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B OCHOBe KOHI..\enl..\1-11-1 HOMHHanbHO~ CTaHAaPTHO~ A03bl (NSD), 
npeAnOMCHHO~ 3nni-1COM/1~ nemaT Kni-1HH4eCKI-1e AaHH~e 0 B03Ae~CTBI-11-1 

¢paKI..\HOHI-1pOBaHHOrO o6ny4eHHR Ha HOpManbH~e 1-1 onyxoneB~e TKaHH,3Ta 
3MnHPI-14ecKH nony4eHHaR 3aBHCHMOCTb MeMAY cyMMapHo~ A030~ D,He
o6xOAHMO~ AnR AOCTHMeHHR onpeAeneHHoro 6HOnOrH4eCKOrO 3¢¢eKTa, 
1-1 4HCnoM ¢paKI..\HH N 3a o6~ee speMR o6ny4eHHR T npHMeHReTCR 
K peAKOHOHI-131-'lpy~~HM H3flY4CHHRM, 1-1 AnR HOpManbH~X TKaHeA onHc~
BaeTCR ¢opMyno~ 

D = NSD· N°' 2~ T0
' 11 , /1/ 

a AnA onyxones~x TKaHe~ - ¢opMynoR 

D = TSD · N°· 24 , /2/ 

rAe NSD 1-1 TSD /TyMopoaHaR cTaHAaPTHaR A03a/ RBnR~TCR KOHcTaHTa
MH AnR B~6paHHOR Beni-14HH~ 3¢¢eKTa. npl-1 HCnOnb30BaHHH B ny4eBO~ 
TepanKH HeRTpOHOB AflR N npeAnomeH noKa3aTenb cTeneHH 0,04 121 . 

B AaHHo~ pa6oTe H3y4anacb soaMomHoCTb npHMeHeHHR MHoroKne
T04H~X c¢epOI-1AOB /HKC//S/ B Ka4eCTBe MOAenbHO~ CHCTCM~ AnA HC
cnCAOBaHI-1~ no KOHI..\eni..\HI-1 NSD c 4enb~ nony4eHHR cBeACHI-1~, Heo6-
XOAHMbiX AflR I-1CnOnb30BaHHR B ny4eBO~ Tepanl-11-1 onyxoneA HeCTaH
AapTHWX BHAOB l-13ny4eHHR. 

MKC HMeeT HeKoTop~e o6~1-1e csoAcTsa c conHAHOA onyxonb~: 
BCneACTBHe HeAOCTaT04HOrO CHa6meHHR nHTaTenbHOA cpeAOA 1-1 KHCno
POAOM BHYTPI-1 c¢epOHAa B03HHKa~T HeKpOTH4eCKHe H rHnOKCH4eCKHe 
30H~ '41 4epea ABOe cyToK nocne o6ny4eHHR HKC MOmHo perHcTpHpo
saTb ero nospeMACHHe, KOTOpoe npORBnReTCR B BHAe pa3p~xneHHR 
nosepXHOCTI-1 c¢epOHAa H3-3a nH3HCa nospemAeHHbiX KnCTOK. nepHOA 
KneT04HOA AeCTPYKI..\1-11-1 CMeHReTCR nepHOAOM BOCCTaHOBneHHR. npH 
A03ax AO 20 fp c¢epoHA nonHoCTb~ pereHepHpyeT. np1-1 6onee swco
KHx A03ax /25-50 rp/ OAHH04HWe BWMHBWHe KneTKH BHYTPH c¢epOHAa 
Ha4HHa~T pa3MHomaTbCR, s peaynbTaTe 4ero Ha ero nosepxHOCTI-1 
06paay~TCA 6wcTpO yseni-14HBa~~HeCA B pa3Mepax B~nyKnOCTH, KOTQ
pwe CO BpeMeHeM npespa~a~TCA B HOBWe c¢epOHAW 1 ~. 

B Ka4eCTBe Mep~ 3¢¢eKTa HcnonbaosanH 4aCTOTY rH6enH MKC, Ko
Topy~ onpeAenRnH KaK OTHOWCHHe 41-1Cna c¢epOHAOB, He pereHepHpO
BaBWHX nocne o6ny4eHHR B AaHHOA CYMMapHOA A03e, K o6~eMy 41-1Cny 
o6ny4eHHWX c¢epOHAOB. 

