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1. BBE,QEHHE 

Yme Ha paHH~x 3Tanax pa3B~T~~ paA~o6~onor~~ 6~no OTMe4eHo, 
4TO pa3H~e B~A~ ~OH~3~py~~~X ~3ny4eH~~ np~ B03Ae~CTB~~ Ha 
m~e~e KneTK~ pa3n~4a~Tc~ no ceoe~ 3$$eKT~BHOCT~. no3AHee 
B~~CH~nOCb, 4TO 3aKOHOMepHOCT~ 3aB~C~MOCT~ 6~onor~4eCKO~ 3$
$eKT~BHOCT~ ~3ny4eH~~ OT een~4~H~ ~X n~HeAHO~ nepeAa4~ 3Hep
r~~' KOTOPY~ o603Ha4a~T o6~4HO nn3 ~n~ L • cnmXH~ ~ HeOAH03Ha4H~. 

.an~ o~eHK~ 6~onor~4ecKo~ 3$$eKT~BHOCT~ ~3ny4eH~~. pa3n~4a
~~:~~xc~ MemAY co6o~ een~4~HO~ L , o6bi4HO ~cnonb3Y~T noH~T~e oT
HOC~TenbHO~ 6~onor~4eCKO~ 3$$eKT~BHOCT~ /063/, KOTOpy~ onpeAe
n~~T KaK OTHOWeH~e A03 11CTaHAapTHOr011 /o6~4HO 200-KB peHTreHo
B~ ~n~ y -ny4~/ ~ ~ccneAyeMoro ~3ny4eH~~ np~ paeH~x een~4~Hax 
3$¢eKTOB. B 3Kcnep~MeHTax, rAe Kp~Tep~eM o~eHK~ paA~o6~onor~-
4ecKoro 3$$eKTa cnym~T Bbl~~eaeMOCTb KneToK, 4acTo ~cnonb3Y~T 
OTHOWeH~e: 

D0 cTaHAapTHoro ~3ny4eH~~ 

Dn ~ccnenveMoro ~3nV4eH~~ 

063 HCcneAyeMoro H3ny~eHHH, 

rAe DO - "cpeAH~~ A03a 11
, np~ KOTOpO~ B Ka~AO~ KneTKe B cpeA

HeM B03H~KaeT no OAHOMy "~HaKT~B~PY~~eMy noepemAeH~~". Bblm~
eaeMOCTb S KneTOK ce~3aHa c A030~ o6ny4eH~~ D 4epe3 napaMeTp 
D

0 
/a cny4ae 3KcnoHeH~~anbH~x KP~BbiX e~~~eaH~~, Hanp~Mep, 

S = exp ( - D D0 1 
)/. 

no3TOMY een~4~Ha D0 MomeT cnym~Tb Mepo~ paA~ope3~cTeHTHOCT~ 

KneToK, a een~4~Ha D0 1 - Mepo~ paA~04yBcTB~TenbHOCT~ KneTOK 
~n~ 3~eKT~BHOCT~ o6ny4eH~~. B AanbHe~weM ~3nomeH~~ a Ka4ecT
ee noKa3aTen~ paA~04YBCTB~TenbHOCT~ KneTOK M~ 6yAeM ~CnOnb30-
eaTb napaMeTp QQ 1 He3ae~c~MO OT Toro, paccMaTp~eaeTc~ n~ 3Ta 
een~4~Ha caMa no ce6e ~n~ np~ conocTaeneH~~ 3Ha4eH~~ paA~o-
4YBCTB~TenbHOCT~ pa3H~X KneTOK np~ Ae~CTB~~ KaKOro-n~6o OAHOrO 
~n~ pa3H~X B~AOB ~3ny4eH~~. 

TaK KaK 3Ha4eH~~ 063 onpeAen~~Tc~ ~3 OTHOWeH~~ D0 An~ cTaH
AaPTHOro ~ D

0 
An~ ~ccneAyeMoro ~3ny4eH~~, TO TepM~H "0THOC~

TenbHa~ 6~onor~4eCKa~ 3$$eKT~BHOCTb 11 C03AaeT onpeAeneHH~~ 
HaCTpO~, np~ KOTOpOM pa3n~4~~ B 4YBCTB~TenbHOCT~ KneTOK K B03-
Ae~CTB~~ pa3HbiX ~3ny4eH~~ CB~3b1Ba~TC~ TOnbKO CO CBO~CTBaM~ 3T~X 
~3ny4eH~~. 6MecTe C TeM, KaK 3TO 6yAeT noKa3aHO H~me, He MeHee 
eamHa~ ponb 3AeCb np~HaAnem~T ~ 6~onor~4ecK~M oco6eHHOCT~M ca
M~x KneTOK. 
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npemAe 4eM np~CTyn~Tb K paCCMOTpeH~~ 3aKOHOMepHOCTe~ ~3Me
HeH~H paA~04YBCTB~TenbHOCT~ KfleTOK np~ Ae~CTB~~ pa3H~X B~AOB 

~3ny4eH~~, CAenaeM HeCKOflbKO 3aMe4aH~~, Kaca~~~XC~ eamHO~ 
xapaKTep~cT~K~ Ka4ecTea ~3ny4eH~~- L,KOTopaH ~en~eTc~ 3Hepr~
e~, nepeAaHHO~ 3ap~meHHO~ 4aCT~~e~ Be~eCTBY, OTHeCeHHO~ K 
eA~H~~e nyT~. 06~4HO L ~3Mep~eTC~ B K~n03neKTpOHBOflbTaX Ha 
1 MKM /K3B/MKM/. CneAyeT pa3n~4aTb L 3ap~meHHO~ 4acT~~~ ~ Top
M03HY~ cnoc06HOCTb Be~eCTBa /~3Mep~eMy~ B Mera3neKTPOHBOnb
TaX Ha 1 CM2 r-1 /, KOTOpaH xapaKTep~3yeT OTHeCeHHY~ K eA~
H~~e nyT~ noTep~ 3Hepr~~ 3ap~meHHO~ 4aCT~~~ e AaHHOM ee~ecTee 
nnoTHOCTb~p. Ben~4~Ha L p-1 He 3ae~c~T OT nnOTHOCT~ ee~ecTea. 
B cny4ae, KOrAa MOmHo npeHe6pe4b noTepe~ aHepr~~ Ha TOpMo3-
HOe ~3ny4eH~e, L pasHa TOPM03HO~ CnOC06HOCT~I 1< np~ AanbHe~WeM 
~3nomeH~~ noA L 6yAeM noH~MaTb xapaKTep~cT~Ky ~3ny4eH~~. He
n~~~y~c~ ycpeAHeHHO~ MaKpOCKOn~4eCKO~ Ben~4~HO~ . 

2. $0PMW KPHBWX BWmi1BAHI1R 11 PA,QI104YBCTBI1TEnbHOCTb 
KnETOK nPH ,QE~CTBI111 113nY4EHI1~ C PA3HO~ L 

KaK ~3eecTHO, Kp~e~e e~m~eaH~~ KneToK e 3ae~c~MOCT~ oT A0-
3~ ~3ny4eH~~ MOmHO pa3Aen~Tb Ha ABa Knacca: 3KcnoHeH~~anbHWe 
~ c~rMO~AH~e. np~ Ae~CTB~~ 4aCT~~ c B03pacTa~~~M~ 3Ha4eH~~M~ 
L 4acTo Ha6n~AaeTc~ TpaHc$opMa~~~ c~rMO~AH~X Kp~e~x B 3Kc
noHeH~~anbH~e, HO npeepa~eH~~ 3KcnoHeH~~anbH~x e c~rMO~AH~e 
H~KOrAa He npo~CXOA~T. 

KneTK~ C 3KCnOHeH~~anbH~M~ KP~BWM~ B~m~BaH~~ TaKme MOmHO 
noApa3Aen~Tb Ha ABa Knacca no $OpMe 3ae~c~MOCT~ Dij 1 OT L. 

nepB~~ Knacc xapaKTep~3yeTC~ 3aB~C~MOCTb~, npeACTaeneHHO~ 

Ha p~c. 1 a . .an~ Hee xapaKTepH~ MaKC~ManbH~e 3Ha4eH~~ D0 ,1 o6pa3y~
~~e nnaTo np~ ManbiX een~4~Hax L , ~ nocTeneHHoe yMeHbWeH~e D0 l 
np~ B03pacTaH~~ L /3aB~C~MOCTb no- l ( L ) 1-ro POAa/. TaKaH 
3aB~C~MOCTb T~n~4Ha An~ 6onbW~HCTBa npOKap~oT-e~pyCOB ~ MHOr~X 

B~AOB 6aKTep~~ 12-41 . Ben~4~H~ 053 a 3TOM cny4ae He npee~wa~T 1, 
a H~CXOA~~e~ BeTB~ KP~BO~ D01(L) COOTBeTCTByeT yMeHbWeH~e 
~X 3Ha4eH~~. 

BTopo~ Knacc KneToK c 3KcnoHeH~~anbHWM~ KP~B~M~ e~m~eaH~~ 
xapaKTep~3yeTC~ TaKOA 3aB~C~MOCTb~ D0 l(L), KOTOpa~ on~C~BaeT
C~ KP~BO~ c MaKC~MYMOM /3aB~C~MOCTb no- l ( L) 2-ro POAa/. B 
aTOM cny4ae paA~04YBCTB~TenbHOCTb KneToK c yeen~4eH~eM L BHa-
4ane Mano ~3MeH~eTc~, 3aTeM eo3pacTaeT AO HeKoToporo MaKC~MyMa, 
~ n~Wb nocne 3Toro, np~ AanbHe~weM yeen~4eH~~ L,yMeHbwaeTc~ 
/p~c.16/. MaKC~MYM paA~04YBCTB~TeflbHOCT~ COOTBeTCTByeT Ha~60nb
W~M 3Ha4eH~~M 063. 3TOT T~n 3aB~C~MOCT~ CBO~CTBeH HeKOTOP~M 
B~AaM 6aKTep~~ ~ ranno~AH~M APOmmaM I 2•6 • 7 I. 

