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npo6neMa B n HRHHR 06nY4eHHA Ha HeAenR~HeC A KnCTKH, B 4a CTHO

CTH, He~pOH~ ueHTpanbHO~ HepBHO~ CHCT eMW I UH C/, B e CbMa 3Ha4HMa 

B pa naor epanaa. PRA l-1 C C neAO B a T enc ~l OTHO CHT TKaHb apenoa l l H C 

K paAHOpe3 HC TeHTHblM no K p~1T e pL1 1O MOpC!JOIlOrl14 e c x HX L1 3M eH eH H~ . 

Ypoe e u s 06nY4 eH HR 10,0 rp H BbICJe , n p o l\YUL1PYIOtllLIl1 HC K p OT H4eCK He 

l13 MCH eHHA He ~'t poHoB L\H C , n pH H I-1 ~I ,Je T C fl Ka l< no po r o aa n A03a 1 2 !lHWb 

B eAHHH4HbiX pa60Ta x HaxOAI1I1l1 H3 /·WH Cti L1n H,l A0 3 0 B biX ypOBHR X HH H< C 

10,0 rp '3 npH 3TOM OTCYT c TBy e T KOJ1I1q eC lOe i ll i Cl R ou eaxa o6Hapy

H<HBae,..' bIX CTPYKTYPHblX H 3~I E' He H L1 i1, 06bl'lHO Y4 L1 T UBae TCR r onsxo oax r 

r H6cnL1 KneTOK . B Hccne,Qo a a HHRx ~ o TMP 4ClnoCb, qTO Y mMBoTH~X. 
nepeu e curax OC T PYIO nY4 e B YIO 60IlC::llb He i:' POMop\llon o r 114 eCKHe H3Me

HeHHR He r on s x o co ;<p a HRIOT CR . HO 11 npor necc upyo r B O a p CMe HH. 

n03TOMY n penc r a a n a n o c s L1H T e p e e HbiM n p l lM f' H l lT b KO I1l 14 e C TB e HHYIO Me 
TOAI-1Ky OU CHK I1 CT e neHI1 TAIIlCCTL1 nOBpCIIlI\CIt I'lI; It CI1 POHOB r onoe uor o 

M03ra B Ha6J1IOAe tiL1A X 3Cl B 0 3 HI1Kil lOU\II'·1I 1 P, IIIH.I U ~10HH h IM I 1 11 3 Me He HHRMH 

B I \HC noc n e 06nY'lCHL1R a Allr1n ,130H(' HJ111(l! 10 ,0 r P H npocne na ts HX 

npOAOnH<H Ten b h o e B p e MA . 

B HaCTO fl I IV:' ~ pa 6 0T € n Ta D n e li bl IW I<OTO PbIC ocofieuuo c TH nyve
Bora no pax euun l l HC Kpble CPOIHI nocno B 03,Qell c T B HR }' -riy
4aMI1 60Co H n penn plHln Til n OhII\C lIL1 1'1, B .1p l hlH T TC4eHI·1R ny4e
BO~ 60ne 3H11 . C BOI~IC: T8 e l ll ll, I H ltHe l~ ne K onsH ,1I()UH1X . 

t11\TEPHAn 11 1'1ET0.0[,1 

Hc cne~OBaHHR npoBeAeH~ Ha 200 KpNca X - C ~MKa x nH H~H BHcTap 

Mac co~ 180-200 r. ~H B OTH~X nOABepra n ~ 06~eM Y OAH OKpaT Ho My 06

n Y4 eH HIO y - ~ 3nyY eH L1 eM 60Co Ha YCTat-<OBKe PX - y-30 C MOU\HOCTbIO 

,QU 3 W 0 , 11 rp / e B ,Q03ax aT 1 ,QO 6 rp. KOH T p o n e M RB n AnH Cb He0 6 

nyqeH H~e K p ~C ~ . ~HBOT H~ X AeK an ~ THpOBanH 4 epe3 1. 3 .6 H 12 Me CA 

u e B n o c n e 06n Y 4eHL1 A . rOnOB HO ~ M03r ~~KcHpoB a n ~ B 1 0 %- M p a C T B o pe 

He ih pa n b Ho r o cpopManHHa Hn l-1 96 ~ - M 3 T11Il OB OM cn upr e H aan a aa n « 

