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1. BBE,IJ.EHl1E 

B pa60Te [l] s peJyJibTaTe KpaTK0ro aHamna C0CT0SIHHSI npo6neMbl onpe.a;e

JieHHSI B03M0)l(HblX nocne.a;CTBHH o6nyqeHHSI mo.a;eii MaJibIMH ,!J;0JaMH 

H0HH3HpyIOIIIHX HJJI)"leHHH 6bIJia Il0KaJaHa ueo6xo.a;HMOCTb o6'bSICHeHHSI 

umpoKoro cneKTpa JHalJeHHii K03<pqmuueHTOB pa.a;uauuoHHoro pucKa, npe.a;cTaB

nsieMbIX pa3JIHlJHblMH aBT0paMH. TaKoe o6'bSICHeHHe BpSIA JIM B03M0)KH0 6e3 

Teopuu, a.a;eKBaTHOii npoucxo.a;Rmm.i pa.a;uo6uonomqecKuM npoueccaM, s ocHose 

K0T0pbIX Jie)KaT CT0XaCTHlJeCKHe SIBJieHHSI. Tor.a;a MeT0A cnyqaiiHbIX HCilbITaHHH 

SIBJISieTCSI uau6onee Il0,!l;X0ASIIIIHM AJISI onucaHHSI Ha6n10.a;aeMbIX peJyJibTaT0B. 

O.a;HaKo ero npuMeHeuue npe.a;ycMaTpHBaeT HaJIHlJHe KOJIHlJeCTBeHH0H HHq>Op

MaUHH 06 3JleMeHTapHblX pa.a;uo6uoJIOrHlJeCKHX SIBJieHHSIX B KaHueporeHeJe, 

SIBJISIIOIIIerocsi OCHOBHOH COCTaBJISIIOIIIeii CT0XaCTHlJeCKHX nocne.a;CTBHH o6ny

'leHHSI. 

KaHOHH3HpOBaHHbie Me)K,!l;yHapo.a;HhIMH K0MHCCHSIMH cpopMyJihl onucaHHSI .a;o

Ja - 3<p<peKT (2-4] SIBJISIIOTCSI Il0,!l;X0ASIIIIHM (BHJYaJibHO) K cpaKTaM cpe.a;CTB0M, 

A0CT0HHCTB0M K0T0pbIX SIBJISIIOTCSI np0CT0Ta u o6menpHHSITOCTb. O.a;HaKO c BX 

Il0M0IIIbIO spsi.a; JIM M0)KH0 pacclJHThIBaTh Ha onpe.a;eJieHHbIH KpHTH'leCKHH aHaJIH3 

Ha6n10.a;aeMbIX 3<p<peKTOB " BX npaBHJlbH0e Il0HHMaHHe; npo6neMaTHlJHbIM SIBJISI

eTCSI BbI6op cpopMyJihl onucaHHSI A0Ja - 3<p<peKT (JIHHeHHaSI, JIHHeHHO-KBa,!l;

paTHlJHaSI HJIH KBa.a;paTHlJHaSI) C ueJiblO onpe.a;eneHHSI K03<p<puuueHTOB 

pa.a;uauuoHH0ro pHCKa npu MaJibIX A0JaX. 

B HaCTOSIIIIeii pa6oTe npe.a;naraeTCSI H0BblH anropHTM u cpopMyna 

JaBHCHM0CTH .a;oJa - CT0XaCTHlJeCKHH pa.a;uo6uonom'leCKHH 3<p<peKT (B lJaCT

H0CTH, paK), K0T0pbie onupaIOTCSI Ha cne.a;y10mue o6mue npe.a;cTasnemtsi 06 

onuchrnaeMoM npouecce: 

- ero npupo.a;a CT0XaCTHlJeCKaSI, T.e. AJISI onucaHHSI SIBJieHHH npuMeHHMbl 

JaK0Hbl Teopuu Bep0SITH0CTH; 

- o6nyqettue H0HHJupy10muM mnyqettueM nonynsiuuu YMetthwaeT HJIH 

yseJIHlJHBaeT lJaCT0Ty HJIH Bep0SITH0CTb 3<p<peKTa (o6pa30BaHHSI paKa), He C0J.a;a

BaSI H0BblH BUA ero - pa.a;HaUH0HHO-HHAYUllpOBaHHbIH paK; 

JaIIIHTHble cnoco6HOCTH opraHHJMa CKJia,!l;hIBaIOTCSI HJ 0CH0BHbIX 

(HOMllHaJibHOe COCTOSIHHe) H pe3epBHbIX. 

Onpe.a;eneHHOCTH pa.a;u Ha.D;eJIHM TaKHMH cnoco6HOCTSIMH T0JlbK0 HMMYHHYIO 

CHCTeMy, H0MHHaJibH0e C0CT0SIHHe CBSI)KeM C BHYTpeHHHMH <paKTopaMH 

opraHHJMa (non, B03pacT B M0MeHT o6nyqeHHSI, retteTH'leCKHH CTaTyc, 3THH'leC

KaSI npHHaAJie)KH0CTb " .a;p. ), a pe3epBHhie cnoco6HOCTH CBSI)KeM C BHeWHHMH 

<paKTOpaMH (KypeHHe, CTpeCC0Bbie 0HTyauuu ".a;p.). 



