10 H · IJB . 14B . • . . .. 

e, elf··- e 

OcHOBHbie MaTepnanbl JlHCCepTaunn orry6nHKOBaHbI B _ pa6o
/8, a'..10,· 13, 16~20, 23..;2~ 29-31', aa-as;· 44; 47..,:49{511, 

TaX • ._.., · · :_ _ .. 
. . ; .. ~ •• , ' - ' - r • 

H JlOKnSJlblBSnHCb Ha BceCOI03HOil KOHqJepeHUllH ".S'JltepHbl9 'peaKUHH 

rrpH MaJib!X n cpeamix aiieprmi~" - 1957 I', 
141

; "KOH<pepe~HH no 
·:,.·-.__ .... ~. ~ , 
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smepHl,IM peSKUHSlM C MHOI'03SpSIJlHblMH HOHSMH - 1958 r., Jly6Ha/
5
/; 

- ' <' . '•· .,- . ' - . -, . .· - ,,,, . ' ,. \ . ' .. - ' ,· -

M8:lKJlYHapOJlHOM CHMn03HyMe no 8KCnepHM8HTSnbHblM M8TOJlSM , , . ,. ... , ·•. . .. , . . , , . h/ . . 
B R,llepip,rx 11ccneJlOBS.HHSIX - J 961 r~, Aic1rnusi · ; M8:iKl1yijapoJlllbIX 

/15 22/ 
ico11cjiep~1pmsix ~() cjiµau.~~ 'f'Sl:lKenblX HOHO~; 1963 r., CµJA · , , :- - · ; 

1966 r., Lly6aa 112•24 i
521

; 1969 r., q>Pr 
1301

; 1971 r. Jly6a/
491

; 
- • , ~ ' - • • • • • ' - ' • • - • >. 

fopJlOJ{OBCKOii KOHcjiepeHUHH 1970 r., CUJA; Me:iKilyaaponHoii KOHcf>epeH-
' .·:'' ·IM,: '., - - ' •... - i' , ·- - . . ,· . - ... ,, . 

UHH no CBOiiCTBSM SJJlep, JlSneKHX OT opijaCTH 6eTa~cTapHnbHOCTH 
.(, ,7,. ) . ,. .. '/39i .. ., . . .. . . . 
. J9 Jl f!., fll~f'l~~11pn.~ · 1 ~!3pBe>t.1 I! B'fOP<>M npe>!>neMHpIX CHMne>-

. .. , · . /28/ · . 
3HyMaX no cjiH3Hlt8 smpa - 1967 r., T6HnHCH ,. ; 1970 r. - HOBO-

' ., • ~ • ' . . , ' ' , ; ' . ',l ' •.. ·. ' ; ' t . ' , . ' ' • _;. . ' f ~ • - - ' ' ·- . • -

: /42/ " . . , · . 
cu6n.p~f< •~ · ; XIX n, XX !3ll{~fOllHpI~ pe>!')~~llll!H!~ no ~ll~pffoii en~!{~ 

. /41 43/ . . . ' 
pOCKOIJHH H CTPYKfype smpa ' '; 1 ' ' , M8:lKJlYHSPOJlHOM ceM»Hape no 

' •. · ! • 1· "• t; ' • ~' ' ; . , ~' • · •; ' t ' ; • • { • · • , , i '" " .. · , · · , ' • 

. upcneJlOBSJIHIO aTOMHOI'O SlJlPS p noMOil!blO aapSl:lKeHHblX 'ISCTHU ·;9~·1 r.; r~P 113( . · · · · . · ,,. •. . . . · .. • 

• · · ~ 1 l i , • • • • · 
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