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MEIUIINHCKUE PEHTTEHO/JIOI'MYECKUE UCCIIEJOBAHNA
N KAHIHEPOT'EHHBIE D®®EKTbI

Llenb 0630pa — 06061WeHne faHHbIX TUTEPATYPbI U PE3yNbTaTOB COOCTBEHHbIX paguobuonoruyeckux (6nono3umeTpu-
YeCcKMX) uccnefoBaHUin OTHOCUTENBHO PA3BUTUA PaaMaLLMOHHO-aCCOLMMPOBAHHbBIX OMYyXOeN KaK CNeACTBUS PeHTTe-
HONOTUYECKOW AMArHOCTUKN. MefuLMUHCKNE PEHTIEHONOMMYeCKUe UCCIEA0BAHNUSA BHOCAT HaMbONbILINIA BKNAK B HAA-
(hoHOBOE 06/1y4eHMEe HACENEHUS, 3HAYNUTENIbHASA YACTb KOTOPOTO NOANEXMUT 06CNe[0BaAHMIO C LeNblo AUArHOCTUKM OC-
HOBHOrO 3ab0eBaHUs, AMHAMUYECKOTO HabN0AeH S 33 NALUEHTOM B XO/€ JIeYEHUS, MOUCKA COMYTCTBYIOWMX 3abone-
BaHWIA, NpoUNaKTUYECKUX 06CNef0BaHMIA. ApryMeHTHPOBaHa He06X0[MMOCTb pa3paboTku bonee B3BELEHHBIX NOKa-
3aHMit K NpOBEAEHMI0 NPOdUNAKTUYECKNX PeHTreHonornyeckux (hnioopo-, MaMmmorpaduyeckux) obcnesoBaHui Ha-
CENEeHMs B YCNOBUSAX PAAN0OIKONOINYECKOro Kpu3snca nocie YepHobbiIbCKOM aBapum C y4€TOM BEPOSTHOCTU Pa3BUTUS
pafuaunoHHoro KaHueporeHesa. CdopmynupoBaHbl 3afauu 6Uonoruyeckoin (LUTOreHeTUYECKO) AO3UMETPUN B
PEHTTEHONOTUMU.
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Medical radiography examinations and carcinogenic effects

The purpose of the review was the synthesis of the literature data and the results of our radiobiological (biodosi-
metric) research on the development of radiation-associated tumors as a result of medical radiography (X-ray)
diagnostic. Medical X-ray examinations contribute the most to the excess of radiation exposure of the population,
much of which is subject to examination to diagnose the underlying disease, the dynamic observation of the
patient during treatment, the research of related deseases, and preventative examinations. The review provides
arguments for the necessity of developing a more balanced indication for preventative radiological examination
of the population in the aftermath of radio-ecological crisis caused by the Chornobyl accident, taking into account
the likelihood of radiation carcinogenesis. The problems and tasks of biological (cytogenetic) dosimetry in radiol-
ogy are formulated.
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ITpormto Gosnee 28 yeT co mHS TIOOATBHONW aBapuy Ha
YepHOOBIJIbCKOM aTOMHOM 3JIEKTPOCTAHILIUM, KOTOpas
Ha MHOTME IECSITWICTHSI OIpelenia 3KOJOIrMIecKoe
HeObJ1arornojydre Ha OOIIUPHBIX TEPPUTOPUSIX YKpau-
HbI, Poccuu, Benapycu, o0yc/ioBUB MOBBIIIIEHNE YaCTO-
TBI OHKOJIOTMYECKUX 3a00JIeBaHUI paaglalliOHHOTO Te-
He3a. B HacTosiiee BpeMst Ha TEpPUTOPHUSIX STUX CTPaH C
PaIvOHYKJIUIHBIM 3arpsi3HEHUEM, 10 O(GUIMATbLHBIM
JAHHBIM, IIOCTOSTHHO ITPOXKUBAIOT OKOJIO IECITH MUJIJIN-
OHOB ueJioBeK; B 30-KM 30He oTuykaeHuUsI YepHOObLIb-
ckoit ADC, Ha aTOMHBIX 2JIEKTPOCTAHIIIX W Ha TIpe.-
MPUSITUSIX SIIEPHOTO LIMKJIA B YCIOBUSIX ITOBBILIIEHHOI pa-
JUALMOHHOM OMACHOCTH PabOoTalOT JECSITKM ThICSIY Ue-
JoBek [1]. Hapsiny ¢ oKkoHYaHMEM TMepuoaa BIAUSIHUS Ha
3IO0POBhE HACEJICHHUS KOPOTKOXMBYIIUX PagUOHYKIM-
JIOB, B ITOCJIETHME TO/Ibl YCTAHOBJICH Psii HOBBIX IPOLIeC-
COB, KOTOPBIE YCIOXHSIOT PaAO3KOJIOTMIECKYIO 00CTa-
HOBKY. HemmporHosupyemsblii paHee ypoBeHb 00pa3oBa-
HUSI PAIVMOHYKJIMIOB CTPOHLMS, IIOSIBIEHHME BBICOKO-
TOKCUYHOTO aMepulinsi-241, akTUBHO BKITIOUYAIOLIETOCS
B TpoUUEeCKUEe LIeNN C IMPEUMYIECTBEHHBIM HAKOILIe-
HUEM B IapeHXMMAaTO3HBIX OpraHax, pacIiaj TOIUIMBHBIX
YacTUIl C 00pa3oBaHUEM JIETKOIOCTYITHBIX (pOpM paano-
HYKJIMIOB TpeOyeT MOCTOSIHHOIO BHECEHUS MOMNpPaBOK B
OLIEHKY PaIM02KOJOTMYECKON CUTYyallMy U €€ MPOTHOo3a.
Oco00ro BHUMaHUS 3aCyKUBAIOT TPAHCYPAHOBBIC 3JIE-
MEHTbI, POJb KOTOPBIX OyIeT Bo3pacTaThb B elle OoJiee
OTIaJICHHbIN MTOCTYEPHOOBUILCKUM TIEPUO/I.

IInpoxoe BHeApeHUE SIIEPHBIX TEXHOJIOTHI B TIPOMBbI-
IIJICHHOCTH, CEJIbCKOM XO3SHCTBE, MEAULIMHE, HayKe
HEMHUHYEMO BeIeT K IOIOJHUTEIbHOMY OOIYyYCHUIO
npodeccruoHaaoB U, TaKUM 00pa30oM, MOBBIIIEHUIO KaH-
LEPOTeHHOI0 pyucKa. PacueThl Mokasajau, 4TO BIMSHHE
voHu3upylolei pagauuu B o3¢ 1 M3B Ha 100 ThIC. Ha-
CeJIeHUsI Ha IPOTSDKCHMU XKM3HU OTHOTO ITOKOJICHMS
MOKET OOYCJIIOBUTH JOMOJHUTEILHO OKOJIO 5 % 3j10Ka-
YeCTBEHHBIX HOBOOOpA30BaHUII paIvallMOHHOIO T'eHe-
3a. [lonaraem, 4To ¢ y4eTOM MHAMBUAYAIbHON pagralm-
OHHOI YYBCTBUTEJIbHOCTH (IO OIIEHKAM CIIeIIMAIMCTOB,
cBbile 20 % TOMNyaaiuu COCTaBISIOT JIULIA C BHICOKOM
YYBCTBUTEJIbHOCTBIO K BO3IEHCTBUI0 MOHU3UPYIOIINX
W3JTyYeHU) U B YCIOBUSIX PAIMO3KOJIOIMIECKOTIO KpH-
31ca BcliencTBHe YepHOOBUTLCKON KaTacTpodbl 3TOT
rokasarejib OHKOJIOTMYECKON 3a00JIeBa€MOCTU MOXKET
OBITH ropasno BhILIe [2].

MenmuuMHCKIE PEHTITEHOJOIMYSCKUEe MCCICIOBAaHUS
BHOCSIT HauOOJIbIIMI BKJIaJ B Haa(hOHOBOE 00JIyUyeHUE
HaceJeHMs], 3HaUMTeIbHasl 4acTb KOTOPOIO ITOMJIEXUT
00C/IeIOBaHUIO C LEIbIO JUaTHOCTUKA OCHOBHOTO 3200-
JIeBaHMSI, IMHAMUYECKOT0 HAOIIOACHMS 3a ITAllNIEHTOM B
XOJIe JIeYeHUsI, TTIOMCKa COIMYTCTBYIOIINX 3a00JIeBaHUIA,

It is already over 29 years since the global acci-
dent at the Chornobyl nuclear power factory, that
has defined for decades the ecological trouble in
the vast territories of Ukraine, Russia, Belarus,
and led to a higher frequency of cancer radiation
genesis. Currently, at the territories of those
countries with radionuclide contamination,
according to official data, constantly live about
ten million people; the tens of thousands of peo-
ple work in a high radiation risk environment in
the 30-km zone of the Chornobyl nuclear power
factory, other nuclear power factories and nuclear
fuel cycle facilities [1]. Along with the end of the
impact period on health of short-lived radionu-
clides, a number of new processes that compli-
cate the radiological situation has been estab-
lished in recent years. Earlier unpredictable level
of strontium formation, the emergence of highly
toxic americium-241 that is actively involved in
the trophic chain with predominant accumula-
tion in parenchymal organs, the disintegration of
the fuel particles to form a readily available
forms of radionuclides require a permanent
amendment to the assessment of the radioeco-
logical situation and its prognosis. Particularly
noteworthy are transuranic elements, the role of
which will grow into an even more remote post-
Chornobyl period.

