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B/l/ M~ paCCMOTpenH OCHOBH~e 3aKOHOMepHOCTH npORBneHHR KHCno
PDAHOrO 3¢¢eKTa /K3/ npH Ae~CTBHH Ha KneTKH H3ny4eHH~ C pa3HO~ 
nHHei1HO~ nepeAa4e~ 3HeprHH (L) H rHnOTe3bl, 06bRCHRIOiljHe MeXaHH3M 
ero B03HHKHOBeHHR. npoBeAeHH~~ aHanH3 noKa3an, 4TO B paMKaX 
npeAno>KeHHbiX rHnoTe3 HeB03MO>KHO o6bRCHHTb 3aBHCHMOCTb K3 ( L) 
6e3 y4eTa oco6eHHOCTe~ HHAYK4HH pa3HbiX THnos nospe>KAeHH~ AHK 
H3ny4eHHRMH pa3HOrO Ka4eCTBa H HX penapa4HH. 3aKOHOMepHOCTH 
HHAYK4HH DAHOHHTeBbiX H ABYXHHTeBbiX pa3pbiBOB AHK H3ny4eHHRMH 
C B03pacTa~~HMH L H HX MOAH¢HKa4HR KHCnOPDAOM 06CY>KAanHCb HaMH 
paHee/2 /. 6~n0 noKa3aHo, 4TO 3aBHCHMOCTb OT L B~XOAa DAHOHHTe
B~X pa3p~sos (N0 p) AHK, He soccTaHaBnHsaeM~x_6~cTp~M THnoM 
penapa4HH H He MOAH$H4HpyeM~X KHCnopOAOM /0Pr /, onHC~BaeTCR 
KPHBO~ C MaKCHMYMDM, THnH4H9~ AnR MHOrOyAaPH~X np04eCCOB. 
HanH4He MaKCHMyMa Ha KPHBO~ N~PI (L)RsnReTcR cneACTBHeM npeAno
no>KeHHR o B3aHMOAe~cTBHH ABYX H 6onee aKTOB nepeAa4H 3HeprHH 
Me>KAY co6o~ npH o6pa3osaHHH OP 1 • B~XDA nPRM~x ABYXHHTes~x 
pa3pbiBOB Cfti~p) AHK s KHcnopoAH~X H aHOKCH4eCKHx ycnoBHRX 
s 3aBHCHMOCTH OT L TaK>Ke onHc~saeTcR KPHBO~ c MaKcHMYMOM. B 
AHana3oHe L AD MaKCHMyMa 3To~ 3aBHCHI~OCTH Ha6n~AaeTcR nocToRH
Hoe COOTHOWeHHe BbiXOAOB nAP B KHCnOPOAHbiX H aHOKCH4eCKHX ycno
BHRX, paBHOe 2. 

C y4eTOM nony4eHH~X pe3ynbTaTOB paCCMOTPHM 3aKOHOMepHOCTH 
H3MeHeHHR paAHD4YBCTBHTenbHOCTH (D01) pa3HbiX MyTaHTOB E·coli 
B 3aBHCHMOCTH OT L npH o6ny4eHHH B KHCnOPOAH~X H aHOKCH4eCKHX 
ycnoBHRX. Pac4eT 3aBHCHMOCTH D01(L) nposeAeM Ha ocHoBaHHH 
nDAXOADB, pa3pa6oTaHH~X B/3/. . 

Ha pHc. 1 np~BeAeHa 3aBHCHMOCTb D01(L) s KHcnopoAH~X ~ aHOKcH-
4ecKHX ycnOBHRX AnR KneTOK AHKOrO THna, 4YBCTB~TenbH~X ~ cynep
pe3~CTeHTHOrO MyTaHTos, pacc4HTaHHaR AnR 4aCT~4 c 3HeprHe~ 

(E) 4 H 10 M3B/HyKnDH. KaK MO>KHO BHAeTb, AnR KneToK rec--
H rol-- MyTaHTOB B KHCnOPOAH~X ycnOBHRX xapaKTepHa 3aBHCHMOCTb 
D0 (L) 1-ro PDAa 6e3 MaKCHMyMa. KneTKaM r.<e AHKoro T~na, uvr-'-

- o-1 L H cyneppe3HCTeHTHOMY MyTaHTY CBO~CTBeHHa 3aBHCHMOCTb O ( ) 
2-ro PDAa C MaKCHMYMOM. QaKTOP~, onpeAenRIOillHe XapaKTep 3aB~
CHMOCTH D~ 1 ( L) AnR KneTOK AHKoro THna H penapa4HOHH~X MyTaHTOB, 
paCCMOTpeH~ HaMH paHee/3/. 3AeCb OTMeTHM nHWb cneAY~~ee o6-
CTORTenbCTBO. 3aBHCHMOCTH o-l (L) AnR rec-- H pol--MyTaHTOB, 
pacc4HHlHHble AnR 4aCTH4 c \: = 4 tbB/HyKnoH, HAeHTH4H~ H onHc~
BaiOTCR DAHO~ ~ TO~ >Ke KP~BO~. AnR 6onee 3HepreTH4HbiX 4aCTH4 
c E = 10 M3B/HyKnoH c so3pacTaHHeM L Ha6mJAai'JTCR HeKDTDPble 
pa3nH4HR B XDAe 3THX KPHB~X. npH OAHHaKOB~X 3Ha4eH~RX L KneTKH 
poi-MyTaHTa OKa3~Ba~TCR 6onee PaAHOpe3HCTeHTH~MH no cpaBHeHHIO ... , ,.,. 
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PHc.l. 3aBHCHMOCTb paAHO'lYBCTBHTenbHOCTH KneTOK AHKoro 

