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MSBeCTHO, ~TO P~OÓllO~OrM~eCKRe xapru\TepllCTllKR ~~eBUX R~eTOR, 

HaxO~~XCH B cTauHoHapHO~ ~se, B SHa~Te~1HOM Mepe orrpe~e~IDTCH llX 

rr~O~HOCTõID. ~rr~O~HUe R~eTKll ~o~e~ Saccharomyces cerevisiae rro~

Tll Ha rrOpH~OK peSllCTeHTHee rarr~O~HHX rrpR 6-0Ó~eHllll II RMeIDT CRrMo

~ KPRBYIO BbIilrnB'HllH B OTJIll~e OT SRCrrOHelIIJ,RaJl1HOM l\p:vmOM BhIJKllBalUill 

rarr~O~HHX K~eTOK 1-3/. CymecTBeHHUe pas~ll~H oÓHap~BaIDTCH II rrpll 

aaanase SaBllCRMo'CTll pa.n;RO~BcTBRTe~1HocTll (D~l) rannoannsx R ~rr~Oll~
HhIX K~eTOK ~pOJKJKeM OT ~llHeMHOfi nepenasa aHeprRll llSJIy'leHRM (J1IT3 llm! L). 
3aBRCIDJTOCTõ D~( L) ~~ K~eToK ~pOJKJKefi OITRChIBaeTCR Kp:vmotí c MjC;W

MOM 74-6/. T~Re K:::mBble npaaaro aaasnars RpllBhIMR nr-opore pena 7 . 
O~aKO Y ~llrr~o~HUX K~eTOR Be~R~Ha O~HocRTe~õHofi ÓRo~o~ecRoM sW

WeKTllBHOCTR (OE3) B oó~aCTll MaKcMMYMa (3,5 - 4,5)" rrpHÓ~llsRTe~õHo B 

~Ba Pisa jPeBhIIIIaeT COOTBeTCTBYIDmyIO Be~ll'tfiiHy Y rannonmrax RJIeTOR (I, 8 
2,5) 4-6. AJlaJlliS 3aBHcmvrocTR 'p~O~cTBRTe~õHocTRR~eTOR ~po~eM 
OT J1IT3 B TepMRHax ce~eHllH llHaRTHB~ rrOKa3HBaeT, ~TO ce~eHlle llHaRTll 

Baqrrll ran~oI1,Il;HUX K~eTOR rrpll YBeJI~eHllll J1IT3 ~OCTHraeT rr~aTO, KOTopoe 

COCTaB~HeT 1,1 - 1,2 MR~. 3Ta Be~R~Ha cooTBeTcTByeT reoMeTp~ecl\oMY 
Ce~eI-mIO anpa .n;p01KJKeBOfi l\JIeTRll. Y ~rrJIOll~Hl:lX KJIeTOR snasenae ce~eHM 

llHa!\TllBaIJ,HH B -OÓ~a.CTH nnaro COCTaBMeT rrpHÓ~RSllTeJIõHO O,5 M~, ~TO 
c~ecTBeHHo'MeHõllie reoMeTpR~ecRoro ce~eHM ~pa K~eTKM. ~ ~llrr~o~

HHX K~eTOK xaparerepao TaKJKe coxpaHe~e CRrMO~HOí1: (poprvlH l\pllEOfi BhIJKM

sanna rrpa YBe~ll~eI-nm J1IT3 H3.JIytIeHllll 8,9/. 3TO OTmI~aeT HX OT K~eTOK 
lVm,eKOITMTaI<:JmHX, Y !WTOPHX CllI'MO~aR KpHBaR BhUKHBamUI rrpa ~enCTBllll llS

JIy~eHllM c MMOM JIII3 TPaHccI>OPMi~beTCH B 8RCrrOnelIIJ,RMõHYIo KPllBYro BbIJKl1

BaHllR c pOCTOM J1IT3 Ii3~~eIDUI / • 

JlM mrrepnperatma l\pHBHX D~l( L) nroporo pena IIpe~~OjKeH pff~ nozt

XO~OB, MHorHe R3 íOTO~Hí rrpIDJIeIUIJIllCb II ,IVlR onacamcr 3T0í1 3aBHCHMOCTM 

Y K~eTOK .n;pOJ!olCefi 11- 7 . AHaJlll3 STRX úrO~eJIeM rrOKa3UBaeT, ~TO OCHOB

noe BHHMaHlle D Jmx y~eJlfIeTCR ~eTY xaparcrepa BsaIDno~eMcTBllR H3.JIytIe

HI1JI C BemeCTBOM MHlli8HH II rJIaBHaJI pM1 B nnrepnpe rarraa 3aBllCIDJIOCTH 

D~i( L) OTBO~HTCR 1JH3WIeC!\0f1.'ry R reOM8TpWIeCIWMy WaI\Topal'JI. IIOITHTKM 

~eCTõ BKJI~ 6vro~oru~eCI\HX rmOu;eCCOB B pa,n;HO~BCTBllTe~õHOCTõ 6 H9lWM

Mep, B Mo~e~H rIDHTepa /14,157 R~H B rrQ~xop'e B.A.TIHTKeBI~a /1 ,17/ 
OC~eCTBJIeHH ~OpMM1HO H HeRBHO rrpe~rrMaraIDT He3aBHC}fMOCT1 pO~H ÓM

oaornxecxor-o g)aRTopa OT Ka~eCTBa }I3JIYlIeHHH. O~HaKO pan 8lWrrepHMeH

T~õHHX 1aKTOB CB~eTeJIbCT~yeT o TOM, ~TO 3aKOHOMepHOCTH JI8TaJlõHo

ro ~eMCTDHH HOHll3HPYIDmHX H3JIy'18HHH c pa3Hofi J1IT3 Ha R~8TKH ~p~eM 

B cymecTBeHHoll Mepe orrpe~e~IDTCH ÓHMOrWIeCRHMH rrpOu;eCCaMH, B 

I ~aCTHOCTH perrapau;Hefi rrOBpe~eHMÜ. YCTaHOB~eHO, HarrpHMep, 'llTO ~~ 
~ a" 

