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peanusanuy KOMIIEHCATOPHO-BOCCTAHOBUTENbHBIX IPOLIECCOB, YTO MOYKET OBITh IPUUYMHON MOAM(UKALMY HOPMAIbHOI JUHAMUKY Heil-
pOMeaTOpHOro 06MeHa B MCCIeOBAHHOM IIOCTPA/MAIIVIOHHOM IIepIOJie.
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BBenenne CKMX YHKINIL, CBI3aHHBIX C CHHTE30M 0efKa ¥ Mye/IHa
[2].

Co CTOPOHBI HePOMENMATOPHBIX CUCTEM HMEIOTCS
cBefieHVsI 00 M3MEHeHNN 3axBaTa IIyTaMara U QYHKIIMI
I7TyTaMaTHBIX TPAHCIIOPTEPOB B HEMIPOHAX M aCTPOLMUTAX
opu OOMydeHMM Y-KBAHTAMU B CPAaBHUTENbHO HM3KMX
mosax (0,1-2 Ip) [3]. IIpu Bo3meiiCTBMM PEHTT€HOBCKOTO
U3JIy4eHUsA Yy KPbIC OTMedaeTcs HapylleHMe IIPOCTpaH-
CTBEHHOJ IIaMsITH, ACCOLMMPOBAHHOM C (QyHKUMSIMMI
runmnokamma. OfHAKO 9TI M3MEHEHNs HaOMIONAITCs Ipn
3HAYNMTENbHO OONMBLINMX [j03aX obOmydeHus nopsaka 13 Ip
[4]. P cBUieTENBCTB yKa3bIBaeT Ha CHIDKEHNE Ipoyide-
paruu 1 g depeHIanN HellpOHANTbHBIX K/IETOK-IIPef-
[IECTBEHHNMKOB IIOC/Ie OO/My4eHMs PEHTI€HOBCKUMM U

B IIOC/IEAHME TOAbI HAKAIIZIMBAKOTCA NAHHbIC, CBUEC-
TEbCTBYIOLYE O BBICOKOJ YYBCTBUTEIBHOCTI OT/E/TbHBIX
9/IEMEHTOB IieHTpanbHoiT HepBHOIT crcTembl (LTHC) k mo-
BpeX/JaloleMy [eICTBUIO MOHUSUpYIoLIeit pagnaryy [1].
AKTyanpHOCTD M3y4eHMs pasHOOOpasHbIX Helpopaju-
obmonorndecknx 3¢ ¢HeKToB ONpenenseTcs PALOM Hayd-
HO-TIPAKTUYECKUX 3aJad, CPely KOTOPHIX BAKHOE MECTO
3aHMMAET IVITAHUPOBAHNE CEAHCOB PAIMOTEPAIINY U PALIN-
oxupypruy, obecnedenne pajualoHHON 6e30MacHOCTU
HepcoHasa, paboTaoIero B MOMAX M3MydeHnit dusmde-
CKJX YCTaHOBOK, ITOATOTOBKA MEXIUIAHETHBIX HUIOTHPY-
€MBbIX TTO/IETOB.

K HacrosmeMy BpeMeHM MOAy4YeH 3HAYMUTE/TbHBIN
00béM jaHHBIX 00 3¢ dekrax, BoisbiBaeMbix B ITHC pen-
KOVIOHVM3VPYIOLIVMMY U3ITy4eHNUAMY, ITIABHBIM 00pasoMm
Y-KBaHTaMM ¥ PEHTTeHOBCKUM U3TydeHNueM. TaK, y MbI-
1eit 06/Ty4eH1e TOMTOBHOTO MO3Ta Y-KBAaHTAMU BBI3bIBAeT
HapylleHne sKcrpeccun 1,5 Toic. reHoB [2]. V monoBnHbI
U3 HUX OTKJIOHEeHUs HabmiofaloTcs 6omee yeM B 1,5 pasa.
Y 30 % reHOB 3T U3MEHEHNs HOCAT J030BO-3aBUCUMBIIL
XapaKTep, BK/II0Yasl TeHbl, 9KCIPeCcCHs KOTOPBIX M3MeHs-
etcst yxe nipu gose 0,1 Ip. Inst 60 % reHoB HabmomaeTcst
3aBUCUMOCTh 3¢deKkTa OT BpeMeHU I0CTIe OOTydeHMUs.
ITpu aTOM paHHMe M3MEHEHM: B MO3Ie, CBA3aHHbIE C Ha-
PYLIEHMEM 3KCIIPECCUY TeHOB, BKIIIOYAIOT MOAM(UKAIIIO
VIOHHOJI perylAlMy, Nepefadyl CUTHAJIOB M CHUHAINTUYe-
CKOTO B3aMMOJeNICTBUA. boee mosjgHme nepmnopbl mnocie
00JTy4eHMs XapaKTepU3YIOTCsl HapyllleHnueM MeTaboyde-

y-kBaHTamu B jjo3ax 2-13 Ip [5-7]. Ilpu pmerictBum pen-
KOMOHM3UPYIOIIMX U3TyYeHUII B Jo3ax cBbille 2 Ip oT-
Me4eHO yBeMdeHMe aIloNTOTUYeCKol Imbenu KIeToK B
cyOrpaHynsipHoll 30He runnokamna [8]. B nnamasoHe mos
5-35 Ip HabmomaeTcss MHAYKIMS (PaKTOPOB HENPOBOCIA-
JINTENBHBIX TIpoLeccoB [9-12].

[TapasnnenbHO ¢ HAOMIOREHNSIMH O JEVICTBUMU TEKTPO-
MarHMTHBIX M3Ty4EeHUIT IPOFO/DKAETCA HAKOIUIEH)E [aH-
HBIX O BIVIAHUY TSKENBIX 3aPSAKEHHBIX YaCTULL Ha pas3iind-
Hble Helipodusnonornyeckue mnoxasarenu [8, 13, 14]. Kax
mpaBwIo, 9(PpQeKTsl OT BO3AENCTBUA TAKUX M3TYUCHMI
HOCAT 607ee BBIP@XKeHHBII XapaKTep U MPOAB/IAITCSA IpU
00/Iy4eHN N CYIeCTBEHHO MEHbIIVMIU [{03aMU, HAdMHas C
0,2-0,5 Ip.

HecoMHeHHBIT MHTepeC NpeACTaBIAeT BbIABICHNUE
OT/IMYMIL B JIEVICTBUM TKEIDIX 3apAXK€HHBIX YacTUL, U

5
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97IeKTPOMAarHUTHBIX BUIOB M3mydeHnit Ha Gpyukiym I[THC,
rie 0cob0e MecTo 3aHMMaeT VCCIENOBaHue TTO3THUX -
¢dexTOB mMOC/Ie 06yYeHMs1. B HacTosIIee BpeMs MMEIOTCs
JINIIB OTHE/IbHbIE PAaKThI, CBUAETENbCTBYIOLIE 00 yCKOpe-
HIM HellpojlereHepaTUBHBIX IIPOLIECCOB Y 0O/MTyYEHHBIX /-
60paTOPHBIX KMBOTHBIX [15-18]. 3a nCKIIOYeHMEM HAIINX
pabot [19, 20] uMeeTcA KpaiiHe OTrpaHMYEHHBII 0O0BEM
CBeJIeHIT, KaCAIOIMXCA PaiNaliliOHHO-NHYLIMPOBaHHBIX
MopuduKanmit MeTabo3Ma MOHOAMIHOB C BO3PACTOM,
r7ie 0OHApY>KeHbI HApyIIeHNst 060poTa fodamMmHa B CTPH-
aryme [17, 21, 22]. OpgHaKo KOMIIJIEKCHbIE JMICCTIEOBAHS
MOHOAMMHEPIMYeCKIX CUCTEM OJHOBPEMEHHO B HECKOJIb-
KVX CTPYKTYpax MO3Tra B 3TUX paboTax He IPOBOAUIINCE.

B cBsA3M ¢ 9TMM Lie/IbI0 HACTOSILEN pabOTHI SB/IsET-
Cs1 M3ydYeHNUe AVHAMUKY M3MEHEHMI HellpOMeIMaTOpPHO-
ro oOMeHa y KpbIC B IIO3[HMII NIepHUOJ HOCTe OOMTydeHns
Y-KBaHTaMM 1 CPaBHEHVE 3TUX AaHHBIX C pe3y/IbTaTaMi,
HONTy4YeHHBIMM HaMu paHee [19, 20] oTHOCUTENTBHO BO3-
meiicTBus noHoB yrnepopa (12C).

Marepmnan ¥ MeTORBI
Kusomnuvie

B skcnepumeHTe 1CIIONIb30BaHO 20 caMIIOB KPbIC /M-
Hun Cnper-Jloynu xateropum SPE. BospacT >XMBOTHBIX
cocraBisin 7-8 Hep, Macca Tena — 190-210 r. JTo o6myue-
HJsI KPBICBHI, TOTy4YeHHble U3 [IMTOMHMKa Tab0opaTOpHBIX
>kuBoTHBIX “Ilymuno” (r. IlymuHo), mpouum afantamnuo
K yCIOBMAM BUBapusA B TedeHUe 1 Hen, THe comeprKanmuch
10 5 B K/IeTKe IIPU €CTeCTBEHHBIX YC/IOBMAX OCBeIleHNA
(meHp TpUOMM3NTENBHO 8 1) CO CBOOOLHBIM JOCTYIIOM K
Bojie u nuire. Ha MOMeHT 06/ry4eH1sI BO3PAcT >KUBOTHBIX
coctaBysit 2 Mec. Yepes 30 n 90 cyT mocne obmydeHus
JKMBOTHBIE B KOJIYECTBE 10 5 00Ty4EHHDIX 11 5 KOHTPOJIb-
HBIX Ha KOK/IBIIl BpeMEeHHOII ITepyof; 3a01BajiCh METOIOM
IeKanuTanuyu. BospacT, B KOTOpOM IPOBOAMUINCH TECTHI,
COCTaBJIAN B cpefHeM 3 U 5 MecC, IPOMEXYTOK BpeMeHMU
MEXJy ABYMsA 3KCIepuMeHTaMu — 2 MecAna. Bce mpome-
IYpbl C )KUBOTHBIMU OCYILECTB/IANUCh B COOTBETCTBUMU C
HnpaBwIaMy paboThl, YTBEPXKAEHHBIMU OMOITUYECKUMU
KOMUCCUAMU MHCTI/ITyTa MeIU/IKO-6I/IOJIOI‘I/I‘{eCKI/IX Ipo-
6nem PAH u VMHcTHTyTa BBICIIEN HEPBHOII [IeATENbHOCTI
u Hertpodusnonornu PAH.

IIpouedypa o6nyuenus

O6yueHne >XMBOTHBIX Y-KBaHTAMI BBIIOTHSIOCH Ha
6a3e MeMKO-TEXHNYECKOro KoMIiviekca OObennHeHHOro
MHCTUTYTA SIiePHBIX MccnenoBanmil (. [lybHa) ¢ mcronb-
3oBaHueM yctaHoBKU «POKYC-M» (AO «PaBenctBO», I. C
ankt-Iletep6ypr) ¢ ucrounnkom usnydenus °Co [23, 24].
Jlo3a obmydenus cocrasnsiia 1 Ip, MOIHOCTD JO3BI B 06-
nactyu obmydenus — 1,02 Ip/muH. JlosuMeTpus ocCylecT-
BJIATIACH C Mcnonb3osanyueM fgo3umerpa PTW UNIDOS-E
(PTW-Freiburg, Tepmanns) ¢ nmoHM3anMoHHON KaMepoit
TM30013-03378 mpu IOTHOCTBIO OTKPLITOM KOJUIMMa-
Tope (pasmepsl Ko/umMMaropa — 26x22 cm). CymmapHas
MIOTPEIIHOCTh ONpeie/IeHN A MOIIOIIEHHON NO3bl He Ipe-
Bbimana £3 %. Kpbicbl B KommndecTBe 10 KMBOTHBIX IIOfI-

BEprajych OFHOKPATHOMY TOTAJIbHOMY OOIydYEeHMUIO.
JKuBoTHBIE, OMeIIEHHDBIE B KIETKN-(UKCATOPDI, PACIIO-
JIarajuchb TOPU3OHTANILHO IIOf, MCTOYHMKOM Y-KBAaHTOB U
006/Ty4annch I004epERHO 110 2 KPBIChL. PaccrosHue 1o 1o-
BEPXHOCTH, Ha KOTOPOIl YCTaHABINBAIUCH KIETKM-PUK-
CaTopPBI, COCTABISIO 75 ¢M. 10 )XMBOTHBIX ObUIU MCIIO/b-
30BaHbI B Ka4eCTBe HeoOMy4éHHOro KoHTpors. [Ipu atom
KPBICBI KOHTPOJIBHOI IPYIIIBI ObUIN IIOJBEPIHY THI JIOKHO-
MY OOJTy4EeHUIO [Ty TEM BBIIeP>KMBAHMS )KUBOTHBIX B CXOJI-
HBIX YC/IOBUAX, HO 63 BO3MIEVICTBUSA pajualini.

Onpedenenue ypoeHeii Helipomeouamopos

Vi3Bnekanuce 4eTbIpe CTPYKTYPBI MO3ra: IpepoHTaIb-
HaAa Kopa, FI/IHOTaHaMYC, TUIIIIOKaMII N CTpI/IaTyM. CprK-
TYpPbl BBIIE/IA/INCh Ha JIBAY, 3aMOPOKUBAINCD B KUIKOM
a30Te 11 B3BELIMBA/INCh. XpaHeHe 0OPasIioB [I0 UCIIONIb30-
BaHI OCYIIECTB/LIOCH B pedpinkeparope mpu —80°C.

[TonyuyeHHble HaBeCKM TKaHeil TOMOTEHU3UPOBAINCH
npu temieparype +4°C B CTEK/IAHHOM TOMOT€HM3aTOpe
¢ tedporoBBIM mrecTKOM (0,2 MM) TP CKOPOCTH Bpallie-
Hus 3000 06/MuH. B kauecTBe cpefipl IpM rOMOTeHMU3ALINN
u Bbifienienny ucnonbsosancs 0,1 H HCIO, ¢ no6asnenuem
0,5 HMonb/MN BHyTpeHHero ctangapTa JJOBA (3,4-gmok-
CNOeH3UIaAMIH) — BellleCTBA KaTeX0/TaMIHOBOI IIPUPOIbI,
HO He BCTPEYAIoNEerocss B HaTUBHOI TKaHU. CTPYKTypBI
MO3Tra TOMOTeHU3NPOBANMUCh B 20-KpaTHBIX 00béMax cpe-
nol Boifjenenus. Lentpudyruposanme mpob IpoBOAUIOCH
B TeyeHue 15 myuH npu +4°C 1 10000 g. CynepHaraHT uc-
IIO/Ib30BA/ICSL B JAJIbHENIIIIEM /ISl OIIpefie/IeHUsT KOHIIeH-
TpaI_U/H/I MOHOAMMHOB U X MeTa6OHV[TOB.

CogepyxaHye MOHOAMIHOB U MX META0ONINTOB OIpe-
He/SANOCh € IIOMOIIBIO MeTOfla BbICOKO9(dEeKTUBHOI
KUJIKOCTHOI XpoMaTorpadum (MOHOIapHas XpoMarorpa-
¢bust) ¢ 97EKTPOXUMIUIECKON JieTeKIIell Ha XPOMaTorpa-
¢de LC304T (BAS, West Lafayette, CIIIA) ¢ nHxexTOopomM
Rheodyne 7125, met/st 1y1sl HaHeCeHus 00pasIoB — 20 MK
[19, 20, 25]. Mccnenyemble BeliecTBa pasie/isIUCh Ha 06-
pamenHogasHoit kononke ReproSil Pur, ODS 3, 4x100 mm,
3 mxm (Dr.Majsch GMBH, “Oncuko”, Mocksa). Hacoc
PM80 (BAS, CIIA), cKOpOCTb 3MIOUMK ITOJBUYKHON
daspr 1,0 mn/mun nipu gaBneHun 200 atM. Mob6umpHas
¢dasa — 0,1 M nurpatHodocdarHslit Oydep, cofeprarnit
1,1 MM oxkrancynbdonosoit kucnorss, 0,1 MM SITA n
9 % aueronutpuna (pH 3,0). CkopocTp mportoka 1 M/
MuH. VI3MepeHMe IPOBOAWIOCH C MOMOIIBIO IEKTPOXU-
mudeckoro gerekropa LC-4B (BAS, CIIIA) Ha creknoy-
ronpHOM 9nekTpone (+0,85 V) mpoTuB amexTpona cpas-
Herysa Ag/AgCl. Permcrpanus o6pasljoB BBIIOTHANACH
C INpUMEHEHMEM AaIllapaTHO-IPOTrPaMMHOIO KOMIIEKCa
MVJIBTMXPOM 1.5 (AMIIEPCEH]). [Ins xanubpoBku
xpomarorpada ICIOoIb30BaIUCh CMeCK Pabounx CTaH#ap-
TOB OIIpeJe/sIeMbIX BellleCTB B KOHIeHTpauuu 500 IMoyb/
MJI. BenmunHbI KOHI[eHTpalit MOHOAMIHOB B OIIBITHBIX
06pasiax pacCUNTHIBAINCH METOJJOM BHYTPEHHETO CTaH-
JapTa, MCXOAs M3 OTHOLIEHWI IUIOLIAfM NMMUKOB B CTaH-
IapTHOI CMec 1 B 06pasie.

MeTtomoM xpomarorpadui onpefensich KOHIEHTpa-
1y Hopazpenanuua (HA), ropamuna (JIA) 1 ero metabo-
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UTOB — 3,4-muokcndeHmnykcycHon kncnotsl (JODYK),
roMoBaHmMMHOBOI kucnotel (I'BK), 3-mMeTokcutupammna
(3-MT), a Taxxke ceporonuna (5-OT) u ero merabonu-
Ta — S5-TUIAPOKCUMHJONMYKCYCHOM Kucnotel (5-OMYK).
JJOTIOTHUTETbHO OLIEeHUBAINCh COOTHOIIEHVSI KOHIIEHTpa-
unit JODYK/IA, TBK/JA u 5-OMYK/5-OT, xapakrepu-
3yrolue 060pOoT HelPOMERNATOPOB.

PesypraThl MOABEPrasnch CTaTUCTUIECKOIT 00paboT-
Ke C MCII0/Ib30BaHMeEM OfHO(AKTOPHOTO JUCIIEPCHOHHOTO
aHa/M3a. AIIOCTEPMOpPHBIE CPABHEHMsI CPEIHUX OCYIIeCT-

Tabnuya

BILI/INCh MO KPUTEPUIO HaMMEHbIIEN 3HAYMMOI pas3HO-
ctu — LSD (ANOVA). [ls1 mpoBefieHrsi CTaTUCTUIECKOTO
aHa/M3a ObUIM BBEMIEHBI CTIeAyolINe 0003HauUeHMs TPYIIIT
JKUBOTHBIX. KOHTpO/NbHbIE XMBOTHBIE, IOJBEPraBIINecs
aHanusy depes 30 u 90 cyt noce obnydennus, 66Ut 060-
3Ha4YeHbl KaK rpynmsl 1 u 2 coorBeTcTBeHHO [l1s1 0671y-
YEHHDIX KPBIC, IPOaHaNU3UpPpOBaHHBIX cirycTsa 30 u 90 cyT
IIOC/Ie BO3JENICTBISA, BBELEHBI HOMepa Ipynn 3 1 4 CooT-
BETCTBEHHO. BimaHme pagmaumm Ha AMHAMMKY HeENpo-
MeIMaTOPHOrO0 OOMeHa OILIEHMBANIOCh ITyTEM CpaBHEHUS

KoHuleHTpa1sa MOHOAMIHOB ¥ MX META00TIMTOB B PAa3INYHBIX CTPYKTYPax MO3Ta KpbIC (HMONIb/MT TKaHu + SEM)
gepes 30 u 90 cyT mocne o6nyyenus y-kpantamu °Co B gose 1 Ip.
B cko6Kax yKa3aH BO3pacT >KMBOTHBIX HA MOMEHT MICCIIE[OBAHNA

Kontponb O6nyyeHne y-KBaHTaMI p-3HaUeHMe
Tpymmst 30 cyT 90 cyT 30 cyT 90 cyT
(3 mecaa) (5 mecaneB) (3 mecana) (5 mecanes) p2xl p3xl p4x3 p4x2
1 2 3
[pedponTanpHas Kopa
HA 1,10+0,08 1,36+0,04 1,09+0,05 1,52+0,10 0,03 0,98 0,01 0,24
A 0,34+0,03 0,58+0,11 0,86+0,43 0,47+0,04 0,11 0,32 0,40 0,41
HODYK 0,43+0,09 0,29+0,15 0,44+0,03 0,18+0,01 0,48 0,97 10-% 0,48
I'BK 0,38+0,07 0,19+0,02 0,26+0,04 0,1940,03 0,04 0,22 0,28 0,90
3-MT 0,09+0,02 0,06+0,00 0,08+0,03 0,08+0,01 0,21 0,83 0,92 0,16
5-OT 3,01+0,20 3,75+0,16 2,76+0,14 3,90+0,25 0,03 0,38 0,01 0,68
5-O1NYK 1,66+0,09 2,10+0,14 1,62+0,09 1,95+0,15 0,04 0,80 0,15 0,53
HOOYK/JA 1,30+0,27 0,94+0,66 1,22+0,32 0,40+0,05 0,67 0,86 0,04 0,44
I'BK/ITA 1,15+0,22 0,37+0,08 0,74+0,24 0,46+0,11 0,02 0,30 0,33 0,59
5-OMYK/5-OT 0,56+0,03 0,56+0,02 0,59+0,04 0,50+0,02 1,00 0,58 0,09 0,06
Tunmokamm
* K3k
HA 2,05+0,25 1,57+0,15 1,55%0,17 2,11+0,52 0,18 0,17 0,38 0,39
I 0,79+0,24 1,11+£0,57 0,49+0,10 0,68+0,18 0,66 0,33 0,43 0,54
INODYK 0,37+0,13 0,30+0,08 0,22+0,05 0,25+0,04 0,70 0,37 0,62 0,68
I'BK 0,59+0,26 0,34+0,13 0,34+0,13 0,45+0,14 0,48 0,47 0,63 0,64
3-MT 0,28+0,14 0,19+0,05 0,15+0,04 0,23+0,10 0,60 0,46 0,54 0,75
5-OT 2,69+0,36 2,59+0,13 2,25+0,14 2,62+0,59 0,82 0,34 0,60 0,96
5-O1NYK 2,77+0,19 3,80+0,46 2,47+0,27 3,14+0,63 0,10 0,45 0,40 0,48
HODYK/OA 0,54+0,14 0,52+0,23 0,43+0,02 0,68+0,28 0,96 0,52 0,46 0,71
I'BK/JA 0,72+0,15 0,83+0,42 0,59+0,12 0,99+0,33 0,83 0,56 0,34 0,79
5-O1YK/5-OT 1,08+0,09 1,47+0,17 1,09+0,07 1,22+0,08 0,10 0,96 0,29 0,26
Iunoranamyc
[ E3 ]
HA 7,97+0,69 4,48i0,16 9,47+0,56 4,96id,61 0,002 0,17 0,001 0,54
oA 3,19+0,45 1,42+0,20 2,96+0,58 1,22+0,12 0,01 0,79 0,02 0,44
TODYK 0,92+0,18 0,23+0,07 0,88+0,13 0,17+0,02 0,01 0,86 0,001 0,41
I'BK 1,05+0,28 0,20+0,04 1,07+0,29 0,14+0,03 0,03 0,97 0,01 0,27
3-MT 0,38+0,10 0,13+0,03 0,56+0,13 0,10+0,02 0,07 0,36 0,01 0,37
5-0OT 5,34+0,58 4,73+0,32 6,18+0,48 4,45+0,27 0,43 0,35 0,02 0,55
5-O1YK 3,19+0,37 3,60+0,37 3,97+0,56 2,97+0,20 0,51 0,33 0,13 0,19
HOOYK/JA 0,33+0,11 0,15+0,03 0,38+0,10 0,14+0,01 0,18 0,78 0,05 0,73
T'BK/IOA 0,31+0,07 0,14+0,02 0,49+0,23 0,12+0,02 0,07 0,54 0,15 0,45
5-ONYK/5-OT 0,60+0,03 0,76+0,06 0,63+0,04 0,67+0,03 0,06 0,59 0,46 0,22
Crpuarym
HA 1,27+0,64 0,60+0,11 0,64+0,12 0,53+0,05 0,38 0,41 0,51 0,64
oA 44,73+3,93 44,56+3,85 43,06+4,16 54,30+4,19 0,98 0,80 0,14 0,18
JTODYK 2,94+0,23 2,93+0,16 2,84+0,25 3,72+0,46 0,97 0,80 0,16 0,16
TBK 2,31+0,26 2,00£0,20 2,25+,21 2,54+0,37 0,44 0,88 0,54 0,27
3-MT 0,51+0,07 0,40+0,03 0,45+0,04 0,53+0,04 0,20 0,47 0,27 0,06
5-OT 3,54+0,51 4,00£0,22 3,60+0,14 4,37+0,47 0,48 0,92 0,17 0,52
5-O1NYK 3,15+0,18 3,61+0,18 2,92+0,17 3,97+0,56 0,15 0,44 0,13 0,59
HODYK/OA 0,07+0,002 0,07+0,003 0,070,004 0,070,003 0,89 0,84 0,97 0,90
I'BK/JA 0,05+0,003 0,05+0,01 0,05+0,005 0,05+0,004 0,45 0,70 0,30 1,00
5-O1YK/5-OT 0,94+0,08 0,91+0,03 0,81+0,04 0,90+0,05 0,73 0,21 0,28 0,86

ITpumeuanue: XXupueim KypcusoM (Italic) ormedena BbipaskeHHast TeHgeHuus mpiu 0,05 < p < 0,1; KUPHBIM IOJYEPKHY THIM IIPUATOM OTMeYeHa CTATUCTH-
JecKas 3HAYMMOCTD 1Ipy p < 0,05. 3HaKOM * 0603HAYEHA CTATUCTIYECKAS 3HAYMMOCTD OJHOHAIIPAB/IEHHOTO CHYDKEHMS II0Ka3aTernest 0 KpUTepuio Z-3HaKoB
npu p < 0,05. 3HaKOM ** OTMedeHa CTaTUCTIYeCKas 3HAYMMOCTD OJJHOHAIIPABIeHHOTO CHYKEHNA TI0Kasaresiell 110 KpUTepuio Z-3HaKoB 1pu p < 0,01
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pesynpTaroB 90-X CyT IO OTHOLIEHMIO K 30-M: B KOHTPO-
Jle CpPaBHUBA/INCh IPYNIBL 2 K 1, py obnydennu — 4 k 3.
Insa ouenxu addekra y-obnydeHns B KaX[oil U3 ABYX
BPEMEHHBIX TOYeK CPaBHMBANMNUCh rpynmsl 3 K 1 (30-e cyT)
n4x 2 (90-e cyT). Bersanenne o61iero HarpaBIeHs CABK-
ra B KOHLIEHTPAIVAX BEIeCTB I10C/Ie 00TyYeHUA OCYILecT-
BJIAJIOCD C JICIIONIb30BAHMEM HellapaMeTPIIecKOro KpuTe-
pus Z-3sHakoB. CTaTMCTUYECKM 3HAYMMbBIMU CUUTAINCDH
pasnmuuus Ha yposHe p < 0,05. 3nauenus p ot 0,05 go 0,1
paccMaTpUBaINCh B KaueCTBe BbIPAKEHHON TEHIEHLIMN.
Koneunble pe3ybraThl M3MepeHUIT BHIPAXA/NCh B BULE
CpeHMX BEINYMH KOHI[EHTPALMil BeleCTB *+ CTaHAApPT-
Hasl oIIMOKa CpeHero.

PesynbraThl

Pesynbrarhl M3MepeHnii, XapakTepusymouye JUHaMu-
Ky oOMeHa HellpOMeRNaToOPOB, IpeACTaBIeHbl B TaO/uIIe.
ITomyyeHHble laHHBIE CBUZETENLCTBYIOT O PaslIMYMAX B
XapaKTepe BpeMeHHBIX M3MEeHEHNI, OIleHEHHBIX Ha JIByX-
MeCSTYHOM IIPOMEXKYTKE Y KOHTPOJIbHBIX (rpymus! 1 u 2)
061y4éHHBIX (rpymnsl 3 1 4) kpbic. Hanbonbimme otmmans
HaO/IIOfanNCh B HpedpPOHTANIbHOM KOpe, TMIIIOKaMIe U
TUIIOTaJIAMYyCe.

B wacTHOCTH, B IpedpOHTANIBHOI KOpe 0OMy4€HHBIX
JKMBOTHBIX K Bo3pacTty 5 Mecsues (90 cyT mocne obmyde-
Hus1) KoHueHtpauns JODYK cratmcTudecku 3Ha4MMO
cHIDKanach 1o 40,8 % 10 CpaBHEHMIO C 3-MECAYHBIM BO3-
pacroMm (30 cyT mocie o6mydeHus ), B TO BpeMs KaK B KOH-
TpoJIe 3TOT IIOKa3aTelb yMEHbIIA/ICSA HeCyLleCTBEHHO —
1o 67,0 %. YpoBenb I'BK, Ha060pOT, 3HAYMMO CHIDKAJICS
TOJIBKO B KOHTpOJIe (J10 48,4 %); y 06Ty YEHHBIX >KUBOTHBIX
C BO3pacTOM Hab/II0[a/I0Ch JIMIIb HEeCYLIeCTBEHHOE IIOHM-
sxenue (10 73,9 %). KonnenTparnys [IA py 9TOM OBbIIIA-
JTach B KOHTPOJIE V1 IIOHVKA/IaCh y 00Ty4EHHbBIX )KMBOTHBIX
mo 168,5 m 54,6 % COOTBETCTBEHHO, OJHAKO CTaTUCTU-
YyecKas 3HAUYMMOCTb IIO 3TMM M3MEHEHUAM He NOCTUIa-
nace. O6mydeHne y-KBaHTaMJ BBI3BIBA/IO CYIeCTBEHHOE
ymenbienne uHaekca JOOYK/IA co BpemeHeM — [0
33,0 %. Y 710)XHOOOTYYEHHBIX >XMBOTHBIX 3TOT IIOKa3a-
Telb HECYIIECTBEHHO CHIDKAJICA C BO3PACTOM Ji0 72,6 %.
Coornomenne I'BK/JIA 3HauMMO yMeHbBIIAOCh TONMbKO B
KOHTpote (o 32,6 %). B To >ke BpeMs y KpbIC, HOfIBEPraB-
IINXCA BO3IENCTBMIO PAfiVialivM, 9TOT MH/IEKC MIOHMKAICA
HecyiecTBeHHO (10 61,9 %). Konuenrparys 5-OMYK cy-
IIeCTBEHHO BO3PACTaja CO BpeMeHeM TONbKO Y KOHTPOb-
HBIX KpbIC (0 126,8 %). BospeitcTBue papmanym mpu-
BOIMTIO K yBenmvenuto yposHa 5-OMYK po 120,3 %, Ho
3HAYMMOCTD Pas/INYNIL TPV 9TOM He BBIAB/ISIACh. Y 0071y-
YEHHBIX JKMBOTHBIX OTMeYasIach BbIpayKeHHas TeHJEeHIUA
K BO3pacTHOMY CHIDKeHUI0 060poTa 5-OT, oLjeHéHHOTO 110
coornomennio 5-ONYK/5-OT, xoTopoe yMeHbIIAIOCh O
84,0 %. B xonTpone nupexc 5-OMYK/5-OT He usmensnca
Ha JIByXMeCAYHOM BPEMEHHOM ITpoMexyTKe. OcTanbHbIe
MIOKA3aTe/MM MMe/M CXOfIHBIN XapaKTep BO3PACTHBIX U3-
MeHEeHMIT B KOHTPOJIe U ITOCIIe OOTydeHs: KOHLIEHTpalyun
HA n 5-OT craructidyeckyt 3Ha4MMO HOBBIIIATIICH B 060-
UX C/Iy4asx, ypoBeHb 3-MT npakTudecky He U3MEHANCA.
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B runmnokamiie y KOHTPO/IbHBIX JKMBOTHBIX OTMeYaach
BbIPOKEHHAsA TEHMAEHIMA K BO3PACTHOMY IIOBBILIEHNIO
koHneHTpauyn 5-ONYK u cootnomenns 5-OMYK/5-OT
o 137,2 n 136,0 % cOOTBeTCTBEHHO. Y KpBbIC, MO BEp-
THYTBIX BO3JEICTBUIO PajyalivM, TU IIOKasaTeln yBe-
nuauBanuch po 127,3 u 112,4 %, ogHako cTaTUCTUYECKAs
3HAYMMOCTD IIPM 3TOM He JlocTuranaace. HecMoTps Ha oT-
CYTCTBME [PYTUX 3HAYMMBbIX M3MEHEHMII IO OTAe/IbHBIM
[IOKa3aTe/siM, /I TUIIOKaMIa OOTy4EHHBIX >KMBOTHBIX
CYILLIECTBEHHO OT/IMYAJICS OOLMII XapaKTep pe3yIbTaToB.
I[To cpaBHEHMUIO C KOHTPOJIEM, Iie GONMBLIMHCTBO IIOKa3a-
Te/ell TOHVKAIOCh C BO3PAaCTOM, B TpymIle OONydeHus
OTMeua/IoCh OJHOHAIIPABJIEHHOE YBe/IMYeHNe BCeX MCCIe-
TOBaHHDBIX MHJEKCOB. AHA/IM3 APHBIX CPABHEHMII 110 K-
TepUI0 Z-3HAKOB BBIABI/ 3HAYMMOCTDb TaKUX Pe3y/IbTaTOB
Ha ypoBHe 1 % (p < 0,01). K 4ncy nmokasarerneit, s KOTO-
PBIX B KOHTPOJIe OTMEYaNoCh CHIDKEHNE, OTHOCU/INCD KOH-
nenrtpanyu HA (76,4 %), TODYK (81,1 %), IBK (58,5 %),
3-MT (66,6 %), 5-OT (96,2 %) u coornomenne JODYK/
A (97,3 %). OcTanbHble MHIEKCHI OB He3HAYUTEIbHO
IIOBBIIICHBI.

B rumoranmamyce K 5-MecAYHOMY BO3PacTy KOHILIEH-
tpamym HA, JA, JODYK, I'BK u 3-MT cymecTBeHHO
CHIDKA/INCDH KaK Y KOHTPOIbHBIX (mo 56,1, 44,6, 25,4, 19,2,
35,1 % COOTBETCTBEHHO), TAK M Y OOMYYEHHBIX KMBOTHBIX
(mo 52,4, 41,1, 19,3, 13,2 u 17,2 %). [Ipu atoM n3MeHeHMe
cogepxanys 3-MT y KOHTPOJIBHBIX KpPBIC OBIIO 3Ha4M-
MBIM Ha YPOBHE BBIpa)KeHHOI TeHfieHIMM. COOTHOLIeHNe
JOOYK/IA moHmXanoch Ha ypoBHe TEHIEHLUM JIUIIb
B rpyme obnydenus (go 37,1 %), Torga Kak B KOHTpOJIe
yMeHbIIeHJe 9TOro IoKasarens o 46,0 % ObUIo Hecylle-
crBeHHbIM. VMuaekc I'BK/JJA, Hao6oporT, cHIDKaCs cyle-
CTBEHHO TOJIbKO y JKMBOTHBIX, He IIO[|BEPraBIINXCS BO3-
HeiicTBUIO Y-KBaHTOB (1o 45,6 %). Ilpu atom cHmxeHue
ObI/IO 3HAYMMBIM Ha YPOBHE BBIP&KEHHOI TEHJECHIIVIIL.
Y 06myuénnbix kpbic ymenbieHne [ BK/IJA 10 23,9 % 6b110
HeCyIlleCTBeHHBbIM. BoszelicTBMe pajuanyy IpUBOLUIO K
CYILECTBEHHOMY CHIDKeHMIO KoHleHTpanuu 5-OT ¢ Bos-
pactoM 1o 71,9 %, B TO BpeMsA KaK B KOHTPOJIe COfep>KaHue
5-OT yMeHbluanoch He3Ha4nTeNbHO (10 88,6 %). YpoBeHb
5-OMYK MeH:ANCA HecyleCTBEHHO B O0eUX TIpYIIIax:
y n0>KHoo6nyq'e‘HHb1x KpbIC OBbIIIAsCcA o 112,8 %, mocre
00Iy4eHNsI Y-KBaHTaMM CHIDKAJCS 1o 74,7 %. B 5-mecsy-
HOM BO3pacTe Y KOHTPOJIbHBIX KMBOTHBIX Hab/IIOfanach
BbIp@KEHHAs] TEHAEHUMs K IOBbIIeHNI0 obopora 5-OT,
oLleHEHHOTO0 10 nHAeKCcy 5-OMYK/5-OT, BennunHa KoTo-
poro Bospacrasna o 127,6 % 1o OTHOLIEHUIO K 3-MecAY-
HOMY II0Ka3aTesro. BoszmelicTB1e pajuanym He IPUBOIMUIIO
K moBblieHnio o6opora 5-OT Ha 9TOM BpeMeHHOM Ipo-
MexyTke: cootTHomenue 5-OMYK/5-OT moutu He msMe-
HAJIOCh U K 5-MecAlaM cocTasiAno 106,5 %. CpaBHeHue
o01ero xapakrepa AMHAMMKM OOMeHa B TUIIOTAaMyce
BBIABMJIO 3HAYMMble Pas/INyysa MeX/y TPYIIIaMi KOHTPO-
7151 M OO/TyYeHNs: IefICTBYE Y-KBAaHTOB BBI3BIBAJIO O{HOHA-
NpaB/ieHHOe CHIDKeHNe 9 m3 10 mccaefoBaHHbBIX MOKa3a-
Tefert. OTU M3MeHeHVsI ObUIN CTAaTUCTUYECKM 3HAYMMbIMU
10 KPUTEpUIo Z-3HaKOB Ha ypoBHe 5 % (p < 0,05). B koH-
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TpoOjIe CTONb CYIIeCTBEHHOJ OJHOHAIIPAaBJIEHHOCTU He
OTMEYanoch.

B crpmaryme KOHTPONBHBIX M OOTY4EHHDBIX KPbIC He
Ob17T0 0OHAPYIKEHO CTATUCTUYECKH HOCTOBEPHBIX M3MeHe-
HUI ¢ BO3pacToM. Pasnmuunsa Mexxiy rpyInmnaMi >KMBOTHBIX
Kaca/lich JIMIIb OOLIero xapakrepa IOTy4eHHDIX pe3y/b-
TAaTOB: IOCTe 06/MydeHus1 Gobliee KOMMIECTBO IOKa3a-
Tefell eMOHCTpUpOBasIo noBbiiienne (7 u3 10) mo cpas-
HeHUio ¢ KoHTpormeM (2 u3 10). OmHaKO HEOOXORMMBIN
YPOBEHb 3HAUMMOCTH 110 KPUTEPUIO Z-3HAKOB B 3TOM CIIY-
Yae He JOCTUTaCA.

Kpome puHammky HelipoMennaTopHOro obMeHa B pa-
60Te MCCIeoOBaHbI M3MEeHeHNsI, Hab/mojaeMble B IIEPBOIL U
BTOPOJI BpeMeHHOI TOUKe B OT/eIbHOCTN. [/ 9TOM Lien
MeX[y co60i1 CpaBHUBAIICH AaHHbIE KOHTPOJS 1 0071y-
vyeHust 30-x (rpynmet 3 u 1) u 90-x (rpynmsl 4 u 2) CyT.
Yepes 30 cyT nocie 06/1ydeHNs CylLleCTBeHHbIE PA3INdns
MeXZly KOHTPONBHBIMU U OOTYYEHHBIMU SKMBOTHBIMIU
6I)UII/I Sa(i)I/IKCI/IpOBaHI)I JNIIb B TUIIIOKaMIIE, I'l€ B I'PyII-
Ile, TOIBEPraBIIeNiCsl BO3AEIICTBUIO Pafyanyy, Habmoma-
JIOCh OTHOHAIIpaB/IeHHOe CHIDKeHue 9 u3 10 mokasareneri.
It pe3ynbTaThbl 6I)I]II/[ CTaTUCTUYECKM 3HAYVMIMBbI 110 Kpu-
Tepuio Z-3HakoB (p < 0,05). K 90-M cyT Takas ofHOHa-
IIpaB/IEHHOCTD B TUIIIIOKaMIIe He COXPaHsA/Iach. Bo BTopoit
BpeMeHHOI TOYKe CYIeCTBEHHbIe M3MEHEHMUs OTMedYa-
JINCh B TMIIOTAIaMyce U, MeHee 3HauuMble, — B IpepoH-
TaJIbHOII KOpe U cTpuaTyMe. B runoranamyce xk 90-m cyT-
KaM OJHOHAIIpaBJI€HHO CHU3WINCh 9 m3 10 mokasarenen
o6MeHa. CTaTUCTIYECKUIT aHAJIN3 1T0 KPUTEPUIO Z-3HAKOB
MOATBEPAV HECTyYallHbII XapaKTep TaKUX M3MEHEHMUI
(p < 0,05). B mpedponranpHOit KOpe Hab/IIORATACH NI
TeHIEHUVs K CHIDKeHuo ob6opora 5-OT, omeHéHHOrO MO
nokasareno 5-OMYK/5-OT.B crpuaryme 6bu10 3adumk-
CMpOBaHO HEKOTOpoOe MosbilieHne ypoBH:A 3-MT, nsme-
HeHle KOTOPOro ObIIO 3HAYMMO Ha YPOBHE BBIPAXKEHHOI
TeHJeHLINN.

O6cyxpenne

[Tpu onenke mo3gHUX 3¢ (eKTOB OOTyUYeHUs Bax-
HBIM SIBJISIETCS YYET CYMEPIIO3ULINI BO3PACTHOTO U Pajiy-
anoHHOro (axTopoB. BospacTHbele n3MeHeHUsT o6MeHa
HeIPOMENNATOPOB MPOSIB/IAIOTCSA HAa Pa3IMYIHBIX YPOB-
HAX opraHmsanyu Mosra. IIpu 3TOM MeHSAIOTCS MHOTVE
¢dusmonornyeckre IMOKasaTenu, CBsA3aHHble C PabOTOI
MEMATOPHBIX CHUCTEM: MPOUCXOIAWUT IOTEPsI HENPOHOB
[26], pasBuBaeTcs obmas arpodus [27, 28], Hapymatorcs
MeXaHU3MBI CHHAITIYeCKol epenaun [29], yHkuun mo-
BefleHNs, TaMATH, o0ydeHus u ap. [30-33]. B namreit pa-
60Te MCCIef0BAIOCh BIMSHME PafUaliiOHHOr0 (akropa,
npencraBieHHoro y-ksantamu °Co, Ha IMHAMUKY U3Me-
HeHUIT B paboTe OHOBpEMEHHO TPEX HeNPOMEMATOPHBIX
cucteM Kpbic — HA, TA n 5-OT. O6Men MOHOAMIHOB U X
MeTabOIUTOB OIpeeNsICS B YeTBIPEX CTPYKTYpax MO3ra
(npedpoHnTanpHasK KOpa, TUIIOTATIAMYC, CTPUATYM, TUIIIO-
KaMII), IPMHMMAIOLINX aKTUBHOE y4acTue B YIIpaBlIeHNN
PasIMIHBIMY OBELEHIECKMMI PeaKMAMI )KUBOTHBIX.

ITokasaHo, 4TO B HpepOHTAIBHON KOpe BO3ZeN-
CTBME Y-KBAaHTOB yCKOpseT cHipkeHme yposHsa JOOVYK,
KOTOpOe B HOpMe Hab/MIofaeTcs Mocie JOCTIDKEHNA KU-
BOTHBIMU TpPEXMeCsSIHOro Bospacrta [34]. IocroBepHoe
yMeHbllleHMe KoHLeHTpanyu JOOYK k 5-mecadso-
MY BO3PacTy yKa3bIBaeT Ha YCKOPEHHOEe CHIDKEeHNe aKTHB-
HoCTM [IA cucTeMbl y 0OY4€HHBIX KPBIC IO CPAaBHEHUIO
C KOHTpONbHbIMM. XapakTep [IA-eprudeckort Memmanym
B TpynIe OONydYeHUsl OTIMYAICSA M MO APYTMM IIOKasa-
TE/AM: Y KOHTPOJIbHBIX JXMBOTHBIX CO BpeMeHeM CylIe-
CTBEHHO CHIDKasIach KoHIeHTpauus I'BK, ogHako moce
BO3JIEIICTBIUS Y-KBAHTOB He ObUIO BBISBIEHO CYIECTBEH-
HBIX OTK/IOHEHWII. Be/M4YMHbl OTHOIIEHNT MeTaboIMTOB
K MeIMaTopy TOXKe Pa3/INyajiCh: B TPyIIle KOHTPOIbHBIX
JKMBOTHBIX CHIDKajIcs mokaszatenb I'BK/IA, y obmy4én-
HbIX KpbIc — JODYK/TA.

C y4éToM TOTO, YTO B HOPME C BO3PACTOM ITPOUCXOIUT
yBeIMYeHMe aKTMBHOCTM KaTeXOJaMMH-pPa3pyIIaromnx
dbepmenToB, B ocobernHoctn mMoHoammHokcnpas (MAO)
u Karexon-O-metunrpancdepassl (KOMT), nomyyeHnbre
pe3y/IbTaTbl MOTYT CBUIETE/IbCTBOBATh 00 YTHETEHMN aK-
tuBHOCTM MAO-A 1mocne BO3f#eiiCTBUSA pafMalyy, UTO
[IPUBOAUT K M3MeHeHMIo 6GamaHca B Merabonusme [IA B
monb3y nyTeit JA>3-MT u JODYK-STBK, xoTopsie 3aBu-
car ot paborsl KOMT. CyljecTBeHHOE MOHIDKEHUE YPOB-
us1 5-OUMYK, Habmofaemoe B KOHTpOJIe K 5 Mecsuam, u
OTCYTCTBUE TaKUX M3MEHEHMII Y OOTy4EHHBIX KUBOTHBIX
Ha (oHe ofHAKOBOrO yBemnyeHus KoHuenrpanym 5-OT
B 00eUX TIpyIHIaX MOXXET CBUETENTbCTBOBATb O CHIDKeE-
Hun aktuBHocT MAO-B nocne Bo3feiicTBIsA y-KBaHTOB.
CpaBHeHMe NTOTTYYeHHBIX IIPYU Y-00/Ty4eHNN JJAHHBIX C pe-
3y/IbTaTaMy HALIMX IIPEABIAYIINX pabOT 110 BO3EIICTBUIO
sapep yrnepona (12C, sneprus - 500 MaB/HykiioH, no3a -
1 Ip) [19, 20] yxasbiBaeT Ha OIpefieNi€HHbIE PA3/IN4Ns B
IMHaMMKe MeTabommaMma. B uyacTHOCTH, IOCNe BO3Zeli-
cTBUs MOHOB 2C [IONONIHUTENPHO HAPYIIANTOCh HOPMAIb-
HO€ BO3PaCcTHOEe CHIMKeHMe ypoBHsA HA 1 cooTHOImEHMA
5-OMYK/5-OT, 4ro ykasbiBaeT Ha 0ojiee BBIPa)KEHHBII
93¢ deKT OT BO3EIICTBIUS TSHKENBIX 3aPsKEHHBIX YaCTHIL

B runmokamire 06MeH HellpOMeaTOPOB ¥ y-00Tyd€H-
HBIX ¥ KOHTPOJIbHBIX KMBOTHBIX PasyiyascsA 1o oKa3aTe-
JISIM, XapakTepusyroomumM pad6oty 5-OT cuctemsl. B rpymme
koHTponsA ypoBHy 5-OMYK n 5-ONYK/5-OT ysennunpa-
TUCh K 5-MeCAYHOMY BO3PACTY 11O CPABHEHUIO C 3-MecsAd-
HBIM, YTO COIVIACYeTCA C pe3yabTaTaMM APYTMX aBTOPOB
[34]. YV o6nyuénnbix kpbic o6Men 5-OT 3amenssancs, 4To
BBIP)KANOCh B OTCYTCTBUM CYIIeCTBEHHBIX M3MeEHEHMIt
o nokasaresam 5-ONYK u 5-OMYK/5-OT co Bpemenem.
HaiieHHble pas3nmmyms MOTYT YKa3bIBaTh Ha MHIMOMPOBa-
Hue akTuBHOCTH MAQO-B ¢ BospacToM mocye Bo3feiicTBIA
y-kBaHTOB. OTME4YEeHHOE HAMI OTHOHAIIPaB/ICHHOE YBe/IN-
YeH)e BCeX MCCIeOBaHHbIX IOKa3aresell mocue obmyde-
HVISI, BEPOSITHO, CBSI3aHO € M30BITOYHOI aKkTuBaryeit HA,
IOA n 5-OT cucrem B TMIIIIOKaMIle B OTBET Ha JIelICTBUE
paayanyu. Takoit xapakTep M3MeHEHNIT MOXeT ObITh 00Y-
CJIOBJIEH IIOBBILIEHHBIM BLIOPOCOM MCCTIE[[yeMbIX BellleCTB
B CBAI3M C peanusaliyell KOMIeHCaTOPHO-BOCCTAHOBUTEb-
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HBIX MEXaHI3MOB B OTBET Ha HapYyLIeHV, BOSHUKIINE TIO]
BIMAHMEM Y-KBaHTOB. AHA/IN3 PasINunil MeX/Y BO3Jieil-
cTBreM MOHOB '2C U y-KBAaHTOB M IOKA3bIBAET, YTO MPU
BO3/ENICTBIUM IOCTIEHUX OTCYTCTBYET CKOJIb TNOO0 3HAYM-
Moe 3amepierne Metabomusma 5-OT, orleHEHHOE IO TTOKa-
satemo 5-OMYK/5-OT n HabmogaBIeecs mpu 06mydeHUn
TSOKETBIMU 3apsOKE€HHbIMM YaCTULAMMI.

B rumoranamyce BpeMeHHBlEe M3MEHEHMs YpPOBHeil
HA, A, TODYK, I'BK u 3-MT nmenn cxoxuit xapakrep
B KOHTpOJIe M IIOC/Ie BO3JIENCTBUA Y-KBAHTOB: KOHIIEH-
Tpaluyl Ha3BaHHBIX BEIIECTB CYHIECTBEHHO CHVDKA/INCDh
Y 5-MeCAYHBIX KPBIC 110 CPAaBHEHMIO ¢ 3-MecAYHbIMM. [Ipu
aToM oboport [JA, usmepernsiii no nokaszarensim JODPYK/
IA n 'BK/[JA, oTnnyascs B pa3HbIX IPyIIaX ¥ U3MEHAN-
cA TaKUM ke 00pa3oM, KaKk U B IpeppPOHTAIBLHON Kope:
JOOYK/ITA 3Ha4nMTeNIbHO CHIDKAICA IOCTe OOTydeHUs,
I'BK/IIA - Tonbko B KOoHTpore. [lonyyenHble pesynbTaThl
CBUIETENIbCTBYIOT O BEPOATHOM CMeIljeHN OalaHca B Me-
tabomusme JA B monbsy KOMT-3aBucuMeIx myTeit npu
yraeteHuM akTuBHOCTM MAO-A.

Kpome Toro, y-obydeHne npuBoaniIo K U3MEHEHNIO
avHaMuKy obmeHa 5-OT: B rpyIine KOHTPOJIsI €r0 KOHI[eH-
TpalusA CHIDKANIach K 5 MeC HeCYIeCTBEHHO, B TO BpeMs
KaK y OOJy4€HHBIX >XMBOTHBIX OHA 3HAUMMO IIOHIDKA-
nach. BblsAB/IeHHbIE pa3nu4us MOTYT yKa3blBaTh Ha Ooree
CyllleCTBeHHOe TofabneHne cuHTesa 5-OT ¢ BospacTom
Y KPBbIC, IOABEPraBIINXCA BO3NENCTBUIO Y-KBAaHTOB. IIpu
9TOM M3MeHeHue o6opora 5-OT, KOTOPBIIT CYILIECTBEHHO
IIOBBIIIAICAA CO BpPEMEHEM B KOHTPOJIE U ITPAKTNYIECKH HE
U3MEHS/ICA TI0CTIe Y-00/TydeHns], BEpPOsITHO, CBUJETENIb-
CTByeT 00 ycwieHUM y OOTy4EHHBIX >KMBOTHBIX 3axBaTa
BHEKJIETOYHOTO CEPOTOHMHA U €T0 YTWIM3AIVM IyTEM
OKMCITUTENIbHOTO Jle3aMUHUPOBaHMsA. AHANIM3 MO KpUTe-
pui0 Z-3HAKOB BBIABMI OffHOHAIIpaBJIeHHOE CHIDKEHNe
OO/BIINHCTBA MICC/IEOBAHHBIX ITOKa3aTeseil y 00Ty Y€ HHBIX
JKMBOTHBIX B OT/IN4YME€ OT KOHTPO/IbHbIX. v/t pe3ynbTaThbl
CBUIETETIbCTBYIOT 00 YCKOPEHNUM BO3PACTHBIX M3MEHEHMIT
B HA, JA n 5-OT cucremax nocse Bo3feiicTBISA pafyaIuim.
CpaBHeHue abCOMIOTHBIX 3HAYEHNII TOKa3aTesteil B TUIIOTa-
JlaMyce yKasblBaeT Ha 0ojee MHTEHCHBHOE CHIDKEHME Me-
Tab0/IM3Ma MOHOAMIHOB Y O0/Ty4€HHBIX KPbIC, YTO MOXKET
CBUJIETENIbCTBOBATH OHOBPEMEHHO 00 yTHETEeHUM CHHTe3a
HA n [TA, a Taxoke 06 yMeHbIIEHNY aKTUBHOCTY KaTeXoIa-
MUH-paspyuaniux GepmeHToB. B runoranamyce 0ocHOB-
HBIM OT/IMYMEM OT BO3JeNcTBYA MOHOB 12C 6bU10 Ha/mume
y Y-00/1y4EHHBIX XMBOTHBIX MI3MEHEHMII 110 ITOKa3aTe/IM
5-OT u JOOYK/IA, 94T0, BEepOATHO, SAB/ISETCS CNIEACTBUEM
AKTUBHOI pa6OTI)I KOMIIEHCATOPHO-BOCCTAaHOBUTE/IbHBIX
MEeXaHJ3MOB, He [IOfjaB/IeHHBIX 00/Ty4eHeM, KakK B CIydae
BO3JeCTBIUA TAKENbIX 3apPsKEHHBIX YaCTHUII.

OTCcyTCcTBME 3HAYMMBIX BpPEMEHHBIX WM3MEHEHUI B
CTpUaTyMe KOHTPOJIBHBIX >KMBOTHBIX COITIACYeTCs € 9KC-
HepYMeHTaTbHBIMY TaHHBIMM JPYTUX aBTOPOB, MOKa3aB-
mmx, yto KoHueHTpanuum HA, 1A u 5-OT HapacraoT K
TPEXMECAYHOMY BO3PACTy U COXPAHAIOTCA Ha IPeKHEM
ypoBHe 710 12 mec [34]. ITpu aToMm 0611ydeHne Y-KBaHTaMU
He BBbI3BIBAJIO 3HAYMMBbIX OTK/IOHEHVII OT HOPMBI, YTO CBU-
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HeTeNbCTBYeT 00 YCTONYMBOCTY MeTabOIMYeCcKUX MyTeit
cTpuMaTyMa K BO3JIEMICTBMIO PENKOMOHU3UPYIOUIUX U3-
nTydeHuUn B gosax nopspka 1 Ip. Opnako npu ob6mydeHnn
nonamn 2C GbUra BbIsIBlIeHa BbIpa)KeHHAs TEHIEHIMA K
BO3pacTHOMY yBelM4eHuo KoHuneHTpauuu 5-OT BMme-
CTe C HeKOTOpPbIM IoBbllIeHNeM ypoBHeil JA n JODYK.
YuurbiBasg, 4TO B HOPMAajbHBIX YCIOBUAX IIOBBbILIEHNE
koHIeHTpanuy 5-OT NPUBOANUT K yCHUIEHNIO BHICBOOOX-
menusi A B ctpuaryme [35], momydeHHbIe pe3yIbTaThl MO-
IyT CBUJETEIbCTBOBATh O BO3pacTHOI akTuBauum 5-OT
PeLenTOpoB B OTBET Ha BosielicTBue 1oHoB 2C. [Ipn aTom
CTENeHb BBIPA)KEHHOCTM TaKMUX M3MEHEHUIl CTpHUaTyMe,
o-BUAMMOMY, 3aBucuT ot JIII3 wacTn, u npu 66nbmmx
3HAUEHMSAX He MCKII0YeHO Oosiee BBIPa>KEHHOE IIPOsIBIIe-
Hue Takux 3¢ dexTos, cBsizaHHbIX ¢ 5-OT-3aBUCUMbBIM 13-
MeHeHMeM YpoBHs [IA 1 ero MeTaboINTOB B CTpUATyMe.

[Ipun wmccnenoBauHuy WU3MeHEHNMN, HaOMIOJAeMbIX B
IIepBOIl ¥ BTOPOJ BPEeMEHHOII TOUKe B OT/eIbHOCTH, 06-
Hapy>KeHHble (AaKThl CBUJETENLCTBYIOT O pasIMYHOM
XapaKTepe BO3[IeJICTBUA Y-U3/IydeHNs Ha pa3Hble CTPYK-
Typbl. Tax, B runnoxamiie ofHOHaIIpaB/IeHHOE CHIDKEHNE
mokasareseit Merabomusma Ha 30-e CyT M OTCYTCTBUE
TaKuX M3MeHeHuM B 90-CyTOYHDIN 1epuoj; YKasbiBaeT Ha
nposiBnerne addexra B 6onee paHHME CPOKU 1MOCTE 00-
nydeHus. IlosgHee BOSHUKIINME B TUIIIOKaMIIe HAPYIIEHNA
HuBenupylorcs. IIpy aToM BEpoATHO ydacTyie HEKOTOPBIX
KOMIIEHCAaTOPHO-BOCCTAaHOBUTEIbHBIX MeXaHu3MoB. He
UICK/TIOYEHO, YTO BOCCTAaHOBJIEHNE B I'MIIIIOKAMIIe MOXXET
MPOVMICXOANT 3a CYET HAIM4MA B HEM yYacTKOB Helpore-
He3a, N03BOJIAIINX 3aMeCTUTD ITyJT TOTePSHHBIX WX II0-
BPEXXIEHHBIX pajuaneil HeJPOHOB.

B runoramamyce, rjje mpolecchl HelfporeHesa He pea-
JM3YI0TCA, HabmogaeTcs obpaTHas CUTyalys, U Hapyle-
HSI YCUIMBAIOTCSE CO BpeMeHeM. O6 3TOM CBUIETe/IbCTBY-
eT 3HaYMMOe OJHOHAIIpaBJIeHHOE CHIDKEeHMe TI0Ka3aTeIeit
Mmerabonusma Ha 90-e CyT IIpM OTCYTCTBUM TaKMX M3Me-
HeHMit B 30-CyTOuHBI nepuof. B mpedponTanbHoOll KOpe
U cTpUaTyMe Y-00y4éHHbIX )KMBOTHBIX OOLINIT XapaKTep
HellpoMeIMaTOpHOro oOMeHa C/1abo OTINYA/ICA OT KOH-
Tpo/s B 00euX BpeMeHHBIX TOYKaX. Pasmnums Ha ypoB-
He BBIPOKEHHON TeHMeHIMM HAOMIOfaMNCh TOMbKO Ha
90-e cyTKM TOC/Te OOMydYeHUs ¥ 3aTparuBajy JUIIb IO
OIHOMY IIOKa3aTe/Il0 B KaX/O0il 13 3TUX CTPYKTYyp: B IIpe-
¢dponTanbHOIl KOpe — obopoT 5-OT, B cTpuaryme - ypo-
BeHb 3-MT. ConocTaBiieHre IONYyYEHHBIX Ppe3yIbTaTOB
C ZaHHBIMU O JVHaMUKe OOMeHa II03BO/IAET 3aK/TIOUUTD,
4TO B IpePOHTA/NIbHON KOpe, IMIIOTajaMyce ¥ TUIIIO-
KaMIle BO3JEIICTBIE Y-KBAaHTOB C/1ab0 BIMsieT Ha OOLIyI0
HaINpaBIeHHOCTb M3MEHEHMII TT0CTIe 0OTydeHNs, OTHAKO B
BO3PACTHOM acClleKTe XapaKkTep MeTabonmsMa HellpoMef-
aTOPOB MEHAETCS 10 MHOTMM ITapaMeTpaM.

CpaBHeHIe [TOJTy4eHHbIX JaHHBIX C pe3yIbTaTaMi Ha-
VX OpeAbIAymux pabor [19, 20], rie HelipoMeaaTOPHBII
00OMeH MCCTIeOBAICS OCTIe 00Ty IeHNsT YCKOPEeHHBIMHU MO-
HaMI YITIepOfia, IIOKa3bIBaeT, YTO BAMAHME Y-KBAHTOB Ha
AMHAMUKY MeTabo/mms3Ma MeHee CYIeCTBEHHO II0 CPaB-
HEHMIO C TsDKEIbIMM AfipaMu. Bo Bcex MccnenoBaHHBIX
CTPYKTypax OT/IMYMSA OT KOHTPOJIsA ObUIM CYyIeCTBEHHee
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Y )KUBOTHBIX, 00/y4éHHbIX oHamu 2C. Y KpbIc, onBep-
TaBIIMXCs BO3MEVICTBUIO Y-KBAHTOB, 00Iljee KOMMYECTBO
HoKasareseil, 3HaYMMO MEHSBIINXCS C BO3PACTOM, ObIIO
COIIOCTABMMO C KOHTPOJIEM; Pa3inyajics IULIb XapaKTep
HabIoaeMbIx M3MeHeHmil. [Ipy OlleHKe W3MeHEeHMil B
[IepBOIT 1 BTOPOIT BpeMEHHOI TOYKe B OT/ENBbHOCTH, 00-
Ilee 4MCI0 CTAaTUCTUYECKM 3HAYMMBbIX Pasiuumii TakKXKe
6bUIO BbIIE B CTyYae o6nydenus nonamu *C. Takue pe-
3y/IBTAThI COITIACYIOTCSA C HAOIIONEHNMSIMI APYTUX aBTOPOB,
yKasbIBalOIIMX Ha 0Oojlee BbIpa)KeHHbIE pafjMal[lOHHbIE
a¢pdextsr B [THC mpu mevicTBUYM TDKENMBIX 3apsKEHHBIX
YacTUIL, B CPABHEHNM C 37IEKTPOMATHUTHBIMU BUAMU 13-
JIy4eHUII B TeX Xe fo3ax [8, 13, 14].

[ocne o6nyyenns supamu '2C MHOTME MOKasaTenm
MeTabo/mM3Ma MOHOAMIHOB He CHIDKA/INCh C BO3PACTOM B
TOI Mepe, B KOTOPOJ 3TO IPOUCXOAWUIO B KOHTPOJIE MU
nocie y-o6nydennsa. BeposTHO, B ciydae BO3JeCTBUSA
MOHOB YITIEPO/ia B OTAEIBHBIX CTPYKTYpax UAET 6oree MH-
TEHCUBHBIIT BBIOPOC HEKOTOPBIX MEMIATOPOB B OCTPa-
ALMOHHBII IePIOJT, YTO MOXKET OBITh 00YC/IOB/IEHO aKTHB-
HOJl peanmsanyeil KOMIIEHCATOPHO-BOCCTaHOBUTEIbHBIX
MeXaHM3MOB. JTO IIPUBOAUT K OTCYTCTBUIO HOPMaJbHO-
TO CHIDKEHMA KOHIIEHTpalMil BeIleCTB C BO3PacToM, IO
KpaliHell Mepe, B MCCNIeJOBAaHHbI BpeMeHHOoI nepuop. He
MICKJTIOYEHO, YTO Ha O0jIee J/INTE/TbHBIX BPeMEHHEIX MHTeP-
BajlaX II0 3aBEPLIEHNM BOCCTAHOBUTEIbHBIX IIPOLECCOB,
3amyckaeMbIx sapamu 2C, 6yaeT HaOMIOaTbCA YCUIEHHOE
CHIDKEHIE YPOBHEN MEIMATOPOB, T.€. B LIEJIOM JIeliCTBUE
MIOHOB YIJIEPOJia MOXET YCYTIyO/IATD AereHepaTiBHbIE BO3-
PacTHBIE IIPOLIECCHI B MO3Te.

B nenom, nomy4yeHHble pe3ynbTaTbl MO3BOJIAIOT Clie-
JIaThb BBIBOZ O TOM, YTO OOJIyd4eHNe Y-KBaHTaMU B 03ax
nopszka 1 Ip npuBoguT K HEKOTOPOIT MORMbUKALINN K-
HaMJKI HeJPOMeaTOPHOr0 0OMeHa Y MOJIOZBIX KPbIC II0
KpailHell Mepe B Te4eHNe JBYyXMECIYHOTO Iepuofa, OfHa-
KO 3T M3MEHEHMs HOCAT MeHee BhIPaKEHHBIN XapaKTep,
YeM IIpY BO3JelICTBUM YCKOPEHHBIX TsDKEBIX IOHOB B TOM
XKe fose.

3akmroueHne

Pesynbrarel cpaBHeHusA 3¢ PeKTOB OT 0OTydeHNs 1Oo-
Hamy >C m y-KBaHTaMu MMEIOT 3HAYeHMe /s Psfa Ha-
YYHO-IIPAKTUYECKMX 3afiad, K YUCIY KOTOPBIX ClIefyeT
OTHECTH, IPeXJie BCEro, BOIPOCHI Ty4eBOIl TepaIny OIy-
Xo71e1l ro/10BHOro Mo3ra. C OZHOI CTOPOHBI, IPYMEHEHe
TSDKEJTBIX MIOHOB [I03BOJISIET BBIMOTHATD Ooree s deKkTns-
HOe U TOYHOe O0O/IydeHMe JTOKaIbHOro 00bEéMa OIMyXOIu,
CHIDKas IIPU 9TOM BEPOSTHOCTD IIOBPEX/EHNS COCETHUX
cTpykTyp Mosra. OgHako B 00acTAX, MOfIBEPraroIixcs
BO3JIEIICTBUIO TSsDKETBIX sifiep, 60/ee BEpOSITHO pasBUTIE
HelipojiereHepaTNBHBIX IPOLIECCOB, YTO MOXET IIPUBECTHU
K 60J1ee cepbE3HBIM HapPyIIEHUAM (QYHKIUIT 0OMTyIE€HHBIX
crpykryp. Takum obpasom, pasnuums B XapakTepe BO3-
fericTBYA MOHOB 12C 1 y-KBAaHTOB Ha pas3Hble OTHENbI MO3-
ra MOIyT MMeTb 3HaueHue IIpy BbIOOpe MeTOofa JTy4eBOil
TepaIyit ¥ IPOrHO3MPOBAHNIN BO3MOXKHbIX IIOC/IEYIOLINX
ocnoxHeHu co croponel ITHC, acconmmpoBaHHBIX C
(GYHKIMAMY KOHKPETHBIX CTPYKTYP.

CIIMCOK JIMTEPATYPLI

1. Ipuropses I0.I\, Ymakos V.b., Kpacasun E.A. u coasT. Kocmu-
yeckas paguobuonors 3a 55 et (k 50-meturo THI] PO-VIMBIT
PAH). - M.: 9xonomuka. 2013. 303 c.

2. Yin E., Nelson D.O., Coleman M.A. et al. Gene expression
changes in mouse brain after exposure to low-dose ionizing
radiation // Int. J. Radiat. Biol. 2003. Vol. 79. P. 759-775.

3. Sanchez M.C., Benitez A., Ortloff L., Green L.M. Alterations in
glutamate uptake in NT2-derived neurons and astrocytes after
exposure to gamma radiation // Radiat. Res. 2009. Vol. 171. P. 41-52.

4. Britten R.A., Davis L.K,, Johnson A.M., et al. Low (20 cGy) doses
of 1 GeV/u (56)Fe-particle radiation lead to a persistent reduction
in the spatial learning ability of rats // Radiat. Res. 2012. Vol. 177.
P.146-151.

5. Monje M.L., Mizumatsu S., Fike J.R., Palmer T.D. Irradiation
induces neural precursor-cell dysfunction // Nat. Med. 2002.
Vol. 8. P. 955-962.

6. Mizumatsu S., Monje M.L., Morhardt D.R. et al. Extreme
sensitivity of adult neurogenesis to low doses of x-irradiation //
Cancer Res. 2003. Vol. 63. P. 4021-4027.

7. Acharya M.M.,, Christie L.A., Lan M.L. et al. Human neural stem
cell transplantation ameliorates radiation-induced cognitive
dysfunction // Cancer Res. 2011. Vol. 71. P. 4834-4845.

8. Cucinotta EA., Alp M., Sulzman EM., Wang M. Space radiation
risks to the central nervous system // Life Sci. Space Res. 2014.
Vol. 2. P. 54-69.

9. Ballesteros-Zebadua P, Chavarria A., Celis M.A. et al
Radiation-induced ~ neuroinflammation = and  radiation
somnolence syndrome // CNS Neurol. Disord. Drug Targets.
2012.Vol. 11. P. 937-949.

10.Kyrkanides S., Moore A.H., Olschowka J.A. et al. Cyclo-
oxygenase-2 modulates brain inflammation-related gene
expression in central nervous system radiation injury // Mol.
Brain Res. 2002. Vol. 104. P. 159-169.

11.Moore A.H., Olschowka J.A., Williams J.P. et al. Regulation of
prostaglandin E2 synthesis after brain irradiation // Int. J. Radiat.
Oncol. Biol. Phys. 2005. Vol. 62. P. 267-272.

12.Hwang S.Y., Jung J.S., Kim T.H. et al. Ionizing radiation induces
astrocyte gliosis through microglia activation // Neurobiol. Dis.
2006. Vol. 3. P. 457-467.

13.Ipuropnes AWM., Kpacasun E.A., Octposckuit M.A. K ornjenke
PUCKa OYI0TIOTMYECKOTO JeJICTBYA TaTaKTUYeCKMX TAXKEBIX MO-
HOB B YC/IOBUAX MeXIIIaHeTHOTo 1onéTa // Poc. dusnon. xypH.
uM. V.M. Cedenona. 2013. T. 99. Ne 3. C. 273-280.

14.Parihar VK., Allen B, Tran K.K. et al. What happens to your brain
on the way to Mars // Sci. Adv. 2015. Vol. 1. Ne 4. e1400256. P. 1-6.

15.Schindler M.K., Forbes M.E., Robbins M.E. et al. Aging-
dependent changes in the radiation response of the adult rat brain
//Int.J. Radiat. Oncol. Biol. Phys. 2008. Vol. 70. P. 826-834.

16.Casadesus G., Shukitt-Hale B., Stellwagen H.M. et al
Hippocampal neurogenesis and PSA-NCAM expression
following exposure to 56Fe particles mimics that seen during
aging in rats // Exp. Geront. 2005. Vol. 40. P. 249-254.

17.Joseph J.A., Hunt W.A., Rabin B.M., Dalton T.K. Possible
“accelerated striatal aging” induced by 56Fe heavy particle
irradiation: Implications for manned space flights // Radiat. Res.
1992. Vol. 130. P. 88-93.

18.Forbes M.E., Paitsel M., Bourland ].D., Riddle D.R. Early-delayed,
radiation-induced cognitive deficits in adult rats are heteroge-
neous and age-dependent // Radiat. Res. 2014. Vol. 182. P. 60-71.

