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OBIQAH XAP AKTEPHCTHKA PAliOThl 

A.KTyaJJhHOCTh HCCJJe)!oBaHHSI. J1yqesaSI Tepamrn 51BJrneTca o,n:HHM 113 
OCHOBHbIX MeTO.D:OB Jietiemu1 B OHKOJIOfHIL Ilo ,naHHbIM PocCHHCKOfO 
OHKonor:atiecKoro HaytIHoro u;eHTpa HM. H.H.EnoxHHa P AMH oHa peKoMeH,nyeTC5I B 
50-70 % cnyqaeB 3a6onesamrn: KaK caMocTmITeJibHO, TaK H B KOM6Irna1um c 
,npyrnMH BH,n;aMll neqeHH5I (xHpypnrn:, XHMliOTepamrn). Bmrrne:H:me:H 3a,n;aqei1 rrpH ee 
rrpoae,n;eHHII 5IBJI5IeTCSI MHHHMH3aI.J;H5I IIOBpe)l(,n;eHHH 3,n;OpOBbIX TKaHeH c 
MaKCHMaJibHbIM rropa)l(eHIIeM TKaHeli orryxonII. B CBSI3H c 3TIIM, ace 6orree rrmpoKoe 
pacrrpocrpaHeHHe B OHKOJIOfHtfeCKOM rrpaKTHKe rrpMo6peTaeT rrpoTOHHfilI nyqeBa5I 
reparnrn. 0Ha SIBJrn:erca o,n;HHM H3 HaH6onee rrepcrreKTIIBHbIX M 6oicrpo 
pa3BI1BaIOII.J,HXC5I HanpaBJiemril B COBpeMeHHOM 51,nepHOH Me,n;mJ:HHe. 

Do cpaBHeHIUO c o6bitfHO ncrrorrb3yeMblMI1 3JieKTpoMarHMTHbIMH BH,naMH 
ll3JIYtfeHMH rrpOTOHbl o6na,naIOT p5I,I1,0M rrpeHMyr:u;ecTB. Tipn rrpOXO)l(,neHHH qepe3 
6HOJIOrHqecKI:Ie TKaHH OHH cpopM1IpYJOT TpeKH, B npe.nenax KOTOpbIX pacxo.nyror 
3HeprHID Ha MOHH3aIJJ1lO II B036y)K,!(emre aTOMOB II MOJieKyJI. Tipou;ecc 
corrpoBO)l(,n;aeTc5I 3aMe,nneHHeM ,!(BH)l(eHH5I a yMeHhrnemreM ocTaroqHo:H ::meprnH 
qacni:u, qTo o6ycnOBJIHBaeT B03pacramre IInOTHOCTH HOHmaumr c MaKCMMYMOM Ha 
KOHeqHoM yqacrKe rrpo6era B o6nacrH rr11Ka Ep3rra. TaKaa oco6eHHOCTb HX 
3HeprOBbI)1,eJieHI:rn: c peanM3aIJ:HeH «Ep3rfOBCKOro MaKCHMYMa>> B KOHUe rrpo6era 
C03,[(aeT ycnoBH5I t:J;JI5I OIITHMaJibHOfO <PopMHpoBaHH.H )J;03bl B TKaH.HX orryxoneH: c 
MaKCHMaJibHbIM rrospe)l(,n;eHIIeM H:X KJieTOK rrpH o6rryqemrn: B o6nacTM IIHKa Ep3rra H 
MHHHMaJibHhIM rrospe)l(.nemieM OKpy)l(aJOII(IIX TKaHeH H TKaHeii TIO xo.ny rryt.IKa 
qacTHU .no Mecra JIOKaJIH3aUHH orryxomr. TaKoH: reparreBTHtfeCKHH rrpoTOHHhIH 
nyqoK BrrepBbie B PoccmI 61m C03,[(aH B 06be,rvrneHHOM HHCTHTyre 51.[(epHblX 
HCCJie,[(OBami::H: Ha CHHXpOUHKJIOrpOHe J1a6oparop1rn 51,D;epHbIX rrpo6neM B 1967 ro,ny 
(JJ:)l(enenos B. II. rr ,n;p., 1975) H B ret:Jemi:e JJ;JUITeJibHoro rrep1rn,n;a HCIIOJib3yerc5I ,[{JISI 
rrpoBe,[{eHI-rn nyqesoli reparnrn: rrauHeHTOB. 

IloCKOJibKY se.nyma5I porrb B pa3BHTHH rryqeBblX IIOBpe)l(,[{eHHH KJieTOK 
MJieKomuaIOII.J,HX H qerroseKa B HX ITOCTJIYtieBOH rH6errH np11tta.nrre)l(HT 
cTpyKTYPHhIM HapyrneHH5IM xpoMocoM, myqemi:e 3aKoHoMepHocTeH o6pa3oBaHHSI 
xpoMOCOMHblX a6eppa1(HH rrpH rrpoBe,[{CHHH rrpoTOHHOH nyIIeBOH reparrnH rrMeer 
HecoMHeHHoe 3HaqeHHe 11 rrpe.[{crasnaeTc5I Ba)KHOH 3a,[{atieH. Bec1Ma aKryaJihHOM 
5IBJISieTC5I rrpo6JieMa HOpMHpoBaHH5I nyqeBbIX Harpy30K Ha rrauHeHTOB npH 
rrpose,n;eHHH rrpoTOHHOH nyqeBoii repanHH. Ocra10rc5I He.nocraToqHo H3yqeHHbIMH 
BOilpOCbl 0 COOTHOllleHHH BbIXO,[{a crpyKTypHbIX a6eppau:Hi1 xpoMOCOM B 
He,n;eJI5III.J,HXC5I KJieTKax HOpMaJibHbIX TKaHeH ITO xo.n;y rryqKa -qacn1u M B ,neJI5Ill!HXCSI 
KJieTKax orryxoneii. 3n1 o6croareJibCTBa orrpe.[{eJIHJIH rrpoBe,u;eHrre HaCT05Ill!ero 

HCCJle,!(oBaHH5I. 
B KaqecTBe Mo,n;eJIH .nn5I Hccne,l(osamrn nospe)l(,[leHHH xpoMOCOMHOro 

arrrrapara KneroK qenoseKa ttcrron13osaHa Kyn1rypa JIHMcpou;ttTOB rrepHcpepHqecKoil 
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Kposn qenoseKa. TecT-cn:creMa )];JUI :u:1noreHen1qecKoro aHann3a xpoMocoM 
qenoseKa peKoMeH,n:osaHa BceMHpHoii opramnarureH: 3,npaaooxpaHeHll.H (B03) ,n:mr 
Hccne,n:oaamrn: BJIIDIHH.H He6naronpi.u1THhIX cpaKTopoa oKpy)Kruomeli cpe,n:F:.1 Ha 
KJieTKll qeJIOBeKa H Ha Hacne.ncTBeHHOCTb. KaK H3BeCTHO, B rrep:acpep11qecKOH KpOBH 
qeJIOBeKa JIHMcpOUHThI He ,n:emITC5I H HaXO,Z:VITC5I B COCT05IHHH ITOKOJI HJill 
rrpecHHTe3a ,[(HK. 0,n:HaKo no.rr ,rreiicTB.HeM cpHroreMarrmonrn1rna (<Pr A) T
JIHMcpou,HThI B ycnomu.1x KYJibTHBHpoBaHlHI crroco6Hbr K TpaHccpopMaUHH c 
nocne,n;yIOlll,HM MHTOTI-rqecKMM .n:enemreM. Ba)l(HbIM 06crm1reJibCTBOM 5IBJ15IeTc.H 
raK)Ke TO, qTo BhIXO,ll a6eppal.l;IIH xpOMOCOM B JIHMcpOI(IUaX KpOBH tfeJIOBeKa rrpM 
B03,lleHCTBHH HOHH3HpyIOII(liX mnyqeHHH npaKrHqecKH COBTia,rraer in vitro ll in 
vivo (Brewen J.G. and Gengozian N., 1971; Buckton K.E. et al., 1971; Schmid E. et 
al., 197 4 ). HcnoJib30BaH.He KYJibTYPhI JIHMcpo:u;Hros B raKHx Hccne,noBamrn:x 
I103BOJI.HeT H36e)KaTb BbIHY)K,lleHHbIX 3KCrparrOJI5I:U:HH H OfOBOpOK, HeIB6e)KHO 
B03HMKaIOlll,HX rrpH HHreprrpeTarurn pe3yJibTaTOB, IIOJiytfeHHbIX Ha .n.pymx 
o6neKrax. 

lleJih H 33,[!aqu HCCJie,l{OBaHHH. QeJiblO pa60TbI .HBJI.HeTC.SI cpaBHHTe.JibHOe 
:u;1uoreHeTMtieCKOe liCCJie)J;OBaH.He .ri:eiiCTBmI rrpOTOHOB TepaneBTHtfeCKOfO rryqKa 
cpa301JJOHa c HCXO,[(HOM ::meprHeH: 170 M3B Ha He,n;e.JI.HII(HeC.H KJieTKl1 i:ienoBeKa H 
rrporoHoB B o6nacrH IT.HKa Ep3rra Ha KnerKn B pa3HbIX cpa3ax KJiero-LJHoro :u;1rnna. 