~eweKTHHX rro perrapaw1H p~au;HOHHHX rrOBpe~eHH:tí II HeCrrOCOÓI-lliX K rrOCT

p~aurrOHHOMy BOCCTaHOB~eHHID MyTaI-ITOB ~Hrr~Oll~HHX ~po~e~ xapaK-
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TepHH MeHblliRe 3Ha~eHRH OES ~OTHOHOHR3HpyromRX Harr,yqeHHH no CpaBHe
HHID c K~eTRaMll ~RKoro TRna, cnoc06HHMH K BOCCTaHOBneHHID /1,2/; aw

~eKTHBHOCTI> 6HcTporo nocT~auRoHHoroBOCCTaHOBHe~R ~3Hecnoco6

HOCTR ~n~O~HHX ~~eBHx K~eTOK OKa3~cI> BHille noc~e lr-06~eHHR, 
~eM nocae 06JlY'IeHHR ÔI.-~CTID.J;aMll. B CBR3R C aTHM OES cA-~acTIDJ; ,IVtfl 

~mmO~HHX K~eTOK ~HKoro rana nocne saaepinenna 6ucTporo BOCCTaHO.B-: 
~eHHR aame , ~eM B ycnoaaax, xorza aTO BOCCTaHOBJIeID'Ie nonasneao /18/. 

Ha ocaosaaza aTHX R psma ~pyrHX ~aRHHX 6UJI cnenaa BbIBO~ O TOM,
 
~TO 3aBRCHMOCTI> p~O~BCTBRTeJII>HOCTR K~eToK OT ]TIS onpe~e~eTCR He
 
TOJII>KO ~3H~eCKHMH CBO~CTBaMH R3~e~ R reOMeTpRe~ MHlIIeHR, HO R
 
npou;eCCaMH penapa.I.J;HR nOBpe~eImit 72,7 •
 

Ue~I>ID HacTOffme~ pa60TU RB~OCI> nOCTpoeHHe MaTeMaT~eCKOH MO~eJlH,
 

Y~THBa.IOI.UeH BJlHHIDIe npou;eCCOB penaPauRR Ha xapaKTep 38BRClfMOCTR
 

D-1 
O" (~) ~Hll~O~HHX R raIIJIOH,IJ;HHX ,~pOJIOKeBHX K~eTOK. 

IlPEnBAPIITF.JThIillE 3A.MEWillR: 

MOJIeKYJlffpHaR npnpona penapanaoaasx nponeccos R RX B~HRlrn:e na 
xapaKTep 3aBHCIDJ10CTR ~O~CTBRTe~I>HOCTR OT ]TIS HaH6o~ee R3~eHH 

Y K~eTOK rrpOKapROT, a HMeHHO Y 6ill\TepRft Escherichia coli • Ha aTOM 
OCHOBe 6H~a c03~aHa 6ROWR3R~eCKaR MO~e~I>, B paMKax KOTopan RHTeprrpe

'THPyeTcR ~eT~I>HOe ne~cTBRe R3JlY'IeHHtt c pa3HOH]TIS Ha K~eTKR E.coli 
pa3HHx reHoTHlloB/ 19/. B Mo~eXH yqHTHBaeTCH, ~TO OCHOBHHMH 

~eTanDHHMH C06UTRffMH ~ KJIeTOR npoRapRoT RBnHIDTCR ~yHRTeBbIe pa3
pHBbI OlP) .IlHK. Qn;HaKO .lU' JIHK HMeIOT paaaoe rrpORCXOJ!\IteHHe: aTO MoryT 
6UTI> Il})flMHe' .IlP, 06pê.3yIOumeCR npa npOXOlK,II;eHHR O~HOn ROllli3HJ!YIOlIlen 
~aCT~ ~epe3 Ro~eMeHTapHHe Y~CTRR nHK, R aH3HMaTR~eCKRe .IlP, 
B03llliK~e as O~HOHl1TeBHX pa3pHBOB (OP) .IIHK Bc~e~CTBRe pa60TH ~:p

MeHTOB penapanaa R ~erp8JtaI:Ç3H ;um. l?Hxo~ npRMIDC .IlP JIHK onpeneaaerca 
TOJII>KO ~R3R~eCKHMH xapaRTepRCTHK8MH R~eHHtt, BHXO~ 8H3HMaTR~eCKRX 

.lU' JIHK 3aBRCRT eme R OT penapB.IJ;K.GHHorO reaorana K~eTOK. C YBe~R'tIe
HHe MS COOTHomeHRe BHXO~OB ~BYX TRnOB .lU' .IlHK R3MeHReTCR , ~TO R 
06YCJIOB~liBaeT pa3JlH~fi xapaKTep 3aBROHMOCTR ~O~CTBRTeJII>HOCTR 

OT ]TIS Y K~eTOK E.coli pa3HHX reHOTRnOB. 
Pa3pa60TKa aH~OrH'tIHOn Mo~e~R ~eRCTBHR R3~eHHfi c pa3HOH MS 

Ha K~eTKR ~p~eH B HaCTOffmee Bp8MH He npe~cT~eTCR B03MamHOH, 
.,nOCKOJII>KY nOKa OTCYTCTByeT ~OCTaTO~ ~OpMaJJ;HH o MOJIeK,1JIRpHHX 