2. BhlBOL{ <l>OPMYJI 3ABl1C11MOCT11 L{O3A - 3<1><1>EKT 

B OCHOBY onncamrn JaBlIClIMOCTlI }l03a - ::icpcpeKT nonmKlIM cpyHKUlIIO BbDKlIBa

eMOCTlI f, KOTOprur MH CTOXaCTlI'IeCKlIX ::icpcpeKTOB 6y}leT o60JHa'IaTb o6ycnosneH

HYIO }leikTBlieM mnyqeHlIH sepOHTHOCTb m6e)l(aTb nopa)l(eHml ( CMepTlI OT paKa) npn 

o6nyqeHlilI }l030H H. BepOHTHOCTb CMeprn OT cnoHTaHHOro paKa (paK 6e3 o6ny

'IeHlIH, cpoH) o6oJHa'IlIM WC; TOr}la BepoHTHOCTb m6e)l(aTb CMepTlI OT cnoHTaHHOro 

paKa (1 - WC) c yqeTOM o6nyqeHlI51 6y}leT (1 - Wclf. a BepOHTHOCTb CMepTlI OT paKa 

W = 1 - (1 - Wc).f. (1) 

IIpeBblIIIeHlie BepOHTHOCTlI CMepT.lI OT paKa Ha):{ qJOHOM linlI BepmlTHOCTb neTanbHO

ro ::icpcpeKTa, OT paKa TOnbKO s peJynbTaTe o6nyqeHlIH (a6conJOTHOe npeBbJWeHlie 

PMliaulIOHHOro plICKa) nonyqnM KaK pa3HOCTb w lI WC: 

LiW=W-W =(1-W)(l-f). 
C C 

OTH0ClITenbHblH plICK RR onpe}lenlIM KaK OTH0WeHne: 

W 1-(1-Wc)f 
RR=-

W W 
C C 

·(2) 

(3) 

<l>opMynbl (1)-(3) nOHa):{06HTCH nplI CpaBHeHlilI peJynbTaTOB paC'IeTa C peJynbTa

TaMlI 3nlI):{eMlIOnOm'IeCKlIX Ha6n10}leHlIH. L{nH }l03 OKOno 1 fp lI 6onee cne}lyeT 

YtJlITbIBaTb CHlI)l(eHne 'IlICna KneTOK BCne}lCTBlie lIX m6enn [4]. <l>yHKUlIIO Bbl)l(lIBae

MOCTlI HaH):{eM nYTeM peweHlIH' Jlliq>cpepeHUlianbHblX ypaBHeHlIH, KOTOpbie B COOT

BeTCTBlilI c lIJnO)l(eHHbIMlI s pa3}lene 1 npe}lCTaBneHlIHMlI s o6mnx 'Ieprnx MOryr 

onlICbIBaTb 6anaHC 'IlICen nopa)l(eHHbIX n m6e)l(aBWlIX nopa)l(eHlIH oco6eii npn }lOJe 

H B npouecce KaHueporeHeJa: 

dfn =-µJndH, 

df =(µ vf -µf )dH. 
p n n p 

(4) 

(5) 

3}leCb fn - 'IlICno oco6eii (B }lOnHX OT e}llIHlIUbI), m6e)l(aBWlIX nopa)l(eHlIH c 

HOMlIHanbHOH PMlIOtiysCTBlITenbHOCTblO µ ; f - }lOrionHlITenbHOe 'IlICno oco6eii, n p 

lIJ6e)l(aBWlIX nopa)l(eHlIH 6naro}lapH }leHCTBlIIO pe3epsa lIMMYHHOH ClICTeMbl C K03cp

q>lIUlieHTOM }leecnoco6HOCTlI pe3epsa lIMMYHHOH ClICTeMbl V, µ - Ha6nJO}laeMrur 

PMlIO'IYBCTBlITenbHOCTb, KOToprur eCTb µn nplI V = 0 (pe3epsa B lIMMYHHOH ClICTeMe 

HeT). PeweHlIHMlI (4) n (5) HBnHJOTCH COOTBeTCTBeHHO cpopMynbI (6) n (7): 

fn = exp (- µnH), 

vµ 
f =-n-[exp (-µH)-exp (-µ H)]. 
p µn -µ n 

2 

(6) 

(7) 

CyMMapttoe 'IHCno oco6eii (B }lOnHX OT e}lHHHUbI), m6e)l(aBWHX nopa)l(eHlI51, linli 

cpyHKUHH Bbl)l(HBaHHH f, HBnHeTCH CYMMOH f I{ f : n p 

vµ 
f =exp(-µ H) +--n- [exp (-µH) - exp(-µ H)] . 

n µn -µ n 
(8) 

Pemrur ypasHeHHH (4), (5), nonaranH, 'ITO napaMeTpbI µ , µ n v He JaBHCHT OT H; n 

JHa'IeHHH napaMeTpOB }lOn)l(Hbl YJlOBneTBOpHTb ycnoBHIO 

f < 1 
- 1-W' 

C 

(9) 

KOTOpoe BblTeKaeT m Toro, 'ITO sepOHTHOCTb W He MO)l(eT 6b1Tb OTpHUaTenbHOH. 

