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B nocneAHee speMH HaKannHsaeTcH see 6onbwee KOnH4ecTso AaH
HbiX, CSHAeTenbCTSYIOliiHX 0 TOM, 4TO npH y-o6ny4eHHH KneTOK 
E.coli HaPHAY c npHM~MH ASYXHHTes~MH paap~saMH /nAP/ AHK HH
AY~HPYIOTCH H 3H3HMaTH4eCKHe AP /3AP//l/. C4HTaeTCH, 4TO n~p 
soaHHKaiOT scneACTSHe paap~sa ASYX onnoaHTH~x HHTeA AHK s y4acT
Kax HnH CTporo KOMnneMeHTapH~X APYr APYry, HnH me pa3AeneHH~X 
He6onbWHM 4HcnoM nap HYKneoTHAOS / 11 KOCble 11 API. 3AP me o6paay
IOTCH H3 nepeKpbiSaiOl!IHXCH 6peweH, S03HHKaiOl!IHX npH paC4HC TKe 
nospemAeHHH AHK s peaynbTaTe AeHCTSHH penapa~HOHHbiX <tJepMeHTOS. 
J.iMeiOTCH OCHOSaHHH nonaraTb, 4TO SbiXOA 3AP npH y-o6ny4eHHH Kne
TOK SeCbMa Cyl!leCTSeH. 8 TO me speMH npH AeHCTSHH nnOTHOHOHH3H
PYIOIIIHX H3ny4eHHH, no-SHAHMOMY, ysenH4HSaeTCH SbiXOA nAP / 2/ 

Ha OCHOSaHHH H3SeCTH~X 3aKOHOMepHOCTeH 3HeproS~AeneHHH 
S TpeKe 3apHmeHH~X 4aCTH~, a TaKme OC06eHHOCTeH HHAYK~HH H pe
napa~HH paaH~x THnos nospemAeHHH AHK KneToK soaMomHo nocTpoeHHe 
MOAenH o6paaosaHHH OP H AP AHK np~-1 AeHcTSHH Hany4eHHH, paanH-
4aiOIIIHXCH no Jln3 (L). 

MOAEJlb 06PA30BAHHR OP 1-1 AP AHK B 3AB~1CHMOCTH OT L 

0603Ha4HM W sepOHTHOCTb S03HHKHOSeHHH nospemAeHHH, npHSOAHllle
ro K OOpa30SaHHIO UPI Ha OAHO~ HHTH AHK S peaynbTaTe OAHOro aKTa 
nepeAa4H 3HeprHH I £o = 60 38/. CpeAHee KonH4ecTso TaKHX nospem
AeHHH rn> npH npoxomAeHHH 4aCTH~~ c npH~enbH~M napaMeTpOM X 

4epe3 MHWeHb CO cpeAHeH 3$$eKTHSHOH TOnl!IHHOH f 3$$. 6yAeT: 

ii- w • f 3¢¢ 
(0 

y.L 
2 . /1/ 

npeAnOnO>KHM' 4TO OP I o6paayeTCH' ecnH s OAHOH ~enH ASYXHHTe
SOH MoneKyn~ AHK HMeeTCH XOTH 6~ OAHO nospe~AeHHe. BepoHTHOCTb 
Toro, 4TO s 3TOM cny4ae He soaHHKaeT OP 1 , 6yAeT e-n. H sepoHT
HOCTb o6paaosaHHH OPI pasHa (1- e-ii ). CpeAHee 4Hcno OP1 , o6pa3yi0-
111HXCH s ASYXHHTesoH AHK (n 0 P) npH TaKoM co6~THH, s ASa paaa 

- I 
6onbwe : o L 

w t 3¢¢Y· 

- ( ) 2 • fQ n 0 PIY -2.(1-e ). /2/ 

4Hcno nAP' COOTSeTCTSYIOliiHX OPI (ii n,llp ), 6yAeT pasHo: 

w • f 3¢¢· y • L 
= - 2·fo 2 
nrmp (y) = g. (1- e ) , /3/ 
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rAe g - reoMeTpi-14eCKHi1 ¢aKTOp, o6yCilOBileHHbli1 HeOAHOPOAHOCTbiO 
pacnpeAe!leHHH norno~eHHOi1 3Hepri-11-1 B npeAe!laX MHWeHI-1 - ABYXHi-1-
TeBOi1 MOileKyilbl ,[\HK • .[\IlH $OpMailbHOro CilY4aH, KOrAa rmax< 1, g 
HBilHeTCH sepOHTHOCTbiO TOrO, 4TO 4aCTI-1Lla, npoweAWaH 4epe3 OAHY 
4enb ,[IHK, npoi1AeT 1-1 4epea APYryiO. Be!li-141-1Ha 3Toro ct>aKTopa 6wna 
paHee onpeAe!leHcl 3 •4/ 1-1 cocTaBnHeT 0,4. ,[\nH B-3neKTpoHos, OAHa
Ko, MO~HO O~HAaTb 60ilbWHX 3Ha4eHHi1 3TOi1 Be!lH4HHbl, npH Aa!lbHei1-
WHX pac4eTaX npHMeM g ,.0,5. 