19.benoxonsiToBa K.B., benos O.B., Kygpun B.C. n coast. Pacnpe-
JieTIeHVie MOHOAMIHOB U MIX METa0O0/IUTOB B CTPYKTYPax rOJIOB-
HOT'O MO3Ta KPbIC B IIO3[IHIe CPOKY IOC/Ie OOIydeHNsI HOHAMM
12C // Hettpoxumust. 2015. T. 32. Ne 3. C. 243-251.

20.benokoneitoBa K.B., benos O.B., Kynpus B.C. u coant. Junamu-
Ka 00MeHa MOHOAMJHOB B CTPYKTYPAaX FOJIOBHOT'O MO3Ta KPbIC B
HIO3[{HIE CPOKU HOC/Ie 00Ty IeHIs YCKOPEHHbIMI IOHAMI yI/Ie-
popa // Hetipoxumus. 2016. T. 33. Ne 2. C. 147-155.

21.Rabin B.M,, Joseph J.A., Shukitt-Hale B., McEwen J. Effects of
exposure to heavy particles on a behavior mediated by the dopa-
minergic system // Adv. Space Res. 2000. Vol. 25. P. 2065-2074.

22.Hunt W.A., Joseph J.A. Rabin B.M. Behavioral and neurochemical
abnormalities after exposure to low doses of high-energy iron
particles // Adv. Space Res. 1989. Vol. 9. P. 333-336.

23.Savchenko O.V. Status and prospects of new clinical methods of
cancer diagnostics and treatment based on particle and ion beams

11



Radiation Biology

MepuunHcKas pajuoorus U paguannonHas 6esomacHoctb. 2017. Tom 62. Ne 2

available at JINR. Coo6u. O6per. nt-ra spep. uccier. — dy6OHa:
OVIAN. 1996. 40 c. 3

24.Barnep P, 3opun B.IL., Viupoymiek I1. n coasT. Pusnko-mosume-
TpUYecKue M3MepeHus Ha raMmma-anmapare POKYC-M. Coo6ur.
O6ben. nu-Ta sigep. uccen. — Jyona: OVAN. 1987.13 c.

25.MarseeBa M.I., IlItem6epr A.C., Tumorenko I'H. u coasr. Brm-
sHIe 06/TydeHns noHamu yriaepoga 12C Ha 06MeH MOHOAMIHOB
B HEKOTOPBIX CTPYKTypax Mosra Kpeic // Hefipoxumusa. 2013.
T.30. Ne 4. C. 343-348.

26.Burke S.N., Barnes C.A. Neural plasticity in the ageing brain //
Nat. Rev. Neurosci. 2006. Vol. 7. P. 30-40.

27.Enzinger C., Fazekas F, Matthews P.M. et al. Risk factors for
progression of brain atrophy in aging // Neurology. 2005. Vol. 64.
P.1704-1711.

28.0lesen PJ., Guo X., Gustafson D. et al. A population-based study
on the influence of brain atrophy on 20-year survival after age 85
// Neurology. 2011. Vol. 76. P. 879-886.

29.Barnes C.A. Normal aging: regionally specific changes in
hippocampal synaptic transmission // Trends Neurosci. 1994.
Vol. 17. P. 13-18.

Medical Radiology and Radiation Safety. 2017. Vol. 62. Ne 2

30.McEntee W.J., Crook T.M. Cholinergic function in the aged brain:
implications for the treatment of memory impairments associated
with aging // Behav. Pharmacol. 1992. Vol. 3. P. 327-336.

31.Lamberty Y., Gower A.J]. Age-related changes in spontaneous
behavior and learning in NMRI mice from middle to old age //
Physiol. Behav. 1992. Vol. 51. P. 81-88.

32.Rasmussen T., Schliemann T., Sorenson J.C. et al. Memory
impaired aged rats: No loss of principal hippocampal and
subicular neurons // Neurobiol. Aging. 1996. Vol. 17. P. 143-147.

33.Miyagawa H., Hasegawa M., Fukuta T. et al. Dissociation of
impairment between spatial memory, and motor function and
emotional behavior in aged rats // Behav. Brain. Res. 1998. Vol. 91.
P.73-81.

34.Miguez J.M., Aldegunde M., Paz-Valinas L. et al. Selective changes
in the contents of noradrenaline, dopamine and serotonin in rat
brain areas during aging // J. Neural Transm. 1999. Vol. 106.
P. 1089-1098.

35.Darbin O., Risso J.-J., Rostain J.-C. Pressure induces striatal
serotonin and dopamine increases: a simultaneous analysis in free
moving microdialysed rats // Neuroscience Lett. 1997. Vol. 238.
P. 69-72.

Radiation Biology

DOI 10.12737/article_58{0b9572d7131.31568909

Neuromediator Exchange Dynamics in Rats at Late Periods after Exposure to ¥°Co y-Rays

K.V. Belokopytoval=2, O.V. Belov!, V.N. Gaevs

1 V.B.4 Narkevich3, V.S. Kudrin3,

E.A. Krasavin!, A.S. Bazyan
1. Joint Institute for Nuclear Research, Dubna, Russia. E-mail: dem@jinr.ru; 2. Institute of Genetics, Physiology and Plant Protection of
the Moldovan Academy of Sciences, Chisinau, Moldova; 3. FSBI Zakusov Institute of Pharmacology, Moscow, Russia;
4. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia

K.V. Belokopytova — Junior Researcher; O.V. Belov - PhD in Biology, Head of Sector; V.N. Gaevsky - Leading Engineer;
V.B. Narkevich - PhD in Medicine, Researcher; V.S. Kudrin - PhD in medicine, Head of Laboratory;

E.A. Krasavin - Corr. Member RAS, Acad., D. Sc. Biol., Director of Laboratory; A.S. Bazyan - Prof., D. Sc. Biol., Head of Laboratory
Abstract

Purpose: Estimation of the ®*Co y-ray effect on the neuromediator exchange dynamics in the brain of rats of different age groups.

Material and methods: 20 male Sprague-Dawley rats with the weight of 190-210 g were used in the experiment. At the age of two
months, animals were exposed to a single whole-body irradiation with ®°Co y-rays at the dose of 1 Gy. In 30 and 90 days after exposure,
rats we killed by decapitation. The animals were tested at three and five months of age, respectively. The neuromediator exchange dynamics
was estimated by measuring the concentrations of monoamines (dopamine, noradrenaline, and serotonin) and their metabolites in four
brain regions including prefrontal cortex, hypothalamus, hippocampus, and striatum. The levels of substances were assessed using the
high-performance liquid chromatography with electrochemical detection. The results of measurements were statistically analyzed with the
one-way analysis of variance (ANOVA).

Results: Although the direct measurements seeking for changes at the same time points revealed a little effect of y-rays on the mono-
amine metabolism, age-related dynamics of the neuromediator exchange was affected in many aspects. The most pronounced in alterations
in the two-month monoamine exchange dynamics were observed in the prefrontal cortex, hypothalamus and hippocampus. It indicates the
sensitivity of these brain structures to the action of y-rays at doses about 1 Gy. In the prefrontal cortex, hippocampus and hypothalamus,
radiation exposure affected dopamine and serotonin regulations in the manner that may indicate suppression of catecholamine degrading
pathways dependent on monoamine oxidases A and B against the activation of metabolic processes associated with catechol-O-methyltrans-
ferase. The prefrontal cortex and hypothalamus additionally exhibited an accelerated decrease in levels of some neuromediators, as compared
to the dynamics normally observed beyond the age of three months. At the same time, our study identified a resistance of striatal metabolic
pathways to irradiation with y-rays at the stated dose. A comparison of the obtained data with results of our previous experiments investigat-
ing the action of accelerated carbon ions confirmed our expectations that the effect of y-rays on the dynamics of the neuromediator exchange
is less pronounced than from heavy nuclei.

Conclusion: Made a hypothesis that, in the case of heavy ion exposure, more pronounced alterations in brain mediator systems lead
to more intensive compensatory and regenerative processes in them. Consequently, it may change the normal dynamics of neuromediator
exchange in the investigated post-irradiation periods and serve a reason not only for decrease but also for an abnormal increase in levels of
monoamines and their metabolites after exposure. In general, results of the performed study contribute to understanding the neurotoxic effect
of y-rays in comparison with other radiation modalities that can potentially be useful for predicting late outcomes of cranial radiation therapy.

Key words: central nervous system, ionizing radiations, late effects, monoamines, metabolites
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Abstract

Purpose: The aim of the paper is to review the genesis and evolution of the concept termed dose and dose rate effectiveness factor or
DDREE to expose critiques on the concept and to suggest some curse of action on its use.

Material and methods: Mainly using the UNSCEAR reporting and ICRP recommendations as the main reference material, the paper
describes the evolution (since the 70%s) of the conundrum of inferring radiation risk at low dose and dose-rate. People are usually exposed to
radiation at much lower doses and dose rates than those for which quantitative evaluations of incidence of radiation effects are available — a
situation that tempted experts to search for a factor relating the epidemiological attribution of effects at high doses and dose-rates with the
subjective inference of risk at low doses and dose-rates. The formal introduction and mathematical formulation of the concept by UNSCEAR
and ICRP (in the 90%), is recalled. It is then underlined that the latest UNSCEAR radiation risk estimates did not use a DDREF concept,
making it de facto unneeded for purposes of radiation risk attribution. The paper also summarizes the continuous use of the concept for
radiation protection purposes and related concerns as well as some current public misunderstandings and apprehension on the DDREF
(particularly the aftermath of the Fukushima Dai’ichi NPP accident). It finally discusses epistemological weaknesses of the concept itself.

Results: It seems that the DDREF has become superseded by scientific developments and its use has turned out to be unneeded for the
purposes of radiation risk estimates. The concept also appears to be arguable for radiation protection purposes, visibly controversial and
epistemologically questionable

Conclusions: It is suggested that: (i) the use of the DDREF can be definitely abandoned for radiation risk estimates; (ii) while recognizing
that radiation protection has different purposes than radiation risk estimation, the discontinuation of using a DDREF for radiation protection
might also be considered; (iii) for radiation exposure situations for which there are available epidemiological information that can be
scientifically tested (namely which is confirmable and verifiable and therefore falsifiable), radiation risks should continue to be attributed in
terms of frequentistic probabilities; and, (iv) for radiation exposure situations for which direct scientific evidence of effects is unavailable or
unfeasible to obtain, radiation risks may need to be inferred on the basis of indirect evidence, scientific reasoning and professional judgment
aimed at estimating their plausibility in terms of subjective probabilities.

Key words: DDREEF, low-dose, low-dose-rate, radiation-risk, linear-relationship, threshold-dose
IMoctynwa: 13.02.2017. ITpunsra K nyonukanum: 03.04.2017

1. Purpose

The paper is aimed at reviewing the genesis and
evolution of the concept termed dose and dose rate
effectiveness factor (which is usually represented in all
languages by the English acronym, DDREF). It will expose
critiques on the concept and to suggest some course of
action on its use'.

The concept had been internationally introduced more
or less simultaneously in the 90’ by the United Nations
Scientific Committee on the Effects of Atomic Radiation,
UNSCEAR [USCEAR, 1993] and the International
Commission on Radiological Protection, ICRP [ICRP,
1991]. It should be emphasized, however, that the aims of
UNSCEAR and ICRP in defining a DDREF were subtly
different: while UNSCEAR used the concept for estimating
risk of radiation exposure globally, ICRP recommended its
use for purposes of radiation protection.

UNSCEAR and ICRP references to radiation health
effects and risk were based on the available scientific

! Similar concepts were used by other relevant bodies, including
the United States National Council on Radiation Protection and
Measurements (NCRP) [NCRP, 1980], the Committee on Biological
Effects of Ionizing Radiation of the National Research Council of
the United States [NAS, 2006], the United States Nuclear Regulatory
Commission [USNRC, 2005], and the (former) United Kingdom
National Radiological Protection Board [NRPB 1988]. Since its
inception the concept has been submerged in confusing terminology.
It has been termed low-dose effectiveness factor (LDEF), dose-rate
effectiveness factor (DREF), protraction factor, linear extrapolation
overestimation factor, linear risk overestimation factor, low-dose
extrapolation factor, risk ratio ...etc [Rithm, 2015]. It was introduced by
NCRP as DREEF, although it used the term ‘protraction factor’ rather than
DREF when the exposure extended over the lifetime, and in particular,
when the effect was on life shortening. The names ‘linear extrapolation
overestimation factor (LEOF)” and the ‘low dose extrapolation factor
(LDEF)” were used in the literature [Pierce, D.A. and M. Vaeth, 1989].

information at high doses and dose rates and on the
epidemiological studies based on that information.
But such information was not sufficient for estimating
unequivocally effects and risk at low doses and dose rates
and, in particular, for estimating the presence of a threshold
of dose below which effects will not occur?.

The original call for a ‘reduction factor, conceptually
similar to what would became the DDREF, mainly aroused
from the perceived need of estimating radiation risk at
low dose and dose-rate on the base of the available factual
information on radiation risk, which was assessed from
exposures at high dose and dose-rate. While estimates of
radiation health effects come largely from epidemiological
studies involving exposures at high doses and dose rates,
people are usually exposed to radiation at much lower levels.
Atlow doses and dose rates epidemiological evidence is not
available, and biological indicators of radiation-induced
health effects associated to low doses exposures do not
exist.

Thus, the issues of estimating risk at low doses from
data available at high doses and the related DDREF concept
have both a rather prolonged history. The first objective of
this paper is to scrutinize that saga. This will facilitate to
arrive to the ultimate objective of the paper: suggesting a
future for the DDREF.

2Since the problem started to be addressed, it was considered that
proving or disproving the possible presence of a threshold dose, below
which radiation effects could not occur, on the basis of epidemiological
studies, was likely to be impossible due to statistical uncertainties in both
the spontaneous and induced incidences of the effects. In confronting
this difficulty, it was necessary to rely on general biological information
and it was presumed that cellular targets exposed to ionizing radiation
could be altered by single ionizing events, that such damage was unlikely
to be error-free and that it may ultimately give rise to a health effects,
and that, therefore, there might not be a dose or dose-rate threshold for
such effects.
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2. Material and methods

The UNSCEAR reporting and the ICRP
recommendations are to be used as the main reference
material. From 1958 to 1988, UNSCEAR reports had
already included extensive discussions on the conundrum
of deriving inference of radiation risk at low doses and dose
rates from the incidence of radiation health effects resulting
from epidemiological studies of radiation exposure
situations involving high doses and dose rates. [UNSCEAR,
1958, 1962, 1964, 1969, 1972, 1977, 1982, 1986 and 1988].
Since the early 70’s [ICRP, 1977] ICRP was also concerned
with the same issue but for the different purpose of radiation
protection. In 1980, a concept similar to the DDREF was
introduced at the national level [NCRP,1980]. The 1993
UNSCEAR reportand the ICRP Publication 60 would finally
introduce formally the DDREF concept at the international
level [UNSCEAR, 1993] [ICRP, 1990]. The 1996 UNSCEAR
report made extensive references to DDREF but did not use
it [UNSCEAR, 1996]. The latest UNSCEAR reporting on
radiation risk did not use the DDREF concept for purposes
of risk estimation [UNSCEAR, 2010, 2012, 2014]. The
latest ICRP recommendations continue to use the concept
for purposes of radiation protection [ICRP, 2003].

On the basis of these reference materials, the
paper will follow the method of reviewing the genesis,
evolution, formal introduction, mathematical formulation,
quantification and a critique of the DDREE including
its eventual obsolescence, for purposes of estimating
attributable risk and for purposes of radiation protection,
as well as some other difficulties with the concept.

2.1. Genesis

The UNSCEAR struggle for understanding risk at low
doses can be traced back to 1958, when it recognized that
knowledge of effects at low radiation levels was lacking in
quantity and quality, and that understanding of the basic
mechanisms of damage produced at very low doses was
needed [UNSCEAR, 1958].

In 1962 UNSCEAR was already expecting
proportionality between doses and the incidence of
malignancies ‘down to the lowest doses” on the base of
theoretical considerations and experimental data from cells
and animals [UNSCEAR, 1962].

In 1964 occurs a first confusion between the UNSCEAR
terms of reference and radiation protection. UNSCEAR
confirms the use of radiation protection quantities for its
estimates and indicates that linearity is the only approach
which allows the use of mean doses in estimating risks,
although recognizing that the assumption would likely
result in overestimation of risk. [UNSCEAR, 1964].

In 1969, biological dosimetry is high in the agenda.
A dose relationship for chromosomal aberrations is
established and UNSCEAR introduces a warning that will
reappear over the years: while the incidence of chromosome
aberrations and that of tumors both seems to increase
with increasing dose, but the relationship between the two
effects is complex. [UNSCEAR, 1969]

In 1972 UNSCEAR had reported that the initial slope of
the dose response was estimated to be lower than the slope at
higher doses by a factor of about 2.5. UNSCEAR based that
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judgment on the analysis of data for leukaemia induction
(all types of leukaemia pooled) in main cohort of survivors
of the atomic bombing of Hiroshima and Nagasaki, termed
the Life Span Study (LSS) [UNSCEAR, 1972].

At that time, ICRP was struggling in finding a
paradigm to deal with radiation protection at low doses
[ICRP, 1977]. ICRP was then considering effects defined
according to the assumption that the probability of an effect
occurring, rather than its severity could be regarded as a
function of dose, without threshold, which were termed
‘stochastic’ effects. Unfortunately it was not clarified at the
time that the qualifier ‘stochastic’ was use in reference to
the randomness of the manifestation of the effect rather
than of its generating event (these communication lapses
would produce problems of interpretation). At the dose
range involved in radiation protection, ICRP assumed that
hereditary effects (namely, radiation induced health effect
that occurs in a descendant of the exposed person) were
stochastic, that some somatic effects (namely, radiation
induced health effect that occurs in the exposed person)
were considered stochastic and that, of these, carcinogenesis
was considered to be the chief somatic risk of irradiation
at low doses and therefore the main problem in radiation
protection. [ICRP, 1977 (§6)]

Already at those early times, ICRP warned that the
relationship between the dose received by an individual
and any particular biological effect induced by irradiation
was a complex matter on which much further work was
needed. Then, ICRP prematurely recognized that, regarding
stochastic effects and for radiation protection purposes,
it was necessary to make certain simplifying assumptions,
one being that, within the range of exposure conditions
usually encountered in radiation work, a linear relationship
without threshold should be assumed between dose and the
probability of an effect. The ICRP then introduced a major
warning: the simple summation of doses received by a tissue
or organ as a measure of the total risk, and the calculation
of the collective dose, as an index of the total detriment to
a population, are valid only on the basis of this assumption
and that the severity of each type of effect is independent
of dose [ICRP, 1977)]. This would become the basic
radiation protection paradigm for years to come.

Under the adopted paradigm, it was clear that the
added risk from a given dose increment will depend on the
slope of the dose-response relationship. At that time ICRP
considered the dose-response relationship for stochastic
processes to be in fact ‘highly sigmoid’ and thus, ‘the risk
from low doses could be overestimated by making a linear
extrapolation from data obtained at high doses. ICRP
then considered that there were radiobiological grounds
for assuming that the dose-response curve for low-LET
radiation will generally increase in slope with increasing
dose and dose rate, over the absorbed dose range up to
a few gray. The ICRP then introduced the mathematical
formulation that will then be after many years used to
define the DDREE, by indicating that for many effects
studied experimentally, the response in this range could be
represented by an expression of the form:

E=aD + bD? (1)
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Where:

E denotes the effect, and D the dose;

‘a” and “D” are constants;

the quadratic term would ‘predominate at high absorbed
doses (generally above one gray) and high absorbed-dose
rates (of the order of one gray per min), and;

the linear term and the slope that it represents come to
‘predominate as the dose and dose rate are reduced’ [ICRP,
1977 (§ 28)]

ICRP then warned that, although a relationship of
this form has been documented for a variety of effects,
the relative values of the parameters “@” and “b” vary
from one observation to another. ICRP concluded then
that ‘the extent to which the relationship may differ for
other situations remains to be determined. For human
populations in particular, knowledge of dose-response
relationships was too limited to enable confident prediction
of the shapes and slopes of the curves at low doses and low
dose rates. Nevertheless, ICRP indicated, in a few instances
risk estimates can be based on results of irradiation of
human populations involving single absorbed doses, of the
order of 0.5 Gy or less, or to such doses repeated at intervals
of a few days or more. In such cases it can be reasonably
assumed that the frequency per unit absorbed dose of
particular harmful effects resulting from such exposures
is not likely to overestimate greatly the frequency of such
effects in the dose range of concern in radiation protection,
even though the latter may be received at much lower dose
rates [ICRP, 1977 (§ 28)]. It is interesting to note that even
at those early times ICRP made clear that the probabilities
being searched where frequentistic probabilities.

Unsurprisingly, ICRP made then a fundamental
warning indicating that ‘in many instances, however,
risk estimates depend on data derived from irradiation
involving higher doses delivered at high dose rates’ and that
‘in these cases, it is likely that the frequency of effects per
unit dose will be lower following exposure to low doses or to
doses delivered at low dose rates, and it may be appropriate,
therefore, to reduce these estimates by a factor to allow for
the probable difference in risk. [ICRP, 1977 (§ 29)]

Without naming it, ICRP thus introduced for the first
time the concept of DDREF at the international level.
Moreover, the ICRP made clear that its recommended ‘risk
factors’ have therefore been chosen as far as possible to
apply in practice for the purposes of radiation protection.

ICRP also introduced a further hypothesis, namely
that ‘the use of linear extrapolations, from the frequency
of effects observed at high doses, may suffice to assess an
upper limit of risk, with which the benefit of a practice, or
the hazard of an alternative practice-not involving radiation
exposure-may be compared. However, ICRP indicated, ‘the
more cautious such an assumption of linearity is, the more
important it becomes to recognize that it may lead to an
overestimate of the radiation risks, which in turn could
result in the choice of alternatives that are more hazardous
than practices involving radiation exposures. Thus, ICRP
warned that in the choice of alternative practices, ‘radiation
risk estimates should be used only with great caution and
with explicit recognition of the possibility that the actual
risk at low doses may be lower than that implied by a

deliberately cautious assumption of proportionality’. [ICRP,
1977 (§ 30)].

As the ICRP recommendations were being published in
1977, UNSCEAR addressed a number of similar estimates
in its 1977 UNSCEAR Report. These can be summarized as
follows: there was an increasing incidence of health effects
with increasing dose up to a maximum, with a subsequent
decline at higher doses, with assumed dose-response
function with a number of common features including
that data obtained from experimental animals appeared
to be consistent with radiobiological effects occurring in
single cells, such as cell killing, induction of mutations
and chromosome aberrations. As a result there was an
early recognition that: (i) information was needed on the
extent to which both total dose and dose rate influence
the induction of health effects in exposed individuals; and,
(ii) the two features of the dose response that are most
important for evaluation of the risk at low doses are the
possible presence of a threshold dose, below which the
effects could not occur, and the shape of the dose response
[UNSCEAR, 1977 (particularly, Annex G, § 317 and 318)].

The 1977 UNSCEAR reporting inform of reduction
factors ranging from 2 to 20 but noted that the LSS data
suggested a reduction factor of 2 for the risk coefficient
at lower doses as compared with that at the higher doses.
Furthermore, in its final estimates, UNSCEAR then
adopted a ‘reduction factor’ of 2.5 for estimating risk at
low doses and low dose rates when extrapolating from high
dose and dose-rate studies. An important conclusion of
the UNSCEAR 1977 report is that the only secure basis for
quantitative estimates of the frequency with which harmful
effects may be produced in man must depend upon
surveys of human populations who have been exposed to
known doses of radiation. While obvious, this important
consideration was not always taken into account seriously.

In summary, already in the early 70s, UNSCEAR
discussed the conundrum of estimating risk at low dose
and dose-rates from data at high dose and dose-rate and
ICRP introduced a factor for radiation protection purposes
to reduce estimates of frequencies of effects at high doses to
allow for the probable difference in risk at low doses.

2.2. Evolution

The 80’s was a time of reflection in relation of what it
was going to be the evolution of the DDREF concept. The
history was summarized in ICRP Publication 60 [ICRP,
1991 ($B55 et seq)]. Experimental information on dose-
response relationships and the influence of dose rate had
been comprehensively reviewed in a report by the National
Council on Radiation Protection and Measurements
[NCRP, 1980]. The general conclusion was that the shape
of the dose-response relationship for high doses, at high
dose rate was likely to be linear-quadratic in form in most
biological systems. Thus, the basic paradigm that had been
presented by ICRP a decade before was consolidated and
will dominate in years to come was generated at the time.
For exposure to low doses at low dose rate, the response
was considered to be often effectively linear as is to be
expected for a linear-quadratic response at low dose. In
the linear-quadratic form, E = aD + bD?, the effect initially
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increases linearly with dose i.e. the effect per unit dose E/D
= g is constant. Thereafter, the effect would increases more
rapidly, i.e. the effect per unit dose increases linearly, as the
quadratic term becomes operative (E/D = bD). At higher
doses still, the effectiveness often declines again due to the
effect of cell killing reducing the number of cells at risk. In
the linear-quadratic equation, the ratio of the parameters
for the linear and quadratic terms, a/b, has the dimension
of dose and its value reflects the respective contributions
of the linear and the quadratic term. Thus if a/b = 1 Gy,
at 1 Gy the contributions to the response of the linear and
quadratic terms would equal.

The NCRP thus defined a dose-rate-effectiveness factor
(DREF), as the ratio of the slope of the linear no threshold
fit to high dose, high dose-rate data, to the slope of the
linear no threshold fit to low dose, low dose-rate data,
and concluded that the DREF = 1 + b/a D. This will be
the basis for the mathematical formulation of the DDREF
that will be developed by UNSCEAR (see hereinafter) and
of the surprising conclusion that the observed DREF in
experimental situations would not be constant but depend
on the dose range and the dose rate range over which the
studies are performed. It would be smaller if these ranges are
small. At the maximum in the dose-response relationship,
which bends over due to cell killing, the DREF would also
be a maximum. The NCRP report provided tables of data
on DREEF values in a wide variety of experimental biological
systems, including tumours and life-shortening in animals.
The NCRP concluded that values of DREF in experimental
systems varied between 2 and 10 for individual tumour
types and for life shortening in animals, as well as for a
variety of other experimental endpoints.

Meanwhile, in 1982, UNSCEAR indicated some
inconsistent outcomes in radiation risk estimates, but
concluded that the overwhelming body of evidence at that
time showed that at high doses of low LET radiation there
was a life shortening essentially caused by an increased
incidence of tumours. The effect of dose and dose rate,
on the life-span shortening reported presented some
conflicting results. By pooling many series of studies, an
apparently linear relationship was obtained, which was
understood to imply no dose-rate dependence, but the data
could also be fitted with a linear-quadratic relationship,
which would be consistent with the observation of a dose-
rate effect [UNSCEAR, 1982].

In 1986, UNSCEAR reviewed evidence at the sub-
cellular and cellular levels relevant to assessing the
possible nature of the dose-response relationships for
cancer initiation by radiation, studied how the initiation of
cancerous clones and their progression to clinical tumours
may affect the shape of the dose-response relationship
and, examined various models of cancer induction and
tested them for compatibility with epidemiological and
experimental findings [UNSCEAR, 1986 (Annex B: Dose-
response relationships for radiation-induced cancer)].
Three basic non-threshold models of the effect of radiation
as a function of dose were considered with respect to both
cellular effects and to cancer induction: the linear, the
linear-quadratic and the pure quadratic models. UNSCEAR
concluded that the vast majority of dose-response curves
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for induction of point mutations and chromosomal
aberrations by low-LET radiation could be represented by
a linear-quadratic model at low to intermediate doses; for
high-LET radiation, after correction for cell killing, a linear
model usually applied. In sum, after reviewing the available
data again, in 1986 UNSCEAR came to the conclusion
(based essentially on the same sources of experimental
information) that responses at low dose and dose rate were
less than those at high dose and dose rate by a factor of up
to perhaps 5.

In 1988 UNSCEAR warned that assessment of the
effects of low dose is clouded by the need for large samples,
the difficulty of accurately estimating exposure and the
growing importance of extraneous sources of variation and
that precise direct estimation requires impracticably large
samples, concluding that estimates of low-dose risks based
largely on high-dose data must depend heavily on the
assumptions about the shape of the dose-response curve
and are, of necessity, no better than the applicability of the
model used, suggesting that resolution of these difficulties
would not be easy [UNSCEAR, 1988 (Annex F, particularly
§68)]. In sum, while UNSCEAR at the time did not re-
evaluate the data, it suggested the use of a factor of between
2 and 10, the implication being that the effect varied for
different types of tumours.

During that decade many papers were published on
matters associated with the DDREF concept, which were
summarized by ICRP [ICRP, 1991 (§B55 et seq)]. Inareport,
experimental information included data on life-shortening
and transformation in animal experiments, confirming
reduction factors in the range of 2 to 10 [Liniecki, 1989].
Another report informed a maximum DREF of 5 for
radiation-induced life-shortening due to tumours in
mice after single, fractionated and continuous exposures
[Thomson and Grahn, 1989]. Information on the A-bomb
survivors for leukaemia suggested that the dose response
fitted a linear-quadratic relationship best with an equivalent
DREEF of about 2 [NAS, 1990]. According to this reporting,
for the solid cancers taken together, linearity provided the
best fit [NAS, 1990] but individual tumour types show
some differences in the slope of the dose response. A
reanalysis however suggested that there was little difference
in dose-response relationship for any of the different cancer
sites including leukaemia, concluding that a DREF of up
to 2 would be possible from the A-bomb survivor data
but greater than 2 would be difficult to justify [Pierce and
Vaeth, 1989]. Data from breast and thyroid studies showed
little evidence of fractionation effects [Boice et al., 1979;
Shore et al.,, 1984]. Another study on radiation-induced
cancer in the breast showed a possible reduction factors of
up to 3 [Miller et al., 1989]. Other study that found cancers
induced by radioiodine in the thyroid were about 4 times
less effectively than for acute x rays [Holm et al., 1988] but it
also reported that factors other than dose rate (e.g., spatial
distribution of dose and hormone balance) might also be
involved. In another study, fractionated exposures in the
lung failed to produce lung tumours even after several Gy
(but did produce breast tumours) in contradistinction to
the A-bomb survivor study, but no reduction factor could
be derived [Davis et al., 1989].
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While reporting on all these studies, ICRP noted at
the time that linearity in dose response at doses of 1 Gy
or more does not necessarily mean that no dose-rate
effects are possible because of the different overall times
of exposure involved when the dose is protracted. At such
doses more than one ionising event can certainly occur in
targets of molecular dimensions. A number of important
experimental responses, such as life-shortening in mice,
seem to show linear responses with different slopes for
different fractionation or dose rate regimes but mainly over
relatively high dose ranges (Thomson and Grahn, 1989). At
very low doses, at which less than one event per sensitive
target may occur, the response is expected to be linear.
[ICRP, 1977 (§B60)]. Moreover, at that time ICRP already
considered that theoretical considerations and most of
the available experimental and epidemiological data did
not support the idea of a threshold for the carcinogenic
response to radiation involving low energy transfer (LET);
nevertheless, ICRP warned that on statistical grounds a
threshold for individual tumour types cannot be ruled out
with certainty in either human or experimental systems,
and that, if thresholds do exist, their values must be less
than about 0.2 Gy for most human cancers and perhaps
much less. [ICRP, 1977 (§B61)]

2.3. Formal Introduction

Finally, in 1993, the DDREF concept would be
developed and introduced by UNSCEAR and ICRP more or
less simultaneously. The DDREF was defined by UNSCEAR
and ICRP (twice), adopted by the international standards
established under the aegis of the IAEA and introduced in
legislation of countries, e.g., the United States of America
(US). The definitions used subtly different formulations, as
follows:

o by UNSCEAR, as the reduction in effect per unit dose
observed at low doses and low dose rates, compared with
effects at high doses and high dose rates [UNSCEAR, 1993
(Annex F § 94 and 334)];

o by ICRP (at the time), as a factor reducing the probability
coefficient obtained directly from observations at high doses
and high dose rates to give estimates of the probability of
effects at low doses and low dose rates; [ICRP, 1991 (§74)],
and then, eventually,

o by ICRP (currently), as a judged factor that generalises
the usually lower biological effectiveness (per unit of dose)
of radiation exposures at low doses and low dose rates as
compared with exposures at high doses and high dose rates
[ICRP, 2007];

o by the IAEA (in its Safety Glossary, which establishes
the terminology used by the international standards
for nuclear safety and radiation protection), as the ratio
between the risk or radiation detriment per unit effective
dose for high doses and/or dose rates and that for low doses
and dose rates, with the clarification that it is used in the
estimation of risk coefficients for low doses and dose rates
from observations and epidemiological findings at high
doses and dose rates and that supersedes the dose rate
effectiveness factor [IAEA, 2007]; and, ultimately, just as
an example of definition in a national legislation,

o by the US Nuclear Regulatory Commission (USNRC),
as a factor applied to a risk model to modify the dose-risk
relationship estimated by the model to account for the level
of the dose and the rate at which the dose is incurred; ‘as used
in the US Interactive Radio-Epidemiological Program
(IREP)?, a DDREF value of greater than one implies that
chronic or low doses are less carcinogenic per unit of dose
than acute or higher doses’ [USNRC, 2017].

At the early 90’s ICRP was consolidating a renewed
radiation protection paradigm that would be developed
as recommendations issued as ICRP Publication 60
[ICRP, 1991]. The basic assumption was that the simplest
relationship between an increment in the dose incurred
in an organ or tissue and the resulting increment in the
probability of a defined stochastic effect was that of a
straight line through the origin. But, as indicated before,
ICRP warned that the human epidemiological data were not
sufficiently precise to confirm or exclude that relationship
and that almost all the data relating to stochastic changes
in cells in vitro and in simple biological organisms and to
the induction of many animal tumours showed curvilinear
dose-effect relationships for radiations of low linear energy
transfer (LET), with the slope at low doses being less than
that at high doses.

In this context, ICRP indicated, low doses (and low dose
rates) imply situations in which it was very unlikely that
more than one ionising event will occur in the critical parts
of a cell within the time during which repair mechanisms
in the cell can operate. In such situations, ICRP postulated,
the dose-response relationship will be linear. At higher
doses and dose rates, two or more events may be able to
combine, producing an enhanced effect reflected by a
quadratic term in the dose-response relationship. At still
higher doses, where cell killing becomes important, the
slope would again decrease. [ICRP, 1991 (§72)]

In short, ICRP postulated at the time that for low LET
radiations, the most characteristic form of the relationship
between the dose in an organ or tissue and the probability
of a resultant cancer is that of an initial proportional
response at low values of dose, followed by a steeper rate
of increase (slope) that can be represented by a quadratic
term, followed finally by a decreasing slope due to cell
killing. Furthermore, the ICRP suggested that there were
no adequate grounds for assuming a real threshold in
the relationship and that this form of response, while
typical, is not necessarily the definitive form for all human
cancers. According to ICRP, taken together with the linear
approximation for increments over the dose due to natural
background, the presumption provided a suitable basis for
the use of a simple proportional relationship at all levels
dose for purposes of dose limitation in radiation protection.
[ICRP, 1991 (§73)]

On the basis of this reasoning, ICRP concluded that,
in the context of radiation protection, there was sufficient
evidence to justify its making an allowance for non-linearity
when interpreting data for low LET radiation at high doses

3IREP is a US computer software program that uses information on
the dose-response relationship, and specific factors such as a claimant’s
radiation exposure, gender, age at diagnosis, and age at exposure to
calculate the probability of causation for a given pattern and level of
radiation exposure.
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and high dose rates to give estimates of the probability of

effects at low doses and low dose rates. Thus, ICRP decided

‘to reduce by a factor of 2 the probability coefficient

obtained directly from observations at high doses and high

dose rates, modified if necessary by an allowance for the
effects of cell killing. This would be the first attempted to
quantify the DDREF. Because the wide spread in the data

and the ICRP recognised ‘that the choice of this value [of 2]

is somewhat arbitrary and may be conservative’ The ICRP

again indicated that this now defined DDREF was included
in the probability coefficients for all doses below 0.2 Gy

when the dose rate is less than 0.1 Gy per hour. [ICRP, 1991

(§74)].

In fact, since the data at the time relating to high doses
and high dose rates of low LET radiation, showed a lifetime
fatality probability coeflicient for a reference population
of both sexes and of working age, of about 8 10 Sv'! for
the sum of all malignancies, this value, combined with the
DDREEF of 2, would lead to a nominal probability coefficient
for workers of 4 102 Sv'!. The corresponding values for the
whole population, including children were estimated to be
about 10 102 Sv'! for high doses and dose rates and 5 102
Sv! for low dose and dose rates [ICRP, 1991 (§83)].

At the time, meanwhile, UNSCEAR was making very
similar reasoning. Its radiation risk estimates were based
on a number of assumptions, including that: radiation
induces specific changes in the genetic code of cells simply
by single tracks and by additional interaction of multiple
tracks; the probability of this occurring could be expressed
as the sum of two terms, one proportional to dose and the
other proportional to the square of dose; at low doses with
any dose rate and at high doses with low dose rate, only the
term proportional to dose would be effective; at high doses
with high dose rate, both terms are relevant; with densely
ionizing radiation, there are fewer, but denser, tracks per
unit dose, and each track is more likely to produce damage
that is not successfully repaired; and, so, the relationship is
more likely to be proportional to dose at all doses and dose
rates [UNGA, 1993 (§25)].

On the basis of these presumptions, UNSCEAR
informed the UN General Assembly in 1993 that the
approach commonly used then in risk assessment was to fit
a linear dose-response relationship to the data, a procedure
that was usually considered to give an upper limit to the
risk at low doses, because the quadratic term will increase
the response at high doses with high-dose rates, forcing
an increase in the slope of the fitted straight line; and that,
from radiobiological considerations, it was then possible to
assess the value of the factor by which the slope of the fitted
curve should be reduced to give an estimate of the linear
component of the linear-quadratic relationship [UNGA,
1993 (§43)].

Thus, the UN General Assembly was further informed
that:

(i) an important element in the assessment of the radiation
risks at low doses was then the reduction factor used to
modify the direct linear (non-threshold) fit to the high-
dose and high-dose-rate epidemiological data in order to
estimate the slope of the linear component of the linear-
quadratic function;
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(i) this factor was estimated with substantial uncertainty
to be about 2 for the dose range providing most of the
epidemiological data [UNGA, 1993 (§102)]; and,

(iii) the factor by which risk estimates derived from studies
at high doses should be reduced when used to derive

estimates for low doses was small with data suggesting a
value not exceeding 2 [UNGA, 1993 (§107)].

The UNSCEAR judgements of 1993 were basically
confirmed by UNSCEAR in 1994, although with the caveat
that epidemiological studies on different human cohorts
provide different quantitative results [UNSCEAR, 1994].

2.4. Mathematical formulation

A precise mathematical definition of the DDREF was
elaborated by UNSCEAR at that early 90’s [UNSECAR,
1993 (Appendix F $§31 to 38 and 89)]. It was based on
the 70’s above described assumptions on single-hit target
theory and multitrack effects for the radiation-induced
origins of health effects. Thus, it was presupposed that the
probability of occurrence of effect, p,,, at a given dose, D,
can be approximated by a potential expression of dose of
the type:

pp = (D + o,D* +....a D") exp[-(B,D + B,D* + ...
B,D")] )

where:

the o D" factors are coefficients for n terms for the
induction of stochastic effects; and, the exp[-(,D + p,D* +
..., D] factor represents the disappearance of targets due
to the killing of cells.

As the terms above 2 are considered trivial and the
exponential term is not dominant except at very high
doses, the above equation becomes linear quadratic and the
(linear quadratic) probability, Py results:

P = oD + a,D?, (3)

which is termed the linear quadratic relationship.

Since at very low doses the frequency of interaction is
extremely low (an exposure to photonic radiation of around
1 MeV of energy and delivering a dose rate of around
1mSv/year, would be responsible of around 1 interaction/
year/cell), o,D* can be considered to be negligible at low
doses and therefore the equation becomes linear with dose,
and the (linear) probability, p,, becomes:

P =D, (4)

which have been generally termed linear (non-threshold)
relationship or LNT.

Therefore, in a coordinate plane of probability, p,,
versus dose, D, it is possible to represent the probability,
P = % D + a,D? resulting from the linear quadratic
relationship and the probability p, = oy D resulting from
the linear relationship at low doses both as a function of the
dose, D (see following Figure).

It may be observed that the risk per unit dose, risk_,
resulting from the linear quadratic relationship will be:

risk, = (oy D + a,D?) /D = o, +o,D (5)

and the the risk per unit dose, risk;, resulting from the
linear relationship will be:
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Since the DDREEF is defined as:
DDREF = riskq/ risk, (7)
It would result that:
DDREEF = (o, + a,,D)/ o, = 1 + (at,/0,) D. (8)

Thus, as already discovered in the 70%, according to
its mathematical formulation, the DDREF would not be
constant with dose but it will increase linearly with the
values of D at which the effects are observed. This would
make the claim for a given constant value of DDREF
mathematically unsustainable.

In fact, ICRP had observed at the same time that the
DDREF in experimental situations will depend on the dose
range and the dose rate range over which the studies are
performed. It will be smaller if these ranges are small. At
the maximum of the dose-response relationship (which
bends over due to cell killing as noted above) the DDREF
will also be a maximum. [ICRP, 1990 (§B56)]

2.5. Quantification

It is interesting to note, however, that the above
mathematical formulation of DDREF could also lead to
an estimation of a quasi constant DDREE. In fact, in order
to maximize p, it coud be differentiated with respect to D
and equalized to zero. It was then deduced, under some
assumptions at such maximizing value, that the DDREF
would appear to be in the range of two to three. [Beninson,
1996]

Already in 1990, ICRP presented a comprehensive
summary of DDREF suggested values [ICRP 1990 (§B64)].
While discussion choices of dose and dose rate effectiveness
factor for low LET radiation, ICRP indicated that it
was evident at the time that theoretical considerations,
experimental results in animals and other biological
organisms, and even some limited human experience
suggest that cancer induction at low doses and low dose
rates should be less than that observed after high doses
and dose rates. The principal source of risk estimation
were the Japanese survivors of the atomic bombs who were
exposed to a range of doses at high dose rate and in whom
statistically significant excess of cancer have been observed
at doses down to 0.2 Gy. The ICRP therefore considered
that a DDREF should therefore be applied to this data. In

making a determination on the value to be used for this

purpose the ICRP noted:

(i) thatthefull range of DDREF values obtained from studies
in animals, namely 2-10, may extend over a broader dose
range than human data and therefore include higher
values than are relevant;

(ii) that some human experiences show little evidence of
fractionation effects while others indicate possible effects
of up to 3 or 4 at most;

(iii) that direct statistical assessment of the A-bomb survivor
data does not seem to allow for much more than a factor
of about 2 for the DDREF;

(iv) that DDREF ratios actually used for risk estimates in the
past by others include UNSCEAR who used 2 and 2.5
in 1977 [UNSCEAR, 19977], suggested perhaps up to 5
in 1980 [UNSCEAR,1986], and recommended 2 to 10
in 1988 [UNSCEAR, 1988b]; the BEIR III Committee
used a DDREF of 2.25 [NAS, 1980] but the BEIR V
Committee recommended 2 or more but applied 2
only in the case of leukaemia and 1 for other cancers
in deriving their numbers [NAS, 1990]; the US Nuclear
Regulatory Commission used 3 [NUREG, 1989] and a
group of the US National Institutes of Health used 2.3
[Rall et al., 1985].

In view of these considerations and especially that
limited human information suggests a DDREF in the low
region of the range, the ICRP had decided at the time to
recommend that for radiation protection purposes the
value 2 be used for the DDREE recognising that the choice
is somewhat arbitrary and may be conservative. However,
the ICRP warned that, obviously, its recommendation at
that time can be expected to change if new, more definitive
information becomes available in the future. [ICRP, 1991]

In 2000 [UNSCEAR, 2000] and in 2006 [UNSCEAR,
2006] presented comprehensive reviews of epidemiological
studies of health effects of radiation. The reports also
addressed comprehensively the issue of DDREE The 2006
reporting introduced around forty mentions to the concept
and summarizing values that were being used, which were
ranging from 2 to 10 although with most values being
around 2 to 3. [UNSCEAR 2006, Annex A, Table 8]

2.6. Disregarding DDREEF for estimating
attributable radiation risks

However, in spite of the long referencing to the DDREF
in the UNSCEAR 2006 Report, UNSCEAR notably not
considered necessary continuing to use of a DDREF for
its risk estimates. The report indicated that its estimates
implicitly adjust for extrapolation to low doses so that no
extra application of a DDREF was needed [UNSCEAR,
2006 (§593)]° The use of DDREF, therefore, was evitable
for estimating attributable radiation effects and risks and,
therefore, the concept would be disregarded and would
enter into a state of de facto obsolescence, at least for the
purpose of the UNSCEAR estimates.

It should be recognized however that while in 2006
UNSCEAR took distance from the DDREF for the first
time, the reporting continued to be confused as it indicated
that the chosen approaches implicitly took account of
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extrapolation of dose (if not dose rate), so that to some
extent they take account of DDREE.

In 2010 UNSCEAR summarised the state of knowledge
on low-dose radiation effects on health [UNSCEAR, 2010].
It informed the UN General Assembly that mathematically
based models were used to address the risk at low doses
and after recalling that ‘an adjustment factor known as the
dose and dose-rate effectiveness factor is often used to take
into account the comparative reduction in effect due to low
doses and dose rates; reconfirmed that, however, in the 2006
report of the Committee a linear-quadratic model was used
directly for extrapolation to estimate risks at low doses, and
so no dose and dose-rate effectiveness factor was applicable’.
[UNCEAR, 2010 (§31)]

An important departure from the use of the DDREF
for risk estimates took place in 2013. The World Health
Organization issued a health risk assessment from the
nuclear accident of the Fukushima Dai’ichi NPP in Japan
based on a preliminary dose estimation and did not use a
DDREF concept [WHO, 2013]. UNSCEAR indicated that
the WHO decision was consistent with its estimates of
cancer risks after acute doses and with a meta-analysis of
low-dose-rate, moderate-dose exposures [UNSCEAR 2014]

2.7. Reconsidering DDREF for radiation risk
estimates

The reconsideration on the necessity of using of
DDREEF for radiation risk estimates was a response to many
scientific developments, which occurred during the quarter
of a century elapsing since the concept was introduced.
These developments naturally lead to the need of reviewing
the use of the DDREF in radiation risk estimates. The
scientific developments include those in the area of
statistical analysis, radio-epidemiology and radio-biology.

2.7.1. Statistical developments

In 2006 UNSCEAR introduced the use of sophisticated
statistical tools for its risk estimates including techniques
of Bayesian analysis. It moreover used a system of rolling
reviews of all the studies of radiation-associated cancer
incidenceinirradiated human populations, giving particular
attention to the soundness of study design, including
consideration of a wide range of potential confounding
factors, statistical power to reveal excess incidence of effects
and consideration of the characteristics differences between
the studied populations. The renewed statistical analysis
includes assessing potential for systematic error and other
sources of uncertainty. In addition, UNSCEAR has recently
published a comprehensive review of uncertainties in risk
estimates for radiation-induced cancer [UNSCEAR, 2012
(Annex B: Uncertainties in risk estimates for radiation-
induced cancer)].

The estimates are made on the bases of which are
frequentistic probabilities, namely they express the limit of
the relative frequency of health effects found in cohorts
exposed to radiation. They are usually offered as excess
risks/rates, that measure the statistical relationship between
a given risk factor and a specific outcome and, depending
on the context, presented as excess relative risk, or excess
absolute risk, or, perhaps most appropriately, to estimates
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of the risk over some period of time, such as lifetime risk,
associated with an exposure of interest?.

It is underlined that all these risk related quantities,
namely relative risk, absolute risk, lifetime risk and assigned
share, require that a factual ‘rate’ had been observed. The
probabilities involved in these concepts are frequentistic
by definition. The fact that Bayesian techniques have been
used in the calculation does not retract the reality that the
estimation are based on frequentistic probabilities and that
that estimation did not need the use of a DDREE

2.7.2. New epidemiological information

Meanwhile, new epidemiological studies are becoming
available on exposure situations involving lower doses and
dose rates. The UN General Assembly has been recently
informed on ongoing evaluations of epidemiological studies
of cancer incidence from low-dose-rate exposures due to
environmental sources of radiations [UNGA, 2016 (§14)].

4These quantities are derived from frequentistic probabilities and
are defined as follows:

o The excess relative risk/rate, or ERR, is the relative risk/rate minus
one, namely the ERR is the rate of disease in an exposed population
divided by the rate of disease in an unexposed population, minus 1.0;
the ERR is often expressed as the excess relative risk per unit dose.

e The excess absolute risk/rate, or EAR, is the difference between the
hazard rate in an exposed population and the “baseline rate” in that
population, namely, EAR is the rate of disease incidence or mortality
in an exposed population minus the corresponding disease rate in
an unexposed population; the EAR is often expressed as the additive
excess rate per unit dose.

o The lifetime risk, or LR, is the risk over a lifetime that an individual
will develop, or die from, a specific disease caused by an exposure
and can be calculated with several types of estimates as follows: (i)
the excess lifetime risk (ELR) which is the difference between the
proportion of people who develop or die from the disease in an
exposed population and the corresponding proportion in a similar
population without the exposure; (ii) the risk of exposure-induced
death (REID) which is defined as the difference in a cause-specific
death rate for exposed and unexposed populations of a given sex and
a given age at exposure, as an additional cause of death introduced
into a population; (iii) loss of life expectancy (LLE) which describes
the decrease in life expectancy due to the exposure of interest; and
(iv) lifetime attributable risk (LAR) which is an approximation of the
REID and describes excess deaths (or disease cases) over a follow-
up period with population background rates determined by the
experience of unexposed individuals (The LAR is used to estimate
lifetime risks in recommendations and standards for radiation
protection.)

UNSCEAR has also defined the so-termed assigned share, which is
defined as the probability that an observed health effect in an individual
was caused by a specific radiation exposure [ILO, 2010].The assigned
share is a concept that can be important for legal/technical purpose
of imputing (or acquitting) those responsible of radiation exposure
situations of causing health effects. Imputation means ascribing to a
generator of radiation exposure (e.g. a nuclear installation) to cause
something bad (e.g., health effects) to a recipient of the exposure
(e.g. a worker). Imputation has been mainly related to occupational
compensation claims, for example as part of a multi-stage test for legal
liability associated with the causal relationship between the conduct
of employers of occupationally exposed workers and the occupational
harm that those workers may have experienced. The assigned share is
equal to the fraction of the total number of cases of a specific type of
cancer diagnosed among individuals which is in excess to the baseline
number of cases for persons who share the same attributes, such as
absorbed organ dose, age, time since last exposure, sex, smoking
history, etc. The assigned share (AS) is quantified as AS= excess relative
risk/relative risk and is often (confusedly) referred to as the attributable
fraction or probability of causation assuming that the calculated excess
relative risk represents the net consequences of mechanisms of disease
manifestation for a given individual diagnosed with disease.
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2.7.3. Advances in radiobiology

Significant progresses are being achieved in the
understanding of the biological mechanisms that initiate
and propagate detrimental effects following radiation
exposure at low-dose and low-dose rate.

Already in 1996, UNSCEAR had described a number
of so-called non-targeted and delayed effects of radiation
exposure [UNSCEAR, 2006 (Annex C)] and the UN
General Assembly was then informed that those non-
targeted and delayed effects of radiation exposure may
influence the mechanistic judgements required for the
estimation of risk at low doses and dose rates [UNGA, 2006
(29 et seq)].

The 2012 UNSCEAR White Paper provided a
comprehensive review of the biological mechanisms
of radiation actions at low doses [UNSCEAR, 2012].
Recently the UN General Assembly has been informed that
UNSCEAR envisages to direct its future work mainly at —
inter alia -, improving the understanding of mechanisms
of radiation action and biological reaction at all levels of
biological organization, i.e. from the molecular level to the
population level, and obtaining more definitive evidence
relating to health effects, in particular health effects from
low-dose-range and chronic exposure [UNGA, 2016 (§21)].

2.8. The use of DDREEF in radiation protection
2.8.1. Evolution

As indicated before, since 1990, the ICRP policy was
to include the DDREF in the probability coefficients for
all equivalent doses resulting from absorbed doses below
0.2 Gy and from higher absorbed doses when the dose rate
was less than 0.1 Gy per hour. [ICRP, 1990 (§74)]

In 2004, ICRP would issue a full publication on the issue
of low-dose extrapolation of radiation-related cancer risk:
ICRP Publication 99 [ICRP, 2005]. This report considers the
evidence relating to cancer risk associated with exposure
to low doses of low LET, focus on evidence regarding the
so-called linear, non-threshold (LNT) hypothesis, namely
on linearity at low doses of the dose-response relationship
for all cancers considered as a group, but not necessarily
individually, and looks at the possibility of establishing
a universal threshold dose below which there is no risk
of radiation-related cancer. The report underlines the
fundamental role of radiation-induced DNA damage in
the induction of mutations and chromosome aberrations
indicating that it provides a framework for the analysis of
risks at low radiation doses and low-dose-rate exposures
and indicates that, although cells have a vast array of
damage response mechanisms, these mechanisms are
not foolproof, and it is clear that damaged or altered cells
are capable of escaping these pathways and propagating,
proved consequences include chromosome aberrations
and somatic cell mutations. The report concludes that
current understanding of mechanisms and quantitative
data on dose and time-dose relationships support the LNT
hypothesis.

ICRP Publication 99, however, recognizes that emerging
results with regard to radiation-related adaptive responses,
genomic instability, and bystander effects suggest that the
risk of low-level exposure to ionising radiation is uncertain,

and a simple extrapolation from high-dose effects may
not be wholly justified in all instances. However, it judges
that although there are intrinsic uncertainties at low doses
and low dose rates, direct epidemiological measures of
radiation cancer risk necessarily reflect all mechanistic
contributions including those from induced genomic
instability, bystander effects, and, in some cases, adaptive
responses, and therefore may provide insights about
these contributions. It therefore insists that experimental
approaches using animal models support the view that the
response for early initiating events is likely to correspond
to that for the induction of cytogenetic damage, that, on
this basis, mechanistic arguments support a linear response
in the low-dose region, and that quantitative analyses of
dose responses for tumourigenesis and for life shortening
in laboratory animals also support this prediction.
Significantly, ICRP Publication 99 indicates that these
studies also support a DDREF in the range of about 2 when
data are extrapolated to low doses from effects induced by
doses in the range of 2-3 Gy.

ICRP Publication 99 also includes a formal quantitative
uncertainty analysis combining the different uncertain
components of estimated radiation-related cancer risk
with and without allowing for the uncertain possibility of
a universal low-dose threshold. Unless the existence of a
threshold is assumed to be virtually certain, the effect of
introducing the uncertain possibility of a threshold is
equivalent to that of an uncertain increase in the value of
DDREEF, i.e. merely a variation on the result obtained by
ignoring the possibility of a threshold.

ICRP Publication 99 concludes that while existence
of a low-dose threshold does not seem to be unlikely for
radiation-related cancers of certain tissues, the evidence
does not favour the existence of a universal threshold. The
LNT hypothesis, combined with an uncertain DDREF for
extrapolation from high doses, remains a prudent basis for
radiation protection at low doses and low dose rates.

The policy on DDREF in the new (and current) ICRP
recommendations [ICRP, 2007] would be based on the
outcomes of ICRP Publication 99. The ICRP concept
would now be re-defined as a judged factor that generalises
the usually lower biological effectiveness (per unit of dose)
of radiation exposures at low doses and low dose rates as
compared with exposures at high doses and high dose rates
[ICRP, 2007]. ICRP thus decides to continue to use the
DDREF for radiation protection purposes, judging that
the most probable dose-response relationships was linear
quadratic, where the linear coefficient at low doses or low
dose rates is obtained from the high dose, high dose rate
estimates of risk by dividing by a DDREF of 2 [ICRP, 2007].
From the analysis conducted in ICRP Publication 99 [ICRP,
2005], the ICRP considered that the adoption of the linear
non-threshold model combined with a judged value of a
DDREF provides a prudent basis for the practical purposes
of radiological protection, i.e., the management of risks from
low-dose radiation exposure. In sum, the ICRP made the
broad judgment that a DDREF of 2 should be applied for the
general purposes of radiological protection.
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2.8.2. Debate

Notwithstanding the current formal position of
ICRP regarding the use of a DDREEF, the concept, and in
particular its value, is being discussed and argued among
professionals from the radiation protection community.
The current situation on the use of the concept for radiation
protection was considered unsatisfactory by some [e.g.: Fry,
2013]. It has been further questioned whether a DDREEF is
really needed for radiation protection purposes following
exposure to low total radiation doses delivered at low dose-
rates [Brooks, 2013]

The DDREF was also discussed in the framework of
Melodi, the European Platform dedicated to low dose
radiation risk research®. In a comprehensive discussion
that took place in Melodi 2011, the view was presented
that there was ‘little reason to use DDREF for radiation
protection at this time’ [Preston, 2011]

Responding to concerns about the DDREE on
February 2014, the German Commission on Radiological
Protection (Strahlenschutzkommission, SSK) issued
recommendations indicating that the SSK no longer
considers justifications for the DDREF used in radiation
protection as being sufficient. The SSK set out assessments
that leaded it to recommend abolishing the DDREF or
adjusting it to bring it into line with more recent findings.
Due to the DDREF impact on radiation protection, in
the case of adjusting the DDREFE, the SSK recommends
in parallel that all of the other parameters pertaining to
the detriment be adapted to the latest scientific findings,
meaning that an international agreement in these issues is
urgently necessary and recommends that its assessment be
used as a basis for international discussions on these issues.
[SSK, 2014]

A comprehensive discussion on the DDREF in the light
of radiological protection dose took place in the framework
ofan ad hoc workshop on DDREF jointly organized by ICRP
and Japan NUS Co., Ltd. (JANUS)S, in Kyoto, Japan on May
22, 2015 [Rithm et al., 2015]. Some basic questions were
discussed at this event, including: Should DREF and LDEF
be separated or combined as DDREF? Should a DREF also
be applied to leukemia? How robust are the scientific results
obtained from human epidemiological studies at low doses
and low dose rates? How variable are other factors besides
radiation in animal studies? Are animal data applicable to
humans? Which endpoints are relevant in radiobiological
studies? How to integrate information (especially animal
vs. human data)?

The workshop reflected a problem governing the
discussions on DDREF from its origin: the complexities of
the induction of radiation health effects at low doses vis-a-

5In 2010 MELODI was founded as a registered association with the
objective of proposing research and development priorities for Europe
in the field of low radiation doses, seeking the views of stakeholders on
the priorities for research, keeping them informed on progress made,
and contributing to the dissemination of knowledge.

¢ The abbreviated name of this company is that of the ancient
Roman god, Janus, who has two faces, one facing forward and the other
backward, and is known as the god who stands between the beginning
and end of things, between the past and the future: an allegory probable
applicable to the DDREF concept.
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vis the need of a DDREF concept. These are different issued
although they are subtlety related.

Under this framework the workshop concluded that
‘extrapolation of biological effects observed at high doses
and high dose rates to low doses and low dose rates of
ionizing radiation typical for radiological protection
settings has become a central issue, and from this fact,
it was judged, there is the need to reassess the DDREF
concept which combines dose and dose-rate effects for
radiological protection purposes, with the rationale being
to keep radiological protection simple and practical. In
particular, the suggestion was made that ‘dose and dose-
rate effects should be considered separately, at all levels of
biological effect, keeping, for example, in mind that the
linear term in an linear quadratic dose-response curve
might depend on dose rate, however not excluding that in
the end, for the sake of simplification, ICRP will ‘continue
to use a combined single factor to describe extrapolation of
risks from high doses and dose rates to low doses and dose
rates typical for most radiological protection scenarios.

The Workshop also addressed endpoints at molecular
and cellular levels and concluded that it is still unclear which
endpoint is most relevant to the DDREF discussion. Many
newly discovered biological phenomena, such as genomic
instability, bystander effects, and adaptive response seems
to show different dose-response behavior at low doses,
highlighting the complicated action of ionizing radiation,
and making unclear to what extent such effects are of
relevance for radiation protection. A significant challenge
is presented by the lapse of time between the induction of
effects at molecular and cellular levels, and the development
and manifestation of malignancies.

The Workshop also considered that, while animal
experiments may offer some potential, the question of how
to transfer results obtained in experimental animals to
humans is still unresolved.

In relation to ongoing studies on human cohorts
exposed to radiation, which regularly produce updates
of the observed health effects with increasing follow-up
period, the Workshop proposed to combine these studies in
pooled studies or meta-analyses, which presumably would
be closest to what is ‘interested in radiological protection.
But it was emphasized, however, that the results that can
be obtained at dose and dose rate relevant to radiological
protection ‘will be difficult to quantify with high precision,
because the probability of occurrence of stochastic effects
such as the incidence of cancer or leukemia at those low
doses and dose rates is low, and spontaneous incidence of
cancer in the human population is high’

More recently, it was warned that there are fields
in radiation protection that need clarification in spite
of current insight into radiation risk, particularly at the
low dose range where biological effects like mutations or
chromosomal aberrations are detectable but it is unclear
whether these biological effects translate into health effects.
Thus, for radiation protection purposes, assumptions have
to made that must be reappraised on the basis of new
findings. The DDREF would be one of the concepts affected
by new insights [Miiller, 2015].
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Responding to these developments, the ICRP created
a task group on radiation risk inference at low-dose
and low-dose rate exposure for radiological protection
purposes. Its aim is — interalia - recommending whether
it is desirable to continue to estimate risk at low doses by
assessing the slope of the dose response at high doses and
then applying a DDREF reduction factor or to adopt the
UNSCEAR approach of inferring the risk coefficients at low
doses by using all available information and techniques of
Bayesian analysis for estimating the best expert judgment
[ICRP, 2015]. The Group is currently ‘going beyond
BEIR VII and including a more detailed analysis of more
animal data, performing a meta analysis on total solid
cancers, selected cancer sites including leukemia (incl.
sensitivity analyses and comparison with adjusted LSS
data), performing an analysis of dose response curves (L
vs. LQ models), discussing further (e.g., methodological)
aspects, scrutinizing biolgocial studies at molecular and
cellular level, and evaluating the radiobiological evidence
for treating dose and dose rate effects separately [Rithm,
2015]. The final outcome of the deliberations of this group
is expected.

2.9. Additional Difficulties with the DDREF
concept

While the latest reports UNSCEAR were de facto
abandoning the use of the DDREF for its radiation risk
estimates, and the radiation protection community was
expressing concerns on the use of the concept even for
radiation protection purposes, the DDREF has also been
argued in other scenarios, including among the media and
the public and in the field of epistemology.

2.9.1. Media and public concern

The DDREF has also been questioned by the public
media, mainly in relation to its credibility. For instance, the
concept was a point of controversy in the aftermath of the
nuclear accident at the Fukushima Dai’ichi nuclear power
plant. Following interviews of qualified scientists on the
DDREEF and its use, the media concluded that the risk of
health effects induced by radiation was greater than those
derived from the risk coeflicients used internationally. This
misunderstanding was reinforced during several television
programmes with a wide audience, which added to the
public concern and confusion.

Following the accident, the ICRP convened a task
group to compile lessons learned and its members reported
their views including many references to confusion and
misapprehension about the DDREF’[Gonzalez et al., 2013].
The reporting indicates that misunderstandings about
DDREF were due in part to the rather convoluted wording of
its definition (particularly reinforced when translated into
other languages - e.g., Japanese in the case of the accident).
People were informed on the steps used for estimating risk
of cancer, including the adjustment downward by a DDREF
of 2 to account for the assumed ameliorating effect when

7 Gonzalez et al., 2013. Gonzéilez A.J., Akashi M., Boice ].D.,
Jr., Chino M., Homma T., Ishigure N., Kai M., Kusumi S., Lee, J.-K,,
Menzel H.-G., Niwa O., Sakai K., Weiss W., Yamashita S., Yonekura, Y.,

Radiological Protection Issues Arising During and After the Fukushima
Nuclear Reactor Accident, J. Radiol. Prot. 33 3 (2013) 497-571.

radiation is received at a low dose and low dose rate, but
the concept was notably misunderstood. While trying to
explain to the lay public the concept of radiation risk was a
daunting challenge, claims propagated by media coverage
that low risk estimates resulted from applying the DDREF
contributed to misunderstanding, confusion and anxiety.

A recent international assessment of the accident
consequences refers to associated psychological problems
in some vulnerable groups of the affected population
[IAEA, 2015]® and UNSCEAR had already estimated that
the most important health effect from the accident was on
mental and social well-being, related to interalia the fear and
stigma related to the perceived risk of exposure to ionizing
radiation [UNSCEAR, 2014]°. The confusion on DDREF
could have contributed to this undesirable situation.

2.9.2. Epistemological difficulties

In addition to its apparent needlessness and to the
controversies on its use, it could be deduced from the
relatively recent UNSCEAR report on attribution of
effects and inference of risk [UNSCEAR, 2015 (Annex A:
Attributing health effects to ionizing radiation exposure
and inferring risks)] that the DDREF concept might present
some conceptual difficulties. A major epistemological output
of that report is a clear distinction between attribution
and inference, i.e., between scientific provability (namely,
scientific demonstration by evidence) and scientific
judgment (namely, scientific ability to make considered
decisions or form sensible opinions, even in the absence
of direct evidence). Attribution requires demonstration
and attestation that can be confirmable and verifiable
and therefore falsifiable. Epidemiological assessments
of cohorts exposed to relatively high doses may offer, for
stochastic effects, frequentistic probabilities complying with
such condition. If such scientific information is absent, as
it is the case in low doses, risk may still be inferred from
a scientific judgment that take account of all the available
information however indirect, which can be quantified as a
subjective probability or ‘degree of believe’ or ‘credence’ by
qualified experts.

Thus, attribution and inference are two related by
distinct concepts. For stochastic effects, attribution can be
quantified with frequentistic probabilities and inference
with subjective probabilities.

In fact, the DDREF is defined as a factor relating these
two probabilities (both per unit dose): the nominator is a
probability assessed at high doses on the bases of factual
epidemiological information, and the numerator is a
probability inferred at low doses on the bases of scientific
judgment. These two probabilities may be considered to
be mathematically consistent but they are conceptually
diverse, as follows:

8 TAEA, 2015. The Fukushima Daiichi Accident. Report by the
Director General. Document GOV/2015/26. International Atomic
Energy Agency, Vienna, 2015.

9UNSCEAR, 2014. Sources, Effects and Risks of Ionizing Radiation.
Volume I: Report to the General Assembly and Scientific Annex A.
UNSCEAR 2013 Report. United Nations Scientific Committee on the
Effects of Atomic Radiation. United Nations sales publication E.14.IX.1.
United Nations, New York, 2014. {U876}
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« At high doses, the available epidemiological information
allows for assessing frequentistic probabilities and to
define EAR and ERR, throughout rigorous statistical
and probabilistic assessments based on frequencies.
Such estimates are confirmable and verifiable and also
falsifiable. They can be proved to be correct (or incorrect)
by following strict quality criteria.

o At low doses, the concept of frequentistic probability
is epistemologically inapplicable because at such doses
radiation effects can not be epidemiologically attributed
to radiation. Therefore, only subjective probabilities can
be assigned, which cannot reflect direct observational data
but rather judgments or ‘degree of believe’ or ‘credence’ by
qualified experts.

The scientific appropriateness of a factor relating
these two dissimilar concepts of probabilities may be
epistemologically debatable.

The 2012 UNSCEAR report on attributing health
effects to ionizing radiation exposure and inferring risks
concluded that [UNSCEAR, 2012]: An increased incidence
of stochastic effects in a population could be attributed to
radiation exposure through epidemiological analysis —
provided that, inter alia, the increased incidence of cases of
the stochastic effect were sufficient to overcome the inherent
statistical uncertainties...... Although demonstrated in
animal studies, an increase in the incidence of hereditary
effects in human populations cannot at present be attributed
to radiation exposure... In general, increases in the incidence
of health effects in populations cannot be attributed reliably
to chronic exposure to radiation at levels that are typical of
the global average background levels of radiation.

3. Result

The analyses heretofore show that over the last century
a perception developed that radiation risk per unit dose
is higher at high dose and dose-rate than at low dose and
dose-rate. This discernment was supported by indirect
information but could not be scientifically confirmed
and verified. The search for a factor relating those two
risks was an unavoidable scientific temptation and the
DDREF concept was maturing over a long time and then
formally established by the end of the century and even its
mathematical formulation was developed. Since then, few
low radiation-related concepts have been more scrutinized
that the DDREF. The Mendelay database alone registers 109
papers on DDREF [Mendelay, 2017].

A common denominator of the long saga of the
DDREF concept seems to be some kind of ‘inbreeding’ or
‘endogamy’ among the participating experts. There were
two different, although connected, intentions:

o on the one side, there was a genuine interest and a formal
responsibility (e.g., in UNSCEAR) in estimating radiation
risk, namely ‘guessing’ probabilities of harm, following
exposure at low level doses, at which scientific evidence
was not available (and was even suspected that it might be
unavailable for times to come); and,

o on the other hand, there was a genuine interest (e.g., in
ICRP) for ‘concocting’ a paradigm for protecting people
against radiation risk at any dose, even at doses at which
scientific evidence of radiation effects was unavailable,
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following strict ethical values including deontological
principles.

These two objectives are interrelated but fundamentally
diverse. However, many of the experts who developed the
basic philosophy both in UNSCEAR and ICRP were the
same people representing two distinct interests. Thus,
inbreeding (i.e. leading from closely related people)
and endogamy (i.e., interacting only within the limits
of the community) became unavoidable. In the author’s
own experience, it is extremely difficult to seat in both
UNSCEAR and ICRP and isolate oneself from what is
going on in the one/other organization.

Thus, in the DDREF saga there was a mixture between
the interest of apprehending the science of radiation effects
and the ethical responsibility of protecting people against
radiation exposure. In order to deal with the DDREF
concept and its consequences it might be wise to consider
these two issued separately.

The attribution of risk of stochastic radiation effects
at high dose and dose-rate and the inference of plausible
risk at low dose and dose-rate could be treated as being
conceptually  interconnected but epistemologically
independent one of each other. The first can be attributed
to radiation exposure situations by using conventional
scientific tools, mainly radio-epidemiology science, for
provability, demonstration and attestation; the second
is only inferable through scientific judgment. It seems
inappropriate to use a simple factor relating these two
different entities as it could easily be misunderstood as
pretending that equal scientific value can be assigned to
both of them.

In sum, following the analysis heretofore, the results
are:

o The epistemology of the DDREF concept appears to be
clearer now, it is becoming understood that,

° estimation of radiation risk is different than radiation

protection, and

° attribution of risk is different than inference of risk.

o It seems that the DDREF for estimating radiation risk has
become superseded by the scientific developments in this
area and its use has turned out to be unnecessary for this
purpose.

o The use of the concept for inferring radiation risk for
radiation protection purpose also appears to have become
confusing, controversial for the media and the public and
questionable for epistemology.

