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HaBeCTHO, 'ITO OCHOBHHWI HapymelllUIMIJ CTPYKTYJll ,Illll{, llpHBO,ItmllliIMH 
R B08HHRHOBemm reHHHX MYTaxnnt y MeTOR npoRapHOT IIPH ~eacTBHH HOHH8ll
PYJllIIWC H8JIY'l8HHtt, SIBJIHJlTCJl llOBpell,D;eHB.11 OCHOBSHHit (ITO) /I/. B CBH8H C 
8THM npH H8Y'!8Hl<ffl MYTSreHHOro BJIHRHmt ll8JIY'l8HHit C pa8JIH'IHOit1mIHeitHOft 
nepe~a-qeit 8HeprHH (JIIra) Ha KJ18TRH npe~CTSBJIHJlTCH BallalHMlI CB~~eHHH 0 
aaBHCli'IMOCTH BHXO~a no OT JIII3. K HSCTOSilll8MY BpeMeHH 8RcnepHM8HTSJU,HHe 
~SHHHe O xapaRTepe TSRO! 88BllCHMOCTH OTCYTCTBYJ)T. HeT CBe~eHHft ll O aa
BHCli'IMOCTH BHXO~a OT JIII3' "RoMUJieRCHHX" O,nHOHHTeBHX paapuBOB (KOP) ,IllIK 
121, ROTOpHe, RSR MOlltHO llO}!E\rSTl>, HrpaDT Bal!Ulyxl pOJil, B g)opMHpOMHHH 
sos - Cm'HSJIS Y. 6aRTepd 131. 

B pa6oTe 74/ H8JIOllteHH M0~8JU,HHe npe~cTaBJieHHH, R8CaDlllH8CH HH,eylt
~ O,IUIOHHT8BHX (OP) H ~YHHTeBHX (.UP) paapHBOB ,Illil{ HOHH8HPYDlllHMH H8-
JIY'l8HH.flMH paaHoro K8'18CTBa. C Y'l8TOM paapa60TSHHHX llO,IOCO~OB npe~cTaB-. 
JIH8TCH B08MOlltHHM npOBSCTH o~eHcy BHXO~a B 88BHCHMOCTH OT JIII3 ITO H KOP 
)lHK. IlpOBe~eHHe TSRHX pac-qeTOB H HBHJIOCl, ~8JU,!) HSCTOS\1!18ft pa60TH. 

Jvm pac-qeTa OP H .UP ,IllIK 6HJia npe,ItJiollteHa Mo~em, 141, B KoTopoft 
JJlIK pacCMSTPHBaeTCH B BJme JIHHe!Hoft MmneHH CJIY'l~ftHHM o6pa80M opHeHTH~ 
poBaHHOit OTHOCHT8Jll>HP TpeRa aapJ'll!teHHOit 'q8CTHUH. XapaKTep 8HeproB~eJie
Hml B TpeRe no 8TO! MO~eJIH OllHCHBaeTCH CJI8~lllHM o6pasoM: . 

{
'D(x) ~u,,t..~f O L ,C: < r,,., ... ..._ 

1) /?<) ~ x.-2 r. ,: ~ 1· nc,...•,,, t: r,....,"__.., 
(I) 

r~e 'P(x} - JIOKaJU,HSH ~088 B 88BHCHMOCTH OT np~eJil>Horo paccTomnm X. 

OT OCH TpeKS; rn-u~ - pa~c cep~eBHHH TpeKa, paBHHA npHMepHO llOJIOBHHe 
TOJilllHHH t JIHHeftHOil MmDeHH ,Illil{ ( r -.·,. = t /,2, ) ; 1'"ma,c. = 40 EI' 75 HM -
MSKCHMSJU,HH! ~c TP,eRa, onpe~eJIHeMHtt npo6eroM ~ -aJieKTPOHOB c MSK
CHMSJll,HOA 8HeprHett 141;. E - 8HeprHH 'qSCTHUH B MaB Ha HYKJIOH. 

Ha OCHOBSHHH (I} MOZHO y-qeCTl, xapaKTep pa~am,Horo pacnpe~eJieHHH 
norJI01118HHOit 8HeprHH (PPII3) , 'ITO B8Cl>M8 Bal!IBO ,ItJIH o~eHKH poJIH 8" -aJieKT
pOHOB B Pa.u;H06HOJIOrH'i8CKIIIX 8~KTSX HSJiy-qeHd C pasHol JIIra. 

