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S u m m a r y 

·The statistical theory of the decay of excited nuc
lei is considered including the competition between 
particle emission and fission. Fission barriers are 
given by a phenomenological formula which is an analog 
of the known Cameron formula and approximates well ex
perimental data on nuclei up to transuranic elements. 

The contribution of shell corrections and odd-
even effects is discussed. The calculated ratios of 
evaporation and fission widths fn ;r I agree with experi
ment even in the region of nuclei with Z > 90. The rn /•f 1 
values depend weakly on excitation energy for nuclei 
with Z ~ 90, while in other regions this dependence 
proves rather strong. The last conclusion does not 
contradict known experimental data since in experiment 
one usually measures some effective value <l'n l·f1>, which 
is only indirectly related to the. real rn ;r I values. 
It is shown that the calculated values of < rn;r,>do not 
practically depend on excitation energy too. The effects 
of ·angular momentum and uncertainty in the choice of · 
level density parameter are discussed. 



1. Beeoe,we 

Bo36y~eHHhle .11,npa C MaCCOBblMH 1rncnaMH A ~ 150, 06pa3yro

UlHec.11 KaK KOMnayn,n- s,npa B peaKUHHX C HOHaMH, :rneprHH KOTOpblX He 

CHilbHO npeBOCXO.IJ;HT KYilOHOBCKHH 6apbep peaKUHH, H THmenble B036ym

,neHHble s.npa, ocTaJOUlHecs nocne xacxa.nnoii cTa,nHH Heynpyroro B3a
HMo,neiicTBHH BblCOK03HepreTHqecKHX qacTHU HnH H,nep C MHllieHblO, 

nepexo,nHT B HH3lliHe 3HepreTHqecKHe COCTOHHHH nyTeM KOHKYPHPYIOI.QHX 

Mem,ny co6oii npoueccoB "ucnapeHHH" H .nenenus. 
BeposTHOCTh n~pBoro H3 3THX npoueccoB .nocTaToqno xopomo 

OilHChlBaeTCH CTaTHCTH1-leCKOH TeopHeii Baiicxon<l>a, ycoBepmeHCTBOBaH·

HOH B pa6oTax nocne,nyroLQHX aBTopoo; ne6onhmHe OTKnoHeHHH pacqeT
HhlX ,naHHblX OT 3KCnepHMeHTa, KaK npaBHno, MO)KHO o6'bHCHHTb BilHHHHeM 

HeCTalJ;HOHapHblX npou;eCCOB /J;...:3/ • 3HaqHTenbHO xyme 06CTOHT ,neno 

C .pacqeTOM BepOHTHOCTH .neneHHH. s,nep. ,n;o HaCTOHLQero opeMeHH 3,necL 

ne 6Lmo Bhmonneno <l>axTuqecKH HH o,nHoro .nocTaToqHo no,npo6Horo H 
CHCTeMa1u11ecxoro pactfeTa; pe3ynLTaTbl BLltfHCneHHii B 6onLlliHHCTBe 

cnyqaeB 6bmH OCHOBaHLI Ha npH6numeHHOM no.n6ope napaMeTpOB, 
OilHCblBaIOLQHX O.IJ;Hy KaKyIO-TO BeCLMa orpaHHqenHyIO rpynny <l>aKTOB, 

H B uenoM HMeIOT IlHlliL opHeHTHpOBOtfHOe 3HatfeHHe / CM. 6u6nuorpa<l>Hro 
B fi,4,5/ /. · 

6onbmas H 6blCTPO yBenHtfHBaJOLQaHCH B o6'beMe :3xcnepHMeHTanL.;. 
Has HH<i>opMaUHH no .ne·neHHIO B036ym,neHHblX s.nep TaK:>Ke BLlrilH.IJ;HT 

. ceii11ac BeCbMa pa3p03HeHHOH, a B HeKOTOPLIX cnyqasx 00061.Qe HMeeT 

xapaKTep .IJ;OBOilLHO cnyqaiiHLIX, cna6o CBH3aHHLIX Me:>K,ny co6oii H3Me

peHHH. HeKOTOpbie Ba)l(Hble BblBO.IJ;LI, KOTOpLie qacTO CtfHTalOTCH IlPHMLIM 

cne,nCTBHeM 3KCnepHMeHTa, KaK, HanpHMep, 3aKnrotfeHHe 06 OtfeHb 

cna6oii 3aBHCHMOCTH OTHOllieHHH lliHpHH -f n / r / OT 3HeprHH B036y:>K,ne -

HHH ,nnH s,nep c .-Z> 90, o ,neiicTBHTenhHOCTH OCHOBaHLI Ha o6pa6oTKe 
pe3ynbTaTOB H3MepeHHH C IlOMOI.QbIO BeCLMa rpy6LIX MO,neneii H annpo

KCHMau;Hii H Tpe6yJOT 6onee TLQaTenLHOrO aHailH3a. 

3 



B 3THX YCJIOBH.HX npe.r{CTaBJI.HeTC.H Ba)KHbIM BbIIlOJIHHTb CHCTeMa

THqecKHe H .r{OCTaToqHo no,r{p06Hbie pacqeThl OCHOBHblX xapaKTepHCTHK 

npo:u;ecca AeneHH.H AJI.H mupoKoro HHTepaana 3Hepruii ao36y)K.r{eHH.H E* u 

IIIHPOKOH o6nacTH MaCCOBbIX H 3ap.H.r{OBbIX queen .H.r{ep A H z 
OCHOBaHHLie Ha KaKOM·TO O.r{HOM, BnOJIHe onpe.r{eJieHHOM Ha6ope 4>eHo

MeHOJIOrHqecKHX napaMeTpOB. Pe3yJILTaTbl TaKHX pacqeTOB MOrJIH 6bI 

nocJiy)KHTb OCHOBOH
0 

.r{JI.H CHCTeMaTH3aIJ;HH 3KCnepuMeHTaJibHblX .r{aHHbIX 

H no3B~JIHJIH 6bl Bbl.HBHTb nyHKTbl Hau6onee cyll(eCTBeHHbIX paCXO)K,r{eHHH 

3KcnepuMeHTa u Teopuu, Tpe6yIO!QHe .r{aJILHeiimero uccne.r{oBaHH.H. Pac

qeTLI ,r{eJieHH.H B036y)K.r{eHHbIX .H.r{ep, . cornacyIOil(HeC.H C .r{OCTaToqHo 

WHpOKHM KpyroM 3KCnepHMeHTaJibHbIX ,r{aHHbIX, He06XOAHMbl TaK)Ke .D:JI.H 

pemeHH.H p.H.r{a Ba)KHbIX 3a,r{aq, CBJI3aHHbIX C CHHTe3OM caepxT.H)KeJihIX 

TpaHcypaHOBbIX 3f,~MeHTOB / 6 / , CO3,r{aHHeM 3JieKTPO.H.r{epHbIX reHepa-

TOpOB HeHTpOHOB 71 H T • .r{. · 

,il;eTaJibHbIH pacqeT H CHCTeMaTuqecKHH aHaJIH3 H3BeCTHbIX 3Kcne

puMeHTaJibHblX ,r{aHHbIX no ,r{eJieHHIO B036y)K.r{eHHbIX .H.r{ep Ha OCHOBe 

MOHTe·KapJIOBCKoro, CTaTHCTHqecKoro nO,r{XO,r{a c yqeTOM o6onoqeqHhIX 

nonpaBOK H 34>4>eKTOB cnapuaaHH.H H .HBJI.HeTC.H :u;eJibIO HaCTO.Hll(eii pa60Thl. 

,il;aHHa.H CTaTb.H noCB.Hll(eHa aHaJIH3Y 6apbepoB ,r{eJieHH.H BI H OTHOWeHHH 

ucnapuTeJibHOH H ,r{eJIHTeJibHOH illHPHH rn Ir, ' .HBJI.HIOil(HXC.H OCHOBOH 

acex pacqeToB ,r{enemrn B036y)K.r{eHHLIX .H.r{ep. TeopeTuqecKue AaHHLie 

no ceqeHH.HM ,r{eJieHH.H, BbIXOAY pa3JIHqHbIX H3OTOilOB, yrJIOBbIM H 3Hep

reTuqecKHM xapaKTepucTuKaM qacTu:u;, conpoBO)K.r{aro~ux npo:u;ecc .r{ene

HH.H npu CTOJIKHOBeHH.HX BbICOKO3HepreTUqecKHX qacTHIJ; H .H.r{ep, 6y,n:yT 

H3JIO)KeHbl a· nocJie.r{yIOil(eii CTa The. • 

MLI orpaHuquMc.H ceiiqac o6nacTLIO .H.r{ep c 3ap.H.r{aMH Z < 105. 
,il;eTaJILHOMY ami.nu3y .r{eJieHH.H oqeHL T.H)KeJILIX TpaHc«l>epMHeBLIX__, .HAep, 

o6pa3yIO~HXC.H B peaKIJ;H.HX C T.H)KeJihIMH HOHaMH, 6y.r{eT IlOCB.H~eHa 

cne:u;uanLHa.H cTaTL.H. 

