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Oco6eHHOCTH pacnai:i:a C0CT8BHblX SIAep AHCI!p03Hll C Bb!C0KHM 

yrn0BbIM M0MeHT0M. 

B pa6oTe IIpllB8A8Hhl H3MepeHHlI 9HepreTHqecKOH 38BHCHM0CTH ce­

qeHHH Anll cnei:i:y10W:HX SIAepHbIX peaKuHft: 

ca11 tAr 40 ,Sn) Dy'- 49, Cd11 1'Ar 40 , 4n )Dy 16°, Cd 1l'(Ag,40,i3'1) Dylll • 

nonyqeHHbxe cpyHKUlili Boa6y,KA8Hlill HM8IOT BHA, xapaK-x:epHbIH Anll peaK 

UllH HcnapeHHlI, . ' 

TipHBOAHTClI 8H8nH3 9KCIIepHM8HT8nbHbIX A8HHbIX Ha 0CH0Be 0606-

W:ElHHOH Moi:i:enH )l:lKeKcoHa /rro.cTOlIHHaSI SIAepHaSI TeMnepaTypa/ c yqe­

T0M Bpaw:eHHlI Ii orpaHl{q8HlilI B03M0:lKHblX 3HaqeHHH CIIHH8, 

Paccq!fT8HHbl8 cpyHKUllll B036Y:,KA8H!Ill y A0BneTB0pllTenbH0 corna-

cyIOTCSI C 9KCIIepHM8HTanbHb!Mli IIpli cne.!J,y10w:eM BbI6ope napaMeTp0B: 

a/T=3Maa; 6/ lkp =-75 h /npei:i:enhHhIH M0MeHT K0nHqecTBa ABH­

:lKeHHSI/; BIMOM8HT HHepuHH C0CT8BHoro lIApa - TBepAOTenbHblH, 

fipenpHHT O6-..eAHtleHHOf'O MHCTHTyTa JIA0PHblX MCCJleAOBaHMM. 
· ~y6na.1963 · 

Kumpf II., Karnaukhov V.A .• 
P-1385 

Some Features of Decay of Dy Compound Nuclei with High Angular 
Momentum. 

Measurements of the energy dependence of the cross sections are given for the fol­
lowing nuclear reactions 

ca11'( Ar"o, 5n) Dyto, caut Ar'o, 4n) Dy t~o, catt'( Ar ,o, 3n) Dytu. 

The excitation functions obtained have a shape characteristic of evaporation reactions.' 
• The analysis of th~ experimental data is based on a generalized model of Jackson 

'approximation of constant nuclear t.emperature) with account of rotation and cut-off in 
possible values of the spin. 

The calculated excitation functions are in fairly good agreement with the experimen-
tal ones for the following parameters: · 

a) T =:3 MeV; b) J =-75h ( the limiting angular momentum ) ; c) the c, 
moment of inertia of the compound nucleus is that of a solid sphere. 

· Preprint.Joint Institute for Nuclear Research. 
Dullla. 1963. · 
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_! •. B a e .CJ. e H II e 

Y)l{e .HeO.D,HOKpirrHo ,OTM.e'lanocb, 'ITO TH)Keflb!e. IIOHbl .D,alOT. 6onbw·11e npe11My1UeCTBa no 

• cpaBHE!HIIIO C ner!rnirn 6 0~6ap.D,11py10IUHMI{ q·~cT11uaMH. ~pl! HCC~e.D,OBaHIIH -~~ae.CJ.e~~H coc~a~:­

.·Horo !I.CJ.pa B' WllpOKO~· .CJ.HaUa30H0 llHeprillf a·oa6y~.CJ.eHHH H yrn'oabrX. M'o~eHTOB 0 .KO~El'llio::' 

ri;oue~c 
1

noiiHoro ~n~llHH~.-~ ~6paaoaaH;H cocTairnoro im,pa He eiieH~T~0HHb;lt U~H B3B~M·O~ ,• 
, ' ' ' ,, ' • • ' • > • ' .. 

. .D.8ltCTBHH CflO)KHbIX H.llep ._ HMelOT MeCTO II. HeKOTOpb1e npoueCCbl UpllMOrO B3~HMO.CJ.eltCTBH~~ 

','.,.,();~a;;,. KB~ npa~Hno; ~~~HO Bi,;.CJ,enl!Tb Te cny'{aH aaaHMO.CJ.~ltCTBIIH, KO.TOpb!e. CB~iaHbl: C 
\' ' '. • ' • • • 1 ' e ' ' 

, o6paaoaaHl!eM, COCTaBHoro ll.D,pa, .'e 11ccne.D.OB8Tb' oco6eHHOCTII ero pac~a.D,a. 

l 

· ': B cny.'la~ nonHoro cne~H~ll HOHa. H MeweH11 no~anHro,:~H cocTBBHb1e !I.CJ.pa ,c. ;~epr11e'a•.-

aoa6y)K.CJ.eH11H/KoTopall o'.1pe.D.enHeTcH · aHepr11ett· nyqKa ',i 
0

a11epru~lt .. 'p_acnaKOBKH~. _311aqe1111e 

.yrnoaoro··Mot.1:eHTB ape 3TOM MeHee 011pe.D.eneH110, IIOCKOllbKY peaKUIIH _npo11CX~.CJ.IIT 11p11 paa­

,: ! nll'lll.bIX napaMeTpax ·coy.CJ.ape1111H; 
.\- . ' 