MeXB.HR3MaX 06paSOBa.HIm R perrapanzz P8JtHauR0HHHX nOBpeJK,neHIDÍ .y ~pOJK I 
xtefi. \ 

llpR aHaJIH3e 3aKOHOMepHOCTeH ~eTaJII>HOrO ~eMCTBHR R3~eHlill c 
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pa3HOH JIIIS aa I\.neTKR ~p~ell c~e~yeT ~RTorBaTI> nsa TRna perrapamra: 
HeCneI.I,H~H~eCJ\YIO pertapamno (06ll\YIO ~JlR raWIOH,JUlliX R ~Rn~O~HHX K~e-

TOK) n ~RMOH,I(CneI.I,H~R~eCKYIO (rrpncyntyo TOJIoKO ~Rn~OH,1l:IThIM KJIeT-
RaM)/7,20,21~pOJlD HeCne~WH'tIeCROn penapanHH B 3aBRCHMOCTR p~O'tIYBCT
BHTe~HoCTH OT ~ns y rannOR~X KJIeTOR ~pOXEen paarrR~HX reHOTHnOB 
MQxteT Óbl'I'I> CBR3aHa c TeMI'! JKe Mexallli3Marvrn, 'tlTO l'I Y s. coli : 06pa30
BaRReM .llP ,I(HI{ pa3~l'I'tllIOfi npapona - ôH3IDJ1aTH'tleCKHX H npIDJIHX - H H3Me
HeHHeM COOTHomeHHH ROJlH'tleCTBa nOBpeR~eHHfi STHX Tl'InOB c YBe~l'I'tleHl'IeM 

JITIS H3~~eHIDI. 

MCCJle~OBaHRe pO~H ~l'In~O~Cneql'I~H~ecRoft penapaU~HH B 3aBHCHMOCTH 
~HO~BCTBHTe~I>HOCTH R~eTOR OT RITS B03MOJKlIO H ~e3 ~eT~I>HOrO pac
CMOTpeHHR M~eI\y~pHHX MexaID'I3MOB 06pa30BaHHR l'I HeCneI.I,H~l'IlIeCKOfi 

penapanan noapexaenaã, T81\oe nccnenoaanae MQJKHO npOBeCTl'I na OCHOBe 
cpaBHeHHR p~RO~BCTBl'ITe~I>HOCTe~ ran~oH,I(HRX H ~RnJIOH,I(HorX K~eTOK B 
npe,IUIOJI07KeHIlli., lITO BKJIEl,1J, Hecnerm<Pl'I'tleCKOfi penapanan B p~O~BCTBH
Te~I>HOCTI> He 3aBl'ICl'IT OT n~O~HOCTR K~eToK. 

TEOPE'lWIEClOOl AHAJTI13 SABMCl1MOCTM PA,IU101IYBCTBMTEJIbHOCTM 
rAIIJIOl1IlllliX ,UPOJIDKEll PA3JIWIHl1X I'EHOTMIIOB OT MS C YlIETOM 
POJll1 HECIIEIU1ll)WIECROn PEIIAPAUlli1 

MaTeMaT~PIeCKl'I~ nonxon , npeTeH,IJyIOlI{Hfi na HHTepnpeTaIJ;HIO 3mmC11;
MOCTH PEl,1J,l'IO~BCTBHTe~I>HO~TH K~eTOK OT JIIIS, B nepBYIO o'tlepe~I> ~<iIDKeH 

Y't!HTHBaTI> reOMeTpl'IIO MHilleHR 06~eKTa H ~l'I3R~eCKRe xapaI\TepHCTHKH 
B3aIDJTo.n;ettcTBHR l'I3~~eHHH c BemeCTBOM MHilleHH. YKa3aHHHe BHille oco6eH
HOCTR ~eTaJ.!I>HOrO ~ettcTBAA l'IM~eHHií: na ranxcamtae H ~mmO~HRe ~pO!t

JKM npzcyuta RJIeTltaM, HaxOWImIDJlCR B CTaI.I,HOHapHoit <Pa3e. ECTI> OCHOBaHHR 
n~araTI>, 'tlTO relIeT~eCRl'I~ MaTepl'IaJ.! B TaI\l'IX K~eTKax nacnOJIaraeTCR 
B BH,I(e caos na BHYTpelUIeít nOBepXHOCTR JI,IJ;pa. /16,17,221. IIosToMY MJ1:

mem, rannonnnoa I\JIeTKl'I 6y~eM rrpezcraanrrn, B BH,I(e cepepH'tIeCROrO C~OR 

PM.vryCOM Rh vt TOJIJ.llHHOíl t.. h, B I\OTOpOM paBHOMepHO paCnOJI01KeHhI ~BCT
Bl'ITe~bHhIe 1\ l'I3Jl~eHHIO y~aCTI\l'I. B3anMO~eitcTBHe H3~~eHHR c 't!YBCTBl'I
Te~DHhIMH ~aCTI\arvrn 6y~eM xapaxrepasonacr, Be~wnmofi q (L) - BepOff'l'
HOCTI>IO Toro, ~TO npH nepeCe'tleHl'Il'I ~BCTBl'ITe~I>HorO ~aéTKa ROHH3Hpyro
meíl 'tla.CTHUeíl c ]TIS = L B HeM 06pa3yeTcH nOBpeJ!Ç!J;eHHe, llpl'IBO~mee R 
l'IHaRTHB~l'I ran~O~HOH K~eTKR (RHaKTHBHPYIDmee nOBpe~eHHe). Be~~R

na q, (L) orrpeneaserca KM WH3RK0-XID<'I:WIeCKHM11 npOueCC3M11: B3aHMO~eH
CTBHfi H3.nyqelurtt c ~BCTBRTeJlI>HHMI'! Y'tlaCTKaMH, Ta!\ l'I 6HOJIOrH~eCKIDJlVI 

npo~eCCaMl'I, B TOM 'tIRCJIe R' HeCneJJ;l'IepH~eCKOM pena~HeM nepBff't!HorX nOB
peJ!Ç!J;eHHfi. I1cnOJII>3YH Be~H'tIIDIY q( L), BepOffTHOCTI> Toro, 'tlTO B K~eTKe 
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He OépasyeTcH HH o~oro HHaKTHBHpyromerO nOBpe~eHHH ITpH nepeCe~eHIlH 