,ll,n.H ee BbIIIOJIHemrn rrocrasneHbI cne,n:y10mHe 3a,n;a'l!H: 
1. TipoBeCTH cpaBHHTeJibHbIH KOJIHtfeCTBeHHbIM aHaJill3 qacrOTbI o6pa30BaHIUI 
KJieTOK c xpOMOCOMHbIMH a6eppa:u:i.rnMH, o6mero tIHCJia li pa3HbIX BH):(OB a6eppaUHM 
xpoMOCOM B JIHMcpO:U:lfTaX KpOBli i:ienoBeI<:a rrpH ,n;eMCTBHH npoTOHOB 
reparreBTHtiecKoro rryqKa Ha sxo,n;e B o6neKr n B o6rracrH rrHKa Ep3rra. 
2. Hccne,n;oBarb xapaKrep ,n;o30BhIX 3aBHCHMocreH: qacroTbI o6pa3oBaHmr KJieToK 
c xpoMOCOMHbIMH a6eppau;H.HMH H o6mero 1.J:HCJia a6eppa:u;HH xpOMOCOM B 
JHIMcpOIJ;HTaX, o6rryqeHHbIX B pa3HhIX cpa3ax KJieTOtIHOfO IJ;HKJia rrporoHaMH 
reparreBTHl:JeCKOro rryi:iKa Ha BXO,n;e B o6neKT H B o6naCTH IIHKa Ep3rra. 
3. Hccrre,n;oBaTh 3aKoHoMepHocrH B03HHKHoBemrn: pa3HbIX BH,L(OB Hecra6HJihHbIX 
a6eppa:u;Hli xpoMOCOM B JIHMcpOIJ;HTax, o6nytieHHbIX B pa3HbIX cpa3aX KJieroqHoro 
UHKJia rrpOTOHaMH reparreBTHtieCKOfO nyqKa Ha BXO,IJ;e B o6'beKT H B o6nacTH IlHKa 
Ep3rra. 
4. TiposeCTH o:u;eHKY BeJIHtIHHbI 0:63 rrpOTOHOB reparreBrHqecKoro nyqKa c 
Hcxo.ri;Hoii 3Hepnreli 170 M3B H B 0611acr:a TIHKa Ep3rra no qacroTe B03HHKHOBemrn 
KJieTOK c xpoMOCOMHbIMH a6eppau,mIMH H o6meMy t!HCJIY a6eppaun:H rrpH 
o6rryqeHHH JIHMcpou;ttTOB B G0-cpa3e K.JieTO'l!Horo UHKJia. 
5. Ou,eHHTh 6Honorn11ecKy10 3cpcpeKTMBHOCTb rrporoHoB B o6nacrH rmKa Ep3rra 
rrpH o6Jiy'lleHHH ,n;eJI5III(HXC5I JIHMcpO:U:HTOB no cpaBHeHHIO c B03,D;eHCTBHeM rrporOHOB 
c 3HeprMell: 170 M3B Ha He,n;en.HII(Hec.H K.JieTKH. 
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IloJIOJKCHIUI II pe3yJihTa'Tbl, BhlHOCllMhIC Ha 1amury: 

1. 1(1noreHen1qecKHMH MeTO)J;aMM BbUIBJieHhI KOJIMqecTBeHHbie JiI KaqecTBeHHbie 
oco6eHHOCTH o6pasoBaHMH pa3HhIX BH.LJ.OB cTpyKTYPHhIX HapyIIIemrii 
xpoMOCOM B Jll!M<}lOIJ,lITaX rrep11cpep11qecKOM KpOBH qeJIOBeKa, o6nyqeHHbIX B 
pa3HhIX cpa3ax KJieToqHoro U:HKJia npoToHaMH TepaneBnrqecKoro rryqKa c 
ttcxo.n.HoH: 3Hepr11eiI 170 M3B H B 06Jiacn1 rui:Ka Ep3rra. 

2. J1ccJie,LJ.oBaHa ponb cp11311qecKoro cpaKTopa npH B03,LJ.ei1:cTBirn rrpoTOHOB 
11cxo.n.Horo rryqKa c 3Hepnreli 170 M3B 11 B o6nacTH TIHKa Ep3rra, KOTopa5I 
orrpe.n.enHeTcH pa3JIHT.{H5IMH HX JIHHeliHoli rrepe.n;aqH 3HeprHH. Ou:eHKa rro 
U:HTOreHeTHqecKHM ITOKa3aTeJI5IM OTHOCHTeJibHOH 6HOJIOrnqeCKOll 
3cpcpeKTHBHOCTll rrpoTOHOB tepaneBT11qecKoro rryqKa rrpn o6nyqemrn 
He.nemrm.MxcH KJieTOK (B G0-cpa3e KJieToqHoro IJ,HKJia) rroKasana, qTO 
K03cpcpHU:HeHT 0£3 rrpOTOHOB HCXO,LJ.HOTO rryqKa paBeH 1,0±0,03, a rrpoTOHOB 
B o6nacnr rnIKa Ep3rra- 1,2±0,1. 

3. BornBJieHa pom, 6ttonom:qecKoro <i>aKTopa s 3<P<i>eKTHBHOCTH rrpoTOHHoro 
TeparreBnrqecKoro rryqKa, KOTOpaH orrpe.n.eJIHeTc51 pa3JillqHeM B 
pa,DJfOtiyBCTBiffeJibHOCTH He.n;eJI5IllJ,HXC5I Il .n;eJIHIIJ,H:XCH KJieTOK. IloKa3aHa 

Hatt6onee BhICOKaH 3cp<i>eKTHBHOCTh npoToHoB B o6JiaCTH IIHKa Ep3rra rrptt 
o6nyqeHHH JIHMcpOI(HTOB B Gr<l>a3e KneToqHoro U:HKJia. 

4. C yt.i:eToM BKJia,LJ.a B 3<i>cpeKT <l>paKIJ,HH BhICOKO pa.n.:i;mqyBCTBHTeJihHhIX Gr 
o6nyLfeHHbIX JIHMcpOU:HTOB K03cpcpHT(HeHT 3cpcpeKTHBHOCTll rrpoTOHOB Tepa
rreBTH'Y:eCKOfO rryqKa B o6nacTM IIHKa Bp3rra rro cpaBHeHHIO c B03.n;eiicTBHeM 
rrpOTOHOB-170 M3B Ha He,II;eJIHIIJ,HeCH KJieTKH COCTaBHJI 1,45±0, 10. 

Hay11ua11 HOBH3Ha. B pa6oTe srrepsbie: 
- Mccne.n;osaHa ponh cPH3MqecKoro H 611onor11qecKoro cpaKTopoB s 

6MOJIOrMqecKOH 3cpcpeKTHBHOCTH rrpoTOHOB TeparreBTHqecKoro nyqKa c 3Hepr11eli 
170M3B. 

- B&rnBneHa HaM6onee BbICOKaH pa,LJ.M01fYBCTBHTeJibHOCTh JIHMcpon:HTOB B Gr 
cpa3e KrreTOtIHoro IJJIKJia npn o6rryqeHHM rrpoToHaMH B o6nacTH nttKa Ep3rra. 

- TipoBe.n;eHa OI(CHKa foronorifqecKOH 3!l>IPeKTHBHOCTH rrpoTOHOB B o6naCTH 
rrHKa Ep3rra rrpH 06rry11eHIIII .n;enHIIJ,IIXCH KJieToK rro cpaBHeHMIO c .n;eacTBHeM 
rrpOTOHOB c IICXO,D;HOH 3Heprttli 170 M3B Ha He.[(eJUIII(lieC~ KJieTKII. Ila aHaJIOI'HH c 

Ol33 paccqIITaH Kmcp!l>m.urnHT 3cpcpeKTHBHOCTH rrpoToHoB B o6nacnr IIIIKa Ep3rra c 
y11eToM BKrra.n;a B 3cpcpeKTbI cppaKIJ,HH HaH6onee pa.n;IfoqyscTBHTeJihHhIX Gr 
06ny11eHHbIX JUIMcpOUHTOB. 

Hayquo-npa~TnqecKaH 3Ha11H.MOCTb paooTbl. Pe3yJibTaThI nccne,r:i;oBaHH5I 

HMeIOT KaK cpyH,r:i;aMeHTaJibHoe, TaK M rrpttKJia,LJ.HOe 3HatieHHe. OHM rrorrOJIH5IIOT 
CBe,LJ.eHIIH 0 pa,r:i;HoqyBCTBHTeJibHOCTH KJieTOK qeJIOBeKa B pa3HbIX cpa3ax KJieroqHoro 
UHKJia rrpH B03.IJ:eHCTBHll KoprrycKyrr.si:pHbIMli BII.[(aMH H3JiyqeHHH c pa3HOH mrneHHOH 
rrepe.n;aqeli 3HeprmI. BornBJieHHhie KOJIHqecrneHHhie M KaqecTBeHHhre 
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xapaKTepHCTHKH .ri:eHCTBJUI rrpOTOHOB TeparreBTI:J:qecKoro nyrIKa Ha KJieTKH qeJIOBeKa 
MoryT HCTIOJih30BaThC5I npH ou;eHKe B03.D:eIIcTBH5I KOpnycKyJI5IpHI:iIMH 
HOHH3Hpy10I.I.l;HMH H3JiyT.J:eHH5IMli c pa3H:OIMH nTI3, B TOM T.J:HCJie npH npoae.ri:emm 
nyqesoH: TeparmH. KonucrecTBeHHDiii ytreT HecTa6MJihHhIX xpoMocoMHhIX a6eppa1u1i1 
MO)l(eT paCCMa'f}JHBaThCH KaK O.D:MH H3 Ha)J.e:>KHbIX Kp1nepHeB npH pa3pa60TKe H 
rrp.HMeHeHHM MeTo.ri:oa pa.ri:110Tepamrn:. Pe3yJihTaThI MCCJie)J.OBaHHH crroco6cTBYI-OT 
ITOHHMaHHIO rrpou:eccoB cpopMIIpOBaHIUI xpoMOCOMHblX IIOBpe)K)J,emdi B KJieTKax 
orryxoneBhIX H 3.z:i:op0Bn1x TKaHeii npH rrpose.ri:emm nyqesoi1 Tepamrn: npornHaMH 
BhICOKHX 3HepnliL TiorryqeHHbie ,n:aHHbie MOryT 6nITh IlOJie3HbIMM rrpH 
rrrraHHposaHmI KypcoB nyqesoli Tepamm, rrpH pacqerax orrTHMaJihHI:iIX .z:i:o3 nyqesoro 
B03,ZJ;eHCTBll5I. 