TaKHM o6pa30M, (8) I{ ycnOBHe (9) }lonycKaJOT cymecTBOBaHHe ropMeJHCa (CM., Ha

npHMep, [5-7]), T.K. f MO)l(eT 6bITb 6onbrue e}lHHlIUbl, a W < WC npH v > 1. Ko::icp~ 

q>HUlieHT }leecnoco6HOCTH pe3epsa HMMYHHOH CHCTeMbl V MO)l(eT npHHlIMaTb lI 

OTPHUaTenbHbie JHa'IeHHH, 'ITO 6y}leT CBlI):{eTenbCTBOBaTb O ee yrneTeHHOM COCTO

HHHH, KOr}la tta6n10}laeMaH conpOTHBnHeMOCTb - pe3HCTeHUHH (1 /µ) - CTaHOBlITCH 

MeHblIIe HOMHHanbHOH (1 /µ ). IlplI ManbIX }lOJax, , KOr){a µ H << 1 n MO)l(HO n n 

orpaHH'IHTbCH nepBblMH JlBYMH tJneHaMH paJnO)l(eHHH B PM 3KCnoHeHT, non)"IlIM , 

f= 1 + µ (v- l)H npH µ H « 1. ,\ n n . 
(10) 

IlO){CTaBnHH 3TO JHa'IeHHe f B cpopMyny (2), nonyqHM 

LiW=(l-Wc)(l -v)µnH, (11) 

a MH npoHJBO}lHOH 
LiW' = (1- W )(1 -v)µ. 

C n 
(12) 

<l>opMyna (11) nOKaJblBaeT, 'ITO npH ManbIX ){OJax a6conJOTHOe npeBbilIIeHHe pHCKa 

npHMO nponopunoHanbHO ){OJe, KaK 3TO nocTynnpyeTCH Me)l(}lyttapO}lHOH 

KOMHCCHeii no paAHonom'IeCKOH JaIUBTe (MK3P) [3,8]. B 3TOM cnyqae MH 

npoHJBOJlHOH Ll W' MK3P peKoMeH}lyeT HaHMettosattHe Ko::icpq>HUHeHT sepoHTHocm 

CTOXaCTH'IeCKHX ::icpcpeKTOB. 113 (12) BlI):{HO, 'ITO ero JHa'IeHHe MO)l(eT H3MeHHTbCH B 

lIIHpOKHX npe}lenax, 'ITO lI OTMe'IeHO B pa6oTe [1]. OTpHUaTenbHbie 3Ha'IeHHH LlW I{ 
LiW' (v > 1) 6y){YT COOTBeTCTBOBaTb ropMeJHCy. 

3. IIPOBEPKA METOL{A 

IIposepKa MeTO}la nporn03a B03MO)l(HbIX nocne){CTBHH o6nyqeHHH nJO}leH Ma

nb!MI{ }l03aMH HOHHJHPYJOIUHX lIJnyqeHHH B HaCTOHIUee BpeMH B03MO)l(Ha nHlIIb B 

cnoco6HOCTH MeTO){a onlICblBaTb paIDH'IHble no BHJlY JaBHCHMOCTlI ){OJa - ::icpcpeKT 

c nOMOIUblO npeJ:tnO)l(eHHblX s pa3){ene 2 cpopMyn, napaMeTPbI KOTOpbIX HaXO}lHTCH m 
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ycJIOBIDI cornacm, pacc,nnaHHhIX H tta6mo.naeMhIX BeJIHtJHH. B KatJecTBe Ha6mo.nae

MhIX BeJIHtJHH Mhl orpaHHtJHMC» 3.L(eCb RR" w 113 pa6oT [5,7,9], KaK HaH6onee noKa-

3aTeJihHhIX, Ha Hfilll B3rJIM. 

3.1. Ha6mo.naeMM CMepTHOCTb cpe.n11 )l(lfTeJiefi X1tpOCHMhl II HaracaKH 

lllHMHJY (u11mpyeTC» B pa6oTe [5]) BhI.L(eJIHJI 113 KOrOpTbl )l(HTeJiefi Xnpo

CHMhl II HaracaKH Tex, KOMY 6hIJIO MeHee 40 JieT B MOMeHT 60M6ap.n11pOBKH, II 

npe.L(CTaBHJI 3aBHCHMOCTb OTHOCHTeJibHOro pHCKa CMepTH RR OT noJiytJeHHOH .L(0-

3hl .[(JI» CJIYtJM TBep.L(bIX paKOB (p11c. l) II JiefiKeMHH (pHc.2). YKa3aHHbie 011m6KH 

COCTaBJI»IOT 95% .L(OBepHTeJibHOro HHTepBana. ITyHKTHpHhi°MH JIHHH»MH OTMetJeHbl 

pe3yJihTaThI .annpoKCHMau1111 .naHHhIX Ha6JIIO.L(eHHH lll11M113y (H < 0,5 3B): Ha 

pHc. l - JIHHefiHM 3aBHCHMOCTh, a Ha pHc.2 - JIHHefiHO-KBa.npaTHtJHM. Cnnorn

HhIMH JIHHH»MH yKa3aHbl pe3yJihTaThl pactJeTa C noMOIIJhlO cpopMyJihl (3), napa-

Rlt I 

f ,2 

f ,l l 
1,0 

0,9 

/ 
/ 

20 

.ll03A, c3u 

./ 

40 

/ 
/ 

/ 

60 

P11c. l. 0rHOCIITeJll,Hhlii p11CK RR JKIITeJJeii X11pOCIIMhl II Hara

CllKII, nepeJKIIBlllllX aTOMHYJO 60M6ap1lHpOBKY (TBep1u,1ii paK): f - ye3ym,TaThl 3Illl/leMII0JIOIW!eCKHX Ha6mo)leHllii, - - - -