MIDIIeHH HOHHSHpyrome:tí 'tlaCTMUe:tí po h( L), M()]KHO npencraaars CJIe,n;yI<I$IM 

oópaSOM: 
5 lOt \, k\is 

pohlL):: ~ t!- q,tL)) pts)ds, (I) 
o 

rne .p (S) - Sa.KOH pacnpe,eJIeHHH ,IJ;JIHH TpeIWB S 'tlaCTID.U:l B MHlIIeHH 

(mr,n: aToi{ cf)YJlliIJ;ID! HSBeCTeH 16/ ) , k~ - KOJll{qeCTBO 'tJYBcTBHTeJI'bHhrX 

~CTKOB na e,IJ;HHHllY ,IJ;JIHHH rpexa, Sh\ ~ - MaIWHM8.7I'bHHi! npooer 'tlaCTIlllfl 

B MilllIeHH. BeJIH'tlHHa \<:. 'n 5 npeztcrasnaer coooã KOJIl{qeCTBO -qyBcTBHTeJI'b

HHX ~acTKoB, nepecexaezax ~cTHIJ;efi C npcceroa S. 
BwiillBaeMOCT'b ranJIOH,IJ;HbIX KJIeTOK Sh (D, L) MOJKHO BblpaSHT'b xepea 

BepOffTHOCT'b po h ( L), npOHSBe,IVI cyrvnvrnpOBaHHe no BceM ~aCTHuaM, ne

peceKaIOII.tIDA MMmeH'b npa rtoae D. Ilpa aTOM npennonaraeeca, ~TO BRxumà

IDT KJIeTKH, He HMeIDmile nOBpe~e~.H ~TO pacnpe,n;eJIeHHe KJIeTOK no 

KOJIl{qeCTBY nepeceK~ MilllIeH'b 'tlaCTMU RBníleTCíl nyaccoHOBCKHM, a Be

pOílTHOCT'b Toro, 'tlTO B KJIeTKe HeT Hn o~oro HHaKTHBHpymmero nOBp'e~

,n;eHHH nocne nepeceaerraa ee MHlIIeHH 1 'tlacTHIJ;éllvrn, ecrs [poh( L)] 1. 

I1oCJIe,n;Hee rrpennonoaeaae osnaxaer JIHlli'b TO, xro nospezneaaa OT OT,n;eJI'b

HbIX ~aCTHIJ; ocpaaynrca He3aBHCHMO ,IlJ,)yr OT rtpyra, Ilocne TaKOrO CYMIVlli

pOBa.HID1 nOJlytrnM 

Sh \D L) :: e 'J. pl-D/ DohtL)1, .(2)J 

r,n;e D:~tL) =6hl ! - po\t\ L)1 P/L (3) 

ecrs He 'tlTO nnoe , KaK HaItJIOH KpHBOfi BIDK.HB8.ID1SI (B nOJIYJIorapmpvm'tlec

KHX xoopnanarax) MH pa,ItllO'tIYBCTBl:l:TeJI'bHOCT'b KJIeTOK; 6h:1fRt- reo

MeTp~ecKoe ce~eHHe MIDlIeHH, j) - y,n;eJI'bH8íl Macca BemeCTBa Ml:imeHH. 

PemeHHe nOCT~eHHofi B HaOTOffmell paéOTe 3a,n;a'tlH 03Ha~eT OTBeT 

na BOnpOC: BJIHHeT JIH Hecneu;wI>meCKaR penapanaa na xapasrep 3aBHCH

MOCTH pa,n;HO'tJYBCTBHTeJI'bHOCTH ~~eft OT JII8? Ha 3TOT BOrrpOC B03Ma!

HbI ,IJ;Ba aJII>TepHaTHBHHX aapaasra OTBeTa. IIepBHfi 3aKJIlO'tlaeTCH B TOM, 

'tlTO ~eKTHBHOCT'b Hecne~Wn'tleCKo:tt penap~H no TeM MH HHHM ITpH'tlH

HaM YMeH'bmaeTCíl C pOCTOM Jll13. Ô'l'O osnasaer , 'tlTO Hecne~~eCKaíl pe

n8p~ Henocpe~CTBeHHO BJIRffeT Ha xapaJtTep 3aBHCHMOCTH ~HO-qyBCT

BHTeJII>HOCTH OT ]ll3. ~ BTOpofi BapHaHT COCTOHT B TOM, ~TO Hecnenncf)M

xecxas penapanna ~KTHBHa B paaaoã CTeneHH rrpn ,n;eítcTBlrn H3~emrli ,Li 
o C JlIOÓoit JlII3. B TaKOM cJ:Iy'Iae xapaxrep 3aBHCRMOCTH ~O-qyECTBHTeJI'b

