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ITpl!Moe .r:1eneane TlllKenhIX smep noaaMH 
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Kalinkin B.N., Permyakov V.P. P4-6149 

Direct Fission of Heavy Nuclei by Ions 

The model is formulated for the process of nuc;:leus 
fission in the heavy ion reactions. This model includes 
the fission channel of a compound nucleus, in accordance 
with hhe statistical theory, as well as new channel of~ 
direct fission.occuring without the stage of the compound 
nucleus production. 
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I 
··1 

BaeneHHe 

11ccnenoBaHHe npoueccoB, n~OHCXOllRmHX npH CTOnKHOBeHHH cno>KHbIX 

,gnep, CT8BHT nepea TeopHefl: Pflll !IP06neM, __ Tpe6y10mHx peweHHR. K HX 

qHcny OTHOCRTCR peaynbTSTbl .aKcnepHMeHTanbHoro HayqeHHg oco6eHHoc

Tefl: OllHOro H3 C8MbIX HHTeHCHBHblX• npoueccoB, npoxoaRmHx B peaKUHRX 

C TR>KenbIMH HOH8MH HS TR>KenbIX Rllpax - npouecca aeneHHSI. 

/1 2/ 
HeaaBHHe 9KcnepHMeHTbl no aeneHHIO, npoBeaeHHbie B 011 HM • • 

CBHJleTenbCTByIOT llOCTaToqHo onpeaeneHHO, qTo CT8THCTHqecKag TeopHR 

gaepHbIX peaKUHft He B COCTORHHH o6"LRCHHTb T8KHe B8>KHbie xapaKTepHCTH

KH npouecca, KaK aaBHCHMOCTb nonywHpHHbI pacnpeaenemrn ocKonKOB no 

MaccaM OT aHeprHH Boa6y>K1IeHHR B KOHKpeTHOfl: peaKUHH H npH ¢HKCHpOB8H

HOfl: aHeprHH B036y)KJleHHR- OT M8CCbl HaneTa10mero Ha RllPO-MHWeHb TR-

/2/ 
>Kenoro HOHa. ABTOpbI pa60Tbl npHWnH K BblBOllY, qTo, ...... HHK8KOe 

H3MeHeHHe napaMeTpOB TeopHH B paayMHbIX npeaenax He MO>KeT npHBeCTH 

K cornacoBaHHIO TeopHH H 9KCnepHMeHTa ••• " • 
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ITpH C031laBWeMCH nonO)KeHHR B03MO)KHbl llBa nyTH npeononeHHH 

TpyllHOCTett. ITepBblH nyTb - KopeHHOH nepeCMOTp nono)KeHHH CTaTHCTH

/2/ 
'leCKOH TeopHH (K HeMy CKnOHSIIOTCH aBTOpbl pa60TbI ). BTopoil nyTb 

BbIHCHeHHe npH'IHH, npHBOllSIIIIHX K Ha6mo11aeMbIM pe3KHM OTKnoHeHHHM OT 

npe11cKasaHHH CTaTHCTH'leCKOH TeopHH, llOHCK KOHKypHpyromHx MeXaHH3MOB, 

o6ycnaBJIHBaromHx aTH OTKnoneHHH. 

HaM npe11cTaBnHeTCH, 'ITO B HaCTOHmee B~eMH BTOpott nyTb HBnHeT

CH 6onee npOllYKTlIBHbIM. 

B 11aHHOH CTaTbe Mb! CTpOHM Mo11enb npouecca 11eneHHH srnep B 

peaKUHHX c TH)KenbIMH HOHaMH, BKnro'laromyro KaK Kanan 11eneHHH KOMnayH11-

H1lpa B cornac1m co CTaTHCTH'leCKOH TeopHett, TaK H HOBbIH Kanan- KaHan 

npHMOro 11eneHHH, rrpoHCXOllHmero 6es CTallHH o6pa30BaHHH KOMITayHll-Hllpa. 

8Ta Mo11enb HBnHeTCH HenocpencTBeHHbIM 0606111enHeM unett, BblllBH

/ 3,4/ 
HyTbIX B pa6oTax onnoro HS aBTopoB H llOllTBep)KlleHHblX rrosirnee 

6 
/5,6,7/ .• 

B pHne aKcrrepHMeHTan&HbIX pa OT Ha TOT cny-qan, Korna TH)Kenoe 

HllpO-MHWeHb HBnHeTCH nenHIUHMCHo 

§ 2. flpouecCbI npHMoro neneHHH Hnep B peaKUHSix c 

TH)KenoIMH HoIIaMH. ·L _13mrnHne ueHTQQ6§!2KJlbIX 

<:U!ll.. 

PacCMOTpHM CTOnKHOBeHHe TH)Kenoro llOHa C nenHmHMCH HllPOM. llnH 

onpeneneHHOCTH 6yneM C'IHTaTb, 'ITO HllPO-MHllieHb OTHOCHTCH K ypaHOBOH 

rpynne. HsBeCTHO, 'l'To TaKHe Hllpa HBnHroTCH necjiopMHpOBaHHb!MH. 11Mero-. 

mHeCH na aToT c-qeT naHHbre ne npoTHBope'laT npenrrono)Ken11ro, 'ITO cjiopMa 

Hnpa MO)KeT 6b!Tb onHcana annHITCOHllOM BpameHHH, ypaBHenne noBepxHOCTJI 

KOToporo sanaeTCH B Bn11e: 

R(0):: R 0 [1 + {3 0Y 2 of 0)], ( 1) 

4 I 
I 
! 

1/3 
Ro - cpellHHii pa11Hyc srt1pa (Ro= 1,2 A 4> J, f3 0 = 0,25. 

