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1 • ntnbl OP H AP AHK. 3ABHCHMOCTb N op( L) H NAP (L) 

BBHAY Toro, 4TO OAHOHHTeewe pa3pWBW /OP/ H ABYHHTeewe paa
PWBW /AP/ AHK HrpaoT Kn~4eeyo ponb e neTanbHOM AeHCTBHH H3ny-
4eHHH, HCCfleAOBaHHe 3aKOHOMepHOCTeH HX o6pa30BaHHR npH AeHCTBHH 
4aCTH~ c pa3HOH L HMeeT HCKfl04HTenbHO eamHoe 3Ha4eHHe. Ope~Ae 
4eM npHcTynHTb K paccMoTpeHHO aaBHCHMOCTH ewxoAa OP H AP oT 
L, KOPOTKO KOCHeMCR BOnpoca HHAYK~HH 3THX THnOB noepemAeHHH 
AHK 3neKTpoMarHHTHWMH BHAaMH H3fly4eHHH. 

HaeecTHo, 4TO npH AeHcTBHH y-Hany4eHHR KOflH4eCTBo nep-
BH4HO HHAY~HpyeMwx OP MomeT cHnbHO eapbHpoeaTb e aaBHCHMOCTH 
OT YCflOBHH, npH KOTOPWX npOH3BOAHfl0Cb onpeAefleHHe noepemAeHHH. 
Penapa~HR I y 6aKTepHH yme e npo~ecce o6ny4eHHR KneTOK MomeT 
cy~ecTeeHHO yMeHbWHTb KOflH4eCTBo onpeAenReMWX OP. 06 3TOM ceH
AeTenbcTeyeT fAA AaHHWX. B OTflH4He oT 3Ha4eHHH ewxoAOB OP, 
paBHWX - 1 o-1 crp-1 AaflbTOH-1 ' nOflY4)HH~ B 3KcnepHMeHTaX' rAe 
Heflb3R HCKfl04HTb BflHRHHR penapa~HH I 1•2 , e 18 •41 npH o6ny4e-
HHH fiaKTepHH C BWCOKOH M~HOCTbO A03W H HCnOflb30BaHHH MeTOAOB 
ceepx6wcTporo flH3Hca KneToK nocne o6ny4eHHR ewReneHw 3Ha4HTenbHO 
6onbwHe eenH4HHW ewxoAa OP, cocTaenR~He -1Q-11 crp-1 AaflbTOH-1 • 
laKHe me 3Ha4eHHR BWXOAOB U~ OTMe4eHW y pol A-MyTaHTOB, Hecy- _ r 
~Hx AeelleKT e cHcTeMe pena~a~HH 11-lll, rAe ewxoA OP cocTaBnReT 
1,5·10-11 cfp-1 AaflbTOH-1 11 • 00CKOflbKY penapa~HR 1 BOCCTaHaBnH
BaeT AO 90% OP, MOMHO nonaraTb, 4TO B Te~ HCCfleAOBaHHRX, rAe 
BWXOA OP COCTaBnReT eenH4HHY nOPRAKa 10-1 crp-1 AaflbTOH-1 , perH
CTpHpyOTCR He nepBH4HWe OP /y -caHTw/, a OP 1 .RenR~HecR cy6cTpa
TOM penapa~HH U. 6onee HH3KHe 3Ha4eHHR BWXOAOB OP 
/< 5. 1 o-18·crp-1 AaflbTOH - 1 1' 1 I OTpamaoT' no-BHAHMOMY' BflHRHHe pe
napa~HH II. 

KHHeTHKa o6pasoeaHHR H penapa~HH pa3HWX THnoe OP, pacc4HTaH
HaR Ha OCHOBaHHH paHee npHBeAeHHWX ypaBHeHH~ ,npeACTaaneHa Ha 
PHC. 1 • KaK MO*HO BMAeTb, M3 nepBOHa4aflbHOro KOflH4eCTBa y -caHTOB, 
COCTaBflR~MX 1Qr11 cfp-l AaflbTOH-1, BOCCTaHaBflHBaeTCR 3Ha4HTeflbHaR 
4aCTb acex nepBM4HO MHAY~Mpye...wx noape*AeHMH sa c4eT CIIYHK~Ho
HHpoaaHMA penapa~HH l,U M UI. 0pH4eM 6onbWaR 4acTb 3THX 
noape*AeHMH BOCCTaHaBflMBaeTCR Sa KOpOTKMH npOMeMyTOK apeMeHH, 4TO 
MomeT CMflbHO cKaawaaTbCR Ha aenM4HHax awxoAOB OP, onpeAenReMwx 
B 3KCnepMMeHTe. 