'ItlHOCTH OT JIIIa orrpe,n;eJlffeTCH TOJI'bKO cf)HSl{qeCItRM H reOMeTpH'tleCKRM <1JaKTO

paa, HIDKe npennozeas MaTeMaTH'tleCKHe sapaseaaa ,n;Jlff BeJIH'tlHHH 9- (L ) , 
..o~eJmpynIlHe ,IU3e YX838HHI:le Cli!TyaD;HH. 
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B Ka'tleCTBe nepnoro 113 ,IJ;BYX B03MOlitHhIX Bapl1aHTOB HéllVll1 paCCMOTpeHa 

YJKe ynOMl1HaBIlJaHCíl Cl1TYaIJ;I1,H OÓpa30BaHl1íl ,ILByx Tl1IIOB .ILP ,IUil{ 11 113MeHe

HI1H .cOOT(OIlleHl1H l1X BIDCO,n;OB C pOCTOM JlII3, xoropea HMeeT MeCTO Y 

Ecot( 19 . MHaKTl1Bl1pyromill~ noapexnenaaaa óy,n;eM C'tll1TaT'b W .mIT{. Sa
Bl1CI1MOCT'b nsxona npRMElX W ,J.Ulli OT JlII3 113JIyqemm OllHChIBaeTCH I<pl1BOfi 

C MaKCHMyMOM. IloaToMy' BepOffTHOCT'b cy a ( L) Toro, 'tlTO rrpz nepecexe
Hl1l1 'lYBCTBl1TeJI'bHOrO y'tlaCTKa 110H113Hpyromefi 'tlaCTl1IJ;etí: B HeM oópa3yeTcH 

npílMotí: .llP ,ILHK, MO~O npeztc'ranm-s CJIe,IJ;y1OmMM ~paJKelrneM: 

g, 2 (L) = i - exp[ - (L/ L2)2] , (4 ) 

rne LI - CBoéO,IJ;HJ:ill napaxe rp, 
3H3IDJ1aTl{qeCKl1e .llP ,J.UIT{ oõpaaymca 113 OP JUIK, noropae ne orpena

pzponaaa ItJleTltoít. IWcO,IJ; OP JUli{, I\aK 113BeCTHO, YMeH'blIlaeTCH C pOCTOM 

JlII3. I1oaTOMy BepOílTHOCT'b <ti.(L ) Toro, xro B -qyBCTBl1TeJI'bHOM yqaCT

Ke oópa3yeTcíl OP ~{ npl1 nepece'tleHl1l1 ero 110llli3l1pYIDmefi 'tlaCT~tí:, 

MOlitHO npe,n;CTaBl1T'b B Bl1,IJ;e 

q,l(L) = ! - exp(- L/Li)' (5 ) 

rne LI. - TaIORe CBOÓO,n;HbIít napaaerp. 

I10CKOJI'bltY, I,aIt YJKe YIta3hIBaJIOC'b, MOJIeltYJlffpHHe MexaHl13MhI HeCneIJ;l1

cf)l1'tleCKotí: penap~l1 ,n;eTaJI'bHO HaMM He paCCMaTpHBaIaTCíl, 8~KTHBHOCT'b 

aToro npOIJ;eCca óY.n:eM OIJ;eHl1BaT'b, OCHOBl:lBaHC'b Ha .cpaBHeHl1l1 Pa.IJ:l1o

~BCTBl1TeJI'bHOcTetí: KJIeTOK lUU<oro Tl1lla 11 pa,n;l10-qyBCTBHTeJI'bHOrO My'TaH Ta , 

C'tlHTaH, 'tlTO nOCJIe,n;mm: l1MeeT ,n;ecf)eKT B CHCTeMe penapanan Ylm3aHHOrO 

TIDIa. 

I1pe,n;nOJIü'KIDJI, ~TO ranJIOH,IJ;HM ItJIeTIta ,IJ;HKoro rIDIa MOJKeT ycnenno 

orpenapaponarr, OP .llHK C BepOffTHOCT'bID rL , a C BepOffTHOCT'bID {- 1'1 

OP nepexonar B aH3ID/IaTl1~eCKIDi JU' )lHK. )lJm pa,IJ;110'tlYBCTBUTeJI'bHOrO My'

TaHTa,,n;e~KTHoro no Hecne~cf)H'tleCKoít penapaIJ;IDI, COOTBeTCTByromyID Be

pOffTHOCT'b OÓ03Ha~HM rL' • ()qeBH,IJ;HO, ~TO "'(L "> ri' . BeJIl{ql1Hl:l q., (L ) 
(,n;JIH KJIeTOK ,n;HKoro THna) 11 q..l (~) (,IJ;JIH MYTaHTa) MOlitlIO rrpezcraaars 

B CJIe,rr,y~eM Bl1,IJ;e: 

q (L)= ql (L) -+ fi- q,2tL)1q.llL) (!- 1(1), (6) 

ql CL) -:: Clz.lL) +l t- a,l\~)1 '1 l 'lL)(!- '-n. (7) 

I10.n:CTaHOBKa nonysenasx BI:lpaJKeHl1H B (I) li (3) naer B03MO./KHOCTb 

5 ,.~ 



-L 
onacars SaEHCID/10CT:D Doh( L ). YMeH:DlIIeHHe POJIll HeCneIJ;HquftIeCKOR pena
~ c pOCTOM ]ll3 B paMKax paSBHTHX rrpe~CTaBneHHH 06YC~OBneHO TeM, 
xro c YBe~H'tleHHeM JJII3 YMeH:DrnaeTCJI BHXO~ OP ,IJ;HK, HBJlff~XCJI Cy6CTpa
TOM YKasaHHoro TIITIa penaparum. Henocpe~CTBeHHoe BJIllHHlle penaparum 
Ha xapaRTep SaEllCllMOCTH p~HO'tlYBCTBHTe~:DHOCTll OT ]ll3 WaTeMaTHtIeCKH 