4. Conclusion
4.1. Abandoning the use of the DDREF

Following the analyses heretofore, it seems that the
more reasonable conclusion is that the use of the DDREF
can be definitively abandoned for purposes of radiation
risk estimates. In specific radiation exposure situations,
if frequentistic probabilities are available, effects can be
attributable and could be expressed as EAR, ERR or any
other convenient quantity. If frequentistic probabilities
are not available radiation risk may be inferable through
the use of subjective probabilities (see hereinafter). In
both cases using a DDREF is unneeded, controversial and
epistemologically questionable.
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The discontinuation of using a DDREF for radiation
protection purposes should also be considered. While
recognizing that radiation protection has different reasons,
principles, rationales, functions, uses and intentions than
those of radiation risk estimation, the approaches for
attributing factual effects and inferring subjective risks
described hereinafter might also applicable to radiation
protection. The outcome can in principle be perfected in
both cases by estimating a detriment-adjusted risk, namely
the frequentistic probabilities assessed for attributing effects
and the subjective probabilities estimated for inferring risk
can both be modified for radiation protection purposes
to allow for the different components of the detriment
in order to express the severity of either attributable or
inferred consequences.

4.2. Attributing radiation effects

For radiation exposure situations for which there are
available epidemiological data that can be scientifically
tested (namely which are confirmable and verifiable and
therefore falsifiable), radiation risk should continue to be
attributed in terms of frequentistic probabilities. These
can be presented as EAR, ERR or any other convenient
quantity. The process should be substantiated by applying
strict quality criteria and using all systematic statistical and
probabilistic techniques available.

4.3. Inference of radiation risks

For radiation exposure situations for which direct
scientific evidence of effects is unavailable or unfeasible to
obtain, radiation risk may still need to be inferred. Such
inference should be substantiated on the basis of indirect
evidence, scientific reasoning and professional judgment.
The aim would be assigning plausible risks in terms of
subjective probabilities that are usually described as ‘degree
of belief or ‘credibility.

For inferring radiation risk all indirect but relevant
available data should be considered, including: pertinent
radiobiological information; experiments exposing animals
to radiation; responses by cells and tissues to irradiation;
and, last but not least, the available epidemiological
information. It should be emphasized however that the
epidemiological information for supporting the inference
of risk at low doses and dose-rates should preferably be
based on new epidemiological studies dealing more directly
with the exposure situation under consideration and that
risk transfer from different exposure situations, such as
those at high dose and high dose rates, should preferably
be avoided.

5. Epilogue

Following developments with the DDREF, UNSCEAR
discussed the issue during its sixty-third session (27 June-
1 July 2016). It was reported to the seventy-first session
of United Nations General Assembly that a short paper
would be prepared on the scientific view of the Scientific
Committee on the DDREF [UNGA, 2016 (§28)]. The issue
will be further discussed at the sixty-fourth session of
UNSCEAR.
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Abstract

Lenp: Ienbio JaHHOI CTaTbU SABTISIETCS 0630p MPOMCXOXK/IEHIISI ¥ SBOTIIOLMY TIOHATISI, HasbiBaeMoro koadduiivieHT appekTuBHOCTI
I03bI ¥ MOLHOCTH 103bI 00mydeHns (DDREF), KpuTudeckuit aHa/mus STOrO MOHATHSA, @ TAKXKe IMPeIOKEHNA 10 ero MCIOIb30BaHNUIO.

Marepuan 1 MeTozpl: B3ss 3a ocHoBy otdyerst HKJJAP OOH u pexomenpayu MKP3, aBTOp B 1aHHOI CTaTbe OIMCAs 9BOJIOLNIO (C
70-X IT. IIPOIUIOTO BeKa) IIOHMMaHMA BOIIPOCOB PaMallMIOHHOTO PYCKA IIpM 0OTy4eHNN B MaJIBIX JJO3aX M IIPU HU3KMX MOLIHOCTAX J03.
Hacenenne 06b14HO 06/1y4aeTcs B f03aX HAMHOIO MEHBIINX (M ¢ 60/mee HM3KOI MOIJHOCTBIO 03bI), YeM Te TPYIIIbI UL, A1 KOTOPBIX
MMEIOTCS KOIMYeCTBEHHbIE OLIEHKN paiMalMoHHBIX 3¢ (eKToB. Brepsble mpemioxenne o BBefeHUM «KOI(ULMEHTa yMEHbIICHUA»,
anamornyHoro DDREE BO3HMKJIO B CBs13U € HEOOXOMMOCTBIO OL[EHKY Pa/IMAIiIOHHOTO PUCKA PV MaJIbIX [J03aX ¥ HU3KMX MOITHOCTSIX [I03
Ha 6ase nMemuxcsa GakTIIeCKUX TaHHBIX O PAAMAIVIOHHOM PUCKe, KOTOPBII OLleHMBAJICS IIPK OOJIBIINX H03aX M BHICOKMX MOITHOCTSX
103. O1jeHKY pagnannoHHbIX 3¢ HeKTOB /151 3[[0POBbsI OTYYEHBI B OCHOBHOM U3 SIIMAEMUOIOTMYECKIX VICCIE0BAHMIT, PACCMATPUBAIOIINX
o6y4eHre B OOIBIINX [03aX IPU BBICOKMX MOLTHOCTAX J03, OJHAKO JIIOAM OOBIYHO IOJBEPraloTcs Pafual[iIOHHOMY OOTyYeHUIO Ipu
3HAYNTENBHO OOJlee HM3KMX YPOBHSX. /sl Ma/lbIX [J03 M HM3KMX MOIJHOCTEN [I03 HeT SINIEeMUONTOTMYECKX JAHHBIX 00 3ddekTax ux
meiicTBuA. He cymjecTByeT 1 OMOIOrMYECKUX MHAMKATOPOB paiMalliOHHO-MHAYLMPOBAHHbBIX 9((eKTOB Ha 3[0pOBbe IIpK OOTyYeHUN B
MaJbIx Jo3ax. CpaBHMBAKOTCS ouIanbHOe pefcTaBeHe 1 MaTemardeckas popmymuposka moustus DDREF B nokymentax HKIJAP
OOH u MKP3 (8 1990-x rr.). B crarbe mopuepK1BaeTcs, 4YTO B HACTOsAIlee BpeMs IpM OleHKax paamanmoHHoro pucka HKIJAP OOH
He ucnonb3yioT nouatue DDREF, nenas ero tem caMbiM e pakTo HEHY>XHBIM IS 1ieJIell ONpefeieHNs paialiiOHHOTO pucKa. B crarbe
obobiaercs ucronb3oBane kKouuenuyu DDREF mst 1eneit paguarinoHHOl 3aIMThI, @ TAK)Ke CTEIIeHb TIOHMMAHNS 1 CBSI3aHHbIE C 9TUM
omacenus 1o mooxy DDREF (B ocobeHHOCTH ITOCTIe aBapuy Ha aTOMHOII ctaHiyy Oykycnuma-1). B sakmodeHne, B crarbe 00CY>KHAI0TCS
SMICTEMOIOTYECKIIE HEOCTATKY CAMOTO TTOHATHA.

B 1980-e rT. mpofo/DKancs aHamus TOro, KakuM Ho/DKHa ObITh sBommonus nousatuss DDREE B Ily6mukanun 60 MKP3 o6061ena
MCTOPUsSI BOIIPOCA. DKCIepUMeHTaIbHbIe JaHHbIE O 3aBUCUMOCTH «[03a—3(PeKT» U BAMSIHNM MOUIHOCTY [O3BI OBUIM BCECTOPOHHE Iie-
pecmorpensl B otdyere Harmonanproro Coseta mo PaguaronHont 3aumre u Vismepenusiv CIIA. Boun cpenan BbIBOf, 4TO popma 3a-
BUCUMOCTH «03a-3¢eKT» s OOMBLUINX K03 M BBICOKMX MOIIHOCTEN 03 ObUIa, BEPOSATHO, MMHETHO-KBAAPATUIHON B OONBIINHCTBE
Ouomornyeckux cucreM. Takum obpasom, 6asoBas mapanmrma, npepcrasiaeHHas MKP3 pecsatmnetuem paHee, Oblna 3akperieHa,
U OHa JJOMMHMPOBaIa B IOCEAYIOIe ToAbl. [l oOMydeHns B MajbIX H03aX IPM HMU3KMX MOIJHOCTSX JI03 OTBET CUUTAJICH 4acTO
3¢ GEeKTUBHO JIMHENHBIM, KaK OXXMHA/MIOCh, COOTBETCTBYIOIIMM JIMHENHO-KBAPATUYHOMY OTBETY NpM MajblX [03aX. B JMHeiHO-
kBazpaTiaHoit popme, E = aD + bD?, addekT nsHaIambHO YBEMMIMBAETCA TUHENHO C 0301, T.€. 3HadeHme o deKTa Ha eTUHNILY O3Bl
E/D = a ssnsercs mocrosiHHbIM. Jamee s¢dekt BospacTaer ObicTpee, T.K. BK/IAJ KBaJApPATUYHON YaCTM 3aBMCUMOCTM Ha4YMHAET
IepeBelNBaTh BKJIAJ MMHEHOro ydacTka. IIpu 6osee BBICOKMX J03aX 3G QEeKTMBHOCTb YaCTO CHOBA CHIDKAETCHA B CBA3M C addexToM
K/IETOYHOII I'MOe/IL, YTO, B CBOI OYepelb, CHIDKAET KOMMYECTBO IOJBEP)KEHHBIX PUCKY K/IETOK. B JMHEHO-KBaipaTUIHOM YpaBHEHNN
OTHOLIIEHME TTapaMeTPOB I JIMHEIHDIX U KBaf[paTUYHBIX WICHOB a/b umeem pasmep 003vl, U ee 3HAUeHUE OMPAKAEn OMHOCUMENbHBLTL
6K7100 TUHETIHO020 U K8adpamuuHoeo uneHa. Takum obpasom, ecmu a/b = 1 Ip, To npu 1 Ip Brmasl B 9 ekt MMHETHOTo 11 KBaJpaTHIHOTO
yaeHa 6ynyt paBHbl. Komnrer NCRP onpenenmmn koadduunent momnocty fo3bl (DREF) kak OTHOLIeHMe HaK/IOHA KPUBOI «j03a—3d-
(dexT» B InanasoHe BHICOKVX [I03 K HAKIIOHY KPUBOII «j03a—3(peKT» B [Uaria3oHe MajblX 03 MOHU3UPYIOIIEro U3/TydeHNs.

Torga DREF =1 + b/a D. 910 cTaHeT 0CHOBOII [jis1 Matemarudeckoit popmymuposku DDREF, kotopas 6yner pazpadorana HKITAP
OOH, u 6yner crenaH HeOXMAHHBII BbIBOJ, 4TO Habmogaembi DREF B aKcIepyMeHTaIbHBIX CUTYALMSIX He SB/IAETCS KOHCTAHTOI, a
3aBUCUT OT AMAIIA30HA O3 U MOLTHOCTY 03 B IPOBEIEHHBIX JMCCIETOBAHIIAX.

ITepecmotp HeobxopumocTy ncnonbsoBanuss DDREF st o1eHKM pagnaiimoHHOTO PICKa IIPOU3OLIET B pe3y/IbTaTe MHOTOYMCTIEHHBIX
HAyYHBIX OCTVDKEHMII, MPONCIIEAMINX B TeUeH)e JeTBepPTM BeKa IIOCTe BBEeHUA JAHHOTO MOHATHA. DT HAyJHbIEe TOCTVDKEHMA
B 00/1acTy CTaTMCTMYECKOTO aHA/IN3a, PAAMOSNMAEMUONIOTNN U PafoOMONIOry MpUBEMM K TOMY, YTO BO3HMKIA HEOOXOFMMOCTD
nepecMorpa ucnonb3osanusas DDREF npu onenke pagmanyonHoro pucka. ITo-supumomy, DDREF BbiTecHMIN Hay4dHble pa3paboTKu,
U ero JCIIOJIb30BaHNE CTAaJ0 HEHY>KHBIM IS OLeHK)M pajiualliOHHOrO pucka. IToHATMe Tak)Ke NPeNCTAaB/AETCS CIIOPHBIM I Iieeit
PaAMAIIOHHOI 3aIMThI, OYeBUJHO, HEOHO3HAYHBIM U SIIMCTEMOIOTYECKY COMHUTETbHBIM.

3akmoueHue: [TpencTaBiseTcs 1enecooO6pasHbIM, YTO: (1) MOXKHO OIpefieieHHO peKpaTuTh rcrnonb3osaTb DDREF ajist onenok pa-
IMALMOHHOTO pUCKa; (ii) ¢ yyeToM TOTO, YTO LM pafMalilMOHHON 3alUThl OTIMYAIOTCA OT 3afiad OLEHKY PafiMalliOHHOTO PUCKA, MOXHO
TaK>Ke PacCMOTpeTh IpekpalieHue yucrnonb3osanyss DDREF i pagnanmonHoit samutsl; (iii) /s cuTyaumit pagnannoHHOro 061ydeH s
C IMEIOIMMUCA SIMAEMUOIOTMYEeCKIIMY JAHHBIMY, KOTOPbIE MOXKHO Hay4HO IIPOBEPUTD (4 MMEHHO, JaHHBIMM, KOTOPbIe MO>KHO IIOfITBEP-
IUTH U BepUPUIMPOBATH, &, C/IEOBATENBHO, OIIPOBEPTHYTh) PAafiMal{IOHHbIE PUCKH C/IEfyeT IPOJOKATh CINTATh KaK BEPOSTHOCTHBIMM
(cToxacTHuecKMMN) ABJIEHUAMY; @ TaKXe, (iV) U1 pafMaliOHHbIX CUTYALVIL, T7ie HEeT IPAMbBIX HaYYHBIX 0Ka3aTebCTB 3¢ deKToB, mbo
UX HEBO3MOXXHO IIOJIYYUTh, PafiMalilMOHHbIE PUCKY HEOOXOVIMO MIPEIIONArarh Ha OCHOBAHNM KOCBEHHBIX JOKa3aTe/IbCTB, HAYYHbBIX BbI-
BOJIOB ¥ IPO(eCCHOHAIBHON OLIEHK, C IIe/IbI0 OLIeHKY VX IIPaBIOINOf00MA OTHOCUTENBHO CYOBEKTVBHBIX BEPOATHOCTENL.

KioueBbie cioBa: o6ryuetiie, 003bl, MOULHOCIU 003, KOIPPULuenm spdexmusHocmu, oueHK paouo2eHHbIX PUCKOS, CHoXacmuye-
cKue IPppexmol paouayuoHHo20 8030eLicmeus

PenakijioHHAs KOJIErVs >KypHana «MemUIMHCKass PajyMoorus ¥ pajualoHHas 6e30macHOCTb» Bbipakaer OmarogapHocts C.M. Illnukapesy,
C.A. Pomanosy, M.9. CokonbHnkosy, C.B. OcoBIfy 3a HOATOTOBKY K ITyOIMKAIIMM JAHHOI CTAThI.

CIIMCOK JIMTEPATYPLI
Cwm. C. 25-26
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B.U. TenbHoB, ®.[I. TpeThakos, II.B. OxaTeHko
MHKOPIIOPAIIVA INTYTOHWNA-239 I COKPAITEHUE ITPONOJ/DKUTE/IBHOCTYU XXU3HU
Y PABOTHUKOB I10 «<MAAK» ITPU OITYXOJ/JIEBBIX 1 HEOITYXOJIEBBIX IIPUMMHAX CMEPTHU
I0sxH0-Ypanbckuit nacTuTyT 61odusuku PMBA Poccuin, Osepk, Yenabunckas o061 E-mail: tvi@subi.su

TenbHOB B.JI. - K.M.H., C.H.C., 3aM. AMPEKTOPa 10 Hay4HOI paboTe; TpeTbakos P.JI. — K.M.H., C.H.C., 3aB. OT/E/IOM paMalLIOHHOII
6esomacHocTy; OkareHko I1.B. — Ha4a/IbHMK IPYIIIBI Ta00PATOPUM paiYallIOHHO SIUIEMUOTOT U
Pedepar
lerb: OrieHKa BIMSAHUA MHKOPIIOPALMY ITYTOHNUA-239 Ha HPOLO/DKUTENIBHOCTD KU3HN Y paboTHMKOB 1O «Masik» Ha OCHOBe aHa-
JM3a CMEPTHOCTY M BO3PACTa CMEPTU IV OITyXOJIEBBIX ¥ HEOIYXOJIEBhIX 3a00/IEBAHNUAX C yIETOM OPTaHOB OCHOBHOTO U HEOCHOBHOTO
TENOHUPOBAHMS PAJUOHYK/IN/IA.

Marepuan u MeTonbl: B ananus BmodeHa koropra pa6otankos ITO «Mask» 1948-1958 rT. HaliMa C U3BECTHBIM COflepP)KaHIEM IITY-
TOHMA-239 B OpraHM3Me YMCICHHOCTbIO 3478 des., B ToM ducrie 2414 myxunH (1739 ymepumx u 675 xuBbIx) U 1064 xeHummHbI (604
yMepumx un 460 XMBBIX). B 3aBMCMMOCTI OT MHKOPIIOpAIMy IUTy TOHMA-239 OLleHMBaIy HPOLO/KUTENbHOCTD XV3HU KaK MHTEIPATbHYIO
XapaKTePUCTUKY MOBBIIIEHHOI 1 IPEX/IEBPEMEHHO CMEPTHOCTI Ha OCHOBE aHa/IN3a CMEPTHOCTY ¥ BO3pAcTa CMEPTH TP OIyXO/IEBOM
1 HEOITYXO/IeBOI TTAaTOIOTM OPTAHOB OCHOBHOTO 11 HEOCHOBHOTO JIETIOHMPOBaHMA PafnoHyKayAa. CTaTUCTIYeCKUIT aHAIN3 TPOBOAMIN C
nomoinpio mporpammsl STATISTICA.

Pesynprarhl: YCTaHOBJIEHO, YTO C yBe/IMYEHMEM MHKOPIIOPALMI IUTyTOHMA-239 B OpraHu3Me YMepIIMX paOOTHUKOB IIPOMCXOUT CO-
KpallleHue TIPOJO/DKUTEIbHOCTY XKU3HM B LIe/IOM Ha 5,2 TOfla Y MY>KUIH U Ha 6,6 TOa y >KeHIINH, a II0C/Ie Hadajia paboThl — Ha 6,9 11eT y
MY>KYMH ¥ Ha 7,7 JIeT y >KeHIIMH. Bo Bcell koropre CHIDKeHNUe IPOJO/DKUTEIBHOCTY XMU3HY ObUIO MeHee BBIPQKEHHBIM U COCTaBMIIO 4,2
rofa y My>XX4MH 1 2,7 TOfa — y KeHIIIH, a [I0C/le Hadala paboThl — COOTBETCTBEHHO 6,2 jeT u 3,0 rofa. YCTaHOB/IEHA CBSI3b MOBBIIIECHIIS
CMEPTHOCTH OT OIYXOJIEBBIX IIPUYNH Y MY>KUMH U SKEHIIMH, IJTaBHBIM 00pasoM, 3a CYeT 37I0Ka4eCTBEHHBIX HOBOOOPA3OBaHMUIT TETKUX U
Ie4€eHY, ABAAIMXCA OCHOBHBIMU OpTaHAMM JIETIOHMPOBAHNUSA IUIyTOHMA-239. BriepBble BBIABIEHO CBA3AHHOE C MHKOPIOpAaLMeN IUTy-
TOHMA-239 CHIDKEHMe Bo3pacTa cMepTH (IIpeKieBpeMeHHas CMEPTHOCTD) IIPY OITyXOJIeBOJ M HEOIyXOJIeBOI IIaTONIOI NI OCHOBHBIX U HE
OCHOBHBIX OPTaHOB JIETIOHMPOBAHNSA KaK y MY>KYMH, TaK I y >KeHIVH. IIpy aTOM B OT/IM4YME OT MOBBINIEHHOV CMEPTHOCTH, IPEX/IeBpe-
MeHHasg CMEPTHOCTb OTMeYaIach Py BCEX US3YYEHHBIX IPUYMHAX CMEPTU B BUJE JJOCTOBEPHOrO CBMTA WM TeHAeHuun. [loBpimennas u
IpeXXJeBpeMeHHas CMEPTHOCTD — 9TO JiBa OTHOCUTETbHO PasHbIX MPOIlecca, IPUBOAAIIMX K COKPAIleHNIO TIPOJO/KUTENbHOCTI XKUSHA Y
podeccHOHaIbHBIX pabOTHUKOB, MIOIBEPTIINXCA MHKOPIIOPALIUY Iy TOHUA-239.

Kriouessie cnosa: kozopma pabomnukos 110 «Masi», niymonuii-239, opeanv 0CHOBHO20 U HEOCHO8H020 0eNOHUPOBAHU, ONYX0JIe6ble
U Heonyxoresvie NPUHUHbL CMEPMU, 603PACH CMEPMU, B03PACI HATIMA HA PAGOINY, NPOOOTIHUMENLHOCb HUSHU

IMoctynmra: 30.10.2016. ITpunsra K myonukanum: 20.02.2017

BBenmenmue ToHMA-239 Ha IDK y mofiell He MpoOBOAMIOCD, TOIfA KAaK
pes3y/IbTaThl 9KCIEepUMEHTa/lbHBIX JMCC/IeOBAaHUI CBUfie-
TENIbCTBYIOT O CYIlleCTBEHHOM cokpaenun IIDK y miexo-
MUTAIOMMX IPU Pa3HbIX NYTAX MOCTYIUIEHNA PasIMyHbIX
COoelVHeHmIt Iy ToHns-239 [6].

CrieflyeT OTMeTHTb, YTO CMEPTHOCTb paboTHMKOB ITO
«MasK» XOpOIIO 13y4YeHa B IJIaHE OLIEHOK KaHIlepOreHHO-
ro pucka [7]. Ile/pio HACTOAILETO MCCIEHOBAHS SIBUIACH
OlLleHKa B/IVMAHMA MHKOpIopanuy IyToHuA-239 na IDK
y paborankoB IIO «Masik» Ha OCHOBe aHamM3a CMepT-
HOCTM M BO3pacTa CMepPTH IIPU OIyXOJIeBBbIX U HEOIIyXO-
JIeBBIX IPUYMHAX CMEPTU C y4eTOM OPTaHOB OCHOBHOTO
Y HEOCHOBHOTO IeIIOHMPOBAaHMA pafinoHyKInpa. JJanHoe
UCCTIe[JOBAHME SABMIOCH JIOTMYECKMM IIPOJIO/DKEHNEM BbI-
[TO/THEHHBIX paHee pabor [8, 9].

Pe3y/nbraTbl MHOTOYNC/IEHHBIX MCCIEAOBAHUIT CBU-
IeTe/bCTBYIOT O HeOIaronpyATHOM BIVMAHUYM MOHU3NUPY-
IOLero M3Ty4YeHNs Ha COCTOSIHME 3[I0POBbsl OOMyIeHHBIX
mopeit. Ha 9T0 yKas3bIBalOT JaHHBIE 1O OLlEHKe BIVSHMS
pangyanyy Kak Ha pas/yyHble CUCTEMBbI OpraHusMa o0my-
YEHHBIX JIIOfiell, TaK ¥ Ha PasBUTHE ITOCTPAANALMOHHBIX
9¢$eKTOB, IPOABAINLINKCI Ha OOomee HUSKUX YPOBHAX
6nonornyeckoit opranmsanyu [1]. OpHako mas1 MHTe-
TPalbHON XapaKTePUCTUKU HeONArompysITHOTO BIIVSTHUS
MOHM3VPYIOLIETO M3yYeHNsI Ha OPraHU3M B L[e/IOM Hau-
6oree MHPOPMATUBHBIM IIOKa3aTe/leM, 10 MHEHUIO psifia
MICCTIEOBATeTIel, AB/IAETCSI COKpAllleHIe POJXO/DKUTENb-
Hocty xusHu (IDK) y obnydennsix mogeit (2, 3]. B pe-
3y/IbTaTe IPOBEEHHBIX NCCIIENOBAHMIT OBIIO YCTAHOBIEHO
IOCTOBepHOe BiusHIe 00nydenns Ha cokpaiierne [DK y

SITOHL[EB, IOBEPTUINXCSI aTOMHOI OombappupoBke [4]. Marepman n meTomsr

Bmecre ¢ TeMm, jlaHHasA Ipo6ieMa IpofoKaeT 00CyXaaTh-
Cs1 B OTHOLICHUM IPYTUX KaTeTOPUil 0Oy IeHHbIX TIOfIeil, B
0COOEHHOCTY HOJBEPTIINXC XPOHNYECKOMY O0TydeHIIO
[5]. OpgHako McCIenoOBaHMII TAaKOTO pofa B JIMTEPAType
SBHO HEOCTaTO4HO. KpoMe TOro, B BBIIIOJTHEHHBIX UCCTIE-
IOBaHMUAX BOOOIIE He U3y4asIach POJIb OT/E/IbHBIX IIPUYNH
cmepTu B cokpamtennu IDK y o6nyyeHHbIx mofeit. B atom
OTHOLIECHUN GOJIBLUIOrO BHUMAHMS 3aC/Y>KUBAeT KOTOpTa
paboraukoB 1O «Masik», KOTOpbIE TOGBEPTaIUCh IIPeN-
MYHECTBEHHO XpPOHNYECKOMY BHEIIHEMY M BHYTPEHHEMY
00/Ty4eHHUIO B LIMPOKOM AMarnasoHe fo3. [lo HacTosIero
BPeMeHY JCCIIeJOBAHNUIT BIMSAHMA MHKOPIIOPALMN ILTY-
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MatepnanoM [yisi MCCIENOBAHVS SIBUIACh KOropra
paboTHMKOB 1948-1958 rr. HatiMa (1901-1940 romoB poXx-
IeHVsI) C M3BECTHBIM COfiep)KaHueM ITyTOHMsI-239 B op-
raHu3Me, BXOJSILIAsi B COCTaB MeUKO-[031MEeTPUIECKOTO
perucrpanepconana IO «Mask» [10], u mpociexxeHHasA O
2009 ropa. Jons ymepmnx coctasuna 71,2 % cpenn myx-
9iH U 53,3 % cpenu >XeHIH (Bcero — 66,2 %), YTO SIBIIs-
eTCsl JOImyCcTUMbIM i usydenus IDK y jaHHOI KOropTsl
[4]. CBefieHNs 0 [03aX BHEIIHErO raMMa-00/Tyu4eHns Obum
[IO/Iy4eHbI B OT/le/ie pajiyialiiOHHON 1 0011eit 6e30macHo-
ctu ITO «Masik» 10 JaHHBIM MHUBIUAYaTbHOTO GOTOKOH-
tposns [11]. laHHBIe IO MHKOPHOpALMYU MIyTOHM-239 B
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opraHusMe ObIIM IIOJTYYEHBI B JO3VIMETPUIECKOM OTHeTIe
IOYp/b® Ha ocHOBe [O3MMETPUYECKON CUCTEMBI «[]03bI
2008», pa3paboTaHHOII B paMKaX POCCUIICKO-aMepUKaH-
CKOTO coTpymHm4ecTBa [12]. PacmpeneneHue HakoIIeH-
HBIX 703 BHEILIHEro raMMma-o0mydeHys M MHKOPIIOpaluu
Iy TOHMA-239 B OpraHM3Me BO BCell KOrOpTe U B CyOKO-
ropTax yMepIIux 1 KuBbix paboTHnkoB [10 «Masik» 65110
IpefcTaBieHo panee [9].

CseleHMs 0 MpUYMHAX CMEPTU U APYyTHe XapaKTepu-
CTMKM YMepIIVX JINI ObIIM HMOTydeHbl 13 Perncrpa mpu-
unH cMepTn Hacenmenns Osepcka [13], a Takxe u3 menn-
LMHCKOJT U apXMBHOIT fOoKyMeHTaluu. [leMorpaduaecknit
aHamu3 BKMoYaa usydenue IDK B BbifieneHHON KOropTte
pabOTHUKOB B 3aBUCUMOCTHM OT VHKOPIIOpALMU IITyTO-
HKA-239, BO3pacTa CMePTU M IIOKas3aTelsA CMEPTHOCTH,
T.e. uncna cnydaes cveptu (YCC) Ha 10° yenmoBeko-met
HaO/MIoeHNs BO BCell KOTOpTe, BK/IIOYAIOLIel yMepIINX U
JKUBBIX, 10 popmyre:

YCC na 105 yen.-net = YHCC/YYJ1x100000,

rie: UYCC - 4mcno crmydaeB CMepTH 3a Hepuop Habmo-
meHusi oT Havyana paborel go 2009 roma; YYJI - umcno
Ye/I0BEKO-JIET HAaOIOIeH .

AHanmm3 TpOBOAMICA A OITYXOJEBBIX (3/I0KauecT-
BeHHble HOBOOOPa30BaHMA) ¥ HEOIYXOJIEBBIX HPUYMHAX
cmeptu (mo MKB-9) ¢ yueToM opraHoB OCHOBHOTO (J1er-
KUe ¥ IeYeHb 3a VCK/IIOUYEHNEM CKeleTa) M HeOCHOBHOTO
(mpyrue opraHbl) JelOHMpOBaHMA pafnoHyKupa. Kpome
TOrO, ObITa IpoBesieHa ojeHKa [DK paGoTHUKOB ¢ yueToM
BO3pacTa HailMa Ha pabory. Takoil IIOAX0/ NMeeT BaKHOe
3HaYeHMe, T.K. IMEHHO C BO3pacTa HailMa Ha paboTy U Ha-
YIHAETCs U3y4eHMe KOTOPThl pabOTHIKOB, 3a IpefenaMin
KOTOPOIT OCTAITCS HeMorpadudeckie CoObITHs Ipefiie-
CTBYIOLIETO Iepuofia B MCXOfIHOI momynsauuu. Tak, ecin
COIVIACHO TAOIMIIAaM CMEPTHOCTM IIEPElNCU HaceleHNs
Poccun 1959 ropa oxxnpaemas IDK npu posxneHnn y Mysx-
YIH U KeHIIWH cocTaB/Ana 62,8 u 71,1 rofi, To B Bo3pacre
24 ropma - 44,1 u 51,7 coorBeTcTBeHHO [14]. B KOHEUHOM
cuére, pacuetHaa IDK, kak cymma 24 jieT 1 o>xmupgaeMoit

Tabnuya 1

IDK pns ganHOTO BO3pacTa cocrasisana 68,1 u 75,7 et co-
OTBETCTBEHHO, YTO IIPUMEPHO Ha 5 jeT 6osble.

CraTucTuyuecKkuil aHan3 JaHHBIX IPOBOAN/IN C IIOMO-
mpio nporpammbt STATISTICA 10.0.

Pesynbprarhl MccenoBanmsa u 06CyKaenne

PaHee ObITIO YCTAHOB/IEHO, YTO B KOTOPTE pabOTHNUKOB
ITO «Masix» 1948-1958 rT. HaliMa HaMOOIBIIYIO JOCTOBEP-
HYIO TIOJIOKUTE/IbHYI0O KOPPEIALMOHHYI0 CBA3b BO3pacT
cmeptn, T.e. IDK, umen ¢ BospacTom HaiiMa Ha pabory,
MEHBIIYI0 — C MHKOpIIOpalyeil INyToHnA-239 1 He ObUI
CBA3aH C HAKOIUICHHOJI 10301 BHEIIHEro raMMa-o0myuye-
Hus [9]. IIpu saToM copep>kaHue ITyTOHNA-239 He VIMeTIO
CYLIECTBEHHOM CBSI3YM C HAKOIIEHHON MO30J BHELIHETO
raMma-o0/TydeHusI.

[l panbHeliinero aHaau3a CyOKOropTa yMepInx
OblTa IOfpasfeNieHa Ha 5 IPAaKTUYECKV OJfTHAKOBBIX
rpynn (n = 468-469) B 3aBUCHMOCTY OT YPOBHSI COJEp-
JKaHUs IIyTOHMs-239. JJamee 9Tu Tpymbl ObIIN MOfpas-
Ie/leHbl Ha TeHfiepHble moarpynnbsl. Kak BugHo us tabm. 1,
C yBeIMYEHMEM COMIep)KaHMs IUTyTOHMA-239 B OpraHms-
Me HaO/MIONaloCh CHIDKEHME CpPeHero BO3pacTa CMep-
T, T.e. cokpautenre IDK kak y mMyx4muH (MakcuManabHO
Ha 5,2 JIeT), TaK M y >KeHIIMH (MaKCMMajbHO Ha 6,9 JeT).
YuuThiBas CyleCTBEHHYIO CBA3b BO3pacTa HaliMa Ha pa-
60Ty ¢ Bo3pacToM cMepTy, OblIa Takke onpeneneHa IDK
mmocsie Havanma paborsl (kak pasHuia mMexpy [DK u Bos-
pacToM HaliMa), KOTOpas CHIDKanach C yBeMTMYEHNEM CO-
Hep>KaHys IUTyTOHUSA-239 B opraHmsMe (MakCHMalTbHO
y MYXXYUH Ha 6,6 JIeT U y >KeHIIuH Ha 7,7 net). Cremyer
OTMETHUTD, YTO COITACHO [JaHHBIM IIepelycH HaceleHus
Poccuiickoint @epepanym 1959 1., oxxugaemas IpOROIIKI-
TENBHOCTD IPEACTOsIIelT )XM3HM B HAOMIOaeMOM [ua-
I1a3oHe BO3pacTa HaliMa Ha paboTy ot 24,2 mo 25,6 neT y
MY>K4YVH ¥ OT 24,8 1o 25,6 1eT y )KEeHIUH COCTABIIANA OT
43,9 n 42,7 net y my>xunH 1 ot 50,9 go 50,2 ner y >KeH-
IIVH COOTBeTCTBEHHO [14]. ITpu aTom pacuernas IDK, kak
CyMMa Bo3pacTa HaiiMa u oxxmpaemont IDK mia manHoro

Coxpanienne npopgomxurensHocty >xusun (IIK) B cybkoropre ymepuux paboTHIKOB ¢ pa3HBIM COAepKaHUeM
IIYTOHMA-239 B OpraHmusme

Tpynnsi 1o conepxa- Cokpaiuenue | Bospact Haiima | IT2K nocie Havya- Coxpamenue TK
HUIO TUTYTOHUS-239 n Ton poxneHus ITXK, ner K. et HA DABOTY. JIeT 18 DAGOTHL. JIeT TocJIe Havaa
B opraHusme, Kbk ’ paboty, P ’ paboThI, JeT
MyxunHbl (n = 1739)
1-a: < 0,200 313 1925,5 69,6 + 0,54 - 24,2 + 0,32 45,4 + 0,48 -
2-s1: 0,200-0,525 362 1925,6 67,7 + 0,49 1,9 24,4 +0,33 43,3 + 0,45 2,1
3-5:0,526-1,070 350 1925,5 67,2 +0,50° 2,4 24,2 +£0,29 43,0 + 0,464 2,4
4-s1:1,071-2,710 354 1925,1 66,7 + 0,52°¢ 2,9 24,7 + 0,32 42,0 + 0,504 3,4
5-1:> 2,710 360 1922,84 64,4 + 0,584 52 25,6 + 0,34¢ 38,8 + 0,554 6,6
Kenmumnel (n = 604)
1-s1: < 0,200 155 1926,4 74,6 £ 0,66 - 24,8 £ 0,44 49,8 £ 0,58 -
2-51:0,200-0,525 107 1925,6 73,4+ 0,86 1,2 25,4+ 0,53 48,0 + 0,732 1,8
3-1:0,526-1,070 118 1926,4 72,9 +0,74 1,7 23,7 + 0,47 49,2 + 0,73 0,6
4-1:1,071-2,710 115 1925,6 72,2 £ 0,82 2,4 25,1 +0,51 47,1 +0,77° 2,7
5-:> 2,710 109 1924,04 67,7 + 1,19¢ 6,9 25,6 + 0,49 42,1 1,164 7,7

[pumeyanye: 37ech 1 jasiee OTMeUEHbI JOCTOBEPHBIE PA3IMHUNSA C epBoit rpyTImolt: * - p < 0,05;* — p < 0,01; € - p < 0,001; ¢ - p < 0,0001-0,00001
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Tabnuya 2

Coxpaigenne npogomxutensHoct xusun (IIK) Bo Bceit koropre paGoTHUKOB (yMepIINX ¥ )KMBBIX) C Pa3HbIM
copep;KaHueM NIyTOHUA-239 B opranusme

Tpynnsl o conepxka- Coxpamerme | Bospacr Haiima TTK nocie Coxkpartenue [TXK
HMIO TUTyTOHUs-239 n Ton poxnenust I2K, net LK, et Ha paboTy, JIeT Havasa paboThl, rnocJje Havyajaa
B opraHusme, Kbk JIeT paboThl, JIeT
MyxuuHbl (n = 2414)
1-s: < 0,200 504 1929,8 70,8 + 0,36 - 22,9 + 0,23 47,9 £ 0,34 -
2-s1: 0,200-0,525 520 1929,8 69,4 + 0,38 1,4 23,4+0,25 46,0 £ 0,37¢ 1,9
3-51: 0,526-1,070 488 1929,1 68,8 + 0,40°¢ 2,0 23,3 +0,24 45,5 + 0,394 2,4
4-51:1,071-2,710 466 1928,6 68,5 + 0,44 2,3 23,8 £ 0,26 44,7 + 0,444 3,2
5-5: > 2,710 436 1926,64 66,6 + 0,544 4,2 24,9 + 0,30 41,7 + 0,554 6,2
Kenmmuer (n = 1062)
1-s: < 0,200 251 1927,9 75,6 £ 0,45 - 23,6 £ 0,32 52,0 + 0,42 -
2-s1: 0,200-0,525 195 1927,7 75,1 £ 0,54 0,5 23,7 £ 0,36 51,4 £ 0,50 0,6
3-51: 0,526-1,070 209 1927,4 75,2 + 0,50 0,4 23,2+0,31 52,2 +0,49 0
4-51:1,071-2,710 201 1926,9 75,0 £ 0,55 0,6 23,9 £ 0,34 51,1 £ 0,56 0,9
5-1:> 2,710 206 1926,2¢ 72,9 +0,75P 2,7 23,9 +0,32 49,0 £ 0,80¢ 3,0

[Tpumeuanue: O603HaUEHNUS Te XKe, YTO U B Tab/. 1

BO3pacTa, Kojebanach oT 68,1 10 68,3 JIeT y My>K4MH 1 OT
75,7 mo 75,8 €T y XKeHIINH, T.e. OblIa IPAKTUYIECKYU OfU-
HakoBoIi. [Tpu ananuse coxkpamenns I[17K Bo Bceii koropte
pabOTHUKOB (YMepILINX U XKUBBIX) B 3aBUCUMOCTH OT CO-
AepXXaHusl IUTYTOHUS-239 OBIIO YCTAaHOB/IEHO CHIMKEHUe
IDK (mMakcumanbHO Ha 4,2 Tofa y My>KYMH U Ha 2,7 Tofia y
xenmnH). Takoe cokpamtenne IDK mocne Havamna paboTer
BO BCell KOropTe pabOTHUKOB COCTaBUIO 6,2 JIET ¥ MYXX-
4yuH u 3,0 roga — y >KeHIMH (Tabm. 2). CrenmyeT OTMETUTD,
4To apdpexT coxpamenns IDK B rpynmax My>XUuH ¥ )KeH-
IMH C HaubOJbllIeil MHKOpIopanueil mIyToHus-239 Ha
CaMoM Jiefie sIB/IseTCsl 6o/mee BhIPaKEHHBIM, T.K. IIPENCTa-
BUTEV 3TUX IPYIIIT OTHOCUTEIBHO 1-J1 TPYIIIBI pOAVIINICD
panbile Ha 2,7 u 2,4 roga (yMeme/Ie) u Ha 3,2 u 1,7 roga
(Bcst KOrOpTa) COOTBETCTBEHHO (TabmI. 1 1 2).

Tabnuya 3

IIpu cpaBHeHMM CMepTHOCTM B 4-11 M 5-i1 rpynmax
MY’K4MH ¢ 607Iee BBICOKMM COfiep)KaHmeM Iy TOHMA-239 B
opranusMe (6omnee 1,069 kbk) oTHOCKHTENbHO 1-i1 TpymIBI
BBIAABJIEHO JIOCTOBEPHOE NOBbIIIEHNE JAHHOTO ITOKa3aTesis
PV BCEX OIYXOJIEBBIX IPUYMHAX CMEPTHU, KOTOpOe ObIIO
00YCIOB/IEHO, KaK BUIHO U3 TA0I. 3, MCK/TIOYNTE/IBHO IOBBI-
LIeHNeM CMEePTHOCTU OT OIIYXOJIeBOIl IIaTOJIOTMU OPTaHOB
OCHOBHOTO JIETIOHMPOBaHMA pafinoHyKmnaa. CMEpTHOCTh
TIpY BCEX HEOITyXOJEBBIX NPUYMHAX Y MY>X4IUH 3-11 U 4-11
TPYII OBUIM JOCTOBEPHO MOBBILIEHDI, @ B 5-11 TPyIIIe He
VMY CYIIeCTBEHHbIX oTanynmit. [Tpu sTom, Kak BUIHO U3
Tab71. 3, HOBBILIEHVE CMEPTHOCTH B 3-i1 TpyIIIIe OO 00y-
C/IOBJIEHO HEOITYXOJIEBOJ IIATO/IOTMEN OPTAaHOB OCHOBHOTO
11 HEOCHOBHOI'O [eIIOHMPOBAaHMNs, B 4-11 IpyIille — HeOoIly-
XOJIEBOJI T1AaTO/IOTMENl OPraHOB HEOCHOBHOTO JIEIIOHMUPO-

CmeprHOCTD (Ha 10° yen.-net) u Bospact cMeptu (BC, 1eT) mpy 01nyXo/1eBoit 1 HEOIYX0/IeBOll TATOIOTMY B IPYIIIaX
Pa6GOTHIKOB C pa3HBIM COfiepKaHIeM INTyTOHNA-239 B OpraHn3Me ¢ y4eTOM OPIaHOB OCHOBHOTO I HEOCHOBHOTO
AENOHUPOBAHMSA PAUOHYK/IIIA

Ipyrmmbl no cofep)KaHMo IyToHus1-239 B opranmsme, Kbk
I 1-s: < 0,200 2-51: 0,200-0,525 | 3-51: 0,526-1,069 4-51:1,070-2,708 5-s1: >2,708
PVYVHBI CMEPTH - - S 5 -
Ha 10 BC, net na 10 BC, ner na 10 BC, ner na 10 BC, et na 10 BC, ner
YeJl.-JIeT YeJL.-JIeT YeJI.-IeT YeJl.-7IeT YeJ1.-1eT
My>XunHbI
Omnyxornesble 376,9 68,2 455,7 66,3 4549 65,8 542,5° 66,2 880,04 62,7¢
JIerkux i Tedent 107,7 64,7 138,0 65,3 139,6 66,5 216,0 65,5 511,54 62,8
JIpyrux opraHos 269,2 69,6 317,7 66,7 315,3 65,5 326,5 66,7 368,5 62,7
Heomyxornesble 919,6 70,2 1057,7 68,2 1121,42 67,7° 1157,02 67,0 1100,0 65,1¢
JIerKux u Tie4eHn 33,1 70,1 46,0 72,8 72,1 66,8 57,6 71,0 99,02 64,4
JIpyrux opraHos 886,4 70,2 1011,7 67,8 1049,4 67,8 1099,4* 66,8 1001,0 65,1
Bce nmpuunubt 1296,5 69,6 1513,42 67,7° 1576,3* 67,2¢ 1699,5¢ 66,7°¢ 1980,14 64,44
YenoBeKo-1eT HaOMomeH s 24142 23920 22204 20830 18181
JKenmmnnst
OmnyxoneBble 298,8 71,5 279,4 70,0 284,1 70,5 272,6 64,6° 475,5% 62,3¢
JIerkux u medeHmn 23,0 72,3 20,0 82,5 0 - 87,6* 65,4 336,84 61,6
JIpyrux opraHos 275,8 71,4 259,4 69,0 284,1 70,5 185,0 64,2 138,72 65,0
Heomnyxonesbie 888,8 75,6 788,2 74,6 797,4 73,7 847,0 74,6 604,3% 72,0%
JIerKux u meyeHn 23,0 73,3 49,9 68,8 27,5 69,3 29,2 72,3 79,3* 62,3
JIpyrux opraHos 865,8 75,7 738,3 74,5 769,9 73,9 817,8 74,5 525,1¢ 72,0
Bce npuunHb 1187,6 74,6 1067,5 73,4 1081,6 72,9 1119,7 72,22 1079,8 67,7¢
YenmoBeko-yeT HabMogeHns 13052 10023 10910 10271 10094

IIpumeyanue: O603Ha4eHNs Te 5Ke, YTO U B Tab. 1
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BaHMA. B IIeToM CMEPTHOCTb IpM BCEX NMPUYMHAX JOCTO-
BEPHO IOBBIIIA/INCH BO 2—5-11 TPYIIIIAX 110 HAPACTAIOLIEN C
yBeIM4eHreM MHKOPIIOPALMY [Ty TOHUA-239.

Y JKeHIIMH IO CPaBHEHMIO C MY>XYMHAMM VMIMETNCh
HEeKOTOpble 0COOEHHOCTH, B YaCTHOCTI JOCTOBEPHOE I10-
BbIILIEHME CMEPTHOCTYM IIPM OIyXOJ/I€BOJ IAaTONOTUM Ha-
6/110[1a/10Ch TONBKO B 5-11 rpynne. OCHOBHOI BKJIafl B 3TO
IIOBBILIEH)E BHOCK/IA OIYXO/IeBasg IIATONOTMA OPraHOB
OCHOBHOTO JI€IIOHMPOBAHMUA IITyTOHMUA, a BKJIaJ, OIyXO-
JIEBOJI TTaTOIOTMY OPTaHOB HEOCHOBHOTO JIEIIOHMPOBAHUSA
IPU 9TOM JJOCTOBEPHO CHIDKajcs (Tabm. 3). [loBeiinenne
CMEPTHOCTH IIPU OITyXO0JIEBOJI IIATOJIOTMY OPTaHOB OCHOB-
HOTO [eIIOHMPOBAHMA Y JKEHIUH 4-i1 TPYIIIIbl HE IPUBO-
IWIO K YBEIMYEHNIO CMEPTHOCTH IIPY BCEX OIYXONEBBIX
IPUYMHAX BCIEACTBME OTHOCUTENTLHO MEHDBUIErO BK/Iafia
OITyXOJIEBOJ MAaTOJIOTMM APYTUX OpraHoB. JlocToBepHOe
CHIDKEHME CMEPTHOCTH IIPY HEOITyXOJeBON IATONIOTUI B
5-J1 Tpynne >KeHUMH, HECMOTPA Ha €€ JJOCTOBEPHOe IIOo-
BBIIICHJE B OPraHaX OCHOBHOTO IEIIOHMPOBAHUS, ObLIO
00YC/IOB/IEHO ee 3HAYMMBIM CHIDKEHHEM B OpraHax Heoc-
HOBHOTO JIEIOHMPOBaHMA. BcnencTaue aToro, Tak e Kak
¥ IIPY OITyXOJIEBBIX IIPMYMHAX, CMEPTHOCTD ITPY BCEX IIPU-
YMHAX CMEPTM B JAHHOJ TPYIIE HE MMea OTYETIMBBIX
pasmuuuii oT ocTanbHbIX rpynm. Ilo-BupuMomy, Takyro
CUTYaLIMIO MOXXHO OOBACHUTD TeM, 4TO B 5-11 IpyIIIle 3Ha-
4NTENbHO OOJIbINAsk OIS XKEHIIVMH yMep/ia B Goree paH-
HeM BO3pacTe OT 3JI0KaYeCTBEHHBIX HOBOOOpa3OBaHMIL
OpPraHOB OCHOBHOTO JIETIOHMPOBAHNA, HE JOXNUBAas, TAKUM
00pasomM, [0 MATOTOIMM OPraHOB HEOCHOBHOIO JIEIIOHM-
poBaHus, peanusyoleiica, Kak BUIHO U3 Tab/L. 3, B 6onee
HO37THeM Bo3pacTe. Takke ceflyeT OTMETUTD, 4TO BO3PaCT
CMEepTH IIPY OITyXOJIEBOVI ITATOJIOTUN Y MY>K4VH U JKEHIVH
ObUT O/IM3KVMM B OT/IMYME OT HEOITyXO/IeBOII IIATOJIOT .

B ormmume oT cMepTHOCTH, Y pabOTHUKOB Oblla OT-
Me€YeHa ONHOTHUIIHAA AVHAMMKa JIl CPEIHEro BO3pacTa

Tabnuya 4

CMepTH, KOTOPBIN CHYDKAJICA C YBeNMYeHNEM VHKOPIIOpa-
VM IUTyTOHMA-239 Py BCeX aHAM3UPYEMBIX MPUYMHAX
CMepTU. DTO CHIDKEHNME OTMEYasIoCh y>Ke IIPU COJepiKa-
HUM PafMoOHyKIuAa B opranmsme 6omee 0,200 xbx mpu
HEOIyXOJIEeBBIX 11 BCeX NPUUYNMHAX Y MY>K4uH (2-51 rpymmna)
u 6omee 0,525 xbx mpym Bcex NMpUYMHAX Y SKeHIIMH (3-51
rpymmna). BaXHO OTMeTHTB, YTO B OT/INYUE OT CMEPTHOCTH,
KOTOpasI He IOBbIIIAIACh IIPU OIYXOJIeBOJ TaTOIOT UM Op-
IaHOB HEOCHOBHOTO JIETIOHMPOBaHMA IIJTyTOHUA U B MEHb-
1I1eil CTENEHN TOBbIIIAIACh TPV HEOMYXO/IEBbIX MPUYMHAX
CMepPTHU, CPEIHMIT BO3PACT CMEPTH, KaK IPU BCeX OIyXO-
JIEBBIX, TaK M IIPY BCEX HEOITYXOJIEBbIX IPUYMHAX CMEPTH,
cukancsa (Tabm. 3).

Pesynprarel ojeHKN abcomoTHOrO cokpamtenns TDK
IpY BCeX IpPUYMHAX CMEPTU BO 2-5-if Ipymmax pabort-
HJMKOB OTHOCUTE/NbHO 1-71 TPYIIIbI, IPUHATON B JAHHOM
ClIy4ae 3a HeKUIl CTaH/IapT, CBUJIETE/IbCTBYIOT O HOBOIbHO
MOHOTOHHOM cHIDKeHun IDK Bo 2-4-it rpynmax u 6onee
PEe3KOM CHIDKEHUM B 5-J1 IpyIIe, KaK y MY)X4MH, TaK U y
keHIIMH (Ta6m. 4). [Ipu 9TOM MaKcUManbHOe CHIDKEHUe
IDK, uMmeloliee BbIpa)KEHHbIE I'€HJEPHbIE OCOOEHHOCTH,
Hab/TI0[aTI0Ch IIPY OITyXOJIeBBIX IPMYMHAX cMepTH (5,5 et
y MY>X4MH 1 9,2 JIeT Y >KeHIIVH) TI0 CPaBHEHUIO C HEOITyX0-
neBbIMYU IpryMHAMU (5,1 €T y My>K4MH 1 3,6 JIeT y KeH-
myH). Begymeit xommonenroit camkenus DK y myx-
4yH Obl/Ta ONyXOJIeBasl AaTOJOTYsI OPraHOB HEOCHOBHOTO
JENOHMPOBAHMUA, @ Y >KEHIIMH, HAllpOTUB, — IIATONOTNUA
OpraHOB OCHOBHOTO JlerloHMpoBaHusA. Uro Kacaercs He-
omyxoseBoro cHipkeHuda IDK, To KaK y My»)X4MH, TaK 1 y
JKEHIIVMH Befyllell KOMIIOHEHTOl Obl/la IIaTONIOIMs Opra-
HOB OCHOBHOTO [IEIOHMPOBaHMA. B 3axmouenue cuemyer
0c060 otMeTuTh TOT BaKT, 4To cokpauierne IDK, cssan-
HOe ¢ MHKOpIIOpalelt IIyToHuns-239, Hab/Io[anoch mpu
BCeX aHA/M3MPYEMBIX IPUYMHAX CMEPTH.

CokpaleHne NpOKO/DKUTETBHOCTI KU3HM (71eT) IPU OIyX0/IeBOI ¥ HEOITyX0/IeBOIl IIATOIOTH B TPYIIIAX yMEPIINX
Pa6OTHUKOB ¢ pa3HBIM COiep>KaHIeM IUTYTOHNA-239 B OpraHn3Me ¢ y4eTOM OPTaHOB OCHOBHOTO I HEOCHOBHOTO
JEeNOHUPOBAHNA PAJUOHYKINA

Ipynmsl o comep)KaHnio miIyToHusi-239 B oprannsme, Kbk
IIpuumnbl cmepT
l-s: <0200 | 2-1:0,200-0,525 | 3-2:0,526-1,069 | 4-s1: 1,070-2,708 5-51: >2,708
My>KUMHbL
OmnyxoneBbre: 68,2 et -1,9 -2,4 -2 -5,5
Jlerkux u nevyeHn 64,7 net +0,6 +1,8 +0,8 -1,9
JIpyrux opranos 69,6 et -2,9 -4,1 -2,9 -6,9
Heonyxonesbie: 70,2 et -2,0 -2,5 -3,2 -5,1
JlerKux u reyeHmn 70,1 et 2,7 -3,3 -0,9 -5,7
Jpyrux opranos 70,2 et -2,4 -2,4 -3,4 -5,1
Bce npuannb 69,6 et -1,9 -2,4 -2,9 -5,2
JKeHumupr
OmnyxoneBbre: 71,5 net -1,5 -1,0 -6,9 -9,2
JlerKux u reyeHmn 72,3 net +10,2 0 -6,9 -10,7
Jpyrux opranos 71,4 net -2,4 -0,9 -7,2 -6,4
Heonyxonesbie: 75,6 et -1,0 -1,9 -1,0 -3,6
JlerKux u revyeHmn 73,3 net -4,5 -4,0 -1,0 -11,0
Jpyrux opranos 75,7 net -1,2 -1,8 -1,2 -3,7
Bce npuunnbt 74,6 net -1,2 -1,7 -2,4 -6,9

HQI/IMG‘{&HI/IC: HPC)ICTaBHeHbI a0COMIOTHbIE OTINYMA B TIPOAOIKUTENbHOCTI XM3HN pa6OTHI/IKOB 2-5-11 TPYyIII OTHOCUTENIPHO IPOAO/DKUTENDPHOCTU JKU3HN

B 1-it rpyme
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Tabnuya 5

CooTHolIeHNEe JMTHAMUKY CMEPTHOCTH ¥ BO3pAacTa CMEPTH IIPH ONYX0/IEeBOI I HEOIyX0/IeBOJl IAaTOIOT UM B
5-if rpynne pabOTHIKOB C Pa3HBIM COfepKaHUeM IUTyTOHUA-239 B OpraHu3Me ¢ y4eTOM OPTaHOB OCHOBHOTO
¥ HEOCHOBHOTO IeNIOHNIPOBAHNA PaJUOHYKINA

Tprausst cvepti My>KUMHBI JKenunupl
CMepTHOCTD BospacT cmeptin CMepTHOCTD BospacT cMepTi

Omnyxoresble: TToBbImeHa CHIDKeH IloBbiieHa CHIDKeH

JIerkux u rnevyeHn TloBbImeHa CHIDKeH IToBblieHa CHIDKeH

JIpyrux opraHos He noBbiena CHIDKeH He moBbimena CHIDKeH
Heonyxonesbie: He noBpimiena CHIDKEH CHipKeHa CHIDKeH

JIerkux u rne4eHn TloBbImreHa CHIDKeH IToBbliieHa CHIDKeH

JIpyrux opranos He nosbinena CHIKeH CHIKeHa He camxen
Bce npuunHb TloBpiiieHa CHIDKEH He noBsiirena CHIKeH

HQI/IMC‘{aHI/Ie: IIpeACTaBAEHDbI OTINYINA 5-1 TPpyIIIbl OTHOCUTEIbHO 1-i TpyIIIIbL

TakuMm 06pasom, pesynbTaTbl IPOBEJEHHOTO MCCTIe-
TOBaHUA CBUMIETENbCTBYIOT O cokpaumeHun IDK y pa-
6otHrkoB 10 «Masik», MOABEPrUIMXCSA MHKOPHIOPALIMU
wiytounsa-239. C pemorpadudeckoil TOYKYM 3peHMs B
ocHoBe cokpamenusa ITJK nexar pgBa mpoliecca: MmoBbI-
IIeHHas CMePTHOCTb U CHIDKEHNe BO3pacTa CMepTH, T.e.
IpeXjeBpeMeHHas CMEPTHOCTb. DTU IBa Ipoliecca, Kak
BUJHO 13 Tabn. 5, He B3auMocBs3aHbl. Ha pasmmums B
AVHAMMKe JIBYX MPOLIeCCOB IIPU HOBOOOPA30BAHMAX yKa-
3BIBAIOT JJaHHbIe PoccTaTa, cormacHo kKotopsiM ¢ 2005 1o
2013 rr. koo puIeHT CMEPTHOCTHU Y HaceneHus Poccuu
HpaKTUYecK! He MeHAnuch (232,6-237,7 y MyX4uH u
171,5-178,0 y >xeHuyH Ha 100 TbIC.), @ BO3PACT CMEPTH II0-
BBICWICA Ha 3,2 u 2,8 j1eT cOOTBeTCTBeHHO [15, 16]. Takag
CUTyalus ABUIACh OCHOBaHMEM IJIs pa3paboTKI METOM-
YeCKOTo MOAIXOfia K OLleHKe BK/IaZla CMEPTHOCTH U BO3pac-
Ta CMePTU B IMHAMUKY IIOTEPAHHBIX JIET IOTEHIMa/IbHO
>KusHY y HaceneHus [17]. TlonydeHHble faHHbBIE IO3BOJA-
10T BBICKa3aTb IIPEANIONIOKEHNE O TOM, 4TO IIpeXHeBpe-
ME€HHasl CMEPTHOCTDb IpU MHKOPIOPALMM IUTYyTOHMA-239
SIBJIsIeTCA He MeHee 3HauMMbIM (akTopoM cHipkeHus TDK
y paboramkoB I1O «Masik», 4eM IOBBILIEHHAs CMePT-
HOCTb. Pagymeercs, uro y orgenbaoro nugusupa IDK co-
OTBETCTBYET er0 BO3PacTy CMEPTH, OfIHAKO, Ha TPYIIIOBOM
WK HomyriAnuoHHoM ypoBHAX DK sABnaseTca ntorospim
pesy/IbTaToM CMEPTHOCTH 1 BO3pacTa CMEPTHU.

CrefiyeT OTMETUTD, YTO HAOTIOAEMO€e Y MY>XUUH Me-
Hee BbIPaKEHHOE CHIDKEHIE BO3pacTa CMEPTH IIPH OITyX0-
JIEBOJI TIaTOTIOTMM OPTaHOB OCHOBHOTO JENOHMPOBAHMNA,
U TIpeX/Jie BCETo JIETKMX, MOXKeT OBITb CBSA3aHO C BHICOKOI
pacIpocTpaHeHHOCThI0 KypeHus (0T 76 1o 83 %) B BbIjje-
JIEHHBIX TPYIIIaX IO IUTyTOHUIO, KOTOPOE, KaK M3BECTHO,
SIB/IIETCS BeLyLIMM (paKTOPOM PUCKa paKa JIeTKOTo B JaH-
HOJ1 TeH/IepHOII IpyIIie HaceseHus [18].

Menee BbipaxenHoe cHIpKeHue IIDK Bo Bceit korop-
Te pabOTHMKOB (CM. Tabl. 2) MOXKHO B M3BECTHOI Mepe
paccMaTpuBaTh KaK pe3ylIbTaT OTHOCUTEIBHO OOJIblieil
Painope3NCTEeHTHOCTH U, CTIeflOBaTe/IbHO, BBKMBAEMOCTI
OCTABILVXCS B )KMBBIX pabOTHIUKOB. Tak, cpefHmit BO3pacT
B 9TOJl CyOKOropre Ha MOMEHT HAOMIOfEHMSI COCTaBUI
73,6 + 0,19 et y my>xumH u 78,0 + 0,18 j1eT - y >KeHILMH,
T.e. ObUI CyiiecTBeHHO BbIuIe (p < 0,001), yeM y yMepuimx
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(67,1 £ 0,24 1 72,5 + 0,39 n1eT cooTBeTCTBEHHO). [Tpn aTom
BO3pACT HailMa Ha pabOTy y >KMBBIX OKA3a/ICs JOCTOBEP-
Ho Hke (21,0 £ 0,12 u 21,9 + 0,15 71eT COOTBETCTBEHHO;
p <0,001), yemy ymepiunx (24,6 +0,14 1 24,9 £ 0,22 j1et co-
oTBeTCcTBeHHO). PacueTnas ITXK ¢ yueTom Bo3pacra HaliMa
Ha paboTy y yMeplInx pabOTHUKOB cocTasisiia 69,2 et y
MY>K4MH U 75,6 JIeT ¥ >KeHIIMH, TOIfla KaK y XKUBbIX OblTa
HeCKO/IbKO HinKe (67,8 u 75,4 71eT COOTBETCTBEHHO), YTO
XOPOIIIO COBIIAZIAeT C ieMOrpapuuecKUMI MpefiCTaBIeH -
SIMI O TOM, YTO JIAIA, JOXKMBIINE 0 60JIee cTapIuero Bo3-
pacTa, JO/DKHBI MeTh B LjerioM 6osbinyo TDK.

bonpuioit mHTEpEC BBISHIBAIOT NMPUYMHBI CHIDKEHNA
IDK 'y paboraukos ITO «Mask». Eciu moBbImeHe cMepT-
HOCTM TIpM OITyXOJIEBOJ IATOJIOTMM OPTraHOB OCHOBHOTO
[eTIOHMPOBAHYS ITYTOHUS MOXKHO OOBSCHUTD €r0 MyTa-
T€HHBIM ¥ SIUTe€HEeTUYEeCKUM KaHIIepOT€HHBIM JIeliCTBIEM
[19, 20], TO CHIDKeHMe BO3pacTa CMEPTH IIPY OIIYXOIEBOIt
MaTOIOTUM OPTaHOB HEOCHOBHOTO IEIOHMPOBAHUA U IPU
HEOIyX0/IeBOII [TATO/IOTUY BOOOIIle, IT0-BUIMOMY, CBsI3a-
HO C PaJIIOTOKCUYECKUM JIefICTBMEM IITyTOHUA Ha MHOTHE
OpraHbl U CUCTEMbI OPraHM3Ma, KOTOpOe B 3HAYUTETIbHOI
CTeIleH!U peayn3yeTcss B Oojee cTaplleM BO3pacTe, T.e. B
mpolecce cTapenus [6, 7, 21].

B Hacros1eM nccIeOBaHNM OCYIIeCTBIIANICA CTaTUY-
HBIii TIO/IXO/J, IIpY KOTOPOM IIPOBOJIM/IACH HETIOCPE/ICTBEH-
Hast ouenka DK, ¢ukcupyromas 41cio MpoXUTHIX JIeT.
ITony4eHHbIe pe3ynbTaThl CBUMIETENBCTBYIOT O IIETIECOO-
OpasHOCTM NPOJO/DKEHMS MCCIEOBAHNs Ha OCHOBE II0-
TEHLIMAJbHOTO IIOfIXOfa — OLEHKM IIOTEPAHHBIX TOJOB
noreHuyanpHoit xusun (IITTDK) - potential years of life
lost (PYLL), T.e. umcra feT, He JOXKUTBIX O HOPMATUBHOTO
BO3PACTHOTO IIpefie/Ia, Ha3bIBAeMOr0 YKM3HEHHbIM IIOTEeH-
LIMaJI0OM, U JUHAMMKM YMC/Ia He JOXKUBIIMX JIO OIPefie/IeH-
Horo Bospacta [20]. B mocrenHue roppl mOTeHIMaIbHbIE
nokasarenu IDK Bce mmpe u mmpe NpuMEHAIOTCA B MeM-
IuHe Tpyaa [23, 24].

BriBombl

1. C yBennyeHneM MHKOPIOpALUy ITyTOHUA-239 B
opranusMe yMmepuux paboraukos I1O «Mask» npoucxo-
IOUT COKpallleH!Me IPOMO/DKUTETbPHOCTY >KM3HU B 11€10M
Ha 5,2 Tofla y MY>K4YMH U Ha 6,6 rofia y >KeHIJH, a I10CJIe
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Hayajia paboTbl — Ha 6,9 JIeT y MY>K4MH 1 Ha 7,7 JIeT Y >KeH-
mwuH. Bo Bceil xoropre (kMBble ¥ yMeplilye) CHIDKEHIE
IPOJO/IKUTETBHOCTH XXU3HY OBITIO MeHee BBIPaKEHHBIM U
cocTaBuIo 4,2 TOfla Yy MY>KYMH U 2,7 TOfia y )KEHIMH, a I10-
crie Hayasa paboThl — COOTBETCTBEHHO 6,2 nteT 1 3,0 roxa.

2. CokpalleHre IpOROKUTETbHOCTY XKU3HY IIPY MH-
Kopropauny IIyToHus-239 B koropre padorHukos 11O
«MasAK» onpepensaeTcsa He TONbKO MOBBIIIEHNEM CMEPTHO-
CTU TIPU OIIyXOJIEBOJ IIATOJIOTUM OPTaHOB OCHOBHOTO Jie-
MIOHVMPOBAHMA PAJVIOHYK/IN/A, HO U CHYDKEHVEM BO3pacTa
CMEPTH NIPYU OITyXOJIEBOJ IATOIOTUM OPTaHOB OCHOBHOTO
I HEOCHOBHOTO JIENIOHMPOBAaHNA PafVIOHYK/IN[ A Y HEOIIY-
XOJIEBOJ TIaTOIOT UM B 1I€IOM.

3. Ilokasarenb COKpaljeHUsA IPORO/DKUTETBHOCTHI
JKUSHU SIBMIsIeTCst 6oree MHOPMATUBHBIM II0 CPAaBHEHUIO
C TPAJVIMIOHHBIMY MTOKa3aTe/AMM PUCKA, T.K. MUHTETPalb-
HO OTpa’KaeT He TOJIbKO ITOBBIIIEHHBIN PUCK CMEPTHOCTH,
HO VM CHVDKEHME BO3pacTa CMEPTH, T.€. IPEeXKAEBPEMEHHYIO
CMEPTHOCTb.
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Abstract

Purpose: Assessment of the impact of Pu-239 incorporation on Mayak workers lifetime based on the analysis of mortality and age in
death at tumor and non-tumor diseases taking into consideration the main and secondary radionuclide deposition organs.

Material and methods: The cohort of Mayak workers hired from 1948 to 1958 with known Pu-239 body burden was included into the
analysis. The cohort comprised 3478 individuals including 2414 men (1739 deceased and 675 alive) and 1064 women (604 deceased and
460 alive). Depending on Pu-239 incorporation the lifetime as integral characteristic of the increased and premature mortality was assessed
based on the analysis of the mortality and age of death in tumor and non-tumor pathology of the main and secondary deposition organs.
Statistical analysis was performed using STATISTICA software.

Results: It was found that with the increase of Pu-239 incorporation in the organism of the deceased workers a decrease of lifetime
occurred by 5.2 years in men and by 6.6 years in women, and after starting work — by 6.9 years in men and by 7.7 years in women. In the
whole cohort the decrease of lifetime was less expressed — by 4.2 years in men and by 2.7 years in women, and after starting work - by 6.2
and by 3.0 years correspondingly. We found the increase of levels of mortality from tumors in males, mainly from malignant neoplasms of
the lung and liver, which are organs of Pu-239 main deposition. For the first time the associated with Pu-239 incorporation decrease of age
at death (premature mortality) was found in case of tumor and non-tumor pathology of main and secondary deposition organs both for
males and females. At that, unlike increased mortality, premature mortality was registered at all studied causes of death as a significant shift

or tendency.

Conclusion: The conclusion was made that increased and premature mortality are two relatively different processes leading to the
reduction of lifetime of professional workers exposed to the incorporation of Pu-239.

Key words: cohort of Mayak PA workers, Pu-239, organs of main and non-main deposition, tumor and non-tumor causes of death, age at

death, employment age, lifetime
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Pedepar

[Tenmb: TeopeTudeckast olleHKa MapaMeTpoB (GyHKIMM pycKa 061Iieil CMEPTHOCTU Ha OCHOBe pacIpefeneHs Beit6y/a u BerancieHme

cpepHero Koo duIeHTa CMEPTHOCTIL.

Pesynprarer: B 061ieM Bupie GyHKIMA paciipee/ie s JUIMTeIbHOCTY XXI3HY OIpefie/ieHa CIIefyIoM 00pa3oM:

e A(f) — GYHKIMA MHTEHCHBHOCTY CMEPTHOCTIL.

R@) =1—exp[—iﬂ(t)dt}

Ilna pacnpenenenns BeitOyma GyHKINA MHTEHCMBHOCTY CMEPTHOCTY ((YHKIMA PUCKA) MMEET CTETIeHHOI BUJ:
M) =M, oot
0

roe AO " Ol — IIapaMeTpbl CTeIlIeHHOW MOJIeJN.

ITocTpoer yHKIMOHA /11 HAXOXKIEHVS METONIOM MaKCHMa/TbHOTO TIPABIONON06s TTApaMeTPOB A, 1 O IPUMEHNTENTHHO K KOHKPET-
HOIT cxeMe Habmonenuit (m cMepTeit 3 N BO3SMOXHBIX cOObITIIT Ha nHTepBate [0; T]), KOTOPBIIT UMeeT CIefYIOLINIL BIUA;:

m N «
L. @) = [ [(otie ™) - TTe™" .

i=m+l

i=1
B pesynbrare Munnmusanyy GpyHKIMOHaTa ObIIN TO/Ty YeHbI 00600611eHHbIE AHAINTIYECKUE OLICHKI IAPAMETPOB Ao 1 oL s GyHKIMM
PMCKa Ha 3a[JaHHOM Iieprojie HabmwoeHus. [IpeioKeH HOBbIIT METOJ CTEIIEHHBIX Y€/IOBEKO-JIET, KOTOPbIl MOXKET ObITh B MEPCIEKTIUBE
aJlaNTMPOBAH K 3a/jayaM paJMallOHHOI aruaemMuornorny. Ha BoiopaHHOM BpeMeHHOM OTpeske Habmogenus [t,,t,] (ipy ycnosun £, > t, u
[t,, t,] = [0; T]) momyuena onenka cpeHero koadduuyenrta cMepTHOCTH A():

A(t) =4,

i

(tz _tl) .

V3 aT0it GOPMYIIBI CTIENYeT, YTO BemuunHa A(t) 3aBUCUT He TOMbKO OT TAPAMETPOB A ¥ OL, HO I OT BEIMUMHBI BPEMEHHOTO OTpesKa (£,
t,), Ha KOTOPOM MPOMCXOAMUT TIPOLECC yCpeiHeHusA. B yacTHOM cmyyae (1ipu o = 1), 3HaueHue cpepHero koadduumuenta cMepTHocTH A(t) =

AO » KOTOpO€ COOTBETCTBYET SKCIIOHEHIIMIA/IBHOMY PaCIIpENEIEHNIO.

BriBoppl: PaspaboTan 06001eHHBIT METOR, OLieHKM K09 duiyenTa 1 GYHKIMM PUCKa 061l CMEPTHOCTY Ha OCHOBE pacIipefie/IeHIs
Beit6ymna. ITonyueHHbIe TeOpETUYECKIE Pe3y/IbTaThl B Ja/IbHEIIIEM MOTYT ObITh MCIO/Ib30BAHbI B 00/IACTH PafMallMOHHO SINIEMIO/IO-

Tnn.