.an~ KneToK c c~rMo~AH~M~ KP~B~M~ e~m~eaH~~ IA~nno~AH~e 
APOmm~, KneTK~ MneKon~Ta~~~x/ ecerAa xapaKTepHa 3ae~c~MOCTb 
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PHC. I • 3aBHCHMOCTb n- l OT Jll13 ,z:vi.!I 
6aKTepH1I E coli 

171 
I aY/ 41, rannoH~

HbiX ~poliOKeH I 6/ ;9 , H KJieToK KHTai1-
cKoro xoM.!IKa IBI '. Och a6cQHcc: 
J1II3, K3BIMKH; OCb op~HHaT: pa~o
tiYBCTBHTeJibHOCTb KJieTOK, DO l 

n; l ,( L) 2-ro po,qa/8-lO/. npHMep 
TaKOH 3aBHCI-1MOCTI-1 npHee,qeH Ha 
PI-1C.1B. 

BamH~M napaMeTpoM, xapaKTepH
ay~~HM oco6eHHOCTI-1 B3ai-1MO,qeHCTBI-1~ 

KOpnycKyn~pH~X BH,L:IOB H3ny4eHI-1H C 
KneTKaMH, ~en~eTc~ eeni-141-'!Ha none
pe4Horo ce4eHH~ HHaKTHBa~HHa, Ko
Topy~ MOmHO onpe,qenHTb, ecn1-1 D 
e~pamaTb He e KOnH4eCTBe norno~eH
HOH 3HeprHH, a e 41-'!cne 4aCTH~ F, 
npowe,qw1-1x 4epea e,qHHH~Y nno~a,q1-1. 

I IT' I IrfJ Iol 
.1113, ~ 

Ifil Iri' Beni-141-'!Ha (1· CB~3aHa c no- l KaK: 

(f!-n-lL -l - 0 p • 
/1/ 

"v'-"v"o"y u"' 1· w p , • u 1-\JI.H <1K(..IIUHt::HLV1dJlbHbiX Kpi-1BbiX Bbi}KHBae-
MOCTI-1 

S = exp ( - D D(j 1 ) = exp ( - F L p - 1 D0 
1 ) = exp (-a F ) . /2/ 

An~ KneTOK, KOTOpbiM CBOHCTBeHHa 3aBI-1CI-1MOCTb D() 1 ( L) 1-ro 
po,qa, ce~3b eeni-141-'!Hbl a c L onHCbiBaeTc~ KPHBOH 1 , npe,qcTaeneH
HOH Ha p1-1c.2 /aaeHCHMOCTb a(L) 1-ro po,qa/. Ha 3TOH KpHBOH 
MO~HO OTMeTHTb Tpl-1 xapaKTepH~X KOMnOHeHTa: o6naCTb nHHeHHOro 
eoapacTaHH~ a c ysenH4eHHeM L, o6nacTb neper1-16a KpHBOH 1-1 nnaTo, 
COOTBeTCTBY~IIIee nOCTOflHHOMY 3Ha4eHI-1~ a npl-1 BbiCOKHX Beni-141-'!HaX 
L. npl-1 conocTaeneHI-11-1 KPHB~X n;1< L) 1-1 a ( L) BI-'I,L:IHO' 4TO y4aCTOK 
nHHeHHOrO B03paCTaHH~ a COOTBeTCTByeT nnaTO Ha Kpi-1BOH aaeH
CI-'IMOCTI-1 D01( L), Kor,qa 063=1, a o6nacTb nnaTo a ( L) -HHcxo,q~~ei:i 
BeTBI-1 KpHBOM qo 1(L), KOr,qa 063< 1. 

Kp1-1ea~ 2 Ha PHC. 2 onHCbiBaeT a{L) ,qn~ KneTOK, KOTOpbiM 
ceoi:icTBeHHa aasHCHMOCTb ~l(L) 2-ro po,qa. Kp1-1ea~ aaBHCHMOCTI-1 
a(L) 2-ro po,qa HMeeT cne,qy~~He KOMnoHeHT~: o6nacTb nHHei1Horo 
eoapacTaHH~ u c yeenH4eHHeM L, o6nacTb Ksa,qpaTI14HOro eoapacTa
HH~a, o6nacTb neper1-16a KPHBOM 1-1 nnaTO, COOTBeTCTBY~~ee noc
TORHHOMY 3Ha4eHI-1~ a • npl-1 conocTaBneHI-11-1 KPHB~X ~ 1(L) 1-1 a(L) 
2-ro po,qa BHAHO, 4TO o6nacTb Ksa,qpaTH4HOro eoapacTaHH~ a cooT-
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rfi3 PHc.2. 3aBHCHMOCTh nonepetiHoro 
CetieHH.!I HHaKJHBaQHH ,z:vl.!l 6aKTepHH 
E.coli I I I 14 H KJieTOK KHTaHCKoro ra2 . --" x•"-,.... /10/ xoMRKa 121 oT ITIT3. Ocb a6cQHcc: 

• roi ~ 2 I 
• 

d' [ ,1' _ .... 

!:~, /··' 
ro-2 

• 
ro-3 

rcr41 I 111111ol II II ll'el I 11 11',J I II"IIJ 

rrJJ roi ra2 rfi3 · ro' 

ITIT3, K3BIMKM; OCb Op~HHaT: none
petiHOe CetieHHe HHaKTHBaQHH, MKM2, 

eeTcTByeT o6nacTH ysenH4eHH~ D01 

,qo MaKCHManbH~X 3Ha4eHI-1M, a o6-
D-1 

naCTb nnaTO - yMeHbWeHI-1~ 0 C 
pOCTOM L. npl-1 O,L:IHHaKOB~X 3Ha4eHH~X 

3Heprl-11-1 4aCTI-1~ Ha O,L:IHH HYKnOH B 
o6nacTH nnaTo a =const 13,4,7,10/, 

TaKHM o6paaoM, KneTKI-1 no HX 
peaK~H~M Ha B03,qeMCTBHe H3ny4eHI-1M 
pa3HOrO Ka4eCTBa MOmHO paa,qenHTb 
Ha TP~-'~ Knacca: 

1 -i:i Knacc: S(D) - 3KcnoHeH~w 

.1113, BIB/.. anbHa~, n 01 (L) - 1-ro po,qa; 
2-i:\ Knacc: S(D) - 3KcnoHeH~HanbHa~, n 01 (L) - 2-ro po,qa; 
3-A Knacc: ~D) - CHrMOH,qHa~, D-1 (L) -2-ro po,qa. 

<l>opMa S(D) HMeeT 3Ha4eHHe np1-1 L < fo 2 K3B/MKM, a <t>opMa D01 
(L) 

np1-1 L OT 10 ,qo 10 3 K3B/MKM. -
<l>opManbHO aaBHCHMOCTb n01 (L) 1-ro po,qa MOmHO o6b~CHI-1Tb 

MO,qenb~ "O,qHa MHWeHb - O,L:IHO nona,qaHHe 11
, KOr,qa ,qn~ 1-'!HaKTHBa~l-11-1 

KneTKI-1 Heooxo,qi'IMU 1-1 ,qucTC:lTUYHu .,u~HVIKHutso:::Hvu., u1-1nu;; llc...,.,vl"'nv;-1 

I-10HH3a~l-11-1 B npe,qenax MHWeHI-1 Hnl-1 11 4YBCTBI-1TenbHOrO o6beMa 11 
/11·

1
3( 

B 3TOM cny4ae S(D) HMeeT 3KcnoHeH~HanbHY~ <t>opMy, 6HonorH4ecKa~ 
3<l><!>eKTHBHOCTb 4aCTI-1~ B ,qHanaaoHe Man~x L nocTO~HHa, a aaTeM 
yMeHbwaeTc~. 

Aei1cTBHTenbHO, nycTb nf - cpe,qHee 41-1cno nepBI-14H~X HOHH3a-
~Hi1 8 MHWeHI-1 TOn~HHOM f, r,qe n - cpe~Hee 41-'!CnO nepBI-14H~X I-10HI-1-
3a~HM Ha e,qHHH~Y ,qnHH~, pas Hoe Lw- , r,qe w - 3Heprl-1~, Heo6xo
,qHMaR ,qn~ o6paaoeaHH~ o,qHoA nap~ HOHOB. Bepo~THOCTb P(x) ,4TO 
41-'!cno 3TI-1X I-10HH3a~HM paBHO X, onpe,qen~eTC~ KaK: 

P(x) =exp(-n£)(n£)x/x! • 

B cny4ae, Kor,qa He npo1-1cxo,qHT Hl-1 o,qHoA HOHH3a~HH, 

P(O) = exp(-nf). 

/3/ 

/4/ 

Bepo~THOCTb p, 4TO, no KpaAHeA Mepe, o,qHa nepBI-14Ha~ HOHH3a~H~ 

HMeeT MeCTO, pasHa: 

P = 1- exp(-n~) = 1- exp(-Lw-1 £). /51 
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04eSI-!AHO, 4TO a= a0 p, rAe a 0 - reoMeTpi-14eCKOe nonepe4Hoe ce-
4eHI-!e MI-!WeH!-1. TorAa 

a =a0 [1- exp(-Lw - 10], /6/ 

a Sbi>KI-!saeMOCTb KlleToK np~-1 o6ny4eH!-11-1 nOTOKOM 4aCTI-1~ F pasHa: 

S =exp(-Fa)=expi-Fa
0 

[1- exp(-Lw-1 £)]! 

= expi-Da 0 [1- exp(-Lw-1 f)]!L -l. 
171 

04eSI-!AHO, 4TO paA!-104YSCTSI-1TellbHOCTb KlleTOK AaHHOro Tl-!na pasHa: 
1 1 - ! 