The widespread introduction of nuclear tech-
nologies in industry, agriculture, medicine and
science inevitably leads to additional radiologi-
cal exposure of professionals and thus, increases
the carcinogenic risk. Calculations have shown
that the effect of ionizing radiation at a dose of
1 mSv per 100 thousand of population within a
generation may lead to an additional 5 % of
malignant tumors of the radiation origin. We
believe that taking into account the individual
radiation sensitivity (according to the experts,
more than 20 % of the population consists of the
people with a high sensitivity to the effects of
ionizing radiation) and in terms of radio-ecolo-
gical crisis as a result of the Chornobyl disaster,
this figure of cancer incidence may be much
higher [2].

Medical X-ray examinations contribute the
most to the excess radiation exposure of the pop-
ulation, much of which is due to the examination
in order to diagnose an underlying disease, the
dynamic observation of a patient during treat-
ment, search of related diseases, preventative
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npoduiiakTuyecKux oociaeaoBaHuit u T.0. B aToit cBsI3n
00JIydeHNe HaceJICHUS B PE3YJIbTaTe UCIIOJIb30BAHUS HC-
TOYHUKOB MW B AMarHOCTUYECKUX LEASIX 3aHMMAET
ocoboe MecTo B 00lLelt TTporpaMme pagualilMoHHON Oe-
30MaCHOCTH HAaceJIeHUsI, TaK KaK CBSI3aHO ¢ HaumOOJIb-
M PUCKOM Pa3BUTUSI HETATUBHBIX OTHAJICHHBIX ITOC-
JISACTBUIA, B TOM YMCJIE KaHIIEPOT€HHbIX.

PentreHonorn mpenctaBisiloT COOON YHUKAJIbHYIO
NpodecCHOHAIBHYIO IPYIITY, CBI3aHHYIO ¢ 00Jy4eHUEM
C HU3KOI MOILIHOCTBIO J03bl. B pabdote [3] ycTaHOBIEHA
B3aMMOCBSI3b MEXKIY YaCTOTOM pa3BUTHUsI HEKOTOPHIX BU-
JIOB paJIMallMOHHO-aCCOLMUPOBAHHBIX OITyXoJieil (Kap-
LUHOMA TPYIHOM 3Keje3bl, MeJaHOMa, JIeMKeMus) B
TpyIIIe PEHTTEHOJIOTOB M XPOHWYECKMM HIpOdeccHo-
HaJIbHBIM O0JIy4YeHUEM.

I1o naHHbBIM [4, 5], B KOHIIE MPONLIOro Beka 3(h(heKTUB-
Hasl 103a 3a CYET MEIULIMHCKUX PEHTICHOJIOTMYECKHX HC-
cJIemOBaHUI cocTaBisuia B cpeaHeM 3,0 M3B,/To Ha Yeno-
BeKa. ABTOpbI pabOThl pacCuuTalM, YTO B IOMYJISILIUU
yucJeHHOCThIo 150 MJIH 4esloBeK pealibHO OXKMIaeMoe
YUCJIO CIydaeB 3JI0KAYECTBEHHBIX HOBOOOPA30BaHUIA pa-
JrauroHHoOro reHesa coctaBut 12 500—17 000 3a rog.

PenTreHomuarHocTrka B YKpanHe SIBJISIETCSI OCHOBHBIM
PagroNIOTMYECKUM METOIOM, TTIOCKOIBKY cpeau 82,5 MIIH
BCEX UCCJICIOBaHMIA ee H0JIst cocTapisieT okoso 70 % [6].
Bxitan peHTreHOIOrMIeCKIX UCCIeA0BAaHUI B KOJIJICKTUB-
Hyto 3ddextnBHyI0 103y (KD) mig HaceleHUs CTpaH
CHTI no cpaBHEHMIO C TPUPOAHBIM OOJYYEHUEM COCTaB-
qsger 0,8—1,3 M3B [7]. Cpeny pa3TMUHBIX PEHTTEHOJOT Y-
YECKMX METOINOB MCCIICHOBAHMII HAMOOJBIINI BKJIAH B
K31 na nacenennst YKpaHbI BHOCUT TJIEHOYHAS (PITrO-
oporpacusi — cBbiiie 30 %, KoTopasi UCTIONb3YeTCs ISt
MpoBeAeHUs TTPOPWIAKTHIECKUX 00CIIeIOBaHMIA HaceIe-
HUSI, B TOM YHCJIE B IPYIIaX MOBBIIIEHHOIO KaHIIEPOTeH-
Horo pucka [8]. C omHO#t CTOpOHEI, (hJ1iooporpadust IBJIs-
€TCsl PacHpOCTPaHEHHBIM METOIOM MCCIEIOBAaHUS, a C
JIpyroii — oOJIydeHue TallMEHTOB BO BpeMsl IIPOBEICHMUS
3TOTO MCCJIeIOBAaHMS MPEBBIIIAET peepeHTHEIN YPOBEHb
1T peHTreHorpadum opraHoB rpyaHoit kietku (OI'K),
YCTAaHOBJIEHHBIN B MEXKIyHAapPOIHbBIX CTaHIapTax Oe3orac-
Hoctu Basic Safety Standards, Series no. 115 [9] 1 B coTHM
pa3 — 3HauyeHUsT 3 GEKTUBHOM T03bI UIST JaHHOTO BUIA
HCCIeIOBaHNUI, YKa3aHHOIO B PYKOBOJICTBE I10 PaaroJIO-
rudeckoit Busyanuzauuu Referral Guidelines for Imaging
[10]. Kpome Toro, mpu mpoBeneHuU Garooporpadpuu B
IBYX IIPOoeKLMsIX 3 GeKTUBHAS 1032 Ha MalleHTa IIPEBbI-
mraet 1,0 M3B, uTo gBNIgeTCsT HapyeHneM “Hopw pagna-
LIMOHHOI Oe3omacHocTy YkpauHel” — HPBY-97 [11].

IlInpokoe BHeApeHNEe B YKpanHe COBPEMEHHBIX HU3-
KOI030BBIX IM(MPOBHIX allllapaToB, B TOM YKCJIE 3aMeHa
TUIEHOYHOM (pimooporpadny HndpoBoil CKPUHUHTOBOMN

examinations etc. In this regard, exposure of the
population as a result of the use of ionizing radia-
tion sources for diagnostic purposes has a special
place in the overall program of radiation safety of
the population, since it is associated with the
highest risk of adverse long-term effects, includ-
ing carcinogenic ones.

Radiologists are a unique professional group
associated with exposure to low-dose radiation.
The paper [3] establishes the relationship be-
tween the frequency of the development of cer-
tain types of radiation-associated tumors (breast
carcinoma, melanoma, leukemia) in the group of
radiologists and chronic professional exposure to
radiation.

According to [4, 5] at the end of the last century,
the effective dose due to medical X-ray studies was
on average 3.0 mSv/year per person. The authors
calculated that in a population of 150 million of
people the real expected number of cases of malig-
nant tumors of the radiation genesis would be
12,500—17,000 per year.

Radiography diagnostic in Ukraine is the main
radiological method as it contributes 70 % to the
all 82.5 millions of all research [6]. The contribu-
tion of X-ray examinations in a collective effec-
tive dose (CED) for the population of the CIS
countries as compared to the natural radiation is
0.8—1.3 mSv [7]. Among the various methods of
X-ray studies, the greatest contribution to CED
of the Ukrainian population makes film fluoro-
graphy — more than 30 %, which is used to carry
out preventative examinations, including patients
with a high carcinogenic risk [8]. On the one
hand, the fluorography is a common method of
diagnostic, and on the other — the exposure of
patients during this manipulation exceeds the ref-
erence level for chest radiography (CR), estab-
lished in the international safety standards Basic
Safety Standards, Series no. 115 [9]. It also
exceeds in the hundreds of times the values of
effective dose for this type of research, mentioned
in the manual on radiological imaging Referral
Guidelines for Imaging [10]. In addition, during
fluoroscopy in two projections the effective dose
per patient exceeds 1.0 mSyv, which is a violation
of the “Radiation Safety Standards of Ukraine” —
NRBU-97 [11].