KiioueBbie cioBa: yHKkuus pucka, o0uias cmepmuocmo, pacnpedenerue Beiibynna, crmenenHole 4en06eKo-200bl, Mermoovl OUeHKu

IMoctynua: 16.08.2016. ITpuusita K my6mmkanum: 20.02.2017

BBemenmne

Haunbonee BaXHBIMM XapaKTepPUCTUKAMI IIPYU U3yde-
HIM IIpoliecca 001Iiell CMEPTHOCTH B PA3/IMYHBIX KOTOPTaX
¥y GONBIINX IPYNIIAX HAaCe/IeHNs SABIATCA Koadduiyent
U yHKUMA MHTeHCUMBHOCTY ((PYHKLUMA pPUCKA) CMepT-
Hoctu [1, 2]. C KONMMYecTBEHHO! CTOPOHBI K0addurim-
eHT CMEPTHOCTM A OTIpPENeNAI0T KaK OTHONIEHME YMCIa
Clly4aeB CMepTU K HAKOIUIEHHOJ CyMMe 4YeJIOBeKO-7eT
HaOJIIOfieHNsI B JAQHHOI IPYIIIe HACEMeHNsI; ¢ KadyeCTBEH-
HOIl (COmep)KaTebHOIT) CTOPOHBI CMBICT Koadduumenrta
CMEPTHOCTY — 3TO CPeJHsIsS O/ yMEPLINX B IOf 3a pac-
CMaTpuUBaeMbIil OTPe30K BpeMeHu Habmwopenns. [Ipn 60-
nee 06111eM roaxofe K03 UIEHT CMEPTHOCTH SIBIIAETCS
¢dyHuxumeit BpemeHu A(f), ¥ B 9TOM C/Iydae OH 3aJaeTcs
TaK Ha3bIBaeMOI! PYHKIIMell MHTEHCHBHOCTY CMEPTHOCTH.
B kadecTBe BpeMEHHOI XapaKTePUCTUKI 371eCh MOXKET BbI-
cTymarb HaO/moaeMoe BpeMs HaCTYIUIeHWs HeOmaromnpu-
SITHOTO COOBITHS (CMEPTH) MU BO3PACT.

3agaBas pasnuyHble (GOpMbl (YHKIMM MHTEHCUB-
HOCTY CMEPTHOCTH, MOXXHO ITONTYYUTDb Te WM VHbIE CTa-
TUCTUYECKNE MOJEMN Paclpefe/ieHns IPOfO/DKUTeIbHO-
ctu xusHu. Hanpumep, ecny QpyHKUMST MHTEHCUBHOCTHU
CMepTHOCTM OyfieT COpepkaTh [iBa HEM3BECTHBIX Iapa-
MeTpa, TO CTaTHCTUYeCKas MOJeNb IIPOfOKUTENbHOCTI
JKVM3HM MOXKET OBbITh OIMCaHA C IOMOILBIO pacIpeie/leHns
Tomnepna, Beitbymna nam OMHOMMANIbHOTO 3aKoHa [3].
B mpocreituiem cnydae, korfa QYHKIUS MHTEHCUBHOCTH
CMEPTHOCTM SIB/IAETCA IIOCTOSHHON BEIMYMHON, He 3aBU-
csameit oT BpeMenu A(t) = A, ~const, 3aKOH pacripeyieNieHus
HIPOO/DKUTEIBHOCTH SKU3HU MOXXHO HPUOTIDKEHHO OIN-

CaTh ¥ OFHOIIAPAMETPUIECKIIMI PACIIPEeTeHVSIMI, TAKI-
MU KaK 9KCIIOHEHIIMaTbHOE M/II ITyaCCOHOBCKOE.

B HepaBHO OMyOIMKOBAHHOI TEOPETUIECKOIT paboTe,
[IOCBSIILIEHHOI METOJO/IOTUY IOy Y€HSI OLIEHOK CPETHETO
pucKa o0611eit CMEPTHOCTH B SIIM/IEMUOTIOTMYECKIX MCCITe-
IOBaHUSIX [4], aBTOPBI, UCITONB3YS CIENMaNbHbII BAPUAHT
MeTOofja MaKCHMMa/IbHOTO IPaBAoIofobus, ybemuTebHO
[IOKa3a/1i 9KBMBAIEHTHOCTb 9KCIIOHEHIIMAIBHOI 1 IIyac-
COHOBCKOJI MOJIeJIeN IIPY CTaTUCTUYECKOV OLleHKe CpeflHe-
ro koaddunuenra obueit cmeprHoctu. [ToMmnmo 3toro, B
LUTUPYeMOIt paboTe ObUIM IpefCTaB/IeHbI TOIOTHUTE Ib-
Hble TeOpeTNIeCKIe HapabOTKI, KOTOPbIE OKa3aJICh I10-
JIe3HBI B JJa/IbHENIIIEM He TOTbKO B aHATUTUYECKON, HO U
papmanyoHHoi snugemuonoruu [5]. C IOPYroi CTOpOHBI,
OCHOBBIBAsICh Ha Pa3pabOTaHHOI METOROJIOTHM, B HALllEM
KpaTtkoM coobiennu [6] O6bUT mpemIoxkeH 06061eHHbII
METOJ] CTETIEHHBIX 4eJIOBEKO-JIeT /IS OL[eHKM K03 duIim-
eHTa 1 QYHKIMU NHTEHCUBHOCTY CMEPTHOCTH Ha OCHOBE
ABYXIIapaMeTPUUIECKOTO pacnpenenenus Beitbya.

B cBsA3M ¢ 3TUM 11€/1bI0 HACTOAILEIO MCCIELOBAHNA AB-
JIgeTCA Pa3BUTIE YKa3aHHOTO IIOAXO0JA 1 IoTy4eHne 0606-
I[eHHBIX OL|eHOK ITapaMeTPOB (PYHKINMM PHUCKA 1 CPEFHETO
K09 PuimenTa 001l CMEPTHOCTIL.

PesynpraThl M 06cyKeHIE

l3BecTHO, 4TO B 001eM BIe QYHKIMIO pacipeferne-
HIISI /TN TENBbHOCTY SKU3HY [JIS1 ICCTIEAyeMOIl KOTOPTBI MU
6OJIBIIION TPYIIIIBI HACETIEHNIST MOXKHO OIIPEREeTNTD CTIeRYIO-
myM o6pasom:

R(t) =1—exp| — g l(t)dt} (1)

e A(t) — QyHKIMS MHTEHCUBHOCTY CMEPTHOCTIL.
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Takum 06pa3oM, KOHKpPETHBII Buf GYHKLMYU pacipe-
meneHus R(f) MOMHOCTBIO ONpeReAeTcsl BUAOM (QYHKINK
MHTEHCUBHOCTY CMEPTHOCTH |3, 7].

Jomyctum, 4TO (YHKIWMS MHTEHCUBHOCTU CMEPT-
HOCTH sABJISIETCA CTENeHHOI (YHKIMeN OT ¢ CIefyIoLero
BIJA:

Ay =M o t*! (2)
r7ie A, 1 oL — TTapaMeTPbl 3TOW CTEMEeHHOI MOJIETI.

[Moncrassist A(t) u3 popmyins (2) B 0606111€HHOE BbI-
paxene (1), moce MHTErPUPOBAHYSI OTy4aeM KOHKpeT-
HbIT BU GYHKIMY pacnpenenenus R(1):

R(t) = 1 —exp(-A,t*) (3)

Taxoit 3aKOH pacrpefe/ieHns: BpeMeH) XU3HY Hasbl-
BaeTCsI BeltOY/UTOBCKMM [7, 8], I OH 10jIe3€eH He TOMBKO /IS
peleHns 3a/iad SMUeMIOIOT NN U fieMorpadum, HO U 1IN-
POKO NPUMEHSIeTCSI B TEOPUM HAJIeKHOCTU CTIOKHBIX TeX-
Hudeckux crcteM [9]. Crenyer oOpatuTh BHUMaHME U Ha
TOT (aKT, YTO B YACTHOM C/Iydae IpU paBeHCTBe Oe3pas-
MepHOro Inapamerpa ¢opmbl eguuuie (o0 = 1) yHkua
MHTEHCUBHOCTY CMepTHOCTU A(t), Kak 9TO BUAHO 13 (2),
CTAaHOBUTCSA TIOCTOSAHHON BETMYMHON, PaBHOM A, = const.
I[Tpu aTom dyHKIMA pacupeneneHN (3) mepexoanT K cBO-
€My 4aCTHOMY BUJY — 9KCIIOHEHIVaJIbHOMY pacIpefierie-
HUIO C e[UHCTBEHHBIM ITAPaMeTPOM A,,.

[Tpenmy1ecTBO VCIONb30BAHNA BeOYITIOBCKOTO 3a-
KOHa pacIpefie/ieHNss 110 CPaBHEHMIO C SKCIIOHEHIIMasIb-
HBIM pacrpefie/ieHNeM Ajisi KOMMYeCTBEHHOTO OIVICAHUs
(YHKIVN MHTEHCUBHOCTY CMEPTHOCTU A(f) MOXKHO TIOKa-
3aTh C IIOMOLIIBIO CTIEAYIOLIEro yCI0BHOrO rpaduka (puc.).

V3 puc. BUFHO, 4TO eC/u IO BpPeMeHHBIM (aKTo-
POM «rofibl» IOApasyMeBaeTcs BO3PAcT, TO BCIO KPUBYIO
MOYXHO YCTIOBHO paspie/nTh Ha Tpu obmactu: | - merckas
CMEpPTHOCTD, II — cMepTHOCTDL B 3penoM Bospacrte, III -
CMEepPTHOCTD B IIOKIIOM Bo3pacTe. B Ka>KIoM BO3pacTHOM
UHTepBase (QYHKIUA MHTEHCUBHOCTM CMepTHOCTH (2)
OyzeT MMeTh pas3/M4Hble 3HaYeHMs Imapamerpa o (o < 1;
o = 1; a > 1). Ecmu nop BpeMeHHBIM (paKTOPOM «TOJIBI»
HOHVMATb JINTE/IbHOE BpeMsI HaO/IIOieHNsI 3a CTaperoLeit
U TIOCTENeHHO BBIMMpAIOIell KOTOPTON, Ha4MHasA CO 3pe-
JIOTO BO3PACTa, TO 3aBUCKMOCTb KO3 (PUIMeHTa CMEPTHO-
CTHN OT BpeMeHI/I 6y;[eT AHa/JIOTM4YHAa IIOBEOCHUIO KpMBOiI B
obmactsx II u II1. B 1je/1o0M MO>XKHO KOHCTATHPOBATh, YTO U
B TOM U JPYIOM CIy4ae 3aBUCUMOCTD A(f) OymeT xapakre-
PU30BaTbCS HEIMHEIHOM 3aBUCKMOCTBIO OT BPEMEHN.

A

~
=

KoatbduumeHT cmepTHOCTH

t
0 100 Tonbl

Puc. 3aBrcnMocTb K03 uimeHTa CMEPTHOCTY OT BPEMEHHOTO
akropa (romsr)
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CriefoBaTe/IbHO, ANNPOKCHUMALVISL TAaKOM 3aBUCUMO-
CTU C TIOMOIIbIO eIMHCTBEHHOTO TlapameTrpa A, (Ha 6ase
9KCIOHEHI[MAJIBHOTO paCIpefe/ieHNsI) SBIAETCS OYeHb
pUOIVDKEHHON OLIEHKO! M MOXXET OBbITh CIIPaBe[IMBOIL
TOBKO M/Is1 HeOOJBUINX BPEMEHHBIX OTPE3KOB HaOIIIo-
merusi. C Apyroil CTOPOHBI, IOCTPOEHNME 3aBUCHMOCTHU
A(f) Ha 6ase HBYXIapaMeTPUYECKOTO paclpeseeHns
Beiibynna ¢ nmocnenyrouieil oleHKol TlapamMeTpos Aj u a,
BeposATHee Bcero, OyzieT 6ojiee TOYHO ONMUCHIBATL K03 -
L[MEeHT U PYHKINIO MHTEHCUBHOCTY CMePTHOCTH (HE06X0-
IMIMO TaK)Ke OTMETHTb, 4TO [Py Bo3pacTe Oojee 85 JeT 3a-
BUCUMOCTBD A(f) mydiire onvcbiBaeTcs pyHkuumeit lommepiia
[3] mo cpaBHeHMIO ¢ pacnpeneneHueM Beiibyina).

Ilns moctpoenus GpyHKIMOHAIA Ha OCHOBE pacIperie-
nenns Beiibysa, ¢ MOMOLBI0 KOTOPOTO MOXKHO HOMYYUTh
dopmyribI 717151 OLIEHKN TAPaMeTPOB A 1 0L, BOCIIOIb3YeMCsl
METOZOJIOTHMEl, Pa3paboTaHHON paHee [l SKCIOHEHIN-
aJIBHOTO pacrpepeneHus [4].

Iycts t € [0; T], rie T - OGHOBPEMEHHO ¥ IIPOOTDKI-
TENbHOCTD MHTepBaIa HAOMIOfIEeHNS, M BpeMsl OKOHYaHUS
Habmogenns t, = T (mpu aToMm t, = 0). PaccmoTpum rpymmy
u3 N uHauBMAYyMOB Ha nntepsae [0; T], B KoTOpoM IIpo-
U3OLIIO M CIy4aeB HeXKelaTelIbHbIX COOBITHIL (cMepTeit),
Npy9eM KaXK[bII i-TBIVl CIy4ail IPOM3OLIEN B CBOM i-ThIN
MOMEHT BpeMeHn — f, i=1m. MugukaTopom cocroaums
i-roro unpuBuayyma Ind, (i=1,m) apnsercsa [ucKpeTHas
BeIMYMHA:

Ind. 1, c BepositHocThIO R(1;) :1—exp(—loti‘"), ()
i 0, c BepositHOCTHIO Q(T) = eXp (— AT ”‘)

Epuunia ykasplBaeT Ha TO, YTO COOBITHE C BEPOST-
Hocthio R(t) mpomsouno B mureppane [0, t) < [0; T],
a HOMb — Ha TO, 4TO ¢ BepositHOCTbI0 Q(T) B MHTEpBae
[0; T] cobbITME HE TPOU3OLLIO.

Pasnoxxum pynxumio R(f) B psag MaknopeHa:

R(t)=1-e ™ =e ™ (e —) =~ At%e ™. (5
ITpn TakoM pasnokeHUM NPUOIVKEHHOE PaBEHCTBO
(5) 6ymeT BBITOMHATHCS IPY JOIOTHUTENTBHOM YCTIOBYIM:
‘ﬂota‘ <1. (6)
OyHKIMOHAT [/ HAXOXJIeHUs MapameTpos A u o
[IPYMEHUTENBHO K TaHHOI cxeMe HabmoneHnit (#m coObl-

it u3 N BO3MOXHBIX coObrtnit Ha nnrepsae [0; T]) 6y-
IeT UMETh C)'Ie,E[YIOH.U/II/I BU:

Ly, r) = HR(t) HQU) H(m e ). He*‘“

i=m+1 i=m+1
}IorapmchMpyﬂ 06e yacTu paBeHCTBa (7), IOMy4aeM:
=InL(A,, ) =min A, — 4, {it“ +(N —m)T“}aZlnt (8)
IIM(l)(i)epeHuMpyﬂ dbynximonan (8) mo mapameTpam A,
U O, TOTy9aeM CTIeYIOLIYI0 CUCTEMY YPaBHEHWIT:

oS m u
DM IS (N—m)Te | =

e DU

g—s=zmllnti —ﬂo{zm:(tf‘ Inti)+(N—m)T”‘InT}=0. 9)
a o

i=1
/13 nepBoro ypaBHeHu: cucTeMsl (9) caenyer:

=m/{iti“+(Nm)T“}. (10)
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Iopcrasnas Ay us (10) Bo BTopoe ypaBHeHMe CUCTe-
MBI (9), oy4YaeM HeMHeTHOe YpaBHEHNE OTHOCUTENbHO
napamerpa o:

m{Z(ti" Int,)+(N -m)T“ InT} .
2 =>Int,.
{Zt{’ +(N - m)T"} =
i=1

Pemast JaHHOe HeMMHEHOE ypaBHEHNE OTHOCUTE/Ib-
HO IIapaMeTpa O JMOOBIM WUTEpPAIVIOHHBIM MeTOROM (K
npumepy, MetogoM Hpiorona [10]), MOXXHO ¢ 3ajaHHOI
TOYHOCTBIO € BBIYMC/INTD 3Ha4YeHMe Imapamerpa o. Iloce
9TOTO, IOJCTAB/IAS Half[eHHOE 3HaueHNe O B GopMyry
(10), MOXHO TIO/TYYNTH YUCTIEHHYIO OLIEHKY MapameTpa A,.
B urore ¢pyHKIMS MUHTEHCUBHOCTY CMePTHOCTH A(f) 6yzmeT
HIOJIHOCTBIO OIIpefie/ieHa B COOTBETCTBIY ¢ GopMyIoii (2).

B ¢popmyre (10) cTosiiee B 3HaMeHaTee BbIpaKeHe B
KBAJ[PaTHBIX CKOOKaX MpefiCTaB/IsieT CyMMapHOe Komude-
CTBO 4e€JIOBEKO-/IeT HaOMIOfIeHN s B CTENIEHHOII popMe W,
KOpOUYe, CTeIIeHHEIe YeJIOBEKO-TOABI [6].

B wactHOCTH, ecnu mapameTp o = 1, To Koadduim-
eHT cMepTHOCTM A, u3 Bbipakenus (10) ompenensieTcs
K/IaCCUYeCKM, — KaK OTHOIIEHNe YMCIa CIy4aeB CMep-
TH K CTaHJAPTHOM CyMMe 4Ye/I0BeKO-TeT HaOJIIofeHs.
EfMHCTBEHHBIM OTpaHNMYeHVeM IIpH OLleHKe MapaMeTpoB
Ay M o ¢ moMomibo yHKIMOHANMA (7) ABISETCA HEPABEH-
cTBO (6), rapaHTHpYIOllee TOYHOCTDb I Ka4eCTBO allpOK-
cumanuy R(f) mpu pasnoxenuu B pan Maxaopena (cm.
paseHncTBo (5)).

Bonee obummM moaxomoM K OljeHKe MapaMeTpoB Beli-
6Y/110BCKOTO pacHpefeNienns A, 1 O, Ha KOTOPbIi He pac-
IPOCTPaHsETCs YKa3aHHOE BbIIIe OTPaHIYCHUE, SBJISIETCS
MUHVMMU3AIUS CIeAyIoIero GpyHKIMOHaa:

L) =T TRA): TTem [ [h-eo(- 2t ] [T (12)

i=m+1 i=1 i=m+1

Inddepeniupys mocnenoBaTeNbHO 10 TAPaMeTpaM A,
U Ol JAHHBII PYHKIIVOHAJI, MOYKHO TIOTTYYUTDb CUCTEMY JBYX
HE/IMHEITHBIX yPaBHEHMI U, 3aTeM, IPUMEHs UTePaIIOH-
HbIit MeToz; HbloTOHa, 4MCIEHHO OIeHUTDb MapameTpsl A
u o.. OfpHaKo Ipy TakoM oOIeM HOAXofe K OLieHKe rapa-
MeTPOB A, 1 0L BPSAJI I BO3MOKHO B IBHOM BUjle YBUIETh
U BBIJIE/IUTD U3 CJIOXKHBIX BBIPAXKEHMII METOJ, CTEIIEHH BIX
4eJI0BEKO-JIET, KaK 3TO OBUIO ITOKA3aHO B IIPEbIAYIIEM al-
TOPUTMe PacueToB C YCTIOBHBIM orpaHmdeHueM (6). bonee
TOrO, IpyM MMHUMU3auuy ¢yHKiuoHana (12) mo mapame-
TpaM A, ¥ 0L HOTy4aeTcs AOBOMLHO TPOMO3JIKAs CHCTEMa
HeJIVHEHBIX YpaBHEHNUII, KOTOPYIO, BEPOsITHEee BCETO, He-
11e/1eC000pasHO MPUBOAUTD B JAHHOM VCCIIE{OBAHNIL

[Tocne HaxoXfeHMs IApaMETPOB U IOCTPOCHUS
(YHKIUY MHTEHCUBHOCTY CMEPTHOCTH 3aK/TI0UMTETbHBIM
9TANOM TEOPETUYECKOTO VICCTIELOBAHNS SIB/IIETCS OL[eHKa
Ha BbIOPaHHOM BPEMEHHOM OTpesKe Habmopenns [f; 1]
cpenHert BenmnanHbl Koadduumenta cmeptHOCTH A(f).

HInsa 3TOro BOCIIO/Nb3yeMCsA WM3BECTHON TEOpPEMON O
cpenneM [11]. VITak, mycTb 3alaH BpeMEHHO OTPe30K [f;;
t,] nna dyukuum A(t) mpu ycnosun t, > ¢, u [t), t,] < [0; T1,
TOIJ]A CpelHAA BeMMYMHA KO3 PUIMeHTa CMEPTHOCTI Ha
9TOM OTpe3Ke OyeT paBHOII

(1) = Tl(t)dt/(tz _tl) = tJz-}“oatm_ldt/(tz _tl)

(11)

TN, OKOHYATEeNIbHO,
oo )
A)=2, ﬁ

s 3TOF02pa];eHCTBa BUJIHO, 4TO BeJM4MHa A(f) 3aBU-

CUT He TONBKO OT MAPaMeTPOB A, U O, HO M OT BETUYN-

HbI BDeMEHHOTO OTpe3Ka (t,, t,), Ha KOTOPOM ITPOMCXOJUT

mpotecc ycpegHeHus. boree 4eTKO MpOMUTIOCTPUPOBATD

cMbICTT popMyrbl (13) MOXKHO B 4acTHOM CJIydae: IYCTh
t,=0mut, =t mpuycnosun [0; ¢] < [0; T]. Torna paBeHcTBO

(13) TpanchopMuUpyeTCs K ClIefyIoleMy BULY:

A(t) = At (14)

U3 sToit hopMymbl BUAHO, 4TO Benuduna A(t) ABs-
eTcst QYHKI[Mel BpeMeH) 1 OT/INYAeTCss OT QYHKIUM VH-
TeHCUBHOCTH cMepTHOCTH A(f) (cM. popmyny (2)) TombKo
Ha TIOCTOSHHBIN Ko3dduiument o. OdueBUAHO, YTO HpH
o =1 wm t = 1 paBercrBo (14) npeobpasyercst B 6ormee
IIPOCTOe, paHee MOTyUYeHHOe [4] [ ofHOIapaMeTpude-
CKOTO 3KCTIOHEHI[MAIBHOTO pacripenienenus: A(t) = Ay D10
BITIOJIHE OXXUOAa€MbIN pe3yHbTaT NCCaegoBaHNuA, KOTOprI/I
[IpefCTaBsieT co00ll YacTHOE CIEACTBIE IIPENIaraeMoro
[IOfIXOJa K OLIEHKe CpefHero 3HadeHus KoadduimeHTa
CMEPTHOCTH.

(13)

3akmoueHNne

TakuM 06pa3oM, OCHOBBIBAsICh Ha JBYXIapaMeTpH-
4ecKoM pacmpepenenun Beiibymna, ObUmM  IOTyYeHBI
000011[eHHbIE TEOPETUYECKEe OL[EHKN MapaMeTPOB I
GYHKIMM MHTEHCUBHOCTI CMEPTHOCTH 1 CPETHErO KO3d-
¢$unmeHTa CMEPTHOCTM Ha 3a/JaHHOM Ieprofie Habwofe-
Hst. [IpeyiokeH HOBBIIT METOJ CTEIIEHHBIX Y€/I0BEKO-JIET,
KOTOPBIl MOXeT OBITh B IIEPCIIEKTNBE AfJANITUPOBAH K 3a-
favaM pajyanoHHON SIVAEMIIOTIOT M.

Heo6xoguMo oTMeTuTb, 9T0 (GOPMY/IBI /IS OLEHKU
cperHero KoadduieHTa 1 GYHKLINN MHTEHCUBHOCTH 00-
11l CMEPTHOCTH, @ TAK)Ke MCIIO/Ib3yeMble METOIbI OLeHKM
[IapaMeTpOB STUX BEMNYNH MMEIOT Ha HACTOSIINIT MOMEHT
B OIpEME/IeHHON CTeleH) 3BPUCTUYECKNUIT (ITOVCKOBOIT)
xapakrep. [ToaTomy B fanpHerinieM TpebyeTcs Gosee Tira-
Te/IbHOE TeOopeTHYecKoe 0OOCHOBaHME U BCECTOPOHHSA
[IpaKTUYeCcKast IPOBepKa MOTyYeHHbIX Pe3y/IbTaToB.

CIIMICOK JIMTEPATYPLI

1. Anmsb6oM A., Hopemn C. BBefieH1e B COBPEMEHHYIO SMUAEMUO-
noruto. — Taymys: VIHCTUTYT 3KCIIepMMEHTANbHON 1 KIMHMYe-
CKOI MemuIMHBL. 1996. 122 c.

2. Boyle P, Parkin D. Statistical methods for registries // In: Can-
cer Registration (Principles and Methods). IARC Publication. —
Lyon. 1991. Ne 95. P. 126-158.

3. TaBpunos JI.A., Tappunosa H.C. buonorus npopo/mkuTenbHOCTH
JKM3HU: KOIMYeCTBEHHbIe aceKThl. — M.: Hayka. 1986. 169 c.

4. benpix JI.H., buprokos A.Il, Bacunves E.B., Hesopos B.IL
O TeopeTNYecKUX OLleHKAX CPEHEro pICKa 001ell CMepTHOCTH
U TIPAaBOMEPHOCTH TIPYMEHEHMsA PA3NMYHBIX 3aKOHOB pacIpe-
TeNIeHNs BePOATHOCTEl B SMMAEMIONIOTMYECKIX MICCTIeOBaHM-
ax // Men. papuon. u paguan. 6esomacHocTb. 2015. T. 60. Ne 5.
C. 40-45.

5. bempix JI.H., buprokos A.Il., Bacumpen E.B., Hessopos B.IIL.
OleHKM TO)XM3HEHHOTO DPAaJIMOreHHOIO PUCKA OHKOJIOTHYe-
CKOJI CMepTHOCTY U 3ab6oeBaeMocTyt // Meqi. paimoi. u pajuar.
6esomacHoCTh. 2015. T. 60. Ne 6. C. 20-26.

6. OcoBery C.B. MeTojy CTemeHHBIX Ye€TOBEKO-TIET IS OLIEHKM
koadduunmenta u dyHkym obmeit cmepTHocTy // XVI Bee-

37



Radiation Safety

MepuunHcKas pajuoorus U paguannonHas 6esomacHoctb. 2017. Tom 62. Ne 2

poccumiicKas HaydHO-IpaKTHdecKas KoHbepeHIusa «[IHu Hay-
Ku — 2016». Matepuarnsl KoHdpepeniun. Osepck. 20-23 anperns
2016 . — Ozepck: OTU HMAY MU®L. 2016. C. 194-195.

7. AitBassan C.A., Exrokos V.C., Memankus JLI. [Ipuknagnas cra-
tcTHKa: OCHOBBI MOJIEMVPOBAHMA U IIepBUYHAs 06paboTKa
naHHbIX. CripaBoyHOe M3faHue. — M.: DUHAHCDI M CTaTUCTHKA.
1983.471 c.

8. Ko63sapp A.H. IlpuxmagHas MaTeMaTnyecKas CTaTUCTUKA IS
VH)KEHEPOB M HAaYYHBIX COTPYAHMKOB. — M.: ®usmaTint. 2012.
816 c.

Medical Radiology and Radiation Safety. 2017. Vol. 62. Ne 2

9. Tuenenko b.B., benser F0.K., ComoBbeB A.Jl. MaTemaTndeckie
METOJIbl B TEOPUI HafIe©XKHOCTI: OCHOBHbIE XapaKTePUCTUKM Ha-
OEeXHOCTU 1 uX cratuctuyeckuit anamms. — M.: KII «JIIBPO-
KOM». 2013. 584 c.

10. Baxsanos H.C., XKugkos H.II., Ko6enbkos .M. Ynucnennbie
meTombl. — M.: ®uamatnnt. 2001. 632 c.

11. ®uxrenronsy I.M. Kypc mnddepenianbHoro u nHTerpaib-
Horo ucunciaerus. — M.: ®usmaranrt. 2006. T. 1. 680 c.

Radiation Safety

DOI 10.12737/article_58{0b9573730e4.55456538

Theoretical Estimation of Risk Function and Total Mortality Rate Based on Weibull Distribution

S.V. Osovets
Southern Urals Biophysics Institute, Ozyorsk, Chelyabinsk region, Russia. E-mail: clinic@subi.su

S.V. Osovets — senior researcher, PhD Sc. Tech.

Abstract

Purpose: To estimate theoretically total mortality risk function parameters based on Weibull distribution and to calculate the average

mortality rate.

Results: Lifespan distribution function takes the general form of:
R(t)=1- exp[ M(t)dt}

where A(t) is mortality rate function.

To obtain Weibull’s distribution mortality rate function (risk function) is represented as power equation:
M) =N, oot

where A, and o are power model parameters.

We provided a function for estimation of 1; and o parameters to be applied to a certain follow-up pattern using maximum likelihood
technique (m deaths among N of potential outcomes during [0; T] period of tlme) which looks as:

L(4y, @) = H(lt ety He’” .

i=m+1

As a result of minimization of the function we obtained generalized analytical A and o parameter estimates for risk association during
a specified period of follow-up. We developed a new technique using power man- years which may be adapted for radiation epidemiology

in future. For a set period of follow-up [z,

A1) =2

This equation implies that A(¢) depends not only on A

the averaging is carried out. As a special case (with o = 1) '?he mean mortality rate is 1(¢) = A

t,] (with assumptions t, > t, u [t,, t,] < [0; T]) the mean mortality rate 1(¢) was estimated to be:

(i 1)
(t-t)

and o parameters but also on the duration of the time line (¢, t,) during which

and consistent with exponentlal distribution.

Conclusion: The generalized technique for estimation of the coefficient and function 1 of total mortality risk was developed on the basis
of Weibull distribution. The obtained theoretical results may be used in radiation epidemiology in future.

Key words: risk function, total mortality, Weibull distribution, power man-years, estimation technique
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Pedepar

B 0630pe paccMoTpeHa mpobeMa BIVHIA 97eKTPOMAarHUTHBIX Hoteit (OMII) papuodactoTHoro (PY) guamasoHa MOOMIBLHOI CBA3U
Ha 37I0pOBbe JeTell 11 IMOAPOCTKOB B PAMKaX 3MMAEMMUOTOTMYECKIX U 9KCIIePYMEHTATbHBIX NCCIeOBaHMIL.

Bce HaceneHne Mupa MCIHONb3yeT MOOMIbHBIE TeledOHbI IMPOKO, M TEM CaMbIM aKTUBHO U €KeJHEBHO BO3JIEIICTBYeT Ha TOTIOBHOII
Mo3r. OrpaHuyeHmiT Ha UCTIO/Ib30BaHMe MOOVIbHBIX TeneoHOB HeT. [Tomyyas 6o/blune IperMylecTBa 1 yE0OCTBO OT MOOMIBHOI CBA3M,
HaceJIeHNe CTapaeTCsA He C/IbIIIATh MHPOPMAIINIO O BO3MOXKHBIX ONTACHOCTSX JULA 3[I0POBDS, OTCYTCTBYET 97IEMEHT CAMOOTPaHIYEHNUA.

B aTOT mpoliecc BOBIEKAIOTCS JIeTH € BO3pacTa 3—4 jieT. BepeMeHHbIe KeHIUMHbI He COOMIONIAI0T 3/IEMEHTaPHBIX MPaBIWI 3aIUThI OT
Bo3JercTBMA Ha 11of OMIT MoOUIbHOI CBA3M.

ITpencTaB/ieHbl JaHHbIE O pacIpeie/ieHNH TornomeH ol sHepriy SMII PY B ronose pe6eHka BO BpeMs pasroBopa 1o MOOMIbHOMY
teneony. O6Cy)KIeHbl OPUTHHATIbHbIE JAHHBIE O HAPYLIEHMAX ICUX0PU3NOIOrNuecknX GYHKIMNIA Y leTeli-IoNIb30BaTeneli MOOMIbHBIMU
tenedonamu. PaccMOTpeHa ONacHOCTb Pa3BUTHUSA OTJATIEHHBIX MOCTEACTBUIL, IPeX e BCETO OIIyXOJIel TOJIOBHOrO Mo3ra. ITokasaHo, 4To
[eTH HaXOJATCSA B IPYIINIe pycKa. JJaHa olleHKa OMaCHOCTH JLS 3OPOBD IeTell. B CBA3K ¢ 9TUM MpeyIaraeTcs paspaboTaTh ClielaIbHble
HOpMaTuBbI it DMIT MOOMIBHOI CBSI3M.

3aiTa 310pOBbA feTelt 0T Bo3aelicTBIsA IMII cOTOBOII CBA3Y ABIAETCS IPMOPUTETHON MTPOOIEMOIT TPETEro THICAIETETH.

KitioueBble ClOBa: 971eKMpoMAZHUMHOE USTYHeHUe PAOUOHACOMHO20 OUANA30Ha, 0emuU, ONACHOCHb UCHONIb308AHUSL MOOUNILHOTI CBA3U
IMocrynwa: 18.03.2016. ITpunsra K my6nukanum: 20.02.2017

BBemenue

Mob6unbheiit (cotoBsii) tenedpon (MT) sBsiercs
VCTOYHMKOM 3JIEKTPOMAarHMTHOTO WU3JTyYeHUs pafmoda-
croTHoro pmamasoHa (OMII PY), kotopoe oTHOCHTCS K
BPEIHBIM BrfiaM (aKTOPOB BHellTHel! cpenbl. [ToaTomy ero
VICIIONIb30BaHMe TpebyeT CTPOTOro I'MIMeHNIeCKOrO0 KOH-
TPOJIsi, 0COOEHHO /IS AeTell, KOTOpbIe B IOCTIeffHee BpeMsi
CTAaHOBATCA AKTUBHBIMMU ITIOJIb3OBATE/IAMU JAaHHOTO BUOA
KOMMYHUKAIIVIL.

Kpowme Toro, B HacTosiIiee BpeMs peGEHOK MpaKTuye-
CKVI TIOCTOSTHHO TTOABEPTaeTCs JOIOMTHUTETbHOMY IIPUHY-
AuTenbHOMY o61iemy o6myuennio OMII 3a cyer 6a30BbIX
cranuuit, Wi-Fi 1 oT gpyrux 3/1eKTpOHHBIX MCTOYHMKOB
OMII, B pe3ynbTaTe 4ero mpoOMUCXOAUT oblee 0OTydeHIe
Bcero Tefa pebeHka. XOTs 3TU YPOBHU BO3[ECTBIS OTHO-
CUTEIBHO HEBETUKI II0 CPABHEHMIO C HEIIOCPEACTBEHHBIM
BosperictBreM OMII PY mobumbHOTO TenedoHa Ha romos-
HOIT MO3T peGeHKa, OHM TaK>Ke OTHOCSTCS K HeO/maromnpu-
ATHBIM (paKTOpPaM BHEIIHEN Cpefbl.

Eme safonro mo IIMPOKOro pacHpOCTpaHEHMA MO-
6unpHoit cBsa3y, B CCCP 6bUtu mpoBefeHbl YHUKAIbHbIE
9KCIIepUMEHTA/IbHbIE VCCTIeOBAHNA JI/ISI BBLACHEHNS BO3-
MOYKHBII TIOC/IEACTBUI XPOHIYECKOTo BosfeiicTBusa OMII
PY Hu3KOJl MHTEHCHBHOCTM Ha OPraHU3M >KMBOTHBIX.
PeSyHbTaTbI 9TUX I/ICC}ICI[OBaHI/IﬁI IIOKa3ayin, 4TO MMEHHO
OpraHN3M MOJIOABIX XXMBOTHBIX Hanbojiee 4yBCTBUTE/IEH K
Bosgericteuo OMII PY [1-5].

JanpHelmme MCCIefoBaHNA POCCUIICKMX YYEHBIX B
9TOJ 06/1aCTU IO3BOJIMIN YCTAHOBUTD, YTO XPOHUYECKOE
Boszerictere OMII PY, consmeprmble 10 MHTEHCVBHOCTH C
MT, Hapy11ano BbIpabOTKY YCTIOBHBIX PeIEKCOB 1 KOHCOTIN-
JaLuIo cjiefia mamMsATy. Takke OblIM BBLAB/ICHBI I3MEHEHNUs B
HellPOHaX BO MHOTUX CTPYKTYpPax T'OJIOBHOTO MO3Ia, B TOM
9ICITe B KOPE, TUIIIIOKaMITe 11 6a3aibHbIX FaHIIVsIX [6-8].

B aHa/OrMYHBIX MCCIEOBAaHMAX 3a pPyOexoM 3a-
PEeruCTPUPOBAHO yBeIMYeHMEe IPOHUIIAEMOCTU IeMaro-
sHIedamIeckoro 6apbepa K OeIKy anbOyMuHy U, Kak
CTIe[ICTBYE, BBISABIEHBI I'MCTOXMMUYECKUE M3MEHEeHMS B
HEPBHBIX K/IeTKaX T'OJIOBHOTO MO3Ta MOJIOZIBIX KpbIC [9,
10]. ITo MHeHMIO aBTOPOB, [TOTyYeHHbIE I3MEHEHVS B Hell-
pOHax MoO3Ta He MO3BOJIAIOT MCKITIOUUTH TOT (PAKT, «UTO
TI0C/Ie HECKONIbKUX IECATUNIETUI eKEeTHEBHOTO MCIIO/Ib30-
Banua MT, y nenoro nokoneHus nonabzosateneir MT yxe
B CpefiHeM BO3pacTe MOIYT PasBUTLCS HeO/MaronpusTHbIe
orpuwarenbHbie 3G PeKTh».

HOI[TBep)KHeHI/IeM 9TOTO OIlaCceHMA MOTYT CIIY>XKUTb
SMUJIEMMOTIOTNYECKMe JICCTIeNOBAHNUA, KOTOpble IIPOBO-
parca ¢ 1997 1. B page cTpal, B T.4. lanuu, Hopserun,
Ounnauguu, [IBenun u IOro-Bocrounoit Anrmum. Vx
pes3y/IbTaThl yKa3blBAIOT Ha yBelIMYeHUe PYCKA PasBUTHUA
I7IIOMBI MO3I'd, aCTPOLIUTOMBI ¥ aKyCTUYeCKOII HeBPOMBI
Ha UIICU/IaTepaIbHOM CTOPOHE TOJIOBHOTO MO3Ta I0JIb30-
Bateneit MT npu pnurenpHocTy nonb3osanua MT 6onee
10 et. Oco6€eHHO BBICOKMIT PUCK PA3BUTHS OIYXOJIM MO3-
ra ObUI IIOTy4eH [iisl JIIOfiell, KOTOpble Ha4aiu MCIOMb30-
Batb MT B fleTckoM BospacTe 8-10 j1eT, y KOTOPBIX PMUCK
BO3HMKHOBEHMS OIYXO/IM MO3Ia MOXKET YBENMUUTHCA [0
5 pas [11-14].

9totr BBIBOA B 2011 I. 6BUI MOAKPEIUIEH pelleHyeM
MexayHapOIHOTO areHTCTBa uccnefoBanus paka (IARC)
BO3, xoropoe xmaccudpunuposano IMII PU no rpymie
2B Kak BO3MO)XHO€ KaHIIEpOT€HHOE W3JIyYeHNe /IS JIIo-
Tiell, OCHOBBIBAsCh Ha YBENMYEHHOM PUCKE M/ ITIMOMBI
[15]. IARC 0co60 0TMeTIIO, 9TO HaHHOE pelleHle IMeeT
6osIbIIIOe 3HAYEHME Ji/IsI 3/JOPOBbsI HACENIEHNUs, 0COOEHHO
I/Isl TO/Ib30BaTesell MOOMIBHBIX Tele(OHOB, 0COOEHHO
Cpeny MOJIOZIEXKM U IeTell.
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B 2015 r. 6bUIM OIYO/MMKOBAHBI Pe3y/IbTAaThl BBIION-
HEeHUs TpeX HaumoHambHbIX mporpamm CIIA (Hammo-
HajibHasg TIporpaMMa paka peecTpos, IIporpamma
HaI[IOHAJIbHOTO MHCTUTYTA paka u IIporpamMma snupemn-
OJIOTMYeCKUX HaOMIOfieHNiT) IO OLleHKe IMHAMUKU PasBU-
T paKa FOJIOBHOTO MO3Ta Y HaceleH)s PasIMYHbIX BO3-
pacTHBIX rpynn 3a mepuop 2000-2010 rr. [16, 17]. beuto
OTMEYEHO YBENMYEHNUE CIy4aeB PasBUTUA IEPBUYHBIX
OITyXOJIe}l MO3Tra BO BCEX BO3PACTHBIX TPYIIIIaX HaCETeHNA
CIIIA:

o y mereir (0-14 yeT) yBenMueHMe YaCTOTHI IEPBUIHBIX
37I0Ka4eCTBEeHHBIX omyxosel Mosra u ITHC ¢ rogoBbiM
npoueHTHbIM u3MeHeHueM (I'TIV) Ha 0,6 %;

o y HoppocTKOoB (15-19 yieT) yBenmudeHmne 4acTOTHI Iep-
BMYHBIX 3/7I0Ka4eCTBEHHBIX omyxoneil mosra u IJHC
Mexxy 2000 1 2008 Ha 1,0 %, a Tax>Ke yBenIndeHne Ja-
CTOTBI JOOpOKaYeCTBEHHBIX omyxoelt mosra u LTHC ¢
2004 1o 2010 1. Ha 3,9 %;

e Y B3POCIBIX yBEIMYEHE YACTOTHI OITYXO0JI€Nl TOTOBHOTO
mo3sra u ITHC ¢ 2004 o 2010 Ha 2,7 %.

B HacTosmiee BpeMsa yCTaHOBIIEHO, YTO BO BpeMs JIC-
nonb3oanysa MT HemocpencTBeHHOMY 061ydernio SMII
PY nopBepraeTcs TOOBHONM MO3T IO/Ib30BaTeNlsA, B T.4.
KOpa, TOJKOPKOBBIE CTPYKTYPBI, ¥ B IE€PBYIO O4Yepenb,
peLienITOpHbIe CTPYKTYPBI BECTUOY/ISIPHOTO M CITyXOBOTO
aHa/IN3aTOPOB, a TAKXE CTPYKTYPBl 3pUTEIbHOTO aHa/IN-
3aropa [18-20]. B wacTHOCTH, 6BII0 TOKA3aHO, YTO MaKCH-
MaJIbHO€ 3Ha4eHue mornolieHHo 036l (SAR) y pebenka
IPaKTMYEeCKM B 2 pasa BbIIIE, YEM y B3POCTIOTO U MMEET
606/IbLIYIO TTTyOMHY IIPOHUKHOBEHNUS B CTPYKTYPBI TOTOB-
Horo mosra [21] (puc. 1).

ITO 0ODBACHACTCS TEM, YTO y pebeHKa MEHBIINIT pas-
Mep TOJIOBBI, 60/Iee TOHKIME KOCTH Yepera, MO3roBasi TKaHb
obmamaer OG/bIIeNl YENbHON 37IEKTPOIPOBOSMOCTDIO,
YeM y B3pocCbIx [18].

K coxanennio, 10 cuX IIOp BOIIPOC O BO3MOKHOM He-
OmaronpusTHOM BosgericTByum uanydenns MT Ha Mo3r
pebéHKa OCTAéTCsI OKOHYATE/IbHO HE IPU3HAHHBIM U Be-
MYMHA PUCKA He OIpefeneHa, Xots emé B 1996 1. 6puimn
OIYO/MMKOBAaHBl ~ pEKOMEHMALMM TPYNIBl  3KCIEPTOB
EBpomnerickoil KOMICCUY IO ITPOBEJEHNI0 Hay9HO-MCCTIe-
IOBATEIbCKON PaboOT IO M3YYEHMIO BIMSHMS 3IEKTPO-
MarHuTHBIX noneit MT Ha 3gopoBbe monb3oBareneit [22].
Kpome TOro, npakTiuyecky Ha BceX MeXIYHapOJHBIX KOH-

5 yr old child

10 yr old child

rpeccax, KOH(pepeHUMsIX 110 BOIpocam Boszerictaus IMII
PY na opranmsm denoBeka IOJHMUMAJICA BOIPOC O 4YYB-
CTBUTEIbHOCTY I€TCKOTO OpraHM3Ma K 3TOMY BUALY U3ITY-
genns (Cram6yr, Typums 2004; Ceyn, Kopes 2001; CaHkT-
HeTep6ypr, Poccus 2005; JToumon, Bemuko6puranust 2008;
Bproccenp, benbrus 2013).

B 2003 r. BO3 onpepennia cBO TOUKY 3peHM: Ha BOC-
MIPUMMYNBOCTB JIeTell K BO3ENCTBIIO (PaKTOPOB BHEIIHEIT
cpenpl: «[leTn oTIMYAOTCA OT B3pPOCHbIX. [leTn mMmeroT
YHMKAJIHYIO yA3BUMOCTD, KOIJla OHM PAacTyT U pa3BMBa-
FOTCS; IMEIOTCS «OKHA BOCIIPUMMYVMBOCTI: TIEPUOJBI, KOT-
Ia MX OPraHbl U CUCTEMbI, BO3MOXKHO, IIPHOOPETAIOT 0CO-
OyI0 YYBCTBUTENIBHOCTb K BO3JIENICTBMIO OINpeje/IeHHBIX
sKomornyeckux yrpos» (BO3, Backgrounder N3, 2003).

CrepyeT OTMeTUTD, 4To elfé B 2001 1. Poccuiicknit Ha-
L[MOHA/IbHBIII KOMUTET 110 3aIlMTe OT HeMOHM3MPYIOIUX
nanydennit (PHK3HI) pekoMeHmoBan He MCHONb30BaTh
MO6WIbHBIE TenmedOHBI HETSAM U IOAPOCTKaM o 18 jer,
a TakKe OepeMeHHbBIM, HauMHAsl C MOMEHTa yCTaHOBIIe-
Hus Qakra bepemenHocTu [23]. T peKoMeHmauuyu B
ocrenyomeM 6o ydareHsl npu moproroske CaullnH
2.1.8/2.2.4.1190-03. Kpome TOro, axkTyanbHOCTb 3TOIl
po6IeMbl HEOTHOKPATHO OCBEIAIICh B pabOTaX Y4eHbIX
Poccunm [24-27].

Kpome rtoro, Bo muorux crpanax (CLIA, Kanapa,
Wupus, Vispawnns, lepmanus, Benmukobpuranns, benbris)
TaKKe ObUIM BBIPAOOTaHBI PEKOMEHJALMY II0 PEXKUMY
[T0/Ib30BaHMsI MOOMIBHOI CBSI3BIO JETBMU U HOPOCTKA-
MIf, B T.4. I B 00pasoBaTeNbHBIX yYpexxzeHusax [28, 29].
Opnako, no MHeHM0 PpaHITy3cKoil AKafeMuu Mefuiu-
HBI, TaKye PEeKOMEH/JALINN «BbI3BIBAIOT HEHYXKHOE 0ecIo-
KOJICTBO II0/Ib30BaTeell MOOWMIbHBIX TenedoHOB Oe3 Ha-
YYHOTO TOMY TIOATBepKAeHMs» [30].

Hecmotpst Ha 6071bIoe 4MCIo My6nmKanmit o Bo3-
mevictBuio OMII PY Mmo6umpHBIX TenehOHOB HA OPTraHM3M
Ye/l0oBeKa, OLIeHKM OIACHOCTM JAHHOTO BHUiA M3TY4YeHU:
Ha OPTaHM3M JeTeil U MOAPOCTKOB Ma/IOUVC/IeHHDI 1 OTIN-
paroTCst B OOIbLIMHCTBE C/IyYaeB Ha SIMAEMUOIOTNYeCKIe
TaHHBIE, IIOTy4YeHHbIe C IIOMOIbI0 OIIPOCHUKOB.

Pesynbrarbhl 3TMX MCCIefl0OBaHMII yKa3blBAlOT Ha Ha-
PYILLEHMS IICUXOCOMATNYECKOTO 30POBbsA IOHBIX IO/Ib30-
BaTesIell: TIOBBIIIeHNe YPOBHA yToMIeHns [31-33], arpec-
CMBHOCTH, TPEBO>KHOCTH, BPOKILEOHOCTHU U COLIMATIBHOTO
CTpecca, CHIDKEHME YPOBHEN yCTOMYMBOCTU K CTPECCy I

Adult

Puc. 1. PactipefienieHye NOIJIONEHHOI SHEPTUM B TOIOBHOM MO3Te B3POC/IOTO 1 Y JieTeil pasHoro BospacTa (5 u 10 ret) mpu
ucnonb3oBaHnu Mmo6uabHoro Tenedpona (Gandhi O. et al., 1996)

40



MepuunHcKas pajuoorus i paguanuonHas 6esomacHoctb. 2017. Tom 62. Ne 2

Henonusupyroree nsnydenne

Puc. 2. BapuaHTbI pacrono)KeH st IIepCOHANTbHbIX ICTOYHUKOB
OMII PY, criocobcTBytommue Bospeiictsiio OMII Ha sMOpHOH Ha
BCeX CTafMAX BHYTPUYTPOOHOTO pasBUTIA U B paHHEM BO3pacTe

pebenka

pesucTeHTHOCTH [34], yBemuyeHne 4mcaa kaaod Ha ro-
noBHble 60mu [31, 35-38], HapylieHus 001ero pasBUTUA
Y YMCTBEHHOJI CIIOCOOHOCTH JieTeli-monb3oBaTeneit [39].
HecmoTpsi Ha TO, YTO BO MHOTUX 3TMX MCCIESOBaHUAX
ObUIM HalileHbl 3aBUCUMOCTU MEX[Y 3aperncTpPUpOBaH-
HBIMJ HAapYLIEHUSAMY ¥ PEXMMOM mHonb3oBauus MT, atu
nyOMMKanuy BbI3BIBAIOT MHOTO BOIIPOCOB, ITOCKOIBKY
aBTOPBI 9TUX CTaTell He YYacTBOBAIM HEMOCPECTBEHHO
B IIOJIyYEHMU ITUX pe3ynbTaToB. Kpome Toro, Hexoro-
pble aBTOPBI [I0/IATA0T, YTO HY>KHBI 00JIee TOrOCPOYHbIe
nCcux0U3MOIOTNIecKye MCCTIeOBAHNS /sl BBIABIEHNS
MOTEHIMAIbHO BO3MOYKHBIX mocnencteuit [32, 33]. Xorg
ABTOPBI ¥ OTPAHNYVIINCD VICIIONIb30BAHMEM TOIBKO OIPOC-
HIKOB B CBOMX JCC/IEOBAHMSX, ITOTyYeHHbIE Pe3y/IbTaThI
3aCTy>KUBAIOT BHYMAHMVA ¥ AIOT HOYBY IS Ha/IbHEVIIINX
VICCIIENOBAHMI B 3TOM OOIACTIA.

3acmyX1BalOT BHUMaHIE NCCIeOBAHVS BO3/IEICTBIS
usnydernss MT B meprof BHyTpUyTPOOHOTO pasBUTHUS U
HOCTHATa/IbHBI epuoy, [38, 40-42], koTopble yKasbIBa-
I0T Ha M3MEHEHMe ITOKasaTesell CepevHbIX COKPALleHNIA
Kak IUIOAa, TaK ¥ HOBOPOXKJEHHOTO, a TAaK)Ke Ha Hapylle-
HUA B IOBENEHUM — SMOLVMOHANIbHON HEYCTOMYMBOCTH,
TUIePaKTUBHOCTI.

Bo Bpems GepeMeHHOCTM BO3MOXXHBI CaMble Pa3HO-
06pasHble BapMaHTbl PACIIONIOXKEHMsI TI€PCOHAIBHBIX UC-
TOo4HNKOB DMII PY: >KeHIMHBI HOCAT COTOBBIN TeneoH
BO/MM3M Maoro Tasa (puc. 2A) BefyT HeperoBOpsl IO COo-
TOBOMY Te/ledOHY, He OrpaHMuMBas ceOsl; MCIOIB3YIOT
HOPTaTUBHbIE KOMIIBIOTEPHI € 6€CIIPOBOHBIM IINPOKOIIO-
JIOCHBIM JOCTYTIOM K VIHTEpHeTY, B TOM 4MCTIe IIaHIIeT-
Hble KOMIIbIOTepbl, HOyTOykM (puc. 2B). MHorxa coToBblit
TenepOH MCIONB3YIOT I TaK HAa3bIBAEMOIl IpeHaTasb-
HOJ MY3bIKOTEepanuu — Iy epefadl My3bIKalTbHBIX ITPO-
rpaMM pa3BuBaIoIieMycs aMOpuony (puc. 2B).

Y>Ke B IIe€pBbIe JHU 11 MeCSLBI TIOCTIE POXKIEHNS pebe-
HOK TaloKe MOXKeT Iepyropmdeckn obmydarbea DM, T.k.
PO’KEHNIIa B 3TOT IIE€PUOJ, aKTUBHO IIOJIb3YeTCsT MOOWIb-
HBIM TeleOHOM 1, KaK IIPaBUIO, BO BpeMsi KOPMJIEHNUS
pebenka. Kpome Toro, ecnmm poxjaercs HeJOHOIICHHBII

pebGeHOK, TO TpU €ro HAXOXK/JEHUM B MHKyOaTrope OH
TaK)Ke IIOBEPraeTcs 3NeKTPOMATHUTHOMY OOTIydIeHNIO.
3agacTylo, B caMble TIepBbIe TOJIbI )KM3HY POAUTENN B Ka-
JeCTBe CBO€I 3a0aBbl 3HAKOMSIT JieTeli C COTOBBIM Tenedo-
HOM, I 9TOM JieT BOCIPVMHUMAIOT €r0 KaK OYepenHyIo
urpymky (puc. 2I').

Marepuam u METORBI

Hamu coBMecTHO ¢ $paHIy3CKMMM KOJUIeramMu Oblin
[IPOBEJIEHBl 9KCIIEPVMEHTHl Ha KYPUMHBIX 5MOpHMOHAX IO
orjeHke HebmaronpusaTHoro Bivisiayist OMIT MT Ha ambpu-
OTeHe3, XOTs 9TO OCTAaTOYHO JajeKas MOZEIb OT peasb-
HOII cutyauuu [36].

Bputn crenmanbHO CKOHCTPYMPOBAHBI MHKYOATOPBI
(puc. 3), He copmepxKalie MeTa/IMYECKUX 3IEMEHTOB.
OmnbITHBI MHKYOATOP pacIosarajacs Ha pacCTOSHUM 2 M
OT KOHTPOJIBHOTO, 1 006a MHKybaTopa HaXONUINCh B Ofi-
HOII maboparopHoit koMmHate. TeMnepaTypy B MHKybaTope
HOfifiep>KUBaI Ha ypoBHe 37 * 1°C, BIaXHOCTH ObLIa OT
50 10 65 % B TedyeHVe BCETO MHKYOAIMOHHOTO IEpPIOJaA.
C IOMOIIIBI0 BEeHTH/ILITOPOB OBIIO 0OecIiedeHO paBHOMEP-
HO€ pacIipefie/ieHue TeMIIEPATyPbl 1 BIXXHOCTU BHYTPU
MHKy6aTopa.

Slitia pacnozarany Ha IIOACTaBKe M3 OPICTEK/Ia B
CIelManbHbIX AYeliKaxX Ha BbICOTe 27 CM OT JHAa B TOPU-
30HTA/IbHONM TIJIOCKOCTM B TIOIHOM TeMHOTe. B Kaxmom
MHKybarope 6bU10 10 63 sitfa. CBeXXue OIJIOOTBOPEH-
Hble sina (kpocc «JIoMaH KOpPUYHEBbIN») HOMyYadu U3
TocymapcrBeHHOrO nTHIleBoAYecKoro 3aBopa (r. Cepruen
Iocap).

OMOPIOHBI B T€UEHNME BCETO SMOPMOHANTBHOTO [TEPIO-
ma (21 cyt) nmopsepramu obmydennio IMII coroBoro Terne-
dbona GSM 900/1800, xoTOpBIT Kpernmics Haf mwiardop-
Mot ¢ stiitamu Ha pacctosiauu 10 cm (puc. 4). CoToBblit
TennepOH AMCTAHLMOHHO (37EeKTPUYECKMM KOMMYTATO-
POM) IIepeBOAM/IN B PEXUM «BBI30B» Ha 1,5 MIH, 3aTeM

Puc. 3. O6umit Buji MHKy6aTopa, UCIONIb30BAHHOTO B
aKkcnepumenre ¢ ambpronamu (Ipuropnes 10.T., 2003)
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CoToBbIN TeNedoH

i i ——

10 cm

Anga —

OOOOO0
AEAA I,

MoacTtaBka ans auy,

Puc. 4. CxeMa pacrofioyKeHys AUI] U COTOBOTO TenedoHa
B MHKy6aTOpe

oTkmo4am Ha 0,5 MMH. B Takoil moCIemOBaTETbHOCTH
TeepOH BK/IIOYA/ICA B TeyeHMe Bcex 21 CyT.

VHCTpyMeHTaTbHbI KOHTPO/Ib MHTEHCUBHOCTY 3/IEK-
TPOMAarHUTHOTO IIOJIs1 BHY TPY MHKYOATOpa ObUT BBIIIOTTHEH
¢ moMoIbio mupokoronocHoro (0,1-3000 MIiy) usmepn-
tensa EMR-20 1 aHanm3aTopa 3/71eKTPOMAarHUTHOTO MOJA B
nuanasone 5 I11 - 30 kI1y EFA-3. Hecymas 9actora curHa-
Jla COTOBOTO pajinoTenedoHa COCTABIANA IPUOTU3UTENIb-
HO 1714 MIT1 u 6bU1a OnpesesieHa ¢ MOMOIIbIO AaHAN3aTO-
pa ameKkTpoMarauTHoro moss Protek-3200.

[Tepen mukybarueit Bce sijina ObUIM MPOBEPEHbI Ha
IIPOCBET Ha OBOCKOIIE Ha BO3MOXKHbIE TPELIMHbBI B CKOP-
ayne u gpyrue nospexpenus. Ilocne atoro Aina coyvaii-
HBIM 00pa30oM ObIIM pa3fie/ieHbl Ha [IBe TPYIIIBL: OIBITHYIO
U KOHTPOJIbHYIO, 110 63 sitia. B 06oux mHKybaropax 3a-
KPeIUIsUIN OffTHAKOBBIe COTOBBIE TelMeOHBI Ha Bce 21 CyT
uHKybanuu. B onHoM nHKy6aTOpe TenedoH OB BK/IIOYEH,
a B IPYTOM BBIK/IIOYEH («/I0XKHOEe 00/TydeHNe»).

C 3-x 1o 13-e cyT pasBUTHUA //TAHTOUCA A1 C ABYX-
IHEBHBIM VIHTEPBAJIOM O0C/IefjoBaly Ha OBOCKOIIE Ha Ha-
nnane sMOpyroHanpHoit cMepTHOCTH. C 13-X CYT sAii1ja cTa-
HOBATCA CBETOHENPOHUIIAEMBIMM, II03TOMY CIIefyIOIIYI0
OLIEHKY CMEPTHOCTY SMOPMOHOB IIPUBOAMIN YXKe Ha 21-e
CYT B II€pUOJ, BbUTYIIEHNA.

PesynbraTh M 06cyXeHME

Pacnipenenienvie 1 KMHeTHMKa SMOPMOHANIBHOI CMEPT-
HOCTH B OIIBITHOJ ¥ KOHTPOJIbHOII TPYIIIIaX IpefcTaB/IeHbl
B Tabm. 1.

Tabnuya 1

==@ = TenedoH BKOYEH
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Bpems uHkybauum, cyt

Puc. 5. CMepTHOCTb 9MOPIIOHOB B OIIBITHOII 1 KOHTPOIBHOI
rpynmax B TedeHue 21 ¢yt nHky6armu, B %, * p < 0,001

ITpencraBneHHble B Tabnuile JaHHbIE IIOKa3bIBAIOT,
4TO B OIIBITHOII TPYIIIIe HapylleHue SMOPYOHAIBbHOTO pas3-
BUTYS HAUA/IOCh YoKe Ha 3-U CYT U NMPOOJDKANIOCH B Teue-
Hue Beex 21 ¢yt nukyOarym. COOTBETCTBYIOMIAS AMHAMI-
Ka rubeny SMOPIOHOB IIpefCcTaBIeHa Ha puc. 5. Obpaiaer
Ha ce6d BHMMaHUe TOT QaKT, 4TO TMbenb SMOPMOHOB ObITa
Ha BCeX 9Talax ux pasButisa. OfHAKO METOJ OL[eHKM CO-
CTOSIHVsI SMOPIOHOB He II03BOJIM/I HaM BBIEIUTDb Hanbo-
jlee PaIMOYyBCTBUTEIbHBII IIePUOK SMOPIOTeHesa.

[Tory4yeHHbBIE Pe3yNbTaTHl B 3TOM 3KCIIEpVMEHTE II0-
3BOJIAIOT CHENATh BBIBOJ], UTO MPEPHIBUCTOE BO3MEIICTBIE
9MII 900/1800 MI1 coToBOro TemedoHa B TeueHUe IepH-
ofia MHKYOAIMM KypUHBIX ANL HeOTarONpUATHO HeCTBY-
eT Ha Pa3BUTUE SMOPUOHOB, B YaCTHOCTU YBETNIMBAET
4acTOTy rnOeyt SMOPUOHOB.

Takum 06pasoM, pe3ynbTaTbl IpPUBENEHHBIX padoT
MOABOIAT HAc K BBIBOAY, 4To BospericTBue OMII PY Bo
BpeMs1 GepeMeHHOCTH ¢ 04eHb Hu3Koit [1119 mMoxer oxa-
3aTh HeOMATONPUATHOE BIMsHNE Ha IVIOJ, ¥ HA )KVI3HEHHbIE
(YHKIIUY HOBOPOXXIEHHOTO.

C 2006 r. no Hacrosee BpeMs B Poccun no nannma-
tuse 1 nop pykosoactsoM I0.I. Ipuropresa n H.J. Xop-
CEBOI1, BIIEpBbIe OBUIN HAYATbI 11 IPOJO/DKAIOT IIPOBOAUTD-
CA O HACTOAIIETO BPeMEHN MHOTOJNETHME JTOHIUTIONHbIE
MCCIeqoBanmsa meteli-nonb3oBareneinr MT. B otanume ot
paboT B 06/macTu SUeMUOIOT N, KPATKOBPEMEHHBIX Ha-
OmofieHNT Ha JOOPOBOJIbIIAX ¥ IKCIIEPUMEHTATbHBIX VC-
CJIe[IOBAaHUII HA XUBOTHBIX, 060061IeHHBIX B 0030pe [43],
10 JIaHHOV MpOrpaMMe IPOM3BOJAUTCA OLi€HKA peaKIuil

Pesynbrarel Bimssaust OMII coToBoro tenedona Ha pasBUTHE KYPUHBIX 9MOPUOHOB (IMHAMNKA CMEPTHOCTH
3MOPUOHOB B pa3INYHbIe POl MHKYOAI[1mN)

CyMMapHble pe3y/ibrarbl
Obee KomraecTBo morn6mmnx aMOpItOHOB B pas/iiyHble IEPUOABI Kommae: o—
Tpynmbt KOJINYIECTBO MHKY6auuy, cyT CTBO % CTBO %
6
OMOPHOROB. [ 3 10 16 51 84 13 21 10 16 51 84
JloxcHoe o6y ere 61 0 0 0 0 0 2 8 (10) 10 16 51 84
(KOHTPOJIB)
Bosperictaie OMII 63 2(2) 2(4) 509 | 3(12) | 113) | 6(19) | 28(47) | 47 |75%¢54| 160 |25%%54

[Ipumeyanre. Ha 3-u cyr mHKy6auuu B KOHTPOJIBHOIL IpyIIe u3 63 Anil ABa GbUIM UAEHTUPULNPOBAHBI KAK HEOIUIONOTBOPEHHbIE. B ckoOKax ykasaHa

0611151 CMEPTHOCTL 3MOPUOHOB Ha KaXK/Iblil JIeHb MHKYOAIMIL.

*CpaBHCHI/Ie CMEPTHOCTH B TPYIIIaX IO KPUTEPUIO CTbIO,HeHTa IIp1 OLIEHKE NOCTOBEPHOCTN [/ a/IbTEPHATMBHBIX IIPM3HAKOB pa3n4nsa HTOCTOBEPHBI C

BEpOATHOCTDBIO 99,9 %; p < 0,001
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LIEHTPaJIbHOJ HEPBHOI CUCTEMBI JleTell U MOPOCTKOB Ha
9JIEKTPOMATHUTHOE M3TyYeHNe MOOWIbHBIX TeleOHOB C
MOMOIIBIO0 TICUXODU3NOTIOTUIECKUX TeCTOB [44].

BaxHO OTMETUTD, YTO B 3TUX UCC/IENOBAHNSAX, IIOMU-
MO OCHOBHOII rpymmsl (170 geTeit), B KOTOPOI AeTY MOMb-
30Banch MOOMIBHBIMY TenlepoHamu, OblIa chHopMUpoBa-
Ha KOHTpOJ/IbHasA rpymnma (67 meteit), B KOTOPOI JeTH He
uMenmu MOOMIBbHBIX TelieOHOB U HE MOIb30BA/INCH NMI.
ViccnepoBaHue 6110 IPOBENEHO B NTuIiee TOPona XMMKIL.

KoMmnekcHass auarHocTrMKa — HeMPOAVHAMMYECKUX
0COOEHHOCTEI [leTell BKII0YaIa IICUX0(PU3IOIOTNIECKIIe
IIOKa3aTeNy, OLIEHKY HEeMpPOICUXOIOTMYECKOTO CTaTyca
U YPOBHsA PasBUTHA A3bIKA, a TAKOKe aHa/IN3 aHAMHe3a I
OmorpaduyecKux TaHHbIX.

3a mepBble 6 sieT HAO/IOEH ST OBUIN MOy YeHbI CTIeRy-
fomye (yHKIVMOHATbHBIE M3MEHEHNs (TpelBapuUTeIbHbIE
Pe3y/IbTaThI):

e ycTamocTb — 39,7 %;

o CHIDKEHNE CIIOCOOHOCTU paboTaTh B IIKOJAE U JOMA —
50,7 %;

o yMeHblIeHMe CTAOWIBHOCTY IIPOM3BOJIBHOTO BHIUMA-
HUA IO BOCIPOM3BOAMMOCTY Ha 14,3 %, 0 TOYHOCTU
Ha 19,4 %;

o OCTMabneHyre CeMaHTUYECKON MaMATH (CHVMDKEHME TOY-
HOCTM Ha 19,4 %, yBennueHue BPEMEHM BBINTOTHEHNA
saganus Ha 30,1 %)

e U3MEHEHME CKOPOCTM aygMOMOTOPHOIN peaKIuym Ha
55,5 %;

o HapylleHye (pOHEeMATNIECKOrO BOCIPUATHS ¥ BCEX Jie-
TEI-TI0/Ib30BaTEIEN.

Takum 06pasom, mpefBapuTeIbHbIE Pe3y/IbTaThl Ha-
O/IIofeHniI mOoKaspIBalT, yto OMII PY MOIyT OKasaTh
HeTaTMBHOE BINAHME Ha ICUXMYECKOe 3[I0POBbe MeTeil.
OmnncaHuble Bbiie 3¢ (HeKThl OTPAXKAIUCh HA YCIEITHOCTI
pe6éHKa mpy oOydeHMu B LIKOJIE. BbIsiBIeHHOe BO3pac-
TaHMe 4YMC/Ia HapyLIeHiT (POHEMATIYeCKOTO BOCIPYATIUSA
YBEINYMBAIO BEPOSATHOCTD OLIMOOK B pedn 1 B IMCHME,
a TaKKe CHIDKAIO 3¢ (PeKTUBHOCTD PabOTHI JIOTOIIea IPU
MpPOBEEHNM KOPPEKLIVMOHHO-PAa3BMBAOMINX  3aHATUIL
Hecmorps Ha TO, 4TO B GO/BIIMHCTBE CTy4aeB M3MeHe-
HUe MCUX0U3NOMIOTNIECKX TI0Ka3areseil ObUIO IMoKa B
Ipefenax BO3PaCTHBIX HOPM, OFHAKO yCTaHOBJIEHA yCTO-
4yBasl TEHAEHUVS K CHVDKEHUIO IOKasaTesieil 0 HYDKHeN
I'PaHUILbI HOPMBI.

OTallHble MTOTOBBIE MaTepMaabl 3TUX MUCCIEOBa-
HUI1 ObUTM 0000IIeHbl HAaMI U TIPEACTABIeHbl B paboTax
[44-48].

AHasnornyHble pesyabTaThl 10 HApyIIEHNSM poHeMa-
TUYECKOTO BOCHPUATHUS OBbUIN MONydeHbl B VIHAnu, HO y
B3pOCTIbIX Tonb3oBareneit MIT [49]. B 2016 r. 6bumn omy-
O/IMKOBAHBI JaHHbIE, IOATBEP)K/IAIOLIIIE BHIBOIBI HAIETO
MHOTOJIETHETO 9KcrepuMeHTa [50]. Viccmenys KOrHUTHB-
Hble U MOBefleHYecKre PYHKIUN y [eTell, 101b30BaTesei
MT B BospactelO s1eT, aBTOpPbI NPUIUINA K BBIBOJY, «4TO
BosgericTBe OMII PY Hu3Kux ypoBHeif, KOTOpble HaXo-
IATCS B OKPY>KaIOIIEN cpefie, MOTyT OKa3blBaTh HEraTWB-
HOe BIMsHME Ha KOTHUTUBHOE U / MM Ha TIOBeJjleHYeCKoe
pasBUTUE feTeil».

BoT ¢akTopsl, KOTOpbIE O3BOJISAIOT HAM CIeIaTh BbI-
BOJ], YTO MOTEHI[MAJbHBI PUCK I 3MOPOBbs ETEN —
10/1b30BaTesIell MOOMIBHBIX Telne(OHOB OU€HD BBICOK:

— IMIOIJIOILeHNE TeKTPOMATHUTHOI SHEPIUI B TO/IOBE pe-

OeHKa 3HAYMTEIBHO BBIIIE, YeM B TO/IOBE y B3POCIIBIX

(TKaHU IeTCKOro Mo3ra 00/1aJaT 60jIee BBICOKOI IIPO-

BOIVIMOCTBIO, MEHBIINIT PasMep TOTIOBBI PebeHKa, TOH-

KJie KOCTY 4epera);

MUHMMA/IbHOE PACCTOSIHUE OT AHTEHHBI O MO3Ta, IO-

TOMY 4TO yIIHas pakoBMHa peGeHKa OYeHb MATKas U

[IOYTH He VIMEET XPSIIEBOTO CIIOs;

Tenmo pebenka 6ojee yyBcTBUTENbHO K IMII, yeM Teno

B3pOCIIOrO;

FOJIOBHOI MO3T pebeHKa 6oriee YsI3BUM K BO3JEICTBIIO

OMII;

— TOJIOBHOJ MO3T JieTell MMeeT OO/MBIIYI0 CKIOHHOCTb K
HAKOIUIEHMIO HeOTarOMpUATHBIX Peaknil B YCIOBUAX
MIOBTOPHBIX BozfeiicTBuit OMI;

— OMII PY moxeT oKa3aThb HeraTMBHOE BAMSAHME Ha KOT-
HUTUBHbIE QYHKIINY;

— COBpeMeHHBbIe fieTu o/b3yTcst MT ¢ panHero Bozpacta
u OyIyT IPOJOIKATh UCIOIB30BATh MX, TAK YTO IPO-
TO/DKUTEIBHOCTDb BO3JENICTBMSA HA JeTell 3JIeKTpOMar-
HITHOTO M3/Ty4eHNs OyeT CyliecTBeHHO OOrblie, YeM
y COBPEMEHHBIX B3POC/IBIX [I0/Ib30BATEIEI.

