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3aB~C~MOCTb K~cnopOAHOro ~$eKTa /K3/ OT n~HeHHOH nepeAa4~ 
3Hepr~~ (L) ~3ny4eH~H xopowo ~3eecTHa /1-31, B /4/Mbl npoeen~ aHa
n~s r~noTe3, BbiAB~HYTbiX c ~enb~ o6DRCHeH~R 3ae~c~MOCT~ K3 oT L, 
~ OTMeT~n~ ~X npoT~Bope4~BbiH xapaKTep, npe~e 4eM np~CTyn~Tb 
K aHan~3Y 3ae~c~MOCT~ K3 (L), paccMOTP~M e AaHHOM coo6~eH~~ 
oco6eHHOcT~ ~HAYK~~~ ocHOBHbiX T~noe noepemAeH~H AHK ~3ny4eH~RM~ 
c pa3n~4Ho~ L, ~ ~x MOA~$~Ka~~~ K~cnopoAOM. 

H3eecTHo, 4TO np~ npoxo*AeH~~ TRmenblx 3apRmeHHbiX 4acT~~ 4e
pe3 4YBCTB~TenbHble M~WeH~ KneTOK OAHOBpeMeHHO B03H~KaeT 60nbWOe 
KOn~4eCTBO ~OH~3a~~H, np~BOAR~~X K rny60K~M HapyweH~RM reHeT~-
4eCKOrO annapaTa. B CBR3~ c 3T~M MOA~$~~~pyeMOCTb eo3H~Ka~~x 
noepemAeH~H e AHK KneToK K~cnopoAOM, KaK MomHo om~AaTb, c poe
TOM ·L 6yAeT yMeHbWaTbCR /1-3/, nonbiTK~ 06DRCH~Tb 3TO yMeHbwe
H~e AnR ~3ny4eH~H c eo3pacTa~~~M~ L e paMKax r~noTe3 Anbnep 
~ H~p~ /9, 101 oKa3an~cb, KaK OTMe4anocb paHee ,6e3ycnewHbiM~. B 15"81 

np~ aHan~se saKoHoMepHocTeH ~HAYK~~~ ocHOBHbiX noepemAeH~H AHK
OAHo- ~ ABYH~TeBbiX paspbleoe /OP ~ API ~sny4eH~RM~ c pasHOH L 
OTMe4eHo, 4TO np~ y-o6ny4eH~~ ~ AeHCTB~~ TRmenbiX sapRmeHHbiX 
•:=="':"'!~~ ~ ~~~ ~~~'?"'!"':'~ ~~~~~~~~~::'~'lt2'Tr'CI !"::a"!li-I.._IP TLAnhl .f1P- n!1111 y-ofiny-
4eH~~ B03H~Ka~T, rnaeHbiM o6pasoM, 3H3~MaT~4ecK~e AP /3AP/, a 
np~ AeHcTB~~ TRmenblx ~10Hoe - npRMble AP /nAP I AHK. B 3TOH CBR3~ 
eonpocbl ~HAYK~~~ ~ penapa~~~ KneTKOH noepemAeH~H, MOA~$~~~pye
MbiX ~ He MOA~$~~~pyeMbiX K~CnOPOAOM, cneAYeT paCcMaTp~BaTb C y4e
TOM yKa3aHHOrO 06CTORTenbCTBa ~ C y4eTOM OC06eHHOCTeH nepeAa4~ 
3Hepr~~ ~sny4eH~RM~ pasHoro Ka4ecTea KneT04HOH AHK. 

np~ o6cymAeH~~ MeXaH~3MOB pean~sa~~~ K3 y pa3HbiX WTaMMOB 
E.coli np~ y-o6ny4eH~~ Mbl paccMoTpen~ saKoHoMepHocT~ ~HAYK~~~ 
~ penapa~~~ ocHOBHbiX T~noe noepemAeH~H AHK, ~rpa~~x, KaK oKa
sanocb, KpaHHe eamHy~ ponb e pean~sa~~~ K3. 6blno noKasaHo, 4To 
np~ y -o6ny4eH~~ KneToK KamAbiH ABaA~aTbiH OP 1 /$paK~~R g I, 
B03H~Ka~~H OT OAHOrO aKTa nepeAa4~ 3Hepr~~, RBnReTCR O~fr -no
BpemAeH~eM, He MOA~$~~~pyeMbiM K~CnOPOAOM ~ He BOCCTaHaBn~Bae
MbiM penapa~~eH II. 04eB~AHO, 4TO c eospacTaH~eM L Kon~4eCTBO 

OPlr, ~HAY~~pyeMbiX e pesynbTaTe ABYX aKToe nepeAa4~ 3Hepr~~ 
e OAHOH ~en~ AHK /$paK~~R g2 /, AOnmHo yeen~4~BaTbCR. B CBR3~ 
c 3T~M eosH~KaeT eonpoc o BbiXOAe OP ~r , ~HAY~~pyeMbiX no yKasaH
HoMy MexaH~3My. Ecn~ npeAnonom~Tb nonHy~ He3aB~c~MOCTb ocy~ecT

eneH~R APYr OT APYra KamAoro ~3 ABYX aKTOB nepeAa4~ 3Hepr~~. To 
KamAbiH AeCRTbiH cny4aH AOnmeH 6b1Tb OP~. 0AHaKo e npeAnonomeH~~ 
0 B3a~MOAeHCTB~~ MemAY co6oH ABYX aKTOB nepeAa4~ 3Hepr~~ cneAy-
eT om~AaTb 6onbwero BbiXOAa Qpir, nocKonbKY CAenaTb Bbl6op Me*AY 

1 ~· ABYMR YKa3aHHbiM~ B03MOmHOCTRMWH3 ·ocHO,~~H~~,-X~M~4eCK~X 
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AaHH~X B HaCTO~~ee speM~ He npeACTaBn~eTC~ B03MOmH~M, npHMeM 
BHa4ane B~XOA Qp~r, o6pa3Y~HXC~ B pe3yJ1bTaTe ABYX aKTOB nepeAa-
4H 3HeprHH HHTH AHK, s BHAe cso6oAHOro napaMeTpa, H o6cyAHM ero 
B03MOmH~e 3Ha4eHH~ H3 HMe~~HXC~ 3KCnepHMeHTaflbH~X AaHH~X He
CKOJlbKO n03AHee. 

