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C ouma/ibHO-KOoJIormyeckKkme

MPOB/IEMbl YCTONUYMBOIO PA3BNTUA

S ocial and environmental problems

OF SUSTAINABLE DEVELOPMENT

YK 796.5/332.1

_ APXEANANYHAA CIMAAYBIHA BEJTAPYC HAK P3CYPC
YCTOUNIBATA TYPbISMY: CTAH | NMEPCIMNEKTbIBbl BbIKAPBICTAHHA

M. A. TTNABIHCKI1

Mi>KHapOoAHbl A3Ap>KayHbl 3KanariyHbl iHCTLITYT iMaA. [1. Caxapasa, benapycki g3sp>kayHbl YHiBEpCIiTIT,
Byn. Llayrabpogckas, 23/1, 220070, r. MiHck, Benapych

Pasrnsagaeuua cyyacHbl CTaH i NepcneKTbiBbl BbIKapbICTaHHS apxeanarivyHaii cnafgyblHbl Benapyci y sikacui pacypcy
ycToliniBaraTypbiamy. AHasli3 cyvacHaractaHy cnpayy TypbICTbiYHal cpepbl gasBanse cuBsapLXKalb, LUTO sie 3Ha4Y3HHe ¥ sKacu,i
pacypcy ycToiniBara Typbl3aMy HefjaaudHbBaeuua. Y MNayHal CTyneHi Takoe CTay/ieHHe fa BblKapbICTaHHS apxeanarivyHbix
NOMHIKay y fiIKacui TypbICTbIYHbIX ab’eKTay MoXa TAymaublyla HeabXoAHacL0 CTBapP3HHA agMbIc/oBai iHDPaCTPYKTYpbl
i iH(apmaLbliiHara cynpaBakaHHS, LWITO Npagyrnempksae NpbiUsrHeHHe 60/1bLU 3HAUYHbIX iHBECTbILbIA 415 TypbICTblUHAra
3aCBaeHHsA apxeanariyHain cnagyblHbl ¥ NapayHaHHHI 3 NpbIpogHa-paKpa3aubIiHbIMI pacypcaMi. Pasam 3 TbiM, BijaBo4Ha, LUTO
apxeanariyHasi cnagubiHa Benapyci 3’aynsieyla BbIKIOYHA BaXKHbIM pacypcaM TypbI3My, aKTbIBi3aLblsi BbIKapbICTaHHS siKora
y 6nixkalilwan nepcneKTbiBe MOXa Aa3Bo/lilb 3a65cneybllb YCTOMNIBACLb Aro passilLs.

KntouaBblsi CNOBbI: apxeanariyHas cnagyblHa; iHpacTPyKTypa; YCTOMMiBbl TYpPbI3M; YCTOMMiBae pasBiLLé.
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APXEO/IOMMUYECKOE HACNEAVE BENIAPYCU KAK PECYPC YCTOMYMNBOIO
TYPUSMA: COCTOAHWME U THEPCIMNEKTWBbLI EMO PA3BUTUA

H.A.MNABUHCKNN1

DM e>KAyHapOaHbI/A rocyfapCTBEHHbI 3KONOTMYECKUA MHCTUTYT nmeHn A. [l. Caxaposa,
Benopyccknii rocyaapcTBeHHbI YHUBEPCUTET,
yn. Jonro6poackas, 23/1, 220070, r. MuHck, Benapycb

PaccMaTpMBaeTCsl COBPEMEHHOE COCTOSIHME U NepCreKTUBbI MCMO/b30BaHNUA apXeoiornyeckoro Hacneansi Benapycu B Ka-
YecTBe pecypca yCToMUMBOro Typuama. AHaIM3 COBPEMEHHOI TYPUCTMYUECKOM Chepbl aeT BO3MOXHOCTb YTBEPXAaTb, YTO ero
3HaYeHVe Kak pecypca ycTouMBOro TypuaMa HefooLeHBaeTcs. B HEKOTOPOM CTeneHy Takoe OTHOLIEHME K MCMOMb30BaHIo
apXeosiorMyeckKnX NamaTHUKOB Kak TYPUCTUUECKUX 06bEKTOB 06bACHAETCS HEO6X0ANMMOCTbLIO CO3AaHMs CneLuanbHoi NHdpa-
CTPYKTYPbI 1 OpraHu3auuy MHPOPMALMOHHOTO COMPOBOX/AEHUS, UTO NpesycMaTpUBaeT NpuB/edeHre 60/1bLLINX UHBECTULNIA
ANA TYPUCTUUECKOTO YCBOEHWS apXeosiorM4ecKoro Hac/eans no CPaBHEHMIO C NPUPOAHO-PeKPeaLMoOHHbIMMY pecypcaMmu. BmecTe
C TEM OYEBUAHO, YTO apXeosiormueckoe Hacneaue Benapycu SBNSETCS UCKIOYNTENIbHO BaXKHbLIM PECYPCOM TYpuU3Ma, aKTuBM3a-
Lis UCMO/b30BaHMSI KOTOPOro B Gnvxkaiileli nepcrneKTUBe 4acT BO3MOXHOCTb 06eCNeUnTb YCTOWUMBOCTb €ro pasBuTUs.

KntoueBble COBa: apXeo/orMyeckoe Hacneane; MHPPacTPyKTypa; yCTOMUNBLIA TYpU3M; YCTORUMBOE pasBUTHE.

ARCHAEOLOGICAL HARITAGE OF BELARUS AS A RESOURCE
OF SUSTAINABLE TOURISM: STATE AND PROSPECTS OF USE

M. A. PLAVINSKI

dnternational Sakharov Environmental Institute, Belarusian State University,
23/1 Daithabrodskaja Street, Minsk 220070, Belarus
Corresponding author: plavinsky_arc@ mail.ru

The article discusses the state and prospects ofusing the archaeological heritage of Belarus as a sustainable tourism resource.
An analysis of the current state of affairs in the tourism sector suggests that the importance of the archaeological heritage as
a sustainable tourism resource is underestimated. To a certain wall, this attitude to the use of archaeological monuments as
tourist sites can be explained by the need to create special infrastructure and information support. This involves attracting
large investments for the development of the archaeological heritage in comparison with natural and recreational resources.
At the same time, it is obvious that the archaeological heritage of Bialarus is an extremely important tourism resource, the
intensification of the use of which in the near future can make it possible to ensure the sustainability of its development.

Keywords: archaeological heritage; infrastructure; sustainable tourism; sustainable development.

YBOA3iHbI

MaHsuue «ycToiniBbl TypbI3M» YCE YacLeil BblKapbiCTOYBaeuua Y benapyci. Harneassubl Ha agcyTHacLUb
aAsiHara arynbHanpbiHATara Bbl3Ha43HHS YCToMNiBara TypbI3My SIK 3KanariyHara, akaHamivHara i caublsikybTyp-
Hara heHOMeHa, abMepKaBaHHE Aro 3MecTy NpbIKMETHa aKTbIBi3aBanacs Y Hallai KpaiHe Ha npausry HekanbKix
anoLHix ragoy. MaTamy Y 3HavHai CTyneHi nacnpblisifi 9K KAHKP3THbIS YMOBBI | KipYHKI 3kaHaMiyHara passiuus
Benapyci, a MeHaBiTa, aKTbIyHbl POCT YA3HOTa TypbI3MY, NaATPbIMKA AKOMY aKa3BaelLa Ha A3fpXayHbIM Y3pOoyHi
[5], Tak i Mi>XHapOAHbIA IHILbIATLIBbI, HakipaBaHbIf Ha Nanynspbi3aublio i3 ycTolniBara passiyus. Aa niky
anoLUHIX HalinepLu HanexbluUb pasantoubla 70-i cecii MeHepanbHain Acambsnei ApraHisaubli A6’agHaHbIX Haubll
af 22 cHexxHa 2015 r., akas absawyana 2017 r. MixxHapoLHbIM rofam ycTolnisara TypbI3my.

Y Mmexax meparnpbleMcTBay, NpbiIMepKaBaHbIX Y benapyci fa ratara roga, npaBoasinica aco6HbIS HaBYKOBbIS
MepanpbleMcTBbl (Kpyr/ibl cToN «KynbTypHasa cnafybiHa i Typbi3M», apraHiszaBaHbl 18.04.2017 r. MiHicTapcTBam
KynbTypbl Pacny6niki benapycb cyMecHa 3 IHCTbITYTam KynbTypbl Benapyci i MiHrapebikaHkamam y MacTavkai
ranepai Mixaina Casiukara [10]) i BbicTaBbl («YCTOWNIBLI TYpbI3M i YCTONNIBae pa3siyué», 13.01-28.02.2017 r.,
HaublsiHanbHasa 6i6niaTaka benapyci) [11].

Pasam 3 TbiM, MOXXHa 3ayBaXKblllb T3HA3HLbIO, Y agnaBedHacli 3 fKOW MNaHsAuUe YycToiniBara Typbl3my
aTasicam/iBaelilia HainepLu 3 aKanaridyHbIM Typbi3Mam i, afnaBefHa, Yy SKacLi aCHOYHbIX TYPbICTbIYHBIX pacypcay
parnsgatoula npbipogHa-pakpaaubliHbIg. Slivbilyla, WTO paubliHanbHa apraHizaBaHbl 3KaTypbi3M 60/bL 3a
iHLWbIA Aro Biapl agnaesaae KpPbITapbISM YCTOMNIBacLi. Y CyyaHbiX 6enapyckix paaniax y KaHTaKcLe ycToiniBacli
abmspKoyBatoLLa nepaBaXkHa Takisi Bifbl TYpbICTbIYHAl A3eliHacLi, K arpaskaTypbi3M i HaBeABaHHe acabsniBa
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axoyBaeMbIX MPbIPOAHbLIX TIPbLITOPbLIA. TMpbl F3ThIM NpbI3HAEL LA, LUTO BbI3HAYIHHE «YCTOWNIBLI» MOXa afnass-
Jaub He TOMbKi 3KanariyHamy Typbi3my [12]. AfHaK Ha NpakTbiLbl Y AKacLi pacypcay ycTolinisara Typbi3My TO/bKi
yac af vacy pasrnagatouua ab’ekTbl FiCTOpbIKa-Ky/bTypHali CNafybiHbl, NPbIYbIM raBopKa 3BblYaiiHa ig3e nepa-
BaXKHa ab NOMHiKax apXiTaKTypbl anbbo rictapblUHbIX | apXiTIKTYPHbIX naHawagTax.

Y cBalo uapry, abmepkaBaHHE NaT3HLUbISNY BbIKAPbICTAHHS apxeanariyHail crnagybiHbl ¥ fKacui pacypcy
ycToiniBacyi Typbl3aMy MNpakTblYHa He aabbiBaeuua. Ha Hawl nornsg, WTy4YyHae BbIK/IHOUY3HHE apXeanariuHbixX
MOMHiKay 3 NiKy NaTaHUbIHbIX ab6’eKTay TypbICTbIYHAra BbIKapbICTaHHA 3HaYyHa 305 AHSIE PACYpPCHY0 6asy Ty-
pbI3My, LUITO HaTypa/ibHbIM YbIHAM YNJibiBae Ha NepPCreKTbIBbI Aro YcTolnisara passiyus y benapyci.

CTaH i mepcrneKkTbIBbl BblKApbICTaHHA apxeanariyHain cnagyblHbl Benapyci sk pacypcy ycToinisara
Typbiamy. 3rofHa 3 A3el0ubiM 6enapyckiM 3akaHagayCcTBaM, Maf BbI3HAUYSHHEM «apxeanariuHas crnagubiHa»
pasymeeLiLla YCsi CYKyNHacLb iCHYIOUbIX Yy KpaiHe apxeanariyHbix ab’eKTay i apTadakray, y TbiM NiKy MOMHiKay
apxeasnorii. ¥ cBato Yapry, naf apxeanariyHbiMi pasymeroLLa HepyXoMbls MaTapbIs/ibHbIA a6 eKTbl ab0 iX KOMMeK-
Cbl, AIKiS1 Y3HIKNI ¥ BbIHIKY XbllLUA/A3eAHACLi YanaBeKa 60/bLL 3a CTO ABallallb ragoy Tamy i 3axaBanics ¥ 3amni
ab0 Ha [IHe NPbIPOAHbIX i LWITYYHbIX Bagaémay, Maloup ricTapblyHae, MacTallkae, HaByKOBae abo iHLLIAe Kyfb-
TypHae 3HausHHe. [a niky apxeanariuHbix ab’ektay Hanexalpb: P3LITKI YMallaBaHbIX naceniwyay (rapaasiwybl,
CTapaXbITHbIA Fapafbl i 3aMKi), HeYMalaBaHbI Naceniwybl PO3HbIX 3M0X, aCOOHbIA OYAbIHKI | iX KOMMAEKCHI,
Ky/nbTaBblsi a6’eKTbl (CBALINIWYbI, XpaMbl | MaHACTbIPbI); Ky/bTaBbls KaMsiHi i KPbKbl, KypraHHbIs i FPYHTOBbISA
MOTINbHIKI | aCOBHbIA CTapaXKbITHbIA Marifbl, IHPPACTPYKTYpa CyXanyTHbIX, BOAHbIX i BOJHA-BONAKABbIX LUAAXOY
[6]. Takim yblHam, nepanik Bigay apxeanariyHbiX NOMHiKay CBeAYbllUb a6 iX BANMiKail pasHacTaiHacui. AKpams
Taro, apxeanariyHbisi a6’eKTbl 3’aynstoLLLa camaii LUMATAiKai Na KoMbKacli KaTaropbIisii HEPYXOMbIX FiCTOpbIKa-
Ky/NbTYPHbIX KalToyHacleli Pacny6niki Benapych [4]. [3Ta, y cBato yapry, Aa3Banse pasrnsgalb apxeanariyHyto
cnaaublHy Y AIKacLi BbIK/TKOYHA BaXKHAra pacypcy ycToiniBacLi TypbICTbIYHAl A3eHacL,i.

YKNHOU3HHE apxeanariyHblX MOMHIKAY Yy 3KCKYPCiliHbiS MaplUpyTbl AasBanse CTBapalb apbiriHanbHbI
TYPbICTbIYHbI NPagyKT, YHiKalbHbl 419 KOXHara acobHara pariéHa. Pasam 3 Tbim, y mpausce TypbICTblYHara
BbIKapbICTaHHS apxeanariyHbIX MOMHIKay BapTa Mellb Ha YyBase HeKaTopbls ix acabniBacui. ManoyHas 3 ix
3aK/oyaeLLay ThiM, LUTO 3HaYHas YacTKaTaKix apxeanariuHbix a6 ’ekTay, sk HeyMaLlaBaHbIs Macenilybl, KypraHHbIs
i FPYHTOBbISI MOTiMIbHIKI, CBALiNILLYbI, CTAPaXbITHbISA AAPOTi i I. 4. He BanoAatoLb ApKa BbisiyieHali aTpakTblyHaCLHO.
AanaBefHa, A3ens Taro, Kab 3pabilp ixX NpbIBaOHbLIMI | MaKciManbHa iHthapMaTblyHbIMI 45151 HaBeABaHHS, AaA3€eHbI
TbiM a6’eKTay natpabye CTBap3HHA aanaBeAHai iHQPacTPYKTYpbI i iHpapmalbliiHara cynpaBampkaHHS. MeHaBiTa
HeabxofHacLUb MPbILUATHEHHS 60MbLUbIX IHBECTbILbIA ANA TypbICTbYHAra 3aCBaeHHs apxeanariuyHbiX MOMHiKay
y napayHaHHHI 3 NpbIpoAHa-PaKpP3aLbIAHbIMI P3CypcaMi Nakyb 3anaBosibBae iHT3HCIYHACLb iX BbIKapbICTaHHS.

Pasam 3 TbiM, CEHHS MOXHa MpbIBECLi LU3par NpbiKiagay nacnsaxoBara TYpbICTblYHara BblKapbICTaHHS
apxeanariyHaii crnagyblHbl Benapyci. Haiibonbw aTpakTblyHaii Ans TypbicTay (opMail  Mp33eHTaubli
apxeanariyHblX MOMHiKay 3’aynseLa cCTBapaHHE My3es naf afKpbITbiM Hebam. HaiinenwbiM Npbiknagam Takora
my3es ¥ benapyci 3’aynseyua apxeanarivyHbl My3eil «bsipacue». Myseit 6bly agkpbiTbl ¥ 1982 . ACHOBai Aro
aKcnasilbli 3’aynstoLLa pacKpbITbid Magyac packonak, npaBeA3eHbiX y 1969-1981 rr. M. &. JIbiceHKaM, p3LUTKi
ApaynsHai 3abynoBbl A3a43iHUa netanicHara bapacus XIII cT. Ha rabi6iHi yaTbipox MeTpay Ha nnowybl 1118 m2
3KCnaHytoLa p3WTKi 28 XbINbIX i racnagapybix nNabyaoy, a Takcama ApaynsiHbis MacTaBbls, BACTPAKO i PALLTKI
rniHabiTHLIX neyay [8]. FanoyHali acabniBacuto My3es «bspacue» 3’Aynsella BbIKNOYHA A06pas 3axaBaHacLb
p3LWTKay rapafckoii apaynsHaii 3abynoBbl cTapaXKbiTHapyckara yacy. [aBofne icHyHOUbIX AaHblX, 3a Yac npaupl
My3es 9ro HaBefana 60/bLl 3a TPbl MifIbEHbI TypbIcTay [1].

AWwYs agHbIM MpbIKAaAaM TYpbICTbIYHArA BbIKAPbICTAHHS apxeanariyHara MOMHiKa LW/isixam nepaTBapaHHA
Aro y My3eii nag agkpbITbiM Hebam 3’aynsella My3ei, sxi nayay g3eiHivaups y yapseHi 2019 r. y HaubisHanbHbIM
napky «benaBexckas nyLiya». Ha TapbITopbli HOBaCTBOpaHara My3esi MaeL|L|a HeKanbKi apxeanariyHbiX MOMHiKay,
pacKonKi siKix 6bini NpaBe3eHbIs KaNeKTbiBaM Agacneaybikay 3 IHCTbITyTarictopsli HAH Benapyci nag HaByKOBbIM
KipayHiuTBam B. J1. J1aki3bl. Y BbIHiKy 3TbIX packomnak Obina BbisiyieHa npaacTayHivas Kanekubls apxeanariyHblx
maTapblnay, [Kisa gaTyouLa vyacam ag Me3anity ga anoxi CsapagHesskoys. Cam My3eit yaynse 3 ca6e HaTypHYHO
P3KaHCTPYKUbIIO Tapafsiliya no3Hsra 6poH3aBara - paHHsAra >kanesHara BeKy. Y npausce p3kKaHCTPYKLbli
abapoHybIx 36yaaBaHHAY rapafsillya, a Takcama XbIfbIX i racnagapybiX Nadbyaoy Ha Airo TapbITOPbIi Y AKacui
HaByKOBara abrpyHTaBaHHS Oblfli BbIKapbICTaHbI BbIHiKi AacnefaBaHHAY MOMHiKay Ky/nbTypbl LUTPbiXaBaHai
Kepamiki i Minarpagckaii KynbTypbl )Kane3Hara Beky Y mexax benapyci [2; 7].

Y skacui npbiknagay nacnsxoBara KOMMEKCHara TypbICTbIYHAra BbIKapbICTaHHS apxeanariyHaid cnaguyblHbl
i MPbIPOAHA-P3KP3aLbIAHbIX P3CYpCcay MOXHA NPbIBECLi MPbIKa] HEKATOPbIX PariéHay Ha NayHOUHbIM 3axaf3e
Benapyci. Tak, Ha NpausAry anowHix AByX A3ecAuironasay cknanaca yaanas npakTblka KOMMIEKCHara acBaeHHs
NPbIPOAHAIA i TiCTOpPbIKa-KyNbTypHai cnagubiHbl Bpacnayckara p-Ha Biue6ckaii Bo6. Mpbl raThiM NPbIPOAHbIS
MOMHIKi pariéHa cTani BbIKapbICTOYBaLLA Y SKacLi pacypcay NpbIUsrHEHHA TypbicTay Awy3 y 1920-1930-e rr.,
Kasi raTa TapbITOpbIs YBaxo43inay cknaf MixkBaeHHal Monbckaii A3spxasbl. [afa3eHas npakTbika npausrHynacs
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i ¥ opyroi nanoee XX CT., y aAMiHICTpaTblyHa-TIpbITapbIANbHbIX MeXax BCCP. CEHHSA akTblyHae TypbICTbIYHaE
BblKapbiCTaHHe Bpacnayckara Maa3ep’s npausareaeluay 3HauyHai CTyneHi A3sKytoubl A3eidHacli HaubisHanbHara
napka «bpacnayckisi a3épbl». Y TypbICTbIUHbIA MApPLUPYThl YKAOUalOLLA He TOMbKi apXiTaKTYpHbIA ab’eKThbl, ane
i Takisa NOMHIKiI apxeanorii, K cAp3aHeBAKOBbIS rapaasilysl (3amkasas Mapa y bpacnase i Mackasiubl). Mpausar-
BaeljLa npaua na CTBap3HHiI HOBbIX MapLUpyTay i YKNHOU3HHI apxeanarivHbix ab’ekTay Ba Y)K0 A3etoubls.

Y 2019 r. na iHiUbIATLIBE KipayHika HeKamepLbliiHara npaekta «Boctpay MaHacTtbip - Knsiutap» A. LLayubIK
npbl NaaTpbIMUbl paéHHali agmiHicTpaubli i KipayHiuTBa HaublsHanbHara napka «bpacnayckis asépbl» navaycs
NpaekT na BbIBYY3HHI, pakpaaubli i My3eedikalbli BocTpaBa MaHacTblp Ha BO3epbl Hecniw. Y mexax i Ha
nepLUbIM 3Tane fro panisaubli Ha BOCcTpaBe MaHacTbIp apxeanarivyHai skcnegblublisii MixkHapogHara g3sapayHara
aKanariyHara iHcTbITyTa iMa A. . CaxapaBa benapyckara Assp)xayHara YHiBepciTaTa Oblli npaBeA3eHbIs
apxeanariyHbla packonki. Y npaubl aKcnegbiubli NpbiMani ya3en sanaHuUEpbl 3 po3HbIX pariéHay benapyci,
3HAYHYI0 YacTKy 3 AKiX CKnafi npaAcTayHiki MAcLoBai rpamagckacLi. Matai gacnefaBaHHAY Obl0 BbI3HAY3HHE
XapakTapy Ky/nbTYPHbIX HamnnactaBaHHAY i BbiiyneHHe Magmypkay 6yabliHkay Bpacnayckara lMpaybliCLugHCKara
npaBacnayHara MaHacTblpa, ki ynepLbiHio 3ragBaeuya nag 1501 r., ane yac Aro Y3HikKHeHHS MOXHa afHecLi,
npbiHamci, ga XV cT. Macns 3aknio4usHHsA bpacukali uapkoyHali yHii ¥ 1596 r. MaHacTbIp BbI3HAY HOPbICAbIKLbIO
VHisiuKaid LapkBbl, a nacns 1617 r. yBailioy y cknafd 6asblfbsHCKara maHackara opfgsHa. [epblsif pOCKBITY
MaHacTblpa NayblHaewLa 3 capaa3iHbl 1760-X Ir., a (hiHan Aro PyHKUbISHaBaHHA Npbinajae Ha nadyaTak 1830-x rr.,
KaJli Ha BOCTpaBe afbblycs naxkap, AKi naknay KaHel, iCHaBaHHIO MaHacTbIpa.

BbIHiKi apxeanariyHbiX packonak naky/sb He Aa3Bansiiolb Nagpabsi3Ha paKaHCTPpysABaLUb Naycan3EéHHae XbILLE
Aro HacefbHiKay. [na facarHeHHs rataidi MaTbl natpadytoLLa lWmaTraoBbis apxeanaridyHbls packorki. Ane Yo
CEHHS MOXHA CLiBAPLKaLb, LITO YAAN0CH faCArHYLb 3HAUYHbIX Nocnexay y BbIpallaHHI iHLWbIX, HE MEHLL iICTOTHbIX
M3T npaekTa. Mepluali 3 ix 3’aynsewlua NpbIUATHEHHE YBari MACLIOBai rpamaackacui i MaT3aHUbIAHbLIX iHBECTapay
[la BocTpaBa MaHacTbIp K la KallToYHara apxeanariyHara noMHika i MarybiMara TypbICTblyHara a6 ’ekra. Jpyras
JlacaArHyTas MaTa - galyysHHe Aa npaekTa npagcTayHikoy MsCLOBai rpamafcKacii, 3alikayneHblX Y BbIBYUY3HHI
i nanynapbi3alpli rictapbluHai cnagybiHbl bpacnaywybiHbl, LITO camMo na cabe 3’aynsela rapaHTam facsirHeHHs
ycToiniBacLi TypbICTblYHAra acBaeHHs pariéHa.

Mpblknagam akTbiBi3albli LiKaBacLi aa apxeanariyHara noMHika ik ga TypbICTblYHara ab’ekra y BbIHiKYy npa-
BAA3EHHS apxeanarivHbix gacnefaBaHHay 3’aynsewla 3aMak anoxi nosHsara CapafHeBakoys i Hosara yacy, pas-
MellYaHbl Ha naygHéBa-ycXoaHsAl yckpaiHe Mspasens, Ha nayBocTpaBe Bo3epa MscTpa. 3amak 6bly 3acHaBaHbl
namixx 1484 i 1490 rr., Kani Ha nayHO4Ha-yCX0A4HIM Kpai 3aMKaBara naropka 6bina y3sefa3eHas MaryTHas MypaBa-
Has Bexka 3 kKaMsiHEY i uarnbl. MpbiknagHay capagsiHe XVI cT. agbbinaca MagapHisalbls 3aMKaBbIX yMaLaBaHHSY -
na nepbIMeTPbI 3aMKaBara naropka 6bina nabyasaHa NiHis yMalaBaHHSY 3 6acTasaMmi - naykpyribiMi nasLoyKami
4N pasMALLY3HHSA rapMat. AKpams Taro, Bakoi 3amka 3 M3aTaii NaBeniusHHA aro abapaHasfonibHacLi Obly Hacbina-
Hbl [afaTKOBbl 3eMASHbI Bas 3 6acTbléHaMi. Macns 3akaH43HHA JTiBOHCKaiA BaliHbI MAaf3enbCKi 3amak nacTynosa
rybnsie cBaé 3HausHHe AK Cyp'é3Hae (hapTbiikaubliiHae 36yaaBaHHe, a nacns BoWHay csp3a3iHbl XVII CT. éH,
BeparogHa, naybliHae BblKapbICTOYBaLLa Y racnagapybix Matax. Y 1735 . Ha TapbITOPbIi 3aMKa afbblyca naxap:
LUTO ObINO 3HillYaHa arHém, HeBAAOMa, afiHak, MSAPKYHOUbl Na TbiM, LUTO 3aMKaBas 3aMAa Y raTbl Yac apaHjaBsa-
nacs MslyaHami, TyT Marii pasmallyalLa ToNbKi HeilKia ManasHauHbls racnagapysis nabyfosbl. [lacns naxapy
TIPbITOPbIA 3aMKa Obl1a KaHYaTKOBa 3aKiHyTas i neparBapbliacs Y BOPbIYHbIA NaneTKi XbIxapoy MAcTauka [3; 9].

Y npauace apxeanariyHbix facnefaBaHHsY, AKis npaBoA3inica skcneaplLbIsi nag KipayHiutsam M. A. MnasiHcKara
y 2013-2015 rr., 66101 BbiNpaLaBaHbIs Nagbixoasl fa pakpaalbli faf3eHara apXiTaKTypHa-apxeanariyHara NoMHika
i IHT3HCI(hiKaLbli Aro TypbICTblYHAra BblKapbICTaHHA. Ha fAaf3eHbl MOMAHT paanisalbli raTbiX Nagbixogay npbissna
Aa iHhpacTPyKTypHali MafapHi3albli BakoiL, 3amMKa i CrpaLly3HHS JOCTYNy Aa fro TypbIcTay.

IHT3HCiiKaLbIsf BbIKapbICTaHHA apXeanariuyHbix a6’eKkTay y TypbICTbIYHAN IHAYCTPbII fa3Banse MaA3pHi3aBaLb
MACLOBYIO iH(DPAaCTPYKTYpy i CTBapalb HOBbIS NpaLoyHbls Mecubl Y pariéHax 3 abmexxaBaHbIM MaTIHLbIS-
nam iHAycTpbisnbHara i cefbckaracnajapyara passiluf. AKTbIBi3alblsi TypbICTblYHara acBaeHHs ab’ekTay
apxeanariyHaii cnagubliHbl Ja3Baisie MpblUArBaLb He TONbKI OpraHbl MscLoBal afgMmiHicTpaubli i OYyWHbIX
Typanepartapay, afne i npafcTtayHikoy parisHanbHara mManora i capagHara 6i3Hecy, a Takcama LUbIPOKis KOfbl
MACL0Bai rpamMacKacli. Y BbIHiKY, BbIKapblCTaHHe apxeanarivyHai cnafgublHbl Y sKacli TypbICTblYHAra pacyp-
CYy MOXa CTalb BaXXHbIM (hakTapaM YMallaBaHHS rapbl3aHTaslbHbIX CyBA3el i hapmipaBaHHA IHCTLITYTay rpama-
[3fHCKara rpamajcTBea Ha MSCLLOBLIM Y3pPOYHI, LUITO 3’AynseLLa 3a10raM JacarHeHHS M3T YCToniBara Typbiavy.