ITo mMHeHUI0 4YneHoB Poccmiickoro HaIMOHATbHOI'O
KOMITETa I10 3alyTe OT HEMOHUSUPYIOLMX U3TydeHMIT
(pemenne PHK3HI, 2008) y meTell, MCIOMb3YIONIUX MO-
OvibHble TeePOHBI, C/IefyeT OXWUAATh C/IefyIoliye BO3-
MOYKHBI€e O/VDKaiIIe pacCTpoICTBa: OCTabIeH e TaMATH,
CHIDKEHNUe BHYMAHMsA, CHYDKEHVE YMCTBEHHBIX M IIO3Ha-
BaTeJIbHBIX CIIOCOOHOCTEI, PAa3ApaXKUTeNbHOCTD, Hapyllle-
HIe CHa, CKTTOHHOCTD K CTPECCOBBIM PEAKIIVISIM, IIOBBIIIEH-
Has SIWIENTUYECKasi TOTOBHOCTD.

MO>KHO TaK>Ke OKUATh Pa3BUTHUS HO3THNX 9P deKTOB
y>Ke B 60JIee cTapieM BO3pacTe B pe3y/IbTaTe HaKOIIEHNs
m10604HbIX 3¢ PeKTOB KaK B KIETKAX, TAK U B PA3TUIHBIX
(YHKUMOHATIBHBIX CHCTEMax OpraHmsaMa: OIyXOIM TO-
JIOBHOTO MO3ra, CTyXOBOT'O 1 BeCTHOY/ISAPHBIX HEPBOB (B
Bo3pacte 25-30 siet), 60/me3Hb AsbureiiMepa, TeMeHIVs,
[eNpeCcCUBHDI CUHAPOM ¥ JpYrie HMpPOsBIEHNs JereHe-
paluy HEPBHBIX CTPYKTYP TOJIOBHOrO Mo3ra (B Bo3pacre
50-60 ner).

Hetn-nonb3osarenu MT He MOTyT 3HaTh, YTO X MO3T
nogsepraeTca Bosjeiicteuio OMII, puckys csoum 3gopo-
BbeM. DTO SAB/IAETCS CYLIeCTBEHHBIM (aKTOPOM B MOPasIb-
HOJl 9TMKe I popmTeneil. TakKe BaKHO TO, YTO PUCK
pospericteusa OMII PY He meHbIle, yeM puCK I 300pO-
Bbs JleTeil OT TabaKa M/ aIKOTOJIA.

Y4uThiBas BHIIEN3IOKEHHOE, MBI CUMTAEM, YTO IETU
HO/DKHBI OBITH OTHECEHBI K TpyIIe puUCKa U, IO CYTH,
YIUTBIBask BeCh CHEKTP O0OCTOSATENbCTB, OHM MOTYT OBITH
mpupaBHeHbI K «1podeccronanam». Kak crencrsue, cy-
I[eCTBYeT HeOOXOAMMOCTb B paspabOTKe KOHKPETHBIX
CTaH/IapTOB 110 orpaHn4eHnio peitctus OMII PY nist mnn
meTcKoro Bospacra (47, 48, 50].

Haute npepmyoskenne o pa3paboTKe KOHKPETHBIX CTaH-
JapTOB JUIsl IETCKOTO BO3PAcTa MMEET IOIOHNUTENTbHOE
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ob6ocHOBaHMe. [lefICTBUTENBHO, B €AMHCTBEHHOI CTPaHe —
Poccun - B 2003 r. 6611 yrBepxaeH CanllnH, B koTopom
OBITO PEKOMEH/[OBAHO OIPaHMYUTD UCIHONMb30BaHye MT
merell B Bo3pacte o 18 netT. TeMm He MeHee, 3TOT JOKYMEHT
IO CHUX IIOp JJOCTYIIEH TO/NBKO CIIelMaIicTaM, paboTar-
UM B 9T0i1 061acTu. HaceneHne o cyiiecTBOBaHUM TaKMX
PEKOMEeHALIT He 3HAET, U JETU C pa3pelleHns poguTeien
HOJIB3YIOTCS MOOM/IBHON CBSA3BIO [0 MAKCUMYMY, 6€3 KOH-
Tpons. Ha camoM fiernte, ecTb [1Ba HE3aBUCUMBIX ITpoliecca:
C OJ{HOI CTOPOHBI, CylecTBYeT popManbHas peKOMeH -
VA 110 OrpaHNYEHNIO MCIIO/Ib30BaHMA MT OE€TbMU U I10/1-
pOoCTKaMu, C APYTOil CTOPOHBL, IeTU U MORAPOCTKY 6e3 KOH-
TpoJiA, IpU MO EeP>KKe CBOMX POAMUTEIEN IIpeBbILIaeT BCe
pasyMHbIe orpaHMYeHMs Ha ucrmonb3oBanue MT. Baxso,
YTO CyILIeCTBOBaHME OTHENbHOIO COOTBETCTBYIOILIETO HOP-
MaTMBHOTO JOKYMEHTa IJid JHeTeil IO3BOMUT IpUB/IEYb
BHIUMaHMe 001IeCTBEHHOCTH U TOCYAapPCTBEHHBIX OPraHOB
K IIpo6eme 1 9pPEeKTUBHO OCYIIECTBIATh IPEBEHTUBHBIE
MepBL.

3axmroueHne

Takum 06pa3oM, BIiepBble 3a BeChb IEPUOJ CYLIECTBO-
BaHVA OUBUIN3aLVIN IIPONCXOAUT MACCOBOE ITOCTOSAHHOE
97IEKTPOMATHUTHOE OOIydeHre KPUTUIECKOH CHUCTEMBbI
OpraHy3Ma — FOJIOBHOTO MO3Ta I HEPBHBIX CTPYKTYP BHY-
TpeHHero yxa pebenka. [Tpu noggepxke pogureneit pebe-
HOK CTaj oOafiaTesieM MOOMIBHOTO TeedoHa, KOTOPBIi
SIBJISIETCS. OTKPBITHIM, HEKOHTPOIMPYEMbIM MCTOYHIKOM
OMII.

[Tpo6nema sammtsl getert or OIMIT PY npn ucnonnb-
30BaHMY MOOMIBHBIX TelepOHOB OYEHD Jja/ieKa OT CBOETO
pelleHNs], OHa HAXOAMTCS Ha CTafyM [OYCKaA IyTell 9TOro
peutenns:. Ycnosus Bospeiictusa OMII PY Ha ronosHoil
Mo3r pebenka-nonb3osarenss MT He MOryT ObITb IIpen-
CKa3yeMBIMI M MOJIHOCTBIO 3aBUCAT OT MHOTUX 00CTO-
ATENbCTB, IPeX/e BCero, OT CaMOro II0jb3oBarend. Mol
BCTYIIM/IU B HOBYIO 9Py, B 9Py HEOOXOAMMOCTH ITOCTOSH-
HOTO KOHTPOJIA HaJ| VCIOIb30BaHNEeM MOOMIbHBIX Telle-
¢boHOB meThMM U Oe30TIaraTe/IbHON pa3paboTKN 11e10ro
KOMII/IEKCa MPO(MIAKTIIECKIX MEPOIPUATHIL. ITO IIPO-
6/1eMa TPeThero ThICTIeTIeTIA.
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Abstract

The article considers the problem of the influence of electromagnetic fields (EMF) of the mobile communication on the health of
children and adolescents within the framework of the epidemiological and experimental studies.

All of the world population use mobile phones widely thus having strong and daily effect on the brain. There is no restriction on the
use of mobile phones. Getting more advantages and convenience of the mobile communication, the population is trying not to hear the
information about possible risks to their health, there is no element of self-restraint.

This process involves children aged 3-4 years. Pregnant women do not respect basic rules of protection from exposure to EMF of the

mobile communication.

The data on the distribution of EMF RF energy absorbed in a child’s head during a mobile phone conversation are submitted. The
original data on psychophysiological dysfunctions in children-users of mobile phones are discussed. We believe there is a risk of brain
tumors. The estimation of the risk for children was made. Children are in the group of the risk. Special children standards for mobile EMF

are therefore proposed.

Protecting children from exposure to EMF Cellular is one of the priorities of the third millennium.

Key words: the electromagnetic radiation of radio-frequency range, cell phones, children, the danger of the use of the mobile connection
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Pedepar

3Ha4yKTe/NIbHAA YACTh C/IyYaeB paka IuToBuiHOI xKenesbl (PIIDK), BpiABIeHHBIX B iepsble 10 et nmoce aapyuu Ha YADC, Obuta mmpef-
CTaBJIeHa COIMIAHBIM BapMaHTOM IaNl/ULAPHON KapLMHOMBI ¢ reHHbIMU IepecTpoiikamu RET/PTC3. Hanporus, cpegu PIIDK, puarnoctu-
poBaHHbIX Yepe3 10 et mocie aBapun n nosxe, npeodmaganu RET/PTCI. Coobuamocs o codetanun RET/PTC3 ¢ 6onee arpeccrBHBIM
beHoTHIIOM, 6ONIBIINM pasMepPOM 1 MO3[HeI CTafuell OIyXo/Iu Ha MOMEHT fuarHo3a. OTMedanoch, 4To Koropra yepHo6bribekux PIIDK
[IepBOTO HecATUIeTHA oce aBapui ¢ npeobnafanuem RET/PTC3 yunkanpHa B MuposoM Maciutabe. Cpepu criopapnyaeckux PIIDK mpe-
o6bnagator nepecrpoiik RET/PTCI. CrenyeT yTOYHUTD, YTO Ha3BaHHAsA KOTOPTA YHUKA/lIbHA He B MUPOBOM MacIuTabe, a /I pa3BUTBIX
CTpaH, Ije IPOBOAMIOCH 60MbIIMHCTBO nccnegoBanmit. B koropre PIIDK n3 Mupnu npeobnaganu RET/PTC3, 4To MoXeT ObITh CBS3aHO
c bonee mosaHell nuarHocTrkoir. Axanornyno, RET/PTC3 wame o6uapyxusamu B PIIDK y Heo6m1y4eHHBIX MAI[IeHTOB C YKPAMHBI 11O
cpasHenmio ¢ nanyenTamu 13 Gpannym. Ieguarpuyeckuit PIIDK nocne aBapyn na ASC Oykycnma-1 xapakTepusyeTcss HU3KOI 9aCTOTOI
nepectpoek RET, cpenu koTopeix npeo6nagator RET/PTCL. ViMeroTcst faHHbIe B I0/Ib3Y accounaryy nepectpoek RET ¢ onpeneneHHpIMU
9Talamiu onyxosneBoit nporpeccun namwurapHoro PIIDK, npuyem RET/PTC3 - ¢ 6onee mospamM staroM. COOTBETCTBEHHO, 4aCTOTA Iepe-
crpoek RET/PTC3 B monynanuu 6ompubix PIIDK gomkHa KoppennpoBarh co cpefHeil IPOf0/DKITEIbHOCTDIO 3a60/1eBaHs. B HeKOTOpbIX
myOnIuKanuax coobIamoch 0 KOppenanusax Mex y dactoroi nepectpoek RET B PIIDK u oreHeHHOI 03011 Ha >xenedy. Koppenaius He
06s13aTeIBHO OTPa)KaeT IIPUUMHHO-CIACTBEHHYIO CBA3b. VI3BeCTHO, YTO MHTEHCHBHOCTD CKPMHIHTA ObI/Ia BbIIle HA TEPPUTOPUSX C boTee
BBICOKVMM yPOBHEM 3arpsA3HeHMs. [J0303aBUCUMBbI CaMOOTOOP MOT MOBBIIIATH 3P PEKTUBHOCTD AMATHOCTUKI CPEY JINL C OTHOCUTETBHO
BBICOKIMMU OLIeHOYHbIMM 3HayeHuAMK fo3. PIIDK penko puarnoctupoBany cpey fieteit u nogpocTtkos go aBapuy Ha YAIC. CoorBer-
CTBEHHO, Ha 3aTPsA3HEHHBIX TePPUTOPUAX uMescs myn sanyueHHbix PIIDK. Kpome Toro, Moria nuMeTbh MECTO pericTpanusa HeoOmydeHHbIX
IALeHTOB KaK 00IydeHHbIX. [0 Mepe CKpMHMHTA KONMYECTBO 3allyIeHHBIX CIyYaeB YMEHbBIIAIOCh; CTaIM IpeobnagaTh 6oee paHHUE
PIIK, wemy Taxke crioco6cTBoBasno ynydmenne guarsoctuky. Juaamuka RET/PTC noce aBapuyn Ha YADC 3TOMy COOTBETCTBOBAIA:
vacrora nepectpoek RET/PTC B nienom cHmxanmack, npudem ponsg RET/PTCI napacrana, a RET/PTC3 - cumkanace. IIpencrasnsaercs se-
posTHBIM, 4TO ocobenHocT PIIDK B pasHble cpoku mocie aBapuu Ha TADC onpepensanuch HepaaualMOHHBIMU (GaKTOpaMIM: JTHAMUKON
CKPUHMHIQ, [OBbIIIEHIeM Ka4eCTBa AMarHOCTUKM, UCTOLeHNeM IIOCPefCTBOM CKpUHMHTa Imyna 6ombHbIx PIIDK u cHivkeHneM cpepHeit

IIPOJOJDKUTEIBHOCTU 3a00/1eBaHMSI BHOBD BBIAB/ISIEMbIX CIy4aeB.
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Panee rennple mepectpoiiku RET (8 wactHOCTH,
RET/PTC3) B manwuiApHOM pake IUTOBUIHOIN >Ke/le3bl
(PIIX) obcysxpanuch Kak BO3SMOXKHbIE MapKepbl BO3Jieil-
CTBUSA MOHMSMpYOLeit paguaryn [1, 2]. B konTekcTe aBa-
pun Ha YASC npeanonaranocs, yto RET/PTC3 «aBnaioT-
Cs XapaKTEePHBIMU /IS OIIYXOJIell C KOPOTKVM JIATeHTHBIM
nepuonom» [3]. Ilop MaT€HTHBIM IEPUOLOM, OYEBUIHO,
HOJpa3yMeBaiC CPOK OT MOMEHTa OOJy4eHNUs [0 MOsAB-
nenns npusHaxkos PIIJK. Tlo mepe omyxoneBoit mporpec-
cun cTeneHb N epeHIPOBKY OIYXOIN, KaK MpaBUIIO,
CHIDKAeTCsI, a MyTalyuy HakammusaoTcs [4]. O6nyyeHne
MOXET I/IH,[IYI_U/IPOBaTb MyTaLU/H/I, B TOM 4YuCJIE, HepeCTpO]‘/’[-
ku RET, B akcIlepuMeHTax Ha XMBOTHBIX U in Vitro, OgHa-
KO /103bI B 9KCIIEPMMEHTAX OBUIN 3HAYMTENBHO BbIIIIE, YeM
CpeM Hace/leHuUs 3arpsA3HEHHBIX TEPPUTOPUIL IOCTIe aBa-
punt Ha HASC [5-10]. VI3 o61ieit Macchl BBIIagaeT CO06-
menue 0.E. Hukudoposa 1 coaBTOpoB 0 10303aBUCUMOII
unpykuyu RET/PTC in vitro mocie o6mydeHus B 03aX OT
0,1 Ip [11], uTo He cormacyercsi ¢ APYrUMU JaHHBIMI [8, 9].
3aasnenns npod. Hukudoposa o rmobarbHOM pocTe 3a-
6onesaemoctu PIIDK BcrefcTBIe aHTPOIIOreHHOTO ITOBBI-
IIeHNs pafinaliMoHHOro ¢poHa mmm o 4 Teic. cmydaax PIIDK
B pesynbrare aBapuu Ha YAIC [12] HaBOAAT Ha MBICIb O
HeoO'beKTMBHOCTY; Ja/IbHeIIast AUCKyccus cM. [13, 14].

B npeppinyumx nybmmkanusax [15-17] 6suta cdop-
My/IMpOBaHa TUIIOTe3a, COIIACHO KOTOPOJ TeHHBbIe Iepe-
crpoitkn RET acconmmpoBaHbI ¢ 3TallaMy OHKOTeHe3a U
nporpeccuy namwurspaoro PIIDK, npuyem RET/PTC3 -
C OTHOCKTE/IPHO IIO3[HMM 9TalloM. JlaHHas rumoresa He
6b1a ymoMmsinyTa B 0630pe [18], rae co ccpuikamu [19-22]
yTBepKpaeTcs, 4ro yactora RET/PTC Bbille B OKKy/IbT-

HBIX paKax ¥ MUKPOKapIMHOMAX, 4eM «B OOBIYHBIX» IIa-
muapHbix PIDK. LutnpoBanHble MICTOYHMUKY HE HOBBI
(1995-2001); ¢ Tex mop 6bUIM OIYOIMKOBAHBL PabOTHI C
MHBIMHU BbIBOfaMI (cM. HyDKe). JJomyckaercs, 4TO B paH-
HUX pa60TaX MOI/IN UMETb MECTO OFpaHI/I‘{eHI/IH TEeXHMNYEC-
CKOTO0 XapakTepa [23].

B crarbsx [19-22] coobutaercst o mepectporikax RET/
PTC B OKKYZIBTHBIX paKaX ¥ MUKPOKapIMHOMAX, YTO He
HIPOTUBOPEYNT 06Ccy>KHaemoit 3xech rumorese: RET/PTC1
MOTYT BO3HUKAaTb OTHOCUTEIBHO PaHO B IIpOLiecce OIIy-
XoneBoit mporpeccun, torga kak RET/PTC3 xapakrepHa
s O6onee mospHero srama. B crarbe [20] or 1998 1. ro-
Bopurtcs, uto RET/PTC He 6bUtn accolumpoBaHbl C pas-
MepaMI OITyXOJIEBOTO Y371, PaCIIpOCTPaHeHVeM OIyXO/In
3a Ipefebl IMTOBYHON >Kele3bl ¥ HamM4ueM MeTacTa-
30B. OpHako, B 6ojiee MO3[HEl MyOMUKALIMM U3 TOTO XKe
VUPEXJEHUSA OTMedYeHa acCOIMAIUSA MeXAY BBICOKUM
yposHeM akcnpeccun RET/PTCI u pasmepom omyxore-
Boro ysma [24]. Beima mpemmoxkeHa ruioresa, COIZIACHO
xotopoit RET/PTCI1 mpeppacnonaraeT K IOC/IeAYIOLIei
nepecrtporike RET [24], B mepByto ouepenn, k RET/ PTC3,
BTOpOIt 110 YactoTe nocie RET/PTCI [25]. IlepecTpoitku
RET HexapakTepHBI i HUSKOAUPPEepEHIMPOBAHHOTO U
a”armtactudeckoro PIIDXK [20, 26, 27]. Tlo-Bupumomy, aTo
CBSI3aHO C TeM, YTO TOIBKO YacTb HM3KoxpuddepeHunpo-
BaHHBIX OITyXOJIell pasBuBaeTca us namunasproro PIIDK
¢ nepectporikamu RET, a ocTasnpHble — 13 APYIUX TUIIOB
paxa wiu de novo [26].

Henp3sa MCKIIOYNTD, YTO KJIOHBI OITYXOJIEBBIX K/IETOK
¢ RET/PTC meHee >X13HeCIIOCOOHBI, YTO MOXKET BECTU K
YMEHBIIEHNIO CO BPEeMEHEM COOTBETCTBYIOMIUX KJIETOY-

47



Huckycensa

MepuunHcKas pajuoorus U paguannonHas 6esomacHoctb. 2017. Tom 62. Ne 2

HBIX ITOITY/IALNI (OTpULIATe/TbHAsI KJIOHAIbHAS CeeKINA),
OJIHAKO 9TO IPEefIONIOKeHNe TpedyeT 9KCIepUMeHTalIb-
Hoi mpoBepkyu. CooOLIaoch TakXKe, YTO IMEPECTPONKU
RET/PTC yacTo HaXxomAT He BO BCeX KIeTKaX OJHOI OITy-
XOJIN, B CBA3Y C YeM UX MHTEPIPETUPOBAIU KaK CyOKIIO-
Ha/IbHBIT (PeHOMEH, KOTOPBIIT MOXKET BO3HUKATh OTHOCHU-
TEbHO TIO3[IHO B XOJie OITyXOJIeBOIT mporpeccun [26, 28].
ITO TaK)Ke COOTBETCTBYET 00CYX/jaeMOli 37leCh IMIIOTe3e.

[Tepecrpoiika RET/PTC3 nambonee wacto Habmoo-
JaeTcsi IPU COMMIHOM, T.e. OTHOCUTETIbHO HU3KOAUPde-
peHUMpoBaHHOM BapuaHTe namwuiapHoro PIDK. Ilpu
¢dommkynapaoM BapuaHTe mammuripHoro PIIXK mepe-
crpoiiknt RET nabmogaTcs pexe [27], 4T0 MOXKeT ObITh
CBA3aHO C OCOOEHHOCTAMY OHKOTeHe3a JaHHOI OIYXOJN,
a TaKoKe C IPUMEChI0 UCTUHHBIX (QOJUIMKYISAPHBIX PAKOB.
Coobmanocek 06 accouymanuu RET/PTC ¢ III-1V cragnsa-
mu namwuiipaoro PIDK, peunauBamm 1 oTHaieHHBIMM
meTactasamu [23, 29], B wacTHOCTH, O codeTanum RET/
PTC3 c 6onee arpeccuBHbIM (HEHOTHUIIOM, OOIBLUINM pa3-
MepoM 1 6oree IO3[HeN CTafyell OIyXOo/au Ha MOMEHT
muardosa [30, 31].

PertunuBel 1 0TIaIeHHBIE METACTA3bI Yallle COUeTa/INCh
¢ RET/PTC3, yem ¢ RET/PTC1 [31]. 3HaunTenbHas 4acTh
PIIX «mepsoit BomHbI» noce aBapuy Ha YAIC oTHOCHK-
7ach K COMMAHOMY BapuaHTy namunapHoro PIDK c me-
pecrporixkamu RET/PTC3: B nepsrie 10 neT mocne aBapum,
B 63 % PIIDK 6b1mi BBIABIEHBI Mepectpoliku RET/PTC3
[32]. RET/PTC3 6bu1a camoit dactoit mepectporikoit RET
cpenu PIIDK «mepBoit Bomuel» [33, 34]. Hanporus, RET/
PTCI natifensr B 81 % omyxorneli, AMarHOCTMPOBAHHBIX
gepes 10 set mocye aBapuu u nosxe [32]. Iepecrpoiixkn
RET (mpenumymectsenno RET/PTC3) B 4epHOOBIIBCKOM
PIIDX 6bUmM acCOLUMMPOBAHBI C «IIOBBIIIEHHOI arpecCcuB-
HOCTBIO B CMBIC/IE€ CTAfIN», B OCOOEHHOCTH, C ITOCIETHE
cTagueit T4 [32, 35]. HemaBHO c006111a710Ch, YTO Y4acTOTA
obnapyxxernss RET/PTC, a taxoxe [pyrix IuTOreHeTIYe-
cxuM Mapkepos (BRAE RAS, PAX8-PPARY) B manmmsap-
HoM PIIJK mMerna TeHJeHIIMIO K CHYDKEHMIO B ITOATPYTIIIaxX
60nbHBIX 110 Mepe yBennyenus cragum ot T, x T, [29]. ITo
siB/IeHNe TpeOyeT MOATBEP>KeHNS 1 TaTbHEIIero uccie-
IDOBaHMS; KAK OTMEYasIOCh BbIIlle, OHO MOXKET OBITh CBsA3a-
HO C OTPULATE/IbHO KJIOHAJIbHON CeIeKL /eI,

PIIX OTHOCKHTENTBHO pelKo AVATHOCTUPOBAIN Y Jie-
Teil U MOAPOCTKOB 10 YePHOOBIIBCKOIT aBapuu: abComoT-
HOe YJICTIO C/Ty4aeB, 3aperucTpupoOBaHHbIX B bemopyccun
3a 1981-1985 rT. cpenu fgerent monoxe 15 net, coctaBuo 3,
YeMy COOTBETCTBOBaa 3abomeBaeMocTh 0,3 cydas B TOf
Ha MWIJIMOH fieTell; Ha YKpanuHe, COOTBETCTBEHHO, 25 1 0,5
[36]. Ost ceBepubIx obmacTeil YKpauHbl 9TH [TOKa3aTeNn
pasusmuch 1,0 u 0,1 [36]. Te >xe maHHBIe OIyOIMKOBAHBI
MeX/IyHapOfHbIM areHTCTBOM IIO M3Y4YeHui paxa [37].
OTHU [aHHBbIE He BCerfa MPMHMMAIOTCA BO BHUMaHKe: «JJo
aBapuny Ha YAODC 3a 15-neTHuit nepuox BpeMeny, ¢ 1971
o 1985 . yacToTra cnopaguyecKux KapyiHOM Y IaleH-
TOB B Bo3pacTe 1o 19 jieT Hu4eM He OT/INYaIach OT MUPO-
Boit cratuctuku» [38] (co cchuikoit Ha [34], rme HeT IO-
mo6OHbIX yTBepKaeHuit) nmn «DoHOBast 3a60/1eBaeMOCTDb
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PIIK cpenu peTeit B Bo3pacTe 1o 10 jieT cocTapiAeT mpu-
MepHO 2-4 cly4yaeB Ha MIUIMOH B Tofi» [39]. B moknane
HKIJAP 2008 mossimenHas 3adoneBaemoctb PIIDK mo-
cie aBapum Ha YAIC cpaBHMBaAETCSA He CO BpEMEHEM JI0
aBapuy, a ¢ 1986-1990 T, Korga 3aperucTpupoBaHHAA
3a00/IeBaeMOCTb yrKe Hayajia pacTi. B yacTHOCTH, Ha CTp.
60 ykasano: «DoHOBBIII ypoBeHb 3aboneBaemocTy PIIDK
neteit Monoxe 10 et cocraBiAeT NpUMepHO 2-4 ciyda-
€B Ha MWUIMOH B TO[» [40], 4TO 3HaYMTETbHO IpeBbINIaeT
IpUBeieHHbIe BbIlIe NUQPLI 11t bemopyccnn n YkpanHbt
1o aBapunu [36, 37].

B Poccuiickoit Pemepanyn maHHbIe 0 3ab0IeBaeMo-
ctu PIDK 6bpUtM OTAeNbHO BK/IIOYEHBI B MEIMUI[MHCKYIO
CTaTUCTUKY TONBKO B 1989 I., KOrma CKpMHMHIOBbIE Me-
ponpusitus y>xe Hadamuch [3]. CrriocoOHOCTb CKpMHUHTA
MHOT'OKPATHO MHOBBIIIATh 3apPETUCTPUPOBAHHYIO 3aborte-
BaemocTb PII[K usBectHa [41, 42]. Kak npaswiio, 3a6ore-
Baemocth feTckuM PIIDK Boire B 60/mee pasBUTHIX CTpa-
Hax [37, 43], BepOsTHO, BC/IEACTBIE JIYYIlIe IOCTABICHHON
nuarHoctuku. ITocne cpaBHeHMs TOKa3aTerel i/ pasHbIX
cTpaH [37, 43] ¢ TakoBBIMU It YKpanHbI U benopyccnn
CTAaHOBUTCA OYEBUAHBIM, 4TO jo aBapuym Ha YASC tam
MMeJTach MOmy/siuysl HepgyarHoctuposanusix PIIDK [15].
Boiasnenne sanymennbix PIIDK B xozne gucmancepusanmit
IIOC/Ie aBapuM YIIOMSHYTO B [44]. [letn u moppocTku fo-
CTYIHBI I CKPMHMHIA B IIKOJAX M JEeTCKUX CajjaX; UM
yResI0ch 0coboe BHMMaHMe [3], 4TO croco6CcTBOBAIO
[IpeVMYyIeCTBEHHOMY POCTY ITOKa3aTeIs 3a00/1eBaeMOCTI
B 9TOJ BO3paCTHOI I'PYIIIIE.

Jlannsre o 3a6onesaemocty PIIDK Ha pasHbIx cTaju-
SIX CPefiM ieTell ¥ MOAPOCTKOB Ha YKpauHe 1o rogam (1986-
1996) mpusenensr B crarbe [45]. Cragna T, 6bia auarso-
CTHpOBaHa IpUMepHO B 50 % crydaeB 13 0OIIero 4mcia
224 perckux PIDX mocne aBapum. Cpenu NOAPOCTKOB
9TOT HPOILEHT ObIT BhIIe: 10 71 % [45]. CoOTBeTCTBEHHO,
B panHue cpoku mocie aBapuu PIIDK 6butn B cpemnem
6oree KpymHbIMHI 1 MeHee An¢epeHIPOBAHHBIMIY, YeM
BBIB/ICHHBIE 1103Xe [46]. OueBUIHO, 9TOMY CIOCOOCTBO-
Ba/ll CKpUHUHI-3QeKT ¢ OOHapyXeHMeM 3aIyleHHbIX
CIy4aeB, a TaKXKe PerucTpanms Kak XepTB YepHOOBIIA
OONbHBIX C He3arpsI3HEHHbIX TEPPUTOPUIL, THe CKPUHUHT
He IPOBOAM/ICA, TaK YTO IIPMBO3HBIE CIIyyall [OJDKHBI
OBIIV B CpeHEM HAXOAUTHCS Ha O0JTee MO3HIX CTANSX.

Bricokas wacrora RET/PTC3 cpegu PHIJK mepsoro
TecATUNeTVA MOCTIe aBapUM yKasblBaeT Ha TO, YTO Peru-
CTpanysi 3amyIeHHBIX C/TydaeB KOMMYECTBEHHO Ipeoo-
Jajjana HaJ, TUMIEePAVAarHOCTUKONM, KOTopas TakKXKe MMesna
MecTo [47]. B pesymbraTe CKpMHMHra HMONY/IALUA 3aIly-
LIIEHHBIX PAKOB COKpallanach; cpeay BoisaBnasgeMbix PIIIK
cTamu Ipeo6nafaTb Oo/lee paHHHUe CIyday, 4eMy CIIO-
COOCTBOBAJIO TAKXKE COBEPIICHCTBOBAHNE AVMATHOCTUKIL
®axkr nHTepnperanyy sanyuennbx PIIJK kak arpeccus-
HBIX PAJJMOreHHbIX PaKOB MOXXHO IOATBEPAUTD CIEHYIO-
meil UUTaToi: «Ecmm ImpenmonoXuTb, 9TO BCE OIYXON
pociu npubIM3UTEIPHO C OAMHAKOBON CKOPOCTHIO. .., TO
B TaKOM C/Iydae OIYXO/IU C IPOFO/DKUTETbHBIM JIaTeHT-
HBIM IIEPUOJIOM JO/DKHBI OBITH KpyImHee. B feiicTBMUTeb-



MepuunHcKas pajuoorus i paguanuonHas 6esomacHoctb. 2017. Tom 62. Ne 2

Juckyccusa

HOCTHM OHM OBUIM JaXkKe HeCKONbKO Merbde... Omyxomu ¢
KOPOTKVM JIATEHTHBIM IIEPUOJIOM IeMOHCTPUPYIOT Oortee
BbIp@)KEHHbIE INIPU3HAKM UHTPA- U 9KCTPATUPEOUTHOTO
pacrpocTpaHeHNs, 4eM OIyXO/u ¢ Oojiee IPORO/KUTENIb-
HBIM JIaTeHTHBIM mepuomom» [3]. Ouuamuka RET/PTC
3TOMY COOTBETCTBOBasa: yacrora nepecrpoek RET cHu-
>KaJlach C TeYeHMEM BpeMeHN IOCTIe aBapyM, IIpUIeM cpe-
o RET-monoxutenpHbix omyxorneit mporeHT RET/PTC1
co BpemeHeM HapacTai, a RET/PTC3 - cumxkancs [3, 32].
JanHble n3 SHOHMN COOTBETCTBYIOT 0OCYX/jaeMoil 37eCh
runotese: nepuatpuydeckuit PIIDK nocne apapun vHa A9C
dykycuma-1 xapakTepnusyeTcs HUSKMM IPOLIEHTOM Iepe-
crpoek RET (okomo 10,3 %) [48, 49], uto, oueBnaHO, 00D-
sICHsIeTCsl paHHel pmarHoctukoit [17]. Kak u cnegosamo
oxupath, cpenu nepectpoek RET B SImonnn mpeobmagaor
RET/PTC1 [49].

B crarpe [50] 06cyKpanuch KOppenanumn Mexny da-
croroit RET/PTC u go3amy papmanuy Ha IUMTOBUAHYIO
Keme3y. ABTOpaM He YAanoCh «BBIABUTH OJIHO3HAYHO
TPAKTYeMYI0 M CTATUCTMYECKU 3HAYMMYIO 3aBUCUMOCTD
gactorel RET/PTC B KapumHOMax IIMTOBMUHON >Ke/le3bl
OT YpOBHA 3arpssHeHMs». OFHAKO, «IIPYM PerpecCOHHOM
aHa/M3e [T0 METOAY B3BEIICHHBIX HaVIMEHbIINX KBa/[PATOB
saBucumocty i PIIDK nmocne aBapun Ha YASC okasa-
TIUCh OTYETANBO 3HAUMMbIMMK A1 9acToThl RET/PTC cym-
mapHo u ana RET/PTCl». Insa RET/PTC3 gocrosepHoit
KOppenALuNu BBISIBIEHO He 66110 [50].

B wmccnemoBaHmMm Ha 3arpA3HEHHBIX TePPUTOPUAX
Poccniickoit @enepaunn, koppenaunn Mmexay RET/PTC u
OLICHOYHBIMI 3HAYEHNAMI [03 Hali/ieHbl He ObUIN, IpUYeM
ObIJI Cie/IaH BBIBOJ O B/IVISTHUM Ha BOSHUKHOBEHME U BBLSIB-
nenne nepectpoek RET/PTC He cBA3aHHBIX ¢ pafnanueil
¢daxTopos [51]. CrenyeT OTMETHUTD, YTO KOPpEIALNU He
00513aTeNIbHO OTPAXKAIOT IPUINHHO-C/IEICTBEHHYIO CBS3b.

JososaBucmelit  camoor6op (dose-dependent self-
selection) MOT MOC/TY>KUTb TPUYNHON KOPPETALNIL «103a—
3¢ exT», HallJleHHbIX B Pa3/IMYHbIX SNN/IEMIOJIOTYeCKIX
uccnenoBaHnax. Hembas Taxoke MCKTIOUUTD TOATOHKY JJaH-
HbIX [52]. [l0303aBUCMBIIT cCaMOOTOOP OTMEYaIC APYTUMU
uccnegoparensimu [53, 54]. [IpencraBisieTcs: BEpOSTHBIM,
9TO JIMLA, MHPOPMUPOBAHHbIE O CBOMX OTHOCHUTETIBHO
BBICOKMX JI03aX MIM HPOXKMBAIOIINME HA TEPPUTOPUSX C
6ojtee BBICOKMM YPOBHEM 3arps3HEHNs, B CPeJHeM vallle
o0paIanuch B MEUIIMHCKIE YIPEX/IEHNUS, Te UM YAes-
7 607blile BHUMaHMA. DTOT MEXaHM3M JO/DKEH ObLT 10-
BBIIATh 9(PPEKTUBHOCTD JUATHOCTUKM CPefy JIUL C OT-
HOCHUTE/IbHO BBICOKVIMM OL[CHOUHBIMIM 3HAaUeHMAMU [103. B
COOTBETCTBUY C 00CYX/aeMOli 3[1eCh TUIIOTE30i1, B paHHIE
CPOKI ITOC/Ie aBapUI CPeHSIA JUINTENbHOCTD 3a00/IeBaHIS
PIIX 6b11a Beilre, yeM B 6ojiee mo3gHMe Cpoku. B cBoo
o4epenb, CpefHsAsA MPOJO/DKUTEIBHOCTD 3ab0jIeBaHUS
mo/mkHa Koppemposats ¢ yactotoit RET/PTC, B ocoben-
Hocty — RET/PTC3. 9TOoT MexaHM3M MOT JIeXKaTb B OCHOBE
KOPPeTALMIl MeXY [J030/1 XPOHUYECKOTO OOIy4eHUs U
RET/PTC B anuieMnomorni4ecKux nccaeToBaHmMIX.

Yro kacaercsa xoppemsnuii gosa — RET/PTC cpenn
IOCTPAiaBIINX OT aTOMHBIX 60M6apaupoBoK B SmoHnu

[55, 56], TO He MCK/IIOYeH MyTareHHbIil 93¢ deKT Oonee BbI-
COKUX 103 ocTporo obmyuenus [57]. Obcyxaaemast 31ech
TUII0Te3a He UcKmodaeT BosHuKHoBeHuA RET/PTC u gpy-
TMX MyTalWii IOf, AeICTBYEeM OTHOCUTENbHO BbICOKIX [103,
HO BBIJIBUTAET Ha IEPBbII IJIAH HAKOIUIEHMe MyTaumit (B
1.4., RET/PTC) 1o Mepe omyxojeBoil IpOrpeccun 1 BO3-
MOYKHYIO CBSI3b TeX M/IM MHBIX MY Tl C OIIpefie/IeHHbIMU
3TanaMy IPOTPECCUN.

OTtMeuanoch, 4To Koropra depHobObIIbCcKMX PIIDK
npeobmapanveM RET/PTC3 yHukanbHa B MUPOBOM Mac-
mrabe [58]. B ommmure oT 4epHOOBIIBCKUX OMYXOJIEH, B
ciopagudeckoM PIIYK 06b14HO peobnafatoT nepectpoit-
xu RET/PTCI1 [27, 58]. CnemyeT yTOYHUTD, YTO YEPHO-
OBITIbCKast KOTOPTa YHUKA/IbHA He B [1I00aIbHOM MacIITa-
e, a 151 Pa3BUTBIX CTPaH, Tjie IPOBOAMIOCH 6OIBIIMHCTBO
uccnegoBaumit. B koropre PIIDK u3 Vupuu npeobnamann
RET/PTC3 [59], 4To ykasbiBaeT Ha Oojiee MO3JHION fua-
rHocTuKy. [lepectpoitku RET/PTC3 wamme o6Hapy>xuBamm
B TKaHu PIIDK y Heo6Iy4eHHBIX MAIMEHTOB C YKPaUHBL,
4eM y nanyeHTos u3 Opannym: 64,7 % nporus 42,9 % [60].
CooburaemMoe n3 pasHbIX CTPaH CHIDKeHUe 4acToThl RET/
PTC B TeuyeHue mocmemHux gecarvnetuir (48, 61, 62], a
TaK)Ke MOBBIIIEHVE TO/Y PAHHETO UHTPATUPEOUJATBHOTO
PIIX [62], MO>KHO 06BsICHUTD OJIEe paHHET AUATHOCTH-
KO/l B CBA3M C COBEPIICHCTBOBAHMEM Y/IBTPAa3BYKOBOTO
060pyOBaHMsl, @ TAK)Ke MOBBIIIEHNEM BHIMAHMS TIOfeN
K CBOEMY 3710pOBb10. COOTBETCTBEHHO, «OBIIN IIPOEMOH-
CTPUPOBAHBI CHAJJAIOLIVe XPOHOJIOTMYECKe TPEH bl IS
nokasateneir RET/PTC1, RET/PTC3 u RET/PTC cym-
MapHo 1 koropT u3 EBpomnbr, CIIIA + Kanags! u cTpan
Asnarcko-TuxookeaHckoro pernona» [18].

3akiaroueHne

ITo MHeHMIO aBTOPa, OCHOBAHHOM Ha 0030pe /nTepa-
Typsl, nepectpoiiku RET accoummpoBaHbl ¢ onpeseneH-
HBIMM 3Tanamy onyxosesoli nporpeccun PIIDK, npuuem
RET/PTC3 - ¢ 6onee no3guum stanom, yem RET/PTCI.
COOTBETCTBEHHO, «CTIEIOBABIINE APYT 32 APYTOM BOTHBI
OIyXOJIeil cpefyt OOMyYeHHBIX HeTell, Kaxjas BOJHA CO
CBOMMM MOJIEKY/IAPHBIMY, MOPQONTOIMYeCKUMM ¥ KJIN-
HUYECKMMH XapaKTepucTukamm» [34] mocme aBapum Ha
YASC B 3HAUNTE/NbHON CTEIIeH) OINpefeIsA/INCh TVHAMM-
KOl CKPMHIHTA, IIOBBIIIEHMEM KadecTBa [UAarHOCTUKI
U PEruCTpaIyy OMyXOnell, a TakKXKe MCTOIeHUEeM IIOIy-
naumyu 6onbHbIX 3anyuieHHbIM PIIDK cpepu Hacenmenus.
JlaHHyI0 THUTIOTE3y MOXXHO IIPOBEpPUTH ITyTeM IIOMCKa Ha
KIMHNYIECKOM U SKCIePMMEHTalTbHOM MaTepuaje Koppe-
TALNIA MKy TEHHBIMU IIEpeCTPOIKaMy, C OFHOM CTOPO-
HBI, U IPONO/DKUTENBHOCTBIO 3a00/IeBaHNA, pasMepamu
U creneHpio AudQepeHIMPOBKY OIYXOlell — C JPYroil.
B akcrepumeHTaXx MOXXHO CPaBHUTB XKM3HECIIOCOOHOCTH
knetok PIIDK ¢ mepecrporikamu RET/PTC u 6e3 TakoBbIX
C II€JIbIO HpOBepKI/I TUIIOTE3BI O CIIOHTAHHON SJIVMIMVHA N
RET/PTC-10n0>XX1TeNbHBIX KIIOHOB.

[Tepectpoitku RET BcTpeuarorca B gerckux PIIDK
JaIie, 4eM y B3pOC/IbIX [31], 4To MOXeT OBITH CBSI3aHO C
60s1ee BBICOKOI arpecCUBHOCTBIO [63], T.e. ¢ 60/Iee HUSKUM
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cpenuuM yposHeM muddepennuposkn PIIDK y nmereii.
Y4unTbiBas, 9TO ONpefielieHHast BO3pacTHas rpynma (neTu
U HOAPOCTKM B MOMEHT aBapuy) M3ydanach Hamboee
IIPUCTAIbHO, «BOJIHBI» OIIyXOJIeil MoC/Ie aBapun (cHavama
¢ npeobmagannem RET/PTC3, sarem — RET/PTCI; poct
vgacToThl MyTanuit BRAF) [33, 64, 65] MoryT Takxe oTpa-
JKaTh BO3pacTHbIe ocobeHHOCTN cnopamgudeckoro PIIK
II0 Mepe «CTapeHMsI» JaHHOI BO3PACTHOI IPyIIIb [33, 64].

[Tonckn MapKepoB pajjOTeHHOrO paKa MHOTZA OCHO-
BBIB/IVICh HA HEJOKa3aHHOM Te3NCe, COIJITACHO KOTOPOMY
OIIyXOJIM HAa 3aTPSI3HEHHBIX TEPPUTOPUAX ObUIM pajfmo-
TeHHBIMM VIV U3MEHSIV CBOUM CBOJCTBA IIOf HEICTBUEM
papgyanyy. PesynbraThl TaKOro popa MCCIefoBaHuUM, Ha-
npumep [66], rae OTCYTCTBYeT CTaHAAPTU3ALINA 110 CTaN-
sIM OIIyXOJIelt, TPeOYIOT HOBOI MHTEPIPETALUN C YIYETOM
TOTO, YTO MHOTME BBISIBJIEHHbIE ITOCTIE aBapUM CTapble 3a-
HyLeHHbIe OIYX0/IHU ObIIM MHTEPIIPETUPOBAHBI KK pajii-
OTeHHBIE PaKy, pa3BUBIIMECS IIOC/Ie KOPOTKOTO TATEHTHO-
IO reproja.

B saxmoueHne HeOOXO[MMO OTMETHUTbH, UTO IPEyBe-
JMYeHne MeAMLIMHCKUX NocnefcTBuit aBapun Ha YAIC
CrIO0CcOOCTBYeT MICKOKEHHBIM MPEfCTAB/IEHISIM O KaHIIepO-
TeHHOM JIeJICTBMI HEKOTOPBIX PaVIOHYK/IUIOB.
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Abstract

A major part of thyroid cancer (TC) cases detected during the first 10 years after the Chernobyl accident were represented by papillary
carcinoma with the solid pattern and gene rearrangements RET/PTC3. On the contrary, among TC diagnosed 10 years after the accident
and later predominated RET/PTCI1. Reportedly, RET/PTC3 are associated with more aggressive TC, a larger size and a higher tumor stage
at the time of diagnosis. The prevalence of RET/PTC tended to decrease with time after the accident. The cohort of early post-Chernobyl TC
with the predominance of RET/PTC3 was deemed globally unique. In the sporadic TC, RET/PTCI is predominant. It should be mentioned
that early post-Chernobyl TC are not unique globally but in more developed countries, where a majority of studies has been performed. In a
TC cohort from India RET/PTC3 predominated. RET/PTC3 was more frequent among non-exposed TC patients from Ukraine compared
to those who were from France. The prevalence of RET/PTC among pediatric TC after the Fukushima-1 accident has been low, while RET/
PTCI is predominating. According to the hypothesis discussed here, RET/PTC are associated with certain steps of the tumor progression of
papillary TC, the RET/PTC3 - with a later step. It is therefore expected that the prevalence of RET/PTC3 would correlate with the disease
duration. It was reported on correlations between the prevalence of RET/PTC and individual dose estimates. Correlations do not necessarily
prove cause-effect relationships. The screening was more intensive on the more contaminated territories. Dose-dependent self-selection
of patients could contribute to the correlations. Pediatric TC was rarely diagnosed prior to the accident on the contaminated territories.
Accordingly, there was a pool of neglected TC. Besides, some non-exposed patients could have been registered as Chernobyl victims. The
pool of neglected cases was gradually exhausted by the screening. Improving diagnostics has also contributed to the earlier TC detection.
The RET/PTC dynamics were in accordance with this hypothesis: the prevalence of tumors with RET rearrangements declined, while
among RET-positive TC the percentage of RET/PTCI increased and RET/PTC3 - decreased. In conclusion, RET/PTC rearrangements in
TC after the Chernobyl accident, the RET/PTC3 in particular, have probably been related to the disease duration, so that the features of
successive waves of TC after the accident must have been largely determined by evolving modalities of screening and diagnostics, as well as
by exhaustion of the pool of neglected cancers.

Key words: Ionizing radiation, Chernobyl, mutation, RET/PTC, thyroid carcinoma, cancer
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HOObIbCKOTE asapu

IMoctynma: 28.11.2017. Ipunsra K ny6mukanyu: 20.02.17

1. Pap orxnukos 2016 1. ot C.B. fIpruna Ha
HAaIIM My6nnKanmuyu mo o63opam u pooled-
aHanu3y! YacTOTHI reHHBIX HepecTpoek RET/
PTC B KapuMHOMaX IMTOBUIHOI Ke/lesbl I
00TyUYeHHBIX ¥ HEOOTyI€HHBIX KOTOPT

[TpuBeneHHOE BBINIE MICBMO IPEACTABIAET COOOI
OTK/IVK Ha Hallle ony0/MKoBaHHOe B 2016 I. B XypHase
«Menuuuuckas pagnonorus. PammarnyonHas 6esomac-
HOCTBb» uccrefioBanme (pooled-aHanms) uyacToThl mepe-
cTpoek RET/PTC B manyUIspHBIX KapLMHOMAX LIIUTOBU/-
Hoi1 xene3bl (IIDK) i rpymn mofeit 3 pa3anyHbIX CTpaH
mupa (CHI' - Poccus, Bermopycenst u Yipauna; Epora,
CHIA + Kanaga u AsuaTtcko-TuXOOKeaHCKMIT PervoH) B
pasHble [TepO/bI OC/Ie aBapuy Ha YepHOOBIIBCKOIT ATOM-
Hot anektpocranuuu (YA3C) [1, 2].

Amnanornynoe nucbMo-oTkauk C.B. fpruna Ha Hamry
COOTBETCTBYIOIYI0 pabory 2016 I. IO 3aBUCUMOCTAM
«gosa-addexr» mra gacrorel RET/PTC [3] 6bi10 yxe
onyO/MMKOBaHO B JKypHale «PajuanyoHHas OMOIOTWsL.
Papuakonorusa» [4]. CxogHOe MUCBMO 3TOTO XKe aBTOpa
HaIpaBjsIoch B 2016 I. Takke 1 B «CapaTOBCKUII Hay4-
HO-MeJVIVHCKIIL )XYPHa/I» B OTBET Ha HAIly yXKe /IaB-
HIOIO cTaTbio oT 2013 r. mo aHanmsy wyactotel RET/PTC
s pajuobuosnoruy u suugeMuonornu [5]. 9to mmucbMo
C.B. fIpruna )XypHaIoM IIOKa He OITy6IMKOBaHO.

Bce «orxkmukm» C.B. fpruna B 1Ie710M aHa/IOTMYHBI,
PasBUBAIOT OfHM U Te K€ NpefcTaBIeHus («IUIOTe3y»,
COITIACHO €Tr0 CJI0BaM) ¥, MeCTaMMU, IIPOCTO MIEHTUYHBI
(cMBICT >Ke M OCHOBHBIE CCBIIKM TaK)ke BO MHOI'OM IJIeH-
TU4HbI). PaccMaTprBaeMble Ipo6/IeMbl ABIAIOTCA Y3KIMI,
CIlelyaJbHBIMU U, 11O BHEIIHEMY BUJY, MaJi0 O 4YeM MOTYT
TOBOPUTb TOMY, KTO He 3aHIMAeTCs UMeHHO TeHHbIMU Ie-
pectporikamu RET/PTC.

2. PeTpocnieKTHBHBIN B3IIAN Ha HAIIN
KOHTaKTHI ¢ C.B. SIpruHbiM 1 Ha ero
BeATEeNbHOCTh B KadecTBe «aHATUTHKA
mMupoKoro upoduma»

Cepreiit Bagumosud Aprusn munumMym c 2002 1. my6/m-
KyeT B CAMBIX Pa3/IMYHBIX OT€YECTBEHHBIX I 3apPyOeKHBIX

! Pooled-ananus (pooled-analysis; pyccKosi3bI4HBII TePMUH OT-
CYTCTBYeT) MMeeT OT/IMYMA OT U3BECTHOTO MeTa-aHa/lu3a JaHHBIX 13
OIy6/1MKOBaHHBIX paboT. MeTa-aHa/mus IpeAcTaBysAeT coboit cyMmu-
pOBaHIe, C YYeTOM OCOOBIX IIOfXOf0B BK/IIOYEHVA U B3BELIMBAHMA
JICTOYHMKOB, a 3aTeM CTATHMCTUMYECKYI0 O0OpaboTKy, KaK IpaBUJIO,
KOHEYHBIX Pe3y/IbTaTOB OT/JEIbHBIX UCCIENOBAHMIL, B TO BPeMs Kak
pooled-ananus omepupyeT COBOKYIHOCTBIO IEPBMYHBIX JAHHBIX 13
KaXKgoit paborst (cum. B [1-3]).

JKYpPHalIaX MeQUIMHCKOTO ¥ MeRNKO-OMOIOTNYeCcKOro
npodwuns cBou aHamuTrdeckue «[IncbMa B pemaKimio»
10 CaMbIM PasHBIM IpoOreMaM, KOTOpBIE SIBIISIOTCS aK-
TYaJIbHBIMU WIM IIPENCTaB/IAITCA TaKOBBLIMU. 3aMeTHUM,
YTO OCHOBHBIE PaOOTHI — 3TO UMEHHO KPaTKHe «ITUChMa» U
«OTK/IMKW» Majioro ob’beMa (3a 04eHb HeOOIbLINM VCKITIO-
4yeHVeM — Ha 1-3 crpanniier). TakoBble IIcbMa paHee ObUIN
OnyO/IMKOBaHBI B TOM YMCTIe B XypHane «MeguunHckas
paguonorns U paguanyonHas 6e3omacHoCcTb»: B 2007 T.
[6-8], B 2008 r. [9], B 2010 . [10], B 2011 . [11, 12] u B
2014 1. [13].

TaxuMm o6pasom, Hal XXypHas 3a npoiuenuie 10 net
NPUHAN K nedatn 8 «mmcem» u «oTBeToB» C.B. fpruna,
4TO HpeACTaB/IAETCs, CYAs IO BCeMY, abCOMIOTHBIM pe-
KOPJIOM JyIsL €ro Iy6IMKanuil B OTEYeCTBEHHBIX U 3apy-
6exHbIX )XypHanax>. Panee npodeccop C.II. SIpmoHeHKo,
a IoToM 1 £, Beerpa noggepxusanu C.B. Apruna, gapanm
[TOJIOXKUTEbHBIE OT3bIBBI HA €r0 KPATKIe COOOIIeHs], pe-
KOMEH/JOBAJIN UX K OITyOJIMKOBAHUIO, @ B OFJHOM C/Iy4ae, B
2014 r., MHOIO OBIIO BHECEHO TAK)Ke YMECTHOE JOTIOTHEHEe
1o TeMe [13], TOCKOIBbKY OHa HANIPSIMYIO CONIPUKAcanach ¢
TON DVICKyCCUEN, KOTOPYIO U S IIPOBOJW/I MHOTO paHee, B
2005 1. [14].

ST TeMBI B TO BpeMs, a Takke 1 mo3nnusa C.B. Apruna
TIPUMEHNUTENBHO K Pa3IMYHBbIM aclleKTaM IepeOoleHK I10-
CTIefiCTBMIT aBapuy Ha YepHOOBIILCKOI aTOMHOI 37IEKTPO-
craniyy (YASC) n addexTax ManbiXx [03 pagyuarui,
BriojHe cosnajanu ¢ nosunueit C.I1. Ipmonenko, >xypHa-
J1a ¥ ITIHO Moeit. IToTOMY MOYXKHO CKas3arhb, 4TO B [7100ajIb-
HoM ttaHe B3rsiabl C.B. fIpruHa kak paHee (fa u Temeppb
TOXKe) HUKAK He IPOTUBOPEYaT HAIIMM.

B cBsi3u ¢ atuMm, B Hamux mybnmkanuax [1-3, 5, 15],
B TOM 4YICJIe B TeX, Ha KOTOpbIe OBLIM IOTy4YeHBbI «IINCh-
Ma» M «OTKIMKM» [1-3, 5], aHanuTudeckue cooOIeHus
C.B. fIpruHa o runeppnarHocTuKe pa3aInIHbIX TUIIOB pa-
KOB B ITIOCTYEPHOOBIIbCKUI IEPUOJ LUTUPOBAINUCH He-
O,IIHOKpaTHO, HPI/I‘IGM OTHECEHHBIN K HeMy BbIIIIE TepMI/IH
«QHAJIUTK IIMPOKOTo IPOodusi» GBI IPEIOKeH KaK pas
B Hux [1, 2].

OpHaKo OCHOBHbIE KOHTAKThI VM PpELeH3UM UMenn
MeCTO, BCe Ke, B IIPOIIIbIe TOfBl, I HaM He OBIIO Heob-

2 OcranbHble OTEYECTBEHHbIE  «IIMCbMa» UM  «OTKIMKI»

C.B. fpruna, HacKONbKO HaM M3BECTHO, NOMMMO €JVHCTBEHHOTO
yXKe YIOMSHYTOrO MUCbMa B >KypHan «PagmanuonHas OmomOrus.
Papnoskonorusa» or 2016 1. [4], B 2009-2016 rT. 66N OIy6IMKOBa-
HBI B CIERYIOINX M3HaHusAxX (B andaBuTHOM mopsigke): «[aBBpaw»,
«3npaBooxpanenne Poccmitckoit  Penepaunn», «Kappmonorusy»,
«Mormnopoit y4enslit», «Cromaronor», «TpaBMaTonorusa u opronenus
Poccun» u «[utomorus».
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XOAVMMOCTH 3HATh, B KAKUX JKe ellje 00IaCTAX «IIMPOKOTO
npodunss» ¢urypuposan C.B. fAprun. O6HapyXmmocs,
4ro, cormacHo PubMed (Hos16pp 2016 I.) 9TUM aBTOpOM
¢ 2007 mo 2016 r. 6pU10 omy6muKoBaHO 90 cOOOIIeHMIT
B CaMBIX Pas3/IMYHBIX 3apYOEKHBIX M3JAHMAX (IOMMMO
MVHVMMYM B 18 OTeYecTBEHHBIX; 3T >KypPHajbl Ha3BaHbI
BBIIIE). AHA/IUTUYEeCKas IIOGOBUTOCTD BIICUAT/IACT, YIN-
TBIBas TaKXe LIMPOTY B3MIAROB (Hwke). Ho memo maxe
He B 3TOM, 2 B TOM, YTO BECh OCHOBHOJI MAaCCUB «IIVICEM
u3 Poccum» (HeopHOKpatHO mpuMeHsemoe C.B. Iprunpim
0603HaveHNe ISl CBOUX COOOIIeHMIT 3a pyberx) OsBUICS
HayMHasA ToabKo ¢ 2010 I. 3a 3TO BpeMsA yKa3aHHBIM aB-
TOPOM OIYO/IMKOBAHO Ha aHI/IMIICKOM 5I3bIKE 67 «ITHCeM»,
«OTKJIMKOB» M OTHENbHBIX CTATEN, YTO COCTAB/IAET MOYTHU
TPU YETBEPTH OT BCEX.

67 paboT IO CaMbIM PA3TMYHBIM AMCKYCCUOHHBIM U
CIIOPHBIM BOIIPOCAM, MHOII pa3 Kak Obl «HUCIIPOBEPrar-
UM» 00LenpuHsTOE (4TO caMo Mo cebe He ABIAETCS OT-
pULIATEeNbHBIM, KOHEYHO, HO TpebyeT oYeHb yI1ybIeHHOI
aHAIMTUKN), BBIIYIIEHHBIX 3a MOpsAKa 6-7 yeT (22 muchb-
Ma — OKOJIO YeTBepTH OT Bcex — B 2015-2016 rr.), HOBTO-
pMM, BIIEYAT/IAIOT, 0COOEHHO ecu Oparh 3aTparuBaeMble
tembl. Huxe, B andaBUTHOM IOpsAAKe, MpPECTABICHBI,
BEPOSITHO, OCHOBHBIE V3 TeM (BCEro >ke Mbl HACYMUTaIN 10-
psifika 70 BOIIPOCOB M HATIPABJIEHNUII M3 CAMBIX Pa3HbIX 00-
jacTeit Ayisl 3apyOeXXKHbIX ¥ OTeYeCTBEHHBIX ITyOIMKALINil
C.B. SIpruna’):

Apapus Ha HADC: pasnuuHble acHeKThl (TIOBpeXe-
HIe MO4eBoro ny3bIps, penapauns [JHK, ceepxoienka va-
crotsl paka II[DK n Bcex paxoB; eiiK03bl y TMKBULATOPOB).

Anxoronmusm B Poccun (oueHb MHOTO «1miceM u3 Poccum» Ha
JIAHHYIO TeMY, MOKeT OBITh, 60/IbIIIE BCETO).

AteporeHHas CBIBOPOTKA B KJI€TOUHBIX KY/IbTypax.

Bubnuorekn MeguuuHcke B crpaHax 6pisurero CCCP.

Buorncust moukn B crpanax 6viBuiero CCCP: nmpegoTBpaie-
HIe HeOPEeXXHOCTIL.

Bopgka B Poccum: munmManbHag neHa ¢ 1 ausapa 2010 .
IIncemo n3 Poccunm.

lennnie nepectpoiiku RET/PTC n pak IIDK mocne aBapun
Ha YASC.

IncTomaTonormueckne M ITMTONOTMYECKNE J[IMATHO3BI B
Poccun.

IM1KO3aMMHOITIMKAHBI IIPY OCTEOapTpPUTE: MpemapaTsl Mpo-
TUB IUEThL.

TomeomnaTus u ropmesuc.

Tonopes B cTpanax 6piBuiero CCCP.

Topmesuc: okpysxaromas cpega, HPb; crpecc BreponTonorum.

Ipubok Horreit: mpefoTBpaiieHne B Poccun.

YKectokoe obpamtennue; mpotus oTHeyouitcTea. Ilncemo us
Poccun.

3axBaT TUMUJIOB i Vitro: MeTO[.

31paBoOXpaHeHNe U CPeSHAA MPOJIO/KUTETbHOCTD KU3HIL:
nucbMo u3 Poccum.

VInBasuBHbBIE IPOLEAYPBI ¥ OPOCHASA MHMKAIINL.

Mpakckuit MIafumii MeIepcoHasL.

Vuremudeckast 60/1e3Hb: YAapHO-BOITHOBAsI TePAIINsL

? TlepeBof U TIpefiCTaB/IeH)ie OCHOBHOTO CMBIC/IA B KpaTKoM pede-
PaTUBHOM BUJE BbIIIONIHEHO MHOI0. — A K.
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KapHO3MH 11 aHTHOKCHU/JAHTbI: IIPYMEHEHMe ITPY ITaTOIOIUAX.

Kommnbrorepuas Tomorpadust B Poccun.

Kpemenoe Buno B Poccun: perpocriekTusa.

JlexapcTBa: 6apbepsl Ha IIyTu BBo3a B Poccuio.

Jlecuble moxxapbl B crpaHax OpiBurero CCCP: HeT Ipu4nHBL
st pagnodpobum.

MemnuyHckas nmreparypa B Poccum:  orpaHMYeHHbIN
HOCTYIL

MenniyHcKoe cTpaXoBaHMe.

MenbaoHuii.

MeHomnaysa.

MyTanuu nocie BO3AEMCTBI 00IydeHNs B MajIbIX JO3aX.

HayuHass  HegoOpOCOBECTHOCTD M MeX[AYHapogHOe
COTPYIAHUYECTBO.

Huskopo3oBoe BosjieiicTsue Ha p. Tede 1 cepyiedHO-COCY/M-
CTbI€ ITATOIOT VM.

O6enHeHHDIT ypaH BMeCTO CBMHIIA B OOeNpuIIacax: MeHb-
1Iee 3710.

Omnepanmy  HeHy)XHble:  IMCbMO  OT  POCCUIICKOTO
IIaTO/IOTOAHATOMA.

Opranusanys sgpaBooxpanenus B Poccymn.

[Tatonornn B 6biBureM CCCP: Hay4Hass HemoOpocoBecT-
HOCTb )1 CBAI3aHHBIE (PeHOMEHBI.

ITaTonorun B Poccum: npaBoBoe perympoBaHue.

ITepenacenenne 1 cOBpeMeHHas ITHKA.

[Tnarmar B pagyonOruim.

[Meuxmarpusa B Poccum: 3KOHOMMYECKMIT TIOLbEM JJOIDKEH
IPUHECTH YTy4IIeHNA.

Papuotepamnsa B Poccyu: M36BITOYHOCTD.

Papmonesnit: Harpyska.

Pak mreixy Matku B Poccuin: IepcrieKTuBbI BbIABIEHNUA.

Pakn y nuksupgaropos aBapun Ha YASC.

CeMMIanaTVHCKIUIT PalioH: HEJOCTOBEPHBIE ITyOMUKAINI O
KaHIleporeHese.

CeppedHo-cocyycTbIe HaTonornu B Poccum: cMepTHOCTD.

CunppoM JfepuumTa BHUMAHMA ¥ ayTU3M: CBA3H C
AJIKOTO/TM3MOM.

ConmanbHas ¥ IOMUTIYECKAs BOJLA I/ IPOPUIIAKTUKI pa-
KoB B Poccun.

Cos 1 GUTOICTPOTEHBI.

CTBONOBbIE KI€TKM M K/IeTOYHAsA Tepamnus.

CreHOKapAuA: ylapHO-BOTHOBAA TEPAIINA.

Cromartonorus (MHBasVMBHbBIE NPOLENYPhl; COCTOAHME B
Poccun).

CTOMATONOrVIA: KaHIIePOTeHHBIN PUCK OOTydeH .

Teparmus 1eroYHbBIX TATOMOTUIA.

Ty6epkyre3 y MiajieHIIeB: IpenapaTsl B Poccuu.

Tyaners! u okpyxatommas cpega B 6piBiieM CCCP: rurnena,
HPUYMHBL HEFOCTATOYHOCTH?,

DUTO3CTPOreHbL.

DoH papMalMOHHBIIL: IPEyBeNnYeHne MoCaeCTBIIL.

XonecTepuH-CHIDKAONIME ¥ aHTMOKCUJAHTHBIE CBOJCTBA
CaxapHOTO TPOCTHMKA 1A TIOfel ¥ XOMAYKOB.

XOH/IPOIIPOTEKTOPbI ¥ apTPO3.

[IBeThl: Kyfa BCe mpomanu?

I_[I/ITOIIOFI/I‘ICCKaH JAMATHOCTHMKA.

4«On the causes of insufficient restroom environmental hygiene in
the former Soviet Union» [16].
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[Musodpenus: cBepxpuarHocTuka B Poccun.

SHHOCKOHI/I‘ICCKI/IG METOJBI B II€AVIATPUN.

Taxkum 06pasom, BUIHA KpailHsisA PasHOCTOPOHHOCTD
aHanmuTHueckoit peAaTtenbHoctn C.B. fpruna, Koropas,
BCJIe[ICTBYE BBIOPAHHOI HEPEIKO AUCKYCCHOHHOI POpMBI,
TpebyeT, KaK CKa3aHO, YI/IyOJIeHHOTO 3HaHMsI JieTasnell 3a-
TparnBaeMbIX TeM. B ToM uucie u Iy pasmIuyHbBIX MOMeH-
TOB B 00/1aCTH PafMOTeHHBIX ¥ HEPAAMOTeHHBIX TeHHBIX
nepectpoek RET/PTC.

ITo Teme wactoTnl RT/PTC mocne aBapuy Ha YAIC
C.B. SIpruHsiM 3a py6exxoM ObII0 Omy6IMKOBAaHO TPU pa-
601l B 2012-2015 rr. (13 HUX ABe cTaTtbyu) [17-19], mpu-
YeM MHOTHE [TOI0KEHMS B 9TUX NYOIMKALMAX OTHOCTIO
COBIIAJAIOT C VMEIOIMMICS B IIePEUMC/ICHHBIX BBIIIE B
pasperne 1 «ImcbMax» 1 «OTK/IMKax». ECTh TakKe cOOTBET-
cTByIomiye Tesucer 2016 r. [20].

3. Cytp runotessl C.B. SIpruna oTHOCUTENTHHO
YacTOTHI HepecTpoek nocne asapuu Ha YAIC
U peaxbHasA CUTYaI M ¢ MONJep>KaHUEM ee
OnyOnNKOBaHHEIMM (PaKTaMM

3atponyTsle B gaHHOM «IIncbme» u B «OTK/INKe» B
XypHane «Pangmanyonnas O6uomorms. Papymosxomorns»
MOMEHTBI KacaloTCsl MPEUMYIIECTBEHHO BOIPOCA O TOM,
B Kaknx ¢opmax mamwuisipHoi Kapiymaomsl DK nepe-
crpoitku RET/PTC BcTpeuaroTcs vaie, B HeguddepeH-
LMPOBAaHHOI Win B fuddepeHnpOBaHHON, Ha O3IHUX
VWIN Ha PAaHHUX CTafUAX Pa3BUTUA OIMYXOIU. YKe OTMe-
Jaj10Ch, YTO HABCKMIKY JJAHHBIN BOIPOC KaXKeTCA BeChbMa
CIIelIMa/IbHBIM U Y3KUM, He C/IMIIKOM Ba)KHBIM, I IIOTOMY
HEUCKYIIEHHOMY 4MTaTe/i0 He BCeT/ja IIOHATHO, [/IA Yero
TYT pa3 3a pa3oM BCTyNaThb B AUCKyccuio. EcTe u emre
opuH MoMeHT. Ecu kro, He 3Has yraybnenHo npo RET/
PTC, npoutet fanHoe mucbmo C.B. fpruna, a Taxxe ero
«OTKMUK» [4], TO, B CBA3K C CYMOYPHOCTBIO ¥ HEYETKO-
CTBIO M3JIOKEHMS], @ TAKXKe C NTepecKaKMBaHUEeM MBbICTIell ¢
OIHOTO MOMEHTa Ha MHOI (IIpMMepbl HVDKE), OH BPSAL 11
CMOXKET IOHATh NPAKTUIECKYI0 3HAUMMOCTb TUIIOTE3BI
C.B. fpruna. Ee cyTp (0 KOTOpOI MBI TOBOPUIN MHOTO
paHee ¢ ee aBTOPOM CHauaJIa 110 37IeKTPOHHOII IIepeIncke)
cocrout B ToM, 4T0 RET/PTC, a B ocobenHocTi popma
RET/PTC3, accounupoBaHbl C JaBHOCTbIO 3a00/TeBaHMs,
nemvddepeHImareii KapuuHOM 1 ¢ 6ostee O3HeN cTa-
awveit oryxonu [17-20]. B mpencraBieHHOM Bbllle IIVICbMe
CKa3aHO TaK:

«Coenacro amoii eunomese, nepecmpotiku RET/PTC
ACCOUUUPOBAHDL C ONpPedeeHHLIMU IMANAMU ONYX0NeB0L
npozpeccuu nanunnaprozo paxa IIDK, npuuem RET/PTC3 -
¢ omHocumenvHo no3oHum smanom. CoomeemcmeeHHo,
yacmoma RET/PTC3 cpedu ecex PIIDK 6 nonynsyuu 00mnc-
Ha Koppenuposamv co cpedHeil NPOOOTIICUMENLHOCHILIO
3a0071e6aHU».

[Mockonbky vactota RET/PTC3 B HeTCKUX KapLUHO-
Max 4YepHOOBIIBCKOI ITHONMOTUY (AKTUIECKU SIBIISIETCS

AHOMa/IbHO BBICOKOIT [21-23]°, To C.B. SAprunsiv nemaercs
BBIBOJ], YTO MHAYKIVS 9TUX KapIMHOM CBs3aHa BOOOIIe
He ¢ paguoreHHbIM dakTopoMm mocie aBapuu Ha YAIC, a ¢
apyrumu GpakTopamu.

B mpepicTaB/ieHHOM Bblllle ICbMe 9TOT BBIBOJ, CAE/IaH
6o7ee OCTOPOXKHO (MOMY>KMPHBLT MpUPT 37ech U Aanee
Mot — A.K.):

«..cnedosasuiue Opyz 3a Opyzom B07HLL ONyXosetl
cpedu obnyueHHvix Oemeil, KAx0as 807HA CO CBOUMU MO-
TIEKYNAPHOIMU, MOPPOIOUMECKUMU U KTUHUYECKUMU Xd-
paxmepucmuxamu» [ccouika] nocne asapuu Ha YAIC 6
3HAMUMENbHOI creneHu onpedensnucy OUHAMUKOL CKPU-
HUHed, NOBbIUEHUEM KAYECBA OUACHOCHUKY U PecUcnpa-
Uuu onyxoreti, a Makice UCHOU,eHUEM NONYAAUUU OONIbHBLX
sanywennvimu paxamu IIDK cpedu nacenerusi».

OnHako B IpefbIyIIell cTaTbhe, B 3apyOeXXKHOM XYyp-
Haie (2015) [19], BBIBOS BOBCe OfHO3HA4eH® (MEpeBON
Mmoit - A.K.):

«...nocnedosamenvHvie B0NIHLL PAKA  ULUMOBUOHOTI
senesvt nocne asapuu Ha Yeprobuinvckoii ASC y miodeil,
1006epeasUIUXCST 8030€TiCNEUI0 PAOUOAKMUBHBIX 0CA0KO8
6 panHem 6o3pacme (Kax0asi 60HA C PA3TULHBIMU MOJIE-
KYAPHUIMU U MOPPONOZUtecKUMU NPUSHAKAMU), onpe-
OenAnucy He paduauueti, a nymem uUsMeHeHUs YCI06Uli
CKPUHUHeA U OUACHOCMUKY, UX YILYHUEHUS C medeHuem
8pemeHL, U UCOWeHUS NYA ¢ NO30HUMU CIAOUAMU paka
0718 CKPUHUHEAY.

