
OE'bED.HHEHHbl tf 
HHCTHTYT 
.RD.EPHbJX 

HCCnED.OBAH H H 
D.y6Ha 

I . 
I 
A 

I 
~ 

P7 · 4024 

C .A.KapaM~H , IO.U.OraHec~H, 10 .3.0eHHOH)I(KeBHq, 

B .M .OyCTbiJibHHK 

3APH~OBhlE H M30TOOHhlE PACOPE~EREHMH 
OCKORKOB ~EREHMH B03BYI~EHHMX H~EP 

B PEAKUMHX C THIERNMM MOHAMM 

1968 



P7 · 4024 

C.A.KapaMHH, IO .LJ, .O'raHecHH1 I0 .3.neHHOHlKKeBK4, 

B.H.nycTbiJibHKK 

3APH~OB~E H H30TOnH~E PACnPE~EREHHH 

OCKORKOB ~EREHHH 803BY*AEHH~X H~EP 
8 PEAKLI,HHX C TH~ERMMH HOHAMH 



l1ay'l:eHHe MeX8HH3M8 lleneHHSI SUI. ep SIBnSieTCSI OllHHM H3 B8)1<Hb!X Ha-

npaaneaHii cjJH3HKH aTOMHoro Slllpa. HecMoTpSI aa 6o1Ihmoe KOnH'IeCTBo aK-

CnepHMeHTSnbHhlX H TeopeTH'l:eCKHX HCCnellOB8HHii, IIOCBSIIIIeHHhiX paanH'l:HbiM 

acneKTaM rrpo6neMhi lleneHHSI, llO aacToSIIIIero apeMeHH ReT ellHHoro Teope

TH'l:ecKoro OIIHC8HHSI 3TOrO CnO)KHOrO. KonneKTHBHOrO npouecca. nnSI HHTep-

npeTaUHH paanH'l:HhiX 3KCnepHMeHT81lbHhiX ll8HHbiX BBOilSITCSI HeKOTOpble Mo

llenbHhie npellCTaaneHHSI o CTPYKType Slllpa H xapaKTepe nponecca (Kane lib-

H8SI MOilellb, y'leT OllH0'18CTH'l:HhlX H KOnneKTHBHbiX aqufleKTOB, CT8THCTH'l:eC

K8SI TeOpHSI H T.ll.) • 

01lH8KO o6naCTH IlpHMeHeHHSI TOH HnH HHOH MOilenH OrpaHH'l:eHbi, H 3TO 

SIBnSieTCSI npH'IHHOH Toro, 'ITO, HanpHMep, XOpOIIIO H3BeCTH8SI KpHBBSI 8CHM-

MeTpH'l:Horo Maccoaoro pacnpe~enHHSI OCKonxoa lleneHHSI 
23 ~U 

HeHTpOH8MH llO CHX nop He HMeeT OllH03H8'1HOro 06~SICHeHHSI. 

TennOBhlMH 

Ba)I<HhiMH xapaKTepHCTHKaMH nponecca lleneHHSI SIBnSIIOTCSI MaccoBbie H 

38pSIIl0Bhie pacnpelleneHHSI OCKOnKOB. 01lH8KO HMeiOTCSI cepbe3Hhle TpyllHOC-

TH B OIIHCBHHH 3THX pacnpelleneHHH B6nH3H nopora, rile HB o6mHe 38KOHQ

MepHOCTH xonneKTHBHoro HaMeaeHHSI cpopMhi Slllpa HaKnallhiBaiOTCSI CTPYKTYJ>

Hhie cjlaKTOpbi, CBSI38HHhie C HeOilHOpOilHOCTbiO B pacnpelleneHHH ayKnOHOB 

( o6ono'l:e'IHhie acpcjleKThi). BMeCTe c TeM aKcnepHMeHTallbHO ycTaHoaneao, 

'ITO C yaenH'l:eHHeM 3HeprHH B036y)I<JleHHSI SUJ.pa o6ono'l:e'l:HbJe acpcjleKThl 6b!CT

po HC'l:e38IOT, H npH 3HeprHH 6onee 50 ~3B HX BKnBil CTBHOBHTCSI npeae6-

pelKHMO ManhiM. ~O)KHO npellnonaraTb ll03'i'OMY, 'ITO H3y'l:eHHe MBCCOBbiX H 
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38pRaOBbiX pacnpeaeneHHit npH aeneHHH Raep H3 B036y*aeHHhlX COCTORHHH 

aacT, no-suaHMOMy, 6onee 'leTKHe npeacTanneHHR o xapaKTepe KonneKTHBHo-

I'O aBH*eHHR Rapa OT ceanOBOH TO'IKH ao TO'IKH pa3pbiB8o 

0TMeTHM TBK*e, 'ITO npH aeneHHH H3 B036y*aeHHbiX COCTORHHH 06-

naCTb aenfllliHXCR gaep 3H8'1HTenbHO lliHpe, '!:eM npH HH3K09Hepl'H'IHOM aene-

HHH, rae HCCneLtOB8HHH OI'p8HH'IeHbl Y3KHM KpyPOM Hnep OT Th no Cf 

11cnonh30BaHHe ycKopeHHbiX TH*enbiX HOHOB noasonHeT uccneaosaTh aene
z2 

HHe npaKTH'IeCKH scex Raep c A > 25 • 

ilo nocneaHero speMeHH C'IHTanoch, 'ITO neneHHe soa6y*neHHhiX gaep 

noCTBTO'IHO xopowo OTIHCbiB8eTCSI B paMK8X CT8THCTH'IeCKOi'l MOaenH nene
/1/ 

HHH , OCHOB8HHOH H8 cneayiOlliHX npearronO*eHHHX! 

1. Ha seeM nyTH oT cennoaoA TO'IKH ao TO'IKH paapbiBa Hnpo Haxo-

aHTCH B COCTOHHHH TepMOaHH8MH'IeCKOI'O paBHOBeCHH, T.e. 06MeH 9HeprHeH 

Me*nY paanH'IHhiMH cTeneH.IIMH cso6onhi npoHcxonHT 3HB"'iHTenhHO 6biCTpee, 

'leM H3MeHeHHe c!><>pMbl Hapa. 

2. KoHq)lfrypauHH Rapa s TO'IKe paapbiBa npencTasngeT co6oA nsa ae

<jJopMHposaHHhiX OCKOnKa, coeaHHeHHbiX OTHOCHTenbHO TOHKOH WeHKOit x) o 

IT epsoe npeanono*eHHe ocHOBhiBaeTcg ua oueHKe speMeHH oaaoayKnoa

-22 
HOI'O LlBH*eHHH ("' 10 CeK) H BpeMeHH aBif)KeHHH OT cennoaoA TO'IKH no 

-21 /3/ 
TO'iKH pa3pb1B8 (2-5).10 CeK) • 

EcnH BbmonH HeTC.II nepsoe ycnosHe, TO pacnpeneneHHe ocKonKOB no 

aapgny H Macce MO*eT 6hiTh orrpeneneHo cornacHo nonolKeHHIO cTaTHCTH

'IeCKoA TeOpHH 0 TOM, 'ITO BepOHTHOCTb COCTOHHHH rrponopUHOH8nbH8 'IHCny 

B03MO*HbiX MHKpOCOCTOHHHH CHCTeMbi, C TIOMOIUbiO KOTOpbiX OCyiUeCTBnHeT

CH naHHOe COCTOSIHHe, HnH <jla30BOMY o6'beMy M8KpOCOCTOSIHHH B KOH<jJHrypa-

UHOHHOM IIpOCTp8HCTBe. 

x) 
B HeKOTOpbiX pa6oTax paccMaTpHBaiOTCH rrpocTo nsa corrpHKacaiOIUHXCH 

OCKOnKa ( Hynesag TOnlliHH8 WeHKH) • B pa6oTe /
2 / TO'IK8 pa3pbiB8 XapaKTe

pHayeTCSI M8KCHM8nhHOH ne<jJopM8UHeH, IIpH KOTOpOH ycnOBHOMy 9KCTpeMYMY 

JIOTeHUHBnhHOH 9Hepi'Hif MO*eT COOTBeTCTBOB8Tb HenpepbiBH8H <jJHrypa. 
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Ha ocHoBe BToporo rrpeanono~(eHHH onpeaenReTCR *HaKo-KanenbHaH 

ITOTeHUHanbH8H :3HeprHH aenHIIIeHCH CHCTeMbl B MOMeHT pa3pb!B81 38BHCHII18H 

OT M8CCbl OCKOnKOB, HX aecpopM8UHH H pacnpeneneHHH aapgna Me*aY HHMH. 

HaH6onee BepoHTHbiMH aHa'IeHHHMH Maccbi, aapgna H :3HeprHH Boa6y*

aeHHH OCKOnKOB 6ynyT 3H8'IeHHSI, COOTBeTCTBYIOIIIHe MHHHMYMY ITOTeHUHanh

HOH :3HeprHH CHCTeMbl ITO COOTB eTCTBYIOIIIeMY napaMeTpy • 0CHOBHble xapaK

TepHCTHKH neneHHSI OITHCbiB8IOTCSI npH :3TOM pacnpeneneHHeM faycca OKOno 

H8H60nee BepOSITHOro 3H8'IeHHSI 

P ( x) • exp -

rae 

all W I 
• T(-1_ -

2 __ ;..a-x""""':a--1 x- x T -TeMnepaTypa Hapa, 

~ 
a < ~ x > 

-BTOp8SI 

npOH3BOaHaSI nonHOH ITOTeHUH&nbHOH 3HeprHH ITO KOOpaHHSTe X 

p aapbiBa . 

0TMeTHM, 'ITO CT8THCTH"'eCK8SI TeOpHSI aoCT8TO"'HO XOpOIIIO OITHCbiBana 

M 8CC OB hie H aapMOBbie pacnpene neHHSI OCKOnKOB ITpll. aeneHHH H3 B036y)K-

7 2 / 4/ 
a e HH hiX cocTOSIHH H nerKHX Haep c 7 · =31-36 • OaHaKo aaHHbi e noc-

nenHHX OITbiTOB ITO H3 M e peHHIO M8CCOBbiX pacnpeneneHHH nng 6onee TSI)Ke-

z :a 
A 

/ 5 / 
=38-43,5 H8XO!lSITCSI B CHnbHOM npOTHBOpe"'HH C n p e a-

CKaa aHH SIMH T e o p HH. T a K, rnHpHHa MaccoBoro p acnpeneneHHSI npH neneHHH 

:aaa u 
HOHaM H 

20 N e 
H 

40 Ar o K a3hiBaeTC>I B 3-3,5 p a aa 6onbrneii , 

"'eM cneayeT H3 pac'!eT OB . 3TO pa3nH'IH e He M O)Ke T 6biTb HCKniO"'eHO HH-

KBKHMH paayMHbiMH B8pHBUH>IMH napaMe TpOB paC'IeTa. 