MATEPHAn H METOaHKA 

06beKTOM HCCneAOBaHHA cnymHnH KneTKH KHTa~CKOrO XOMR4Ka ni~
HHH V 79-4. B 3KcnepHMCHTaX HCnOnb30BanHCb cycneH3HH OAHH04HWX 
KneToK, nony4eHHwe H3 MOHocno~Ho~ KynbTypw, 1-1 MKC. 
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0TAellbHble KileTKI1. MeTOA onpeAeneHIII.A BbllKI1BaeMOCTI1 OTAenbHbiX 
KJleTOK Ill cnoco6 C03AaHIII.A aHOKC1114eCKIIIX YCilOBIIIH B KJ1eT04HbiX cy
cneH311.AX All.A onpeAeneHI1.A sem1411Hbl KI1CnopOAHOco 3$<)leKTa on111caHbl 
paHee 161. ' 

MKC. Cnoco6 KYilbTI1BI1posaHIII.A MHoroKneT04H~x c<t>epOIIIAOB on11caH 
s /3~n.A o6ny4eH11.A s pa3HbiX A03ax 111Cnonb3osanlllcb no 10 c<t>epo-
11A 18 CO cpeAH11M AlllaMeTpOB 500+50 MKM. Ka>KAble 1-2 AH.A B Te4eH!IIe 
25 AHe~ nocne o6ny,4eHI1.A noA MHKPOCKonoM 1113Mep.AiliiiCb A11aMeTp~l c<t>e
POIIIAOB 11 perHCTPIIIPOBallOCb Hall11411e pereHepa~llllll, 0 4eM CYAIIIIllll 
,10 nO.ABJleHIIIIO BblnYKilOC"feM Ha IIIX nosepXHOCTIII. 

06ny4eH!IIe. An.A o6ny4eHH.A y-ny4aMIII 137 Cs Hcnonb3osanacb 
ycTaHOBKa 11 CseT 11 c MOUIHOCTbiO A03bl 4 '66 rp/MIIIH. 06ny4eHHe HeHTpo
HaMIII co cpeAHe~ 3Heprllle~ E=O' 7 MsB 11 MOUIHOCTbiO A03bl 2.1 o-2 rp/MIIIH. 
OCYUieCTBil.AilOCb Ha IIIMnYilbCHOM peaKTOpe 116P-30 B 011.RI1 171• KneT04-
Hble cycneH31111 o6ny4anHCb np11 TeMnepaType 17-20 "0, MKC o6ny4anHCb 
np11 3700,80 1136e>KaHHe peOKCHreHa~l111 rHnOKCI14eCKIIIX KJ1eTOK BCileA
CTBIIIe yMeHbWeHIII.A IIIMIII nOTpe6neHIII.A KIIICilOPOAa np11 noHH>KeHHO~ TeM
nepaType /8/. 

PE3Y Jlb TATbl 11 06GYX<AEHI1.R 

no KP11Tepl110 B~lKIIIBaeMOCTIII OTAeilbH~X KJleTOK OTHOCIIITellbHa.A 6HO
IlOrl14eCKa.A 3$$eKTIIIBHOCTb /063/ HeHTpOHOB no CpasHeHIIIIO C y-ny4aMI1 
pasHa 4,9, a Belli1411Ha KI1CilOPOAHOro 3$$eKTa /K3/ AJ1.A He~TPOHOB -
1,4, All.A y-ny4e~- 2,7 /pHc.1/. 