Pasam 3 TbiM, BapTa yniuBaupb, LUTO Y npauace iHTIHCi(iKaLbli BbIKapbICTaHHS apxeanarivyHai cnajyblHbl
Y SIKacLi TypbICTbIYHara pacypcy HenasbexxHa byase y3pacTalb hakTap aHTpanareHHaray3/3estHHA Ha KaHKP3THbIA
apxeanariyHblsi NOMHIKI. ['3Ta, y CBal0 Yapry, MoXa MnpbIBecLi fa 3HayHara naraplUaHHs cTaHy ix 3axaBaHacLi,
LUTO, aAnaBefiHa, NaTpabye pacrnpaloyKi KOMMNAEKCY Mep Na anTbiMi3albli aHTpanareHHara y3a3esHHs. [aaseHbis
3axafbl NaBiHHbI CMIPbISALL paLblgHani3aLbli i anTbIMi3aLbli BblaTKay Ha BbIKapbICTaHHE apXeanaridyHblX MOMHiKay
Y TYPbICTbIYHbIX M3Tax, iX facnefaBaHHio, pacTaypaubli i pakpaalbli, LWTO Aa3BoNiLb 3a6scneybllb MakCiMaabHbI
3KaHaMiyHbl 3(PEKT i YCTOMNiBacLb TYPbICTbIUHAN A3eHacL,.
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3aK/1HY3HHE

MpaBef3eHbl aHasi3 gasBanse CUBSpAKaLb, LUTO anowHiM Yacam y Benapyci igai ycToliniBara TypbiaMy
nacTynoBa nalblpatoLLay acapoaasi cneublisinictay y aaaseHaii chepsbl i naybiHalOLb peanizoyBsalilia Ha MpPaKTbILbl
Y KaHKp3THai TypbICTbIYHA A3el/iHacui. Pazam 3 TbiM, MOXKHa Mpacaybllb T3HA3HLbIK, Y aanaBefHacLi 3 AKOW
naHsiLUe YcToiniBara Typbi3aMy aTasicamMiiBaella Hanepll 3 3KanariyHbiM Typbl3maM, i Y fKacli aCHOYHbIX
TYPbICTbIYHBIX pacypcay parfisgarouua nNpbipoAHa-pIKpaaLbliiHbig. Y CBal0 4apry, 3HauysHHe apxeanariyHai
cnaayblHbl Y SKacLi pacypcy YcTolniBara Typbi3amMy Hefaal3HbBaeLLa.

Ha Haw nornsg, wmatnikia i pasHacTaiHbis ab’eKTbl HEpPyXOMail apxeanariyHail crnagublHbl Benapyci
Ba/10faloLb 3HAYHbIM TYpPbICTbIYHLIM MAaT3HUbIANAM. BbiKapbicTaHHe apxeanariuHbiX MOMHIKaYy Yy fKacui
TYPbICTbIYHbIX ab’eKTay MaTpabye CTBap3HHA M3YyHali iH(PaCTPYKTYPbl i iH(hapMaubliiHara CynpaBakKaHHS,
WITO Npagyrnefkeae NPbIUArHEHHS OOMbLULIX IHBECTbILbIV A3€N15 iX 3acBaeHHA ¥ napayHaHHHI 3 NpbIpofHa-
P3KpaaubliiHbIMI pacypcami. Pa3aM 3 TbiM, YK/IHOU3HHE apxeanariyHblX NOMHIKay Y 3KCKYPCiHbIS MapLLpyTbl
[asBanse cTBapalb apblriHa/ibHbl TYPbICTbIYHbI NPaAYKT, YHiIKaNbHbI N5 KOXHara acobHara pariéHa.

Takim YblHaM, BigaBO4YHa, LUTO apxeanariyHasa cnafguyblHa Benapyci 3’aynseyua BbIKIHOYHA BaXKHbIM Pacyp-
caM TypbI3My, aKTbIBi3albll BbIKApbICTaHHS fKOra ¥ GniKaiLai nepcrnekTbiBe MOXa Aas3Bonilb 3abscrneybilb
ycToiniBacLb Aro pasiuus.
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DISTRIBUTION PATTERN OF THREATENED PLANTS IN QAKH
DISTRICT (AZERBAIJAN): ENVIRONMENTAL FACTORS AFFECTING
AND PREDICTION OF THE POTENTIAL DISTRIBUTION

A. G. IBRAHIMOVAa

dnstitute o fBotany, Azerbaijan National Academy o fSciences,
40 Badamdar Street, Baku AZ1004, Azerbaijan

Floristic investigations are necessary for the assessment of the current diversity status and conservation of biodiversity
on a global and national scale. Recently, biodiversity studies are taken up on different multidisciplinary methods and
measurements. Qakh district, which is located in the northwestern part of Azerbaijan demonstrates an extremely diverse
local flora, and it presents about 25 % of all plant species of the Caucasus. In the present study for the first time, we compiled
a checklist of threatened plants diversity of the study area, the patterns of species range depending on the altitudinal gradient,
to determine concentration areas with rich biodiversity and endemism. Besides, selected 15 threatened species were
investigated based on multivariate statistical analysis (CCA) based on six environmental factors (temperature, prediction,
carbon dioxide, humidity, altitude, and slope). For the first time, we used the Maximum Entropy Modeling (Maxent)
approach of the Species Distribution Modelling (SDM) for Qakh district, to predict the potential distribution of Platanthera
chlorantha (Custer) Rchb. (Orchidaceae), Ophrys oestrifera M. Bieb. (Orchidaceae) and Castanea sativa Mill. (Fagaceae).
The key findings of the study were that the north and northeastern parts were identified as main rich centers of biodiversity
and endemism in the study area. As a result of the statistical analysis, it became clear that as the elevation increases the
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richness of endemism is also raising. For many plants, the temperature and the humidity were indicated as the significant
environmental variables that influenced the species abundance.

Key words: endemism; species richness; CCA; red list species; species distribution modeling; conservation.

PACMPOCTPAHEHWE MCYE3AIOLWMX PACTEHNN
B KAXCKOM PANOHE (ASEPBAVIXKAH): BAVNAIOLWMNE
9KONIOTMYECKUE ®AKTOPbI 1 MPOrHO3UPOBAHUE
MOTEHLMANIBHOIO PACMPOCTPAHEHWS

A.T. NBPATNMOBA1

MHucTUTYT 60TaHuku, HaunoHanbHas akagemus Hayk Asepbaiif>kaHa
yn. Bagamdar, 40, AZ1004, r. baky, Asepbaing>kaH

dnopucTUYeCKUe UccneoBaHNst HE0O6X0AUMbI A1 OLEHKN TEKYLLLEro COCTOSIHUSI pa3Hoo6pa3ns U coxpaHeHusi buopas-
Hoo6pasus B rnobaibHOM U HaLMoHaNbHOM MacluTabe. B nocnefHee Bpemsi NPOBOAATCA UCCnefoBaHMS 6uopasHoo6pasus
C UCNO/b30BaHMEM Pa3INYHbIX MEXANCLMUMNNNHAPHBIX METOA0B U U3MepeHUit. KaxcKuii paiioH, KOTOpbIli pacnosioXeH B ce-
Bepo-3anafHoi yactu AsepbalifkaHa, AeMOHCTPUPYET Upe3BblvaliHO pa3Hoo6pasHy MecTHYH (opy v npejcTaBnset
oKono 25 % Bcex BUAOB pacTeHWit KaBkasa. B HacTosiLLeM uccnefoBaHUU BrepBble Mbl COCTABUIN KOHTPO/bHbIN CNUCOK
pasHoo6pasns pacTeHW, HaxoAsIWMXCA NO4 Yrpo3oli NCHE3HOBEHMSA, B pailoHe MCCNef0BaHMS, a TaKXe B npefenax fua-
nasoHa BMA0OB B 3aBUCUMOCTW OT BbICOTHOIO rpagnveHTa, YT06bl ONpefenUTh paioHbl KOHLEHTpaLmu ¢ 6oraTbiM 6uopas-
Hoo6pa3neM 1 3HAgeMukamu. Kpome Toro, 15 BMAOB, HaxoAsALWMXCA NOL YrPO30i MCUHE3HOBEHUS, GbINN UCCNef0BaHbl Ha
OCHOBe MHOFOMEPHOro CTaTUCTMYECKOro aHanm3a, 0CHOBAHHOI0 Ha LLeCcTU haKTopax OKpyxKatoleit cpeabl (TemnepaTypa,
MPOrHo3, cofepXaHune yrneKUcnoro rasa, BIaXXHOCTb, BbICOTa HajJ YPOBHEM MOPS M YK/OH). BnepBble Mbl UCMONb30Banu
noaxon «MakcuManbHoe MOAeNMPOBaHNE SHTPONMUK» AN MOLENMPOBaHUA pacnpeeneHns BuaoB Kaxckoro paioHa, uTo-
6bl NpefcKasaTb NoTeHUManbHoe pacnpegeneHne Platanthera chlorantha (Cust.) Rchb. (Orchidaceae), Ophrys oestrifera
Bieb. (Orchidaceae) n Castanea sativa Mill. (Fagaceae). OCHOBHble BbIBOfbl NCC/IEA0BAHNSA 3aK/0OUYaINCh B TOM, YTO CeBep
1 CeBEPO-BOCTOYHbIE paiioHbl GbININ OMpefesieHbl B KAYECTBE OCHOBHbIX 60raTbix LLeHTPOB GMopasHoo6pasns 1 sHaeMum3ma
B paiioHe uccnefoBaHus. B pesynbTaTe cTaTUCTUYECKOr0 aHann3a BbISICHU/IOCh, YTO C YBE/IMYEHNEM BO3BbILLEHHOCTY pas-
Hoo6pa3sne aHAeMM3Ma TakKxe Bo3pacTaeT. [ MHOTMX pPacTeHUI TemnepaTypa U BAAXHOCTb ObINN yKa3aHbl B KayecTBe
3HaUYMMbIX NEPEMEHHbIX CPeAbl, KOTOPbIE BAUS/IM HA YAC/TIEHHOCTb BUJOB.

KnioueBble CoBa: 3HAEMU3M; BU0BOe pasHoobpasue; CCA; KpacHbIii CMUCOK BUAOB; MOAENMPOBaHUE pacnpocTpaHeHns
BW/0B; COXpaHeHMe.

Introduction

Biodiversity is changing by the day over the world and the impacts are mostly not positive. Each natural flora
is not only a random composition of species; also it has a unique structure based on its internal compliance. Spe-
cies diversity ofthe bioregion, ecoregion, local areas reflects the current state of vegetation and may have some
changes and variations within over time. Comparing and assessment of vegetation cover based on differently di-
versity indexes, mathematical and statistical measures are one ofthe most widely accepted metrics on biological,
ecological and biogeographic researches [Couto, 2005, Hofmann et al., 2017, Raimundo et al., 2017]. Diversity
measures provide more information about similarity or dissimilarity of species composition ofthe areas, species
richness, evenness, abundance or dominance of various species. These allow comparing different regions, areas,
populations, taxa and etc. One of the main indications of the ecosystem services is diversity, and it directly af-
fects the protection ofthe biodiversity ofthe ecosystem [Ricklefs, 1990].

Species distribution modelling is presently the main tool for predicting potential distribution of plant species
under climate change [Guisan, Thuiller, 2005]. The maximum entropy modeling technique (Maxent) is one ofthe
most often used [Kariyawasam et al., 2019; Sarikaya, Orncu, 2019] a machine-learning algorithm of the SDM
methods. Numerous studies have demonstrated the reliability of Maxent [Wosz et al., 2008; Pearson et al., 2007].

Azerbaijan demonstrates an extremely diverse native flora, consisting of more than 4500 species of vascular
plants that represent approximately 69 % of the total species of the Caucasus region (6,400 plant species) [Flora
of Azerbaijan, 1950-1961; Asgarov, 2011, Alizade et al., 2019]. 200 of them are endemic species of Azerbaijan,
900 endemics ofthe Caucasus [Red book of Azerbaijan, 2013; Solomon et al., 2013]. Relict species ofthe Tertiary
period can be found in all the areas of Azerbaijan. Although the vegetation of the country has been studied by
a number of scientists in different areas, but flora the northwestern part ofthe Azerbaijan (Qakh region) have not
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been thoroughly studied in detail. However, the flora of the Ilisu State Nature Reserve in 1996, which is 11% of
the district’s territory [Abdullayeva 1996]. In recent years, the flora ofthe Qakh district was studied in our research
studies [Dadashova 2013; Dadashova 2014; Mehdiyeva et al., 2017]. In generally, the data of plant diversity, inva-
sive ailen plants, medicinal plants, forest ecosystems of the study area were studied by several researchers [Haji-
yev, 2004; Musayev, 1991; Askerov, 2001; Karimov, 2000; Dmitriyeva, 1966; Mehdiyeva, 2007; Hatamov, 1997;
Ahmadova, 2008]. The goal of the investigation was for the first time to compile a checklist of plant diversity of
the northwestern of Azerbaijan (Qakh region), to study the patterns of distribution of species depending on altitude,
to determine concentration areas with rich biodiversity and endemism. For the first time, we used the Maximum
Entropy Modeling (Maxent) approach ofthe Species Distribution Modelling (SDM) for Qakh district, to predict the
potential distribution habitat for Platanthera chlorantha, Ophrys oestrifera, and Castanea sativa.

Materials and methods

Study area

Azerbaijan located at the crossroads of Southwest Asia and Southeastern Europe, between latitudes 38° and
42° N, and longitudes 44° and 52° E, in the total area of 86,600 km2. It is occupied the southeastern part of the
Caucasus. The Caucasus Mountains system includes the Greater Caucasus and the Lesser Caucasus Mountain
Ranges, at the intersection of Europe and Asia. The Southeastern part of the Greater Caucasus and the Western
part ofthe Lesser Caucasus belongs to the territory ofthe country [Museyibov, 1998]. Qakh district located is in
the northwestern part of Azerbaijan and the southern part ofthe Greater Caucasus within the country, in the total
area of 1494 km2(fig. 1). There are two protected areas - Ilisu State Nature Reserve (173,81 ha) and Qakh State
Nature Sanctuary (368,36 ha) [Ibrahimova, 2015]. According to the botanical-geographical region of Azerbaijan,
the northern and northeastern parts ofthe region belong to the Western Greater Caucasus, central part to the Ala-
zan-Ayrichay valley, and the southern partto Bozgir plateau botanical-geographical region [Flora of Azerbaijan,
1950-1961]. The study area is mainly the mountainous region, basically in the north and northeast parts; the
southern and central parts are more lowland areas. Approximately 30 % of the total area of the region territory
is forested [Museyibov, 1998]. Forest covered areas are mainly located in the northern and north-eastern part of
the region; approximately 50 % of the central part and small areas of the southern part is covered with forests.
The flora ofthe district is quite diverse, due to the various and favorable natural climatic conditions, physical-ge-
ographical location, the variety of vegetation types. There are alpine meadows and carpets, subalpine meadows
and grass, mountain meadows and meadow steppes of the forest, forest plants, bushes plants, xerophyte light
forests, steppe plants, and semi-desert plants vegetation types.

Species occurrence and environmental data

Distribution and environmental data were acquired from our field surveys that were conducted in Qakh district,
during the time period 0f 2012-2019. The threatened plant species checklist was prepared according to route and
sampling methods during surveys and investigated literature resources [Flora of Azerbaijan 1950-1961; Alizade
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and et al. 2019]. Accepted scientific names and synonyms were determined based on the Flora of Azerbaijan,
then verified and updated according to other sources [Flora of Azerbaijan 1950-1961; www.worldfloraon-
line.org]. Collected herbarium vouchers during field surveys are stored in the Herbarium Foundation (BAK)
of the Institute of Botany, Azerbaijan National Academy of Sciences.

Species distribution modeling and statistical analysis

Data of 15 threatened plant species (Allium ursinum L., Castanea sativa Mill., Celtis caucasica Willd.,
Corylus colurna L., Diospyros lotus L., Galanthus caucasicus (Baker) Grossh., Limodorum abortivum (L.)
Sw., Ophrys oestrifera Bieb., Orchis purpurea Huds., Platanthera chlorantha (Cust.) Reichb., Pterocarya
pterocarpa (Michx.) Kunth. ex I. lljinsk., Punica granatum L., Pyracantha coccinea M. Roem., Rhus co-
riaria L. and Taxus baccata L.) and six environmental variables (temperature, humidity, prediction, carbon
dioxide, elevation, and slope) were multivariate analyses using Canonical correspondence analysis (CCA)
ordination, in order to understand the environmental factors controlling plant diversity [Palmer 1993; Mc-
donald 2014; Oksanen 2015]. The species are represented as blue circles with the name ofthe plant and the
environmental variables represent the centric green lines.

Climate data were obtained from the WorldClim Global Climate Data to represent present (1970-2000)
[Fick et al., 2017; http://worldclim.org/version2, consulted on 2017] climatic conditions with a resolution
of 30 seconds of arc (~1 km resolution at the equator). The combination of climatic variables used in the
model for each species are the following: mean diurnal range (mean of monthly (max temp - min temp))
(Bio2), temperature seasonality (Bio4), min temperature of coldest month (Bio6), temperature annual range,
bio5-bio6 (Bio7), mean temperature of coldest quarter (Bioll), annual precipitation (Biol2), precipitation
of wettest quarter (Biol6), precipitation of driest quarter (Biol7), precipitation of warmest quarter (Biol8)
for Pl. chlorantha; Bio2, Isothermality (BIO2/B107) (*100) (Bio3), Bio4, Bio6, Bio7, Biol2, precipitation
of wettest month (Biol3), Biol7, and Biol8 for O. oestifera; Bio6, Bio7, Biol2, precipitation seasonality
(coefficient of variation) (Biol5), Biol6, and Biol8 for C. sativa.

To predict the potential distribution of the selected threatened plant species (Platanthera chlorantha,
Oprys oestifera and Castanea sativa) we used the Maximum Entropy Modeling technique (Maxent) [Phillips
etal., 2006] ofa Species Distribution Modeling (SDM) approach [Guisan et al., 2005] via the dismo package
[Hijmans et al., 2011] in R version 3.6.2 [R Core Team, 2019]. We compared the relative importance of all
(19) bioclimatic predictors to the probability ofthe species distribution. Species distribution models are eval-
uated we used the receiver operator characteristic (ROC), summarized by the area under the curve (AUC)
statistical test. For easy interpretation of the results, it was created a linear scale of values ranging from 0 to
1 on the maps. Predicted levels classified in four range values: Not suitable (0.00-0.25; white pixels), Low
(0.25-0.50; yellow), Medium (0.50-0.75; light purple), High (0.75-1.00, dark purple).

Results and discussion

Athreatened plant species generally endangered by changing environmental or human factors, as a result,
they become few in numbers. The main criterion for the conservation of these species is to identify signifi-
cant reasons why the species are becoming endangered. In the study area, we have recorded 4 endemic spe-
cies of Azerbaijan, 242 endemics of Caucasus. From the total number of species, 54 plant species included in
the Red Book ofthe Republic of Azerbaijan (2013) and 275 endemic plants to the Red List of the Caucasus
(2013) (table 1, fig. 2). According to the results of floristically analysis and patterns of endemic richness the
Western Greater Caucasus botanical-geography region was identified as the main rich centers of biodiversity
and endemism in the study area. One ofthe main reasons is geographic location and isolation of biodiversity
and endemic species among mountain ranges. The percentage of endemism gradually increasing from the
lower mountain zone and recorded the highest number of endemic taxa in the middle mountain range, then
partially reduced to the alpine zone.

The endemic and red list species varied differently along the altitudinal gradient (fig. 3). The endemic
plants of Caucasus, as well as Red Book plant species, were analyzed depending on the altitudinal gradient.
The endemic plants of Azerbaijan (4 species) were not taken into account in the analysis in terms ofthe small
number of them. As a result of the analysis, it became clear that as the elevation increases the richness of
endemism is also raising. The red list species distributed in all altitude zones in the study area,. The highest
richness of endemic as well as red list taxa was found at lower and middle mountain elevation zones. The
distribution of endemic species richness at high elevation is governed by a series of biological, geographical,
climatic and ecological factors. One of the main reasons for high endemism in higher elevations that most
of the endemic plants are located and conserving in the Ilisu State Natural Reserve, where they are have
affected by low human activities.
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Table 1
The diversity and distribution pattern of endemic and threatened plant species in Qakh district
Geographical range endemi_g of endemic of the Red _I-;’»ook of Red List of the
Azerbaijan Caucasus Azerbaijan (2013) Caucasus (2013)
Botanical-geographical region
Western Greater Caucasus 4 225 54 166
Alazan-Ayrichay valley 0 14 8 57
Bozgir plateau 0 29 12 52
Altitudinal zone
Lowland 0 26 17 68
Lower mountain zone 0 58 29 104
Middle mountain zone 2 92 29 121
Upper mountain zone 2 75 17 67
Subalpine zone 1 72 14 37
Alpine zone 2 79 12 39
Orchispurpurea Cephalantherarubra  Limodorum abortivum Castanea sativa Astrantia maxima

Fig. 2. The threatened species in Qakh district

Fig. 3. Linear regression of the endemic and threatened plant species richness along an altitudinal gradient
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Data of 15 rare and endangered species (Allium ursinum L., Castanea sativa Mill., Celtis caucasica Willd., Cory-
lus colurna L., Diospyros lotus L., Galanthus caucasicus (Baker) Grossh., Limodorum abortivum (L.) Sw., Ophrys
oestrifera Bieb., Orchispurpurea Huds., Platanthera chlorantha (Cust.) Reichenb., Pterocaryapterocarpa (Michx.)
Kunth. ex . lljinsk., Punica granatum L., Pyracantha coccinea M. Roem., Rhus coriariaL. and Taxus baccata L.) and
six environmental variables (temperature, humidity, prediction, carbon dioxide, elevation and slope) were subjected
multivariate analyses using CCA (Canonical correspondence analysis) for ordination, in order to understand the envi-
ronmental factors controlling plant abundance. The results of ordination are presented in fig. 4.

For many plants the temperature and the humidity was indicated as the significant environmental variables in-
fluenced to the species abundance. A. ursinum, G. caucasicus, O. purpurea and P coccinea are strongly correlated
with amount of precipitation and negatively correlated with the temperature. T baccata and D. lotus are positively
correlated with altitude. The variance is 63 percentages in the species abundance with respect to the environmental
variables. Consequently, fig. 2 reasonably faithful in displaying the fitted abundance values.

Fig. 4. Canonical correspondence analysis (CCA) ordination diagram relating plant species abundance
to environmental variables along the recorded areas. The eigenvalues of axis 1 (horizontally) and axis 2 (vertically) are 0.82 and 0.81.
The species are represented as blue circles with name of plant and the environmental variables represent as the centric green lines

Potential distribution ofselected three threatenedplant species

Out ofthe studied species, we selected the most threatened three species to research their present potential range
in Qakh. They are the following: Ophrys oestrifera, Platanthera chlorantha, and Castanea sativa. For O. oestifera
and PI. chlorantha has recorded only three populations with few individuals.

Before modeling, we compared the relative importance of all (19) environmental variables, to understand the
climatic determinants (table 2, fig. 5). Then, we used the combinations of climatic responses that best predict the
distribution ofthe species. These are Bio2, Bio4, Bio6, Bio7, Bioll, Biol2, Biol6, Biol7 and Biol8 for PI. chlo-
rantha, Bio2, Bio3, Bio4, Bio6, Bio7, Biol2, Biol3, Biol7, and Biol8 for O. oestifera, Bio2, Bio6, Bio7, Biol2,
Biol5, Biol6, and Biol8 for C. sativa.

In the present study, the final SDM model obtained by the combination of various models had area under the
curve (AUC) value of 0.99 for all studied plant species, showing that the model performed better in predicting the
potential habitat area for the selected species.

All three plant species are currently distributed in the northern part ofthe Qakh district, however in recent years,
O. oestifera also can be found in the areas ofthe central part. According to the analysis ofthe present habitat suit-
ability, the model predicted the potential species distribution in the central part ofthe study area for PIl. chlorantha
and O. oestifera. So it is possible to spread and optimal environmental conditions for PIl. chlorantha threatened
plant species in the central part ofthe study region (fig. 6). The predicting map showed that under the present cli-
matic conditions, about 200.2 km2ofthe total area of Qakh district is suitable for potential distribution by PI. chlo-
rantha, 311.9km2by O. oestifera, 268.2 km2by C. sativa (table 3).
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Variable

Bio2
Bio4
Bio6
Bio7
Bioll
Biol2
Biol6
Biol7
Biol8

Estimates of average contribution and permutation importance
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of the environmental variables used the SDM modeling of study threatened plants

Platanthera chlorantha

Percent
contribution

38.0
0.4
1.4
0.4
54

30.2

23.1
0.3
0.8

Permutation
importance

38.1
0.1
0.1
0.2
38
0.5
16.8
0.1
6.1

Variable

Bio2
Bio3
Bio4
Bio6
Bio7
Biol2
Biol3
Biol7
Biol8

Ophrys oestrifera
Percent Permutation .
contribution  importance  V"aple
38.1 21.1 Bio2
0.3 0.2 Bio6
4T 8.1 Bio7
13.6 10 Biol2
0.1 0.1 Biol5
8.6 0.2 Biol6
21.4 59.1 Biol8
0.2 0.1
13 1.1

Castanea sativa

Percent
contribution

21.2
15.8
26.3
33.3
0.4
2.2
0.8

Table 2

Permutation
importance

15
13.1
55.2

7.2
0.3

9

0.2

Fig. 5. The selected response curves (with higher values) of the logistic prediction of the distribution of Phlatanthera chlorantha (A),
Ophrys oestrifera (B) and Castanes sativa (C) bioclimatic variables. The y axis shows the probability of presence expressed in logistic

values, between 0-1

The present study, for the first time at a national scale, modelled the present distribution of Ophrys oestrifera,
Platanthera chlorantha, and Castanea sativa using the SDM modelling approach. Based on the results of the
model, it can be predicted that in the future these species can be found where they are shown on the forecast maps,
in contrast to the distribution area in the present. The climate is recognized as the main factor affecting species
occurrence. The present potential distribution of all studied species fits with the original occurrence records, thus

showing that species distribution modeling methods are very helpful in predicting the suitable areas.
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Range

0.00-0.25
0.25-0.50
0.50-0.75
0.75-1.00
0.25-1.00

Area in square kilometres (Km2) showing present suitable habitats in Qakh

Habitat Suitability

Not suitable
Low suitable
Medium suitable
High suitable

Overall suitable

Present area predicted in Azerbaijan, km2

Platanthera chlorantha
1293.8
60.3
58.4
81.5
200.2

Ophrys oestrifera
1182.1
76.4
55.8
179.7
311.9

Table 3

Castanea sativa
1225.8
64.8
53.9
149.5
268.2

Fig. 6. The SDM maps showing the present potential distribution of Platanthera chloranrantha, Ophrys oestrifera and Castanes sativa.
White = Not suitable, Yellow = Low suitable, Light purple = Medium suitable and Dark purple = High suitable.