B napa ¢lHHoBbl C 6n OK~ 1. r HC TOn Or Hy e CK L1e coe au OK paWI-1Ba m1Cb reM ClTO

K CHn HH - 3 0 3 HHOM no ~ l eTOAY Hnccna H nox c o n e a n p Oq HblM r o n y 6 blM . I1n 

KOnHqeCTBeHHolit Ol.\eHKH AeC'icT BL1R paAHa UHL1 nOA CqHT blBanH A o n JO "13 Me 

HeHHWX He~poHo B B o n pcAeneHHo A nonynRU HL1 3T HX K n e TOK . Y Ka *Aor o 

mHB OT Ho r o o u e HMBan H Ka 4eCTBeHHo e COCTOA HHe 10 00 He lit p o HoB B TO

p o r o cno a n06HoTeMeHHo~ 06ni'lCTH xopu fions un- x nonyura pa ii , n p HY e M 

Ha Ka H<AYIO ,Q03y 06nY4eHHR 6pa m " no 10 xpuc • n o B hlpa lilC HH OCT H xne
rot 

T04HWX H3 MeHeHHC'i HelitpoH~ pacnpeAen A n L1 Ha 2 r p y nnw : HeH3 Me He HHwe 

Hei1poHbl L1 He06paTH~lo H3MeHeHHbiC He~poHbl. KY Aa B x o A Hn H TR lI<enO 

H3MeHeHH~e Hei1poH~ - KneTKL1 B COCTO AHH H pC 3 Kor o r Hnc p x p OMa T0 3 8 , 
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1- 6 j ;}Mcc. ~ /j JP 6 
Puc , 1. 3a13I1C HMOCT b KOJII i'j(~CTBa 

P IIC . 2 . 3aH lIc lI~IOCTb Kom1 ~CC TI3;J 
He06paT ilMo 113 MellellllbiX ll e(lpolloll 

ll c 06pa TI1MO 113 MeHellllblX ueripou o n 
x opsr r OnOElIO r O M 0 3ra xpuc 0'1' K OpbJ r'oriou nor-o 10103r a x puc
 
I3peMeJUI no c rr e 0 6n Y ' lellH fI y - H 3

60 ? 
0'1' n oau ~e p C 3 1( 1) , 3 (2) , 6 (3 )
 

Jly~e Hl1eM Co B g 03aX 1(1 ) '- ( 2 )'
 H 12 (4 ) M e cHl~eB n o c n e 06J1 Y~c 

4 (3 ) 11 6( 4 ) Fp , n o OC I1 a6cIU1cC
 lIH f! y -113 Jly~ e ll lle M 6 0 C o. lIo O CB
 
- BpeMR nocn e 06ny~c ll II H , M CC.;
 a 6cu licc - g 0 3 a 0 5ny~e ll li fl , fp;
 
no O CII o pn u uar - KOJlJI~ e C T I! O
 

n o OC Ii OP/~I1 H aT - KOJIH~e C TBO If e 
n eoep a -no-o 113MellCIlHhi X ll e Jlp O  06paTI1MO 113 MeHellHb1X u eripo-: 
II 0 H, %. 11013, 7. . 

CMOp~HBaHHR, l~w eMH4 e cK~ e" «ne r KH, 8 T aKlKe C rpy6blMH rL1APOnH

yeCKHMH ~3MeHeHI-1~MH H UHTOnI-130 M, HC4e3alO~He Hei1poHbi. nOKa38T e 

neM 8~paH< eHHOCTH nOpa H<eHHR C4MTanH KOnl-14 e CTBO He06paTHMo H3MC 

HeHHWX HeApOHoa. B3RT o e B npoueHTax OT o6~ ero 4Hcna npO C4~TaH
Hbl X K'n eTOK • .uOCTOBepHoeTb pa3nH4~1it nonY4CHHbiX AaHHblX oue aa aanu 
no KpHTepHIO CTblO,Q eHT a t. 