AP AHK, KaK OTMe4eHo awwe, MoryT HMeTb pasHoe npoMCXO*AeHHe: 
npRMwe AP,o6pasy~MecR npH npoxo*AeHHH HOHH3Mpy~eH 4aCTH~w 4e
pea KOMnneMeHTapHwe y4aCTKH AHK, H 3H3HMaTH4eCKHe, B03HHKa~He 
e peaynbTaTe AerpaAa~HH AHK. HexaHH3M HHAYK~HH 3AP 6wn HaMH pac-
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PHc.I. UHHaMHKa HHAYK~HH H pe
napa~HH OP ~HK npH pa3Hb~ TeM
nepaTypax HHKy6a~HH KneToK, pac
cqHTaHHaH no KHHeTHqeCKHM ypae
HeHHHM /J/-/3/. nyHKTHpOM OT
MeqeHa AHHaMHKa nepe~H~ Y -
canTos, OP1 H OP2 e nocTpaAHa
~HOHHbll1 nepHOA, no OCH a6c~HCC: 
epeMH noCTPaAHa~HOHHOH HHKy6a
~HH KneTOK npH KOMHaTHOH TeM
nepaType - CeKYHAW H npH Q°C 
/~H~phl B CK06KaX/ - MHHYTW; 
no OCH OPAHHaT: KOnuqeCTBO OP, 
crp-1 AanbTOH-1 • 

cMoTpeH e npeAWAY~eM coo6~eHHH, npRMwe me AP MOmHo pasAenHTb Ha 
ABa THna: K nepBOMY cneAyeT OTHeCTH noepemAeHHR ABYX npOTHBO
nonomHWX HHTe~ AHK HnH c AeCTPYK~He~ cTporo KOMnneMeHTapHwx 
y4aCTKOB, HnH HaXOAR~HXCR Ha He6onbWOM paCCTORHHH APYr OT 
APYra I- 6 HyKneOTHAOB /C!/ I. BTOPOMY THny nAP COOTBeTCTBYIOT 
11KOCble11 .QP, KOrAa B pesynbTaTe npoxmKAeHHR 4aCTH~W MemAY ABYMR 
noepe~AeHHRMH e KoMnneMeHTapHwx HHTRX AHK J.1MeeTcR 6onbwee pac
CTORHHe, AOCTHraiO~ee 20 HM 1-60 HyKneOTHAOBI, KaK 6yAeT noKa-
3aHO HHme, 20 HM - 3TO paCCTORHHe, Ha KOTOPOM TepReTCR HaH60nb
wee KOnH4eCTBO 3HeprHH npH npoxomAeHHH 4aCTH~bl 4epes MoneKyny 
AHK. 14 e nepeoM H eo BTOPOM cny4aRx nepBH4Hble Y -ca~Tbl, cocTae
nRIO~He nOTeH~HaJlbHble ,1..11-' H HMeiO~He nHra30Cne~HQlH4eCKHe KOH~bl, 

MOryT 6b1Tb BOCCTaHOBneHbl penapa~Hei1 ! H ll /7/. 0AHaKO C nHraso~ 
aKTHBHO KOHKYPHPYIOT HyKnea3bl, npHBOAR~He K o6pasoeaHHIO KOPOTKHX 
nepeKpbiBaiO~HXCR 6pewei1, npH TaKOM XapaKTepe noepe>KAeHHH Q>yHK~HR 
rec A-reHa, ceRsaHHaR c CHHTesoM 11 X11 -6enKa - HHrH6HTopa 3Kso
HyKnea3bl V, 04eBHAHO, He MomeT OCy~eCTBnRTbCR AOCTaT04HO 6biCTPO, 
nocKonbKY npoTHeone)l(a~He y -cai1Tbl pacnonaraiOTCR Ha He6onbWOM 
paccTORHHH APYr OT Apyra H AerpaAa~HH nOABepraiOTCR He6onbwHe 
y4aCTKH AHK. no-BHAHMOMY, B 3TOM cny4ae KIJeTKa 11He ycneeaeT 11 

Bblpa6oTaTb 11 X11 -6enoK, CHHTe3 KOTOporo conpRmeH CO B3aHMOAei1cT
BHeM 6onbWOrO KOnH4eCTBa CTPYKTYPHbiX H perynRpHbiX reHOB, H CBR-
3aTb KOH~bl OP .QHK, e pesynbTaTe 4ero KOpOTKHe 6pewH e' AHK 
nepeKpbiBaiOTCR c o6pasoeaHHeM AP. B CBR3H c 3THM n,np 'eToporo 
THna e onpeAeneHHOM CMblcne TaKme RBnRIOTCR 3H3HMaTH4eCKHMH AP. 