( t) Pol-._ rec-·- uvr-- H Gam• -MyTaHTOB OT L npH 
THna w , • • 1 
o6nytieHHH B KHcnOpOgHb~ /a, B/ H aHOKCH'leCKHX /6, r 
ycnOBHHX qacTHQaMH C 3HeprHeJ1: 4 r13l:I/HYKnOH /a, 6/ 
H JQ M3B/HYKnOH /B, r/. no OCH a6C~Hcc: fl~f' K3B/MKM, 
ITO OCH OpAHHaT: pagHO'lYBCTBHTenbHOCTb, fp • 

c KileTKaMM rec -MyTaHTa. ~3MeHeHMe xapaKTepa 3aBMCMMOCTM 
o-1 (L),qn~ por- M rec--MyTaHTOB c B03pacTaHMeM E ~omHO o6"bRC
H~Tb anM~HMeM pa,QManbHOro pacnpe,qeneHMR norno~eHHOM 3HeprMM 
fppnJ/ B TpeKaX 4acTM~ Ha pa,QM04YBCTBMTenbHOCTb KneTOK~3,QeCb 
ponb PPn3 KaK noKaaaHo a /3-S/,MomeT npoRBilRTbCFI B pa3HOM senM-
4MHe a~xo~a o,QHOHMTeBbiX M ABYXHMTeBbiX paapblsoB /OP ~ API ~HK 
y KneTOK npM ,qeHCTBHM 4aCTM~ c o,QHHaKosoH L H paaHOM E. noc-

- B OTilM4Me OT KOilbKY neTanbHbiMM C06b1TH~MH AnR rec -MyTaHTa, 
por'-MyTaHTa RanRIOTCR He TanbKO AP, Ho npem,qe scero OP AHK • 
MH,Qy~HpyeM~e' o -3neKTPOHH~M KOMnOHeHTOM TpeKa, TO C B03P~CTa
HMeM E aapMa~MH o~l y rec- -MyTaHTa 6onee RBHbre, 4eM Y pol -

MyTaHTa • -I- - 1--
Pa3nM4Me a xapaKTepe aaBMCMMocn1 D0 ( L) ,Qnfl rec - H po 

MyTaHTOB HaH6onee RPKO npORBnReTCR B aHOKCM4eCKMX YCilOBMRX. 
3To paanM4 He o6ycnosneHo 6onbWMMM senH4MHaMM K3, BbiRsnReMoro 
y pol--MyTaHTa npH ,qeHcTBMM M3ny4eHHH c ManoH L. C so~pacTaHHeM 
L paanH4 HR a xo,Qe KPHB~x, onMc~sa~~Hx aaBMCHMOCTb Do (L) AnR R 
par·- H rec- -MyTaHTOB, HHBenMpyroTcR. Cne,QyeT 3aMeTHTb, 4TO An 
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PHc.2. 3aBHCHMOCTb K3 OT L AnH xneToK ,QHKoro THna (wt), 
po 1--, rec-.... , uvr-- H Gaul -MyTaHTOB npH geiicTBHH Hany
tieHHH c 3HeprHeJ1 4 H3B/HyKnoH /a/ H 10 M3B/HyxnoH /6/ •. 
no OCH a6CQHCC: ITIT3, K3B/MKM, no OCH OPAHHaT: BenHtiHHa 
KHcnOPOAHOro 3~eKTa. 

por-MyTaHTa, B OTnH4He OT KneTOK rec--MYTaHTa, aaBHCHMOCTb 
~l(L) HMeeT He60nbWOH MaKCHMYM, 4TO, 04eBH,QHO, CB~3aHO C 66nb
WHM BKna,QOM ~p ~HK B neTanbH~H 3¢$eKT y pol--MYTaHTa, 4eM y 
::.'":::-:-:::: ~.:..:. ri;,, an o a. u ~tU'I~M C ;J~TMM npe,QCTaBn~IOT HHTepec yKa-
3aHHJ'I Ha TO, 4TO B~XO,Q ~p ~HK Y por -MyTaHTa B 3 paaa 60nbWe, 
4eM y KneTOK ,QHKOrO THna/6/. 