PE3ynbTATbi 

Ha pHc.l H 2 npenc r a an e u u pe ayns r aru 3KCnepL1MeHTa no 06nY4e
6 

HL110 KPblC y - n Y 4 a MH 0 Co . Ha acex cpoxax Ha6nlOAeHHA KonH4eCTBO He

~ l , 
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06pan1Mo H3MeHeHHblX He i1 poHo B B xo -rr p on e He npe a u urano 2,5%. 
n pH pa CCMOTp e HHH Kp HBblX Bp e MR - 3$$eKT / pHC. 1/ MO~ HO BHAeTb, 
4Tq n Y4 eB o e nOBpe mAe HHc c Kn a AblBa e TCR H3 3 nepHOAOB. ne p Ho A 
paHHHX H 3 MeHeHH~ /CPOKH Ha6n~A eHHR 1-3 MecR~a/ xapaKTc pH3Y
e TCR 3aMeAneHHblM pa3BHTHCM H OTHOCHTenbHO HeBblCOKHM ypoBHeH 
nOBpemAeHHR. nepHOAY OTAaneH HblX npORBneHHH / CpOKH Ha6n~Ae HHR 

6- 12 MecR~eB / caojic r aeuua Bblpa}i(eHHa R ans r epauaa He i:t po Ho B . MelKAY 
HHMH - npoMe~YT04 Hbli:t. I1HTepMeAHapHblH nepHOA /CPOKH Ha6n~A eHH R 

3 - 6 Me CR~ eB nocne 06nY4eHHR/ OTnH4aeTCR pe3KHM YXYAweHHeM 
COCTORHHR HeHpoHoB , Ha6nlOAaeTcR KaK 6bl "B3PblBII ane r epa uaa . 
Ha pHc .2 BHAHO, 4TO xapaKTep 3 aBHCHMOCT H 3$$eKTa OT A03b1 ~enH 

KOM 06ycnoBneH BpeMeHeM Ha6nIOAcHHR: npH ~la6n1OAeHHH B Te 4eHHe 
1-3 MeCR~eB 3$$eKT c n a 6 0 BblpameH, HO PC3KO yCHnHBaeTCR B 60nee 
n03AHHC CpOKH, 4TO conpOBO~AaC TCR H3MeHCHHCM ¢OPMbl KPHBOi:t A0 3a 
- 3$$e KT. 

MomHO npeAnonaraT b, 4TO B Ha 4anbHOM nocneny4eBOM ncp ~OAe 

npOHCXOAHT $OpMHpOBa HHe nOBpelKAC HHR D 3HAOTcnHH COCYAOB r o nO BHO
ro M03 ra, nOCKonbKY OTHOCHTcnbHO MeAneHHOC p a 3 BHTHC nOBp emAe HHR 
Ha cpOKe 1-3 MeCR~a nocne o6nY4eHHR coanaAaeT c AnHTen bHOCTblO 
~HKn a 06HOBneH~ lR KneTOK COCYAHCTo r o 3HAOTeSlHR - 3-11 MeCR~ a / 6/. 

3aTeM KIlCTKl-l 3HAOTE;:Sll-lR Ha4HHa~T AeIlHTbcl'. npORBIlReTCR IlY4CB OC 
nOBpelKl\eHHC, 4TO l-l npHBOAl-lT K HapacTaHHIO n pOHl-l 4 a e MOCTl-l cocy 
AHCTOH cTeHKM . H3MeHeHl-lRM B COCTORHl-l H reHaT03H4e$anl-l4eCKOr o 
6 a P be p a , HeAoC Ta T04HocT H n HTa HHR M03rOBoH TKa HH C nocn eAY~HM 

nOBpemACHHeM HCHpOHOB. KneTKl-l 3HAOTCSlHR BXOART B ~l-l K Il 4 e pca TpH 
MecR4a, n03ToMY npoHcxOAHT MaccOBblH BblXOA nOBpClKl\CHHH Ha c pOKax 
3-6 MeCR~eB , no c n e 4e r o Ha c Ty n a e T nepHOA OTAallCHHblX npOR Bn eH l-lH , 
BpCHCHHblC r pa Hl-l 4 bl KOTop oro , nO-BHAHMOMy, onpCAcnRIOTCR CpOKOM 
l-lHAHBHAyanbHoH mH3HH oc06H , nOABeprHYBwci:tcR 06nY4eHl-l~. 