8 0 3Hl-IK8 e T COMHeHH e B cnpaBeamiBOC T H OC HOBHbi X npe anonO)Ke HH H 

CT a THCTH'IeCKOH M Oae nH neneHH>I. ilaneK O He O"'CBHaHhi M SIBn>IeTC >I orrpeae

neHH e T O'IKH pa3pb! B8 KBK ljJHryp b! 113 A B YX Ccp0pMHp OB8BIIIHX C>! OCK OnK OB , 

coenHHeHHhiX o"' eHh T OHKOM HnH· ayne B o 11"rnei1Koi1 an>~ Be e x nen >IIUf!XC >I >~nep 



C paanH'I.HbiMH 
z2 
A 

T 8K Me COMHHTenhHO CyiUeCTBOB8HHe TepMOJlHH8MH-

'l.eCKOI'O paBHOBeCHSI B TO'I.Ke pa3pbiB8, T8K ;{8K B6nH3H Hee CKOpOCTb H3-

MeHeHHSI Jle<jJOpM8UHH Slllp8 M8KCHM8nbH8 H, B03MOMHO, Cp8BHHM8 CO CKQ-

pOCTblO 0JlH0'1.8CTH'I.HOI'O JlBHMeHHSI. 

B CBH3H c aTHM aeo6XOJlHMO 6onee JleTanhHoe uayqeaue MexaauaMa 

JleneHHSI B036YMJleHHbiX Slllep. 

HuMe 6yJleT noKaaaao, 'ITO BeCbMa Ba.MHbie Jl8HHhle JlnH noHHMaHHH 

MeXaHH3Ma nponecca JleneHHH MOI'yT 6biTb nony'l.eHbi npu H3MepeHHH Benu

'I.HHbi JlHCnepCHH M8CCbl OCKOnK8 C Jl8HHbiM 38pS1JlOM (H30TOllHbie pacnpeJle

neHHH), nu6o JlHCnepCHH 38pS1Jl8 JlnSI onpe)leneHHOH M8CCbl OCKOnKa (H30-

6apHbie pacnpeJleneHHSI). 

/1/ 
B c~aTHCTH'I.eCKoil: Teopuu JleneHHH uao6apaoe pacnpeJlene aue oc-

KOnKOB OllHCbiBaeTCSI pacnpe)leneHHeM faycca 

W ( Z - Z P ) .. exp -
( z- ~)II 

<11 z > (2) 

I'Ae ZP(Af) -Hau6onee BepoHTHoe aaa'l.eHHe aapHJla JlnH uao6ap c Mac-

2 
<11 Z > paBHO coil: At , H 

2 

<11 z > 
A 0 T 

16 f3 

I'Jle A o H T -Macca H TeMnepaTypa ~enHIUei'OCSI Slllpa, 

UHeHT B M8CCOBOH <jlopMyne (Tuna <jlopMynbi Bal!:naeKKepa) 

CHMMeTpHH SlllP8 1 
= f3 (A-2Z) 11 

CHM. A 

(3) 

f3 -Koa<jJ<jlu-

npu aaepi'HH 

BHJlHO, 'ITO JlHCnepcusr aapSIJla orrpeJlensreTcsr nKIUb H3Meae aueM K30TOIIH

'I.eC K OI'O qneaa 3 Hepi'KH CBSI3H Slllp8 npH OTKnoHeHHH 38pSIJla OCK OnKOB OT Hau6o

nee BepOSITHhlX 3H8'1.eHHH H He 38BHCHT OT H3MeHeHHH Ky noHOBCK OH aaepi'HH 

CHCTe M bi , T a K K8K all f CHM. a 2f Kyn. 

---,.--- · >> ------az2 az 2 
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:I 
0TCJO.Ua cne.uyeT, 'ITO .UHCnepCHSI aapSI,Ua OCKOnKa </'!. Z >- He .UOmKHa 

3aBHCeTb OT ero MaCChi, TaK KaK H3MeHeHHSI ¢lopMbl pa3pbiBHOit ¢lHrypbl H 

COOTBeTCTBYJOIIlHe H3MeHeHHSI KynOHOBCJtOI: H fiOBepXHOCTJIOA SSeprBA CBCTe-

Mbl B .uaHHOM cnyqae HeCyllleCTBeHHhl. 

3KCnepHMeHTanbHble .UaHHbie 0 38pSI,UOBOM pacnpe.ueneHHH OCKOnKOB ,Ue-

neHHSI BeCbMa OI'paHH'IeHHbla 

3TO CBSI3aHO C HCfiQnb30BaHHeM B 60nblllHHCTBe pa60T KOHCTaHTbl IIIB-

(1 :11 -< .. Z>ll 6 pHHhi aapSI,Uosoro pacnpe.ueneHHSI • u nBillb xaK Hexoero cao o.u-

aoro napaMeTpa .uns:~ HaHny'llllero cornacosaHHSI sxcnepHMeHTanbHbiX .uaHHbiX 

no MaccoBOMY pacnpe.ueneHHJO. OpH STOM aHa'leHHe 
(1:11 

• H3BneKaeTCSI KOC-

aeHHhiM o6paaoM a npe.urronmKeHHH, 'ITO rrocne.uHee SIBns:~eTCSI yHHsepcanhaoA 

IIOCTOSIHHOA .UnSI BCeX Mace OCKOnKOB .ueneHHSI B .uaHHOit peaKUHH. 

Heo6XO.UHMO y'IHThiBaTb, o.uHaxo, 'ITO HH¢lopMaUHSI o aapSI,UOBOM pac-

rrpe.ueneHHH OCKOnKOB .UnSI IIOHHMaHHSI MeXaHH3Ma .ueneHHSI He MeHee BB*Ha, 

'leM saMepease MaccoahiX pacrrpe.ueneHHA OCKOnKOB .ueneHHSI. Herrocpe.ucT-

seaaoe H3MepeHHe aapSI,Uoaoro pacrrpe.ueneHHR sao6ap srsnsreTcsr MeTO.UH'Iec-

KH Tpy.UHOH aa.ua'leit H3-3a O'leHb pe3KOI'O H3MeHeHHSI rrepHO.UOB rronypacna-

,Ua H:'I06apOB npH B3M8HeHHH Z sao6apa Ha e.uHHHuy • 

.UeHCTBHTenbHO, .UnSI IIOCTpOeHHSI H306apHOH KpHBOH IIO 4-5 TO'IKaM He

o6XO.UHMO H3MepHTb Bb!XO.Ubl OCKOnKOB .ueneHHSI C IIepHO.UaMH IIOnypacna.ua 

OT .uoneA ceKyH.Uhi .uo .uecSITKOB neT. 

3TO npHBO.UHT It He06XOAHMOCTH a6conJOTHOrO OIIpe.ueneHHSI BbiXO.Ua Ka*

.UOI'O H306apa Upll IIOMOIIlB pa3nH'IHOA: MeTOAHitH C IIOC: !e.UyJOIIlBM COBMellleHH

eM ,UaHHhiX. KpoMe TOI'O, .unsr 60nblllHHCTBa KOpOTKO*HBYIIlHX H30TOIIOB He 

OIIpe.ueneHhl CBOHCTBa pa,UHOaKTHBHOI'O pacrra.ua, 'ITO AOIIOnHHTenbHO ocno*-

HSieT aa.ua'ly. 

8 CHny STHX IIpH'IHH SKCIIepHMeHTanbHble 3apSI,UOBhie pacnpe.ueneHBSI 

OCKOnKOB OKa3hiBaJOTCSI BeCbMa Heorrpe.ueneHHhiMH. ,Ua*e B XOpOIIIO H3y'ieR

HOM cnyqae .ueneHHSI :IUU TennOBblMH HeHTpOHaMB .UnSI KOHCTaHTbl aapSI-

7 



JlOBOI'O pacnpeJleneHHSI Jl810TCSI cymeCTBeHHO OTnH'I810liiHeCSI Jlpyr OT Jlp)'I'a 

2 
3Ha'leHHSI U 

8 

BollhliiHHCTBO peaynbTaToB 6bmo nony'leHo B npeJlnonmKeHHH, 'ITO u 
8

2 

161 
He 38BHCHT OT M8CCbl OCKOnKOB, B TO BpeMSI KaK B pa60Te JlnSI TOil JKe 

peaKUHH ll0K838HO 'lpe3Bbl'l8ilHO CHnbHOe H HeperyngpHOe H3MeHeHHe JlHC

nepCHH 38pS1Jl8 OCKOnKOB )leneHHSI npH H3MeHeHHH M8CCbl OCKOnKa OT A • 132 

JlO . A"' 137. 

3aBHCHMOCTb WHpHHbl 3apHJlOBOI'O pacnpeJleneHHSI OT 3Hepi'HH B036yJK

JleHHSI )lenSimerOCSI Slllpa TaKJKe He H3y'leHa, llOTOMY 'ITO B 60llbliiHHCTBe pa-

6oT C 38pSIJKeHHbiMH '18CTHU8MH HCnOnb30BanHCb TOnCTble MHWeHH. 

238 
B HacToSillleA pa6oTe npu o6ny'leHHH U ycKopeHHbiMH HoHaMH 

uc 20, 22Ne 
H 40 Ar H3MepHnHCb H30TOllHbie pacnpeJleneHHSI OC-

KOn~OB JleneHHSI H HCCnellOBanHCb 3aBHCHMOCTH aapSIIlOBOH JlHCnepCHH OCKOn-

KOB 
2 u • OT napaMeTpa 

Z2 

A 0 TeMnepaTypbl H aCHMMeTpHH Ilene-

HHSI B036yJKJleHHOI'O COCTaBHOI'O Hllpa. 

