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nocne OTKPbITHH B 1840 r. K.A. IleTp.i,uutoM n r.H. ci>nepoBb!M cnoHTaHJioro 
/1/ 

11eneHHH ypaaa 6blll0 CHHT83HpoBaHo 6on&woe 'IHCIIO H30TOttOB Tpaacypll.HOBblX 

aneMeHTOB, /lllSI KOTOPb!X STOT BH/1 pacnana nrpaeT 0'18Hb Ba.lKHYIO pon&. Eonee To

ro, OKaaanocb, 'ITO /lllSI H8KOTOpbIX H30TOnOB aneMeHTOB C STOMHb!M HOMepoM, 6nH3-

KHM K 100, cnoHTaHHOe 11eneHHe CTSHOBHTCSI OCHOBHb!M cnoco6oM pacna11a. 3TO o6-

CTOSIT81lbCTBO SIBHIIOCb npH'IHHOli Toro, 'ITO B aTOMHbIX peaKTopax, r11e CHHT83 TSI

.lK81lblX H30TOnoB npoHCXO/lHT B peayn&TaTe nocne110BaTellbHOro.aaxaaTa HeliTpOHOB, 

ae y11aeTCH CHJIT83DPOBaTb Tpanc<f,epMD8Bbl8 aneMeHTbI. 

EonbWDe B03MO.lKHOCTD /lllSI npoB8/18HHSI pa6oT no CHHTe3y H 1rccne11oaamno 

cBoliCTB H30TOttOB TpaHcypaHOBb!X aneMeHTOB OTKPb!llHCb nocne BB0/18 B axcnny

aTaUHIO ycKOpHT8JISI TSI.lK81lbIX HOHOB-llll:KllOTpona Y-300, nocTpoeHHoro B na6opaTO

pHH Sl/l8pHbIX peaKUDff: 06'b8/lDH8HHOrO DHCTHTyTa Sl/l8pHblX HCCJI8/lOBaHDli. 

B pell.KllHSIX C TSI.lK81lblMH 1!:0HSMH B OCROBHOM y11aeTCSI CHRT83HpoBaTb ll'.30-

TOilbl, llOBOllbHO CDllbHO 06e11neHHble neliTponaMD. BpeMSI .lKD3HH Tll.KDX D30TonoB Ma

no, 11: /lllSI Dccne110BaHHSI DX CBOliCTB npDXO/lDTCSI DCll01lb30BaTb annapaTypy, noMelllae

MYIO Ha nyqKe DOHOB. 

B 1861 ro11y B na6opaTopnn si11epHbIX peaxnun OHHH a:a11annc& nepab!e aKc

nepnMeHTbl no CHHT83Y HOBbIX CllOHTSllHO /1811SIII(ll:XCSI H30TOllOB TpancypaHOBblX 

aneMeHTOB. 

flpn npOB8/18HHII: 8TKX Ollb[TOB 6blna ucnonb30Balla annapaTypa, KOTOpaSI noa

BOIISllla na611ro11aTb ~nOHTannoe 11enenHe s11ep, Bp8MSI .lKH3RH KOTOpb!X np8BhUUllJIO 

0,001 cex. 

Ne 22 

B peaym,TaTe onbITOB 6b!JIO ycTaHOBJieHo, 'ITO IIPD o61ty'18HHH U 
288 

HORSMH 

n o 16 
o6paaye~sr HaoMep Am 

242 
, pacna11a10mHACH nyTeM .n:eneHHH aa 

0,014 cex. 

C 1961 no 1966 rr B na6opaTOpHH SI/lepHblX peaxnun npoBO/lHJIHCb CHCT8Ma

TH'l8CKH8 uccne110BaHDSI CBOACTB aToro D30Mepa D llODCKD HOBb!X D30MepoB TaKoro· 

Tuna. 
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B nocnenllll'.e ronbI PB.It axcnepHMeaToB B aTOll: o6nacTn 6bm Bbmonaea OJUUf 

B COTpynnnqecTBe C liBCTllTyTOM STOMHOH ~H3HKH B ByxapecTe H liHCTHTYTOM 

Hnnbca Bopa B Konearareae. 

' HeKOTOpb!O Ollb!Tbl no H3yqellll'.IO 11emmmxcn H30MepoB 6binH npOBOll8Hbl TllKlKO 

B na6opaTopnnx CIBA. 

B .nnccepTannoHHoll: pa6oTO .naeTcn o63op n aaann3 HMeromnxcn cell:qac 11aa

HbIX o 11ennmnxcn H3oMepax. 

OcaoBHbI8 peaynbTaTbI nccne110Baanil nanararoTcn B mecTn rnaBax. B rnaBe 1 

craeTcn 063op coBpeMeHHbIX npe.ncTaBnennll: o 6apbepe .neneann nnep n cnoaTaaaoM 

ttenemm nnep. B rnaBe II naao KpaTKOe onncaane 9KCllepHM0HTSttbHOil TeXIDIKH, 

npnMeasreMoli npn nccneJloBami:nx nennmnxc.n H3oMepoa. Onncaamo axcnepnMeHTOB, 

npnBenmnx K oTKpbITHro nennmeroc!I naoMepa Am 2• 11 mr * x/, nocBnmeaa rnaBa III • 

rnaBa IV coneplKHT p83YID;>T8Tbl 9KCil8pHM8HTanbHbIX nccne]lOBBHHli, npoBenea

HbIX nocne o6aapyJKelln~ Am
2411

mr • B rnaBe V paccMaTpHBaIOTC!I pa3ml'rHble 

rHllOT03bl 06 Il30MepnH B o6naCTH TpaacypaHOBbIX 9ll8M8HTOB. rnana VI llOCB!J

meaa o6cylKJlennro ocaoBHbIX pe3ynbTaToB nccnenoBaanll:. 