D0- = a0 [ 1- exp (-Lw- f)] L. !8/ 

nycTb L 1 - o6nacTb L, cooTseTcTsy~~aH neper~-161 Kp~-!soH 
DQ" 1 (L). l-13 /8/ ClleAyeT, 4TO npi-1 L< Lt D(j1 r,;;const, a npi-1 
L > L t sell!-14HHa D01 yMeHbWaeTcH. Cor nacHo /6/, np~-1 ysellH4eHI-1H 
L a CTpeMI-!TCH K ao .3TO 03Ha4aeT' 4TO Ka>KAaH 4aCTI-!~a c L > Lt 
npi-1 npOXO>KAeHHI-1 4epe3 4YSCTSHTellbHbiH 06"beM KlleTKI-1 6yAeT npi-1-
SOAHTb K 1-!HaKTHSa~HI-1 C sepOHTHOCTb~, pasHOH 1; 6HOllOrH4eCKaH 
3<!><1>eKTI-1SHOCTb I-13Jly4eHHH c L > L t Ha eAI-!HH~Y norno~eHHOH A03bl 
6yAeT yMeHbWaTbCH, a Ha OAHY 4aCTH~y 6yAeT OCTaSaTbCH nOCTOHH
HOH. TaKHM o6p~30M, 3aSHCI-1MOcTb D~1 (L) 1-ro POAa MO>KHO OAH03-
Ha4HO HHTepnpeTHpOSaTb S TepMI-!HaX $1-131-14eCKI-1X xapaKTepi-ICTI-IK 
I-!OHI-131-!py~~I-1X i-131ly4eHHH. 

Kpi-~Sble D01 (L) 2-ro POAa, KaK Mbl y>Ke OTMe4allH, csoHcTseH
H~ ~lelKdM ~ C ~KCnOHeH~HallbHbiMI-1 KpHSbiMI-1 SbllKHSaHHH /ranllOHA
Hble APO>K>KH/, 1-1 C CHrMOHAHbiMI-1 KPHSbiMH fAHnllOHAHble APO>K>Ki-1, KlleTKI-1 
MlleKonHTa~~Hx/. TaKy~ $opMy 3asHCHMOCTH paAH04YSCTSHTellbHOCTH 
OT L MO>KHO o6bHCHVITb c pa3Hblx no3H~HH 1131 • Mo>KHO npeAnono
>KHTb, 4TO AllH HHaKTHSa~HI-1 TaKHX K11eTOK He06XOAHMO OCy~eCTS11eHHe 
HeCKOllbKHX nonaAaHHH S OAHY MHWeHb 1-1111-1 He MeHee OAHOrO nonaAa
HHH S Ka>KAY~ 1-13 HeCK011bKHX MHWeHeH. Co6biTHHMH nonaAaHHH MOryT 
C11YlKHTb 1-1111-1 OAHa i-10HH3a~HH, 1-1111-1 rpynna 1-13 HeCK011bKHX HOHH3a~HH. 
04eSHAHO, 4TO TaKaH CHTya~HH He nOAAaeTCH OAH03Ha4HOH HHTep
npeTa~HI-1. 06~1-!M, OAHaKO, HS11HeTCH TO, 4TO A11H HHaKTI-ISa~HI-1 
o6beKTOS c D-1 (L) 2-ro POAa Tpe6yeTCH 3Ha4HTe11bHO 6011bWee 

0 -1 
K011H4ecTso 3HeprHI-1, 4eM A11H o6"beKTOs c D 0 (L) 1-ro POAa. 

113 MHOr041-1C11eHHbiX MOAe11eH, npeA110>KeHHbiX S pa3HOe speMH A11H 
HHTepnpeTa~HH 3asHcHMOCTH D01 (L) 2-ro poAa s TepMHHax 
$1-131-!KI-1 HOHH3Hpy~~HX i-1311y4eHHH 1-1 reoMeTpi-11-1 MHWeHeH, HaH6011bWero 
sHHMaHHH, no>Ka11yH, 3aC11Y>KHsaeT MOAe11b K.r~HTepa VI B.Wy11b~a 114~ 
0AHaKO HeAaSHO 6bl110 ycTaHOS11eHO, 4TO Ha $OPMY KPHSbiX D01 (L) 
6011bWOe S11HHHHe OKa3biSaeT CSOHCTSO K11eTOK SOCCTaHaS11HSaTbCH OT 
11Y4esblx nospe>KAeHHH. no3HaKOMHMCH c 3THMH AaHHbiMH 6o11ee noA
po6Ho. 

6 
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3. POflb nOCTPAAHAUHOHHOrO BOCCTAHOBflEHI-1~ 
B $0PMHPOBAHI111 3ABHCHMOCTH D 01 (L) 

I13SeCTHO HeCKOllbKO $OpM 1-1 MeXaHH3MOS SOCCTaHOS11eHHH K11eTOK 
OT 11Y4eSbiX nospe>KAeHHH, KOTOpble npHCY~I-1 KaK npOKapHOTaM, TaK 
1-1 3yKapHOTaM. C4HTaeTcH, 4TO s KOHe4HOM ~-!Tore penapa~HH -
3TO soccTaHOS11eHHe HapyweHHOH CTPYKTYPbl AHK. Bo scex C11Y4aHx 
611aroAaPH AeHTe11bHOCTH penapa~I-!OHHbiX $epMeHTos npoHCXOAI-IT 
1-1111-1 Hcnpas11eHHe CTPYKTYPHbiX HapyweHHH s M011eKy11e AHK, Sbl3-
saHHbiX o611y4eHHeM, 1-1111-1 111-!KSHAa~HH ~e$eKTOs s AHK, CHHTe3HposaH
HOH Ha nospe>KAeHHOH AHK-MaTpH~e 115 • 

Y npoKapHOT, 6011bWHHCTSY 1-13 KOTOpbiX CSOHCTSeHHa 3aSHCH-
MOCTb D01 (L) 1-ro POAa, secbMa AeTa11bHO I-IAeHTWjJH~HposaHbl 
OCHOSHble 3Tanbl penapa~HH AHK 1-1 ee M011eKy11.APHble MexaHH3Mbl. 
K 4HC11Y penapHpyeMbiX K11eTKOH nospe>KAeHHH OTHOCHTCH 1-1 OAHOHI-!Te
Sble pa3pblsbl /OP/ AHK. B TO >Ke speMH ASYHHTesble pa3pb1Sbl /AP/ 
AHK o6bi4HO HS11H~TCH 11eTa11bHbiMI-1 co6biTHHMH 1161. 0AHaKo c11eAyeT 
pa311H4aTb ASa THna AP, HMe~~Hx pa3HOe npoHCXO>KAeHI-le. 

l13secTHo, 4TO np~-1 AeHCTSI-11-1 HOHI-131-!P.Y~~~-~x H311y4eHHH o6pa3y~T
cH KaK npHMble' TaK 1-1 KOCble AP 117 •181 • npHMble AP S03HHKa~T 
S pe3y11bTaTe OAHOSpeMeHHOrO nospe>KAeHHH KOMn11eMeHTapHbiX y4aCT
KOS o6e1-1x HHTeH AHK. Kocble AP o6pa3y~TcH s pe3y11bTaTe nepe
KPbiTHH ASYX 611H3KO pacn0110IKE:::HHbiX APYr OT APYra OP s pa3HbiX 
HHTHX AHK, sc11eACTSHe $epMeHTaTHSHOA AerpaAa~HH nospe>KAeHHbiX 
y4aCTKOs. B CH11Y Toro, 4TO OP aKTHSHO penapHpy~TCH K11eTKOH 
e noouecce cseox6b1CTDOH 1-1 6biCTDOH penaoa~HH c y4aCTHeM AHK
no11HMepa3 1-1 AHK-11Hra3 115•181 , o6pa3osaHHe KOCbiX AP 1-1 HX 
penapa~HH 3aSHCHT OT HHTeHCHSHOCTH AerpaAa~HI-1 nospe>KAeHHbiX 
y4aCTKOS 1-1 3$$eKTHSH0CTH pa60Tbl peCHHTe3HPY~~HX $epMeHTOS. 
npeAsapHTe11bHble o~eHKI-1 noKa3blsa~T' 4TO npH AeHCTSI-11-1 y -11y4eH 
KOCble AP y E.coli cocTasnH~T 3Ha4HTe11bHY~ 4acTb OT o6~ero 
41-1c11a AP 1181. AP TaKoro npoHcXO>KAeHHH seCbMa HHTeHCHSHO penapH-
pynTcH K11eTKOH, s OT11H4He oT npHMbiX AP, penapa~HR KOTopbiX 
Tpe6yeT y4aCTHH peKOM6HHa~HOHHbiX MexaHH3MOS 1151• 

Y E.coli c AHKHM penapa~HOHHbiM reHOTHnOM s03HHKHoseHHe Aa>Ke 
OAHOro HepenapHposaHHoro AP I KOcoro 1-1111-1 npHMoro/ HS11HeTCH 
neTa11bHbiM co6biTHeM. BellH4HHa A03bl o611y4eHHH, npH KOTOPOH o6pa-
3yeTcH s cpeAHeM OAHH TaKOH AP Ha reHOM, s 3TOM c11y4ae T04HO 
COOTSeTCTSyeT 3Ha4eHH~Db,onpeAe11HeMOMy no Sbi>KHsaeMOCTH 1 16~y 
paAI-!04YSCTSHTe11bHbiX penapa~HOHHbiX MyTaHTOS TaKOrO COOTSeTCTSHH 
HeT: S 3TOM C11y4ae D0 S HeCK011bKO pa3 MeHbWe A03bl, npi-1 KOTOpOH 
npoHcXOAHT o6pa3osaHHe s cpeAHeM OAHOro AP Ha reHOM. B TO >Ke 
speMH 3Ha4eHHH A03, np~-1 KOTOpblx o6pa3yeTCH s cpeAHeM OAHH AP 
y penapaUHOHHbiX MyTaHTOS 1-1 y KlleTOK C AHKHM penapaUHOHHbiM re
HOTHnOM C HHrH6HposaHHOH CHCTeMOH penapa~HI-1, npHMepHO 0AHHa
KOSbl. C11eAosaTellbHO, A11H paAH04YSCTSHTe11bHbiX MyTaHTOs 11eTa11b
Hb!MH co6biTHHMH c11y>KaT He T011bKO AP, HO 1-1 APYrHe nospe>KAeHHH AHK. 
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PHc. 3. 3aBHCHMoc Th D(/ (J1II3) AJIH 
6aKTepH:li: E,coli np!i o6nytreHH:H 
B 06bi'l:Hb1X YCJIOB!iHX (e) li B TipH
CyTCTBHli {J -MepKaTIT03TH:JiaMHHa 
( ) /4/ x . Oco a6c~Hcc: J1II3, 

K::JB/MKM; OCb OPAHHaT: paAHOtryB
CTBHTeJibHOCTb KJieTOK, DOl , fp -l. 

