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CTII .!{03a - CTOXaCTII'leCKIIH pa,nII06110Jiorn11eCKIIH 3<p<peKT B KJieTKax paJJIII'IHhIX 
6IIonorn11eCKIIX 061,eKTOB. 3rn JaBIICHM0CTII o6Hap)')KIIBaIOT no.no6IIe no ¢opMe 
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On Similarity of Dependencies of the Dose -
Stochastic Radiobiological Effect at Cells and Organism Levels 

In the low dose region of ionizing radiation the dose - stochastic radiobio
logical effect relationships for different biological objects' cells are presented. 
The relationships discover similarity on form at doses up to 1 Gy with cancer 
mortality of Japanese men who were 30 years old at the time of A-bombing. Based 
on the two protect reactions model the observed results are analysed. 

The investigation has been performed at the Department of Radiation 
and Radiobiological Research, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1999 



OcHoBoii npep;daBJ1eHm1 3aBHCHM0CTH A03a - 3q>q_>eKT B pap;tto6ttorromtt H 

3I1HAeMHOJIOrHH OCTaeTCH AO CHX nop "y3aKOHeHHM 11 MKP3 JIHHeiiHo -

KBap;paTHqHM q>yHKIIHR, a npH MaJibIX A03aX - ee MOAHq_)HKaI1,HH - JIHHeiiHM 

6ecnoporoBa51 MOJJ;eJib [ 1 ]. HaKOilJieHHbJe B nocrrep;Hee BpeMH KOHTPq>aKTbl 

3THM 3aBHCHMOCTHM [2-6] H npoBep;eHHbJe AHCKYCCHH ( CM., HanpHMep; [7~9]) 
He npHBeJIH K H3MeHeHHIO Oq_)HI1,HaJibHOH A0KTPHHbl [1]. OAHOH H3 B03MO)KHblX 

npHqHH 3Toro HBJIHeTCH OTCYTCTBHe aJibTepHaTHBHOH 3aBHCHMOCTH A03a -

3q>q>eKT, KOTOpM 6bI rryqille OilHCbIBaJia BCIO COBOKYilHOCTb p;aHHblX H 

OCHOBbIBaJiaCb Ha q>yHp;aMeHTaJibHbIX 3aKOH0MepHOCTHX H npep;c1-aimeHHHX. 

,[q)yroii npHqHHOH HBJIHeTCH HH3KM CTaTHCTHqecKM AOCTOBepHOCTb 

pe3yJibTaTOB 3I1HAeMHOJI0mqeCKHX tta6rr10p;eHHH npH HeOp;Hopop;HOCTH 

Ha6rr10p;aeMbIX rpynn H MaJIOCTH 3q>q>eKTa no cpaBHeHHIO co CilOHTaHHblM 

3q>q>eKTOM, qTo He I103BOJIHJIO OAH03HaqHo AOKa3aTb HeC0CTOHTeJibHOCTb 

JIHHeiiHOH MOp;eJIH npH MaJibIX A03aX. ITop;o6He 3aBHCHMOCTeii A03a -

CTOXaCTHqecKHii 3q>q>eKT Ha KJieToqHoM H opraHH3MeHHOM ypoBHHX I103B0JIHJIO 

6bI qacTHqHo CHHTb BTopyIO npHqHHY. 0 I10A06HH BbIXop;a AHIIeHTPHKOB H 

CMepTHOCTH OT paKa )KHTerreii HaracaKH B HHTepBarre A03 30 - 150 crp YKa3aHo 

B pa6oTe [10]. 
B HaCTOHII1,eii pa6oTe nop;o6tte 3aBHCHMOCTeii A03a 3q>q>eKT 

AeMOHCTPHpyeTCH Ha pHc.1 B o6rracTe A03 Mettee lrp AJIH qeTblpex pa3JIHqHblX 

6ttorromqecKHX o6'beKToB. <l>parMeHTapHo p;aHHbie pttc.1 npeACTaBJieHbI Ha 

pHC. 2 H 3. Ha pttc.4 npeACTaBJieHa AOil0JIHHTeJibHO 3aBHCHMOCTb A03a -
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3q>q>eKT rn6ptt,n:HI,IX KJieT0K qeJI0BeKa H X0MJlqKa [11]. <l>HTHpOBaHHe ,n:aHHbIX 

Ha6mo,n:eHHH BbIII0JIHeHo Ha 0CH0Be M0,n:eJIH .!lBYX 3all(HTHblX peaKI.{HH ()l3P) 

[12]; Ha pnc.3 OHO npe,n:CTaBJieH0 B .!lBYX BapttaHTaX: C B03M0)l(H0CTb!O 

ropMe3nca n 6e3 Hero. IlpoQeHT norn6nmx KJieT0K JIHHHH HT29 onyxonn 

qeJI0BeKa onpe,n:eJieH KaK pa3H0CTb Me)l(,n:y HaqaJibHbIM npoI.{eHT0M KJieT0K 

(100%) H npoI.{eHTOM Bbl)l(HBIIIHX KJieTOK, H3MepeHHbIX B pa6oTe [2]. 