OnbiTbi npoBOilHnHCb Ha 310-caHTHMeTpOBOM UHKnoTpoHe TSIJKenbiX Ho

HOB fla6opaTOpHH SlllepHblX peaKUHA 0J1.HJ1. 

lloCTaHOBKa Ollb!TOB H o6pa60TKa pe3yllbT8TOB 

BbiWe noKaaaHo, 'ITO H3MepeHHe H306apHbiX pacnpeJleneHHH OCKon-

KOB JleneHHSI CBSI3aHo c cepbe3HbiMH 3KcnepHMeHTallbHbiMH TPYJlHOCTSIMH, 

BMecTe c TeM, c TO'IKH apeHHSI MexaHH3Ma JleneHHSI !flnJOKTyaUHSI aa

PSIJla OCKOnKa npH 3a)laHHOH ero Macce H 4JnJOKTyaUHSI MaCCbi OCKOnKa npH 

~HKCHpOB8HHOM aapSIIle HMeJOT OJlHy H Ty JKe ~H3H'IeCKYJO npHpOilY H MOI'YT 

6biTb nei'KO CBSI3aHbl Jlpyr C JlpyrOM, J130TOllHbie pacnpeJleneHHSI OCKOnKOB 

MOI'YT 6biTb H3MepeHbl 3H8'1HTenbHO HaJleJKHee, TaK K8K H3MepSieTCSI0 Bo

nepBbiX, BbiXOil H30TOllOB OllHOI'O H TOrO JKe aneMeHT8 H HeT He06XOilHMOC

TH B onpe)leneHHH a6conJOTHOrO XHMH'IeCKOI'O BbiXOJla 3TOI'O aneMeHTa: Bo-

8 



BTOpbiX, .[lnSl MHOrHX sneMeHTOB MO)I{HO H8ATH MHHHMyM 5-6 H30TOllOB C 

H3BeCTHbiMH H Yll06HbiMH CBOACTB8MH p8Cll8ll8 1 BbiXOll KOTOpbiX MO)I{HO onpe

.[lenHTb B OllHOM OllbiTe C llOMOIIIbiO OllHOA H TOA )l{e H3MepHTenbHOA annapa

Typb!, no9TOMY B OllHC8HHbiX HH)I{e 9KCnepHMeHT8X H3MepSlnHCb H30TOllHble 

pacnpe.[leneHHSl ocxonxoB llnSl paanH'iHbiX Z t 1 KOTOpbie npeo6p830BbiB8-

nHCb B aapHllO&bie pacnpe.[leneHHSl .[lnSl cpaBHeHHSl c uaBeCTHbiMH sxcnepu-

MeHT8nbHbiMH .[l8HHbiMH, 

06ny'leHHe ypaHOBblX MHIIIeHeA npOBO.[lHnOCb H8 BHyTpeHHeM ny'!Ke UH

KnOTpOH8, Yf HTeHCHBHOCTb ll8.[181011lero ny'ilt8 COCTSBnSlna 5-71' A .[lnSl HOHOB 

40 
Ar H 50-60 1' A .[lnSl HOHOB 

20 
N e , 2ll N e H l2 C , Dng H3MeHeHHSl 

suepruu 'iaCTHU MHIIIeHb noMemanacb ua paanH'!Hbie pallHYCbi ycxopeHHSl, B 

OllbiT8X HCnOnb30B8nHCb MHIIIeHH H3 OKHCH ypaHa ( U a 0 a TOniiiHHOA 

2 2 
10 MrlcM H 0,8 MrlcM • nocnellHHe uaroToBnSlnHCb cnellYIOIIIHM o6paaoM. 

Ha MaCCHBHyiO MellHyiO no.[lnO)I{Ky, · oxna)l{.[laeMyiO BOllOA H noxpbiTYIO 

2 
cnoeM aonoTa TOniiiHHOA 7-10 Mr/ CM , sneKTpOnHTH'ieCKH HSHOCHnCSl 20 1' 

Cnolt MellH 1 Ha KOTOpbiA 1 B CBOIO O'iepellb 1 HSHOCHnCH cnoA U a 0 a TOnmH-

2 
Holt 0,8 MrlcM • nocne o6ny'ieHHSl cnoA ypaua H MellH (c6opHHK ocxonxoB 

neneHHSl) paCTBOpSlnCSl H llOCTynan B XHMH'leCKYIO o6pa60TKy, 8 Cny'lae 

TOnCTOA MHIIIeHH c6opHHKOM OCKOIIltOB Cny)I{Hn CaM cnoA .[lenSllllerocg Beme

CTBa, 8 llSnhHeAIIIeM H3 paCTBOpa pa.[lHOXHMH'ieCKHM MeTOllOM Bbi.[lenSlnHCb 

Tennyp, 6apHA, rpynna pellK03eMenhHbiX sneMeHTOB, OT La llO Gd , H ao

noTo, DaHHbie no 6onee TS[)I{enbiM sneMeHTSM1 OT aonoTa .[10 SCTSTHHS, 6binH 

171 
nony'leHbJ pauee B pa60Te • 

0CHOBHbJe H3MepeHHSl npOBO.[lHnHCb .[lnSl sneMeHTOB pe.[lK03eMenbHOA 

rpyllllbl C OllHHSKOBbiMH XHMH'ieCKHMH CBOACTBSMH. nng sneMeHTHOrO Bbllle

/8/ 
neHHSl STHX uaoTonoB HcnonbaoBancg MeTOll snexTpo¢opeaa • XHMH'iec-

xag npouellypa aaHHMana oxono 2 qacoB, y -p8llH08KTHBHOCTb OT.[lenb-

HblX sneMeHTOB B 9HepreTH'ieCKOM HHTepBane 50-2500 K9B H3MepSln8Cb C 

llOMOIIIbiO Ge (Ll ) Y -cneKTpOMeTpa B CO'ieTaHHH C 4096-KaHanbHblM 8MllnH-

9 



'l'YAHblM aaanBaaTopoM. 3aepreTH'Iecxoe paapemeHHe cneK'l'p·oMeTpa aeaaaH

/9/ 
CHMO OT 3HeprHH Y -ny'leA COC'l'aBnSUIO • 4-5 K3B • B A8llbHeihneM no 

nnomaaH nHKa onpeAenSUiaCb HHTeHBHCHOCTb Y -nepeXOAOB A8HHOi 3Hep-

rHH C yqe'l'OM BpeMeHHblX nonpaBOK H S<M>eK'l'HBHOC'l'H cneKTpOMeTpa. l1AeH

TH~HK8UBB npOH3BOAHnaCb no 3HeprHBM OnHOrO HnH HeCKOllbKHX y -nepe

XOAOB H nepHOA8M nonypacnaA81 COOTBe'l'C'l'BYIOWHM H3BeC'l'HbiM H30'l'OnaM 

A8HHOrO sneMeH'l'a. C Y'le'l'OM KBSH'l'OBblX BblXOAOB Y -nyqei Ha 8K'l' pac-

/10/ 
naaa, npHBeAeHHblX B pa6oTe , onpe.~tenSUICB OTHOCHTellbHbiA BblXOA 

H30'l'OnOB. IlonHaSI norpemHOC'l'b B onpe.~teneHHH BblXOil.OB H30TOnOB He npe

BblWana 15%. 

113 nony'leHHblX ll.SHHblX 6blnH nOCTpoeHbl H30TOnHbie pacnpeaeneHHB 

nepBH'IHblX OCKOnKOB ( ll.O HCnapeHHB HeATpOHOB) • IlpH 3TOM . npeanonaranoc~, 

'1'1'0 BCe HeiTpOHbl HCnyCKSIOTCB H3 OCKOnKOB B KOnB'IeCTBe, nponopUBo-

aan&HOM Macce ocxonxa 

A, 

' A 1 • v 

Ao 

rae v -nonaoe 'IHcno aei'l'poaoa aa aK'l' aeneHHB, A
1
' -Macca H30Tona 

nocne HCnyCK8HHB Hei'l'pOHOB, A 0 -Macca cocTaaaoro Bll.pa. 

TaB: KaK HeKOTOpble H30TOnbl BMenH KyMynSITHBHbiA BbiXOA, BBOil.HnaCb COOTBeT

CTByJOWSSI nonpaaxa ang onpeAeneHHSI ax aeaaaHCHMoro Bblxo.a.a. 3Ta nonpaa-

xa aaaHCH'l' 0'1' aapBil.OBoro pacnpe.a.eneHHB ocxonxoa aeneHHB, T.e. oT 

WHKUBH, xoTopyto a xoae'IHOM HTore Tpe6oaanoc& nony'IHTb. IlosTOMY 6bm 

npHMeaea MeTo.a. nocne.a.oaaTen&HbiX npH6nB)I(eHHii a onpe.a.eneHHH napaMeT-

2 
pa mH~HHbi aapBJ].oaoro pacnpe.a.eneBHSI u • • llng sToro 6binB caenaHbi 

06bi'IHble npeanonO)I(eHHSI OTHOCHTen&HO aapBJ].OBOrO pacnpeaeneHHSI OCKOnKOB 

B 38A8HHOA o6naCTR MSCC. 