KOI1H4eCTBO OP H n,[IP, npHXOAH~HXCH Ha ct>parMeHT MHWeHH, BKI110-
4aiO~Hi1 OAHY napy HyK!leOTHAOB (PH) H o6pa3yi0~1-1XCH npH npOXO~Ae
HHH 4aCTH4 Ha pacCTOHHHH (X,X+dX) OT MHWeHH, paBHO: 

D 
dN (x)=n (x)dt"(x), op 1 op 1 S 141 

dN° (x=n (x)de(x), 
MP nAp 151 

rAe d e(x) - 4HCI10 nepBH4HbiX Ha!leTaiO~HX 4aCTH4 Ha £H, npOXOAH~HX 
Ha pacCTOHHHH (X, X+d~ OT MHWeHH. 

clliliOeHC 4aCTH4 <IJ MO)I{HQ paCC4HTaTb no $OpMy!le 

<I> =-1-.D, 
k'·L 

161 

rAe k' - nocToHHHbli1 K03$$H4HeHT. KonH4ecTso 4aCTH4, npoXOAH~Hx 
:-'"'rrTr""'-''A•A(Y.Y.J..i!Y) nT nriA MIAIIIPHIA lA nDIAXOORWI-iXCR Ha P ... 6vneT: 

d e ( x) = 2 <I> e H" dx = 2 . <I> • a -¥ . 171 

rAe £H · f =a eCTb Ce4eHHe 
Horo pacnpeAe!leHHH HHTei1 
ycpeAHHTb, npHHHB a 3ctJ$ • 

$parMeHTa MHWeHH. npH YCilOBHH H30Tpon
,[\HK B npocTpaHCTBe Be!lH4HHY u·CJleAyeT 
aa a; 

.[\IlH 4HC!la 4aCTH4 d~(~ Aanee nony4aeM: 

1 dx 
d t"( x) = 2 . -- · D · a 3$$. T 

s k'L 

~3 141-181 CileAyeT: 

D = 
dN 0 PI (x) = nop/Y(X)) · 

dN ~AP (x) = n Mp (y(x)) . 

a3Q:¢ 

k'-:-L · M nap 

a3q;q; 

~L·Mnap 

.!.D.dx, e 
2 D. dx, .T. 

181 

191 

1101 

rAe M nap = 660 AailbTOH - Mo!leKynHpHbli1 sec OAHOi1 napbl HYKileOHTH
AOB/5/. OnpeAe!lHM u·3<l><!>. ~CXOAH H3 peailbHbiX paaMepos ,[IHK, nony4aeM: 

2 

.. 

- £ p 1T 0 -3 17 -4 
U 34J¢ - H • • T = .34 • 10 • f • 4 = 2.65 · 10 · p , MKM 2, 1111 

-3 
rAe fH = 0,34·10 - pacCTOHHHe Me~AY ABYMH HYKileOTHAaMH, MKM; 
p - nonepe4HblA pa3Mep ABYXHHTesoA ,[\HK, MKM; 17/4 - reoMeTPH4eCKHA 

$aKTOp, Y4HTbiBa~HA H30TpOnHoe pacnono~eHHe HHTeA ,[\HK B npocT
paHCTBe~ npH H30TpOnHOM pacnOilOMeHHH HHTeA ,[\HK 4HCI10 HHTeA, Ha
npaB!leHHblX nOA yr!lOM V lpHc.JI, Bbl4HCI1HeTCH CileAYIO~HM o6paaoM: 

d 17 = 2 . 17 . sin v . d v 1121 

H HX ce4eHHe pasHa a(v) .. a0 • sin v , rAe a0 - reoMeTpH4ecKoe ce4e
HHe. a 3ct>ct>. nony4aeM KaK: 

17(2 
a(v) d17 

0 17 
a 3¢¢ '" 17/2 '" - · a 0 I 13 I 

J d17 4 
0 

_ AHanorH4Ho 1121-1131 MO~Ho Bbl4HCilHTb, 4TO 3$¢eKTHBHaH AilHHa 
p 3$$. 6yAeT COCTaBilHTb: r3$$ ... i- p' nOCKOilbKy P(v) .. p /sin IJ. 