B 16"81 HaMH 6~no noKa3aHo, 4TO c ysenH4eHHeM L H3MeH~eTc~ 
cneKTP HHAY~HpyeM~X AP: B03pacTaeT B~XOA nAP H yMeHbwaeTC~ s~
XOA 3AP AHK. nocKOJlbKY B~XOA OPt B aHOKCH4eCKHX ycnoBH~X B 4 pa-· 
3a MeHbWHH, 4eM B, KHCflOPOAH~X, B 3TOH CB~3H, KaK CfleAyeT H3/11,12~ 
AOflmH~ fi~Tb e~e 60J1bWHe pa3J1H4H~ /npHMepHO B 16 pa3/ B B~XOAaX 
nAP B COOTBeTCTBY~~HX aHanorH4H~X ycnoBH~X. B AeHCTBHTeflbHOCTH 
3TOrO He Ha6J1~AaeTC~/12~a HMe~TC~ cy~eCTBeHHO MeHbWHe pa3J1H4H~ 
/npHMepHO B 2 pa3a/. 3To 06CTO~TeJ1bCTBO, no-BHAHMOMy, CBHAe
TeflbCTByeT 0 TOM, 4TO KamAOe H3 nepBH4H~X nospemAeHHH Ha ·anno-
3HTHbiX HHT~x AHK, cocTasn~~~Hx noTeH~HanbHbiH AP, npaKTH4eCKH 
He BOCCTaHaBflHBaeTC~ Ha $H3HKO-XHMH4eCKOM ypoBHe, B OTJ1H4He OT 
OAHOHHTes~x nospemAeHH~ AHK. Mo~Ho TaKme AYMaTb o TOM, 4TO npH 
B~AeneHHH 3HeprHH s o6eHx HHT~x AHK, yme Ha $H3H4eCKOM ypoBHe, 
HapywaeTc~ cTa6HnbHOCTb ee CTPYKTYP~. 4TO AenaeT HeBo3MOmHOH 
$H3HKo-xHMH4eCKY~ penapa~H~ nospemAeHHH 3HAoreHH~MH SH-coeAH
HeHH~MH. KaK Y>Ke yKa3~Banocb 1 71 , napaMeTp bo=W·f/£

0
, cs~3aHH~H 

c sepo~THOCTb~ o6pa3osaHH~ OP1 Ha OAHOH HHTH AHK, npHHHManc~ 

HaMH paHee pasH~M 0,034. B HacTo~~eH pa6oTe npHMeM b 0 = 0,042, 
4TO 6onee T04HO COOTBeTCTByeT 3KCnepHMeHTaflbH~M AaHH~M. napa
MeTp b s aHoKCH4eCKHX ycnosH~X {b~ npHMeM b'"= 0,030. CooT-

b 
HOWeHHe _jL = 1,4, 4TO COOTBeTCTByeT /1,4/ 2 = 2 H, CfleAOBaTenb-

HO, K3 = bf no KPHTepH~ o6pa3oBaHH~ nAP. 
PaHee M~ yKa3~B~nH Ha samHy~ ponb s peanH3a~HH K3 nospemAe

HHH THna OP 1 H OP~. HHAY~HpyeM~x s aHOKCH4eCKHX ycnosH~x.npH 
aHanH3e 3aBHCHMOCTH K3 (L) samHo KOJ1H4ecTseHHo o~eHHTb B~XOA~ 
yKa3aHH~x nospemAeHHH s 3aBHCHMOCTH oT L. CneAyeT oTMeTHTb, 
4TO B~XOA~ OP1 H nAP B KHCflOPOAH~X ycnOBH~X, a TaKme B~XOA~ 
nAP B aHOKCH4eCKHX yCflOBH~X MOmHO O~eHHTb Ha OCHOBe npeACTasne
HHH, pa3BHT~x HaMH paHee c Hcnonb30BaHHeM s~weyKa3aHH~X 3Ha4e
HH~ napaMeTpa b. npemAe 4eM nposeCTH o~eHKy B~XOAOS OP1 H 
OPlr, Heo6XOAHMO paccMoTpeTb sonpoc~, cs~3aHH~e c HHAYK~HeH 
nospemAeHHH AHK s pe3yflbTaTe ASYX, Tpex H 6onee aKTOB nepeAa4H 
3HeprHH noKanbHoMy y4aCTKY AHK. 