JIIIHellHllll annp0KCIIMa!lIDI, -- - pacqeT. 
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MeTpbl KOTOpofi onpe.neneHbl 

113 ycnoBH» cornac11» pe3yJihTa

TOB pactJeTa " Ha6JIIO.L(eHHH 

np11 .no3e 33 c3B (p11c. l ), a .[(JI» 

pHc.2 - no noJIO)l(eHHIO 3KC

TpeMYMa npil .L(OJe 12 c3B; B 

3TOM cJiytJae npHHHMaJIH BO 

BHHMaHHe pe3yJihTaTbl Ha6mo

.neHHH npH .L(OJe 6onee 40 c3B. 

3HatJeHH» WC, Heo6XO.L(HMhie 

np11 pactJeTe c noMOIIJhIO (3 ), 

onpe.neJieHbl Ha OCHOBaHHH 

.naHHhIX Ha6JIIO.L(eHHH [5] paB

HhIMH 0.072 .[(JI» TBep.L(blX 

paKOB 11 0.0018 - .[(JI» Jiefi

KeMHH (tJHCJIO CMepTefi Ha 

o.nnoro 113 rpynmI Ha6JIIO

.ne_HH» C B03paCTOM Mettee 40 

JieT BO Bpe~rn 60M6ap.n11poBKH 

11 .no3ofi MeHee 1 c3B); .[(JI» 

TBep.L(bIX paKOB npHBe.L(eHHOe 

3HatJeHHe OTHOCHTC» K 

nep110.ny Ha6JIIO.L(eHH» C 1965 

no 1985 r., a .un» nefiKeMHH 

3HatJeHHe 6JIH3KO K nO)l(ll3-

HeHHOMy. 

1m 

2,5 

2,0 I I ' I 
I 

t,S I l 
L 

I 
I 

,.o ti I I f .• /~ 

o,s ~- - cc~ ✓-

0 ·--' 

20 40 

Jl03A,c3u 

P11c.2. OTHOCHTeJJbHblU p11CK RR JKIITeJJeii X11pOCIIMbl II Ha

racaKII. nepelKIIBlllllX aT0MHYIO 6oM6apJl11pOBKY (neiiKeMIDI): i - pe3yJibTaTbl 3Illl)lCMII0JI0l'HqecKIIX 11a6J1to)lCHIIIIH, - - -

- annp0KCIIMallllH, - - paC'ICT 

3a OCHOBY .naHHblX Ha6mo.neHH» npHMeM cpe.nmmo nJIOTHOCTb Bepo»THOCTH CMepnt 

OT paKa JierKoro w B 3aBHCHMOCTH OT ::icpcpeKTHBHOH .L(03bl HE' o6ycJIOBJiemmii 

B.L(bIXa1meM pa.nona B rnaXTaX II .L(OMaX [7]; 3TH 3aBHCHMOCTH .[(JI» M~tJHH npe.nCTaB

JieHbl Ha p11c.3. Pe3yJibTaTbl pactJeTa nonyqeHbl npH cne.nyIOIIJHX ycJIOBH»x: ,. 
- W = W /70, JieT-1, r.ne 70 - npO.L(OJl)l(HTeJibHOCTb )KH3HH B ro.nax, a W 

BbltJHCJI»eTC» cornac110 (I) 11pH WC= 0,056 [3,8, 10] - Bepo»THOCTb CMepm OT 

cnoHTaHHOro paKa JierKHX 3a BpeM» )Klf3HH MY)KtJHH; 

- HH)KH»» KpHBM onHCbJBaeT pe3yJibTaTbl Ha6JIIO.L(elm» 3a 6eJiblMH aMepHKaH

QaMH H pacctJHTaHa c napaMeTpaMH µn = 0,667 3B-
1
, µ = 0,333 3B-I II v = I ,227; 
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PHc.3. Cpe)lHllll nJI0TH0CTL Bep0llT· 

11,QCTH CMepTH OT paica nenrnro . W B JaBHCHM0CTH OT 3<jJ

<jleKTHBHOH )l03LI H £' o6ycnoenett

HOH 8/lLIXaHHeM paAoHa: f - B /10· 

Max; I - B waxrnx (B 

JaBHCHMOCTH oT PYM. I PYM -

5 M3s); _ - pac<JeT. 

eepxmrn Kptteaii 

pacc•mrnHa c napaMeTpaMH 

µ = 0,741 3e-
1
, -µ= 

n 

= 0,667 3e -I H V = 0,9. 
flpH'mHy paJJJH'IH» 

.!{Byx 3aBHCHMOCTett 0.!{HOro 

H Toro )Ke scpcpeKTa B 0.!{HOM 

H TOM )Ke .!{Hana3oHe .!{03 ae

rnp [7] BH.!{HT e paJJJH'IHOH 

II,: ' :111 MOUlHOCTH .!{03bl B ,!{OMax H 

py.!{HHKax: B py.!{HHKax 

MOUlHOCTb .!{03bl BbIWe, a noTOMY H cMepTHOCTb BbIWe, ·a ropMe3HC OTCYTCTeyeT. 