PHc.l. K pact.~eTy 3¢qleKTHBHoro ce
t.IeHHH a 3¢¢. o6pa3oBaHHH OP ,I.UiK. 
'1H<.:JIO HHTeH ,L.\111\, HaXO,D;HIWiXCH ITO,D; 
yrJioM v K HarrpaBJieHm~ rryt.~Ka t.~ac

THI..\, ITpOITOPI..\HOHaJibHO d17, H HX ce
t.IeHHe a(v) .. a 0 sin(v), rp;e a0 -

reoMeTpH'IecKoe cet.IeHHe. 

I ~: ...... ,l -- ' dn•2Jl!Jin'l·dv 

Ha OCHOBaHHH BblWeH3IlO~eHHOro HMeeM He06XOAHMYIO HH$OpMa4HIO 
Ail A Bbi4HCileHHH BbiXOAOB OP H n,[IP. N op 1 H N 11jp MO~HO Bbi4HCI1HT b 
KaK 

-B 1 
N - 5.06 • 10 • -opl L 2(1- e 

-B 1 
Nnnp .. 2.53. 10 • L r (1-e 

w • P 3 cllcll •• y ( xl L 

2 •(o 

w.f3$$.· y ( x) .L 

2 ·fo 

) dx, 1141 

2 
) dx. 1151 

npeAe!lbHOe Bblpa~eHHe AilH MailbiX BeilH4HH L MO~HO nOilY4HTb B 
BHAe 

-7 2 
N 0 p

1
-6.1Q .f.w. 1161 
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-3 /6/ 
np~ f = 2,2.10 MKM ~ w-1 NopJ• Bb14~CJleHHbiH no /16/, COCTas-
IlReT AilR y - Ily4eill 6° Co 3 '0 ·1 o- 12 crp- 1 AailbTOH - 1• 

Yme yKa3biBailOCb, 4TO nAP o6paay~TCR B pe3yilbTaTe B03H~KHOBe
H~R ABYX OP Ha npoT~BononomHbiX H~TRx AHK c noKanHaa~Hel:\ 3T~x 

nospemAeHHA Hil~ Ha CTporo KOMnileMeHTapHbiX y4aCTKaX, Hil~ me Ha 
y4acTKax, HaXoAR~~xcR Ha pa3J1H4HOM paccTORHHH APYr oT APYra, 
AOCTHra~~eM 20 HM. B CHilY oco6eHHOCTeH MHKpopacnpeAeileHHR 3Hep
rHH y-KBaHTOB B Be~eCTBe BbiXOA nAP npH y-o6ny4eHHH, KaK 3TO 
6yAeT noKa3aHO H~me, AOilmeH 6b1Tb Kpai:\He MaJlbiM, 3AP me y 6aKTe
pHI:\, B03HHKa~~He npeHMy~ecTBeHHO H3 MC, BHOCRT OCHOBHOH BKilaA 
B cyMMapHbiH BbiXOA AP npH y -o6ny4eHHH. 04eBHAHO, 4TO npH Ao
cTaT04HO 60ilbWHX A03aX y-06Jly4eHHR, COOTBeTCTBY~~HX 3KCnOHeH
~HailbHOMY y4aCTKY KpHBOH BblmHBaHHR, KamAaR OCy~eCTBilReMaR HOHH
aa~HR a MOileKyne AHK MomeT npHBOAHTb K o6paaosaHH~ 3AP. 3ToT 
BbiBOA cornacyeTcR c 3KcnepHMeHTailbHbiMH AaHHbiMH o nocTORHCTae 
cooTHoweHHR BbiXOAOB OP H AP y KileToK npH y-o6ny4eHHH a pa3IlH4-
HbiX ycnoBHRx/7 ,8,9 /. AaHHOe o6cTORTe·nbCTBO, no-BHAHMOMY, MOmHo 
o6bRCHHTb IlHWb TeM, 4TO perHcTpHpyeMble AP RBilR~TcR npeHMy~ecT

aeHHO 3AP H TaK me, KaK H OP, o6paay~TCR no OAHOyAapHoMy Mexa
HH3MY, OT OAHOH HOHH3a~HH a MOileKyile AHK. C APYrol:\ cTopoHbl, no
CKOilbKY BbiXOA AP c aoapacTaHHeM L yaenH4HBaeTCR, MomHo AYMaTb 
0 B03pacTaHHH B 3TOM CI1Y4ae BbiXOAa nAP, AilR peailH3a~HH KOTOPbiX 
Heo6XOAHMO aoaHHKHoaeHHe a onpeAeileHHOM y4aCTKe AHK ABYX HilH 
60ilbWero 4HCila OAHOBpeMeHHO ocy~eCTBJlReMbiX HOHH3a~HH. 