npl1 o6ny4eHI111 MKC A11ana30H 11CnOilb~yeMbiX A03 6b1Il onpeAeneH 
11CXOA.A 113 nOilY4eHHOH Ha OTAellbH~X KJleTKaX Bell11411H~ 063 HeHTpo
HOB. Ha p11c.2 npiiiBeAeH~ KPIIIB~e pacTa .MKC nocne OAHOKpaTHoro 
y- 11 He~TPOHH9ro o6ny4eHI1.A s P~3H~x A03ax. HoMepaMH y KPI1B~X 
OTMe4eHO 4HCI10 C<)lepOIIIAOB 113 10 06Jly4eHH~X B AaHHOH A03e, KOTOp~e 
nOilHOCTbiO pereHepl1pyiOT 11Ill1 pereHepa~III.A KOTOpbiX npOfiBilJ'IeTC.A B BIII
Ae JlOK8JlbHOro pacTa. nyHKTIIIPHbiMI1 IliiiHH.AMIII o6osHa4eHbl nepHOAbl spe
MeHIII nocne o6ny4eHI1.A, KOrAa H3MepeHHe A11aMeTpa MKC 3aTPYAHeHo 
1113-Sa HapyweHIII.A nosepXHOCTIII BCileACTBHe Il113HCa KJleTOK. 

3aBHCIIIMOCTb 4aCTOT~ r116en11 MKC OT A03~ o6ny4eH11.A on11c~saeTc.R 

ClllrMOIIIAHO~ KpiiiBO~ /pl1c.3a/. TaKyiO >Ke $OpMy HMeeT Kpi1Ba.A 3aBH
CI1MOCTI1 OT A03~ o6Jly4eHIII.A sepO.ATHOCTH 113J1~4eHH.A onyxone~/g/ • 
063 He~TpoHOB no KPHTepMIO 50% 4acTOT~ rM6enM MKC pasHa 10. 

B Ta6nM~e npeAcTasneHbl n6ny4eHHble HaMI-l senM4MHbl 063 11 K3 1 

Ail.A y-ny4eH M He~TpOHOB no KPMTepMIO B~lKI1BaeMOCTI1 OTAellbHWX Kne
TOK, KileTOK M3 o6ny4eHHbiX MKC 11 no 4acToTe r1-16en11 MKC. B Ta6n!-1-
4Y TaK>Ke BKI1104eH~ 3Ha4eHM.A 063 1-1 K3 AI1R Hel:iTpOHOB co cpeAHel:i 
3HeprMe~ i'=6,2 MsB 11 All.A peHTreHoswx ny4el:i, B3.AT~e 113 IlHTepaTy
Pbl /10,11/. noKa3aHHOe HaMill nOBbiWeHHe 063 HeHTPOHOB c E ==0 '7 MsB 
no cpasHeHIIIIO C He~TPOHaMM cE~6,2 M3B HaXOAIIITC.A B COOTBeTCTBIIII-1 
C AaHHWMI1, nony4eHH~MM TaK>Ke Ha KileTKaX KIIIT8HCKOrO XOM.A4Ka Iliii
HIIIIII V 79-4 1121: np11 nepeXOAe OT 'HopMailbHbiX YCilOBMH K aHOKCIII-
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PHc. I. KpHBbie BbDKHBaeMOCTH OT

,ll;e.JlbHbiX KJieTOK KHTai!CKOrO XOMH'!

Ka JIHHHH V 79-4 I1pl! 06Jiy'IeHHH 

y -Jiy'!aMH /a/ l! He~TpOHaMH 
E =0, 7 M3B /6/ B o6bl'lHbiX /Kpn

Bble J/ H aHOKCH'!eCKHX /KpHBble 

2/ YCJIOBHHX. llo OCH a6r~H~C -

,ll;03a fp; ITO OCH Op,ll;l!HaT - ,ll;OJIH 

BbDKHBilll!X KJieTOK. 

4eCKHM Ha6J110AaeTC.A 3Ha4MTeJ1bHOe 
ysellH4eHI1e 063 HeHTPOHOB. Cono
cTasneHI1e no pa3H~M KPMTepi1.AM 
BeJ1H4MH 0~3, nony4eHH~X All.A HeA
TpOHOB c E=0,7 M3B Ill E=6,2 M3B, 
n03BOJ1.AeT npeAnOilOlKIIITb, 4TO B~

lKIIIB8eMOCTb o6ny4eHHWX MKC o6yc
nosneHa BWlKIIIBaeMOCTbiO COAeP>K~U111X

C.A 8 HI1X rMnOKC114eCKIIIX KileT~K. 