B H,BCTOllIUee apeMH' UOKa HE!T 3KC1Iep11MeHTanb~~~X MeTO.CJ.OB, choco611bIX ·Bbl.CJ.enHTb !I.CJ.-· 

pa ~- onpe.CJ.ene11HbIM ~llll!IOM. 0.CJ.HBKO: B03M0)KHO UO~y.{HTb' 0.CJ,HO, II TO 
0
)Ke: COC,T~BHOe !I.CJ.po a•:. 

pa3flll'lllblX. K0~·6KHaUHslX napbl. MIIWe:~-qaCTl!Ua, MeHHH ·Te~· c.aMbIM pacnpe.D.eneH11e ll.D.ep ,iio ., . . ,, 

:cne11aM. faal!b!e'. CBOltCTBli• COCTaBHblX' H.nep C .O.D.HllaKOBbIMH · Z II , A 

HblMII nyTHMII, I_l03B0llllT cy .CJ.II Tb. 0, Bllll!IIIII!" yrnoaoro MO~eHTa. 

I 
•. HO nony'leHHblX 'paa­

,. ~ 

22~ ' ~ / 
C '! no Ne, noaaonHT nony'IBT.~ _cocTBBHbie 

. " sut'pa ~ yrnosbIMn··M6MeHTaMu, KOTOpb1e Mano 0TnFrt1a10TcS1 .z;tf}yr_ oT . .ZlPYra •. ijh1nH,•npellnPnast­

, )rbl .UOllbITKII ycKopl!Tb Ha U~Kll?TPOII~ M\H1. OVUB1 is_o~ee TH)K8flble ~~Hbl .,. aprc)lla: B ~~e.:·: . 

. . Ull~llbHO Bb16p~HH0~1 pe)KIIMe IICTO'IHHia H:0110B ~.!lB~OCb llOllY'IIITb TOK i,5 µ A° ll0110B Ar +
7 

' . +8 . - . . 
H TBK)Ke 1µ A· Ar • Bon~wm,iciao sKcnepH_MeHTOB 6~mo' npoae.oeH0

1 

c ce_M11aapH.CJ.HbIM11 11011a.:'., · 

.MIi. 

'116 114 B Ka'lecTae M11weilelt 6bmll Bb16pa11b1 11a0Tonb1 Cd II Cd no cne.D.yIOIUHM coo_?pa-
.. 'm 1~ I 

~8HllllM. Bo3HHK8I01Ulle c·oCT~Bllb!e ll.npa.' Dy •.H, ,Dy . pacnanaroTCll a 3118'1HTenbH0°lt !lO:-.·· 

· ne ~nyqaea _C HCnyCK8HlleM TOllbKOi H_eltTpOHOB, TBK_ KBK 3TH . H.Op8 !11~e10T, OTIIOCHTenbH?_ Bfl­

COKlllt KynoHOBCKHlt' 6apbep; C apyrolt. CTOpOHbl, -~ 3Tellt o6naCTII ll.!lep .D,ene
0

Hlle HBnsieTCll .;me' 
~· ' ·' /1/ I , • • • ' ..' • I , . 

aeCbMB MMO aepO!!TllbIM npoueCCOM Ho rnaa11oe npe11My1UeCTBO . MHWe11elt 113. TH)KeflbIX ; • 
' ' . . . , ·40 . .. 

·.Haoronoa 1 K8.!lMHll a· TOM, 'ITO HB,HHX B peaynbTBTe peaKuHlt ( Ar· ·, xn-,) -~ony'IBIOTCH
1 
. 

. :a ,,-aKT11a11i.,e' Hao-ronb;·pe!lKHX ~~Menb. Ba11.0:y · oqeHb ~rpa1111qe~Horo .. ~cna'· a -11anyqa~. 
I ' , - • • ! \ ' > -. • ' • 

· Tenelt a cepe.011He Ta6nHUbl · 11a0Tonoa HX. MO)KHO 11n~l!THq,11u11poaaTb no ·· nep110.CJ.aM, . He_. np11-:•-, · 

,-MeHHll l{~MH~~CK11x Me~noa pa~ne~eHH~-- , , 
... ,, -
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II, 3KcnepuMeHTB1tbHBll 'I BC Tb 

_a/Ycnoa11g 06nyqe1nrn 

, ,, B KS'lecTae , M11weHeA 11cnonb3oaan11cb o6orameHHbie H30TOnbl Cd 1111 cocTaa: Cd 114 

. , 144 , ,, · IU . 112 . Ill . . 110 . IOI 
72,4%, ca 11,8%, . ,Cd 3,2%, Cd 6,5% Cd , 1,3%, Cd - 2,6% - Cd . 0,2%, 

~.21_%1 H ca11 ' 1 ca~" 91,6%, ca 1
,"1.~%, Cd1"2,0%, ca112

1·,3%;- cci111 
{;4%, • 

> · · . 201 I 00 ,' · 
0,9%, Cd 0,6%, Cd· 0,7%/. , 

M11weH11 113 OKIICII KSnMHll 113rOTSB1tllB81tllCb MeTonolli aneKipooca>KneHHll Cd(N0
3

)~ 

H3 opraHH'leCKOA cpenbl. OpoKaJIIIBSHHeM HHTpaT 11peapamancg B OKIICb, nonno>KKoi M~we-' 
. , . 2 I - • 

iieA_ C1tY)KH1t8 amo,MHHHeBSll, ,qJ01tbl"S T01tlUIIHOlt 0,7 Mr/CM • KonH'leCTBO Be!UeCTBS 'onpeneng-
• ,·1 ' 2 . ' 1 / 

,nOCb ·B3BeWHBSHHeM H8, MHKpoaecax H COCT8B1tll110 1 MrlcM;. DyTeM cpaaHeHHll Be';'a ncxon-

Horo .,KaitMHll IC- BeCOM ocanKa II oc_TSIO!Uerocg B paCTBOpe aemecTBS 6blnO .nOK838HO, 'ITO, 

COCTSB MHWeHeA neAcTBHTe1tbHO COOTBeTCTByeT q:,opMyne Cd). , .• 

06ny'leHHll ripoaonnn11cb Ha cneu11a1tbHOM npo6HHKe HS BHyTpeHHeM ny'!Ke UIIK1t0Tp0Ha. 