TaKoe ofu»cHeHHe [7] He HaXO.!{HT nO,!{TBep)l(,!{eHH» B pe3ynbTarnx pa60Tbl [9], 'laCTb 

KOTOpbIX npe.!{CTaBneHa Ha pttc.4. 3.!{eCb C pocTOM MOUlHOCTH .!{03bl, KOTOpall Bbtpa-

RRL~ (7,3) 

s 

l_ T 

I 
2 

0 2 ' 6 8 

PalSo,uc ypouuu , WL 

(10,7) 

10 2S 

6 

)l(aeTc» e tJHcne pa6otJHX 

ypoeHefi WL, OTHOCHTenb

Hbttt pHCK RRL ne pacTeT, a 

na.!{aeT. Bentt'IHHa RRL ce»-

3aHa c RR m cpopMynht (3) 

cne.!{yIOUlHM o6pa30M RR L = 
= RR/ RR (WL = 2,2). 

flpH pactJeTe We nona-

rantt paBHbIM 0,056, a 

HOpMHpOBKY C ,!{aHHblMH Ha-

PHc.4. OrnocHTenLHLIH pHCK 

CMCPTH WaXTepos OT paica JICil(OfO 

RRL B JaBHCHM0CTH OT M0IUH0CTH 

/l03LI ('lHCJJa pa60'!HX ypoBHeii), 

o6ycnoeneHHoii paAoHoM: { -

peJyJJLTaTLI 3UH/lCMH0JI0il!'leCKHX 

Ha6JJIO)lCHHH, - - paC'leT 

I 
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PHC.5. 3asl!CIIMOCTL napaMeTp0B v 11 µ OT Wl IIJIII t - 1 / WL 

6nt0.!{eHH» ehmonn»nH npH WL = 0,2; WL = 2,2 H WL = 9. Cornactte pe3ynhTaTOB 

paclJeTa C .!{aHHbIMH Ha6nt0.!{eHH» HaXO,!{HnH, eapbHpy» 3Ha'leHH»MH µ H V npH 

µn = 0,74 3B -l H H = 0,37 3B, 'ITO COOTBeTCTByeT npn6nH3HTenbHO cpe.!{HeMy 3Ha

'leHHIO scpcpeKTHBHOH .!{03bI e HHTepeane 3HatieHHH WLM, paBHbIX 50-99. Hafi.!{eH

Hbie TaKHM o6pa30M 3HatieHH» µ H V npe.!{CTaeneHbl Ha pnc.5 B 3aBHCHMOCTH OT 

qncna pa601IHX ypoeHeii WL:PeJynhTaTbI pnc.5, He npereH.!{y» Ha Hannyqwne 3Ha

'leHH», noKa3bIBaIOT pocT Koscpcpm..uieHTa ,!{eecnoco6HOCTH pe3epea HMMyttHoii 

CHCTeMbl V H Ila.!{eHHe pa.!{HO'IYBCTBHTenbHOCTH µ C pOCTOM 'IHcna WL, a cne)].OBa

TenbHO, COKpameHH» epeMeHH npe6hIBaHH» e maxTax t. 

4. PA3MhlllillEHIDI HA.U PE3YJihTATAMH 

flpe.!{cTaeneHHbie B pa3.!{ene 3 pe3ynhTaThI snH)].eMHonornqecKHX Ha6nt0.!{eHHH H 

pactieTOB IlOKa3bIBaIOT B03MO)l(HOCTb OilHCaHH» BeCbMa paJJJH'IHbIX ,!{aHHbIX C 

Il03HUHH e,!{HHOI'O anropHTMa, B . OCHOBe KOToporo ne:xmT npe.!{CTaeneHHe 0 
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peaml3aIUUI B03MO:lKHOCTeii lfMMYHHOii ClfCTeMbl opraHH3Ma B 3aBHCHMOCTlf OT BHYT

peHHlfX If BHelllHHX qJaKTOpOB, KOTOpble onpenemnoT 3Ha'leHmI HOMlfHaJihHOii 

PMHO'IYBCTBlfTeJihHOCTlf µn If K03cpcpHUHeHT8 neecnoco6HOCTlf pe3epBa lfMMYHHOii 

c11cTeMhI v, a nocnenH11ii, B CBOIO oqepenh, onpeneJiaeT Ha6n10naeMy10 

PMHO'IYBCTBHTeJihHOCTh µ. 
OnpeneneHHble 113 ycJIOBlf}I cornac11a paCC'IHTaHHhlX If Ha6n10naeMblX naHHbIX 

W, LiW II RR napaMeTphI µn, µ 11 v 6ynYT aBJiaThca :;icpcpeKTHBHhIMH 3Ha'leH1taM11, 

nonyqeHHhlMlf no Ha6n10naeMOMY :;icpcpeKTy. B CIIJIY TOro, 'ITO Ha6n10naeMhIX :;icpcpeK

TOB (Hanp11Mep, neiiKeMHH) MO:lKeT 6bJTh MHO:lKeCTBO, TO If 3Ha'leHHii napaMeTpOB 