N Line; 2019. 352 p.
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COAEPXAHWNE PACTUTEJNIbHBLIX MNTMEHTOB B AJOHHbIX
OTNOXEHWNAX O3EP HAPOYb, MACTPO NN BATOPWHO

O. C.CMOJNIbCKA4A, A. A. XKXYKOBA))

1BenopycCcKnini rocyaapcTBEHHbI YHUBEPCUTET,
np. HesasucumocTwu, 4, 220030, r. MuHck, benapycb

MpuBefeHbl pe3ynbTaTbl UCC/EA0BAHUA PACTUTEbHBIX MUITMEHTOB AOHHbIX OT/IOXEHUW 03ep HapouaHckol rpynnel (Ha-
poyb, MAcTpo u baTopuHo). MccnefoBaHMa Ha BblGpaHHbIX BOgoeMax 6bl/in HanpaB/ieHbl Ha BbISIB/IEHNE KO/TIMYECTBEHHbIX U3-
MEHEHW pacTUTeNbHbIX MUIMEHTOB B AOHHbIX 0CagKax no raybuHam ot6opa npob. MokasaHo, 4YTO C yBeNMYeHWeM rNy6uHbI
CTaHuun HabnaeTca NOBbILLEHNe BAXKHOCTU LOHHbIX OT/IOKEHUW M COLEPXXaHUS B HUX OPraHMYeckoro BeLlecTBa, HO uaeT
CHWKEHWE NI0OTHOCTUN CEAUMEHTOB. BbISABNEHO Ha/IMYMe MONOXMNTE/IbHOM CBA3N MEXAY COepXaHnem CyMMapHOro xiopogunna
1 KapoTMHOWOB B JOHHbIX OT/IOXKEHUAX U rNy6uHon c6opa obpasyos (r=0,6 gns 03. Hapoub 1 r=0,7 gns 03. MsacTtpo). Cogep-
KaHue cymmMapHoro xiopotunna-a (6e3 nonpasky Ha NPUCYTCTBUE (eoNUIrMeHTOB) 6b1/10 HEBLICOKUM: B 03. Hapoub B cpegHeM
coctaBmno 16,5+18,2 MKr/r, B 03. MscTpo - 6,4+6,2 MKr/T, B 03. BatopnHo - 22,8+17,1 MKr/r Cyxoi MacCbl JOHHbIX OTNOXEHWIA.
Bo Bcex npobax oTMedanacb Bbicokas [0S (eonurmeHToB - 60-100 % OT cyMMapHOro cofepXxaHusi xaopoduina-a n ero
npou3BoaHbIX. CogepXaHne KapoTUHOMAOB 6b1/10 HEBLICOKMM B 03epax Hapoub n MsAcTpo (cocTaBmB B cpegHeM 3,3+4,5 MKr/r
n 3,6£4,1 MKr/r cyxoli MacCbl JOHHbIX OT/I0XEeHWN COOTBETCTBEHHO), 04HAKO B 03. BaTOpMHO cogepr>kaHune AaHHON rpynnbl pac-
TUTENbHbIX MUTMEHTOB Obl/10 aHOMa/IbHO BbICOKUM - 35,8+26,6 MKI/I CyX0i MacCbl JOHHbIX OT/I0OXKEHWUIA.

Kniwouesble cnosa: X}'IOpO(bI/I}'II'I; d]GOI'II/IFMeHTbI; KapoTuHOMAbI; AOHHbIE OT/IOXKEHUNA; oOpraHn4yecKoe BeLecTBO.

THE CONTENTS OF PLANT PIGMENTS IN BOTTOM SEDIMENTS
OF LAKES NAROCH, MYASTRO AND BATORINO

V. S. SMOLSKAYA", H. A. ZHUKAVA"

Belarusian State University, 4 Nezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: sylimoval991@ mail.ru

The paper presents the results of the study of plant pigments in bottom sediments of the Narochanskie lakes (Naroch,
Myastro and Batorino). Studies at the selected sites were aimed at identifying quantitative changes in plant pigments
content in sediments at various depths. It has been shown that with increasing depth of the lakes there is an increase
in the moisture content of bottom sediments and the content of organic matter in them, but there is a decrease in the
density of sediments. A positive relationship was found between the content of total chlorophyll and carotenoids calculated
on the unit of dry matter of bottom sediments and the depths of sample collection (r = 0.6 for Lake Naroch and r =
0.7 for Lake Myastro). All samples showed a high proportion of pheopigments in total chlorophyll (60-100 %). The
content of total chlorophyll-a (without correction for the presence of pheopigments) was low: in Lake Naroch averaged
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(£SD) 16.5+18.2 gg/g in Lake Myastro - 6.4+6.2 gg/g and in Lake Batorino - 22.8+17.1 gg/g of dry mass of bottom
sediments. The content of carotenoids was relatively low in the lakes Naroch and Myastro (on average 3.3+4.5 gg/g and
3.614.1 gg/g of dry mass of bottom sediments, respectively), but in the Lake Batorino the content of this group of plant
pigments was abnormally high - 35.8 + 26.6 gg/g dry weight of bottom sediments.

Key words: chlorophyll; pheopigments; carotenoids; bottom sediments; organic matter.

BBegeHue

B HacTosLlee BPeMS €4UHCTBEHHbIM BbICTPbIM XMMWYECKUM METOA0M, N3BECTHLIM /15 OLEHKMN COofLepKa-
HWUS pacTUTeNbHOI 6roMacchl B BOAHbLIX 3KOCUCTEMAX, ABAAETCA OnpefesieHne pacTUTENbHbIX MUTMEHTOB -
XN0pohMNNoB U KapoTuHoMaoB [1-4]. Xnopodunn - HeOTbEM/IEMbIIA 3EMEHT NPOLIECCOB CUHTE3a OpraHunye-
CKOro BeLLeCTBa, KAPOTUHOWAbI B KNETKaxX PaCTEHWA BbINOAHAIOT CBETOCOOMPAIOLLY0 PYHKLNIO N y4acTBYIOT
B (poTo3awuTe, NO3TOMY MUIMEHTHblE XapaKTePUCTUKM AOHHbLIX OTIOXKEHWU OTpaXKarT WHTEHCUBHOCTb
(hYHKUMOHMPOBaHMS aBTOTPOPHOro 6/710Ka B BOAHON 3KOCMCTEME B MEpWOf, MPeLLIecTBYOWMNIA N3YUYeHNHD,
[al0T NpefcTaBneHne 0 ee yCTOWUYMBOCTM U CMOCOBHOCTM K CAMOOUMLLEHUIO U MOTYT CAY)XXUTb UHAUKATOPaMU
NPoONCXoAALINX N3MeHeHWIA [5].

KoHueHTpaums xnopodumana v NpogyKTOB ero pacnaga B LJOHHbIX OT/IOXEHWSX B 3BPOTHON 30He onpeaenseTcs
(hYHKLMOHUPOBaHMEM KOMMIEKCA MUKPOOEHTUUECKMX BOLOPOCAEl 1 NpoLeccamu CeUMeHTaLnm X1opogunico-
Jep>Kallei B3Becx M3 BOAHOM TONWM. B nenarmyeckoi 3o0He onpeaenstolLyto posib MrpatoT NpoLecchl cefMmeH-
Tauuu, OTpaXKaroLLMe CEe30HHYH0 ANHAMUKY OCefjaHns 1 MOCAeAYHOLLEro pa3/ioKeHWs BOLOPOCAEl MNaHKTOHa, Y4TO
6b110 NOKa3aHo ¥ Ans 03. Hapoub [6]. Takum 06pa3oM, OCHOBHbIMU UCTOYHUKAMU MUTMEHTOB B AOHHbIX OT/IOXKe-
HUAX BOAOEMOB SIBAAIOTCA MAAHKTOHHbIE U BEHTUYECKME MUKPOBOLOPOC/M U (hOTOTPO(HbIE BaKTepun, a Takxe
MaKpounTbl, MMIMEHTbI KOTOPbIX COXPaHAKTCS 4MTeNbHOE BPpeMs Noc/e TOro, Kak pasnaratotcs ux moponoru-
yeckue CTPYKTypsbl [2].

OnpegensitoLein xapakTepUCTUKOA cocTaBa CEAMMEHTOB SABMSETCH CKOPOCTb OCAXKAEHMS OPraHUYeckoro
6MOreHHOro MaTeprana, Ha KOTOPYH OKa3biBaloT BAUSHNE MHOTUE (PAKTOPbI, HANPUMeP, NMUTaHWe MIaHKTOHHbIX
6eCn0O3BOHOYHbIX 1 CKOPOCTb OCAXEeHWs KNeTOK. Bce 3T 0CO6EHHOCTM HEOOXOAMMO YUUTbLIBATL MPU U3yYe-
HUW MUTMEHTHOrO cocTaBa AOHHbIX 0CaAKoB [2].

BBugy BblLLeCKa3aHHOIO MPOBEAEHO MCCMe0BaHMe, B paMKax KOTOPOro 6blf0 MPOCAEXEHO M3MEHEHWE MUT-
MEHTHbIX U (U3NKO-XMMUYECKNX MOKa3aTeNeil B MOBEPXHOCTHOM 5-CaHTUMETPOBOM C/I0€ [JOHHbIX OTNI0XEHWI
B pas/IMYHbIX y4acTKax akBaTopum 03ep Hapoub, MsACTpo 1 BaTopuMHO Ha COBpEMEHHOM 3Tane 3BO/IOLMN 03ep-
HOW 3KOCMCTEMBI.

Matepuasibl 1 METOAbI UCCef0BaHUA

Cb6op maTtepumana NnpoBognnn B cepefunHe neta (KOHeL, MIOHS - Havano aBrycta B 2016-2018 rr.). Bcero 3a
2016 r. B Manom n bonbLuom niecax 03. Hapoub 661710 0To6paHOo 25 Npob Ha 5 TpaHCceKTax, HanpaBaeHHbIX OT 6e-
pera K LeHTpy 03epa (MapKunpoBaHbl MHAEKCOM S) Ha rnybuHax ot 1,5 4o 7,4 M, B 2017 r. - 17 npo6 (N-cTaHumn)
Ha 4 TpaHCceKTax B akBaTopum Bonbworo nneca o3. Hapoub Ha rny6uHax oT 1,9 go 8,0 m. Takxe B 2017 r.
66111 0TO6paHbl NPobbl Ha 13 cTaHumax (M-cTaHuumn) nNo nepugepmm o03. MacTpo Ha rnyéuHax ot 2,0 go 5,6 m.
B 2018 r. - Ha 8 cTaHuuax (B-cTtaHuun) 03. baTopnHo Ha rny6uHax ot 0,5 4o 2,5 m.

Mpo6bl GUTONNAHKTOHA HA FNYOGO0KMX CTAHLUMAX 0TOMPannM 1-MeTpoBbIM 6aTOMETPOM TOTa/IbHO M3 BCEM TONLLM
VAW U3 BEPXHEro 2-MeTPOBOIO €105, OTHOCALLErocs K (DOTOCMHTE3NPYIOLLEl 30He, Ha MENIKOBOAHbLIX y4acTKax -
6aTomeTpom PyTTHepa. [i8 0T60pa HEGONbLWINX KOMOHOK [JOHHbLIX OTNI0XEHWUA UCMONb30BaIN AHOUepnaTe/b
Uvitec Corer. Mpo6bl AOHHbIX OT/IOXEHWIA Ha TNYBOKNX CTAHUMAX 0T6Upany BPpyUYHYH M3 BEPXHEr0 5-caHTUMe-
TPOBOro cnost. Mpo6bl 4OCTaBAANN B N1aBOPATOPMIO U HE3aMeA/IMTENbHO NPUCTYNann K nX 06paboTke.

[ins 3KCTpaKLmm NMMrMeHTOB 13 NPO6 SOHHLIX OT0XKEHUIA Mcnonb30Ban 90 %o-Hblii aLeTOH, MPUHATLIV B Ka4ecTse
pacTBopuTens BoO MHOrMX metoamkax [1; 3; 7]. Bce aTanbl uccnefosaHns NpoBOAMIIM cpasy Xe nocne cbopa Matepua-
Na, TaK Kak 3aaep>Ka 06paboTKy NPo6 MOXET NPUBECTU K UX CYLLECTBEHHOM AOMONHWUTENBHOR (heodmTUHM3aLMK [8].

Co6paHHble 06pasLibl FPYHTA AOHHbLIX OTMIOXKEHWUIA NepeMeLLmMBan 40 OAHOPOAHOM Macchl, U3 KOTOPOIA OT-
6upann HaBecKy Ana aHanusa cogepXXaHus xnopogunna-a (CymmapHoro, 6e3 nonpasKu Ha MPUCYTCTBUE B CMECK
APYTUX MUIMEHTOB) M MPOAYKTOB ero pasnoxeHus [9], a Takxe kapotuHomaos [10]. OcTaBlyHOCS YacTb NPo6bl
MCMoNb30BaNU ANA ONpeseneHns NA0THOCTU, BNAXXHOCTW FPyHTa 1 COepXKaHWs B HEM OPraHNYecKoro BeLLecTBa.
B 3aBMCMMOCTU OT TMNa FPyHTa UCXOAHas BlaXKHas Macca MCCcnefoBaHHON HaBecku konebanack oT 2 o 11 T.
HaBecKy rpyHTa B3BelUMBann Ha 3MeKTPOHHbIX Becax (SPU 202, USA), nomewiann B NpobupKn 1 3anmsanu
90 %-HbIM aLETOHOM, MEepPeMeLLVBaN N OCTABANMN HA HECKO/IbKO YaCcoB 15 3KCTPaKuum B TeMHOM MecTe. danee
npobupkmn ueHTpugyruposann (SIGMA 1-6, Germany) asaxabl no 15 MuH npu 5000 06./MWH, NONYYEHHbI 3KC-
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TPaKT OCTOPOXHO MEPEHOCUN B CTEK/AHHbIE NPOBUPKM, N3MEPEHUS Ha CNEKTPOOTOMETPE NPOBOAWN B 2-CaH-
TUMETPOBbIX KBapLIEBbIX KHOBETAX.

[ns onpegeneHns cogepXxaHus xnopogunna u HeonurMeHToB B 06LLEM 3KCTPaKTe MCMOb30BaIv CEKTPO-
thoTomeTpuyecknii metog (npunoxkeHune ADL Shell cnektpodotomeTpa Cary 50), KOTOpbIA LIMPOKO NPUMEHS-
eTcs 415 U3ydeHUs NPoLYKTUBHOCTM (DMTONMAHKTOHA B Pa3HOTUMHbLIX BOAHbIX 06bekTax [1; 9]. OfHOBpPEMEHHO
C onpejeneHneM KOHLEHTpauum X1opotusina v ero 4epmearoB 6bl10 paccyUMTaHO COAepXXaHUe KapoTUHOWAOB MO
CTaHgapTHoOI thopmyne [11]. TakKe B AOHHbIX OTNOXEHUAX 06LWENPUHATBIMU METOAAMM ONpPeaensiv NAOTHOCTb
0cajka ecTeCTBEHHOM BNaXHOCTH (r/cM3), OTHOCUTENIbHYIO BNXKHOCTL (OTHOLUEHME YAaISeMON NPK CyLLKe BOAb!
K eJMHULIE MacCbl 0CagKa eCTeCTBEHHOI BNaXKHOCTU, %), coaep>XaHne 30Mbl (MOTepu Npu NpoKanMBaHMmM) nocne
CKMTaHUs [OHHbIX OTNI0XEHUI B MydenbHOM neyun npu Temnepatype 450 °C [12].

Mpun 06paboTKe KOMNYECTBEHHbIX AaHHbIX UCMO0/Mb30BaIN CTATUCTUYECKUE METOAbLI C NPUMEHEHWEM Nepco-
Ha/lbHOr0 KOMMbIOTEPa M NporpaMMHbIX nakeToB Microsoft Excel u Statistica Trial 13. B Ta6nuuax 1 no Tekcty
NpuMBeLEHbI pacCuMTaHHbIe CpefHMe 3HayeHWs + CTaHAapTHOe OTKNOHeHwe (SD). [Ons n3yveHus B3aMMO3aBU-
CUMOCTW UCCNeOBaHHbIX NapameTpoB MPOBOAWN KOPPENALMOHHbLIA aHanu3 (r) no MupcoHy, CBA3b cuUTaIu
cTaTucTUyeckun 3Haunmon npu p<0,05 [13].

PesynbTaTbl UCCMEA0BaHMS U UX 06CYXKaeHVe

WccnepoBaHre 6a30BbiX (HU3UKO-XUMWUYECKUX MOKa3aTeNeidl JOHHbIX OT/I0KEHWIA MOKas3aio, YTO Ha Me/Ko-
BOAHbIX y4yacTKax 03. Hapoub (rny6uHoi 4o 2 M) AOHHbIE OT/IOXKEHWS NpeACcTaB/ieHbl MECKOM, KOTOpbIA npu
MOrpy>XeHnn Briybb 03epa CMEHSIETCA 3an/IEHHbIM MeckoM (0Kono 3-4 m) u ganee (Ha 6-8 M) - pasHoOro Tuna ca-
nponensmu. B 03. MAcTpo 1 03. BaTOpMHO Ha NCCNeA0BaHHbIX CTaHUMUAX AOHHbIE TPYHTbI TAKXE NPeACTaB/eHbI
3aufieHHbIM NeckoM 1 unamm [14].

AHanu3 nNoay4YeHHbIX JaHHbIX MOKasan, YTo C yBe/MveHneM raybuHbl 0T6opa npob B 03. Hapoub BO3pac-
Tana OTHOCUTeNbHAsA BNaXHOCTb CEAMMEHTOB (KOahduumeHT koppensaummn r=0,79), cHMXanacb UX NAOTHOCTb
(r=-0,55) 1 yBenmumnBanoch cofep>kaHne opraHmyeckux setects (r=0,89). B 03. MACTpPO TakKe OTMEYEHO BO3-
pacTaHuWe OTHOCUTENbHOI BNaXXHOCTU CeMMEHTOB C YBeNMYeHWeM rny6uHbl otéopa (r=0,85), cCHmXanacb Mx
nnoTtHocTb (r=-0,83) 1 yBennunBanoch CoaepXxaHme opraHumyeckux sewecTs (r=0,87). Ans 03. baTopnHO NOWCK
3aBMCUMOCTU He MPOBOAWN BBUAY Maoil BbIOOPKU N HEGO/MBLUOIO AManasoHa NCCNefoBaHHbIX FyOUH.

OCHOBHbIe fjaHHble MO COAEPXKaHUK PaCTUTE/IbHbIX MUTMEHTOB B OHHbIX OT/IOXEHUSX U UX pacnpefeneHme
no rnyéuHam ot6opa npo6 B 03. Hapoyb nprBegeHsl B Tabn. 1

Tabnunuya 1

Cogep)xaHune pacTUTeNbHbIX MUITMEHTOB B AOHHbIX 0TN0XeHMsX 03. Hapoub B 2016 (S-cTaHuum) n 2017 (N-ctaHumMn) rr

Table 1
The content of plant pigments in the bottom sediments of Lake Naroch in 2016 (S-stations) and 2017 (N-stations)

CofiepXKaHne CyMMapHoro
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O = g g m g il E s @ B ﬂ N 1 1 E s @
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C ] o o © now a o @ ©
S1 1,9 1,31 23,1 12,32 2,29 90,7 1,80 0,33
S3 3,1 1,27 74,8 11,42 1,05 94,9 0,55 0,05
S4 3,0 1,32 74,6 2,95 0,28 83,6 0,13 0,01
S7 6,6 1,18 86,0 9,03 0,41 -100 1,51 0,07
S10 3,0 1,27 74,3 3,09 0,28 84,0 0,36 0,03
S11 2,5 1,30 37,9 16,96 1,05 89,0 1,98 0,12
S13 2,1 1,30 34,1 7,99 0,55 91,0 0,63 0,04
S14 2,2 1,29 34,9 8,25 0,51 -100 0,56 0,03
S15 2,2 1,28 37,5 4,72 0,29 96,9 0,29 0,02
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OKOHYaHNe Tab6bn. 1
Ending table 1

CopeprkaHuie CyMMapHOro
CogeprkaHvie KapoTUHOWAOB
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S16 15 1,33 28,9 4,19 0,98 89,5 0,33 0,08
S17 4,6 1,25 78,1 2,23 0,16 -100 0,12 0,01
S19 16 1,33 25,5 9,37 1,80 94,3 0,73 0,14
$20 1,6 1,36 23,3 1,57 0,51 93,5 0,09 0,03
s21 17 1,33 27,1 4,76 1,09 81,4 0,42 0,10
S22 21 1,36 37,4 3,73 0,25 98,4 0,22 0,01
523 2,4 1,29 60,0 9,48 0,59 89,4 0,70 0,04
S24 3,0 1,27 75,8 5,59 0,52 88,7 0,24 0,02
S25 2,6 1,49 58,3 0,93 0,05 -100 0,28 0,02
S26 38 1,39 79,8 3,06 0,22 85,2 0,26 0,02
S27 45 1,25 73,0 4,10 0,27 76,9 0,07 0,00
S28 7.0 1,12 92,1 1,98 0,14 99,3 0,02 0,00
S29 7.4 1,07 95,4 4,07 0,35 96,3 0,30 0,03
N1 2,0 2,04 30,1 0,80 0,12 -100 141 0,22
N2 35 1,26 74,8 1,27 0,11 86,1 0,70 0,06
N3 5.1 1,05 80,1 1,36 0,06 95,2 0,29 0,01
N4 7,5 1,14 91,5 1,23 0,07 84,2 0,46 0,03
N5 2,2 2,17 32,4 1,20 0,19 62,4 0,37 0,06
N6 43 1,07 71,0 0,63 0,04 -100 0,50 0,03
N7 6,2 1,08 82,5 3,63 0,49 -100 2,06 0,28
N8 8,0 1,06 89,4 2,65 0,11 -100 1,48 0,06
N9 3,0 1,22 73,6 0,44 0,04 97,4 0,57 0,05
N10 4,0 1,08 73,7 1,40 0,08 -100 0,30 0,02
N11 5,5 1,04 76,1 2,30 0,10 -100 1,26 0,06
N12 6,8 1,10 87,5 6,73 0,27 -100 2,82 0,11
N13 3,0 1,26 71,6 0,57 0,04 89,5 0,40 0,03
N14 2,0 1,06 80,1 1,15 0,08 -100 0,62 0,04
N15 4,0 1,06 82,0 1,56 0,09 -100 1,27 0,07
N16 5,0 1,08 87,4 2,77 0,11 -100 0,76 0,03
N17 8,0 1,05 89,8 2,33 0,09 -100 0,37 0,01
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[ons deonurmeHToB Oblfa 4OCTATOYHO BbICOKOM BO BCeX Npo6ax, YTo TUMMYHO ANS AOHHbLIX OTNI0XKEHWI Ha
CpeaHUX 1 60MbLIKX FNy6uHax o3ep. JaHHbIN Nokasate/b U3MEHANCA OT 62 Ao npakTudeckn 100 %. Ans yaens-
HOro cofepXxaHusi heonMrMeHTOB B COCTaBe CyMMapHOro xiopodunna-a (6e3 nonpaBkyM Ha NpUCyTCTBUE (heo-
MArMEHTOB) Ha UCCNef0BaHHbIX CTAHLMAX HE BbISBIEHO 3aBUCUMOCTY OT ry6uHbLI 0T60pa 06pa3LLoB.

B o6pa3suax AOHHbLIX OTNOXEHWA 03. Hapoub cofepaHue xnopodunna v NpofyKToB ero pacnaga 6bi1o
HEBLICOKMM W COCTaBW/I0 B cpefHem 4,2+3,7 MKr/r Cblpoil Maccbl, npu konebaHuax ot 0,4 go 17 MKr/r.
Cofep>xaHne KapoTMHOMAOB 3a Mepuoj uccnefoBaHns coctaBuno B cpegHem 0,69+0,64 MKr/r cbipoli mac-
Cbl AOHHbIX OTIOXeHWA, Npu konebaHuax ot 0,02 po 2,82 mkr/r. MNpoaHann3MpoBaB M3MEHEHUS COLepXaHus
xnopopunna-a n KapoTMHOWAOB, MOXHO CAeNaTb BbIBOA 00 OTCYTCTBUM CBSI3U MEXAY 3TUMU MokKasaTensimu
(r=-0,2). Copep>kaHne cymmapHoro xnopogunna-a (6e3 nonpaBky Ha NPUCyTCTBME (DEOMUIMEHTOB) MpKU nepe-
CYETE Ha CYXYH0 Maccy AOHHbIX OT/I0XKeHUIA cocTaBnno 16,5+18,1 MKr/r.

BbISIBEHO Hannune NONOXUTENLHONM CBA3M (pUC. 1a) MexXy cofepXaHuem cyMMapHOro xaopodunna B pac-
yeTe Ha CYX0e BeLLEeCTBO JOHHbIX OTNOXEHWI 1 rny6uHamm c6opa 06pasuos (r=0,6). CogepxaHne KapoTUHOMAO0B
Npu NepecyeTe Ha CyXyH Maccy [JOHHbIX OT/IOXeHWA cocTaBuno 3,25+4,54 MKr/r. Takke 06Hapy»XeHO Bo3pac-
TaHve cofepXaHus KapoTuHougos (puc.l 6) B pacueTe Ha Cyxoe BELLECTBO AOHHbLIX OT/IOXKEHWIA C YBENYEHNEM
rnyéuHbl nx otéopa (r=0,6).

ala 6/b

Puc. 1. PacnipegeneHve cogep)xaHus CyMMapHoro xaopodgunna (a) n kapotnHongos (6)
B CyXOli Macce AOHHbIX OTNI0XeHW No rnyéuHam cbopa npob B 03. Hapoub

Fig. 1 Distribution oftotal chlorophyll (a) and carotenoids (b) content
in the dry mass of bottom sediments by the sampling depths in Lake Naroch

OTHOLUEHME KapOTUHOUAOB K X/1I0pOny B CYXOil Macce [AOHHbLIX OT/IOXEHUI B 03epe Hapoyb konebanoch
ot 0,01 go 1,76, coctasus B cpegHem 0,30+0,37.

PacnpegeneHne pacTUTE/IbHbIX MATMEHTOB B AOHHbIX OT/IOXEHWUAX NO rny6uHaMm Ha 13 cTaHumsAx B 03. Ms-
CTPO npeAcTas/eHo B Tabs. 2. Jons GpeonurMeHToB 6blna B CPeAHEM Uy Th HUXKE, YeM B 03. Hapoub 1 cocTaBuna
0ko0s10 90 %, U3MeHsACh B frana3oHe oT 59 % o npakTuyecku 100 % [15].

[nsa 03. MsCTpo cofepxaHne cyMMapHOro xnopogunna (6e3 nonpaBkn Ha MPUCYTCTBME (PECTIUTMEHTOB) KO-
nebanocb ot 0,25 go 5,3 MKr/r, coctaBuB B cpegHem 1,8+1,3 MKI/r B Cbipoli Macce AOHHbIX OTNOXeHWA. Cogep-
aHve KapoTUHOWMO0B COCTaBWO 3a nepuog nccnegosaHna 0,95+0,89 MKr/r Cblpoii Macchl JOHHbLIX OT/IOXEHWNA.
MpoaHannM3npoBaB M3MEHEHUS COAepPXXaHUs CYyMMapHOro xX/iopojunina-a 1 KapoTMHOMAOB NO rny6uHaM, MOX-
HO cAenatb BbIBOA O Hanuuuy cnaboli cBA3N mexay aTuMu nokasatenamu (r=0,4). Cogep>kaHne CyMMapHOro
xnopodrnna-a Npu nepecyeTe Ha CyXyt Maccy AOHHbIX OT/IOXEHWI coCcTaBuno 6,4+6,2 MKr/r, Npu KonedaHmsx
oT 1,1 go 22,6 mkr/r. BbisiBfieHa NoNoXuTeNbHas Koppensuus (puc. 2 a) cofep>KaHus CyMMapHOoro xiopogunna
B pacyeTe Ha CyXyl Maccy [OHHbIX OT/IOXKEHWIA OT rnybuHbl oT6opa npob (r=0,7).

CofeprkaHue KapoTMHOMA0B MPK NepecyeTe Ha CyXyr Maccy AOHHbIX OT/0XeHWI cocTaBuno 3,57+4,11 MKr/r,
YTO OYeHb CXOXE C AaHHbIMU MO 03. Hapoub. BbIsiBNEHO HaMume nonoxuTebHol cBasu (r=0,7), Kak 1 B ciydae
C COAepXXaHNeM CYMMapHOro X/10pounna, Mexay cofepXKaHneM KapoTUHOUOB B pacyeTe Ha CyxOe BeLLecTBO
[LOHHBIX OTNIOXEHWI 1 rny6uHammn oT6opa Npob (puc. 2 6). CogepkaHre Xnopogunna B opraHMYecKoM BelLLecTBe
B 03. MAcTpo cocTtasuno 0,15+0,11 mr/r, a cogepxxaHne KapoTUHOMAOB B OPraHNYeCKOM BeLLEecTBe Bblfo B pasbl
6onbwe - 1,51+2,49 mr/r (tabn. 2).
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Ha nccnefoBaHHbIX CTaHUMsX 03. batopuHo B 2018 r. 6binn ONpeaeneHbl OCHOBHbIE (H3MKO-XMMUYECKNE
CBOWACTBA JOHHbIX OT/IOXXEHUI, a TaKXXe MUITMEHTHble NoKa3aTen, NpeacTaB/eHHble B Tabn. 3.