Anpo6auus1 pa6oThl. OcHOBHhie rroJio)l(eHH5I H pe3yn:oTaTbI 
)J,HCcepTal.IJfOHHOH pa60ThI 6bIJIH rrpe,Zl;CTaBJieHbI II o6cy)l(,n:eHbI Ha 12 KOH<}lepeHI.J;H5IX: 
Bcepocc. KoHcp. «Pa,n:.1106ttnorHeCKHe ocHOBhI rryqeaoll: Tepairnm>. MocKBa. 2005; 
Second Int. Conf. "Modern problems of genetics, radiobiology, radioecology and 
evolution". Yerevan, Armenia. 2005; 13-5! M 15-51 HayqH. KOH<}l. cTy,neHTOB, 
acrrttpaHTOB H MOJIO.[(hIX crreu;HarrHCTOB. )J;y6Ha. 2005, 2008; XV Me)l(.LJ;yHap. 
Hay1rno-rrpaKT. KOHcp. «3KonormI qerroBeKa B rrocrqepHo6bIJihCKHH rrep110.ri:». 
MMHCK, Eenapyc:o. 2007; Fourth international Summer School on Nuclear Physics 
Methods and Accelerators in Biology and Medicine. Prague, Czech Rep. 2007; VII 
KoH<}l. MOJIO.[(hIX yqeHDIX, cneu;IIarrMCTOB H cTy,n:eHTOB. MocKBa. 2008; 13-5! HayqH. 
KOHcp. MOJIO.[(bIX y11eHhIX H crreIJJfaJIHCTOB O:IDIH. .D:y6Ha. 2009 (.D:OKJia)J, OTMeqeH 
BTOpoH: rrpeMHei1 B HOMI:IHaI.JJm HayqHO-liCCJie,n:oBaTeJI.bCKHe 3KCrrepHMeHTaJihHhie 
pa60Tb1); IX Me:>KJJ.yHap. IllKOJia no pa.nHo6aonorHH .n:mr Mono.nr,1x yqeHbIX. 
06mrncK. 2009; Fifth international Summer School on Nuclear Physics Methods and 
Accelerators in Biology and Medicine. Bratislava, Slovak Rep. 2009; 37th Annual 
Meeting of the European Radiation Research Society, Prague. Czech Rep. 2009; VI 
C:oe3,lJ, no pa.n;1rnu:110HHhIM 11ccne,n:oBaH1rnM. MocKBa. 2010 (,n:oKJia,[( OTMeqeH rrepsoii 
rrpeMtteii B KOHKypce MOJIO)J.bIX yqeHbIX - ceKU:MH x «Pa,ll,H06HOJIOfH5I T.SI)l(eJibIX 
HOHOB»). 

Arrpo6au:1u1 .n;11cceprn1vm cocTmmach Ha 3ace,IJ,amrn HayqHo-TeXHHt:IecKoro 
coBeTa J1a6opaTop11rr pa,n;imn;HOHHOH 6Monorn:H O:IDIH P AH 20 oKrn6p~ 2011 r. 
(rrpoTOKOJI N2 76). 

Ily6JIHKaµuu. Do TeMe ,IJ,HccepTaU:HH orry6nHKOBaHo 14 pa6oT, 2 craThM 
orry6nHKOBaHbI B )l(ypHarre, peKoMeH)J.OBaHHOM BAK MOHH P<I>. 

CTpy1nypa u o6beM auccepTauuu. ,J:I:rrcceprnu;HoHHaH pa6oTa H3JIO)KeHa Ha 
128 crpaHHI.J,aX, COCTOHT H3 BBe,n;eHHH, 4-x rnaB, BbIBO,lJ,OB, 3aKJIIOqemu1; co,n;ep)l(HT 
10 ta6JIHU: 11 26 pHcyHKOB. CnttcoK JIHTepaTypr,1 BKJIIOqaeT 75 HaHMeHoBaHHH Ha 
pyccKOM I1 aHrJIMHCKOM H3hIKax. 
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MA TEPHAJI11 H METO)J;11 HCCJIE)J;OBAHIDI 

B HCCJie,n;oBaHIU:l HCIIOJII:.30BaHa KpOB:E:. 11 3,D;OpOBhIX ,ll;OHOpOB (MyJKqHH H 
)l{eHII.J;HH) 25-45 neT. JinMcpOI.UfThI KYJihTHBHpoBanH no o6rn;enpmrnToli Mem,n;nKe B 
nonHoii nHTaTeJihHOH cpe,n;e (fIIIC): cpe,n:a RPMI-1640 (80%), cperan1Ha5I 
ChIBOpOTKa TeJieHKa (20%), rnyraMllH (1 %), aHrn:fo:IOTHKll neHHUllJIJU:IH (100 e,n;./MJI) 
H CT}JeITTOMHIIJ:IH (100 MKr/MJI). ,aJrn: CTHMYJIHI(HH ,n;eJieHH.sI KJieTOK B fIIIC 
,n;o6aBmIJIH <l>fA (15 MKr/MJI). 

06nyqeHHe KneroK rrposo,n:HJIH rrpoToHaMH reparreBrHqecKoro nyqKa 
¢a:mrpoHa O:HJIH c :rnepm:eii 170 M3B, rro,n;rorosneHHoro )J,JIH npose,n;emur 
nyqeaoli TepanHH rrau;neHTOB. 06nyqanM B ,I(BYX TO"LJ.Kax rny6HHHOro ,ll;03HOro 
pacnpe.n:enemur - Ha Bxo.n:e rryqKa B 061,eKT 11 B o6nacTH ITHKa Ep3rra. JII13 
npOTOHOB-170 M3B COCTaBHJia 0,49 K3B/MKM, MOII.J;HOCTb ,I(03hl - 0, 7 fp/MHH. c 
noMOII.J;hlO cneu;11anhHoro ycTpolicrsa (rpe6eH1:IaThIH cpHJihTp) ITHK Ep3rra rrporoHOB 
MO,ll,llcpm:.i;npoBaH no 90%-M)' moypoBHIO MOil.J;HOCTH ,L1;03hl - pacruHpeH ,I(O 2 CM. 
CrreKrp 3Hepnu1 3aMe,n;neHHhIX rrporoHoB - 0-30 M3B. Morn;Hocrh ,I(03hl cocrasn.sina 
~ 1,3 f p/MHH. B crreKTpe JIIl3 BKJia,I( B rrornoru;eHHYIO ,ll,03Y rrporoHoB c Hll3Koli 
Jlil3 COCTaBifJI - 67%, C JIIl3 25-50 K3B/MKM - 23% ll C BhICOKOH JITI3 (50-100 
K3BIMKM) - 10%. ~mr cpaBHemrn: rrpose.n.eHo y-06ny"LJ.eH11e 6°Co Ha arrrrapaTe ,ll,JI5I 
,n:HCTaHI(HOHHoli nyqeBoii reparrnH POKYC-M c MOII.J;HOCThIO ,I(03hI 0,9 fp/MHH. 

Pa,ll,H01IYBCTBHTeJihHOCTh He.n.enHII.J;HXC.H JIHMcpou;11ros (G0-cpa3a KJieT01:IHoro 
UllKJia) HCCJie,I(OBaJIH B o6nyqeHHbIX o6pa3u;ax I.J;eJihHOH KpOBH H cycrreH3Hll 
JIHMcpOI.l;HTOB B rmc (<Dr A .n:o6aBJIHJIR cpa3y nocne o6ny1:IeHH5I), cpHKCHpOBaJIH 
qepe3 48 q, ~J15I my"LJ.eHHH pa,n:HO"LJ.YBCTBMTeJihHOCTH JIHMcpOIJ;RTOB B pa3HbIX cpa3aX 
KneTOT.fHoro IJ;HKJia KYJII>TYPY KneroK o6nyqanH -qepe3 15-16 T.f (G1-cpa3a), 30-32 q 
(S-cpa3a), 47-47,5 -q (Gi-cpa3a) rrocne CTHMYJIHIJ;MH K ,r(eJieHnIO. Ilpo.n:onJKHTeJihHOCTh 
KYJihTHBnpoBaHH5I 0 1- 11 S-o6rryqeHHhIX JIMMcpOI(MTOB cocraBJI5IJia 50 1:!., Gr 
o6nyqeHHbIX - 581!. ,amr BhIHBJieHH5I rrepBhlX IIOCTJiyqeBhIX MHT030B B cpe,n:y 
.n:o6aBJI5IJIH pacTsop BrdU (20 MKM). KneTKH oKparmrnanM no <l>Ilf-MeTO,r(HKe 
( cpmoopecuem.1:irn + fHM3a). B Gro6nyqeHHhIX JIHMcpou;nrax ,n;orronHHTeJJhHO 
nccne,n;osanH xpoMocoMHhie HapyIIIemrn: PCC-Mero,n:oM (npeJK,n:espeMeHHM 
KoH,n:eHcaI.J;IDI xpoManma): cpa3y rrocrre o6nyqeHirn: B KYJihTYPY KneroK ,n;o6aBJI5IJIH 
KaJIHKYJIHH-A (50 HM). Ilpn MHKpocKOIIHpoBaHHH Y1IMTbIBan11 see BH.D;hI a6eppanHti: 
xpoMocoM, Bhl5IBJIHeMhIX 6e3 Kap:aornnHpoBaHHH. AHaJIH3 a6eppann:H: rrpoao,n;nmr no 
o6rn;enpHH5ITOH KJiaCCiicpHKau;HH. 

PE3Y JlhTAThl HCCJIE)J;OBAHHB H HX OBCYJK)J;EHHE 

Hapyrnemrn xpoMocoMHoro arrrrapara JIHMcpOIJ.HTOB rrep11cJ?epH"LJ.ecKoli KpOBH 
qenoBeKa Hccne,n:oaruur rrocJie o6rryqeHH5I rrpoToHaMM reparresrn:qecKoro ny1:IKa 
¢a3orpoHa, rro,n:roTOBJieHHOro ,n;JIH rrpose,n:eHH5I nyqeBoti: Tepamm rrau;x1eHTOB c 
OHKOJIOfllqecKHMM 3a6oneBaHHHMH. KJieTKH o6nyqamr rrpOTOHaMH c HCXOLJ:HOH 
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:mepnreli 170 M3B B .n;syx TOtIKaX rny6HHHOro ,ll;03HOfO pacrrpe,n;eJieHHH - Ha BXO)J.e 
nyt1Ka B o6oeKT H B o6nacnr Mo,n;mp1n.urpoBaHHoro ITHKa Ep3rra. TaKo:H ITOJJ;XO)J. 
no3Bomrn, B orrpe.n;erreHHOH cTerreH.11, Mo,n;emrposaTb ycnomrn 06rryqeH.11.si:, 
COOTBeTCTBeHHO, KJieTOK 3,D;OpOBbIX TKaHeM .[(O MeCTa J10KaJIH3aLJ,HH orryxoJI.11 H 
Herrocpe.n;cTBeHHO KJieToK onyxorreBbIX TKaHeii. 