TaK:lKe 6yneT MHO:lKeCTBO. I1p1tBeneH1te Ha6n10naeMblX :;icpcpeKTOB K KaKHM-TO CTaH

napTHhlM ycJIOBlf}IM (uanpHMep, K nO:lKlf3HeHHOii BepoaTHOCTlf KOHKpeTHOro :;icpcpeK

T8 II CTaUAapTHhlM BHYTpeHHHM H BHelllHlfM cpaKTOpaM) nacT B03MO:lKHOCTh nonyqHTb 

«CTaUAapTHh~e» 3Ha'leHH}I napaMeTpOB µn' µ H V. I1p11 3TOM Ba:lKHO 3TH 3Ha'leHlf}I 

CB}l3aTb C KaKHMlf-JIH6o KOHTpOJIHpyeMbIMH napaMeTpaMH, onpeneJI}IIOII.{lfMlf COCTO

}IHHe n CTeneHh neecnoco6HOCTH HMMYHHOii CHCTeMhl, HanpHMep, c 'IHCJIOM 

JllfMqJOUHTOB H HX COCTaBJl}IIOII.{lfX B KpOBlf. Ho 3TO Y:lKe TeMa npyroii pa60Tbl. <l>6p

MYJihl (11), (12) MOryr YKa3bJBaTb Ha TO, 'ITO Bee )KlfBOe C «neBCTBeHHOii» lfMMYHHOH 

CHCTeMOii (V > 1) cnoco6HO o6HapY:lKHBaTb ropMe3HC. OmmKO «neBCTBeHHOCTb» 

lfMMYHHOii CHCTeMbl npn 3TOM MO:lKeT 6btTh HapymeHa, a pe3epB neecnoco6HOCTH 

CHH:lKeH. C ropMe3HCOM TeCHO CB}l3aH TaK Ha3bIBaeMblll nopor CTOXaCTH'leCKlfX 3qJ

cpeKTOB; C TO'IKlf 3peHlf}I npe)J)IO)KeHHOii MOAeJIH nopor'Mo:lKeT 6hJTh onpeneneH KaK 

3Ha'IeHHe A03hl, np11 KOTopoii BeJilf'IHHa Li w, BhIXOM 113 o6JiaCTlf ropMe3HCa 

(06J1aCTlf OTp11uaTeJibHhlX 3Ha'leHHll LiW), MeH}leT CBOii 3HaK Ha noJIO)KlfTeJihHhlll, 

npoXOM qepe3 3Ha'leHHe HOJlh B TO'IKe «noporoBoro» 3Ha'leHJI}I H. TaKHM o6pa30M 

TepaeTC}I nepBOHa'laJibHhlll CMbICJI, KOTOpblll HHorna 3aKJIMbIB8JIC}I B onpeneJieHHe 

nopora - 3Ha'leHne A03bl, HH:lKe KOTopoii :;icpcpeKT OTCYTCTByeT. 

ITpe)J)IO)KeHHhlll aJiropHTM n03B0JI}leT o6'b}ICHlfTh Ka38JIOCh 6b1 napMOKCaJlhHbie 

pe3yJihT8Thl [7] p11c.3, He npn6effi}I K HeCOCTO}ITeJibHOMY (CM., p11c.4) npennono

:lKeHHIO O ponn MOII.{HOCTH A03hl B ofuacHeHHlf 3THX pe3yJihTaTOB [7]. Pa6oTa B max

Tax OTHeceHa K KaTerop1111 onaCHblX pa6oT H 3TO He MO:lKeT He CKa3bIBaTbC}I Ha 

COCTO}!Hlflf HMMynHoii CHCTeMhI; 3Ha'leHH}I µ H V, npHBeneHHbie B pa3nene 3, noKa-

3blBaIOT nOHH:lKeHHe 3Ha'leHJI}I K03qlqJHUHeHT8 pe3epBa neecnoco6HOCTH lfMMynHoii 

CHCTeMhl B maxTax no cpaBHeHHIO C AOMaMlf, a PMHO'IYBCTBIITeJihHOCTh maxTepOB B 

3TOii CB}l3H Bhlllle, qe~ y )KlfTeJieii B AOMax. 

0 K03cpcpuuuemax uep0HTH0CTU. Ha116onee Ba:lKHhIM lfTOroM 

3nJIAeMHOJIOrH'leCKlfX Ha6n10neH1tii 38 o6nyqeHHhlMH JIIOAhMlf }IBJl}leTC}I onpeneJieHHe 

K03cpcpnu11eHTOB BepoaTHOCTH CTOX8CTH'leCKlfX :;icpcpeKTOB W IIJIH LiW', KOTOpoe He 

o6XOAHTC}I 6e3 3KCTpanOJI}IQHlf pe3yJihT8TOB Ha6n10neHH}I B CTOpOHY MaJihIX A03, Ta

Kaa 3KCTpanOJI}IQJI}I C noMOII.{hlO npnBeneHHhlX B pa3nene 2 cpopMyJI H 3Ha'leHnii 

napaMeTpOB, onpeneJieHHhIX Ha ocHoBe naHHhIX pnc.1-4, naeT cneey10mee. 

4.1. Pe3yJihTaThl, OCHOBaHHble na naHHhlX Ha6n10neHJI}I O CMepTHOCTlf OT paKa 

cpenn nepe:lKHBllllfX aTOMHYIO 60M6apn1tpOBKY B X1tpOCHMe H HaracaKH, KOMY 6hIJIO 

Menee 40 neT npn 60M6apn11poBKe. 
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4.1.1. TBepnhte paKH (6e3 neiiKeMHH). 