C y4eTOM Bb1WeH3IlOmeHHOrO MOmHO noilaraTb, 4TO 3AP RBilR~TCR 
COObiT~RMH, oopaay~~MH(;Ji I11Jt:::VIMYI4t:::'- , .. t::nnv IIV. v,Linvj.",.:iu;;.:;c;:,:,· ;:,:::;~::

·HH3MY, OT OAHOH HOHH3a~HH, a nAP B03HHKa~T B peayilbTaTe ocy~ecT
BileHHR ABYX H 60ilbWero 41-!Cila HOHH3a~HH Ha KOMnileMeHTapHbiX y4acT
KaX AHK. 

~H$$epeH~HPYR paaHble THnbl AP, MomeM Bbi4HCilHTb aaaHCHMOCTH 
BbiXOAOB OP ., AP oT L. Ha pa-1c. 2 npeACTaaneHbl 3KcnepHMeHTailbHble 
AaHHble H pac4eTHble aenH4HHbl N op 1 ., NllAP a aasHCHMOCTH oT L, Bbi-
4HcneHHble no /14/-/15/. B 3THX pac4eTax f npHHHManacb paaHol:\ 

-3 w.f 
2.10 MKM H nOCTORHHaR b= 6b1Ila B3RTa paBHOH 0,034 npH 

fa 
W= 0,648. KaK MOmHo BHAeTb, HMeeTcR xopowee cornaca-1e MemAY 

3KcnepHMeHTailbHbiMH 1-1 pac4eTHbiMH aenH4HHaMH BbiXOAOB OP ., AP npH 
paaHbiX L. Heo6xoAHMO oTMeTHTb, 4TO xopowee cornacHe nony4eHo 
a npeAnonomeHHH, 4To H3MepReMbiH BbiXOA AP RBJlReTcR cyMMOH 3AP 1-1 

nAP. Ha /14/, /15/ CileAyeT, 4TO cy~eCTBYeT OAH03Ha4HaR CBR3b 
MemAY BbiXOAOM OP ., nAP AilR scex 3Ha4eHHH L. 

CyMMapHbll:\ BbiXOA AP npa-1 paaHbiX L OAH03Ha4HO onpeAenReTCR 
B npeAnOJlomeHHH, 4TO BbiXOA nAP npH y -o6Ily4eHHH KileTOK RBilReTCR 
npeHe6pemHMo Manoill BeilH4HHOH. B nOilb3Y TaKoro npeAnonomeHHR 
CBHAeTeilbCTBY~T AaHHble o reHeTH4ecKoA AeTepMHHHposaHHOCTH npo
~ecca HHAYK~HH AP y E.coli/ 1· 101, a TaKme aHailH3 oco6eHHocTel:\ 
MHKpopacnpeAeileHHR 3Hepr~H B Be~eCTBe npH AeHCTBHH 3IleKTpOMar-

4 

.. 

) 

1 

' 

~ o-11 iX P He Li B 0 Ne Ar PHC. 2. 3KcnepHMeHTa.JibHbie H pac-
' 1 '()> 5 tieTHbie BeJIH'iHHbl BbiXOAa OP H .UP 
1- I a 
~ -l2 "' • ,UHK y E. coli H KJieToK MJieKonHTai0-
~10 1 ~""' 1 ;;< L 0 ~ o "1>"-~o ~X B gaBHCHMOCTH OT L BbiXOAbi 

L -13 + /IT- -
-;-a. • , ~· _ OP H ,UP npH y-o6JiytieHHH npeA-

~ 10 t--=J-=-~-=-.;t:.:"y~-1_ '•.: CTaBJieHbi TOJlbKO AJI.fl E.coli/: 
~ • ./ ---- I - 3aBHCHMOCTb BbiXOAa OP OT L, 
~ 10-14 y -. Bbi'iHCJieHHaH no I 14 I; 3KcnepHMeH-
"' lL 4 ~ ~ Ta.JibHble TO'IKH COOTBeTCTBYJOT:~ -