~~ KneTOK ,QHKOrO THna, uvr--MyTaHTa H cyneppe3HCTeHTHOrO 
MYTaHTa B aHOKCH4eCKHX ycnOBH~X, TaK me KaK H B KHCnOpO,QH~X, 
xapaKTepHa aaBHCHMOCTb o;• (L) 2-ro po,Qa. PaanH4H~ 3aBHCHMOCTH 
~~ (L),Qn~ 3THX WTaMMOB B aHOKCHH H KHCnopo,Qe 3aKnl04a~TC~ npem
,Qe ecero a 6onee peaKo e~pameHHOM MaKCHMYMe, o6paay~eMc~ aa 
C4eT CHH~eHHJ'I pa,QH04YBCTBHTenbHOCTH KneTOK B aHOKCH4eCKHX 
ycnoeH~x npH ,QeHCTBHH Hany4eHHH c ManoH L. Hap~AY c 3THM cne
,qyeT OTt~eTHTb C,QBHr MaKCHMYMa KpHBbiX 001 (L) B aHOKCH4eCKHX 
ycnOBH~X no cpaBHeHHIO C KHCnOpO,QH~MH 8 o6naCTb 66nbWHX 3Ha4e
HHH L. ~aHHoe o6cTo~TenbCTBo MomeT 6~Tb o6ycnosneHo, c O,QHOH 
CTOPOH~, MeHbWHM BKna,QOM B neTanbH~H 3¢$e'KT 3H3HMaTH4eCKHX 
~p /3~P/ ~HK, c ,qpyroH - CHHmeHHeM B~XO,Qa np~M~X ~p /n~P/ 
~HK B aHOKCH4eCKHX ycnoBH~X. 

Ha pHc.2 npe,QcTaeneHa aaBHCHMOCTb K3 OT L ,qn~ paaHbiX WTaMMOB 
E·coli, pacc4HTaHHa~ ,Qn~ 4aCTH~ c 3HeprHeH 4 H 10 M3B/HyKnoH. 
KaK MomHo BHAeTb, e ,QHanaaoHe Man~x aHa4eHHH L Ha6nro,qaroTc~ 
HaH6onbwHe paanH4HR e eenH4HHe K3 y paaH~X wTaMMOB E·coli. 
KneTKaM c pol--MyTa~HeH ceoHcTeeHHa HaH6onbwa~ senH4HHa K3, 
HaHMeHbWaR - rec-- H uvr--MyTaHTaM. npoMe~yT04Hoe nonomeHHe 
no BenH4HHe B~RBnReMoro K3 3aHHMaiOT KneTKH AHKOrO THna H cynep-
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peaHcTeHTHoro MYTaHTa. C soapacTaHHeM L OTMe4aeTc~ CHHmeHHe K3 
y BCeX 6e3 HCKn~4eHH~ WTaMMOB E•coli npaKTH4eCKH AO eAHHH4bl 
npH 3HeprHH 4aCTH4, pasHa~ 4 M3B/HyKnoH. HaH6onee peaKoe cH~me
HHe 1(3 C ysenH4eHHeML xapaKTepHO AHA pol--MyTaHTa. Afl.R uvr--
H rec- -MyTaHTOB, BbiABnA~I.liHX npH y -o6ny4eHHH paBHble senH4HHbl 
K3, c soapacTaHHeM L,KaK MOmHo BHAeTb, Ha6n~AaeTc.R paaH~~ 
xapaKTep aasHCHMOCTH K3 (L). AnA rec--MyTaHTa cso~CTBeHHO 6onee 
peaKoe CHHmeHHe K3 c ysenH4eHHeM L, 4eM An~ uvr--MyTaHTa. YKa
aaHH~e pa3nH4H~ MOmHO 06b.RCHHTb TeM, 4TO neTanbH~MH C06~TH~MH 
An.R AaHH~x wTaMMOB ~sn~~TC.R paaH~e THn~ nospemAeHH~ AHK: npeHMy
l.lleCTBeHHo AP y uvr-~MyTaHTa H OP y rec-~MyTaHTa. CneAYeT OTMe
THTb TaKme pa3H~A xapaKTep 3aBHCHMOCTH K3(L) An~ KneTOK AHKOro 
THna H Cyneppe3HCTeHTHOrO MyTaHTa. gn~ MyTaHTa CBO~CTBeHHO 
6onee peaKoe CHH~eHHe K3 c ysenH4eHHeM L, 4eM An~ KneToK AHKoro 
THna. AaHHOe o6cTo~TenbcTso MOmHo o6b~CHHTb TeM, 4TO BKnaA 3AP 
AHK /s~XOA KOTOp~x MOAH$H4HpyeM KHcnopoAOM s 6onbwe~ cTeneHH, 
4eM nAP/ B neTanbHbl~ 3$$eKT y cyneppe3HCTeHTHOro MyTaHTa MeHb
WH~, 4eM y KneTOK AHKOrO THna. 