BblRBSlRe TCR cneAy~~a R 3aKOHOMepHOCTb: no Mepe n pOABHme HHR 
no c pOKaM Ha 6 n lOAe HHR lOT 1 AO 12 MecR~eB/ D03paCTaeT AeCT pYK ~HR 

Hei:tpoHos B o 6 n y 4 e HHo H TKaHl-l UHC, Bce 60nbwee 4Hcno HCH 3 MC He HHblX 
He~ poHos BTRrHBaCT CR S naTono rH4ecKHH np04ecc. Y4acTHe n pon H$e
PHPYIO~HX Kne T04HblX CHCTeM - 3HAOTenHR COCYAOB H coe AHHHTe n bHO
TKa HHblX 3neMeHTOB - CABHraeT nopo r nOBpelKl\CHHR HepBHoH TKa HH. 
nOS pelKl\eHHC He HpoHoB HaMH 3aperl-lCTpHpOBaHO B Al-lana30He A0 3 HH
me 10 ,0 rp. npl-l Ml-lHl-lManbHOH A03e, Hcnonb30Ba HHOH B 3Kc nepHMcH
Te 1,0 rp, ypoBeHb nOBpemAeHl-lR AOCTHraeT K KO H~y cpOKa Ha6n~
AeH l-lR 19%, TO eC Tb A03a 1,0 r p He RBnReTCR nopo rOBO~ . 

0 6CYlK,l\EHYlE 

n p HB eAe HHbI~ B~we MaTepMan n0 3 Bo n Re T OTOHTM OT npeACTa Blle HH~ 

o B~ COKO~ pa AHo pc 3 HCTCHTHOCTH TKaHl-l ~HC n o Kp HTepM IO Mop$onorM 
4eC KMX H3MeHeHHH, nOAAe pmMsae M~X PRAOM HccncAoBaTen e i:t. nonY4 e H
Hble 3 Kc n e p HMe HTa n b Hble AaHH~e Aa~T B03MO~HOCT b nO - Ho BoMy B3 rnR
HyTb H Ha PRA APy r l-l X y CTORBWHXCR paAH06l-lon OrH4ec KHx nono meHH~ . 

4 

KaK l-l3BCCTHO , An R pa3BHTHR Cl-l llAPOMa ~H C Tp e6YlOT cR 04eHb Mac 
Cl-l BHble A 0 3~ o 6 n Y4eHHR , Ha4~ l H aR C 50 . 0 r p H Gonee . npH 3 TOM 
onacuuacrca CHMn TOMbI Ae 30 p HeH Ta 4 HH, AHCK O OP AHH a~HH Mblwe4HbiX 
ABM~C HH~ , pecnHpaTopHble p a ccTpoHCTBCl, cYAoporH . KOMa, CMepTb . 
Anl-lTenbHOc Tb 3 a60nCBaHl-lR MC4HcnReT CR 4<lCaMH, peme AHRMH . 

3penaR UHC OTHOCl-lTCR K HeAenR~HMcR cTa5HnbHblM KneT04HblM 
Cl-lCTCMaM, B KOTOpblX KneT04Hoe o6HoBneHHe nyTeM penonynR~HM OT
cyTcTByeT. BblRBneHHblH HaMl-l npoAOnm a~l-l H CR naTono rH 4eCKl-l~ npo
~ecc npl-lBOAHT K y6~nH He HpoHoB. B03Hl-lKa~MC CTPYKTypHble Hapywe
HHR cny~a T OCHOBOH AnR KnMHl-l 4eCKl-lX npoRBneHHH. Y Hac nORBnR~T
CR ~HTOMo p$ono r H4e C KMe OCHOBaHl-lR AnR BblAene HHR 60ne3HM UHC Ha 
A0 3a x AO 10 ,0 rp C Anl-lTenbHOcTblO naTonorH4eCKoro np04ecca, H3Me
pa exo r o rOAaMl-l, pexe MeCR4aMH. HMCHHO 3T11M H3MCHeHl-lAM MOll<e T 
COOTBeTCTBOBaTb K1l MHH4eCKaR KapTMlla , paC4CHl-lBaeMaR KaK aCT eHO 
Be reTa Tl-lB Hbli1 CHHAPOM: r onoeua a fioru, , roncaoxpyxe-ure , HapyweHHR 
cHa, 3MO~l-lOHanbHaR na6MnbHocTb , paccTpoHcTBa naMATI1, HapyweHMe 
YHCTBCHHOi:t paGoTocnoco6HoC TM, a C pa3 Bl-lTHe/1 npo~ecca B03MomHO 
nORBneHMe 11 pacceRHHOH OpraHl-l4eCKO~ MMKpOCHMnTOMaTMKM no Tl-lny 
" paccea s uo r o 3H~etlJanOMHcn03a " /7/. 