BenH'IHHa 6apbepa 11eneHHH v, llnH TaKHX Hllep paBHa npu6nH)KeHHO 

5..:0 M 8B. Ka-qecTBeHHO aaeprHH Hnpa-MHWeHH w ( f3 ) B saBHCHMOCTH OT 

napaMeTpa KBa11pynonbHOH 11ecjiopMaUHH f3 MO)KeT 6b!Tb npet1cTaBneHa 

KpHBOH "l" Ha pHc. 1. 3Ha'leHHe rrapaMeTpa 11ecjiopMaUHH f3 = {} I , rrpH 

KoTopoM W ( f3 1 ) = W ( f3 0 )+ V f , cTporo roBopsr, He HsBeCTHO. 011HaKo na 

/8/ 
OCHOBe TeopeTH'leCKHX oueHOK , MO)KHO- cnenaTb Bb!BOll, 'ITO f3 t 0,5-0,6. 

CTanKHBaHCb C srnpoM-MHWeHbro, TH)KenbIH HOH BOBneKaeT ero BO 

BpamaTen&Hoe llBH)KeHHe. ManoBepoHTHo, 'ITO 11a)Ke Ha nepBofi: cTallHH TaKoro 

CTOnKHoBeHHH HllpO-MHWeHb OCTaHeTCH B OCHOBHOM COCTOHHHH ITO BHyTpeH

HHM cTerreHHM cB06011h1. IToaToMy nnH ero BpamaTen&Hoii: aneprHH cne-

~yeT rrpHHHTb: 

Trot { {3' f) 
h 

2
f {f +1) 

2]({3) 

h 2f 2 

2 J ({3) 
f•>>l) 

rne J ( f3 ) - MOMeH·T HHepum1 B TBep110TenbHOM rrpn6nH)KeHHH: 

J ( {3)-::. ~ AmNR ~(1 +0,31 f3 ). 

( 2) 

(3) 

3aBHCHMOCTb BpamaTenbHOH aneprHH Trot OT f3 rrpH cj>HKCHpoBaHHOM 

llOCTaTO'IHO 6onbWOM 3Ha'leHHll yrnoBoro MoMeHTa f npe11cTaBneHa na 

pnc. 1 KplIBOH "2". 

Q-qeB1111no, 'ITO acjicjieKTHBHaH aneprHH W *( f3) 11ecjiopMaun11 Bpamaromero 

Hnpa B saBIIClIMOCTH OT napaMeTpa f3 
II W( {3) 

W* ( f3 , f )= T ro//3, f J + W ( f3) 

non)KHa. 6b!Tb cyMMOH Trot ({3, f J 

(4) 

II 'ITO npn HeKOTOpOM 3Ha'leHHH yrnoBoro MoMeHTa f = f MlIHHMyM 
KplIT. 

cjiyHKUlIH W *( f3, f J HC'lesaeT. TaKaH CHTyaUHH Ka'leCTBeHHO Hso6pa)KeHa 
KpHT. 

Ha p11c. 1 KpHBOH "3". 
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• 

w-g,.t~ 

W~) 

a25 05+0.6 J 
P11c. 1. Kp11Basr "l" - Ka•IeCTB0HHaSI 38BIICIIMOCTb aaepr1111 srnpa-Mlllll0HII 

OT napaMeTpa KBanpynonbHOii necjJopMau1111: Kp11B8SI '2" - 38BIICIIMOCTb Bpa-

maTenbHOii aaepr1111 T, ot OT /3 npll cjJIIKCllpOBaHHOM ll0CT8TO'IHO 

6onbWOM 3H8'I0HIIII yrnoBoro MOM0HTa; KpllB8SI "3" - aqxjleKTIIBHasr aHepr11sr 

necjJopMau1111 W*(/3, f ) B 38BIICIIMOCTII OT napaMeTpa /3 npll 3Ha-

'I0HIIII f =f (MifJ>J!JyM cjJyHKUIIII W*( /3 flu o IIC'I0380T) • 
KpllT. <;= LKpllT. 

6 

C ~H3Hqecxott TOqKH apeHHSI aTO 03HaqaeT, qTo T8K8H KpattHe HeCTa-

OHllbH8H CHCTeMa, K8KOtt SIBIIH0TCH Jl01ISimeeCH SIJlpO, npH £> £ llOJl 
- KpHTa 

Jl9ilCTBHE!M OOllbIIIHX ueTpooeJKHbIX CHII JlOlllKHa npeTepneeaTb ObICTpbitt 

paaean. 

Tenepb HeTpyJlHO c~opMynHpOB8Tb npHOIJHlK0HHO ycnoBHe OTCYTCT

BHH MHHHMyMa y ~yHimmi If*( /3, £) , T.e. H8llHC8Tb ypaBHeHHe JlllH 

£= £ 
KpHT. 

I W*(/30, £ )-W*(/31'£ )= T,0,(/3"£ . )+W(/30}-T, olf3r£ )-W(f3/=lJ(5) 
· KpHT. KpHT. KpHT. KpHT. 