CraHumsa

M1
M2
M3
M4
M5
M6
M7
M8
M9

M10

M11

M12

M13

Tabnuuya 2
Cogep)xaHue pacTUTe/IbHbIX MUITMEHTOB B AOHHbIX OTN0XEHUSX 03. MscTpo B 2017 r. (M-cTaHuumn)
Table 2
The content of plant pigments in the bottom sediments of Lake Myastro in 2017 (M-stations)

s - CofepxXaHue cyMmapHOro xsiopogunnia " CogepxxaHue KapoTUHON0B
§- é o\o o T s kE. ° s

N T B E by ogifE it
s 2 & 582 £g weoo RS £e
= - 2 B °r e ® %
3,1 1,19 70,9 1,50 0,10 83,3 0,86 3,06
4.7 1,11 76,6 5,30 0,31 99,8 3,42 4,73
5,6 1,11 81,6 2,18 0,11 -100 1,56 7,78
2,0 2,03 26,3 0,81 0,16 73,2 0,24 0,20
4,2 1,15 74,4 0,45 0,02 97,4 0,31 5,56
2,3 1,89 32,0 1,85 0,31 92,3 0,68 0,32
3,6 1,12 76,0 1,40 0,10 -100 0,48 2,10
4,5 1,12 771 1,46 0,08 -100 1,17 6,11
2,0 1,88 31,9 0,80 0,13 88,9 0,30 0,34
4,6 1,07 75,2 1,57 0,08 76,0 0,57 2,71
3,0 1,04 81,4 0,25 0,01 59,2 0,03 1,12
1,9 2,03 29,9 2,50 0,38 -100 1,54 0,57
4,5 1,09 79,2 2,65 0,17 -100 1,17 3,27

6/b

Puc. 2. PacnpegeneHve cogep>kaHnsi CyMMapHOro xsopogunna-a (a) n kapotuHongos (6)
B CYXOli Macce JOHHbIX OT/I0XEHWI No ray6uHam cbopa Npob B 03. MACTpo

Fig. 2. Distribution of total chlorophyll-a (a) and carotenoids (b)
in the dry mass of bottom sediments by the sampling depths in Lake Myastro
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Ta6bnuuya 3

CopepXXaHue pacTUTENbHbIX MUTMEHTOB B [JOHHbIX OTNI0OXEHUSIX 03. BaTopunHo B 2018 r. (B-cTaHuun)
Table 3

The content of plant pigments in the bottom sediments of Lake Batorino in 2018 (B-stations)

CogepykaHvie CyMMapHOro xnopoguina CogeprkaHuie KapoTUHOMIOB

s )

- (82} o

S 3 8 ES
< = = ) = o T o = o
= s 5 os s S 05 2 s
I 5 5 o o = g = o=
© I [ c [T
~ © = §b -f_:] T S 2 § é-h T
O £ = é « % S o g_ I « (g’ S o

° e 5 E%2 5 a89a Zh5

> = o S C o 3 'S Wi )

£ g2 53 S b3 ¥

« W m @ S « " m @
) )
n n

Bl 1,5-2,5 1,14 80,8 3,78 0,83 94,4 4,10 0,90
B2 1,5-2,5 1,12 85,3 6,23 1,20 91,9 10,53 2,03
B3 1,7 1,63 20,3 2,31 0,71 86,6 4,15 1,27
B4 1,7 1,08 94,5 2,56 3,85 89,3 2,92 4,38
B5 1,5 1,66 34,6 1,23 0,32 98,2 1,74 0,46
B6 1,5-2,5 1,08 88,9 2,33 1,02 87,8 7,12 3,13
B7 0,4-0,6 1,20 77,6 2,77 0,46 96,2 4,84 0,80
B8 1,6 1,08 92,4 2,69 2,46 86,8 3,57 3,26

OTHOCUTENbHAA BNAXKHOCTb AOHHbIX OTIOXEHWI Konebanack B LWUMPOKKX npefenax ot 20,3 1o 94,5 %, 60/b-
LU0V pa3Max KonebaHMin OTMEeYeH TakXKe Mo MJ0THOCTU AOHHbLIX rpyHTOB - 0T 1,08 go 1,66 r/icm3 cofepxxaHue
OpraHMYeckKoro BeLLecTBa B CyXOil Macce AOHHbIX OTN0XeHWI nameHsnocb ot 0,58 go 3,53 %. MpoaHann3npo-
BaB U3MEHEHUA (PU3NKO-XUMUYECKUX CBOWCTB JOHHbIX OT/IOXEHWUIA NO ry6UHaM Ha UCCef0BaHHbIX CTaHLMAX
03. BaTopnHO, MOXHO cAenatb BbIBOS 06 OTCYTCTBUM CBA3M MEXAY 3TUMW MoKa3aTeNsMu, YTo, BEPOSTHEE BCEro,
6b110 CNeaCcTBUEM Masnoli BbIGOPKM.

Ha uccnefjoBaHHbIX CTAHUMAX B JOHHbIX FPYHTax 03. baToOpMHO cofep>kaHre CyMMapHOro xiopogunina 6b110
HEBbICOKUM, cocTaBmB 3,0+1,4 MKI/r CbIpoil MacChbl JOHHbIX OTNOXEHWUI, U konebanock oT 1,2 ao 6,2 MKr/r (B ne-
pecuyeTe Ha CyXyl MacCy AOHHbIX OT/NI0XKeHUI cocTaBuB 22,8+17,1 MKr/r). Lons heornurMeHToB B CYMMapHOM
nyne 6blna 4OCTaTOMHO BbICOKOM - 91,4+4,4% (Tabn. 3). Cofep>xaHue KapOTUHOWAOB B CYXO Macce AOHHbIX
OT/NIOKEHUI ObIN0 TaKXe BbICOKUM U cocTaBuio 35,8+26,6 Mkr/r. COOTHOLLEHME COAepXaHWUs KapoTMHOUOB
K X/I0pounNny B JOHHbIX FPYHTaxX 03. baTOpUHO OblI0 HAMBLICLLMM MO CPABHEHWUIO C APYTrYMUW UCCNEA0BaHHbLIMM
03epamu, nsmeHsascb ot 1,08 go 3,06.

3akntoyeHune

B uccnefoBaHHbIX Npobax JOHHbLIX OTNOXEHWUIA B 03epax Hapoub, MAcTpo 1 BaTopvHO ObliN U3YYeHbl KOH-
LleHTpauuun xnopogunna-a u ero AepuBaTtoB U KapoTMHOMAOB. Bo Bcex obpasuax B CYMMapHOM Xnopodgusne
npeo6naganv heonurmeHTbl (gocturas 100 %), 4To CBMAETENLCTBOBAO O AECTPYKLUM XNOpornia-a u CHuXe-
HUMW KONMYeCTBa B PUTOMMAHKTOHE XMU3HECNOCOOHbIX aKTUBHbIX KNeTOK. CofepxxaHne CyMMapHOro xnopogunna
6b1710 HEBLICOKUM B 03. Hapoub, cocTasnss 4,2+3,7 MKr/r, B 03. MscTpo v 03. batopnHo - 1,8+1,3 1 3,0+1,4 mMKr/r
CbIPOI Macchl JOHHbIX OTNOXEHUA (Mnn 16,5+18,2, 6,446,2 MKr/r 1 22,8+17,1 MKr/r cyxoi Macchl JOHHbIX OT-
NOXEHWNI COOTBETCTBEHHO).

CofepxxaHue KapoTUHOWUAOB OblN0 HEBLICOKMM B 03epax Hapoub v MsAcTpo (3,3+4,5 1 3,614,1 MKr/r cyxoi
Macchbl JOHHbIX OTNOXEHWIA), OfHAKO B 03. BaTOpUHO cofepyaHue AaHHOW rpynnbl PaCTUTENbHbLIX MUrMEHTOB
OKa3a/ocb Ha NopsAAOoK Bbilwe - 35,8+26,6 MKI/T CyX0i Macchl JOHHbIX OT/IOXEHUIA.

Cssizb MexXfy rnyouHon cTaHumMm oT6opa NOBEPXHOCTHOIO CMOS AOHHBLIX OT/IOXEHWUWA U YAeNbHbIM COAep-
XaHWem X/10podusina Ha Cbipoe BeLLeCcTBO B 0OLLEM 3KCTPaKTe MUrMEHTOB B UCC/EL0BAHHOM [AuanasoHe ry-
6uH oTcyTcTBOBana. OAHaKo ¢ rny6uHoit c6opa 06pa3LloB OTMEYEHO 3aKOHOMEPHOE YBE/IMYEHNE CYMMapHOro
Xiopohuina-a n KapoTUHOUAOB B MEPECUETE HA CYXYH MAcCy AOHHbIX OT/I0XEHWIA.
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COBPEMEHHAA MNMAPAANTMA PAAVNO3KONIOI NN N CNCTEMA
PAOVNALULNOHHOIO MOHUTOPUHIA OKPYXXAKLWEW CPEABI

M. T .TEPMEHYYK1

Me>K AyHapOAHbI rocyaapCTBEHHbI 9KONOTUYECKNIA MHCTUTYT umeHn A. [l. Caxaposa,
Benopycckuii rocyaapcTBeHHbI YHUBEPCUTET,
yn. Jonro6poackas, 23/1, 220070, r. MuHck, benapych

MpencTaBneHa coBpeMeHHasn napagurma pafrMo3Konoruu, Kotopas paccmaTpuBaeT Ye/l0BEKA M OKPYXKatoLLy cpefly Kak
paBHOMpaBHbIe 06bEKTbI PajnaLMOHHOW 3alnTbl U onpeaensieT 6uocdepy B KauyecTBe AeATeNIbHON CUMbl, BAUSAIOLLEA Ha
paguaLnoHHyl 6e3onacHocTb. CucTeMa pafMaLuoHHOr0 MOHMTOPUHIA OKPYXXalolleidl cpefibl Kak CMCTeMa B CTPOroM Ma-
TeMaTU4eCKOM CMbIC/Ie NOAYUHSETCA 06LLECUCTEMHbBIM 3aKOHaM, MMeeT CBOWM OCHOBHbIe LIe/I U CBOMCTBA, a TaKxXe AB/SeT-
€A TUNONOrNYEeCKN HEOAHOPOAHOM, ANHAMNYECKOM, OTKPbLITOM, MepapXmyecKor, MHOrOypoBHEBON 1 061agaeT 06paTHbIMU
cBAssiMU. B nccnegoBaHum npefcTaBeHbl CTPOrve onpegeneHns apheKTUBHOCTA CUCTEMbI pafMaLlMOHHOTO MOHUTOPUHIA
OKpY>KatloLei cpefbl B TEpPMUHAX IMHIBUCTUYECKOTO U TEOPETUKO-MHOXECTBEHHOI0 NoaxXxoA0B. MNMoKasaHo, YTo He06X0ANMO
JanbHelllee ee N3yYeHNe [15 CO34aHMS LLeNIOCTHOMO ONUCAHUS CUCTEMbI U NPOrHO3a MOBEAEHUS B Pa3INYHbIX TUMAX CUTY-
auuii 06n1yYeHUs, 4TO aKTya/lbHO B YCM0BUSIX BBOAA B aKcnyaTauuto Benopycckoii A3C.

KnioueBble cfoBa: napaaurma pagnmoskonormmn; pagualmoHHas 6esonacHocTb; Benopycckas A3C; KaTacTpoda Ha UepHo-
6bINbCKOM ASC; cuTyaunu 06/1yHeHunst; CBOWCTBA CUCTEMbl PAAMALMOHHOIO MOHUTOPUHTA OKPYXKatoLLLel cpeabl; TUMOoru-
yecKas HEOJHOPOAHOCTb CMCTEMbI.
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Paaunoakonorusi u pagno6bmonorus, paguaumoHHas 6e3onacHocTb
Radioecology and Radiobiology, Radiation Safety

MODERN PARADIGM OF RADIOECOLOGY
AND ENVIRONMENTAL RADIATION MONITORING SYSTEM

M. G. GERMENCHUK

dnternational Sakharov Environmental Institute, Belarusian State University,
23/1 Daithabrodskaja Street, Minsk 220070, Belarus

The article presents the modern paradigm of radioecology, which considers people and the environment as equal objects of
radiation protection and defines the biosphere as an active force affecting radiation safety. Using the result of environmental
radiation monitoring in the Republic of Belarus after the Chernobyl disaster, it was shown that the environmental radiation
monitoring system, as a mathematical system, obeys system-wide laws, has its main system goals and properties and
is typologically heterogeneous, dynamic, open, hierarchical, multi-level and has feedbacks. The article presents rigorous
definitions of the effectiveness of the environmental radiation monitoring system in terms of linguistic and set-theoretic
approaches. This implies that further research is needed to create a holistic description of the system and a forecast of its
behavior in various types of exposure situations, which is relevant in the context of commissioning of the Belarusian NPP.

Key words: paradigm of radioecology; radiation safety; Belarusian NPP; disaster at the Chernobyl NPP; exposure situa-
tions; properties of the radiation monitoring system of the environment; typological heterogeneity of the system.

BBegeHue

B nepBoit uetBepTn XXI B. NpobnemMbl 06ecneyeHns pagnalMoHHOR 6e30MacHOCTM YeoBeka U Grochepsl
OTHOCATCA K OCHOBHbIM YIp03aM 1 pUCKaM, YrpoXaroLmm YenoBeyecTsy. [10BCEMECTHOe pa3BUTME U MPUMEHE-
HWe AfePHbIX TEXHOMOMWIA, a TakKe NOCNeACTBUSA rN106anbHOr0 pafMoakTUBHOIO 3arpsasHeHus 6uocdepsl nocne
NCNbITaHW AAEPHOTO OPYXXUS B OKPYXKAlOLLER cpefe, aBapuil Ha pafvaLOHHO-0MacHbIX MPOMBbILLIEHHbLIX 00b-
eKTax W, HaKoHel, KaTacTpog Ha UepHobbinbCcKoi 1 dykycumckon A3C 00yCcnoBuav BbICOKUIA YPOBEHb paaun-
aLUMOHHOM ONAaCHOCTU N YA3BMMOCTU HACTOALWMX 1 BYAYLMX NOKONEHUIA NMIOAeN, a Takke 6moctepbl B LEOM.
Bonee TOro, gasibHelLwee pa3BuTUE SAEPHBLIX TEXHONOTMIA U aTOMHOI 3HEPreTUKMW, B TOM YMC/ie CTPOMTENbCTBO
MepBoii aTOMHOI aneKkTpocTaHuum (ganee - ASC) B Pecnybnuke benapych, ycunuearoT LelACTBYHOLME U MOTEH-
LManbHble Yrpo3bl U PUCKK B chepe pagmnaLnoHHoin 6ezonacHocTy [1].

CoBpeMeHHOe 06LLEeCTBO HYXKAAEeTCA B 3aluUTe OT 3TUX YIPO3 1 PUCKOB, peasin3yeMbixX Yepes CUCTEMY pasu-
aLMOHHOM 6e30MacHOCTU Ye0BEKA U OKPYXKatoLLeld cpefbl, Kak 3TO NpeAycMaTpuBaeT HOBasd pefakums 3akoHa
Pecny6nukn Benapych «O paanaunoHHoi 6e3onacHocT» [2].

[ns obecneveHns pagnalvoHHON 6e30MacHOCTM Ha CoLMaibHO-NPUEMIEMOM YPOBHE roCyapCTBO M 06Le-
CTBO AO/DKHbI UMETb 3PPEKTMBHbIE MEXAHW3MbI YTNPaBEHNS PUCKaMU 4Ns UX NPeA0TBPaLLEHNSA UK NOCNenyo-
el MUHMMM3aL MK, OCHOBaHHbIe Ha MHGOpMaLMK 06 OLEeHKE 1 NPOrHO3e pagunaLMoHHON 06CTaHOBKM, [030BbIX
Harpyskax Ha 4efloBeKa W [OKa3aTeNbCTBaX 3alMLLEHHOCTM 0OLEKTOB OKpYXXatollei cpedbl. TakuM 06pasom,
pafVaLMOHHbIA MOHUTOPUHT OKPYXKaKOLLER cpefbl SBASETCA HE0OXOAMMON YaCTbi0 TaKMX MeXaHU3MOB.

Pa3BuTMe pagnoaKonornm Kak Hayku Bo Bcem mupe 1 B Pecny6nvke benapych (0cobeHHO nocne KatacTpodbl
Ha YepHob6bInbcKoit ASC) M03BOANMIO NOAYYUTb 3MNUPMYECKNIA MaTepUan, KOTOPbIA SIBNSETCS OCHOBOM ANs W3-
YUYEHUA B3aMMOLENCTBUA MOHM3UPYHOLLEro n3nyyeHns (ganee - M) ¢ BeLw,ecTBOM, OLEHKM 1 NPOrHO3UPOBaHNS
pafuaunoHHO 0BCTaHOBKM B OKpPYXKatoLLeli cpefe, a TakkKe TeKYLLMX U NPOrHO3HbIX [030BbIX HArpy3oK Ha
YeNloBeEKa B YCNOBUAX M3BECTHLIX YIrpo3 1 pUCKoB [3; 4].

B npakTuke obecneyeHns pagnaLMoHHON 6e30NacHOCTU paguaLMOHHbIA MOHUTOPUHT OKPYXXatoLLein cpeapl
M0 YMOMYaHUIO Y>Ke ONpefesieH Kak CUCTeMa, KOTopasi UMeeT reHepasibHble L, BHELLHIOK W BHYTPEHHIOH
Cpefly, a TaKKe BXOAWT BO BHELLHME HAACUCTEMbI, HANPUMEP, pafuaLoHHO 630MacHOCTM UK HaLUOHa/IbHYHO
CUCTEMY MOHMTOPMHIA OKpYXatoLlei cpedbl. OTMETUM, YTO, COrNacHo obulei Teopumn cuctem (ganee - OTC),
paguaLmoHHas 6e30MacHOCTb YesloBeka U Grochepbl BbICTYMaeT B KauecTBe Mpob6iemMocogepkalleid 061actu
B KauYeCTBe BHELLHEN Cpeabl CUCTEMbI - YIPO3bl, PUCKU U MH(HOPMALMOHHbIE MOTPEGHOCTM 06LLECTBA B Cepe pa-
OMaLMOHHON 6e30MacHOCTH, B KaUecTBe BHYTPEHHEN cpedbl —CUMCTEMbl U3MEPEHMiA: Npubopsl 1 060pyfoBaHMe,
6a3a JaHHbIX, pacyeTHble MOLENN U T. [,

AHann3 COCTOSHWS pafmnaLMoHHON 6e3onacHocTM B Pecny6nvke benapych MOKasbIBaeT, YTO K M3BECTHLIM feld-
CTBYIOLLMM Yrpo3am ¥ pUCKam OTHOCATCS PagnoakTUBHOE 3arpsisHeHVe OKpYXKatoLleld cpefbl Moc/ae KatacTpogbl
Ha YepHobbinbckoii AQC, 4 ASC Baonb rpaHul, a Takke benopycckas AC [1]. Kpome Toro, no gaHHbIM Jenap-
TamMeHTa No A4epHON 1 pagnaLMoHHON 6e3o0nacHOCTM MUHMCTEPCTBA MO Ype3BblYaliHbIM CUTYauuaM Pecny6inku
Benapych, Mo cocTosiHMIO Ha 31 Aekabps 2019 r. B cTpaHe 3apermcTpupoBaHsl 22932 nctouHnka NI (ganee - NNN).

K noTeHuuanbHbIM yrposam M puckam CcrieflyeT OTHEeCTU akTyaslbHble Yrposbl sfepHoro (paguonorude-
CKOro) Teppopu3Ma, HeCaHKLMOHUPOBaHHOe nepemelyeHne VU u agepHbIX MaTepuanos, TpaHCrpaHUYHOe

27



>KypHan benopycckoro rocyfapcTBeHHOro yHuBepcuteta. dkonorus. 2020;2:26-35
Journal of the Belarusian State University. Ecology. 2020;2:26-35

pafnoaKTUBHOE 3arpssHeHue, a Takke yTepsHHble M. OTMeTWUM, YTO NPUHATas paHee B MPOLUIOM CTONETUU
napagurma TakK Ha3bIBaeMOIN «CeNbCKOXO3AWCTBEHHOW» PafMO3K0I0TM YXKe He COOTBETCTBYET COBPEMEHHLIM
Hay4HbIM U MPaKTUYeCKUM NOTPebHOCTAM B chepe obecneveHuns pagualmnoHHon 6esonacHocTu [5].

Takum 06pa3oM, Ha COBPEMEHHOM 3Tane 06ecrneyeHus paguaLluoHHon 6e30MacHOCTY NPU ONWCaHWUKN pagu-
aUMOHHOIO MOHMTOPMHTIA KakK CUCTEMbl BO3HMKAET MeTOLOM0rMYeckas Npobnema, KOTopast B HacTosiLLee Bpems
He UMeeT Y/0BNETBOPUTE/IbHOIO HAy4YHOr0 paspeLLeHus.

CyTb Mpo6iemMbl 3aK/MHYAETCS B TOM, UTO B OTCYTCTBME LIE/IOCTHOrO CTPOrOro ONUCaHus pagualMoHHOro
MOHUTOPUHIA KakK CUCTEMbI HEBO3MOXHO [aTb Hay4HO 060CHOBAHHOE 3aK/IOYeHVe O TOM, YTO pagvalnoHHas
6e3onacHOCTb YenoBeKa U brocgepbl 6yLeT obecneyeHa Ha CoLUanbHO-NPUEMSIEMOM YPOBHE B Pa3/IMYHbIX CU-
Tyauusax 061yyeHns U pagnoaKTUBHOIO 3arps3HEHNS OKPYXKatoLLeld cpefbl C yHeTOM JeACTBYOLWNX U MOTEHLM-
a/lbHbIX PUCKOB 1 Yrpo3.

BaXKHO OTMETWTb, YTO KaTeropun pUckoB, Yrpo3 1 MHPOPMaLMOHHbLIX NOTPe6HOCTEl OpraHoB rocyapCTBeH-
HOro ynpaBfeHns B cpepe pagnaluoHHON 6e30MacHOCTH, KPUTUYECKON MHPPACTPYKTYpPbl rocyapcTea, Hayu-
HOW o6uecTBeHHOCTM, CMIW 1 HaceneHns UMEKT COLMaTbHYH MPUPOAY W TUMONOrMYECKU OTIMYAIOTCS OT
HaY4YHO-TEXHNYECKOA YaCTU MOHUTOPWHIA, YTO 3aTPYAHSET UM AeNlaeT HEBO3MOXHbLIM LiefIOCTHOE OnucaHue
CUCTEMbI 1 MPOrHO3 ee MOBEAEHUSA C UCMONb30BaHNEM TPAANLMOHHBIX METOAOB.

370 CBA3aHO C TeM, YTO, KaK MpaBW/o, pPagnaLMOHHbIA MOHUTOPUHI PacCMaTPMBAETCA B KayecTBe Hayu-
HO-TEXHUYecKas CUCTeMa, KOTopasi BK/OYaeT B ce6s mpubopbl 1 060pyfoBaHMe, CMCTEMbI cbopa 1 nepegaym
nHopmauun 1 T. 4. Mo pesynbTataM PYHKLMOHMPOBAHMS HaYyYHO-TEXHUYECKO CUCTEMbI POPMUPYHOTCS 6Gasbl
3MMMPUYECKNX JaHHBIX, KOTOPbIE B Aa/IbHEALLEM UCMONL3YHTCA A1 OLEHKM U MPOrHO3MPOBaHNS paguaLnoH-
HOW 06CTAHOBKW, WHBIMU CMI0BaMM, B CUCTEME [EACTBYHOT MPAMble CBA3W «CHU3Y BBEPX»: «HAOMOAEHUSA» "
«OLLEHKA W MPOrHO3».

OfHako aHanm3 1 0606LLeHMe NPaKTUYECKOro OMnbiTa B ciepe obecneveHns pagnaunoHHON 6e30nNacHoOCTH,
B TOM YMC/e HEraTUBHOrO, TpebyeT, YTo6bl 418 06ecrneyveHnst oXXngaemon aQHeKTUBHOCTY pagnaLMOHHOIo Mo-
HUTOPUHIA CYLLIECTBOBA/IN HE TO/LKO NPSIMbIE CBA3U «CHU3Y BBEPX», HO U 06PATHbIE - «CBEPXY BHU3»: «YrPo3bl
N PUCKU» N «MH(POPMaLMOHHbIE MOTPEBHOCTU» N «OLIeHKa W MPOrHo3» ~  «HabngeHns» (puc.). 1o 03Ha-
YaeT, UTO B C/lyyae, ec/iM CMCTEMA B TEKYLLEM Mepuoje He obecrneynBaeT JOCTVKEHWS CBOMX Leneid, Kak 3To
npounsowno B 1986 r. BO Bpems KatacTpodbl Ha UepHobbinbckoit ASC, 06paTHbIE CBSI3U, KOTOPbIE B TOM YuMC/e
MMEHT COLManbHbIe acMeKThl, JOMKHbI MPUBECTU CUCTEMY B TaKOe COCTOSIHME, KOrAa NO/HOCTLIO YAOBETBO-
peHbl MH(OPMALMOHHbIE NOTPEOHOCTM 06LLecTBa 418 06ecneveHNs pafMaluoHHOK 6e30MacHOCTM U cMcTeMa
CTaHeT 3th(DeKTUBHON.

[nsa paspelueHns aToi Hay4HOW NpobniemMbl HEO6X0AUMO pa3paboTaTb efuHbIA METOL0NOTMYECKMIA NOAXOL,
KOTOpbIi MO3BOMNT YCTAHOBUTL CBSA3WM MEXAY BHELUHEA U BHYTPEHHEl cpefoii CUCTEMbl PagMaLluoHHOIo Mo-
HWTOPWHIa, ee TEXHUYECKMMW U COLMabHBbIMU acnekTaMmn 1 NpPeaocTaBUT HayYHO 060CHOBaHHbIE METOAbI A1
OLEHKM 1 NPOrHO3MPOBaHNS €8 COCTOAHMS U 3h(hEeKTUBHOCTU B Pa3/IMYHbIX YC0BUAX C YYETOM TUMOAOrMYe-
CKOI CNOXHOCTU (HEOLHOPOAHOCTHN).

W3yuas npouecckl 06ecneyeHns pagualumMoHHol 6e30MacHOCTY Ha CoLMaibHO-NPUEM/IEMOM YPOBHE, HE06-
XOAUMO YYUTbIBaTb, YTO ANS1 COBPEMEHHON CTaanM YCKOPEHHBIX COLMaNTbHbIX U3MEHEHUIA XapaKTepHbl Heymno-
PAAOYEHHOCTb, HEYCTOWYMNBOCTh, pa3HO06bpa3ne, HepaBHOBECHOCTb, HETMHENHOCTb 1 TEMNOpPaibHOCTL [6].

Llenb uccnefoeaHuns: nNpeAcTaBUTb COBPEMEHHYIO Napagurmy pagro3Konorun u 060CHOBaTb NMPUMEHEHMWE
MPUHLMMOB O6LLECUCTEMHBIX M30MOP(U3MOB AJ1St LLeSIOCTHOrO OMMCaHWs CUCTEMBI PaanalUoHHOr0 MOHMUTO-
PVIHTa OKpY>XatoLLeli cpegbl.

B cTaTbe M3yyeHbl M onucaHbl 06LMe CBOMCTBA PaANaLMOHHOTO MOHUTOPUHIA KaK CUCTEMbI B CTPOTOM Ma-
TEMaTN4YeCKOM CMbIC/E, & TAKXKEe AaHO onpegeneHne aPheKTUBHOCTM CUCTEMBI.

Matepuasibl 1 METOAbI UCC/ef0BaHNA

OCHOBHble MeTO0A0/I0rMYecKMe noaxoapl. Mepeblii U3 3TUX NOAXOA0B (3MMMPUYECKMiA) BKIKOYAET aHann3
1 0606LLeHME NPAKTUYECKOTO OMNbITa MCMO/b30BaHNS CUCTEMbI PaauaLMOHHOTO MOHUTOPUHIA AN1st 06eCreYeHNs
paauaLnoHHO 6e30MacHOCTI N NPeLOCTaBNAET PELLEHUs AN KOHKPETHbLIX CUTyaluii 061yyYeHns 1 GasupyeTcs
Ha MHAYKTMBHOM MeTofe. BTopoii (TeopeTuyeckuit) ¢ NCNoNb3oBaHWEM FMNOTETUKO-AEAYKTVBHOIO METoAa Mno-
3BO/ISIET PacCMaTpMBaTh M OMMUCHIBATb PafMaLOHHbIA MOHUTOPUHT Kak CUCTEMY B CTPOTOM CMbIC/IE, C €€ CBOIA-
CTBaMU 1 XapaKTePUCTUKaMK, AaeT OLEHKY 1 NMPOrHO3 e COCTOSIHUS 1 MOBEAEHMS.