1, Bapbep nenenng n cnonTaenoe nenenne .ngep 

TTpaBHnbaoe noHHManne CTpyKTyp&1 6apbep~ nenenn.n .n.tt:ep nrpaeT pemaromyro 

ponb B o6~ncaeann ocaoBBblX 3BKOBoMepaocTell: cnoaTaaaoro nenennn. IToaTOMY 

oqeab BBlKHbl KaK TeopeTlJ"'[OCKHe, '1:'AK H axcnepHMOll'l:'8llbBbl0 pa6oTbl B 9TOM aa

npaBneann. 

nocne TOro, KaK 6hltto .tt:ano xaqecTBeaaoe o6~llcaeane nponecca neneBI!n 

nnep Ba OCHOB0 xanenbHOll: Monenn, 6binH npOB0ll8Hbl Maoroq11cneaHbl8 pa60Tbl, B 

KOTopbIX aTa Monenb 6bina ycnemao ncnon&aonaaa .nnn aaann3a pa3nnqablx cTopo.e: 

nponecca nenemrn. Onaaxo nocne.nyromee naxonneHHe axcnepnMeaTanbBblX nallRbIX 

nprrneno HccneJl.OBaTenett K BbIBOAY, 'ITO MHorne ~aKTbl aenb-3SI o6~SIC!IlITb, OCTa

BBS!Cb B ee paMKax. 

B HaCTOSimee BpeMsr O'IOBH,llHO, '!TO 6on&myro pom, ttpH Jl.8llOBHlI n)lep nrpaJOT 

II 06onoqeqab1e ~~eKTbI. HanpnMep, aa6n10.11aeMb1& ~nroxTyannn nepno]loB cnoaTaH

noro neneansi p83nnqBb!X lI30TOilOB MoryT 6bITb llOHSITbl nHmb B TOM cnyqae, ecnn 

npnBI!Ma'rb BQ BBHMaBI!e COCTOHHnn, B KOTOpbIX .a:axon.nTCH OTJl8,llbllhl& HyitnOJibl. 

xi B .nan&nettmeM nn.n npocTOTbl :ea0Mepb1, pacnaJ1.a10mnec.n nyTeM nenennn, 
06oaHaqa10Tcn CllMBonoM m f • · 
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121 
B TeopeTn'lecxnx pa6oTax B.M. CTpyTnacxoro • a TaKJKe B.n. Maffepca . . /3/. - . 

n B • .ll. CB!ITenxoro onpe11eneabl nonpaBKH K Bbl'IHcneaaoMy no xanenbBoll: Mo11e-

nn 6apbepy 11eneann, y'IIITblBSIOmne BJIHSIHHe !IJlepablX o6onoqex. noxaaaao, 'ITO 

BbICOTa n ~opMa.6apbepa nenellll'.n T!IJKenbIX !IJlep B aaaqnTen&Holl: CTenean onpene-

m110Tcn o6onoqeqnbIMH ~eKTaMH. 

'"? I, ,.. ( F 

BeponTBOCTb CllOBTaBaoro 11enellll'.H g~ep ynpolll0HHO OllHCbIB80TC!J ~OpMynoa -

rne A, 

Ci>r 

H 

8 

Ar • 5 
Ci> r 
217 

a, 
exp [ - lt f {H d B ] 

80 

nepo.nTaocTh cnoaTaaaoro 11eneang, 

'ISCTOTa KBanpynonbBblX Kone6aann, 

BbICOTa 6ap&epa 11enean.n, 

napaMeTp ne~opMannn, 

lt - KO~~HitHOBT, 38BHC.nmnli OT MBCCbl .nnpa • . 
ITpoBeneane pacqeToB BeponTHOCTH cno.e:Taaaoro .nenea11si cBnaatto c 6on&mnMn 

cno2KHOCT.llMH, T.K. nnoxo H3B0CTHbl 3Ba<ieBHSI OC.B'.OBHblX napaMeTpoB, BXOAnmnx B 

IlOK83ll.T8nb 9KCllOBOlITbl. TTOSTOMy Jl.O nocnenaero BpeMean 6om.moe BHlIMaBHe 

yJl.ensinOcb ycTallOBJIOJl'.HIO nonyaMllHPH'l&CKHX 38BHCHMOCTeli nepHO,llOB ClIBBTaanoro 

.nenean.n oT pasnnqttbIX Bennqna. 

liccneJ1.0Baann Taxoro po.na 6blnn np0Be,11eabl B psrne pa60T•H B 1-oa rnaBe 

nnccepTanun Jl.aB nx o63op. 

B nocnenHHe roAbl npoJl.onJKanocb nanbttettmee coBepmencTnoBaane nonyaM~ 

nnpnqecxnx MeTo.lloB oneBKn nepnonoB cnoaTaanoro nenean.n n11ep. B aenaBao•noa-

/4/ 
BHBwettcsi pa6oTe B.E. BaliOnbI H B • .ll. Ynmrnaca pacqeT 6ap&epoB.,neneansi g,nep 

H COOTB0TCTB&BHO nepHO,llOB CllOHTanaoro .nene.11ng npoH3BOJlHnC51 Ha QCHOB8 MOJl.ep

HH3HpOBaHHOtt nonyaMnHpl!qecxott qJOpMynbI Mace, B KOTopon Y'IIITbIBB.eTcg HB'l'.an&
aasi Jl.OqJopManIDI nnep. 

roBopn o npoxoJKAeRHH qepe3 6apbep nenennsi, cnenyeT nMeTb B Bnny, 'ITO 

paannqHblM cocTO.nannM .nen.nmerocn sinpa cooTBeTCTByeT npoxoJKAenne qepea paa

nnqab1e KaHanbl .nenena, KOTOpbl& B CBOIO oqepe.11& CB.ll3llllbl C cymecTBoBa.lm:eM 

aaepreTnqecKHX ypoBaett SIJipa B cennoBoli Toqxe. 

UenHan nnqiopMann.n o 6apb8pe nenenwr 6blna noHyqena npn n3y'leBHE peax

nnli Tnna ( d , p f ) , ( a , a f ) , ( n , f ) • S1tcnepHM&BTbI iI01taaanH, 'ITO ttpll 
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neqiopMa11m1x, cooTB0TCTBy10mux cennoBotl: TO'l:Ke, .11npo CllllhHO oxmi.:1KJ:ta0TC.11 n 

rrposrnmnoTCll aaepreTH'l:0CKne ypoB·an pasllHtiHoli npnpoJibI, aaanorn<rHble ypoBH.IIM 

rrpn o5hI'IHbIX neqiopMa11n.11x. Hsyqeane KaHallOBblX aqJqJ0KTOB BaJKHO AllSI npaBlUihHO

ro rroHHMaHHll Toro, xax nsM0HlleTC.11 5spb0p neneHnll rrpn nepexone OT onaoro aoa-

5ylK.[(eaaoro COCTOllHHll K npyroMy. B 1-oa rnaBe )IaH KpaTKHtl: o5sop IlpOB0)I0HHblX 

K H8CTOSII!l0MY Bp0M0HH nccnenoBaHIIA B STOA o5nacTH. 