· Oy'IOK nana~ Ha cnoA. Cd0 • 06pa3yI01UHecg ·gnpa oTnaqn nponeTann qepe3 nonilo>KKY Mn-. 

weHH, H TOpM03H1111Cb B' Haxbnll!UeAc:a 38 ii.mweHblO CTOIIKe TOHKHX 81tlOMIIHHeBblX c6opHHKOB 

( 0,6-0,7· Mr'lcM
2 

). MnweHb H· c6opHHKH pa3MelU81tHCb B oxna>KnaeMoA KSCCeTe •. 
r , / . -

B npeilaapH'renhHhIX onb!Tax • H3Meplln nch npo6er~ llnep 
' ' - ·. ·2 ., 

TOHKOil MHWeHH ('80 µ , ·' /cM ) H TOHKHX c6opHHKOB (300 IL 

OTnaqn .IJHC11p03Hll C IIOMOIUblO 
2 ' 

/cM h 6hlno HaAneHo, 'ITO 

.. ,llnpa .pacnpeneneHbl no rny6nHe a anIOMHHHH CTporo. no rayccoacKoMy 3SKOHy. Dp11 aHeprnn 

.oTnaqn ER =64 .Maa /a11eprnll nanaIOIUHX HOHOB·. 258/ Maa/ cpenHJiA npo6er" llnep Dy a Al 

R
- . , 2 . . bR . 2 . 

-cocTaBnlleT = .2,40 MrlcM· · H ;cpenHnA pa36poc = 0.._34 MrlcM • 

Ha pnc. 1 npencTaaneHa Kp11aag npo6er-aHeprnll nnll llnep · Dy · ii Tb • B nnana-
. . 121' · -

30He aHeprnA no 30 Maa OHS nony'leHa a pa6oTax. , npo6ere nnll 6onhwnx ~HeprnA nony-

qeHbl HS~H. 3HepI'Hll paCC'IIITblB8118Cb 113. ycnOBHll 1101tHOil nepena'IH HMIIY1tbC80 -

!10}!bl aproaa 11pOXOnH1tll qepe3 MHWeHb H ·CTOIIKY cponbr H IIOITanan11 HS KOnneKTOp. 

'-lncno nanaIOIUHX HOHOB Oll
0

penenl11tOCb ~O TOKY HS KOll1teKTOpe ·c yqeTOM. pSBHOBeCHOrO 3a-
\ . , . ,· . . . . /3/, /, . 

. pllna STOMOB aproHa, ~bl'IHCneHHOro 110 naHHblM pa60Tbl • TaK KSK paBHOBeCHblA 3apgn·1n3-

13ecTeH. C H8~0CT~~o .. rnoA TO'IHOCTb!O, TOnlUHHS ~TOII-KH qJ01tbl"; 'pacnonO>K'eHHOA ·3a: :MHWE!H~IO/ 

~bl6Hp~ac_b TSKHM ~6pa30M, 'ITO BO acex 0°llb!TSX 'i.oHbl aproirn nocTHr~H 'KonneKTopa 'C np11-

6n11~HTe1tbHO onnH~KoaoA' ~aeprneA. Paa'iio~eCHbiA 3aplln npn a-roM cocTaanllri 0,6-0,7 OT 

_3apgna llnp~ aprmi'a. TaKHM' o6paaoM,' 6bma noCTH~HyTa· xo~oiuag riTHOC11Te1tbHSll TO'IHOCTb 

H3MepeHHA 'IHcna HOHOB a 011b1Tax c pa3HblMH _aHeprHllMH: B npnHunne MO>K_Ho 6bmo ·6M H3-
/. 

6e>KaTb HeTO'IHOCTeA a onpeneneHHH paaHoaecHoro 3apllna, ecnn 6b1 ynanoch 
• • C - +7 

, weHb HS KonneKTOpe. B STOM cnyqae H3M~pll11Cll 6hl HCTIIHHblil TOK Ar 

KpeIIHTb MH-
+8 , 

nnn Ar • OnHaKo 

· OK838110Cb, 'ITO B HaweM cnyqae _TBKHe H3MepeHHll HCKS>K81tHCb 38 C'leT HOHOB ,c 38pllnOM 

. <_, ._7,-~CKOpllBWHXCll HS KpaTHblX rapMOHHKBX BblC,:OKOA 'IBCTOTbl, 

4 

, . .,, 
,,.·-

. 3Hepl"Hll HOHOB aproHa 113Mepll1t8Cb C IIOMOIUblO nonynpOBO.UHIIKOBOrO neTeKTOpa •. 'iaCTb 

ny'IKB npoxon11na qepe3 He6onbwoe 0TaepcT11e a KonneKTOpe II pacceuaanacb Ha. 301t?TOil 
' 0 . . , 
q:,olihr" T0111UHHOA 0,1 µ • PaccellHHbie non yrnoM 13 HOHbl rronanann Ha neTeKTOp. _11M-_ 

nynhCbI oT JleT&KTOpa nonaaan11ch qepe3 _ rrpenycun~Tenb II yc11n11Ten~ Ha 100-'KaHanhHblil aHa· 

n113aTop. 3Heprnll HaMepgnacb'·nyTeM cpaaHeHHll aMunuTyn 0T ,110HOB Ar
40 

11. oT a -qac­

THU HCTO'IHHKB '"Th(C+C'). nonyw11pHH8 nHHHII HOHOB o6bl'IHO COCT8B1tll1t8 t)%', HO MO>KHO. CKS-

38Tb, 'ITO MOHOXpOMSTH'IHOCTb CBMOI'O ny'IKB 3H8'1HTenbHO ny<twe. B onblTBX aHeprHII aapbn­

poaanacb nyTeM naMeHeHHll pannyca. 