HcnonbayH ManoCTb BToporo qneHa B (3), nonyqaeM: 

Sh 
2 

£ icpHT. 0,31 ( /3 I - f3o): VI . 
2 

4m ~Ro 
.( 6) 

TTonaraH /3 0:, o, 25 H /3 I" 0,6 ( B Jl81lbHettIIIeM Mbl OOCYJlHM BblOOp 3HaqeHHSI 

/3, 6onee llOJlpOOHo), nonyqaeM OKoHqaTellbHO 

A Vt ½ 
£ -.R [---] 
KpHT.- O 16(/3/ -{3

0
) 

HTaK, KapTHHa npouecca MOJK0T BbirllHJl0Tb cneJlyJOmHM o6paaoM. B 

cnyqae CTOIIKHOB0HHH TSIJKenoro HOHa, conpOBOlKJl810mel"OCH nepeJlaqett HJlpy-

MHI110HH yrnoeoro MOM0HT8 £ < £ , o6paayeTCH KOMnayHJl-HJlpO, 
KpHT. , 

pacnaJl KOToporo npoHCXOJlHT no 38KOH8M CT8THCTHqecxott TeopHH. Hanpo-

THB, npH CTOIIKHOBeHHH C nepeJlaqefi yrnoeoro MOM0HT8 £> £ 
KpHT. 

S!Jlp0-MHIII9Hb nepeBOJlHTCSI cpaay B KaHan ObICTporo paaeana. TTpH STOM 

TSilK91lbitt HOH, Bb!3B8BIIIHtt STOT npouecc, CIIHBaeTCSI C OCKOIIKOM, nopoJK-

Jl0HHbIM Tott qaCTblO S!Jlp8 MHI110HH,. KOTopaSI HCllbITana Yllap HOHa. B STOM ,, 
cnyqae TepMOJlHH8MHqecxoe paBHoeecHe He ycneeaeT ycTaHoBHTbCSI. Taxofi 

npouecc 6yJleM H83bIB8Tb npSIMbIM Jl0119HH0M • 
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PacCMOTPHM BnHHHHe peanH38UHH KpHTHqecKoro 3HaqeHHH yrnoBoro 

MOMeHTa Ha xon npouecca neneHHH 6onee neTanbHo. B cnyqae BsauMo

neilcTBHH TH)Kenoro HOHa C ne¢opMHpOB8HHbIM HllpOM-MHlli9HblO nonaoe 

/4 9/ 
ceqeHHe neneHHH MO)KHO npencTaBHTb B BHlle ' • 

nona. _ 

a
1 

(E}=..!!..abfvl-£ 2+..larcsindK(E}, (E>V 8 ), 
2 E 

rile K ( E) = I Vn 
E 

- MHO)KHTenb, yqHTbIB8lOIIlHil HCK8)1{9HHe ¢opMbl 

( 8) 

TpaeKTOpHH HOH8 KynOHOBCKHM noneM Hllpa-MHllieHH, a H b -6onbruag H 

Manag nonyocH OT o6nacTH B38HMOJleilCTBHH, f - ee 3KCUeHTpHCHTeT. B 

¢opMyne ( 8) npoBeaeHo ycpeJlH9HHe no BCeM opHeHT8UHHM OCH CHMMeTpHH 

Hllpa-MHllieHH, 

OnpenenHM a , b , E • PaJlHyc ne¢opMHpoBaHaoro Hllpa-MHmeHH, 

06nana10mero 8KCHanhHOil CHMMeTpHeil, HMeeT BHJl: 

R -g-- 1/3 
R(0}= o[l+f3...J--Pi(cos0)], R 0 =r0 A ,r=I.2¢. 

4rr 
0 ( 9) 

C Jlpyroil CTOpOHbI, qTo6bI YllOBneTBOpHTb ll8HHbIM no nonHbIM ceqeHHHM 

neneHHH c¢epIH9CKHX gaep, Heo6XOJlHMO HCITOnb30B8Tb a¢¢eKTHBHhlil panuyc 

B3ElHMOlleilcTBHH: 

a¢¢. ,M, a¢¢ 
34"t' 1/3 1/3 _ 

R1 =ro (A 1 +A 2 ), r 0 =1.4¢. 

s¢¢ 
OTnHqHe r O OT r O BnonHe IlOHHTHO, TaK KaK HOH HMeeT KOHeqHbI9 

pasMepb1. ByJleM HcnonbsoBaTb HaH6onee npocToe H ecTeCTBeH_aoe npenno

no*eHHe, qTo p83HOCTb nonyoceil "TeHH" OT o6naCTH B38HMOlleilCTBHH paBH8 

pasaocTH nonyoceil Hllpa-MHmeau, a
0

=R(0=O), b0 =R(0=; ), T.e. 

8 

a¢¢ 
a-R =a -R = R(0=O)-R =13 

I o o o ' 

a¢¢ 
R 

1 
-b =R

0
-b 0 =Ro -R(0=; )=8/2. ( 10) 

aq><p 
. 2 2 ½ 

a =R 
1 

+ 13 , b =R 
1 

-13/ 2 , a 3KCUeHTpHCHTeT paBeH E = (1- b I a ) 

a¢¢ 

TorJla 

( . U 238 
HanpHMep, ecnH HllPO-MHlli9Hb , TO 13 = 1,2 ¢ ) . 

nonH. 
TaKHM o6pasoM, nonHoe ceqeHHe JleneHHH a 1 ( E) nonHocThlO onpe-

aeneHo. Ilp51Mo 

QqeBHJlHO, qTo ceqeHHe npHMOro neneHHH a I (E) 6yJleT onpenenHThCH 

. Toft qacTblO nonHoro ceqeHHH (8), KOTopag COOTBeTCTByeT CTOnKHOBeHHHM 

c nepeJlaqefi yrnoBoro MoMeHTa f ~ f • 
KpHTo 

Bb1q11cneHHe aToro ceqeHHH MO)KHO npoBeCTH T8KHM )1{9 o6pasoM, KaK 

/4,9/ • --· 
H B pa6oTax • C yqeT0M HCK8)1{8HllH TpaeKTOpHfi HaneT8lOIIlHX Hllep, 