06o3Ha4HM 4epe3 N~ H N; cooTBeTCTBeHHO B~XOA~ nospemAeHHH 
AHK /OPf/, o6pa3y~Hxc~ s pe3ynbTaTe ABYX, a TaKme Tpex H 5o
nee aKTOB nepeAa4H 3HeprHH. 3TH B~XOA~ MOmHO nerKO paCC4HTaTb 
Ha OCHOBe npeACTasneHHH, pa3SHT~X s/6, 71, rAe npoBeAeHa o~eHKa 
KOJ1H4eCTsa 3HeprHH, B~Aen~eMoH s y4aCTKe MoneKyn~ AHK npH npo
XOmAeHHH 3ap~meHHOH 4aCTH~~ Ha paCCTO~HHH X OT reoMeTpH4eCKOH 
ocH flHHeHHoro $parMeHTa AHK. AaHHa~ 3HeprH~ MomeT 6~Tb B~AeneHa 
HnH pasHoMepHo - s o6eHx HHT~x AHK, HnH HepasHoMepHo - npeHMy
~ecTseHHo s OAHOH HHTH. Bepo~THOCTH TaKoro POAa co6~THH npHMep-
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HO OAHHaKOS~ 17• 10 • 13~ no3TOMY nospemAeHH~ AHK' B03HHKa~He B pe-
3YflbTaTe ASYX aKTOB nepeAa4H 3HeprHH, MoryT ocy~ecTsn~TbC~ ABY
M~ nyT~MH: npH paSHOMepHOM pacnpeAefleHHH 3HeprHH sepo~THOCTb 
so3HHKHoseHH~ ABYX aKTOB nepeAa4H 3HeprHH OAHOH HHTH AHK 6yAeT 
pasHa npOH3BeAeHH~ sepo~THOCTeH TOrO, 4TO B OAHOH HHTH B03HH
Ka~T ABa co6~TH~, a so BTOPOH aKTos nepeAa4H 3HeprHH He npoHc
XOAHT; BO BTOPOM CJ1y4ae npH HepaBHOMepHOM pacnpeAeneHHH 3HeprHH 
sepo~THOCTb TaKoro poAa co6~TH~ ecTb npocTo sepo~THOCTb so3HHK
HoseHH~ ASYX He3aBHCHMbiX C06~THH B AaHHOH HHTH, rAe npOH30WJ1a 
nepeAa4a 3HeprHH. EcnH o6o3Ha4HTb.cpeAHee 4Hcno co6~THH Ha OAHY 
HHTb AHK 4epe3 n npH paBHOMepHOM pacnpeAeneHHH 3HeprHH, TO se
PO~THOCTb o6pa30BaHH~ OAHH04HOrO co6biTH~ B OAHOH HHTH 6yAeT 
2-e-20 -n, sepo~THOCTb o6pa30SaHH~ ABYX co6~THH B OAHOH HHTH 

pasHa _!.. e-2D. n2 H sepo~THOCTb B03HHKHOBeHH~ Tpex H 6onee C06bl-
2 . -

THH 6yAeT pasHa 0,5 +e-ii [l-e-n (1,5+ 2n+1,5·n~]. Bepo~THOCTb 
Taro, 4TO npOH30HAeT_nepeAa4a 3HeprHH B OAHOH H BO BTOPOH HHTH 
AHK, 6yAeT 0,5· (1 -e-n )2. TaKHe co6biTH~ npHBOA~T K o6pa3oBaHH~ 
nAP AHK. CyMMa sepo~THOCTeH scex yKa3aHHbiX npo~eccos AOflmHa co

CTaBHTb 1. 
H 

PHc. I. 3aBHCHMOCTb Bbixop;a OP 1 
I 

B KHCJlOpO,!J;HbiX ycJlOBHHX, o6pa-
3YW~HXCH B pe3yJlbTaTe O,!J;HOro 
/KpHBa.R 1/, p;Byx /KpHBaH 2/, 
Tpex /KpHBa.R J/ H 6onee aKTOB 
nepep;a~H 3HeprHH OT ITn3 H3Jly~e
HHH. no OCH a6c~Hcc: ITIT3, 
K3B/MKM. no OCH opp;HHaT: Bb~O,!l; 
nospemp;eHHH, cfp-1 ,!J;aJlbTOH -1 

:e w-n . 
H.,{ I I ;w-13 2~c 
i w-I5r-: / I 
2 w-I7~ / , . 
,.': I IO IOO 1000 

Jll13, KaB/MKM 

0 2 3 
Ha pHc. 1 npeAcTasneHa 3aBHCHMOCTb s~xoAOB NaP!> N 8 H N s 

oT L. KaK MomHo BHAeTb, c pocToM L KOJ1H4eCTBo N; pe3KO ysenH-
4HBaeTc~, H npH L ~ 10-20 K38/MKM HX B~XOA CTaHOBHTC~ BeCbMa 
3Ha4HM~M. B TO me speM~ KOilH4eCTSO N~ npHo6peTaeT cy~ecTseH
Hoe 3Ha4eHHe npH ropa3AO 6onee s~coKHX L I L = 1 00 K38/MKM/. 
nocKOJlbKY s o6naCTH L > 100 K38/MKM OTMe4a~TC~ yme 3Ha4HTeJ1bH~e 
$IlYKTya~HH 3HeprHH, nepeAasaeMOH 4YSCTSHTeJ1bH~M 06DeMaM KfleTOK, 
N3 He HrpaeT cy~ecTseHHOH ponH s neTailbHOM 3$$eKTe y 6aKTepHH. 
AJnbHeHWHe pac4eT~ M~ 6yAeM nposOAHTb s npeAnonomeHHH, 4TO see 
N: snocneACTSHH TpaHC$OPMHPY~Tc~ s Qpir /$paK~H~ g 3 /. B~-
41-'iCilHM Aanee s~XOA OP ~r : 

1 

N ir = (N 0 - N 2 - N 3 ) • g 1 +N 2. g2 + NBS . g 3 • 
OP1 OP1 s s s 

/1/ 

ir 
An~ 3Ha4eHHH g 1 = 0, 05, g 2 = 0, 3 H g 3 = 1 3aSHCHMOCTb N . (L), 
KaK MOmHO SHAeTb H3 pHc.1, onHC~saeTC~ KPHSOH C MaKCHMy~dJ, TH-
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!r 
nH4HO~ An~ MHoroyAaPH~x npo4eccoe. MaKCHMYM aaBHCHMOCTH N0 p 1 (L) 
npHXOAHTc~ Ha 3Ha4eHH~ L, paeH~e 200-300 K3B/MKM. HanH4He 3Toro 
MaKCHMyMa ~Bn~eTC~ cneACTBHeM npeAnOnomeHH~ 0 B3aHMOAe~CTBHHABYX 
H 6onee aKTOB nepeAa4H 3HeprHH MemAY co6o~ npH o6paaoeaHHH OP~. 