.b10-1S I I /7 14/ A - /6/ E9- /IS/ Iii-
"' 1 10 100 1000 ' ' L1 ' ' 

L/K3B/MKM/ /16/ • 8- /17/, ()- /7/, 0- /18/, 
0 - I 19,20/; 2 - 3aBHCHMOCTh 

BbiXOAa ,UP I cyMMhi II,UP H 3,UP I OT L, Bbi'iHCJieHHaH no I I 5/; pactieT 
npoBeAeH AJIH tiaCTHu; c 3HeprHeH: 4 M3B/HyKJIOH. 3KcnepHMeHTa.JihHbie 

TO'IKH COOTBeTCTBYJOT: f- /7/, !- /6/, +- /21/, ·- /22/, ·-
/ 18/, + - /10/, x - /10,17/; 3 - 3aBHCHMOCTb BbiXOAa 3,UP OT L, 
pacCtiHTaHHaH AJIH 'iaCTHu; c 3HeprHeil 4 M3B/HyKJioH; 4 - 3aBHCHMOCTb 
BbiXOAa II,UP oT L. · 

HHTHbiX BHAOB H3IlY4eHHH pa3HOH meCTKOCTH H 3apRmeHHbiX 4aCTH~ 
c MailOH L. nonbiTaeMCR nposeCTH opHeHTHPOB04HY~ o~eHKY BbiXOAa 
nAP npH AeHCTBHH 3IleKTPOMarHHTHbiX BHAOB H3Ily4eHHH. C 3TOH ~eilb~ 

pacCMOTpHM npemAe HeKOTOpble oco6eHHOCTH nepeAa4H 3HeprHH y-
H peHTreHOBCKOrO H3Ily4eHHH Be~eCTBy. 

KaK H3BeCTHO, OTAeilbHble aKTbl HOHH3a~HH, B03HHKa10111He B cpeAe 
llfJVI .ye;;,c ICt-iYi f ~:~ .. ""':j"-:~: :~~:-:, ~'5~:!:?~'~:':~ r: nyu~IA~n lA He~~B~CLo1MO llOVr 

OT APYri 11/ 3a HCKI1~4eHHeM aKTOB HOHH3a~HH, npOH3BOAHMbiX 04eHb 
Me~JleHHbiMH 3IleKTPOHaMH C 3HeprHeH .< 1 000 3B, o6?a3YIOIIIHMH KJlacTepbl 
HOHOB B KOH~e caoero npo6era B se~ecTse. Ha1 12 cneAyeT, 4TO 
3IleKTpOHbl C 3HeprHel:\ -750 38 o6paay~T Ha paCCTORHHH 40 HM OKOilO 
20 nap HOHOB H 4TO 3IleKTp0Hbl C AaHHOH 3HeprHeH rilaBHbiM o6pa30M 
OTBeTCTBeHHbl 3a HHAYK~H~ nAP npH AeHCTB~H 3IleKTPOMarHHTHbiX BH
AOB H3Ily4eHHA Ha AHK KileTOK. c y4eTOM 3Toro BbiXOA nAP npH y- H 
peHTreHOBCKOM 06Ily4eHHH 6yAeT 3aBHCeTb OT AOilH 3HeprHH, nepeAa
BaeMOH MeAileHHbiMH 3IleKTpoHaMH. YAeilbHOe KOilH4eCTBO TaKHX 3IleKT-

POHOB soapacTaeT c YMeHbWeHHeM 3HeprHH H3IlY4eHHR. HanpHMep, AJlR 
TOpM03Horo H3Ily4eHHR 3IleKTPOHOB C 3HeprHeH 30 M3B HX AOilR co
CTaBilReT OKOilO 5%, B TO me speMR AilR 250 KB peHTreHOBbiX JlY4eH 
KOilH4eCTBO MeAneHHbiX 3IleKTPOHOB soapacTaeT AO 12%' 12( AnR 6onee 

MRrKHX peHTreHOBbiX Ily4el:\ MOmHO OmMAaTb 6biCTporo HapaCTaHHR 
YAeilbHoro BKilaAa a A03Y TaKHX 3IleKTpoHoB. 