/.OTpalKeHO B TOM, 'tlTO BH,IJ; gJyHKUIDI q (L ), a c~e~OBaTe~:DHO H D;~ (L ) , 
onpe~e~eTCíI SHa'tleHlleM napaMeTpa rt.. ~\f 

~:DTepHaTHB~M BapHaHTOM HHTepnpeT~H SâBHCHi'JfOCTH ~O'tlYBCTBH
Te~:DHOCTH ran~OH,IJ;IDIX ~OJIOKeíi OT JJII3 .fIBJI.fIeTCíI, KaK YKa3H~OCb, npe,n; :f' 

~oO~~.. 

nOJIC»KeHHe o TOM, 'tlTO HeCneIJ;HWll'tleCKaH penapanaa a~KTllBHa B paEHOR 
CTeneHH npH ~eRCTBHH Hs~eHHH c pasHofi JJII3. B paMRax MO~e~:DHHX 

npe~cTaBneHHfi aTO OSHa'tlaeT, 'tlTO Y K~eTOK ~oro TllTIa HHaKTllBnpyromee 
nOBpeJK,I(eHH€ 06paSyeTCíI, Bc~e~CTBHe WYHKI..J;l1:üHllpOBaHMJ1 HeCneI..J;HWH'tleCKOH 
penaparum, c MeHDillefi BepOHTHOCT:Oro, 'tleM Y K~eTOK MYTaHTa, HeSaBHCHi'JfO 
or rrpoacxosnenaa aroro nOBpeiK,Il;eHIDI. Tor~a:n~ Be~H'tIllH q (L) H 
qI (L) CHpaBe,IJ,JIllBO c~e.n;ylOmee COOTHOllIeHHe: 

o,lL)=k 
q'lL) \ 

(8) 

rne k< 1 - TIapIDAeTp HeCneI..J;H~eCKOH penapanza, llMeIOIIniH CMHC~
 
Heo6paTHMOrO KOMIlOHeHTa.
 
~ o6pa6oTKH aKCnepHMeHTan:DHHX ~aHHaX B COOTBeTCTBHH c nony'tleH

HHM BHpaJKeHHeM ql (L) B WOPMY~e (8) C~e.IJYeT napaMeTpHSOBaT:D, aa
TIpHMep, B BH,D;e (6), C'tIHTaH napazerp ri WOp~:DHI:lM. Iloncraaosxa 
n~eHHllx mlpaJReImn B (I) H (3) ztaer BOSMQJKHOCT:D onacars SaBHCH

1 
MOCT:D n-

o ~ ( L ). IlOCKO~:DKY B ~aHHOM ~ae XapaKTepHsyxJIllrlt HeCneIJ;H-
Wll'tlecKYro penapamm napase rp k BXO,nIIIT B Oy ( L) B zasecrae nOCTOHH
aoro MHC»KllTe~, TO YKasa.HHllfi THn penaparraa onpenezaer TOJI:DKO paSHH
uy ~O'tlYBCTBHTe~:DHOCTefi K~eTOK ,IJ;.llKoro TllTIa H..MYTaHTa. Xapaxrep JKe 
SaBHCHMOCTH onpe~e~eTCíI reOMeTpH'tleCKllM WaRTOpOM H BH,IJ;OM WYHKIJ;HH 
cr (L ), KOTOp,lfi ne SaEHCHT OT necneI.J;lllf>wrecKoH penapanaa. 

C~e~aT:D ml60p Me1K,1JY ~BYMfJ an:OTepHaTHBHllMH BapHaHTaMli mITepnpe
Ta.I.\IDI SaBHCHMOCTH D;~ (L) MOJKHO na OCHOBe aaanaaa 9KCnepllMeHT~:O
HHX ~aHHllX, KOTOpufi 6y,neT npOBe~eH B c~e~en pa6oTe. 

3Affi1CI1MOCrb PA,IU10YYBCTffiITFJl1HOCTIf Jij1IUIOlUOlliX .IrPom:tl ar JIII3 ~ 

~~. 
MCC~e~OBaHHe SaBHCHi'JfOCTH ~O'tIYBCTBHTe~:DHOCTH ~nno~ ~pOJK

JKe~ OT ]IT3 Hs~e~fi T~e6yeT ~eTa ~yx lPaKTOPOB: ~~o~cne~H
9' II 

'tleCKOH pena~ 120,2 I H ~KTa ~OpaCTaHHíI /23/. 06a aTH WaRTOpa r~ ~ 

npHCymH Ton:OKO ~Hn~OH,IJ;HaM K~eTKaM H B HSBeCTHOR Mepe onpe~e~roT HX 
ml.COKyID ~opeSHCTeHTHOCT:O H CHrMO~ WOPMY KpHBofi BH3RBa
HRH/3,23-25~TIpe~OxeHHaH paRee MeTo~a aKCnepKNeHTa~:DHOrO oTIpe~e~e
HIDI HY~eBoro K~acca (~OJIH R~eTOK, ne Hl'iIeIOOUfX nOBpeJK,I(eHIDi) TIpH o6~
'tleHHH ,IJ;.lln~OH,D;HllX ~pOJIOKeH nOSBOJlffeT HSY'tIaT:D alflPeKT nopacraaaa RaK 
pasmrny Me1i\Il:Y BhIJKHBaeMOCT:Dro H HY~emlM R~aCCOM, a POJI:D ~HTIJIOM,ItCneIJ;H

WH'tleCROH penapamra OI..J;eHHBaT:D ,e no RpHmlM mlJKHBaHWI, a no ~OSOmlM 

SaEHCHl'iIOCTHM HY~eBoro znacca 3/. B HaCTdfImeM pasnexe nposenea TeC}"
peTll'tleCRHfi aH~HS POJIH ~llTI~oM,ItcneI..J;HWll'tleCROH perrapaI..J;HH, a HCC~e~OBa
HHe a~I~Ta ~OpaCTa.IDlfI rrpa o6.nyqemm ,Itlin~oH,D;HbIX ,n;pO'lOKeR n~OTHOHOHH
sHpyromHMH 'tlaCTHI..J;aMH COCTaEHT npe~eT OT~e~:DHOH pa6oTH. 