6/ MeTon perHCTOB.UHII 

Oqcne Ka>Knoro o6ny'leHHll CTOilKB c6opHHKOB'. pa36Hpanacb, H c nOMOIUblO a -cqeT­

, 'IHKOB C,,KpHCTannaMH ZnS ·cHHM81111Cb 'KpHBbie pacna;1:ta. nocne Toro, KaK KOpOTKO>KHBylUne 

BKTllBHOCTH 'pacnananHCh, Ka>Knbll! 06pa3eu noMemancll- B a -KaMepy C ceTKOil nnll a6co­

n~~HOA Kann6poBKH t:,'l"T'IHKOB, Baonnn11cb uonpaairn Ha TonmnHy 06pa3uoa,i To'IHOCTh a6co". 

1tlOTHOro a -c,:qeTa nyqwe 5%. Kp11ab1e pacnana pa3naranHCh Ha aneKTpOHHo-ab1'IHC1t11Tenh-

TeilbHOl! MSWHHe. no MeTon,r HaHMeHbW!fX KBanpaTOB Ha KOMilOHeHTbl C nepnonaMH 17,9 MHH 

. II / 110 /T "1/ / Dy 3/, 7,4 MHH Dy 1 11 4, I q · b • CTaT11CTH'leCKHe own6KH Koacpq:,nun-

eHTOB -pa31tO>KeHHll 6bmH o6bl'IHO MeHbwe 5%. Dp11cy·TCTBHe aKTIIBHOCTel! C npyrHMII nepHO".'. 

naMn He 6hlno o6Hapy>KeHo. Dpn pac'leTe ce'leH11il Y'IHTbIBanoch, 'ITO Dy
111 

, Dy'
10 

n 
'" , ' . /4/ Tb pacnanaIOTCll a 6,2%, 17,13% 11 10% acex cnyqaea nyTeM a -pacnana 

B pa6oTe141 6hlnO 3SMe'leHO, 'ITO ceqe_Hllll peaKuHl!, B KOTOpblX 06pa3yeTCll Tb149 H3 

COCTSBHbIX llnep Tb npeHe6pe>KHMO M81tbl no cpaaHeHHIO c aHanorH'IHbIMH peaKUHllMll Ha 
. . "' . /5/ 

npyr11x llnpax. DpH'IHHa B TOM, 'ITO y Tb eCTb H30MepHoe COCTOllHHe , K~Topoe C 

nep11onoM 4 MHH, pacnanaeTCll, ncnycKall 
:\. "- . 

Hoe COCTOllHHe B. peaKUllllX, Mo>KHO noaTOMY C'll!TaTb, 'ITO B0Cb Ha6nIOnaeMbll! HBMII 

K + "' noganlle,Tcll a pe3ynhTaTe -3axaaTa 111111 {3 pacnana Dy • 0 caol!cTaax pacnana 

a -~aCTIIUY, 3TOT 1130Mep 'aKpaH11pyeT' OCHoa-
- Tb141 

Dy 141 113BeCTHO T01tbKO, 'ITO y Hero KOpOTKOe ape Ml! >KH3Hll, K CO>KaneHHIO, HeT npg-
. 14> 

MblX H3MepeHHl! OTHOCHTe1thHOil aepOllTHOCTII pacnana Dy: B ll30MepHoe II OCHOBHOe coc-
z,f.J -. . 

TOllHllll Tb • OnHBKO no BblXO.UBM COOTBeTCTBYIOIUIIX peaKUHl! MO>KHO oueHHTb STY aenu-
116 40 151 c .11,4 40 D 149 

q11Hy. HaMn 6hmH H3MepeHbl ceqeHHll peaKlllll! Cd ( Ar , Sn J Dy a a ( Ar , Sn J Y 
151 

... Tbl4!} • Bb!xon Tep611ll a nocnenH!)l! peaKu1111 a = 2.5 pa3a MeHbwe, 'leM ah1xon Dy a 

nepaol!, 8 xon cpyHKUHl! B036y>KneHHll O.UIIH II TOT >Ke, ·AH81101"11'1Hbl0 Ha61tIO,UeHHll
0 

conep>KaT~ 
~I W 

Cl! a pa6oTe • Mo,1rno, TSKHM 06pa30M, yTaep>KLlBTh, '!TO TOnhKO oKono· 40% Dy ne.:.. 
14) . . ' 

Tb 3To Y'IHTbIBBnoch npH pac'!eTe Bhrxoha. A6conIOT-
c 1,4} 

Hbl0 3 HB'leHHll IlOiJlepe'IHblX ce'leHHll peaKUllil, B °KOTOpblX 06pa3yeTCH Dy '. 'ecTeCTBeHHO, 

pexon11T ~ OCHOBHOe COC'.OllHHe 

Mettee TOqHhI, tteM OCT8JlbHbie. 