I1ccrre.n;osaHa porrh cpmwrncKoro cpaKTopa B peaKLJ,HH KJieTOK t1eJI0BeKa Ha 
,n;eHCTBMe npOTOHOB TeparreBnrqecKoro rryqKa. 0Ha orrpe.uemieTC.sI: pa3JIHqHbIMM 
3HaqemrnMM nTI3 rrporoHoB-170 M3B H B o6naCTM rrHKa Ep3rra. TipH 06nyqemu1 
o6pa3U:OB He,n:en.si::rn;HxcH JIHMcpou:MTOB (B G0-cpa3e) rrpoToHaMH B o6nacTH rrnKa 
Ep3rra Ha6rr1-0.n,a10Tc.si:: 6orree Bbipa)KeHHbie 3cptj_leKTbI (pMc. 1 ) . 
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,I.(oJa, fp )l.oJa, fp 
PHc. I . 3aBHCHMOCTb qacTOTbI o6pa3osamrn KJleTOK c xpoMocoMHbIMH a6eppau;H.si:MH 
(a) H o6rn;ero l!HCJia a6eppau:MH xpOMOCOM (6) B JIHMc)JOU:HTaX KpOB.11 qenoBeKa OT 
,n;o3bI o6rryqemrn: B G0-cpa3e KJieToqHoro U:HKJia rrpoToHaMH B o6JracTH mma Bp3rra 
(1 ), rrpoToHaMH c ncxo.n;Hoii 3Heprn:eH: 170 M3B (2) H y-rryqaMH (3). 

3aBMCMMOCTh qacTOTbI o6pa30BaHH5l KJieTOK c xpoMOCOMHblMM a6eppau;IDIMH 
(pnc. 1 a) HMena J1.HHeHHhlH xapaKTep B ,n;HaII830He ):(03 ,n:o ....., 4,5 f p npH B03,n:eil:CTBHH 
rrpOTOHaMM Ha BXO)J;e .H .n;o....., 3,5 fp npH o6nyqemrn B o6naCTH IIHKa Bp3rra, T.e. ,n:o 

ypoBH5l ~ 90 % IlOBpe)K,UeHHbIX KJieTOK. TipH 6onee BbICOK.HX ):(03aX rrpOHCXO)J.MJIO 
Hachlrn;emre :Hptj_JeKTa, H KpHBa5l BbIXO):(HJia Ha rrrraro. IToKa3aHa cteneHHa.si: 
3aBHCHMOCTb o6:rnero t{HCJia B03HHKaIOm;Hx xpOMOCOMHbIX a6eppaD,HM c 
yBeJIHqemieM ,n;o311 o6nyqeHAA (pn.c. 16). ,[(n.si: cpaBHeHmr Ha pttcyHKe rrpirne,n;eHbI 
COOTBeTCTBYK>W:.He KpHBbie rrpH y-o6nyqeHHH. Do 3THM l.l}fTOreHenrqecKHM TeCTaM 
He Bbipa)KeHI:.I pa3JIHLIH.sI: rrpH o6nyqeHHH rrpoTOHaM.H c ll.CXO):(HOH 3Hepm:e:H 170 
M3B H y-H3JiyqemreM: seJIHqHHa OB3 rrpoTOHOB cocTaBHJia 1,0±0,03. )J;mr 
rrpoTOHOB B o6nacTH IIHKa Bp3rra oHa rroBbIIIlanacb .no ..... 1,2±0, 1. 
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TipH aH8..J1H3e pa3HblX BM.l(OB Hapyrnemdi xpoMOCOM BbUIBJieH BblCOKHH 
ypoBem, a6eppau;Hif o6MeHHoro nma (-70%) c npeo6na.n;aHHeM .n;au;eHTpHKOB 
(~ 40% OT o6IT(ero qHcna). qacrota HX o6pa3oBaHH5I B03pacraer c yBeJrnqeHHeM 
,n:o3:01 o6nyqeHH5I. He Ha6mo.n;arrocr, cyru;ecTBeHH:OIX pa3JIHqHif rrpH ao3.z:i;elicTBHH 
pa3H1>1x BH.D;OB H3nyqeHHif. Ho np11 B1>1corux .n;o3ax rrporoHoB B o6nacrn: n11Ka 
Ep3rra OTMeqeHO CHH)l(eHJie 3tj_:)(peKTa no cpaBHeHMJO c B03.[(eHCTBHeM npoTOHOB-170 
M3B 11 y-nyqeif. 01IeBH.n;Ho, OHO asmi:ercJI cne.n;cTBHeM 6onee npo.n;OJI)l(HTeJibHOH 
3a,n:ep)l(KH .neneHH5I KJieTOK c yaeJIH1Iemi:eM B HHX 1IHCJia .l(HI(eHTpMKOB rrpH 
B03.L(eHCTBI!H npoTOHaMH c 6orree BbICOKOM JIII3. 

lJMCJIO xpoMaTH)];H.bIX M rrapHbIX au:eHtpH1IeCKHX <!JparMeHTOB COCTaBJI51JIO 
~ 3 5% OT o6IT(ero 1IHCJia a6eppan:11M. lJacrora HX o6pa3oBaHM.51 B03pacra.rra c 
yseJIIflieHJieM .l(03bI o6nyqeHM5I, rrpH 3TOM Ha6JIJO.l(aJIC51 ,n:ayxcpa3HbIM xapaKTep 
JJ:030BblX KpHBbIX - rrpH BhICOKHX ypoBH5IX ):(03 3cpcpeKTbI cyIT(eCTBeHHO IIOBbIIIlaJIHCb. 
3TO Ha116orree Bbipa)l(eHO y JIHMcPOU:IiTOB, o6nyqeHHbIX rrpOTOHaMH B o6JiaCTH IIHKa 
Bp3rra. M:o1 rrorraraeM, qro ,n;Byxcpa3HhIH xapaKrep KpHB:orx ,n:JI.51 s:o1xo,n:a napH11x 
cpparMeHTOB yKa3:&IBaeT Ha cyru;ecTBeHHoe yBem11Iemre cpparMeHTo3a xpoMocoM rrpH 
BhICOKMX ,n:o3ax o6nytJemrn. YserrHqem1e cpparMeHT03a xpoMocoM orMeqa.rroc:o 
TaK)l(e ,n:pyrHMH aBTopaMH B HCCJie.n;oaamrnx c HCIIOJib30BamrnM 
IIJIOTHOHOHH3HpyIOIT(HX H3JiyqeHIIH no cpaBHeHHIO c B03,n:eikTBUeM 
pe,n:KOHOHH3Hpy10ru;Hx (Tou:esa A.M. 11 ,n:p., 1980; Fussel K. et al., 1997). 

113BeCTHO, qro OCHOBHbIM cpaKTopoM, onpe.n;emuoru;HM npttMeHeHHe npOTOHOB 
B nyqesoif repamrn, RBm1eTC5! ysemrqemie ux JITI3 a o6nacTH IIHKa Ep3rra, r,n:e 
Herrocpe,n:crseHHO ocyru;ecrBJI51eTc5I o6nyqemre orryxones:orx TKaHeli. 06nyqemie 
6HOJIOfHqecKHX o6neKTOB rrpOTOHaMH TeparreBTHqecKoro rryqKa conpOBO)l(.l(aeTC.51 
3aMe,D;JieHHeM .l(BH)l(emrn qaCTHI(, yMeHbIIIeHHeM OCTaTOqHOH 3HeprnH H, KaK 
cne,IJ;CTBHe, ysenrrqeHHeM IlJIOTHOCTH HOHH3au:m1 c MaKCHMYMOM B o6nacnr nMKa 
Bp3rra. B p.H,n:e pa6or TaK)l(e 6:omo rroKa3aHo H3MeHem1e 6HonorRqecKOH 
3cpcpeKTHBHOCTH rrpoTOHOB B 3aBMCHMOCTH OT 3Hepnm H OT rny6HHbI npOXO)l(.l(eHH51 
B TKaH.51X (Touesa A.M. H .r.i;p., 1980; Courdi A. et al., 1994; Tang J.V. et al. 1997; 
Paganetti H., 2002). 0Ho onpe,n:emmocb cooTBercrByIOll(MM pocToM BenwrnH JITI3. 
Harn:H ,n;aHHbie no oueHKe OB3 npoTOHOB cornacyrorc51 c pe3ynr,raraMH .n;pyrrrx 
HCCJie,n:oBaHHH ,n:eif CTBH5I rrpoTOHOB pa3HbIX 3HeprHM Ha KJieTKH qeJIOBeKa H 
MJieKOITMTaIOIT(HX (foBopyH P. ,[(. JI ,n:p. 1973, 1982; fepacHMeHKO B. H. H ,n:p., 1980; 
Touesa A.M. 11 .n;p. 1980; BHraHoBa A. H ,n:p., 2002; Tang J.V. et al. 1997; Paganetti 
H., 2002). CorrocraBJ1em1e c pe3ynr,TaTaMM urrroreHerMqecKHX 11ccne,n:oBaHHH 
peaKI.J;HH JIHMtPOUHTOB Ha B03.l(eHCTBHe T.H)l(eJibIMH HOHaMH c BbICOKHMH 
3HaqemuIMH JIII3 (KpacaBHH E. A. H ,n:p. 2004), cs11,n;eren.ocTBYIOT o TOM, tJTO 
rronyqeHHbie s pa6oTe BeJIH'IHHhI OE3 rrporoHoB B o6nacTH IIHKa Ep3rra 
COOTBeTCTBYIOT B03.D;eHCTBHIO ycKopeHHbIMH T5J)l(eJibIMH HOHaMH c JITI3 - 11-12 
K3BIMKM Ha He,D.emII.I.J;HeC.H JlHMtPOU:HTbl, HarrpHMep, HOHaMH 12C c 3HeprMeH 4 73 
M3B/HyKJIOH. 
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TionyqeHHhre BenwnIHhI OB3 OTpa)KaIOT pa3JIHqiu1 qrn3nqecKH:X 
xapaKTepHCTHK rrpoTOHOB TepaneBn1qecKoro rryqKa c HCXO,l1,HOH :meprHH 170 M3B H 
B o6nacrn: IIHKa Bp3rra. 0,n;HaKO IIOCKOJibKY orryxom1 xapaKTepmyIOTC5I 
rrpoueccaMM ,I(enemuI KJieTOK, CJie,r(yeT 0)KH,l1,aTb HX 6onee BbICOKOH 
pa.I(HO"l!YBCTBHTeJibHOCTll ITO cpaBHeHHIO c He,n;emn:QMMMC.SI KJieTKaMM 3,l1,0pOBbIX 
TKaHeit KaK H3BeCTHO, .I(eJI5IIIU1:ec.H KJieTKH, oco6eHHO B HeK0Top:r,1x <Pa3ax 
KJieToqHoro UMKJia, o6na,n;aIOT IIOBhII.I.IeHHOR qyscTBHTeJibHOCTblO K ,n;eHCTBlllO 
110Hm11pyIOII(HX H3Jiy-qeHHH (CeBaHI>Kaes A. B., 1987). Ilo3TOMY aem1qnHa OB3 
rrpoTOHOB B o6nacTH IIHKa Ep3rra 6e3 y-qern BJIM.SIHM5I TaKoro 6nonornqecKoro 
cpaKropa He IIOJIHOCTblO orpa)Kaer 3cpcpeKTMBHOCTb o6nyqeHH.H KJieTOK qenoBeKa 
rrpOTOHHbIM TeparreBTHqecKMM rryqKOM. 