The widespread introduction in Ukraine of
modern low-dose digital devices, including the
replacement of films fluorography by digital
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peHTreHorpadueii, Ha MOPSIA0K CHMXKAET JIydeBble Har-
PY3KM Ha IAIIMEHTOB MpPU MHPOBEACHUU IPODUIAKTHU-
yecKUX oocaenoBannii n ymeHbmaetT KOJI nig Hacele-
Hus YkpauHsl B 2 pasa [12]. Hanpumep, eciu nipu uc-
MOJIb30BAaHUU TUIEHOYHOU (hirooporpacduu 3KCIO3UI-
OHHasl 03a Ha KaJp Ha BxoJie cocTasisieT 2,5 MP, a adp-
dexTuBHag go3a — 264,5 MK3B, TO nMpu LUPPOBONA —
0,4 MP 1 42,3 mx3B, coorBeTcTBeHHO [13].

Pax rpynHoii xxenessl (PI2K) 3aHnMaeT Beayiiee MECTO
B CTPYKTYpE€ OHKOJIOTMYECKOU MATOJOTUU KEHCKOTO Ha-
ceJIeHMST OOJIBIIMHCTBA 3KOHOMUYECKN Pa3BUTHIX CTpaH
mupa. 3a mocienHee BpeMsl HaOJI0JaeTcsl MOBBIIIEHUE
ypoBHs 3aboneBaemoctu PI2K 1 exeromHwlil mpupocT
coctaBisieT 1—2 %. YpoBenb 3a601eBacmocT PIK cpe-
I KEHCKOIo HaceJeHUs YKpauHbl cocraBiseT 61,2 Ha
100 Teic. Hacenenus [14]. Haubonpimii prcK BO3HUK-
HOBEHHSI 3TOTO 3a00JIeBaHUSI OTMEUYAEeTCsl B BO3PACTHOM
rpymine 55—65 net u Tonbko 10 % — monoxe 30 et

Puck pazsutust PI'K paguaunoHHOro reHesa rnosblilia-
eTcsl TIpy 00Iy4eHUH B Bo3pacte 15—18 jer; panpalnoH-
Hoe BozaelicTBre B 103¢e 100 cIp moBbIIaeT pucK BO3HUK-
HoBeHus PI2K B 3 pasza; TepamneBTHuyeckoe OOydeHUE
0ONBHBIX JMMPoMaMN XOMKKMHA TaKKe ITOBBIIIACT
puck 3aboneBaemocTu PI2K, ocobeHHO y JKeHIIMH C TeH-
JEHLIMe K OuiarepalbHOMY MOPaKeHUIO JUMpaThdec-
Koro ammnapata [15]. MyTauuu reHOB-CYyIpeccopoB
BRCA-1 (B 17-11 xpomocome) 1 BRCA-2 (B 13-i1 xpoMmoco-
Me€), YY4aCTBYIOIIMX B perapalyy IBYHUTEBbIX pa3pbIBOB
JHK, a Takxke reHa-cympeccopa p53, y4acTBYIOLIEIO B
3aIepKKe KJIETOUHOTO IIMKJIA, CIIOCOOCTBYIOT Pa3BUTUIO
naHHoi natonoruu. CoriacHo JaHHBIM [16], skcripeccust
BRCA- 1 noBbIIaeT KaHIEpOreHHbI pruck Ha 50—80 %, a
akcnpeccusi — BRCA 2 — 40—70 %, cOOTBETCTBEHHO.

CornacHO COBpeMEHHBIM BO33PEHUSIM Ha MEXaHU3MBbI
pagMallMOHHOTO KaHIIeporeHe3a, WMHIYIUPOBaHHBIC
abeppalliy XpOMOCOM, 00pa30BaHUE KOTOPBIX CBI3aHO C
M3MEHEHHMEM CTPYKTYPhI 1 aKTUBHOCTH OHKOT€HOB, TIpHU-
HUMAaOT yJ9acTHe B 3JIOKAYeCTBEHHOI TpaHc(opMalun
ki1eTrok. IlpakThyecky maxke MpU CaMbIX HU3KMX 032X
MU (1 mIp 1 MmeHee) ripu IpOBEISHNUM PEHTTEHOJIOrMYeC-
KUX HCCIeIoBaHUM opraHoB rpyfaHoi Kietku (OI'K), mu-
IIeBOJA, XKeJIyaKa B TMMQpOLMTaX neprudepruaecKoil Kpo-
BU 00CJIEIyeMbIX JIMII PETUCTPUPYETCS] MOBBIIIEHHBIN
ypoBeHb abeppauuii xpomocoM [17]. Criyctsa mecsaTuiie-
THsI TTOCJIe AMATHOCTUYECKOTO 00TyYeHUST PEeruCTpUpyeT-
s TIOBBILIIEHHBIN YPOBeHb a0eppPaHTHBIX TUM(MOLIUTOB B
KpoBsSHOM pyciie [18 u np.]. DTo apryMeHTHpyeT He00XO0-
JIMOCTb IIPUCTaIbHOIO BHUMaHUS K JOMOJHUTEIHLHOMY
OOJTy4eHUIO 3a CYeT PEHTIeHOJOIMYECKUX 00cienoBa-
HUI, 3alIUATHl XXMU3HEHHO BaXKHBIX OPraHOB M TKaHEH C
00s13aTeIbHBIM KOHTPOJIEM JO30BBIX Harpy30K.

screening X-ray, substantially reduces the radia-
tion load on patients during checkups and
reduces CED of the population of Ukraine twice
[12]. For example, when using a film fluorogra-
phy the exposure dose fluoroscopy frame input
of 2.5 mR, and the effective dose — 264.5 uSy,
then the digital — 0.4 mR and 42.3 uSy, respec-
tively [13].

Breast cancer (BC) has a leading position in the

structure of oncological pathology of the female
population in most developed countries. Re-
cently, there is an increase in the incidence of BC
and the annual growth is 1-2 %. The incidence of
BC among the female population of Ukraine is
61.2 per 100 thousand of population [14]. The
greatest risk of this disease is observed in the age
group of 55—65 years, and only 10 % — less than
30 years.
The risk of developing BC by radiation genesis
increases with irradiation in the age of 15—18 years;
exposure to the 100 cGy dose increases the risk of
BC in 3 times; therapeutic irradiation of patients
with Hodgkin’s lymphoma also increases the risk of
dveloping BC, especially in women with the tenden-
cy to bilateral lymph node involvement [15]. Muta-
tions in tumor suppressor genes BRCA-1 (chromo-
some 17) and BRCA-2 (chromosome 13) are
involved in the repair of DNA double strand breaks,
as well as the p53 tumor suppressor gene, which is
involved in cell cycle arrest, contribute to develop-
ment of the disease. According to [16], the expres-
sion of BRCA-1 increases cancer risk by 50—80 %,
and expression — BRCA 2 — 40—70 %, respectively.

According to the modern views on the mecha-
nisms of radiation carcinogenesis, induced chro-
mosome aberrations, the formation of which is
associated with the changes in the structure and
activity of oncogenes, are involved in the malig-
nant transformation of cells. Even at very low
doses of ionizing radiation (IR) (I mGy or less)
during radiological examinations of the chest,
esophagus and stomach, an increased level of
chromosomal aberrations was registered in the
peripheral blood lymphocytes of persons surveyed
[17]. An elevated level of aberrant lymphocytes in
the bloodstream is recorded after the decades of
diagnostic radiation [18 et al.]. This fact proves the
need for careful attention to additional radiation
exposure due to X-ray examinations, protection of
vital organs and tissues with the obligatory control
of dose rates.
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B IIlotnanauu obciesoBaHa rpymnra XeHIIWH (243
4eJl.), KOTOpbIe B Mpoliecce JieueHusl TyOepKyJie3a Heo -
HOKPAaTHO IIOABEPrajiiCh PEHTTEHOCKOIMYECKOMY MC-
cinepoBanuio OI'K, mpu KOTOpOM JTyd MPOXOAWII TTO HAIl-
PaBJICHUIO OT TPYIU K CIIMHE, TO €CTh NALIMEHTKY ObLIN
0o0pallleHbI JIMIIOM K UCTOYHUKY U3TydeHus. BemmumHa
MOTJIOIIEHHOM J03bI HA TPYIHYIO XeJle3y 3a OOUH CEaHC
paBHa B cpeaHeM 7,5 clp. Bpems Mexny ceaHcamMu coc-
TaBJISIIIO AHU WM Hepeln. [1pu aToM cymMapHast Iorio-
IIeHHasI 103a AJIs TPYIHOM KeJle3bl COCTaBIIsia IIpuMep-
Ho 850 cIp. Yacrora BosHukHoBeHUS PI2K B 3101 IrpyII-
e MpeBbICUIIAa OXUaaeMylo boJjiee, yem B 6 pa3 [19, 20].