II. MeTOnrul'.a HccnenoBa!lllll CIIOHTaHHO nenllmHXCll 

surep e M811btM Bp8M811'9M ?Klrnlnf 

HsoTottbI TpaHcypAHOBbIX SlI0M0llTOB, KOTOpbie YAlU?TC.11 CJ![.HTe3llpOBATh B 

peaKIIllllX C TllJK0llbIMll noHaMH, llM0IOT, KaK npaBHno, Manoe BpeM.11 lKHSHH, R noa

TOMY )Illll nsyqeHH.11 HX CilOHTaHHoro )I0110Hll.11 npHXO.!IlITC.11 paspa6aTbIB8Tb cnenH-

allbHYIO M0TOJlHKy, II03B011SIIOWYIO npoH3BO)IllTb perncTpa11n10 OCKOllKOB a6nnsn nyq

Ka TSIJK0llb!X HOHOB. 

B OCHOBY 6011&mHHCTBa 8KCil0pHM0HTOB 6bln Il0110:1K0H mnpoKO llCilOllb3)'eMbltl: 

rrpn pa5oTe c TlllK0llblMH HOHaMH TaK Ha3bIBa0Mbltl: M8TOJ:( ll.lt0p OT.i{a'l:H. 3TOT M8-

T0Jl OCHOBaH Ha TOM, '!:TO ll)Ipa, 06pasy10mnecH B peax11n.11x C THJK0llb!MH HOHaMn, 

rronyqaroT )IOBOllbHO 6ollbmoli HMIIyllbc ll Bbin0TaIOT ns MnmeHn Tonmnnoli B H0CKOllhlt0 

2 
COT MIIKporpaMM Ha CM • 3aTOpM03HBIDHCb Ha c6opHnxe, OHH BM0CTe C RHM B nan&-

H0Hlll0M nep0HOCllTCll K neTeKTOpy, perHCTpHpy10meMy nx pacrran. 

.Ll11S1 6hleTporo ·nepenoca nccnenyeMblX .11nep K neTeKTopaM na116011ee nrapcixo 

ncrronb3oaannc& c6opauxn B anne apama10meroc.11 nncxa, nu6o B anne 6ecxoneqaott 

110HTbl-KOHBeliepa. Ha puc. 1 IlOKa3aHa cxeMa ycTaHOBKH,IICilOllb3?BaHHOtl: B nepBb!X 

OIIb!Tax, npoBO)IHBmnxcH Ha BHyTp0HH8M nyqxe HOHOB IIHKllOTpOHa Y-300. B 3THX 

OIIb!Tax B Ka<r0CTB0 )I0T0KTOpOB OCKOllKOB neneHH.11 llCil011b30Bannc&'l{B0 IIOHH3ann

OH!lbl0 KaMephl. Ilepnon nonypacnana nsoTorroB, pacrranaromnxcll rryTeM nenennH, MoJK

Ho orrpenenHTh, 3Ha.ll CKOpOCTb BpameHHSI nncxa-c6opHHKa H COOTHomeHHe qncna 

OTC'l0TOB B KaMepax. 

B nan&H0tl:meM l{llH perncTpanHH OCKOllKOB neneHHSI HCITOllh30BallHCb TaKJK8 

qlOTOaMyll&CHll II non;yrrpoBO)IHHKOBbl0 A0T0KTOpbl. 

B HaCTOSIIn00 Bp0MH B HCClle)IoBaHHHX CilOHTaHHO nenllinlIXCll H)I8p C MBllbIM 

BpeMeHeM lKII3HH Han6011ee mHpOKO IICilOllb3yIOTCH l{H3110KTpnqecxne l{0TeKTOpbI. 

6 

! 
') 

I 
I 
! 
I 

.:1 
I 

npHHIIHII HX aeACTBHll OCHOBaH Ha TOM, 'ITO_ B M0CT0 rrorra.aaHIIH OCKOllKa-. .aeneHHH 

CTpyKTypa B01ll0CTBa HapywaeTCll CTOllb CllllbHO, 'ITO rrp11 o5pa50TKe IIllaBHKOBOA KHC

llOTOA IIOBepxHOCTII, oonyqeHHOA OCKOllKaMII aeneHHll, oopasyroTCll Blllll1Mb10 B MIIKpo.

CKOII Tp8KII. 

Han6 OTM0THTh TaKJK0, '!:TO B nocnennee Bp0M.II 3Ha'lnTem:naH qacTb BC0X 8KC

rrepnM0HTOB npoBO)IHTCH Ha nnemHHX nyqxax YCKOpHTenen. 

B oTnen&HhlX axcnepnMenTax Hsyqanoc& o5pasoaaane nenHmuxc.11 nsoMepon 

non nefiCTBHeM neliTpOHOB. McTO'IHi'rKoM Hetl:TpOHOB cnylKHlln paooTaromHe B HMIIyn&c

HOM peJKHM0 H0fiTpOHHhlH renepaTop Hr-200 HllH UHKllOTpon. B rrepBOM cnyqae llllH 

nonyqeHHH H0ii:TpOHOB HCITOllb30Banacb peaKUIIH d ( T, He 
4 

) n . B OIIbITax Ha UHK110-

TpOH0 H0fiTpOBbl nony<rannc& B peaKUHHX d ( d, He 
3 

) n II p ( Li T , Be T ) n 

TaK KaK rrpo5er TlllK8llbIX 1111ep, 06pasy10mnxc.11 B llll0pllb!X peaKUIIllX C H0ii:Tpo

HaMn, Man, OT M0TOJia ll)I8p oTnaqn rrpnmnoc& OTKasaTbCll. PerncTpanHH OCKOllKOB 

crroaTanaoro neneann B aToM cnyqae rrponsaonnnac& nnsneKTpn<recxnMn neTeKTopa-. 