(«...successive waves of thyroid cancer after the
Chernobyl accident in people exposed to the fallout at an
early age, each wave with different molecular and morpho-
logical features, were determined not by radiation but by
changing modalities of screening and diagnostics, their im-
provement with time, and exhaustion by the screening of
the pool of advanced cancers».)

OTHOCKTE/IPHO TUIIEPAUATHOCTUKU U 3 deKTa CKpH-
HYHTA KaK OffHOJ M3 BeAYLIMX IPUYMH MOBBIIIEHNUS Ya-
crorbl pakos IIIJK nocne apapun na YASC cnoputs Tpyp-
HO; MMEHHO Ha Takue MoMmeHTHl pabor C.B. fpruna msr
U CCBUTATNCD [1, 2], M MMEHHO B 9TOM UX IeHHOCTDb. Ho
Ha3BaHHBIN aBTOP C/IMIIKOM abCOMIOTU3UPYeET YKa3aHHBII
MOMEHT, B 3HAYNTE/IbHOI CTEIIEHN UTHOPUPYS MaCCUB pe-
A/IbHBIX HAKOIIJZIEHHBIX JAHHBIX I10 MOHeKyHHpHOﬁ[ T€HEeTU-
Ke U MoneKynApHoit srmupeMuonorny RET/PTC (cM. Hamn
0630p [26], 06 begunenHbIN U pooled-anammssl [1-3, 24]).

ITepexopsi K KOHKPETHOMY PacCMOTPEHMIO MaTepy-
ajna, clefyeT IIOBTOPUTD, YTO, JaXKe Blajes TeMOIl, Iocie
O3HAaKOMJIEHMSA C COTHAMM MCTOuHUKOB mo RET/PTC B
OpuIMHajaX, KaK B HalleM C/Iy4ae [1-3, 5, 24, 26], TOHATH
npoMexxyTounble paccyxzenusa C.B. fApruna satpypum-
TenbHO. Hererko ysiCHUTD, 4epes Kakue MHO)KeCTBEHHbIE

> CM. TaKkKe KaK OKOHYaTe/IbHbIe BHIBOABI Hall pooled-aHamms ot
2015 1. [24] u HexoTOpbIe faHHbIe 10 RET/PTC3 B ony6nkoBaHHOM
rofIOM I103Ke MeTa-aHanuse us Kuras [25].

¢ MbI He GyzeM 3a0CTPATD 31eCh 0c060€e BHIMAaHNE HA HECKOIbKO
Pas/IMYHOI KOHBIOHKTYpe BbiBofoB C.B. SIpruna s sxypHamos pas-
HOTO IpOduIsL. A UMEHHO: /IS CIeaIn3upOBaAHHON « MefUIMHCKOM
PaJIVIoNIOTUM ¥ PaJMAIVIOHHON 6€30IMacHOCTI» M /I MajIOM3BECTHO-
ro xypHana «International Journal of Cancer Research and Molecular
Mechanisms» BoBce HepaialfOHHOI HarTpaBIeHHOCTH [19].
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MOMEHTBI OH IIPUIIIeNT K BBIBOJAM, KaK OH K HUM IIpUIIeET,
a TakXKe TO, YeMY K€ COOTBETCTBYIOT Ha Jiejie IIPUBOAMN-
MbI€ MM CCBUIKM M €ro Kak Obl «pazbop» mx. Cosmaercst
BIIEYAT/ICHME HEKOETO CyMOypa M3 pasHBIX HOMTOXKEHUI U
9KJIEKTUYHO COOpaHHBIX (PaKTOB PasHOTo IIaHA, NOPOI
IPOTMBOPEYMBBIX, KOTOPblE B KOHIIE 3aBEPIIAIOTCA YXKe
OIHO3HAUHBIMU U JaKe SICHBIMM BbIBOflaMM. B cBA3HU co
CKa3aHHBIM IIPUJETCA pPasbupaTb HMPOMEXYTOUHbIE YT-
BepxxeHnsa «Ilucbma» mocnegosarenbHo. Bee 310 cmoxxHO
U, K COXaJIeHUIO, IIPUBE/IO K BecbMa 0O/bIIOMY 00beMy
HACTOsIIIeNl MyO/MMKaLuy, HeONpaBAaHHOMY, KOHEYHO, B
IUTaHe VICTVHHON 3HAYMMOCTH BOIIPOCa.

3aberas BIepef, ClIeAyeT Cpasy CKasaTb, YTO ITTaBHAs
npo6ieMa KOHCTPYMPOBAHMUSA TUIIOTe3bl U PACCY>KAEHMIT
C.B. Slpruna — urHopupoBanue secomocmu nudopmannn
B Pa3/MYHBIX ONYO/IMKOBaHHBIX MCTOYHMKAX, KOT[A MOJ
Pa3HBIMI, IIOPOJ TPOM3BOIBHBIMIY, IIPEIIOTaMy OTOPACHI-
BAaIOTCA IPpsAMbIe, HO IPOTUBOpeYalle 3aJyMKe laHHbIE, a
BeCbMa KOCBEHHBIE, I/ JXe BOOOIIe NHOTO I/IaHa, — CTa-
HOBSITCSI X 3aMeHOI /151 pOPMUPOBAHISI TUIIOTESBI.

3.1. Vineepscoenue o mom, 4mo nepecmpotixu
RET/PTC naxannueéaromcs no mepe
0nyxone60ii npozpeccuu, u 4mo ux 1acmoma
y6éenuuueaemcs Ha No30HUX CIMAOUIX
passumus kapuunom

B npepicraBnenHoM Bbiie «I11cbMe», IPUMEHNTENBHO
K pabore Yip L. et al., 2015 [27], ckazaHo cegyrolee:

«B moil e cmamve 8 mabnuye 3 «lucmonozuveckue
Xapaxmepucmuxy no mMymauusm» npeocmasnervl 0aH-
Hble, CO2ACHO Komopvim uacmoma o6Hapyxcernus RET/
PTC u opyeux mymayuti 6 nanunnspuom paxe IIDK ume-
na menoenyuro K crusceruro om cmaouu T, x cmaduu T,
[27]7. Omu dannvle 8bI3bIBAIOM COMHEHUE, NOCKOMLKY MY-
mayuu, KaK npasuno, HaKaAnaUeamMcs no mepe onyxore-
8011 npoepeccuu emecme ¢ 0eOuPdepeHUUposKoil Knemox u
nosieneHueM HO8bIX Kn0HO08 [ccounka]. Ecnu eepumv smum
Oannvim [27], mo oHU KOCBEHHO NOOMEePHOarm npeono-
noxceHue 0 3amedneHHoli dedupgpepenyuposke RET/PTC-
nonoxcumenvuvix paxos IDK, umo, o0naxo, He npomusope-
yum ponu RET/PTC3 kax mapkepa onpedenentozo smana
0NyX071e601 NPOZPECCUL».

B sToM ab3ale paccy>kieHns MOCTPOEHDI TaK, YTOOBI
CBECTH IIPOTUBOPEYAIYIO CBOEIT 3ayMKe MH(OPMAIINIO K
TaKoi popme, KOTOpasi, BEPOSITHO, CAieaa Obl COOCTBEH-
Hy1o runotesy Heonposepraemoii (K. ITomnep. «Kpnrepun
HAy4YHOCTM TUIIOTE3», CM., K IPUMEpY, B 3apyOE>KHOM I10-
cobun [28]).

Jlerno B CIeAyoOLX MOMEHTAX.

Paccmarpusaemoe 3neco C.B. Aprunbivm uccnenosanne
[27] or 2015 r. BBIIOMHEHO GOJBIION TPYIIION aBTOPOB,
npudeMm asoe u3 Hux (Yu.E. Nikiforov u M.N. Nikiforova) -
OJIHV M3 OCHOBHBIX, TaK CKa3aTb, aBTOPUTETOB II0 MOJIe-
KY/SIPHOU TeHeTMKe ¥ OINEMMOIOTUY MAIVIISIPHBIX
kapuuaoMm DK, B Tom uncie no RET/PTC B mopo6HBIX
onyxonAx (cM., K IpYMepy, OfHY 13 IIOTHBIX paboT II0

7 HyMepanus CCbUIOK B IIUTHPYEMbIX (pparMeHTax 37ech I fjanee —
I10 HAIlleMY CIIMCKY.
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4epHOOBIIbCKUM KapiyHoMmam [21]). TlomydenHsle maH-
Hble, CBeJleHHbIe B [27] B Ta0/1. 3, I0Ka3bIBAIOT, YTO, B 3aBU-
CUMOCTH OT pasmepa omyxonus, vacrora RET/PTC B HuX
cocTaBnsAeT cnepyromue sHadens: T, — 58 %, T, - 8 %,
T3 -22%n'T, - 14 %. B uenom BuaHa ABHas TEH/IEHINA K
06paTHOIT KOppe/ALuy [0Kasare/s ¢ pasMepOM OILYXO/Iu
(v, ISt MaNVJUIAPHBIX KapI[MHOM, ITOYTH OHO3HAYHO C ee
cragueit, ot I mo IV, cornmacuo [29]).

9ro nmpotusopeunt cytu runoresnl C.B. fApruna, u,
IIOTOMY, y HEero «BbI3bIBaeT COMHEHMSA» MaTepuaJl, Ipel-
CTaBJICHHDIJI TPYIIION aBTOPOB (B TOM 4NC/e 3aHMMa-
fomxcsi RET/PTC B 4epHOOBUIBCKUX KapLMHOMAxX yxe
20 ner [21]°). IlpuBeneHHBIT >Ke KOHTPAPIYMEHT, YTO
OOBIYHO 10 Mepe IPOTPeCcCU OIYXO/IV My TAal[UY KaK TaKo-
Bbl€ «HAKAIIMBAIOTCS», SIBISIETCS 3[{€Ch C/IUUKOM 00ULUM,
160 MyTanuy OBIBAIOT pasHble, ¥ X HAKOIIJIEHNUE — TAKOKe.

Tem He MeHee, 4TOOBI, BEPOSTHO, CHENATh TMIIOTE3Y
3/1eCh HEOIIPOBepraeMoii, IpuOaBIsIeTCs, YTO 3TN JaHHbIE
«KOCBEHHO IOATBEP)KAAIOT MPEIIIONoKeH) e O 3aMeflIeH-
Holt prepuddepennyposke RET/PTC-1ON0XUTEIbHBIX
pakoB IIDK». VIHbIMM croBamy, IOCKOIBbKY B OIYXOJIAX
panneit cragun (6omee guddepeHINPOBAHHBIX) YaCTOTA
RET/PTC morna okasanach He MeHblle, a — OOJbIle, TO,
3HAYNT, ITU OIYXO/IU IPOCTO He AeanddepeHInpoBammuch
U He poCiu. A ecnu GBI OHU POCIHM, TO, MOXKET, 4aCTOTa
B HuX nepectpoek RET/PTC yBennuusanach 6bl mOTOM,
Ha MO3JHMX CTajuAX, cornacHo rumnorese C.B. fApruna.
TonbKO TaK, BEPOSITHO, MOKHO IIOHATH IAHHOE M H00aB-
neHue. Bo3MOXXHO, KTO-TO NPEJIOKUT MHOE TOIKOBaHME
9TOI1 (ppase B I{UTATE BBILLIE, HO JI HAC MHON CMBICI ITOKA
ABIIAETCA 930TEPUYECKIM.

[maBHaA >xe CyTb He B 3TOM, @ B TOM, YTO OTPULIAETCA
mpuBefeHHBbI B 2015 1. [27], TOMy4eHHDI B KOHKPETHBIX
UCCIIeOBAHMAX, (GaKT SBHOI TEHAEHINM K 0OpaTHOI Kop-
pesuym Mexpy dactoroit RET/PTC u ctapueit (oT9acTu
U fupedepeHIPOBKOIT) KapLMHOM.

PaBHBIM 00pa3oM, B IIPUBENEHHOM BBILIE IICbME
C.B. fIpruHa oTpuiiaeTcsi BECOMOCTD ¥ OCTAIbHBIX peaslb-
HBIX JJAHHBIX TIOJOOHOTO0 Xe poja:

«B cmampvsax A.H. Komeposa [1, 3] ymeepauoaemcs co
ccoinkamu [30-33], umo uacmoma RET/PTC & okkynom-
HbIX PAKAX U MUKDOKADUUHOMAX Bblie, HeM «8 00bIUHBIX»
nanunnsproix paxax DK [1]. Lumuposarnvie ucmouru-
ku He Hoevl (1995-2001 ez.); ¢ mex nop 6vinu onyonUK08a-
Hbl pAbOMbL ¢ UHBIMU 6bI600AMU, UUMUPOBAHHDIE Ebllle.
Honyckaemcs, umo 6 panHux pabomax Moy Umems me-
CMO O2paHu4eHUs mexHu4eckoeo xapaxkmepa [23]».

Pas6op ymecTHOCTH pacCy>XIeHMIT PO «TeXHUIECKIIT
xapakrtep» OyieT HiDKe. A 3[jeCb MBI [TOKa IPOIYCTUM He
pas npockanb3biBaromuii y C.B. fIpruna B n3BecTHBIX HaM
€r0 «OTK/IMKAX» U «IIMCbMaX» TEPMUH «yTBEPXKAAETCA»,
KOTOPBII B JAHHOM KOHTEKCTe, IIOHATHO, He YMecTeH (160
3TO MPOCTO pparMeHT 0630pa, I7je yKa3aHHbIE <y TBEPIKie-

8 TI—T p  COITIACHO TNM-KIMHNYecKoit  Kmaccudukaumum
MeXIyHapOIHOTO IPOTUBOPAKOBOTO COI03d, 3TO CTA/IUM KapLHOM B
3aBMCUMOCTH OT pasMepa: <2 cM, 2—4 cM, >4 cm, Ho B nipefenax 1K, u,
HaKOHell, OITyX0JIb, pacipocTpanAomasics BHe 1K [29].

® CMm. Taxoke 0630psl [22, 23, 26].
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Hs» He MMEIOT HMKAKOTO OTHOIIEHUS K CYOBEKTUBHOMY
MHEHMIO ero aBTOPa(0B); 9TO TOMBKO KOHKpeTHbIe (aKThI
U3 KOHKPETHBIX UTUPOBaHHBIX pabor). Ho manHas oro-
BOpKa BCe >Xe XapaKTepHa B IUIaHE OTPakeHUsA SMOILMO-
Ha/IbHOTO HACTPOS ¥, HaABEPHOE, CTPAHHOIO IOHMMAaHUA
AQHATUTUYECKUX MyONMMKAIMil KaK pesyabrara VICKIIYN-
TE/bHO CYO'BEKTUBHBIX PasMBbIIJIEHNIT 11X aBTOPOB.

Ecu Ke, BHOBb, pacCMOTpeTb CYTb MpPOO/IEMBI, TO
OK)KETCs, 4TO ellje 4emvipe pabOThl, B KOTOPBIX MMENU
MecTo npsamvie HaHHble [30-33], BHOBb IpOTUBOpEYa-
e runorese C.B. Spruna, onsArs 0TOPackIBAIOTCS, IPH-
YyeM I0J, IPeJ/IOrOM TOTO, YTO OHU «He HOBbI». Ho Tpu n3
9TuX paboT [30-32] BBIIOTHEHDI OOBIYHBIM K HACTOSILLIEMY
Bpemenn MeronoM (RT-PCR) u ¢ BronHe 0ObIYHBIMI CO-
BpeMeHHBbIMI mofixozamu. YerBepTas pabora mpegycma-
tpuBana Meron FISH [33]. JlaHHbIe, IONTydYeHHBIE 3TUM
METOJIOM, MbI B CBOM pa3HOro popa pooled-ananussr [1-3,
24] He BK/IIOYa/M, YTOOBI He CPABHUBATD C IOTTyYEHHBIMU
ocHOBHBIM MeToioM PCR, HO 3TO He 3HAYUT, YTO METOJ
FISH coscem ne xoppenupyet ¢ RT-PCR. ITocnenHee 65110
CIIeMa/IbHO MCCaefoBaHo B 2015 I. MHBIMK aBTOpaMu U
ObI/I CIie/IaH BBIBOJ O IIOJIHOM aHanorum [34].

Ectp Takxke oblee, MOBTOPsieMO€e B [OCTATOYHO He-
maBHUX 0630pax BeyIINX UccrefoBareneit [23, 35], mo-
JIOXKeHMe Takoro IaHa: «repectpoiiku RET/PTC nmMetoT
HU3KYI0 BepOATHOCTDb Iporpeccun B caabo auddepen-
L[MPOBAHHBIX ¥ aHAIIACTMYECKUX KAPIMHOMAX» I «IIepe-
crporiku RET/PTC BO3HMKAIOT Ha pAaHHUX CTAJVAX Pa3BU-
THUA OIyXO/Mn» (3TO yXKe KOHKpeTHBbIe UcCiefoBannsA [31,
36-38]).

3aMeTuM, YTO BCe TaKue IOJOXKEeHUs, B TOM YNCITe
ceonku [23, 31, 35-38], ObLIM BK/IOYEHDI B Hallly CTaTbhio
[1], Ha KOTOpPYI0 U ABWIOCH OTBETOM IIpEJCTaBICHHOE
Boine «[Incemo» C.B. fApruna. Ho cMbicn manHOTO MaTte-
puasa io yKasaHHOTO aBTOpa II0YeMy-TO He JOLIeL.

[ToripITaeMcs Tenepb pacCMOTPETh, KaKue >Ke, COTJIac-
Ho C.B. fIpruny, «paboTsl ¢ MHBIMM BBIBOaMI» ObIIN BCE
JKe OIyO/IMKOBaHBI.

a) Bor aBTOp 1O NpMBeEHHOI BbIIIe LYTATDI IINIIET:
«ITepecmpotixu RET (npeumyusecmeenno — RET/PTC3) 6
uepHobvinvckom pake DK 6vinu accoyuuposarvt ¢ «nosui-
WIeHHOTL A2PeCcCUBHOCbIO 6 CMbICTIE CIAOUUY», 8 0COOEHHO-
cmu, ¢ nocnedneti cmaoueii T4 [39, 40]».

OTt™meTnm, uto 9T cTaTbu [39, 40] yBumenu cset B 1998
u 2000 rr., T.€., 1o KputepuAM C.B. fIpruna, onn Toxe «He
HOBbI». OffHaKo, KaK BUAMM, Impuemaembl. Ho ecimm pac-
CMOTpeTb BKJIIOUEHHYIO B HMX MH(OPMAIUIO, TO OKaXKeT-
Cs1, 4TO 9TY JaHHbIE jaXkKe B IIPMHIIVIIE He TaK YK U TOfATCA
IUI OIPOBEP)KEHMA NPefiCTaB/IeHHbIX BbILIe IIATY MCCIe-
moBanmit 1995-2016 rr. [27, 30-33]. K npumepy, B [40] He
6pUT0 onpepeneHus 4actorsl umenHo RET/PTC B kaprim-
HOMaX, a TO/IbKO — YAaCTOTBI STOJ T'€HHOMN IePECTPONKA
BKyTIe ¢ nHoI nepectporikoit NTRKI. Yto coBceM mHOe
ZIerno, Kakye Obl 3aBUCUMOCTY OT CTaJjy)i OIYXOJIY TaM HU
6pumn 611 TOTy4YeHbl. Kpome Toro, aBropn! [40] ykasbiBa-
I0T, YTO B VX VICCIEIOBAHMY 4acTOTa IepecTpoeK He OblTa

accouMmpoBaHa CO CTeleHbl AN epeHIPOBKN OIIy-
XOJIeit, 4TO, OIATD Ke, He YKIaAbIBACTCA B PacCyX/IeHUA
C.B. fIpruna o gaHHOMY ITOBOJY, IIPUBOAUMBIE B TIVCbME
(mpoTuBOpeuNe TUIOTe3e B IUTUPYEMOIT CTaTbe HUKAK He
o6cyxpaercs).

Bo Bropoit my6mukaunu [39] wacrora RET/PTCI u
RET/PTC3 neitcTBUTENIbHO pacTeT B 3aBUCUMOCTH OT CTa-
mvn omyxonepoit nmporpeccun (T, — T, + T,). Ho, xoTa
[aHHAs 3aKOHOMEpPHOCTb Ooree BbIpaxkeHa i RET/
PTC3, ona taxke BunHa u fiyist RET/PTCI. 9To HECKOTIBKO
IPOTUBOPEUNT CrlefytoeMy yreepxaernto C.B. Sdpruna
B MINCHMeE:

«RET/PTCI mozym 603HUKAMb OMHOCUMENLHO PAHO
6 npouecce ONyxosnesoll npoezpeccuu NANUANAPHO20 PaKa
IIDK, mozoa xax nepecmpotixa RET/PTC3, no-sudumomy,
xapaxmepHa 075 6071ee NO30HE20 IMANA».

[IpoTnBOpeure B NUTUPOBAHHON CaMMM aBTO-
pom pabore [39] ero yTBep)K/ieHUSM OISTb HUKAK He
paccMaTpuBaeTcs.

6) B ToM >xe KOHTeKCTe (OCIapMBaHVsI ITOBBIIIEHHO
gacToThl RET/PTC B MUKPOKapI[MHOMAX, IIPY BBICOKOII
crenenn nuddepentmposku) B «IIucome» C.B. Spruna
MBI BUJJUM ClIefyolilee:

«B cmamwe [31] 1998 200a eosopumcs, umo RET/PTC
He ObiIU ACCOUUUPOBAHDL C PASMEPAMU 0NYX0/Ie6020 Y374,
pacnpocmparenuemM ONyxonu 3a Hpedenvl UUMOBUOHOT
Henesvl U Hanuvuem memacmasos. O0Haxo, 6 6onee no30-
Hell nyOIUKAUUU U3 11020 e yUperoeHuss ommeeHa acco-
yuauus mexcoy evicokum ypostem sxcnpeccuu RET/PTCI u
pasmepom onyxonesoeo y3na [41]».

Bo-nepsbix, B cBeTe runortesnl C.B. fpruna pasmep
OITyXOJIEBOTO y3/1a JOJ/DKEH ObUI ObI MMETD CBSI3b C YacTO-
toit He RET/PTCI, a B iepByIo ouepennb ¢ RET/PTC3. Bo-
BTOPBIX — pasMep OIyXO/IM 9TO BCe >Ke He OFHO3HAYHBII
[IOKa3aTenb ee CTAfuI: B TOI e pabote [41], B pe3ynbra-
Te COOTBETCTBYIOLMX UCC/IEIOBAHMI, ObUT C/iellaH BBIBOJ,
gTo0 9Kcrpeccusa reHa RET u nepectpoexk RET/PTC He Ko-
pe/upyeT ¢ HanWUIAPHBIM TUIIOM, Ha/JMYMeM MeTacTa-
30B wiu cmadueil onyxonu. («Expression levels of RET or
of its rearranged forms did not correlate with the papillary
carcinoma type, presence of lymph node metastasis or tu-
mor stage» [41].)

Takum 06pa3oM, MOXKHO lyMaTb O CEJIEKTMBHOM LiVi-
tupoBaHun C.B. SIpruHbIM DaHHBIX U3 OFHON U TOM e
paboThl B IVIaHe «YK/Ia/IbIBAIOIIVXCSA» Y «He YK/IaIbIBalo-
umxcs» daxros'l.

B-TpeTbux, MUHMMAJIbHBI Pa3Mep UCCIIEJOBAHHBIX B
paborte [41] xapuyHoM coctasuia 1,2-1,5 cM (Bcero 5 ciy-
qaeB 13 25 B IPYIIIE), YTO, B L[e/IOM, He YKIaJbIBaeTCs B
KaTeropui0 OKKY/IbTHBIX KapLTHOM U C TPY/OM YKJIafibl-
BAeTCs B TPAHUIIBI JUIs1 MUKpoKapiHoM (o 1,5 cm) [29].
Takum 06pasoM, KOHTEKCT A oTpuuanma B «IIumcbme»
¢axra 6onplueit vactorsl RET/PTC B MUKpOKapLMHOMAaX
¥ OKKY/IbTHBIX KapLITHOMAX 3/leCb MaJIO YMeCTeH.

10 CripaBeymMBOCTI  pajm CIefyeT CKasaTb, 4TO, BO3MOXKHO,
C.B. fIpruHy 6bU1 IPOCTO HE[OCTYIIEH OPUIMHA CaMOJl CTaTbl. B pe-
(epare e faHHBIX 06 oTCYTCTBUM KOppessinun gactotsl RET/PTC co
CTajiueil OIyXO/u HeT.
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Tabnuya

IIpumeps1 uccnenoBanmii, B KOTOPBIX ObIIO MOMy4YeHO npeBbinienye yposHs RET/PTC3 nag RET/PTCI
B CHOHTAHHBIX NANWULAPHBIX KapmHoMax ITDK

VIcTOuHMK Koropra Ywucno RET/PTCI |Yucno RET/PTC3
Henderson Y., et al., 2009, CIIIA [75] CIIA 4 9
Moses W, et al., 2010, CIIIA [76] CIIA 32 35
Cinti R. et al., 2000, Vtamus, Opannus [77] Wranus 1 5
Elisei R. et al., 2001, Wranust, Beopyccust [78] Wranusa 8 12
Basolo E et al., 2002, Vranus [79] Wranusa 7 21
Guerra A. etal., 2012, 2014, Vitamus [80, 81]; Hershman J.M., 2014, CIIIA [82] | He ykasano; cyna no Bcemy, VMramms 9 19
Kitamura et al., 1999, Anouus [83] SAnonus 2 6
Zhu X.L. et al., 2005, 2006, Kuraii [84, 85] Kurait 5 9
Liu R.T,, et al., 2005, TaitBaub [86] TariBaHb 3 4
Wiench M. et al., 2001, TTonpiua [87] Tlonpura 6 10

B) Bompoc o cBsisu wacrorel RET/PTC ¢ meTacTazamu
(cormacno «ITucemy»: «Coobusanoce maxsie 06 accoyua-
yuu nepecmpoex RET/PTC 6 uenom ¢ peyuousamu u om-
oaneHHviMu memacma3samu [23, 27]»).

OpHza pabora, IpOTMBOpeYallasi STOMY YTBEPXK/eHIIO
[41], n3 Tex, uto pasbupanuce C.B. SIprunpiM, HaMu TOIb-
KO 4TO paccMarpuBaach. [Ipyras Takas ke IpOTHBOpeya-
mas pabora [31] Taxke paccmarpusanacs C.B. Spruasim
(mpuyeM B HY)KHOM KOHTEKCTE: CM. B IIPUBEIEHHOI! BbILIE
B HOAIyHKTe «O» 1urare). IIo Kakoil mpudmHe aBTOPOM
OT/jaeTCs IPEeANOYTeHNe APYIVM eANHIIHBIM MCCTIef0Ba-
HVSIM, B KOTOPBIX TIOTTyYeHBI NHbIe TaHHbIE?

3.2. Vineeprcoenue, umo 6 cnyuae 6onvuueil
npooomKUmenvHOCHU 3a60/1€6aHUSL HACMOMA
RET/PTC3 svuue, uem 6 607ee paHHux onyxonax

merotcs cnepytomue ¢parmentsl «IIucbma», KoTo-
pble pacCMOTPMM IIOIYTHO:

«Coenacto 06cyudaemoti 30eco eunomese, 8 CAyHAAX ¢
bonvuieti NPOOOTHUMENLHOCHDIO 3a007e6aHUSA, Acmoma
RET/PTCS3 svluie, uem 6 607ee paHHUX 0NYX0AX. MO Moe-
710 NOCTIYH UMb 0OHOTL U3 NPUHUH BbIAETIEHHBIX KOPPENAUUT.
Henv3s makxce UCKIO4UMb N0020HKY 0AHHBIX 6 HEKOMO-
poix pabomax [9, 42]»

Ccpuiku [9, 42], e ckasaHO PO IOATOHKY JaHHBIX,
HpefCTaBIAIT coboit mydnukanuu camoro C.B. fpruna.
EMy, KOHeYHO, BUJHee HacuyeT CBOMX paboT, HO BCe XKe,
€C/IU TOBOPUTCS O «IIOATOHKE» KEM-TO Yero-To, TO STUY-
HO NIPUBOAUTH KOHKPETHBIE [oKasarenbcTBa. C apyroit
cTOpoHBI, B aTux paborax C.B. Spruna [9, 42] 3a 2008 u
2011 TT. BOBCE HEeT YHNOMMHAHUA O TepecTpoiikax RET/
PTC, u60 ero neppas nyOnukanus Ha JaHHYIO TeMY YBU-
e CBeT, Cy/s 10 BceMy, B 2012 1. [17].

ITO TOT camblil IpuUMep IE€PecKOKa MBICM U He-
YETKOCTU W3/IOXKEHMsI, O KOTOPBIX TOBOPWMJIOCH BBIIIIE.
Ou4eBUIHO, YTO CBSA3M MEXAY YTBEPXKACHUEM O YacTOTe
RET/PTC3 KaK IpU4MHE «IIOTOHKI» KeM-TO HUKAKOI HeT
U He MOIJIO OBITb.

Kpome Toro, mmeercsi TBepAbIl, JOKAa3aHHBIN (akT
CTaTUCTUYECKN 3Hauummoro mnpeobmapauuss RET/PTC (B
toM uncie RET/PTC3) B kapuyHOMAX MAalMeHTOB JJeTCKO-
O I IOHOLIECKOro Bo3pacta [1, 2, 22-25 u xnp.]. Hamu, Ha
BCEM BO3MOXKHOM OITyO/IMKOBaHHOM 3a Gojiee yeM 20 jieT
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Marepuase, IIOKa3aHa TaKXe XOTb U cabas, HO, BHOBb,
3Ha4YMMas oOpaTHasg Koppesauysa MexXny dactoroit RET/
PTC y1 BO3pacTOM OITyXO/ICHOCUTE/IA B aHA/IOTOBOIA IIKajIe
(T.e. He IPOCTO «JIeTV — B3POCIIbIEN, A J/IsI BCEX BO3PACTOB)
(1, 2]. C.B. Iprus, 6e3ycnoBHO, JOIDKeH ObUI ObITh 3HAKOM
U C 9TUMM JaHHBIMM (pas3 Ha HAIly COOTBETCTBYIOLIYIO pa-
60Ty [1] mpuIIIO €ro MUCHbMO), U C JAHHBIMU JIPYTUX aBTO-
POB, TOCKO/IBKY OH MX PabOThI HEOTHOKPATHO PACCMATPH-
BaeT B CBOMX ITyO/IMKaLMsX.

Vcxonst m3 daxrta 6omee BBICOKON dwacToTl RET/
PTC (upuuem n RET/PCT1, n RET/PTC3) B KapijmHOMax
OIyXOJIEHOCKTeNIell 6oee MOJIOZOrO BO3pacTa IMIOTe3a
C.B. fIpruna He NpoxXoAuT MpocTo 1o joruke. O4eBUHO,
4TO B Cpe€lHEM IIEpNOJ pa3BUTNA OIIYyXO/IN y I[eTeﬁ[ OKa-
JKETCsI MEHbIIIE, YeM Y B3POCIIBIX.

Huruposanue fanee:

«Ommeuanoco, 4mo Kozopma 4epHOOLITLCKUX PAKOS
IIDK ¢ npeobnadanuem RET/PTC3 cpeou nepecmpoex RET
YHUKAIbHA 8 MUPOBoM macuimabe [43]. Bomvuuncmeo uc-
cnedosameneti coobusatom o npeobnadanuu RET/PTCI &
cnopaduueckom paxe IIDK [cconku]. Cnedyem ymounumo,
4o 4epHOOLIILCKAS KO20pmMa YHUKANbHA He 6 27100anb-
Hom macwmabe, a 077 PA36UMbIX CHPaH, 20e NPOBOOUNACH
bomvwas yacmo uccnedosanuii. B xoeopme paxa IIPDK u3
Wnouu npeobnadanu RET/PTC3 [44], umo yxasvieaem Ha
6onee noszouior duaeHocmuxy. Ilepecmpotixu RET/PTC3
uauje o6Hapyxusanu 6 mxanu paxa IIDK y neobnyuennoix
navyuenmos ¢ Ykpaurvl, uem y navueHmos u3z Ppanuyuu:
64,7 % npomus 42,9 % [45]».

B 9roM opuMH U3 IJIaBHBIX CMBICJIOB TUIIOTE3bI
C.B. Spruna, cormacHo kotopoii B bemopyccunm, Ha
Ykpaune u B Poccun nocne apapun Ha YASC nosAsunach
Macca HeffoguarnocTuposanubix pakos DK, nockonbky
[0 aBapyuy, KaKk B HEPA3BUTBIX CTpaHAaX, Y HAC HUKTO UX
He [IMarHOCTMpOBaj. PasymeeTcs, B yka3aHHOM pacCy-
[eHNU eCThb U 3[PaBblil, ¥ HAYIHBIN cMbIcbl. Ho Bpsg mn
OHUM MMEIOT OTHOLIeHNMe K yTBepkjeHusam o RET/PTC3.
[Mockonbky Bce nmocrpoennsa C.B. fApruna, npuseneHHble
B TOJIBKO YTO LMTMPOBAHHOM (parMeHTe, paccChllarTcs
[IpY CTOTIKHOBEHMU C PeajbHOCTbI0 KOHKPETHDIX MCCIIe-
mosanui1 yactotel RET/PTC3 B KapIMHOMAax pasiMyHbIX
HALMOHA/IbHBIX KOTOPT. MBI B CBOMX CMHTETHYECKMX
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uccnenopanuax!! vactorer RET/PTC B CHOHTaHHBIX U

PajVOTeHHBIX MaMWUIAPHBIX KapruHoMax XK mormm
OTTAJIKMBATbCSI TOMBKO OT 0a3bl MMEILIUXCS paboT, OT
opurnHanos ny6mkauuitt2. VI moromy, pacronaras opu-
IMHAIaMM, BCEIia MOXKeM, BEPOATHO, IIPOBEPUTH T000e
YMO3pUTENbHOE YTBEPXK/IeHNe VTN TUTIOTe3y OTHOCUTENb-
HO MOJIeKy/ApHoit arypemuonoruu RET/PTC.

O6Hapy»xuocs (tabnuiia), 4To MpeobnafaHme 9acTo-
TbI cnoHTaHHbIX RET/PTC3 napg RET/PTCI BiO/IHe Xapak-
TepHO 1 /st pasBuThIX ctpaH (ecimu He [onbmnm u Kuras,
to y>x CIIIA n Vtanuu 6e3 comHeHMs).

KoneuHo, /141 IIofaB/AmoLIero uncia paboT Mo ucce-
moBaHuIo yacToTel RET/PTC B CHOHTaHHBIX IaNN/ULAPHBIX
kapryHomax [IDK mpeo6magan mokasarenb MMEHHO IS
RET/PTCI, HO, KaK BUIHO 13 TabOIMIbl, 1 0OpaTHAs Kap-
TMHA HaO/II0aMach HEOQHOKPATHO, HE3aBJUCHUMO OT «pas-
BUTOCTV» CTPAHBI UccrnenoBanusA. C Ipyroif CTOPOHBI, MBI
MO>XeM IIPUBECTY ¥ OOpaTHbIe JaHHbIE, KOTAa IJIs TaKoil
cTpansl, Kak Typuus, yacrora RET/PTCI B CHOHTaHHBIX
HaIlVJULAPHBIX KapLMHOMaxX BIO/MHe Ipeo0afana Hap
gactotoit RET/PTC3 (43 nmpotus 33) [59]. Cyast mo Bce-
My, «pasBUTOCTb» Typrum ¢ npusogumoit C.B. Aprunsim
Vupmeit consmepuma, XOTS 9TO BOIIPOC, KOHEUHO, He MIMe-
0LV OHO3HAYHOTO OTBETA.

Kax 6p1 Tam HM 6b1710, 6a3a 11 runioresst C.B. SIpruna
3[1eCh IIOJIHOCTBIO OTCYTCTBYeT, €C/IM UCXOAUTD U3 IPUH-
I[UIIOB HAYYHOU JOKa3aTebHOCTU I MENUKO-OMOIOrN-
YeCKUX NUCHUIINH [28].

4. OTpunanue B nucbMe pakTa BHIABIEHU
Koppenanmuyu Mexay dacroroit RET/PTC B
KapIHOMAaX 00TyIeHHBIX KOTOPT U CPeTHUMM
(megmannbsiMu) gosamu Ha I[JK B koropre

OcHoBHolt «OTKMIMK» TIOf06HOTO poma C.B. Apruna
UMeJl MeCcTO B OKypHane «PajuanoHHass OMOIOTWSL.
Panmoskonmorusi» [4] B OTBeT Ha Hallle COOTBETCTBYIOIEE
uccnenoBanre [3], B KoTopoMm Oblna BBbISIBJIEHA CTAaTU-
CTMYECKN 3Hadalllas 030Basi 3aBUCUMOCTb yKa3aHHOTO
wiaHa. OHAKO PacCyXX/eHNsI IIOTHOCTBIO IIOBTOPEHBI U
3[1€Ch, B IIPEICTABIEHHOM Bbiiie «IIucbme».

Cpenn KOropt, KOTOpblE OBUIN MPOAHATU3UPOBAHBI
HaMM B oO'beMHEHHOM uccienoBanum [3]'3, sHauuTennb-
HbIIT BK/IaJ] BHEC/IN Y€PHOOBIIbCKYE IPYIIIBbL. IT0CKONBKY
Ha/iM4ye B TOM YUC/Ie I HUX TO30BONM 3aBUCUMOCTH
nporusopeynt runorese C.B. fpruna, To, BepoATHO, M03-
TOMY OH B [4] 1 37ecb, B «IInucbMe», IPUBORUT CIEAYIOLINIT
«KOHTpPApryMeHT» O01Ilero IIaHa:

"1 Mera- n pooled-ananus, a Takxxe IpocTo 06beMHEHNE TIepBUY-
HBIX JAHHBIX OTMIEIbHBIX MCCIeqoBanmii [1-3, 24].

12 Cospanne 6asbl ICTOYHUKOB IIOTPEGOBATIO B CBOE BpeMst 6oriee
roma [1-3, 24].

3B sxypuane «Papmanyonnas 6uonorus. Papmoskomorus» B
2017 r. Binta (Ne 2)» BTopast Hallla aHaIOTMYHAast CTaThsI 10 3aBYCUMO-
cru mexpy dacroroit RET/PTC u gosoit na IIDK B 061ydeHHBIX TPyTI-
nax yofieit. ViccmenoBaHysA GbUIM BBIIOTHEHBI YXKe B CTPOIMX paMKax
pooled-ananusa u s OpAVHAIBHON (a He HENpPepbIBHOM, KakK paHee
[3]) mKasbl 03: «MajIble», «CpefHIe» U «OOIbIIITe».

«Koppensyuu He 0653amenvHO 0mpaxmcaom npuuuH-
Ho-crie0cmeenHyto cés3v. He uckmoueno, umo 00303asuic-
mbltl camoomoop (self-selection bias) nexan 6 ocHose He-
Komopuix 3asucumocmeti 003a-3pexm, 6viABNEHHIX 6
anudemuonozuveckux uccredosanusx. Josozasucmolii ca-
Moomobop ommeuancsi opysumu uccredosamensimu [ccoin-
ku]. IIpedcmasnsgemcsi 8eposmHvIM, UMO NUUA, UHPOD-
MUPOBAHHDBIE O C60UX OMHOCUMENLHO BbICOKUX 003AX UU
npoxusaruiue Ha 06onee 3A2PA3HEHHbIX MEPPUMOPUSX, 6
cpedHem uauje 00pausaniuco 6 MeOUUUHCKUe yuperoeHUs,
2de um yoensinocy 6onmvite BHUMAHUS».

ITo Bupy atu oOujue pacCy’>kXAeHMs KaXyTcs Ipas-
IOMOOOHBIMY, HO OHM BpSA /M VMMEKT OTHOIIEHNE K
paccmarpusaembiM C.B. fprunbim gannubiM. [Tockonbky
oreHka 103 Ha IIIDK B mocTuepHOOBIIbCKIIT TIEPHOS, TIPO-
BOM/IACh He TOJIbKO IO PEKOHCTPYKLMAM, HO U IIyTeM
npsmoit gosumerpun DK [60], o yem coobuianocs B
TOM 4NUC/Ie B HEKOTOPBIX IyONMKAaLMAX, BKIIOYEHHBIX
HaMM B oOBbefMHeHHBI aHanmus [3]. Juddepennmanyn
mo3 Ha [IDK B MOCTYepHOOBIIBCKIUI TTEPHOJ, TTOCBSIIEHBI
BHYIINTENbHBIE U OOIIVPHbIE MCCIETOBAHNS aBTOPOB U3
Benopyccun, Ykpannst u Poccun [61-64]; oM mpusHaHbI
n o606mensr HKJJAP [60]. VI maccoBast peKOHCTPYKIus
no3 Ha IIDK B 3arps3sHEHHBIX PeTMOHAX BOBCE He OblIa CB-
3aHa ¢ «00pallaeMOCTbIO».

[Toromy HpuBeeHHbIE BhILIE JOCTATOYHO O01IIe pac-
cyxperns C.B. SIpruna Hi4ero Hu JOKa3aTh, HU OPOBEP-
THYTb He MOTYT.

5. HeTouHOCTHU, HECYPAaSHOCTU U HEIOTUTHOCTH
B «IIucbme» u «OTKINKE»

a) dpasa:

«Paduayus unoyyuposana nepecmpotixu RET y akcne-
DUMEHMATILHBIX HUBOMHIX U N Vitro, 00HAKO 003bl 6 IKC-
nepumenmax Ovinu 3HAUUIMENILHO Bblle, YeM NOLyUeHHble
HUMENAMU 3a2PAZHEHHVIX MEPPUMOPULL NOCTIE A8APUL HA
YASC [1]».

CchlIKa [aHa Ha Hall OObeqUHEHHbI aHa/IU3 MIaH-
HBIX [l], HO He Ha OCHOBHOJ Haul 0030p IO MOJIEKY-
JISIPHON TeHeTuKe U papmobuonornu mepectpoexk RET/
PTC [26], ¢ xoropbim C.B. SIprun BmonHe mMor 6bI 03Ha-
KOMUTbCA!* 3a BpeMsi NOATOTOBKM CBOMX ITyOIMKaL{uit
o RET/PTC (2012-2015 rr.) [17-19]. He roBops yxe o
[IEPBOVCTOYHUKAX.

JleiCTBUTENbHO, B ONBITAX in Vitro JO3BI MHAYKLINA
RET/PTC B xnetkax II[DK [26] 6bu1n, Kak IpaBuiIo, 3HAYM-
TEIbHO BBIIIIE 3aPErVCTPUPOBAHHBIX cpenHux o3 Ha DK
nocrte aBapuu Ha YADC [60-64]. Ho cnenyer 3ameTuts,
YTO IS BeCbMa OLIYTMMOTO 4MC/Ia PE3UIEHTOB JeTCKOTO
BO3pacTa 3TH J{O3bl MOIJIU JOCTUTATH JeCATKOB rpeit (27 Ip
[61], 13 Ip [62], 33 Ip [64] n mpyrue ucrounuknu). Kpome
TOTO, B IBYX MCC/IE[OBAHNSX iN Vilro MMea MeCTO MHIYK-
st RET/PTC nocre o6nmydenus B fozax 4 Ip [65] n 1, 5 u
10 Ip [66]. Hoser B 1-5 Ip cousmepumel ¢ gosamu Ha IIDK
IIs1 BIIOJIHE PEA[bHOTO IPOILIEHTA JeTell CPefu MHOIUX

4 O630p [26] B cBOe Bpems 6bur Bbician Hamu C.B. Apruny cpenn
[IPOYMX ITYO/IMKALIMIL, B KOTOPBIX Mbl LIUTUPOBA/IY €10 PaGOTEL.
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COTeH THICSY PEe3NAEHTOB B psifie obmacteit bemopyccun u
Ykpannsr [60].

6) Murepnperanus B «OTkinke» [4], mpuBeneHHOM
Bpiie «[IncbMe» M B Apyrux mcrodHukax [20] cytu Ha-
IIEr0 VICCIeOBAHNUA I030BON 3aBUCMMOCTY JJIA 4aCTOTHI
RET/PTC [3] aBnseTcs Takxke IPUMEPOM U IepecKokKa
MBICTIH, U SKIEKTUYHOTO CMENIEHI Pa3HbIX MOMEHTOB.

Bor coorercTBytomuii pparmenT «IImcpmar:

«Aemopam [3] He yoanocv «BviABUMbL OOHOZHAUHO
mpakmyemyrw U CMAmucmuvecky 3HAYUMYH 3a6UCU-
mocmov uacmomuvt RET/PTC 6 xapyuHomax uumosuoHotl
JHcene3vl OM YPOBHS 3a2PAZHEHUS Pe2UOHO8, NOCMPAOABUIUX
6 pesynomame asapuu Ha YAIC».

W cpasy nocne:

«ITocne useAMUA UePHOOLIILCKUX OaHHBIX U3 00uU4eli
8vl60pKU (0cmanuce OaxHble nO NOCMPAOABUIUM O ATNOM-
Hblx 6oMbapouposox 6 Anoxuu u no paduomepanuu), ee-
nuuuna koppensiuyuu no Iupcorny mesxdy 0osoit u RET/PTC
YCUNUNACDY.

B maHHOM QparMeHTe aBTOp CMellas /jBa pasHbIX Ha-
X SMYeMIOTOIMYECKIX OfX0/ia 8 00HOM 00CyHOeHUU,
HaMepeHHO WM HeT, BOIPOC MHOI!>. OT TOro, 4T0 4acTo-
Ta 4epHOOBbUIbCKMX RET/PTC He 3aBucesna OT OLeHEHHOTO
YPOBHS paduoaxmueHoeo 3azpsasHenus meppumoputi (mep-
BBIII IIO[IXOJ), COBCEM He C/IefyeT, YTO Te XKe 3aKOHOMep-
HOCTH Hajo ObI/IO IepPEeHOCUTD M Ha BTOPOI MOAXOf, — IpU
oneHke yactorbl RET/PTC 0751 epynn nwoeti ¢ u36ecnHi-
mu 0ozamu Ha IIDK.

OTo cBefeHMA U3 06YX PA3HLIX TOAPA3NENoB Halleil
crarpu [3]. UTo 3mech MMeeT MeCTO — HaMepeHHOe CBe-
IeHMe HeCBOAMMOTO VUM K€ HEeBHUMATENbHOCTb U He-
HNOHMMaHNe pacCMaTpUBaeMOIO Marepuana, CYAUThb
3aTPYIHUTENBHO.

B) HemonsTHOE Ha mepBbIil B3ITIAN yTBEPXKACHME:

«63 % onyxoneti ¢ RET/PTC3 6vinu 6via671eHbL 6 mete-
Hue nepsvix 10 nem nocne asapuu [67]. Hanpomus, RET/
PTCI natioenvt 6 81 % ueprobvinvckux paxax DK, ouazro-
crmuposantvix uepe3 10 nem nocne asapuu u nosxice [39]».

3mech, IOMMMO TOTO, YTO CChIIKA [67] 03HaydaeT cTa-
Tb10 camoro C.B. fpruna B xxypnane «Mo7ofoi y4eHblii»,
Cpa3y HENOHATHO HU IIepBOe, HU BTOpOe IOo/IoXKeHMe. B
npuHIuIe, B Tedenue 10 et nmocre aBapuu Ha UY9AC (mo
1996 T.) MOSABMUIOCH OY€Hb MO PabOT IO OIpefie/IeHII0
yactorel RET/PTC B KapLuHOMax IPOCTO IIOTOMY, YTO
HepBble Takue paboThl BBILIIM TOMBKO B 1995 T, 3a uc-
K/IIOUEHMEM KPaTKOro muchbMa B 1994 r. (cm. 0630psI [22,
23, 26]). Bcero e 0 1996 . HaM N3BECTHO NI YETHIPE
nopo6HbIx nyonukauy [26]. (KoneuHo, Mo usy4arbest
TeHHble CIIeKTPbl B paHee 3aMOPOXKEHHBIX OIIYXOJIAX, CO-
OTBETCTBYIOUIMX Pa3IMYHBIM IIE€pUOfaM, B TOM YKCIIE IO
1994-1995 rr.)

15 K ToMy »Ke IOy 41/ICsT HEIIOHATHBIM OOLIIIT CMBICT €70 (pasbl:
KaK MOIJIVM OCTATbCsI JAHHbIE 110 AaTOMHBIM 6OMOAPAUPOBKAM U Payo-
Tepanuy B MHQOPMALVIOHHOI 6a3e 110 3arpsA3HEHHbIM II0C/Ie aBapyn
na YASC pernonam?
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Arnpuopn He sicHO, KakuM o6pasom C.B. Sprun B xyp-
Hajie «Mosopoit y4eHbIl», BbICYuTaN Hekne 63 % u 81 %106
ansa RET/PTC3 u RET/PTCI cootserctBenHo. K Tomy xe
HOCTIefyIolas CChUIKA B IPUBEEHHON LMTaTe Ha CTa-
ThI0 Rabes H.M. et al., 2000 [39], xotopas yBuzmena cer
B 2000 r., Hapymraet ynoManyTbii npuHuun C.B. fdpruna
HAcYeT «He HOBBIX» paboT. V 3ech 9TOT MPUMHIMII OKa-
3bIBAETCSI OIPABJAHHBIM, IIOCKOTbKY OCHOBHOJ MaccuB
pabot 1o deproObIIbCKMM RET/PTC mmen MecTo Imocie
2000-ro roma (cm. 6ubnmorpaduio B [26], a TakKe Ha rpa-
¢uxax B [1, 2]).

Ecnn oaxxe HpI/IBe]IeHHbIe BbIIIIE paCCy)KI[eHI/IH
C.B. sIpruna coBmafaioT 1o 061eMy CMBICTY C BBICKa3aH-
HBIMU B He pas IuTHpyeMoM MM ob63ope Prescott ].D. et
al., 2015 [68]'7, Bce paBHO B 9TOM 0630pe HET YIOMUHA-
HVSI HY O [IpolieHTax, Hu o ctatbe C.B. fpruna B xxypHaie
«Morofoit yueHblit». A ecTh Bce TO e 00Cy)XJeHme uc-
cnenosanusa Rabes H.M. et al., 2000 [39].

Haure ob6pamenne x nepoucrounrkam Rabes H.M.
et al., 2000 [39] u Rabes H.M., 2001 [69] mposicunno cn-
TYaIuio, OTKy/a ObIIM B3SATHI MPOLIEHTHI. Bo BTOpOIL, 06-
3opHoit pabote [69], koropywo uu C.B. Sprun, Hu 1uTn-
pyemble uM Prescott ].D. et al., 2015 [68] He ynmoMuHanu,
[eJICTBUTEIbHO HAXOAMUTCS YUCIO B 63,2 % J/Is1 9aCTOTHI
RET/PTC3 npuMeHUTEIbHO K MAacCUBY KapLMHOM, pas-
BuBLIMXCA 1o 10 et nmocne aBapum Ha YAISC. Ho 81 %
mna RET/PTCI cnycmsa 10 nem 1ocine VHIMAEHTA TaM HeT,
aecTb 69,6 %. C Ipyroit CTOpPOHBI, B 60/Iee paHHEl, OCHOB-
Hoit my6mmkanuu Rabes H.M. et al., 2000 [39] umeercs ru-
crorpamma (CTonbuku 6e3 OTKIOHeHuIt) Wit 4acToT RET/
PTCI n RET/PTC3 o n nocie 10 jieT TOCT4epHOOBIIBCKO-
ro nepuopa. Cyza mo Bcemy, C.B. fIprun nopgsepr Hekoit
ouudpoBKe 3TN JaHHbIE, MO0 VMEHHO TAKOBAs JAeT IJII
COOTBETCTBYIOI[UX CTONOUKOB 4yTh 6oree 80 %' 1 60 %.

ITonsATp, TakuM 00Opa3oM, OTKyfa M YTO B3ATO Yy
C.B. fpruna B njaHe NOATBep)K[eHNUE €ro I'MIIOTe3bl B
9TOM MeECTE «HI/ICbMa», n yHCHI/ITb, HACKOJIbKO B JTaHHOM
cyMOype 4TO-TO BEpPHO, a YTO-TO — HET, He NPeACTaBILi-
eTCsl BO3MOXKHBIM 0€3 HeIoCpeCTBEHHOTO oOpalieHns
K OpUTVMHA/MaM LUTUPOBAHHBIX WCTOYHUKOB (M TaKuX
MecT Hemaso u B «Ilucbme», u B «OTK/IMKe» B XKXypHase
«Papguanuonnas 6uonorus. Pagmoskonorus» [4]).

Ho rmaBHOe 3pmech flake He B 9TOM, a B TOM, 4YTO
C.B. Sprun wurHopupyer pesynbratel pooled-anamusa
XPOHONIOIMYeCKNX M3MeHeHmit 9acToTel RET/PTC B Kap-
[MHOMAX JJIsI Pa3lMYHBIX PErMOHOB MUpA, BBIIBICHHbIE
Hamu [1, 2], XOTs MMEHHO Ha 3Ty Hauly paboTy 1 OTBe-

16 TIpudem B Texcre cratbu C.B. SIpruHa B >xypHane «Momoxoit
ydeHsiit» oT 2015 1. [67] Hudero mogo6HOTO HeT.

17 «...Chernobyl nuclear disaster revealed differential latency
between radiation exposure and tumor development, with RET/PTC3
tumors identified preferentially within 10 years of exposure and RET/
PTCI fusions occurring primarily in tumors that developed greater than
10 years later [64]» [68].

18 To ectb Ha/MIIO IpOTMBOpEYNs B oLjeHKe yactoTsl RET/PTCI B
ocHOBHOM nccenoBanny Rabes H.M. et al., 2000 [39] u B ero pas6ope
B noc/tenytomeM o63ope Rabes H.M., 2001 [69]. Boob61ue, paboTa [39]
COMIEP>KUT IPAMBIE HATKKI U JlaXKe TIOMEHY ITOHATHUIL, O 4eM MBI Io-
BOPWIN y)Ke He pa3 [3, 24].
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qaeT ero «[Imcpmo». Tloutn Takas e 3aBUCUMOCTD (ma-
nenue ypoHs RET/PTC3 B nepuog 10 et mocie aBapun
Ha YAOC; ecTb CTaTUCTUYECKY 3HAYMMBII HeIIpepbIBHbLI
XPOHOJIOTMYECKUII TPeHJ, MajieHNsi) BIOTHE XapaKTepHa
U JUIA KapIMHOM U3 OOBEeIMHEHHO! KOTOPTHI OCHOBHBIX
€BPOIIENICKMX CTPaH, Cpeiu KOTOPhIX HalIMeHee Pa3BUTON
MO>XHO Ha3BaTb, BUAUMO, TonbKo IlopTyrammio. Cunrarh
Ke, 4T0 B Vtamum, @panunmy, lepManun u T.1. MMenn Me-
cro Takue e pakropel YepHoObIIA, Kak U B benopyccuu,
Ha YKpauHe u B Poccuu, He IpeficTaBIsAeTCs BO3SMOXXHBIM.
Ecmu pns C.B. Spruna nHam pooled-ananns mepBUYHBIX
IAHHBIX, B3STBIX 13 BCEX BO3MOXXHBIX paboT, He ABJIsAeTCs
pelpe3eHTaTUBHBIM, TO MO>KHO IIPMBECTM aHa/IOTMYHbIE,
HO OIyO/IMKOBAaHHbIE MHBIMI ABTOPAM¥ [AHHbIE /s Ha-
HMOHAIbHBIX KoropT Mrtamuu [70, 71] u CHIA [72]. Bce
9TV pabOTHI IPUBOAATCSA B HallleM UCCIefoBaHuu [1] Ha
koTopoe npuuio «IIncbmo» C.B. fApruna. VI nns Bcex HUX,
TaKuM o0pa3oM, MHGOPMAIVA MM UTHOPUPYETCH.

r) B KOHTekCTe OTpUIaHMA 3HAYMMOCTM PaboOT IO
yBenmueHno 4actotel RET/PTC B MMKPOKapLUMHOMAX 1
OKKY/IBTHBIX KapIMHOMax (CM. BbIIlle IIOAIYHKT 3.1: «pa-
60Tb! He HOBBI») C.B. Aprun npusoput Kax 6uI u3 o630pa
Menicali E. et al., 2012 [23] y>ke OUTHPOBAaBIIYIOCA BbILIe
¢bpasy: «onyckaemcs, umo 6 panHux pabomax moenu
UMemb MeCo 02paHUUeHUs MeXHU1EeCK020 Xapaxmepar.

Mexpy TeM, obpaleHye K IepBOMCTOYHUKY [23] fe-
MOHCTPUPYET, 4TO 3Ta (ppasal’ OTHOCUTCS K MHOMY KOH-
TEKCTY — K MCCTIIOBAHIAM, B KOTOPBIX He OBLIO BHLSIBIIEHO
cBA3u nokasatena RET/PTC Hu ¢ ueM: HM C BO3PacTOM, HI
C II0JIOM, HU C pa3MepOM OITyXOJIM, HU CO CTaJjiell OIyXo-
M, HU C TYCTOJIOTMYeCKUM TUIoM u T.4. V ata ¢pasa He
MMeeT OTHOIIEHVS K KaKMIM-TO «paHHMM» paboTaM.

3axmroueHnne

Yxe orMmevanoch, uro C.B. fIprun no ocHosHOII 1je-
onormu B IUIaHe MeJUKO-O1onorndecknx addexron
00/Ty4eHVsI HaXOAWUTCHA, 110 HallleMy MHEHMIO, Ha IIpa-
BIJIbHOJ CTOPOHE ¥ IMEHHO IIOTOMY €TI0 KpaTKue JVMCKYC-
CMOHHbIE COOOIIeHNMs pa3 3a pa3oM IedaTanu B XXypHaje
«MemuiMHCKast pagyMonorns U pajyalioHHas 6e3omac-
HoCcTb». HO 3TO, B OO/NBIIMHCTBE CBOEM, OBLIO yXKe He
OJVIH TOJ, Hasafl. BBIBIIMIT ITTaBHBIN pefaKToOp >XKypHasaa
C.II. Ipmonenko ymien oT Hac B 2011 ., HaxoAM/ICA Ke Ha
Iuanuse U, 3HAYUT, ObUI He MOMHOCTBIO PabOTOCIIOCOOECH,
myHMMYM ¢ 2010 1. IToaromy C.II. fApmoHneHko, ymep-
muii B 2011 1., B IpUHIMIIE He MOT y3HATh BCIO IIMPOTY
anarmmtuky C.B. fIprunHa, xoTopas, Kak nogpobuee 6p1710
CKa3aHO BbIIIE B pasfiesie 2, Ha TPU YeTBEPTU IPOsABU/IACH
TONbKO ¢ 2010 .

ABTOp K€ OTBeTa, KOTOPBII BbI Ceifyac YnuTaeTe, TAaKUX
onpasaanuii, kak C.IT. IpMoHeHKO, TIOKa He nMeeT.

Hekoropsie ny6nukaryu C.B. fpruna okasamuce mo-
7Ie3SHBIMI. BpICKasaHHbIE B HMX MBIC/IV O B 3HAYNTE/IbHON
Mepe HepaJMoreHHoM XapakTepe KapumuHoM DK mocre
aBapuy Ha YADC u npuBeeHHbIe 060CHOBAHNA B LI€/IOM

9 «Itis likely that these studies have all been impaired by the lack of a
unique and validated technique to detect RET/PTC rearrangements» [23].

SIB/ISIFOTCS BIIOJIHE OIIPAaBaHHBIMU U, IJTABHOE, IO/ TBEPXK-
HAIOTCA SMUIEMIOIOTMYeCKIIMYU M 9KCIIePUMEHTaIbHBIMI
HaHHBIMM. MBI He pa3 LUTUPOBAIM T ero paboThl KaK
K/II04YeBble 10 Ipo6IeMe HeIOMHOM aTpuOyTMBHOCTY fieT-
CKIX 4epHOOBIIbCKMX KapuuHoMm. Ho B Tex paborax He
II/Ia pedb O MOJIEKY/IAPHBIX ¥ OHKOJIOTMYECKMX JleTa/lAxX
casu RET/PTC c onyxoseBoil Iporpeccuen u T.1., KaKo-
BOJI BOIIPOC TpeOyeT JOCTATOYHO I/TyOOKOr0 3HAHVS BCETO
6omnbiuioro Matepuana no RET/PTC, a He TOIBKO HEKOTO-
PBIX OT/€/IBHBIX BHIXBaYEHHBIX PaOOT.

[T71070BUCTOCTD aBTOpa Ha pasHble TMIIOTE3bI U JIVC-
KYCCHOHHBIE ITyOIMKALVM IT0 TeMaM OT Me/IbJJOHMsI U Tya-
netoB fo cromaronorvu 1 RET/PTC (cm. Belie pasfen 2),
0CO6EHHO B OCTIEfHNE TOIbI, O4eBUHA. V] 04eBUAHO, 4TO
BpAJ /1 BO3MOXKHO Ha 9TOM (pOHE HOCTaTOYHO IIyOHOKO
OXBaTUTD CJIOKHBIE MOJIEKY/IAPHO-TeHeTIYecKIe 1 pajiua-
L[IOHHO-3III/IeMIOJIOTYeCKIie IIPOOIeMBI 32 OTHOCUTE/Ib-
HO KOPOTKIIL CPOK.

CXOfHYI0 3aKOHOMEPHOCTb MOYXHO OTMETUTb U IS
HEeKOTOPBIX MHBIX KpaTtkux coobmennit C.B. Apruna. K
[IpUMepY, OIIpeJie/leHHBbINI MHTepeC [/Is HaC MPEACTABIUIIO
ero nucbMo B «Annals of Oncology» or 2016 r. mo Teme
KaHI[eporeHe3a IOC/Ie AMAarHOCTHYECKOrO OONydeHMs B
cromatosnoruu [73]. Ho pasbupaercs Bcero ogna pabora
takoro popa u3 TaiBansa ot 2013 1. [74]; KOHTpapryMeH-
TBI HOCSIT BeCbMa OOLIMIT XapakTep pPacCyXXAeHMIl IIpo
JKVM3HD B YCTIOBMAX €CTECTBEHHOTO pafinallnoHHOro ¢oHa,
rOpMesNC, afjaliTUBHBIN OTBET, CYO'beKTUBHbIE YK/IOHBI B
3MUIEMUOJIOTYM, IIPO TO, YTO CTOJIb Majble 03bI He MO-
IyT MHAYLUPOBATb Paku U T.IIL. MeXay Tem, /I KaHIje-
POTeHHOTO pUCKa OOMy4eHUA B CTOMATONOIMU VMeeTCs
ertte Iebli MK/ pabot n3 IlBeryu u U3 APyrux cTpaH ot
1994-2010 rr. (x npumepy, [75-77]), mpudeM Oblia IOy-
YeHa JaXke J030Bas 3aBUCUMOCTD [77]. DTu paboThI, KO-
TOPBIX MOPsKa fecsATKa, B mucbMe C.B. Spruna [73] na
TeMy HMKaK He YIOMMHAIOTCA (BUAMMO IOTOMY, YTO MX
He IMTUPYIOT ¥ CaMy TaliBaHbCKIe MccenoBarenu [74]).
Ho nmenno mBezckue aBTopsl eme B 2005 I. B pesynbra-
Te CHeyUanvHo HANpaeneHHo20 UCCIefoBaHuA IPULIIA K
KOHKpPemHOMy BBIBOJY, OIPOBEpraiolleMy IepBOHAaYa/lb-
HO BBICKa3aHHbIe MBI 00 aTpubyTmBHOCTH 3deKTa
AuarsocTdeckomy obnydenuto. Ha ocHoBe crienmambHbIX
IIO/IXO10B OBIIO CHE/IAHO 3aK/TI0YeHe O IPEeBATNPYIOLieM
BKJIafie CyOBEeKTMBHOTO YK/IOHa 3artoMuHaHuA (recall bias)
s OLIPOCHBIX PaboT MOZOOHOrO poja Mo JMarHOCTHYe-
CKUM paJiMallMOHHbIMK Bo3zeiicTBusam [78]%.

Takum 06pasom, B «IIMCbMe Ha TeMY» IIPYMEHUTETbHO
K O0OJIy4eHNI0 B CTOMATO/IOTUY €T0 aBTOpP He OTPasuy Oc-
HOBHbIE HAKOIUICHHbIE K HACTOAIIEMY MOMEHTY CHeluasb-
Hble OaHHble, BKYIIE CO CHIeTAHHBIMM YoKe JaBHO CHeyuany-
HbIMU 6b1600aMU, OTPAaHNYMBIINCH TOTIBKO OOMMMM U, 6
Hacmosiujee 8pemsi (Kak ObI <HOBOJT IPBI B SMMAEMUOTOT N
MasbIxX 03» [79]), y>ke He0CTaTOYHBIMY, OaHAIBHBIMI 1

20 Hapo npusHarb, 4to B «IIucsme» C.B. SIpruna no o6aydeHnio B
cromarosiornu [73] ynmoMuHaercsa BO3MOXHOCTD recall bias, Ho Tonbko
73 06IIMX COOOPaXKEHNIT, IPY TTePeINCIEHNIE BOSMOXKHBIX YKIOHOB I
HepafiNalIOHHbIX (paKTOPOB B SINIEMIOTIOT UL,

61



Huckycensa

MepuunHcKas pajuoorus U paguannonHas 6esomacHoctb. 2017. Tom 62. Ne 2

HOBEPXHOCTHBIMI COOOpaXKeHUsIMU. XOTs1 pOPMasIbHO, B
Ie7IOM, U TIPaBVMTbHBIMIL.

Co6¢cTBeHHO, 06 3TOM HELOCTATOYHOM IIO[XOJe
C.B. fIpruny y>ke HaMeKai0Ch MHOIO paHee IIPU NepemnucKe
o nosoxy RET/PTC. YenoBeky, He 3aHMMAIOLEMYCs TITy-
00KO KOHKPETHOI IP06/1eMOil, BO3SMOXXHO MHTYUTUBHO
HalllyaTh ee claboe MeCcTO ¥ HaBCKMIKY BBICKa3aThb Bep-
HbIe MBIC/IU U TUIIOTe3bl. Takoe ObIBaeT, 0COOEHHO eC/iu OH
aHAMUTUK MUpoKoro npodus?l, OgHaKo KOTfa Ieno Ka-
CaeTCsA KOHKPETHBIX JeTaell ¥ CJIO>KHBIX «TEeXHUYIECKIX»
MOMEHTOB, OTPUIIATh HAKOIJIEHHbIE paHee 1 OIyO/IMKO-
BaHHbIE IIPsMbBIE JaHHbIE, 3 KOTOPBIX CTIeflyeT MHOe, YeM
AyMaeTcsi TAKOMY 4elOBEKY, He IIPefCTAB/IsIeTCs ONpaB-
maHHBIM. « KOHIIIMpOBaHMEe» OTIETbHBIMI MOMEHTAMY U3
BBIOPAHHBIX PabOT TyT He IIOMOXET: TOT, KTO Ipogdeccro-
HaJIbHO 3aHMMAETCs 9TOJ IPOO6IeMOit, Cpa3y YBUIANUT He-
HO}IHOTY I/I/I/UII/I HECTBIKOBKMN.

[MonbiTkn C.B. fIpruHa oTKMAbIBaTh NpsAMbIE JaHHbIE,
IpoTuBoOpeyvaliye ero nonoxxenuam mno RET/PTC, ¢ no-
HYTHBIM «IIOATATMBAHMEM» Pa3HbIX KOCBEHHBIX (U BecbMa
IPOTUBOPEYMBBIX) CBEIEHMII, BBIBOJAT €ro TMIIOTe3y U3
cocTaBa Hay4HbIX (110 kputeputo K. ITonmnepa), n6o mena-
I0T ee 3aBefloMo Hedanbcudunupyemort [28]. Benp cpenu
6otee 4eM JIBYX COTEH paboT I10 MOIEKY/LIPHOI SIUeMI-
onorun RET/PTC, xoTopble MOABUINCE 32 TIOC/IEHIE TI0-
psnka 30 et [24, 26], mpu >XeTaHUM BCerfa MOXKHO Hail-
TM HEYTO «IIOATBEP)KAA0Iee», OCOOCHHO eCIM IOAXOR
TOIIyCKaeT WMIHOPUpPOBAHME IPOTUBOPEYAIINX IPAMBIX
TaHHBIX.

Xouercst 0c060 HOFUEPKHYTD, YTO 51 HE YTBEPXKAAIO,
6ynro runoresa C.B. SIpruna npo RET/PTC na 100 % mo-
eT ObITh He BepHa. BIlo/He BO3MOXXHO, YTO KaKasi-TO ee
JacTb U MMeeT 3[jpaBoe 3epHO. Ho cMoMMHYyTHBIM raga-
HIeM B eCTeCTBEHHOHAyYHbIX IMCLMIUIMHAX AOOUTbCA
4ero-mb6o HeBo3MO)kHO. Ha KakpoM ararme ciefyeT OT-
TAJIKUBATBCS OT YHe UMENUe20Cs MACCUBA 00CTNOBEPHBIX
TaHHBIX, OT 636€UieHH020 BBIBOJIa HAa OCHOBE 6eCOMOCHIU
U 4JC/Ia KOHKPETHBIX MCTOYHVKOB. VI ecu 6ONbIINMHCTBO
TAKOBbIX HpOTI/IBOpe‘{aT BI)II[BI/II‘aeMOI‘/‘[ TUIIOTE3E, N 06
9TOM pa3 3a Pa3soM FOBOPUTCS €€ aBTOPY C IpUBEfieHNeM
apryYMEeHTOB, TO IMIOTe3a [JO/DKHA OBITh OTBEPTHYTA [0,
TaK CKa3aTb, «MHBIX BpeMeH» [28].

C.B. fIprun B cBOMX «IIMCbMaxX» U «OTK/IMKaX» He pa3
BBICKA3bIBAJICA B TOM CMBIC/IE, YTO B GO/IBIIOM LIMKJIe Ha-
VX QaHAIUTUYECKUX U CUHTETUYEeCKUX VICCTIEIOBAHMUII 110
RET/PTC B manwuiApHbIX KapuyHomax 1K mbl He mipu-
BOZuM ero runoresdy. Ho ee cyTb Mbl 0OCy>Xzamm ¢ HUM
3aJI07IT0 IO €r0 «OTK/IMKOBY, C IPeSOCTaB/IeHIIEM eMY Psijia
YMECTHBIX CCBUIOK U KOHTpaprymeHToB. C.B. SIprun 6p11
O3HAaKOMJIEH C Halllell ITO3MIMell 10 OBOAY €ro TUIOTe-
3bl. [IoTOMy He MMenToCh HMKAKOTO CMBICTIA YIIOMIHATD ee
B cBOMX paborax. K Tomy ke, KaK IMoKasamy «IMcbMa» 1
«oTkuku» C.B. fpruna, pasociaHHble, MOKHO CKa3aTh, B

21 B 0ffHOM 13 YKPaMHCKUX MCCIEAOBAHNIT yTBEPKAAIOCh O MHO-
TOTBICSTYEKPATHOM YBEIMYEHMM YaCTOTBI PaKa MOYEBOTO IIy3bIps I10-
cre aBapyun Ha YADC. Pasymeercs, pasbop MOJOOHBIX OZMO3HBIX pa-
6ot C.B. AprunbiM [7] 6611 BecbMa MOJIE3HBIM, M MBI €TO I{UTHPOBAIIN
[15].
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MacCOBOM TIOPAJKE, IPUHATHE B HUX NPAMBIX KOHTPapry-
MEHTOB — OTCYTCTBYeT. DTO He OY€Hb XOPOIUNI IPU3HAK.