Bee 3TO no3sonHeT CAenaTb 
BbiBOA 0 TOM, 4TO B ofinaCTI-1 nnaTO 
KPHBOH D01 (L) 1-ro POAa, xapaK-
TepHOH AnH E.coli c AHKHM reHo

THnOM, neTanbHOMy co6wTH~ cooTseTcTsyeT o6pa3osaHHe B AHK 
OAHOro AP, a HHCXOAH~aH seTBb 3TOH KpHBOH OTpamaeT so3pacTa
HHe 41-1cna AP Ha D 0 Ha reHOM. 

KorAa 6onee c6anaHCHPOBaHHaH CHCTeMa penapa~~-11-1 yMeHbWaeT 
sepOHTHOCTb o6pa3oBaHHH AP 1-13 nepeKpwsa~~HXCH OP, MOmHo omH
AaTb B03pacTaHHH paAHOpe3HCTeHTHOCTI-1 KneTOK K B03AeHCTBI-1~ 
H3ny4eHHH C ManOH nn3. TaKaH CHTya~HH, nO-BHAHMOMy, Ha6n~AaeT
CH npl-1 MOAH$HKa~HI-1 paAH04YBCTBHTenbHOCTH KneTOK XI-1MH4eCKI-1MH 
paAHOnpoTeKTOpaMH. CornacHo 1191 , XHMH4eCKHe paAHOnpoTeKTopw, 
3aMeAnHH cTaAH~ 3K30HyKnea3HOH pac4HCTKH 6peweH B HHTHX AHK 
Hnl-1 CKOpOCTb HH~I-131-11-1 y -caHTOB, C03AaiOT ycnOBHH AnH ny4WeH 
6anaHcHpOBKH MemAY npo~eccaMH AerpaAa~HI-1 nospemAeHHWX y4acT
~c-~ ~~~ ~~ ~~~ ~~-:~~: :;~::;-~~, • :;~ :-:;:~~::;::,:;~;"";" ;~ ~; ;~;;;~..:;.; ;~;~ ;:)~t:-c;;-;- nC~ 1.-, 

o6pa30BaHHH $epMeHTaTHBHWX AP AHK. nocKOnbKy c ysenM4eHHeM 
nn3 M3ny4eHMH BKnaA npHMWX AP B CYMMapHWH BWXOA AP B03pacTa
eT 114~ 3$$eKTMBHOCTb paAHOnpoTeKTopos npM ysenM4eHHM L AOnmHa 
CHMmaTbcH. 3To xopowo cornacyeTCH c AaHHWMM no o6ny4eHM~ 
fiaKTepMH E.coli THmenbiMM MOHaMM B ycnOBMHX 3a~MTbl f3 -MepKanTo-
3TMnaMHHOM 141.Ha6niOAa~~y~cH np~-1 3TOM TpaHc$opMa~H~ KPHBOH 
D01 

(L) 1-ro POAa B KPHBYIO 2-ro POAa /pHc.3/ MOmHO 06bHCHHTb 
3$$eKTI-1BHOH penapa~HeH 11 KOCbiX 11 ,QP npH Manwx nn3 1-1 OTCYTCTBHeM 
penapa~~-11-1 npHMWX AP, BKnaA KOTopwx B nospemAeHHH ,QHK c ysenH-
4eHHeM nn3 B03pacTaeT. MomHO AYMaTb, 4TO y npoKapHOT 3aBHCH
MOCTb D~l (L) 2-ro POAa OTpamaeT HHTeHCMBHO HAY~He npo~eCCbl 
penapa~HH OT nospemAeHHH ,QHK, npHBOAH~HX K B03HMKHOBeHM~ 11 Ko
CbiX11 ,QP. 

Y 3yKapHOT /Apomml-1, KneTKI-1 MneKOnHTa~~HX/, KaK H y npOKa
pMOT, ,QP B ,QHK HaH6onee onacHwe nocneACTBMH o6ny4eHHH. no MHe
HH~ PHAa aBTOPOB 120 •211 , HMeHHO fiP HBnH~TCH npM4HHOH o6pa30Ba
HMH XpOMOCOMHWX a6eppa~MH, KOTOpWe M npHBOAHT TaKHe KneTKM 
K rM6enH 122~PaAHOpe3MCTeHTHOCTb 3TMX KneTOK, cneAOBaTenbHO, 
TaKme AOnmHa OTpa~aTb MX cnoco6HOCTb K penapa~HH ,QP ,QHK. 

H3secTHO, 4TO s pac4eTe Ha OAMH Ha6op xpoMocoM AMnnoHAHWe 
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KneTKM APO>KmeR Saccharomyces cerevisiae npMMepHo B 25 pa3 
ycToR4HBee rannoHAHWX. 6wno ycTaHosneHo, 4TO rannOHAHWe M AHn
nOMAHble KneTKH norH6a~T npH o6ny4eHMM 3a C4eT OAHOTHnHWX ny-
4eBWX nospemAeHMR - xpoMOCOMHWX neTanbHWX MyTa~HR 123~ Pa3nH4HH 
B paAHOpe3HCTeHTHOCTH rannOHAHbiX M AHnnOHAHbiX APOmmeR o6ycnos
neHw, nO-BHAHMOMy, CBOHCTBOM AHnnOHAHWX KneTOK BOCCTaHaBnHBaTb
CH OT ,QP ,QHK, KOTOpwe He penap1-1py~TCH rannOHAH~MI-1 KneTKaMM 124~ 

Ecn~-1 y AMnnOHAHbiX APOmmeR 6noKMPOBaHO CBOHCTBO BOCCTaHas
nHBaTbCR OT ny4eB~X nospemAeHMH, OHH yTpa4HBaiOT CnOCOfiHOCTb 
penapHpOBaTb ,QP 1241 H CTaHOBRTCR npHMepHO B ABa pa3a paAH0-
4YBCTBMTenbHee, 4eM rannOMAH~e 1251 . 4yBCTBHTenbHOCTb TaKHX 
KneTOK noswwaeTCR B OCHOBHOM K B03AeHCTBMIO y-ny4eR, HO Mana 
M3MeHReTCR npM o6ny4eHHH a -4aCTH~aMH 1251

: y KneTOK 3yKapHOT 
c HapyweHHOR penapa~1-1eR ,QP 3aBHCHMOCTb D01 

(L) 2-ro poAa HMe
eT TeHAeH~H~ MOAH$1-1~1-lpOBaTbCH B CTOPOHY KPHBOH D01

(L) 1-ro 

POAa. 
TaKaR MOAM$HKa~MH KpHBOH Do1 (L) npH HapyweHMH AHnnOHACne

~~-~$H4eCKOR penapa~HH AaeT OCHOBaHHe nonaraTb, 4T0 $OpMa 3TOH 
Kpi-IBOH B 3Ha4HTenbHOH Mepe o6ycnosneHa 3$$eKTHBHOCTb~ penapa
~MH ,QP np~-1 AeRcTBHH H3ny4eHHR c ManbiMH L. KaK cneAyeT 1-13 pa-
6oT~ 126~ B KOTOpoR O~eHHBancH nepBH4HbiH B~XOA G ,QP B KneTKaX 
KHTaRCKOrO XOMRKa npH o6ny4eHHH 4aCTH~aMM C pa3HOH L,4HCnO ,QP 
Ha D0 Ha reHoM I G·Do . reHOM/ s AMana3oHe L oT 0, 3 AO 
150 K38/MKM npHMepHo nocTOHHHO 1-1 pasHa 38, a np~-1 AanbHeRweM 
gc,:,~u.:.-;~~;;..;;..~ !... :,·~~,;-;;..~·..;~~:.~:.-:-:.~ ,';:~~:.. 1:, :~~:~~~:: ~ / ~ 0'5 .. ~='="!"~ "~~~:·A-
6a 3TOH KpHBOH COOTBeTCTBYeT MaKC;ManbHOR paAH04YBCTBHTenbHOC
TH KneTOK /pHC.4, KpHBaH 2/ H BbiXOAY KpMBOR 3aBHCHMOCTH a(L) 
Ha nnaTo a

0
• 3To 03Ha4aeT, 4TO npoxomAeHHe OAHOR 4aCTH~bl c 

L=Lt =150-200 K3B/MKM 4epe3 RAPO TaKOH KneTKH npHBOAHT K o6-
pa30BaHM~ OKOnO 38 ,QP H B~3~BaeT ee HHaKTHBa~H~ C sepORTHOCTb~ 

paBHOH 1. 
nepBM4H~R BWXOA ,QP O~eHHBancR B 3THX 3KcnepHMeHTaX B ycno

BHRX HHrHfiHpOBaHHOH CHCTeMW penapa~HH H HOPMHpOBancH Ha Do 
H3ny4eHHR c pa3HbiMH L, onpeAenReMy~ no KpHsoR swmHBaHMH. ,Qo3a, 
npH KOTOpOH npOHCXOAHT o6pa30BaHMe 38 ,QP Ha reHOM, COOTBeT-

I,l ao 

~ I,a [ ·rrr\ Jfll ~ 
:~.;:~/ l, \ :r 

I t 

I, I 

J1/' ul u; uJ 

--~ 

PHC.4. 3aBHCHMOCTh OT J1II3 pa
AHOtryBCTBHTeJlhHOCTH (e) /9/ H 

)/26/ 
BbiXOAa nepBH'l:HbiX )J.P )J.HK (x 
AflH KJieTOK KHTaHCKOrO XOMHKa 
V-79. Och a6c~Hcc: J1II3, K::JB/MKM; 
OCh OpAI{HaT: paAI{O'l:YBCTBHTeJib-

D -1 r -1 I HOCTh KJieTOK, O , p cnpa-
Ba/; BbiXOA nepBH'l:HbiX )J.P Ha 
D0 Ha reHoM, a6coJIIDTH. e.r:~. 