5 

j /,, 
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a/ Peax_n_h_TaTl>t OTiblTOI!_ 

Ha· pac. -2 TipeJlcTaaneHbl peaynhT~Tbl B3Mepeam1 ceqeaaA paana'IHbIX peaKuiill a aa';'aca­

MOCTB OT aaepra~ BOHOB aproaa. Ha pac. 3 TIPBBeJleHbl tj:lyHKUBB aoa6y)KJleHH!I, .TIOCTpOeHH~le 

TIO Jl8HHblM pac. 2. no ~CB OpJlBH8T OTno)KeHbl 3H8'1eHBSI BepOSIT~OCTB BCTIYCK8HBSI )( -aeAT-

pOHOB F. = .£_,.,,_ 
'· u 

U •n -ceqeaae peaKuaa c acnycKaaaeM X -Jiel!TpO!IOB, uo-nonaoe· 
• - /6/ 

ceqea11e peaKua'ii X • 3 - 7. 3Ha'leHBSI TIOnHb!X ceqea11ll 6 pan11Cb B3 pac'leTOB 1 HCilOllb-

ay10max MoJlenb qepaoro stJlpa c peaKBM KpaeM. napaMeTp paJlayca - ro 
' --13 

1,45 l O CM. 

3TB ce~eHBSI. He3H8'1BTenbHO OTnB'l8IOTCSI OT Kll8CCB'leCKBX, Bbl'IBGneHHblX TIO cpopMyne 
· z V 

_ u;,- trJ R1 +, Rz} ( 1 - -r), 
rJle R1 , · R z -paJlaycbl cTanKaaa10ma11tcsi stJlep, V -ablc.oTa KynoaoacKoro 6apbepa, ·E -

aaeprasi 'IBCTBU. no oca _a6cuacc H~ ·· pac. 3 OTKnaJlbIBanacb aaeprilsi aoa6y)KJleami cocTaa- . - . . 
aoro:sii:tpa. 3Ha'leaae JlecpeKT8 MB.CC B peaKUBB /52 °Maa/ 6blnO J)8CC'IBT8HO C 'TIOMOll.lblO ·Ta6-

/7/ 
nau Mace 

Cne_JlyeT· oTMeTaTh; 'ITO npa yMeabweaaa aaepraa HH)Ke aaeprau MBKCHMyMa KaKol!­

na6o pea~UHH IlOCTeTieHHO IlOSIBnsteTCSI acj:,¢eKT OT IIpBM0Cel! nerKBX H30TOIIOB K8JlMHSl0 nos-
, . , . ., 

TOMY cpyHKUHH BOa6y)KJleH11S1·· aa puc. 3--·Jl8Hbl _xonbKO B T8KOM BHTepaane aaeprall, rJle MO)K-. 

110 6bmo HaJle)KHO Bbl.!lenHTb acpcpeKT Ha OCHOBHOM H30Tone. 

ffi. AaanH3 8KCnepHMe!IT8nbHblX Jl8HHb_l]I 

npe}K_ae 'leM IIE~_peJITH K 8HBnH3y nony'leHHblX peaynbT8TOB, CJlenaeM HeCKOnbKO 38Me­

'18H_Hit0 0Tib1Tbl He COJlep)K8T ,TipSIMOro .!lOK838TenbCTB8 Toro; 'ITO ace ael!TpOHbl BblneT8IOT B 

Tipouecce !fCTI8p0HHSI B3 p8BHOMepaoro paaorpeTOrO COCT8BHOro S1Jlp80 ,UaHHbl0 IIO Tipo6ery 

si.aep-OT.!l8'1H' COOTBeTCTBYIOT _TOMY, 'ITO cneJlOBano 0)KBJl8Tb .an_si nonaoA Tiepe.aa'IH HMnynh­

c~ .si.apa· aproaa. COCT8BHOA CHCTeMe. 0Jlll8KO TO'IHOCTb B3MepeHIISI He H8CTOnbKO BblCOKa, 

'IT06bl MO)KHO 6bmo aaMeTHTb HeKoTopoe yMeHbWeHHe npo6era 38 C'leT BblneTa '18CTB ,HeATpo-' . 

HOB B npouecce TIPSIMOrO B38HMOJlellCTBBSI. 3Kcnep11MeH1'bl 'aa Jlpyrux '18CTHuax./ cu .;.·NeZO I. 
., . . . · ... • /8/ . 
TIO 11ay'leHHIO cpyHKUHll aoa6y)KJleHBSI JlnSI peaKuHll C BblneTOM Hel!TpOHOB • accn;e.aoaaHBSI 

. . ' . ' /9/ ' 
cneKTpOB B yrnOBblX pacnpeJleneaull aellTpOHOB Il03BOnSIIOT npeJlnonaraTb, 'ITO JlnSI peaK:-

1 
UHA,c HCIIyCK8HHeM TOnbKO aellTpOHOB JlOMHHHpyromaA MexaHBaM-pacTiaJl COCT8BHoro SIJlpa. 

06masi K8pTHHa p8CTI8Jl8 Bpama10merocS1 COCTSBHOro SIJlpa y)Ke H00JlHOKp8THO o6cy)K-. 
. lfO/· . . . 