10 



DnR naHHOH MaCCbi At cymecTayeT Ha&6onee aepoRTHoe aaa'leHHe 

1 nnR KOToporo Bbixon H3oi5apa MaKCBManea. BbiXOll xao6apoa c 

z 
1 OTnH'IHbiM OT Z P 1 onHCbiBB.eTCSI pacnpeaeneHHeM faycca 

1 
----- exp- (4) 

• 

2 
rne u • -KOHCTaHTa 1 onpenenmomaB WHPHHY uao6apaoro pacnpeaen_eHBR 

anSI naHHoro A t • 3aaHCHMOCTb ZP (A t ) 6panac& no runOTeae paaao-

r o CMemeHBR aapRnOB (eM. 
151

) 

zo 
Z(Al---+ 

p t 2 

z a ( A t ) - z a ( A o- A t ) 

2 

rn e Z o 1 A O -aapSill H M8CC8 COCTBBHOrO SlllP8. 1 Za(A t) 1 Z a( A0- At ) 

{5) 

/11/ 
paCC'IHTbiBan:uc& c noMom&IO ciJopMynhl BaA:nae)[][epa a aapHB.HTe fpuHa • 

- 3apSill HBH6onee {J - CTB.6Hn&BOrO SlllpB. C MBCCOH (A) 

EcnH Hao6apHoe pacnpeneneHHe aanHChlaaeTCSI a BHlle ¢opMynhl (4), TO 

H30TOUHOe panpeneneHHe aneMeHT8 C 'iHCnOM DpOTOHOB Z t BMeeT BBll: 

1 
W (A -A )-P(A ) 
•r t P • t (wu:)K 

exp-
(6) 

rne A P -HaH6onee BepOSITHBSI M8CC8 H30TOU8 DpH ll8HHOM z r 1 Io-

TOp8SI onpeaensreTcsr ua ycnoaBSI ZP (A P) • Z r , P (A,> -cpyHKilKSI Maccoao-
/ 5/ 

ro pacnpeneneHHSI, aasrTaSI ua pa60Tbl , a 

11 



B nanbneurneM anaqemHI CT2 
z H v non6upanHcb TaKHM o6paaoM, 'IT06bl 

BCe 3KCUepHMeHTa1lbHbie TCJ'!KH Ha KpHBdi H30TOUHOI'O pacnpeJieneHHSI JlaBa

lllf HaHMeHbrnee OTKnoneaue OT pacnpeJieneHHR, aanHcannoro a $opMyne (6), 

UpH'ICM CT2 

" 
He C'IHTallOCb YHHBepcanbHOH UOCTOSIHHOH JlJTSI BCeX MaCe OC-

KOilKOB B OJlHOH 11 TOH >Ke peaKUH If JieJieHH H. 

0TMeTHM, 'ITO CB060JIHbiH napaMeTp II ( UOJTHOe '!HCJTO Hei1TpOHOB Ha 

aKT JlCJTCHHS!) J.lllSI OUpeJ.leneHHOH peaKUHH J.leJTCHHSI OKa3btBaeTCSI OJ.lHHM H 

TeM >Ke npu o6pa6orxe scex H30TOUHbiX pacnpeneneimH 3neMeHTOB or Te 

J.lO Po H At 3 TO CBHJlCTellbCTByeT 0 XOpOlliCM COrnaCHHH 9KCUepHMCH-

TanbHbiX AaHHbiX c raJioTeaoli pasaoro CMerneHHR aapsiJ.la npH pac'leTe nau-

6onee BepOBTHbiX a apHJlOB OCKOilKOB Z (A ) 
• r 

• KpoMe Toro, nony'!eHllbie 

3Ha'leHHSI V xoporno cornacyiOTCH c TeopeTH'!eCK H!\IH ouenKaMH 9 Toli senH-

'!HHbl aa ocJioae p a c'!eTa 9Hepnu: soa6y)¥.JleHHH ocxonxos JienenHR B nayqen-

HbiX peaKUU SIX. 

0TMeTKM T aK>Ke , 'ITO nonpaBKa, UpHMeHS!eMaR JlJTH BOCCTaHOBJTeHHH 

H C3aBI1CHMOrO BbiXOJ.la HeKOTOpbiX H30TOUOB 0 cyrueCTBeHHa 1111Wb JlJTH H30TQ-

HOB c Z , 6nuaKuM K ZP , H npH I Z - ZP I > 1,5 oHa ae npeBbiii JaeT 

( 10-15 ) %. flo9TOMY B pHJle cny<t:aeB rpy6y10 OUCHKY fleJ!H'!IIHbl CT : MO)KJT C: 

C[lCJI8Tb He nocpeJICTBeHHO Ha OCHOBe HenonpaflJTCHHbiX 9KCnepHMCHT81lbHbiX 

tt<l tlllbtX. T a Kut.t o6paaoM, nony'leHHbiC a pa6oTe aasHCHMOCTH J.ltiCnepc HH aa-

pHJla OCKOilKOB MOryT 6h1Tb Ka'lecTBetfHO Ol!peJieJTetfbl He3aFHICHMO OT ll iJCJl

IIOJIO>KeHHH, npHHSlTbJX upu o6pa6once peayJJ.bTATOB. 0HHcanHblii cnor.()6 o6 -

pa6o-f'KH 3 KCUepH M eHTanbKbiX JlBalll..J:< J.laeT '!'O'l.HOCTb B OnpeJICIIeHifll 1\f'>!llf'-IH!fbJ 
• ) 

CT ; "" 5-10% nptt OlllKOKe B O!lpe!{CJICifiUl OTHOCIITeJJbKhi X 1\hi XO!(Ob <t:.ltJTOU OI'I 

IS '"' · 

Jt<epl'H\1 R036y >c: JtelfH \1 ne't >ll'\f"l ' ( , f' ~~ >ltt!•·"l , oGp.'1 -•0t<.'"l lfiiOI'O '' 0 C. if: ('."I{" ' :ll : ! 

6 0At6ap .lU.l(',:0'10i.lte .. t lt~ !'·rHI! f:.i c t;~f{POM !\.H'I li , ~~. n . nnc·c~ttl"hi!~tlJj,!;t_h ··JH~!t ! ~..), · ; \ It ~ - -

1""-~o ~·: 

•-.;. 
t-: - n _ , 

(_~ .. ).:! • ~ 

12 



rae E 
/ 12f•M• 

Cbl , E f 

3HeprHSI HOHOB B CHCTeMe U9HTp8 M8CC, Q p -ae!jleKT M8C

/ 12/ 
- 6apbep aeneHHSI E rot - spamaTenbaasr saeprHsr, orrpe-

TeMrrepaTypa SlllP8 paCC'lHTbiBanaCb H3 COOTHOIU9HHSI 

E * • . 
A 

0 T
11

- T 
8 (9) 

AaanorH'IHbiM o6pasoM MO)I(HO 6bino orrpeaenHTb saeprHJO sos6y)l(aeHHSI H 

T9MIIepaTypy OCKOnKOB H OU9HHTb cpeaaee 'IHCnO H9HTpOHOB H8 8KT aene-

HHSI B K8)1(aOM KOHKpeTHOM cny'Iae. 

B Ta6n.l rrpHseaeHbi aaHHbie H3MepeHHH aHcrrepCHH, sapsraa 
2 

a 
z H 

M8CCbl OCKOnKOB peaK039M9nhHOH rpyiiiibl OT 

'I9HHH HOH8MH 1ll C 20 Ne 22 Ne 
H 

La 

'
0 

Ar 

ao Gd rrpH o6ny-

• B OilbiT8X c 

HOH8MH 
22 

Ne H '
0 

Ar HCIIOnb30B8n.HCb TOnCTbl9 MHIU 9 HH, I103 TOMY ansr 3 HeprHH 

sos6y)l(aeHHSI aenSIIUerocsr SIJlpa aaao ycpeaaeaaoe 3H8'leHHe, orrpeaensreMoe 

IIOaCT8HOBKOH B ( 8) cpeaHero 3H8'I9HRSI 3HeprHH 'I8CTHII (E ). 
E max P 

E 

rae a, ( E ) 

p 
Em ax 

I 

a (E )EdE 
f 

a,(E)dE 

(10) 

Es 
-38BHCHMOCTb C9'I9HHSI n e neHHSI OT 3 HeprHH 6oM6apaHpy!OIUHX 

'I8CTHU 1 E max , E B - 3 HeprHSI HaneT8!0lUHX 'I8 CTHU H KynOHOBCKHH 6apbep 

CnHSIHHSI B38HMOJl9HCTBY!OlllHX sraep. 

Ha pHc.l rrp encTa sne H b i H30TOIIHbie pacrrpeae n e HHSI ocKonKOB aeneHHSI 

B p a snH'IHh iX peaKuHsrx c TSJ)I( e nbiMH H OH8MH. Ha6nJOn aeTcsr, 'ITO c ysenH'Ie-

HHeM z nensrmerocsr SlllP8 H30TOIIHbie pacrrpeneneHHSI cTaHoBsrTcsr see 

6onee mHpOKHMH. KaK cnenye T H3 n anhHeiimero, nHcrre pcHSI s a pSIJla ocKonKa 

13 



T a 6Jutun I 

:'''] "'F' d Tfl JILHh!C LILlliHblG, TIOJiy l.f eHHhl e npH LICJICHIH! Y))DHa 

2 2 
T·.; , < '.1 l·l~ tu 11orraMu , 3 H fll.feH1!51 a A 11 a z onpeacneHhr an51 

u( l\<) .'1 1\U i l j•G . ll\G)C~dG Jlbl!OH rpynflhl 3JleMeHT013 O'f' Jl[IH T 1Hi a LIO 

l':,;rO.'lll HI! '. i , 

---
dH8{)2UP 9Hep2Ufl 

(5A2 
nOIINOe 

naiJafOl.L/820 z2 6oJ~BHUfl I.IUC/10 1-11?/1111- 2 
PgaKLfUR nyqxa 

A coc ill~ pOHO~ Na Oe. ~ 
fp(M30) ~(MD fleHt/e )7 

-

u.vs( c':j) 82 38,4 45 11 ±tO 8 1.6 :t Qf5 
----

Ll38(N~J) 195 40.3 115 22± 1.0 13.5 3.1 ±Qf5 
166 90 20 ± 1.0 12.5 2j3 ± Qf5 

f4f 70 18.5 ± 1.0 fQ5 2.6 ±Qf5 
116 50 16.5± f.S 8 2.3 ±Q/5 i 

--
U.m (N 22 ,, *) e,;; 173 40.0 75 18.5 t f.O f2 Z6 ±Qt5 

U.zJe (Ar;j)*) 270 43.5 70 2Q8±t5 11 2.85±Q20 

X) - r. 01J !-dTl1X ·rc'""' nn :,~~ODD 118 C b TOnC T 85I ?v1HWeHb . 
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A-Ap 

Puc.l. HaoTonHble pacnpe.lleneHHB OCKonKoB CHMMeTpH'IHoro .lleneHHB 
A , 

( -7!-11~ 1 ) .llnB peaKnuA: 
1 - 2

1 _Au( 12C , f ) , E • =105 MaB, 1131 

2 _ 218u ( 12 c • f l • E • = 45 MaB, 
3 - 2311U ( 20 Ne , f ) E* = 50 MaB. 
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z~ 
Jll!SI Jl8HHOH MaCChi 38BHCHT He TOl!bKO OT -r Jlel!Silllei'OCSI S!Jlpa, HO H 