PRA TCpMHHOB, onHCblBaIOU\MX nepMOAl-l3Cllll-l1O nY4eBOH 601le3HH Ha OC
HOBe reMaTon03TM4eCKoro CMHAPOM<J , npH nepcuoce Ha nyueaoe nos
p emACHHe B ~IlC nOAnemMT AononHeHHIO l-l pacwHpeHHIU. B KnHHM4eC KHX 
npORBneHHRX npeofinenae r cn afio BblpameHHaR, KaK 6101 "noAKpaAblBalO
~a RcR" CMMnTOMaTl-lKa Tne~ero, ynopHo ro Te4eHHR, 4 TO He COOT
BeTcTByeT nOHRT HJ') "paar-ap 3 aGoneSaHl-lR" . nepHoAbI IIBOCCTaHOBlle
HHR" , " CTOHKHX OCTaT0411blX RBn e HHH" HIll-l "0TA aneHH~X nOCSleAcTBHi:t

1 1 

He OTpa ma lOT npOMCXOAR~ero, TaK Kal< paAHallMOHHaR 4 epc6panbHaR 

AHCTPO$HA npoAonmaeTCR , He 3 a Ty x a A Hl-l Ha Ae Hb , HH Ha 4ac. B CO
Aepllla HMe pRAa APy r Hx onpeAeneHHH, TaKl-lX, KaK 'Inopor paAHope
3HCTeH THOCTl-l UIIC" , " p a AHa 4 l-l 0 HHa A noapexaaexoc r s UHC". nonso
n p a BHo BXOAMT Bp CMe HHOH $aKTOp; OHM TepR~T CBOIO CTa~HO HapIIOCTb, 

CTa HOBRTCR Al-l Ha MH4 HbIMM, OTpama ~HMI<1 pa3BHTHe nY4eBoro noapex
AeHHp. BO Bp eMe HM. 

HTaK, B UHC 06nY4eHMe 3anycKaeT A1lHT61lbHblH naTOnOrl-l4eCKHH 
npo~ecc C MeAneHHblM npo rpeC Cl-lpY~~H M Te4eHl<1eM: B np04ecc anbTe 
pal,tH I1 BOBn eKalOTCR ece HOBbie He nOBpe lKl\e HHble HeHpOHbI, KapTHHa nOB
p emAe HI1R AHHaMl-l4Ha, C 4eTKO B~p ame HHO H TeH AeH4I1 ei:t K HaKOnnCHl-l~, 

KyMy1lR4 11H nOBpemAeHHA. naTOn OrI14e CKH~ npo~ecc, pa3 Ha4aBWl<1Cb , 

1 Hey Kn o HHo p a 3 BI<1 BaeTCR , OH He npeKpa ~aeTC R C HopManM3 a llMe~ Kap
THHbI KpOSH , C Bbl3Ao poBneHHeM OT reMaTOn03T I14CCKOro CMHA PoMa,1 AHCTpo$H4ec KHe H3MeHeHHR B HCPBHOH TKa Hl-l nepexonnr B AecTpyl(

Tl-l BHWe, 3aXBaTblBa A HOBbie TeppH TopHM. 
UHC He npOCTO y 4acTByeT B n Y4 CBOH 60ne3 HH, Bbl3blaaeMoi:t 06ny

4e Hl-l e M B AHana30 He c y6n eTan bHblX A03, KorAa " Kp HTH4e CKOH" C4H
Ta e TCR Kpo aeTBo p HaA CI1CTeMa, a l-l Mee T caoH 0 4e p 4e HHblH CHMnTOMO
KOMnn eKC c o CBoeH CTPYKTYPHOH OCHOSOH . 3TOT naTOnOrl-l4eCKl-lH n po 
4ecc MomHO Ha 3 Ba Tb " MeAne H HO~ npor peccHPy~~eH IlY4eBoi:t 60ne3Hb 

~HC" . 
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BblBOAbl 

1. Hcn onbsoBaH~e Kon~4 eCTB eHH O~ 4~TOMOp$OnOr~4ecKO~ M e T OA ~ K ~ 
04 eHK~ CTPYKTYPH~X ~SM eH eH~~ H e~poHoo UHC B C PO K ~ Ha6n~AeH~R 

1-12 MeCR4eB nocne 06nY4eH~R nos BOmll10 o6HapY)l(~T b noapexneuae 
H e~POHoB B A~anaSOHe AOS OT 1 AO 6 rp . nOporoBaR Aosa n e )l( ~ T H~)l(e 
1, 0 rp . 