2. Eapbepbl oeAe1tu.R 

B HaCTO.H~ee BpeM.H H3BeCTHO HeCKOJibKO 0O.r{XO.r{OB K pacqeTy 

6aphepoB ,r{eJieHH.H, onpe.r{eJI.HeMbIX KaK pa3HOCTb Mace .H.r{pa B Ce,r{JIOBOH 

TOqKe H B OCHOBHOM COCTO.HHHH: 
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* B = M (A,Z)-M(A,Z), 
/ •II . /1/ 

O,D;HaI<o 3TH IlO,Il;XO,Il;bl' Kai< npaBHJIO' CJIHWKOM CJIO>KH:i,»I' '-IT06bl HX MO)KHO 

6LIJIO BLIITOJIHHTL i3 X0,Il;e M0HTe-1<apJIOBCI<oro pac1.JeTa KOHKYPHPYIOlllHX 

npoQeCCOB ,D;eJieHHH H HCnapeHHH, KpoMe Toro, 6ap1,ep1,1 ,D;eJieHHH, HB

JIHHCL MaJioii pa3HOCTLIO .D;BYX 6oJILWHX BeJIH'-IHH, BeCLMa '-IYBCTBHTem:,

HLI I< norpeWHOCTHM 3THX BeJIH'-IHH, Il03TOMY HCilOJibJOBaHHe TeopeTH1.Je

CKHX JHa'-leHHH Mace conpH>Keuo C ,Il;OilOJIHHTeJILHLIMH ueTO'-IHOCTHMH 

B J}laqe_HHHX B I H ,Il;JIH cornacoBaHHH C OITl,ITOM npHXO,Il;HTCH BBO,Il;HTb 

,Il;OilOJIHHTeJibHbie _no,D;rOHO'-lllbie !JapaMeTpbl. ,lJ;JIH pacqeTOB H,D;epHbIX 

peaKQHH npe,D;CTaBJIHeTCH 6oJiee Y.D;06HblM Henocpe,D;CTBeHHO HCITOJibJO

BaTb 3I<CnepHMeHTaJibllbie JHa'-leHHH 6ap1,ep0B ,D;eJieHHH, BbI,D;eJIHB HJ 

HHX <f>euoMeHOJIOrH1.Jec1<yro "ueperym1puyro '-laCTb"' JaBHCJilllYIO OT 060-

JIO'le'IHLIX nonpaBOK, OCTaTO'-IHLIX BJaHMO,D;eHCTBHH H .D;pyrHX 3<f><f>e1<TOB 

JI,D;epuoii CTpyKTYPLI' H annpOKCH¥HPOBaB OCTaBWylOCJI "rna,n;1<yro 1.JaCTb" 

npoCTOH aHaJIHTH1.Jec1<oii JaBHCHMOCThlO. 

HeperyJIJIPHYIO qacTL 6ap1,epa MLI pa3,n;eJIHM ua .D;Ba 1.JJieua: no

npaBKY I< Macce OCHOBHoro COCTOJIHHH H.n;pa fl ( A, z) HnonpaBKY I< Macce. 

JI,D;pa B ce,D;JIOB0H TO'-II<e 8 (A' z) . ,lJ;JIJI OQeHKH nepBoro HJ 3THX .· .1.JJieHOB 

M9>KHO BOCITOJlbJOBa Tb CH nonpaBI<aMH KaMepoua / 9/ ' onpe,D;eJIJieMbIMH 

Kai< paJHOCTb Me>K.n;y 3I<CnepHMeHTaJibHbIM JHa'-leHHeM MaCCbl H BeJIH'-IH

HOH M (A, Z) , pacc1.J11Tauuoii no MO.D;eJIH >KH,n;Koii KannH. l!To 1<acaeTCJ1 

rronpaBKH o(A,Z), TO 060JI01.Je'-1Hble 3<f><f>e1<Thl B ce,n;JIOBOH TO'-II<e XOTH 

H o6ycJiaBJIHBaIOT CTPYKTYPY JaBHCHMOCTH MaCCLI JI,D;pa M s P OT 

. rrapaMeTpa ,n;e<f>opMaQHH, o,n;HaI<o B CHJibHO ,n;e<f>opMHpOBaHHOM BOJ6y>K

.n;eHHOM JI,D;pe HX BJIHJIHHe Ha "MaKCHMaJibHOe JHa'-leHHe" M sp , onpe

,n;eJIHIOIQee BeJIH'-IHHY BI ' ue CTOJIL CYllleCTBeHHO, 1<a1< B OCHOBHOM 

COCTOHHHH. Il03TOMY MO>KHO O>KH,D;aTL, '-ITO nonpaBI<a o('A,Z) JaBHCHT, 

B OCHOBHOM, JIHWb OT 1.JeTHOCTH HJIHHe'-leTHOCTH '-IHCJianpoTOHOB H ueiiT

POHOB B JI,D;pe /<l>eHOMeHOJIOrH'-leCKHH yqeT cnapHBaHHJI H ,n;pyrHX 

ue11eTno-1.JeTHhIX 3<f><f>e1<TOB/ H B cpe,n;HeM JHa'-IHTeJibHO MeHbWe nonpaBKH 

L\( A, Z) 

* CM.' uanpHMep, o6CTOHTeJibHbie pa60Tbl CTpyTHHCI<oro, HHI<Ca 
11 ,n;p. / s/ , r,n;e co6paua no,n;po6HaJI 6u6nnorpaqiHJI. 
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EcnH B nepBOM npH6nH>KeHHH nonpaBKOH a npeHe6pe'-lb, TO 3Ha

'-leHmiB, = B ;x/Jr A,l)+~(A,Z),COOTBeTCTBYIO~He "rna,IJ;KOH qacTH" 6apbe· 

pa ,IJ;eneHH.H ** H paccMaTpHBaeMLJe B 3aBHCHMOCTH OT napaMeTpa Z 2 
/ A, 

HMeIOT 3aMeTHO MeHbWHii pa36poc' '-leM HCXO,IJ;Hble 3KcnepHMeHTanbHble 

"TO'-IKH B i"t. H HX ·nerqe annpoKC:HMHPOBaTb npoCTOH aHanHTH'-leCKOH 

3aBHCHMOCTblO /oc66eHHO npH z 2
/ A<35 ; CM. pHc. 1/. 

3. Om1wwenuJ1 I~ / r, u 11e'lem110- 'lem1ib1e 3(J(Je1<mb1 · 

C IlOMOIUbIO nony'-leHHOro OilHCaHHblM BbJWe cnoco6oM Bblpa>KeHHH 

Ail.ff 6apbepoB ,IJ;eneHH.H H 1( A, Z) = H'f ( Z 2/ A)-t\( A, Z)Tenepb MO>KHO Bhl'-IHC • 

nHTb BenH'-IHHY 

f~ 4mn B*-B~ 

-=-- f lU r, rr'li 2 0 n 

B*- B'· 
(E*,l)p (E*-B'-£)d£!( 1 p (E*-

n n O I 

-B' -ddl 
I 

· -2 2 
4anmn1i R (a 1 /an)[J+(t 1 -J)exp(t1 ))-1 x 

x l ( E * - B '• + (:3 ) [ J + ( t - I ) exp ( t ) ] -n n n n 
/2/ 

- ( 4 a ).-1 [6 + ( t 3 - 3 t 2 + 6 t - 6) exp ( t )] I 
n n n n n ' 

r,IJ;e t = 2 ya. ( E * ...: B. ) 
i I I 

** OTMeTHM, '-ITO nonpaBKa ~ BXO,IJ;HT 3,IJ;eCb co 3HaKOM nnroc, 
IlOCKOilbKY OHa OTHOCHTCH KO. BTOpOMY qneHy B <bopMyne / 1/. 
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3,D.eCb 

a == 11 R 
2 

a .( 1 + f3 I£ ) 
n n n 

- ce11eHHe o6paTHOH pea.KIJ;HH; npH 3TOM 3HatJ:eHHH eenHtfHH an H f3 n -
Te )Ke, tfTO H B H3BeCTHblX pa6oTax ,[(ocTpOBCKoro H/,D.p. I 13/ /npH 'o = 
=1,3 x 10-0 CM/. m n - Macca HeiiTpoHa. R = r

0 
A 1 3 • 

p. ( E* - B' - £) = const x exp 12 v a.( E * - B' - d I 
I i I i /3/ 

- nnoTHOCTb ypoeHeii H,D.pa, r,D.e B .' -= Bi + b; - 3<l><l>eKTHBHLie 6apbep 

,D.eneHHH H 3HeprHH CBH3H HeiiTpOHa. 
1 

2 b'.' ,D.nH·tJ:eTHbIX A - Z H Z 
I 

b: , ecnn A HetJ:eTHOe 

O .D.nH HetJ:eTHbIX A-Z H Z 

• nonpaBKH Ha tJ:eTHO • HetJ:eTHbie 3<l><l>eKTbl B nnoTHOCTH YPOBHeii /nonpae

Ka b n OTHOCHTCH . i< H,D.py, OCTaBWeMyc,i: nocne BbineTa HeHTpOHa/. 