Ha pl1c.36 noKa3aHa 3aBHciii
MOCTb 4aCTOT~ r116en11 MKC oT cyM
MapHol:i lt03bl $paK4110Hi-1POBaHHOrO 
y- 1-1 He~TPOHHoro o6ny4eH11.A. 
nyHKTI1pHOH IliiiHIIIe~ o6o3Ha4eHa 
KpHBa.A, nony4eHHa.A np1-1 OAHOKP8T-
HOM o6ny4eH111-1 /plllc.3a/. 6onbwa.A 
KPYTI-13Ha KpHB~x All.A <t>paK4110HI-1-

-4 posaHHoro o6ny4eHI-1.A /npM N=5 HaKnOH 5,3.10 /paA/ no cpasHeHMIO 
C OAHOKpaTHWM /HaKnOH 3,5.10-4 /paA/ CBIIIAeTeJlbCTByeT 0 TOM, 4TO 
np111 ¢>paK4IIIOHMposaHIIIH A03bl Me>KAY OTAenbHbiMIII ¢lpaK4111.AMM npOIIICXOAMT 
peOKCIIIreHa411.A rlllnOKCM4eCKIIIX KileTOK, BCileACTBIIIe 4ero OHM CTaHo
B.ATC.A 6onee paAI104YBCt~IIITellbH~MIII~l3/. np11 HeHTPOHHOM o6ny4eHIIIM 
3$¢>eKT peOKCIIIreH84111111 He n6Hapy>KIIIi~eTC.A M3-3a H1113KO~ Bell111411HW 
K3 Hei1TpoHos. 

An.A 04eHK111 Blliii.AHIII.A o6111ero speMeHIII o6ny4eHM.A T Ha 4aCTOTY 
rH6en111 MKC OAMHaKos~e cyMMapHwe A03~, pa3Apo6neHHwe Ha 5 ~paK4111i1, 
6wn111 AaH~ 3a pa3Hoe speM.A - 5 111 15 AHeA /pHc.36/. Ecn11 6w 6wno 
cnpaBeAnHso ypasHeH!IIe /1/, To 4acToTe r116enM MKC 0,5 np111 ~~ 
=15 AHeM COOTBeTCTBOBaJla 6w CYMMapHa.A A03a 52 rp. 0AHaKO, K~K 
BMAHO 113 pHc.36, TaKoro Blliii.AHM.A THa rM6enb MKC He o6HapymeHo. 
TaKIIIM o6pa30M, peaK4111R MKC Ha o6ny4eH!IIe He 3aBHCHT OT T 11 onH
c~saeTC.A ypasHeHIIIeM /2/, xapaKTepiii3YIOUIIIIM peaK411110 Ha o6ny4eH!IIe 
onyxoneA. '' 

Ha plllc.4 npiiiBeAeHW 111303¢l¢leKTH~e Kp~swe, OTpa>KaiOUIIIIe 38BIIICIII
MOCTb CYMMapHOM A03~ o6ny4eHIII.A OT KOI1114eCTBa <I>P8K4111M no KpiiiTepMIO 
50% 4acToTw r1116en111 MKC 111 1113ne4eHIII~ ~nyxone~ All.A pa3HWX 
BIIIAOB 1113IlY4eHIIIM. KpMBWe nOCTpOeH~ Ha OCHOBaHIIIIII HaWIIIX /pHC.36/ 
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PHc.2. KpHBhle pocTa MKC nocne o~HOKpaTHOro o6ny~eHHH 
y-ny~aMH /a/ H HenTpOHaMH c E =0,7 M3B /6/. no OCH 
a6c~HCC- llpO~O~llTennHOCTb HHKy6a~HH./~HH/;. ITO OCH 
op~HHaT - OTHOmeHHe o6~eMa c¢epOH~OB B MOMeHT Ha6nrn~e