3HePrHH (E), sapR;D; ( Z ) ll JIII8 ( I.. ) aapmtteHHHX iiac~ CBJl88HH 
yp8BH8Hll8M EeTe-Bnoxa. B ~JU,H8~ pac'leTax HCUOJU,8yeu np:116.mmeHKe, 
nOJiy-qeHHOe H8 ypaBH8HllH EeTe-Bnoxa: 

E';' ~ J 1J1c:J8/,.,,,.,..J;= i '(S'"!J T {'1 (2s6,t·E2)-,. 9.M E , (2)' 



r.n;e z.~= z{I -a,,;:c.,p(-130f-> i!.-¼;J - 8qxpiRTfillHHtt sapim "laCTHitH; 
/h('i.L)¼ - OTHOmeHHe CROpOCTH 1l8CT:mnl R CROpOCTH CBeTa B BaeyyMe; 

!13il 
E - aaepI'WI B ,IJ;HanasoHe OT 3 MaB/HYRJIOH .n;o 20 MaB/HYRJIOH. 

CBJI3l> l ' E, L, ypaBH8HH8M (2) He06XO,IJ;lIMa ',IJ;JIJI Toro, 1IT06ll no sa
,I1;8HHO! L, H ,I1;JIJi p83JllfqHI:lX ~ Ha!TH E, ROTOpaH onpe.n;eJIR:eT napaMeTp 
r,,,,,,._)( B PPira TpeRa. 

Ha ocHoBe (I) pacc"IHTHBaeTcH cpe,IJ;HJm aHeprnH, norJiomaeMa.R: B ,IJHK, 
RaR qiyHRilIDI npmteJI:&imro napaMeTpa x . Cpe.D;HHH aHeprnH, norJiomaeMM 
B ,IJHK, MOEeT 6HTl> 38nHC8H8 R8R 8HaJIHTll"l8CR8H qiyHRUJm npmteJI:&Horo na
paMeTpa -:c. • 

<liyHRUJm HMeeT BH.IJ; 
1;;,_tcf1,-1r(~)U+-f: l'f(:x,f,r,,,,._)-r~,t; r,..,.,,)j 
·u WH 

"'r ~ -r,..,.,. <:-x-.: eh. 

y(x,£,t);c-
f-1(. If 1,;t-- ½_) -I- If 'f(?CI e,_r,..,'lk) . f. r. 

'Tr r,.._,,,, t✓• ✓ ?r<· 1/i + ,, .• ,,_, ,,,,rm /1. 

(3) 

,IJ;JIJI CJJY1I8eB, Ror.n;a cep,zmeBHHa TpeRa npoxo.IJ;HT 1Iepes ,IJHK; 

)f (-x,E, f): ;:. 'f ( 'K, f't r,.."-.r) hpu ~'2 -f'l'j.. • <(,z,=-r. / ,,, • ' ,.._.4,,/lf 

(4) 

,I1;JIJi paCCTOHHHtt X , Ror.n;a HM88TCH BRJI8,IJ; TOJI:&RO OT :,' -8JI8RTPOHOB. 
IlapaMeTp K onpe.n;eJIR:eT ,IJ;OJm. 8H8PrHH., Bll,I1;8JIR:8MOtt 1"-8JI8RTPOH8MH_, 

H ,I1;JIJi r;.._,,,.__ == I. HM K == .0,45, a ,I1;JIJi ¾',r == 2 HM K = 0,4. 
Ha OCHOBe/4/ BB9A8Hl1 o603H8'19HliH --, 

'f(: ,, . 1 _ e. ~e--1£ IN1P - .1. 
x,i:.,~- -

;x. I?.,,, r,..,1111111,r 
. ,..,..,..,.,.._ 

t.tf1J:= w-u~z -7.~. 

IlapaMeTp e, TOJilllHH8 JIHHe!HOA Mmll8HH ,IJHK, npHHJIT.paB!lllM 2 ar/4/. 
0,IJ;HaRO D OTJilii:rue OT pac1IeTOB OP H .n;p ,IJHK B 'saBHCHMOCTH OT JIIrn paC'lST 
no npoBe,IJ;eH C napaMeTpOM f, YB8JIH1l8HHHM np:imepHO B,IJ;BOe, T8R K8R 8TO 
COOTB8TCTByeT aqq,eRTHBHOMY YB6JIH'lemm TOJilllHHl:l MHm8HH .IJHK 38 C1l8T cy
mecTB8HHOI'O BJIHHHHH CB060,IJ;Hl:IX p8,I1;HR8JIOB cpe.ii;H H8 ~OpMHpOB8HHe 8THX 
noBpe~eH:d~ 06 aToM cBH.IJ;eTeJI:&cTByeT TOT (pa?, 'ITO BHXo.n; no npH 1-
o6JJY1Iewm B HSCROJI:&RO pas 6oJI:&me BllXO,IJ;a OP 57. 