ITonarar, 4TO manbHelLIMe AUCKYCCUM IO TaHHOMY
Bonpocy ¢ C.B. fIpruHbIM He TPeJCTaBIAITCA 1LIe1eCO0-
Opa3HBIMM, KaK JI HOBbIe OTBETBI Ha €ro BIIO/IHE BEPOSAT-
Hble HOBBIE «IIMCbMa» U «OTK/IUKM» 1o RET/PTC?.
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Llenb — 06¢cyxaeHe Ha mpumepe YepHOOBIIBCKOI aBapyy POJIM Pas/IMYHbIX CTPYKTYP IO 00eCredeHInIo pagualiMoHHON 6e30macHo-
CTY B 0C/Iab/IeHNY PagMaLIOHHOTO ITOPAXKEHNS YelTOBEIeCKIX KOHTIHI€HTOB, BOB/IEKAEMBIX B aBAPUIO.

OpraHusanys IpOTHBOABAPUITHBIX Mep CK/IafibIBaeTcsi Ha 6a3e TpeX OCHOBHBIX KOMIIOHEHTOB. BO-IIEPBBIX, 9TO MpPEJIIECTBYIOLIE
paguobmonorndeckue paspaboTKy PagNOIPOTEKTOPOB I Mep OTPKLEHVISI M TOBU/IHON JKee3bl OT MMOPAXKEHNS PA/IMOAKTYIBHBIM JTOZOM.
Bo-BTopbIX, paspaboTaHHbIe 1 allpOOMPOBaHHBIE paHee Ha MIPAKTIMKE CIOCOOBI OBICTPOrO BbISABJIEHMS, JOCTABKY B KIMHUKY U JT€YEeHsI
TSDKETIO 0O/Ty4eHHBIX UL B-TpeTbux, Ha/iu4ye CTPYKTYp MECTHBIX OPIaHOB YIIPaB/IeHMA 1 3[[paBOOXPAHEHA I IPAKTIYECKOIl pean-
3aL1 HeOOXOMIMBIX MEPOIIPUATHI 110 OCTAGIEHNIO PAIMALIOHHOTO TOPaKeHMs TPOdeCCHOHANbHBIX paOOTHIKOB 1 HACETEHN.

BBICOKOJT OLIEHKNM 3acC/TyXK1BaeT BBICOKOKBaIM(UIMPOBAHHOE OKa3aHVe MEJULIMHCKON IoMoly 28 cBujereniM YepHOObUIbCKO
aBapuy, MOJyYMBIINM KpaiiHe TsDKenble (IV cTemeHb) codeTaHHbIe PajMalIOHHBbIe TIOBPeX/eHMs (TOTa/IbHOE raMMa-ob/ydenne u Gera-
o6myyeHne koxxn). OCHOBHbIE HeyfiauM KacaloTcs HellpUMeHeHMsA paJiolIpoTeKTopa Ipemnapara «b» y 28 mocTpa/jaBlinx Ha aBapuy 1 He-
Ka4eCTBEHHOTO, C OLIOKaMI, BBIIIOTHEHNSI Mep 110 CHYDKEHWIO MHKOPIIOPALMY PaMOaKTHBHOIO 110/ia B IIVITOBU/HOII JKere3e, 0COOEHHO
Y JeTell, YT0 OBIIO CBA3AHO C HETOTOBHOCTBIO K IJIOOA/IbHOI aBapy CTPYKTYP IPaKIAaHCKO 0OOPOHBI M MECTHBIX MEAMIIVIHCKIX CITYOKO.

AHanu3upyeTcsi CerofHsIlIHee COCTOsIHIE [ie/ B 00/IaCTsX, MMEIOIMX OTHOLIEHNE K 00eCIIeYeHNI0 IPOTUBOMTYYEBbIX MEPOIIPUSTILI
TPV pajallIOHHBIX MHLIMIEHTAX U aBapyX.

KiioueBbie cioBa: paduayuoHHas asapus, 0CMpas ny4esas 0071e3Hb, couemantvie padUaLUOHHbIE NOPANEHUS, JIeHeHIe OCHIPbIX Pa-
OUAUUOHHDIX NOPANeHUT], PAOUONPOMeEKMOp, HIOOHAS NPOPUAAKIMUKA, 0P2AHUZAUUS MePONPUAMUL, peeiameHmupyiouee pyKosoocmeo,
asapus Ha Yeprobvinvckoit ADC

IMoctymma: 26.02.2016. Ilpuusra k my6nukarym: 20.02.2017

K momenty YepHOObIIbCKOI aBapuy papno6mono-
ramMu ObUIM pa3pabOTaHbI U [OBEEHBI MPAKTUIECKN [0
YPOBHA JIeKapCTBEHHDIX IIPeapaToB ABa PaMOIPOTEKTO-
pa - O-aipeHOMUMETHUK Ipenapar «b» u cepoconepkaimii
anknmamue nucramud. O6a mpemapara uMeny tabmeTin-
poBaHHYyI0 Popmy. [oToBHOCTD mpenapata «b», paspabo-
TaHHOTO COBMECTHBIMM YCUMUAMU VIHCTUTYTOB — 61odu-
suku (MIB®), xmumuko-papmanesrudeckoro (BHUXDI)
M aBMALIMOHHOI U KocMudeckoit Mequiabl (MAuKM) -
Obl71a BbILIE, T.K. ObUTa oTpaborana ero addexrnBHas f03a
B MICIIBITAHMAX Ha fob6poBonblax. Takxke Obima paspabo-
TaHa JofHasT HpOoGWIAKTMKA ST OC/IA0IeHusT mopaXke-
HUA LIUTOBUIHOM JKeJle3bl IIPY pafiMal[OHHBIX aBapyAX
[1]. Paguobuonoru BMecTe ¢ pagnaliOHHbBIMU MeANKaMM
UMeNM FOCTaTOYHO TOYHOE IIpefcTaB/eHNe O IOopaka-
fotell 3 (EeKTUBHOCTY PAa3INYHBIX PEXUMOB pafmali-
OHHOT'O BO3JeJICTBUA IPUMEHMUTEIBHO K YeT0BeKy, YTO
CITY)KWIO OCHOBON I YCTAaHOBJIEHUA IIPefie/IbHO JOITy-
CTUMBIX JJO30BbIX HAI'Py30K Ha HpO(I)eCCI/IOHaHOB ATOMHBIX
IIPOM3BOJICTB 11 Ha HAaceJIeHNe, Ha pellleHe BOIIPOCOB 9Ba-
Kyally HaceleHNA U3 PalMaLMOHHO-ONACHBIX PallOHOB,
HO 9TOT aCIIeKT aBapMI B JAHHOI CTaThe pacCMaTpUBaTbCA
He Oymer. PafyanioHHble MeIVMKN KIMHNYECKOIO OTHeNa
MB® mmeny cBOIT ONBIT TOMOIIV JINIIAM, IOCTPAABIINM
B Pa3IMYHBIX paguaunoHHbix nHnyuaenTax 8 CCCP, a Tak-
Ke BrIafieNi MHpOpMaIyeit 0 KIMHUYECKNX IPOsIBICHUAX
y IOCTpafiaBIIMX OT ATOMHBIX 60MOapANPOBOK B SmoHMM.

Xy>ke 006CTOSIO He0 ¢ HOPMAaTMBHBIMM TOKYMEHTa-
MU, perylaMeHTUPOBAaBIIMMU OPraHM3ALUI0 MepOIpusd-
T TIpY BO3HMKHOBEHUM PAJMAILMOHHON aBapuu. boum
paspaboranbl: VIHCTPYKILMA 110 JIeYeHUIO PafiualiiOHHbIX
nopaxeHuit — 1978 r., VIHCTpyKums 1o NpoBeieHNIo J10fI-
HoIT npodunakTuky — 1967 r., gomnonHeHHas BpemeHHoI
MHCTPYKLYE 1O 9KCTPEHHOI NpO(UIAKTUKE IOpake-
HIJI PajgVOAaKTUBHBIM JOJOM, IIPaB/ia, YTBEP)KIECHHON
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Tonbko 7.05.1986 [2, 3]. OpHako opraHMsaIys pasiand-
HbIX MepOHpI/IHTI/IiI HE 6bIJIa YETKO paciycaHa. B IIpUH-
111Ie, OHa ObI/Ia BO3/IOXKEHA Ha CTPYKTYPbI IPOKIAHCKON
oboponsl, MegcandacTu mpu ADC ¥ MeCTHbIE OpraHbl
3/IpaBOOXPAHEHNA.

[IpuBeneHHbII KpaTKMII aHAINM3 ITOKA3bIBAET, 4YTO
B OCHOBHOM HeOOXO[VIMBIE IIPEIIOCBUIKM JJIs CHIDKe-
HUA PajinalliOHHOTO TIOPaKeHMs YYaCTHUKOB aBapuu
u HacenmeHus 6bym. Kak >ke oHM ObUIM peann3oBaHbI B
IEeICTBUTENIbHOCTI

B aBapnio Ha YepHoObunbckoit ADC Opin BoBIede-
HBI pasHble rpynmnsl muu. Hanbonee mocrpapasiueit 6b1a
rpymnma u3 28 4enoBek 00CIy KMBaIoIero IepcoHasa J 11o-
JKapHbBIX, 00eCrednBIInNX HeOOXOAMMBIE TPV aBAPUITHOI
cuTyanuy paboThl ¥ TyLIeHUe Mmoxkapa. Bece oHM momy4n-
TN 32 KOPOTKMII CPOK OONIbIINe HO3BI Y- M P-M3TydeHNs,
npusepue k passutuio OJIB, ocnoxxuenHoit y 6ombireit
YacTU IOCTPAJABIINX PAJMALMOHHBIMM OXKOTaMM KOXKM
(rpymma 1). Ipynmy 2 cocraBmimm NMMKBUAATOPBI MOCTEN-
ctBuil YepHOOBUIbCKOI aBapuy (fanee — JIMKBUAATOPHI),
KOTOPYI0 IIPMHATO IOAPAa3[eNATbh Ha IMOATrpymmbl 1986-
87 rr. mpubbiTus (C [03aMU IOAJIEKABIIETO KOHTPOJIIO
o0JTydeHNs npenmMyIecTBeHHo 1o 250 MIp) n 1988-90 rr.
Bbe3[ia B 30HY (C KOHTPOIMPOBABLIMMICA HO3aMU IIpe-
uMyliecTBeHHO o 100 mIp). Ora rpymma ucamcnsercs
IecsATKaMU THICSAY AL, U HaXOJUTCS HOJ HaO/MoIeHneM B
pamMkax Poccuiickoro rocyiapcTBeHHOTO MeIVIKO-/J031Me-
tpudeckoro perucrpa (PTMJIP). Hakonew, 3 rpymma - ato
Hace/lleHue Hauboree 3arpsisHEHHBIX TEPPUTOPUIL, HAXO-
IAMXCA TIO0f] TTOCTOSHHBIM JKeCTKUM KOHTPOJIeM, U 1ML,
orcenenHple u3 30-KunmoMeTpoBoii 3086 BOKpYr YADC u
U3 psfa 0c000 3arpsA3HEHHBIX PAIOHOB.

W3 28 Tspreno mopaxeHHbix (IV cremneHp) manyneHTos
rpymnsl 1 ¢ gosamu obnydenns or 4,4 go 13,7 Ip, 6pumn
criaceHs! oT rubenu 4 yemoseka [4, 5]. To HemoXOI pe-
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3y/IBTAT, €C/IMl UMETh B BUJY, YTO O3Bl OOTyYeHVsI BBILIe
3,5 Ip B OTCYTCTBMM MEOUIIMHCKOV IOMOIIM CUMUTATNCh
abcomoTHO cMepTenbHbIMU [6]. [JO/s ClIaceHHBIX OT pa-
OUALMOHHOM TmOeny aui Morna 6bl ObITh BbILIE, €CIU
Obl He OCTIOKHEHHOCTb TOTA/JIbHOTO IaMMa-o00/IydeHus
B-pammanMOHHBIMIU 0XKOTaMM KOXKM Y OONBIINHCTBA dIe-
HOB 9TOJ IPYIIbI (COYeTaHHbIE pajiMalllOHHbIE IOpaXKe-
Hys1). Takux 66110 18 uenoBek, U HY OfHOTO 13 HUX He y/a-
7I0Cb CITACTH.

YKa3aHHBII pe3y/lbTaT ObUI IONy4eH B pe3yabTaTe
KBa/IM(UIIMPOBAHHON PabOTBl COTPYHNHUKOB KIVHMU-
geckoro ornena VIB®. IlocrosiHHas aBapwmitHass Opura-
ma 6p1a cobpaHa K 6 4 yTpa, T.e. 4epes3 4 4 [oCjIe Havasaa
aBapuim, 1 B 16 4 mocraBieHa B I. [IpurATh, Mo MHeHMIO
A K. I'ycbKoBOIL, — C 3a/Jep>KKOIl Ha 8 4 113-3a 3aTAHYBILIETO-
Cs1 pelleHns BBILIeCTOAIMX nHCTanumit 7, 8]. Hanbomnee
TSDKeJIble IalMeHThl Obutn oToOpaHbl K 23 4 26.04 (2-it
auIenoH 661 copmupoBat K 9 4 27.04) u HanpaBjeHbI B
KMHUKy VIB®, r71e oHM MOoyYm/iu BCIO JOCTYIHYIO Ha TOT
Hepuoy, MENUIIVHCKYI0 IIOMOILIb (CTepuIbHbIE YCTOBUS
COflep>KaHMs, IEKOHTAMMHAIVS KUIIEYHUKA, CUCTEMHbIE
aQaHTUOMOTUKY, TPAaHC(PY3UM KITIETOK KPOBH, IIPEX/ e BCETO,
TPOMOOLIUTOB, TeMOCOPOIVS M HaXke OPraHU30BAHHBIE C
MOMOIIBI0 aMePUKAHCKUX creruanuctos (P. Teitn) TpaHc-
IUIAaHTAIUA aJUIOTeHHOIO KOCTHOTO Mo3ra 16 mocTpapgas-
MM U KYPC IMTOKMHOBOI Teparuu, 'M-KC®, npym ma-
uyentam) (4, 9].

U Bce e BO3HMKaeT BOIIPOC, BCe /M ObIIO CHiellaHO
IIs1 TOTO, YTOOBI M30€XaTh rnbenn 24 4enoBek, IPOTUBO-
CTOABIINX CaMoli paHHel1 (asze aBapum, ObUIN U OIYILe-
HBI KaKJe-TO IIPOCYETHI U OUIMOKYM Ha 9TOI U MOC/IeHyIo-
IMX 9Tanax aBapuyu. YacTMIHO OTBETHI HA 9TU BOIIPOCHI
MOXXHO HallT! B psifie my6mmkanuii [7, 8, 10, 11]. ITpu Tom
YpOBHE pajyaluy, KOTOPbI/I BOSHNUK B OYare B3pbIBA I
HOXKapa, TOJbKO 4YacTas 3aMeHa paboTaBIIMX Ha JIMKBU-
HaIyy [oYKapa MOI/Ia IPeOTBPATUTD [TOTy4eHe paTab-
HBIX 7103. O4eBUHO, YTO VIMEBIIETOCs B HAIMYUY TIEPCO-
HaJIa CIIelMaI3MpoBaHHOM oxkapHoit yacty CIIY-2 mpn
Yepro6b116cK0T ADC 6BIIO HETOCTATOUHO IS TAKOI PO-
Tanuy paboTAaBLINX B OYare JIIOfieil, a OIIEPATUBHOI Hepe-
OPOCKI HOTIOTHNUTEIbHBIX II0)KaPHBIX PaCUYeTOB OPTaHU30-
BaHO He ObITIO.

CyHIeCTBOBaBHH/Ie K TOMy BpeMeHI/I }IOKyMeHTbI, pe-
[JIaMEHTVPOBABIIME OPraHM3ALUI0 M OKasaHNUe Menu-
LMHCKOJI MTOMOIIM INpM pafMalliOHHBIX aBapusax, ObUIM
OPUEHTHPOBAHBI, INPEVMYIIECTBEHHO, Ha JUATHOCTUKY
JIy4eBBIX MOPAKEHUI M VX JIeYeHMe B CIIeIMaTU3VpO-
BaHHOM yupexpaennu [2, 12]. Bornpoc 06 ucronb3soBannu
PaMOIPOTEKTOPOB, COOCTBEHHO /IS TPODMIAKTIUYECKOIT
(mpeBeHTNBHOIT) U HanmbOIeE [1eIICTBEHHON 3AIUTHI OT Pa-
IAManuy B 9THX JOKYMEHTaX BOOOIe He pacCMaTpMUBaICH,
BUIMMO TIO IIPUYMHE TPUMHINIINATLHON HEBO3MOKHOCTHI
VX IPUMEHeHNUA IIPY OTCYTCTBUY HEOXKI/JaeMOT0, BHe3aIl-
HOTO PajMalMOHHOTO Bo3jelicTBuA. CUTyalus ke, BO3-
HyKias B YepHOObIIe, @ UMEHHO HEOOXOMMOCTb BXOfa
B 30HY C BBICOKVM YPOBHEM pafilallii, OKasajach BHe
HoJsA 3peHus. Mor7Io OBITh U HACTOPOXKEHHOE OTHOLIEHIEe
K pafiuoIpOTeKTOpaM — OIAceHMe BO3MOXKHBIX OCTIOX-
HEHUII, CBA3aHHBIX, HallpUMep, C BIUSHUEM MHApaINHA
Ha CEepIeYHO-COCYAUCTYIO JieATenbHOCTh. Clofa e, Io-
BUJJVIMOMY, HaJl0 JOOABUTDb HEOCTATOYHYI0 OOYUYEHHOCTD

HIDKHETO MEIMIIHCKOTO 3BeHa. B ofHOI 13 my6nmKarmit
YKa3bIBasoCh, 4YTO IIePCOHAJ CTAHIIUM CKOPOIl IIOMOILM B
YepHoObLIE He IIPOBOAWII faxke ceOe MOgHYI0 IpoduIaK-
TUKY ¥ He BOCIO/Ib30BAJICA HUMKAKMMU IIperapaTtaMyu U3
VHIVBUJyaJIbHBIX IIPOTMBOPA/IMALIIOHHBIX alTedek [7].

B cnoxuBuieiicss B YepHOObLIE CUTYaLUy PUCK IIOTY-
YeHNA MOXKapHbIMU U HepcoHaioM ADC B IepBble Yachl
[03 00NMy4eHMs], HECOBMECTMMBIX C >KU3HBIO, 00s3BIBAJ
JIMLI, OTBETCTBEHHBIX 32 OPTaHU3aLVI0 MEAUIVHCKOI II0-
MOILIM, Ha3HAYUTHb Impemapar «b» TMOXapHBIM, BIUIOTDH
To IpMMEHEHNUsA Ha OCHOBe compassionate use, T.e. Majo
anpoOMpOBAaHHOrO Iperapara (Takye peleHNns U3BeCTHBI
U3 MMPOBOJ MPAKTUKM, U, B YACTHOCTH, OBUIM IIPUHSTHI
A.E. bapanoBbiM B orHoureHun npumeneHus I'M-KCO,
npegocrapaeHHoro P. IeinoMm, yia nedenusa gByX 4epHO-
OBUIBCKIX MTALIMEHTOB C fo3amu obnydenus 8,7 [p n 10,2 Ip,
VN IIpYIMEHEHA TpOM6OH03TI/IHa Y OXHOIO IManenTa npn
aBapuu B Toxau-Mypa [8]). Pemenne o npumeHenus mpe-
mapara «b» Mor ObI, BEPOSITHO, IPUHATDH CIELMANUCT IO
IIPOTMBOJIYUEBBIM IIpeIapaTaM, BlIalelomyii MHPOpMaIu-
eit 1 yOeXXJIeHHBIIl B CBOEII IIPaBOTe, HO TAKOIO He OKa3a-
JIOCb B HY>KHO€ BpeM:I B HY>KHOM MecTe.

Ha Bompoc xoppecnonzenTa B. [ybapesa, mouemy He
ObUT IpuMeHeH mpenapar «b» Bo Bpemst YepHOOBIIBCKOIT
aBapuy, 4TO TAK)Xe YAUBIIO 3HABIIET0 00 3TOM Iperapa-
te P. Teitna, maBaBmas nntepspio A.K. I'ycbkoBa ckasaa,
4yro y Hee HeT oTBera [8]. B crarpe IJl. CennuoBkuHa,
BO3I/IAB/IsABLIEr0 aBapuiinywo 6puragy VIB®, nudvero e
TOBOPUTCA O NpPUMEHEHM) PafiMoONPOTeKTOPOB Ha 9TON
CTauy aBapuI, XOTA IOfYePKUBALTCSA, UYTO CPefiCTBA PaH-
Hero naTtorerermdeckoro nedenusa OJIb Ha aToit ctagun
He TIpuMeHsiIuch. He Morn B mporjecce cbopa aHaMHe3a
IpONTU MUMO (aKTa NMPUMEHEHNs PagMOIPOTEKTOPOB U
JledMBIIVe YepHOOBUIbIEB Bpaun kinHuky VIB®, Ho Hu-
4ero MofoOHOro oT™MedeHo He Op11o0 [13].

OpHaxo 1o BONpOCy NpUMMeHeHN PaYIOIPOTEKTOPOB
BO BpeMsl UepHOOBUIBCKOIT aBapui CYLIECTBYET U pyras
TOYKa 3peHusi. B opHOIT 13 paboT K 25-/1eTHel TOfOBIIN-
He YepHOOBIIBCKOIT aBapuy ObUIA MPEANPUHATA TIOMBITKA
MIPEACTABUTD J€/I0 TAKMM 06pa3oM, 4TO «B XOfie TUKBU/A-
uuy nocnefcTBuit apapun Ha YASC npuMeHANUCh Takue
PaAMOIPOTEKTOPBI KaK LMCTaMyH U nperapar b» [14]. Ha
IIOBEPKY K€ 0Ka3ajIoch, 4TO MHPopMaLusa 06 yKa3aHHOM
[IPUMEHEHNN CBOJAUTCS K YIOMUHAHWMIO 00 JCIIOIb30Ba-
Huu npenapata «b» y Heyka3aHHOIrO 4Kcia BepTONIeTUN-
KOB, K TOMY K€ C HEOTC/IeXKeHHBbIMU ITOCTIeACTBUAMIL

Yro >ke KacaeTcsl yKasaHHOTO B 3TOI XKe CTaTbe IIpU-
MeHEeHU: Y IMKBUATOPOB B IIOC/IeYIOLeM TaKIX BelljeCTB
KaK ecTeCTBEHHbIe MeTaOO/MNTDI, IPeNIeCTBeHHNKN HYy-
K/IeMHOBBIX KVC/IOT, BUTAMMHBI U Jpyrue OMOIOrMYecKn
aKTVBHBIE BEIIeCTBA, TO K peaIbHOI 1 MOTYILelt ObITh MOf-
TBEP>K/IeHHOI (papMaKOIOrMYeCKoit 3a1/Te OpraHN3Ma OT
MIOPaXKAIOIIETO AEVICTBMA pajualiiyl TaKue MepOolpuATUA
HUKAKOTO OTHOIIEHVA He MMeIOT. Jlelo B TOM, 4TO JIMK-
BUJATOPBI IIOC/TIENCTBUI aBapyuy MMeIN OrpaHMYeHMe 0
MOTy4EHNIO CYMMapHOI1 IIOIJIOIE€HHON 03Bl BENTUYMHON
0,25 Ip, u 0O6HAPY>XKUTb IPU TAKOM YPOBHE 103 3¢ (PeKThI
MIOPa)KEeHNA, a C/IeOBATEIbHO U 3aIIMUTLI, IPAKTUYECKU
HEBO3MOXXHO, pasBe 4TO IIyTeM OTPOMHBIX BBIOOPOK Iiy-
TOT€HeTMYEeCKMX II0Ka3aTesIell, HO O TaKUX MCCefOBaHMAX
HUKaKOI MHGOPMALMN [TPELOCTABIEHO He OBIIO.

67



Huckycensa

MepuunHcKas pajuoorus U paguannonHas 6esomacHoctb. 2017. Tom 62. Ne 2

TakuM o06pa3oM, HpPUXOAUTCS IPU3HATH, YTO Ha
[epBOil, OBICTPOTEYHOIl, CTafuM TyIIEeHMs MHOXKapa B
YepHOOBUIBCKOI aBapyy OblIa yTepsiHa BO3MOXKHOCTD KaK
MUHUMYM IIPOBEPUTH, @ KAK MAKCUMYM peajn30BaTh Hal-
6oree 3¢deKTUBHBIN CIOCOO CHYDKEHMS 4YeTIOBEYeCKUX
HOTepb IPY PajMalMOHHON aBapuy IyTeM MCIIONb30Ba-
HUsA pagyonporekropa. Kakol pasuTenbHbIl KOHTPACT C
MeVLIMHCKIM ObecIledeHneM CTagyun JiedeHns MoCTpa-
maBux yn! Meauky Befb PUCKOBajIM, KOIJja BIIEPBbIE
HPUMEHS/IM TeMOCOPOINIO [P JIeYeHNM CBOMX ITALlVieH-
TOB, HO 0OCOOEHHO, KOIla MOLIIM Ha IPJMMeHeHUe TPaHC-
IUTAHTAllMM QJIOTEHHOTO KOCTHOTO Mosra. IlocmenHss
ce6s1 [elICTBUTE/IBHO He ONPaBAaja M3-3a BOSHUKHOBEHIS
TKAaHEBOJI HECOBMECTVIMOCTH, HO ee ampobanus B peanb-
HBIX YC/IOBUAX TADKETIOTO PAiMalliOHHOTO HOPaKeH!A 110-
3BOJIW/Ia BBIHECTY OOOCHOBAHHBINI BEPAMUKT 3TOMY BULY
TepaIui B €ro TOTZAllIHEeM COCTOSIHUU U HaMeTUTb IIyTH
[PeOjO/IeHNs BBIABUBIIENCSA Mperpajfbl. TOM BO3MOX-
HOCTH PasBUTH ObIIO JMIIEHO PafUOIPOTEKTOPHOE 0be-
ClieyeHe pagnanuoHHOI aBapuL.

BmecTo momcka myTeil IIPeOfONeHUsI TOKCMYHOCTU
PafNONPOTEKTOPOB IIEPBOTO IOKONMEHMs 9KCIEePYMEH-
TajbHas paanobuonorys nocie YepHOOBIIBCKON aBapuu
3aHSIACh TUPAXMPOBAHMEM WCCIENOBAHMIT HA MEKUX
JTabOpaTOPHBIX KMBOTHBIX BCE HOBBIX 11 HOBBIX BelleCTB
6e3 Kakumx-mubO IOMBITOK HPOJBIDKEHNS X B MPAKTIH-
4eCKyI0 MeJUIMHY B KaueCcTBe IperaparoB [BOIHOTO
HasHadeHMs1. CaMoil OYeBUHOI 00/IACTbIO IPUMEHEHS
PaayoNIpOTEKTOPOB B IIMPOKO MEAMIIMHCKOI IPAKTHKE,
KOHEYHO, [JO/DKHA OblIa CTAaTh jIydeBas Tepamus OLyXO-
Jeil (3alUTa OKPY)KAIOLVUX OIyXO/Mb 3[0POBBIX TKaHel).
Onmako aT0ro He mpowusouto. Paguomnporekropst (a aTo,
IPEeNMYIeCTBEHHO, BEI[eCTBA U3 KIACCOB CEPOCOfepKa-
I[UX aJIKWJIAMIHOB ¥ OMOTeHHBIX aMIHOB) He HAIJIN CBO-
€1 H/IIY B JIy9€BOJ Tepanuy omyxoseli. B aToi cutyanym
ocTaetcst TnOO0 MePeKTIYNTHCS Ha HOUCKM 3 PeKTUBHBIX
IPOTUBONYYEBBIX CPEACTB B PYTUX K/IACCAX XMMUIECKIX
coeMHeHMIt (3TO yoKe U IPOUCKXOANT, MMesl BBUJY yCIIel-
HOe MPOABIDKEHNME MMMYHOMOJY/SITOPOB 3HIOT€HHON
VIV 9K30T€HHO MPUPOMbI) MM Y3aKOHUTD IPYMEHEHE
PaaNONPOTEKTOPOB C BBIPAKEHHBIMU IMOOOYHBIMU 3-
¢dbexTaMu B 0COOBIX CIy4YasiX pafMaliOHHOTO TOPaXKeHNsI
4e/I0BeKa, Halogo0ue NMEBIIX MECTO B OCTPBIIl epuop
YepHOOBIIBCKOIT aBaPUIL.

Bos3HD IpUMeHeHNs PaNoIpPOTEKTOPOB B YCIOBMUAX
HEMJHYEMO TsDKEIOTO PajMaliOHHOTO HMOPaKeHMs JILI,
BBIIIO/THSBILNX CBOI IPOQeCCHOHANBHbII O/, OKa3anach
He eIMHCTBEHHBIM IPOSIB/ICHNEM IIOXOil OpraHM3aInu
obecrieyeHNUsT pafValiOHHON 0e30IIaCHOCTYU B YCTIOBUSIX
pagyanyoHHoit aBapuu. B YUepHOOble pajnoakTUBHBIE
BeIleCTBA, BBIOPOIIEHHbIE 13 IIOBPEX/EHHOIO PEaKTo-
pa B arMoc¢epy, PasHOCHINCH BO3MYILIHBIMM ITOTOKAMMU
U BBbINAJA/IM Ha 3eM/II0. BakKHyI0 pOJIb cpeiy HMX Urpai
1101-131, CeleKTMBHO NMOpaKaIoWMII INTOBUIHYIO KeTle-
3y. OH MOr HOMajiaTh B OPraHM3M He TOJIbKO MHTaJIALIN-
OHHBIM IIyTeM, HO ¥ Yepe3 INIIEBYI0 [elI0YKy TpaBa—Ko-
POBa—MOJIOKO, YTO HPEACTAB/ISIO 0COOYI0 OMACHOCTD AL
meTert. MepompusTusi MO 3aliyTe IIMTOBUHON Kee3bl
OT PafiMOaKTUBHOTO Jiofia ObIIM IeTalbHO pa3paboTaHbI
I OCBE€II€CHbI BO MHOXXECTBE Hy6HI/IKaI_U/II7[, B TOM 4YHC/I€ B
nHcTpykuun [15]. Tem He MmeHee, ftogHas npodumakTika B
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IIMPOKOM CMBIC/IE CTasIa ellje OfHIM I, MOXKeT OBbITb, JajKe
6oree 0OMIHBIM (B CUTY CBOEI OYEBUJHOCTY M JIETKOCTHU
OCYILeCTB/IEHNs), [IPOSIB/IeHIIEM HETOTOBHOCTY HVM30BBIX
CTPYKTYP TPKHEAHCKOI 0OOPOHBI 1 MEAMUILITHCKUX CITYXKO
K peanyusanuy MepOIpYATUI pajyalioHHON Oe30mmac-
HOCTU B yCTIOBUsAX aBapuu. To, 4TO JO/DKHO OBUIO CTaTh
TpryMpoM paguo6monoruy, 06epHyI0Ch ee IOPAXKEHUEM.

ITpexxpe Bcero, u3-3a HECBOEBPEMEHHON MHQOpMa-
LMY WM U3-3a HEHOBEpMs K Hell MeCTHOTO HacCeleHMs,
VIN ¥3-32 HECBOEBPEMEHHOTO II0f{BO3a UYNMCTBIX IPOAYK-
TOB He YHA/I0Ch OTPAaHMYUTD IOCTYIIEHNE IO TMIIEBOI
Ie[I0YKe C MOJIOKOM itofia-137 B OpraHusm, 0COOEHHO y fie-
teit [15]. A mpueM cTaOMIBHOTO JIOfja, [0 CBUIETEIbCTBY
PasHBbIX MyOIMKaIWil, Wi ObUI IPOBENEH HErpaMOTHO, C
OIO3/IaHMeM, C HEIPaBU/IbHOI JJO3MPOBKOIL, WK BOOOIIIe
He mpoBogwics [7, 15]. BeickazaHO MHeHUe, 4TO B psije
nocenkoB Kamyskckoit o6macTu HaceneHne caMOCTOATe Ib-
HO IIPMHUMAJIO JIOF B [{03aX, HAMHOTO IIPEeBBIIIAOIIIX
PEKOMEHJOBaHHbIE, BC/IEACTBYE YE€ETO MOI' pa3BUTbCA TU-
peouauT u B fanbHelieM pak [16]. Bce aTo B 3HaunTeNb-
HOJl Mepe HefopaboTKa HM3OBBIX C/IYXO TpaXkAaHCKO
060pOHBI U OpraHoOB 37paBooxpaHeHMs. Ho 4acTp BMHBI
JIOKUTCA ¥ Ha BBIMIECTOAIINE OpTaHM3alNM, KOTOpble He
cMor/I 3a06/IarOBpeMEeHHO HaMafUTh B HU30BBIX CIy>K6ax
obydeHre U, IIaBHOE, TPEHUPOBKY IIPAKTUYECKUX HABBI-
KOB OKa3aHMsI COOTBETCTBYIOMIEN MeAMIIMHCKO IOMOIIY.
B pesynbrare, B oTMUMe OT APYTUX PaUOIyBCTBUTEND-
HBIX OPTaHOB 1 TKaHeﬁ[, JIMEHHO IIMTOBMOHAA JK€1e3a I10-
Jy4nIa JOCTaTOYHO 60sbIne K03bl 06/mydeHs (Bbiire 250
MIp npumepHO y 23 % 13 97 ThIC. 06C/IEOBaHHbIX JeTeil U
ITOIPOCTKOB 4YeThIpex Hanboree 3arpsi3sHEHHBIX obmacTeit
Poccunm) [17]. DTo mpmBeno K 4eTKO 3aperMcTpUpOBaH-
HOMY IOBBIIIEHNIO 3200/1€BaeMOCTY PAaKOM IIMTOBUIHOI
JKeJle3bl, 0COOEHHO Yy JleTell.

Anamus YepHOOBUIBCKON aBapyuy BO BCEX ee acIeK-
TaX, KOHEYHO, He MOT OCTAaThCs 6e3 IOC/IeNCTBUI, Ipe-
JKJie BCeTo B Cepe OpraHM3aLMOHHBIX peIleHMil. YKe B
cepenuHe 1989 1. cospaerca TocynapcTBeHHas KoMmccus
Cosmyna CCCP 1o ypesBbIYaiHBIM CUTYalUAM, U3 KO-
topoii BocrenctBuu (1994 r.) Boipacrer MuUHUCTEPCTBO
P® mo 4pesBBIYANHBIM CUTYaUAM ¥ IUKBUJAINM IO-
CIIEICTBUN CTUXUIHBIX 6encTBuit. B 1999 1. Ha 6aze IBD u
Knunndaeckoit 6ompHMIIBI Ne 6 66171 06pasoBaH ABapuiTHBII
MEIUIMHCKA U pajUalliOHHO-[O3VIMeTPUYECKIIT LIEHTP
DY «MenbmosKkcTpem» Il «KOMIUIEKCHOTO PelIeHMsI BO-
IIPOCOB MH(OPMALVOHHOTO, HAayYHO-METOAMYECKOTO U
MPAKTUIECKOTO 00eCHedeHNsI TOTOBHOCTY MeIMKO-CaHM-
TapHBIX 4YacTel». HeroroBHOCTh CTPYKTYpP IpakJaHCKOI
000pPOHBI 1 MelcaH4YacTell K OCYIeCTBIeHII0 HeOOX0M-
MBIX MEPONPUATHUIL B YCIOBUAX YepHOOBIIbCKOI aBapun
He TIPOIIIa He3aMeUeHHOIL.

YepHOOBUIb [al MOILHBI MMITY/IBC COBEPIIEHCTBO-
BAHUIO JOKYMEHTOB, PerNaMEHTUPYIOILUX [esATeIbHOCTD
Pas/IMYHBIX CIYy>K6 OBICTPOrO pearnpoBaHMsl NPU pa-
IValMoHHOM aBapuu. B 2005 r. BhIo «PykoBoAcTBO
II0 OpraHm3anuy CaHUTAPHO-TUTMEHUNYECKNX U neqe6—
HO-TIPOMIAKTUYECKUX MepPOIpPUATHUIL IPU pPafiualiOH-
HBIX aBapysX», B KOTOPOM OblIa IIpeofo/ieHa HEKOTopas
Y30CTb ITOAXOfA K OCBELIEHNIO JAHHOI ITPOO/IeMBI TONBKO
C TO3UINIT KIMHNIIMCTOB B IPEKHUX PerTaMEeHTVPYIOIIUX
mokyMeHTax. IToMmyMo Toro, 4to B PykoBogcTBe ObIn 4eT-
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KO PacIICaHbl BCe BUIBI MEAUIIVTHCKO IIOMOIIY U OTBET-
CTBEHHBIE 3a VX BBINOTHeHNe POPMUPOBAHNS JOBpades-
HOTO 11 Bpa4eOHOTO ypOBH:, BIIepBble OBUIN OIpefe/IeHbl
YCIIOBUA NPUMEHEHNUA PaAMONPOTEKTOPOB 1 CPENCTB 9KC-
TPEHHOI! IIPOTUBONTY4YeBoIl Tepanyn [18].

B 2015 r. 6p1710 omy6mmKoBaHo aHamornyHoe IIpakTu-
YecKoe PYKOBOACTBO IIO VICIIOIb30BAHUIO MEOVMIMHCKUX
CPeICTB TIpM Ype3BbIYANHBIX CUTYAlMsAX, B KOTOPOM,
IpaBfia, OBIIO Y/ieNIEHO HECKOJIbKO 3aBBIIIEHHOE BHUMa-
HYe MCTOPUU U TEeOpUU NPOTUBOIYYEBON 3amutsl [19].
HecmoTpst Ha ob6wne mepedncIeHHbIX IPOTUBOIYYEBBIX
cpencTB (MHOTME M3 KOTOPBIX NIPEACTAB/IAIOT JINIIb MICTO-
pUYecKuil MHTepeC) B YaCTU IPAKTUYECKUX PEKOMEH[a-
L11i1 aBTOPBI OTPaHNYIMINCD paKTIdecKy Ipernaparom «b»
U pOOKCHHOM I JIMIID CKYIIO YIOMSHY/IN 00 9KCTPEHHOI
IPOTUBOIYYEBOII TEPATINIL.

MeHee mpenckasyeMo pasBUBAINCh COOBITUSA B 00-
JIACTY COBEPLICHCTBOBAHNUSA PafyoOMOIOTYecKoro 1 pa-
AVAIVIOHHO-MEeIVIIMHCKOTO 00ecCHeyeHus BO3MOXKHBIX
PafiMalIOHHBIX VHIMAEHTOB. CaMylo BBICOKYIO OLIEHKY
MMPOBOJI HayYHOJ OOILIeCTBEHHOCT! NONTy4M/Ia HesATe/b-
HOCTb KMuHMKM VIB® 110 /eyeHnIo TsHKemo 0OMydeHHbIX
IpM aBapuy /I, YTO He IIOMOIJIO, BIPOYEM, pelleHMIO
BOIIPOCOB OCHAIIEHVS U PasBUTHSA KIMHMKY KakK IIeHTpa
papmanyonHoit MepuuuHel [8]. B 90-x ropmax 6esyc1103—
HBIM IPOPBIBOM B 00/IACTY IPOTUBOTYYEBOIT 3AIUTHI Ye-
JI0BEKa OKa3asjloCh IOSB/IEHNEe HOBOTO NMPOTUBOIYIEBOTO
CpefCTBa M3 KJ/Iacca LUTOKMHOB, Ipenapara OeTaleiikuH,
coszmanHoro B TocHVMI oco6o uucteix GmomnpemnapaToB
(C.A. Ketmmuckuit, A.C. Cum6bup1ieB) 1 06/1agaomiero Kaxk
npodIIaKTUYECKUM, TaK 1 j1e4eOHbIM feiicTBreM. VIBD
IPMHMMAJ aKTMBHOE y4acTye B pa3paboTke beTaseliKiuHa
KaK CpefiCTBA SKCTPEHHOII IPOTUBOIYyYeBOIl Tepannuy Ayl
yesoseka [20].

OpHako 3aTeM COBepIIeHCTBOBaHME NEPCIeKTUBHBIX
U pa3paboTKa HOBBIX NPOTMBOIYYEBBIX CPEACTB IOCTIE
obbenuHenna MB® n Knmamyeckoit 6ompHUIBI Ne 6 B
OMBII um. AV, bypHassHa 3aTOpMO3UIOCH IO NPUYM-
He He3aBEPIIEHHOCTM PEKOHCTPYKuuit 3panuii LlenTpa
U pa3pasyBIIErocs S5KOHOMIYECKOro Kpusuca. B cosmas-
mumxcs ycnosuax OMBI] um. AV, BypHasana HaumHaer
TepsITh IUAEePCKIe TO3UINY B pa3paboTKe MPOTUBOIyYe-
BbIX cpencTs. Ilmanupyemoe B MBI yuactue B paspa-
60TKe HOBBIX NPOTUBOIYYEBbIX IIPenaparoB (rare/yiMHa
(coBmecto ¢ TocHMI OYB) u 5-anppocrenauona (co-
BMectHO ¢ HITLI «®apm3saminrar) cTaHOBUTCS pobieMa-
TUYHBIM, OCOOEHHO B CBSI3U C 3aTATMBaHIEM BO30OHOBIIE-
HIISI OIIBITOB Ha COOAKaXx.

CHiDKeHMe BHYMAaHMA K PafgyoOMOIOTMYecKM JC-
CJIelOBAHMSAM, B TOM 4MC/Ie B 00/1aCTH M3BICKAHMS HOBBIX
HPOTUBONYYEBBIX CPEACTB, MOXET OODBACHATBLCA M Ta-
KOJI TOUKOII 3peHusi, 4T0 UepHOOBUIsA GornbIne He OyneT, a
dykycumoit Mo>kHO IpeHebpeup. Ho ato — ecnu 3abpITh
0 MHOXKeCTBe HepelleHHBIX 3ajjay, Cpefyl KOTOPBIX 1 IPO-
6reMa TpUMEHEHVs PafMOIPOTEKTOPOB Y UelOBeKa, U
OTCYTCTBUE IPEIapaToB, OCIAOMAIONINX OT/Ja/IeHHbIE II0-
C/IeICTBUA Ty4eBOTO BO3[eiCTBUA, IPUTOM B YMEpPEeHHBIX
I03ax, ¥ Hepa3pabOTaHHOCTD MOJAXOMOB K JIEIEHMI0 KOM-
OVHMPOBAHHBIX M COYETAHHBIX PaJVAllIOHHBIX IOpaKe-
HUIT, ¥ IOYTM HETPOHYTask pobieMa obecriedeHNst paju-
aIMOHHOM 6e30IIACHOCTYL KOCMUYECKIX TTOTIETOB.

B Poccryu B HacTosi1ee BpeMsi HI OfHO M3 BO3MOXKHBIX
[IPOTUBOTYYEBBIX CPEACTB He MPOXOANT KIMHUYECKNX JC-
[BITAHNUIL, JIVIIb TPU Hpelapara HAaXOATCA Ha CTaguu
9KCIePUMEHTA/IbHBIX MCCIIEOBAaHMII ¥ MOTYT paccMa-
TPUBATBHCA Kak IepcreKkTuBHbIe. B TO e Bpems, B CIIIA
BeJIeTCsT aKTMBHAs pa3pabOTKa aHATOTMYHBIX CPEACTB (Ha
koHTporne US FDA HaxomuTcsA OKOMIO TpeX JAecCATKOB IIpe-
IIApaToB: U3 HUX CEMb UMEIOT CTATyC MPOXOAIINX KINHY-
JecKye MCIBITaHuUs, IBa — paspelleHre Ha MeIUIMHCKOe
IpYMEHEeH)e B KPUTUYECKON CUTYaIlUM, elle YeTbIpe —
craryc, Hanbosee MHTEHCUBHO MUCCIERyeMbIX [21]).

Bce BblllleCKa3aHHOE CBUJETENBCTBYET O TOM, YTO He
Bce ypoku YepHOOBUIA ObIIN YCBOGHBI JOCTATOYHO XOPO-
mwo. Hekotopas 6e3fesTenpbHOCTb B BOIPOCax obecrede-
HYS PafMalYiOHHOl 6€30IaCHOCTY B €e MHOTOYMC/IEHHDIX
acIeKTax JO/DKHA OBITb yCTpaHeHa.
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Abstract

The goal of this article is to evaluate retrospectively to what extent were realized possibilities to decrease radiation injuries for different

persons involved in the Chernobyl accident.

These possibilities were based on 3 blocks - radiobiological investigations (where radioprotectors’ preparation B and cystamine as drugs
and iodine prophylaxis against thyroid radiation damage were developed), medical radiation experience in the acute radiation disease treat-
ment and organization in reduction of radiation damages by means of civil defense patterns and local health authorities.

High quality treatment of 28 persons with very severe injuries (total-body gamma-irradiation and skin beta-irradiation) is commended.
The main failures were non-use of preparation B at 28 accident liquidators and insufficient a decrease of radioiodine incorporation in the
thyroid gland. It is connected with unpreparedness of civil defense patterns and local health authorities to a global accident.

The current state in fields of radiation safety in case of radiation accidents and incidents is analyzed.

Key words: radiation accident, acute radiation disease, combined radiation damage, acute radiation disease treatment, radioprotector,
iodine prophylaxis, organization of events, regulatory guideline, accident at the Chernobyl NPP
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B.®. ITaprok - .M.H., B.H.C.; H.A. Kouypa - Bpau o1z1. anectesuonoruy; E.A. CymeHnos - K.M.H., ¢.H.c.; 10.9. Cypaesa - acnupaHT
Pedepar

[enp: PerpuauBel paka MpsAMOIt KUIIKM, PacIOIOKeHHbIe B IPecakpanbHOil 00/IaCTH U MMeoLi/e MIHBA3UI0 B KOCTHBIE CTPYKTYPHI,
ABJIAIOTCA Hanbo/Iee CTI0XKHBIMM B AMATHOCTIKE 1 TedeHVn. 1]e/bio Halero HaO/mofieHNA AB/IAeTCA JeMOHCTPALNA COBPEMEHHBIX BO3MOXK-
HOCTeJ1 IpefjoNepaliOHHOI XMMIOMTY4YeBOil Tepaly, a TAK)Ke BbIIIOJTHEHE BbICOKOTEXHOIOTMYHOTO XMPYPIMYeCKOTO BMeIlIaTe/IbCTBA B
JIeYeHNM TTAIVIEHTA C PeLMAMBOM paKa IPsAMOIT KMIIKM C MHBa3Meil B KPecTel] B yCTIOBUAX MHOTONIPOGWIbHON KIMHNUKM.

Marepuan u MeTonpl: OnycaH yCIIEIIHBI CTyYail IeyeHNs MalMeHTa ¢ pelMAMBOM paKa IPpsAMOI KUIIKM C MHBa3Mell B KpecTel] Ha
yPOBHe MO3BOHKa S1, paHee OIepUpPOBAHHOIO B [PYTOM yUpeXeHuy 6e3 mpeaBapiTeIbHOr0 He0a I bIOBAHTHOTO IedeHrs1. B POHIL] um.
H.H. Bnoxutxa 60/IbHOMY C Ie/IbI0 TOCTIDKEHMsI MAaKCMMA/IbHOTO OIIYXOJIEBOTO perpecca MpoBefieHa IpefolepalioHHast XUMIOTyYeBast
tepamst ¢ COJI 40 Ip Ha done mpuema Kamernntabuna B o3upoBke 3500 mr/cyTku. Yepes 8 Hep IOC/Ie OKOHYAHIS KOMOMHIPOBAHHO-
O JIedeHNs IPOBEEHO KOHTPOIbHOE 06C/IefoBaHMe, [0 TaHHBIM KOTOPOTO OTMe4YeHa MONOXKNUTENbHAS AMHAMMKA B BUJIEe YMEHDIIECHS
pasMepoB OMyXOo/lu. YYUTBIBAs Ha/IMUNe PEIUIMBHON OIyXO/MU C MPOPacTaHNeM B KpecTell, OTCYTCTBME OT/Ja/leHHbIX MeTacTa30B I BbI-
P@XXEHHOI COMYTCTBYIOLEil MAaTOMOTHUM, AI[EHTY BBIIOJTHEHO BBICOKOTEXHOJIOTMYHOE OINlepaTMBHOE BMEIIATeIbCTBO B 00beMe Oprol-
HO-TIPOMEXHOCTHOJ 9KCTUPIIALVM NPAMOI KUIIKY C BBICOKOI (YpoBeHb S1) peseKIiielil KpecTia M IJIACTUKOI IPOMEXHOCTHOI paHbI
PeKTO-abOMIHAIBHBIM IOCKYTOM. [0 JTaHHBIM ITaTOMOP(OIOTNYECKOT0 UCCTIeN0BAHS IT0C/IEO0NePALIOHHOTO MaTepuaa, B peLy/IBHON
OIIYXOJIY JOCTUTHYT JiedeOHbIi maroMopdo3 I crenenn. Ha MOMeHT y6nmKkanmy cTaTby HAaLYIEHT CITYCTSA 43 MeC ¢ MOMEHTa OIlepalyy Ha-
XoiuTCs €3 MPU3HAKOB IPOrPeCcCUPOBAHIIS U PelMAuBa 3a00/IeBaHMs, BEPHY/ICA K IOTHOL[EHHOI COLMANbHOM KU3HM 6e3 IBUraTe/IbHBIX
OTpaHMIEHMIL.

3akmoyeHye: ONVICAHHbI KIMHNYECKNUIT IPUMep AeMOHCTPUPYET He0OXOAMMOCTD IIPOBEEeH s IPefoNepaliOHHON XMMUOTY4eBOl
Tepanuyu y HalMeHTOB C PelMAMBOM paKa IPAMOJ KUIIKY, paHee He IOTyYaBIIMM HeoabIoBAHTHOTO JieueHNs. BrImomHeHne peseKkunit
KpecTIja (BK/II04ast BBICOKOE IepecedeHye Ha ypoBHe S1 M03BOHKA) C ya/leHIeM PelMANBHOI OIyXO/M 3HAYMTENbHO MOBBIIIAET TIPOIOII-
JKUTEIBHOCTD U 00IIjee KaueCTBO SKM3HM MAIMEHTOB, a P ZOCTIDKeHNM RO peseKimy MOKHO pacCUUTHIBATD Ha JOATOCPOUHBII 671aro-
IPUATHBIA MPOTrHO3. JIaHHBIN TUII ONlepaluil CONPSKEH C BHICOKMM YMC/IOM MHTPA- U NOCIeONePALIOHHbIX OCTIOKHEHNI, B CBA3M 4eM
TaKMe BMeIIaTe/lIbCTBa HeOOXOAMMO BBIIIOMHATD B YCTIOBUAX BBICOKOCIIEIINA/IM3YPOBAHHBIX LIEHTPOB MY/IbTUAUCIMIUIMHAPHO Opurasoin
XUPYProB C UCIIO/Nb30BAHMEM COBPEMEHHbBIX BO3MO>KHOCTEI aHECTE3MOTIOTMYECKOTO 1 peaHNMAIMOHHOTO 06ecIiedeH .

KimroueBble clnoBa: peyudus, pax npamoil KUuiku, UH6A3US 6 Kpecme, pe3eKyus Kpecmuyd, 1y4e6as mepanus, npedonepauuoHHas Xu-
MUOTLYHeBast mepanus

IMocrynura: 18.01.2017. ITpuHsita K ny6amkanym: 20.02.2017

BBegenne

B 2014 r. B Poccun 6p110 BBIABIEHO 566970 HOBBIX
C/Iy4aeB 37I0Ka4eCTBEHHBIX HOBOOOPA30BaHMII, M3 KOTO-
pbIx 27781 — 9T0 3ab0seBLIe PAKOM IIPSIMON KULIKY (B
2012 r. 3TOT MOKa3aTenb cocTaBui 26295). CMEPTHOCTD OT
JAHHOTO 3a007eBaHMA cocTaBuia 16253 yemosek [1].

HecmoTpss Ha aKTMBHOE pasBUTHE XUPYPTMM paka
IpsAMOI KMUIIKM, MOJEPHU3ALNIO Ty4eBbIX METOMI0OB BO3-
TeCTBMA, a TAKXe YCIeXM JEeKAPCTBEHHOM Tepanuyu B
JIe9eHNN TTALVIEHTOB KOJIOPEKTAIbHBIM PAKOM, IIpobiema
MECTHBIX PelVINBOB M OT[AJIEHHOTO MeTacTa3sMpOBaHU
ocTaeTcs akTyanbHoit. OgHUM 13 Hanrbosiee CII0XKHBIX pas-
JIe7I0OB COBPEMEHHOV OHKOJIOTMY ABJIAIETCA JIeUeHNe peL-
IOVBOB paKa IPsAMOIl KMILIKY, YTO CBA3AHO C TPYSHOCTAMU
VX paHHEN OVAaTHOCTUKY, HU3KOM YyBCTBUTEIbHOCTBIO K
XMMMOTY4€BOMY BO3JEICTBUIO U, HEPENKO, OTCYTCTBUEM
BO3MOXKHOCTY BbinONHeHus1 RO pesexyuu [2-4]. Tem ne
MeHee, COueTaHMe BO3MOXXHOCTEN He0a’bIOBAaHTHOTO Jie-
YEHMS C aTPeCCUBHON XMPYPIU4ecKOl TaKTUKOV MOXKET
HpI/IBeCTI/I K ycnexy B JIeYEHNM MECTHOIO peumnMBa OHy-
xomu [5, 6]. Ilpu aToM Hambosee CIIOKHBIMI SIBIISTIOTCS
OITyXO/I!, JIOKa/IM3YIOIIMeCs B 3aJJHEM W/ JIaTe€PaTIbHOM
KOMITAPTMEHTAX, IIOCKOJIbKY OHM BOBJIEKAIOT KOCTHBIE U
COCYIVICTO-HEPBHbBIE CTPYKTYPBI Tasa.

JlaHHOe K/IMHUYECKOe HAOIO[leHIe  OMMChIBAET
YCIIEIIHBIN Cy4ali IedyeHns MalyenTa C PeIuguBOM paKa
IpAMON KMIIKYM C MHBa3Mell B KpecTell Ha ypoBHe S1 mo-
3BOHKA, 0€3 OT/[a/IeHHbIX METACTA30B.

Knunnugeckuit mpumep

B POHII nm. H.H.bnoxuna obparuncs manuent E.
55 net. VI3 anamHe3a: cuntaeT cebs 60mpHBIM ¢ 2009 T,
KOI'J]a OTMETH/I IIOsIB/IeHIe HEYCTOYMBOIO CTY/Ia I KPOBU
B Karne. [Ipy o6cefoBaHMM O MECTy >KUTEIbCTBA JMa-
THOCTMPOBAHA OIYXO/Ib IPAMOJ KMUIIKY, 110 IOBOJIY Y€To
18.06.09 BbImO/THEHA Ype30OPIONIHAS Pe3eKIVsT MPIMOIT
KUIIKY ¢ GOPMUPOBaHIEM alIlapaTHOTO aHacToMo3a. I1o
TAHHBIM T'MCTONIOTMYECKOT0 3aK/II0YEHMA CTa/IMA OITyXO0Jle-
BOTO Ipolecca uHTepnpeTrpoBana kak T,N M. [Tanment
BBIIIVICAH IOf] HaOJMIofieHne palloHHOrO OHKoOJIOora. B mioHe
2011 r. magMeHT OTMETWJI MOABJIEHME IIEPUOANYECKNX
(omuu pas B Mecsr) 6omeit B obmactu Komunka. [Ipu 06-
CNIEflOBAHMM TI0 MECTY >KMUTEIbCTBA JAHHBIX 3a IPOrpec-
cupoBaHue 3aboneBaHus He BbIABIeHO. OIHAKO B CBA3U
C yCMJIeHHeM U y4alleHueM 6oseit BecHoit 2012 r. mauu-
eHT BHOBb ObUI 00C/Ie[IOBaH IO MeCTY JXMTE/NbCTBA, I7ie
yCTaHOBJIEH JYarHO3 IPOCTATUTA, IO IIOBOJY Y€To JOJIroe
BpeMs IIONy4an CUMITOMAaTHdYecKoe jedeHne. B Hosbpe
2012 1. B CBA3U C OTCYTCTBUEM IIOIOKUTENbHOM AVHAMM-
KU OT IIPOBOAVIMOTrO jedeHus: 60npHOMy BbimonHena KT
MaJIOTO Ta3a — AMArHOCTUPOBAH BHEKUIIEYHBI PELUINB.

[Tarnent o6parmnca B POHLI, rie npy myHKIIMOHHOI
TPEeNaHOOIICHM OITYXOJII, PACIIONIOXKEHHO B ITpecaKpab-
HOM IIPOCTPAHCTBE, TOJTy4€HbI KI€TKU a/eHOKaPLMHOMBI,
IIOC/Ie Yero OH ObUI TOCIUTAIN3UPOBAH B XUPYPrudeckoe
IIPOKTOJIOTMYecKoe oTAeneHue Ne3 1711 IOIO/THUTENbHOTO
006C/IeoBaHNA U pelleHNA BOIIPOCa O TAKTUKE JIeYeHNA.
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Pyuc. 1. Bupeokononockomus. IIpomabupoBaHie ClIM3UCTOl
MPAMON KMIIKM BHEKUILEYHO PENUANBHOI OITyXO0/IbI0
(yxasaHo cTpesnkoi)

[Tpy mepBMYHOM OCMOTpe HPENbAB/II >KanoObl Ha
mapectesuy B JIEBOJl HIVDKHEN KOHEYHOCTHM, 6OMM U 4yB-
CTBO OHEMeHU:s B 00/1acTy KpecTia, Tpedyroliue H0CTo-
AHHOTO TIpMeMa HEHAapKOTMYECKMX aHaJIbreTMKoB. Ha
OCHOBaHNI IPOBEJEHHOIO KOMIUIEKCHOTO 00C/Ie0BaHs
Ha BBICOTE 4-5 CM IO 3a7iHEN IOMYOKPY>KHOCTU IPAMON
KHUILIKM OIIpefensics HeHOI[BM)KHbH?I, MJIOTHO CBSI3aHHBIN
C KpPeCTILIOM BHEKMILIEYHBIN PEeLUIUB IVIOTHOM KOHCUCTEH-
uyy. CIMsucTas MpsAMOIL KMIIKY HaJ, OIYXOJIbIO He M3Me-
HeHa (puc. 1).

[To manupiv Y3U u MPT (Bkarouas DWI pexum)
OpPraHOB MAaJjIOr0 Tas3a: IpecakpalbHO Ha ypoBHe S2-4
II03BOHKOB OIIPefieNsiyioch 00beMHOe COMupHoe o6paso-
BaHUe, pasMepaMy 85X65X85 MM, MMemllee reTeporeH-
Hblt MPT-curran. [Ipsamas Kuika oTTeCHEHa KIepenu 1
BIIPABO, Ha OTME/IbHBIX YYAaCTKaX PacCIIacTaHa IIo Mepen-
Hell TOBEPXHOCTY OIIyXOJM, Helb3sd MCK/IIOYUTh Hayallb-
HO€ BpacTaHMe B CTEHKY IPAMOI KMIIKY. BepxHuii nomoc
OIyX0/mu O/IM3KO IPUIEKUT K Teny S1 M03BOHKa, MHPWUIb-
TPUPYeT Te/la IO3BOHKOB S2—-4 ¢ BBIXOJOM B CaKpaJIbHbIi
KaHaJl, a TAK)Xe IPYLIEBU/HbIE MBIIIIBI ¢ 00ENX CTOPOH.

BepxHue ArongyuyHble COCYAbI TECHO MPUJIEXAT K JIEBOII I10-
BEPXHOCTHU OIIYXOJ/IN, HENIb35 TAKIKE MCKIIOINTD I/IH(bI/UII)-
TPalMIO OTHE/NbHBIX ITYYKOB CefajMIIHOrO HepBa CreBa
(puc. 2, 3).

BonpHOIT 0OCy>XeH Ha MY/IbTUAUCLUIUIMHAPHON
KOMUCCUM C y4acTME€M OHKOIPOKTO/IOTOB, XMPYPIoB OT-
merma 0o61Iell OHKOJIOTYM, PajMoIora ¥ XMMIOTepaIeBTa.
YuurpiBas MeCTHO-PACIPOCTPAHEHHBIN XapaKTep pelu-
IMBHOI OITyXO/IM, OTCYTCTBME IpPefOIepalyiOHHOTO 00-
JIy4eHMs B aHaMHe3e, pellieHO Ha [1IepPBOM 3Talle IIPOBeCcT!
MIPOJIOHTYPOBAHHYIO XMMMONTY4€EBYI0 TEPANINIO C UCIIONb-
30BaHMEM TUIIEPTEPMUNL.

C 25.01.2013 o 15.02.2013 manueHTy NpoBefieH Kypc
NIpeoNePalIOHHON TE€PMOXMMMONYYEBOVl Tepanuy Ha
00671aCTh MaJIOr0O Ta3a M 30H PErMOHAPHOTO METacTasupo-
Banwus POJI 4 Ip o CO/ 40 Ip, Ha PpoHe yeThIpex ceaHCOB
noxanpHOI runeprepmun («CHHXpOTepM»), Ha PoHe Impu-
ema Kanenurabuna 3500 mr/cytku ¢ CII 73,5 Ip. Brmxe
K KOHIIY IIPOBOJIMMOTO JI€4€HNSA Y IallMie€HTa IOMHOCThIO
KyIMpOBajics OOJEBOM CHHAPOM, YMEHBIINIOCh YyB-
CTBO OHEMEHMs B KpecCTIie 1 JIeBOJ HIDKHell KOHeYHOCTH.
OcnoxxHeHNMII B Ipoljecce Tepamuy He Habmopanoch. 1o
OKOHYAHUIO Kypca s peanusaruy spdexTa nedeHns ma-
LIVIEHT BBINJCAH U3 CTAIIMOHAPa Ha 8 Hef.

ITpn KOHTPOIBPHOM 00OCITeNOBaHNUN Yepe3 2 MeC IIO-
C/le TIPOBEIEHHOV XMMMONY4eBOM Tepammy OTMedYeHa
MOJIOKUTENIbHAA [IMHAMMKA B BUJE YMEHbBIIEHNUA pasMe-
pos omyxomu. Ilo gamabiM MPT: penupuBHasg omyxonb
pacnonoXXeHa IpecakpanabHO, pasMepaMn 73x58x80 M,
BpacTaeT B Tesa S2—-4 MO3BOHKOB C pacIpOCTpaHeHNEeM B
CaKpa/IbHBIN KaHa/. [paHuIia MeXny pelnguBHON OITyXO-
JIbIO M TPYIIEBUIHBIMI MBIIIIIAMM Ha OTAE/IbHBIX yYacTKaX
He ompependeTca. [IpusHaKoB BOB/I€YEHMs CeaNMNITHBIX
HEPBOB He BbIAB/IEHO. BHYTpeHHIe O B3/JOLUIHbIE COCY/IbI
C/leBa TeCHO NpMJIeXXaT K JIaTepaIbHOl IIOBEPXHOCTH Y37Ia.
[TpusHakoB BpacTaHUA peLUiMBa B IPAMYI0 KUIIKY He
OTMeYeHO, YTO IOATBEPXK/IeHO TaK>XKe JJAHHBIMU KOJIOHO-
ckomyu. [Tpu3HaKOB OOCTPYKIUY MOYETOYHUKOB HE BBI-

Puc. 2. MPT opranoB Majioro Tasa, CaruTTaJIbHbIII Cpes.
PerupuBHas omyxonb ¢ MHBa3Mell B KPeCTIIOBbIe IIO3BOHKM S2—4
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Puc. 4. MPT opranoB Majioro Tasa, CaruTTalIbHBIA Cpes,
COCTOsIHIE [IOCTIe KOMOMHMPOBAHHOTO eyeH s, PeranBHast
OITyXOJIb C THBA3Mell B KPeCTI[OBbIe MO3BOHKM S2-4. OTMeuaeTcs
yMeHbIlIeHJle Pa3MepOB OIYXOJIM, JeCTPYKIMA KPeCTIOBbIX
TI03BOHKOB

AB/eHO. JIuMdaTudecKye y3/Ibl HapaKULIICYHOI KJIeTIaTKY
U Tasa He BU3yaIu3upyTcs (puc. 4, 5). OTHaneHHbIX Me-
TaCTa30B HE BbIABJICHO.

BobHOI MOBTOPHO 00CY>X/IeH Ha KOHCU/IMYMe C y4a-
CTHEM CIeLMaIMCTOB OTHEICHNUA MPOKTOMIOTUN ¥ 061LIei
onkonoruu. IlpunyuMas Bo BHMMaHMe Ha/IMYUe PELUINB-
HOJ1 OIYXO/IM IIPAMOJ KMILIKU C IIPOPAacTaHNMEM B KpecTel]
U JecTpyKumeir S2-4, y mamyeHnra 6e3 BbIPa>KeHHOI co-
HYTCTBYIOLIEN TATOMOTUM M OTCYTCTBMEM OTJANeHHBIX
METaCTa30B PElIeHO BBIIOMTHUTD XUPYPIrUYeCKoe BMella-
TENbCTBO B 0ObeMe OPIONIHO-IIPOMEXXHOCTHON 9KCTUPIA-
LMY IPAMOJ KMIIKY C pe3eKIueli KpecTia Ha ypoBHe S1-2
U IJIACTYKOJ IPOMEXHOCTHOJ PaHbl peKTO-abOMIHAIIb-
HBIM JTOCKYTOM.

Imanvi onepavuu:

OnepaTuBHOe BMeIIATE/NIbCTBO IIPOM3BOAMIOCh U3
OBYX JOCTYIIOB ABYM: 9TallaMU.

Ha nepBoMm sTarie BbIIIO/IHEHA JIAIIAPOTOMUA C MiCCeYe-
HIJIEM CTaporo MOC/IeonepaloHHoro pyoa. [Tpu pesusun
B OPIOLIHOIT ITO/IOCTY BBIIOTA HET, OT/[A/IEHHbIX MeTacTa-
30B He BbLsiB/IeHO. ONyXo0/b Yepe3 Ta30BYI OPIOLINHY He
najnbrupyercs. ITocie BCKPBITUA Ta30BOI OPIOMIMHBI BU-
3ya/lM3MpoBaHa IUIOTHAs, HENOIBIKHAA, BKOJIOYEHHAs B
Kpecrel] onyxosb. [lepecedena u murupoBaHa HI>KHEOPBI-
JKeedHasi apTepysi 1 BeHa. IIpsiMasi KiIKa MOOMINM30Ba-
Ha JI0 BepXHETro II0/II0CAa OIYXOIM YPOBHIO S1 IO3BOHKA
criepenu u ¢ 60KOB. IIpOKCHMMaTIbHBI KOHEL] CUTMOBMUJ-
HOJI KMIIKM nepeceyeH anmapatoM YO-60 u BbiBeieH de-
pe3 IONOTTHUTENIbHBI paspes B JI€BOII MOAB3MOLIHOI 06-
JacTU B BUJie 3a0PIONIMHHON CUTMOCTOMBI. BbImeneHs! n
nepecedeHbl BHyTPeHHMe IOfIB3/IOLIHbIE apTepus U BeHa
(puc. 6). Boienennl 1 B3sTHI Ha [iep>Kanky Kopewkn L5
HepBOB CIIpaBa U cleBa (puc. 7). BpimonHena pasmeTka

Puc. 5. MPT oprano majoro Tasa, GpOHTATbHBII Cpe3,
COCTOsIHIE TIOCTIe KOMOMHMPOBAHHOTO ledeH s, PenyanBHas
OHYXOHI), I/[H(i)I/UIprI/IpyeT rpymeBI/mHme MBIIIIIbI

[IPOJO/IBHOTO PEKTO-a6JOMMHATBHOTO JIOCKYTa CIIpaBa.
ITponsBenieH paspe3 KOXXM, IMOJKOXKHO-XUPOBOI KiIeT-
qaTky 1 Qacuym. [IpsmMast MbIIIa XMBOTA OTCEYEHA OT
pebepHOIT myru. BckppITo cOOCTBEHHOE BJIarajniie MbIII-
11bI, Ko>1<H0—Mblmequ—(bacuI/IaanbIﬁ JIOCKYT BbIIe/IEH Ha
BCEM NPOTKEHNM, BU3YaIM3MPOBAHBI HVDKHIE SIINTa-
CTpaJsibHBIE COCYABI (puc. 9).

BeirronHena TpaHCIIOSUINSI TOCKYTa B 0071aCTb mepef-
HEro OTHe/Ia KPeCTila yepe3 OKHO B OPIOLINHE.

HauaTt BTrOpoOIt aTam onepaunn. [TanueHT noBepHyT Ha
JKMBOT. BBINOTHEH ITPOJOIbHBIN Paspes KOXIU C YPOBHA
L4 c oxaitmeHneM aHyca (puc. 10). SroguaHble TOCKYTHI
OTCeNapOBaHbl B CTOPOHBI. CKeNeTHPOBaH OCTUCTDIN OT-
pocToxk L5 u 3apusis miactusa Kpecria (puc. 11). Beigenen
U TIepeBA3aH NypanbHbIl MENIOK. BbIITO/THEHA TAMIHIKTO-
My S1-S2, KOHCKUIT XBOCT IepeBs3aH aTpaBMaTUYHOIN
HUTBIO U IlepecedeH. [lepecedeHbl KpecTL[0BO-OyropHbIe,
KPECTI[OBO-OCTUCTBIE CBS3KM, TPyLIEBU/IHbIE MBIIIIIBI.
ITpy momoImM AOMOTa BBINOJIHEHA pe3eKIusA KpecTiia Ha
ypoBHe S1 mosBoHKa (puc. 12). Co CTOPOHBI IIPOMEXKHO-
CTM MOOMINM30BaHa MpsiMasi KMUIIKA O HUDKHETO IOJTICa
OIIyXOJI!, JIEBATOpBI IlepeceueHbl M IepeBA3aHbl Ha 3a-
xumax. [Tpemapar TymbIM M OCTPbIM CIHOCOOOM yHasieH
enHbIM O1mokoM (puc. 13). B noxke ymaneHHOro Kpectua
BBIBEJIeH PEKTO-abJOMIHATIBHBII TOCKYT. JIOCKYT ukcnu-
pOBaH, BBINOTHEH KOHTPO/Ib KPOBOCHAOXKEHWS JIOCKyTa
(puc. 14). ITocoHBII OB paHbI C OCTABJIEHNEM [IBYX CU-
JIMKOHOBBIX JpeHaXKell B JIOXKe yJaJeHHOTO KpecTua. Bup
MaKpollpenapara Ha puc. 15-17.