B COOTBeTCT.BHH C 3KCil~HMeHTanbHblMH JJ;aHHbIMH Mbl CtfHTanH, tfTO 

b 1 == 1 M 3B, b ~ == 12/ A 2 M 3B. ,[(n,i: onpe.11;eneHHH eenHtJ:HHbI B n ( A, Z) 
MO)KHO CHOBa eocnonb30BaTbCH <l>opMynaMH KaMepoHa /9/_ 

qTO KacaeTCJI napaMeTpOB nnoTHOCTH YPOBHeii JJ;nH npo11;ecc0B ,D.e

neHHH H HcnapeHHJI, a/ H an , TO aHanH3 H3BeCTHbIX 3KcnepHMeHTanb· 

HblX JJ;aHHbIX yKa3blBaeT Ha onpe.11;eneHHYIO CTPYKTYPY 3aBHCHMOCTH 3THX 

napaMeTpOB OT A H z ' KOTopyro, KOHetJ:HOi'Cnf.D.YeT YtfHTbIBaTb n~H 

. ,D.eTanbHOM paCCMOTpeHHH IlOBe,D.eHHH I .n Ir, 24 • O,D.HaKo JJ;nH pacqe-

TOB HeynpyrHX CTOnKHOBeHHH BblCOK03HepreTHtfeCKHX tJ:aCTHIJ; H JI,D.ep 

C H,D.paMH, r.11;e HMeeTCJI 6onhlIIOH Ha6op pa3nHtJ:HblX OCTaTOtfHbIX JI,D.ep, 

. .... 

'y'iieT 3TOH 3aBHCHMOCTH OKa3hIBaeTCJI He CTOnh cyUJ;eCTBeHH~IM. ,[(e- ·-· 

TanbHOe paCCMOTpeHHe 3aBHCHMOCTH a (A, Z) He Ba)KHO TaK)Ke JJ;nH 

aHanH3a xapaKTepa 3HepreTHtfeCKOH 3aBHCHMOCTH OTHOWeHHJI WHPHH 

rn / r / , tfTO JIBnJieTCJI O)J;HOH H3 OCHOBHhIX HaIIIHX 3a,D.atf. Il03TOMy B 

,naHHOH CTaTbe Mhl, Kai< npaBHno, 6y.11;eM CtfHTaTh, tfTO napaMeTpLI 

a I = an = CA , r,D.e c = const . /qaCTHtfHO 3aBHCHMOCTh CTpyKTy

PI.l yposneii OT A · H Z ytJ:HThIBaeTCJI BBe,D.eHHeM nonpaB0K b n , 

0 tfYBCTBHTenbH0CTH pactJ:eTOB K KOHKpeTHOMY BbI6opy eenHtfHHbl napa-

MeTp0B an H a: 1 CM. HH)Ke/. · 
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Pac11eThl IlOKa3LIBaJOT, 'ITO TeopeTH'leCKHe 3Ha'leHHH r n / r / 
,IJ;OBOJlhHO 6JIH3KH K 3KCnepHMeHTaJihHhIM, O,IJ;HaKO, B OTJIH'IHe OT nocne,n;

HHX TeopeTH'leCKHe 3Ha11eHHH ,IJ;JIH 'leTHhIX H He'leTHhIX H3OTOITOB OKa-

3bIBaJOTCH C,IJ;BHHYThlMH ,n;pyr OTHOCHTeJihHO ,n;pyra. BaphHPOBaHHeM 

BeJIH'IHHhl IlOCTOHHHhlX bn H b I 3TH C,IJ;BHrH MO>KHO 6LIJIO 6hl ycTpa

HHTh, o,n;HaKO, cor.JiaCHe C OilhITOM IlpH 3TOM yxy,n;waeTCH /CM. pHC. 2, 
r,n;e 3TO HJIJIIOCTpHpyeTCH Ha npHMepe .11,n;ep acTaTHHa, ypaHa H HenTy

HHH; TaM >Ke BH,IJ;Ha 'IYBCTBHTeJibHOCTh pac11eTOB K BeJIH'IHHe IlOCTOHHHhIX 

b n H b I /. 
,il;JIH Toro 'IT06h1 YJIY'IWHTh cornacHe C OilhITOM, y11TeM Tenepb 

nonpaBKY O (A' z) ' onpe,n;eJIHB ee H3 ycJIOBHH, 'IT06bI pa3HOCTh B ,° = 
= B;xp(A,Z)+~(A,Z)-o( A, Z) OCTaBaJiaCb ,IJ;OCTaTO'IHO rna,n;KoiicpyHKl{H· 

eii napaMeTpa Z 2 
/ A , a OTHOWeHHH fn /1" 1 ,D;JIH 'leTHhIX H He'leTHhIX 

H3OTOilOB yKJia,IJ;bIBaJIHCh 6LI Ha O,IJ;HY KPHBYIO, TaKHM o6pa30M, Mhl Ha

WJIH, 'ITO 

o(A, Z)= r -0,5 M3B, ecJIH z 11eTHOe l 
1 0, ecnH Z He11eTHoe J 

+ { 0 , ecnH N = A - Z 
+lM3B, ecnH N 

11eTHoe l 
He'leTHOe J 

lfa pHc. 2 H 3,4, r,n;e npHBe,n;eHbl OTHOWeHHH f n I 1~, ,IJ;JIH 6onee TH>KeJfbIX 

.11,n;ep - BilJIOTh ,n;o .11,n;pa C z = 107' BH,IJ;HO, 'ITO npH yKa3aHHOM BhI6ope 

nonpa·BKH O tte60JihWOH C,IJ;BHr 3Ha'leHHH f n j,[ / ,D;JIH 'leTHhlX H He'leT • 

HhIX 'H3OTOilOB OCTaeTCH 3aMeTHhIM JIHWh ,Il;JIH O'leHb TH>KeJibIX TpaHc

cpepMHeBbIX H,D;ep. * Bo BCeH OCTaJILHOH o6JiaCTH 3aBHCHMOCTh rn / f / 
OT Maccoaoro 'IHCJia HBJIHeTCH nnaBHOH, eCJIH He C'IHTa Th OKpecTHOCTeii 

MarH'leCKHX 'IHCeJI A - Z =126 /cM.pHC. 2/ H A - Z =152 /cM.pHc.4/, 

r,n;e HMeJOTCH pe3KHe H3JIOMhI, KOTOphie, O,IJ;HaKO, xopowo nepe,n;aroT 

noae.n;eHHe H3BeCTHhIX 3KcnepHMeHTaJibHhIX .n;aHHhIX. 

KaK H O>KH,IJ;aJIOCh' BeJIH'IHHa O (A' z) B WHpOKOM ,n;Hana3OHe 

3Ha'leHHH A H Z JaBHCHT JIHWh OT He11eTHo-11eTHhIX 3cpcpeKTOB. IlpH 

3TOM cne,n;yeT OTMeTHTh' 'ITO 'IHCJieHHOe 3Ha'leHHe O (A' z) 
cyI.QeCTBeHHO 3aBHCHT OT Bb16paHHOH annpoKCHMa:UHH BI ;a 11aCTHOCTH, 

eCJIH He11eTHO·11eTHbie 3cpcpeKThl Y'IHTbIBaTb C IlOMOI.QhlO 11aCTO HCilOJlb• 

3yeMOH nonpaBKH CBHTe:QKH / I 61 ' TO cornacHe C OilhlTOM ,IJ;JIH r n Ir/ 
OKa3LIBaeTCH 3Ha'IHTeJibHO xy,n;WHM. 

* 3TH pacxom.n;eHHH MO>KHO ycTpaHHTh, BBe,n;H a o (A'· Z) ,n;onon
HHTeJILHYIO JaBHCHMOCTh OT A /HanpHMep, CTeneHHyro/' O,IJ;HaKo HaM 
ceii11ac He HCHO, HaCKOJlhKO rna,n;Koii HBJIHeTCH 3aBHCHMOCTh caMHX 
3KCilepHMeHTa_JihHhIX 3Ha'leHHH f'n /f/. OT O'leHb 60JihWHX MaCCOBhIX 
'IHCeJI. 
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· OcTaBwa.Hc.JI "pery1rnpHaJJ qacTL" 3KcnepHMeHTaJILHhlX 6ap1>epoB 

,IJ;eJieHH.fl B; /CM. pHC. 5/ xopowo an;npOKCHMHpyeTC.fl 4>YHKD;Heii 

, ' ·, 2 3/4 . 2 

0 

{+4 .. 7 ( 33,5 - Z / 11.) · _· M:rn, ecnH Z I A < 33,5 

B. =12,5 + , . /5/ I - , . 
· · . 2 2h 2 · 

...:2,7 (33,5 ·- Z /A) M:rn, ecJIH Z I A >.33,5 . 