OT SHeprHH B030Y)KJleHHSI E * ero H OT 
A 

aCHMMeTpHH pa3Jlel!eHHSI ( -J:.1.) . 
2 

I1 OSTOMY, qTOObl IIOl!Y'IHTb 0JlH03Ha'IHyiO 38BHCHMOCTb rrapaMeTpa UlHpHHbl 

38pS!JlOBOI'O pacrrpeJlel!eHHSI 
(72 

z 
z2 

OT --;r--· , Tpe6yeTCSI BBOJlHTb IIOIIpaBKH 

Jll!SI IIpHBeJleHHSI Jl8HHbiX H3 pa3l!H'IHbiX peaKUHH K OJlHOMY 3Ha'ieHHIO E * H 

(~) 
A2 

Ha pHc.2 IIOK838Hbl H30TOITHbie pacrrpeJlel!eHHSI OCKOl!KOB C pa3HbiM Z f 

B peaKUHH 288 u (:1° N e , f) ripH SHepi'HH B030Y)KJleHHSI Jlel!Silllei'OCSI 

SIJlpa .. 90 Msa. TpH KpHBbiX, rrpucyTCTBYIOlllHX Ha 

H30TOITHhlM pacrrpeJlel!eHHSIM Tel!nypa ( 

At 

A 
~-1,0 

A :a 

pHCYHKe, COOTBeTCTBYIOT 

) , rpyrrrrhi peJlK03e-

Mel!bHbiX 9l!eMeHTOB (~- = 1.37 1.5) H rpyrrrrhi TSI)Kel!biX 9l!eMeHTOB 
2 

At 
JlO Bi ( -- • 3,5- 3,9). 

A2 
OT Ao 

l13 pHC.2 BHJlHb, 'ITO C yBel!H'ieHHeM 8CHMMeTpHH Jlel!eHHSI H30TOITHbie 

p a crrpe)lel!eHHSI Cylll e CTBeHHO Cy)KaiOTCSI. 

3aBHCHMOCTb JlHCrrepCHK 3 apS!Jl8 OCKOl!KOB OT 
At 

-x-;- rrpeJlcTaaneHa Ha 

pHc.3, KOTOpbiH BKl!IO'iaeT Jl8 HHb ie pHc.2 H pe3yl!bT8Tbl ITO H3MepeHHIO H3Q

TOITHbiX pacrrpeJlel!eHI1H SIJlep-OCKOl!KOB: 6apHSI, rpyrrrrbi peJlKHX 3eMel!b H 

171 288 40 
rpyriiTbl TSI)Kel!b!X 9l!eMeHTOB B peaKUHH U ( Ar, f ) rrpH 9Hepi'HH 

B030Y)KJleHHSI H8'18l!bHOI'O S!Jlpa E =70 Maa. 

KpHBhie a, b, c -JlaHHhie pacqeTa ITO CT8THCTH'ieCKOH TeOpHH C HC-

ITOl!b30B8HHeM pa3l!H'iHbiX MaCCOBbiX <jlopMyl!. 

Ha pHc.4 JlaiOTCSI H30TOrrHhie pacrrpeJleTieHHSI OCKOTIKOB rpyrrrrhi peJlK0-

3eMel!bHbiX 9l!eMeHTOB B peaKUHH
28 &u ( 20 

Ne , f ) Jll!SI 9Hepi'HH B030Y)KJle -

HHSI 50 Maa H 115 Msa. 3aaHCHMOCTb 

rrpeJlCTaBl!eHa Ha pHc.5. 

l1CITOl!b3YSI 38BHCHMOCTb Bel!H'IHHbl 

ull 
z 

2 
u 

z 

OT 9Hepi'HH B030Y)KJleHHSI 

OT SHepi'HH B030y)KJleHHSI 

H aCHMMeTpHH Jlel!eHHSI 
1
MO)KH0 ITOliY'IHTb Jl8HHbie 00 H3MeHeHHH JlHCITepCHH 

16 



0 .2 

W(A- Ap) 

O.i 

0.05 
2 

I 
I 
I • 
I 
I 
I 

ot~~~~~--~1 ~----~--~----~--~--~+-~ 
2 

i 
6 8 
tl- tip 

Puc.2. l130'r'ODHble pacnpeJleneHBSI ocxonxoB paauoA Maccbl npu Jleneuaa 
21 &u aouaMu 20 

No c a ueprueA 195 MaB. 
1. I130TODbl To,~. 1,0, 
2. HaoTODbl P81li03e~JibHbiX 3D8M8HTOB OT La llO Gd 

_.!l, - 1,3 -1,5 •. 
A2 

3. I130TODbl TSI>K8Db1X OCKODKOB OT Aa llO 81 , 

..2.! - 3,5- 3,9 • 
A2 
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-CX> 

3.0 -

<Sa 
z 

2,0 -

-Utt',,, 
"-, 

'lr, ;{ 
' 'i ......... 

{0~ / Q 

~c 

I 
{ 0 

I 
c.o 

I 

3.0 
I 

40 
2 

P11c.3 . 3SBIICII M OCTb JliiCITepCIIII 38p 5!Jl8 OCKOITKOB - t7 • OT SCII MMeTpllll 

A 1 ) 2as (2Q._ ) 20 
JleneHII5! (--;:"" B peaKUII S!X U Ne , f np11 3 Hepi'HH Ne-195Mas 

( CBeTITbie TO.,KII) II 238 U ( • 0 Ar , f ) np11 3 Hepi'IIH • 0 Ar- 270 Mas 

( TeMHbie TO'IKII ) . KpHBhie a , b , c -pacqeT n o CTaTIICTH'I~cxoA Teop1111 

C IICITOITb3~~!'eM pa3ITH'IHbiX lj>opMyn JliT5! MBCC 5!Jlep: B - lj>Op Myna 
KaMepoHa , b-lj>opMyn a fp1111a / II I , c - MaAepca 11 CsHTeu-
xoro 1121 

I s.o 
R1JRz. 



3apgaa OCKO:tlKB OT rrapaMeTpa aenHMOCTH 

38BHCHMOCTb rrpeACTBBneHa HB pHC.6 rrpH 

z2 
--;:- HB'l:BllbHOro ~pa. 3Ta 

• At E =100 Maa H -- • 1 • Hapg-
A2 

AY C pe3yllbT8T8MH HBIIIHX H3MepeHHH IIpHBeAeHhl SKCrrepHMeHT8nbHbie 3Ha-

19T 12 /13/ 
ang peaKUHH An ( C, f) H3 pa60Tbl , a TBK)I{e ABHHbie, 

nony'l:eHHbie HBMH paHee KOCBeHHbiM nyTeM rrpH H3MepeHHH MBCCOBbiX pacnpe-

)leneHHJ!: B peaKUHHX 
288 U ( 16 0, f) , 

209 
Bif

0 Ne, f) H 
209 

Bi ('
0 

Ar, f) , 

PaCCMOTpHM Tenepb BK:tl8Jl no60'IHbiX a<jl<jleKTOB, KOTOpbie MOryT npH-

BeCTH K HeKOTOpb!M CHCTeMBTH'IeCKHM norpelliHOC'fSIM SKCnepHMeHTBnbHbiX 

peaynbTBTOB B JlBHHOH nOCTBHOBKe OIIbiTa. 

AHanHa aKcrrepHMeHTBnbHhiX peaynbTaToB 

npH H3y'leHHH MBCCOBbiX H 38p~OBbiX pacrrpeaeneHHJ!: He06XO)lHMO OA

H03H8'1HO HJleHTH<jJHUHpOBBTb )lenKmeeCR HApO H onpeaenHTb SHeprHID B03-

6y)I{AeHHOro COCTOHHHg, H3 KOTOpOrO rrpOHCXOAHT aeneHHe. 

0CHOBHbiM rrpoueCCOM npH B38HMOAeHCTBHH TH)I{ellOH 'IBCTHUbl ( z tAt) C 

Maa 
gapoM MHllleHH ( Z

2 
A 

2
) npH aaeprHH < 10 

HyKliOH 
RBnHeTCH nonaoe 

C:tiHgHHe C o6p830B8HHeM COCTBBHOrO gapa ( Z O • Z t + Z 
2 Ao .. A 1 + A 2 ), 

SHeprHg B036y)I{AeHHg KOTOporo MO)I{eT 6hiTb nerKO paCC'IHTaHa. 

0JlHBKO, eC:tiH MHllleHbiD B OnhiTBX C:tly)I{HT HJlpO C HH3KHM 6apbepOM 

)leneHHg, HarrpHMep ypaH, TO peaKUHH HenonHOrO CllHHHHg T8K)I{e MoryT npH-

BOJlHTb K )leneHHID. 

8Kll8A IIOA06HbiX peaKUHJ!: MO)I{eT 6hiTb XOpOIIIO onpeaeneH HB OCHOBB

HHH H3MepeHHH yrnOBbiX KOppenHUHH OCKO:tiKOB )leneHHHo 

npH o6ny'leHHH Tg)l{e:tlb!MH 'IBCTHUBMH COCTBBHOe ~pO HMeeT 60nblliOH 

H cTporo orrpeaeneHHbiH no aenH'IHHe H HanpaaneHHID HMrrynhc arrepea, no-

STOMY yron Me*AY HarrpaaneHHgMH paaneTa napbl OCKO:tlKOB 6yaeT 38MeTHO 

MeHbllle 180° H MO)I{eT 6hiTb paCC'IHTaH. 
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Puc,4. HaoTonHbie pacnpe.aeneHHSI OCKOllKOB pe.aK03eMe1IhHOA rpynnhi ane
MeHTOB B peaKllHH 218 U (~0 N e , f) npB aHeprBH soa6yJK.aeHHSI 50 Mas 

(KpHB8SI 1) H 115 Mas (KpHB8SI 2). 
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1\) 

1,2 1,8 2,0 7' 
~ 

bz2 ------
T(M3&) 

6 .2""' T z >---·--------3 
~ 

2 

1 
60 80 100 120 

PHc.5. 3aBHCHMOCTh .llHCITepCHH 38pSI):( a OCKOnKOB OT 9Hepi'HH B036y)KJleHHSI 

)len.IUllei'OCSI SI.llpa B peaKUHH 
28 8 u eoN e. f ) • Ha BepxHeJl: ill Kane .ll8Ha 

TeMnepaTypa SI.llpa. 