/cJieBa/. 
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cTsyeT D0 npa-1 AeikTBI-11-1 4aCTI-14 c L=L 1 /p!-1c.4/. 3To MOlKeT o3-
Ha4aTb, 4TO npa-1 AeHCTBI-11-1 I-13Ily4eHI-1H c L=L1 KJleTKI-1 MJleKon!-1TaiO
llii-1X Hecnoco6Hbl penapa-1posaTb AP, XOTfl npa-1 o6ny4eH!-11-1 4aCTI-14aM!-1 
C Ha-13KOH L OHI-1, KaK a-13BeCTHO, 1-lHTeHCI-lBHO BOCCTaHaBJla-lBaiOTCfl 
OT TaKI-lX nospemAeHI-lH. Cnej:\osaTeilbHO, npa-1 noj:\asneH!-11-1 cnoco6Hoc
TI-1 KJleTOK K soccTaHosneH!-110 s~XOA AP Ha D0 Ha reHOM AOillKeH 
6~Tb nocTOflHH~M AO 3Ha4eH!-1H L=L1 , a npa-1 AailbHeHweM yseJll-14e
HI-11-1 L j:\OJllKeH B03pacTaTb. 3TO 1-1 HaXOj:\1-lT CBOe OTpalKeHI-le Ha 
pa-1c.4, rj:\e nOKa3aHO, 4TO j:\Jlfl KJleTOK MJleKOna-lTaiOll\1-lX 3aBI-1C~MOCTb 
D01 (L) ona-lCbiBaeTcfl Kpl-lBOH 2-ro POAa, a 3aB!-1C!-1MOCTb I G · 0 0 • 

reHOM/(L) - Kpl-lBOH 1-ro pOj:\a. 
Pa3Hafl penapl-lpyeMOCTb AP, o6pa3YIOll\1-1XCfl s KJleTKax MJleKon!-1-

TaiOll\1-lX npa-1 AeHcTBI-11-1 !-13Ily4eH!-1H c ManoH L 1-1 nnoTHOI-lOH!-131-lPYIOll\1-lX 
4aCTI-14, MOlKeT CBa-lj:\eTeJlbCTBOBaTb 06 1-lX Ka4eCTBeHH~X pa3Ila-141-lflX. 
H3secTHO, 4TO B~XOA AP Ha eAI-lHI-ll.IY A03~ o6ny4eHI-lfl c yseil!-14e
HI-leM L so3pacTaeT, ysenl-141-lsaeTcfl 1-1 AOI1fl npflM~x AP 1141• B cny-
4ae B03j:\eHCTBI-lfl y-ny4eH HeJlb3fl I-1CKJli041-1Tb B03M0lKHOCTI-1 $OpM!-1-
posaHa-lfl AP 1-13 OP, KOTop~e, sepoflTHO, ner4e penapa-1py10TCfl KneT
KOH. HMeiOTCfl AaHH~e 12~/ o TOM, 4TO npa-1 so3HI-1KHOBeH!-11-1 OP KOM
nneMeHTapH~H y4acTOK npOTI-lBonemal!leH Hl-lTI-1 AHK s KJleTKax MJleKo
nl-lTaiOll\1-lX MOlKeT nOj:\BepraTbCfl j:\eHCTBI-110 3Hj:\OHyKJlea3 1-1 TaKlKe pa3p~

BaTbCfl, o6pa3yfl AP; TaKI-le AP ner4e penapa-1py10Tcfl KJleTKOH no 
cpasHeH!-110 c np;MbiMI-1 AP, penapa41-1fl KOTOPbiX ocyl!leCTBJlfleTcfl no 
peKOM6!-1Hal.IHOHHOMy MeXaHH3My. 

TaKafl T04Ka 3peHHfl cornacyeTCfl c AaHHbiMH o6 3$$eKTI-1BHOH 
,...,,.,.,..,"''-"u;; ~o"~"' 1 o::: KJit:: 1 uK MJieKunl-lTaiOll\HX npH AeHCTBHH y -ny4eH '::::~. 
H OTCYTCTBHH TaKOBOH npH 06Jly4eHHH TfllKeJl~MH HOHaMH 1291. ECJlH 
j:\OnyCTHTb, 4TO peaJ1H3a4Hfl 3all\HTHOrO j:\eHCTBHfl paj:\HOnpoTeKTOpOB 
Y KJleTOK MileKOnHTaiOll\1-lX OCyll\eCTBJlfleTCfl no TaKHM lKe MeXaHH3-
MaM, 4TO H Y 6aKTepHH /nyTeM yMeHbWeHHfl sepOflTHOCTH o6pa3o
BaHHfl AP H3 OP scneACTBHe 3aMeAileHHfl 3HAO- Hnl-1 3K30HyKnea3HOH 
aKTHBHOCTH/, TO 3aBHCa-1MOCTb 3$$eKTHBHOCTH XHMH4eCKOH 3all\HTbl 
OT L H3Jly4eHHH H B 3TOM CJly4ae MOlKeT CBHAeTeilbCTBOBaTb 0 
MOAH$HKa4HH paJ:IHOnpoTeKTOpaMH npo4eccos o6pa3oBaHHfl AP 1-13 
$epMeHTaTHBH~x OP. 

KaK M~ ylKe OTMe4aJ1H, B IlMTepaType eCTb yKa3aHHfl Ha TO, 4TO 
npH j:\eHCTBHH TfllKeJl~X HOHOB Ha KileTKM 3YKapHOT penapa4Hfl nos
pelKj:\eHHH CHJlbHO orpaHH4eHa HJlH OTCYTCTByeT. TaK, B on~Tax 
C KJleTKaMM MJleKOnHTaiOll\HX npH $paK4HOHHPOBaHHH A03~ TfllKeJl~X HO
HOB 06HapylKeHa nOJlHafl aAAHTHBHOCTb OTAeilbH~X J1y4eBbiX $paK4HH /30/ 

H3y4eHMe penapa4MH OP H AP AHK y KileTOK MneKonMTaiOll\MX, o6ny-
4eHH~X y-ny4aMH H a-4aCTHl.laMH, noKa3aJlO, 4TO BOCCTaHOBJleHMe 
CTPYKTyp~ AHK OT AP so BTOPOM cny4ae s03MOlKHO nHWb s orpaHH-
4eHHOM AHana30He A03 1311.0TMe4anacb TaKlKe 3Ha4MTeJlbHO MeHbWafl 
penapHpyeMOCTb OP H AP AHK s KJleTKax MneKOnMTaiOll\MX, o6ny4eH
H~x rr -Me30HaMH, 4eM nocne AeHCTBHfl peHTreHOB~X Jly4eH 1321 
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PHc.S. BnHHHHe nn3 H3ny~eHHH 
Ha OTHOCHTenbHOe COAep~aHHe 

nepeCTpoeK XpOMOCOM H ~parMeH
TOB B nHM~O~HTaX ~enOBeKa/33/. 
Ocb a6c~Hcc: lln3, K3B/MKM; ocb 

opgHHaT: OTHOCHTenbHOe ~HCnO 

nepeCTpoeK /AH~eHTpHKH + KOnb

~a/ H ~parMeHTOB XpOMOCOM. 

CHHlKeHI-le 3$$eKTMBHOCTH pe
napal.IHI-1 AP s cny4ae s03AeH
cTBHfl nJlOTHOHOHH31-1PYIOll\HX 4ac
TH4 nOATBePlKAaeTCfl H AaHH~MI-1 
4HTOreHeTH4eCKOrO aHaJlH3a Kne-

/ 33/ 11 ~ ~ TOK MJleKOnHTaiOll\HX . eTaJlbHOe AeHCTBI-le a-131lY4eHI-1M Ha KJleTKH 
MJleKOnHTaiOll\HX 06bi4HO CBfl3biBaiOT C B03HMKHOBeHHeM TaKHX Hapy
WeHHH XPOMOCOM, KaK $parMeHT~ H pa3JlH4HOrO POAa nepecTpOHKH. 
06pa30BaHa-le $parMeHTOB 06fl3aHO, nO-BHAHMOMy, HeOCYll\eCTBJleHHIO 
soccTaHosneHHfl AHK OT AP. TorAa OTHOWeHI-le BbiXOAa nepecTpOeK 
K B~XOAY $parMeHTOB MOlKeT CilYlKHTb KOCBeHH~M noKa3aTeJleM 3$
$eKTMBHOCTM penapal.IHH OT AP. npeACTasneHH~e TaKHM o6pa30M AaH-

/33/ H~e pa6oT~ npl-lBeAeH~ Ha pHc.5. MolKHO BHAeTb, 4TO c yseilH4e-
H!-1eM L 3$$eKTHBHOCTb penapa41-1M s I11-1M$ot~!-1Tax 4enoseKa yMeHbWaeT
Cfl n04TH B AeCflTb pa3. 