CooTBeTcTayromHe 3Ha'leHHH 6ap1>epoB B; ( A, Z )""'lfj (Z 
2
1 A}-~( A,Z)+o( A,Z) 

"6JIH3KH K 3KCnepHMeHTaJILHLIM ,IJ;a:>Ke B o6JiaCTH T.H:>KeJILIX TpaHcq>epMHe -

BLIX H,D;ep. 3TO BH,Il;HO H3 Ta6JlHULI 1, r,IJ;e ,IJ;aHO COilOCTaBJieHHe C OilLITOM 

6ap1>epOB ,IJ;eJieHHH, pacc'lHTaHHLIX pa3JIH'1HLIMH MeTO,IJ;aMH. B 'laCTHOCTH, 

Hawa annpOKCHMaD;H.fl ,IJ;aeT '. 3Ha'leHHH, 6onee 6JIH3KHe K 3KCnepHMeHTY' 

'leM pac'leT no MeTo,IJ;y Maiiepca H CBHTeo;KH. IlpH 3TOM 6ap1>epLI ,IJ;JIH 

H,D;ep c 'leTHLIMH Z , B o6meM, HeCKOJILKO JIY'lWe cornacyroTC.fl c OilLI· 

TOM, 'leM ,Il;Jl.fl .JI,D;ep C He'leTHLIMH z . 
IlpH BLI'lHCJieHHH 6. I A, Z} MLI HCilOJIL30BaJIH 4>eHOMeHOJIOrH11e • 

CKYIO q>OPMYJIY KaMepoHa H3 pa60TLI /9 ,.; • O,IJ;HaKO pe3yJILTaTLI Mano 

H3MeH.HIOTCH, eCJIH ,BOCilOJIL30BaTLC.fl q>OpMyJioii: H3 6onee Il03,IJ;Heii: pa6o

TLI KaMepoHa /96 /; HeKOTOpoe pa3JIH11He HMeeT MeCTO. JIHWL B o6JiaCTH 

Heii:TpOHOH36LIT011HLIX. H,D;ep. 

4. _3aeUCUMOCl!lb 0111 3Hepzuu eo36yJ1COeHUJI 

Ha PHC. 6 H 7 6onee ,IJ;eTaJILHO noKa3aHO, KaK OTHOWeHHe WHpHH' 

, /,[ I 3aBHCHT OT 3HeprHH B036y:>K,IJ;eHH.fl. H,D;pa £* . B COOTBeTCTBHH 

C 3KCnepHMeHTOM 3Ta. 3aBHCHMOCTL HBJI.HeTC.fl 011eHL CHJILHOH ,Il;Jl.fl H,D;ep 

C z < 90. ,Il;JIH cornacoBaHH.fl C OilLITOM 3,IJ;eCL He06XO,Il;HMO BLI6paTL 

3HalleHHe an = A/8 H ,Il;OilYCTHTL, llTO napaMeTp IlJIOTHOCTH. ypOBHeii: 

,IJ;JIH ,IJ;eJIHIUeroc.H H,D;pa a I HeCKOJILKO 6on1>we, 11eM a n • /Ilepexo,IJ; K 

60JILWHM 3HalleHHHM an C,Il;BHraeT KPHBLie BBepx, yBeJIHlleHHe O'.fHOWe • 

HH.fl a 1 /an ,IJ;eJiaeT KPHBLie 6onee KPYTO na,IJ;aIOIUHMH/. . 

B o6naCTH z "" 90 CHJILHa.H 3aBHCHMOCTL OT E * OCTaeTC.fl ,Il;Jl.fl 

MaJILIX ( E * "" /31) H 60JILWHX [ E* » (3 I ) 3HeprHii: B036y:>K,IJ;eHHH, B TO 

BpeM.H KaK BO BCeii: npoMe:>KyTOllHOH o6JiaCTH H3MeHeHH.fl ] ~ ;r, HeBeJIH• 

KH. lfa. pHC. 7 BH,Il;HO, llTO nocJie,IJ;Hee o6CTOHTeJILCTBO. CBH3aHO C H3Me • 

HeHHeM 3HaKa npoH3BO,IJ;Hoii: d ( r n I I~ ) Id E * npH nepexo,IJ;e OT o6nacTH, 
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PacqeTbl IlOKa3bIBaJOT, qTo TeopeTHqecKHe 3HaqeHHJI rn /r f 
.IJ,OBOnLHO 6nH3KH K 3KCnepHMeHTanbHbIM, (}.Il,HaKO, B OTnHqHe OT IlOCJie.IJ,· 

HHX TeopeTHqeCKHe 3HaqeHHJI .IJ,nJI qeTHhlX H HeqeTHblX H30TOilOB OKa-

3bIBaIOTCJI C.IJ,BHHYTLIMH .D,pyr OTHOCHTenbHO .D,pyra. BapLHPOBaHHeM 

BenHqHHbl IlOCTOJIHHbIX bn H b I 3TH C.IJ,BHrH MO)l<HO 6Lmo 6bI ycTpa

HHTh, O.IJ,HaKo, cor.nacHe C OilblTOM npH 3TOM yxy.IJ,maeTCJI /cM. PHC. 2, 

r.IJ,e 3TO HnmocTpHpyeTCH Ha npHMepe ,i:.IJ.ep acTaTHHa, ypaHa H HenTy

HHH; TaM :>Ke BH.IJ,Ha qyBCTBHTenhHOCTb pacqeTOB KBenHqHHe IlOCTOJIHHLIX 

b n H b I /. 
,!J;n,i: Toro qTo6LI yny'IIIIHTb cornacHe c OilbITOM, Y'ITeM Tenepb 

nonpaBKY o (A, Z) , onpe.D,enHB ee H3 ycnoBHH, 'IT06L1 pa3HOCTL B 1 = 
= B;"p( A,Z)+ I',( A,Z)- o( A, z) OCTaBanacL .IJ,OCTaTO'IHO rna.IJ,KOH cpyHKIJ;H· 

eii napaMeTpa Z 2 
/ A , a OTHOIIIeHHJI ,fn ;r, .IJ,nJI 'leTHblX H He'leTHLIX 

H30TOilOB yKna.IJ,bIBanHCb 6LI Ha O.IJ.HY KPHByJO. TaKHM o6pa30M, Mbl Ha· 

IIInH, 'ITO 

o(A,Z)=f-O,5M3B,eCnH Z 'leTHOe } 

1 0, ecnH Z He'leTHoe 

+ { 0 , ecnH N = A - Z 
+1M3B, ecnH N 

qeTHOe 1 
He11eTHoeJ 

lfa pHC. 2 H 3,4, r.IJ,e npHBe.IJ,eHLI OTHOIIIeHHJI r n Ir/ .IJ,nJI 6onee TJ1:>Ken·L1x 

JI.D,ep - BilnOTb .IJ.O H.IJ,pa C z == 107' BH.IJ,HO, 'ITO npH yKa3aHHOM BLI6ope 

nonpa·BKH 8 He6onLIIIOH C.IJ,BHr 3Ha'leHHH ,fn /•f f .IJ,nH 11eTHblX H He11eT· 

HblX H30TOilOB OCTaeTCJI 3aMeTHLIM nHIIIb .IJ,nJI O'leHL TJI>KenLIX TpaHc

cpepMHeBLIX JI.D,ep. * Bo BCeii .OCTanbHOH o6naCTH 3aBHCHMOCTb Tn / f / 
OT MaCCOBOro 'IHCna JIBnJieTCJI nnaBHOH, ecnH He C'IHTaTL OKpeCTHOCTeii 

MarH'leCKHX 'IHCen A - Z =126 /cM.pHc. 2/ H A - Z =152/cM.pHc.4/, 

r.IJ,e HMeJOTCJI pe3KHe H3nOMhI, KOTOpble, O.IJ,HaKo, xopomo nepe.IJ,aIOT 

IlOBe.IJ,eHHe H3BeCTHLIX 3KcnepHMeHTanhHLIX .IJ,aHHLIX. 