ConocTasneHHe aaBHCHMOCTe~ K3(L) An~ 4aCTH4 c 3HeprHe~, 
pasHa~ 4 M3B/HyKnoH H 10 M3B/HyKnoH, noKaa~saeT, 4TO An~ 6onee 
3HepreTH4H~X HOHOB B o6naCTH B~COKHX 3Ha4eHH~ L cneAyeT om~AaTb 
soapacTaHH~ senH4HH K3 npemAe scero An~ pol- H rec--MyTaHTOB. 
3To soapacTaHHe K3 MomeT 6~Tb cneACTBHeM Taro, 4TO npH s~co-

KHX BenH4HHaX L 8-3neKTpOHH~~ KOMnOHeHT TpeKOB 4aCTH4 6yAeT 
BHOCHTb 3aMeTHbiA BKnaA B o6pa30BaHHe neTanbHbiX nn~ nriHHhl>< IIIT"M

MOB nospemAeHH~ - OP AHK, B~XOA KoTop~x MOAH$H4HpyeM KHcnopOAOM. 
Ellie 6onee Harn.RAHO ponb PPn3 s paAH04YBCTBHTenbHOCTH paaH~x 
THnOB KneTOK npH o6ny4eHHH B aHOKCH4eCKHX ycnOBH.RX 4aCTH4aMH 
C B~COKO~ L, npeACTaBneHa Ha pHc.3, rAe OTpameHa TeopeTH4eCKa.R 
3aBHC~MOCTb paAH04YBCTBHTenbHOCTH aHOKCH4eCKHX KneTOK rec-
H cyneppea~cTeHTHoro MyTaHTa An.R 4acT~4 c L = 20 K3B/MKM s aa
BHCHMOCTH OT ~X 3HeprHH Ha OA~H HyKnOH. KaK MOmHO B~AeTb, An~ 

cyneppeaHcTeHTHoro MyTaHTa c soapacTaHHeM E omHAaeTc~ HeKoTopoe 
CHHmeHHe paAH04YBCTBHTenbHOCTH, HO He cnHwKoM 3Ha4HTenbHoe. AaH
Hoe o6cTo~TenbcTso MO>XeT o6b~CH.RTbC~ TeM, 4TO c soapacTaHHeM E 
B~XOA nAP AHK, ~Bn~~lli~XC.R OCHOBH~MH neTanbH~M~ nospemAeHH~M~ 

An~ AaHHoro wTaMMa, AOnmeH cHHmaTbC~. B TO me speM~ npH ysen~-
4eHHH E ,s peaynbTaTe 4ero yMeHbWa~Tc.R $nyKTYa4HH 3HeprHH no 
4YBCTB~TenbH~M MHKp006beMaM KneTOK, re~--MyTaHT B~~Bn~eT nos~

WeHHe paAH04YBCTBHTenbHOCT~, 06b~CH~~eec~ B03pacTaH~eM BbiXOAa 
OP AHK - nospe~AeHH~, neTanbH~x An~ AaHHoro KneT04HOro wTaMMa. 

Ha OCHOBe pa3pa6oTaHH~X MOAenbH~X npeACTasneHH~ M~ paCCMOTpe
nH ocHOBH~e aaKoHoMepHocTH H3MeHeH~.R K3 aT L, omHAaeM~e An~ paa
HbiX wTaMMOB E·coli. nposeAeM Aanee conocTasneHHe TeopeTH4eCK~x 
AaHH~x c 3KcnepHMeHTanbH~MH, nony4eHH~MH npH o6ny4eHH~ 6aKTepH~ 
E·coli B H3ny4eHH~M~ c pa3HO~ L/ 7/. Pac4eT TeopeTH4eCKHX 3Ha4e
H~~ o01 s K~cnopoAHbiX ~ aHoKc~4ecKHX ycnosH~x nposeAeM Ha oc
Hose Hawe~ MOAenH s npeAnonomeH~H, 4TO B~XOA OP AHK nepsoro 
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Puc.3. PaAHoqyBcTBHTenhHOCTb 
rec-- H Gam•-MYTaHTOB B ycnoBHHX 
aHOKCHH K geHCTBH~ H3nyqeHHH 
c L = 20 K3B/MKM H pa3HOH 3Hep
rHeH Ha OAHH HYKnoH. ITo OCH 
a6c~cc: 3HeprHH qacTH~, 
~13B/HyKnOH, no OCH OpAHHaT: 
paAHoqyBcTBHTenbHOCTh Gam•
MYTaHTa /cneBa/, fp-l; paAHo-
qyBCTBHTeni>HOCTb rec- -MYTaHTa 
/cnpaBa/, fp- 1. 