Jlanacb /cM., aaTipHMep, I. 3nepra10 aoa6y)KJleHast apa11.ta10merocsi stJlpa MO)KHO npeJlc-

TBBBTh cocTOBll.leA B3 "TeTinoaoa• H KonneKTHBHoll:. 
. I • 

OTipeJlemteTCSI aaepr11eA BpameHBSI a' JlecpopM8UBB: 

·E _=ET +:E c • KonneKTBBHaB aaeprnsi 

_E c=·ER +:i\ ( Eq + E.J • _npa BCTiape-

HRH aeATpOHOB yMeHbwaeTCSI B OCHOBHOM '-reTinoaag• '18CTb aaeprHH aoa6y)KJl0HHSI, IlOCKOnb­

KY K8)KJlblit _·aeJITpOH yHOCHT He3H8'1HTenbHYIO JlOnlO TIOnaoro yrnoaoro MOMeHT8 S1Jlp8, no 
/8/ 

oueaKaM , · cpeJlHHll yrnoao! MoMeHT aeATpoaa ae 6onee 31i _. OcTaawullcsi yrnoaoll 

6 

✓ ' 

Y • ..:KB8HTOB, H8IlB'IBe KOTOp.oro JlOK838HO • B 
MOMeHT yHOCHTCSI nyTeM nanyq0HBSI.K8CK8Jl8 

·- psi~e 3_KCIIep~MeHTBnbHblX pa6oT: 
10 

TTpa pac'leTe cpyHKUBll aoa6y)KJleaasi nnsi peaKnHJI / Ar 

',( 

•. Xff / Mbl BCXOJlBnB B3 

TipaBBnbHOCTB 3TOJI K8pTBHbl H 

peJlem1eTCSI ae?H'IBHOll E 2' 

npeJlnon1;1-rana, 'ITO acnapeaue -JlBHHoro 'IHcna nel!Tponoa oTI-

B o6mux ·'!epTaX SICH~, K8K JlOn)KHBI B3MeHSITbCSI cpyHKUB Boa-

Han;aqae ~onneKTBBHOll aaepraa, casiaaa-
6y)KJleHBB. npB yiienB'l0HHH yrnoa_oro MOMeHT8 SIJlpa. -. cMemeau10. MBKCHMyi.toa cpyaKuall aoa6y)KJl8HBSI a 
uoll t apall.l8HB8M, JlOn)KBO npHBOJlBTb K 

cTopouy 6onhWBX aueprall a yaena'leHBIO ax nonywapaubl. 3To B_b13B8HO 1:eM, 'ITO JlBHnoe 

_aaaqe11
11

e Er MO)KeT _ pean~a:<!lBSTbCSI B 6onee wapoKOM ~aanaaoue a~eprall aoa6y)KJl8HHSI 

~a C'l8T BKll8Jl8 EC Ha pac. 3 IIOK838Bbl cpyHKUBH aoa6y)KJleHHB JlnSI acnapeHHB 6-Ta . 

'18CTHU8MH, 0HH, Jl8lt-
HE!JITpOBOB; __ TIOnyqeHHbl8 B peaKUBSIX. C 6onee nerKHMH, ,'18M Ar 

CTBHTenbHO, y)Ke a. pacTiono)Ke~bl TIPH M0HblllBX :orneprasix a,oa6y)KJl8HHSI, 

· - /11/ . · 
B OCHOBY pac'l8T8 TIOnO)K8H8 MOJlenb .n)KeKCOH8 • TipeJlnO)K8ff_H8SI JlnSI o6bSICH8HHSI 

J ' , • 

'C8'18HHll p88KUHll 
( p , m J ,. • CxeMa pac'leTa pacnpocTpatteHa aa cny'lall cocTaaaoro SIJlpa c 

BblCOKHM\yrnoBblM MOMeHTOM. OcHOBHb1e npe.an~no)KeHHSI a acXOJlHb1e cpopMynbl pac'leTa 

_cneJly10mHe. 

a/ npeJlIIOnaraeTCSI, 'ITO COCT8BHble SIJlP8 pacnpeJleneHbl TIO CllBH8M 

CH'leCKOll cpopMyne: 

J TIO Knac-

21 d] w(]} d] •;a 
mar 

w(]} • 0 

/l -TipHBel]:eHH8SI · Macca. 

Jlns 

JlnSI 

J < lmar =(R1+-R:).P,ll(E -VJ, 

· J> 1max. ,, 
Ill 

KaK IlOK83b1B8eT Cp8BHeHHe /1/ C pacnpeaeneHBSIMH,' TIOny'leHHblMH no ,KB8HT0B0'."'MeXa-, 
IW ~ · · 

HB'leCKBM pac'leTaM , a cnyqae ·TaKHX Tst)KenbIX qacTau, KBK Ar , Ill siansieTCB xo-

.• pOWHM TipH6nH)K.eHH8M, 

6/ RpeaTionaraeTCSI, '!TO apameaue cymecTaeutto He aecpopMHpyeT siapo a He aaMettsi· 
' . ' ' JZ 

eT CYMMY KynoHOBCKOll H TioaepXHOCTHOlt 3H"'prHH, T,e. EC =-ER m-___ • 21 ' 
1 - ·TaepJlOTenb- , 

Hblll MOMeHT HHepuHH ccpep11'1eCKOro ,'iiJlpa. PacTipeaeneHHe TIO J npa ll8HHOlt aHeprHH Boa-
. - E 

6y)KJleHHSI HeTJlYJlHO nepeC'IHTBTb a p __ acnpeaenettae no , R: 

"'t(Ez,} dER 
dER 

·-e' 
,Rm•• 

w( ER) dER'=o, 

z 
lma'JI. 

ecna ER< E Rm•';-~ 

ecna ER> E Rm•• 
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. . /11/ · · . 
_al TaK. )Ke, KBK y .U)KeKCOHa · , TipHHH¥'aeTCSI, 'ITO _TeMTiepaTypa BJlpa ,T nocToBa-