MH, npn5nn:1KaBUllIMHCll K o5nyqaeMoli neATpOHaMH MIIUl0HH B npoMeJKyTKax MelK)Iy 

HMllyllbCBMH o6ny<reHnll. 

III. 06aapyJKeHJ1e cnoHTaaaoro nenemm B JJ3oMepaoM coeT01t11Jn1 

IlepBbl0 Ollb!ThI, peayllbTaTOM KOTOpbIX HBHnOCb o5napyJK0HHe pacnanaromeroCH 

rryTeM ll0110HIIH, H30Mepa, 5blllH rrpOB0110HbI B 1961 rony. B 9THX Ollb!Tax MHmeH& ns 

u
238 

6bma o5nyqena HoHaMn Ne 22 K O 16 • B o5onx oon;y<reHHHx 6bmo saperncT-
. IW 

papoBaHo o5pasoaanne xaxoro-To nsoTOna, 11en11meroc.11 aa apeMn .. 0,02 cex 

Ecnn B cny<rae peax:nHH u 238 + Ne 22 MOJKBO 6blll0 o:m:n.o:a'l'b, 'ITO o6pasyeTCn 

KaKofi-TO H0H3B0CTHblil )I01lHmHtl:CH H30T0ll 81l0M0HTa 102 l(llH 101, TO nnH peaxne:H 

u2as + -0 16 8TO llOllHOCTbIO IICKllIO~aeTCH. B rrocneJIHeM cnyqae o5pasyroTCH Jlllm& 

)IOCTaTO'IHO xopomo nsyqeHHbI0 H30TOIIbI 8110M8RTOB. e aTOMHbIM HOMepoM z ~ 100, . 

BpeMH JKH3BH KOTOpb!X )Ill.II a -pacnana npeBblmaeT 30 cex:. Ilepuon cnoaTannoro 

nenennH aTnx nsoTOnoa MHoro 6on&me~nepnona a -pacna.tta. IloaToMy 6blno BbIC-

xasaao npennonoJKeHne, <rTo Ha5nronaeTCR"• HsoMepnoe cocTOHHHe nsBeCTHoro naoTo

na, nnn·xoToporo cnn&no yBenuqeaa Bepo.11TaocT& crioHTaHaoro nenean.11. 

/8/ /5/ 
Ilocnenyromne OIIbITbI C qJOTOSMyllbCHHMH llO)ITB0p)IHllH BbIBO.i{bI pa6oTbI 

H II03B011Hllll B Jiall&H0Hlll0M yTO<rHHTh 3Ha<reHHE! nepnona IlOllypaCIIB)Ia 06Hapy:1K8HHO-

7 



ro ·.nem1merocS1 naoMepa, 11:oTOpbtA oxaaanca paB11b1M 0,014 cex. B cBB'.3H c TeM, 'ITO 

nepno.n nonypacna.na oqeJih Man, .nnB u.nenTn~Hxauun nsoT~na 11enb311 npnMellHTb mr 
XllMHqecxne M8T0J1bI, HlI M8T0J1 Macc-cenapaTopa. TioSToMy 0bIIl ncnonb30Ball Me

TOA nepexpecTl!bIX peaxnnn. Hccne.nyeMbIA naoTon 6bln cnl!Teanpoaan KB.K B pasnuq

HbIX peaK!lllllX C ncn0_nb30BSlllI8M Tm1tenbIX nonon, TaK ll B peal!:nruIX C n:cnonb30Ba-
. /~lV 

HHeM anh~a-qacTnn, .neii:TpoH0B, neATpOHOB • no COB0KyllH0CTH nonyqel!llbIX .na11-

HbIX obmo ycTaHoBneHo, "ITO pacnan ncnbIThlBa&T n:aoTon 95 Am 
24

~ naxom1m11Ac11 11 

II30M8pH0M C0CT0!l.llllll. 

. B Ta6n. 1 npnaeneRbl .na11Hble o 11an:6onee np0cThlX peaxurutx, npn:aonsim:ux rt 

06paaoaa111110 Am 242 
mt • 

PeaKUllll 

U 285 ( B 11 , a 3 n ) Am 242 
mt 

U2ss ( B 10 • a 2 n) Am 242 mr 

Am248(a ,a n) Am242mf 

Pu289 ( a ,p) Am242mt 

Pu242 ( d, 2 n ) Am 2dmt 

Am248 ( n, ;n) Am 242mt 

Am~u ( n • Y) Am2'2mf 

( npe.naapl!T8Ilbllbl8 nallllb18) 

Ta6nRna 1 

8neprnn 6oM6apnnpyeMoA 

'.tfRCTBUN, Ma:e 
80 

60 

40 

40 

12 

14 

1-3 

Ceqeane ~eaxxnnR, 
.c.M. 

6 X 10-32 

4 X 10-32 

~to-31 
4 X 10-32 

3 X lQ_;;g0 

1.5 X ]0-28 

.. 10-29 

HaoTon Am 242 ohm cnnTeanpoaaa naaao, n ero caoAcTBa nocTaToqao xopomo 

m~yqeHbl. B OCH0l3ll0M COCT0!IHl!I! Am 242 pSCilB,tUi8TCH nyTeM /3-:.pacna,rta JI 9JleK

TpOHHOro aaxBaTa c nepno,:r.oM nony:pacIUIJta 16 'fB.C. Cno11Tann0e nenemi:e Am 
20 

•He Ha6monanoeb. ITo oue.1111:aM cornacno cym:eCTByromeA cBcTeMaTnxe nep11ono:a 
. . 14 

cno11TaH11oro nene11Bst,ero nepnoA nonypacna.rta non}Ken npeablmSTb· 10 neT. 8TO 

3H8'lBT, qTo,aep0SITH0CTb Cll0HTalt.lloro neneHl!st 06aapy)Ken11oro naoM~pa 6onee ~eM 23' --···· .. . ... - . .. . . 
·B 10 paa npeBblmaeT aep0SIT.ll0CTb nene11H!I B 0CHOBHOM coeTonmm. 