B~4HCnHM B~XOA 0~ e ycnoeH~x aHOKCHH. HHTerpanbH~~ B~XOA 
OP1 e ~cnoeH~x aHOKCHH ~en~eTc~ cyMMO~ OP 1 paaHoro npoHcxomAe
HH~: OP :r , OP 1 , o6pa3YIOIIIHXC~ KaK peaynbTaT <!>HKCa4HH OTAenbHbiX 
aKTOB nepeAa4H 3HeprHH /HeeoccTaHoeneHHe SH-coeAHHeHH~MH/, OP

1
, 

o6pa3YIOIIIHXC~ B peaynbTaTe HeBOCCTaHOBneHH~ noepemAeHH~ OT ABYX 
aKTOB nepeAa4H 3HeprHH, a TaKme e peaynbTaTe penapa4HH TOnbKo 
OAHO~ HHTH AHK npH B03HHKHOBeHHH nAP: 

N (N~p1-N~-N:)(l-g1) 2 ir 0 N / 2 / 
NOP1 m1 +Ns(l-g2)·g4+NOP1+(Nil).lP-NO/~~· 

rAe m 1 - COOTHOWeHHe <!>HKCHpoeaHHbiX noepemAeHH~ B KHCnOPOAHbiX 
H aHOKCH4eCKHX ycnOBH~X OT OAHH04H~X aKTOB nepeAa4H 3HeprHH, 
npHBOA~liiHX K o6paaoeaHHIO OP 1 H g = 1 - (1-1/m ) 2 - ecTb ee
po~THOCTb <!>HKCa4HH noepemAeHH~ OT 

4
ABOI:iHbiX aKTO~ nepeAa4H 3Hep

rHH, KOTOp~e He npHBOA~T K o6pa30BaHHIO op;r. AnR 3aBHCHMOCTH 
Ngp (L), npeAcTaeneHHO~ Ha pHc. 1, xapaKTepHo npoT~meHHoe nnaTo, 

1 " L " AOCTHra10111ee BbiCOKHX 3Ha4eHHH , H nocneAYIOIIIHH cnaA npH 3Ha4e-
HH~X L > 500 K3B/MKM, 4TO H OTMe4aeTC~ B 3KCnepHMeHTe 1121. 
H 

I 

~ ro-I2 [ 2 -------

iro-13z:~. 
~ ro-I4 
l!t 4 
ill ru-rs 
I ~~----~----~----~--~ 

:><: I IO IOO IOOO 

JI!I::J, KaB/KKM 

PHc. 2. 3aBHCHMOCTb BbiXoga OP1 

B KHCJIOPOIIHhiX I I I H aHoKc.Ht~ec.KHx 
/2/ YCJIOBHRX, OP1 /3/, ~p B KHC

JIOPOAHhlX /41 H aHOKCHtleCKHX /5/ 
ycJIOBHRx OT ITIT3. ITo ocH a6c~Hcc: 

ITIT3, K3B/MKM, rro ocH opgHHaT: 

Bb!XOA ITOBpeJKgeHHII, cfp-1 gaJibTQI11. 

Ha pHc.2 npeAcTaeneHa aaeHCHMOCTb e~xoAa N0 p 1 ':1 Nf1,ll,p oT L 
B KHCnOPOAH~X H aHOKCH4eCKHX ycnOBH~X, a TaKme N6~ 1(L), MomHO 
BHAeTb, 4TO npH 3Ha4eHH~X L < 200 K3B/MKM, COOTBeTCTBYIOIIIHX MaK
CHMYMY 3aBHCHMOCTH Nn~p (L),OTMe4aeTc~ nOCTO~HHOe COOTHOWeHHe 
BbiXOAOB N(?~p H Nfl~p ,pas Hoe -2. npH AanbHe~weM eoapacTaHHH L 
OTMe4aeTC~ c6nHmeHHe XOAa KpHB~X, OnHC~BaiOl!IHX 3TH 3aBHCHMOCTH, 

TaKHM o6paaoM M~ paccMoTpenH ocHoeH~e aaKoHoMepHoCTH HHAYK-
4HH pa3H~x THnoe noepemAeHH~ AHK, HrpaiOIIIHX ponb e peanH3a4HH 
K3, e aaBHCHMOCTH OT L. H npemAe 4eM npHCTynHTb K aHanH3Y aa
BHCHMOCTH K3 OT L, paCCMOTPHM B CBeTe pa3BHBaeM~X npeACTaeneHH~ 
OAHH H3 rnaBHbiX apryMeHTOB CTOPOHHHKOB KOH4en4HH 11 KHCnOPOAa 
B TPeKe

11 
- HanH4He nHHe~HO~ 3aBHCHMOCTH MemAY o6paTH~MH 3Ha4e

HH~MH K3 npH o6ny4eHHH KneToK He~TPOHaMH H y-ny4aMH /cooTBeT
CTBeHHO K3 -1 H K3-1 121 I n Y • 

4 

PaHee M~ yKaa~eanH Ha npoTHBope4HBOCTb H HecooTBeTCTBHe 
3KCnepHMeHTanbH~M AaHH~M yKa3aHHO~ KOH4en4HH, npH HHTepnpeTa-
4HH aaBHCHMOCTH K3(L). 3KcnepHMeHTanbHO Ha6n10AaeMa~ nHHe~Ha~ 
aaeHCHMOCTb K3-1 /K3 - 1 I nerKo o6"'b~CHHMa e paMKax Hawe~ MOAenH 
6e3 npHBne4eHH~ npeAlTaeneHHH 0 B03HHKHOBeHHH 11 KHCnOPOAa B Tpe
Ke11. PaccMOTPHM ABa cny4a~. 