JJ: ''"",....,."run,...,... ..,....,.,... •• ,... ,...,,..,,,....,...,,...,,,.,,..... ..... ...,.,..,......,_., ,,., ..... ,, ,,. ...... ,. ........................ , ... -, ..... _ 
- '·--' -··--- _,.._., ••• -"M 1 , ..... ....,.,,_.. -., ,...,. .._..,,,...,....,.I.., J ,-,_, ,..,._ ..... ,, .. ,.._.. '-"'t''t'-'" o .. ,..., 

HOCTH penapal.IHH npM B03paCTaHHH L C KaKHM-JlM60 OAHHM MexaHH3-
MOM He npeACTaBJlfleTCfl B03MOlKHbiM. 0AHaKO flCHO, 4T0 3<1><!JeKTMB
HOCTb pa60Tbl penapa4MOHH~X CMCTeM o6yCJlOBJleHa KaK OC06eHHOc
TflMH OpraHH3a4MH reHeTH4eCKOrO annapaTa KJleTKH, TaK H CTeneHbiO 
nospelKAeHHOCTH CTPYKTYP MMWeHeH, KOTOpble nOAilelKaT BOCCTaHOBJle
HHIO. npa-1 B03pacTaHMH Jln3 M3J1y4eHMH AO 3Ha4eHMH, COOTBeTCTByiO
ll\HX MaKCHMYMY KPMBOH D 01 (L) 2- ro POAa H 6onbWMX, KOilH4ecTso 
3HeprMM B CPeAHeM Ha OAHO co6~TMe nonaAaHMfl yseJlH4MBaeTCfl, 
H nospelKAeHHfl CTaHOBflTCfl BCe MeHee o6paTHMWMH. 3TO 06CTORTenb
CTBO, no-sHAHMOMy, BHOCMT CYl!leCTBeHHbiH BKilaA B HaJlH4Me MaKcM
MyMa Ha K pH eoA D[} (L) 2- ro PO A a • 

4. nOCTPAAHAUHOHHOE BOCCTAHOBJlEHHE 
11 MOA11<1>11KAU11.A KPI1BOt:l D~1 

(L) 

BecbMa MH$OpMaTMBH~MM Ailfl peweHHfl sonpoca o ponM nocTpa
AMal.IHOHHoro BOCCTaHOBJleHHfl B 6MOJlOrH4eCKOH 3$$eKTMBHOCTM M3-
J1y4eHMH c pa3HOH L MoryT 6~Tb 3KcnepMMeHT~ c TaKHMM 6MonorM-
4eCKMMM 06DeKTaMM, y KOTOP~X JlM60 HapyweH~ Te HJlM MH~e 3Tan~ 
penapal.IMH, JlM60 penapa4Mfl OCYll\eCTBilReTCfl 6onee 3c)>$eKTMBHO, 
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4eM Y KneTOK C AHKHM reHOTHnOM.Qco6~~ HHTepec B 3TOM OTHOwe-
-1 

HHH npeACTaBnfleT H3y4eHHe TpaHC!)>OpMa~HH KpHB~X DO (L) Y pa-
AH04YBCTBHTenbHbiX H paAHOpe3HCTeHTH~X MyTaHTOB. 0AHaKO, npe>KAe 
4eM paCCMOTpeTb B03MOlKH~e aapHaHT~ TaKO~ TpaHc!)>OpMa~HH, Heo6-
XOAHMO CAenaTb HeCKOnbKO 3aMe4aHH~ 0 cne~H!)>HKe 3HeprOB~Aene

HHfl B TpeKaX Tfi>Ken~X 3apfi>KeHH~X 4aCTH~ npH npOXO>KAeHHH HX 
4epe3 Bell.leCTBO. 

H3BeCTHO, 4TO OCHOBH~M MeXaHH3MOM, nocpeACTBOM KOTOporo 
3HeprHfl HepenfiTHBHCTCKO~ 4aCTH~~ nepeAaeTCfl o6ny4aeMOMy Bell.lecT
ay, fiBnfleTCfl HOHH3a~Hfl aTOMOB. HOHH3a~Hfl npOH3BOAHTCfl KaK 
CaMO~ 4aCTH~e~, TaK H o-3neKTpOHaMH, o6pa3Y~lliHMHCfl BAOnb 
reoMeTPH4eCKO~ OCH TpeKa. TpeK HOHH3HPY~llle~ 4aCTH~~ npHHfiTO 
C4HTaTb COCTOflli.IHM H3 ABYX o6nacTe~ - cepA~eBHHbl TpeKa H o6-
naCTH 0 -3neKTPOHOB. PaAHYC r MaKe TpeKa He saaHCHT OT BHAa 
3apfi>KeHHO~ 4aCTH~~, nOCKOnbKY 3HeprHfl 0-3neKTpOHOB, !)lopMH
PYIOlliHX rpaHH~Y TpeKa, OT sapRAa 4aCTH~~ Z 0 He saaHCHT. BenH-
4HHa r MaKe OnpeAenfleTCfl TOnbKO CKOpOCTb~ 4aCTH~bl HnH ee 
3HeprHe~ Ha OAHH HyKnoH E 11,341. 

npH onpeAeneHHH saaHCHMOCTH D 0 OT L pa3Hble 3Ha4eHHfl L cne
AYeT nony4aTb nyTeM HCnOnb30BaHHfl 4aCTH~, HMe~lliHX OAHHaKOBy~ 

E , HO pasnH4a~lliHXcfl no Z
0

• TonbKO a 3TOM cny4ae 6yAeT co6n~
AaTbCfl nocTOfi~CTBO 3HepreTH4ecKoro cneKTpa o-3neKTPOHOB, 
H npH ycnOBHH, 4TO r MaKe < r g /rAe r g - paAHYC MHWeHH/, a 
L > Lt, a 6yAeT paBHO a0 • 

TniiL.JI"\0 nnnononOLIIAQ UtAU"nnn;:f!rnn,:anPnPio-IIAR ~wPnriAIA nP:nP:naeaeMOC1 
. - ... -- -. ·r -~-- - - ' ' • " . . . I 

4aCTH~e~ B03MOlKHO C npHMeHeHHeM MeTOAOB MHKPOA03HMeTpHH 11 •14 

B PRAe cny4aea An~'~ onHcaHHfl 3Toro pacnpeAeneHHfl MO>KHO Hcnonb
soaaTb MOAenb paAHanbHoro pacnpeAeneHHfl nornoll.leHHO~ 3HeprHH 1 35( 

nycTb Anfl HHaKTHBa~HH KneTKH B MHWeHH 06beMa V AOn>KHO npo
H30~TH nornoll.leHHe 3HeprHH f = D0 p v, rAe p - nnoTHOCTb MHWeHH. 
B TpeKax 4aCTH~, HMe~lliHX OAHHaKoa~e E, HO pa3nH4a~lliHXCfl no 
3!)l!)leKTHBHOMy sapRAY Z,f B~AenReTCfl HaTeM 6onbwHx paccTOfiHHflx 
I r 3qxp I OT reoMeTpH4ecKo~ OCH TpeKa, 4eM 6onbwe Z 1341• EcnH 
nonaraTb, 4TO y 6aKTePHi1 11AHKoro THna" I wt/, cnoco6H~X nHKBH
AHpoaaTb OP AHK, 3!)l!)leKTHBHOCTb penapa~HH He MeHfleTcfl Ha nHHe~
HOM y4aCTKe KPHBO~ a(L), TO onpeAeneHHOe KOnH4eCTBO 3HeprHH, 
B~AenfleMo~ 4aCTH~aMH c TaKHMH 3Ha4eHHfiMH L,6yAeT KaK 6~ 11CHH
MaTbCfl11 penapa~HOHHO~ CHCTeMO~. B 3TOM cny4ae Anfl AOCTH>KeHHfl 
f=fwt Ha paccTOfiHHH r 3~ Tpe6yeTCfl npOXO>KAeHHe 4aCTH~~ C 
3HeprHe~ E H Z = Zwt • TorAa Anfl MyTaHTOB (rad) c HapyweHHO~ 
cHcTeMo~ penapa~HH OP ( =€ rad 6yAeT BbiAenfiTbCfl npH Tex me r 3~ 
H E B cny4ae npOXO>KAeHHfl 4aCTH~bl C Z = Z rad < Zwt H COOTBeT
CTBeHHO MeHbWHMH L.0TCIOAa cneAyeT, 4TOa Anfl KneTOK C HapyweH
HO~ penapa~He~ OP npH OAHHaKoa~x L 6yAeT HMeTb 6onbWHe 3Ha4e
HHfl no cpaaHeHHIO C 06beKTaMH, HMeiOli.IHMH HOpManbHbl~ penapa~HOH

Hbl~ reHOTHn. BcneACTBHe 3TOro KPHBafl a(L) 1-ro POAa He TOnbKO 
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Prre.6. MogH~HKa~HH sasrrerrMoeTH 
a (flii3) H Do1 (illi3) rrpo- H 
3yKapHOTH4eCKHX KneTOK IlpH Ha-
pymeHHH perrapa~HH: - SaBHerr
MOeTb a (nn3) I a/ H D(J

1 
(nn3)/ I 

I 6/ AJIH 6aKTeom1 E.cnli B/r (•) 3 
/37 761 

H B s-l (x) , ( o) ; - sasrr-
errMoeTb a (flll3) ,I:VlH KneTOK KH
TaHeKoro XOMHKa /B/ llOI/rryHKTH
POM IIOKaSaHa O*HgaeMaH SaBHeH
MOeTb a(flll3) gnH KneTOK IIPH 
HapymeHHH perrapa~HH ~P/; - pa
AH04yBeTBHTenhHOeTb grrrrnorrg
HbJX gpo){QKefr S. cerevisiae 
/r/ AHKOrO THIIa(e) H MyTaHTa 
rad -Sl(x)rrpH geHeTBHH y-ny-

4eJ1 H a -qaeTH~ 1251. 
Deb a6e~rree: llll3, 

ee4eHHe HHaKTHBa~HH, 
D-1 1 -1 

0 ' p • 

K3B/MKM; OCb OpgHHaT: a, B - IIOIIepe4HOe 
MKM 

2 
; 6, r - pagH04yBeTBHTenhHOeTb KneTOK, 

6yAeT CABHraTbCfl aneao OTHOCHTenbHO KPHBO~ a(L) Anfl KneTOK C 
AHKMM reHOTMnOM, HO M B~XOA Ha nnaTO 3TO~ KPHBO~ 6yAeT npoHc
XOAMTb a o6nacTM MeHbWMX 3Ha4eHM~ L, npH OAHHaKOBbiX 3Ha4eHHfiX 
ao /pHc.6a/. 