Cpe,IJ;Hee "IHCJIO noBpeE,IJ;eHHtl: .lllIK MOltHO Bll'llICJil!Tl> RaR 

n.. "" <-iJ • fef/ · l, · 'J (Zj E, t) / /2 £)
1 

(5) 

r.n;e ft/(= "f e. - aqxf/eRTHBHM TOJilllHHa, B HM, JIHHettHotl: MHmeHH ,IJHK, Y1IH
THB8DmaH pa3Jnl'IHYJ) opHeHTanm> ,IJHK B TpeRa; £ - 8Hepl'l!Ji, B aB, Ha 

2 

[ 

1:,, 

I 

J 

O,IJ;HO co6HTH8 1:meproBll,IJ;eJieHHH; c.v - ~epOSITHOCTI, Toro, 'ITO co6I:ITH9 
3H9prOBll,ll;M9llil.fl np11B9A9T R IIOBP9JU9HHIO I.IM9RYJII1 .ITJIK. 

HsBeCTHO, 'ITO aRTll 8HeprOBll,I1;8JI8HHH B TpeRax sapgxeHHl:IX 1l8CT:m.t 
npn npoxoE.IJ;eHHH 1Iepes MOJISKYJ!Y .IilIK'MOryT 6HT:& RoppeJIHpoBaHHHMH. B cH
JrY 8Toro o6cTOHT8JII,CTB8 noBpeE,D;eHHH ,IlHK He o6H38T8JII,HO pacnpe,IJ;eJUIDTCH 
CJfY'lattHHM o6pasoM. Bonpoc o THne pacnpe.n;eJielillH noBpeE.D;eHHii .IJHK npH 
npoxoE,IJ;eHHH sapHE8HHllX 1l8CT:m.t, ROTOplltt npHMeHHM B RaE,IJ;OM ROHRpeTHOM 
CJJY1Iae, HBJIR:eTcH npe,D;MeToM cnennaJI:&Horo o6cy,imelillH. }J;lm npe,IJ;BapHTeJI:&
HHX pac1IeTOB Mll npHMeM 38 OCHOBY pacnpe.n;eJieHHe IIyaccoHa. B 8TOM CJIY-
1Iae MOZ8M 38IlHC8Tl> BepoHTHOCTl> B03HHRHOB8I!HH no Rpa!HeA Mepe O,IJ;HOro 

(6) 
llOBpeE.D;eHHH ,IlHK RaR 

P = ,, - e-t-p r- n:J. 
}J;lm llOHBJI8lillH m noBpeE,D;eHHii HM88M BepOHTHOCTI, _,,,, 

p{m) ~ (½lcp(-ri} _!J_ 
V m.' . 

(?) 

CboTHomeHHH (6) H {?)· MOlKHO HcnoJI:&soBaT:& ,IJ;JIJI pac"leTa BHXo.n;a noB
peE.D;eHH! ,IJHK onpe.n;eJieHHOro THna, B TOM 'lHCJie H no. }J;lm 8TOI'O npe.n;noJio
:atm.l, 'ITO, KaR H B / 4/, BePOHTHOCTl> B08HHRHOB8HHH no na O,nHH TpeR, 
npoXO,IlJlUl]iltt C npmteJI:&Hl:lM napaMeTpOM _x OTI!OCHT8JI:&HO .Illll{, ecT:& 

A/4(x)== .l. 'ii"- ~(-2;::;). 

.n;im o~enRH Bl:IXo.n;a no na fa. Ha reHoM 
JIHTI, HHTerpaJI no npmteJI:&HOMY napaMeTpy X . 

(8) 
t. t-,t,· H806XO,IJ;HMO Bll'IHC-

r;.,~ 
-IS- J A/no = T:: ~ (x) Jx J 

(9) 
0 

r.n;e MHODTeJI:& 11/t.., Y'IHTllB88T llOTOR '!HCJia 'l8CT:m.t, npOXO,IJ;SllllHX B HH-
TepBaJie -r, x +i:I~ npmteJI:&Horo napaMeTpa. 

}J;lm o~eHRH BllXO,IJ;a KOP .Illil{ B saBHCHMOCTH OT J.., MOlltHO BOCilOJI:&80-

BaT:&CH CJI8.ItYJ)lltIDA BHpazeHHeM: 

N,2. (x) ::::- ol, f, ..f oLz P2.. -1 oL3 p3 , 

r.n;e p, = .2. pr-1) -pro) 
~ = 2 pr2) -pro) 
f~ = 2 (-t-p{o)- p(f) -p(z))· p(o) 

(IO) 

- BepORTHOCTH B08HHRHOB8HHH TO"IHO O,IJ;Horo, ,IJ;Byx H 6oJiee 'ISM Tpex co6u
THtl: 8HeprOBll,I1;8JI8Hl!Ji B O,IJ;HOM HS KOP ,IJHK. BepoHTHOCTH ,IJ;OJm'.I!ll BospacTaT:& 
C YB8JIH'l81il18M 8HeprHH, Bll,I1;8JI8I!HOtt B ,IJHK. npe.n;BapHT8Jil>H8R oueHRa .n;aeT 

o'-,1 = 0,02; of.,_= 0,3; o/.3 = I. 
AHaJIOrH'lHO ( 9), 

r;..,.,, 

Iv/COP 
!.£ J ,.v, (x)dx == L, 2. 