Cny4ai1 1. npeAnonomHM, 4TO An~ KneToK E. coli neTanbH~MH co-
6~TH~MH ~en~IOTC~ TOnbKO OP AHK. n8HMeM Aanee B~XOA~ OP QPH y -
o6ny4eHHH KneTOK B KHCnOPOAH~X (NOP 1 ) H aHOKCH4eCKHX (NOP 1 ) 

2 2 1 0-1a r -1 -1 ycnOBH~X COOTBeTCTBeHHO paBH~MH , • C p AanbTOH 
H 5,5·10-13 crp-1 AanbTOH-1, H BbiXOA OP1 paeH~M 
1 o-13crp-1 AanbTOH-1 ' a npH HeHTPOHHOM o6ny4eHHH /He~TPOHbl 
C 3HeprHeH 7, 5 1138 H L= 30 K3B/MKM/ COOTBeTCTBeHHO paBHbiMH 
19·1o-13crp-1 AanbToH-1 H 5,5·10-13 crp-~ AanbToH-1 . Bb1XOA 
OPt An~ HeHTPOHHoro o6ny4eHH~ npHMeM paBHbiM 
1 ,4· 1o-1acrp-1 AanbTOH-1, Ha ocHoeaHHH 3Ha4eHHH 3THX napaMeT
poe eenH4HHY K3 npH y-o6ny4eHHH H o6ny4eHHH Hei1TpoHaMH 6yAeM 
HMeTb paBHOH: 

0 !r / !r 
(NOPl,y - NOPl,y ) Q + NOJn,y 22/Q + 1 

4/Q + 1 
/3/ 

1Q/g-'- !,<1 

5,5/Q + 1,4 

11. I 
I of 

3aeHCHMOCTb K3-1 oT K3-Y1 nony4aeMyiO e 3TOM cny4ae npH 3nHMH-
n ' " Ha4HH napaMeTpa Q /HMe10111ero o6nacTb AOnycntMbiX aHa4eHHH An~ 

KneTOK AHKOrO THna H rec A--MyTaHTOB OT 3 AO 10/, MOmHO Bblpa-
3HTb cneAYIOIIIHM ypaBHeHHeM: 

K3-1 = 1 03 K3-l + 0,121. 
n ' y 

/51 

YpaeHeHHe /5/, nony4eHHoe Ha ocHoee 3KcnepHMeHTanbHbiX AaHHbiX 
no e~XOAY OP AHK e KHcnopoAH~x H aHoKCH4eCKHX ycnoeH~x, o6ecne-
4HeaeT xopowee cornacHe c AaHHbiMH 121 /pHc.2/, HHTepnpeTHpya-
M~MH KaK AOKa3aTenbCTBO cnpaBeAnHBOCTH KOH4en4HH 11 KHCnOPOAa 
e TpeKe". CneAyeT, OAHaKo, aaMeTHTb, 4TO Hawe nepeoHa4anbHOe 
npeAnonomeHHe o6 OP AHK KaK eAHHCTBeHHbiX neTanb~biX An~ KneTKH 
C06biTH~X, ~Bn~eTC~ HeeepH~M, nOCKOnbKY H3BeCTHO, 4TO TaKHMH

1141 co6biTH~MH An~ KneTOK AHKoro THna cnymaT npemAe ecero AP AHK 
B ce~3H c 3THM paccMoTpHM cHTYa4HIO, rAe AP AHK <!>HrypHPYIOT e Ka-
4ecTee OCHOBHbiX neTanbH~X An~ KneTKH C06~THH. 

Cny4a~ 2. BenH4HHa K3 npH y-o6ny4eHHH KneTOK H o6ny4eHHH 
HX He~TPOHaMH 6yAeT COOTBeTCTBeHHO pasHa: 

5 



0 ir ir 
(NOPl,y- NOPl,y)IQ + NoPt,y 0 

$ + Nn~P,y 161 
K3 = ----y N ir I ir 

(NOPl,y- NQPl,y) Q + NOPl,y N 

s + Nn~P,y 

(NgPl,n- NgPl,n)IQ + NgPl,n 
+Ng~P,n s 

K3n 171 
(N~Pl,n- Nliu, n )IQ + N6'Pt,n N 

s + Nn~P, n 

BenH4HH~ B~XOAOB OP AHK paaH~X THnos M~ onpeAenHnH paHee npH 
aHanH3e cny4aft 1 • Ha OCHOBaHHH /6-8/ MO>KeM npHHFtTb, 4TO BbiXOA 
nAP npH y-o6ny4eHHH KneTOK ftBnFteTCft npeHe6pe>KHMO ManoH BenH-
4HHOH, a npH HeHTpOHHOM o6ny4eHHH 3Ta BenH4HHa B KHCnopOAH~X 
H aHOKCH4eCKHX ycnOBHftX 
0,65·10-13 crp-1 AanbTOH- 1 

COOTBeTCTBeHHO COCTaBnFteT 
H 0,3. 1o-13 crp-1 AanbToH-1 . PaHee 

M~ yKa3~BanH , 4TO Anft KneTOK AHKOro THna, a TaK>Ke pol A-- H 
2 

uvr A--MyTaHTOB senH4HHa S ~ --, a AnFt rec A-- H rec A-uvr A--
f 3,f 

MyTaHTOB 8 = 1. 04eBHAHO, 4TO npH 8 = Ha6J110AaeTCft CHTya~Hft, 
paCCMOTpeHHaft HaMH npH aHanH3e cny4aft I. llpH bOnbWHX 3Ha4eHH
ftX S I CHTya~Hft, B HaH6onbweH cTeneHH peanH3YeMaFt y cyneppe-
3HCTeHTHoro MyTaHTa /6/ I senH4HHa K3 6yAeT B ocHoBHOM onpeAe
nFtTbCFt COOTHOWeHHeM B~XOAOB nAP B KHCnopOAH~X H aHOKCH4eCKHX 
ycnoBHFtx, nocKonbKY H OP1 H OP 2 B 3TOM cny4ae penapHpyiOTCFt 
KneTKOH, H 3Ha4eHHe 3AP B neTanbHOM 3$¢eKTe yMeHbwaeTcFt. Be
nH4HH~ K3 npH y-o6ny4eHHH H B03AeHCTBHH HeHTPOHOB AnFt pa3H~x 
WTaMMOB E. coli npH pa3H~x 3Ha4eHHFtX napaMeTpos Q H S npeA
cTasneH~ B Ta6n. 1. 