[ns onucaHus pafnaLioHHOr0 MOHUTOPKHIA OKPYXKatoLLelt Cpefibl Kak LiesIOCTHOM CUCTEMbI NpeacTaBseTcs
3(hEeKTUBHLIM MCMOMb30BaTb OCHOBHbIE MPUHLMMbI HAYYHOrO MO3HAHWS: AETEPMUHU3MA, COOTBETCTBUS U [0-
MOSIHUTENBHOCTY, a TaKXKE NMPUHLMM 06LLECUCTEMHbBIX M30MOP(M3MOB, MHAYKTUBHLIA U TMNOTETUKO-AEAYKTMUB-
HbIiA, TOFMKO-NCTOPUYECKMIA NOAXOAbI M METOAbI, MPUMEHSIEMbIE B MaTeMaTUYecKoii normke, OTC B CUCTEMHOM
1 TEOPETUKO-MHOXECTBEHHOM aHa/n3e.
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Mogenb BHELLHel 1 BHYTPEHHE cpedbl CUCTEMbI PAAUaLMOHHOTO MOHUTOPUHTA OKPYXKAKOLLEN cpeabl

Model of the external and internal conditions ofthe system of the environmental radiation monitoring

MpyvHUMN geTepMuHU3MA. Mcxoaa 13 3Toro NpuHLMNG, B ero COBPEMEHHOM MOHUMaHWKU CHOPMYIMPOBaHa
B 00LLeM BMe OCHOBHaA rmnoTesa nccnefoBaHus. Ee cogepxxaHue COCTaBNSET HA/IMUME 0OBLEKTUBHO CYLLECTBY-
IOLWMUX, HO He (hOPMann30BaHHbLIX B CTPOrol popme, CYLLECTBEHHbLIX CBA3el MeXAy TUMOOrMYeCKU HeoLHO-
pOAHbLIMW 00bEKTaMM CUCTEMbI PafnaLMOHHOr0 MOHUTOPUHTA. ITW CBA3W ONpesenstoT NOBeAEeHNE CUCTEMbI BO
BPEMEHM 1 B (ha30BOM NPOCTPAHCTBE PELLEHMNI (COCTOSHWUIA), BaXKHbIX ANS pagnaLnoHHON 6e30MacHOCTL.

Kpome TOro, He06X0AMMO YUUTbIBaTb TOT (DaKT, YTO ANS CUCTEMbl PagMalMOHHOIO MOHUTOPUHIA 60bLIOe
3HaYeHVe MMEKT HeonpeLeNleHHOCTH, CBA3aHHblE CO CTATUCTUYECKUM (CnydaliHbIM) XapakTepoM MOBeAeHMs
BHELLHEe cpefbl, ee HEYNOPSA0UYEHHOCTbH), HEYCTOMYMBOCTLIO Y HEIMHEMHOCTLI0. 3TO 03HAYaeT, YTo NpaBufib-
Hble peLleHns B 061acTi paguaLuoHHON 6e30MacHOCTU HEO6X0ANMMO OPMYNMPOBaTb C MCNO/b30BaHNEM BEPO-
ATHOCTHbIX OLEHOK U UHTEPBa/IbHbLIX BEMUNH.

MpyvHUMN cooTBeTCTBUSA. [pMMeHeHWe 3TOro NpPUHLMNA NO3BOAET OCYLLECTBUTL Nepexos OT TPaguLMOoH-
HOr0 MOHMMAaHWA MOHUTOPMHIA KaK Hay4HO-TEXHUYECKOW CUCTEMbI K CYLLECTBEHHO 60/ee LUIMPOKOMY Hay4HO
060CHOBaHHOMY MPeACTaBNEHNIO KaK O CUCTEME, COCTOSALLEN U3 HEXMBBIX MaTepuabHbIX 3/1eMeHTOB (Npubopsl,
cUCTeMbl HabNIOAEHWI, N3MEPEHWUIA, CBA3U U T. fI.) M KMBbIX (MEPCOHAN M LA, MPUHUMAIOLLME peLleHNns), a Tak-
Xe BUPTYanbHbIX 3/1eMeHTOB (6a3bl AaHHbIX, CUCTEMbI 3aKOHOLATENLCTBA 1 HOPMUPOBaHNUS B cthepe obecrneveHus
pagnauMoHHOR 6e30MacHOCTM N T. 4.).

MpyvHUMN SONONAHUTEeNbHOCT W, HayyHas pe3ynbTaTMBHOCTbL U 060CHOBaHHOCTbL NPUMEHeHUs 06LLecUcTem-
HbIX M30MOP(M3MOB B chepe pasmaLnmoHHON 6e30NacHOCTA U, COOTBETCTBEHHO, B CUCTEME PafMaLUOHHOIo MO-
HUTOPWHTa, Haubonee ACHO NOATBEPXKAAETCA NPUHLMUMNOM ONONHUTENILHOCTU. DTO NMPUHLMUM, B TOM YKC/E NOCTY-
NUpYeT NPaBOMEPHOCTL M paBHOMNpPaBMe PasfiMUHbIX HayUHbIX ONUCaHWIA. A B HaLLEM Clyyae - 3TO MpPYMEHeHue
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pa3Ho06pa3HbIX Hay4YHbIX NOAXOA0B, OMUCHIBAIOLLMX OAHU U TE XKe 00bEeKTbI U NPeaMEeThI NCCeA0BaHNUS: NOTMKO-
NCTOPUYECKMIA U TOTMKO-MaTEMATUYECKMIA MOAX0Ab!, TEOPETUKO-MHOXKECTBEHHBIA 1 CUCTEMHbIN aHa/IN3, a TakXke
MeToAbl, MCnosib3yemble B Teopun pucka n OTC.

KpuTepnn nogTBEpXKAEHUSI M Hay4yHOW 060CHOBAHHOCTW. B kayecTBe MOATBEPXKAEHWS Hay4yHON 060-
CHOBaHHOCTW TEOPETMYECKMX PEe3y/IbTaTOB MCMOb30BaHbl KPUTEPUN, KOTOpPbIE, C O4HON CTOPOHbI, ONpeaenstoT
npaBuia ONepupoBaHns abCTpakLMAMU ANS NX BBELEHWS 1 YAANEHNS B paMKax NMPUMEHEH NS TEOPETUKO-MHOXe-
CTBEHHOro aHanmsa n OTC, ¢ Apyroii CTOPOHbI, MO3BOJISOT OLEHNBATbL TEOPETUYECKME Pe3y/bTaTbl C TOUKK KX
peannsaunm Ha NpakTuke.

CambIM HarnsaHbLIM CNOCO60M, NOATBEPXAAIOLLMM 060CHOBaHHOCTb MOMYYEHHbIX Pe3yNbTaToB, ABMSETCS Ha-
yUHas UHTepnpeTaums pesy/nbTaToB 06LLECTBEHHON NpakTUKWM B cthepe obecneyveHns pagualnMoHHON Ge3onac-
HOCTW, Hampumep, NOTPE6HOCTb M3MEHEHUS NapagurMbl PagMo3KoNorUK. Mcxoas M3 HayyHO 0O0CHOBaHHbIX
pe3ynbTaToB aHaM3a 1 0606LLEeHMS MPAKTUKN PaguaLMOHHON 3anThl U 6630MacCHOCTU B Pa3IMYHbIX TUNax Cu-
Tyauuii 061yyeHuns, pa3paboTaHbl, BHeAPEHbI 1 MPOBEPEHbI Ha NPaKTMKEe PEKOMEHAALMN MO Pa3BUTUIO CUCTEMbI
pagnaLMoHHOro MOHUTOPUHIA OKpYXKatoLLeli cpeapbl B Pecny6niuke Benapyce.

PesynbTaTbl UCCNEA0BAHMS U UX 06CYXKAEHNE

NTak, ons ynoBNeTBOPUTENLHOIO paspelleHns Hay4HbIX Mpobnem cucTembl paguaumoHHOr0 MOHWUTO-
pVHra OKpy>aloLlein cpefbl Ha 6a3e ONMCaHHbIX Bbllle METOAOB NPeACTaBMM Hay4yHO 060CHOBaHHYH COB-
peMeHHY0 napagurmy pagmosKonorum U 0OCHOBHbIE OMpeaesieHns CUCTEMbl pagnaLMoOHHOIO MOHUTOPUHTa
OKpy>karLeii cpedbl.

OcHoBHas rmnoTesa uccnefoBaHUsA pagnaLMoHHOro MOHUTOPUHIa Kak CUCTEeMbl COCTOMT B TOM, UTO pa-
OMaLNOHHBIA MOHUTOPUHT OKPYXKaloLLel cpefdbl SBASETCA CUCTEMOI B CTPOrOM CMbIC/IE U MOAYMHSAETCA 06Le-
CUCTEMHbLIM 3aKOHaM, MMEeT CBOM OCHOBHbIE, FeHepasbHble Liean, CBOMCTBA U XapakTepUCTUKM, KOTOpble Onu-
CbIBAKOTCA CreLmanbHO pa3paboTaHHbIM TOTMKO-MaTeMaTMyeckmum annapaTom. IocneHee No3BoNsET OLEHNBATD
1 NPOrHO3MpOBaTh ee MOBEAEHUE B Pas/IMYHbIX TUNAX CUTYyaLuii 06ydYeHUs ansa obecrneveHns pagualoHHONM
6e30nNacHOCTM Ha couunanbHO-NPUeMIEMOM YpoBHe. Mpu 3TOM cucTemMa paguaLMoOHHOrO MOHUTOPUHIA OKPYXKa-
loLLeli cpeabl ABASETCA BAXKHERLLIMM MeXaHU3MOM PagrM03KOIorMYeCcKNX NCCNe0BaHuniA B Groctepe 1 ee ycnewl-
HOCTb CYLLECTBEHHbIM 06pa30M 3aBUCUT OT AEMCTBYIOLLEV NapagmrMbl pagnoskonorun. Mogesnb BHELLIHER U BHY-
TPEeHHeN cpeabl CUCTEMbI paguaLMOHHOr0 MOHMTOPWHIA OKPYXXatoLLeld cpeabl MpeacTaB/eHa Ha puc.

HayyHas v npakTwu4yeckasd Heo6X0AMMOCTb OBHOBNEHWS MapajurMbl pagnoskosnoruun. MepsoHayasibHO
B KOHLUe 40 - Havane 50-X IT. NPOLUNOro Beka B YCNOBUAX rN06afbHOr0 pafivi0akTUBHOIO 3arpsi3HeHUs BCrej-
CTBME MCMbITAHWIA AAEPHOIO OPYXXMS B aTMOC(epe M MOCNEAYHOLWEro CNob30BaHNsA A4EPHON 3HEPTUU B 3KO-
HOMWKE POCCUICKMM ydeHbIM B. M. KneukoBCckuM 6blia NpegnoXeHa napagurma «CenbCKOX03SACTBEHHOM»
pagumoakonorumn: «Ipy LWMPOKOM MCMONb30BaHUMN SAEPHON SHEPTMU B MUPHLIX LeNsX, CBA3aHHbIM C BblBefe-
HMWEM B OKPY>XatOLLYH0 Cpefy WCKYCCTBEHHbIX PaAvOHYKAMAOB U MHTEHCU(UKaL e KpyroBopoTa eCTeCTBEH-
HbIX PafMOHYKINLOB, OCHOBHOE 3HaYeHNe UMEET He NPSMOe BO3AENCTBUE Ha Ce/IbCKOXO3ANCTBEHHbIE PacTeHMs
M XXMBOTHBIX, XOTA 3Ty NPO6/EMY Hefb3s UFHOPMPOBATb, & HaKoMJeHWe VMU PagnoHYKINLOB, NOCTYNALLUX
C Ce/IbCKOXO03AWCTBEHHbIMM NPOAYKTaMW B OPraHW3M YefloBeKa, YTO NMPUBOAMT K €ro A0MNOMHUTENIbLHOMY (CBEpX-
(hOHOBOMY) 06/1yHEHNIO».

3TOT MocTynaT Ha JOArue rofpl NpeAonpesennn OCHOBHbIE HanpasfieHWst UCCNef0BaHWI B pafuMo3Konorum
NCX0As M3 TOFO, YTO OCHOBHbIM 0OBEKTOM PaguaLMOHHOW 3aLlUThl ABASETCA YeNOBEK: U3ydeHue HU3NKO-XMMU-
YeCKMX 3aKOHOMEPHOCTel B3aMMOAENCTBUA PafMOHYKANAO0B C MOYBEHHLIMU KOMMIEKCAMW W OLEHKe KOMnye-
CTBEHHbIX MapameTpOB NX HAKOMIEHWS B CE/TbCKOXO3AACTBEHHOW NPOAYKLMN.

OpHako B XXI B. Nnpo6nembl B 061aCT1 pagnalMoHHOR 6e30MacHOCTM NOTPeboBann B KaUeCTBe 00bEKTA 3a-
WMTbl NPU3HATL HE TOJ/IbKO Ye/IOBEKA, HO U OKPYXKAKOLWLYI0 Cpefy, YTO COOTBETCTBYHOLLMM 06pa3oM OTPaXeHo
B pekoMeHAaunax MAFAT3 MKP3. Kpome Toro, B NpakTUKy 06ecnevyeHns pagnaunoHHoin 6e30nacHOCTY BBe-
[leHbl MOHATWA TUNA CUTyalMmn 06/1yYeHnst (NNaHOBOTO, CYLLECTBYIOLLEro 1 aBapuitHoro) [7; 8]. HoBble moaxoabl
CYLLECTBEHHbIM 06pa30M MOBAWSN Ha XapakTep MPOBeLeHNS PafM03K0I0rMueckux UccnefoBaHnin NoBeAeHNs
pafMoHYyKNuaoB B 6roctepe, OLEHOK pafualoHHO 06CTaHOBKM W, COOTBETCTBEHHO, Ha CUCTEMY paAUaLMOH-
HOI0 MOHUTOPUHTA.

TakuMm 06pa3om, He0OXOAUMO HaWTW HayyHOe pelleHMe MPo6nembl 06ecneyveHns pagualnoHHon Gesonac-
HOCTW YenoBeKa 1, OAHOBPEMEHHO, 06ecneyeHns pagnaLMoHHON 6e30NacHOCTI Hambosnee yA3BUMbIX 06BEKTOB
OKpYy>atoLLein cpeapbl (6rocdepbl).

[ns onucaHusa pagmo3Konornyeckux acrnekToB obecneveHns pagmnaLMoHHON 6e30MacHOCTM MCMOMb3yeM Npu-
€M BBO/a 1 BbIBOZA abCTPaKLMii N NX 3aMeHY KOHCTPYKTUBHBLIMMW 31eMeHTaMu, ClefyoLmMMmy U3 aHanunsa n 0606-
LLLeHMs MPaKTUYECKOro OMbITa B Chepe pagnaLnoHHOoR 6e30nacHoOCTH.
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Takoli Noaxog No3BONSIET U3 HEOTPAHNYEHHOIO MHOXKECTBa abCcTpakLumii B cdhepe pagmalMoHHON 6e30nacHo-
CTV BbI€/IUTb TO/IbKO PaAMNO3KOIOrMYECKNE 1 3aMEHUTB UX KOHCTPYKTUBHBIMU 3/IEMEHTaMU, KOTOPbIE SIBASKTCA
6a30BbIMU 1 B PaMO3KONOTUN: «paAnalOHHas 06CTaHOBKa», «paanalMOHHOe COCTOSIHNE» U «PanoaKTUBHOE
3arpsisHeHne OKpy>XXatoLleli cpedbl». B Takom ciyvae, NpoLecchbl BO3LENCTBMA MPUPOAHBIX U aHTPOMOreHHbIX
(haKTOpOB, KOTOPbIE MPUBOAAT K PafM0aKTUBHOMY 3arpsisHEHMI0 OKpYXXatoLLeld cpefbl, pacCMaTpuBalOTCA B Ka-
yecTBe (hyHKTOpPOB. OTMETMM, YTO TaKOi BbI6OP KOHCTPYKTMBHbLIX 3/1EMEHTOB C/ieAyeT U3 NpakTuKu obecneye-
HWA pagnaLnoHHON 6e30MacHOCTM corfacHo TpeboBaHMAM 3akoHa Pecny6nmkn benapycb «O pagnaunoHHOR
6esonacHocTu», «O6 oxpaHe OKpY>XatoLein cpegbl» n pekomeHgaunii MAFAT3 n MKP3 [2; 7-9].

MpUMEHNTENBHO K paguaLMOHHOMY MOHUTOPWHIY B KayeCTBe MPOLLECCOB BO3AEWCTBUS Ha COCTOSIHME
1 PagnoaKTUBHOE 3arpsi3HEHME OKPYXKaroLel cpefbl pacCMaTPMBAKOTCS MEXaHW3Mbl MEPEHOCA MAcchl 1 3Hep-
rMn PagvoHYKINAOB NPUPOAHOIO N UCKYCCTBEHHOTO NMPOMNCXOXAEHNS 3a CHET NPUPOAHBLIX M @aHTPOMOTEHHbIX
thakTopoB. lNMpu 3TOM «OKpyXatowas cpega» Ana ueneii obecnevyeHns pagmaumoHHolk 6e30MacHOCTM Tenepb
[lO/MKHa paccMaTpuBaTbCa B LUMPOKOM CMbIC/e Kak «b6uoctepa» M MOHATHO, 4TO 6mocdepa B LeNOM CTaHo-
BUTCS HE TOMIbKO (DOHOM, Ha KOTOPOM Pa3BOPaUMNBalOTCA COObITUS, BaXXHble 415 0becrneyeHns pagnaLnoHHON
6e30MacHOCTU, HO U AesTeNbHOI CUOM, KOTOpas NPosSBASETCA Yepe3 NepeHoC SHEPrumn 1 mMacchbl.

OC06eHHOCT Y PagnoaK T MBHOTO 3arpsisHeHUsl 6uocepbl. OTMETUM, YTO UMEHHO MPU TaKOM KOMIMIEKC-
HOM 6MOC(EePHOM MOAX04e MOSBAATCS MeTOLOIOTMYECKEe BO3MOXHOCTU BbISIBUTb, OMMCaTb M y4ecTb [Be
BaXKHble 0COGEHHOCTM MPUCYTCTBMSA U NOBEAEHNS PaAMOHYKNNL0B B 6rocepe. Bo-nepBbix, BaXXHO YKas3aTb
Ha KOHEYHOCTb MPUCYTCTBUA PagnoOHYKIMAOB B 6uoctepe, koTopas 06ycnoBneHa PyHAaMeHTabHbIM CBOM-
CTBOM paAuO0aKTMBHOIO pacnaja v onpeaensieT BPEMEHHbIe MEPUOAbI, 3HaYMMble 415 OLEHKW BO3AENCTBUSA
N Ha 06beKTbl 6rocepbl. 3Ta 0COGEHHOCTL MMEET KaK Pagnonornyeckyto 3HaYMMOCTb C TOUYKM 3PEHWS
OLEHKM W NPOrHO3MPOBaHWs [L030BbIX Harpy3oK, TakK W MpaKTUYeckyk - Ans GhOopMUPOBaHMSA MpPOrpamm
MOHMTOPMWHIA, YTO MO3BOASET ONTUMANbHO UCMOMb30BaTb AOCTYMHble pecypcbl. OTMeTUM, YTO MOBeAeHMe
CMCTEMbI pagnaLlMoOHHOr0 MOHMTOPWMHIa B (ha30BOM MPOCTPAHCTBE COCTOSHUI (pelleHnid) B ctepe pagua-
LIMOHHOI 6€30MacHOCTM MMEET BbICOKYIO TEMMOPabHOCTh, KOTOpas CYLLEeCTBEHHbIM 06pa3oM BAUSET Ha 3(-
(heKTMBHOCTb CaMOI CMCTEMbI.

B mogTBepXAeHMe 3HAUMMOCTM 3TON 0COGEHHOCTM YMECTHO NMPUBECTM fBa MPMMEPa, BaXHbLIX AN Npo-
rpaMM «4YepHOOGbLINIbCKOTr0» MOHUTOPUHTA U UMEHLLMX Pa3HYH BPEMEHHYHO HaMpaB/eHHOCTb: PagnoaKTUBHOE
3arps3HeHMe KOPOTKOXMBYLIMMW PagMOHYKAUAAMK, B TOM 4ucie Mogom-131 v JONroXUBYLLMM aMepuLn-
eM-241. TOHATHO, YTO M3MepPeHUs yaenbHONW akTUBHOCTU iofa-131 B GMOTMUECKMX U aBUOTUYECKUX 00b-
eKTax Obln Ype3BblYaiHO BaXKHbI 415 OLEHKM 403 U Aa/bHEALNX PagnoNornyeckmnx puckKoB A1t HaceeHus
B «OCTPbIii» Mepuof KatacTpodbl, OAHAKO €ro akTMBHOCTb ObICTPO yMeHbluanach U vepes 90 AHeld nocne
KaTacTpO(hbl MPaKTUYECKM He MOAJaBaiacb M3MepeHusM. B pesynbTaTe, M3-3a HEAOCTATKOB MPOrPaMMHOr0
NNaHWPOBaHMS pPafMaLnOHHOrO MOHUTOPMHIA HA 3TOM 3Tane He ObIN MOAYYEeHbl HAAEXHbIE 3KCMNepUMeH-
Ta/lbHble AaHHble ANS Penpe3eHTaTMBHbLIX OLEHOK [03 M PUCKOB. B cnyyae ¢ amepuymem-241 BpeMeHHOi
TPeHA UMeeT 06paTHOe HanpaBneHue, ero yaenbHas akTMBHOCTb Oblfla He3HAYMTEeIbHA B MOMEHT KaTacTpogbl
1 GyfeT Bo3pacTaTb BMAOTH 40 2058 I. B Halle BpeMsi NpOrpaMMbl y>Ke NpesycMaTpuBaloT ero BK/OYEHMe
B COCTaB MHOXKeCTBa NapamMeTpa MOHUTOPWHTa.

Bo-BTOpbIX, MOCNe MonajaHusl B OKPY>XXAKLLYHO cpedy, PaguoHYKANAbl BKAKOYAKTCS B 06LWMIA npouecc
MepeHoca 3HepPrun 1 Maccbl MeXAy pesepByapamu 6uoctepbl U, HECMOTPS Ha KpaliHe He3HauMTeNbHble Mac-
COBble KOMMYECTBA M MPEUMYLLECTBEHHO «pPacCesiHHYy0» (DOpMy, BCTpPeYaloTcsi MOBCEMECTHO. B TepmuHax
reoXUMMUM MOXXHO FOBOPUTL O BOB/IEYEHWMN PafUOHYKIUA0B B FTEOXMMMUYECKNIA TpaHC(ep BeLecTsa, 4To, no-
MUMO MUTpaLnn PagnoHYKINA0B M3 O[HOrO pe3epByapa 6uoctepsb! B APYroi, co3gaeT YCN0BUA A5 UX HaKO-
NeHNs B OTAENbHbIX 3/IeMeHTax 6uocdepbl. Takum 06pa3oM, ANs CO34aHNSA HOBbIX MCTOYHMKOB PagnoaKTUB-
HOrO 3arpsi3HEHNs, CHOPMUPOBAHHBIX MPUPOAHBLIMK NPOLLECCAMU, 3TO TaKXKe AOMHKHO HaXOAWUTb OTPaXEHMe
B MPOrpaMMax MOHUTOPUHTa.

B kauecTBe WOCTPaLMM TaKOro MexaHW3Ma MOXHO paccMaTpuBaTb XOPOLIO M3BECTHbIE AMMMPUYECKUE
pe3ynbTaTbl MHOFONETHErO PagnaLMOHHON0 MOHMTOPMHIA HAKOMMEHUS PafMOaKTUBHOIO Le3ns-137 Ha Tak
Ha3bIBaEMbIX FEOXMMUNYECKNX Bapbepax B MoyBax. [pyrum SpKuM npumepom SIBASETCA HaKOMIeHWe paguoHy-
KNVAO0B, B TOM umcsie 1e3mnsi-137, B AOHHbIX OT/IOXKEHNAX NOBEPXHOCTHBLIX BOAHbIX 0OBLEKTOB, FAe UX YAeNbHas
aKTUBHOCTb MOXeT focTturatb 80 Thic. BK/Kr (p. BparuHka, Monecckuii rocyfapCTBeHHbIN pafno3Konoruye-
CKuWiA 3anoBegHWK, Pecnybnuka Benapych).

B 060oux cnyyasx B 0T4eNbHOM pe3epByape 6uocthepsl NAET YBENUYEHNE YAENbHOW aKTUBHOCTY PajuoHYy-
KAMAOB (MO CpaBHEHWIO C NpWerarLL My pe3epeyapamMm), YT0 CO34aeT YCNOBUA A1 BOHUKHOBEHMWS HOBOTO
MCTOYHUKA PafNOaKTUBHOIO 3arpsisHeHNS.

Hanb6onee nokasatesibHbIM MPUMEPOM (HOPMUPOBAHMSI HOBbIX UCTOYHWMKOB PajMOaKTMBHOTO 3arpssHe-
HUs B 6uoctepe nocne katacTpodsl Ha YepHobbinbckoii ASC sABAseTCS NMPOLECC MOSBAEHMS U HAKOMIEHNs
B OTAE/NbHbIX pe3epByapax 6uocgepbl amepuuna-241, KOTOpbIA ABASETCA NPOAYKTOM pacnaga nayToHus-241
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W, KaK YKa3aHOo Bbllle, NnepBOHaYaibHO B aBapuitHOM BblIGpOCe NpakTUYecKu oTcyTcTBOBal. OfHAKO ceiivac
ero yjefibHast akTUBHOCTb B 06beKTaxX OKPY>XXaloLlei cpefbl YBEMYMBAETCA, B TOM YMC/e B TeX «MecTax»,
rge, cornacHo onpefgeneHuto pagnoakTUBHOIO 3arpsA3HeHns, Kotopoe gaet MAIATO, ero NnpucyTCTBUE «He
0XMAaNnoch uan HexenarensHo» [3; 10].

NTak, TeOpeTuyecKMMy 1 MpakTUHeCKUMU NPesnockiikaMmun K CO3JaHui0 HOBOW napafurmbl pajgmosko-
NOrnmn ABNAKTCA: pacluMpeHne 00HLEKTOB 3alMThl «Ue/IOBEK U OKpYXKaloLlas cpefa» (paHee - TONbKO Yeno-
BEK), BBEAEHNE HOBbIX TpeboBaHWii B chepe pagmaLMoOHHON 6€30MacHOCTU B COOTBETCTBMM C peKOMeH4aL -
amn MAFAT3 n MKP3, a Takke npusHaHue 6moctepbl Kak AesiTENbHON CU/bl TEOXMMWYECKOTO TpaHcdepa
paAnoakTUBHOCTK B 6uocdepe.

CoBpeMeHHas napafgurma pajguoskonorMm npepnaraetca B crefytoweMm Buge: «B HacToslee Bpems
B CBSI3W C LUMPOKMM MOCTYN/IEHNEM PagMOoaKTUBHbLIX M30TOMOB B OKPYXatoLLlylo cpedy, 06yCnoBMBatoLmx
BO3HUKHOBEHWE aBapUiiHbIX U CYLLECTBYIOLLUX CUTYaLNA 06/1y4eHUs, 3Ha4YeHe NpnuobpeTaeT He TONbKO Nps-
MOe BO3[eiCTBUe Ha 6UOTY U HaKOM/jeHWe B Heill pagUOHYKIUAOB, HO U UX BOB/IEYEHWME B FEOXUMUYECKUIA
TpaHcdep BellecTBa B 6uocdepe, 4To co3gaeT NPeAnoChbINKM K CO34aHNI0 HOBbIX MCTOYHWUKOB paguoakTUBHO-
ro 3arpsi3HeHUs 1 NPUBOAUT K JOMOSHUTENLHOMY 06/y4eHUI0 06BEKTOB OKPYXKaloLLel cpelbl U YeNOBeKa».

CoBpemMeHHas napagurma pagvMo3akKonormm, KoTopas OCHOBbLIBAETCS HA MPU3HAHWUW PasfIMYHbIX TUMOB CU-
Tyauuii 061ydeHus, NO3BONSEeT (POPMUPOBATL M Peasin30BbIBaTb IPPEKTUBHbLIE NPOrpamMmmbl PagMaLuoHHOro
MOHUTOPMHIA OKPY>KatoLLein cpefbl, 06ecneynBas paguaLoHHy0 6e30NacHOCTb Ye/loBEKa M 06BEKTOB OKpPY-
Xarouiei cpegpl.

OnucaHue pagnaLMOHHOrO MOHUTOPUHIA OKpY>KaloLeil cpefbl Kak LefloCTHON CUCTEMbI B CTPOrom
MaTemMaTUYeCKOM CMbIC/e CYyYeTOM ee TUMNONOrnMYecKol HeogHopoaHocTK. CornacHo 3akoHy Pecny6/u-
Kn Benapycb «O pagmalMoHHOK 6e30NacHOCTU», PaANaLUOHHBIA MOHUTOPUHT - 3TO «CUCTEMA ANUTENbHbIX
perynspHbiX HabMAEeHNA, OLEHKM 1N MPOrHo3a pagnaLnoHHoin o6¢ctaHoBkM» [3]. CornacHo 3akoHy Pecny6-
nukn benapycbh «O6 oxpaHe OKpyatolLeld cpedbl», MOHUTOPUHI OKPYXKaloLLlein cpedbl, B TOM Yucne pagua-
LIMOHHBIN, - 3TO «CcUCTEMa HabNOAEHMI 33 COCTOSIHUEM OKPYXXatoLLeld cpefbl, OLEHKN U MPOrHo3a N3MeHeH i
COCTOSIHUA OKpPYXKatoLLleld cpelbl NOj BO3A4eNCTBUEM NPUPOLHbLIX U aHTPONOreHHbIX PakTopoB» [11].