IlpeBbIIIIeHHe 0TH0CHTeJibH0ro pncKa CMepTH (ERR) OT Bcex BH.!l0B paKa, 

Kp0Me JieiiKeMHH, Bbl)l(HBIIIHX HII0HI.{eB (My)l(qHH), K0T0pbIM B M0MeHT 

6oM6ap,n:ttpOBKH 6bIJIO OT 20 .!l0 40 JieT (cpe,n:HHH B03paCT - 30 JieT) orrpe,n:eJieH0 

B pa60Te [6] no ,n:aHHblM 3IIH.!leMH0JI0rnqecKHX Ha6mo,n:eHHH 3a rrepH0.!l 1950 -

1990 r.r. [ 13]. llIKany a6cQncc .!lJIH ERR Ha pttc.1 cne,n:yeT paccMaTPHBaTb B 

c3B. )laHHbie MH JIHHHH KJieT0K V79 KHTaHCKOro X0MHqKa 3aHMCTB0BaHbl H3 

pa60TbI [4], a .!lJIH KJieTOK KOpHeBOH MepHCTeMbl 3epeH ,i:qMeHH - H3 pa60Tbl [5]. 

llIKaJibl no OCH op,n:HHaT Ha pnc.1 CMell(eHbl 0TH0CHTeJibH0 ,n:pyr ,n:pyra TaKHM 

o6pa30M, qT06bI BCe ,n:aHHhie rrpn HyJieBOH .!l03e 6bIJIH B 0.!lHOH T0qKe. 

HecMOTPH Ha pa36poc npe,n:CTaBJieHHblX pe3yJihTaT0B Ha6mo,n:eHHH, ,n:aHHbie 

pncyHK0B CBH.!leTeJibCTBYIOT 0 no,n:o6nn 3aBHCHMOCTett .!l03a - CTOXaCTnqecKHH 

3q>q>eKT, KaK ,n:JIH pa3JIHqHhIX KJieToqHbIX CTPYKTYP, TaK n o rro,n:o6nn Ha 

KJieT0qH0M H opraHH3MeHH0M yp0BHHX. TaKoe no,n:o6ne M0)l(HO paccMaTPHBaTb 

KaK e!I.{e o,n:HH "MocT" Me)l(,n:y pa,n:no6nonorneii Ha ypoBHe KJieTKH n 

3nn,n:eMHOJiorneii, C n0M0II.{bIO K0T0poro M0)l(H0 3KCTPanonnpoBaTb 

3a1<0HoMepH0CTH, II0JiyqeHHbie Ha KJieTKax B ,n:nanaJ0He MaJibIX .!l03, B o6JiaCTb 

3IIH.!leMH0JI0rnqecKHX Ha6JIIO.!leHHH, rrpaKTnqecKH He,n:0CTJIIHYIO H3-3a HH3KOH 

CTaTHCTnqecKOH .!l0CT0BepH0CTH Ha6JIIO.!laeMbIX K0ropT JIIO.!lett. B qacTH0M 

cnyqae, rrpe,n:CTaBJieHHhie Ha pncyHKe pe3yJibTaTbl Ha,n:e)l(HO II0.!lKpenJIHIOT 

HH!pOpMaI.{HIO O Ha,n:JIHHettHOH 3aBHCHM0CTH CMepTH0CTH OT Bcex BH.!l0B paKa, 

Kp0Me JieHKeMHH, Bbl)l(HBIIIHX HII0HI.{eB (My)l(qHH), K0T0pbIM B M0MeHT 

6oM6ap,n:HpOBKH 6bIJIO 30 JieT. Borrpoc 06 0TCYTCTBHH [14] HJIH HaJIHqHH [15] 

rropora B 3T0M 3q>q>eKTe CJie,n:yeT cqnTaTb 0TKpbITbIM, T. K. HCCJle.!l0BaHHH 

BbIX0,n:a .!lHI.{eHTPHK0B B KYJibType JIHM!pOI.{HTOB qeJI0BeKa B o6JiaCTH MaJiblX JJ:03 

[16,17] CBH,n:eTeJihCTBYIOT 0 B03M0)l(H0CTH cymecTB0BaHHH .!l030B0ro nopora 

,n:n,i: Bpe,n:Horo 3q>q>eKTa. 