K 3TOMY B~BOAY MO>KHO nPHATM M APYrMM nyTeM. Ae~cTBMTenbHo, 
nOCTpaAMa~HOHHOe BOCCTaHOBneHMe y KneTOK AMKOrO THna, no cpaa
HeHM~ C paAM04YBCTBHTenbH~MM MyTaHTaMM, He BnMflfl Ha 3KCnOHeH
~HanbH~~ XapaKTep KpHBO~ B~lKHBaHMfl, M3MeHfleT nHWb yron ee 
HaKnOHa 131 : 

S = exp(-D·D -l) (1- R) , 
0 191 

rAe R - aepoRTHOCTb penapa~HM OTAenbH~x noape>KAeHH~, KOrAa 
KneTKH penapHpy~T Ka>KAOe H3 HHX He3aBHCMMO OT APYrHX. EcnH 
R = const a o6nac TH nnaTo KpHao~ D (/ (L), penapa~Hfl, He H3Me
Hflfl !)>OpM~ KpHBO~ D01 (L), 6yAeT npMBOAMTb K CABHry o6naCTM 
nnaTo no OCH OPAMHaT Ha aenH4MHY (1 - R) I pHc. 66/: 

-1 1 -1 I S = expi-Da
0 

[1 -exp(-Lw f) L · (1- R) . 
/10/ 

Tenepb pacCMOTPHM 803M0lKH~e MOAH!)>MKa~HH KPMB~xa(L) 2-ro 
POAa, xapaKTepH~x Anfl 3yKapHoT. Yme ynoMMHanocb, 4TO a OTnH4Me 
OT KPMB~X a(L) 1-ro POAa, rAe a nHHe~HO B03pacTaeT C L, y KpH
B~X a(L) 2-ro POAa MMeeTCfl o6naCTb KBaApaTH4HOro B03pacTaHHfl 
a, KOTOpaf! COOTBeTCTByeT noa~WeHH~ fiHOnOrH4eCKO~ 3!)l!)leKTMBHOCTM 
M3ny4eHH~ c pocToM L AO MaKCMManbH~x 3Ha4eHH~. CornacHo/361 : 

13 



-
a = !!!...LA (1- R) 

w N /11 I 

rAeffi - 4HCnO MHWeHeR, OTBeTCTBeHH~X 3a nopameHHe KneTKH, 
X- cpeAHHR aTOMH~R sec, N - 4Hcno AsoraApo. ~3 conocTasneHHR 
/11/ H pHc.6s cneAyeT, 4TO KBaApaTH4HOe B03pacTaHHe a Mom-
HO 06bRCHHTb TOnbKO TeM, 4TO Ha AaHHOM HHTepsaneL BepORTHOCTb 
BOCCTaHDBneHHR R yMeHbWaeTCR. 

Y penapaUHOHHbiX MyTaHTOB AHnnDHAHbiX APDmmeR Saccharomyces 
cerevisiae, y KOTOpbiX nDHHmeHa cnoco6HOCTb K penapauHH .UP 
,[IHK, KaK yme OTMe4anOcb, nOBbiWaeTCR 4YBCTBHTenbHOCTb K y
ny4aM, HO Mana MeHReTcR K a -4aCTHL.IaM. KaK noKa3aHo Ha pHc. 6r, 

-1 
KPHBaR D0 (L) 2-ro PDAa TpaHc$opMHpyeTcR npH 3TOM s KPHBY~ 
1-ro POAa. nyHKTHpOM Ha· PHC.6s noKa3aHa OmHAaeMaR TpaHC$op
MaL.IHR KpHsoR a(L) npH nonHoM noAasneHHH cnoco6HOCTH K penapa
LIHH ,[IP ,[IHK y KneTOK MneKOnHTa~~HX. 

B~coTa nHKa KpHsoR D~ 1 (L) 2-ro PDAa, To ecTb MaKcHManbHOe 
3Ha4eHHe 063, KaK MOmHO AYMaTb, o6ycnosneHbl TeM, HaCKOnbKO 
3$~eKTHBHO KneTKH penapHpy~T ,[IP ,[IHK npH AeRcTBHH H3ny4eHHR 
C ManoR L.3To, no-BHAHMOMy, HaXOAMT OTpaNeHHe B oco6eHHOCTRX 
3aBHCHMOCTH D.(j1 (L) AnR HeKOTOPbiX THnOB KneTOK MneKOnHTa~
~HX, HanpHMep, AnR KneTOK nHM$0Mbl MbiWeR 1371, He cnoco6HbiX pe-

'napHpOBaTb .UP .QHK 1381. XapaKTePH~MH oco6eHHOCTRMH 3THX KneTOK, 
B OTnH4He OT APYrHX KneTOK MneKOnHTa~~HX, RBnR~TCR 6onee s~
COKaR paAH04yBCTBHTenbHOCTb 11 ..1K.L.oluncn 4 .,.;,-;;..;;.:;.:;-;-;_ ::;::::::~~.": ~'::•

>KHBaHHR npH AeRCTBHH y -ny4eR, MeHbWHe MaKCHManbHble 3Ha4eHHR 
053, 6onee WHPOKMR MaKCHMYM Ha KPHBOR D01 (L) H CABHr ero s 
o6nacTb MeHbWHX 3Ha4eHHR L /npHMepHo 70 K3B/MKM/. 

no-BHAHMOMy, 3aBHCHMOCTb paAH04YBCTBHTenbHOCTH OT nn3 AnR 
KneTOK 3yKapHOT-~ pa3HOR CTeneHb~ B~pameHHOCTH penapai..IHH ,[IP 
6yAeT onHCbiBaTbCR ceMeRcTBOM KpHBbiX D01 (L) 2-ro PDAa, KOTOpble 
npH nonHOM 6noKe penapai..IHH ,(IP MOryT TpaHC$OpMHpOBaTbCR B KpH
By~ D01 (L) 1-ro PDAa; npH HapyweHHH penapaUHH He TOnbKO ,[IP, 
HO H OP, MOmHo omHAaTb AanbHeRweR TpaHc$opMaUHH KpHsoR D01 (L) 
nyTeM CABMra ee nnaTo ssepx no ocH DPAHHaT, a neperH6a - s o6-
nacTb MeHbWHX 3Ha4eHHR L /pHc.7a/. 

,[lnR TeX KneTOK npoKapHOT, KOTOPbiM CBORCTBeHHa penapaUHR 
.UP, MomHo omHAaTb TpaHc$opMaLIHH KPHsoR D01(L) 1-ro PDAa s 
KPHBY~ 2-ro PDAa /pHc.76/. TaKy~ TpaHc~opMaLIH~, no-sHAHMOMy, 
MomHo 6yAeT Ha6n10AaTb y nonHreHDMHbiX KneTOK E.coli, cnoco6HbiX 
penapHpOBaTb ,[IP 1391 , a TaKme y cyneppe3HCTeHTH~X MyTaHTOB 
E.coli c xopowo c6anaHcHposaHHbiMH npoueccaMH 3HADHyKnea3HOR 
aKTHBHOCTH H pecHHTe30M nospemAeHH~X y4aCTKOB ,[IHK 1401J 3asH
CMMOCTb D01 (L) 2-ro PDAa, xapaKTepHaR AnR Bac. subtilis 51 , 
TaKme, nO-BHAHMOMy, MOmeT 6b1Tb 06bRCHeHa npHCy~eR HM cnoco6-
HOCTbiO pene~paLIHH ,[IP /411 
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PHc. 7. Q,;rnp;aeMbre MO,!J;HcPHKarum 
KpHBbrx D01 (JID3) rrpH pasHoti: 
CTeiieHH Bb!pruKeHHOCTH perrapaiJ;HH: 
a/ KpHBhie D01 (JID3) AJUI ,IJ;Hrrno
HAHhiX KJleTOK SyKapHOT IIPH He
HapymeHHOH crroco6HoCTH perrapa
IJ;HH ~PH OP /1/; rrpH ~aCTH~-
HOM HapymeHHH CIIOC06HOCTH perra-

• Iff' roi rfil w ro-I rri' roi rfil w pHpOBaTb ~P /2/; rrpH IIOJlHOM 

-.~ 6noKe perrapau;HH ~P /3/ H rrpH 
HapymeHHH perrapau;HH OP /4/; 

6/ KPHBbie D01 
(JID3) A.llH KneToK rrpoKapHOT: AHKoro perrapau;HoH

Horo reHOTHrra /1/, B cny~ae perrapau;HH ~p ~HK /2/ H rrpH rrop;aB
neHHH perrapau;HH OP /3/. 

Ocb a6cu;Hcc: JID3, KsB/MKM; ocb opp;HHaT: pa,IJ;Ho~yBCTBHTenh-
D-1 HOCTb, O, OTHOCHT. ep;. 

5. 3AKni04EHHE 

nonpo6yeM Tenepb CyMMHpOBaTb 
$aKTopax, onpeAenR~~Hx pa3nH4HR 
HOHH3HpyiO~HX H3ny4eHHR C pa3HOR 

KaK y npo-, TaK H y 3yKapHOT 
AeHHRMH RBnR~TCR ,[IP ,[IHK. 

oOnbWHHCTBO npOKapMOT, B TOM 

HaWH npeACTasneHHR 06 OCHOBHbiX 
B 6HOnOrM4eCKOR 3~$eKTHBHOCTH 
L. 