B oTnW4We oT o6wwpHoro Q>aKTW4ecKoro MaTepwana o BbiXOAe OP 
w AP AHK npw Aei1cTBHW 3neKTPOMarHHTHbiX wsny4eHwi1 WHQ>opMa~wR, 
KaCa~~aRCR HHAYK~WW 3TWX BWAOB noepemAeHHH W3ny4eHWRMW C Bblco
KOH L, Kpai1He orpaHw4eHa /8-10/. ~1MeiO~HeCR AaHHble CBHAeTenbcT
BYIOT o pasnw4HOM xapaKTepe saewcwMOCTW BbiXOAa OP w .UP AHK OT 
L. TaK, HanpwMep, e 3KcnepHMeHTax c AHK, BbiAeneHHOH ws Q>ara 
cP X 174 H o6ny4eHHOH 4aCTH~aMw c pasHoi1 L, noKasaHo 1101, 4TO 
BbiXOA OP MaKcwManeH npw AeAcTeww 3neKTPOMarHHTHbiX wsny4eHw~ 
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PHc.2. 3aBHCHMOCTb e~oAa OA
HOHHTeBb~ /o/ H ABYHHTeBWX 1•1 
paspJ>moe ~HK OT L AnH ~ara 
0X-l74 1101• no OCH a6c~Hcc: 
llll3, K3B/MKM; no OCH OPAHHaT: 
KDnHqecTBO pa3pbJBOB, 
crp-lAanbTOH-l• 

w nocTeneHHo yMeHbwaeTcR c eos
pacTaHweM L lpwc.2, KpweaR 11. ';t10-15 

L---7.-----1~o----~17oo~--10~oo~ 
L!K38/MKH] B oTnw4we oT 3Toro, saewcHMOCTb 

NAp(L) onwcbleaeTcR Kpweo~ c MaK-
cwMyMoM IKPHBaR 21. XapaKTepHwe 
oco6eHHOcTw KpHewx N0p(L) 

w NAP(L) o6DRCHRIOTCR Q>wsw4ecKoi1 npwpoAo~ 3HeproewAeneHwR Hsny-
4eHWRMW c B03pacTaiO~WMW 3Ha4eHWRMW. Ecnw AnR WHAYK~HW or;HK 
AOCTaT04HO B03HWKHOBeHwR OAHO~ woHwsa~ww e HWTW AHK 16

• 
1 

, To 
BbiAeneHwe 6onbwero Konw4ecTea 3Heprww e 3TOi1 o6nacTw RBnReTCR 
W36WT04HWM, 4TO OTpamaeTCR B MOHOTOHHOM naAeHWW KPWBO~ N0p(L). 
B OTnH4We OT 3TOro, WHAYK~HR nAP npeAnonaraeT Heo6XOAHMOCTb 
6onbwero 3HeproewAeneHHR e ABYHHTeeo~ AHK AnR paspwea o6ewx 
KOMnneMeHTapHWX HWTe~. C nOBWWeHWeM L 4aCTOTa o6pa30BaHWR 
TaKWX Co6WTHH B03pacTaeT AO HeKOTOPO~ eenH4HHW, a C AanbHe~WWM 
noewweHHeM L, TaK me, KaK H AnR OP, OTMe4aeTcR H36WT04HOCTb 
3HeproBwAeneHwR e HWTRX AHK, conpoeomAaeMaR yMeHbWeHweM ewxoAa 
,UP. 