JV. 811:cnepuMeHTanbllbJe nccnenoaaHnl'I cnoHTSHHo 

.nenstmHXCH_ !130:M~ll 

SKcnepnMeHTanhHb18 nccnenoaamrn, nponon:e:amBecSI nocne 0611apYJKetmst Am 142 air, 

paaanaannch no 11ecxonbKHM Hanpaanetml'IM, 

8 

Eonbmoe BllnMal!l!e 0binO yneneHo Cl!HTeay ll0BblX Cil0l!TaHl!0 nem1m11xcll 1130Me

poB B peaKUllllX C Tl!JKenblMI! 11011aMII, Ycllnl!ll 0binl! 11anpaBneHbl, C 0/:ll!0it CT0pOllbl, Ha 

noncx cpaBHl!Tenbll0 .nonroJKnaymnx 11a0Mepoa, a c .npyroii: cTopo11b1, 11a _noncx nao

Mepoa, JKl!Bymnx cTonh Mano, qTQ 011n pacna.na10Tcll 11a neTy, enBa no1tnHyB 06nyqa

eMy10 MllID8llb. 

B peaynbTaTe npoae.nellllblX axcnepnMel!T0B, 0CH0BllaSI qaCTb KOTOpblX 0bma 

Bbmon11ena B na6opaTopn:11 BnepHbIX peaxnnii:, ynanocb 0611apylKl!Th eme 7 naoTonoa, 
/13-20/ 

pacnana10m11xcB nyTeM .neneHIISI • PeaynbTaTbI aTnx nccnenoBaHnit npencTaaneHbI 

Ha puc. 2 u a Ta6n. 2. 

Ta6n11ua 2 

H a o. T o n 

Np 228mt? 

Am 232 mf? 

Am284mU 

Am 240 mf 

Am242mf 

Am2Hmf 

Z~97 

M.,;_246 

Cf 246 mf 

Ilepnoi cnonTa1111oro 
nenel!l!SI B 1130MepH0M 

COCTOllll~I! 

1 MHII 

1,5 Mllll 

2,8 Ml!IH 

0,0008 cex 

0,014 cex 

0,001 cex 

S,5 ceK 

8 x 10-8 ceK 

~ 

Ilepnon cno11Tan11oro 
neneHHll B 0CH0BH0M 

C0CT0!IHHU 

> 10
8 

neT 

> 10
2 

neT 
4 . > 10 neT 
14 

~ 10 neT 
14 

'!. 10 neT 
14 

.: 10 neT 

2 x 103 
neT 

¢>aKTOp YCKo
peHl!SI cno11-
TaHHoro nene
mrsi: 

i 1024 

~10
23 

~1024 

.. 1017 

KaK Bll.t{H0 H3 Ta6nl!UbI, 6 H30T0il0B 0blllH nneHTH~llllHPOBal!b!. Hnel!Tll~l!KSitHSI npo

naao.nnnacb no ¢opMe xpHBhIX aoa6y)K.[{e11nn BaoTonoa B BAep11b1x peaxnnl'lx. Oxaaa

nocb, qTo B cnyqae Am 240 , Am 2U(l4,l5) H Cf 245 <20 > Mbl Cl!OBS. HMeeM Aeno C 

H30M8Pllb!Mll C0CT0SIHH!IMII sinep, .!till! K0TOpb!X pe3K0 yaenBqel!a aepoSITl!OCTb cnon-
228 2a2 2a, /17 -19/ 

Taa11oro nene11nS1, qTo )Ke xacaeTCSI Np , Am n Am , TO ceitqac 

MOJKHO nBmb yTaep)K.[{aTb, 'ITO. ~¢eKT He MO)KeT 0hlTb CBSI3aH C HX pacnanoM B 

0CH0BH0M COCTOHHHH. BoaMOlKIIO, qTo Mbl BMeeM neno C H30M8pllblMH C0CT0!IHlISIMll 

aT11x g,nep, 110 ~eilb3SI ncxn10qnTb n Toro, qTQ 11a6n10naeTcS1 aanaa.ttbIBaromee nenenne 

u 228 , Pn 282 n Pu284 ·, oxaaaamBxcst nocne f3 -pacnana Np22s ,Am2a2 B Am:aa, s 

B030Y)K.[{8Hl!OM COCTOSIHBH C 8H8prBeii:, 6nnsxoA K nx 6apbepy nenennst. 

9 



.llmi: noBI1Mamu1 npnpo/lbI 06aapy:1KeHHbIX naoMepoB Ba:IKHO aaaTb saeprmo K 

cmm nsoMepHbIX COCTOlIBI!fl:. 

8 CBlI3lI C TeM, 11'.TO /lO ClIX nop ae y11anocb aa6mo11aTb y -ny1111 lI a 

11acTHUbI npII pacna11e Am242mf 

MepHOCTeii o6pa30BaHHlI Am 242 mf 

6bl/IH nocTaB/I8Hbl onbITbl no ncc11e110BaHHIO 3aKOHQ,

H Am 240 mf B lI)lepHbIX peaKUHlIX. 

Mcc11e110BaH1Ill npOBO/lIDIRCb no IIBYM aanpaBneHIIlIM. C 0/lffOl!: CTOpOHbI, 6bum: 

npe11npIIHSITbl onbITbI no onpe1:tenem110 noporoB ~Aepab!X peaxunli, npnBo.lU!mKx K 

oqpasoBaHHIO H30MepOB, a C /lpyroll CTOPOffbl, II3MepimIICb lI30M8pRble OTHomeamI 

(oTHOmeHIIe ce11ea11l!: 06pa30BaHHR lI)lep B lI30MepaoM II OCHOBROM COCTOliffruJX) B 

pasnII'l'.HblX ~epHbIX peaKnIIlIX. 

8 3KcnepIIMeHTaX, BblnO/IH0ffHblX 

HacTHTyTa HIInbca Bopa, obi/I H3MepeR 

aa sneKTpocTaTII11ecxoM Taa11eM-reaepaTope 

nopor peaKnIIH, Pu 
2 41 

( p, 2 n ) , npHB01111meli 

K o6pa3oBaHIIIO CilORTaHRO /l8/ISil!leroc11 II30Mepa Am240mf /21/ 
0Kaaanocb, 11'.TO 

OH npeBb1maeT nopor o6pa30BSRIIlI Am 
240 

B OCROBROM COCTOSIRIIH Ra 3,05 MsB. 