B paborax [21, 22] npencTaBiieHbl JaHHBIE 00CIe10Ba-
HUSI OpUTAHCKMX pabOvYMX, HAHOCUBIIMX JIIOMUHECII-
pyIoLIMii cocTaB (paaunii-226) Ha undepoiaThl UBMEPH-
TeJbHBIX TTpubopoB. CymMMapHas J03a Ha TpyIHbIe Ke-
Jie3bl paboTHUL cocTanisiia 0,5 clp 3a Heaento, a ob1as
nornoueHHas go3a — 40 cIp. Cpeau KeHIUH, BO3pacT
KOTOpBIX K Hayally BBITTOJHEHUS padoT cocrtasist 20
Jiet, B nociuenywoiieM PI2K Habmonancs B 2 pasa yaiie
OXUJIa€MOM YaCTOTHI.

Brisisnsiemocts PI2K, B ToM 4nciie paaore HHOro reHe-
3a, BO BpeMsl IMpo(UIaKTUIECKIX OCMOTPOB B YKpauHe
ocTaeTcsl HU3KOM, a mokaszaresb 3amymieHHocTd (I11b—
IV ct.), KOTOpHIii SIBIISIETCSI OCHOBHBIM KPUTEpPUEM Kade-
CTBa AJMATHOCTUKU, HA00OPOT, BEICOKUM. PeabHbIi yTh
yiaydieHus: pe3yasratoB JedeHust PI2K — paHHee BbIsIB-
JieHe 3a00JIeBaHUsI C UCIIOJIb30BaHMEM JIyYEBbIX METOIOB
JUArHOCTUKU C BBICOKOM paspelaroleil CiocOOHOCThIO:
peHTreHoBcKoil mMammorpacduu (PM), KomIbloTepHOI
toMorpadum rpynHoii xene3nl (I'2K), MarHuTHO-pe3oHa-
HCHOI1 ToMorpaduu, Mo3UTPOHHO-3MUCCUOHHON TOMO-
rpacduun, cumHTuMaMmorpaguu. PM octaercst “30/0TbIM
cra”gaptom” BoisiBieHUsT PIZK 1 mo3Bossier BU3yanusu-
poBath oryxonu auamerpoM oT 0,3 cm [14]. IuarHocTtn-
yeckasl BO3MOXHOCTb MeToa cocTaBisieT 75—95 % u mu-
POKO MCHOJIb3yeTcsl B Tporpammax ckpuHuHra PI2K, a
TaKXKe IT03BOJISIET BBISIBISITh MH(MUIBIPATUBHBINA IIPOTO-
KoBblii pak I cramun B 50—70 % ciyuaes. [1pu obcnenoBa-
HUU MallMEHTOB B MOJIOOM BO3pacTe, KOra XKejae3ucTast
TKaHb XOPOIIO pa3BUTa W YETKO BU3YAJIM3UPYETCSI MPHU
yJIBTpa3ByKoBoi MamMorpaduu (Y3M), a TakKe C LEeIbIo
YMEHBIIIEHUST JTy4eBOl Harpy3Ky Ha IallMeHTOB TP IU-
HaMHUUYECKOM HaOJII0IeHNN, peKOMeHayeTcs couetaTb PM
¢ Y3M (c npuMeHeHueM Aonrieporpadun).

YMECTHO OTMETUTD, YTO COIJIACHO COBPEMEHHBIM JaH-
HBIM uccaegoBaHuii, mpoBeaeHHBIX B CLLIA, mpum Mmam-
Morpapuiyeckom o0clieTOBaHUM peKOMeHI0BaHa 00513a-
TeJbHasT PETUCTPAlldsl TUIOTHOCTU TPYAHBIX XKeJie3 3a
CYET IOITOJHUTEILHOTO YJIETPa3BYKOBOTO MCCJICHOBA-
HUS [23]. DTO TTO3BOJISIET BBISIBUTH Y XKEHIIWH C TIIOT-

In Scotland, a group of women surveyed (243
pers.), who during the course of tuberculosis treat-
ment were repeatedly subjected to fluoroscopic
study of the chest, in which the direction of the beam
passed from the chest to the back, that is, the
patients were turned face to the source of radiation.
The value of the absorbed dose to the breast gland in
one session is equal to the average of 7.5 cGy. The
time between the sessions was days or weeks. Then
the total absorbed dose to the breast was approxi-
mately 850 cGy. The incidence of BC in this group
exceeded the expected more than in 6 times [19, 20].

The papers [21, 22] present the survey data of
British workers, that were putting the composition
luminescent (radium-226) on the dial gauges. The
total dose on the breast glands of the female work-
ers was 0.5 cGy per week, and the total absorbed
dose — 40 cGy. Among women, the age of which at
the beginning of work was 20 years, the incidence
of BC later was observed tobe 2 times more than
expected frequency.

The detectability of BC, including radiogene-
sis, during routine checks in Ukraine remains
low, and the rate of neglect (IIIB—IV degree),
which is the main criterion of the quality of diag-
nosis, on the contrary, is high. The real way to
improve the results of the treatment of BC — early
detection of disease using radiological methods of
diagnosis of high-resolution: X-ray mammogra-
phy (XM), computer tomography of the breast,
magnetic resonance tomography, positron emis-
sion tomography, scintimammography. XM
remains the “golden standard” of identification
of BC and allows to visualize the tumor with a
diameter from 0.3 cm [14]. The diagnostic possi-
bility of the method is 75—95 % and it is widely
used in screening programs with BC, and identi-
fies infiltrative ductal carcinoma in stage I in
50—70 % of cases. In a study of patients at a
young age, when the glandular tissue is well
developed and clearly visualized with ultrasound
mammography (USM), as well as to reduce the
patient radiation dose during dynamic monitor-
ing, it is recommended to combine with PM with
USM (using Doppler ultrasound).

It is appropriate to note that, according to the
recent data of studies conducted in the US, during
mammography screening it is recommended to
use a compulsory registration of the density of the
breast due to the additional ultrasound [23]. This
enables the identification of women with mamma-
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HOCTbIO TPYIHBIX Xese3 >50 % nononmHuTenbHo 3,4 ciy-
yast paka Ha 1 000 obcneqoBaHHBIX.

Hcnonb3oBanre Mammorpaduu sl IIMPOKOTo MCCIIe-
JIOBAaHMSI )KEHCKOT'O HaCeJIEHUSI C 1IeJIbI0 paHHEe! JuarHoc-
tiuku PIK sBuioch mpeaMeToM MHOTOUMCIICHHBIX JHC-
KYCCUI Cpely CHEeIUAIMCTOB M YUYEHBIX Ha IPOTSLKEHUN
psina net. Tak, ObITO TToKa3aHo [24], 9TO MCITOJIb30BaHNUE
JaHHOTO MeToja i paHHero BeisiBneHus: PI2K, HecmoT-
psI Ha LIGHHOCTh TMAarHOCTUYECKON MH(POpMAaL, MOXET
00YCJIOBUTH TOBBIIICHHBI PUCK €r0 BO3HMKHOBEHUS.
HanoMHuM, 4TO JaHHBIA METO. JIyueBOM AMArHOCTUKU
MpUBJIEK 0c000e BHUMaHMe B cepenrHe 70-X rogoB Mpoli-
JIoro BeKa, Korma y cynpyru npesugenta CLUA 1. ®opna
ob11 00HapyxkeH PI2K. B ToT nepuop Bo Bcex mratax Ame-
PYKU MUAUIMOHBI XKEeHIIIMH, MHOTUM M3 KOTOPHIX B TO Bpe-
Ms1 ObLIO He Oosee 20 JieT, MaHWYeCcKH o0pallaiich B Me-
JULIMHCKKE YUPEXKACHUS, TpeOysT IMarHOCTUYECKOTro 00C-
JIeZIOBaHUSI C MCIIOJIb30BaHNEM MaMMOTpauH.