~;;M~;.~ gg IV~VC ~oli"1n 1 t1JC.4111JVIMI11 b1 IIUllbll Kill MUAeTibHOrO OnHCaH~.R 
nony4eHHWX 3aKOHOMepHOCTe~ C n03H~HH MHKPOA03HMeTpH4eCKHX 
pacnpeAeneHH~ norn~eHHoi1 3HeprHH 1 1l,12~ PaccMoTpwM 6onee noA
po6Ho HeKOTOpwe W3 HHX, Haw6onee sacnymHBaiO~We BHHMaHWR, 

B 1111 AnR onHcaHHR ewxoAa OP HAP AHK oT L wcnonbsyeTcR 
MWKPOA03WMeTpW4eCKOe pacnpeAeneHHe t1{z), rAe Z - YAenbHaR 3Hep
rwR, BWAeneHHaR B MHWeHH B BWAe ~WnWHApa eAWHH4HO~ AnWHW AHaMeT
POM 2,2 HM, cooTeeTcTey~ero pasMepy AHK, z cooTeeTCTByeT onpe
AeneHHOMY KOnH4eCTBY WOHI13a~l1~ j == Z/Eo, rAe l O - 3Hepri1R, 3aTpa-
4WBaeMaR Ha OAHY 110HI13a~l110 1£0 ~60 3BI. npeAnonaraeTcR, 4TO ew
AeneHI1e TaKOrO KOnH4eCTBa 3Heprww B AaHHOM ~11nHHAPe C eepORT
HOCTbiO AJ npwBOAI1T K o6pasoeaHWIO OP 11n11 AP. AJ npl1o6peTaeT 
3Ha4eHI1R OT 0 AO 1 w eospacTaeT c yeenl14eHHeM j. AJ on11cweaeTcR 
C 11CnOilb30BaHHeM Tpex npOI13BOnbHbiX napaMeTpOB, OTnH4a~HXCR 
AilR OP 11 AP 11 noAo6PaHHbiX AnR Hawny4wero onwcaHWR 3KcnepHMeH
TanbHbiX AaHHwx. Hs 3THX npeAnocwnoK cneAyeT: 

1 "" 
s0 = - I AJ t lJ), 

ZF j==l 111 

rAe so - ewxoA OP 11nw AP AHK, zF cooTeeTcTeyeT cpeAHeMy 411cny 
HOHwsa~l1i1 e MI1WeHI1, AaHHaR MOAenb Y411TweaeT ni1Wb Q>wsw4eCKHe 
3aKOHOMepHOCTH 3HeprOBb1AeJ1eHI1R B MI1WeHH pa3HWMW THnaMW 113ny4eHHH, 
a AJ He HMeeT peanbHoi1 6Ho$113~4ecKoi1 HHTepnpeTa~HH, 
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B1121 npeAnPHHRTa non~TKa MOAenHpoeaHHR B~XOAa OP H ~p ~HK 
C y4eTOM oco6eHHOCTeH 3HeproB~AeneHHR B cepA~eBHHe TpeKa 3apR
>KeHHOi1 4aCTH~~ H o6naCTH 8 -3JleKTpOHOB. npeAnOJlaraeTCR, 4TO npH 
nepeCe4eHHH MHWeHH cepA~eBHHOH TpeKa C onpeAeSleHHOH BepORT
HOCTb~, nponop~HoHanbHOH L, o6paay~TCR OP. ~onycKaeTcR, 4TO 
~p MoryT o6paaosaTbCR HJlH H3 ABYX OP Ha KOMnJleMeHTapH~x y4aCTKax 
npH nepece4CHHH cepA~eBHHOH TpeKa ABYHHTeBOH ~HK, HJlH >Ke C He
KOTOPOH sepoRTHOCTb~ B03HHKaTb B peayJlbTaTe o6paaoeaHHR OAHOH 
HOHH3a~HH B npeAeJlaX MHWeHH - MOJleKyJl~ ~HK. Ha OCHOBe 3THX 
npeAnOJlO>KeHHH 6~J1H B~4HCJleH~ 3aBHCHMOCTH B~XOAa OP H ~p OT L 
cepA~eBHH~ TpeKa (L fl). 06JlaCTb 8 -3JleKTpOHOB B 3TOM CJ1y4ae 
paCCMaTpHsaeTCR KaK OTAeJlbH~H BHA H3Jly4eHHR CO cpeAHHM 3Ha4eHHeM 
L~20 K3B/MKM, HHAY~Hpyo~HM OP HAP c TeMH >Ke eepoRTHOCTRMH 
Ha OAHY HOHH3a~H~. KoHe4H~i1 B~XOA OP H ~p npH npoxo>KAeHHH 4ac
TH~bl 4epe3 MHWeHb AHaMeTpOM 2 HM npHHHMaeTCR KaK CYMMa pa3p~BOB 