HaMH rrpoae,n;eHo HCCJie)l;oBaHMe BJI.H5IHI:HI 3Toro 6Horrorw:1ecKoro cpaKTopa Ha 

yposeHh 3cpcpeKTOB rrpH o6ny-qemrn rrpoToHaMH B 06nacn1 rrnKa Bp3rra. 
XpoMocoMHhre a6eppan;im aHaJIH3HpoaamI B JIHMtPOU:MTax, o6nyqeHHbIX B rrep110,n; 

rrpoXO)K,llemrn HMM pa3HbIX cpa3 KJieToqHoro UHKJia H 3acpHKCHpOBaHHbIX B 

o6I:QerrpHH.SITLie cpOKH (50 1-I). 
IlpH o6nyqemm JIHMcpon;HTOB B G1- n S-<Pa3ax rrporoHaMH 170 M3B H y

nyqaMH qacTOTa 06pa30BaH11.H KJieTOK c xpoMOCOMHbIMH a6eppan;mIMH JIHHeRHO 

B03pacrana c ysenrr"lleHHeM A03bI .n:o 3,5-4 fp. IlpH ,n;anhHeihrreM yaemi:qeHHH .ll;03hI 
o6nyqeHM5I Ha6nIO,n;aeTc.SI Hac:r,nn;eHHe 3cpcpeKTa Ha ypoBHe ,..., 90-98% rrospe)K.I(eHHhIX 
KJieTOK. 0TMeqeHa CTerreHHaJI ,r(030Ba5I 3aBHCMMOCTb o6rn;ero qHcJia B03HHKaIOI.I.UIX 

xpoMocoMHhIX a6eppau:Hii. BMecTe c reM, rrpn o6!'yqemrn JIHMcpOUHTOB B S-<Pa3e 
U:HKJia rrpoToHaMH-170 M3B OTMeqeHo HeKoTopoe cHmI<eHHe 3cpcpeKTa rrpli ,n;o3e 4 
f p, a rrpn 5 f p - AemII:QHeC5I KJieTKH He 6I>IJIH BhI.SIBJieHbI. IlpH 3TOM 

pa,n;11oqyscTBHTeJibHOCTh ,n;eJI5II.I.IHXC.SI KrreroK B G1- H S-cpa3ax KJieToqHoro U:HKJia no 

,n;aHHhIM rroKa3aTemIM 6bIJia BbII.I.Ie, qeM He,IJ,eJI.SIII(HXC5I JIHMcpou;nroB B G0-cpa3e. 

Ilocne o6nyqemrn: JIHMcpon;HTOB B Grcpa3e .ll;OJI5I KrreroK c xpoMocoMHhIMH 

a6eppal.IJUIMH H o6mee qncrro a6eppau;nH: xpoMOCOM 0Ka3aJIHCb CHH)KeHHbIMH TIO 
cpasHeHHlO c KJieTKaMH, o6nyqeHHbIMH B ~pyrHX cpa3aX, a rrpH ,[(03aX 4-5 fp 

,IJ,eJI5II.I.IHeC5I KJieTKH OTCYTCTBOBaJIH. 
Docne o6rryqeHH5I GrJIHMcpon;HTOB ,n;a)Ke He6onbIIIHMH ,n;03aMH npoToHOB B 

o6nacTH IIHKa Ep3rra Ha npenaparnx scrpeqanHCh JIHIIIb e)l;HHHqHbie ,n;en.Sirn:Hec5I 

KJieTKH (np:a o6merrpHH5ITOM 50-t.IaCOBOM cpoKe HX cpHKCau;:E-rn). I13BeCTHO, q10 
o6nyqeHHe KJieTOK qerroBeKa H MJieKOmITaIOI:QHX rrpHBO,r(HT K 3a,IJ,ep)l(Ke BCTyrrneHH5I 
HX B ,n;eneHHe, qTo CKa3bIBaeTC5l KaK Ha MHTOn1qecKOR aKTHBHOCTH KJieTOK, TaK H Ha 

ypoBHe Bhl>IBJ15IeMbIX a6eppan;HH xpoMOCOM. TipoBe~eHHbIM aHaJIH3 BhI.SIBHJI 

rny6oKyIO 3a,IJ,ep)KKY ,n:enemrn Gro6nyqeHHhIX JIHMcpou;MTOB. )J;JI.SI KJieTOK, 

o6nyqeHHhIX B ~pyrHx cpa3ax n;rrKJia, oHa 6bma MeHee a.01pa)KeHa, HO c yaem1tJeHHeM 
,U03bl TaK)Ke OTMeqaeTC.SI CHH)Kem1e MX MHTOTHqecKOH aKTHBHOCTH. 

,l(JI.SI Bbl5IBJieHlrn OTITHMaJibHOro cpoKa HCCJie,n:oBamrn JIHMcpOUHTOB, 
0611yqeHHbIX B Grcpa3e n;HKJia rrpoToHaMH.B o6nacTH nnKa Ep3rra, 6hIJIH rrpoae,n;eHhI 
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3KcrrepnMeHT.hI c $11Kcaru1e:H KJieToK a pa3Hbie cpoKH rrocne Bo3,n;eiicTBIDI. 

TionyqeHH.bie .l(aHHbie CBH,U:eTeJI.bCTBYIOT 0 TOM, tUO 3Haqemu1 MHTOTHqecKoro 

HH.l(eKca IIOBblIIIanliCb c ysen:EflleHHeM npop;OJI)l(HTeJibHOCTH KYJibTHBHpoBaHHH H 

CTaHOBHJIHCh rrpaKTHT.J:CCKM paBH.blMH KOHtpOJIIO nocne 67-lJaCOBOfO 

KYJihTHBHposaHIDI. 0,n;HaKo 6I>mo OTMelJeHo nogsneHHe KJieTOK nocrre.u;y10i:.qnx 

MHT030B, ypoBeH.b KOTOphIX IIOBI>IlllaJIC}l c ysennqeHHeM npO,D;OJI)l(HTeJihHOCTH 

KYJII>THBHpoBaHHH KJieTOK. HaMM 6.hm Bh16paH 58-qacosoli cpoK $HKCal(HH Gr 
o6nyqeHH.blX JIMMc)?Ol(MTOB (10 'tJ. rrocne o6nyqemrn), Kor.u:a OCHOBHaH MX qacTb 

(-85%) rrpoxo,D;HJia nepBbIH IIOCTJiyqeso:H MHT03. 

l.zyIToreHeT.ErcreCKHH aHanH3 J1HM$OI~HTOB, o6nyqeHH.bIX B pa3HhIX cpa3ax 

KJieToqHoro l(HKJia rrpoToHaMH B o6rracrn: ITMKa Ep3rra, noKa3an (pHc. 2), qTo rrp11 

B03,n;elicTBHH Ha JIHM$Ol(HTI>I B G0- H G1-$a3ax KJieTOtfHoro IJJIKJia qacTOTa 

o6pa30BaHHH a6eppaHTHblX KJieTOK, KaK H Q)l(H,ll;aJIOC.b, HMeeT JIHHeliHyIO 

3aBHCHMOCTb or ):(03hI o6nri:emrn s ,n;narra3oHe ,n;o3 1-4 fp (pnc. 2a) c nocne,n;yIOi:.qHM 

1000 

6) 4 = 90 900 .A s 
~ 

.., ... 80 i 800 • Go ,.Q ~ 
::C e c.-

Gz ~ .., 70 Q ~ 700 D 
0 = i e 

Gt y ~ 60 0 ~ 600 0 
0 0:: ~~ ~ = 500 
0 =- 50 == Q.. = ~ c.. == 400 40 =- ..-1 CJ c.. 

~ = = ~ 30 c..= 300 
:.c ~ Q.. 

t ~ 
200 20 lO 

~ < 
10 100 

0 
2 3 4 5 0 2 3 4 5 

,rt;o3a, tp ,rt;o1a, fp 

P11c. 2. 3aBHCHMOCTb or ,n;o3hI ti:acroTI>I o6pa3oBaHIDI m1Mcpo~Hroa c xpoMocoMHhIMH 

ttapyrneHHHMH (a) n o6i:.qero T.J:HCJia a6eppal(HH xpoMocoM (6) rrocne o6nyqeHHH B 

pa3HbIX $a3ax KJiero1rnoro l(HKJia npoTOHaMH TepaneBTHqecKoro rryciKa B 06nacn1 

nHKa Bp3rra. 

BbIXO,U:OM Ha ypoBeHb HacblmeHH:R: B 95-99% IIOBpe)J(,ZJ;eHHbIX KJieTOK. ITpH 

o6nyqeHHH B S- H G2-cpa3ax UHKJia oHa cymecTBeHHo B03pacTaeT rrpH tte6onhIIIHX 

,n03ax (0,5 fp) H 3aTeM 6bICTIJO B.hIXO.D;HT Ha yposeHb HaCbII.qeHIDI. TaKaH 

3aKOHOMepHOCTb OTMe11anacb B .n;pyrnx HCCJie)J;OBa.HIDIX B03,D;eHCTBHH H3JiyqeHHH c 

BblCOKHMH 3HalieHH5IMH JITI3 Ha He,n:em1mMeCR JIHMcpOI(HThI - HanpHMep HOHaMM 

MarHH}l H a30Ta c JIII3 -39,8 H -77 K~B/MKM, COOTBeTCTBemro (KpacaBHH E. A. M 

,n;p., 2004). BhIHBJieHHbie HaMM 3$cpeKTh~ cJiy)l(aT noKa3aTeneM 6oJiee BbICOKOH 
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pa.n:HoLiyBCTBHTeJihHOCTH JIHMcpo11;iuos B S- H Grcpa3ax KJiero•rnoro URKJia np11 
so3.z:i;eiicrmm rrporoHaMH B o6JiacrH nHKa Bp3rra. 