npoBeAeM o~eHKY BbiXOAa nAP AilR y-H3Ily4eHHR. nocKOilbKy AOilR 
3HeprHH, nepeAaBaeMOH Be~eCTBY MeAileHHbiMH 3IleKTpOHaMH nyTeM o6-
pa30BaHHR KilaCTepoB HOHOB, COCTaBilReT -5% OT 06~e~~~ COp6HpyeMOH 
3HeprHH, TO KamAaR ABaA~aTaR HOHH3a~HR 6yAeT B03HHKaTb no KilaC
TepHOMY MexaHH3My. CornacHof 13/ ABHmeHHe MeAneHHbiX 3IleKTPOHOB 
B Be~eCTBe RBilReTCR H30TpOnHbiM, BcileACTBHe 3TOrO MOmHO noilaraTb, 
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4TO 20 nap.HOHOS, SOSHHKa~~HX S OfioeMe, SaHHMaeMOM C~epo~ C AHa
MeTpOM 40 HM, KOTOp~~ RSnReTCR S 20 paS 6onbWHM no CpasHeHH~ 
c nonepe4Hb1M pasMepoM MoneKynbl AHK, He 6YAYT RSnRTbCR 3~~eKTHs
H~MH S HHAYK~HH nAP Sa HCKn~4eHHeM KnacTepos HOHOS, o6pasyeM~X 
3neKTpOHaMH C 3HeprHe~ - 200 38, npo6er S TKaHH KOTOpbiX COnOCTaSHM 
c nonepe4H~M pasMepoM AHK. npeAnonomHM, 4TO TaKO~ 3neKTPOH MO
meT e~e ASamA~ nepeAaTb no -60 38 3HeprHH se~ecTsy no TOMY me Me
xaHHSMY '4TO H 6biCTpble 3neKTpOHbl. npeAnonomHM TaKme Aanee' 4TO 
S 4YSCTSHTenbHOM o6oeMe npOHSOWnO 20 nepSH4HbiX aKTOS nepeAa4H 
3HeprHH H S cpeAHeM OAHH aKT peanHSyeTCR no KnaCTepHOMY Mexa
HHSMY OT 3neKTPOHa C 3HeprHe~ 200 38. TorAa MOmHO OmHAaTb peanH
sa~HH STOporo aKTa Ha paCCTORHHH -2 HM OT nepSH4HOrO. EcnH C4H
TaTb, 4TO OP1 o6pasy~TCR c sepoRTHOCTb~ w Ha OAHH aKT nepeAa4H 
3HeprHH, TO nony4aeM KOnH4ecTso N 0 p

1
: 

N .. ro.w. 
op I /17/ 

KonH4ecTso Nnnp 6yAeT cocTasnRTb: 

. 2 N .. g.,
0
.w 

llJlP /18/ 

rAe g - reoMeTpH4eCKH~ ~aKTOp, S KOTOp~~ SXOAHT sepORTHOCTb TO
ro, 4TO STOpO~ aKT nepeAa4H 3HeprHH peanHsyeTCR s npeAenax MH
weHH, i 0 - sepORTHUCTb Toro, 4TO STOPO~ aKT AaHHOrO KnacTepa 
peanHSyeTCR S KOMnneMeHTapHOM y4aCTKe ( i 0 .. 0,5). npoSeAeM O~eHKY g 
Ha OCHOSaHHH cneAy~~HX C006pameHH~. 

nvCTb neOR~UH~P ~KThl nPnPn~u~ ~~~nruu nnnu~anniAMLIO ~n~VTnn-

HOM C 3HeprHe~ -200 38, pasHosepORTHO pacnpeAeneH~ S ~HnHHApe 
AHaMeTpoM 2 HM. AonR 3HeprHH, nepeAasaeMo~ MHWeHH AHaMeTpoM 
2 HM, S 3TOM cny4ae 6yAeT SaSHCeTb OT CTeneHH nepeKp~THR ASYX 
o6nacTe~ - MHWeHH H ~HnHHAPa /pHc.3/- H S~pamaeTCR 4epe3 npOCT~e 
reoMeTpH4eCKH€ COOTHOWeHHR. 06osHa4HM 4€pes x' paCCTORHH€ M€mAy 
OCRMH MHWeHH H ~HnHHApa. nno~aAb nepeKp~THR ASYX o6nacTe~ S' pas-
Ha: 

2 x' • [J x' 2 S' .. 2. ( R' ) • [ arco s - - .L 1 - ( -) ], 
2R' 2R' 2R' 

rAe R'- paAHYC~ MHWeHH H ~HnHHAPa, pasH~e 

nepeAaSaeMO~ 3neKTpOHOM MHWeHH, 6yAeT pasHa: 

/18/ 

HM. AonR 3HeprHH, 

' s· 2 x' x' j x' 2 g(x ) .. .. -[ arcos- - - 1- ( -) ] . 
77·(R')2 17 2R' 2R' 2R' 

/19/ 

CpeAHee SHa4eHHe AOnH 3HeprHH, 
R' 

AnR 

6 

f g ( x' ) 2 "x '. dx' 
- 0 g .. "<-R-,:------

f 211 x' dx' 
0 

R'z1 HM nony4aeM: g = 0,25. 

nepeAasaeMO~ MHWeHH (g), paSHO: 

/20/ 

.. 
I 

.. 