Ta6nm~a 2 
-1 -1 

ITapaMeTPbi 3aBHCHMOCTH K3L = a. K3Y + b MH KneToK 
AHKOrO THna H rec -MyTaHTa gnH qacTH~ C pa3HbiMH cPH3H-
qecKHMH xapaKTepHCTHKaMH 

L E = 4 MaB/HYXJIOH E = IO M:aB/HYXJIOH 

KBB/MKM 
B. b B. b 

7,7 0,93 0,12 0,89 0,13 
TT &:: T nn --·- ~,vv 

n nn 
u,vv u, ;;;}~ u, .u; 

17,3 1,13 0,05 1,01 0,09 

25,9 1,29 0,00 1,12 0,05 

/3-5/ . 
THna IOP1 I y KneTOK E·col1 B TOT ~e, 4TO ..., y wTaMMa 
E·coli K-12. 3KcnepHMeHTanbH~e ..., TeopeTH4eCKHe senH4HH~ paAH0-
4yBCTBHTenbHOCTH KneTOK B KHCnOpOAH~X H aHOKCH4eCKHX ycnOBH~X, 
a TaK~e senH4HH~ K3 An~ pa3H~x THnos H3ny4eHH~ npeAcTasneH~ 
s Ta6n. 1. KaK MO~Ho BHAeTb, HMeeTc~ xopowee cornacHe Me~AY 3Kc
nepHMeHTanbH~MH H TeopeTH4eCKHMH AaHH~MH, CBHAeTenbCTBY~~ee 06 
yMeHbweHHH senH4HH K3 c soapacTaHHeM L. 

B paMKax paasHT~x npeACTasneHHH nposeAeM aHanHa peaynbTaTos, 
nony4eHH~X B / 8/, Kaca~HXC~ nHHeHHOH 3aBHCHMOC!r o6paTHOH BenH-
4HH~ K3 npH AeHcTBHH H3ny4eHHH c p~coKoH L IK3L I OT o6paTH~x 
3Ha4eHHH K3 npH y-ol?ny4eHHH IK3;11. PaHee M~ yKaa~sanHf 4TO 
nony4aeMa~ s 3KcnepHMeHTe nHHeHHa~ aasHCHMOCTb K3i1 ( K3,; ) , 
KOTOpa~, COrnaCHo/8/, ~Bn~eTC~ OCHOBH~M apryMeHTOM B nonb3Y 
KOH~enL.jHH 1 1KHCnOpOAa B TpeKe 11

, B paMKaX HaWeH MOAenH MO~eT 
HMeTb HeOAH03Ha4HY~ HHTepnpeTa~H~. C 3TOH ~enb~ npoBeAeM paC4eT 
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Puc. 4. 3KcnepHMeHTani>Hbie 181 
-1 H TeOpeTHqecKHe BenHqHHbl K3 

H 0,5 
I-' I 

{2 

npH HeHTpOHHOM H y -o6nyqeHHH 
pa3Hb~ rnTaMMoB E·coli. ITyHKTHp
HaH nHHHH paccqHTaHa B COOTBeT
CTBHH C rHnOTe30H 11 KHCnopoga 

OL--'----'----'------'---'-'--'---'----'-------'-__J 
0 0,2 0,4 0,6 0,8 I,O 

K3~I 

B TpeKe", cnnouma.R nHHHfl Bbl
qucnena Ha ocHoBe npegnaraeMoH 
Mogenu npH L = 12 K3B/MKM. 
ITo ocH a6c~ucc: o6paTHbie 3Ha-

qeHHH K3 npH y-o6nyqeHHH, no ocu opgHHaT: o6paTHbie 3HaqenHH 
K3 npH geiiCTBHH H3nyqeHHH C BbiCOKOii L. 

" " K3-l K3-l napaMeTpos a "' b perpeccHOHHOH np~MOI-1 An~ 3Ha4eHI-11-1 L "' y 
Is A1-1anaaoHe L = 8-26 K3BIMKM 1-1 E = 4-1 0 M3BIHyKnoHI, cooTBeT
CTBY~~...,x KneTKaM AI-1KOrO Tl-1na 1-1 rec--MyTaHTa. napaMeTpbl a 1-1 b 
3aBI-1CI-1MOCTI-1 K3i1 = a K3y 1 + b, npeACTasneHHble s Ta6n. 2, xopowo 
COOTBeTCTBY~T 3KCnepi-1MeHTanbHO nony4eHH~M 3Ha4eHI-1~M a = 1,025 
"' b = 0,13/8/ An~ HeHTPOHOB c 3Heprl-1e~ 7,5 M3B, npl-14eM 3TI-1 
seni-141-1H~ cy~eCTBeHHO OTnl-14a~TC~ OT 3Ha4eHI-1H a= 0,77 1-1 b = 0,23, 
npi-1BeAeHH~X s/8/ lpl-1c.4, nyHKTI-1pHa~ ni-1HI-1~1 1-1 nony4eHH~X Ha oc
HOBe npeACTaBneHI-1H 11 KI-1CnopOAa B TpeKe 11

• Ha 3TOM ~e pi-1CYHKe 
np1-1eeAeH~ 3Kcnepi-1MeHTanbH~e "' TeopeT!-14eCKI-1e 3Ha4eHI-1~ K3i1 ..., 
K3- 1 An~ KneToK A1-1Koro Tl-1na 1-1 rec--MyTaHTa. KaK MO~Ho BI-1AeTb, 

y ----· ,., ___ j, . 