BHOCHMbIX KynoHOBC1'HM noneM, nonyqnM: 

npHM. 2 b e --- A VJ 2 A 2 
a 

1 
(E}=K(E)__::_fy_l-y 2(arccos __ A ··· -y_ -

E 0 
,JJ-y2 

2 1-y 
)dy • ( 11) 

BeapaaMepHaH BenHqHHa A Bhlpa*aeTcst qepea KpHTHqecKoe sHaqeane 

yrnoBoro MoMeHTa f 
KpHTo 

A= fxpuT/ Ka ' 
I ½ 

K=,;[2/L(E-VB)]. (12) 

KpoMe Toro, B ¢opMyne ( 11) 

E< ,J l-A2 

e= 
{ 

E, ecnn 

,Jl-A2, ecnu E>V l-A2 

11HTerpan I ( A ) 

( 13) 
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f -- A yl 2 A2 
l(A)= f y 1-y 2 (arccos ----A -y - )dy 

-- 2 
O yJ-y2 1-y ( 14) 

npH £ = 0,5 naH Ha pHc. 2. 

ConocTaBHM Tenepb cnellCTBH.11, Bb1TeKa10mHe H3 paccMoTpeHHoro Me-

/ 1,2/ 
xaHH3Ma, C 3KCnepHM0HTanbHblMH llaHHblMH • HaHoonee xapaKTepHbIMH 

.11Bn.llJOTC.II llaHHbJe, nonrieHHbie llml pacnpelleneHH.11 OCKOnKOB lleneHH.11 no 

MaccaM Hero 3aBHCHMOCTH OT 3HeprHH, a TaK*e pacnpelleneHH.11 OCKOnKOB 

lleneHH.11 no 3ap.111laM npH cjJHKCHpoBaHHOM OTHOIII9HHH A/ A2. • 3TH pacnpelle

neHH.11 HM9!0T BHll CHMMeTpH'IHOii: cjJyHKUHH H C xopollleii: TO'IHOCTb!O MoryT 

ObITb onHCaHbl cjJyHKUHeii: faycca. iln.11 OTHOCHTenbHOll Bepo.11THOCTH P( A I) 

BbIXOlla OCKOnKa C 38/laHHOil Maccoii: A1 

1 
P(A1 )= (rrll.2)½ 

(A1-4l 
exp [- ----l. 

ll.2 

HMeeM: 

( 15) 

rile fl. (E} - napaMeTp, xapaKTepH3YJOIIIHil nonylIIHpHHy pacnpelleneHH.11 H 

3aBHC.111IlHll OT 3HeprHH, Ac - cyMMapHa.11 Macca .111lpa-MHIII9HH H HaneTaJ0-

111ero HoHa. AHanorH'IHoe pacnpeneneHHe MO*HO aanHcaTb H lln.11 3ap.111la 

OCKOnKa 3allBHHOil MaCCbl. B 3TOM cnyqae BM9C'IO fl. 2 
oyneT 

Ac T - Z P - HaH6onee Bepo.11THoe 3Ha'IeHue 3ap.111la. 

ll.2 
2' 

a BM9CTO 

3aBHCHMOCTb ll. 2 
OT napaMeTpa llenHMOCTH Z2/A KOMnayHll-.11/lpa npH 

aaeprnn B03OY*/l9HH.11, npHonH*9HHO paBHOii: 100-110 M 3B, lln.11 pa3nH'IHblX peaK

UHil llaHa Ha PHC. 3. lllTpHXOBa.11 nHHH.11 COOTBeTCTByeT npellCKa3aHH.IIM CTa

THCTH'I9CKOll TeopHH. IT pH z 7A 1> 37-38 HaonJOlla9TC.II O'I9Hb pe3KOe OTKnOH9HHe 

aKcnepHMeHTanbHhlX llaHH~X OT 8THX npencKa3aHHii:. 06naCTb pe3Koro OTKno-

H9HH.11 3aBHCHMOCTH ll.
2
(Z

2
/AJ · OT ll. 2 

COOTBeTCTByeT lleneHHIO B 
CTaT. 

10 

IIN 

0.7 

0.6 

D.5 

0.4 

0.1 

0.f 02 a.5 0/i Q,5 Db a1 o.s A 

PHc. 2. 3Ha'IeHH.II HHTerpana [(A) npH € 0,5. 
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12 238 20 238 
peaKUH51X C +U (E=B0 MaB), Ne +U ( E= 200MaB), 

40 238 ) Ar +U (E -:::. 300 MaB • AHanormrnhie ll8HHb1e llnH pacrrpelleneHHH oc-

I 
!KOnKOB IIO 38p51llY rrpeJlCTaBneHbl Ha puc. 4. 

HaKOHeu, rrpeacTaBmnoT HHTepec Jl8HHbie O 38BHCHMOCTH rronynrnpHHbl 

• t:i. 2 
OT aHeprHH, OHH IIpHBeJleHbl Jln51 rrpouecca aeneHH51 B peaKUHH 

20 238 Ne + U Ha puc. 5. H 3JleCb CT8THCTHqecKa51 TeopH51 ( IIITpHXOBa51 

nHHH51) He aaeT YJlOBneTBOpHTenbH0ro o6~51CHeHH51. B oco6eHHOCTH 8T0 

2 [ d<l':i.2(E)> ] 
KacaeTcH cKopocTH pocTa /':i. (E) : HaKnoH dE 3HaquTenb-
. 8KCII, 

Ho 6onbwe HaKnoHa 
[ d <l':i.