4.1.1.1. Ee3 nonpaBKH Ha no)KH3He1rnb1ii pncK: 

- cornacHo ( 12) Li W = 1,4· 10-
2 

3B-I; 

- cornacHo JIHHeiiuoii MOAeJIH np11 H < 0,5 3B (lli11Mmy, 1992 r, npencrnBJie-

6 W -2 -I 
HOB pa OTe [5]) Li = 2,1·10 3B • 

4.1.1.2. C nonpaBKOH Ha nO)Klf3HeHHblll pHCK, BblrIOJIHeHHblH Ha OCIIOBe naHHbIX 

lliHMH3Y [5] If pa60Tbl [10): 

W -2 -I· 
- cornacuo (12) Li = 3,4· 10 3B ; 

- cornaCHO JIHHeHHOH MOAeJIH npH H < 0,5 3B [5] LiW' = 4,96· 10-
2 

3B-I. 

4.1.2. Bee paKH (B TOM 'IHCJie II JiettKeMH}I [8, 10]) 11 c nonpaBKOH Ha nO)KIBHeH

HblH pHCK: 

- cornacHo (12) Li W = 3,9· 10-
2 

3B-I. 

- cornacHo n1111eiiHoii Monenn npn H < 0,5 3B [5] LiW' = 5,46· 10-
2 

3B-I. 

W -2 -I 
- cornacHo peK0MeHnau11aM MK3P [8] Li = 5· 10 3B . 

4.2. Pe3yJJbTaTbl, OCHOBaHHble Ha naHHblX O CMepTHOCTlf OT paKa JJerKoro ropHO-

PYAHblX pa6oq11x 6e3 nonpaBKH Ha nO)KH3HeHHblH pHCK [7]: 

- cornacuo (12) LiW = 7.10-
2 

3B-
1
; 

- cornacHO JIHHeHHOH MOAeJllf no naHHblM pa60Tbl [7] LiW' = 14.10-
2 

3B-
1
• 

KaK BlfAHO H3 npencrnBJJeHHblX 3Ha'le1mii Li w. JIHHeHHaa MOAeJib naeT pe3yJib

T8Tbl Ha 40-100% Bblllle, qeM npe,lJ)laraeMaa B uacToameii pa6oTe. 

0 KOJIJleKTHBHoii no3e. ITocnencTBH» 06nyqeH11a rpynnbt IIJIH nonynawm JJIO

neii npHH}ITO onpenenaTb C noMOII.{hlO KOJIJieKTHBHOH A03bl s [8, I I]. TaKoe onpene

JJeHHe o6oCHOBaHO JIHlllh B TOM cnyqae, eCJJlf K03cpcp11u11eHT pHCKa LiW He 113MeHa

eTC}I B paCCMaTpHBaeMOM AHana30He A03. I1p11 MaJiblX A03aX TaKHM YCJJOBHeM }IBJl}l

eTCH µnH << 1. ITpe)J)laraeMaa B uacTOameii pa6oTe MOAeJib n03BOJI»eT 

KOJllf'leCTBemm onpeneJJHTh norpemHOCTh npHMeHe1ma KOJJJleKTlfBHOH A03bl B 

3aBHCHMOCTlf OT 3Ha'leHHii lfHAHBHAYaJibHOH A03bl H C noMOII.{blO A81111blX p11c.6. 

Ha 3TOM pHCYHKe npencTaBJieHbl OTHOllleHlf}I np0113BOAHOH 3aBHClfMOCTeH A03a 

- :;icpcpeKT (Li W(H E) 11n11 W'(H E)) K 11x 3Haqe1maM ilpH HE= 0 )J)la pa3JIH'IHbIX 

3Ha'leHHii :;icpcpeKTIIBIIOH A03bl B cnyqaax )KlfTeJieH XnpOCIIMbl H HaracaKH, 

nepe)KHBllllfX aTOMHYIO 60M6apn11pOBKY, If ropnopyAHblX pa60'IHX. 3cpcpeKTOM )J)l}I 

}IIIOHUeB }IBJl}leTC}I CMepTb OT paKa (KpOMe JJeHKeMHH), a )J)l}I ropnopyAHblX pa60'IIIX 

- CMepTb OT paKa JierKoro. llaHHbie p11c.6 noKa3bJBaIOT, 'ITO HCnOJJb30BaH11e KOJl

JJeKTlfBHOH A03bt )J)I» onpeneJie1111a O)l(HnaeMoro :;icpcpeKTa conpa)Ke110 c 11orpell1110-

cThIO, KOTOpaa MO)KeT AOXOAHTh no 180% B n11a11a3011e A03 0-0,5 3B. 