KaK H o>KH.IJ,anoch, BenH'IHHa o ( A, Z) B IIIHPOKOM .IJ,HanaJoHe 

3Ha'leHHH A H Z 3aBHCHT nHIIIb OT He11eTH0·1JeTHhlX 3cpcpeKTOB. IlpH 

3TOM cne.IJ,yeT OTMeTHTh, 'ITO 'IHCneHHOe 3Ha'leHHe O (A' z) 
cylIJ;eCTBeHHO 3aBHCHT OT BLI6paHHOH annpOKCHMaIJ;HH BI ;B 'laCTHOCTH, 

ecnH He11eTH0•1JeTHLie 3cpcpeKThl Y'IHTLIBaTb C IlOMOIIJ;bIO qacTO HCilOnb· 

3yeMoii nonpaBKH CBJITen;KH li6! , TO cornacHe C OilbITOM .IJ,nJI f n / r f 
OKa3LIBaeTCJI 3Ha'IHTenLHO XY.IJ.IIIHM. 

* 3TH paCXO:>K.IJ,eHHJI MO:>KHO ycTpaHHTh, BBe.IJ,JI B o (A'· Z) .IJ,Onon
HHTenLHYJO 3aBHCHMOCTh OT A /HailpHMep, CTeneHHYIO/, O.IJ,HaKo HaM 
ceii11ac He JICHO, HaCKOnLKO rna.IJ,KOH HBnJieTCJI 3aBHCHMOCTb caMHX 
3KCilepHMeHTanhHbIX 3Ha'leHHH f'n /1/. OT O'leHb 60nLIIIHX MaCCOBLIX 
11Hcen. 
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. OcTaBWa.HC.H "peryJI.HpHaJJ qaCTL" 3KCnepHMeHTanLHLIX 6apLepoB 

,neneHH.H B ~ /CM. pm::. 5/ xopowo annpOKCHMHpyeTC.H <l.>YHKl.(Heii 

• : ·. 2 3/4 . 2 

o_ {+4,7(33,5.-.Z IA)· _,M3B,ecnHZ !A<33,5 

B,, -12,5 + . . /5/ I . , 
. · · 2 2/1 2 . 

_:2,7(33,5-.Z /A) M3B,ecnH Z /A>33,5, 

CoOTBeTCTBYIOLQHe 3HaqeHH.H 6apLepoB B; ( A, z )"' B.'j (Z 
2
1 A}-~( A,Z)+o( A,Z) 

·6nH3KH K 3KCnepHMeHTanLHLIM ,name B o6nacTH T.H>KenLIX TpaHcqiepMHe -

BLIX 11,nep. 3TO BH.IJ;HO H3 Ta6J:JHl.(bl 1, r.ne ,naHO conocTaBneHHe C OilbITOM 

6apbepoB ,neneHH.H, paccqHTaHHLIX pa3nHqHLIMH MeTO,IJ;aMH. B qaCTHOCTH, 

Hawa annpoKCHMal(H.H ,naeT ,3HaqeHH.H, 6onee 6nH3KHe K 3KcnepHMeHTY, 

qeM pacqeT no MeTo,ny Maiiepca H CB.HTel(KH. IlpH 3TOM 6apLepLI ,nn.H 
11,nep C qeTHLIMH z ' B o6LQeM, HeCKOnLKO nyqwe cornacyIOTC.H C OilLJ• 

TOM, qeM .IJ;n.H JI,nep C HeqeTHLIMH z . 
IlpH BbJqHcneHHH ~IA, Z) MLI HCnonb30BanH qieHOMeHonorHqe-

CKYIO <J.>opMyny KaMepoHa H3 pa60TLI /9 ,.; . O,nHaKO pe3ynLTaTLI Mano 

H3MeH.HIOTC.H, ecnH .BocnonL30BaTLC.H <J.>opMynoii H3 6onee no3,nHeiipa6o

TLI KaMepoHa / 9 6 /; HeKOTOpoe pa3nHqHe HMeeT MeCTO nHWb B o6nacTH 

HeiiTpOHOH30LITOqHLIX 11,nep. 

4 ... 3aeucuMocmb om 3Hepzuu eo36yJ1CoeuuJ1 

Ha pHC. 6 H 7 6onee ,neTanLHO IlOKa3auo, KaK OTHOWeUHe WHpHH ·. 

' Ir/ 3aBHCHT OT 3HeprHH B036y>K,neHH.H. 11,npa E * . B COOTBeTCTBHH 

C 3KCnepHMeHTOM 3Ta 3aBHCHMOCTb .HBn.HeTC.H oqeub CHnLHOH .IJ;n.H 11,nep 

C z < 90. ,lJ.n.H cornacoBaHH.H C OilbITOM 3,IJ;eCL He06XO.IJ;HMO BLI6paTL 

3HaqeHHe an :;: A/ 8 H .IJ;OilYCTHTL, qTQ napaMeTp IlilOTHOCTH ypOBHeii 

,nn.H ,nen11meroc11 11,npa a I HecKonLKO 6onLwe, qeM a n • /Ilepexo.n K 

6onLWHM 3HaqelJH.HM an C.IJ;BHraeT KPHBLie BBepx, yBenHqeHHe 0'.J'H0we-

HHH a 1 ! a n ,nenaeT KPHBLie 6onee KPYT0 na,naIOLQHMH/. . 

B o6naCTH l "' 90 CHilLHa.H 3aBHCHMOCTb OT E * 0CTaeTc.H .IJ;Il.H 

ManL1x ( E * "' f3t) H 6onLwHx [ E* » f3 1 ) 3HeprHii B036ym,nenH.H, B TO 

BpeM.H KaK BO Bceii npoMe>KyToquoii o6nacTH H3MeHeHH.H J ~ /-f'1 neBenH • 

KH. Ifa PHC. 7 BH.IJ;HO, qTo nocne,nHee o6CTO.HTenLCTBO. CB.H3aHO C .H3Me • 

HeHHeM 3HaKa npOH3Bo,nuoii d ( r n I 11 ) Id E * npH nepexo,ne OT o6nacTH, 
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r.,Ae cn{l6o ao36ym,neHHL1e .11,npa -i-ep.1110T cao10 :rneprn10, 'rnaBHLIM 06-

paJoM, 6naro,nap.11 npoueccy HcnapeHHJI ( f n Ir, »· 1) .. , I< o6naCTH, 

r.ne npH E* == BI npeiiMyuteCTBeHHhiM JIBilJleTCJI ,neneHile ·rrn;r,.« 1). 
qTo 1<acaeTc.11 .11,nep c 6onLWHMH Z , TO ponL npoueccoa ncnape

HHJI 6bICTPO IlOBbIWaeTCJI C pOCTOM :meprHH B036y)IC,neHHJI. 3TOT BbIBO.A 

1<ameTc.11 npoTHBopetiautHM 3a1<nrotieHHIO pJ1,na.31<cnep11MeHTanLHLix pa6oT 

0 TOM, 'ITO ,IJ;nJI BCeX H30TOilOB .11,npa C Z > 90 3Ha'-teHHJI f,i /•f"/ y1<na-. 

.ALIBaIOTCJI npaI<TH'Ie CI<H Ha, O.AHY I<pHByro 

{ 

5,46 + 0, 140 N , ecnH 

logo: ll~ ) == -0,276 l + 

19,23 + 0,050 N; ecnn 

+{:·12 ,nn.11 HetieTHbIXZ} 

,nnJI tieTHbIX z 

Ns A-Z,6153} + 

N> 153 
- /6/ 

/17/ 
HeJaBHCHMO OT. aenH'IHHbl 3HeprHH B036ym,neHHJI /cM. rpa<lJHI<H Ha 

pHC. 3 H 4, IlOCTpoeHHhre B CO?iTBeTCT,HH co CBO,nI<aMH 3I<CilepHMeHTanL

HblX peJynLTaTOB H3 pa6oT 15 • 17 .1 9 /.O,nHaI<OH3BeCTHbieBHaCTOJl11-'ee 

apeMJI "3I<CilepHMeHTanbHbie 3HatieHHJI" 1 ·,, / r. I <iiaI<TH'IeCI<H He JIB• 

IlJIIOTCJI Henocpe,ncTBeHHbIMH pe3ynLTaTaMH H3MepeHHH, a nonyqeHbl 

H3 HHX nyTeM nepectieTa Ha OCHOBe HeI<OTOpbIX eeCbMa rpy6LIX oueHO'I· 

HbIX COOTHOWeHHH. B 'IaCTHOCTH, IlpH onpeneneHHH eenH'IHHbl f n /-1' I 
HnH . 3I<BHBaneHTHOH eii aenH'IHHbl ·I~ / ( l ~ + f /) H3 3I<CnepHMeHTanbHbIX 

«l>YHI<UHH B036Y>KAeHHJI ,nn.11 ncnyc1<aHHJ1 ~x HeiiTpOHOB o6LI'IHO npe,nno

naraeTc.11, 'ITO B_cpe,nHeM .<r11 /(l',,+f,J>=[a(c,x)/acP .rl i/x ,/J,necb 

ac - .rronHoe cetieHHe o6paJoaaHHJI 1<0MnayHn· .11npa, a(c, x) • cetieHHe 

peaI<UHH C HCilYCI<aHHeM X HeiiTpOHOB, p :JC - cpe,nHJIJI aepoJITHOCTb 

HcnycI<aHHJI TO,'IHO X HeiiTpOHOB/ •. ToT «l>aI<T' 'ITO nonyqeHHbie TaI<HM 

o6pa30M 3Ha'ie}lHJI OI<a3bIBaIOTCJI npa1<TH'Iec1<H He JaBHC.HII.tHMH OT . 