2 
(E)> ] 

dE cTaT, 
IlnH cpaBHeHH51 8KCIIepHMeHTanbHbIX JlaHHbIX C M0JlenbJO, yqHTbIBa10meil: 

KaHan IIp51MOro aeneHH51, OIIHCaHHOil: BhlIIIe, ecTeCTBeHHO IIpHH51Tb B KaqecTBe 
rronH K0MII 

Mepbl 0TKnOH9HH51 OT CTaTHCTHqecKoil: MOJlenH 0THOIIIeHHe a f fa f , 

Toraa anH 
2 

<l':i. > Teop. 
3aIIHIIIeM: 

rronH 

<l':i.2 > -:.<I':!. 2 
Teop. 

> a 1 (E) 2 
CT8T, KOMIJ </':J. 

al (E) 

Ha Bb!pa)l{eHH51 . ( 16) BHJlHO, qTo IIpH 

> 
CTaT 

rronH a, 
<l':i.2> = <l':i.2> 

Teop. CTaT, 
a rrpu 

rronH a, 

rronH 

a I (E) . 

a nonH (E)-a rrpHM(EJ 
, I I 

( 16) 

K0MII a, 
a I 1Ip51M, 

• 
<l':i.2> 

CTaT, =O, 

T.e. IIIHpHHa MaccoBoro pacrrpeaeneHH51 orrpeaen51eTC51 rronHOCTblO 1Ip51Mb!M 

MeXaHH3MOM pa3Bana 51Jlpa. TaKHM o6pa30M, rrpu6nH)l{eHHOe COOTHOIIIeHHe 

(16) BIIOnHe YJlOBneTBOpHTenbHO Jln51 rrpoBe.QeHH51 cpaBH9HH51 MOJlenH C 

8KCIIepHMeHTanbHbIMH JlaHHbIMH, 

.UnH uanbHeil:wero yToqHeHHH BKnallOB paccMaTpHBaeMbIX KaHanoB 

MO)l{HO 6binO _6b! IIpHBneqb JleTanbHYIO HHq>opM8UHIO O xapaKTepe yrnoBoro 

pacrrpeaeneHH51 IIPOJlYKTOB aeneHH51, K C0)l{aneHHIO, HMe10muec51 8KCIIepHMeH

TanbHbie riaHHhie Ha 8TOT cqeT cnHIIIK0M rpy6b!, Bb1qucneHH51, rrpoBeJleHHbie 
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PHc. 3. j8BHCHMOCTb nmpHiibl M8CCOBoro pacrrpe.ueneHHH <t'l > OT rrapa-
MeTpa Z IA rrpH aHeprHH Boa5ym.ueHHsr .uensrmHxcsr sr.uep E* = lO0t- 110 MaB. 

lliTpHxoeas nHHHH COOTB9TCTByeT rrpe.UCK838HHHM CT8THCTHqecKOH TeopHH 

.ueneHHsr; lllTpHx-rryHKTHpHasr nHHHH - pacqeT , rrpoBe.neHHbltt C y•1eTOM 

peanH38UHH KpHTHqecKoro 3HaqeHHH yrnoBoro MOMeHTa. CrrnolllHasr TOHKasr 
nHHHH - pacqeT, rrpoBe.ueHHblll C yqeTOM BnHHHHH MexaHH3MOB Heyrrpyroro 
y.uapa H KpHTHqecKoro yrnoBoro MoMeHTa Ha rrpouecc .ueneHHsr ( µ ~ = 30). 
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nm1 peaKunn C 12 • Ne 20 • Ar40 Ha y21s no cpopMynaM ( 8) u ( 11), 

npHBOllSIT K pe3ynbTaTaM, npencTaBneHHb!M Ha pnc. 3,4 II 5 !llTpnx-nyHK

THpHblMH KpHBbIMH, 

3TH KpHBbie yKa3bIBaIOT, 'ITO BKnan npsiMoro KaHana neneHHSI 

3aMeTeH, OnHaKO OH He HaCTOnbKO BennK, 'IT05bI ycTpaHHTb Ha6n10naeMoe . 
npoTHBope'IHe, 0CHOBHaSI npH'IHHa ManocTH BKnana aToro MexaHH3Ma 3aKnIO

qaeTCSI B TOM, 'ITO B uccnenyeMblX peaKUHSIX sinpo-MH!lleHb HMeeT 6onbll1He 

pa3Mepbl II Bee II, cnenoBaTenbHO, ero MOMeHT JIHepUHH BeCbMa BenHK, 

IToaTOMY B naHHOM cnyqae B oTnH'IHe OT peaKUHH Ha nerKHX II cpenHHX 

/3,6, 7/ 
sinpax-MH!lleHH ueHTpo5mKHbie CHnbI Manbl II He B COCTOSIHHH .. OTK-

pb!Tb" nocTaTO'IHO lllHpOKO KaHan npsiMoro neneHHSI, O'IeBHllHO, cnenyeT 

HCKaTb nononHHTenbHbie cpaKTOpb!, yBenH'IHBaIOIUH0 acpcpeKTHBHOCTb aToro 

KaHana. 