R' 
R'=1HM 

PHc,3, K pacqeTy reoMeTpHqecKoro 
¢aKTOpa B O~eHKe Bb!XOp;a IJ.[IP IIPH 
y-o6nyqeHHH. R- p;HaMeTp ~HnHHp;

pa, IIpH6nH3HTenbHO paBHbffi p;HaMeT
py MHmeHH - MOneKynbi ,UHK, B KO
TOPOH KruK,o;biM 8 -gneKTpoHoM 
C 3HeprHeH ~200 3B IlpOH3BO,!J;HTCH 
p;o p;Byx aKTOB rrepep;aqH 3HeprHH. 
X'- paCCTOHHHe M~Y reoMeTpH

qeCKHMH OCHMH MHWeHH H ~HnHHp;pa, 

npH W ~0,6 Ha OCHOSaHHH /17/, /18/ nony4aeM S~XOA nAP pasH~M 
-5·10- 15crp- 1 AanbTOH-1. Y4HT~saR To o6cToRTenbcTso, 4TO, no
SHAHMOMY, He SCR 3HeprHR 3THX 3neKTpOHOS peanHsyeTCR S SHAe aKTOS 
nepeAa4H 3HeprHH, aHanorH4HbiX aKTaM, peanHSyeMbiM 6~CTp~MH 3neKT
poHaMH0 MOmHO OmHAaTb e~e 6onee HHSKHX SHa4eHH~ SbiXOAOS nAP npH 
y -o6ny4eHHH: Nrr.up<5·10- 15 crp-l·.AanbTOH ~1 

TaKHM 06paSOM, Ha OCHOSaHHH SbiWeHSnomeHHbiX npeACTasneHH~ MO>K
HO nposeCTH o~eHKY SbiXOAa AP OT L, AH~<t>epeH~HPYR nAP H 3AP. Pe
synbTaT~ TaKHX pac4eTOS npeACTasneH~ Ha pHC,2, KaK MOmHO SHAeTb, 
npH Ae~CTSHH 3neKTpoMarHHTH~x SHAOS Hsny4eHH~ c Mano~ L perHcT
pHpyeM~e AP RSnR~TCR npeHMY~eCTSeHHO 3AP, S~XOA >Ke nAP s 3TOM 
cny4ae Hecy~eCTSeH. c sospacTaHHeM L KOnH4eCTSO nAP pesKo yse
nH4HSaeTCR H OHH CTaHOSRTCR npeo6naAa~~HMH S CYMMapHOM SbiXOAe 
3AP H nAP. 8 TO me speMR SbiXOA 3AP c pocTOM L yMeHbWaeTCR npo-

nop~HOHanbHO CHH>KeHH~ SbiXOAa OPI. npH L, COOTSeTCTSYIOIJ1HX MaKCH
MYMY KpHsoAN,o;p(L) H 6onbwHx, perHCTpHpyeM~e AP RSnR~TCR npaKTH-
4eCKH see n,[lP. 06pa~a~T Ha ce6R SHHMaHHe sapHa~HH S~XOAa nAP 
npH L < 200 K38/MKM AnR 4aCTH~ c pasHoA E H OAHHaKOSbiMH L H oT
cyTcTsHe TaKOSbiX npH L > 200 K38/MKM, 3TH sapHa~HH MO>KHO 06oRC
HHTb pasH~M xapaKTepoM PPn3 s TpeKe 4aCTH~ npH pasH~x E. nocKonb
KY nnOTHOCTb pacnpeAeneHHR 8-3neKTpOHOS S TpeKaX 4aCTH~ C OAH
HaKOSbiM SHa4eHHeM L, HO c MeHbwei1 E SbiWe, 4eM y 6onee 3Hepre-
T H4HbiX 4aCTH~, TO 04eSHAHO, 4TO H SbiXOA nAP S nepSOM cny4ae AOn
meH 6b1Tb 6onbWHM. 8 o6nacTH L >200 K38/MKM 3TH npo~eccbl y>Ke He 
Hrpa~T pewa~~eA ponH, nocKOnbKY onpeAenR101J1ei1 s SbiXOAe nAP RSnR
eTCR 3HeprHR /npH E-3-10 H38/HyKnoH/, S~AenReMaR s cepA~esHHe 
TpeKa • 