x HOT I<HHeTH'ieCI<OH 3HeprHH T , paccMaTpHBaeTCJI Kai< .AOI<aJaTenL

CTBO He3aBHCHMOCTH OTHOWeHHJI l'n /[ I OT 3HeprHH B036ym,neHHJI 

/cM., HanpHMep,f15.i 7.i9 , 20 / /. O,nHaI<O H3 Ta6nHUbl II BH.AHO, 'ITO 

Ha caMOM ,nene IlO'ITH IlOCTOJIHHbie 3HatieHHJI f'n / ( rn + l~ I} MOryT 

COOTBeTCTBOBaTb napu:nanbHblM OTHOWeHHJIM rn /(.Y-n-+ f1),CYuteCTBeHHO 

H3MeHJIIOII.tHMCJI C POCTOM 3HeprHH HaneTaIOutHX qacTHU T H, cne,no

BaTenbHO, CHilbHO 3aBHCJIII.tHM OT 3HeprHH B036ymneHHJI I<OMnayH,n- .11,npa , 
E* 
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H. . . 6 /i3/ 
aM H3BeCTHa Bcero JIHWb O,IJ;Ha :mcrrepHMeHTaJILHaJI pa OTa , 

·aBTOpbI KOTopoii H3 aHaJIH3a ceqeHHH o6pa30BaHHH H30TOIIOB Fm , Md H 

J l . IIPH o6nyqeHHH ypaHa HOHaMH KHCJIOpo,IJ;a, cl>Topa · H HeOHa IIpHWJIH 

K BblBO,IJ;y O CHJibHOH 3aBHCHMOCTH J'n / r / . OT :rneprHH £ * . IloJiy'IeH • 

HI.le B 3TOH pa6oTe OUeHO'IHbie 3Ha'IeHHJI rn /}'/ Ka'IeCTBeHHO COrJiacy

IOTCJI c pac'IeTHLIMH BeJIH'IHHaMH / CM. pHC •. 8/, O,IJ;HaKo ,IJ;JIH KOJIH'IecT

BeHHOro cornac1111 Tpe6yeTc11 BecLMa 6on1.woe 3Ha'IeHue rrapaMeTpa 

a "'A/7 M3B - 1 • Bo3MO)K}{O, 3TO o6ycnoBJieHo TeM, 'ITO rrpuorrpe,IJ;e-

neHHH OTHOWeHHH f n /r / B pa6oTe / 23/ 61.rn HCIIOJIL30BaH PH,IJ; Be CI.Ma 

rpy6LIX ,IJ;onyll(eHHH - B qacTHOCTH, rrpe,D;IIO.TIO>KeHHe O He3aBHCHMOCTH 

BeJIH'IHHLI · Fn /I·/ OT yrnoBoro MOMeHTa L . · 
Bo BCHKOM cnyqae Mbl BH,IJ;HM, 'ITO ,IJ;OCTaTO'IHO TO'IHOe cpaBHeHHe 

_3KCnepHMeHTaJibHLIX H TeopeTH'IeCKHX BeJIH'IHH Tpe6yeT anaJIH3a MeTO,IJ;a 

nonyqe11u11 Ka>K,IJ;oii OT,IJ;eJILHoii 3KcnepHMeHTaJILHoii TO'IKH. 

BMecTe C TeM HHTepecH0 0TMeTHTb, 'ITO XOT_H paCCTOHHHe Me>K,IJ;Y 

pacqeTHbl.11.fH KpHBblMH ,IJ;JIJI E * =10 H 20 M3B Ha pHC. 3 H B03pacTaeT 

no Mepe nepexo,IJ;a K 6OJibll.lHM z 'TeM He MeHee Bee me MO>KHO IlOJIY'IHTb 

· He TOJILK0 KaqecTBeHHOe, HO H B p11,D;e cnyqae BeCbMa Herrnoxoe KOJIH• 

qecTBeHHOe cornacHe C 3KcrrepHMeHTaJILHLIMH TO'IKaMH B HHTepBaJie 

Z "" 90-102, BbI6paB HeKOTopyIO cpe,D;HIOIO 3HeprHIO B036y>K,IJ;eHHH E* 
/ CM. pHc. 4/. 3To ~ B qacTH0CTH, o6bxcHxeT, rroqeMy He 3aBHCJIII.(He OT 

E* cl>euoMeHOJIOrH'IeCKHe Bbipa>KeHHJI THna cl>opMyJILI CHKKeJiaH,IJ;a /6/ 
OilHCbIBaIOT 3KCIIepHMeHTaJILHLie ,IJ;aHHLie. 

HaCKOJILKO pe3yJILTaTLI pacqeTOB 'IYBCTBHTeJibHbl K BLI6opyBeJIH• 

'IHHbl napaMeTpa IIJIOTHOCTH YPOBHeii a BH,IJ;HO H3 pHc. 6,8,9. HaH6onee 

CHilbHaH 3aBHCHMOCTb HMeeT MeCT0 npH 60JILWHX B036ym,IJ;eHHJIX E*? 
> 100 M3B; B 3TOM cnyqae Bec1.Ma Ba>KHLIM cTaHOBHTcx Ta1<>Ke yqer 
"' HcnapeHHH 3ap11>KeHHblX qacTHU. 

5. Y'-lem YZA060ZO MOMeuma 

BJIHHHHe yrnoBoro MoMeHTa pacrra,IJ;a10iueroc1111,D;pa L HaBeJIH'IHHY 

r n / I' 
1 

B nepBOM rrpH6JIH)KeHHH MO>KHO yqecTb, rrpeIIOJI0>KHB, 'ITO 

3HeprHH BpaiueHHJI 11,IJ;pa Ero t He BXO,IJ;HT B 3HeprHIO B036y>K,IJ;eHH11, 

peaJIH3YIOII.(YIOCH B rrpoueccax ,IJ;eJieHHH H HCIIapeHHH * . 3TO 03HaqaeT' 

'ITO. BCe pa3HOCTH E * - Bi B cl>opMyiiax /2/ H /3/ CJie,IJ;yeT 3aMeHHTb 

na E*-B;-E; rot 'r,IJ;e En ro1==1i
2 L(L+J)/2lo - Bpa~aTeJILHaH 

311eprux x,IJ;pa nocne ucrrape11H11 H3 Hero neiiTpona, E /rot =-ft L (L + J)/215P 

- Bpaiua TeJILH~H 3HeprHx ,IJ;eJixll(eroc11 H,IJ;pa B ce,IJ;JIOBOH TO'IKe, I H I -
O. sp 

MOMeHTLI ,HHepuHH COOTBeTCTBYIOII.(HX H,IJ;ep. 

* MLI ceiiqac He paCCMaTpHBaeM 34>4>eKT H3MeHeHHH 6apLepa,D;eJie
HHH BCJie,IJ;CTBHe ,IJ;e4>opMaUHH cl>opMbl Bpall(aIOII.(eroc11 H,D;pa. 
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r.n.e .cna6o ao36y)l(.IJ.eHHLie 11.n.pa -repHIOT .cao10 :rneprn10, 'rnaBHLIM o6-

pa3oM,' 6naro.n.apH npoueccy HcnapeHHH ( f n / r, »· 1) . , I< o6nacTH, 

r.n.e npH E*"' BI npeHMyll\eCTBeHHhiM HBnHeTCH ,l\eneHile ·rrnlr,.« 1), 
qTo KacaeTcH H.D.ep c 6onLWHMH Z , TO ponL npoueccoB ncnape

HHH 6bICTPO IlOBbIWaeTCH C poCTOM 3HeprHH B036y)K.D,eHHH. 3TOT BbIBO.D. 