7 .:..:;.;:..:. -;~. :..;~~ n.an ~atnH ... ....-IMV\.., D ~..JL ' f'I.Jy J 1 cnnowHaH JU1H'-1R/ , Bbi4VIC!leH-

HaA Ha OCHOBe HaWI-1X npeACTaBneHI-1H, XOpOWO COOTBeTCTByeT 3Kcne
pi-1MeHTanbH~M AaHH~M. 

TaKI-1M o6paaoM, aHanl-13 1-1Me~1-1xc~ 3Kcnep!-1MeHTanbH~x AaHHbiX 
o aaBI-1CI-1MOCTI-1 K3 oT L s paMKax pa3BI-1BaeM~X HaMI-1 npeAcTasneHI-1H 
n03130nfleT npi-1HTI-1 K BbiBOAY 0 TOM, 4TO yMeHbWeHI-1e K3 C B03pacTa
HI-1eM L MO~eT 6b1Tb o6b~cHeHo c y4eTOM 3aKOHOMepHocTeA 1-1HAYK~...,..., 

..., penapa~...,..., pa3H~x Tl-1nos nospe~AeHI-1~ AHK, B03HI-1Ka~~...,x np1-1 y -

o6ny4eHI-11-1 KneToK "' np1-1 AeAcTBI-11-1 l-13ny4eHI-1H c s~coKoA L. A...,~
~epeH~I-1posaHH~A nOAXOA K OP ..., AP AHK, KaK K nospe~AeHI-1~M, 
xapaKTep KOTOP~X 3aBI-1CI-1T OT Ka4eCTBa l-13ny4eHI-111, a TaK~e B~Aene
HI-1e s paMKax MOAenl-1 Knacca OP, He soccTaHaBnl-1saeM~x 6~cTp~M 

Tl-1nOM penapa~l-11-1 1-1 He MOAI-1~1-1~1-1pyeM~X KI-1CnOpOAOM, n03BOn~eT 

o6b~CHI-1Tb 3aBI-1CI-1MOCTb K3 oT L Ha ocHose peanbH~x 3Kcnepi-1MeH
TanbH~x AaHH~x. 

B cs~31-1 c TeM, 4TO s paMKax pa3BI-1BaeM~x npeAcTasneHI-1H cy
~ecTBeHHa~ ponb s peanl-13a~...,..., K3 npi-1HaAne~I-1T OP~r, a B aHani-1TI-1-
4eCKOM ypasHeHI-11-1 Anbnep 111/1/ TaKoA Knacc nospe~AeHI-1H He 
oTpa~eH, o6o6~1-1M AaHHoe ypasHeHI-1e c y4eTOM yKa3aHHoro o6cTo~
TenbcTsa An~ I-10HI-131-1py~~I-1X l-13ny4eHI-1H pa3HOro Ka4eCTBa. nyCTb 
fM = R~ I R. ..., filM= R~M I R. - cooTBeTCTBeHHO ~paK~I-1~ MOAI-1~1-1~1-1pye

Mb1X 1-1 He MOAI-1~1-1~1-1pyeMbiX Kl-1cnopOAOM nospe~AeHI-1H R·, rAe RM 1-1 
R~M - COOTBeTCTBeHHO MOAI-1~1-1~1-1pyeM~e 1-1 He MOAI-1~1-1~1-1pyeM~e Kl-1cnopo-
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AOM noepemAeH~R. B TaKoM cny4ae eepoRTHOCTb ~~Kca~HH noepemAe
H~R P?e np~cyTCTB~H KHcnopoAa Ha ~~3HKo-xHMH4ecKoM ypoeHe 6y
AeT: 

0 
Pr = fu·Cka·[O] +kr)l(ko[O]+ kr+ks), 111 

rAe k0[0] - eepoRTHOCTb ~~Kca~~~ nepe~4H~x noepemAeHHH KHcnopo
AOM; k8 - BepORTHOCTb BOCCTaHOBneHHR nepBH4HOrO noepemAeHHR Ha 
~H3~Ko-x~MH4ecKoM ypoeHe. BepoRTHOCTb ~HKca~~~ noepemAeHHR Ha 
~~3HKo-x~M~4ecKOM ypoeHe e aHOKC~4ecKHX ycnoBHRX (P~) 6yAeT: 

pN=f'k l(k +k ), 
. r M r r s 121 

CooTHOWeHHe eepoRTHOCTeH Toro, 4TO AaHHoe noepemAeHHe ocTaHeTCR 
He BOCCTaHOBneHH~M Ha ~H3~Ko-x~M~4eCKOM YPOBHe B KHCnopOAH~X 
~ aHOKCH4eCK~x ycnoe~Rx, 6yAeT npeACTaenRTb co6oH K3 (r) no e~
XOAY nepe~4H~x OP AHK I y-caHToal e aaeHCHMOCTH oT KOH~eHTpa~H~ 
KHcnopoAa: 

0 
P r + fHM iii ( 0] + K _ 1 

iii (1 + g) [ 0] + K 
1 + riig 

raP= = [ + mg] • -- = 
Pf + f HM ( 0] + K 1 + iiig ( 0] + K 131 

rAe m = (k r + k 8 ) I k r; [ 0] - KOH~eHTpa~HR KHcnopoAa, K = (k r + k )I ko
g = fHMI f M = ~~M I R M. YpaeHeH~e 131, o4eBHAHO, TpaHc~opMHpye~cR 
c .1JJdDnc:nVIc: 1"\Jibllt::~ np~-1 g-+ u, KOrAa OTCyTcTeyeT Knacc noepemAe
HHH, He MOA~~H~HpyeM~X K~cnopOAOM. 