Ha pnc. 3 npnBeAeR pesynbTaT II3MepeRIISI nopora o6paaQBaRHH cnoaTaHRo 

242 r 243 /12/ · 
11e1111meroc11 ll'.30Mepa Am m B peaKnlIH Am · ( n 2 n) • Ero npeBbIIII8RIIe aan 

noporoM o6paaoBaBIIH Am 
242 B OC!IOBROM COCTOliilllII COCT8BJllI8T 2,9 ! 0,4 MsB. 

t.ITo KacaeTClI )laHRbIX 06 ll30MepHblX OTRomeRHllX nn11· Am 
242 

• TO OHll 6bin:lI 

nony11eabl KaK lllllI peaKnnl!:, npoTeKaIOl!lIIX C 06paaoBaBI1eM COCTaBHOro 1111pa, TaK 

II nn11 peaKunfl: nepena'lll THna 

Am 248 (I: ,I ~+1 ) Am242 /22-24/ 

V. Pa3BHTHe npencTaB/I0RHH 06 ll'.30Mepnn B 0611acTH TpaacypaHOBb!X 8/IeMeHTOB 

TTocne ony6mfKOB8HHll a1tcnep11MeHT81IbHf;IX llaHHhlX O CilOHTaHHO ll~II!IIUIIXCR nso

. Mepax noHBHlICll PSI/I pa6oT, B KOTOphlX 6b!IIH Bb!CK838Rhl coo6pa)l{e!IIIll. 0 B03M0:1K-

HOCTlI cymecTBOB8ffllll ffOBhlX THIIOB H30MepHH B o6naC't'n 'l'lI)l{0llblX sneMeB'l'oB:. 

OrpaHII'IHMCSI O'le!Ib KpaTKHM H3/lQ)l{eRneM STHX cooopa)l{e!Infl:. 

' /26/ · 
B pa6oTe n.K. ITe1tepa pbl/lo cnenaao npennono:1Kea11e, "ITO Ra6nronaeMoe 

H30MepRoe COCTOllfflle Am 242 mf RBIIl!0TCll 8-KB83lI'18CTll'l'.HhlM COCTOllHIIeM, o6paso-

B8Hllb!M B pesynbTaTe pa3pb!Ba aefl:TpOHROH ll npoTO}UIO!l nap. 3Heprrur TaKoro H30-

Mepa non)l{!Ia 6b!Tb 6nnaKa K 2,6 Maa, a cnna paaea - 23 ii . 
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·. /26/ n.A. CnHBOM u· IO.H. XaplITOROBb!M 6bln:a paCCMOTpeaa ponb OCT8TO'IRbIX 

np -B38lIMO)l8licTBIIff B lI/lpe II no11;aaa1Ia B03M0:1KB;OCTb cymecTBOBSHIIll lI30MepoB 

Tll:1K0/lbIX ll/lep,.· o6pa3oBaHHblX npII BbICTpSIIBalmH RyKlIOROB. OueRKB IIOK83b!BaroT, 

11'.TO cnIIR TaKIIX COCTOSIHIIll B o6nacTII JJ /1011:ll{e!I 6b!Tb paBea 18 i; • a aaeprIISI Boa6y:1K-

11eHHSI 6n:II3Ka K 3-4 MaB. 

fIIttQTeaa O !IOBOM THne II30Mep!IbIX COCTOlllIHH - BHXpeBbIX H30Mepax - 6bln:a 
. /27/ 

npe11no)l{effa H.B. 3ellb/lOBH11eM • CornacRo n.B. 3enb/IOBH1JY, 11n:n H/lepRoro 

BeuteCTBa, llB/llIIOIUerocsi: caepxTeKy·11en :lKHllKOCTbIO, B03MO:lKHO 'ITO cywecTByeT. coc-

TOllHHe Kannn STOff :lKHllKOCTH, T.e. lillpa, C KBSHTOBWIHblM BllxpeM no OCH KSIIlIH. 

Cn11H STHX H30MepOB ,l:lOlIJKeH 6blTb .llOCTaTO'IHO BennK. 

B p!!/le pa6oT 6bmH BbICK838Hhl H paccMoTpe!Ibl rnnoT83bl O TOM, 11'.TO aa6n:ro-
. . /28-30/ 

11aeMbie cnoaTaHHO /l8lllll!llI8ClI Il30M8pbl l!B/IllIOTCSI lI30MepaMn !pOpMbl • 
. . /28/ 

B o6men ipopMe sTa rnnoTeaa 6hlna paccMoTpeaa r.H. <l>nepoBbIM · • B pa-
. · /29/ · 

6oTe A.n. Manoaa, ·c.M. ITonnKaaoaa n B.r. ConoBheaa 6hl/Ia noKaaaaa Boa-

Mo:1KaocTb cymecTBOBaHHSI /lByXKBa3lI'laCTII'lffbIX lI30MepRbIX COCTOllHHfl: C K fT =12 -

- p 505i n 808l lI BhlCKasaao vpe11nonO)l{8fflI8 0 B03MO)l{ff0CTH YB81Il1'.'18Rllll 

11nR R11x seposi:TRocTH cnoRTaRaoro nenearur. 
• f'{j2/ 

l1RTepecHall rnnoTe3a 06 H30Mepnn ipopMhl paccMOTpeRa B.M. CTpyTHHCKIIM • 

KOTOpblfl: noKaaan, 'ITO 6apbephl neneanll R8KOTOPhlX ll)lep MoryT lIMe'": CIIO)l{RyIO 

¢opMy c MHHnMyMoM a o6nacTH cennoBofl: TO'IKH. ITosrnneane sTOro MHHHMyMa, n 

np11aunne, MO:IKeT 6b!TJ>. CBSI38!IO C cymecTBOBaHJl8M Cllllb.HO BhlTSIHyThlX H30MepoB 

!pOpMhl. 