HHH K o6~eMy B MOMeHT o6ny~eHHH (V/V0 ). 
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PHc.3. qacToTa rH5enH MKC rrocne 
OAHOKpaTHOrO /a/ H ~paK~HOHHpo
BaHHOrO /5/ o5ny~eHHH y-ny~aMH 
H HefrTpoHaMH c E'=o, 7 M3B. Heil:T
poHbi - N =5, T =5 cyT. - TeMHbie 
KPYJKKH, y -n~H - N =5, T= ' 
=15 cyT. - KpecTHKH, N =5, 
T =5 cyT. - TpeyronbHHKH, N =10, 
T =I 0 cyT. - KBaApaTbl /5/. no 
ocH a5c~ncc- ~osa, /rp/; rro 
OCH OPAHHaT - ~aCTOTa rn5enH 

HKC • 

1-1 111-lTepaTypHbiX /lS-16/ ,QaHHbiX. 
HaK110H I-1303~~eKTI-1BH~X KPI-1B~x 

COOTBeTCTByeT noKa3aTe11~ CTeneHI-1 
N B ypasHeHI-11-1 /2/. no HaWHM AaH
H~M, Be11H4HHa noKa3aTe11R CTene-
HI-1 N A11R y-Hs11y4eHI-1R pasHa 

0,38+0,14, 4TO AOcTaT04HO xopowo cosnaAaeT c se11!-141-1HO~, HMe~~e~
CR B-11!-1TepaType 113-17!. AnR K011H4eCTBeHHo~ oueHKH noKaaaTenR cTe
neHI-1 N npH o6ny4eHI-1H He~TpoHaMH noKa HeAOCTaT04HO 3KcnepHMeH
Ta11bH~x AaHH~X. TeM He MeHee, HMe~~HeCR pe3Y11bTaT~ n03BOJ1R~T 

CAe11aTb 3aK11~4eHHe 0 6onee HH3KOA 3Ha4eHHH noKa3aTeJ1R CTeneHH 
N A11R He~.TpOHOB no cpasHeHH~ c y -ny4aMH. 

KaK yme yKa3biBaJ10Cb, uenb pa60Tbl COCTOR11~ B ,l-13y4eHHH uene
C006pa3HOCTH npHMeHeHHR MKC s Hcc11eAosaHHRX no KoHuenuHH 
NSD. B peaynbTaTe npobeAeHH~~ 3KCnepi-1MeHTOB nony4eH~ CHrMOHAH~e 
KpHs~e aa~HCHMOCTH 4aCTOT~ [H6enH MKC OTFYMMapH~~ A03~ o6ny4e
HHR, nOKa3aH 3~~eKT peOKCHreHaUHH npH ~paKUHOHHpOBaHHOM o6ny4e
HHH MKC, noKasaHo YAOB11eTsopHTenbHOe cooTseTcTsHe noKaaaHHR 
cTeneHH N A11R r1-16en1-1 MKC 1-1 H311e4eHHR onyxone~ /no K11HHH4eCKHM 
AaHH~M/, a TaKlKe OTCYTCTBHe 3aBHCHMOCTH ~ peaKUH~ C~epOHAOB 
Ha o611y4eHHe oT o6~~ro speM~HH o6ny4eHHR. Bee 3To noisonReT 
npH~TH K aaKn~4eHH~, 4TO MKC, RB11RRCb MOAenb~ onyxon~-1, MOryT 

6 , I C . cnymHTb o beKTOM A11R HccneAoBaHHH no KoHuenuHI-1 NSD. paBHH-
Te11bHO HeCJ10lKHOe KY11bTHBHPOBaHHe 3Toro 06beKTa, B03MOlKHOCTb nony-
4eHHR MKC paaH~x paaMepos H3 KneTOK pa311H4H~x nHHH~ Aena~T 3Kc
nepHMeHTbl Ha MKC" pauHoHa11bHbiM AOnonHeHHeM K HccneAoBaHHflM, npo-
BOAHM~M Ha lKHBOTH~X. 