E. (M30) 



"' "' 

4.0 
ll. 

~ 
3.0 

2.0 

1.0 

JO 

PHc.a. 

T 

J/f 

p-t'/----r

.,.,;( J ____ ....... · ~ 

a 
L -

J. o,{ 

35 ~ 45 
• Z2 

3aBHCHMOCTh u: oT napaMeTpa aenHMOCTH A cocTaBHoro Rll-

pa rrpH SHepi'HH B036y)l{ll9HH Si •l 00 MsB ang CHMM9TpH'IHOI'O aene-
A 

HHR ( -=;;: • 1) , l.fepHble TO'IKH - pe3ynhT8T HSCTO.II!Uet:l pa60TbJ1 

OTKpblTble KPY*KH - ll8HHbie, nony'leHHble KOCB9HHblM II~TeM rrpH H3"" 

MepeHHH MSCCOBbiX pacnfleaeneHHt:l ocKonKoB aeneHHR I I, Tpeyron~:.
HHK - ll8HHbl9 pa60Tbl I 81, KpHBbJe a, b, c -paC'IeT IIO CT8THCTH'I9C

KOt:i TeOpHH (eM, pHc,3). 

-

-

~ 



8 peaKUHH HerronHOI"O CnHSIHHSI S!ApO OTAa"!H BbineTaeT IIOA HeKOTOpbiM 

yrnoM K HarrpaaneHHIO rry'IKa u o6naAaeT HMrrynhCOM MeHhlliHM, "!eM o c ny

'Iae o6pa30BaHHSI COCTBBHOI"O SIApa, 'ITO 3H8'1HTenbHO MeHSieT BenH'IHHY yr-

na Me~AY HarrpaaneHHSIMH paaneTa OCKOnKOB. 

THIIH"'HaSI KOppenSIUHOHHaSI KpHBBSI OCKOnKOB IIpH AeneHHii 288 U HOHa-

20 40 
MH Ne II Ar , H3MepeHH8SI HBMH, n p e ACTaBneHa Ha pHc.7. 

Pe3ynbT8Tbi Hall!IIX OIIbiTOB H8XOASITCSI B XOpOllleM cornaCRH C AaHHbl

/14/ 
MH II ABIOT B03MO~HOCTb OUeHHTb BKnaA B AeneHHe peaKUHH He nonao-

1"0 cnuSIHHSI An SI acex uccneAyeMbiX HaMH cnyqaea ( Ta6n.2). 

0TMe THM, 'ITO AeneHHe IIpH HeiiOnHOM CDHSIHHH o6ycnoaneHO B OCHOBHOM 

nepeAa"'efi a -"'BCTHUbl SIAPY MHllleHH, 'ITO COOTBeTCTByeT ManoMy MBK-

CHMYMY KOppenSIUHOHHOH KpHBOH. 

l-fa p11c.8 rrpeACTaaneHbl MaCCOBbie rrpacnpeAeneHHSI OCKOnKOB AeneHHSI 

ypaaa HeHTpOHaMH H a -'IaCTHUaMH c aaepr11:eii 42 Maa, KOTOpbie cpaBHH-

B BIOTC SI C peaKUHeH 238 U ( 40 Ar , f ) • BHAHO, 'ITO AnSI OCKOnKOB C MaC-

COM > 140 BKnaA peaKUHH HeiiOnHOI"O CnHSIHHSI rrpeHe6pe~HMO Man H MO~eT 

nH Wb He3Ha "'IITenbHO HCKa3HTb H30TOIIH bie pacrrpeAeneHHSI OCKOnKOB B 06-

n a cTH A=120-140. 

8 MeC Te C TeM IIpH o6pa30BaHHH COCTaBHOI"O SIApa He06XOAHMO Y'IHTbi-

H3 B03 6y )K A e HHOI"O COCTOSIHHSI. 0AHaKO AnSI BCeX HCCneAyeMbiX peaKUHH Be

Dll'lHJia 
rn 
r, oecbMa Mana: oT 0,005 AO 0,1. KpoMe Toro, ll!HpiiHa uao-

TOIIH biX p a cnpeAe n e HIIH rrpaKTH'leCKII He 113MeHSleTCSI ( puc.5) IIpll yMellbllle-

Jl ll 11 3Hepl"llli B 036yli<Jl e HIISI COCT8BHOI"O SIApa Ha 10-15 MaB ( BbineT 1-2 HeH

T pOHOU ). 

TLiK HM o6pa3 0 M , Ail S! B CeX HCCne AyeMbiX HaMH peaKUIIH MO~HO C"'H-

TLI T b , 'I T O 113MepeHH hle H:JOTOllHbie pacn peA e n e HHSI COOTBeTCTBYIOT AeneHHIO 

COC T I!l1H OI"O S!Apa , 9 H epi'H51 B036y~Jl8di! SI KOT Op OI"O MO~eT 6biTb 0JlH03H8"'HO 

Oil )lUll CJ!e Ha • 

:C. 3 
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7.5 25% 

---- I I 

'tS 



PaCCMOTpHM Tenepb eme OJJ.HH a<tJ<lJeKT, KOTOphiH MO)KeT OKa3aTb BnH.II

HHe Ha H3MepeHHhie BenH'IHHhi JJ.HCIIepCHH MaCChi H 3ap.IIJJ.l OCKOnKOB. flpH 

IIOCTpoeHHH H30TOIIHhiX pacnpeJJ.eneHHH npeJJ.IIOnaranOCb, 'ITO 'IHCnO HeHTpo-

HOB, HCIIYCKaeMbiX B036y)KJJ.eHHhiM OCKOnKOM 3aJJ.aHHOH MaCChi, .IIBn.lleTC.II $HK

CHpOBaHHOH BenH'IHHOH. O'ieBHJJ.HO, 'ITO eCnH 'IHCno HeHTpOHOB, HCIIyCKaeMbiX 

OCKOnKOM 3aJJ.aHHOH MaCChi, HMeeT OnpeJJ.eneHHyiO JlHCIIepCHIO, TO OHa nepe

BOJJ.HTC.II B JJ.HCnepCHIO KOHe'IHOH MaCChi OCKOnKa, EcTeCTBeHH00 'ITO 3TO 06-

CTO.IITenbCTBO npHBeJJ.eT TaK)Ke K JJ.OnonHHTenbHOH JlHCIIepCHH 3ap.IIJJ.a OCKOnKa 

JJ.n.ll JJ.aHHOH MaCChi, T.e. JJ.aCT CBOH BKnaJJ. (u:) II B H3Mep.lleMyiO BenH'IHHy 

:1 
U z • nHcnepCH.II 'IHCna Heii:TpOHOB, HCnap.lleMbiX OCKOnKOM, B03HHKaeT no 

JJ.BYM rrpH'IHHaM. Bo-rrepBhiX, cymecTByeT JJ.HCnepCH.II aHeprHH B036y)KJJ.eHH.II 

OCKOnKa JJ.eneHH.II JJ.aHHOH MaCChi, H, BQ-BTOphiX, J].a)Ke IIpH $HKCHpOBaHHOii 

3HeprHH B036y)KJJ.eHH.II 'IHCnO .HCIIyiiieHHhiX HeHTpOHOB 6yJJ.eT HMeTb JlHCIIep-

CHIO H3-3a CTaTHCTH'IeCKOrO xapaKTepa HCIIapHTenbHOrO npouecca. 

ITepBhiA a$<j>eKT aHa'IHTenbao CHnbHee B~oporo, noaTOMY, rrpeae6pera.11 

nocneJJ.HHM, oueHHM BenH'IHHy JJ.HcrrepCHH aapMa ( u: l 11 • 

HaeeCTHO, 'ITO KHHeTH'IeCKa.ll 3HeprH.II OCKOnKa JJ.eneHH.II JJ.aHHOii MaCChi 

B peaKUH.IIX C T.II)KenhiMH HOHaMH OIIHChiBaeTC~ rayCCOBCKH:.t pacnpeJJ.eneHHeM 

c IIIHpHHOA Ha nonyBhiCOTe ... 20-25 MaB, 

<~HeprHH Boa6y)KJJ.eHH.II JJ.en.IIIIIeroc.~~: .IIJJ.pa 

KOTOpa.ll He CHnbHO 3aBHCHT OT 

z 2 /4,15/ 
H oT napaMeTpa -- • Ta-

A 
KyiO )Ke JlHCnepCHIO 6yJJ.eT HMeTb H 3HeprH.II B036y)KJJ.eHH.II OCKOnKa J].eneHH.II 

. 2 
$HKCHpOBaHHOH MaCChi. 0TCIOJJ.a HeTpyJJ.HO OIIpeJJ.enHTb, 'ITO BenH'IHHa (us ) 11 = 

0,2-0,25 H He 6yJJ.eT CHnbHO MeH.IITbC.II ·oT OJJ.HOH peaKUHH J].eneHH.II K JJ.pyroii. 