H, RaKoaeu, aeo6xollHMO oTMeTHTb pa6oTy .ll.<I>. 3apen1toro n M.r. YpnRa /SO~ 

B KOTopofl: pa3BHThl npe11cTaBneHHR O B/IllllfflIII MSCCOBoro KOS!p(plIUHeBTa aa.aepoHT

HOCTb TYff.H81IpffOro npORHKHOBeHIIR 11epe3 6apb8p neneHHll. Cornaciio Jl.<l>.3apenx.o- i 

~ MY ll M.r. YpnRy, MOryT cymecTBOBllTb TaKne lI30MepHb!e COCT0$[1IHSI, llllll KOT()pLix 

nonHOCTblO HC'183HYT nap!Ibl8 KoppenHUllH Me)l{)ly ffyKllORaMH II 3Ra"leR~e MaecOBOro 

Kos¢¢nnneRTa 6yneT COOTB8TCTBOBaTb rnnponnaaMJ1'18CKOMY npeneny. IlpR STOM 

non)l{RO nponao8Tn yBenn11e1Ine BeponTaocTn cnoaTaHRoro nenean:a npnMepao n 
18, 

10 paa. 

Cl Hano OTMe'l'JlTb, 'ITO Bee BbICX838ffllhl8 l'KttO'I'e3bl 8 3Ha'{J[T8llbROff cTeneaR 

ROCllT xa11eCTB8BHhlff xapax.Tep. 

11 



VI. 06cy.)KJJ:eHHe peaym.TaTOB HCCJleLioBaHH:ll: 

B nacTonmee BpeMn .IUIKorrnen nocTaToqno 6om.moli MaTepnan o aaKOHOMeP

HocTHX o6pa30B8HHH CllOHTaHHO LieJtHmllXC.II H30M8pOB Am 
242

mt ll Am 
240"!r rroaBoruuo..,_ 

mnli CLI0J18Tb H0KOTOpble aaxmoqeHHH O CBOllCTBax H30MepHbIX COCTOlIHllll. .. 

B Ta6n. 3 I{ Ha puc. 4 llpHB0LI0Hbl peayn&'I'aTbl H3MepeHU.11 H30Mepa:oro OTIIO-
. ll42 

mea:H.11 LIJIH Am B paannqHbIX lILI8pllb1X peaKI(HHX H TaM )!{0 LlJIH cpaBH8lIIIS1 yKa-

3aHbl LiaHHbl0 06 o6paaoBaHHH LlBYXKB83n:qacTnqnoro H3QMepa Au 
196

( I 17 = 12-, E .. 0,6M:;rn). 

Ta6nn:na 

PeaKllllH 3Heprmi: Cpe.t1Hn:ll 

qacTHll 
op6uTam,;-

Hb!H MOM0HT f 

n,y 1/40 SB 0 

p ' n 7 MaB 1 
11 MaB 2 

d, 2 n 10 MsB 8 
14 MaB 6 

n,2n 14 MaB 7 

B 1•,a3n 66 J\18B 16 

3 

um /,u g 

A 242 
95 m 

< 6. 10 
-7 

1,6 . 10 -4 

-4 
3 • 10-4 
6 • 10 

6 . 10-4 

5 • 10-4 

79Au 196 

0,015 
0,025 

0,066 

0,4 

BnLIHO, '!TO JtJIH Au 196 H30M0pHoe OTHomenne CHJlblIO yBEmnqHBa0TCK npn ne

pexone OT peaKnna C Hel!:TpOHaMll n nellTpoHaMH K T.IUK0JlblM HOHaM. 3TO Jl8l"KO 
• 

IlOHHTJ,, ecnn BCilOMHHTb, 'ITO B cnyqae o6pa30BaHH.II COCTaBHOI"<> .!I.t(pa C ITOMOWbIO 

TlI)K0JlbIX HOHOB COCTO.l!Hll.lI C 6oJlbmn:M CrrHHOM o6paayIOTCSI c; 3HaqHT8ixbHO 6om.mel!: 

BepoHTHOCT&ro. B cny'lae :lKe Am 242 OTHOCHT0Jl&HaH BepOHTHOC'l'h o6p830B8HR.II crron

TaHHO nen.11meroc.11 H3oMepa npaKTH'l8CKH He 3aBHCHT OT THna peaKI(HH. 3To MO:lKHO 

llOff.HTb, nnmb· npenrrono)KHB, '!TO CnHH Am 
242 

mf ..tlOC'l'aTO'IH6 Man ( ~8(:KOJlbKO enH-

HHll h ) • 

BoanuxaeT nonpoc, K8KHM o6pa30M MOJl{HO llOH.IITb M8JIOCTb H30Mepnoro OT

H_omemrn, eCJIH ClllUI Am 
2

'
2

mf MSJI. BoaMO)KHQ8 061>.1ICH8HH8 STOI"O naeT pa6oTa 

B.n. 3oMMepa n A.H. Ilpox;;i.eBa
1311, ·a xoTOpol!: ttpoae.ne.a:a onell'.Ka naoMeplloro 

OTHOW0HH.II AJllI peaKI(HH Pu 242 d., 2 n ) Am242 Ha OCHOBe CTaTl"CTHqecxol!: Teo-

pun. PacqeTbl yxaaaH.QblX aBTOpOB lIOKl13blB8roT, qTo H30M0pH08 OTHOme1me MO)K8T 

6brT& O'IeH& ManblM, ecnn aneprH.11 ypoaHSI .nocTaTQqnO aen11xa. ·a cnyqae ~~u 

12 

,i 

E 

HaHnyqmee cornacHe C 8KCrrepn:MeHT8JlbHb1Mll ..tlBHHbIMH Ha6J1IOA8eTc.11 npn 

2,8 Maa (pnc. 6). 

roaop.11 06 axcnepnMeHT8JlbHOM onpeAeneHHH anepl"HU ll30MepHbIX COCTOlIHHli, 

naAo npe)K.t(e acero 06paTHT&c.11 K peayn&TaTaM OITbITOB no onpeAeneHHIO noporoa 
2U 240 mf 248 242mt 

peaxnHll Pu (p,2n) Am II Am (n,2n) Am • Cornacno sTn:M OilblTaM, 

npeBbimeHne nopor.a 06paa0Bann.11 Aen.11mnxc.11 naoMepoB nan noporaMn o6paaoaa-
, 240 

Hllll H30TOilOB B OCHOBHOM COCTOlIHHH paBHO 8,05 MaB llJl.11 Arn n 2,9 .Maa 
. /21/ 

nn.11 Am 242 • Ananna, rrpoBonnBmullc.11 B pa6oTe , , rroxaaan, qTQ nn.11 panee nc-

cneAoBaHHbIX peaKnnfi Tuna ( p, 2 n), nplfBO.t(lIWHX K H3B0CTHbIM BOa6y)K.t(eHabIM coc

TOlIHlllIM lIJ:lep, paaanna noporoB paBaa aHeprnn Boa6y)K.t(eau.11. IToaToMy ecT& noc-
240 242 

TaTO'IHbie ocaoBann.11 C'IHTaT&, qTo E!,m = 3,06 MaB, a E !m = 2,9 MaB, qTQ 

AOCTaTO'IHO xopomo cornacyeTCH c AaHHb!MH pacqeTOB B.n. 3oMMepa n A.H. ITpo

KOqJbeBa. 