B 37011 cBs131 y3ke B 80-¢ rombl AMEepHUKaHCKOE TIPOTHUBO-
pakoBoe OOIIECTBO PEKOMEHAOBAJIO MPOBOAUTL OIHO-
KpaTHY10 MaMMorpaduio 10 35 JIET U €XEeTroJHYI0 — MOoCye
40 net. beuto paccunMTaHO, YTO IPU TAKOH IIEPUOTUIHOC-
TH TIpoUIaKTIIECKast MAaMMOTpadst MOKET 00eCIIeUYNTh
paHHIO0 nuarHoctuky 60 % ciydaeB PIK HepanuaiioH-
HOI'O T€HEe3a U IOYTU TaKOM XKe IPOLEHT OIMYyXOJIEW 3TOM
JIOKa/IM3allui, HO PaaMOTeHHON IIPUPONBI BCIICACTBUE
MpPOBEJEHHBIX paHee MaMMorpaduuecKrx o0cie10BaH1iA.
DT JaHHBbIE PEKOMEHIOBAIM YUUTHIBATh IIPU OLIEHKE CO-
OTHOIIIEHUS “TI0JIb3a-PUCK”’ TIPHU IMPOBEACHUN MaMMOTIpa-
¢uueckoro ckpuHuHra [25]. ITokazaHo, 4TO MoJib3a MaM-
MorpadryecKix 00cIeI0BaH1i KeHIITH B Bo3pacte 50 u
0oJiee JIeT MpeBbIIIAeT KAHIEPOreHHbII pUcK [26].

CoBpeMeHHbIe peKOMEHIAIMKY 10 paaualiMOHHOM 3a-
IIUTE HaceJACHMS 0a3upPYIOTCS Ha IMHEHOM OeCIIoporo-
ot koHuenuun (JIBK) kanmeporenesa, cormacHoO KO-
TOPOI TaxKe camMble MaJjible 103bl MOTYT OOYCJIIOBUTD 3JI0-
Ka4eCTBEHHYIO TpaHCc(OopMalrio KJIeTOK. YCTaHOBJIEHO,
410 3(PDEKTUBHEIC TO3bI O0IYUCHUS, ITOIydacMble IIpU
komTibioTepHON ToMorpaduu (KT), oObIYHO HaxoasaTCs
B auana3oHe ot 1,0 mo 20,0 m3B [27]. OcHoOBBIBasICh Ha
JIBK pamuanimoHHOTO KaHIEpOT€He3a, BBICKA3aHO
MPEIIoJIOKEHNE, YTO B MOCIeTHNE IEeCITUICTUSI OKOJIO
1,5-2,0 % peructpupyembix ciaydyaeB paka B CILA sB-
Jsiores cnencreueM npuMmeHeHus: KT [28]. CymectByer
¥ TIPOTUBOTIOJIOXKHASI TOYKA 3PEHUSI, COTIACHO KOTOPOit
pagraOHHOE BO3IEICTBHE C TMAarHOCTUYECKOM 1IeJIbI0
MOXKET CHIKATh PUCK BOSHUKHOBEHMUS paKa BCICACTBUE
SJIMMUHALIMK TIPEKaHLIEPOreHHBIX TpaHCHOPMUPOBAH-
HBIX KJIETOK U JaXe MpeaoTBpallaTh MeTacTa3upoBaHue
yXKe CYIIECTBYIOIINX OITyXOJIei, TO €CTh IIPOSIBIISIT TOP-
Metudeckue apdekTsl [29—31].

ry gland density >50 % extra 3.4 cases of cancer
per 1,000 patients.

Using mammography for a wide-range exami-
nation of the female population for early diagno-
sis of BC was the subject of extensive debate
among experts and scientists for years. Thus, it
was shown [24] that the use of this method for the
early detection of BC, despite the value of diag-
nostic information, can cause an increased risk of
its occurrence. Recall that this method of beam
diagnostics had attracted a particular attention in
the mid 70™ of last century, when the wife of US
President Gerald R. Ford had been dignosed a
BC. At that time, in all states of America, mil-
lions of women, many of whom at that time were
no more than 20 years old, sought medical care in
panic, requiring diagnostic evaluation using
mammography.

In this regard, in the 80" the American Cancer
Society recommended doing a single mammo-
gram until the age of 35 years and annual — after 40
years. It was calculated that with such periodicity
preventive mammography may provide early diag-
nosis of 60 % of BC non-radiations genesis and
almost the same percentage of tumors of this local-
ization, but due to the radiogenic nature of previ-
ous mammograms. These data were recommended
to take into account when assessing the relation
“benefit-risk” during mammographic screening
[25]. It is shown that the use of mammograms for
women aged 50 years or more surpasses the car-
cinogenic risk [26].

Contemporary recommendations on radiation
protection of population are based on a linear
no-threshold concept (LNT) of carcinogenesis.
It assumes that even the lowest radiation doses
can induce the malignant cellular transforma-
tion. It is established that the effective doses of
radiation, obtained under the computer tomo-
graphy (CT) application, are typically in the
range from 1.0 to 20 mSv [27]. Some authors
[28], based on the linear no-threshold concept of
radiation carcinogenesis, suggested that in the
last decades about 1.5—2.0 % of all cancer cases
in the United States may be due to the use of CT.
There is an opposite point of view, according to
which the use of radiation for diagnostic purpo-
ses may reduce the risk of cancer due to the eli-
mination pre carcinogenic transformed cells and
even prevent metastasis of existing tumors
[29-31].
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Ocraetcsl akTyaabHON JePUHULIAS “HEOOXOAUMOUN” U
“IOCTAaTOUYHOM” CTEINeHU paauallMOHHOM 0e30MacHOCTU
KaK JUISl alMeHTOB, TaK W IJIS IepCOHAaIa, YTO MOXKET
CBUIETEJbCTBOBATh O IPUEMJIEMOCTH ONpaBIaHHOIO
pUCKa TIpU ACHCTBUM MaJIbIX 103 MOHU3UPYIOIIEH paaua-
un (MP). IToaTroMy OCHOBHOI 3agadyeili HOpPMUPOBAHUS
pagualMoOHHON 0e30IIaCHOCTU SIBIISIETCS aHAIM3 JIBYX
aJIbTepPHATUBHBIX KaTeropuil “rosb3a” u “Bpen” M orpe-
JieJIeHUE YCIOBUI O0JIydeHH s, TIPU KOTOPBIX TMOJb3a Cy-
ILIECTBEHHO TMpeobaagaer Hapd yiepoom (MPUHLMI
ALARA — “HacTojIbKO MaJio, HACKOJIbKO pPa3yMHO JOC-
TikuMo, As Low As Reasonable Achievable™) [32]. To-
cKoJbKy Bozneiictere MM — sBieHne moTeHIMAIBHO OH-
KOT€HHOE, TO HAWJIYYIIMiA CII0CO0 3alllMThl — 3TO YAEp-
JKWBaTh YPOBHU OOJy4eHMsT “KaK MOXKXHO Ha 0ojiee HU3-
KOM, pa3yMHO JOCTVM>KMMOM YPOBHE”. DTO O3HAYAET, UTO
JI03bI 00JTy4eHHs TIepCcoHala U HAaCeJIEHUS T0JKHbBI ObITh
MUHHMMAJIbHBI M He TOCTUTATh BEPXHMX I'PaHUL] HOPMAaTH-
BOB. [Ipu 3TOM BO3HMKaeT MpobdiieMa B OMpeaeeHUU Mo-
HATUSA “pa3yMHO JIOCTMXKUMBIN YPOBEHb O0JTyUeH s .