Ka)l(eTCH ITPOTHBOpe1.1all\HM 3aKnrotteHHIO PH.D.a .3KCilepHMeHTam',HLIX pa60T 

0 TOM, 'ITO .D,IlH BCeX H30TOilOB H.D,pa C Z > 90 3HatteHHH rn f'r1 yKna- _ 

.D.bIBaIOTCH npaKTHtte CKH Ha. O.D.HY KpHByIO 

logo: ll~ ) "' -0,276 Z + 

+i:· 12 

.D.IlH HetteTHbIXZ} 

,ll;IlH tteTHblX Z 

{ 

5,46 + 0, 140N , ecnn 

19,23 + o,o5oN; ecnn 

Ns A-Zfl53} + 

N> 153 
- /6/ 

/17/ 
He3aBHCHMO OT aenHttHHbl 3HeprHH B036y)l(,ll;eHHH /cM. rpadJHKH Ha 

pHC. 3 H 4, IlOCTpOeHHbfe B cograeTCT,HH CO CBO,ll;KaMH 3KCnepHMeHTanL

HblX pe3ynLTaTOB H3 pa6oT 15 • 17 ,1 9 /.O)J;HaKOH3BeCTHbieBHaCTOHI.Qee 

BpeMH "3KcnepnMeHTailbHbie 3HatteHHH" 1·,, ;r, diaKTHtteCKH He HB

nHIOTCH Henocpe,ll;CTBeHHbIMH pe3yilbTaTaMH H3MepeHHH, a nonytteHbl 

H3 HHX nyTeM nepectteTa Ha OCHOBe HeKOTOpLIX BeCbMa rpy6LIX oueHott

HbIX COOTHOWeHHH. u B ~aCTHOCTH, npH onpe)J;eneHHH aenHttHHbl r,, /l" I 
HnH . 3KBHBaneHTHOH eH BenH'IHHbl '1 ~ / ( l ~ + f / J H3 3KCnepHMeHTanbHbIX 

diYHKUHH B036y)K.D,eHHH .n.nH HcnycKaHHH -x HeiiTpOHOB o6LI'IHO npe,ll;no

naraeTCH, 'ITO B_Cpe.IJ,HeM <f-n/(l~+r,)>=[a(c,x)/acP,,,] z/x ,/3.D.eCb 

ac - .nonHoe cetteane o6pa3oBaHHH KOMnaya.n.-H.n.pa, a(c,xJ- cetteane 

peaKUHH C HcnycKaHHeM X HeiiTpOHOB, p ". - cpe.D.HHH BepoHTHOCTb 

HCITYCKaHHH TO'IHO X HeiiTpOHOB/.' ToT diaKT, 'ITO nonytteHHhle TaKHM 

o6pa30M 3HattellHH oKa3LIBaIOTCH npaKTHtteCKH He JaBHC.Hll\HMH OT . 

X HOT KHHeTHtteCKOH 3HeprHH T , paccMaTpHBaeTCHKaK.D.OKa3aTenL

CTBO He3aBHCHMOCTH OTHOWeHHH l'n /r I OT 3HeprHH B036y)l(,ll;eHHH 

/cM., HanpHMep, /15,17, 19 • 20 1 /. O.n.HaKO H3 Ta6nHUbl II BH.D.HO, 'ITO 

Ha caMOM .D,ene IlO'ITH ITOCTOHHHbie 3HatteHHH f'n / (r,, + r I} MOryT 

COOTBeTCTBOBaTb napuuanbHblM OTHOWeHHHM f',, /(fn-+ lj),CYU\eCTBeHHO 

H3MeHHIOU\HMCH C POCTOM 3HeprHH HaneTalOU\HX qacTiIU T H, cne)J;o

BaTenbHO, CHilbHO 3aBHCHU\HM OT 3HeprHH B036y)l(,ll;eHHH KOMnayH.D.- H,ll;pa , 
E* 
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. · . · /23/ 
HaM H3BeCTHa acero JIHlllb O,D;Ha 3KCilepHMeHTaJibHaH pa6oTa ' 

·aa-ropbI KOTopoii H3 attaJIH3a ce11eHHii o6pa3oBaHHH H30Tonoa Fm , Md H 

J l . npH 06ny11eHHH ypaHa HOHaMH KHCJIOpo.n;a, q>Topa. H HeoHa npHllIJIH 

K BbIBO,D;y O CHJibHOH 3aBHCHMOCTH ,f /r
1 

OT. 3HeprHH £* . l10Jiy11eH· 

Hhie B 3Toii pa6oTe oueHo'IHhie 3Ha11ea'2n11 rn ;r, Ka11ecTBeHHo cornacy

IOTCH C pac11eTHblMH BeJIH'IHHaMH / CM. pHC •. 8/, o,n;HaKo ,Il;JIH KOJIH'leCT • 

aeHHoro cornacHH Tpe6yeTCH aecbMa 6onLmoe 3Ha11eHHe napaMeTpa 

a "'A/7 M3B - 1 • Bo3MO)Kl{O, 3TO o6ycnoaneHo TeM, 11To npn onpe,n;e-

neHHH OTHOllleHHH f n /r / B pa6oTe / 23/ 6bIJI HCilOJib3OBaH pH)]; BeCbMa 

rpy6blx ,n;ony~eHHH - B qacTHOCTH, npe.n;nono)KeHHe O He3aBHCHMOCTH 

BeJIH'IHHhI · Fn I I·, OT yrnoaoro MOMeHTa L . · · · 
Bo BCHKOM cny11ae Mbl BH,D;HM, 'ITO ,Il;OCTaTO'IHO TO'IHOe cpaBHeHHe 

_3KCilepHMeHTaJibHblX H TeopeTH'leCKHX BeJIH'IHH Tpe6yeT aHaJIH3a MeTO,D;a 

IlOJlytleHHH Ka)K,D;OH OT,D;eJihHOH 3KCilepHMeHTaJibHOH TO'IKH. 

BMeCTe C TeM HHTepecHO OTMeTHTb, 'ITO XOTH paccTOHHHe Me)K,n;y 

pac1.1eTHhIMH KPHBhIMH ,n;n11 E * =10 H 20 M3B Ha pnc. 3 H BO3pacTaeT 

no Mepe nepexo,n;a K 6onbllIHM Z , TeM He MeHee ace )Ke MO)KHO nony11HTh 

· He TOJibKO Ka'leCTBeHHOe, HO H B p11,n;e cny11ae BeCbMa Hennoxoe KOJIH• 

1.1eCTBeHHOe cornacne C 3KcnepHMeHTaJihHbIMH TO'IKaMH B HHTepaane 

z "' 90-102, Bb16paB HeKOTOPYIO cpe,n;HIOIO 3HeprHIO B036y)K,D;eHHH E* 
/cM. PHC. 4/. 3TO~ B 11acTHOCTH, o6bHCHHeT, no'leMy He 3aBHCH~He OT 

E* q>eHoMeHonorH'leCKHe Bbipa)KeHHH .THna q,opMyJihl CHKKenaH.n;a /6/ 
OilHCbIBaIOT 3KCnepHMeHTaJibHble .n;aHHble. 

HacKOJibKO pe3yJibTaTbl pac'leTOB 'IYBCTBHTeJibHbl K BhI6opyBeJIH• 

'IHHbl napaMeTpa IlJIOTHOCTH ypoBHeii a BH,Il;HO H3 PHC. 6,8,9. Han6onee 

CHJibHaH 3aBHCHMOCTb HMeeT MeCTO npH 60JibllIHX B036y)K,D;eHHHX E *?: 
> 100 M3B; B 3TOM cny1.1ae aecLMa Ba)KHhIM cTaHOBHTCH Ta1<)Ke y11er 
"' ucnapeHHH 3apH)KeHHbIX qaCTHU, 

5. Y'lem YZA0B0Z0 M0MeHma 

BnHHHHe yrnoaoro MOMeHTa pacna,n;aro~eroc1111,n;pa L Haaenn11HHY 

f' n / ]' / B nepBOM IlpH6JIH:>i<eHHH MO)KHO y'leCTb, npellOJIO)KHB, 'ITO 

3HeprHH Bpa~eHHH 11,n;pa Ero t He BXO,Il;HT B 3HeprHIO B036y)K,D;eHHH, 

peanu3y10~y10c11 B npoueccax ,n;eneHHH H ncnapeHHH * . 3To O3Ha1.1aeT, 

'ITO. Bee pa3HOCTH E* - B; B q,opMynax /2/ H /3/ cne.n;yeT 3aMeHHTb 

Ha E*-B;-E; rot 'r,n;e En,ot= fi. 2 L(L+J)/2lo - Bpa~aTeJibHaH 

3Heprii11 11.n;pa nocne ucnapeHHH H3 Hero HeiiTpoHa, E1 ,0 , ==Ii 2
L (L+J)/2/sp 

- apa~aTeJihH~H 3HeprHH ,n;en11~eroc11 11,n;pa ace,n;noaoii TO'IKe, I H I -
0. S/J 

MOMeHTbl .HHepUHH COOTBeTCTBYIO~HX 11,n;ep. 

* MLI ceii1.1ac He paccMa TpnaaeM 3q>q>eKT H3MeHeHHH 6apbepa ,n;ene
HHH BCJie,n;CTBHe ,n;eq>opMaUHH q>OpMbl Bpa~aro~eroCH 11,n;pa. 