TaKHM o6pasoM, Mbl paccMoTpenH oco6eHHOCTH HHAYK~HH OP H AP 
AHK s KneTKax E.coli HSny4eHHRMH c pasH~MH <!>HSH4eCKHMH xapaK
TepHCTHKaMH, Ha OCHOSaHHH 3Toro, a TaK>Ke C y4eTOM KHHeTHKH pe
napa~HH pasH~x THnos OP sosMO>KHO nposeAeHHe aHanHsa sasHcHMo
CTH 4YSCTSHTenbHOCTH 6aKTepHA E.coli OT senH4HHbl L Hsny4eHHi1. 
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PyKonHCb nocTynHna a H3AaTenbCKH~ OTAen 
31 AeKa6p~ 1982 roAa. 

.. 

Ko3y6eK C., KpacaBHH E.A. 19-82-928 
6HonorH4eCKaR ~eKTHBHOCTb HOHH3HPY~HX H3ny4eHHH pa3HOrO Ka4eCTBa 
H penapa~HR AHK /TeopeTH4eCKHH aHanH3/. 
AeHCTBHe H3ny4eHHH Ha 6aKTepHH Escherichia coli • 
HoAenb o6pa3oBaHHR OAHOHHTeswx H ABYXHHTeswx pa3pwsos AHK H3ny4eHHRMH 
c pa3HOH nna 

npeAnaraeTCR MOAenb o6pa30BaHHR OAHOHHTeBWX H ABYXHHTeBWX pa3pWBOB 
/OP H AP/ AHK B 3aBHCHMOCTH OT nna H3ny4eHHH ~). c y4eTOM oco6eHHOCTeH 
MHKpopacnpeAeneHHR 3HeprHH H3ny4eHHH C pa3HWMH 3Ha4eHHRMH L AenaeTCR BWBOA 
o TOM, 4TO npH y-o6ny4eHHH a AHK KneTOK HHAY~HpyoTcR npeHM~ecTseHHO 3H3H
MaTH4ecKHe AP /3AP/ AHK. C noM~bO MOAenH, HMe~eH nHWb OAHH cso6oAHWH 
napaMeTp, noKa3aHo, 4TO C B03pacTaHHeM L BWXOA 3AP naAaeT, AOnR *e npRMWX 
AP /nAP/ ysenH4HsaeTcR. PaccMoTpeHw sapHa~HH swxoAa nAP npH L.<200 K3B/MKM 
AnR 4aCTH~ C pa3HOH 3HeprHeH H OAHHaKOBOH L. 3TH BapHa~HH 06DRCHROTCR 
pa3nH4HWM xapaKTepOM paAHanbHoro pacnpeAeneHHR norn~eHHOH 3HeprHH a Tpe
Kax 4aCTH~. 

Pa6oTa swnonHeHa a fla6opaTopHH RAepHwx npo6neM OH~H. 

C~eHHe 06~AHHeHHOro HHCTHTyTa RAePHWX HCCneAOBaHHH. AY6Ha 1982 
Kozubek S., Krasavin E.A. 19-82-928 
Biological Effectiveness of Ionizing Radiations of Different Quality 
and the Repair of DNA Gamage (Theoretical Analylsis). 
The Effect of Ionizing Radiations on Bacteria Escherichia Coli. 
The Hodel of DNA Single and Double Strand Break Induction 
by Radiations of Different Linear Energy Transfer 

The characteristics of DNA single and double strand break (SSB and DSB) 
production by radiations of differ-ent LETs in E.coli are evaluated. On con
sidering microscopic energy distributions for different radiations, the 
conclusion is made that the DSBs formed by y-radiation are mainly of enzy
matic origin. The calculation performed on the basis of the proposed model. 
Only one free parameter had to be fitted. The inductionm of enzymatic 
(resp.direct) DSBs is shown to be smaller (resp. greater) for greater LET. 
Different types of direct DSBs are considered as well as the mechanisms of 
their induction. The variation of production of direct DBS for particles 
which have the same LET< 200 keV/~m, but the different energy are estima
ted. Different character of radial distribution of energy in tracts of par
ticles explains these variations. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR • 
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