3To aHa'leHHe (u
2 

l z II 
MHOrO MeHbiiie 3KCIIepHMeHTanbHO H3MepeHHhiX 

BenH'IHH 
(1 2 

ll 
JJ.n.ll BCeX H3y'leHHb!X peaKUHH, II03TOMY B o6Cy)KJJ.eHHH pe-

3ynbTaTOB BKnaJJ. (u 2 lll 
" 

MO)KHO He y'iHThiBaTb. 
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OOcy*UeHHe peaynbTaToB 

3KCIIepHMeHT8nbHhie UBHHbie UnSI BCeX H3y'IeHHbiX HBMH peaKUHH CBH

UeTenbCTBYIOT 0 TOM, 'ITO 38BHCHMOCTb HBH6onee BepOSITHOrO 38pAAa OC-

KOnKOB UeneHHSI OT HX MaCChi Z P (A r ) xopowo cornacyeTCSI c rHIIOTeaoli 

paBHOro CMeiUeHHSI 38pSIU8 (PC3) (<jlopMyna 5). 3TO o6CTOSITenbCTBO rrpo-

/16/ 
THBOpe'IHT 06bi'IHO IIpHHSITbiM rrpeurrono*eHHSIM ( HBilpHMep, ) 0 TOM, 

'ITO IIpH BbiCOKHX :3HeprHSIX B036Y*UeHHSI uenSIIUerOCSI AAPB 38pAA UOn*eH 

pacrrpeuenSITbCSI IIpOIIOpUHOHBnbHO MBCCe OCKOnKa. OocneUHee y -rBep*UeHHe 

BCerua OCHOBbiBanOCb HB TOM, 'ITO OTnH'IHe <jlyHKUliH Z P(Ar) OT ZP(A r)• 

z 0 
'"' -A-- A r UnSI HH3K0:3HeprH'IHOrO ueneHHSI CBSI38HO C 38CTpOHKOH o6o-

O 

no'Ie'IHOH CTpyKTypbl OCKOnKOB B rrpouecce paaueneHHSI SIUpa. 

fHIIOTeaa PC3 SIBnSieTCSI, c Hawelt TO'IKH apeHHSI, ouHolt H3 rrpocTeit

WHX <jlopMynHpOBOK rHIIOTe3bi pacrrpeueneHHSI aapsma H3 ycnOBHSI MHHHMYMB 

rroTeHUHBnbHolt :3HeprHH ( Mn3) cHCTeMhi paauenSIIOIUHXCSI ocKonKoB. TonbKO 

OTnH'IHe Z ( A ) 
P r OT pac'IeTHhiX no rHrroTeaaM PC3 H Mn3 MO*eT caSI-

3biB8TbCSI C BnHSIHHeM o6onO'IeK B OCKOnKaX. 

CornacHe *e :3KCnepHMeHTBnhHhiX uaHHhiX c rHnoTeaaMH PC3 H M03 

CBHUeTenbCTByeT, ITO-BHUHMOMy, nHWb 0 TOM, 'ITO UnSI UOCTBTO'IHO BbiTSI-

HyTbiX <jlopM uenSIIUerOCSI SIUpa CyiUeCTByeT T9pMOUHH8MH'I9CKOe paBHOBeCHe 

B uenSIIUeii:cSI CHCTeMe, TBK 'ITO ITOCneUHSISI ycneaaeT 'no'IyBCTBOBBTb, HMeiO-

IUHHCSI MHHHMyM ee ITOTeHUH8nbHOH :3HeprHH B 3aBHCHMOCTH OT pacnpeuene

HHSI 38pSIU8 Me*UY 6yuyiUHMH OCKOnKaMH. 0pH'IeM COBepweHHO He o6SI3a

TenbHO, 'IT06bi TepMOUHHBMH'IeCKOe paBHOBeCHe CyiUeCTBOBBID HMeHHO B 

TO'IKe pa3pbiBa. noCTBTO"'HO, 'IT06bi OHO BbJITOnHSinOCb UnSI BbiTSIHyTOit <jlHry

pbl ua*e c BeCbMa ToncTolt weltKolt. PacnpeueneHHe 3apAAa nponopuHOHanh-

HO MBCCe OCKOnKa MO*eT B03HHKHyTb TOnbKO B TOM Cny'Iae, eCnH uenSI-

IUeeCSI SIUPO npOXOUHT nyTb OT 3nnHITCOHUBnbHOit <jlopMbl K pa3pblBHOH <jlopMe 

HaCTOnbKO 6hiCTpo, 'ITO paBHBSI nnOTHOCTb 3apSIU8 ITO BCeMy SIUpy He ycne-
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B8eT IIpeTeprreTb H3MeHeHHi!:, Tpe6yeMhiX MHHHMyMOM IIOTeHUH8llbHOii: 9Hep-

I'HH, 

nepeil:aeM K o6cyJKaeHHIO rrapaMeTpa WHpHHbl 38pHaOBOI'O pacrrpeaene

HHSI U :1 
z:l 

B 38BHCHMOCTH OT A E* H rrapaMeTpa aCHMMeTpHH aene-.. 
HHSI; (~) A:a • 

KaK BHaHo H3 pHc.6, yaoaneTBOpHTellbHOe cornacHe aKcrrepHMeHTa~ 

Hh!X TO'IeK C paC'IeTaMH IIO CT8THCTH'IeCKOi!: TeOpH11 aeneHHSI, Ha6niOaaeMOe 

z:a 
anSI yaKoi!: o6nacTH nerKHX .Siaep B o6nacTH-;:- < 38, CMeH.SieTC.SI pe3KHM 

z:a 
paCXOJKaeHHeM IIpH 6ollbWHX -A- , p 8Hee 6hinO IIOK838HO, 'ITO yqeT BCeX 

II060'IHbiX <jlaKTOpOB 9 KCIIepHM9HT8 He MOJKeT CKOnbK0-HH6yab cymeCTB9HHO 

H3MeHHTb H3MepeHHhie aHa'leHH.SI, 'IT06hi yny'IWHTb aTo cornacHe. B TO JKe 

BpeM.SI HHK8KOe H3MeHeHH9 rrapaMeTpOB TeOpHH B pa3yMHb!X rrpeaenax He 

MOJKeT IIpHB9CTH K COI'naCOB8HHIO TeOpHH H 9KCIIepHMeHTa. 

3TH peaynbT8Tbl T8K JKe, I:aK H aaHHhie IIO MaCCOBblM pacrrpeaeneHH

/5/ 
.SIM OCKOnKOB aeneHH.SI , Tpe6yiOT 6onee BHHMaTenbHOI'O paCCMOTpeHH.SI 

OCHOBHbiX rrpearronoJKeHHH CT8THCTH'I9CKOH TeOpHH, 

3aMeTHM, 'ITO HeTO'IHOCTH OIIpeaeneHH.SI <jlopM pa3pbiBHhiX <jJHryp, KQ-

TOpbie, 6eaycnOBHO, IIpHCyTCTBYIOT B KaJKaOM KOHKpeTHOM paC'IeTe, He MQ-

:1 
ryT CyiiieCTBeHHO OTp83HTbC.SI H8 Bbi'IHCneHHH BenH'IHHbl C1 

11 
, IIOTOMY 'ITO, 

K8K IIOK838HO BbiWe, B CT8THCTH'IeCKOil: TeOpHH BenH'IHHa aHCIIepCHH 38p.S!Ll8 

rrpaKTH'IeCKH He 38BHCHT 0T H3MeHeHH.SI <jlopMbl aen.SIIUeHC.SI CHCTeMhi, a CB.SI-

38H8 TOnbKO C 9HeprHeil: CHMMeTpHH aen.SIIIl9I'OC.SI .S!Llpa . 

KaK H3BeCTHo, rrpearronoJKeHHe o HanH'IHH TepMoaHHaMH'IeCKoro paaao-

BeCH.SI B aen.SIIUei!:C.SI CHCTeMe Ha BCeM ee IIYTH OT Ceana ao TO'IKH pa3pb!B8 

BKniO'IHTenbHO .SIBn.SieTC.SI He O'leBHaHhiM H aaJKe , CKOpee, COMHHTenbHbiM anSI 

caMoii: TO'IKH paaphiBa. Eonee rroapo6Ho aToT aorrpoc o6cyJKaanc.SI B pa6o

ll7 I 
Te 

06paTHM BHHM8HHe H8 TO, 'ITO B CT8THCTH'IeCKOH TeOpHH He Y'IHTbiBa-

eTC.SI eme oaaa H3 B8lKHbiX CTOpOH rrpouecca aeneHH.SI, KOTOpa.SI MOlKeT OKa-
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38Th cymeCTBeHHOe BnHHHKe Ha AHCrrepCHffi aapana OCKOnKOB neneHHH Heaa-

BHCHMO OT HanHqHH HnH OTCyTCTBHH TepMOAHH8MHqeCKOrO paBHOBeCHH B Toq-

Ke paaphiBa. 

lla)!{e rrpH aanHqHH TepMOAHH8MHqeCKOrO paBHOBeCHH nnH pa3pb1BHOJ!: 

!jJHryphi caM paaphiB wei!:KH cymeCTBeHHO HeCT8UHOHapeH. noaTOMY HYKno-

Hhi, aaxonHWHecsr B wei!:Ke B pai!:oae rrnocKOCTH paapbiBa, 6ynyT pacrrpene

nsrThCH Me)!{ny ocKollKaMH cnyq.3i!:HbiM o6paaoM. Yia-aa cnyqai!:HOCTH aToro 

pacrrpeneneHHH B03MO)!{Hbl OTKnOHeHHH aapHAOB OCKOnKOB OT H8H6onee Bepo

HTHbiX aaaqeHHi!:. BnHHHHe aToro a!jlcpeKTa aa rronaoe Maccosoe pacrrpenene

HHe OCKOnKOB rrpeae6pe)!{HMO Mano H3-38 oqeHb 60nhWOH AHCrrepCHH M8CCbl 

OCKOnKOB, OAH8KO nnsr AHCrrepCHH aapana OCKOnKOB rrpH 38.118HHOi!: Macce OHO 

MO)I{eT 6hiTh oqeHb cymecTBeHHhiM, H TeM 6onbWHM, qeM Tonme psymasrcsr 

wei%Ka. EcnH pacrrpeneneaHe aapana aa cqeT aToro rrpouecca HMeeT BHA 

pacrrpeneneHHR faycca, TO Ha-aa aeaaBHCHMOCTH rrpouecca TeMrrepaTypaoi!: 

!jlnffiKTyauHH rrnoTHOCTH aapana B o6~eMe anpa H rrpouecca cnyqai%aoro pac-

rrpeneneHHSI rrpOTOHOB Me)!{.tly OCKOnKaMH Ha nHHHH pa3pbiBa CyMMapHaSI AHC

rrepCHSI aapana 6yneT pasaa 

0'2 .. (0'2) 
z z T + ( 0' 2 ) 

z p 

PaccMoTpHM sorrpoc o TonmHHe wei!:KH nnsr paapbiBHOi!: !jJHryphi. QqesHnHo, 

qTO ecnH AHaMeTp WeHKH MeHbWe HnH paBeH AHaMeTpy HyKnOHa, TO 0 cy

meCTBOB8HHH TaKoi% t!IHryp~>I rQIUipHTh 6ecCMhiCneaao. B To )l{e speMSI nH-

HeHHbie paaMephi · caMaiX Tjf)!{en»Ix H.Rep scero nHWh B weCTh paa rrpeshJwa

ffiT paaMepbi HYKnoaa, H neaToMy • )!{H.tiKO-KarrenhHOM paccMoTpeHHH wei!:Ka 

nHaMeTpoM, 6nH3KHM K paaMepaM HYKnoaa, eme nocTaToqao ToncTa. EcnH 

TOqKoi!: pa3pbiB8 CqHT8TL TaKyffi !jJopMy nenHWeHCSI CHCTeMbi, AnSI KOTOpoi!: 

KYnOHOBCKHe CHnbi OTTanKHB8HHSI ABYX 6ynylllHX OCKOnKOB paBHbl CHne IIQ-

BepXHOCTHoro H8TSI)!{eHHH B ceqeHHH pa3pbiB8, TO AnSI anep C 6~nhWHM Z 

H3-3a B03paCT8HHH KynOHOBCKHX CHn ceqeHHe pa3pbiB8 non)!{HO ysenHqHB8Tb-

CHo 
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l1HbiMH cnoBaMH, 6onee TSDKenbie smpa 6yayT HMeTb paapbiBHbie $Hry

pbi C 6onee TOnCTOH IIIeHKOH. 