Ha acex CTyneusix_HeltTpoHHoro KacKaaa. TorJla aepostTHOCTb Toro, 'ITO BHyTpeAHBSI aa 

aaeprasi E T= E - ER • CHBM80TCSI ael!TpOH8MH, 38TIHCb!B8eTCSI npa6nH)KeHHO: 

'' 
1 



3.oech: 

poHa, 

P( ET,")= I (1'1~, 2,.-.3) -1(!'1 •+i 2" -1) .onst 

. z+z· 

P(ET, J:)=0 .onst ET<:S B1 

z+, 

:S B1 < ET , 
l=z 

• ~- Pl E -:SB - B. 
t,. = T 1=, I /1, =-Fit - I - ,r.oe B,- 3Hepr11H 

z: r • , - CBH311 

/3/ 

i -Toro nel!T-

[ ( z,n ) = -1-r (. J: n f°' d x' - HenollH8H r-q,yHKUHH. via / 3/ 
n. o 

11 /2/ MO»(HO" nonyquTb 

sepoHTHOCTh Toro, qTO np11 3HeprHH B030Y*.OeHHH E · 11cnycKa lOTCH X Hel!TpOHOB: 

ERmaz B 

F= ( w(E )P(E-ER,"JdER=-·-1 -
• . R E 

0 Rmaz 

( P (ET, ") dE T 

B•BRma.z 

/4/ 

r.oe· P ( ET' "' onpe.oensteTcst ypasHeHHeM /3/: 

Bo3HIIK8lOIUHe IIHTerpanbl 'no nepacil! nepeMeHHOl! HenonHhlX · r-q,yHKUHl! Oblllll onpe.oeite-
. . /12/ · 

Hhl q11cneHHO .c: noMOIUhlO Ta6n11u • 0Kaaanocb, qTO paccq11TaHHble T8KHM nyTeM aepOHTIIOC-

TII F. oqeHb Me.oneHHO y6hiB8lOT np11 OOllblUHX 3HeprHHX /cM. p11c. 4, KpHBaH 2/. 

8To csstaaHo c TeM, qTo cpe.oHee· aHaqeH11e BHyTpeHHel! a11epr1m ET cna6o pacTeT c 

pOCTOM ~HeprHH B030Y*.OeHHH aa cqeT BKll a.a.a 3Hepr1111 spameHHH • 

r/ B CBH311 C 9THM BBO.OIITCH orpaH11qe_H11e Ha B03MO)i(Hble 3HaqeHHH cn11HOB COCT8BHblX 

staep; I npe.ononaraeTCH, qTo H'e npo11CXOL:IHT o6paaosaHHH COCT8BHblX H.oep C y,noBblM MO<Men-

TOM 6onblll8 HeKOToporo KpHTHqecKoro J l<p • 8To MO)i(eT npOHCXO.OIITh no H8CKOllhKIIM 

np11q11HaM. vlas.eCTHO, qTo C OOllhWOl! B8pOHTHOCThlO np11 Kpaesb!X coy.oapeHHHX st.oep npoTe­

K8lOT peaKUHII nepe.oaqH HYKllOHOB II qacT11qnoro cn11HHHH. B peaynhT8Te 9TOro 113 npouecca 

o6pa30B8HHH COCT8BHOro· stapa Bblna.oalOT COCTOlIHIIH. C yrnOBhlMII MOMeHT8MH, 6i:maKHMII K 
/13/ J maz. KpoMe Toro, 11a pacqeTos no KanenhHOl! Mo.oen11 cne.oyeT, qTo cocTaBHble stapa 

c MoMeHTOM, 6onhWHM HeKoToporo KPHTH«eckoro, He Mory.T soaHHKaTh, TaK KaK .onst HHX He 

cymecTayeT paBHOBeCHOl! q,opMbl •. B pacqeTax 06peaa11He cnHHOB yqHTb!BaeTCH npoCTO TeM, 

qTo B HH»(Hel! rpanuue BTOporo HHTerpana B /4/ ER., .. He MO»(eT npHHHM8Th OOllbWHe 3Ha-

J 2 u 
qeHHH, qeM ·Ekp Cl· _:!..9-- . BeposiTHOCTII ~s-= ~ 

2J ' . Uo 
TeMnepaTyphl T , 3q>q>e~TIIBHOrO MOMeHT8/HH8pUHH 

38BHCHT no3TOMY OT Tpex napaMeTpos: 

. I H KPHTuqecKoro MOMeHT8 J,,p 
Puc. 4 noKa3bIBaeT sepoHTHOCTb F 1 anst ucnapeHHH ceMu Hel!TpoHos a aasHCHMOCT~ OT 

3Hepr1rn aoa6y*ae_HHlI .onll HexoTOphlX Ha6opos napaMeTpoa. Kpusast 1 paccquTaHa no q,op­

Myne Jl)i(eKCOHa 6ea yqeTa xonneKTHBHa.f! 3Hepruu. C yqeTOM spameHHH KpHBbl8 n0Me1U810T­

CH Hanpaso, CT8HOBHTCH 6onee nnocKHMH H pacurnpll!OTCH. _Eea sae.oeHHH o6pe38HHH cnHHOB 