Wcxopa us Toro, 4to € ToUkmM 3peHus OTC, noHATME cucTemMa MMeeT CBOU 0COOGEeHHOCTM, npej/iaraercs
«HOPMaTUBHbIE» NOHATUSA PagMaLMOHHOr0 MOHUTOPUHIa UHTEPNPETMPOBATL B TEPMUHAX CUCTEMHOIO aHanu-
3a C UCNOJIb30BaHWEM SIMHTBUCTUYECKOIO U TEOPETUKO-MHOXECTBEHHOIO MOAXO0L0B.

B cBS3N C HEOOXOAMMOCTbIO YUYMTbIBATb MPEANOXKEHHYHO U 000CHOBAHHYIO BbIlLE TUMOMOTNYECKYHO He-
OfJHOPOLHOCTb CUCTEMbI, OMNpefeneHne pagnaunmoHHOro MOHUTOPUHIa B Hanbonee o6LeM BUAE BO3MOXHO
chopMynumpoBaTh B TEPMUHAX IMHIBUCTMYECKOrO MOAXOAa, KOTOPbIA NOApasymMeBaeT, YTO KaXAoe BbICKa3bl-
BaHWe COAEepPXUT [1Be OCHOBHbIE abCTPaKTHbIE KaTeropuu - AeHoTaTbl U YHKTOPbI.

B TepMuHax TeopeTMKO-MHOXECTBEHHOr0 MOAX04a MPUMEM, YTO B3aUMHble OTOOPaXeHWs [4eHOTaToB-
06beKTOB (Hanpumep, MHOXECTBA Yrpo3 U PUCKOB, NHPOPMALMOHHBLIX NOTPeBHOCTeR) Yepe3 (hyHKTOpbI (CY-
LLeCTBEHHbIE CBA3WN B CUCTEME) CO3JAI0T MHOXeCTBa pelleHuit {R} B chepe pagnaunoHHON 6e30MacHOCTH,
OfHUM U3 NOAMHOXECTB KOTOPbIX AB/ISETCA COOCTBEHHOE MOAMHOXECTBO MPaBubHbIX pewweHuin {R"'}, B Tom
ynucne NOAMHOXECTBO MapameTpoB pafMalMOHHOr0 MOHWTOPWHIA, afleKBaTHO OLEHMBAKOLWMUX pajuaLmoH-
HYl0 06CTAHOBKY Ha MECTHOCTU, HaNpUMep, NPy He06XOAMMOCTY BK/IHOHAs U3MePeHNs YaeNbHOW aKTUBHOCTH
amepuumnsa-241, Kak 3T0 NMoKasaHo BbILUe.

Wcnonb3ys npuHUMN AONONAHUTENbHOCTKU, BBEAEM B PAaCCMOTPeHWe HeKWil knacc abeTpakuuii A, Ko-
TOpble, B 06LLEM c/lydae, ONPeLensitoT NOHATUA BHELHEW U BHYTPEHHEN cpefbl LEeNoCTHOW CUCTEMbI pa-
AMALMOHHOro MOHUTOPUHIA, MPU 3TOM NYCTb MHOXecTBa abcTpakuuy T, N U P 9Bnst0TCA COBCTBEHHbLIM
NoAMHOXecTBOM A.

WMcxopasa u3 npakTMYecKoro onbiTa, BBEAEM HOBblE KOHCTPYKTUBHbIE 3/IEMEHTLI U MPUMEM, YTO abCcTpakLus
T eCcTb MHOXECTBO Yrpo3 1 puckos (Threats) B cthepe pagnaLmoHHon 6e3onacHoCTH, abecTpakumsa N - MHOXe-
CTBO MHhopMaLMOHHbIX noTpebHocTel (Needs), a abcTpakyma P - MHOXeCTBO napameTpoB paanaunoHHOro
MoHuTOpuHra (Parameters).

Mokaxem, 4TO cMcTeMA pafnaLMOHHOr0 MOHUTOPUHIA OKPYXKatoLLLeid cpefbl ABNSETCA TUNONOTUYECKN He-
0[HOPOAHO, ANHAMUNYECKOW, OTKPbITO, MEPapXMYECKO, MHOTOYPOBHEBOW 1 06/1a4aeT 06paTHbIMU CBA3AMU.

CBOWCTBO TUMOMOrNYECKO HEOAHOPOLHOCTHY YXKe ONUCaHO Bbile, & AUHAMUYHOCTL CUCTEMbI Onpesens-
€TCA HaMYMeM B HEl CYLLECTBEHHbIX CBSA3E/DYHKTOPOB, KOTOPbIE B O6LLEM C/lyyae C NO3ULMIA CUCTEMHOIO
M30MOpP(U3Ma MOXXHO paccMaTpuBaTh Kak CUfbl.

Ha MHTyMTUBHOM ypoBHe, corfacHo OTC, OTKpPbITOM Ha3bIBatOT CUCTEMY, KOTOPYHO HeNb3s YAO0BMETBOPU-
Te/flbHbIM 06pa3oM NpeAcTaBUTh B BUAE HEKOW aHaNMTUYeCKOW (yHKLUMKU. TTOHATHO, YTO AN8 CUCTeMbl paju-
alMOHHOI0 MOHUTOPUHIA OKPYXXaloLein cpefibl UMeHHO 3TO CBOMCTBO OTKPbLITOCTU ABNASETCSH aTPUOYTUBHbLIM
NPU3HaKOM.
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B knaccmnyeckom cmbicne OTC-cucTema cumMTaeTcs OTKpbITOR, ecnm [11]:

1 Ha cucTemy OkasblBaeTcsl BO3LECTBME, UCTOUHWKOM KOTOPOro Wy NOBeAEHWEM KOTOPOr0 HEBO3MOXHO
yNpaBnsThb.

2. Ha cuctemy OKasblBaeTCs BO3/ENCTBME, KOTOPOE HEBO3MOXHO HEMNOCPeACTBEHHO WM 6e3 UCKaKeHUM
(ownbokK) HabnoaaThb.

PaccmoTpum cnyyait (1) Ha npumepe cucTeMbl 06ecneveHmns pagnaunoHHoOM 6e30MacHOCTU Ha PYKyCMMCKON
A3C B0 BpeMs KatacTpodbl B MapTe 2011 r., cuntas CMCTEMY paAnalMoHHOro MOHUTOPUHTa ee nogcucTeMon. U3
06l KX COOOpaXKeHUI CrneayeT, YTO YNpassTh CTUXUAHBLIMU ABNEHUSAMU, B JAHHOM C/ly4yae - 3eMJIETPACEHNEM
M LyHamW, HEBO3MOXHO. AHann3 nmokasas, yuto Ans nepcoHana dykycumckoit ASC 0Kasanoch TakKe HeBO3-
MOXHbIM YMPaBsTh Y TEXHONOTMYECKMMU CUCTEMaMU XU3HeobecredyeHns ASC BO BPeMsi TAKOr0 BO3LENCTBUA,
HanpuMmep, orepaTuBHO BOCCTAHOBUTL 3/1EKTPONMTaHMe cucteM 6e3onacHoCTU. Ha 3Tom npuMepe BUAHO, UTO
cuctema obecrneyeHuns pagualoHHoOR 1 aaepHoli 6esonacHocTy Ha ®ykycumckoii A3C, Kak 1 ntobas apyras cu-
cTeMa pagmaLoHHON 6e30NacHOCTM, B TOM YMCIe CUCTEMA PafMaLMOHHOrO MOHUTOPUHIa, 06/1afaeT puckamu,
KOTOpble MOrYyT ObITb OTHECEHbI K KATEropun YUCTbIX, NPUPOAHBIX, COLMANbHbIX, & TaKkXKe OpraHu3aLMOHHbIX.
MepeuncneHHble PUCKM MO3BONSAIOT XapaKTepr30BaTb UM ONPeLeiMTb X KakK OTKPbITbIE CUCTEMBI.

HeckonbKo crnoxkHee 06CTOAT Aena B ciyyae (2), rae NpMMepbl He KaXKyTca CTOMb OYEBUAHBIMU. AHann3 1 0606-
LLeHWe OMbITa M 00LLLECTBEHHOW NPaKTUKK B chepe 6e30MacHOCTM NOKa3bIBAET, YTO YPe3BbIYaiHbIe CUTYaLMU MOTYT
ObITb «0ObIYHLIMUY» (BLICTPLIMU - YaChl U AHW) U «MeLNEHHbIMMWY (NON3YUYUMU - OT MecsLa 4o fecaTunetunia) [12].
OfHako Ha npumMepe KatacTpotbl Ha YepHoObbinbckoi ASC NoKasaHo, YTO HEKOTOPbIE «06bIYHbIE (BLICTPLIE)» Ypes-
BblUaiiHble CUTYaLUKU MOTYT ABISTLCSA 3aKOHOMEPHbLIM Pe3y/bTaToM «MeffeHHbIX» (Mon3yunx) [5]. B atom cnyuae
pafvauMoHHbIA MOHUTOPUHE TakXKe MOXET 6bITb OnpefesieH Kak OTKpbITas CUCTEMA, MOCKO/bKY U3MEHEHUS B ee
BHELLIHE cpefe Nof aHTPONOreHHbIMW BO3LeACTBUSAMM, KOTOPbIE MOTYT CO34aTb «Mef/IeHHbIe» (Mon3yune) YpesBbl-
YaiHble CUTyaLuMK, KOTOPbIe MPaKTUYECKM HEBO3MOXHO «HEMOCPEACTBEHHO 1 6€3 CKaXXeHWA HaboaaTb».

B kauecTBe JoOKa3aTenbCTBa, YTO CUCTEMA PafnaLMOHHON0 MOHUTOPUHIA ABAAETCA OTKPLITOW, OTMETUM, YTO
mHoxecTBa {T} n {N} MOryT NMeTb HEOrpaHUYEHHOE YMC/I0 Y/IEHOB, MNOCKO/bKY YIPO3bl U PUCKM pasuaLMoHHON
6e30nNacHOCTV UMEIOT Kak rnobanbHblil XxapakTep, HanpuMep, UCMbITaHUA SAEPHOI0 OPYXUSA B OKPYXKatoLLeii cpe-
[ie nnu Katactpodbl Ha UepHo6bIIbeKol, PyKycumckoi ASC, Tak 1 permoHabHbIN U NOKaNbHbIA XapakTep, Ha-
npumep, aBapus Ha MO «Mask» nnm yteps MNW. Takoii BbIBOj 3aKOHOMePEH 1 060CHOBaH € TOUKM 3peHus OTC,
MOCKO/bKY /19 CUCTEMbI pagmnaLMoOHHOT0 MOHMTOpUHIa MHOXecTBa {T} 1 {N} 06ycnoBneHbl BHELLHeR cpefoi,
KOTOpas no onpegeneHnto ABNSAETCA OTKPbITON.

AHann3 NpakTUKN yHKLMOHUPOBAHUSA CUCTEMbI PajuaLMOHHOTO MOHUTOPUHIA OKPYXKatoLel cpefbl CBU-
[eTenbCTBYET, UTO OHa 3P(EKTUBHA B C/lyyae, ECIM Ha K&XAOM YPOBHe CTaBMTCS CBOS OTAE/bHAA 3ajaya, npa-
BU/IbHbIE PeLLEeHNs KOTOPOU ABNAIOTCA 3aTeM UCXOAHLIM YCIOBUEM AN peLleHns 3a4a4 60/1ee BbICOKOro YPOBHS.
Hanpumep, nogcuctembl HabMOAEHWA, U3MEPEHUA, 06paboTKN N XpaHeHUs AaHHbIX (POPMUPYIOT OCHOBY A4S
NOACUCTEM OLEHKW, MOAENUPOBaHUA, NMPOrHO3MPOBaHWUS U NpeacTaBNeHns pesy/bTaToB pasfIMyHbIM UHGOpMa-
LMOHHBIM rpynnam ans obecriedeHns pagmaLnoHHON 6e30NacHOCTM HaCeNeHns 1 OKpPYXKaloLLeld cpefbl Ha Co-
LManbHO-NpUeMIEMOM YPOBHE (CM. puc.).

AHann3 n 06006LLEeHNe NPaKTUKK 0becneyeHns paguaLMoHHol 6e3onacHocTy B benapycy No3BoNSIOT chenatb
BbIBOA, YTO CMIOXMBLUAACH Ha NPaKTWKe MHOrOYpPOBHeBas Mepapxuyeckas CTPYKTypa CUCTEMbl pafnaLnoHHOro
MOHWUTOPMHIa ¢ 06paTHbIMMW CBA3AMU, Kak 3TO ON1caHo BO BBeAeHNM 1 OTPaXKeHO Ha puc., Hambonee afeKBaTHa
N8 JOCTUXKEHUA CUCTEMHBIX (reHepanbHbIX) Lenei.

OnpegeneHve athheKTUBHOCTU cMCTeMbI B 06LLeM Buge. CornacHo OTC, nobas cucTtema MOXeT Haxo-
ONTbCS B O4HOM U3 TPEX COCTOSHWIA:

—«(YHKLNOHUPOBAHUSA», KOrAa 06eCreyeHo JOCTUKEHUE CUCTEMHBIX Lienel;

—«COXPaHeHUs», Koraa cucteMa He obecrneynBaeT JOCTUXKEHNE CUCTEMHbBIX LIeNEl, COXpaHsas XapakTepucTu-
KW NpeAblayLLero LKna;

—«Pa3BUTKS», KOrAa BHYTPEHHSAS CTPYKTYpa CUCTEMbI MPUBOANTCS B COOTBETCTBME M3MEHUBLLEMYCS COCTOS-
HUIO BHELUHEN 1 BHYTPEHHel cpefbl 418 JOCTUXKEHUSA CUCTEMHBIX Liefieid, MHbIMW CIOBaMK, BO3BPALLAeTCs B CO-
CTOSIHWE (DYHKLMOHMPOBAHUSA B HOBbIX YC/TOBUSIX.

AhheKTMBHAA cUCTEMA JO/MKHA HAXOANUTCA B COCTOSHUUN (DYHKLIMOHMPOBAHUSA W ObITb FOTOBOM K NIKOOLIM W3-
MEHEHUAM BO BHELUHel 1 BHYTPEHHel cpefe M COOTBETCTBYHOLLMM 06pa3oM YA0BNETBOPATL MHPOPMALMOHHbIE
NOTPe6HOCTU KPUTUYECKON MH(PaCcTPYKTYpbI rocygapctea, CMW 1 HaceneHus.

CnepfoBaTefiHO, Takoe TpeboBaHUe MOXHO paccMaTpuBaTh Kak onpeseneHune apeKTUBHOCTY CUCTEMBI paamaLm-
OHHOIO MOHWUTOPWHIA OKPY>KatoLLeld cpefibl B TEPMUHAX SIMHIBUCTUYECKOrO NoAxoaa. B TepMMHax TeopeTuKo-MHO-
YKeCTBEHHOr0 aHa/IM3a cUcTeMa pasMaLoHHOr0 MOHUTOPUHT A ABNSIeTCA 3D(HEKTUBHOW, eCv B pe3y/bTaTe B3auMHO-
ro oto6paxeHns MHOXecTB {T}, {N} n {P} BO3HMKaeT HEMYCTOE NOAMHOXECTBO NPaBU/IbHbIX peLleHnii {R»}. NHbiMK
C/I0BaMK, CUCTEMA HAXOAWTCS B COCTOSAHUM (DYHKLMOHMPOBAHWS U 06ecneymBaeT pagmaLoHHY0 6e30nacHOCTb Ye-
NoBeKa U 06LEKTOB OKpY>KatoLLeli cpefbl NpY ONTUMAIbHOM UCMO/b30BaHUM AOCTYMHbIX PECYPCOB.
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3aKoueHmne

B nccnefoBaHMM HayyHO 060CHOBaHa, OMmMcaHa U NpefcTaB/ieHa COBPEMEHHas napagvrma pagmoaKonorum,
KOTOpasi OCHOBbIBAeTCA Ha MPM3HAaHUK, YTO YEMOBEK U OKpYXatollas cpefa, kKak 4acTb 6uochepbl, ABAAIOTCS
06beKTaMMN pafgnaLnoHHON 3alMTbl, NPK 3TOM 6uocdepa ABNSETCS AeATENIbHON CUMIOW, BNMAKOLLEA Ha pajuna-
LMOHHYH 6e3onacHOCTb. COBpeMeHHas mapagurma pagnoskoioruv, 0OCHOBaHHas NpPU3HaHUW PasIMyHbIX TUMOB
cuUTyauuii 06aydeHmns, No3BoseT GOPMMPOBaTb M peasin30BbIBaTh NPOrpaMMbl MOHUTOPUHTA, afeKBaTHbIE CY-
LEeCTBYIOLLMM Yrpo3am M puckam, a TakkKe WH(OPMAaLMOHHBIM MOTPEOHOCTAM KPUTMYECKON MHPPACTPYKTYpbI
rocygapctea, CMW un HaceneHus.

BnepBble BbiABNEHA 1 ONUcaHa MeTo4onorMyeckas npobaema pasBuTUs pagnaLMoHHOr0 MOHUTOPUHTIA Kak
CUCTEMbI B CTPOTOM MaTeMaTMYeCKOM CMbIC/E, CyTb KOTOPOU 3aK/0UaeTCst B OTCYTCTBUM LIENOCTHOFO ONUCaHNS
TUMONIOTNYECKN HEOAHOPOAHON CUCTEMbI ANA OLEHKU COOTBETCTBUSA €8 COCTOSAHWS CUCTEMHbIM (FeHepabHbIM)
LeN1sIM C YYETOM CYLLEeCTBYHOLLEA U MPOrHO3MPYEMOIi AMHAMUKM YTPO3 Y PUCKOB U, COOTBETCTBEHHO, MH(OPMa-
LIMOHHBIX NOTPe6GHOCTe 06LLEeCTBa.

Hay4Ho 060CHOBaHO ¥ MOKa3aHo, YTO CUCTeMa PaAnaLMOHHOr0 MOHMTOPUHIA OKPYXKaKoLLeR cpedbl Kak cu-
cTema B CTPOFOM CMbICe, MOAYMHAETCA O6LLECUCTEMHbIM 3aKOHaM, MMEET CBOW OCHOBHbIE CUCTEMHbIE (reHe-
panbHble) Lenu 1 CBOWCTBA, KOTOPbIE MOTYT ObiTh OMMCaHbl CreunansbHO pa3paboTaHHbIM OTMKO-MaTeMaTuye-
CKVMM annapaTom.

O60CHOBaHa TEOPETUYECKN M MPAKTUYECKN BO3MOXHOCTb MPUMEHEHUS MeTofa O6LLEeCMCTEMHbIX U30MOp-
(h13MOB, KOTOPbIA MO3BONSET AaTb LEIOCTHOE OMNWCaHWe CUCTEMbl PaAMaLMOHHOI0 MOHWUTOPUHIA C YYETOM ee
TUMOMOrNYECKOM HEOAHOPOAHOCTH.

OnpejeneHbl 1 onucaHbl OCHOBHbIE A€HOTaTbl CUCTEMbI, 060CHOBaH BbIGOP KOHCTPYKTUBHbIX 3/IEMEHTOB A1
NX 3aMeHbl.

Moka3aHo, 4TO CUCTEMA pPajMalUoOHHOTO0 MOHUTOPUHIA OKPYXXatoLLeli cpeabl SBSETCA TUMOMOMMYECKU He-
0AHOPOAHOW, AMHAMMUYECKON, OTKPbITOM, NepapXmMYeckoid, MHOrOypOBHEBOI CMCTEMOW 1 06n1agaeT 06paTHbLIMM
CBA3AMM.

MpeacTaBneHbl cTporue onpegeneHns aPGEeKTUBHOCTA CUCTEMbI PafUaLMOHHOTO MOHUTOPMHIA OKPYXXato-
Leli cpefbl B TEPMUHAX IMHIBUCTUYECKOTO U TEOPETUKO-MHOXECTBEHHOIO NOAXOA0B.

OfHaKo Nony4YeHHbIe pe3ynbTaTbl PELLAT IMLWb YacTb 3aa4u CO34aHuUs LesI0CTHOrO Hay4YHOro onucaHns pa-
[ONaLNOHHOTO MOHWUTOPUHIA KaK CUCTEMbI B CTPOrOM CMbicie. HE06X0AMMO NPOAOMKNUTL MCCNeA0BaHMSA NO Aaflb-
Heflei pa3paboTKe M COBEPLUEHCTBOBAHUIO eMHOr0 METOLO/I0MMYEeCKOro nNoAxo4a Ha OCHOBe pasBMUTUA Npes-
NOXEHHOrO NI0TMKO-MaTeMaTMYecKoro MeToda OnmMcaHns CUCTEMbI PaauaLOHHOTO MOHUTOPUHIA OKPYXKatoLLeit
cpegbl. MpeacTaBnseTcsa LenecoobpasHbiM NPOAOIKUTL U3YyUYeHWe NOBEAEHNS CUCTEMbI PaanaLMOHHOI0 MOHU-
TOpYHra OKpyXatoLleli cpefbl B ha30BOM NPOCTPaHCTBE COCTOSHMIA, Ana yero TpebyeTcs pa3paboTaThb IOMMKO-
MaTeMaTU4ecKyto MoAe/b UCCNef0BaHNs U NPEL0XKUTL OCHOBbI MaTeMaTuyecky hopmMann3oBaHHbIX NOAX0A0B
K MPOrHO3MPOBaHMNIO COCTOSHMSA CUCTEMbI B Pa3/IMYHBIX YC0BUAX, B TOM YMC/IE C YHETOM ee TEMNOPa/ibHOCTY.
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NCCNTEAOBAHVME BOSMOXHOCTW KOHTPOJIA JIEMEHTHOI O
COCTABA B TEXHOJTIOI MYECKNX TTOTOKAX MO MMTHOBEHHOMY
FrAMMA-N3NYYEHWIO TP SAXBATE HENTPOHOB

B. M. KYPBAHOB\ A. P XXYPAKY/1OB\ A. M. MY3A®APOB 1

MHCTUTYT AgepHoit husnkn AkageMmun Hayk Pecny6imku Y3bekncTaH,
yn. 9. F'ynomosa, 70, 100047, r. TawkKeHT, Y3bekucTaH

MpuBoAATCA pesyNbTaTbl UCCNEA0BAHUS BO3MOXHOCTM KOHTPO/S 3/1eMEHTHOr0 COCTaBa B TeXHOMOrMYECKUX MOTOKax
Mo MIHOBEHHOMY ramMMa-u3flydyeHUto Npu 3axBaTe HeliTpoHa. Co3faHa 3KcrepuMeHTanbHas YCTaHOBKA Ha OCHOBe
PaaNOHYKANAHOTO ~MAUCTOYHMKA HeWTpoHoB. CnekTpomeTpuyeckasl cMcTeMa COCTOMT M3 MoMynpoBoAHuMKoBoro Ge-
[eTeKTopa M MHOrOKaHa/IbHOro aHanu3aTopa MMMy/bCoB. PaspaboTaH cnoco6 onpefeneHUs KOHLEHTPauuyM KOMMOHEHTOB

C/TOXHbIX CMECEN.

Knwouesble cnosa: 3axsaT HeﬁTpOHOB; MIrHOBEHHOE raMmma-unsny4deHue; 3/1EMEHTHbI COCTaB,; pa,qVIOHyKI'IM,U.HHVI NCTOYHUK;]
TEXHOMOrNYECKNIA NOTOK; KOHUEHTpauna; 3KCNPecCHOCTb aHa/In3a.

RESEARCH OF THE POSSIBILITY OF MONITORING
THE ELEMENT COMPOSITION IN TECHNOLOGICAL FLOWS
BY PROMPT GAMMA-RADIATION AT NEUTRONS CAPTURE

B. I. KURBANOV* A. R. JURAKULOV,A. M. MUZAFAROVa

dnstitute ofNuclear Physics, Academy ofSciences o fthe Republic o f Uzbekistan,
70 Y. Gulomov Street, Tashkent 100047, Uzbekistan,
Corresponding author: B. I. Kurbanov (bkurbanov@inp.uz)

This report presents the results of a study of the possibility of controlling the elemental composition in technological
streams by instantaneous gamma radiation o f neutron capture. An experimental setup based on a radionuclide (22Cf) neutron
source has been assembled, the spectrometric system consists of a semiconductor Ge detector and a multi-channel pulse
analyzer. A method has been developed for determining the concentration of components of complex mixtures.

Keywords: neutron capture; instant gamma radiation; elemental composition; radionuclide source; process stream;

concentration; expressness of analysis.
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BBegeHue

B HacTosllee BpeMs 41 MHOTMX OTpacneid NPOMbILLAEHHOCTW, HampUMep FOPHO-MeTannypruyeckon, Xu-
MWUYECKOI, HedpTenepepabaTbiBatOLLE 1 ApYrMx NPOU3BOACTB, TPebYyeTCs MCMOIb30BaTb METOAbI U MPKUGOpsI,
Mo3BONIAKOLWMNE ONpefensaTb COAepXKaHWe TeXHONOMMYECKU BaXKHbIX 3/IEMEHTOB 3a KOPOTKOe BpeMs (He 6onee
15-20 MWH) C MOMeHTa 0T60opa NPobbl 13 TEXHOIOMMYECKOI LIENOYKK, A8 TOro YTo6bl 06eCneYnTb BO3MOX-
HOCTb OMEepaTMBHOrO KOHTPONA WM YNpaB/ieHWUs 3TUX MpoueccoB. [py 3TOM KOHUEHTPauus 31eMeHTOB MOXET
ObITb B pa3HOM AnanasoHe: OT gonei % ao 50 % n 6onee. B TpagMUMOHHbLIX METO4AX ONPeAeneHne CoaepXXaHuns
3M1IEMEHTOB, HanpuMep B XMMUYECKOM aHanu3e, pe3ynbTaTbl BblAatoTcs 00bIYHO Yepe3 HECKO/LKO YacoB, YTO He
MO3BO/ISIET ONepaTMBHO-BO3AENCTBOBATb Ha X0 TEXHOMOMMYECKMX NPOLLECCOB.

Cpefun aHanUTMYeCKUX MeTOLOB MO CBOWMM MPUHUUNMUANbHLIM BO3MOXHOCTAM NS 3TUX 3afjay Haubonee
NOAXOAALMUM MOXHO CUWTaTb AAEPHO-PU3NYECKUIA METOA, OCHOBAHHBIA Ha MCNO/b30BaHUW CMEKTPOMETPUN
MFHOBEHHOI0 raMma-u3jly4YeHus pagnaluoHHOro 3axeaTa HeWTPOHOB [1; 2]. JaHHbI MeToh o6nafaeTt pagoM
TaKUX MPUHLMUMUANBHBIX NPEUMYLLLECTB, KAK MHOT03/IEMEHTHOCTb (A4pa 60/1bLUMHCTBA XMMUYECKNX 3/1IEMEHTOB
npu 3axBaTe HETPOHOB NCMYCKAKT XapakTepHble raMMa-CrneKTpbl, M0 KOTOPbIM BO3MOXHO MAEHTU(HULMPOBATb
3/IEMEHT), 3KCNpPeccHOCTb (npoLecc paguaLMoHHOIO 3axBaTa MPOMCXOLMT NMPakTUYecKU MrHOBEHHO, 3a Bpe-
msa 10-13cek), rny6uMHHOCTb (MPOHMKAaKOLLAsA CMOCOBHOCTb KaK HEMTPOHOB, TaK W ramma-u3nyyveHns goctaTou-
HO BbICOKA), AUCTaHLUMOHHOCTb M 6E€3KOHTAaKTHOCTb (BO3MOXHO aHanM3npoBaTb 6e3 KOHTaKTa C UccregyemMbim
06bEKTOM), HEpaspyLlaemMocCTb (419 STOro MeToaa He o6si3aTtensHa NPo6onoAroToBKa), 3KONOrMyeckas YmcTora
3/1EMEHTHOro aHanusa (ocTaToyHas akTUBHOCTb MCCNeA0BaHHbIX 06pa3L 0B gocTaTouHa HM3Kas) [3; 4]. Ans nc-
Mo/Ib30BaHUA 3TON0 MeTo/a BO3MOXHbI pa3paboTku TpaHCNopTabenbHbIX YCTAHOBOK Ha OCHOBE PafMOHYKINA-
HOr0 UCTOYHMKA HEMTPOHOB. Hanbonee onTUManbHbIM A1 3TON Lenn ABASETCS aMny/bHbIA UCTOYHUK paguo-
HyKnuaa - KanugopHuna-252 (Z2Ci) nnn coBpeMeHHble NOPTaTUBHbIE FeHepaTopbl HEATPOHOB.