PaHee HaM~ 6~no noKaaaHo 191 , 4TO AOnR OP ~r cocTaenReT 1 120 OT 
o6111ero e~XOAa OP1 . 0TC10Aa cneAyeT, 4TO g ~ 0, 05. nocKonbKY een~-
4HHa K3 no B~XOAY nepeH4H~X OP AHK cocTaenReT 4, nony4aeM, 4TO 
0, 0 5 < g < 0, 33, T. e. eenH4HHa g npH MaKCHManbHbiX 3Ha4eH~RX 
(r ma -) K3- r = iii (1 +g) I (1 + iiig) = 4 no B~XOAY nepBH4H~X OP AHK x max . - -
MomeT ~MeTb Ha~6onbwee 3Ha4eHHe, paeHoe 0, 33 lnpH m -+ oo I. YKa-
aaHHaR C~Tya~~R AOnmHa ~MeTb MeCTO npH ycnoe~~, 4TO B KneTKe 
He CYUieCTBYIOT ~H~e, KPOMe KHCnOPOAa, ~aKTOp~, ~HKCHPYIOUI~e nep
BH4H~e noopemAeHHR. nonoeHHH~H K3 e AaHHOM cny4ae AOnmeH pean~
aoeaTbCR np~ [O]=K. 

PaccMOTP~M aaeHc~MOCTb K3 oT een~4HH~ KOH~eHTpa~H~ K~cnopoAa 
no KPHTep~IO e~xoAa nAP AHK. Ha o6111Hx coo6pameH~H MOmHo nonaraTb, 
4TO nAP MOryT, no-BHA~MOMY, BOCCTaHaBn~eaTbCR Ha ~H3~Ko-x~MH-
4eCKOH cTaA~~ paae~THR ny4eeoro noepemAeH~R/101. BMecTe c TeM 
AOnR ~~KcHpoeaHH~x K~cnopoAOM AP HenocpeACTBeHHO nocne npoxomAe
HHR 4acT~~~ 4epea o6e H~T~ AHK, CYAR no B~XOAY AP e aHOKC~4eCK~x 
H KHCnOPOAH~X ycnOB~RX/10/, HaMHOrO 6onbWe AOn~ ~HKCHPOBaHH~X 
OP. MomHo npeAnonaraTb, 4TO e cny4ae noepemAeH~R ABYX KOMnne
MeHTapH~x y4aCTKOB MoneKyn~ AHK npoHCXOART noKanbH~e H3MeHeH~R 
e ee CTPYKType, npenRTCTBYIOUIHe eoccTaHoeneH~IO AP Ha ~H3HKo
XHM~4eCKOM ypoeHe c y4acT~eM, Hanp~Mep, 3HAoreHH~x SH-coeA~He-
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HI'IH. Ha OCHOBaHI-1~ 11/ 1'1 /2/ MOmeM B~4~Cn~Tb eepORTHOCTH ~i'IKca
~1'1~ AP e K~cnop~H~x ycnoe~Rx P f 0 = (P r0/ f y) 2 

1-1 e ycnoe~Rx 
aHOKC~~'~ Pr~N =(Pr /fM) 2 , KOTOPble MoryT eoccTaHaBni'IBaTbCR Ha 
¢~31'1Ko-xi'IMI'I4ecKoM ypoaHe np~ ycnoeHH, 4TO KamAoe 1'13 ABYX noe
pemAeHI'IH Ha KOMnneMeHTapHbiX H~TRX AHK, cocTaenRIOili~X AP, ~MeeT 

noTeH~HanbHYIO B03MOmHOCTb BOCCTaHOBHTbCR He3aBHCHMO APYr OT 
APYra. 06o3Ha4HM 4epe3 g COOTHOWeHHe nAP, KOTOp~e MQryT flH60 
BOCCTaHaBfli'IBaTbCR, nH60 He BOCCTaHaBnHBaTbCR Ha $H3i'IKO-Xi'IMI'I-
4eCKOM ypoBHe. Beni'I4~Ha K3 no BbiXOAY nAP (rn,llP) B 3TOM cny4ae 
COCTaBI'IT: 

2 
Pr,o + g 

rO,llP = · 2 

Pr,N + g 

/4/ 

1'1 eeni'I41'1Ha MaKC~ManbHOro K3 6yAeT pasHa r max = m2 (1 + iD I (1 + rii2 g). 
nonOBI'IHH~H K3 no KPI'ITepl-110 i'IHAYK~~i'l nAP Ha6niOAaeTCR npH 