06IIJ;ee q11cJIO B03HHKaIOIIJ;HX B JIHM<}?OUHTax a6eppa1l,HH xpOMOCOM 
xapaKTepmyercJI crerreHHoii 3aBHCHMOCTh.EO OT ,lJ,03hI (pHc. 26). BoJiee B:&ICOKHe 
ypoBHH 3<}?cpeKTOB orMeqa.EOTC5I .n:Jrn: G2-o6JIYL!eHHhIX JIHM<}?m:.i;inos no cpaBHeHHJO c 
KJieTKaMH, o6nyqeHHbIMM B .n:pyrHX cpa3ax KJieroqHoro Il,HKJia. c yaeJrnqeHHeM LJ;03bl 
o6JIYL!eHHJI pa3JIHtnte CTaHOBMTCJI 6oJiee Bbipa)J(eHHhIM. 3To OTMeqaJIQCh TaK)J(e B 
11ccrre.n:oaamrnx .n:pyrnx aaropos (,lQKeM1u1es 3. A., 1967; CesaHbKaeB A. B. 11 
J1yqHHK H. B., 1973; )l;y6HHHHa JI. r., 1977; Carrano A. v., 1975). CyIIJ;eCTBeHHblX 
pa3JIHI.JHH no qacrore a6eppa1l,MH xpoMOCOM B JIHMcpo11.11rax, 06nyqeHH:r:.1x B G1- 11 S
cpa3ax Il,HKJia, He OTMeqeHO. 

HaMH rrpoBe,n:eH aHaJIH3 pacnpe.n:enemrn KJieToK c pa3HI:.IM 11HcrroM 
xpoMOCOMHblX a6eppau;Hi1 IIOCJie o6nyq:emrn JIHMcpOUHTOB nporoHaMH 
reparreBTHqecKoro rryqKa. qaCTOTa B03HHKHOBeHHJI KJieTOK c pa3HbIM q11cJIOM 
xpoMocoMHbIX a6eppau;Hli rrpn o6nyqeHHH B G0-cpa3e KJieroqHoro IJ;HKJia 
nporoHaMH-170 M3B rro,D,qHmieTC51 HopManhHOMY pacrrpe.n:eneHH.EO IlyaccoHa, a 
TIOCJie B03,[(eMCTBH5I pa3HbIX LJ;03 rrpOTOHOB B o6JiaCTH IIHKa Bp3rra - pacrrpe.n:erremuo 
IlyaccoHa HJIH HeifMaHa. Pacrrpe,n;eneHMe Gro6nyqeHHbIX KJieToK c pa3HhIM qHcrroM 
a6eppaIJ;IfM xpoMOCOM rrepecTaeT COOTBeTCTBOBaT1 3THM pacrrpe,n;eneHHJIM. 
= AHaJIM3 pacrrpe.n:eneHHJI qHcrra 
~ 100 a6eppau;Hii no KJieTI<aM rrpM B03.l(eMCTBHH 
: ., - G0 -p-170 M3B 6 B G 5 ?f. 80 rrpOTOHOB B 0 JiaCTH ITHKa p3rra Ha r 
o:i ~ = G2 • p-nMK 5p3rra 
~ ~ JIHMcpou;HTbI BhHIBHJI BbICOKHH ypoBeHb 
IE ; so 6 s: s KJieTOK co MHO)J(eCrBeHHhIMH a eppau;mIMH 
~ ~ 4o XpOMOCOM (pHC. 3). Do cpaBHeHHJO C 
~ ~ 20 .n:eiicTBHeM rrporoHos-170 M3B Ha G0-

f JIHMcpou;HThI KOJIH1IeCTBO TaKHX KJieTOK 
:2 ° 2 3 4 5 yBeJIHq1rnaerc.sr: B rpH H 6onee pa3 npH ,n;03ax 

J(o3a, fp o6nyqemrn 1-3 fp H B ,D,Ba pa3a - rrpH 

Pttc. 3. 11Hcno JHIM<Pou;HTOB co 
MHO)J(eCTBeHHbIMH a6eppa1l,If5IMH 
xpoMOCOM (~ 3). 

BhICOKHX ,[(03ax. 0Ho mrnenHpyeTc.sr npH 
BhICOKMX )J;03aX, IIOCKOJibKY BO BCe 60JibIIIeM 
"LJ:IfCJie KJieTOK B03HHKa.EOT MHO)J(eCTBeHHhie 
XPOMOCOMHI>Ie IIOBpe)J(,n;eHmI. 

Bh1pa)J(eHHaJI 3a.z:i;ep)J(Ka BcryrrJiemrn B .n:eneHHe T5I)J(eJio rrospe)J(,D;eHHhIX 
KJieroK rrpM o6JiyqeHMM JII:IMcpOI(HTOB B HaH6onee pa,n;i;wqyBcTBI:ITeJibHOH Gr<Pa3e 
KJieroqHoro IJ;HKJia .n:a)J(e HeBhICOKHMH ,n;03aMH MO)J(eT rrpHBecn:I K TOMY, qTo qacTb 
H3 HHX soo6IIJ;e He ,n:ocrMraer MHT03a (Ritter S. et al., 1994, Nasonova E., Ritter S., 
2004 ). 06 3TOM Moryr CBH,n;ereJI.bCTBOBaTb pe3yJihTaThI ,D,OIIOJIHHTeJibHO 
rrpoBe,n;eHHoro HaMH Hccrre,n;oBaHHJI PCC-Mero.n:oM. 3ror Mero,n; IT03BOJIHeT 
BbHIBJI.sITb B03HMKaIOIIJ;He pa3pbIBhI xpOMOCOM )J;a)J(e B TaKH:X TJI)J(eJio ITOBpe)J(,D;eHHhIX 
KJierKax. Hx qacTora B HeCKOJibKO pa3 rrpes1>1IIIarra ypoBeHb pa3pbIBOB xpoMocoM, 
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pa3pbIBOB xpOMOCOM, Bbrn:BmieMbIX MeTacj_Ja3HbIM MeTO,n:OM, tfTO oco6eHHO Bbipa)l(eHO 
rrpu BbICOKHX ,no3ax o6nyqemrn. 

Amun13 JIHM<j_JOI.J,HTOB, o6nytfeHH:OIX B pa3HbIX cj_Ja3ax KJieTOtfHoro I.l,llKJia, 
CBH,[(eTeJihCTByeT 0 cy:rn;ecTBeHHOM H3MeHeHHH COOTHOIIlemrii Me)K,[(y pa3HbIMI1 
BH):(aMH o6pa3yIDII.J,HXC.H xpoMOCOMHbIX a6eppaI.J,HH. y BeJJHtfeHHe qacTOThl HX 
o6pa3oBaHH.H B G2-o6nyqeHHbIX JIHMcj_JoI.J,HTaX orrpe,neJrneTcH, rrpe)K,n:e Bcero, 
rroBhIIIleHHeM ypoBH.sr a6eppaI.J,MH xpoMaTM.IJ:HOro THrra. Ha HX ,noJIID rrp11:xo,n;HTCH .no 
70% OT o6IIIero irncna a6eppaI.J,MH, Tor,na KaK B G0-o6nyqeHHhIX JJMMrpOI.J,Hrax 11x 
BKJia.IJ: He rrpeBbIIIIaeT 10 %. KpoMe Toro, rrpM cpaaHeHHH o6II.J,ero LIHCJia .n:eneI.J,11ii 11 
o6MeHHhIX a6eppan:H.H OTMeqaeTcH Bhipa)l(eHHhIH rpparMeHT03 xpoMocoM B G2-
o6nyY:eHHhIX JJHM<j_Jou::urax (.n;o 65-85% OT o6II.J,ero qf.!cJia a6eppaI.J,MH xpoMocoM). OH 
orrpe,nemreTCH, rrpe)l()l,e BCero, BhICOKOH qacTOTOH o6pa30BaHH5I xpoMaTH)J;HhIX 
rpparMeHTOB. B:ornsJieHbI TaK)l(e cy:rn;ecTBeHH:Oie mMeHeHHH B cooTHorneHHH 
o6pa3oBaHMH a6eppau:11H: xpoMocoM o6MeHHoro nma. ~JIH G0-o6nyqeHHhIX 
ITHMrpOI.1,HTOB xapaKrepeH BbICOKHH ypoBeHh ,Il;I1I.J,eHTpHKOB (Ii I.J,eHTPMtfeCKBX KOJieI.J,) 
H scrpeqaIOTCH ITMIII1 e,n;HH.HqHJ>Ie xpoMaTH.IJ:H:Oie o6MeH:or. B G1- H S-cpa3ax I.J,MKJia 
ysemitfMBaeTcH KOJUitfeCTBO o6MeHoB xpoMarn:.n;Horo T.Hrra. B Gro6JiyqeHHhIX 
KJieTKaX OTMeqaeTC5I cy:rn;ecTBeHHOe IIOBhIIIIemre ypoBH5! xpoMaTH,[(HbIX o6MeHHbIX 
a6eppal.l,.HM rrprr CHH)KeHMM o6pa30BaHM}l ,n:rrI.J,eHTp.HKOB H KOJieI.J,. qaCTOTa 
o6pa30BaHH}l Tex Il .n;pyrMX BH.IJ:OB a6eppal.l,HH HaXO,[(HJiaCh Ha ypoBHe 8-14% OT 
o6:rn;ero qfiCJia, a rrpH BhICOKHX _n03ax 4-5 fp - rrpHMepHO 4-7%. 