OCHOBHbiMH neTanbHbiMH nospem-

4Hcne E.coli C AHKHM pena-........................... - ............ - .. -....... ·- -----&:: .... -----··-----· 
,... ...... '""ro ...... ," , ...... , • ...,.,,....., • r11 '""''''' ,,.._. .._.,,_....,. __ ,,..,, ..,.._.,,UtJr'ltJvgu 1 u H' ' ,., gvunYin._~'-' 

BeHHe DAHOro ,(IP B reHeTH4eCKOM annapaTe RBnReTCR a6coniOTHO ne
TaJlbHbiM co6biTHeM; o6 3TOM CBHAeTenbcTsyeT cosnaAeHHe Do· onpe
AenReMoR no B~mHsaeMOCTH KneTOK, H A03~, npH KOTOpoR o6pa3yeT
CR B CPeAHeM DAHH HepenapHposaHHbiR ,[IP Ha reHOM. ,[lnR TaKMX 
KneTOK XapaKTepHa KPHBaR fb 1 (L) 1-ro PDAa, o6nacTb nnaTO KO
TOpoR COOTBeTCTBYeT DAHOMy ,[IP Ha D0 Ha reHOM, a HMCXOAR~aR 
seTBb OTpamaeT B03pacTaHHe 4Hcna .UP Ha D

0 
Ha reHOM. 

npH AeHCTBHH H3ny4eHHR c ManoR L 3Ha4HTenbHOe KOnM4eCTBO 
.UP o6pa3yeTcR H3 OP, KOTOpble o6bi4HO 3$$eKTHBHO penapHpy~TCR 
KneTKoR. HepenapHposaHHble $epMeHTaTHBH~e .UP, no-sHAHMOMy, 
Hrpa~T 6onbwyl0 ponb B neTanbHOM AeRCTBMH PeAKDHDHM3HpyiO~Hx 
H3ny4eHHR. B~XOA TaKHX nQspemAeHHR MOmHo yMeHbWHTb, npHMeHRR 
paAHOnpoTeKTop~. C nDBbiWeHHeM L H3ny4eHHR sepoRTHOCTb o6pa3o
BaHHR npRM~X ,(IP ysenH4HBaeTCR, a $epMeHTaTHBH~X ,(IP - yMeHb
waeTCR, 4TO H HaXOAHT CBOe OTpameHHe B ocna6neHHH MOAH$HLIH
pyiO~ero snHRHHR paAHOnpoTeKTopos c ysenH4eHHeM L.CneACTBHeM 
3TOrO nOA BnHRHHeM paAHOnpOTeKTOpOB y npOKapHOT Ha6niOAaeTCR 
TpaHC$DpMaL.IHR KpHsoR D01 (L) 1-ro PDAa s KPHBYIO 2-ro PDAa. AHa
norM4HYIO TpaHc$OpMaLIHIO MOmHO OmHAaTb AnR rHneppe3HCTeHTHbiX 
MYTaHTos E.coli H AnR nonHreHOMHbiX 6aKTepHR, cnoco6HbiX K pe-
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napaqHH npRM~x AP. Y paAHD4YBCTBHTeflbH~X penapaqHOHH~x MyTaHTOB 
neTanbH~MH RBTIR~TCR TaKme noepemAeHHR, He OTHOCR~HeCR K AP, 
H AfiR 3THX KneTOK xapaKTepHa 3aBHCHMOCTb D~ 1 (L) 1-ro PDAa. 

AnR KneTOK 3yKapHoT AP TaKme RenR~TcR HaH6onee TRmeTJbiMH 
noepemAeHHRMH AHK, KOTOp~e cnymaT y HHX MOneKynRpHOH ocHoeoH 
$DpMHpoeaHHR xpoMocOMH~X a6eppaqHH. KneTKH AHnnDHAHbiX 3yKa
PHDT, e OTTIH4He OT rannDHAH~x, aKTHBHO penapHpy~T AP 6naroAapR 
HafiH4H~ MeXaHH3Ma AHnfiOHACneqH$H4eCKOH penapaqHH. Y KfleTOK 
MneKOnHTa~~Hx nepBH4HbiH BbiXDA AP Ha D0 Ha reHOM DAHHaKOB e 
AHana3DHe L OT 0,3 AD 150 K3B/MKM H COCTaBnReT HeCKOflbKO Ae
CRTKOB; 6onbwy~ 4aCTb TaKHX AP 3TH KneTKH npH AeHCTBHH peA
KOHOHH3Hpy~~Hx H3fly4eHHH MOryT penapHpOBaTb. npH AaflbHeHWeM 
eo3pacTaHHH L e~XOA AP Ha D0 yeenH4HeaeTcR. 06nacTb neperH6a 
KpHBOH I a. Do . reHOM/ (L) COOTBeTCTByeT MaKCHMYMY paAH04YBCTBW 
TenbHDCTH. B nHKe paAHD4YBCTBHTenbHOCTH penapaqHR AP 3aMeAfleHa 
HTIH OTCYTCTByeT, H AaHHDe 4Hcno AP, o6pa3y~~HXCR npH npoxom
AeHHH 4aCTHq c AaHH~MH L,RenReTCR neTanbH~M. 

Pa3HaR penapHpyeMOCTb AP, o6pa3y~~HXCR npH AeHCTBHH peAKO
HOHH3HPY~~Hx H3fly4eHHH H TRmen~x 4aCTHq, MOmeT CBHAeTeflbCTBO
eaTb 0 Ka4eCT9eHH~X pa3TJH4HRX nepBH4H~X noepemAeHHH B TOM H 
APYrDM cny4ae: o npeHMy~ecTeeHHOM o6pa3oeaHHH $epMeHTaTHBHbiX 
AP H3 OP npH o6ny4eHHH KneTOK 3neKTPOMarHHTH~MH H3ny4eHHRMH 
H npRM~X AP - npH AeHCTBHH TRmen~x 4aCTHq. nocKOflbKY $ep
MeHTaTHBH~e AP aKTHBHO penapHpy~TCR, 10 nocTpaAHaUHOHHDe eoc
cTaHoeneHHe HaH6onee 3$$eKTHBHO OCy~eCTBTIReTCR y KfiP.TO~,o6ny-
4eHH~X H3ny4eHHRMH c Man~MH L. MomHO AYMaTb, HMeHHO no3TOMy 
penapHpyeMOCTb fiY4eB~X noepemAeHHH yMeHbWaeTCR npH yeenH4eHH~ 
KOTIH4eCTBa 3HeprHH Z , npHXOAR~eHCR Ha OAHO C06biTHe nonaAaHHR 

v 
e MHWeHb o6beMa v. MomHo, cneAoBaTenbHO, nocTynHpoeaTb cy~ecT-
eoeaHHe $YHKq~H R(zv)' KOTOpaR CBR3~BaeT CTeneHb penapHpyeMoc
TH 3fleMeHTapH~X MHWeHeH C rny6HHOH HX noepemAeHHOCTH. 04eBHAHO, 
4TO $OpMa 3TOH $YHKqHH 3aBHCHT OT reHOTHna KfleTOK. 

TaKHM o6pa3oM, 6HonorH4ecKaR 3$$eKTHBHOCTb H3ny4eHHH c pa3-
H~MH L onpeAenReTCR ABYMR $aKTopaMH: $aKTopoM $H3H4eCKOH npHpo
A~ z , KOTOPbiH enHReT Ha B~XOA npRM~x AP JlHK, TPYAHO penapHpye-

v v 6 v R 
M~X KfleTKOH, H $aKTOpOM HOTJOrH4eCKOH npHPOA~ ,reHeTH4eCKH 
AeTepMHHHpOBaHH~M H HanpaeneHH~M Ha HCnpaeneHHe, fiHKBHAaqH~ 

noepe'I<AeHHH. 

AeTop~ 4pe3B~4aHHO npH3HaTenbH~ np0$eccopy X.A6en~ 3a o6-
cymAeHHe pyKOnHCH H qeHH~e 3aMe4aHHR. 
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KoporOAHH B.H., KpacaeHH E.A. ~aKTOP~. onpeAenR~~He paanH4HR P19-82-71 
B 6HonorH4eCKOH 3~~eKTHBHOCTH HOHH3Hpy~~HX H3ny4eHHH C pa3H~MH ~H3H4eCKHMH 
xapaKTepHCTHKaMH 

PaccMaTpHeaeTcR 3aeHCHMOCTb paAH04yecTBHTenbHOCTH (0;1) npo- H 3yKa-
pHOTH4ecKHX KneTOK OT nHHeHHOH nepeAa4H 3HeprHH /fln3/ H3ny4eHHH. noKa3aHO, 
4TO xapaKTep 3aBHCHMOCTH D01 /fln3/ onpeAenReTCR He TOnbKO ~H3H4eCKHMH 
CBOHCTBaMH H3ny4eHHH, HO H cnOC06HOCTb~ KneTOK penapHpoeaTb ABYHHTeB~e 
pa3p~e~ /AP/ AHK. YeenH4eHHe paAH04YBCTBHTenbHOCTH 3yKapHOTH4eCKHx KneTOK 
c POCTOM nn3 CBR3~BaeTCR c yMeHbWeHHeM penapHpyeMOCTH AP AHK npH AeHCTBHH 
nnOTHOHOHH3HPY~~HX 4aCTH~. npeAnonaraeTCR, 4TO CHHmeHHe penapHpyeMOCTH AP 
o6ycnoenHeaeTcR eo3pacTaHHeM B~XOAa npRM~x AP AHK no cpaeHeHH~ c 3H3HMaTH-
4eCKHMH AP npH AeHCTBHH TRmen~x 4acTH~. AHanH3Hpy~TcR B03MOmHble MOAH~HKa~HH 
KPHe~x D01 ;nn3/ AnR paAH04yecTBHTenbH~x H cyneppe3HcTeHTH~x MyTaHTos. 

Pa6oTa e~nonHeHa e fla6opaTOpHH RAepH~x npo6neM OHRH. 

npenpHHT 06oeAHHeHHOrO HHCTHTyTa RAePH~X HCCneAOBaHHH. Ay6Ha 1982 
1\.0royuUin v.;., ;~.a~av: .. ::.," •• ;:,.:~.::-: ~=~=~~~~?~;,...~ niff&:lrPnrPco Plq-82-71 
in Biological Efficiency of lonizating Radiations with Different Physical 
Characteristics 

Radiosensitivity of pro- and eukariotes cells expressed by D~1 is consi
dered in relation to the linear energy transfer (LET) of ionizing radia
tions. It is shown that the radiosensitivity as a function of LET D01 (LET) 
is determined not only by physical characteristics of radiations but 
either by repair of double s~rand breaks (DSB) of DNA. An increase of radio
sensitivity of eukariotes is connected with a decrease in the DSB repair 
when cells irradiated by heavy ions. A decrease in DSB repair is apparently 
connected are with an increase of straight DSB. Potential mechanisms of mo
dification D-l(LET) for radiosensitive and superresistant mutants are 
discussed. 
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