2, MexaHH3M Heynpyroro yµapa 

PaccMoTpllM Tenepb npyry10 B03MO;>KHYIO KapTHHy BKnIO'IeHHSI npSIMoro 

KaHana. ManoBepoSITHO, 'IT06b! aHeprll'IHbIH TSI;>KenhIH HOH I CTanKHBaSICb C 

TaKOH MaCCHBHOH II llOBOnbHO pb1xno:li: CHCT0MOH, KaKOH SIBm,eTCSI nemIIUeecSI 

sinpo, nepenan 6bJ B MoMeHT ynapa CBOIO KllH0TH'IeCKYIO 8Heprn10 BCeMy 

sinpy KaK uenoMy. TSI}KenbIH: HOH HMeeT KOHe'IHbl0 pa3Mepbl, IToaToMy cne

nyeT O}KHnaTb, 'ITO 'IaCTb sinpa-MH!lleHH,KOTOpoiJ: nepenaeTCSI aTa aHeprnSI, 

non;>KHa nMeTb Macey nopsinKa Toil: Macchl, KOTopasi cocpenoTo'IeHa B o6nac

TH C o5'beMOM, nopsinKa o6'heMa HaneTeB!lleil: 'IaCTHUbl ( 3necb MO;>KHO npo

BeCTH aHanorHIO C B3aHMoneil:cTBHeM 8HeprH'IHOro npOTOHa ll sinpa: B 

nepBbIH MOMeHT npoTOH C HaH5onhllleii BepOS!THOCTb!O nep7naeT CBOlO aHep

ru10 onHoMy ll3 HyKnOHOB, HO He BCeMy sinpy KaK uenoMy). 

16 

C npyro:li: CTOpOHbI, O'I0BHnHo, 'ITO 3Ha'IeHne MaCCbJ µ 8TOH 'I8CTH 

sinpa, KOTOpaSI B nepBbIH MOMeHT ncnbITbIBaeT ynap, He MO;>KeT 5b!Tb 

npHMO OTO;>KnecTBneHO C BenH'IHHOH MaCCbl HOHa A 1 • lle:!i:cTBHTenhHo, 

aTa 'IaCTb sinpa-MHllleHH HaxonHTCSI B none cun, C03naBaeMb!X OCTanbHbIMH 

HyKnOHaMH, 11Hb!MH cnoBaMH, µ -acpcpeKTHBH00 3Ha'I0HHe MaCCbl HyKnOHOB, 

BocnpHHHB!llHX ynap. IToaToMy cnenyeT O}KllllaTb, 'ITO µ acpcp. II A 1 XOTSI 

'IHCneHHO II 5nn3KH, HO He c0Bnana10T. 

EcTeCTBeHHO C'IHTaTb, 'ITO HaneTeB!llHH HOH nornomaeTCSI sinpoM B 

30H0 B3aHMone:li:cTBHSI, Torna nepBOHa'IanbHaH CyMMapHaH Macca, BOBne-

'IeHHaH B nBH}KeHne TaKHM ynapoM, 6yneT paBHa µ acpcp. + A1 • HeTpyn-

HO Bbl'IHCnHTb aHeprH!() T llBH}KeHHSI 8Toro crycTKa B HanpaBn0HHH, 

napannenhHOM OCH CHMMeTpllll nnpa-MHllleHH, Ecnn yron Me}Kny OCb!O CHM-

MeTpnu sinpa u HanpaBneHneM ynapa paBeH 0 

T=~ 
µ ,i, +A1 

a-¥¢ 

2 
EI cos 0, 

1 TO 

rne EI -KHHeTH'IeCKaH aHeprun TH}Kenoro llOHa B MOMeHT ynapa: 

EI =E -VB 

( 17) 

(18) 

ITpennono}KHM nanee, 'ITO aHeprusi nepexonnT B aHeprn10 ~ Ko

ne5aHn:li: nnpa. ITocKonhKY nepenaqa HMnynbca npoH30lllna B HanpaBneHnn 

OCH CHMMeTpHH sinpa II nopO;>K,'laeT llBH}KeHHe, KOTopoe HOCHT opraHII30BaH

HbIH xapaKTep, T.e. HMeeT Bee qepTbl KonneKTHBHoro nBH}K0HHH, TO TaKoe 

npennono;>KeHne npencTaBnneTCH pa3yMHhlM, 

Torna BHOBb Mbl MO}K0M Bocnonb30B8TbCSI coo6pa}KeHHHMH, OCHOBaH

Hb!MH Ha oco6eHHOCTSIX BHna noTeHunanbHoii aHeprun .ciecf>opMaunn nenmuero

CH sinpa, 

17 



ByneM C'IHT8Tb, 'ITO ecnH nepenaHH8H OOHCaHHbIM BbIWe cnoco6oM 

aaeprHH ynoaneTBopHeT ycnoBH10: 

r-v, ~o. { 19) 

To Hnpo c aeo6xonHMOCTblO nepeaonHTCH B coCTOHHIIe, pacnana10meecH no 

Kaaany neneHHH nocTaTO'IHO 6bicTpo, TaK 'ITO CTanHH ycTaaoaneHHH nonaoro 

TepMonHH8MH'l8CKoro p~BHOB8CHH HBnHeTCH COBepmeHHO He06SI3aTenbHOii. 

l1cnonb3YH cqiopMynupoBaHHhie npennono*eHHH H MeTonhI n. 1 aToro 

- " pasnena, aeTpynao nony'IHTb Bb1pa)KeHHe nnH ce'leHHH npHMoro neneHHH 

IlpHM. u 1 a aTOM cny-qae 

IlpHM. b . -- . ( 0 ) 
u (E)=~ [( arcsint +yl-t 2)-( arcsm l cos l cos0,vl-t2cos20,}]K(E), ( 20) 

I 2 i l 

8
1 

= arccos[( A1E1 -½ ½ ) V ] 
/Laqiqi+A 1 I • 

{ 21) 

3t18Cb 0 l - MaKCHManbHblH yron {ero "KpHTH'leCKoe" 3H8'18HHe) Me)KJly 

OCblO CHMM8TpHH H HanpaBneHHeM HMnynbca HaneTa10mero HOHa, npH KOTO

poM npHMOii M8X8HH3M t1eneam1 Bee eme B03MO)K9H. 