JKcnepuMeHTanbHas 4acTb. JKCNepMMeHTaNbHbIe YCTPOMCTBA A8 NPOBEAEHNA aHaIMTUUYECKOro uc-
CnefoBaHUs CNEKTPOMETPUM MIHOBEHHOr0 raMma-u3fiydeHus npu 3axsate HEWTPOHOB [O/HKHbI OTBeYaTb
pagy NpoTMBOpeYnBbIM TpeboBaHUAM. YT0O6bI MONYUNTh MAKCUMa/IbHYHO MIOTHOCTL NOTOKA TEMN0BbIX Hell-
TPOHOB Ha uccnefyemoM o06pasle, Heobxoaumo obpasel, pasmMecTUTb BOAN3M UCTOYHUKA HENTPOHOB. Of-
Hako npu 3TOM TPYLHO M3MepPATb HU3KO3HEpreTuyeckyro o6nacTb ramMma-crnekTpa, Tak Kak B pesynbTare
NPOXOXAEHUS CNOSA 3aMefMTens U GuUNbTpa B KOHCTPYKUMM YCTAHOBKU TepseTcs MHTEHCMBHOCTL ramma-
n3nyyeHus. Ecnu nccnegyemblit o6pasew, pacnonoXuTs B6/M3u feTeKTopa (Ha BbIBEJEeHHOM Nyyke HeWTpo-
HOB), TO YMEHbLUUTCA MNAOTHOCTb NOTOKA TEN/I0BbIX HENTPOHOB. Buj crieKTpa raMma-u3nyyeHus 1 3HadeHue
(hOHa CU/IbHO 3aBUCAT OT NPUMEHSEMOro Mpu CO34aHUN YCTaHOBKM KOHCTPYKLMOHHOIO MaTepuana. Moato-
MYy BblIOOp FeOMeTpun M3MEPEHUN Y KOHCTPYKLMOHHBIX MaTepuanos npu paspaboTke yCTpoicTBa ABAseTCA
CNOXHOW 3afjayeii. TakxkKe CMOXHO MOLENMPOBaTb U TEOPETUYECKWU MOACUUTATbL YCMOBUA A5 NONYYEHUS
ONTUMaNbHOW NIOTHOCTU NOTOKA TEMIOBLIX HENTPOHOB M aHAMTUYECKUX CUMHAMOB - ramMmma-usnyyeHus
3axBaTa HeITPOHOB, a TaKXe TOJLLUHY 3aMeanTenell HeMTPOHOB.

lMpoaHann3npoBas NUTepaTypHble AaHHble, CliefyeT OTMETUTb, YTO elle HeLOCTATOYHO MUCCef0BaHbl
aHa/IMTUYecKe BO3MOXXHOCTM METOfa, HET eAMHOro MoAxoda K reoMeTpun U3MEPEHUA U KOHCTPYKUMUK
YCTPOWCTB, HET AeTafbHO pa3paboTaHHbIX METOAUK OMpefeNeHns COLepXKaHWus 3/IEMEHTOB B KOHKPETHbIX
06bekTax. Becbma CKyAHbIM SABASETCS UCCnefoBaHUe (hU3MUYecKMX 0CO6EHHOCTeN CNeKTPoB, KOTOPbIE MOT/IN
Obl MCMO/b30BATHCA B aHA/IMTUYECKUX LIENsX.

FeoMeTpus M3MEpPeHUs N ONTUMaNbHbIe NapaMeTpbl YCTaHOBKMW (NJOTHOCTU NOTOKA TEMNJIOBbIX HENTPO-
HOB, 3a(h(PeKTMBHbIE pa3Mepbl U MaTepuasbl CUCTEMbI 3aMef/INTeNei U oTpaxaTeneih HEMTPOHOB C 3Hepre-
TUYECKMM cnekTpom oT TennoBoro (KT) go 15 MaB), pasmepbl nccnegyemoro obpasua 1 6M0N0rMyecKon
3aWmnThl U Apyrvue napameTpbl HalfeHbl aBTOPaMM UCKNIOUYUTENIbHO NYTEM 3KCMepUMEHTa/IbHbLIX U3MEPEHUIA.

[ns npoBefeHUs aKcnepuMeHTanbHbIX UCCNef0BaHWiA cobpaHa IKCnepuMeHTanbHas YCTaHOBKA Ha OCHO-
Be pagnMoHyKnngHoro Z2C MCTOYHMKA HEMTPOHOB C BbIXOAOM 4 X 107HeinTp./cekK.

[na mefneHHbIX HeinTpoHoB ( En< 0,5 3B) ceyeHue pagnalMOHHOrO 3axBaTa HEMTPOHA U3MEHSeTCs No
3akoHy 1/VEN. Torga 4ymMcno 3axBaToB B e4UHULYY BpeMeHU B 1 CM3MOXET 6bITb 3aMMCaHO Kak

Q =N nwvoCyo, Q)

roe N - uncno agep B o6beme 1cm3 nV0- NoTOK HeidTpoHOB, CO- ceveHMe 3axBaTa HEMTPOHOB Mpu Tenso-
BoW aHeprun (En= 0,025 3B).

Ha puc.1 npMBoAMTCS NPUHLMNMANbHAS CXeMa IKCNePUMEHTaIbHOM YCTAHOBKM - MOTOYHOrO aHanM3aTo-
pa Ha OCHOBE PafMOHYKANAHOTO Z2CAUCTOYHMKA HETPOHOB. B OT/MYME OT M3BECTHBIX YCTAHOBOK, Npef-
Ha3HauYeHHbIX 415 KOHTPO/S 3/eMEHTHOro cocTaBa MO CMEKTPOMETPUM MIHOBEHHOTO rammMa-uanyuyeHus,
B [JAaHHOW KOHCTPYKLMUM Ha MECTO uccnegyemoro o6pasua yCTaHOB/IEH MacCOMNpOBOA, MPOXOASLMIA CKBO3b
3KCMEePUMEHTaNbHYI0 YCTaHOBKY. PasMepbl U MaTepuan MacconpoBOAa BbIGMPAOTCS UCXOAS U3 PeLlaemblxX
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3aflay, Hanpumep, Heo6X04MMO OCYLLECTBNATL KOHTPO/Ib 3/IEMEHTHOMO COCTaBa TEXHONOTMYEeCKUX PacTBo-
POB, CbIMy4YMX MaTepuasnos, 3epHa WAW YrAa U T. 4. [leTeKTop ramma-usny4dyeHus BblOUpaeTCsa TakXe B 3a-
BMCMMOCTW OT pellaemMbliX 3aga4y, Hanpumep AN HECNOXHbIX 06BbEKTOB C BbICOKMM COAEPXaHUEM MCKOMbIX
3N1EeMEHTOB (KOrfa OTCYTCTBYIOT MeLlatoLL e 3/1eMeHTbl) MOXHO MCMO/b30BaTh CUMHTUANALMOHHBIA Nal(TI)-
[ETEKTOp, a B CNyyasax Korga uccnefyemMblii 06beKT ABAAETCHA CMOXHbIM M0 COCTaBY M MMEETCS BO3MOXHOCTb
MeLaLWNX BAMSHUA KaKMX-TMB0 3/1EMEHTOB MaTpULbl, XXenaTesbHO MCMO0/b30BaTh MOMYMNPOBOAHMUKOBbLIE
LeTeKTopbl U3 UNCTOro Ge C BbICOKUM 3HEPreTUYECKUM paspeLleHnem.

[na obecneyeHns BGMOMOrMYECKON 3aLMUTblI NEPcCOHana B KOHCTPYKLUKN 3KCNepUMEHTaIbHOM YCTaHOBKU
M3roTOBfIEH KOMOWHWPOBAHHBLIN CNOM 3alNTbl OT HEMTPOHHOIO U ramma-u3ayyeHns U3 NoAU3TUIEHa ¢ 60-
pOM, a TakXe CBMHLA, 4TO obecrneyunBaeT pagnaLlMoHHY0 6e30nacHOCTbL npu paboTe.

Pa3pab0oTaHHbI MOTOYHbIA aHANM3aTOP COGPaH Ha OCHOBE PaboThbl [5] 1 MOXKET ObITb MPUMEHEH AS PELLEHNS MHO-
rMX 3344, CBs3aHHbIX C «on-line» aHaIM30M NPOAYKLUM XUMUYECKOW, FOPHO-META/ITYPruyecKoi NPOMbILLIEHHOCTH,
Ce/bCKOro X03aMcTBa (OLeHKa KauecTBa 3epHa Mo CoAepaHuio 6en1Ka) 1 apyrux oTpacrei Hayku 1 Npou3BOACTBa.

Cnocob6 onpefeneHnst KOHLEHTPALMM CMeCeli B CNOXKHbIX 06pasLiax
6e3 M3MepeHnst Maccbl UM NMIOTHOCTU M 06beMa

PaccmMoTpuMM cnocobbl aHanM3a KOHUEHTpauuMuM KOMMOHEHTOB METOAOM CMeKTpoMeTpuu (ramma-usny-
yeHWs 06bEeKTa), WM ero MAOTHOCTb M 06beM. AHanM3aToOpbl, OCHOBaHHbIE Ha 3TUX crnocobax, cofepxxat
[OMNONHUTENbHbIE YCTPOCTBA AN U3MEPEHUs TONWMUHLI 06bekTa (eCny 3TO Ha TPaHCMOPTEepHON NeHTe),
cumTast NI0THOCTb UK €ro Maccy NOCTOSHHOW. K TOMYy XXe 3TU MeTo/ibl He MO3BOMAIOT ONpefensTh KOHLIEH-
Tpauumn nerkux anemeHToB (H, N, S, 1 Ap.) 1 COCTOSALMX U3 HUX KOMMOHEHTOB.

WNHTEHCMBHOCTb aHa/MTUUYECKOTO CMTHANa NpU 3axBaTe TEMNNOBbIX HETPOHOB SAPaMu 3N1EMEHTOB B UC-
cnefyeMoM 06pasLe BblpaXaeTcs OTHOLLIEHUEM

NY=fnM 1, V, )
roef - NAOTHOCTb MOTOKA HEMTPOHOB, NM- 4uUC/O0 Afep 3neMeHTa M B eAnHMLE 06beMa, <M - CEYeHue 3a-

XBaTa HEMTPOHOB ANs saep anemeHTa M, V- 06beM npobbl, ly- BbIXOA raMma KBaHTOB C aHepruei E, uc-
MyCcKaemblX sApamu anemeHTa M npu 3axsaTa HeliTpoHa.

VcknoyeHne TakKMX HeAOCTaTKOB, KaK pacliMpeHWe AuanasoHa aHanm3mpyemMbiX KOMMOHEHTOB, CHUXe-
HVe TPYLOEeMKOCTU M NOBbILLEHUA ONepPaTUBHOCTN METOLOM CMEKTPOMETPUU raMMa-nsnyyeHns HeTpOHHO-
ro 3axBaTa, B HacTOsLLe paboTe BbIMOAHEHO CAeAYOLWMM CNOCOGOM.

Puc. 1 MNMpuHumnuanbHaa cxema NOTOYHOro aHau3aTopa:
1- BXf- ICTOYHWK HETPOHOB, 2 - NpefBapuTeNbHbINA 3aMesnTeNb ObICTPLIX HEMTPOHOB, 3 - 3aMeANnTeNb HETPOHOB, 4 - oTpaxaTesb
HenTpoHOB, 5, 6 - BMonorMyeckas sawmTa nepcoHana, 7 - MacconpoBog, 8 - uAbTP OT HEMTPOHOB, 9 - AETEKTOP ramma-nu3anyyveHus

Fig. 1. Schematic diagram of a flow analyzer.
1- BXf-neutron source, 2 - preliminary fast neutron moderator, 3 - neutron moderator, 4 - neutron reflector,
5, 6 - biological personnel protection, 7 - mass pipeline, 8 - filter from neutrons, 9 - gamma radiation detector

38



Paaunoakonorus n pagmo6ronorus, pagnaumnoHHas 6esonacHocTb
Radioecology and Radiobiology, Radiation Safety

(
ck= M> Y M cki 3)

\Yka Ky
rfe W u nK- Y1cao MMMNynbCOB B AUHULLY BpeMeHMW (CKOPOCTb cYeTa) raMMa-u3nyyeHus i-ro u k-ro KOMnoHeHTOoB;
N - YMUCNO KOMMOHEHTOB; Mty MK- MONeKynspHbIii BeC i-ro n k-ro KOMnoHeHToB; I 1 K- 4MCNo aTomMoB /-ro
N K-TO 3M1EMEHTOB (aHaIMTUYECKMX 3/1EMEHTOB) B MOJIEKYNe i-f0 U K-r0 KOMNOHeHTOB, a, £ un ah Lk- ceueHue
3axBara HeliTPOHOB Y BbIX0J FaMMa-KBaHTOB i-ro0 U K-ro KOMMOHEHTOB, £K.- OTHOCMTe/bHas 3 (heKTUBHOCTbL pe-
rmcTpaumm nsnyyveHuii i-ro u K-ro KOMMOHEHTOB.

[JaHHbIli cnocob peanv3oBaH Mpy ONpeLeieHUn KOMMOHEHTOB CMeCeid, COCTOSALLMX U3 CEPHOKMUCIONO amMMO-
Hus - (NH42S04 azoTHoKmcnoro ammoHmst - NHANO3m Bogbl - H20. O6pasubl cMeceid 061yyany 3aMeieHHbI-
MW HEATPOHaMM KasIM(hOPHMEBOTO UCTOUYHUKA, raMmma CMeKTp 06pasytoLnxcs paguoHyKIMA0B U3MEPSIN C Mo-
MOLLbHO CUUHTUANALMOHHOIO raMmma-cnektpometpa ¢ kpuctannom Nal (TI) ¢ pasmepamn 100x150 Mm.

KonunuecTso BoAbl ONpeaenany no CoAep>KaHuto BOLOPOLa, CEPHOKMCION0 aMMOHUSA - MO CEpe N a30THOKMC-
JIOro aMMOHUA - Mo a3oTy.

Ha ocHOBaHWM XUMUYECKMX (POPMY/T KOMMOHEHTOB Obl COCTaB/EHbI (POPMY/IbI AN BbIYUCIEHNUSA KOHLEH-
Tpaunm KOMNOHEHTOB:

C
- e (4)

c _ 1076/, -0,875#,
®)

roe Csu CN- KOHLUEHTpaUMy CepHOKMCNIOr0o aMMOHMKA 1 a30THOKUC/IOr0o aMMOHUSA COOTBETCTBEHHO;
NH Nsu Nn- 4nucno umnynbCoB, COOTBETCTBYHOLLMX raMMa-n3ny4yeHMo BOLOPOAA, Cepbl U asoTa.

MonyyeHHble pesy/bTaTbl MO BPEMEHV NPOBeAeHUs aHann3a (Bpems aHasm3a 10 MUH) 1 Y4yBCTBUTENbHOCTY Y0B-
NETBOPSOT TPe6OBaHMAM NPOU3BOACTBA. TakMM 06pasoM, C MOMOLLBK AaHHOTO Croco6a MOXHO KOHTPO/MPOBaTH
KOHLIEHTPaL 1 KOMMOHEHTOB CMECEi ANCTaHLMOHHO, 63 HENMOCPEACTBEHHOTO KOHTAKTa C UCC/eyeMbIM 06BEKTOM.

Bblnv N3MepeHbl TEXHONOTUYECKUE MOTOKW: MCXOAHBIE py/bl, PIOTOKOHLEHTPATbI Ha pasHbIX aTanax (paotauum
1 XBOCTbI (h110TaLMK, NoKasaHbl BO3MOXHOCTY 3KCMPECCHOrO onpeAeneHns coaepxxanus S, Cu, Ti, sBnstoLLmecs
TEXHO/IOTMYECKN BaXKHbIMW NapameTpamy B Npoueccax nepepaboTKy 30/10TOCOAEPXKALLMX, MEeLbCOAEPXKALLMX
1 TUTAHCOZEPXKALLMX PYA, N0 KOOTOPbIM MOXHO CYAUTb O MPOLLECCe U BO3AeCTBOBATL Ha HEro.

Ha puc. 2 npmoguTcs rpadmk 3aBUCMOCTY NIOWAAN NNKA MEAN U TUTaHa OT UX KOHLIEHTpauum B o6pasLiax
3a BpeMs u3MepeHust 20 MIH, YTO AaeT BO3MOXHOCTb ONpeaesieHns CoAepXKaHNs 3TUX 3/1EMEHTOB.

Puc. 2. 3aBUCUMOCTb UHTEHCUBHOCTUN aHANIMTUYECKON raMma-iMHum Cu n Ti
OT COfiepXKaHnsa COOTBETCTBYIOLLINX 3/1EMEHTOB B UCC/IESYEMbIX TEXHONOTNYECKUX NMPOJYKTax

Fig. 2. A graph of the intensity of the analytical gamma line Cu and Ti
on the content of the corresponding elements in the studied technological products
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BbiBOAbI

B pa6oTe M3N0XEHbI pe3y/nbTaTbl UCCNEA0BaHUS MO NPOBEAEHUIO KOHTPOAS 3/EMEHTHOrO COCTaBa B TEXHO-
NOTUYECKUX MOTOKAX MO MFHOBEHHOMY ramma-u3nydeHuto. MpeAcTaBnieHbl SKCNepuMeHTalbHast YCTaHOBKa Ha
OCHOBE PaauOHYKINAHOr0 ZXCAUCTOYHMKA HEVTPOHOB U CMEKTPOMETPUYECKAs CUCTEMaA, COCTOALLAs M3 Nosy-
NPOBOAHMKOBOro Ge-AeTeKTopa M MHOTOKaHa/IbHOFO aHanusaTopa UMMy/bcoB. OmmcaH cnoco6 onpefeneHus
KOHLIEHTpaLM/ KOMMOHEHTOB C/TOXHbIX CMeCeii. MpoBeeHHbIe NCCNef0BaHMs NOKa3an, YTO MO CMEKTPOMETPUN
MFHOBEHHOIO FramMMa-13/y4YeHus, BOSHUKAIOLLEro NPy 3aXBaTe TEMNI0BOr0 HEMTPOHa, MOXHO OnpeaensTb Cofep-
KaHWe 3/1EMEHTOB HEMOCPEACTBEHHO Ha TEXHOMOMMYECKOM MOTOKE CIOXHOF0 cocTaBa 6e3 0T6opa Npoobl.
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OLUEHKA KNETOUYHbIX MOKA3ATE/NEN
NMEPNPEPUNYECKOI KPOBU MALIMEHTOB, CTPALAK LLLNX
PAKOM MOXKENYAOYHOW XXENE3bI, MONYUYABLUNX
AOBKOBAHTHYO JIYHEBYIO N XUMWNOJTYYEBYHKO TEPATINIO

E.M. WWNAAAPYK1, P. M. CMONAKOBAY)

MM e>kAyHapoAHbI rocyaapcTBEHHbIN 3KONOTMYecKoi MHCTUTYT uMeHn A. . Caxaposa,
Benopycckuii rocyapcTBEHHbI YHUBEPCUTET,
yn. Jonro6poackas, 23/1, 220070 r. MuHck, benapycb

AHaNU3NpPyoTCs AaHHble U3MEHEHUA MoKasaTesnel KNeTOYHO peakTMBHOCTI FOMeoCcTasa, a Takxe MHAEKCOB MHTOKCUKaA-
LUK opraHn3Ma naumeHToB, CTpajatoLinx pakom MoaKenyaoUuHoi Xenesbl B Xoe KOM6MHMPOBAHHOTO XMMUOYyYeBOro 1 pa-
AVALMOHHOIO NeYeHus.

B pesynbTaTe UCCNEA0BaHMWI 6bI/10 YCTAHOB/EHO, YTO Y MalMeHTOB C PaKOM MOKeNyA0UHOI Xenesbl B Npolecce npo-
BefleHNs1 KOMMIEKCHOV XUMUOyYeBOii Tepanuu NPOUCXOANT 3HAUMMOe N3MEHeHMe COiePXKaHUs NeNKOLMTOB 1 IMM(OLIUTOB,
aTaKXe MHTerpasibHbIX NoKasaTesieit KNeTo4HOro romeoctasa (MHAeKca COOTHOLLIEHMS IMMGOLMTOB U MOHOLUMUTOB). Y NaLueH-
TOB, NOJ/TyYaBLUMX TO/IbKO PaANOTEPAnUIO, BbISIBNIEHO B MPOLLECCE /leUeHUst 3HAUMMOE M3MEHEH e OTHOCMTE/IbHOMO KO/IMuecTsa
NIMM(OLUTOB, MHAEKCA COOTHOLLEHUS HETPOMMUIOB U TMMMOLUTOB U MHAEKCA COOTHOLEHWUS NMMKBOLMTOB U MOHOLMTOB.

KntoueBble cnoBa: pak MNofXenya04HON Xenesbl; FOMeOCcTas; SiyyeBast Tepanus; pagmalnoHHoe Bo3aelicTBMe; TpomMbGoLum-
Tbl; NEAKOLMUTbI; NMMMMOLNTBI; HENTPOWbI; MOHOLWTBI; NENKOUMTapHbIA NHAEKC MHTOKcKauum no A. A. Kanbh-Kanngy;
WHAEKC cABUTa NenKouuToB; MHAEKC COOTHOLLUEHWUS HeATPOpMIOB M NMM(OLMTOB; WUHAEKC COOTHOLUEHWUS NUMGOLUTOB
1N MOHOLMTOB.

EVALUATION OF CELL PERFORMANCE PERIPHERAL BLOOD
OF PATIENTS WITH CANCER OF THE PANCREAS,
RECEIVED ADJUVANT RADIOTHERAPY AND CHEMORADIOTHERAPY

K. M. SHPADARUK", R. M. SMOLYAKOVAa

dnternational State Environmental Institute, Belarusian State University,
23/1 Daithabrodskaja Street, Minsk 220070, Belarus
Corresponding author: K. M. Spadaruk (katshp@ tut.by)

The article presents an analysis of the data on changes in the indicators of cellular reactivity of homeostasis, as well
as parameters of the intoxication indices of the body of patients suffering from pancreatic cancer during combined

chemoradiation and radiation treatment.
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As aresultofstudies, itwas found that in patients with pancreatic cancer during the course of complex chemoradiotherapy,
there is a significant change in the content of leukocytes and lymphocytes, as well as the integral indicators of cell
homeostasis (index of the ratio of lymphocytes and monocytes). In patients receiving only radiotherapy, a significant
change in the relative number of lymphocytes, the index of the ratio of neutrophils and lymphocytes and the index of the
ratio of lymphocytes and monocytes was revealed during treatment.

Keywords: pancreatic cancer; homeostasis; radiation therapy; radiation exposure; platelets; leukocytes; lymphocytes;
neutrophils; monocytes; leukocyte intoxication index according to Y. Y Kalf-Kalif; leukocyte shift index; neutrophil to
lymphocyte ratio index; lymphocyte to monocyte ratio index.

BBeneHue

B cBA3M € yXy[LIEeHNEM 3KOMOTMYECKON CUTyalUMmn pacTeT YUCIO CyYaeB 3/10KaYeCTBEHHbLIX HOBOOOpa3oBa-
HWIA, 4TO fAenaeT elle 6onee akTyasbHOW 3afady fleyeHns n AuarHoCTUKKU onyxoneld Yyenoseka. Mpu 3Tom B no-
cnefiHue aecaTb f1eT OTMEeYaeTCs NoBbILUEeHWE YacTOThbl 3a60/1eBAEMOCTH PaKOM NoMKenyaouHoi >xenesbl (PIXK).

Mo gaHHbIM GLOBOCAN, B 2018 B Mupe 6blN0 3aperucTpupoBaHo 2,5 % HOBbLIX C/ly4aeB 3a60/1eBaeMOCTH
pakoM Noapkenyf04HON xenesbl cpesyn BCEX 310Ka4eCTBEHHbLIX HOBOOOPAa30BaHMn. CMePTHOCTL OT HEero Hab/o-
fanaco B 4,5 % cnyyaeB OT BCEX CMEPTEN, BbI3BAHHbLIX OHKOJIONMYECKUMM 3a60/1eBaHUAMU. 10 3TUM [aHHbLIM pak
NOLKeNyA04YHON Xenesbl 3aHUMaeT 11 MecTo No pacrnpocTPaHEHHOCTU U 4 MeCTO No 5-feTHEN BbKMBAEMOCTH
B MUpe. 3TO MOXET BbITb 00YC/IOBNEHO YXY/LLIEHNEM 3KOMOMMYECKOW CUTYaLMKN B Pa3BUTbLIX CTpaHax [1].

Pak nofkenyfo4HOW Xene3bl XapakTepusyeTcs MeHee 61aronpuaTHLIM NPOrHO30M, & TakXKe HU3KOM 5-neT-
Hell BbDKMBAEMOCTbIO. Y paka NOMKesyAoUHON Xenesbl HeT crneuuuyecknx cUMNTOMOB. [o3aTomy udalle
BCero faHHoe 3abosieBaHue AMArHOCTUPYIOT Ha 60/ee NO3LHUX CTAAMAX UKN, KOTLa YXXe UMEIOTCS LUMPOKME
MeTacTasbl [2].

B HacTosilLee BpeMs eAMHCTBEHHbLIM PafuKaibHbIM NeYeHeM paka nomkenyaouHol Xenesbl SBASETCH XU-
pypruyeckunin Metod. OAHaKo BbINONHEHWe paanKabHOW onepauumn oKasblBaeTCs BO3MOXHbLIM TObKO Y 15-20 %
naumneHToB; 5-N1eTHAS BbKMBAEMOCTb NOC/E BbINOHEHNS PafMKaibHOWN onepaLmmn He npesbiaeT 19 %, a o6uas
BbIXXVMBAEMOCTb MPU pake rofoBKN NOMKeNy0UHON Xenesbl He npeBbiwaeT 6 % [3; 4]. Mo faHHbIM psfa aBTopoB,
NPUMEHeHVe Ny4YeBOI Tepanuu obecrneymBaeT MeCTHOPErMOHApPHbIA KOHTPO/Ib POCTa ONyX0Nn U yBeMynBaeT
NPOAO/MKNTENBHOCTb XWU3HU NaumeHToB. COBpeMeHHas XMMMUOTEpanus Nno3BoNseT YBEIMUUTL NOKas3aTe/n Bbl-
XXUBAEMOCTM, a B COYETaHWUM C Nly4eBbIM BO3LENCTBMEM 3(W(EKTUBHO 3amefISeT NPOrpeccupoBaHmne onyxonu
y nawuuneHToB, obecneynsas NPohuNaKTUKy OTAANEHHbIX MeTacTasos [5].

KoM61HMPOBaHHbIE 1 KOMMMEKCHbIE METO/b! IEYEHMSI OHKOIOMMYECKUX MaLMEeHTOB NpefycmaTpusaloT npose-
JeHne He0afbloBaHTHON XMMUO- U/UAKM NyYeBO Tepanuu, paclUMpeHHbIX U KOMOUHUPOBAHHbLIX XUPYPrMYecKux
BMeELLIATeNbCTB, afbloBaHTHLIX BUA0B BO3AeNCTBUA. [pu BbIGOpe NaTtoreHeTMYecKr 060CHOBaHHOM NporpamMmmbl ne-
YeHUst HeoBXOAMMO YUUTLIBATL HE TOMbKO (DYHKLUMOHANbHOE COCTOSIHWE MauueHTa, mMeTabonmyeckue cCABUMM, Ha-
Nyrie NapaHeonacTMYeCcKoro CUHAPOMA, YTO HENOCPELCTBEHHO CKa3blBAETCS Ha OnpeeneHNM TaKTUKKN eYeHns u
MPOrHo3a, HoO 1 0COBEHHOCTY ero reHeTUYeCKOro CTatyca, KOTOpbIi B CYLLEeCTBEHHOM CTENEHN OnpeaensieT MHorume
0C06EeHHOCTM OpraHn3Ma, BK/0Yas akTUBHOCTb CUCTEMbI AeTOKCMKALMW. B HacToslLLee BpeMsi JOKa3aHO CUCTEMHOe
BO3/ENCTBYE 3/10Ka4eCTBEHHON OMyXO0/IM Ha OpraHn3M-OMnyX0neHOCUTeNb, KOTOPOE COMPOBOXKAAETCHA KMHUYECKU
MaHUMECTUPYIOWMM UM NPONIOHIMPOBaHHBLIM Pa3BUTUEM CUHAPOMA OMYXO0/IEBO MHTOKCHUKALMK. 10 MexaHW3MaMm
pasBUTMS U KIIMHUYECKMM NPU3HaKaMm OnyXxo/1eBasl UHTOKCUKaLUA ABNSETCA NPUMEPOM BO3AENCTBUA MECTHOIO Mpo-
Liecca Ha BCe XKM3HEHHO BaXKHble CUCTEMbI U OpraHbl 06ecrneyeHuns 1 perynauLmm oMeHa BeLLeCTB.

AJjanTauroHHO-KOMMEHCATOPHbIE MEPEeCTPOKM B OpraHM3Me MaumeHToB, CTPajatoLMxX pakom NomKenyaou-
HOM Xenesbl, B NpoLecce XMMUOTEPaNeBTUYECKOr0 U paanaLMOHHOro BO3AENCTBNSA XapaKTepu3ytoTcs yBenye-
HMEM KNEeTOYHOro Mnyna Hecrneynpuyeckon 3anTbl U NOHMKEHUEM UMMYHOOMMYECKOA PeaKTUBHOCTU C aKTK-
BaLMein NpoLeccoB rmnepyyBCTBUTENIbLHOCTU HEMELIEHHOIO TUNa.