OT cepA~eBHH~ TpeKa H 06JlaCTH 8-3JleKTpOHOB, BKJlaA KOTOP~X on
peAeJlReTCR H3 OTHOWeHHR HOHHOH H 8-3JleKTPOHHOH KOMnOHeHT A03 
K noJlHOH A03e. Ha ocHoBaHHH 3Toi1 MOAeJlH YAallOCb YAOBJleTBOPHTeJlb
HO onHcaTb 3KcnepHMeHTaJlbH~e AaHH~e no B~XOAY OP H ~p ~HK npH 
pa3H~x 3Ha4eHHRX L. BMecTe c TeM, ~e11~i1 PRA AaHH~x, noJly4eH-
H~x B nOCSleAHee BpeMR, HeB03MOlKHO OfibRCHHTb B paMKaX paCCMOT
peHH~X MOAeJleH. npe>KAe BCero 3TO KacaeTCR HeAaBHO o6Hapy>KeHHOrO 
MeXaHH3Ma HHAYK~HH 3H3HMaTH4eCKHX ~p Y 6aKTepHi1. 

B CBR3H c 3THM HaMH npeAnPHHRTa non~TKa MOAeJlbHOro onHcaHHR 
3aBHCHMOCTH N0 p(L) H NAP (L) c y4eToM MexaHH3Ma HHAYK~HH 3~P 
~HK. npe>KAe, 4eM npHCTynHTb K H3JlO>KeHH~ npeACTaBJleHHH, Jle>Ka~HX 
B OCHOBe HaWeH MOAeJlH, paCCMOTPHM HeKOTop~e OCOOeHHOCT~ 3Hepro
BbiAeJleHHR B TpeKe TR>KeJlOH aapR>KeHHOH 4aCTH~~. 

2. OC06EHHOCTH PA~HAnbHOfO PACnPE~EnEHH~ nornomEHHO~ 
3HEPfHH /PPn3/ B TPEKE 3AP~IEHHO~ 4ACTHU~ 

KaK H3BeCTHO, yHHBepcaJlbHOH MHKPOA03HMeTpH4eCKOH xapaKTepHc
THKOH pacnpeAeJleHHR nor11o~eHHOi1 3HeprHH (z) AJlR pa3H~.x MHKpo-

/13/ 
06beMOB RBJlReTCR <!>YHK~HR f1(z) • 0AHaKO B PRAe CJly4aeB 
YAft6~o HcnoJlb30BaTb KOH~en~H~ PPn3 B TpeKe 4aCTH~ 11

4, 16
1

• 
B lD npHBOAHTCR AOCTaT04HO nOJlHaR AllR HaWHX ~e11ei1 I - 3%/ an
npoKCHMa~HR PPn3 a TKaHH: 

{ 

8,2.10 4 (1-k)·L(E), r< rmin = 2,5 HM, 
D(r,E) = 12/ 

6 -1 06 -2 2 
5,Q.1Q ·E ' r •Z..,rt,..h,. r >r> 2,5Hur =40·E1,7D 

"'t''t' rna:~- - .... maJ: • 

rAe r - paCCTORHHe OT reoMeTpH4eCKOH OCH TpeKa; r mu - MaKCH
MaJlbH~H paAHYC TpeKa, onpeAeJlReM~H npo6eroM 8 -3JleKTPOiiOB C 
MaKCHMaJlbHOH 3HeprHe11; r min - paAHYC cepA~eBHH~ TpeKa; E -
3HeprHR 4aCTH~~. M3B/HYKJloH; z - 3~eKTHBH~H 3apRA HoHa, 
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-12613 z -2/8 
paBH~IIi Z O (1 - e 0 ) , Z O - 3apRA 4aCTHLI~, 13 -OTHOwe-
HHe CKOPOCTH 4aCTH~~ K CKOpOCTH CBeTa B BaKyyMej k - AOJlR CyMMap
HOH 3HeprHH, B~AeJlReMOH 8 -3JleKTPOHaMH BHe cepA~eBHH~ T~eKa; 
D(r; E) - JlOKaJlbHaR A03a, cfp. 

BellH4HHa k onpeAeJlReTCR pa3MepoM cepA~eBHHbl TpeKa /MHHHMaJlb
HOH 3HeprHeH 8 -3JleKTPOHOB, KOTOpaR npHHHMaeTCR paBHOH 100-
200 38/ H cocTaBJlReT AllR 200 3B 3Ha4eHHe, paeHoe 0,4 npH E = 
3-25 M3B/HyKJlOH. noKa3aHo 11DI, 4TO AOJlR 3HeprHH, YHOCHMaR 8-
3JleKTpOHaMH H3 cepA~eBHH~ TpeKa, nOCTORHHa B WHPOKOM AHana30He 
3HeprHH HaJleTa~~HX 4aCTHI..I. 