Bnll.fIHlle ~TIJIOH,IJ;cneIJ;HWHtIeCROn penapaI..J;MH Ha xapa~Tep SaEHCID/10CTH 
~O'tlYBCTBHTe~:DHOCTH ~HTIJIO~ ~pOJIOKefi OT nIT3 MOJKHO Hcc~e~OBa!:D, 

CpaEHHBaH p~O~cTBHTe~:DHOCTH raTIJIOM,ItIDIX H ~HTI~OH,D;Hl:lX K~eTOR, 

yqHTHBaJI rrpa aTOM pO~:D reOMeTpll'tleCIWrO cÍlaRTOpa. M:l ae pacnoaaraex 
nORa ~OCTaTo~oR HHWopMaUHefi, xapaRTepHsynmefi COOTHOllIeHHe paSMepOB 
MHlIIeHefi raTIJIonnHHX H ~HIT~O~HllX ~eTOR. IloaToMY ~ xapaRTepHCTHKH 
MHIlIeHH ~Hn~OliI,Il;HhtX I\~eTOI\ BBe~eM Be~H'tIHHll, aHaJIOrH'tlIDIe TaKOmlM ~ 

raIlJIoll,IU-II:lX: Rd - panayc , 1:. d - TOJIlllIDIa MHlIIeHH, pei (5) - TIJIOT
HOCT:D BepOHTHocTH pacnpeneaeaaa ,IJ,JIHH TpeROB S B MHlIIeHH, Smd -
MaKCHMaJI:DHI:lfi npooer 'tlaCT1II..J;b1 B MHlIIeHH, Kd - ROJIll'tleCTBO 'tIYBcTBHTe~:D
IDIX yqacTRoB na e~Hmmy ,IJ,JIHHhI rpexa tIaCTHI..J;bt. IlocKo~:DKY ~HIT~OH,IJ;IIaíI 

~eTRa co~epmnT ~oe 6on:DIlIe 'tIYBCTBHTe~:DHI:lX Y'tlacTROB, 'tleM rannoM,It
saa, crrpasenaaao c~e.IJYIOIUee COOTHOllIeHHe napaaerpoa, xapasrepasymtax 
MmIleHH: 

l ~ 

kdtd Rd = 2 k\,-t\, R~. (9) 

Ilpz aTOM MQJKHO C'tlHTaT:D, 'tlTO Rd ~ R\t ~ t d ~ t\, . Kd ~ K\,. 
Ey~eM C~TaT:D, tITO HeCneI..J;HWHtIeCRaR penap~ npOTeRaeT H,IJ;eHTrrtI

HO KaK B ran~OH,D;HhIX, TaK H B ~mr~oH,D;HUX R~eTKax, a CHCTeMa ~Hn~oH,D;
cneI..J;HWrrtIeCROH pena~H cnoco6Ha OTpenapHpOBaT:D K~oe HHaKTHBHpYro
nee nospexnenae c BepOHTHOCT:Dro ~ • Tor~a BepOHTHOCT:D Pt>d ( L) Toro, 
tITO ·B ,IJ;.llTIJIo~oíi R~eTRe He o6pasyeTCfl HH o~oro HHaKTHBHpyromero 
nOBpe~eHRíI ITpH nepecetIeHHH MMlIIeHH HOHHsHpyromefi 'tlaCTHI..J;eH,MO~o 

npe~CTaBHT:D c~e~ 06paSOM: 

5~d Kd s 
pod (L) : ~ [i- lt- 'ro)1q,tL)1 'pd(s)ds. (10) 

o . 
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I{pllB'M Hy"JIeBOrO 1\JIaCCa ,IUIrrJIOM,IijIbIX 1\JIeT01\ So (D, L..) II ax 
1 -

pa,ullO-qyBCTBllTeJI:bHOCT:& nC,Q( LJ rro anaaoraa c (2) II (3) npencraaas
lOTCR B mme 

So(D,L) :: eX?l-D/Dod(L)1: (lI) 

D:~ \L) :: 6~ l t - p0ci lL)) p/L. (12) 

BbIpaJI{eHllJI (I) II (IQ) M01KHO lffiCJIeHHO npoaarorpapoaars c Y'leTOM 

COOTHOllIeHllJI (9). Ilpz aTOM HeT He06xo~liMOCTll ~eJIaTb lCa1\lle-JIll60 rrpert
rrOJI01KeHIDI OTHOCllTeJIbHO 3aBllCllMOCTH ~OCTaTOlffiO B3JITb't (L ) r PfI~ 

3Ha1.Iemüi OT O ~O r. TaI\Ofi rro.n;xo~ rr03BOJIReT YCTaIlOBllTb COOrq (~) 

BeTCTBlle MeJK,TIy llllCJIeHHLIMll 3HalIellli.RTv'lll pch (L) II ?od ( L ), OTHOCJI