BnrnsneHHe o6MeHHhIX a6eppaI.J,HH xpoMocoMHoro THrra B Gro6nyqeHHhIX 
JII1MrpOI.1,HTaX MO)l(eT orrpe.n;emITbC5I ,[(BYMH o6CTO.HTeJibCTBaMH: c O,[(HOH cropOHbI, 
paccHHxpoHH3aI.J,Heii rrorrymII.J,MH CTHMynupoBaHHbIX K .n;enemno nuMcpoI.J,HTOB K 

MOMeHTY o6nyqemrn:, c .n;pyroli - orcpoqeHHOH cpttKCaI.J,HeH KJieTOK IIOCJie o6JiytfeHH5I 
rr3-3a Bbrpa)l(eHHOH 3a.n;ep)l(KH .ri:eneHHH Gro6nyqeHHbIX KJieTOK (.ri:o 58 q). Ilptt 
MHKpOCKOIIHpOBaHHH, sep05ITHO, o6Hapy)l(HBaIOTC5I KJieTKII, KOTOpbie BO BpeM}l 
o6nyqeHH5l MOrnH e:rn;e Haxo):(HTbCH B S-cpa3e KJieToqHoro I.J,HKJia. Qqes11.ri:Ho, He 
scer.ua y.n;aBaJIOCb OT,II:Hrpcj_JepeHI.J,HpOBaTb KJieTKH B 3THX CTa)l,HHX KJieToqHoro I.J,IIKJia 
rrpu pa3,[(eJibHOM yqere B HUX xpoMOCOMHbIX a6eppau;Mli. IlpII aHaJIH3e rrperrapaTOB 
HaMtt s:ornsn.si:noc1 .z:10 15-20% KJieToK B S-¢a3e KJJeToqHoro I.J,HKna. KpoMe roro, He 
HCKJIIOqaerc.H Bep05ITHOCTh Toro, •ITO rrpH rrpoxmK,IJ;eHMH TpeKa 
ITJIOTHOHOHll3JipyIOro;ero rrpOTOHa MOryT ITOBpe)l(,I(aTbc5I o6e xpoMaTtt,Il,11, qTQ 
co3,n;aeT ycnoBM}l .IJ:JI}l ¢opM.Hposamrn H a6eppaI.J,MH xpoMocoMHoro nrna. 

HaMH rrpoBe,n;eH pacqer 6HoJiorn:qecKoH: 3cpcpeKTHBHOCTII rrporoHoB 
reparreBTHqecKoro rryqKa B o6nacTH MO,n;HcpHL(HposaHHoro IIHKa Ep3rra c yqeTOM 

BKna.n;a B 3cj_Jcj_JeKTbI or pa.n;rroqyscTBHTen1HbIX Gro6nyqeHHhIX KJieTOK. B KaqecTBe 
KpHrepHeB HCTIOJlb30BaHhI qacrora o6pa30BaHH.5I KJieTOK c xpoMOCOMHbIMH 

a6eppau;mIMH H o6II.J,ee qHcno a6eppa:u.11if xpoMocoM. Ou;eHKY npoBO.II;liJIM c yqeTOM 
cppaKI.J,Hli Ha.H6onee pa,nHOtfYBCTBHTeJibHbIX JIHM¢0I.J,HTOB, HaXO,[(HBIIIHXC5I BO BpeM5I 
o6nyY:eHIIH B Grcj_Ja3e KJieToqHoro l.l,HKJia. Bem1quHa 3TOH c}lpaKI.J,HH KJieTOK HaMH 

11 



6hma rrpMH51Ta rrporropu;HoHaJihHOM npo,n:omrrnTeJihHOCTH Gz-cpa3hI JIHM<Pm.i:HTOB. B 
KJieT01IHOM IJJIKJie JIMMcponMTOB, paBHOM 42 q, ee rrpo,n;omKiiTeJihHOCTh COCTaBJrneT -
6 q (Bender M. A. and Prescott D. M., 1962). Tar<IfM o6pa3oM, ee .n;oJI51 cocTaBHJia 
14,3 %. TipH pacLieTe K 3HatJeHH51M qacTOThI o6pa30BaHIDI JIHM<Pol(HTOB c 
xpoMOCOMHbIMH a6eppal(USIMH H o6Iuero qncna a6eppal(HM xpoMOCOM, 
1rn,n;yI.(HpoBaHHhIX rrpoTOHaMH B o6nacTH mrna Bp3rra B G0-cl_:>age KJieTOLIHoro I.(MKna, 
,no6aBJieHa 14,3%-5! ,norrJI or cooTBeTCTBYIDII.(HX 3cl_:>cl_:>eKTOB, r10nyLieHHhIX .ZJ;Jrn G2-
o6nyqeHHhIX JIHMcpOI.lHTOB. Do 3THM ,n:aHHhIM IIOCTPOeHhI pactieTHbie KpHBhie, 
npirne,n:eHHhie Ha pHCYHKe 4. )J;mr cpaBHeHH51 3,n;ec1 )Ke IlOKa3aHhI COOTBeTCTBYIOlI.(He 
KpHBhie JJ:JI51 JIHMcpm:.tHTOB, o6nyqeHHhIX B G0-cpa3e KJieToqHoro IJ,HKna npoToHaMH-
170 M3B H y-nyqaMH. 

500 
1 100 2 .... p - nHK Ep3rra 

:::: a) 3 
450 0 p-170M3B 6) :; 90 i :a 400 • raMMa-Jiytcm 

80 c 
=~ ~ II 2 :; = ~ c s 350 pacc~IeTHaJ! I<pHBaJ! 

0 :::: 70 ~ (-.. 

~ ~ 60 8. ~ 300 
0 ~ 

~ ~ 250 :; = 50 0 ::r 
c. ~ ::o 
>< c. 40 :::r ..-! 200 
~ c. ~ Ci:! 
:::: a.· 30 §: = 15Q 
~ lO 4,) 
~ ei: 20 '-= 100 
CJ < t:; 

10 50 ;;::: 
0 0 

0 2 4 5 0 2 3 4 5 

)1:03a, fp ,l(o3a, rp 

P11c. 4. 3asHCHMOCTh tiaCTOThI o6pa3oBaHH.S:I JIHMcpOI.J,HTOB c xpoMocoMHhIMH 
a6eppar.i;H.S:IMH (a) H o6mero qncna a6eppau;H:H: xpoMocoM (6) OT .n;o3bI o6nycrnHM5I 
nporoHaMH TeparreBTH1IeCKOro nyLIKa: 1 - pacqeTHa.S:I KpHBa5I c yqeTOM BKJia.n:a B 
3<PcpeKThI .n:oJIH pa,nnoLJyBcTBHTeJihHoli cppaKI(HH GrJIHMcpOIJ,H:ros, o6rryqeHHhIX B 
o6nacnr TIHKa Bp::ffra; 2 - o6nyqeHHe He.n;emm.J,HXC5I mfMcpo:o:HTOB B o6nacrH IIHKa 

Ep3rra; 3 - o6nyLieHne He,n;eJI5IlI.(HXC5I JIHMcpou:nros rrpoToHaMH c 3Hepn:i:e:H 170 M3B 

II y-nytfaMH. 

no aHaJIOfMH c pacqeTOM BeJIHtJHHbI OB3 6bIJIH BhltJHCJieHbI K03<P<PmurnHThI 
6norrornt.IeCKOH 3cpcpeKTI1BHOCTH rrpOTOHOB )J?€f<aDeBTMl.JeCKOro rrytJKa B o6JiaCTM 
IIHKa Bp3rra c yqeTOM BKJia,n:a B 3cl_:>cpeKThI 60.rree pa.n:ttot.IyBcTBHTeJihHhIX Gr 
o6nyqeHHbIX KJieTOK. TIO COOTHOilleHHIO ));03 IlpH paBHhIX ypOBH51X 3cp<J?eKTOB 
rrpose,n:eHo cpaBHemi:e c ,LJ,eHCTBHeM rrpoToHOB-170 M3B Ha He.n;eAAmttec51 KJieTKH B 
G0-cl_:>age KJieToqHoro U:HKJia (Mo.n;em1pyeT o6nyqeHHe 3,n;opOBhIX TKaHeli rrpH 
rrporoHHOH TepanHM). TaKHM o6pa3oM, Ko3<PcpHI.(HeHT 611onornqecKoif 
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3cpcpeKTHBHOCTH rrpoTOHOB B o6nacrn: IIHJ<a Ep3rra rrpH o6nytieHHH acttHxpoHHOM 
rrorrymru:im KJieTOK qeJIOBeKa MO)l(eT IIOBbIIIIaTbCH .n;o ~ 1,45±0,08 (B .n;uarra.30He )1;03 
1- 4 fp). 

}faBecTHo, qro npH rrpoBe.n;emnI nyqeBo:H: repamn1 o6nyqemre 061>11!HO 
rrpoBo;:i:urcH c HecKOJihKHX HarrpaBrreHHM (.z:i:o 7) .z:i:o .z:i:ocTH)l(eHHH TPe6yeMoii 
TeparreBTH1leCKOH ,Il;03bl. 3THM ,Ll,OCTHraeTC51 CHH)l(eHHe B03,LJ,eMCTBirn Ha KJieTKH 
3.z:i:opos1>1x TKaHeii no xo.n;y nyqKa rrporoHoB .z:i:o MecTa JIOKaJIH3aU:HH orryxomi:. 
3cpcpeKThI o6nyqeHHH nyt.J:KOM rrporoHoB c Hcxo,n;Hoii 3HeprHeif 170 M3B, B 
orrpe;:i:eJieHHOH Mepe, MO,D;eJIHPYJOT peaKU:HJO KJieTOK 3.IJ:OpOBbIX TKaHeH Ha 
B03)l;eikTBHe CHIDKeHHOH )J;03hl. 3To .IJ:OCTHraeTC51 KaK o6nyqeHlfeM c HeCKOJibKHX 
HanpaBJieHHH, TaK H MeHbIIIeii BeJIHtJHHOH 0:63 rrpoTOHOB HCXO,!l;HOro rrytJKa 
OTHOCHTeJibHO rrpOTOHOB IlHKa Ep3rra, a TaK)l(e MeHbIIIeii pa,n;HOtJYBCTBHTeJibHOCTbIO 
He,LJ,eJI51Il(HXC51 KJieTOK HOpMaJihHbIX TKaHeif no cpaBHeHHIO c acHHXpOHHOM 
rronymni;Reii KJieToK orryxoneli. 3cpcpeKTbI, BbIHBJieHHhie HaMH rrpM o6nyqemm 
rr11Mcpou:11roa rrporoHaMH B o6nacrH IIHKa Ep3rra, MO)l(HO paccMarpifBaTh KaK 
rrp11Mep peaKU:HH xpoMOCOMHOrO arrnapara ,n:eJI51Il(HXC5I KJieTOK onyxoneBbIX TKaHeii 
Ha B03,n:eiiCTBHe .IJ:03bl, COOTBeTcTByromeH: MaKCHMYMY cyMMapHoro 
rrpocrpaHCTBeHHoro .n;o3Horo pacrrpe.n:eneHHH. KaK npIIMep: rrpH o6nyr:reHHH KneroK 
c ceMH HanpaBneHHH rrporoHaMH B o6nacrH rrttKa Ep3rra B cyMMapHoli ,n:03e 3 f p 
B03HIIKaeT ,n;o 90 % KJieroK c a6eppaU:HHMH (pMc. 4, KpHBa.sr I). IlpH 3TOM B 
3,D,opoBbIX TKaHHX rro xo,n:y rrporoHHoro rryima c 3Heprne:H 170 M3B o,n;HoKparHoe 
B03)J,eHCTBHe CHH)l(eHHOH )\03bl HH.D:YU:HpOBaJIO 6bI rrospe)l()\eHlie He 6onee I 0% 
101eroK, a npH cyMMapHo:ll ,LJ,03e 4 fp ~ 15% KJieroK (pMc. 4, KpHBa5I 2). TaKHM 
o6pa3oM, rrpH rrpose,n:emrn rrporoHHOH repamra nyqesaH Harpy3Ka Ha HOpMaJibHbie 
rKam1 no xo,n;y nporoHHoro rryqKa no cpasHeHHID c orryxoneBbIMH MO)l(eT 
CHmKaTbC5I II01IUI Ha rrop51,UOK BeJIMqHHbI, no KpaHHeH Mepe, B HeCKOJibKO pa3. 