Jlei'KO IIOK838Tb 0 "'TO B nepBOM IIpH6nH)I{eHHH IIpH ycnOBHH IIOCTOSIHCT-

Ba KOS$$HUHeHT8 IIOBepXHOCTHOI'O H8TSI)I{eHHSl C H3MeHeHHeM z 0 aensriiie-
z2 

rocsr SILlpa paaHyc IIIeHKH pa3pbiBHOH $Hrypbi 6yaeT nporropuHoRaneH --;:;-,
8

• 

0 

YBenH"'eRHe TOniUHHbi pByiUeficsr IIIeHKH c p ocTOM Z o aon)I{RO rrpHBOLlHTb, 

KaK· YK83b!BanOCb Bbiiiie, K yBenH'IeHHIO LlHCIIepCHH 38pSILl8 OCKOnKOB aene-
2 

HHSI (um)P• 3aBHCHMOCTb paauyca IIIeHKH OT aapSILla aensrmerocsr srapa ao-

cTaTO"'HO CHnbH8SI $yHKUHS10 IIOSTOMY 
1
,B03M0)1{HO, T8KH~1 o6pa30M YLlBCTCSI 

06bSICHHTb CHnhRoe YIIIHpeRHe 38pSILlOBOI'O pacrrpeaeneHHSI OCKOnKOB aeneHHSI 
z2 

npH - · :> 38. 
A 

qTO aaeT IIOLl06ROe paCCMOTpeHHe LlnSI 38BHCHMOCTH LlHCIIepCHH 3apsr-

Ll8 OCKOnKOB $HKCHpOB8HHOH MaCCbl OT 8CHMMeTpHH paaaeneRHSI? 

!13-38 TOro, "'TO CHnbl KynOHOBCKOI'O OTT8nKHB8HHSI OCKOnKOB yMeHb

A 1 
lll810TCSI C yBenH"'eHHeM , LlOn)I{HO Ha6nJOLl8TbCSI yMeHbiiieHHe Ton-

IUHHbl pByiUeHCSI IIIeHKH H yMeHhllleHHe LlHCIIepCHH 38pSILl8 (u:) p C yBenH'Ie

HHeM IIapaMeTpa 8CHMMeTpHH paaaeneHHSl. 

3TO HaXOLlHTCSI B Ka'ieCTBeHHOM COI'nBCHH C SKCIIepHMeHT8nbHblMH Ll8H

Hb!MH, rrpeLlCTaBneHHblMH H8 pHc .• 3. 

Ha pHc.5 npHBOLlHTCSI aaBHCHMOCTh rrapaMeTpa IIIn pHHbl 3apsraoBoro 

pacrrpeaeneHHSI ocKonKOB aeneHHSI oT sReprHH Boa6y)I{LleHHSI aen srmerocsr SILlPa 

288 ( 20 ) 2 ansr peaKUHH U N e. f • BHLlHO, 'ITO H3MeHeHHe u z c T eMnepaTy-

poii aensrmerocsr SILlPA SIBnsreTcsr 6onee cna6oii $yHKUHeii , 'leM U 2 "'T KO-
z • 

Topy10 npeacKa3biBaeT CTaTHCTH'ieCKasr T e opHsr aeneHHsr. 

CocTaBnSilOmasr aacrrepCHH aapSILla, CBSI3a HHasr c $nJOKTyauH eil HyKn o 

HOB H8 nHHHH pa3pb!Ba, IIO-BHLlHMOMy, Ll0n)I{H8 O'ieHb cna6o 3aBHCeTb OT 

TeMnepaTypbi SILlpa , ecnH c H3MeReHHeM T eMrrepaT yp bi srapa He MeHHeTcsr 

pa3pb!BH8SI $OpMa H T01l!UHH8 payiUeHCSI IIIeHKH. TI OSTOMY 1101lH8SI LliiCITepCHSI 

38pSILl8 OCK01lKOB, BKn!O'i8101U8SI B Ce6sr H '!neH ( U: ) T , B03HHKd!OIUUil 38 
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C'leT TeMrrepaTypHoii cjlniOKTyauHH o6'beMHOii rrnoTHOCTH 3ap51Aa, .o:omKHa 6JoiTio 

6onee cna6oii: <I>YHKU Heii TeMrrep8Typhi, 'leM 

OIIbiTe. 

U 
2 

,. T , 'ITO H86niOA8eTC51 B 
II 

H8MH A8Hhi K8'1eCTBeHHhie o6'bSICHeHHSI 3KCrrepHMeHT81IbHhiX A8HHbi X. 

Eonee AeT8nbHoe o6cy*AeHHe Tpe6yeT KonH'IeCTBeHHoro TeopeTH'I9CKoro 

paCCMOTpeHHSI 38TpOHYTbiX BOIIpOCOB. 

ABTOpbl 6naroAapHbl rrpo<fJ. f.H.<f>neposy 3a 601IbUlOe BHHMBHHe, IIOA

Aep*KY H UeHHbie 38Me'laHHSI B rrpouecce rrpOBeAeHHSI OIIblTOB H o6cy*AeHHSI 

pe3y1IbT8TOB. 

Mbi 6naroAapHbi p8AHOXHMHKaM E.A.fB03Aesy, 3.f.fpHT'IeHKo, T.H.Ma-

K8p0BOH H A.B.CTeii8HOBY 3a rrposeAeHHe XHMH'IeCKoro BbiAeneHH51 aneMeH

TOB H rrpHrOTOBneHHe MHilleHeii ; <fJH3HKBM-TeopeTHK8M lO.A.My3bl'IKe - 38 

rrpOBeAeHHe p8C'IeTOB IIO CT8THCTH'IeCKOH TeOpHH AeneHHSI H A-py P.HHKCy-

3 a rrone3Hbie AHCKyccHH. Mbi rrpH3HaTe1IbHbi A.illaMcyTAHHosy 38 rroMOillh 

B H3MepeHH"X, COTpyAHHK8M rpyiiiibl 9KCIInyaT8UHH UHKnOTpOHa IIOA pyKo

BO.llCTBOM E.A.3arepa 3a 6onbillYIO pa6oTy rro rrony'leHHIO HHTeHCHBHbiX rry'l-

KOB TSI*enloiX HOHOB. 

32 



n H T e p a T y p a 

1. f.A.IluK-IlH'IaK, B.M .CTpyTHHCKHil, <l>uauKa aeneHHH aTOMHhiX Haep. foc

aToMuaaaT, MocKBa, !b 1962. 

2. B.M.CTpyTHHCKHA. 51<1> k 821 (1965). 
I 

3. J.R.Nix Contributions of International Conference on Nuclear 

Structure. To.KBo, 1967. 

4. F'.Plasil, D.S.Burnett, H.C.Britt, S.G. Thompson • Phys. Rev., 

142, 696 (1966). 

5. C.A.KapaMHH, <I>.HopMypaToB, IO.U.OraHecSIH, 10.3, IleHHOH)I(KeBH'l, 

E.l1.IlycTbinhHHK, f.H.<I>nepoB. IlpenpHHT Ol1Hl1, P7-3732, .Uy6Ha
1

1968. 

6. E,konecny, H. Opower, H.Gunther, H.Gobel Proceedings of a Sym

posium Physics and Chemistry of Fission IAEA Vienna, 1965,v.1,p.401. 

7. l1.B.KyaHeuoB, H.C .ManhueBa, 10 .U.OraHeCHH, A.M .CyxoB, B.A.llleroneB, 

IlpenpHHT Ol1Hl1, P7-3710, .Uy6Ha, 1968. 

8. B.Il.IllBeaoB, A.B.CTerraHoB. PaauoxHMHH, T. II, 65 ( 1960). 

9, E.A.fBoaaeB, C.A.KapaMHH, H.C.ManbueBa, IO.U.OraHeCHH, 10,3, IleHHOli)I(

KeBH'I, A.M.CyxoB, E.B.<I>e<jJHnoB, 3.WernoBCKHH, IlperrpHHT Ol1Hl1, 

13-3771 , .Uy6Ha, 1868. 

10,C,M.Lederer, I.M.Holla nder, I. Perlman. Table of Isotopes Sixth Edit. 

John Willey and Sons Inc. N.Y. -Land. -Sydney (1967), 

11. A.E .S.Green, Phys. Rev., ~ 1006 (1954). 

12. W.D.Myers, W,J.Swiatecki. Report UCRL-11980 (1965). 

13. H.M.Blann. Phys. Rf'v., 123, 1356 ( 1 96 1). 

14. T.Sikkeland, E .L.Haines, V.E.Viola. Phys. Rev., 125, 1350 (1962). 

15. E .L.Haines ., S.G.Thompson. Phys. Rev., 131, 2169 (1963). 

16. A.l1.06yxoB, H.A.Ilep<jJHnoB, Y<I>H,~ 621 (1967). 

1 7. Yu. T z . Og anes s ian. Preprint , E 2-3 94 2, Dubna 
1 

196 8 • 

18. Q.G.Cameron, Canad,J,Phys ., 4 35, 1021 (1957). 

PyKOIIHCb IIOCTyiiHna B H3JlaTenhCKHH OTaen 

33 
7 aBrycTa 1968 roaa. 