/2/ n03BOJ1ReT npoBeCTH CJleAY~~y~ HOPMHPOBKy: 

rm&J: 
L(E) = J D(r, E) • 211r • dr • /3/ 

0 

3. 3HEPfH~, BH~En~EMA~ 4ACTHUE~ B nHHE~HO~ MHlliEHH 

HcnoJlb3yR KOH~eni..IH~ PPn3, nposeAeM 01..1eHKY AOJlH 3HeprHH, 
B~AeJlReMOH 4aCTHI..IeH Ha eAHHH~Y AJlHH~ TpeKa B MHWeHH, HMe~~eH 
nonepe4H~IIi p~3Mep (f) ABYHHTeBolli MOJleKyJl~ ~HK, H HaXOAR~eHCR 
Ha paCCTORHHH X OT reoMeTpH4eCKO!Ii OCH TpeKa /pHc.3/. B~4HCJ1HM 
BHa4aJle AOSl~ 3HeprHH, nepeAaBaeMy~ 8 -3JleKTPOHaMH (y 8) H cepA
~eB~HOH TPeKa (yd) ti MI-1W~H.., •uJill.\nnu;; Jt. a .:;u-;-~;.: ~j'-:"~ .•. ! !!::;e:;:a!~

poeaHHR npOH3BeAeM pac4eT H AJlR MHWeHH TOJl~HHOH f. 

a/ 3HeprHR nepeAaBaeMaR . 8 -.3JleKTpOHaMH B MHWeHH 
npH YCJlOBHH X> r min 

C y4eTOM TOr0,4TO KOJ1H4eCTBO 3HeprHH,B~AeJ1ReMoe B TpeKe 3apR
>KeHHO!Ii 4aCTH~~,H3MeHReTCR C KBaApaTOM paCCTORHHR OT reOMeTpH4e
CKOH OCH TpeKa,AOJlR 3HeprHH Ha y4aCTKe d8/pHc.3a/, HaXOAR~eMCR 
Ha paCCTORHHH OT OCH TpeKa, 6yAeT nponop~HOHaJlbHa 1/r2. ~OJl~ 
3HeprHH, nepeAaHHOH 8-3JleKTpOHaMH B MHWeHH, MOlKHO B~4HCJ1HTb 

KaK: 

y8 
1 

J_!_dS 
M r2 

r mJu 1 21Tr , dr 
f2 r min 

/4/ 
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a) 

0) 

~,~~ / ,~)~~~. 
XJ'~ 

X~rmin•f/2 X i,(/2 x ~ t/2 · 1,.n 

H t/2 X~ t/2 -lmin X ~ 0 

f>) t~Z·lmin 

8bi41-1Cilftft /4/, noily4aeM Ailft x > rmin 

2df _ . /, 40·E 11 7£1 , 2 • 

PHc.3. K pac~eTy KOnH~ecT
Ba 3HeprHH, nep~AaBaeMOH 
nHHei!HOH MHWeHH 8 -sneKTpo
HaMH /a,6/ H cepA~eBHHOH 
TPeKa ~acTH~I /B/: 
a/ x > r ~ • B sneMeHTapHoA - m 
nnO~aAH BhlAenHeTCH 
3HeprHH nponop~HOHanbHO 
1/r2. M- ~aCTb MHmeHH, 
neJKa~aH B o6nacTH 8 -
sneKTPOHOB TpeKa; 6 I x .:S r min 
M- ~aCTb MHmeHH, neJKa~aH 
B o6naCTH 8 -sneKTpOHOB, 3a 
HCKniD~eHHeM ~parMeHTa MH
meHH, TIPHXOAH~erOCH Ha cepA
~eBHHY TpeKaj B/ reoMeTpHH 
pac~eTa AOnH 3HeprHH, ne
peAaBaeMoA MHWeHH cepA
~eBHHOH TpeKa ~aCTH~hl, TIPH 
ycnoBJm e ~ r min • 