Ecrh ocHoBaHHH rronaraTb, tITo .n;e:ikTBMe rrporoHOB reparresT:atrecKoro rrytrKa 
B o6nacTH IIMKa Ep3rra MO)l(eT 611T1 ,n:a)l(e 6onee 3cpcpeKTHBHhIM. Bo-nepBbIX, 
scne.n,cTBHe 3a.z:i:ep)l(Kll ,n:enemrn: o6nytreHHbIX JIHMcpou:MroB, rrpH aHanme rrperraparos 
KJ1eTOK o6merrpHH51TbIM Meracpa3HhIM MeTO,l(OM c Hem6e)l(HOCTbIO BhIIIa,IJ,aIOT 
Hatt6onee T5I)l(eJio rrospe)l(,IJ;eHHhie KJieTKH (Lloyd D. C. et al., 1977; Geard 
C.R.,1980; Collyn-d'Hooghe M. et al., 1981; Lucke-Ruhle et al., 1983). Bo-BTop11x, 
HaMH OTMetJeHO TaK)I(e HeKOTopoe IIOBbIIIIeHHe ypoBHeH 3cpcpeKTOB rrpH o6rryqeHHll 
KJieroK B S-tjJa3e KJieToqHoro U:HKJia no cpasHeHHIO c He;:i:en.srll(HMHCH KJieTKaMH B 
G0-cpa.3e. B S-cpa3e KaK H3BeCTHO, rrpoxo.n;HT HHTeHCHBHbIH CH:HTe3 ,[(HK xpoMocoM. 
Pa,LJ,Mau;:aoHHoe so3,n:eiicrB:ae rrpHBO,lJ,HT K ero HHrH6HposaHHIO, rro,LJ,aBJI515I 
IfHMQHaU:HIO CHHTe3a ,[(HK (CbIH3bIHbIC E. 11. :a .n,p., 1987). KaK mseCTHO, KJieTKaM 
3yKapHOT CBOMCTBeHeH ITOJIHperrJIHKOHHbIM nm pernrnKau;mI ,[(HK. IlpH 3TOM CI1HTe3 
,[(HK rrpoxo,n:HT aCHHXpOHHO KaK Me)l(,n;y OT)J;eJibHbIMH KJieTKaMM rrorryJI5IU:HH, raK H 
Me)l(,l],y OT,lJ,eJibHhIMH XpOMOCOMaMH H ,n:a)l(e B rrpe,n:enax 0,lJ,HOH xpoMOCOMbI B KJieTKe. 
3ro crroco6ctByer peanmau;1m B03HHKaIDII(HX B ,[(HK rrospe)l(,n:eHHH B BH)J,e 
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xpoMocoMHhIX a6eppau;Iri1. B CY.my taKoM: ac1rnxpoHHOCTH KJieToK B S-cra,n:HH I(MKJia 
MeTacpa3HbIM MeTO,D; aHaJIH3a He II03BOJHieT npoBeCTH CTpOfFIH KOn.IfliecTBeHHDIM yqeT 
BKJia,n:a B cyMMapHbIH 3cp<PeKT KJieTOK, 06.rryqeHHhlX B 3TOM <lJa3e I(HKJia. 

KpoMe Toro, pa,n;i.rn-qyscTBHTeJihHOCTb JIHMcpoo;HTOB 6r,ma Hccne,n:osaHa HaMH 
TOJI1KO B 0,I(HOH speMeHHOH T04Ke Ka)l(,[(OH cpa3bl KJieT04HOfO I(HKJia. BMecTe c TeM, 
pa,lJJIOLJ:YBCTBHTeJihHOCTb JII1Mcp01(HTOB, KaK IIOKa3aHO MHOfHMH HCCJie,n:osaremIMH, 
MO)l(eT pa3JIMLJ:aTbC}l He TOJihKO Me)l(,n:y pa3HbIMH cpa3aMH KJieroqHoro I(HKJia, HO H 
BHyrpH Ka)l(;a:o:H: 113 HMX (CesaHbKaes A. B. H IlYLJ:HHK H. B., 1967; ,ll;)l(eM11JieB 3. A., 
1967; MHrpocpaHOB IO. A., 1969; )];yfornirna JI. r, 1977; CeBaHI:.KaeB A. B. H ;a:p., 
1980; Yu C. K. and Sinclair W. K., 1967; Bick Y. A. E. and Brown J. K., 1969). 

B hi B 0 ):( hi 

1. Bbrn:BJieHbI Kon11qecTBeHHb1e H Ka4ecrseHHhle oco6eHHOCTH peammi: 
JIHMcpOI(HTOB rrep11cpep11qecKOM KpOBH qeJIOBeKa Ha ,n:eMCTBHe rrpoTOHOB 
reparresrIIqecKoro nyqKa <lJa3oTpoHa c Hcxo;a:Hoii 3Hepni:eH: 170 M3B H B o6nacrn 
ITHKa Ep3rra ITO I(HTOreHern:11ecKHM TIOKa3aremIM. 

2. IloKa3aHa pOJib cp113HLJ:eCKOro cpaKTopa B peaKI(MH KJieTOK qenoseKa Ha ,n:eHCTBHe 
rrpoTOHOB reparreBTHLJ:eCKOro rryt.IKa rrpII o6nyqeHHH He.n;eJI}ll1IHXC}l JIHM<i?OI(HTOB 
(B G0-cpa3e KJieTO"CJHoro u,11Kna). IIpH ou;eHKe ITO u:11roreHen1qecKHM noKa3aTemrM 
BeJIHLJ:MHa OE3 rrpoTOHOB Hcxo.n;Horo rryqKa c 3Heprn:eli 170 M3B 6nM3Ka K 
1,0±0,03, rrpoTOHOB B o6nacrn: ITHKa Ep3rra- cocramma ~ 1,2±0,1. 

3. Do U:MToreHen1LJ:eCKHM recraM noKa3aHo IIOBbillleHHe pa,n:HoqyacTBHTeJihHOCTH 
,I\eJUII1IHXC51 JIHMcpO:UHTOB rrpn o6nyqeHHH ITpOTOHaMH reparreanILJ:eCKOro rryqKa B 
06nacn1 IUIKa Ep3rra rrpu: rrpOXO)l()l;eHHH HMM cpa3 KJieT04HOro l(HKJia. 

4. Bbrn:BneHa HaH60JibII.IaR pa,n:imqyacrBHTeJibHOCTb JIHMcpOl(HTOB, o6nyt.IeHHbIX B 
Grcpa3e KJieroLJ:Horo l(HKJia nporoHaMH B o6nacrH IIHKa Ep3rra rro pa3JIH4HbIM 
noKa3aremrM: Hm16onee ITpo.nom1mrenhHM 3a,nep)l(Ka .n:eneHH5.l (.no 10 q), 
BbICOKa51 t.IaCTOTa o6pa30Bamrn KJieTOK c xpoMOCOMHbIMH HapyllleHH51MH H 
o6mero LJ:Hcna a6eppa1(HH xpoMocoM, pe3Koe ysen11qeHMe ¢parMeHT03a 
xpoMOCOM (.no 85% OT o6rn;ero qHcna a6eppa:u:11H:), BbICOKa51 qacTOTa o6pa30BaHH51 
KJieTOK co MHO/KeCTBeHHbIMlI (~3) xpoMOCOMHbIMM a6eppaI(H51MH. 

5. y CTaHOBJieHbl Bhipa)l(eHHbie ll3MeHeHH51 B COOTHOllleHH5IX xpoMOCOMHbIX 
a6eppa1(HM pa3HbIX TMIIOB npn o6nyLJ:eHHH JillMcpo:u:aroB s Go- H Grcpa3ax 
KneroqHoro :u;11Kna nporoHaMH reparreBr11qecKoro nyqKa B o6nacrM IIHKa Ep3rra: 

BbICOKHH ypoBeHh a6eppau:uH: xpoMOCOMHOro THIIa ( ~ 7 5%) c rrpeo6Jia.n;aHHeM 
o6MeHHbIX a6eppan;MM CMeH51eTC51 rrpeHMyrn;ecTBeHHbIM BbIXO)l;OM a6eppa1(MM 

xp0Mar11,n;Horo nma ( ~ 70%) c rrpeo6na.n;ami:eM cpparMeHTOB. 

14 



6. Br,rnarreHo BJill5IHHe fororrorHqecKoro cJ?aKropa B peaKI(llll KJieroK qenoaeKa Ha 
o6rryqeHHe rrpoTOHaMH reparreaTHqecKoro rryqKa B 06rracn1 rrHKa Ep3rra 
BCJie,[(CTBHe 6onee BbICOKOH pa,D;HoqyacTBHTeJibHOCTH .n:emm::i;HXC5f KJieTOK. llo 
cpaaHemno c B03,n;eH:crBHeM nporoHoa-170 M3B Ha He.n:emn.u;Hec5I KJieTKlf 
KmcJ?cJ?:m.:i;HeHT 6HOJIOfif1IeCKOM 3cJ?cJ?eKTHBHOCTH rrpOTOHOB TeparreBTHIIeCKOfO 
nyqKa B o6JiaCTli IIHKa Ep3rra c yc.reTOM BKJia,[(a B 3cJ?cJ?eKT cJ?paKI(IUI 
paLJ;noqyacTBHTerr:&HbIX Gro6nyqeHHbIX JIHMcJ?OI(HTOB qerroaeKa cocraBHJI -
1,45±0,10. 
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