IMcronornyeckoe 3aKkaroyeHMe MOCAEONEPALVOHHOTO
MaTrepuania:

Maxkponpenapar — ¢parMeHT OPSIMON KUIIKYA C KO-
el IepuaHalbHOM 00/MacTy efVHBIM OJIOKOM C IIpuiIe-
JKallell CUTMOBUIHON KUIIKOM O01Iell IyIMHOM [0 25 ¢M, €
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Puc. 7. Boigenenne kopemkos L5 HepBOB.
Bup cepxy

Puc. 8. BoifienenHble 1 B3ATbIE Ha IePKa/Ky KOpelky L5 HepBoB.
Bup ceepxy

Puc. 10. BeimonHenue 3ajHero focTymna

IPWISKAMMMY MATKUMY TKaHAMU U PParMeHTOM KOCTU
10x7x3 cm. B cnm3mcToit 060/109Ke TONCTON KUIIKY — 30Ha
aHacToMo3a ¢ py61oBoil gedopmanmert 1,5x1 cM, B mpo-
eKLMM KOTOPOI MEXJY CTEHKOM KMIUKM U pPe3elpPOBaH-
HOJ KOCTBIO — OIIYXOJIEBBIN y3€/I ¢ YeTKMMM TPAaHMIIAMM
8x5x4,5 cM, IJIOTHO KOHCUCTEHILINY, Ha paspe3e cepoBa-
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Puc. 6. IlepeBAska BHYTPEHHUX IOJB3/JOIIHBIX COCY/IOB.
Bup ceepxy

Puc. 9. ITONHOCTBIO BBIE/ICHHDII PEKTO-a00MIHA/IBHBII TOCKYT
C COCYIMCTON HOXKKOM

TBIIL, C OXPSHO-)KEITBIMY U TEMHO-KPACHBIMU OYa)KKaMI,
C CepOBaThIMU IIPOCTIOIKAMIA.

Muxkponpenapar — B CIM3UCTON 000TOYKE TOICTON
KMIIKY 30HA 9PO3UH, B CTEHKE TOJICTON KUIIKM — PyOI0-
Bast puOpo3Has TKaHb, 0O4aroBast MMMQOTUCTUOLIUTAPHAS
nuuipTpannsa ¢ ¢GOpMUPOBAHNEM KCAHTOTPAHYIEM C
OYa)KKaMM HEKpO3a, KOMIUIEKCaMM KMIIEeYHOI! afleHOKap-
LTHOMBI C JUCTPO(UIECKNMI N3MEHEHVSIMU OITYXO/IEBBIX
KJIeTOK, TaKXKe ¢ OYakKKaMu Hekposa. Kaprtuaa coorsert-
cTByert nede6HOMY atoMop¢osy II crenenn ajjeHOKapIm-
HOMbI. OIIyXO0/Ib BpacTaeT B IPUIeXKAIyI0 KOCTHYIO TKaHb
C BBIPaOXXEHHOI [[eCMOIJIACTUYECKOI peaKlyeil CTPOMBI,
0e3 IPM3HAKOB COCYAUCTON MHBA3NNL.

TedeHne mocmeonepallOHHOIO HEPUOZiA OCIOXKHU-
JIOCh Pa3BUTIEM OCTPOTO TpoM603a IIyOOKIUX BeH TONeHN
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Puc. 15. Ynanennblii Makponpenapar — npsAMas KMIIKa ¢
PeLVANBHOI OITyXOJIbIO ¥ KPECTL[OM €VHBIM OI0KOM

Puc. 16. YraneHnHbli1 MaKporpenapar. BckppiTa npAMas KuIixa,
CTPEIKOII TOKa3aHa 30Ha alllapPaTHOTO AaHACTOMO3a

Puc. 13. 3aK/TI04NTE/IbHbII 9Tl MOOVIN3ALINY PELUANBHO
OIIYXO/IM eAMHBIM GJIOKOM C IIPSIMOIT KUIIKU U KPECTLIOM

N

Puc. 17. CarnTTa/IbHbII paciul perapaTa mocye ero Guxcanmum
B popmanuHe

Puc. 14. OxoHvaTenbHbII BUJ, IOCTEONIEPALMOHHOI PAHBI C
IlepeMeIeHHBIM PeKTO-a0TOMIHAIbHBIM TOCKYTOM
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Puc. 18. ®ororpadun namnuenra crycrs 10 Mec mocse omnepannuu

¢ 00enx CTOPOH /10 YPOBHs HOJKOIEHHOII BeHbl, 6e3 ro-
TUPYIOIIETO KOMIIOHEHTA M aTOHMEN MOYEBOIO IIy3BIPA.
Ha ¢one npoBopyuMoit aHTUKOATYISTHTHON M CUMIITOMA-
TUYECKOJ Tepalmy IIpyM KOHTpoibHOM Y3V mccnepnosa-
HIJ B€H HIDKHMX KOHEYHOCTEN OTMEYeHa IIO/IOKNUTENIb-
Has AMHAMMKa B BUJE peKaHaIM3aluu TPOMOOTUIECKUX
Macc 1o 70 %. YuuThiBasg Hamu4dye 0OCTaTOYHOM MOYM, He-
CMOTPSI Ha IPOBOAVMYIO 3/IEKTPOCTUMYIIALIIO MOYEBOTO
IY3BIPsI PeIIeHO OBITIO OCTABUTh MOYEBOI KaTeTep CPOKOM
Ha 1,5-2 mecana. CriycTs yKasaHHbI CPOK MOY€BOI1 KaTe-
Tep ObUT yAarneH, PyHKIVS MOYEUCITYCKAHWsI [OTHOCTBIO
BOCCTaHOBM/IACh.

[TareHT BEpHY/ICS K aKTUBHOI pabodeil fHesiTe/IbHO-
CTU — PYKOBOJUTEND HA 3aBOJiE, CAMOCTOSTE/IbHO YIIPaB-
€T aBTOMOOWMIIEM, HOAepXKUBaeT (PU3NUECKYI0 aKTMUB-
HOCTb (puc. 18)

Puc. 19. MPT opranoB Manoro Tasa, CaruTTa/IbHBIIL Cpe3.
CocroaHne 1oce Xupyprudeckoro edeHns

76

Kaxgple Tpy Mecslia IMalMeHT IPOXOANUT IUIAHOBOE
KOHTPOJIbHOE 00CTIefloBaHIte, BKI0Yaolee B Ce0s1 OLeH-
Ky yPOBH: oIyXxoneBbIx MapkepoB (POA u CA 19.9), MPT
OpraHOB Majoro rtasa, a takke KT opraHoB rpymHoit u
OprotrHoit monocTteit. Ha puc. 19-20 npencraBieHbl CHUM-
ku criycts 30 mec nocne onepanuu. [Ipu MPT: B obmactu
[IOC/IeOIIEPALIIOHHOTO pybLa 6e3 IIPU3HAKOB Y3/IOBBIX
06pa3soBaHMil MM 30H CUTHA/IA CPEfHENl MHTEHCUBHOCTI
(xapakTepHOro st OnyxoyeBoil TkaHu). [IpecakpanbHas
¢dacuys, Teno S1 mo3BOHKaA 0e3 IMPU3HAKOB JeCTPYKLMU
M JOIOJIHUTENbHbIX 00pa3oBaHmil. TasoBble U IaXOBbIe
nmumbarudeckue yanbl He yBemudensl. IIpu KT opranos
TPYAHOI M1 OPIOLIHOI TTOJIOCTe JAHHBIX 33 IPOrPeccupo-
BaHIIe He MIO/Ty4eHO.

O6cyxenne

Knaccubukanum peunauBos, mpenaaraeMble pasind-
HBIMJ aBTOPaMM, BK/IIOYAIOT B cebs Hajmmdue WInN OTCYT-
CTBIE KJIMHIYECKUX [IPOSIBIEHNIT OO/IE3HI, TOKATU3ALIIO
PELMAMBHONM OIYXO/MM KAaK 10 OTHOIIEHMIO K CTEeHKaM
Tasa, TaK U K aHaCTOMO3Y, TUIIbI ¢puKcanuu u gpyrue pax-
topsl [7-12]. OgHuMy 13 Haubojee CIOKHBIX B JJUArHO-
CTUIKe VI JIEYeHU SIBJISIIOTCS. PELMANBEL, PACIIONIOKEHHBIE B
IIpecaKkpanbHOIl 06/1aCTU ¢ MHBa3Kell B KOCTHBIE CTPYKTY-
poI Tasa. [To cooOiieHnsiM pa3IndHbIX aBTOPOB, YaCTOTA
PasBUTHsL IPeCAKPA/IbHBIX PENVIUBOB Komebmercss oT 16
10 47 % OT BCeX pellMAMBOB paKa mpAMolt Kuuku [13-18].

Ha cerogHsIHMIt leHb B MUPE HET eMHBIX TOAXO/[OB
K JIEYEHVIO PEeLMANBOB pakKa mpsMoil kuuikyu. CormacHo
esponeiickuM (ESMO) u amepuxanckum (NCCN) pexo-
MeHJALVAM, eC/ JIydeBasl Tepamys He IIPOBOAIACH Ha
9Tare MepBUYHOTO JIEYEHNsI, TO MALVMEHThI C PELUUBOM
paxa IpsAMOI KMIIKY JO/DKHBI ITOTyYaTh MIPefoNnepariion-
HYIO /Iy4eByIo Tepamuio B fo3e 45-50 Ip Ha done xummo-
Tepanuu. Y paHee OOTyYeHHBIX IAI[MEHTOB HEOOXORUMO

Puc. 20. MPT opranoB mManoro Tasa, ppoHTaIbHBbIII Cpes.
CocToaHne 1ocje Xupyprudeckoro e4eHns
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paccMaTpuBaTh BO3SMOXXHOCTD IIPOBefIeHN s HOIIOTHUTEb-
HOIL JIy4eBOil Tepalluy C y4eTOM Y>Ke IOTy4eHHOI [O3bl
(mVMCTaHIIMOHHOI WM MHTpaoIlepanonHoit) [19-21].

ITockombKy Halll IMaLMeHT He MOTyJas Ipefoleparu-
OHHOJT XJMMMOJIy4eBOJl Tepanuy paHee, eMy OblIa IIpOBe-
meHa xumuonydesas repanus B goze COJl 40 Ip na ¢one
KarenuTabyHa 1 rUIepTepMuy, OObIYHO MCIIOIb3yeMasi B
POHI] B neyeHnu OONbHBIX MECTHO-PACIPOCTPaHEHHBIM
pakoM IpAMOJ KUIIKK. Bpicokasd pesMCTeHTHOCTb pely-
JOVIBHOV aJIeHOTE€HHOM OIYXO/IM Majioro Ta3a He II03BO-
JsIeT PacCUMTHIBATL Ha Pe30pOLMI0 HOBOOOPA3OBaHMS,
HEeCMOTps Ha UCIIO/Ib30BaHue BbICOKKX 7103 JIT B covera-
HUM C PaMOCeHCHOMMU3NPYIOINMI MOSU(UKATOPAMIL.
[NosABneHMe MAHCOB Ha BBI3[JOPOBJIEHNE BO3MOXKHO JIMIID
IIpY XUPYPrUYecKoM yhaneHuy peunaysa. Ilpu atom ome-
paTMBHOE BMEIIATe/IbCTBO JO/DKHO ObITH BBIIIOTHEHO B pa-
nukanpHOM o6beMe RO, 4TO MOXeT HaBaTh MEPCIEKTUBY
IOITOBPEMEHHOTO BBI3JOPOBIeHNs [5, 6].

OpHako pA/OM aBTOPOB ITOKa3aHO, YTO JjaKe MaJljn-
aTMBHbIE XMPYPIMUYECKME BMENIATENbCTBA 110 IIOBOJY pe-
OMOVBHBIX onyxoneﬁ[ HpHMOI?I KMIIKM YBEINYMBAKOT Kade-
CTBO ¥ NMPORO/DKUTENBHOCTD XXu3Hu [22]. BosamoykHOCTH
XMPYPIU4eCcKOro Je4eHns HalMeHTOB, Y KOTOPBIX AMarHo-
CTMPOBaH PeLUANB C MHBa3Uell B KpecTell, CyLeCTBeHHO
OTPaHMYEHBI, YTO CBS3aHO C HEOOXOAVMOCTBIO BBIIIO/THE-
HUA BBICOKOTPAaBMATMYHOIO OIIEPATMBHOIO BMeEIIATeNlb-
CTBa C peseKluell KpecTla ¥ BO3MOYKHO JINIIb B YCIOBUAX
MHOTONPO(MIBHOTO ClIelNaI3MPOBAHHOTO YUPEKAEHMS
C HeoOXOf MOl aHeCTe3MOIOTNIECKOIl U PeaHNMALVIOH-
HOI1 IOAIEP>KKOIA.

JJaHHBII TUII OIIEPaTUBHBIX BMEINATE/NIbCTB aCCOLUN-
POBaH ¢ OO/IBIINM YNC/IOM UHTPA- 1 TOC/IeONepaliMOHHbIX
OCJIOKHEHUIT, Hanubomnee cepbe3sHbIMU U3 KOTOPBIX ABIA-
10TCA Ipody3Hble KPOBOTEUEHNUA U HapylleHue QYHKINU
Ta30BbIX opraHoB. Xiaodong T. n coaBT. BeimemmIN Qak-
TOpBI, BAUAIIME Ha YPOBEHb KPOBOIIOTEpU IIpM OIlepa-
LIMsX, CBSI3AHHBIX € pesekuneit Kpectua [23]. K ¢pakropam
IIPOTHO3a IOBBIIIEHHOTO YPOBHA KPOBOIIOTEPU aBTOPHI
OTHEC/IM PacIIONIOXKeHe OITYXO0/IN Bhllile ypoBH: S2-83 no-
3BOHKOB, 00'beM omyxonu 6omee 200 cm® 1 0cobeHHOCTH B
KPOBOCHa(>KeHNU Y ONTyXO/N. B murepaType omy611MKoBaHbI
U IpyTie cOOOIEeHNs O MACCUBHBIX KPOBOIIOTEPSX — OT 7
no 80 1 [24, 25].

Todd L.T. Jr. u coaBT. npefcTaBmIN JaHHbIE O Hapyllle-
HUM QYHKIUY KUIIEYHUKA M MOYEBOTO My3bIps y 53 ma-
IIVIEHTOB, IIepeHeCINX pe3eKumm Kpecrua [26]. Y Bcex
60JIbHBIX, TepeHeCIINX JBYCTOPOHHee IepecedeHue S2-S5
HEPBHBIX KOPEIIKOB, ObUINM HapyIIeHbl (PyHKLINM MOYeN-
crryckaHus u fiedexanun. Y 60/IbHBIX, KOTOPBIM HEPBHBIE
KOpEIIKM ObIIN IIepecedeHbl Ha YpoBHe S3-S5, HOpMab-
Hast QYHKIVS KMIIEYHMKA Y MOYEBOTO My3bIps ObLIa CO-
xpaHeHa B 40 % n 25 % HaOMIOfEHUIT COOTBETCTBEHHO.
Y 60/IbHBIX, IIepeHeCIINX ABYCTOpOHHee S4-S5 pe3eKiyu ¢
coxpaHeHueM S3 HepBHBIX KOPEILIKOB, HOpMa/ibHast PyHK-
Vs KUIIEYHMKA Y MOYeBOTO ITy3bIps OblIa COXpaHeHa B
100 % m 69 % HabMIOOEHMIT COOTBETCTBEHHO. Y Mal[/ieH-
TOB, Y KOTOPBIX IIPY Pe3eKLMU KPecTija ObII COXpaHeH, 1o
KpaliHeil Mepe, ofiH S3 HEPBHbIII KOPELIOK — HOpMa/lbHas
(GYHKIUA KMIIEYHMKA ¥ MOYEBOTO ITy3bIpsi Obla coxpa-
HeHa B 67 % u 60 % HaOMIONEHUIT COOTBETCTBEHHO. DTU

pe3yIbTaThl IIOKAa3bIBAIOT, YTO COXPAHEHNUe IO MeHbIIeit
Mepe OfHOro S3 KopelIKa COXpaHseT GYHKIUN KUIIeYHN-
Ka ¥ MOYeBOTO Iy3bIps Y O0/IbIINHCTBA 60NBHBIX [27, 28].

Ba)xHBIM MOMEHTOM B BBIOOpE 00beMa OIepPaTUBHO-
TO BMEIIATE/IbCTBA SIB/IAETCS ONIpefie/ieHNe YPOBH Iopa-
JKeHUs KpecTIOBbIX 103BOHKOB. Ilo mannbpiM Harji D.P,
pacIojio)keHne pelMIMBHON OIYXO/IU Bbllle YPOBHA S2
CYMTAETCS MPOTMBOINOKA3aHMEM K BBIIOTHEHUIO Orepa-
TUBHOTO BMelIaTebcTBa [2]. Bmecte ¢ Tem, pesexijus
KpecTlja Jjake IpM IOpaKEeHMM II03BOHKOB Ha YpOBHE
S1 mosBonfgeT HOOUTHCA MeNVAHbl BBDKMBAEMOCTY bojtee
30 mec [29]. B mpencTaBieHHOM KIMHUYECKOM Habmioze-
HUJ yPOBEHb MHBA3WM B KPeCTel] HaXOAM/ICS Ha ypoBHe S1
[T03BOHKA, YTO, [T0 HALIMM IPEJCTABICHNSIM, He SIBIIIETCS
[IPOTUBOIOKA3aHNEM K BBIIIOTHEHUIO PAIUKAIbHOTO Olle-
PaTMBHOTO BMELIATEeIbCTBA.

TaxuM 06pa3oM, BBIIIONHEHME JAaHHOTO THUIA Ollepa-
L[MJ1 3HAUUTEJIBHO y/Iy4liaeT obljee Ka4eCTBO YKM3HM Ia-
[MEHTOB, a Ipu AocTIbKeHnn RO peseknuym MOXHO pac-
CUUTBIBATD Ha IOJITOCPOYHBIN OTaTONPHUATHBII IIPOTHO3.
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Abstract

Purpose: Recurrence of rectal cancer located in presacral area and having invasion in the bone structure, are the most difficult in

clinical practice to diagnosis and treatment. The purpose of our observation is a demonstration of modern possibilities of preoperative
chemoradiotherapy followed by high-tech surgery in treatment of the patient with recurrent rectal cancer with sacral invasion in a
multidisciplinary clinic.

Material and methods: Article describes the case of successful treatment of patient with recurrent rectal cancer with sacral invasion,
previously operated at another clinic without prior neoadjuvant therapy. At N.N.Blochin Russian Cancer Research Center patient was
performed preoperative chemoradiotherapy 40 Gy in 4 Gy fractions with capecitabine 3500 mg/day per os on radiation days to achieve
maximum tumor regression. In 8 weeks after the end of combined treatment, a control examination, according to which positive dynamics
in the form of reducing the size of the tumor was identified. Taking into account the recurrent tumor with sacral invasion, the absence
of distant metastases and severe concomitant comorbidity, the patient underwent high-tech surgery with recurrent tumor removal and
high sacral resection (level S1) with plastic replacement of the defect with recto-abdominal flap. According to pathological examination of
postoperative material in recurrent tumor was reached tumor regression grade II (Dworak).

At the time of publication of the article the patient after 43 months since the operation is observed without signs of recurrence and
progression of disease, return to full social life without motor restrictions.

Conclusion: This case demonstrates the importance of preoperative chemoradiotherapy in patients with recurrent rectal cancer
previously have not treated with neoadjuvant treatment. Sacral resections (including a high resection at the S1 level) with a recurrent
tumor removal significantly increases the overall survival and life quality. If RO resection can be achieved, it is possible to expect a better
long-term result.

This type of operation is associated with a high number of intra — and postoperative complications and, therefore, must be performed
in highly specialized centers by a multidisciplinary surgical team using modern possibilities of anesthesia and intensive care support.

Key words: recurrence, rectal cancer, invasion of the sacrum, resection of the sacrum, radiotherapy, preoperative chemoradiotherapy
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Pedepar

[enp: TTpuBecTy KIMHIYECKMIT CTy4ail BOCIaNIUTeIbHOI MuodubpobmacTudeckoit onyxom (BMO) 6pbbKeiiku TOHKON KUK C BBI-
PaKEHHBIM XXMPOBBIM KOMIIOHEHTOM, PETPOCIIEKTUBHO OLIEHUTD AMArHOCTIYeCK)e BO3MOYKHOCTI PEHTTEHOBCKON KOMIIbIOTEPHOII TOMO-
rpa¢yn (KT).

Marepuan u metonsr: ITpu 06¢efoBaHy MalMieHTa BBIIONHAMM KOMIIBIOTEPHYIO TOMOrpadio Ha My/IbTICPE30BOM KOMITBIOTEPHOM
tomorpade Toshiba Aquilion 64 ¢ 60m0cHBIM BHYTpUBEHHBIM BBefieH1eM 100 M/I KOHTPAcTHOTO Ipenapara YnbTpaBuct-370.

Pesynprater: Ha am6ymaToproMm stare npu KT OpIolIHoi IOOCTU ¢ BHYTPMBEHHBIM KOHTPACTUPOBaHUEM B OpbKelike TOHKOI KHII-
K1 OBbIIO BBIAB/IEHO 00pa3oBaHye pasMepamu 51x55x58 MM, HEOJHOPOIHOI CTPYKTYPHI 32 CUET BHIPAXKEHHOTO )KMPOBOTO KOMIIOHEHTA, B
1[e/IOM HaKaIlIMBakolljee KOHTPACTHBII IpelapaT MaKCUMaIbHO B OTCPOUEHHON (ase CKaHMPOBAHISA, OUePTaHNUSA ObIIM YeTKMMM U POB-
HBIMU, OTMEYA/IC KOHTAKT C OKPY>KaIOIUMI MeT/IAMN TOHKOi Kuimkn. Yepes 2 mec mpu KoHTponbHOI KT mepep sammaHnpoBaHHBIM
OIepaTMBHBIM BMEIIATeIbCTBOM MPOCIEKIBANACh IIOTIOXKUTEIbHAA JMHAMMKA B BUJe YMEHDIIEHNA pasMepoB U o6beMa 06pasoBaHMsA B
1enoM ¢ 87 M o 54 mi. Ilpu guddepeHnnanbHOI ANarHOCTIKE PacCMATPMBAIUCD KUPOCOfepIKallue OIyX0/I1 — TepaToMa ¥ JIMIocap-
KOMa. MBI He BK/IIOUI/IY B HET'O BOCIIAIUTEIbHYI0 MUOPUOpobIacTnieckyio onyxons (BMO), T.K. HU B OfHOM U3 PYKOBOJCTB IO Ty4eBOIt
IMAarHOCTMKE, a TAK)XKe B PACCMOTPEHHBIX HaMV 0030pax 110 9TOJI IIATOIOT MY He YIIOMUHAETCA BO3SMOXKHOCTD Ha/IMYNA B €€ CTPYKTYpe KNU-
poBoit TkaHu. HecMoTpst Ha 3T0, HOC/Ie MOP(OTOTMIECKOT0 X MMMYHOTMCTOXMMIYECKOTO aHaMN3a YIaeHHOTO 06pasoBaHys OPbDKEIIKI
TOHKOJ1 KMIIKM ObUT BBICTABJIEH IaTHO3 BOCIAINTENbHOI MUOB1OPOO6IaCTIYeCKOIT OIIyXO/N.

BeiBoppr: 1. Hamuune o ganubsiM KT sKupoBoit TKaHU B CTPYKTYpe 00pasoBaHumsl OPbDKENKY TOHKOM KMIIKM He ucKmogaer BMO.
2. TeopeTn4ecky MOXHO IPEIIOIOKUTD BO3SMOXXHOCTD IPUCYTCTBIA )XUPOBOIL TKaHM B CTPYKTYpe BMO mo60it nokanusauuu. 3. B cry-
Jae CIIOHTAHHOTO YMeHbIIeHIs pa3MepoB HabmofaeMoit omyxony npu guddepeHnnanbHol IUaTHOCTHKe CTIEAyeT PacCMOTPETh BO3MOXK-
Hocth BMO.

KiioueBbie cioBa: 80cnanumenvHas MuoPhuépobnacmu1eckas onyxonn, Opvirelika moHKol KUK, HUPOBOL KOMNOHEHI, KOMNbIO-
mepHas momozpapus

IMoctynwa: 27.09.2016. [Tpunsra K myonukanum: 20.02.2017

BBegenne

Bocnanutenpnas muo¢ubpobracTuyeckas ONyXOJb
(BMO) npepcrasrsier co60il pefiko BCTpeYaIoIuIics omy-
XOJIEBBII IPOLECC Me3eHXVMA/IbHOTO IIPOVCXOXKAEHN,
KOTOPBIil Tak)Ke M3BECTeH KaK BOCIA/IUTEIbHAs IICEBIO-
OIIyXOJIb, BOCHaNuTebHas pubpocapkoma u ap. Ito 3a-
6o01eBaHMe BIIepBble onucaa B jerkoM Brunn B 19391, a
TePMUH «BOCHAJIMTe/NbHAA IICeBI00NyX0nb» BBen Umiker
B 1954 I. M3-3a CKJIOHHOCTV CMY/IMPOBATh 3/I0Ka4eCTBEH-
HBIII NPOLecC KaK KIMHUYECKM, TaK U MO JJAHHBIM PEHT-
redorpa¢uu [1]. B ymureparype oOmMCaHbBl COBEpIIEHHO
pasnmuynble okamm3anuu BMO, damre Bcero oHu BCTpe-
YaIOTCA B JIETKVX, IIPU 3TOM OKOJIO 43 % BHE/IETOYHBIX I10-
PaKEHMI IPUXOAUTCS Ha OPBDKENKY TOHKOM KUK [2].

[TpnunHe! 3a007eBaHMs HeM3BeCTHbL. JacTpb mopake-
HUII CBA3BIBAIOT C MH(eKuuelr (MUKOIIa3Ma, HOKap/ui,
aKTMHOMMIETHI, Bupyc Onuirertn-Bappa, BMY), Tpas-
MOJ1, IPeJIIeCTBYIONINM OIIEPATVBHBIM BMEIATE/IbCTBOM,
a TaKKe C ayTOMMMYHHBbIMHU Iporeccamy. Kak mpaBu-
710, 3a00/1€BAIOT HETH U IHOJPOCTKM, HO OIYXO/Ib MOXKET
OBITH AMATHOCTMPOBaHA U y B3pocybix. Yaie Bcero BMO
OpBDKEVIKY TOHKOM KUIIKM IPOTEKaeT OeCCHMIITOMHO.
[Topa>keHne MOXKET JOCTMYb OOJBLIMX pasMepoB, IIpe-
XJie deM BO3HMKHeT O0JIeBOJ CHHIPOM WM OC/IOKHEHNA,
KakK IIPaBMIIO, CBA3aHHbIE C OOCTPYKIIMEll TOHKO KUK,
OpnHako y 60/IbHOTO Tak)Ke MOTYT ObITh CUCTEeMHbIE KJIV-
HIYeCKHe IIPOSsIBJICHNA B BUMIE TUXOPAJKI, CTab0CTH, HO-
Tepu Beca 1 aHemuu [3].

Tucromorndeckas ctpykrypa BMO BapuabenpHa u B
Lle/IOM TIpeficTaB/ieHa KIeTKaMM BOCHAJIeHMA, BK/IIOYasd
AMGOLUTHI, TIa3MaTUYeCKue KIETKV, 303MHOWIBI, a
TaKKe BePeTeHOBMAHBIMU Muo¢ubpobmacramm. Moryt

BCTpeYaThCsl BTOPUYHbIE M3MEHEHNVSI B BUJIE KPOBOM3IIN-
STHUIA, HeKPO3a, KaabIyUKaIM, pacraza, 0cCuduKamim.
Beigensiror Tpy Hanbomee 9acToO BCTPEYAOIINXCS KIETOY-
HBIX TaTTepHa: (UOPOMUKCOMIHBIL C HpeobIagaHmeM
BOCIA/INTEIbHBIX M3MEHEHUIT, ponndepaTnBHbIil ¢ 60-
jiee BBIPa)KEHHBIM KOMIIOHEHTOM B BHJIE BEPETEHOBUIHBIX
MUOpUOPOOIACTOB, M CKIEPOTUYECKUI, IJIT KOTOPOTO
XapaKTepHa BBIPAXKEHHasl eCMOIIACTIYECKas PeaKIVs C
kanpuy¢ukaneit [4]. [IpucyrcTBue B CTPYyKType OIMYXOIU
Kak B-, rak u T-mumdaTnaecknx KIeToK M03BOISET OT/IN-
9UTH ee OT TMMQOMBI, KOTOPast IIPeACTABIsAET COO0IT KITOH
IIPEeNMYIeCTBEHHOTO OJHOTO THIIA K/IeTOK [5]. Bmecte ¢
TeM, Hajum4ue KIeTOYHBIX CKOIUIeHWiT U uryp mmurosa
MOXET 3aTPySHUTD Au¢epeHIaNTbHbII JUATHO3 CO 3710-
KauyeCTBeHHBIM mporeccoM [6]. ITpuunummansHo BMO
obnafiaeT MOTEHIMANIOM K IIOCTEIIEHHOMY POCTY, pelu-
AVBaM M METACTasMpPOBAHMIO. VIMMYHOTMCTOXMMIYECKOE
VICCIIEIOBAHNIE BBISIB/ISET MTOJIOKUTENbHBIN TECT Ha IIafi-
KOMBIIIEYHBIT aKTUH (86 %), MbIlIeqHO-CrernbIIHbIiI
akTuH (82 %), necMuH (41 %), KaNbIIOHVH, LIUTOKEPATUH
(26 %), dpakrop XIII A, CD68, CD117, ALK (50 %). He cy-
I[eCTBYET HA/IeKHbIX CHELM(PUIECKUX TUCTOMOTMYECKIX 1
MOJIEKY/ISIPHBIX MapKepOB, HA OCHOBAHMM KOTOPBIX MOX-
HO OBI710 OBI CYAUTH O 37I0KAYeCTBEHHOI TpaHchopManu
BMO u pucke peunpausa [7].

B pesynbraTax mab0opaTOpHBIX aHANIN30B MOTYT OBITh
[TOBBILIEHVSI CKOPOCTV OCEfaHVsI SPUTPOLUTOB, TUIIEP-
raMMarao0y/IMHIMMsA, TPOMOOILINTO3, KOTOPbIE MCYE3ai0T
ToC7Ie yAaneHns omyxomu [1].

W3-3a Gonpiroro kommdectBa (uOPO3HONM TKaHU B
cTpykrype BMO pesynbraThl TOHKOUTOZIBHON aCTIVpalin-
OHHOII 6MOTICUM YaCTO HEY/IOBIETBOPUTEIbHBI [3].
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Jly4eBas guarHoctuka BMO OpbDKeiiKy TOHKOI KMII-
Ku HecreuyuyuHa. Yaiie Bcero IopakeHue MMeeT BUJ,
y3710BOr0 00pa3oBaHysi WIX OOMIMPHBIX MATKOTKAHBIX
Macc HEOTHOPOTHOI CTPYKTYPBI, C YeTKMMI KOHTYPaMI,
YacTO C OTTEeCHEHMEM OKPYXXaoIux opraHoB. OpHaKoO
BO3MOXKEH 1 MHQWIbTPATUBHBII XapaKTep pocTa, IIpU KO-
TOPOM OYepPTaHVA CTAHOBATCA HEPOBHBIMY, HEYETKUMI, &
mnddepeHIanbHaA JUATHOCTUKA CO 3/10Ka4eCTBEHHBIMM
IpolieccaMy CTaHOBUTC KpaiiHe clIoXHOoIL. IIpu ynbTpa-
3BYKOBOM JICC/IEIOBAHUY IIPOC/IEKMBACTCA COMU/THBII Xa-
paxrep onyxomu. ITpyn KT MO>XHO yTOUYHNTD /TOKaMM3aL 10
IATOJIOTMYECKOTO IIPOIlecca M OLEHUTb COOTHOIIEHUA C
OKPYXXAIOIVIMI OpraHaMi. [Ipy BHYTpMBEHHOM KOHTpa-
CTMPOBAHNM, KaK MPAaBUJIO, BUSYaTU3NPYeTCs HEOTHOPOJ-
HOCTB CTPYKTYPBI 32 CYeT BTOPMYHBIX M3MEHEHNI, MOXXHO
BBIABUTD Ka/IbLIMHATDI BIIOTD /{0 MacCCUBHOI KaabLndu-
Kayy. XapakTep HAKOIIEHNSA KOHTPACTHOTO ITpemapara
MO>XKeT OBITb Pa3/INYHbIM, TUIIMYHO MaKCHMa/lIbHOE ITOBbI-
IIeHNe IVIOTHOCTU B OTCPOYEHHYIO a3y CKaHMpPOBaHMUS,
YTO OTpaKaeT Haju4ue B CTPYKType OONBIIOrO KOJIM-
yectBa Qubpo3HOi TkaHU. Ha MarHuMTHO-pe3oHaHCHBIX
TOMOIpaMMax o00pa3oBaHUe XapaKTepu3yeTCs HU3KUM
curnanom Ha T, n T, nocneposarenproctax. Ilpu II9T
PerucTpupyeTcs BBICOKMII YPOBEHb 3axBaTa (PTOPHE30K-
CUITIIOKO3BI, B IIeJIOM K€ 3TOT METOJ NPUMEHSETCS M
OVATHOCTMKM peIUfiuBa IIOC/Ie OIIePaTVBHOTO BMeIlla-
tenbctBa. dnddepeHiyanbHas AMarHOCTUKA BKIOYAET
TaCTPOVMHTECTMHANIBHYIO CTPOMAIbHYIO OITyXOJIb, Me3eH-
TepuaibHbll (HUOPOMATO3, CKIEPO3UPYIOLIUIT Me3eHTe-
put, capkomy, mumponpomdeparuBHoe 3aboneBaHne,
MeTacTaTu4yecKoe mopaxenue [8-10].

BMO xapaxTepusyeTcs TOKaJTbHO arpeCCUBHBIM pO-
CTOM, BO3MOYXHa MHO)XECTBEHHOCTb HopaxkeHn:a. Kpome
TOTO, OIJMCAHO BO3HVMKHOBEHME METacTa3oB. MeTomoM
BBIOOpA CpefMt JIedeOHBIX MEPOIIPUATHIL SAB/IACTCS Pafi-
Ka/JIbHOEe XMPYPrUYecKoe yaleHne B CBA3U C BBICOKNMM
pucKoM perupuBa. XUMMIO- 1 JIy4eBas Tepamus IpuMe-
HAIOTCSA IPU HEBO3MOYKHOCTH OIIEePaTMBHOTO BMeIIaTeNlb-
crBa. ECTb JTaHHDIE O MOTOXUTETLHOM OTBETE OIYXO/MN Ha
neuenre ALK-unrnb6uropom [11, 12].

Marepuan u METORBI

[TpuBoaMM cO6CTBEeHHOE KIMHUYECKOe HAOMIOIEHIeE.
[TanmenTtka M., 55 jleT, mocTynmnaa B KIMHUKY B MIOTE
2016 r. I OIIEPATUBHOTO JIEYEHNSI B CBSA3U C 0O'bEMHBIM
06pa3oBaHyeM OPIOLIHON TOJIOCTU, KOTOPOE OBIIO BBISAB-
neno npu KT B mae 2016 r. VI3 aHamMHe3a M3BECTHO, 4TO
¢ siaBaps 2016 1. 60ompHas cTanma OTMevarh C1aboCTh, mMo-
xynanue. ITpu ocMoTpe 1 Gu3MKanIbHOM 00C/IELOBAHUN
6e3 ocobenHoOCTell. B 1a60paTOPHBIX HAaHHBIX KAKUX-TIN-
60 OTK/IOHEHMIT OT HOPMbI He OTMeYasnoch. [I/ist oleHKn
PacIpOCTPaHEHHOCTH IIATOMOIMYIECKOTO Ipolecca OblIa
nposezieHa KoHTponbHast KT opraHoB GpIoNIHOl 10T0CTH
C BHYTPMBEHHBIM KOHTpacTupoBaHueM. Hinke npepncras-
JIeH IPOTOKOJI UCC/IEfOBAHMA.

ITpu mccnegosanum ot mas 2016 r. B Me3oractpumu,
CIpaBa OT CPEAMHHON JVHUU ONpPENENANOCh OBaIbHOM
dbopmbl 06pasoBanme pasmepamu 51x55x58 MM, Ipu Ha-
CTOsALIEM MCCIeOBAHNUM Pa3Mepbl 00pa3oBaHMs COKPATH-
JMCh mpuMepHO 1o 10 MM, 60jiee 3aMETHO YMEHBILIVJICS
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06beM — ¢ 87 1o 54 mi. Ob6pasoBaHye PacIONOKEHO He-
[IOCPEACTBEHHO II07 TIepefHell OPIOIIHO CTEHKOI, OKPY-
JKEHO IEeT/IAMM TOHKOM KUIIKY, OTMEYeHa CIIaliKa C IPOK-
crManpHON metrnert Tomeit kumku (puc. 1). Odyepranus
obpasoBaHIA YeTKue, poBHble. CTPYKTypa HEOLHOPOAHASA
3a cueT BK/IIOYeHNIT yyacTkoB xupa (75 HU) pasmepom ot
4 110 29x16 MM, MATKOTKaHbI1 KOMIIOHEHT [leMOHCTPUPYET
HaKoIlJIeHNe KOHTpacTHoro npemnapara ¢ 35 HU B narus-
Holl pasze u maxkcumanbHo o 74 HU B orcpouenHoit pase
(puc. 2, 3).

ITeyenp o0O6bBIYHONM (HOPMBI, KpaHMO-KAyHalTbHBII
pasmep mpaBoil fomu mo 153 Mm. O4YaroBbIX K3MeHe-
HIII IapeHXUMBbI He ollpefernseTcsa. BHyTpu- u BHemneue-
HOYHbBIE >KeTTYHbIe NPOTOKM He paclypeHbl. JKemuHbli
[y3pIpb He yBelIM4eH, 0e3 PeHTTeHKOHTPACTHBIX BKIIIO-
yeHnit. CelleseHKa He yBe/lIM4eHa, CTPYKTypa OJHOPOJ-
Has. IlomxenynmodHas >kefesa KOMIIAKTHOTO CTPOEHMS,
C YeTKUMM OYepTaHMUAMU, OObIYHON (GOpPMBI U pasme-
poB. BupcyHros nmpotok He pacuimpeH. HapmoyeuyHukn
TUNNYHONM Y-06pasHoit ¢opmbl, 6e3 06beMHBIX 00pa-
30BaHMiT. II0YKM OOBIYHO pACIIONIOXKEHBI, IApEeHXUMa
HepaBHOMEPHO Pa3BMTa, KOPTUKO-MeRy/IapHad nudde-
PEHLIMPOBKA CcOXpaHeHa. JalleyHO-/10XaHOYHAsA CUCTEMA
He paclIVpeHa, BblenuTeNbHass (QYHKUMSA CUHXPOHHA,
cBoeBpeMeHHa. CoCyaucTbie HOXKM An¢depeHIPpOBaHbL.
JInmarudeckue y3ybl OPIOLUIHON MIOMTOCTI M 3a0PIOIINH-
HOTO TIPOCTPAHCTBA He YBelMYeHbl. BpIoTa B OPIONIHOIL
HO/IOCTH HeT. MarucTpasbHble COCY/ibl 6e3 0cO6eHHOCTeI.
CrpykTypa cKeleTa CoXpaHeHa.

3akmoueHne

O6peMHOe 0O6pasoBaHue OPbDKEKY TOHKONM KUIIKY,
HOJIOKUTE/IbHASA AMHAMIKA 32 2 MeC HaOJIIofleH .

ITocre npeponepalIOHHON TOATOTOBKY OBIIO BBINOJ-
HEHO OIlepaTMBHOE BMEIIATE/IbCTBO B 0OBbeMe pe3eKIyn
CerMeHTa TOHKON KMIIKU C OIYXOJ/blo, GOpMIpOBaHUEM
3HTEPO-9HTEPOAHACTOMO3a «KOHel] B KOHeIl» (puc. 4).

Mopdonorndeckoe 3axmodeHne. OparMeHT TOHKOI
KNIk mmmHon 3,5 cM. Cnmsmcras KUIIKM CKJIagdaTast,
cepasi, NMPOCBET MYCTOI. B OpbDKeeYHON YacTM CTeH-
KU KAIIKM — O€/I0->KeNThIl IUIOTHBI y3e/l pasMepamu
5,5%4,5%4,0 cM. BusyanbHO OITyX0/b He BpacTaeT B CTEHKY
KMIIKA. Y3€/I MMeeT YeTKIE IPAHMIIbL.

MuMKpOCKOIM4eckoe ommcaHye. Y3en OpbDKeiKy TOH-
KOV KMIIKY IIpefcTaB/IeH OOLIMPHBIMY HOAMK Ppudpos-
HOJI TKaHM C TMA/IMHO30M, Y4aCTKaMM XKMPOBOI TKaHM U
04aroBoil MMMOUNTApHON MHQUIbTpaLuell, MecTaMu
obpasyromeit muMdonnHble GOIIMKYILL Y3e1 He BpacTa-
eT B CTEHKY KMIIKM. 3aK/II0ueHe: BOCIIauTe/IbHas y3/10-
Bas [ICEBJJOOITYXO/b OPBDKENKI TOHKO KUK

VIMMmyHOTrMCTOXMMUYECKOe 3aKarodeHue. 1. Ammm-
¢bukanyun rera MDM2, xapakrepHoro s penuddepen-
LMPOBAHHOI TMIIOCAPKOMBI, He 0OHapyxeHo. 2. Mopdo-
7oTMYecKass KapTMHAa COOTBETCTBYeT BOCIAIUTENIbHOI
MuoduOPOO6IACTIIECKON OMYXOIIL.

PesynbraThl 1 06CyXKeHNe

BosmoxxHOocTh AnarHoctuku BMO Ha sTame mpepo-
Hepal[IOHHOTO0 00C/IeOBaHNA ABJACTCA aKTYaIbHON 3a-
Javeit, T.K. IO3BOMUT U30eXXaTh M3/NIIHEN arpecCUBHOCTI
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Puc. 1. KT-usobpaxxenue, GpoHTanIbHAsI IPOEKIIVSL.
Craiika MeXx/iy 06pasoBaHyeM OpPbDKEIKI TOHKOI KUIIKYU 1
TeT/Iel TOolel KUIIKU

Puc. 3. KT-uso6paxkenue, akcuanibHasi IPOEKIs.
MHOXeCTBEHHBIE YIaCTKI XXIPOBOI IVIOTHOCTIL B CTPYKType
obpasoBaHms

OIIePaTVBHOIO BMeEIIAaTeIbCTBA. B IPOTUBHOM ciIy4yae Xu-
PYPL, Tpefmnonaras 370Ka4eCTBEHHBIN Tpolecc, OMKeH
BBIIIO/IHUTD PEe3eKIUI0 CIIAAHHBIX C OIIYXOJIbI0 OPTaHOB I
COCYZIOB, 4TO IpUBefeT K MOBBIIIEHNIO TPABMATUYHOCTHU
BMellIaTe/IbcTBa. Kak M3BeCTHO, TUCTONIOIMYECKOe CTpOe-
Hue BMO mnpencrasiseTr coboil coueTaHye B pasInaHON
IpONOpPUVY BOCHAIUTENbHBIX K/IE€TOK, BepeTeHOBUJ-
HBIX MIOPUOpPO6IACTOB 1 Ko/tareHa. B paccmorpeHHOM
caydae npu nposefennu KT obpasoBaHme B OpbDKeiike
TOHKOJ KUIIKY JeMOHCTPMPOBAIO MUK HAKOIUIEHNA KOH-
TPACTHOTO IIpelapaTa B OTCPOYEHHOI (hase CKaHMPOBa-
HUA, 9YTO MOXKET CBUJETeIbCTBOBATD O MPUCYTCTBUU BBI-
pakeHHOI (PUOPO3HOI CTPOMBL. ITO XapaKTepHBIN, HO
HecriennuyHblil npusHak BMO.

B T0 Xe Bpemsi, B CTPyKType 00pa3oBaHusi ObUIN BbI-
SIBJICHBI JJOBOJIBHO OOJIBIIINE YYACTKU >KUPOBOIL TKaHU. B
PYKOBOJICTBAX IO Ty4eBOI1 AMATHOCTHKE M Hanbostee KpyI-
HBIX 0030pax MBI He HAllUTM yKa3aHMIl Ha BO3MOXKHOCTb
HamuuusA B cTpykType BMO X1poBoit TKaHH, TaKXe >KI-
POBOIT KOMIIOHEHT He OIMCaH U IPU TaCTPOMHTECTUHAIb-
HOJT CTPOMasIbHOII oIryxonu. TakuM 06pa3oM, 3TU HO30/10-
ruu 6bUIa UCK/TI0UeHbI U3 HuddepeHInaNTbHOrO JUarnosa,
B KOTOPOM, TeM He MeHee, pacCMaTpMUBalIUCh TepaToMa I
munocapkoMa. OHaKO OTCYTCTBOBa/IN OOBI3BECTBIIEHMNS,

Pruc. 2. KT-usobpaxkenne, GpoHTaNIbHasI IPOEKINAL.
O6pasoBaHme 6PDKEITKI TOHKOI KMIIKY C KPYIHBIM YYaCTKOM
SKIPOBOII INOTHOCTY B CTPYKType

b § =

Puc. 4. Onryxonb 6pbDKeIIKM TOHKOJ KUIIKH, CIIasHHASA C IeT/IeN
TOHKOJ KMIIKH. VIHTpaonepaloHHaa KapTiHa

KIICTO3HBIII KOMIIOHEHT ¥ YPOBHU XXUP/XKUAKOCTb, KOTO-
pble B COBOKYIHOCTY (POPMUPYIOT KapTUHY TePaTOMBI.
Kpome Toro, ouepranus ob6pasoBaHus ObUIM POBHBIMU U
YeTKVMHU, BCIE[CTBIE 4€r0 MOXXHO ObIIO IpefIIoaraThb
9KCIIAaHCUBHBII, @ He MHPWIBTPATUBHBIA POCT, YTO TAKXKe
Teajio 3aK/I0YeHle O IMI0CapKOMe MAaJIOBEPOATHBIM.

B nenom crpykrypa obpasoBanus no ganueiM KT He
ObI/Ta TTATOTHOMOHWYHA HY OJHOMY U3 U3BECTHBIX BHe-
OpraHHBIX OITyXOJIEBBIX IIPOLIECCOB B OpBDKENKe TOHKOI
kuiky. Takke OCTOMH BHUMAHMA TOT (akT, 4TO HpU
cpaBHeHMM pesynbTaroB KT-mccnemoBanuii, ofHO 13 KO-
TOPBIX OBIIO BBIIIOHEHO Ha aMOY/IaTOPHOM 9Talle, a py-
roe — IpyU IPERONEPALMIOHHOM OOC/IEHOBAHUM CITYCTS
2 Mec, ObIIO 3aperMCTPUPOBAHO YMeHbllleHe 00beMa 00-
pasoBaHus OPBDKENKM TOHKON KuIky 6omee yeM Ha 1/3!
B nrore MOXXHO OBIIO C OYEBUAHOCTBIO JYMaTb O JOOpO-
KaueCTBEHHOM XapaKTepe BBIABJIEHHOTO 00pasoBaHUA B
OpbDKeliKe TOHKOM Kuiku. OFHAKO ero CyIHOCTDb Ha J{0-
OIIePAIMIOHHOM 3TaIle 0CTaBajIach HesACHOI.

BroiBogbr

Takum 06pasoM, paCCMOTPEHHbIT KIMHNIECKUIT CITy-
qai HpO]IeMOHCTpI/IpOBaTI, YTO Ha/Im4dme )KI/IpOBOiI TKaHU
B CTPYKType COMMAHOrO 00beMHOro 06pa3oBaHusi OpbI-
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JKeVIKV TOHKOJI KMIIKY He nckmodaer BMO, a, 6oree Toro,
B COYETAHUM C IPU3HAKOM 33JJep>KKM KOHTPACTHOTO IIpe-
mapaTa B OTCPOYEHHOI (ase CKaHMPOBAHU JielaeT ero
6oree BepOATHBIM. BO3MOXKHO, 3TOT BBIBOJ MOXKHO pac-
IPOCTPaHUTh M Ha gApyrue nokammsauumu BMO. Taxoke
HpeCTaB/IsAeTCsA BXXHBIM OTMETUTb, YTO eC/Ii 00beMHOE
06pa3OBaHI/Ie, KOTOpO€ KIVMHMYECKN U IIO JaHHBIM WMH-
CTPYMEHTAJIbHBIX METO/JOB MCC/IeJOBaHNA paclleHMBaeTCs
KaK OITyXOJIb, HO NIPY HAOJIIOfEHNN IEMOHCTPUPYET CIIOH-
TaHHOE yMeHbIIIeHe Pa3MepOB, TO B iuddepeHIaTbHOM
pARy crenyetT paccMoTpeTsh BMO.
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Abstract

Purpose: To describe own observation of inflammatory myofibroblastic tumor (IMT) of mesentery with a significant fatty component,
retrospectively evaluate the diagnostic capabilities of computed tomography (CT).

Material and methods: CT with bolus intravenous administration of 100 ml of contrast agent Ultravist-370 was performed by multislice
computed tomograph Aquilion 64 Toshiba.

Results: Patient M., 55 years old, was admitted to the clinic in July 2016 for surgical treatment due to the tumor in the abdominal cavity,
which was detected by CT in May 2016. From the history it is known that since January 2016 the patient began to complain of weakness and
weight loss. There were no abnormalities during physical examination and in the laboratory data. For staging pathological process control
CT of the abdominal cavity with intravenous contrast was performed and then compared with previous CT scan. On the images of CT
examination in the May 2016 in the mesogaster to the right of the median line oval shaped mass was defined, its seizes were 51x55x58 mm.
On the present images seizes have reduced by about 10mm, more significantly decreased the volume of the mass — from 87 ml to 54 ml. The
tumor is located directly under the anterior abdominal wall, surrounded by a loop of the small intestine. The outlines of mass were clear
and smooth. The structure was not uniform due to inclusions of areas of fat (-75 HU) ranging in size from 4 mm to 29x16 mm, soft tissue
component demonstrated the accumulation of contrast agent from 35 HU in the native phase to a maximum of 74 HU in delayed phase.
There were not any other changes in the abdomen.

So after 2 months at the control CT scan before the planned surgery we observed positive changes in the form of reducing the size and
more significantly volume of the lesion. In the differential range we considered fat-containing tumors — teratoma and liposarcoma. We did not
think about inflammatory myofibroblastic tumor (IMT) as well as gastrointestinal stromal tumor, since the guidelines for X-ray diagnostics
and different overviews of these tumors does not mention the possibility of the presence of fat in their structure. However, there were not any
pathognomonic features of teratoma like calcification, cystic component, levels of fat / liquid. The outline of the mass was smooth and clear,
so we could suggest an expansive rather than infiltrative growth, which has also made the conclusion about liposarcoma unlikely.

After preoperative preparation surgery was performed in the amount of resection of the small intestine segment with tumor and making
enteroenteroanastomosis «end to end». After the morphological and immunohistochemistry analysis IMT of mesentery of small intestine
was diagnosed.

Conclusion: 1. Fatty component in the structure of lesion of the mesentery of the small intestine does not rule out IMT. 2. Theoretically
we can assume the possible presence of fat in the structure of the IMT any location. 3. Consideration should be given by IMT in the case of
spontaneous reduction of the size of the observed tumor.

Key words: inflammatory myofibroblastic tumor, mesentery, fatty component, computed tomography
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K 90-JIETUIO B.C. KYIIIHEBOM

23 mapra 2017 r. mcnonmHunoch 90 nmer Banepun
CepreeBne KyiHeBoif, KaHAUAATY MEJUUVHCKUX HayK,
BeAyILeMy HAy YHOMY COTPY/HUKY Tab0paTopyy IIPOMBbILI-
JIeHHO¥I TOKCcUKosorny PefiepambHOTO MEANIIMHCKOTO 6110-
¢dusuueckoro nenrpa um. A.J. byprassana ®PMBA Poccun.

B.C. Ky1HeBa sB/1€TCs KPYIIHBIM CIILIMAJIIICTOM B 00-
JIACTY MIPOMBIIIJIEHHON TOKCUKOIOT M U TUTUEHNYeCKOTO
perIaMeHTVPOBAHMA COflePXKAHU A XMMUYEeCKIX BellleCTB
B 00'beKTaxX IMPOM3BOACTBEHHOI U OKpY>Kalolleil cpefbl,
U3y4eHNI0 KOTOPBIX OHa IOCBsATIIA Ooree 60 eT cBoeit
TPYHOBOIL JeATe/IbHOCTH.

ITo oxoHyauMM 1-T0 MOCKOBCKOTO MEAMIIVIHCKOTO M H-
cruryra B 1949 r. B.C. Kyuraesa 1o pacnpepeneHuto 6pi1a
HanpaBseHa Ha pabory B cucremy 3-ro I'V Munsapasa
CCCP.

[Tpoxopuna yueby B acnupaHType B 6uodnsndeckom
orenne HUNM «Menuunna tpysa un npogdsaboeBaHmim»
AMH CCCP.

B 1953 r. 3ammTHIa KAHAUATCKYIO OUCCepTALIMIO Ha
temy «KoMOMHMpOBaHHOE elicTBMEe KBapLeBOIl UM U
pajioHa», B KOTOPOII II0Ka3aja B3alMHOE yCUIeHue Jieli-
CTBM PaJMallIOHHOTO 1 BIJIEBOTO (PaKTOpA.

B 1955 r. nepeBeniena B VMHctutyT 6uodusuxkn M3
CCCP, rge paborana B JO/DKHOCTM CHavajIa MIAJIIEro, a
IIOTOM U CTapLIero HayYHOT'O COTPYSHMKA B TaOOPATOPUL
«Toxcukosnorusa pafiioaKTUBHBIX BelleCTB», Ifje BBIPOC/Ia
KaK Y4YeHbIVI PafIMOTOKCUKONOL. B 1969 1. mepesesieHa Bo
BHOBb 00pasoBaHHyW0 naboparopuio «IIpoMbliieHHas
TOKCMKOJIOTMSI KOMIIOHEHTOB PaKeTHBIX TOIIVB», 3aHU-
MaIyocs MpobreMaMyl MeJVIKO-OM0IOrNYecKOro U ca-
HUTAPHO-TUTVIEHNYECKOTO ObecredeHns: paboTaromux B
PaKeTHO-KOCMMYECKON OTPAaC/IN U 3aBeyIolleil KOTOpOi
OHa Obl/Ia MHOT'VIE TOJIbI.

PesynbTathl ee uccreoBaHMIT HALIV CBOE OTPaykeHue
B 60stee yeM B 180 mybnmKanusax: MOHOrpadusix, COOpHM-
KaX Hay4YHBIX TPYJIOB, CTaTbAX, METOAMYECKUX YKa3aHNU-
ax. OHM IO0>KEeHBI B OCHOBY pAla IPaKTNYIECKYM Ba’KHbBIX
TOKYMEHTOB — FOCyJapCTBEHHBIX ¥ OTPaC/IeBbIX CAHUTAp-

HbIX CTAaHAApPTOB, CAHUTAPHBIX IIPpaBNJII, METOAMYECKUX
peKOMeHMALMIi, MHCTPYKLUIL 10 TeXHUKe 6e30MacHOCTI
YCTIOBUIT TPYAA IpK paboTax ¢ KOMIIOHEHTAMM PaKeTHBIX
TOIUIUB, 110 AMATHOCTUKE OCTPBIX M XPOHMYECKUX popm
OTpaBJIeHNII, 2 TAaK>Ke OHU ObL/IM UCIIONb30BaHBI B pa3pa-
60TKaxX CPeACTB MHAVBUAYAIBHOI 3aINTBl OPrAHOB JbI-
XaHMS M KOXKHBIX IOKPOBOB PabOTAIOIMNX B KOHTAKTE C
KOMIIOHEHTaMI paKE€THbIX TOIIJIMB.

Bbonee 60 rurnennyecKkx HOpMaTUBOB BPEHBIX XVMMU-
YeCKIX BeIecTB, paspabOTaHHBIX B TOKCUKOTOTMYECKOI
naboparopuu mmox pykosoactsoM B.C. KyurHesoit, yrBepx-
JleHBI ¥ BHEJIPEHBI B IPAKTUKY 3/]paBOOXPAHEHN .

ITpu eé HerroCpeCTBEHHOM y4acTuu ObIIn:

— 000CHOBAHBI aBAPUITHBIE IPEfe/Ibl BO3IEIICTBUS He-
CUMMETPUYHOTO SUMETUITUAPA3MHA OIS BO3gyXa pa60—
el 30HBI ¥ aTMOC(epbl HACETIEHHBIX MECT;

- pa3paboTaHbI U BHEPEHBI MOAUPUKAIIUY METOUK
U3MepEeHN I MAaCCOBBIX KOHILIEHTPal il KOMIIOHEHTOB XK -
KOTro pakeTHOro tomnusa (1,1-guMeTunrugpasut) B 6mo-
cpenax (KpoBb, MOJIOKO, MbILIIEYHA S TKAHb, MOYA).

- pa3paboTaHbI U BHEJPEHbI MOAUPUKALIUY METOUK
MN3MEPEHMA MACCOBBIX KOHL[eHTpaHI/II‘/JI KOMIIOHEHTOB TBEP-
IOTO PAKETHOTO TOIINBA (epX/IopaT aMMOHNsI) B 610Cpe-
Iax (KpoBb, MOYa).

Ona sABnAeTcA aBTOPOM U coaBTOpoM «COOpHUMKA
METOIMYECKMX yKa3aHMUIl IO METOflaM KOHTPOJIA KOMIIO-
HEHTOB CMeCEeBOTO TBEpAOro TOIIMBA Ha OCHOBE IlepX-
JlopaTa aMMOHMUS B 00BEKTaX MPOU3BOJCTBEHHOI, OKPY-
JKaloleil cpefibl ¥ Ouocpenax», ClipaBO4YHMKa «BpepHble
XMMMYeCKIe Bell|eCTBa B PAKeTHO-KOCMIYECKOI OTPaC/I»,
«COOpHMKA METOAMYECKUX YKAa3aHUIT 110 OHpefe/IeHII0
1,1-puMeTUNTMApasuHa U MPOAYKTOB €ro AeCTPYKUUM B
00beKTaX IIPOU3BOJICTBEHHOI, OKPY>KaloLLell cpefibl 1 6110-
cpenax», MOHOrpaduu «[ UrreHn9ecKe aceKThl M TOKCH-
KOJIOTWS1 IIEPXJIOPATOB», a TAK)Ke Bblienmmx 2016 r. yue6-
HbIX HOCO6I/H7[ «TOKCHMKOJIOr M U TUTYEHMYeCKIE aCIIeKThI
JKUIKMX pAaKeTHBIX TOIINB» U « [OKCYKONIOTS Vi TUTVIeH-
YeCKIe aCIIeKThl TBEPAbIX PAKeTHBIX TOIIIUBY.
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Bynyuu 3aBenyroueii maboparopueit, B.C. Kyuraesa mo-
Kasasa cebsi CIOCOOHBIM OPTaHM3aTOPOM U [IeJIOBBIM Ha-
Y4YHBIM pykoBoauTesneM. I1ox ee pyKoBOCTBOM aCIIMPaHTBI
VI COMICKATE/V BBITIOTHYIN U 3aIuTuan 10 KaHgUIATCKUX
JuccepTaLuii.

B.C. KymHeBa Obta 3aMecTUTeNeM, a 3aTeM
npenceparesieM CeKIUM TOKCUKOIOTMYM — SKCIIEPTHO-
ro opraHa MeXBeJOMCTBEHHOTO KOOPJMHALMOHHO-
ro uHayuyHoro Cosera mpu DemepanbHOM YHpaBIeHUU
«Mep6moskcrpem» (HptHe ®MBA Poccunm), a Tak>xe BXO-
ouna B coctaB KoMmmccny mo rocymapcTBeHHOMY CaHU-
TapHO-3MU/IEeMUOTIOTUIeCKOMY ~ HOPMUPOBAaHUIO  IIpU
T'ockoMmcananupHagzope Poccunm.

3a cBow pgearenbHocth B.C. Kymnesa He pas
Obta ormeveHa OmaromapHoctsamu M3 CCCP, Oy
«Men6noskcrem», MoccoBera, BHeceHa B KHury nodera
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NucTnryTa 6uodusnkm, HarpaxkeHa Megasamu «Berepan
TpyZa», «BeTepaH aTOMHOII IPOMBILIIEHHOCT», «3a JO-
67mecTHBII TPy A», oOueitnbiMu Mepansivu F0.A. Tarapuna,
B.J. Teperkosoit, A.Vl. bypHa3siHa, BeJOMCTBEHHBIM cepe-
6psiabiM KpectoM ®MBA Poccun.

B Hacrosmee BpeMs, HECMOTPA Ha CONMMIHBIN BO3PacT,
B.C. Kyurnesa npogo/kaer aKTMBHO y4acTBOBAThb B Hayy-
HO-OpraHM3aLMOHHOI 11 9KCIIEPTHOI paboTe oT/ena.

Cepneuno nosppasisieM Baneputo CepreesHy ¢ 1o6ue-
eM, >KerlaeM el KPerKoro 3[10pOBbsl, 6/1aroIoy s, MHOTMX
JIeT YCIIeIIHOI HayYHOl fiesTeIbHOCTH!

Pykosodcmeo PI'BY T'HL] @PMEBL] um A.JI. BypHasana
OMBA Poccuu,

Konnekmug omoena Ne 6

Pedakyuonnas konneeus scypuana «Meduyurckas
paouonozus u paouayuoHHAas 6e30NaAcHOCHb»
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K BbIXOY B CBeT M30paHHBIX MaTEpHAIOB
«Bronnerensa paguagMOHHOM MEEMIIMHDI»

O61ensBecTHO, YTO MOABIAIOLEe OONBIINHCTBO MH-
¢dbopmarnum, cBeneHNI 11 PaKTOB O IeATETPHOCTU aTOMHBIX
00 bEeKTOB, BK/II0YasI [IO/IMTOHBI [/Is1 CIIBITAHV S aTOMHOTO
Y TEPMOA/IEPHOT0 OPY>KMs, JJAHHbIE O COCTOSIHUU 3[I0POBbs
npodecCcHOHANIOB U HACETeHMS, IIPOXKIBAIOIIETO0 BOKPYT
HIpefIpuATUII aTOMHOI MHAYCTPUM, KaK Y HaC B CTpaHe,
TaK U B 3apyOEXXHBIX TOCYAPCTBAX, 0OMANAIINX aTOM-
HBIM OpPY’KJieM, Bcerfia 61N CTPOro 3aceKpedeHsl. TombKo
B KOHIJe XX BeKa MHOTME CBEIeHA B 3TOM 00/1acTy CTaIn
pacceKkpednBaThCs 1, Ipexe Bcero, B 6piBineM CCCP mo-
cie YepHOOBIIBCKOT KaTacTPOQBDI.

TaxoKe XOpOIIO M3BECTHO, YTO B HAlIleil CTPaHe y>Ke B
Havase paboT 10 CO3ZaHNMI0 ATOMHOTO OPY>KIsI OBITIO yrie-
7leHO 6OJIblIIOe BHUMAaHME PAa3BEPTHIBAHMIO IIIPOKOMAC-
mTabHBIX PabOT B 06/1aCTH PaguoOMOIOrnN, pagaioH-
HOJI MEMIIMHBI ¥ pafi¥ialliOHHOM 3alUThl X U3YIEHUIO
OV0/IOTMYeCKOT0 AeICTBIA MIOHU3VUPYIOLINX U3TYYeHNIT B
CO3[JaBaeMbIX HayYHO-UCCIE0BATEeNbCKUX UHCTUTYTAX U
nmaboparopusix.

HanmoMHMM, 4YTO UCTOPUYECKM LIEHTPOM ITUX MCCIIe-
nosarenbckux pabor B CCCP 6b11 ViHCTUTYT OMODU3NKN
AMH CCCP, co3panubiii B 1946 r. Ha 6a3e psjga maboparo-
puit AMH n M3 CCCP. OpnoBpemMeHHO 3TOT VIHCTUTYT
OCYIIEeCTB/IAT KOOPAVMHAIIUNIO COOTBETCTBYIOMINX UCCTIE0-
BAHMI B HALIIelI CTPaHe B paMKaX MeXXBeJOMCTBEHHOII IIpO-
6rmeMHOI KoMuccuy Nel 1 Hay4HO-TEXHUYECKOro COBeTa
pu 3amecturterne MyuHuctpa o6oporst CCCP. YunrbiBast nx
aKTyaIbHOCTD B VHCTHTyTe Ouodusuku M3 CCCP (MIBED)
U, B TIOCTIEIYIOLIIEM, B CO3TaHHBIX TPEX PUInamax 3TOro y4-
pexnenus B Yensnbuncke-40, Yenssbuucke u Jlennnrpape,
a TaK)Ke B JPYIMX Hay4YHBIX OpTaHM3ALUAX COCpPefoTa-
YMBAJIICh HanbojIee KOMIIETEHTHBIE KaJpbl HAYYHBIX CO-
TpynHuKoB. Ha doHe nsnoxxenns cBoux pabor B 3aKpbITBIX
OTYeTaX U B PAJle CEKPETHBIX KHUT, CTa/la 04E€BUHON He-
00XOVIMOCTB TIEPUORNIECKOTO U3TAHNUS CEKPETHOTO Ky P-
HaJIa Wy cOOpHMKA paboT A1 MyO/IMKALY Pe3y/IbTaTOB
MCCeTOBaHMIA.

B 1954 r. ObuI0 TpuHATO pelieHue 006 U3TaHUK
Nucturyrom 6modumsnku mogobHoro cOOpHMKA, MOTY-
YMBLIETO Ha3BaHMe «bronneTeHb pagManMoOHHON Meu-
L[MHbI», Il IeYaTaIuCh He TONIbKO CcTaTby yuéHbix VB,
HO U HAIlIVX KOJIJIET U3 APYTUX MPOPUIbHBIX HAyYHBIX Y-
pexxpenuii. C 1954 mo 1993 . B 06111eit CTOXXHOCTHU U3JaAHO
114 HOMepOB 6ro7/IeTEHET, B KOTOPBIX OBLIO OIYOIMKOBAHO
2759 crareii.

B «bronnerene pafinaiOHHOV MeAVLIVIHBI» BIIEPBbIE
0Hy6HI/IKOBaHbI MHOT'M€ INVMOHEPCKNME MCCIEfOBaHNA OT-
€UeCTBEHHBIX YYEHBIX B 00IaCTU 9KCIEPUMEHTAIbHON
paguoOMoNorny, PpafUOTOKCUKONOTUN, KIMHUYIECKOI
PafMalIOHHON MeIVIMHBI, JO3MMETPUU MOHUBUPYIO-
VX M3/TyYeHU I IPUMEHNTEIBHO K 4e/IOBEKY 1 00beKTaM
OKpY>Kalolljeil cpefibl, permaMeHTanuu (HOpMUPOBaHUIO)
M3TyYeHMIT Y YHUKAJIBHBII IMKII PaboT [0 pagyaliMoHHON
TUTMeHe IPaKTIYeCK) Ha BceX aTOMHBIX 06bekTax CCCP.
3HAYNUTE/IbHBII KOMIIIEKC CTaTell ObII IOCBAIIEH BOIPOCAM
TaK>Xe HOBOTO, KaK 11 YKa3aHHOTO BbIlIe pasfiesa pajua-
L[MIOHHOJ MeJUIIMHDI, — pafiallIOHHOI SMNeMMIOIOT NI

J IMOHHOV
MEJTUITUHDBI>

Tom 1

Cocrasurenu: bymmanos A.10.,
ViBanoB A.A. KBauesa IO.E.,
Caxwnn A.B., llanmana H.K,,
buproxos A.IL, lllnakapes C.M.,
Cysoposa JLA.

Pepaxropsr: Vimbun JLA.,
Camoiio A.C.

mpoecCHOHANOB ¥ HacCeleHMs, OKa3aBIIerocs B 30HAX
Pa/iNOaKTMBHOTO 3aTPA3HEHNU .

B cBsasu co 110-meTueM co fHA poXAeHMs ABeTHKA
WrnaTtpeBuya BypHassHa - BbIfalolierocs fesTens oTe-
YeCTBEHHOT'O 3[[paBOOXPAHEHIS, 3aMECTUTE/ISI MMHUCTPA
3npaBooxpanennss CCCP, KoTopblil M3HAYATBHO U BO BCE
IIOC/Iey oI /e TOfIbI OTBeYasl 32 OPTAaHU3ALINIO Y [IesITe/Ib-
HOCTb MEJVIIMHBI Ha aTOMHBIX OOBeKTax 1 KypupoBas
Hay4YHO-JCCIeflOBaTe/IbCKIIe MHCTUTYTBI CTPaHbl, paboTa-
Iolye B 06/1acTy pafManuoHHo 6e3omacHocTy mpodec-
CMOHAJIOB V1 HAaCe/IeHV s, IPOXKIBAIOIIETO B 30He BIMSIHIA
9TUX 00'bEKTOB ATOMHOI ITPOMBIIIIEHHOCTH,— OBIJIO IIPY-
HSTO pellleHNe O pacCeKpedrBaHNI MAaTePUAIOB, OIIy0/Iu-
KOBAaHHBIX B «DbloneTeHe pagMalilioOHHON MEeIVIVHBI U
[IOATOTOBKe K MyOimKaum n3ObpaHHbIX paboOT 13 3TOro
[IePUOANYECKOTO U3TAHMSL.

I'pynnoit sxcmeproB [0CymapcTBEHHOTO HAyYHOTO
1eHTpa — GetepanbHOrO MEUIIMHCKOTO 610(N31IeCcKOro
nenrpa um. AVI. Bypuassana (6eiBinero VHcTuTyTa 6110-
¢usnkun M3 CCCP) DenepampHOro MeAMKO-OMOIOTMIe-
cKoro areHTCTBa P® 13 omyOnMKOBaHHBIX CTaTell ObIIN
otobpanbl okomo 200 HauboIee, IO UX MHEHUIO, 3HAUN-
MBIX, i1 TyOnukanuy (6es Kakux-mbo u3bsATUI) B BUje
IBYXTOMHOTO M3[aHWs, MOCBAMIEHHOrO mamATU [epos
Coumanucrudeckoro rpysna A. V1. BypHasana.

Jla>ke mpu IpeaBapuUTENbHOM O3HAKOMJIEHWN C MaTepH-
aJlaMJ HayYHBIX paboT, OIyO/IMKOBaHHBIX B CBOE BpeMs B
«bronnerene pafinallIOHHON MeAVIIMHbI», BU/IHA MM POKas
IaINTPa UCCTIeLOBAHNI OT€YeCTBEHHBIX YUEHBIX B CAMBIX
pasNIMYHBIX HANpaBIEHUAX 3HAHMUII B 00JIAcCTM pajuo-
6uonoruy, pagMalMOHHON MEANLIVHEI U PafuallIOHHON
0e301acHOCT.

B cymHOCTH, 9TH pabOThI OTPaXKaloT KaK CTAHOBJICHIE,
TaK ¥ HOCTVDKEHMS OT€YEeCTBEHHOI HAyKy B YKa3aHHBIX
00/1acTAX.

OKCIepTHI HAJCIOTCS, YTO O3HAKOMJICHYE C ITUMY Ma-
TepyaaMIU IO3BOINUT MOJIOMIBIM YIE€HBIM I BCEM 3aHTepe-
COBaHHBIM YUTATEJIAM OIIEHNTD B UCTOPUIECKOM KOHTEKCTe
HAy4HYIO JeATeNIbHOCTD IIeIoN IUIesiibl OTeueCTBEHHBIX
y4€HBIX, IMEHA KOTOPBIX, K COXKAJIEHIIO, MATI0 KOMY 13-
BEeCTHBI, U UX BKJIAJ B Pa3pabOTKy CIOXKHENIINX pobieM
PaAMaOHHOM 3aIUThI TPOdeCccHOHaNbHBIX PaOOTHIKOB
Y HaceJIeHU L.
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