-- • ~"""fi 'J \ I - .a. 
8( ) __ x ____________ ~x~-------y X = 
1 40. E 1,76 

2. rr ·ln ---
r min 

nocKOilbKY 0 -3IleKTPOHbl YHOCftT TOilbKO 4aCTb 3HepntH ~k) OT 
nonHoA 3HeprHH, BbiAeilfteMoA e TpeKe 4aCTI-!~bl, eeiiH4HHa y

2
.yf·k 

npeACTaBilfteT co6oA AOiltO 3HeprHI-1, cop6HpyeMoA B MHWeHH npH X:> lintn: 

0 
y2(x) 

2df J 4Q.E1,75 2 
-·arctg ( ) -1 
X X 

40. E1,75 • k • 
2·71· ln _;;_.:..; __ 

rmin 

6/ 3HeprHR, nepeAaBaeMaft 0-3IleKTpOHaMH MHWeHH 
npH YCIIOBHI-1 X< f min 

AHanorH4HO /4/-/5/, Bbt41-1CIIHM. y~ npH x < r min /pHc. 36/: 

211£. arctg.J. 40 ·E 1.76)2- 1- arctgj( r min) 2- 1 
o X X X 

Y2(x)- 1 76 
40.E ' 

2·rr·ln----
6 rmin 

/5/ 

/6/ 

" 

; 

"' 

TaK KaK e /4/-/5/ Mbl l-lcnoilb30Baiii-1 npi-!6Ili-!>KeHHe df "' f, a o6111eM 
Cily4ae He06XOAI-IMO npOI-IHTerpHpOBaTb y OT X- f/2 AO X+ f/2; 

:r. +f/2 
yo (x) = r '8 (f ') d£ , 

:r.- f/2 2 . 

a/ 3Hepri-!R, nepeAaeaeMaft MHWeH!-1 cepA~eBHHoA TpeKa 
/e npeAnOIIO>KeHHI-1 f;? rmin ) 

PaccMOTPHM 4eTblpe Cily4aft /pHc.4e/: 

X > r min + f /2 , , OTKYAa CileAyeT, 4TO 

Yll(x)=O; 

171 

/8/ 

e;2 < X< f/2 + r min. B 3TOM CIIY4ae AOilft 3Heprl-11-1, nepeAaeaeMoA 
MHWeHI-1, MO>KeT 6b1Tb Bbi41-1CileHa no COOTHOWeHHIO niiOUiaAeA: 

1 xo xo j xo 2 
Yll (x) =;-[arccos----- 1- (--) ] . (1-k), /9/ 

r min r min rmin 

rAe x 0 = £/2-x; 

f/2 - f min < X < f/ 2. • npl-1 3TOM YCIIOBI-11-1: 

1 , 
Y" (x) = - [rr + ~ J 1 _ ( ~) 2 

u " r . r m1n min 
r:Ae x 0 - f/2- x; 

X< e I 2- r min B 3TOM cny4ae: 

Y !1 (x) = 1 - k • 

- arcos ~] . (1 - k) , 
r min 

/10/ 

/11/ 

CyMMapHoe KOIII-14ecTeo 3HeprHI-1 (~. nepeAaeaeMoe MI-!WeHH, nony4HM 
KaK CYMMY 3HeprHA, BbiAeilfteMbiX 0 -3IleKTpOHaMH H cepA~eBHHOA Tpe

Ka: 
0 

y(x) = y (x) + y !1 (x}. /12/ 

r I PacnpeAeileHI-!e 3HeprHH y(x) BHYTPH MI-1WeHI-1 

04eBHAHO, 4TO MaKCHMailbHOe KOIIH4eCTBO 3HeprHH nepeAaeTCft 
y4aCTKy, Ile>KaUieMy Hai-160ilee 6Ili-13KO K reoMeTpH4eCKOA OCH TpeKa, 

1-1 yMeHbWaeTCft c yBeilt.14eHHeM 3Toro paccTOftHHft. nocKOilbKY PPn3 
B TpeKe 4aCTI-I~bl H3MeHfteTCft no KBaApaTy paCCTOftHHft OT reoMeTpH-
4eCKOA OCH TpeKa 4aCTI-I~bl, AOilft 3HeprHH ~), BbiAeilfteMaft 0 -

7 



3JleKTpOHaMH AO paCCTORHHR r B JlHHel:iHOH MHWeHH, B npeAnOJlOIKeHHH, 
4TO reoMeTpH4eCKHe OCH MHWeHH H TpeKa nepeceKa~TCR~ paBHa: 

40·E1,71S.(r-rmin) 
f{E) = • /13/ 

(40.E1,7o_r i )·r 
mn

7 npH YCJlOBHH. 4TO 40. E l, 6 >> r min ' nony4aeM: 

f(E) = __ 
r /14/ 

H3 /14/ CJleAyeT, 4TO B npeAeJlaX -10 HM B~AeJlReTCR npHfiJ1H3HTeJ1b
HO 75% 3HeprHH 8 -3neKTPOHoe, H HMeHHO e 3To.:1 o6nacTH PPn3 
TpeKa MOIKHO OIKHAaTb npeHMy~eCTBeHHoro o6pa30BaHHR nAP AHK. 