0 

(II) 

:1 

• 



Ha p11cy1me np1rno.n,1Tcn cpaBirn:TeJibHWJ pactJ:eT Buxo,n;a OP, ,m>, ITO n 
KOP B 38BHCHMOCTH OT t._, ,nJUI pa3JIH'IHHX HOHOB H 9Heprim EB ,ItH8ll830-

He 3 +· IO MeB/HYKJIOH. 

no ~~¾ PHc. BHXo;n O;nHOHHTeBWC (OP), :nBYHHTe-
-;-:5" 1 

! ~~ Bl:lX (.ZU,) pa3pimOB, IlOBpe~eHHtt 
OP ~ 

~02 "'---~ ...... OCHOBaHHtt (TIO) H "KOMllJieKCHHX" 

~ O,IU{OHHTeBIDC pa3pHBOB (KOP) B 38-
~005 BHCHMOCTH OT JIHHe~ott nepe;na'IH 
-ll 
! KOP 9Hepl'Hl!I ,nJUI ycKopeHHWC HOHOB C 
~Q01 

OP 
paaHHM aapsmoM. 

j 
2 5 10 so 200 1000 

/103 Ik,B/w&otl 

TaKHM o6pa30M, Ha OCHOB8Hlm HSJIO~eHHOrO MO~O npHttTH K 38KJIID'le
mm O TOM, 'ITO xapaKTep 38BHCHMOCTH no OT J..., 8HaJIOI'H'l0H 38BHCHMOCTH 
OP OT l., , HO BIDCO;n no B ~ 4 paaa 60Jibme Bl:lXO;na OP BO BCeM pacC'IHT8H

. HOM ,ItH8Il830He /.., , 'ITO CB.H38HO B OCHOBHOM C Yl3eJIH'l6HHHM 9tppeKTHBHHM 

paaMepoM MHmeim Jllil{. 
.lI,nJI KOP xapaKTepeH MaKcHMYM npn L ~ 100 KeB/MKM H BIDCo;n KOP B 

MaKCRMYMe npmiepno B 2 + 3 paaa 6oJibme BHXo;na npH 1-06.n:ytJeHHH • 
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qepHeHKO n.rr., Ko3y6eK c., KpacaBHH E.A. P19-88-646 
Mop;eJib o6pa3oBaHHH npep;MyTau;ttoHHblX noBpeJK,D;eHHH 
AHK nptt p;eilcTBHH H3nyqeHHH c pa3HOH nttHeHHOH 
nepep;aqeil 3Heprtttt 

PaHee npep;noJKeHHaH MOp;enb o6pa3OBaHHH op;HOHHTeBblX 
H p;ByHHTeBbIX pa3pbIBOB AHK npH p;eilcTBHH H3nyqeHHH c pa3HOH 
nHHeHHOH nepep;aqeH 3HeprHH pacnpocTpaHHeTCH Ha THilbl no
Bpe)K,l];eHHH AHK, ponb KOTOpbJX npoHBnHeTCH B HBneHHHX HHp;y
u;ttpoBaHHoro MyTareHe3a. Bb1xop;b1 ncrnpeJK,D;eHHH ocHoBaHHH AHK 
H 11KOMnJieKCHbJX11 op;HOHHTeBblX pa3pb!BOB paccqHTblBa!OTCH Ha oc
HOBe KoHu;enu;HH pap;ttanbHoro pacnpep;eneHHH norno~eHHOH 3Hep
rtttt B TpeKe 3apHJKeHHOH qacTHI.J;bl. 

Pa6oTa BbinOnHeHa B ITa6opaTOPHH Hp;epHbJX npo6neM mum. 
1· 

IlpenpHHT 06t.eJ1HHeHHoro HHCTHTyra JUlepn1,1x accne.11.oeanHH. ,lly6na 1988 

IlepeBop; aBTopoB 

Chernenko L.P., Kozubek S., Krasavin E.A. P19-88-646 
The Model of the Induction of Premutational 
Damages of DNA by Ionizing Radiation with 
Different Linear Energy Transfer 

The model of DNA single and double strand breaks pro
duction by ionizing radiation of different linear energy 
transfer proposed earlier is extended to other types of . 
DNA injuries which are important for induced mutagenesis. 
The production of damaged bases and complex single strand 
breaks is calculated on the basis of radial distribution 
of the absorbed energy in the track of charged particle. 

The investigation has been performed at the Lc¼boratory 
of Nuclear Problems, JINR. 
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