lla PHC • 3. npHBeAeHbl 3KCnepHMeHTanbHble AaHHble, nony4eHH~e B 12 /, 
H TeopeTH4eCKHe 3aBHCHMOCTH K3~1 IK3y1 I, Bbi4HcneHH~e Ha oc
HOBaHHH 13-71 npH aHanH3e cny4aeB 1 H 2. 04eBHAHO, 4TO yKa3aH
Hble 3KCnepHMeHTanbH~e AaHHble MOIKHO HHTepnpeTHpOBaTb KaK B paM
KaX cny4aft 1 , TaK H cny4aft 2, He npHsneKaft rHnoTeay 11 KHcnopoAa 
B TpeKe''. HaAO OTMeTHTb, 4TO XOTft B 121 nony4eHa nHHeHHaft 3aBH
CHMOCTb K3;1 IK3y1 I AnFt onpeAeneHH~x WTaMMOB E.coli, H3 pa3-
BHBaeM~x HaMH npeACTaBneHHH cneAyeT, 4TO yKa3aHHOH 3aBHCHMOCTH 
Anft KneTOK C paanH4H~M penapa~HOHHbiM reHOTHnOM MO>KeT H He cy
~eCTBOBaTb, nOCKOnbKY neTanbHbiMH C06~THFIMH Anft HHX FtBnftiOTCft 
pa3H~e THn~ nospe>KAeHH~ AHK. B CBFt3H c 3THM o6pa~aiOT Ha ce6Ft 
BHHMaHHe senH4HHbl K3 y uvr A--MyTaHTOB, pacc4HTaHHble Ha ocHo
BaHHH /6 '71. npH Q = 1 0 H s = 1 0' 3Ha4eHH~' onpeAeneHHbiX Anft 
AaHHoro wTaMMa paHee, nony4aeM K3 = 2 npH y- H HeHTPOHHOM o6ny-

6 

:) 

) 

4eHHH, 4TO FtBnfteTCFt HCKnl04eHHeM H3 nHHeHHO~ 3aBHCHMOCTH 
K3;1 IK3y1 I, Ha6n10AaeMo~ Anft APYrHx wTaMMOB. Oco6eHHOCTH npo
FtBneHHft K3 y uvr A--MyTaHTa Mbl paccMoTpenH paHee. npeAnonarae
MOe >Ke aHOManbHOe noBeAeHHe KneTOK C uvr A--MyTa~HeH MO>KeT 
o6oFtCHFtTbCft TeM, 4TO neTanbH~MH co6~THFtMH Anft uvr A--MYTaHToB, 
TaK >Ke KaK H Anft KneTOK AHKOrO THna npH HeHTpOHHOM o6ny4eHHH, 

Ta6mu~a. I 

3KcnepHMeHTaJibHbie 121 H TeopeTHqecKHe BeJIHt{HHbi K3 
AJUI pa3HbiX mTaMMOB E. co 1 i IIPH y- H Heil:TpOHHOM o6nyqemm. 
TeopeTHt{eCKHe p;aHHble paccqHTaHbi B npep;nonolKeHHHX, 
paccMoTpeHHb~ npH aHaJIH3e cnyqaeB I H 2 

IIITaMM 

Bs-1 

AB 2463 

B 

B/H 

AB 1157 

3KcnepHMeHTaJibHbie 
p;aHHbie 

K3y K3n Q 

I ,81 I ,50 17 

2,08 I ,64 12 

2,78 2,0 5,5 

3,43 2' 18 3 

3,55 2,40 2,6 

Ko3opqm:u;HeHT 
KOppeJIHIJ;HH 0,988 

a 0,198 

b 0,854 

TeopeTHqecKHe p;aHHble 

CnyqalJ: CnyqalJ: 

K3y K3n s K3y 

I ,81 I ,46 I ,81 

2,06 I ,61 2,06 

2,79 2,02 5,0 2,79 

3,42 2,39 20 3,42 

3,58 2,48 20 3,58 

0,999 0,997 

0, 121 0,220 

I ,03 0,76 

a H b - napaMeTPbi perpeCCHOHHOH npHMOH. 

2 

K3n 

I ,56 

I, 68 

2,08 

2,24 

2,28 

ftBnftiOTCft nAP AHK; senH4HHa K3 no TeCTy HHAYK~HH nAP AHK TaK
>Ke COCTaBnFteT 2. 

H3BeCTHo, 4TO c so3pacTaHHeM L Anft E.coli AHKoro THna 4acTo 
Ha6n10AaeTcFt He TOnbKO yMeHbWeHHe K3, Ho H 3Ha4HTeJ1bHOe nos~we
HHe 4YBCTBHTenbHOCTH KneTOK/2,16, 181. 3TO B03pacTaHH€ 4YBCTBH
TenbHOCTH Henb3ft 06oftCHHTb, KaK Mbl y>Ke yKa3biBanH, C n03H~HH 
rHnoTe3~ 11 B3aHMOAe~cTBYIOIJ4HX paAHKanos", nocKonbKY B paMKax AaH
HOH rHnoTe3~ c B03pacTaHHeM L He AOn>KHO Ha61110AaTbCFt 3Ha4HTenb
Horo B03pacTaHHft 4YBCTBHTenbHOCTH KneTOK, TO eCTb AOn>KHa HMeTb 
MecTo CHTya~HFt, paccMoTPeHHaFt HaMH npH aHaJ1H3e cny4aft 1. B paM-
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KaX HaW~X npeACTaeneH~~. KaK 3TO OTMe4eHO np~ paCCMOTpeH~~ cny-
4aR 2, B03paCTaH~e 4YBCTB~TenbHOCT~ KneTOK ~MeeT eCTeCTBeHHOe 
o6DRCHeH~e. Ae~cTB~TenbHO, Hanp~Mep, AnR E.coli A~Koro T~na np~ 
DO= 100 rp np~ y -o6ny4eH~~ een~4~Ha OTHOC~TenbHO~ 6~onor~4e