BoaanxaeT Bonpoc, KBKHM o6pa30M MO~HO o6~lICHHTb npHqnay CB'JlbHOl"O aa

npeTa LlJllI pannannoHHbIX nepexoLIOB H3 COCTOlIHHlI C aneprnel!: - 3 MaB n MaJlblM 

cnnaoM. 05~.IICHeHHe, KOTopoe MO)KHO ll~Tb celi'lac, COCTOHT a TOM, qTo aanpeT 

o6ycnoBnea CHJlbHblM paannqneM neqiop"Mannn .11npa B OCHOBHOM H H30M8pHOM coc

TOHHHH. 

Bonpoc O TOM, KaKOBa neqiopMa!lHlI .11npa B ll30MepHOM COCTO.IIHHH, OCTB0TClI 

OTKpblTbIM. CnenaHHLili Bb!BOZI 06 H30Mepun qJOpMbI, no-BHAHMOMY, lIBJllI0TClI e.nna

CTBeHHbIM, KOTOpbltt MO)KHO CLienaTb na OCHOBe COBpeM0HHbIX rrpencTaaneH.lrtt O 

CBO.l!:CTBaX TlI:lKeJlb!X .11nep. 

VII • OcHOBHbie Bb!BOftbl 

B peayn&TaTe npoBellelIHhlX K HaCT0.11meMy BpeM8HH Hccne..t10Banxl!:: 

l. YcTaHOBJleHO cymecTBOBaHHe HoBoro Tnna H30M0pHb1X COCTO.IIHHli .11nep, 

17 23 
AJIH KOTOpb!X pe3KO yBenuqeHa BepolITHOCTb cnonTannoro nenea:n.11 (B 10 -10 paa 

no cpaBHeHHIO C OCHOBHbIM COCTOlIHHeM). 

2. IToKaaaao, 'ITO 8TOT Tllll naoMepHb!X COCTOlIHHll AOCTaTO'IHO mnpoKo pacnpo-

CTpaneH cpenn: naoronoB TpancypanoablX aneMeHToB. 

3. Hccne.t10BaHbl 38KOHOMepaoCTH o6pa30B8Hllll B .11nepHbIX peaK!llllIX CllOHTaHHO 

A0llHillllXClI H30M0pOB Am 24:lmt n Am240mt 
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CoBOKyttllOCTb nony'18llllbIX )l8HHblX ll03B0ruieT Bb!CK838Tb onpeneneHHb18 npen~ 

nono*ellHH O CBOfiCTBax H30M8pllb!X COCTOHHHA: aneprHR ypOBlleA 6nnaKa K 3 Maa, 

a cnn11 Man ( 11ecKon&Ko ennmm 'Ii ) • 

Ha 0CH0BSIIHH nonyqeHHbIX 8KCnepnMeHTan&Hb!X JWHHblX nenaeTCsi: BblB0tt ,o TOM, 

'ITO na6monaeMb!8 C0CTOHHHll CBll3!lHbl C aHoManhHO 0OnbWHMH necpopManHHMH nnep. 

PeaynhTSTbI, nano*ellllbie B nnccepTannn, noKnattb!Bannch 11a 3-n Me*ttyllapon

non Koncpepennnn no nnepHbIM peaKnnnM Me*tty cno*Hb!MH si:npaMn (AcnnoMap, \_,CUJA, 

1963 r. ) , 11a Bcecoroa110M coBemal!HH no nnepnon cneKTpocKonnn/tMnncK, 1965 r.), 

na CoBemannn no neATpononecpnnHTHb!M naoTonaM (Jly611a, 1966 r.) :e: Me*ttyna

ponnon KOHcpepemtHH ttO ¢H3HKe TR*enb!X HOHOB (Jly611a, 11}68 r.). 
0Tnenbllb!8 'ISCTH paoOTbI, BblttOnll81111bl8 npn y'ISCTHH llBTOpa, H3.IIOlK81Ud '.B 

/5,7-15,20-24,29/. 
CT8TbllX 

flnTepaTypa 
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PHc. I. CxeMa aKcnepHM0HTBnbH08 YCTBHOBKH nnH_aa5n10neHHH cnoaTaaaoro nen8HRH 

Hltep C Manb!M Bp8M8H8M ]KH3HR. 1 - MHmeab, 2 - ROHH38Jll!IOHHbl8 KSMepbt, 
3 - OKHO Hoaaaanaoaaott KaMepb1, 4 - KonneKTOp Hnep Tpaacypaaoab1X ane
MeHToB, 5 - KonneKTOp TOKa HOHOB. 
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Pac. 2. 3aBRCRMOCTb nepnona cnoaTaHHOro neneHRH gnep OT MSCCbl Hnep. 
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Pac. 6. 3aBHCHMOCTb Bepo.llTIIOCTeli H30M8p!Ioro OTBOill8llH.ll OT sgeprnil: J:1C!!liTpo1IOB. 
wm •- Wym -BepO.llTIIOCTb oopaaoBBIIH.ll H30M8p!Ioro COCTOSIS:D:SI nocne n · 0 0 

ncnycKalIHSI aeliTpo.aoa nnn y -~y'leli; W n , W y - BepoSITHocT'.b nepe-
xona B ocaoaaoe cocTonane nocne ucnycxau.11 .aeliTpoHoB nnn y -ny'leil:; 

.• ( - 3KCII8pHM81IT8nblibl8 peaynbT8Tbl/ l l/ . 0 - TeopeTH'l8CKHe naH-
1Ibi8 paOOTbl /31/ 0 
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