0 K03cpcpnuneuTe DDREF (Ko3cpcp11uneHT, yq11Thrna10m11ii :;icpcpeKTHBHOCTh no-

3bt If MOII.{HOCTlf A03bl). 3TOT K03qlqJHUHeHT }IBJl}leTC}I, B cymuoCTlf, OTHOll!e1meM 

LiW(H) / LiW(H = 0) 11 MO)KeT 6btTh onpeneneu c noMOII.{bIO naHHbIX p11c.6. 1-h 1111x 

cnenyeT, 'ITO npH HE> 0,3 3B (nuanaJOH A03, 11p11 KOTOpblX IIOJJyqeHbl 

CTBTHCTH'leCKH 3Ha'IHMbte pe3yJihTaTbt) 3Haqeuua DDREF npeBbtlllaIOT u11cppy 2, 

HCnOJlh3YeMyIO MK3P )J)l}I ycTaHOBJieHlf}I HOMlfHaJibHbIX K03cpcpHUHeHTOB Bepmn-
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Pttc.6. 3aBHCHMOCTh OTHOCHTeJlhHOro K03cj:,cjmutteHTa pttCKa OT )103hl HE: 
- - - - ropttopyJlHhle pa60'!lfe; - -llnOHUhl. ' 

HOCTH CTOXaCTH'leCKHX 3cpcpeKTOB "1 w. 3TO nO)J.TBep)KJJ.aeT npe.n.noJIO)KeHHe MK3P 
0 KOHcepBaTHBHOCTH BbI6opa JHa'leHHH l1W' [8] H CBH)J.eTeJibCTByeT O nepeoueHKe 
pHCKa o6ny'leHml MaJJblMH )J.OJaMH. 

5. 3AKJIIOlJEHl1E 

Pa3pa6oTaHa MO)J.eJib onHCaHml 33BHCHMOCTH .u.ma - CTOXaCTH'leCKHH 3q>cpeKT 
.n.m1 6HOJIOrH'leCKHX CHCTeM, cnoco6HblX K caMOJaIUHTe npH .n.ettCTBHH Ha HHX onac
HblX cpaKTOpOB. MoJJ.eJib anpo6Hp0B3Ha Ha peJyJJbTaTaX 3nH)J.eMHOJIOrH'leCKHX Ha-
6mo.n.eHHH Ja JIIO)J.bMH, o6ny'leHHblMH HOHHJHPYIOIUeH pa.u.HauHeH co CMepTeJibHblM 
HCXO)J.OM e peJyJibTaTe paKOBblX Ja6oJieBaHHH. B OTJIH'!He OT o6menpHHHTblX MO)J.e
JJeH npe)J.JlaraeMOe aHaJJHTHlJeCKOe onHCaHHe HBJIHeTCH peweHHeM JJ.HcpcpepeHUHaJJb
IIOro ypaBHelmH npe.u.nonaraeMoro npouecca JaIUHTbl opraHHJMa HMMYHHOH CHCTe
MOH. PeweHHe onHpaeTCH 11a TPH napaMeTpa, .u.ea HJ KOTOpb!X HHTepnpeTHPYIOTCH 
KaK IIOMHHaJJbHaH (µn) H Ha6JIIO)J.aeMaH (µ) pa.u.H04YBCTBHTeJibHOCTH, a TpernA -

KaK K03qlqJHUHeHT pe3epBa .u.eecnoco6HOCTH HMMYHHOH CHCTeMbl (v). 3Ha'!eHHH 
napaMeTpOB onpe.u.eneHbl HJ ycJIOBHH cornacHH paCClJHTaHHblX H Ha6JIIO)J.aeMblX 
peJyJJbTaTOB 3nHJJ.eMHOJ10rH'leCKHX 11a6JI10)J.eHHH. ITporHOJ nocJie)J.CTBHH o6Jiy'leHHH 
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BOJMO)KeH C noMOIUb!O cpaKTOpOB, xapaKTepmyIDIUHX COCTOHHHe HMMYHHOH CHCTe
Mbl (HanpHMep, YJJ.eJibHOH KOHUeHTpaum1 JIHMqJOUHTOB B KpOBH) B HHTepecylOIUeM 
Hae CJiyqae H B nOJJ.XO)J.HJ.UeM cnyqae, JJ.J]H KOToporo Hl\.Ie!OTCH Jl3HHble 
3nH)J.eMHOJIOrH'leCKHX 11a6JI10)J.el1HH. Ko3cpcpHUHeHTbl BepOHTHOCTH CMepTeJlbHblX 
HCXO)J.0B OT paKa B peJyJibTaTe o6ny4eHHH, oueHeHHble Ha OCHOBe npe)J.Jlarae~mii 
MOJJ.eJIH, Ha 50-100% MeHhWe K03qlqJHUHeHTOB, onpe.u.eneHHblX C noMOIUblO 
JlHHeHHOH MO)J.eJIH. ITpe.n.cTaBJieHHble .n.aHHble nOK33blB3IOT, 'ITO HCnOJib30B3HHe KOJl
JieKTHBHOH )J.03bl JJ.J]H onpe.n.eJieHHH 0)KH)J.ae~oro 3cpcpeKTa conpH)KeHO C norpeWHO
CTblO, KOTOpaH MO)KeT JJ.OXOJJ.HTb JJ.O 180% B )J.HanaJOHe )J.03 0-0,5 3B. 

Aernp 6naro.u.apeH E.A.Kpacaem1y H B.11.Koporo.u.miy Ja nocTaHOBKY Ja)J.a'IH H 
no,rmep)KKY pa6oTbl, a B.Jl.Koporo.n.HHOH 33 noJieJHble JaMe'!aHHH npH no.n.roTOBKe 
pyKonHCH. 
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