CKO~ 3$$eKT~BHOCT~ /063/ AnR He~TpOHOB, B~4~CneHHaR Ha OCHOBa-

1,0 

0,9 

0,8 I 

0,7 
!;2 

l 
0,6 1-l 

I~ H 
I<: 0 5 Q . 

J;f 0,4 

0,3 

0,2 

0,1 l 0,0 
0,2 0,6 

K:r1 
t 

1,0 

PHc.3. TeopeTH~eCKHe 3aBHCHMOCTH 
o6paTHOH BeJIH~HHbi K3 npH HeH:TpoH
HOM o6ny~eHHH OT o6paTHOH BenH~HHhl 
K3 npH y -o6n~eHHH .z:I.TUI pa3HbiX 
mTaMMOB E. co 1 i, pacc~HTaHHbie 
B npe.z:~nono~eHHHX cny~aH I /nH-
HHH 1/ H cny~aH 2 /nHHHH 2/.3Kcne
pHMeHT anbHWe TO~KH: + - AB I I 57 , 
x - B/H, + 1 B, ,0.- Shigella 
flexneri,t'- AB2463, CJ- 8

8
_ 1 co

OTBeTCTBYJOT/2/; TeopeTH~eCKHe 3Ha
~eHHH: 0- pol-, + - uvr-rec-, 
C. - UVr- paCC'lHTaHbl Ha OCHOBaHHH 
~opMyn /6/, /7/. ITo ocH a6c~Hcc: 
BenH~HHa K3-1 npH Y-o6ny~eHHH, 
no ocH op.z:IHHaT: BenH~HHa K3-1 rrpH 
..... ,...,.. ...... .,...,....,.....,. .. ,.T,....,• "hTT,f'T1'"""UTXT11 
.. .._.,_&.O..O..t"'..,..,.._..,..,._ ... --w-J ..,_ .................. • 

Ta6nH~a 2 

3Ha~eHHH K03~H~HeHTOB OB3 HeHTpoHOB H napaMeTpa ® 
.z:~nH pa3HWX mTaMMOB E.coli 

OB3 * 
3KCrrepHMeHT 3KCrrepHMeHT 

AB 2453 I ,06 2,06 

B s-1 I, 10 I ,82 

B I, 4 2,82 

B/H I ,4 3,43 

AB 1157 I ,5 3,55 

* - pa6oTa 121_ 

8 

I ,61 1,4 

I ,47 I ,41 

2,05 I ,26 

2,39 I ,29 

2,48 I, 27 

BbmonHeHHe 
HepaBeHCTBa 

/9/ 

+ 

+ 

/8/: 

/8/ 
063 

0 0 
rAe Nn,llP,y ~ Nn,llP,n- B~XOAbl nAP B K~cnopOAH~X ycnoB~RX COOTBeT-
CTBeHHO AnR y- ~ He~TpOHHOrO o6ny4eH~R, COCTaBnReT 1 , 9, 4TO 
COOTBeTCTByeT 3KCnep~MeHTanbHbiM AaHH~M /2, 15, 16/HaAO CKa3aTb, 
4TO Y>Ke paHee cnpaeeAn~eocTb r~noTe3~ 11 B3a~MOAe~cTBYIOIJ.I~X paA~Ka
noB11 npoeepRnaCb B pafioTaX / 10,l?/, DblnO OTMe4eHO, 4TO B paMKaX 
3To~ r~noTe3bl AnR nnoTHO~oH~3~PYIOII.I~X ~3ny4eH~~ AOn>KHo e~non
HRTbCR ycnoe~e: 

-1 
1- K3y 

063 < ® = ----- • 
- 1 - K3:"1 

L 

/9/ 

rAe K3 'i:1 
- o6paTHaR een~4~Ha K3 AnR ~3ny4eH~~ c BbiCOKo~ L. OA

HaKo e noAaBnRIOIJ.IeM 6onbW~HCTee cny4aee 3To ycnoe~e He e~nonHR
eTcR117<a Ha6n10Aa10TCR ropa3AO 66nbW~e 3Ha4eH~R 063, 4eM 3TO 
cneAOBano 6~ om~AaTb ~3 cooTHoweH~~ nony4aeMbiX een~4~H K3. 
B paMKax Haw~x npeAcTaeneH~~ HepaeeHcTeo /9/ AOnmHo eblnonHRTb
CR AnR 4YBCTB~TenbHbiX MyTaHTOB ~ He BblnOnHRTbCR AnR KneTOK A~
KOrO T~na. Ae~CTB~TenbHo, KaK 3To B~AHO ~3 Ta6n.2, yKa3aHHoe 
o6cTORTenbcTeo ~MeeT MecTo. CneAOBaTenbHo, KP~Tep~eM BblnonHeH~R 
AaHHoro HepaeeHcTea cnym~T ycnoe~e - KaK~e noepemAeH~R AHK Ra
nR~TCR neTanbHbiM~ AnR KneToK: OP AHK /4TO Ha6niOAaeTcR AnR 4ye
CTB~TenbHbiX MYTaHToe/ ~n~ me AP AHK - noepe*AeH~R, RBnRIOIJ.I~ecR 
neTanbHbiM~ AnR KneTOK A~Koro T~na . 