B npoTHBHOM cny-qae peanusyeTCH M8X8HH3M JleneHHH, cymecTB8HHOii 

CT8JlH8ii KOToporo HBnHeTCH o6pa3oBaHHe KOMnayHJl-HJlpa. CooTB8TCTBylO-

mee ce'leHHe paBHO 

KOMO. arcsin(t cos0 ) 
u (E) =L 1rab [------+cos0 1..,/ l-t 2cos20 1 ]K(E). 

I 2 t 

(22) 

PacCMOTpHM Tenepb SKCil8pHM8HTanbHbI8 Jl8HHbI8 C Il03HUHii cqiopMynHpoBaH

HOii H8MH MOJl8nH. Tio-npe)KH8MY 6yt1eM HCOOnb30B8Tb COOTHOW8HH8 { 16)' 

nona.(E) npHM. (E ) KOMn•(E) 
a B K8'18CTB8 C8'19HHii U / 1 U / 1 U I 

Bbip8)K8HHH (8) 1 (20) H (22). 

!8 

II 

<l> 
3000 

eooo 

1000 

JO J5 40 ~5 z 'A 

Puc. 6. 3aBHCHMOCTb napaMeTpa <i'..2> B M8CCOBOM pacnpet1eneHHH npH 

pa3nH'IHblX 3H8'19HIIHX aqiqieKTHBHoii M8CCbI; 1 - /L ,i..,i.. = 119, 2 - /L ,l-.,1-.. -

94'4'• 94-"t'• 

= 79, 3 - µ aqiqi. = 39, 4 - µ aqiqi. = 29, 5 - /L aqiqi. = 19. lllTpux-nyHK-

THpHaH nHHHH - y'leT BnHHHllH MexaHH3Ma KpHTll'19CKoro yrnoBOI'O MOMeHTa 

Ha npouecc t1eneHIIH rrpH orrpeJleneHHbIX 3Ha'leHHHX 8qlql8KTHBHOii MaCCbI. 
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Ha pnc. 6 naHbl KplIBbie, OIIHCbIBa10mne 3al'llIClIMOCTb rrapaMeTpa 

<~ 2> B MaccoBOM pacrrpeneneHHlI npn pa3HbIX 3HaqeHHHX a¢¢eKTlIBHOfi 

MaCCbl µ. a¢¢. • 3necb )Ke nnH opneHTHpOBKlI BOCilpOH3BeneHbl lI aKcne-

pHMeHTanhHbJe naHHbJe. Cpa3y BllllHO, qTo BennqHHa <~2> B o6nacTH 

z 2 I A> 37 CHnhHO 3aBHClIT OT 3HaqeHHH a¢¢eKTHBHOll MaCCbl µ. a¢¢: 

QqeBHllHO, MO)KHO BbI6paTb TaKoe 3HaqeHHe µ. a¢¢. , qT06b1 cornacne 6b1-

no HaHnyqlliHM. ITpH 9TOM Heo6xonHMO nnH cnyqag B3aHMoneficTBHH Ne 

n Ar c ypaHOM ( Z'iA= 40,4 n 43,5 COOTBeTCTBeHHO) BblqHcnHTb norrpaB 

Ky Ha norronHHTenhHbifi a¢¢eKT, o6ycnoBneHHbifi Hannq11eM 
KpHT. 

e 
(CM. n~ 1). 8Ta rrpouenypa npHBOlllIT K HeKOTopoMy yMeHbllieHHIO BennqHHbl 

KOMII. (E} 
a I ( CM. ( 22)} • 

PacqeTbl noKa3bJBaIOT, qTo HannyqrnnM 3HaqeHHeM a¢¢eKTHBHOfi 

MaCCbI, o6ecneqnBaIOIUHM ynoBneTBOpHTenbHOe o6'bHCHeHne 9KCnepHMeHTa 

( CM. pHC. 3,4 n 5 - cnnolliHbJe KpHBbJe), HBnHeTCH µ. a¢¢.= 30. 

8TOT pe3ynhTaT C ¢113nqecKOll ToqKH 3peHHH BeCbMa HHTepeceH, TaK 

KaK IlOllTBep)KnaeT HHTYHTHBHO npenyranaHHOe 3HaqeHHe: a¢¢eKTlIBHaH Macca 

OK83bIBaeTCH 6nH3KOll K Macce HaneTaIOIUHX lIOHOB. 

KpoMe Toro, Tenepb Mb! MO)KeM BbJqHcnHTb lI npyry10 B8)KHYIO 

xapaKTepHCTHKY B38HMoneficTBHH IIOHOB C TH)Kenb!Mll nenHIUlIMHCH HnpaMH -

ceqeHHe o6pa30BaHHH KOMnayHn-Hnpa B 3aBHCHMOCTlI OT aHeprnn. 