II 



3aBHCHMOCTb OTHOWeHH.ff ,f'n /r I OT L IlOKaJaHa Ha pHC. 10. 
PacqeTbI BbIIlOJIHeHbI ,u;JIH H.u;ep TaJUiu.H197Tl H nnyToHHH 233 Pu , o6paJy

romuxcH B peaKD;H.HX C paJJIH'-IHbIMH HOHaMH HHMtnomux, COOTBeTCTaeHHO, 

paJJIH'-IHhle JHa'-leHH~ cpe,u;Hero MOM;eHTa 

2R Al A 2 . ½ 
-[2m ---(E*+Q--V )] 
31i, N A + A c 

1 . 2 

< L > == /7/ 

r,u;e V ==L
1 

Z
2
/R- 1<ynoli0Bc1<uii6ap1,ep, R==J,4(A 1h+A 1h), Q==M-M

1
-M-

c . J 2 C 2 
paJHOCTb MaCCbl ~OMnayH,u;- .H~pa, H Mace CTaJIKHBaromuxc.H H,IJ;ep, TeM 

60JibWHe, 11eM 6onee TH)KtlJiblM HBJIHeTCH HaJieTaromuii HOH. MoMeHTbl 

HHepn;HH I sp BJHTbI HJ pa6oTbI hi/ , MOMeHTbI HHepn;HH 10 C'-IHTa~HCb 

paBHbIMH ux "TBep,u;oTeJihHbIM JHa'-leHHHM" / == 0,4m r 2A 5/3 / m -
Macca HYKJIOHa, To =1,2.10-13 CM/. 

0 
N ° N 

YrJIOBOH MOMeHT H,IJ;pa BeCbMa cymeCTBeHHO CKaJhlBaeTCH Ha 

peJyJibTaTax pacqeTa H ,IJ;OJDKeH o6HJaTeJibHO npHHHMaTbC.ff BO BHHMaHHe 

IlpH onpe,u;eneHHH BeJIH'-IHHbl OTHOWeHHH ,f / f' HJ 3KCnepHMeHTaJibHbIX 
.t.. ~ G n I q,yHKD;HH BOJ y)K,IJ;eHHH. 

3aKA1011e11ue 

Mbl BH,IJ;HM, '-ITO HJBeCTHbie B HaCTo»mee BpeMH 3KcnepHMeHTan1,

Hhle ,u;aHHhle 06 OTHOCHTeJibHOH BepOHTHOCTH pacna,u;a BOJ6y~,u;eHHbIX 

H,IJ;ep nyTeM npon;eccoB HcnapeHHH H,IJ;eneHHH MO)KHO o6'bHCHHTb a paMKax 

CTaTHCTH'-leCKOH TeopHH c IlJIOTHOCTblO H,IJ;epHbIX ypOBHeii /3/, COOTBeT

CTByromeii npe,u;cTaBJieHHIO O H,IJ;pe KaK O HYKJIOHHOM cl>epMH- raJe. ,lJ;JI.H 

6onee onpe,u;eneHHbIX JaKJ1IO'-leHuii Heo6xo,u;HM npe)K,u;e acero TmaTeJihHbIH 

aHaJIHJ caMHX 3KCnepuMeHTaJibHbIX ,u;aHHbIX. Bo BCHKOM cnyqae BbIBO,11; 

0 HeJaBHCHMOCTH BeJIH'-IHHbl ,fn•/f' / OT3HeprHHB036y)K,IJ;eHHHBCJiy'-lae 

O'-leHb T.ff)KeJibIX H,IJ;ep /H 3KB~BaJieHTHOe eMy JaKJIJOl{eHHe_ 0 TOM, '-ITO 

IlJIOTHOCTb ypoBHeii H,IJ;pa onpe,u;enHeTCH ero IlO~TOHHHOH TeMnepaTypoii 

·p "" exp (E*/ 1')/ npe,IJ;CTaBJIHeTCH BeCbMa Hey6e,u;HTeJibHbIM. 

,lJ;JIH .u;eTaJibHOrO cornacoBaHHH 3KCnepHMeHTaJibHbIX H TeopeTH'-le

CKHX JHa'-leHHH I' n /,r I , OC.o6eHHO B6JIHJH MarH'-leCKHX H,IJ;ep, He06XO,IJ;HM 

6onee TO'-IHbIH yqeT JaBHCHMOCTH napaMeTpOB a H a OT E * , A u . I n . z . . . . 
Tion1,JyeMcH cnyqaeM no6naro,u;apHTb r .H. <l>nepoaa, C.A.KapaMH

Ha H B.IT.ITawKeBH'-la Ja o6cy)K,IJ;eHHe H CTHMyJIHpyromyro KPHTHKy; Mbl 

TaK)Ke 6naro,u;apHhl Ja 6on1,wyro IlOMOil\b K.K.ry.u;uMe, npHHHMaBWeMy 

yqacT,He B rrepeoM :narre pa6oTbI h5J. 
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Puc. 2. BJIHHHHe <l>eHOMeHOJiornqe CKOH rrorrpaBKH o (A, Z) Ha BeJIHqHHy 

OTHOIUeHHH rn /,rt ,WIH HJOTOIIOB acTaTHHa, ypaHa HHeIITYHHH. CIIJIOIU· 
HaH, ToqeqHaH H rryHKTHpHaH KPHBhie - pacqeT COOTBeTCTBeHHO .D;JIH· 

cnyqaeB / o =I O , bn i O , bf f, 0 /, / o = 0 , bn c/ 0 , b I f, 0 /, 
/ o = 0 , b n f, 0 , b I = 0 / . · )];JIH ypaHa IIITpHX • IIYHKTHpHoii KPHBOH 
.n;orroJIHHTeJILHo HaHeceHLI peJyJILTaThl BhJqncJieHHH .D;JIH cnyqaH / o = O , 
bn = O , bl = O /. qHCJieHHhie JHaqeHHH OTJIHqHhIX o_T HYJIH rrapaMeTpOB 

0 , b n n b I yKaJaHhl B TeKcTe. 
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Pnc. 3. 3aBHCHMOCTh BeJIHqHHhI r n / 1 · 1 OT Maccoaoro qncna pacrra.n;a • 
IOll\erocH H.n;pa. IlyHKTHPHhie H CIIJIOIIIHhie KPHBhie coe.n;HHHIOT pacqeTHhie 
JHaqeHHH cooTBeTCTBeHHO .D;JIH E*= 20 nlOM:rn. a,= an=A/JS M:rn-1 • 
YKaJaHhl JapH.D;hl H.n;ep Z • 3KcrrepnMeHTaJihHhie ToqKH BJHThl HJ pa6o
Thil 15 • 19/; JHaqKH ■ H /). OTHOCHTCH K .n;aHHhIM OIIhlTOB C rrorJIOll\eHHeM 

HeiiTpOHOB n y ·KBaHTOB COOTBeTCTBeHHO rrpH E* = 3 n 8-12 M:rn; 
JHaqKaMH 0 H X HaHeceHhl cpe.llHHe .<r n 11,>, IIOJiyqeHHhie no <l>YHKU:HHM 
aoJ6y)K_n;eHHH .D;JIH E* = 13 n 18-23 M3B. 
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Puc~ 4. 3aBHCHMOCTL OTHowe~m1 1 · n I r1 OT Maccoeoro 'IHcna A B 
cnyqae TJDKenLix TpancypaHOBLIX H Tpanc4JepMHeBLIX H.l(ep. YKaJaHLI 
JapH.l(bl H.l(ep _i • CnnoWHLie KpHBLie coe,l(HHJIIOT peJynLTaTLI pac'leTOB 
npH E* ·=16 M:m, nynKTHP - 4JenoMenonornqecKaH JaBHCHMOCTL CuK
Kenan,l(a /6/. a,=an =Alls M:m-1 . 3KcnepHMenTanLHLie TO'IKH, no-. 
ny'leHHLie HJ aHanHJa 4iYHKUHH BOJ6y:>K.l(eHHH, BJJITLI HJ pa6oT /15.17/. 
3awTpHXOBaHHLIM Kpy:>KKOM yKaJaHo e,l(HHCTBeHHOe HJBe7cT~Oe ceiiqac 
3KCnepHMeHTanLHOe JHa'leHHe ,l(IlJI 3neMeHTa C z =103 22/. 
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Puc. 5. 3aBHCHMOCTL nenH'IHH Bu = B exp+/). -o OT napaMeTpa z 
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35 - E*M3o 
Puc. 6. BenH'iHHa OTHOllleHH.H rn I rJ_ )].Il.H H)].ep C 3ap.H)].OM z . . < 90 npn 
pa3nH1!HhIX 3HeprHHX B036y)K,l].eHH.H. HH)KH.11.H cnnOlllHa.H KPHBa.H OTHOCHT· 
CH K .H)].py acTaTHHa, BepXH.H.H cnnOlllHa.H KpHBa.H - K .H)].paM nonOHH.H H 
Tannn.11 /pe3ynLTaTbl pac'ieTOB )].Il.H 3THX .H)].ep npaKTH'ieCKH COBila,l].alOT/; 
KpHBble paCC'iHTaHbl )].Il.H A /15 M3B -1 • IIyHKTHp - pacqeT )].Il.H na-
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