ITpuniun ALARA vcnonb3yeTcs B IpakKTUKe paauaiy-
OHHO1 6e30macHOCTH (B AMepHKe — elle co BpeMeH MaH-
XETTEHCKOTO TIPOEKTa CO3JAHUS aTOMHOW OOMOBI) IS
OrpaHMYEHMS HeXeaTeIbHOTro 00aydeHus moaeii. OcHo-
BaHWEM JUISI BBEICHMSI 3TOTO TIPUHIINIIA CITYKMJIN HEAO0C-
TATOYHBIC 3HAHMSI O BO3MOXKHBIX HEOJIarOImpUSITHBIX IJISI
300POBbsI YeJIOBEKa ITOCICACTBUSIX OOMy4eHHUsI B 032X,
MEHblle yCTaHOBJIeHHBIX TipeneiaoB. B 1977 . MKP3
chopMyipoBasia HOBbIE ITO3MIIMK, COIIACHO KOTOPBIM
o0JTydeHre Ha ypOBHE TMpeesia 103bl JOKHO paccMaTpy -
BaThCsl KaK UCKIIIOUUTEIbHOE, a TIOBCEAHEBHAS ITpaKTHUKa
obOecreyeHus] paadallMOHHON 0€30IacHOCTU IOJIKHA
onupathcsl Ha nmpuMmeHeHuu npuHimia ALARA. K omnpe-
JeJICHUIO TIPUHLIUIIA ObUIM J00aBJIEHBI CJIOBA: “C y4eTOM
COLIMATLHBIX W 9KOHOMMYeCKUX (pakTopoB”. OCHOBAaHU-
eM u3MeHeHus mo3uunu MKP3 mocnykunu gaHHbIE O
croxactrueckux adexkrax (3HO u HacnemyeMble nedex-
ThI) MaJIbIX 103 MOHU3UPYIOLINX U3IyIeHUIA. DTO IIpuaa-
€T, B CBOIO ouepeap, mpuHuuny ALARA KolnMuyecTBeHHbI
xapakTep. OTClofa BbITEKaeT OCHOBHAsI 3a1a4ya HOPMUPO-
BaHUS paadallMOHHON 0€30MacHOCTU: aHau3 IBYX ajlb-
TEPHATUBHBIX KaTeropuii “rnojb3a” u “Bpen’” U onpeaene-
HME YCIOBUIA OOJTyYeHUsI, IIPY KOTOPBIX I10JIb3a CYIIECT-
BEHHO IIpeo0jagaeT Haja yliepooM. DTO 0OecIeyuT, B
CBOIO 0Yepe/ib, MPUEMJIEMOCTh OMPAaBIaHHOTO PUCKA MPU
JIeHCTBAM MajbIx 103 MW Kak mjis1 malyeHToB, TaK U IS
repcoHasa, CHUXKEHUE J030BbIX HAarpy30K 0e3 yiuepoa aisi
JIMarHOCTUYECKON 1IeHHOCTU. BaxkHo ellie pa3 OTMETUTD,
YTO MEIMLMHCKNAE PEHTIEHOJIOTMYeCKUe MCCIIeIOBaHUS
BHOCST HauOOJbIIMK BKJIad B HaagOHOBOE OOJydeHUE
Hacenenus. [punmun ALARA mpenmnosaraet oTcyTcTBre

It remains relevant to use the definition of
“necessary” and “sufficient” level of radiation
safety for both patients and staff, which may indi-
cate the admissibility of justified risk at low doses
of ionizing radiation (IR). Therefore, the main
objective of the normalization of radiation safety
is the analysis of two alternative categories of
“benefit” and “harm”, and the definition of the
exposure conditions, under which benefits greatly
predominate damage (the principle of ALARA —
“As Low As Reasonable Achievable”) [32]. Since
the effects of IR — the phenomenon potentially
oncogenic, the best way to protect is to keep
exposure levels “as soon as possible at a lower
level as reasonably achievable”. This means that
the radiation dose of personnel and public should
be minimal and does not reach the upper limits of
regulations. In this case there is a problem in the
definition of “reasonably attainable level of expo-
sure.”

The ALARA principle is used in the practice of
radiation safety (in America — since the days of
the Manhattan Project, the creation of the atomic
bomb) to limit the unwanted exposure of people.
The basis of the introduction of this principle was
a lack of knowledge about the possible adverse
health effects of exposure at doses lower than the
stated limits. In 1977, the ICRD has formulated a
new position, according to which the exposure at
the dose limit should be regarded as exceptional,
and the daily practice of radiation safety should be
based on the application of the principle of
ALARA. The following words were added to the
definition of the principle: “taking into account
social and economic factors.” The reason for a
change in the position of the ICRD was a data on
stochastic effects (malignant neoplasms and
inherited defects) of low doses of ionizing radia-
tion. This gives, in turn, a quantitative character
to the ALARA principle. Thus, the main task of
normalization of radiation safety is the analysis of
two alternative categories of “benefit” and
“harm” and the definition of exposure conditions
under which benefits greatly predominates over
the damage. This will ensure, in turn, the accept-
ability of justified risk under the action of small
doses of IR for both patients and staff, reducing
the radiation dose without sacrificing diagnostic
value. It is important to note once again that me-
dical X-ray examinations contribute the most to
the excess radiation exposure of the population.
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a0COJIIOTHO OE30MacHOTO YPOBHSI, TEM HE MEHEe, yCTaHAB-
JINBAIOTCST OrPpaHNYEHMS IPO(PECCUOHATBLHOI TO3BI JTyde-
BOI HArpy3Ku, MpecaeaylolIne 1eIb IpeaylpeauTb BO3-
HUKHOBEHNE JIEeTEPMMHMUPOBAHHBIX 3(PPeKTOB 00IyUe-
HUS IyTeM BbIOOpa Ipeae/IbHOM TTOIIOMAaeMOM 1036l HU-
K€ TIOPOrOBOTO YPOBHS X OTPAaHUYUTh PUCK BOZHUKHOBE-
HUS CTOXaCTUYECKUX 3(PDEKTOB ypOBHEM, Pa3yMHBIM C
TOYKM 3PEHUS COLIMATIbHBIX TTOTPEOHOCTE U LIEHHOCTEI,
MOJTy9aeMOii TOJIb3bl I SKOHOMIWYECKMX (DaKTOPOB.

CrpaBeUIMBOCT paay CJIEAyeT OTMETUTh OTHOCH-
TEeJIbHOCTh TMOHATHS “TIONIb3a-Bpeld”, KOTOPYI0 MOXKHO
MPOJEMOHCTPUPOBATh Ha IpuMepe (eHOMeHa HHTep-
¢azHoii rudeau TMMEOLUTOB YeI0BeKa, OCYILECTBIISIO-
IIMX BaXKHEHITYI0 QYHKIINIO MMMYHOJIOTHIECKOTO Hall-
30pa U MOruodarpIluX Mocjie ooJaydeHUs 3a CYET BKIIIOUE-
HUSI MexaHu3Ma “BBIOPAKOBKU™ KIJIETOK, HECITOCOOHBIX
BBITMOJIHATE (hyHKUMHU (arnonTto3). [To o6pasHoMy Bbipa-
keHuro KosHa, mpupoaa BKIIoumiIa B TUM@OILIUT MeXa-
HU3M, CYIIHOCTb KOTOPOTO COCTOUT B TOM, UTO “JIydIle
MEpPTBBIN, YeM HeWCIIpaBHLIN”. B 3TOM ciyyae rubesnb
KJIETOK pacCMaTpUBaeTCs KakK “ajbTpyrcTHdeckas” |
SIBJISIETCST “TIOJIE3HOI™ JJi1sl OpraHu3Ma, MO3BOJISIOLIeH
TKaHSIM OCTaBaThCsl KM3HECIIOCOOHBIMM U COXPAHSITH
OMM3KMEe K HOPME CTPYKTYpHBbIE UM (DyHKUIMOHAIbHBIE
napaMeTpbl. Hapsiay ¢ aTuM HaOJtomaeTcs pagraloH-
HO-MHAYLMPOBAHHASI XPOMOCOMHAsI HeCTaOMJILHOCTH
KJIETOK (abeppalliy XpOMOCOM), KOTOpasi MOXKeT 00ycC-
JIOBUTh UX OHKOTEHHYIO TpaHchopmaiuio [33].

11 KOHTpOJIST JIydeBBIX HArpy30K IIPHM IIPOBEICHUM
CKPUHUHTOBBIX PEHTTEHOJOTMYEeCKUX OOCIeIOBaHUIA
OTIEJbHBIX KOHTMHICHTOB HAaCEJICHHUs 1IeJIeCo00pa3HO
HCIIOJIb30BaHWE METOAOB OMOJIOTMYECKON, a MMEHHO
LUTOreHETUUECKOM TO3MMETPUN, OCHOBAaHHOI Ha yJyeTe
pagvaoHHO-UHAYLINPOBAHHBIX a0eppalliii XpOMOCOM
B KyJIBType TUM@POILIMTOB TTeprudepruIeCcKoit KpOBU YeI0-
BeKa (B MCClIeA0OBaHUIX in vitro u in vivo) [34]. B atom
cliygae OMomosmMeTpudeckass WHGOpMaIHUsI MOXET
OBITh TIOJIy4eHA ITyTeM MOACIMPOBAHUS YCIOBUM OOIy-
YeHUs] Ha TKAHEAKBUBAJIECHTHOM (haHTOME.

B uccnenoBanusix [35—37] conocTaBiieHbl JaHHbIE OU-
OJIOTMYECKOM (LIMTOTeHeTUYECKOI) MHANKALIUY JIy4eBO-
ro BO3ACHCTBUS U (PU3MYECKON TO3MMETPUU B CIICOYIO-
X YCIOBUSX: TIpU pirooporpadmy opraHoB TPYTHOMN
kaetku (OI'K) ¢pmakoHbI ¢ HOHOPCKOI KPOBBIO pacroia-
TaJIi B 9KCIICPMMEHTAJIBHBIX TOYKaX B 001aCTH IIUTOBUI -
HOW, BUWJIOYKOBOU M TPYIHOM XKeJe3 TKAaHEIKBUBAJICHT-
Horo ¢anToma “Alderson”; mpm mMammorpaduu — Ha
BEepXHEI U HUXKHE MOBEPXHOCTAX (DaHTOMA IPyIHOM XKe-
Jie3bl. C 1eJIbl0 MHAMKALIMKM CTeTIeHU JIy4eBOTO BO3/ICH-
CTBHUSI UCIIOJIb30BaHA TECT-CUCTEMa KYJIBTYPhI IMMMOLIM -
TOB nepudeprdeckoil KpoBU 4eloBeKa ¢ MeTadasHbIM

The ALARA principle does not assume any
absolutely safe level, however, it sets the limits of
occupational dose radiation exposure that seek to
prevent the occurrence of deterministic effects of
radiation by the choice of acceptable absorbed
dose below the threshold and limit the risk of sto-
chastic effects by the level that is reasonable from
the perspective of social needs and values, benefits
and economic factors.