/xpusast 2/ q,yHKUHH B030Y*.OeHHH npOCTHpaeTCH .00 OOllhWHX 3~·epr11l! C He3HaquTellbHhlM 

cnaaoM. Koraa_ BKlllOqaeTCH o6pe38HHe,. nOHBnHeTCH 6onee peaKHl! cnaa co CTOpOHbl oonhWHX 

aHeprnl!, npuqeM J kp onpeaensteT nono)i(eHHe ~a.a.Hero q,pOHTa /xpHBble 3 II 4/. OT TeM-

nepaTyphl, ecTeCTBeHHO, 38BHCHT nono»(eHHe nepe.oHero q>pOHTa KpHBOl!. ·npu H3MeHeHHII MO­

MeHT8 HHepu11H MeHsteTCH B OCHOBHOM sepTHK8llbHOe nOllO»(eHHe KpHBblX. Haunyqwee corna­

cue BhlqHcneHHhlX .OllH scex peaxuui! aepOHTHOCTeil C H3MepeHHblMII nonyqaeTCH nplf cneaylO-

8 

mux .aHaqeHHHX ·napaMeTpo_s: · T" = 3 M3s·, I =+·R.2M '- MOMeHT _11Hepuim _·:Tsep.goi! cq,epbl_ 

I R . -pa.ciuyc· coc"TaBHOrO stapa/. .lkp""' 75 -1; . • PacqHT8HHhl8° c' 9THMH napaMeTpai..tH Kp11:..· 

"Bble npuseaeHbl Ha pHCYHKe 5; 
\· 

CpasHeHH8 p~cqeTHbiX q>YHKUHil B030)':>i(L:leHHH C 3KCnepHMeHT8MH nOK83b!B8eT y.oosneT-. . . 
BC?PHTellbHOe cornacue B :, q,opMe KPHBhlX II B a6conlOTHblX 3HaqeHHHX aepoHTHOCTel! peaKuHll. 

QqesH.OHO, ;nperiiio)i(eHH8H :npocTaH MOL:lellh L:lllH pacq~Ta sepOHTHOCTel! ucnapeHHH Hel!TpOHOB 
> I. , • 

113 apamalOIUHXCH C£CT8BHblX staep B OOIUHX qepTax sepHa. Ka)i(eTCH cosepweHHO 06staa-

_1 TellbHblM' ase.oeHHe B TaKOro copTa pa,cqeThl' o6peaaHHH no MOMeHTY. KoHeqHo, H
0

ellb3H npe-

' TeHL:10B8Th Ha OOllhWY~ 'Toqiio'cTh .B onpe.oen~HHH j kp • CpasHeHHe KP~~blX 3 H 4 /~11c.4/ 
. . 
noKa3bIBaeT qysCTBHTellbHOCTh q,opMhl KpHBOl! K J,,p • Henb3H H3 cpasHeHHH pacqeTOB C 

axcnepHMe
0

HT8MH oueHHThJ kP C 6onblllel! ioqHOCThlO, q~M 20%. KpoMe Toro, paCCMOTpeHHag MO­

ae~b H~ -~quT~IB~T· .o~q,opMaUHlO apama10merocst st.a.pa, KOTopast np11aeaeT. K OTKllOHeHHlO. oT 
,\,> ' - . < •• 

xsaapaT~qHOl! aaaHCHMOCTH OT MOM0HT8 anH KOllllE!KTHBHOl!, 9Hepr;nn. Y:~eT .aeq,opMB.UHH. g.o-: 

pa; oq~BHL:IHO, _HeCKOllbKO yaen11q11T Jkp 

ABTOpbl cquTalOT CBOHM npHHTHbIM L:IOllrOM noonaroaapHTh r.H. <t>nepqaa 3a OOOL:l!JHIO_-. 

romyro noaaep*KY 'np11 npose.aeHHH 3Kcnep11Me~TOB. 

• TTpoq,eC?OPY. vi •. illHHTm,1el!cTepy H K. Kayq,M8HHY H3 UeHTpanbHoro HHCTHTyTa. staep­

HblX uccne.oosan11l! a PocceH.oopq,e Mbl 6naroaapHbl. aa n106eaHoe- npe.oocTaaneH11e· xpeMHHe'."' • 

BblX .o.eTeKTOpos. 

AaTop&1 np~aHaTenhHbl. xonneKTHBY sKcnnyaTaun11, A.C.TTaclOKY H vl.A.Wenae~y aa 

· o6ecneqe~ue 6ecnepe6ol!Hol! pa60T&1 u11xn0Tp0Ha •. 

M&1 6naroaapn&1 T8K*e E.A.nor11Hosol! aa ·npoae.oeHHe pacqeToa Ha 3neKTpOHHo-cqer-

HOl! Maw11He. 

/ 
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. HOMy CS'leHHIO/. no OCH SOC UH CC OTIIO:lKel{a 
0
aHeprHSI B03_0y:lK.O:eHH!i COCTSBll0-

ro 11.[lpa 0003Ha'leHH!I Te :lKe • 'ITO t41 HS pHC. 2. _!JY.HKTHpHaSI KpHBS!I qiyllKUH!I 

B030)":lKJl8HH!I JIil!! p8/l.KUHH Nd (Cl:l, 6n) Dyl 78/.. . . ~'. 
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Pac'leTHb!e' B8flO!ITHOCTf! HCnyCKSHH!I ceMH 'iiel!TpOHOB 

· t) oea yqeT,a apameHH11; 

2) .•c ·y'l8TOM Bp81.Q8HH!i, oea Oope38HH!i. CilHHOBi 

3) c yqeTOM apameHH!I H oopeaaaHeM i;mmos npH lkp•lOOfi; 
4) ·oopeaa~He cnHHOB npH Jkp • 755 ,aaaqeHHe TeMnepaTypbl T •3Maa, 

MOMeHT HH_e~UHH 11p pa - TaepnoT,ellbHbll!. 
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