[ 0] = K Jciii 2+1)/2 - 1 np.. 0 - 4 •. g = H m = 3Ta eeni'I4VIHa co-
iii - J (iii 2+ 1)/2 

CTaBnReT 1, 77·K/npi'l rii = 5 nony4i'IM 1 ,87·K/. 
B cny4ae, KOrAa g = 0,33, T.e. cocTaanReT 1/4 noepemAeHHH, 

He MOAH¢i'I~HpyeMbiX KI'ICnOpOAOM, nony4aeM AnR ffW : 
2 - -

Pr o + Pr o · g 1 + g 2 
' ' /51 

~9 

• r.N ..,. • r,N · o 1 ..,. o 2 

rAe g1 - oTHoweHHe AP, HMeiOUIHX Ha OAHOH ~enH AHK noepemAeH~e, 
He eoccTaHaenl'!eaeMoe Ha ¢H3HKo-xHMH4ecKOM ypoeHe, K 4Hcny AP, 
COAepmaUIHX B KOMnfleMeHTapH~X y4aCTKaX BOCCTaHaBflHBaeM~e noepem
AeHHR; g 2 - OTHoweHHe AP, HMeiOUII'IX Ha o6oHx KoMnneMeHTapHbiX 
y4aCTKaX He BOCCTaHaBflHBaeM~e Ha $H3i'IKO-Xi'IMH4eCKOM YPOBHe noa
pemAeHHR, K 4Hcny AP, COAepmalli~X a KOMnneMeHTapH~x y4a5TKax 
BOCCTaHaBnHBaeM~e noapemAeH~R. TaK KaK B 3TOM cny4ae m-+ oo, 

TO /51 ynpo111aeTcR: 

!61 

MaKCHMa!!_bHbiH K3 TOrAa 6yAeT fmax = (1 + g 1 + g2) ~g2. nocKOnbKY 
g= 0,33, a g1 = 0,67, npH rmax= 2 nony4aeM g 2 = 1,67. nono
BHHHbiH K3 no B~XOAY nAP 6yaeT Ha6niOAaT bCR npH ( 0) = x/(1 -X) , 
rAeX=(-g 1 +vg~+2(1+g 1))/2. npH g 1 =0,67 nony4aeM [0]= 
= 1, 77· K. 

Ha OCHOBaHHI-1 H3nomeHHOrO MOmeM npHHTH K 3aKnl04eHHIO 0 TOM, 4TO 
nonoai'IHH~H K3 no TecTy I'IHAYK~~'~~'~ nAP AOnmeH Ha6niOAaTbCR np~-1 

6onbwl'lx KoH~eHTpa~HRx Kl'lcnopoAa, 4eM no TecTy ~'~HAYK~HVI OP. 
CneAOBaTenbHo, AflR 4YBCTBHTenbH~x MyTaHTOB, AflR KOTop~x neTanb
H~MH co6~TI'IRMH RBnR~TCR npeHMYillecTeeHHO OP AHK, aenH4HHa [0] 112 
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He AOnmHa MeHRTbCR c eo3pacTaH~eM L. B oTnH4~e oT 3TOro, AnR 
KneTOK A~Koro T~na ~ cyneppe3~CTeHTHoro MyTaHTa eenH4~Ha (0] 112 
np~ Ae~cTB~~ ~3ny4eH~~ c e~coKo~ L AOnmHa 6~Tb e 1,75 pa3a 
e~we, 4eM np~ y-o6ny4eH~~. nocKonbKY neTanbH~M~ noepemAeH~RM~ 
AnR AaHH~X wTaMMOB RBnR~TCR AP AHK 111,121. 

TaK~M o6pa30M, M~ paCCMOTpen~ OCHOBH~e 3aKOHOMepHOCT~ pean~-
3al.IH~ K3 y pa3H~X WTaMMOB E •.coli np~ Ae~cTB~~ ~3ny4eH~~, pa3n~-
4a~~xcR no L. C y4eToM oco6eHHOcTe~ ~HAYKLI~H ~ penapa1..1~~ ocHoe
H~x T~noe noape*AeH~~ AHK np~ Ae~cTB~~ Ha KneTK~ ~oH~3~PY~~x 
~3ny4eH~~ pa3HOrO Ka4eCTBa MOmHO HenpOT~Bope4~BO ofiDRCH~Tb 3a
B~C~MOCTb K3 oT L y 4yecTBHTenbH~x ~ pe3~CTeHTH~X wTaMMOB 
E•coli. Ha ocHoee pa3e~eaeM~X npeACTaeneH~~ noRenReTCR ao3Mom
HOCTb paccMoTpeH~R 3ae~c~MOCT~ K3 oT L y pa3H~X wTaMMOB E·coli 
B ycnOB~RX an~RH~R X~M~4eCKHX paA~OMOAH$HKaTOPOB - npoTeKTOpOB 
~ ceHc~6HnH3aTopoe. 
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