3aBHCHMOCTb .!l03a - 3q>q>eKT, no,n:o6HaH H3o6pa)l(eHHOH Ha pnc.1, 

Ha6JIIO.!laeTCH B cnyqa,i:x CMepTH0CTH OT paKa MOJIOqHOH )l(eJie3hl y )l(eHJI.{HH 

II0CJie MH0roKpaTHblX !pJI!OOpOCKOIIHqecKHX HCCJie,n:oBaHHH B CBH3H C 

TY6epKyJie30M Jiernoro. O,n:HaKo rrpn CHH)l(eHHII M0II.{H0CTII .!l03bl CHII)l(aeTCH II 

ERR, a 3KCTPeMyMhI ncqe3a10T. 3aBIICHMOCTb ,n:03a - 3q>q>eKT c .D:BYMH 

3KCTPeMyMaMII Ha6JIIO.!laeTCH TaK)l(e B cnyqa,i:x CMepTII II3-3a paKa JierKoro 3a 

cqeT raMMa-H3JiyqeHIIH (KOMIIIIJIIIpOBaHO B pa6oTe [18]). 

Ilpe,n:CTaBJieHHbie Ha pncyHKax 3aBHCHM0CTH .!l03a - 3q>q>eKT He CJie,n:yeT 

IIpHHHMaTb KaK TIIIIHqHbie BO Bcex cnyqa,i:x, T.K. BH.!l KplIBbIX orrpe,n:eJIHeTCH He 
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T0JlbK0 rrpnpo,n:oii II C0CT0HHIIeM o6nyqaeMoro o6beKTa, HO tt ycJIOBHHMH 

o6nyqeHIIH. K HIIM 0TH0CHTCH, HaIIplIMep, THII II3JiyqeHIIH, coqeTaHIIe ero C 

,n:pyrn:MII q>aKTopaMH B03.!leHCTBIIH, M0U(H0CTb .!l03bl H3JiyqeHHH. B 
3aBIICIIM0CTII OT ycJIOBIIH 0.!llIH II TOT )Ke 6nonorn:qeCKIIH o6beKT MO)l(eT 

rrp0HBIITb KaK Ha.!lJIHHettHyIO (rrpe,n:cTaBJieHHYIO Ha plICYHKax), TaK II 

IIO.!lJIIIHeHHYIO 3aBHCHM0CTH, BKJI!OqaH ropMe31IC. 3To o6bHCHHeT 6oJibIIIOH 

pa36poc 3HaqeHIIH K03q>q>III.{IIeHTOB p1ICKa, npe,uCTaBJieHHblX B rry6JI1IKa111rnx 

(CM., HanplIMep, [19-22)).'B qacTH0CTH,BJIHHHHe M0U(H0CTH .!l03bl H3JiyqeHHH 

o6cTOHTeJibH0 rrpoaHaJIH31Ip0BaHO B pa6oTe [18]. J,fa 3T0r0 CJie,n:yeT, qrn 

rro,n:061Ie 3aBIICIIMOCTeH .!l03a - 3q>q>eKT M0)l(H0 HCII0Jlb30BaTb JIHIIIb rrpn 

ycJI0BIIHX o6nyqeHIIH 6JIH3KIIX, KaK Ha KJieToqHQM ypoBHe, TaK H Ha ypoBHe 

opraHII3Ma. 
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Pttc.1 3aBHCHMOCTb ,ll.03a - scpcpeKT B KJieTKaX pa3JIH11Hb1X 6ttOJIO

rw1ecKHX o6oeKTax ( Kopuenott MepttcTeMe 3epeu H'lMCJUI o 
JittHtttt V79 KttTattcKoro xoMH'lKa - ◊ , JIHHtttt HT29 qenoneKa -

~ ) 11 npeBhJIIJeHtte OTHOCHTCJlbHOfO pttCKa (ERR) CMepTII OT DCCX 

BH.!lOB paKa, KpOMe JiettKCMHH, BbDKHBIIIHX HIIOHUeB ( MY)K'llIH ), 

KOTOpblM B MOMCHT 6oM6ap.l{ttpoBKl1 6bJJIO 30 JICT - • , 

--- pe3yJibTaTbl q>IITttponaHHH MO,ll.CJlblO )l3P ,l{aJIIIblX 11a6JIIO.!lCIIHH 
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Puc.2 3aBHCHMOCTb ,l(03a - acpcpeKT B KJieTKaX pa3JIHqHbIX 6ttOJIOrtt-

qecKHX 061,eKTax: KOpHeBOH MepttcTeMe 3epeH HqMemi:o , JIHHHH V79 

KttTattCKOro XOMHqKa 0 u JIHHHH HT29 qeJIOBeKa 6 

-- - pe3yJibTaTbl <pHTttpoBaHHH MO,l(eJibIO .ll:3P .n:aHHbIX Ha6JIIO,l(eHHH 
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Puc.3 3aBHCHMOCTb OT ){03bl npeBblllieHHH OTHOCHTeJihHOrO 

pttcKa (ERR) cMepTtt OT Bcex Bll){OB paKa, KpoMe Jie:iiKeMtttt, 

BbDKHBIIIHX HIIOHIJeB (My)KqHH)' KOTOpbIM B MOMeHT 60M6ap-

.n:upoBKH 6bIJIO 30 JieT 
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