I.qI1l'illlCR 1\ O~HOMY II TOMY xe 3HalIemHO JIII3, He3aBllCIDitO OT Blf,1l;a epyH1m;IDI

q (L ). I<aR rr01\aShIBaIOT lIllCJIeHHlie pac-rens , rrpn Y'leTe (9) II rrpn 
t~ <Ç< R", COOTHOllIeHlle BepOOTHOCTefi ped (L) II pc~ (L) 01\a3hIBaeTCR 

3aBllCRmHM TOJIb1\O OT ~BYX rrapaMeTpOB: BepOJITHOCTW perrapannll rrOBpe.>K

~eHIDi Y"o II OTHOllIeHIDJ panaycoa MllllIeHeH Rei /R\i 

Pc.ó(L)-= lLpOh~L)'tY'~_ Rd/R~l. (13) 

ECJIll orrpe~eJrnT:b B 8RCrrepllMeHTe 3aBllCkfMOCT:b D~~ (L ), TO na
 
OCHOBaHllH (3), (13) II (12) MOJKHO rrpe~CRasaTb 3ai1llCIDJIOC'rb D -h(L).
 

o 

TaRliM 06pa30M, rrpe~JIOJKeH1Iht:tt MaTeMaTHlIeClmíf rro,IPCO~ YCTaHaBJIllBaeT 

CBIT3b pa,nllO-qyBCTBllTeJIbHOCTll ~llrrJIOlf,1l;HHX l{JIeTOR C p~llOtIYBCTBllTeJIb

HOCTbIO raIIJ10ll,IJ;lIbIX. 3Ta CM3:b ne aaaacar OT B~a ~ q, (L) °ll 

orrpenease'rca ~BYMH rrapaMeTpm.m: f a II R~ / R\t. B Ilpe~eJIbHOM c.7IY'tIa e 
o.- (L. ) « i H3 epOPMYJl (I), (3), (10) II (12) C yqeTOM (9) CJIem'eT 

TpllBllaJIbHoe COOTHOllIeHHe, CBR3hIBlliOmee ~O-qyBCTBllTeJIbHOCTH raIIJ10H

~a II .n;MIIJ10lf,1l;a Ilpll {-06JIY1.IeHHll: 

-1 -1 ,Dod =. 2 Do\, \ {- ro) .	 (14) 

nanhHettrnee HCCJIe.n;OBaHlle BJIllHHHH .n;HIIJIOlf,1l;crreq:rr~H1.IeCRoM perrapaquM Ha
Ç)	 

D-L 
xapaarep RPHBOfi od ( L) M H3YtIeHlle B03MO.>KHOtÍ 3aBllCkfMOCTll rrapazerpa 

r, OT JIII3. rpeoyer aaaaasa 3RCrreplIMeHTaJIbHHX ~aHHbIX, lWTOphIH 6y~eT 
rrpOBe.n;eH B CJIe.n;yromeH pa60Te. 

I1
 

II. !
 
jl 

ri 3AK.JIl(JqEffi1E 

1: 
TaRliM 06paSOM, B nacroameã paoore npenaosens rró,nxo,IJ;H .n;JIR IDITey. 

;1 
rrpeTauflH 3aBHC~10CTM ~O-qyBCTBHTeJIbHOCTllRJIeTOR .Il;pam.>Kefi OT JIIIS C 

Y'leTOM BJIIDIHHR perrapa:IJ;1'IOHHHX rrpOIJ;eCCoB na xapaxrep YRa3aHHOfi 3aBH

CllMOCTll. 
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nOOaqeBCKHÜ ll.H., KpacaBHH E.A. P19-87-469 
3aBHCHMOCTb paAHOqYBCTBHTeJlbHOCTH AP0)JOKeBbIX 
KJleTOK OT nTI9 HSJlyqeHHÜ. TeOpeTHqeCKHA aHaJtHS 

npeAJIOEeHa MOAeJlb AJIJI HHTepnpeTaQHH saBHCHMOCTH paAHO
qYBCTBHTeJlbHOCTH KneTOK APO)JOKeA OT JlHHefiHOA nepeAaqH 9Hep
rHH /nll9/ H9nyqeHHIl:. MOAenb ytlHTblBaeT pons npOQec'COB pena
paUHH paAHaUHOHHblX nOBpe~enHÜ D qYBCTBHTenbHOCTH KneTOK 
APo~eü K ~eAcTBHro H9nyqeHHü c pasHoA nn9. PaCCMaTpHBaIDTCJI 
ABa THna penapauaa t aecneuaóasecxan /O(SlIlaJJ· AnJJ r-armoamrsrx 
H AHnJlOHAHWX KneTOK/ H AHnnOHAcneUHwHqeCKaJJ /npHcy~aJJ 

TOJlbKO AHnJlOHAHb~ KJleTKSM/. 

PaOOTa nsmormena B Jlaõopa-ropaa JlAepHblX npoõnex OIDIH. 

Ilpenpserr 06"eJ1HHeHHOrO HHCTHTyra n,nepHblx accnenoaaaaâ. ,ny6H8 1987 

nepeBOA O.C.BHHorpaAoBoA 

LobachevBky P.N., Krasavin E.A. P19-87-469 
The Radiosensitivity LETDependence in Yeast. 
Theoretical Analysis 

A mathematical model to explain the depe~dence of ra
diosensitivity on linear energy trnnafer (LET) in yeast 
is proposed. The model takes into account the role of 
radintion, damage repair processes in yeast cell sensiti
vity-to ionizine radiations of different LET. Two types 
ofrepair are conaidered: non-specific repair (common for 
haploid and diploid cells) and diploid-specific one (cha
racteristic of diploid cells only). 

The investigation has been performed at the Laboratory 
of ~uclear Problema, JINR. 
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