AsTop~ s~pama~T 6naroAaPHOCTb B.M.Haa~posy aa npeAOCTasneHHe 
B03MOlKHOCTH o6ny4eHH~ H npOBeAeHH~ A03HMeTpH4eCKHX H3MepeHH~ 
Ha H6P-JO, a TaKme A.Kpyr, M.nayKHep 1-1 6.PHxTep aa TeXHH4ecKy~ 
noMo~b s pa6oTe. 
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Puc. 4. Hso3<1JdJeKTHble KPHBbJe saBHCHMOCTH CYMMapHOH A03bl 
o5ny~eHHH OT ~ncna ¢paK~HH ARH ~aCTOTbi rn5enn MKC H Be
pOHTHOCTH nsne~eHHH orryxonen 0,5. MKC 500 MKM: y-ny~n 

CBeTnbie KPYIKKH; HeHTpOHbl C E' =0, 7 M::~B - TeMHbJe KpYJKKH, 
peHTreHOBbl n~H /16/ - CBeTRbie KBaApaTbi, HefrTpOHbl 
c ilr=6,2 M::lB/16/ - TeMHbie KBaApaTbi. MKC 50 MKM/14/: 
peHTreHOBbl ny~H - 3Be3AO~KH. Kap~HHOMa MORO~HOH ):CeneSbl/16/: 
peHTreHOBbl n~H - CBeTnbJe TpeyronbHHKH, Hei!TpOHbl C 
fl!'=7 '5 M3B - TeMHbJe TpeyronbHHKH. BoneSHb xo~KHHa: peHT
reHOBbl ny~H - rrepeBepHyTble TpeyrORbHHKH. no OCH a6c~HCC -
~HCRO dJpa~~HH, ITO OCH OPAHHaT - CyMMapHaH A033 Anfl 

3¢¢eKTa 0,5. 
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3p~rpe5ep r., lliMaKOBa H.n., flaHrpoK K. 19-82-755 
Mop;enblible Hccnep;osaHHH ITO KOH~eiT~mr NSD na MHoroKneTO'IHbiX 
c¢epoHp;ax 

HsytianaCb BOSMOJKHOCTb ITpHMeHeH!U! MHOrOKneTO'IHbiX c¢JepOH,!l;O~ 

B KatieCTBe MOp;enbHOH CHCTeMbJ p;mi HCCnep;OBaHHH ITO KOH~eiT~HH 
NSD. IIoKasaua saBHCHMOCTb tiaCTOTbl rH5enH c¢epoHp;OB HS KneToK 
KHTaHCKOrO XO~HtiKa V 7g_;4 OT CyMMapHOfi ,!l;03bl o5ny'IeHHH y -ny~aMY 
H HeHTPOHaMHE=0,7 MsB /tiHCno ¢paK~HH- 1,5,10/; OITHCaH sq,¢eKT 
peoKcHreHaQHH.TIPH ¢paKQaonnposaHHOM o5nytieHHH c¢epoHp;OB. IIony
t.IeHo XOpomee COBITap;eHHe TIOKaSaTenH CTeTieHH N p;nH MHOrOKneTO'IHbJ:X 
c¢epOH,!l;OB H KnHHH'IeCKHX p;aHHbiX. 

~ 

Pa5oTa Bb!IIOnHeHa B na5opaTOPHH Hp;epHbiX rrpo5neM OlliiH. 

npenpHHT 06DeAHHeHHOrO HHCTHTYTa RAePH~X HCCfleAOBaHHH. ny6Ha 1982 

Ergraber G., Shmakova N.L., Langrok K. 19-82-755 
Model Investigations to the NSD Concept with Multicellubar 
Spheroidy 

A possibility of using cell spheroids as a model system for 
investigations to the NSD concept was tested with the aim to 
obtain practically useful orientation at non-confessional 
radiations. The spheroid control probability in the dependence 
of summary dose (number of fractio'ns N"'l, 5, 10) after ir
radiation of spheroids of Chinese hamster cells V 7g...;4 with 
y -rays and neutrons (E 0 "'0. 7 MeV) was studied. There was 

demonstrated the reoxygenation effect after fractionated ir
radiation and obtained a good agreement of the experimental 
results with spheroids and clinical trials relative to the 
NSD concept. 

The investigation has, been performed at the Laboratoty of 
Nuclear Problems, JINR; I ' 

Preprlnt of the Joint Institute for Nuclear Research. Dubna 1982 

IIepenop; 0. C. Bmwrpap;osofr. 
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