It is necessary to admit the relativity of the
concept of “benefit-harm”, which can be illus-
trated by the phenomenon of interphase death of
human lymphocytes, carrying out an essential
function of the immunological surveillance and
being killed after the radiation impact due to the
operation of the “culling” of cells, unable to per-
form the functions (apoptosis). According to the
figurative expression of Cohen, the nature had
included in lymphocyte a mechanism, the
essence of which is that “better dead than
faulty.” In this case, cell death is seen as “altru-
istic” and is “useful” to the body, allowing tissues
to remain viable and maintain close to normal
structural and functional parameters. Along with
this, there is a radiation-induced chromosomal
instability of the cells (chromosomal aberration),
which can determine their oncogenic transfor-
mation [33].

To control the radiation exposure during the
screening X-ray examinations of individual
groups of population it is advisable to use the bio-
logical methods, namely a cytogenetic dosimetry
one based on the accounting of radiation-
induced chromosomal aberrations in cultured
human peripheral blood lymphocytes ( in vitro
and in vivo) [34]. In this case, the bio dosimetric
information can be obtained by simulating the
conditions of irradiation on tissue equivalent
phantom.

The studies [35—37] compare the data of biolo-
gical (cytogenetic) indication of radiation expo-
sure and physical dosimetry in the following con-
ditions: during the fluorography of the chest
(OGQO) the bottles of donor blood were placed in
the experimental points in the thyroid, thymus and
mammary glands of tissue-equivalent phantom
“Alderson”; during the mammography — at the top
and bottom surfaces of the phantom breast.

In order to indicate the degree of exposure to
radiation, the studies used the test system of cul-
ture of human peripheral blood lymphocytes with
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aQHAJIM30M abeppalnii XpOMOCOM Ha paBHOMEPHO OKpa-
MIeHHBIX IIMTOTeHETHYECKNX TTpernapartax |38]. @nusnuaec-
KYyI0 JO3MMETPHUIO IIPOBOAIM C ITOMOIIBI0 aBTOMAaTH3M-
poBaHHOIT TepMoTtoMUHeclieHTHOI cucteMbl ALNOR.

Pesynbrathl Hallleil paboThI, BBITOJIHEHHOI in vitro [39]
(Tabu. 1), nokazanu, uyro npu (arooporpacdpuu OT'K B ne-
peaHel TIpsIMOIi U TIpaBO OOKOBOM MPOEKLIUSIX CyMMap-
HOe 4MuciI0 abeppalirii XpoMOCOM B 3KCIIEPUMEHTATbHON
TOYKE Ha BEpPXHEU M HIDKHEN ITOBEPXHOCTSIX JIEBOI TPY/I-
HOM >keJie3bl (HaxoauBLIeics: Oke K uctouHuky M)
IpY 3HAYECHUN SKBUBAJICHTHON TO3bI 3,25 M3B COCTaBJISI-
710 9,5 = 2,1 Ha 100 KJ1€TOK, YTO MPEBLICUIIO CTIOHTAaHHBI
YPOBEHb XPOMOCOMHBIX abeppauuii B 3 pasza.

ITpu mamMmorpaduu B ABYX MPOEKLUIX (IPSIMOI 1 60-
KOBOIf) 00111ee 9rciIo abeppalnii XpoMOCOM B 9KCIIEPU-
MEHTAJIbHOM TOYKE HA BEPXHEUN IMOBEPXHOCTU I'PYIHOM
3KeJie3bl TIPY 3HAaYeHUN 3KBUBAJICHTHOM 103kl 6,08 M3B
pocturano 13,0 £ 2,5, 4TO MpPeBLICWIO CIIOHTAHHBIN
ypoBeHb 0oJiee, yeM B 4 paza [36].

DKCIepUMeHTaNbHBI MaTepuas, TMOJyYeHHBIH Ha
XPOMOCOMHOM YPOBHE BBICOKO PagnlO4YyBCTBUTEIBHBIX
KkJeTok yesoBeka (T-nmuMdouuTax), o3BoJisieT KOHCTA-
TUPOBATh, YTO IIPXA MHOTOIIPOEKIIMOHHOM (hIrooporpa-
¢uu OI'K u mpu Mmammorpaduu B TKaHSIX TPYIHOM 3Ke-
JIe3bl MOTYT Pa3BUBaThCs PagvualliOHHO-UHIYLIUPOBAH-
HBIC TIOBPEXIEHUsI, KOTOPhIC ITOTEHIINAILHO MOBHIIIA-
10T puck pa3sutust PI2K pagualinoHHOTO reHesa.

ITokazaHo, 4TO IpU IMPOBEACHUU PEHTTEHOJOIMYECKUX
nccnenoBannii OI'K (Hu3Kue 10361 JIOKATLHOTO 00Iyde-
HUSI) BBIXOI IIEPECTPOEK XPOMOCOM B KJIETKAX KPOBU I1a-
LIMEHTOB CYILIECTBEHHO Bo3pacTaeT. [1o yoexxneHusim aB-
TOPOB, 3TO MOXKET MPEAOIPENEIIUTD B OYIyLIEM PA3BUTHE
pagvalMOHHO-aCCOLIMMPOBAHHOIO pakKa Cpeau JIWII,
npoleamux npoguiakruyeckyto guarooporpaduio [40].

Takum o6pazom, majbie 103bl M npu peHTreHoJI0TU -
YecKMUX 00CaedOBaHUSIX MOIYT MHIYLIMPOBAaTh IOBBI-
IIEHHBIN YpOBEHb abeppalnii XpOMOCOM B KJIETKax 00-
JlydaeMbIX TKaHEe#, B TOM 4HMCJie B KJIeTKax KpoBu. [1oB-
TOPHBIC pagualliOHHbIC BO3ACUCTBUS IS 3TUX KJIETOK
MOTYT CJIYXKUTb IIPOMOTOPOM KaHIIEpOreHe3a.

Ha ocHOBaHMM BBIMIOJTHEHHBIX MCCIIEOOBAHUIT HaMM
copMyIMpPOBaHbI 3aMaul OMOJIOTMICCKON (IIMTOTeHE-
TUYECKOI) MTO3UMETPUN/UHANKALIMM B PEHTICHOJIOTUM
[34], xoTOophIe, KaK MBI T0jlaraeM, TMO3BOJISIT CHU3UTH
BEPOSITHOCTh Pa3BUTUSI HETaTUBHBIX OTIAJIEHHBIX 3(-
(eKTOB, B TOM YMCJIe OHKOJIOTMYECKMX, Majibix 103 MU
> MOJIEIMPOBAaHNE YCIOBUI IPOBEIECHUS PEHTTEHOJIO-
TMYEeCKUX MCCIeNOBaHUIT Ha TKAHEIKBUBAJIEHTHOM (haH-
TOME U OLIEHKA paglallMOHHO-UHIYLIMPOBAHHBIX IIUTO-
reHeTnIecKnx 3(GEKTOB IMpeXIe BCEro B 00IaCTH KpH-
THUYECKUX TKaHe# 1 opraHoB (McclieIoBaHMe in Vitro);

metaphase chromosome aberration by the analysis
on evenly colored cytogenetic preparations [38].
Physical dosimetry was performed using an auto-
mated thermoluminescence system ALNOR.

The results of our work done in vitro [39] (Table 1)
showed that during of chest fluorography in straight
in front and the right-side projections the the total
number of chromosomal aberrations in the experi-
mental point of the top and bottom surfaces of the
left breast (located closer to the IR) at a value equiv-
alent of the dose of 3.25 mSv was 9.5 = 2.1 per 100
cells, which exceeded the spontaneous level of
chromosomal aberrations in 3 times.

During the mammography in two projections
(frontal and lateral) the total number of chromoso-
mal aberrations in experimental point on the upper
surface of the breast at a value of equivalent dose of
6.08 mSv reached 13.0 £ 2.5, which exceeded the
spontaneous level in more than 4 times [36].