2. MeAneHHoe n p o r peA ~ e H T Hoe Te4eH~e CTpYKTYPH~X ~SMeHeH~~ B UHC 
B C04eTaH~~ C M e A n e H H ~ M nporp ec C~ PY~~HM Kp~T~4eCK~M C~MnTOMO 

KOMnl1eKCOM, paSB I1Ba~~~MCR nocne o6nY4 eH~R B A~ana30He A03 
AO 10,0 rp , AaeT OCHOBaHMe AnR B~A en eH~R caMOCTORTen bHo r o sa60
n CBaH~ R - MeAneHHO~ np orp ecc~Py~~ e~ n Y4 c BO~ 6one3H~ UH C. 
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MenneHHaA n po rpecc"py~~aA ny4eR aA 60ne3Hb 
R ~eH T p an b Ho~ HepRHo~ c"CTeMe 

npo aCAeHo oon y4 eH"e KP~C y - " 3n Y4CHHeM 6 0 CO a "HTepaane A03 1-6 rp. CTe
nCHe TRl<CCTlI CTPY KTY D H~X "3MCHeH"'\ t<OP~ 6 0new"x nonywap,,':; r onoaao r o M03ra 
, CpOK" 1-1 2 Mcc Hqc a nocne 06nY 4eH"A Ol.\eH"aanaCb C nOM OU1blO Kon"4eCTaeHHO':; 
M'~ 10Alt KlI . ~1 3 nOJ1Y-'CHHblX oc ayns r aroa cncnyer , 4TO A03a 1 . a rp He RBJ1fle TCA 
'1'l pu r u DOI' Ann He paHm, TK:m" UHC no Kp"T ep"Kl Mop¢ onor"4e cKoro no ap CH<AeHHA. 
BIolA IHl l: ,uJ " p Urp ' ~ c. LI 1 UHO" rl il paCTaHHe r mxec T" A"c TPO¢"4 CCK"X ' " 3MeHcH" ':; 

Y'!<'Rl 14cHHeM C!)OKu HaonIOAeH " A. B C04e Ta HHH C MeAlleHHblM nporpec
n~HU " I ._ l.. ~ , ' f ~ c ....,..n r O~1. 0 K 0f'o1nIl C KC OM, H3B e c TH blM K aK a c T eH oB er eT aTI-1BHb*~ 
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S lo w P rDq re\~ i v c Rildi a t ion Disea se 
of eNS 

R,' b wcr e irr adiated by 6 0 Co y - r il Y~ i n t he 1-6 Gy do se in t e r vul . . 
The deg r ee of the se ve r i ty of s t r uc t ura l chan ges in t he ce reb ra l c o r t ex 
neuro ns o f r a ts ' bra in in 1-12 month a f te r i r r a d l a t l on ha s b e e n e s t l ma t.ed 

wi t il the he ll> o f t he quanti tat i ve rae t h o d , I t f o l l ows f r orn !]a i ncd re s u I t 
t hat t il e do se 1.0 Gy is not a thresho ld f or t he tis sue o f t he cen tral ne r 
vo us ~y s tem IC NS) as a crite rion f o r th e mor ph o log ic in j u r y . Pro g r os si ve 
lJrO lii ll 'J o f t he sev e r i t y of d i s t r oph i c change s in neuron s I'li t h t he I nc r ea se 
a t pns r i r r ad i a t i on tine has been reveal ed . I n th e co mb i na t l o n wi t il t he 
s l ow p r oq res s i ve c t inica l s vmptom complex kno wn as t he e s t.nen o- veqe t a t i v e 
synd r omc ltd . 1'<ltl lO l o gicu l pr oces s wa s i sol at ed u S an ind e pendent l l l nes s
 
u nde r i he n:wne " t he s l ow p r oo r es s l v e radi at ion d i sea se o f CNS".
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