TaK~M o6pa3oM, M~ paccMoTpen~ 3aKoHoMepHOCT~ ~HAYK~~~ ocHoe
H~x T~noe noepemAeH~~ AHK ~3ny4eH~RM~ c pa3Ho~ L ~ ~x MOA~$~

Ka~~IO K~CnOPOAOM, npoeen~ KOn~4eCTBeHH~~ aHan~3 OCHOBHbiX apry
MeHTOB r~noTe3 11 K~cnopoAa e TpeKe 11 ~ 11 e3a~MOAe~cTBYIOIJ.I~X paA~Ka
noe11 e paMKax pa3e~eaeMbiX npeACTaeneH~~. C y4eToM ecero cKa-
3aHHoro M~ MomeM nepe~T~ K paccMoTpeH~IO 3aB~C~MOCT~ K3 oT L 
AnR pa3HbiX WTaMMOB E.coli. 
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HcnonbsoaaHMe pesynbTaToa M MeTOAOB 
~YHABMeHTanbHWX 4M3M~eCKHX HCcneAOBBHHH 
8 CMe*HWX o6naCTAX HBYKM M TeXHMKM 

6H*3HKa 

Ko3y6eK C., KpacaBHH E.A. 19-83-743 
Ponb penapa~HH ~HK a peanH3a~HH KHcnopQAHoro 3¢0eKTa 
y 6aKTepHH ESCHERICHIA COLI npH AeHCTBHH H3ny4eHHH 
C pa3HOH nHHeHHOH nepeAa4eH 3HeprHH /TeopeTH4eCKHH aHanH3/. 
3aBHCHMOCTb KHCnOPOAHOro 3¢0eKTa OT fln3. 
HHAYK~HA OCHOBHWX THnOB noBpe*AeHHH ~HK H HX MOA~HKa~HA KHCnOPOAOM 

PaccMaTpHBa~TCA 3aKOHOMepHOCTH HHAYK~HH OCHOBH~ THnOB noape*AeHHH ~HK 
/Hrpa~HX ponb B peanH3a~HH KHCnOpoAHOrO 3¢0eKTa/, BW3WBaeMWX H3ny4eHHAMH 
C pa3HOH nHHeHHOH nepeAa4eH 3HeprHH (L). noKa3aHO, 4TO BWXOAW noape*AeHHH 
~HK, o6pa3y~HXCA B pe3ynbTaTe ABYX, a TaK*e Tpex H 6onee aKTOB nepeAa4H 
3HeprHH, yaenH4HBa~TCA c B03pacTaHHeM L. B paMKax npeAno*eHHOH MOAenH npo
BeAeHw O~eHKH BWXOAa He BOCCTaHaBnHaaeMWX 6WCTPWM THnOM penapa~HH H He 
MOA~H~HpyeMwx KHcnopOAOM OAHOHHTeawx pa3pwaoa /OP:' I ~HK a 3aBHCHMOCTH 
oT L. 3aaHCHMOcTb No~ 1 (L) onHcwaaeTcA KPHBOH c MaKcHMyMoM, THnH4HOH AnA 
MHoroyAaPHWX npo~eccoa. MaKCHMYM 3TOH 3aBHCHMOCTH npHXOAHTCA Ha 3Ha4eHHA L, 
paaHwe 200-300 K3B/MKM. O~eHKH awxoAoB npAMwx ABYXHHTeawx pa3pwaoa CNnnp) 
~HK B KHCnopQAHWX H aHOKCH4eCKHX ycnOBHAX B 3aBHCHMOCTH OT L noKa3anK;4TO 
B o6naCTH B03pacTaHHA 3aBHCHMOCTH ~~L) B KHCnOPOAHWX H aHOKCH4eCKHX yc
nOBHAX coxpaHAeTCA nOCTOAHHOe COOTHOWeHHe BWXOAOB, paBHOe 2. npH AanbHeHWeM 
B03PaCTaHHH L aenH4HHa 3TOrO COOTHOWeHHII yMeHbwaeTCA. Ha OCHOBe pa3BHTWX 
npeACTaaneHHH npoBeAeH KPHTH4eCKHH aHanH3 apryMeHTOB KOH~en~HH 11KHCnOPOAa 
B TpeKe11 H .JI3aHMruleHCTBYIOUIHX pa.IIHKanoa". 
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3 C~eHHe oo~eAHHeHHbro HH~THTyTa AAepHwx Hccne.aoaaHHH. AY6Ha 

Kozubek S., Krasavln E.A. 19-83-743 
The Role of ONA Repair In the Realization of Oxygen Effect 
In Barterla ESCHERICHIA COLI Irradiated with Various Types of 
Radiation (Theoretical Analysis). The LET Dependence of Oxygen Effect. 
The Induction of Basic Types of DNA Damage 
and Their Modification by Oxygen 

The regularities of the induction of basic types bf DNA injuries Influen
cing OER by the radiations of different LETs are considered. The DNA inju
rles arising from two,three and more acts of energy depositions are shown to 
Increase with Increasing LET.On the basts of proposed model the amount of 
Irreparable by repair II single-strand breaks (N~581 ) DNA In the dependence 
on LET Is estlmated.The dependence N~881 (LET) forms a slight maximum typi
cal of multlhlt processes.The maximum arises In the region of LET 200-
300 keV/ l'm.The amounts of direct double-strand breaks (N 8 ) DNA In both 
the presence and absence of oxygen In the dependence on LfY ~ave been estlma 
ted,too.The calculations show that In the region beyond the maximum of N4088 (LET) dependence constant ratio between NdDSB In oxic and anoxic conditi
ons Is preserved.ln the region of the maximum the ratio decreases.On the ba
sts of our analysts a critical look at both the"lnteracting radicals" and 
"oxygen in track" hypotheses Is given. 

The Investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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