Ar 40 

20 
Ha pnc. 7 npencTaBneHbl pe3ynhTaT?I BblqHcneHHfi nnH peaKUllll Ne ' 

Ha • CnnolliHbie KpIIBbie na10T nonHoe ceqe1me 

neneHHH 

ypaHe npn E> VB 

nonH.(E) a 
1 

, a lliTpHXOBbie - ceqeHne neneHHH KoMn. (E} , 
al 

npoxonHmero qepe3 cTann10 o6pa3oBaHHH KoMnayHn-Hnpa. B yKa3aHHOM HHTep-

( E max ) KOMn. (E) 
Bane aHeprnfi E . > VB ,----::10 MaB ceqeHne a npH E, 

mm Ai I 

3Haql!'renhHO npeBbllli8IOIUlIX VB 1 CTpeMHTCH K "HaCb1meHH10" • IT pH 9TOM 

KOMile 
nonH a (E) 

I 
B nonHOM ceqeHHlI al 

nonH. 
(E} C yBennqeHHeM MaCCbl 

HaneTa10mero 110Ha yMeHbrnaeTcH. 

20 

!I 

3. 3 a KJI 10 ~H__ll e 

PaccMoTpHM pHn cnencTBHfi 11 BblBOllOB, KOTOpbie o6ycnoBneHbl Mexa

Hll3MOM Heynpyroro ynapa B npouecce neneHHH TH)KenbIX noHoB. 

KaK oTMeqanoch B § 2, KHHeTuqecKaH aHepruH, peanu3yeMaH B BIIne 

"KonneKTIIBHoro" llBII)KeHIIH HyKnOHOB, npu6nII)KeHHO paBHa: 

T-:: E 
1 

cosiJ. 

OcTaBlliaHCH )Ke qacTh KIIHeTHqecKofi 8Hepr1111, paBHaH: 

E*=E 
I 

µ. a¢cp+ A 1 sin 
20 

-T =(-~----)E1 , 
. !La¢¢+A I 

3a BpeMH pa3BHTHH rrpHMoro npouecca neneHIIH He ycneBaeT nepepacnpene

nIIThCH Me)Kny HyKnOH8MlI Hnpa II TeM CaMbIM npHBOlllIT K ero noKanbHOMy 

pa30I'peBy HenocpenCTBeHHO B 30He B38HMonefiCTBIIHe 8TOT ¢aKT HaM Ka)KeT

CH lIHTepeCHbIM He TOnbKO IlOTOMy, qTo BnepBbJe TepMHHy "peaKUHH conpo

BO)KnaeTCH noKanhHbIM neperpeBoM" ynanoch naTb KonnqecTBeHHoe Bb1pa

*eH11e. Bonpoc o Ben11quHe aHepr11n, pean113y10meficH B BHne aHeprnn B03-

6y*neHHH OCKOnKa neneHHH, BeCbMa Ba)KeH npn paCCMOTpeHHH peaKUIIfi, 

·conpoBO)Ka0MbIX neneHHeM Hnpa Ha TpH ¢parMeHTa cpaBHlIMOfi MaCCbI, KO-

/ 10, 11/ Topbie Y*e aKcnepnMeHTanhHo 1rnyqeHbI nnH pHna cnyqaeB • 

MTaK, BblllBIIHyTaH Monenh B38IIMOneficTBHH TH)KenbIX HOHOB C nenH

IllIIMHCH HnpaMH no3BonHeT npeononeTh, no KpafiHefi Mepe, cneny10mne 

cepbe3HbJe TpynHOCTH. 

Bo-nepBbIX, ynaeTCH IlOKa3aTb, qTo Ha6n10naeMb1e pe3Kl!e C ToqKII 

3p0HHH CTaTHCTHqecKofi TeopmI peaKUIIfi aHOManHII MO)KHO o6'bHCHIITb BKnIO

qeHHeM IIHT0HCIIBHOI'O KaHana npHMOI'O neneHIIH. 8To o6CTOHTenbCTBO yKa-

3bIBaeT Ha TO, qTo HeT Heo6xonHMOCTII nonBepraTb CTaTHCTHqecKyIO TeopIIIO 
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KopeHHofi peanann. Heo6xoanMO TOnbKO KOppeKTHO yqecTb KOHKypnpyiomntt 

KaHan npouecca - a aaHHOM cnyqae KaHan npHMoro aeneHnH. 

Bo-BTOpbIX, npeano:lKeHHaR Moaenb noaBongeT 9CTBeTCTB9HHbIM o6pa-

30M BhmenHTb TY qacTb npouecca aeneHHH, KoTopaH npoxoanT qepea cTa

llHlO o6paaoBaHRH KOMnayaa-Hapa. 8To TeM 6onee B8:lKHO, qT~ TaKag xapaK

TepHCTHKa .KaK ceqeHHe o6paaoBaHRH KOMnayH.o-Hapa HrpaeT B9CbMa cymec'l'

BeHHylO ponb B oueHKax B03MO:lKHOH BennqRHhl BhIXO.Oa · cynepTH:lKenbIX g,oep, 

CRHTeanpyeMbIX B peaKUHHX C yqacTneM TR:lKenhIX · uoHoB. 

B-TpeTbnx, n, no HallleMy MHeHmo, He B nocneaHeM cqeTe, npeano

)K9HHaH npocTaH Moaenb npeacTaBnHeT peannaaunio (no KpafiHefi Mepe, B 

OllHOM na B03M0:1KHhIX ee BapnaHTOB) MexaHH3Ma paapyllleHUR KpafiHe 

HeycTofiqnaott aenHmeficg cncTeMhl sHeprnqHoHTH)Kenott qacTnuett. 

DanbHefilllee paaanTne H ncnonbaoBaHHe sTofi Moaenu anH aHannaa 

peaxuntt Me)Klly cnO,KHbIMR g,opaMn MO,KeT npnBeCTU K PHllY RHTepeCHhiX 

cneacTBnfi. 
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