Experimental data obtained at the chromoso-
mal level of highly radiosensitive human cells
(T-lymphocytes), allows us to conclude that the
multi-view chest fluorography and mammogra-
phy can lead to the development of radiation-
induced lesions in breast tissue that could
potentially increase the risk of BC of radiations
genesis.

It is shown that during radiological examinations
of chest (low dose local irradiation) the yield of
chromosome aberrations in blood cells of patients
increases significantly. According to the authors, it
can determine the future development of radia-
tion-associated cancer among persons who
received preventive fluorography [40].

Thus, the low doses of IR during radiographic
examinations may induce an increased level of
chromosome aberrations in the cells of irradiated
tissues, including blood cells. Repeated exposure
to radiation for these cells can serve as a promoter
of carcinogenesis.

On the basis of the conducted research we have
formulated the objectives of biological (cytogenet-
ic) dosimetry / indication in radiology [34], which
we believe will reduce the likelihood of negative
long-term effects, including cancer, of small doses
of IR:
> modeling of the conditions of the X-ray studies
on the tissue equivalent phantom and evaluation of
radiation-induced cytogenetic effects primarily in
the field of critical tissues and organs (research in
vitro);
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Ta6nmuya 1
Papuonopaxkaemoctb xpomocom numcgouuToB nepucdepmyeckoin KpoBu yenoBeka in vitro npu gpaooporpacum
OopraHoB rpyaHou nonoctu [39]

Table 1
Radio susceptibility of chromosomes of human peripheral blood lymphocytes in vitro during the fluorography of
the chest [39]

BapuaHTbl 00ny4eHus KonuuectBo Yacrora OO0was yactota
The options of exposure NpoaHanu3upoBaHHbIX  abeppaHTHbIX abeppauuii XxpoMOCOM
Mpoexuns SKCriepUMeHTaNbHES meTadas metadas, % Ha 100 knetok
(w1 codeTarme npoexLmii) T04Ka Number of analyzed Frequency of Total rate of
Projection Experimental point metaphases aberrant chromosome aberrations
(or combination of projections) metaphases, % per 100 cells
lepepHas npsiMasi Npoekuys LLnToBnaHasa xenesa 200 4,0 4014
Front direct projection Thyroid
JleBblid kpaii rpyauHbl B 06nacTy 300 3,3 33+1,0

BWJIOYKOBO Xernesbl
Left edge of the steam in the thymus
BHyTpEHHSS NOBEPXHOCTbL 200 3,0 30£12
NEBON MOJIOYHON Xenesbl
Inner surface of left mammary gland

MepeaHss npsias npoekuus + LLuToBUAHas Xenesa 200 45 55+1,6
npasasi 60koBasi NPOEKLys Thyroid
Front direct projection +
right side view
3afHss npsiMas NPoeKLyus JleBbliA Kpai rpyavHbl 100 4,0 4,0+ 1,96
Rear direct projection B 00/1aCTN BUNOYKOBOM XeNe3bl
Left edge of sternum in thymus area
MepenHss npsiMast npoexkLms JleBbliA Kpan rpyauHbl 200 40 4014
Front direct projection B 00/1aCTV BUJIOYKOBOM Xenesbl
Left edge of sternum in thymus area
3anHss npsMas npoekuus + BHyTpEHHSS NOBEPXHOCTbL 200 7,0 80+x19
npasasi 60koBas NPOEKLMS NEBON MONIOYHON Xenesbl
Rear direct projection + Inner surface of left mammary gland
right side view
MepeaHss npsimast NpoekLms LLnToBMaHas xene3a 150 4,0 4617
Front direct projection Thyroid
MepepHss npsimast NpoekLms JleBblii Kpan rpyauHbl 200 8,5 3,012
Front direct projection B 0611aCTI BUNOYKOBON XENe3bl
Left edge of sternum in thymus area
MNepeanss npsamas npoekuus + BHyTpEeHHsS NOBEPXHOCTb 200 8,5 95+21
npasasi 60kOBasi NPOEKLMS NEBOV MOJIOYHO Xene3bl
Front direct projection + Inner surface of left mammary gland
right side view
MepenHss npsimMasi NpoeKLms LLuToBMAHAs Xenesa 100 6,0 6,0+24
Front direct projection Thyroid
3anHss npsamas npoekuns + JleBbliA Kpan rpyauHbl 300 40 4011
npasas OOKOBas MPOEKLYSt B 00/1aCTV BUIOYKOBOM Xenesb
Rear direct projection + Left edge of sternum in thymus area
right side view
JleBasi GokoBasi MpoeKLMS BHyTpeHHSS NOBEPXHOCTb 200 6,5 65+1,7
Left side view NEBOVA MOIOYHON Xenesbl
Inner surface of left mammary gland
MepenHss npsamas npoekuns JleBbii kpail rpyauHbI 200 4,0 40+14
Front direct projection B 06N1aCTI BUNOYKOBOIA Xenesbl
Left edge of sternum in thymus area
BHyTpEeHHSS NOBEPXHOCTb 200 2,0 2,0 +0,99

NEeBOI MOMOYHOI Xenesbl

KoHTponb Heobny4eHHbIi 300 3,0 3,0+0,98
Unirradiated control
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> IUTOTCHETUYECKUII MOHUTOPHWHI ITallUEHTOB I10CIIE
MpPOBEACHUSI PEHTTEHOJOTMYECKUX OO0CIeTOBaHUI C
LIEJIbI0 O0BEKTUBU3ALNY OLICHKM HeTaTUBHBIX OTAAICH-
HBIX MOCJEACTBUI OOJy4YeHHUs. DTO KacaeTcs, Mpexie
BCETO, TMALIMEHTOB C XPOHWYECKMMU 3a00JIeBaHUSIMU,
MOIBEPTAIOIINXCS YaCThIM ITOBTOPHBIM PEHTICHOJIOTH-
YEeCKMM MCCJIEIOBAaHUSAM, C OCIa0JeHHBIM MMMYHUTE-
TOM U T.A. (MUCCIEA0BaHUS in Vivo).

MpbI motaraeM, 4To 3TH 3aa4y aKTyaJbHbBI M B HACTO-
sIIee BpeMsl, HECMOTpPSI Ha TEXHUYECKOE YCOBEPIICH-
CTBOBaHME PEHTIT€HOBCKMX YCTAHOBOK U PaguallMOHHOM
3alIMTHI TAUMEHTOB U TiepcoHana [12, 13 u np.].

TakuMm o0Opa3oM, aHaAW3 OaHHBIX JIUTEpaTypbl W
COOCTBEHHBIX HMCCIIEHOBAHUI apryMEHTHPYET HE0o0XO-
JUMOCTb pa3paboTKu 0oJiee B3BEILLIEHHBIX MOKAa3aHUI K
MPOBEACHUIO MPOGUIAKTUIECKUX PEHTI€HOJIOTNYECKMX
0o0ciefoBaHUI HaceJIeHUsI B TTOCTYEPHOOBLILCKOM Tie-
pUOJIe C YIETOM BEPOSITHOCTU Pa3BUTHUS pagyalliOHHO-
ro KaHueporeHe3a. OgHaKoO Takas MO3MIIMS He JOJDKHA
MpPUBECTU K HEOOOCHOBAHHOMY COKpAIllEHUIO PEHTIe-
HOBCKMX JUaTHOCTUYECKUX MCCIIeTOBAaHUI U, TAKIM 00-
pa3oM, YXyOIICHUIO 300pOBbs HaceleHus. st Ykpau-
HBI B YCJIOBMSIX 3MUACMUM TyOepKyje3a U MOBBIIIECHUS
YPOBHSI OHKOJIOTUYECKOM 3a00JIeBa€MOCTU aKTyasb-
HOCTb TaKMX MCCJICIOBAHUI OYEBUIHA.
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> cytogenetic monitoring of patients after the
X-ray examination aimed at facilitation of the
evaluation of negative postponed effects of radia-
tion exposure. This applies, above all, to the
patients with chronic diseases, that are subject to
frequent repeated radiographic studies, otherwise
being immunocompromised, etc. (study results in
vivo).

We believe that these objectives are relevant
today, despite the technical improvement of X-ray
equipment and radiation protection of patients
and staff [12, 13 et al.].

Thus, the analysis of literature data and of our
own research results point out the need for a more
balanced indications for conduction of preventive
radiological surveys of the population in the peri-
od after the Chornobyl NPP accident with taking
into account the likelihood of radiation carcino-
genesis. However, such a position should not lead
to unnecessary reduction of the scope and range
of X-ray diagnostic examinations and, thus,
health deterioration in population. The relevance
of such studies is obvious in Ukraine under the
tuberculosis epidemic and increasing cancer inci-
dence.
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