TaKHM o6pa3oM, M~ paccMoTpenH oco6eHHOCTH HHAYK~HH pa3H~x 
THnoe OP H AP AliK H3Jly4eHHRMH c eo3pacTa~HMH 3Ha4eHHRMH L. 
C Y4eTOM CTpyKTyp~ TpeKa HOHH3HPY~HX 4aCTH~ 6~J1H npoBeAeH~ 
paC4eT~ 3HeproB~AeJ1eHHR B JlHHeHHOH MHWeHH, COOTBeTCTBy~~e.:i no
nepe4HOMY pa3Mepy MoneKyn~ AHK. B~weH3JloiKeHHoe RBilReTcR npeA
noc~JlKOH AI1R nocTpoeHHR MOAeJlH o6pa3oBaHHR OP H AP AHK e 3aBHcH
MOCTH OT L. 
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Ko3y6eK C., KpacaBHH E.A. 19-82-883 
BuonoruqecKaH 3~eKTHBHOCTb HOHH3Hpyro~HX H3nyqeHHH pa3HOro 
KaqeCTBa H perrapa~HH ~HK /TeopeTuqeCKOH aHanH3/. ~eHCTBHe 
H3nyqeHHH Ha 6aKTepHH E.coli. 

l1Hp;yK~HH 0,[\HOHHTeBbiX H ,!l;BYHKTeBbiX pa3pbiBOB ~HK H3nyqeHHHMH 
c pa3HOH nHHeHHOH rrepep;aqefi 3HeprHH 

PaccMaTpHBaWTCH oco6eHHOCTH HH,!l;YK~HH op;Ho- H .r:IBYHHTeBhlX pa3 
pbiBOB /OP H ~P/ ~HK H E.coli H3nyqeHHHMH, pa3nuqaw~HMHCH 
rro BenHqHHe nHHeHHOH rrepep;aqu 3HeprHH (L). llpoBep;eH aHanH3 
3HeprOBb~eneHHH qacTH~aMH C pa3HOH L B nHHeHHOH MHllieHH, COOT
BeTCTBYW~eH rrorrepeqHoMy pa3Mepy MoneKynbi ~HK. PaccqHTbiBaeTcH 
,[IOnH rrorno~eHHOH 3HeprHH OT 0 -3neKTpOHOB C yqeTOM KBap;paTuq
HOH 3aBHCHMOCTH 3HeproBb~eneHHH B TpeKe qacTH~hl. llpep;rronaraeT
CH KOHeqHblli pa3Mep cepp;~eBHHbl TpeKa H p;enaeTCH pacqeT p;onH 
rrorno~eHHofi 3Hepruu • 

Pa6oTa BblilOnHeHa B Jla6opaTOPHH Hp;epHbiX rrpo6neM omm. 

npenpHHT 06DeAHHeHHOro HHCTHTyTa RAePH~X HccneAOBaHHH. Ay6Ha 1982 

Kozubek S., Krasavin E.A. 19-82-883 
Biological Effectiveness of Ionizing Radiations of Different 
Quality and the Repair of DNA Damage (Theoretical Analysis). 
The Effect of Ionizing Radiations on Bacteria Escherichia 
Coli. Induction of DNA Single and Double Strand Breaks by 
Radiations of Different Linear Energy Transfer 

The characteristics of DNA single and double strand break 
(SSB and DSB) production by radiations of different LETs in E. 
coli are considered. Utilizing quadratic dependence of the 
dose that 8-electrons depart in the track of heavy particles 
the fraction of 8-electron energy in the target with DNA 
dimensions has been calculated. The core of a track is assumed 
to have finite dimensions and its contribution to the energy 
absorbed in the given target has been obtained by means of 
simple geometrical relations. 

The investigation has been performed at the Laboratory of 
Nuclear Problem, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 
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