Peanunsauus sthdekTa KOMOMHUPOBAHHOIO BO3AENCTBUSA NPU PafMOUyBCTBMTENIbLHOCTU OpraH1M3mMa B nocTTe-
paneBTUYECKOM MNepuofe COMpOBOXAAETCA MOBbILEHNEM 3HAYEHWUIA NENKOLMTapHOro MHAEKCa UHTOKCMKaLMK
(TN no Kanb-Kanugy), HULmMaLmeid NpoLeccoB HecneLUMUUecKon 3awnTbl U peakLnii rmnepyyBCTBUTESb-
HOCTW HEMEJ/IeHHOT 0 TWNA, YTO XapaKTepu3yeTcs NOHWKEHNEM YPOBHSA reMaTo/IorM4eckoro MHAeKca COOTHOLLe-
HUSA NUM(OLNTOB M 303MHODMN0B. BUOXMUYECKMe CABUTU B OpraHu3Me naumeHToB ¢ PIMXK, conposoxjatoLue-
A pasBUTMEM CUHAPOMA IHAOMEHHON NHTOKCUKALLMKW, 06YyCNOBNUBAOT NpeobnasaHne B remorpamMmme nonynaumm
K/MIETOK Hecneunpuyeckor 3awnTbl Haf KNeTOYHbIM COCTAaBOM CreLM(pUYecKoi 3anTbl OpraH13Ma 1 Hapylue-
HMe MUKpodaranbHo-MakpoaranbHo cuctemsl [6; 7).

Y nauueHToB, CTPafatoLLMX pakoM MOLKENYA0YHON Xenesbl, COCTOSHME XPOHWUYECKOro AMcTpecca 1 NnoBbl-
LUEHWE YPOBHA 3HJOMEeHHON MHTOKCMKALMUN BbI3bIBAKOT Pa3BUTNE BTOPUUYHOIO UMMYHOZeULNTE, NPOSBIEHNEM
KOTOPOro SIBNSIKOTCA CHUXKEHWE TakUX reMaTonornyeckux nokasatenei, Kak MMMGoLUTapHO-rpaHynoLnTapHbIii
NHAEKC N MHAEKC COOTHOLIEHMSA numdounToB 1 moHoumTtos (VICJ/TM) [8].
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OnpezeneHne NeiKoLMTapHOTO MHAEKCA MHTOKCMKALIMM, XapaKTepU3YHOLLEro peakLuio OpraHoB remonoasa
Y UMMYHOTeHe3a Ha MH(EKLIMOHHO-TOKCUYECKYHO arpeccuio 1 CTemneHb akTUBM3aLMM NPOLLECCOB TKAHEBOTO pac-
naga, ABNSeTCcA 0AHUM U3 3D(EKTUBHbLIX METOLOB OLEHKMN 3HAO0TEHHO MHTOKCUKALMW Pa3IMyHoro reHesa [9].

Lienb nccnenoBaHus: U3yunTb M3MEHEHWS NoKasaTeneli KNeTOYHOM peakTBHOCTY FrOMeocTasa M YpoBeHb pa-
ANAUVOHHO-MHAYLIMPOBAHHOW MHTOKCMKALMM Y NaLEeHTOB C paKoM NOKeNyL0UHO XKenesbl B X04€e NPoBeeH-
HOr0 KOMOGMHMPOBAHHOIO XUMUOJTYYEBOTO W /Ty4eBOr0 NIEUEHUA N UX NPUFOLHOCTL ANS OLEHKM 3(h(heKTUBHOCTY
MPOBOAMMOIA Tepanuu.

Matepuasbl U MeToAbl UCCNEf0BaHWIA

O6bEKTOM MCCNeA0BaHMSA MOCAYXWUM NOKa3aTen KNeTOUYHO peakTUBHOCTH roMmeocTasa 66 naLueHToB, cTpa-
JAoLLMX paKoM NOMKeNyA0YHON Xenesbl, NONYUYNBLUMX cnelmanbHoe neveHne B PHML, OMP um. H. H. Anek-
caHgposa B 2009-2017 rr.

Y 66 naumneHToB, CTPajatoLLMX pakoM NOLKENYA0UHOR Xenesbl, NPOBOAMIOCL KOMBUHUPOBAHHOE fleYeHN e,
KOTOPOEe BK/HOUAI0 XMPYPrmyecKoe BMELLIATEIbCTBO 1 NOC/e0nepaLnioHHOe Sly4eBoe BO3AENCTBYE.

B HacToALee nccnenoBaHye BKNHOYEHO 48 NaLMeHTOB, KOTOPbIM NPOBOAMIAaCh KOMBUHUPOBAHHAA XUMUONY-
yeBasi Tepanuns Ha onyxosb B CyMMapHOIi o4aroBoii o3se 20-90 Mp Ha hoHe NepopanbHOro Npuema LMToCcTaTHKa
(hTOPNMPUMUAMHOBOIO psja, 18 nalumeHTaM BbINOIHEHA TONLKO paaMoTepanus.

Kak cnemyet u3 Tabn. 1, 48,48 % naumeHTaMm, CTpajaloLLMM PakoM MOMKENYA04HON Xenesbl, BbINOMHEHA
aAbloBaHTHasA NyyeBast Tepanns B CyMMapHOR ovaroBoit gose 28-31 I'p, y 24,24 % nauueHTOB CyMMapHas oua-
roeast 4o3a coctaensina 32 'p. 3o0Ha BO3AENCTBMSA NyUYEBOI Tepanun: OCHOBHOI o4yar UM OCHOBHOW o4ar + 30HbI
PErnmoHapHoOro MeTacTasvpoBaHus.

Tabnuya 1
PacnpegeneHue nauneHToB ¢ PM>K B 3aBMCMMOCTU OT CyMMapHOii 04aroBoli f03bl 06/1y4YeHNs
Table 1
Distribution of patients with PC depending on the total focal dose
CymmapHas ovarosasi j03a 0o 28Tp 28-31Tp 32Tp 33-50 I'p >50 I'p
KONMYecTBO NaLMeHTOoB, N 4 32 16 9 5
(%) (6,06 %) (48,48 %) (24,24 %) (13,64 %) (7,58 %)

"emaTonornyeckre nokasatenu nepudepryeckor Kposm (06LLee cogepXxaHue TPOMOOLMTOB, NENKOLUTOB, OT-
HOCUTE/IbHOE KONNYECTBO NIMM(IOLMTOB, HEUTPO(MIOB M MOHOLMTOB) ONpefensnu Ha aHanusatope HetacoTp
10 «SEAC».

MoacyeT NelKOLUTApPHON (DOpMY/bl BbINOMHANM Ha aBTOMATMYeCKOM aHanusaTope Pentra 120 «ABX»
(PpaHuua).

Mo faHHbIM NleKorpaMMbl PacCUUTBLIBAIN MHTerpasibHble NoKasaTenn KNeTo4HOW peakTUBHOCTH:

- NenkouuTapHbIA nHaeke nHTokeukauum (JINA) no A. A. Kanbg-Kanudy;

- MHAekc casura nelikouutos (LCH);

- MHJAEKC COOTHOLLeHNs HelTpogunos u numdgoumtos (MCHJ);

- MHJAEKC COOTHOLWeHNa num@oumnTos 1 moHouuTos (MCIM) [9; 10].

Pe3ynbTaTbl UCC/eA0BaHUA 1 UX 06CYXKAeHMe

Onuvpasich Ha CYLLEeCTBYOLLME METOAbI LUTONOrMYeckon fo3mmeTpum [11-13], HaMu NpoBefieH aHanu3 uHa-
MUKW OTAE/NbHbIX KNETOUYHbIX MNONyNAuunii nepuepuyecKoil KpoBK € yHeTOM BUa NPOBELEHHOMO fle4eHus y 66
naLneHTOoB C AUarHo30M pak Nnomkenyao4HOM Xene3sbl, KOTopble MoJiyyany nocneonepawLMoHHOe paguaLoHHoe
BO3feliCTBYeE.

MpoBeaeHne ANCTAHUMOHHOM ramma-Tepanum npu PIXK no3soinno 4obuthes yBemueHus cpejHeil Npogon-
YXUTENbHOCTU XM3HW NaumeHToB 4o 10,6 Mec. MonbITKY NPoBeAeHNS XUMUOTepanuy B CaMOCTOATE/TbHOM PeXU-
me npu PIMXK, no faHHbIM psga uccnefosateneid, He3HAUYMTENbHO NOBbIWAIN 3MHEKTUBHOCTL JIEUEHUSA C YBENN-
YyeHWeM cpefHei NPOAOMKUTENBHOCTM XKM3HM NaLneHToB [14]. B 60/1bLUMHCTBE UCCef0oBaHUIA XMuMuonpenapaThbl
NPUMEHSIOTCS B Ka4ecTBe paguoceHcnbunmiatopos. OAHOBPEMEHHOE NPOBeLEHE XMMUOTEPaNun 1 y4eBoro
NeyeHus npu PMXX npegcraBnseT 60/blive TPYAHOCTM U3-3a CyMMaL MK UX NOBGOYHOrO addekTa. OTMeYeHo,
4TO nocnegoBaTeNbHOE MPUMEHEHME NIyYEBO U XMMMOTEPANMM MPY KOMOMHUPOBAHHOM fiedeHnn 66110 6osee
3((heKTUBHBLIM ¥ NOBbILLANO NPOAO/HKUTENBHOCTb XU3HU NauueHToB [14].
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B cBoo oyepeb, NCNOMb30BaHNE KaHLEPULMAHBIX [03 NY4eBOW Tepanuu U MHTEHCUBHBLIX CXEM MONUXUMUNO-
Tepanuu orpaHnyYeHo NoBOYHLIMU TOKCUYECKUMUN 3pdeKTamy faHHbIX BO3AENCTBUIA HAa OpPraHu3Mm, YTo yXyaLlaeT
NepeHOCUMOCTb NPUMEHSEMOI Tepanun, CHUXaET KauyecTBO XKM3HW NaLUEHTOB, MOXET BECTU K O0TKa3y naLueH-
TOB OT HE06XOAUMOTO NneveHus [14].

B cBA3K € 3TUM, HEOBXOAMMO PAcCMOTPeTb MHAMBUAYAbHYIO PaauodyBCTBUTENLHOCTb MOMYAALUUIA KNeTOK
KpoBW naumneHToB ¢ PIDK, nonyyasLwmx NOAUNXMMUONYYEBYIO Tepanuio (rpynna 1) u nauueHToB C y4eBOW afb-
IOBaHTHOW Tepanuein (rpynna 2).

Mpu aHanM3e Nokasatenei nepugeprmyecKoin KpoBM yCTaHOBIEHO, YTO 0 Hayaa nedyeHuns (B UCXOLHOM COCTO-
SAHUN) CpeaHee cofepxxaHne TPOMO0OLMTOB Y NauneHToB ¢ PIK Haxogunock B npegenax 310,14+ 126,59x10q/n,
YTO COOTBETCTBYET MOKAa3aTeNsiM HOPMbl, C MOC/ELYIOLUNM CHUKEHVEM [aHHOro napamMeTpa rnocse BbIMNoJ-
HeHWS NOANXMMMONYYEBOro neveHnsa go 205,00+ 94,01x10¢/n Ha 1-e CcyTKW, TO ecTb B 1,51 pasa C He3Hauu-
TeNlbHbIM MOBbIWeHWeM Ao 214,71+ 100,16x10s/n Ha 7-e CYTKW MOcfie OKOHYaHWs Tepanuu. B rpynne nayu-
€HTOB NOC/e /ly4eBOro BO3LENCTBUS YPOBEHb TPOMOOLMTOB MOHM3W/CA HEe3HAUUTENbHO (40 Hadvana sedyeHus
- 293,58+ 85,13 x10¢/n, Ha 1-e CyTKM nocne 3aBeplleHnsa nedeHns - 255,83+ 61,50 x10¢/n) B 1,15 pasa.
Mexay ABYMSA UcCnefyeMbiMyU rpynnaMmm cTaTMCTUYECKM 3HAUUMBIX Pa3Munii B npoLecce feYeHns no us-
YYEHHOMY MOKa3aTesto He 6blf0 BbISB/EHO.

JelikoumnTbl ABNAIOTCA OAHOW 13 Hambosee N3YYeHHbIX KNETOUHbIX NONYNALMWIA, LLUMPOKO UCMOMb3YeMbIX A1
Lenein nHaneuayanbHoin 6unogosumetpun [11; 12]. Mpwn cTaTUCTUYECKOM aHasiM3e YPOBHSA NEMKOLUTOB B KPOBU
(puc. 1, 2) B npouecce KOMMIEKCHOrO XMMMO/TYYEBOTO fiedeHns y naumeHToB ¢ PMXK ycTaHOBNEHbI cTaTUCTUYe-
CKM 3HaYMMble cABUMN (Popuamarn)<0,05). OTMEYEHO 3HAUMTENLHOE CHMDKEHME AaHHOMO MoKasaTess BO BPeMS Mpo-
BedeHms Tepanum (c 7,30% 3,80 x10¢/n - A0 Hauana neyeHwus, fo 4,64+ 1,51 x10s¢/n - Ha 0-e cyTkn) B 1,59 pa3a,
C He3HaunTe/bHbIM MOBbILLEHNEM Ha 1-e U 7-e CyTKU. B rpynne nauveHToBs, MojlyyaBLUMX TOMIbKO Sly4eBOE BO3-
JeicTBMe, CTAaTUCTUYECKM 3HAUYMMbIX U3MEHEHWIA JaHHOMO MoKa3aTess B NpoLecce siedeHns He ObI10 BbIBASIEHO.

Pw. 1. KonnyecTBo NneiikouMTOB Y NauMeHTOB Puc. 2. KonnyecTtBo NeiKoumTOB Y NayMeHToB
B MpoLiecce XxuMmony4yesoi Tepanum (p<0,05) B npouecce ny4eBoi Tepanum (p>0,05)
Fig. 1. The number of leukocytes in patients Fig. 2. The number of leukocytes in patients
in the process of chemoradiotherapy (p <0.05) in the process of radiation~rapy (p> 0.05)

Mexay ABYMS UcCnefyeMbIMW rpynnaMm CTaTUCTUYECKM 3HAYUMBIX Pa3IMyMNin B NpoLLecce eveHns no mns-
YUYEHHOMY NOoKa3aTesilo He OblN0 BbISBAEHO. [0NyYeHHbIe fAaHHble, N0 HallemMy MHEHUWI0, MOTYT YKasblBaTb Ha
CUHEPr13m KOMMNIEKCHOr0 BO3AENCTBUSA pagnoTepanim 1 LMToCTaTUYeCKUX npenapaTos.

NnmdounTbl NpeacTaBAAOT cO60M BbICOKOCNELMANN3NPOBAHHYIO TPYMNy NeKOLUTOB, OMpefeNstoLLyto
cneumpmryecKn CNOXHO KOOPAMHUPOBaHHbLIA UMMYHHBbIA OTBET. BCneAcTBUe 3TOr0, AaHHAs KNeToYHas nonyns-
LIMS BbICOKO YYBCTBUTE/IbHA K pafMaLMOHHbLIM BO3AEACTBUSM.

B pe3ynbTaTe aHanM3a faHHbIX MOXHO OTMETUTb, YTO OTHOCUTE/IbHOE KOJIMYECTBO IMM(OLMUTOB Y NaLmMeHTOB
¢ PT)K po Hayana neveHust Haxo4mnoch B Npegenax HopMbl. Bo Bpems npoBefeHUs afbioBaHTHOM XUMUOSYyYe-
BOI Tepanuu BbISIB/IEHO CHYKEHME IMM(OLUTOB B KPOBM NauuneHToB (¢ 29,26 + 13,39 % - [0 Havana neyveHuns, Ha
0-e cyTkM - 15,59 + 5,17 %, Ha 1-e CyTKM nocne 3aBepLueHuns Tepanum - 6,70 + 2,38 %) - B 4,37 pasa, C He3Hauu-
Te/IbHbIM YBEMYEHNEM Ha 7-e CyTKM A0 9,16 + 0,97 %, 4To CBMAETE/IbCTBYET O BbICOKON pagnodyBCTBUTENbHO-
CTW AaHHOW nonynauMmn KneTok Kposu (p(dvmved) = 0,041). Mocne OKOHYaHWUS y4eBOiA Tepanum 0THOCUTE/bHOE
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KO/IMYECTBO NMMMOLNTOB CHM3NUMAOCL A0 5,86 £ 0,52 %, 4TO TaKXKe CBMAETENbCTBYET O BbICOKOIN pagnoyyBCTBU-
TENIbHOCTW KNeTOK. IMpu BbINOAHEHWM TONMBKO NyUYEeBOr0 BO3AEACTBUA HabMoAan0Ch CTaTUCTUYECKU 3HAUYMMOE
(p@pmoved) = 0,026) cHMXXEHUE COAepPXKaHUA NUM(OLUTOB B KPOBU naumeHToB ¢ PIMK Ha 1-e cyTku nocne ero
OKOHuYaHus B 5,15 pasa (¢ 29,25 + 10,44 % po 5,69 + 1,63 %).

Kak cnepyet u3 puc. 3 1 4, B npoLiecce pagmoTtepannu npomMcxoauT onycTolleHne nonynaumm nnMgoLmuToB
Y NaLMeHTOoB, CTPajaloLLMX PAaKOM NOAXKeNy0UHO xenesbl (p(dpnaved)<0,05).

Puc. 3. OTHOCUTENbHOE KOMMYECTBO IMMGOLIMTOB Puc. 4. OTHOCUTENbHOE KONMYECTBO MMEOLNTOB
y MauMeHTOB C XMMMony4yeBoii Tepanueii (p<0,05) y NauueHToB c Ny4eBoii Tepanuein (p<0,05)
Fig. 3. Relative lymphocyte count in patients Fig. 4. Relative lymphocyte count in patients
with chemoradiotherapy (p <0.05) with radiation ~rapy (p <0.05)

BbicOKuiA pa3bpoc 3HaueHW MoKasaTens CBUAETENbCTBYET O pa3inuuax B WHAUBUAYaNbHOM pafmo-
YyBCTBUTENbHOCTW NALUEHTOB.

Mpwn oTAeNbHOM aHaIn3e CTaTUCTUYECKUX AHHbIX COAEepXaHMs MMM(OLUTOB B KPOBM NaLMeHTOB Ha 7-€ CyT-
KW Mocne 3aBeplueHuns nedveHus (puc. 5), nonyyaswnx nonuxummmonyyesyto (rpynna 1) - 9,16 + 0,97 % un ny-
yeByto Tepanuto (rpynna 2) - 6,03 = 2,23 %, BblsiBNEHbl CTATUCTUYECKN 3HAYMMble Pa3nMynsa uccnegyemoro

NMoKa3aTens (p (Mann-yurin) =0 ,033) .

Puc. 5. KonnyectBo numdounToB y naumeHToB ¢ PIMXK Ha 7-e cyTKuM nocie KOMOMHUPOBAHHOTO NleYeHns

Fig. 5. The number of lymphocytes in patients with PC on the 7thday after combined treatment
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Mpu N3yyeHUn JUHAMUKN OTHOCUTEILHOTO YUC/1a HEATPOUIOB Y NauneHToB ¢ PIK BbISBNEHO HE3HAUNUTESb-
HOe MX M3MeHeHue. B 1- rpynne naumeHTOB, MOAYYMBLUMX MOCAEONEPaLMOHHOE XUMMNONYYEBOE BO3AENCTBIE,
[eTeKTUPOBAHO YBe/IMYeHWe KOMNYeCcTBa HEMTPO(UIOB Kak BO Bpemsa Tepanuu (71,87 + 4,78 %), Tak 1 nocne
ee OKOHYaHus Ha 1-e cyTkm (79,71 + 4,78 %). Ha 7-e CyTKM nocne OKOHYaHWSA NeYeHMs AaHHbIA NoKasaTenb
Hauan CHmXaTtbcs 1 coctaBun 78,36 + 6,31 %. B rpynne nauneHTOB C MOHO/TYY€EBOW Tepanuein 0THOCUTENbHOE
KO/IMYECTBO HEMTPOMMI0B BO3POCNO TaKXKe HE3HAUNTE/bHO: Kak BO Bpems Tepanuu (66,32 £ 16,37 %), Tak 1 no-
cne ee OKOHYaHuA Ha 1-e cyTkm (84,16 + 2,48 %), Ha 7-€ CyTKM NOC/e OKOHYaHWA NeYeHns AaHHbI NoKasaTenb
Hayan CHMWXaTbCs U cocTaBun 72,48 + 12,59 % No OTHOLLEHWMIO K UCXOAHbLIM faHHbIM (60,00 £ 11,15 %). Mpu
CPaBHUTE/IbHOM aHa/IM3e faHHbIX NOC/Ie OKOHYaHUSA NeYeHUs He BbISIBIEHO CTATUCTUYECKM 3HAUYUMBIX Pa3inymni
B rpynnax nayueHToB.

OTHOCUTE/IbHOE KONMYEeCTBO MOHOLMTOB Y NAaLMEHTOB C PakoMm MOMKeNnyAo4HOM XXenesbl B AMHAMUKe Mo-
cfeonepawlmoHHOM Tepanumn Haxogunoch B npegenax HopMmbl. CofepXkaHne MOHOLUTOB B KPOBW Y NaLMeHTOB
C KOMIM/IEKCHOM XMMMNOYYeBOM Tepanueid U ¢ MOHO/TYYEBbIM BO3JeCTBMEM HE UMENO JOCTOBEPHbLIX Pasnuymni
(p(MrmH4>0,05). B npolecce NpoBeAeHUs Tepanun He HabMOAanoCb CTaTUCTMUECKM 3HAUYMMbIX U3MEHEHWIA
[laHHOr 0 nokasarens.

Mcnonb3oBaHWe mMaTemMaTUUecKMX MHTerpanbHbIX nokasaTeneid, 4acTb KOTOPbIX U3MEHSETCA YXKe B MpefHO-
30/10MMYECKOM NepMose WA Ha CamblX paHHUX CTaamax 3ab0neBaHus, No3BONSET, He Npuberas K cnewmanbHbIM
MeTOAaM MccnefoBaHus, OLeHUTb B JUHAMUKe COCTOSIHWME Pa3/iMyHbIX 3BEHbEB UMMYHHOW CUCTEMbI.

Ha ocHOBe BbIlWENPMBEAEHHbIX [AaHHbLIX OKa3aTeNneil KNeTovyHol  (DYHKLWOH&/IbHOW aKTUBHOCTYU
nepuepnyeckort KpoBM NPeacTaBseTcs HeOOXOAUMbIM feTaNbHO PacCMOTPETb UX AUHAMUKY MO UHTErpasb-
HbIM MHAEKCaM roMeocTasa B rpynnax nauueHToB ¢ PM)K, nofyyaswimx noaMxuMmonyyesyto tepanuio (rpyn-
na 1) n nyyesoe neyeHue (rpynna 2).

[ns onpefeneHns HOPM UHTErpasbHbIX NoKasaTenei KNeToYHOW peakTUBHOCTU: NEeNKOLMTapHOro nHaekca
nHToKcmkauum (JINN) no A. A. Kanbth-Kanudy, nHgekca casura neiikountos (CJT), nHgekca COOTHOLLEHUS
HeliTpodunnos n numgountos (MCHJ), nHaeKca COOTHOLLIEHUA NMMGOLMTOB 1 MOHOUUTOB (VIC/IM), 6blin 13-
yueHbl faHHble nekorpaMmbl 30 KNMHUYECKM 340p0BbIX ul. [aHHas rpynna CoOTBETCTBOBAsA N0 MOy U BO3-
pacTy nauueHTam ¢ PIK (Tabn. 2).

Tabnunuya 2
3HaYeHMs NHTerpanbHbIX FrEMaTO/IONMUYECKMX MHAEKCOB Y KIMHUYECKU 3[0POBbIX /UL,
Table 2
Values of integral hematological indices in clinically healthy individuals
Mokazatenb, Hopma nnn ncn NCHN NCM
OTH. ef. 1,01+0,06 2,30+0,09 2,67+0,09 5,78+0,73

Mpu M3y4yeHUN MOKasaTenein NenKkouMTapHOro NHAeKca MHToKcukaumm no Kansdh-Kanudy y nauneHTos
¢ PIM)K Ha 1-e cyTKM nocne OKOHYaHMS NONMXMMUONYYEBOI Tepanum BbisiBNeHo npesbiweHne (¢ 0,80 + 0,95
fo 1,93 + 1,48 oTH. ef.) B 2,41 pasa 3HayeHWs MapameTpa B KOHTPO/eE, YTO YKa3blBaeT Ha akTMBMU3aLNIO
NpoTUBOBOCNANNTENbHbIX NpoueccoB (p(dpmved)>0,05) U CHMKEHNE fAHHOMO MoKasaTens Ha 7-e CYTKM Ao
0,68 + 0,06 oTH. ea. Bo BTOpOI1 rpynne nauueHTOB Ha 1-e CyTKW MOC/e 3aBepLUeHUs afblOBAHTHOrO feye-
HMA AaHHbIA nokasaTenb nosbiweH (c 0,81 + 0,81 go 1,94 + 0,47 oTH. ea.) B 2,40 pasa, C MocneayoLWmUm
NoBbIWEHNEM Uccnegyemoro nokasarens go 3,10 £ 5,77 otH. eg. (p(hpmaman)>0,05). Mexay ABymsa uc-
cnefyeMbIMU rpynnamm cTaTUCTUYECKN 3HAYUMBIX Pa3IMUnii B MPOLLECCE /IEYEHMA MO N3YUYEeHHOMY MoKa3a-
TN He Obl10 BbIABIEHO.

Mpy MHAMBMAYANM3MPOBAHHOM aHa/u3e faHHbIX MHAeKca caBura neikounToB (MICJT) y naumeHTOB, CTpa-
JatoLnX pakoMm NOKEeYA0YHO Xenesbl, YCTaHOB/IEHO, YTO [0 Hayana Tepanuu B 06enx rpynnax AaHHbIA no-
KasaTe/lb Haxo4w/cs B Npegenax HopMbl. B mepBoii rpynne nauMeHToB, NOYYMBLLMX XMMUOPagUOTepanuio, Ha
1-e CyTKM BbIsIB/IEH MOBbILWEHHbIN YpoBeHb napameTpaC/ (¢ 2,30 + 2,29 o 5,81+ 1,36 oTH. ea.) B 2,53 pasa. Ha
7-e CyTKM Noc/e 3aBepLUeHNst KOMOMHMPOBAHHOMO BO3AECTBUSA B JaHHOW rpynme 0TMeyeHa TeHAEHLMS K CHUXKe-
HWIO 3HaYeHWiA nokasatens NCJ1 ¢ go 3,33 + 1,43 oTH. ea. (p(dpma)>0,05). Y naumeHToB ¢ PI)K ¢ agbloBaHTHONA
Nyy4eBOii Tepanuein NHAEKC CABUra NEKOLMTOB Ha 1-e CyTKM MOC/Ae OKOHYaHWS NleYeHUs NpeBbila 3HaYeHus
nokasarens (go nevexms - 2,01 £ 0,96, nocne nevexms - 7,03 £ 1,42 oTH. ea.) B 3,50 pasa c nocnegyroLmnm no-
HKEHNEM MCCeayeMOro nokasatenst Ha 7-e cyTku go 5,17 + 3,33 oTH. ed. (p(dpmved>0,05). Mexay rpynnamu
nauyeHToB, NOAYUYMBLUMX KOMOMHUPOBAHHYIO Teparnuio 1 paguoTepanuio, nocse 3aBepLUeHns NeYeHuns He ycTa-
HOBMIEHO CTAaTUCTUYECKMN 3HAUMMBIX pa3nununii (p(MumA>0,05).
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MoBbIWeHe coflepXXaHns B KPOBEHOCHOM pYC/ie KNEeTOYHOro nysna HeMTpouioB 1M YMeHbLUEHWE NONYs-
UMM NUMBOLUTOB COMPSKEHbI C YBEIMUEHWEM UHTErpaibHOro napameTpa WHAEKCa COOTHOLUEHUS HeRTpodu-
nos n numgoumTtos (MCHM) (puc. 6) B rpynne nauueHTOB C afblOBaHTHON Ny4YeBON Tepanuei. Pe3ynbTaTtbl
BbINO/IHEHHbIX UCCNEL0BaHNIA NOKa3anu, YTO NPOBEAEHME KOMMIEKCHOM XMMUONYUEBOM Tepanum CBA3aHO € No-
BblLLeHMEeM YpPOBHA nokasatens CHJ (ncxogHoe 3HaveHue - 3,08 + 3,52 OTH. efl., Ha 1-e CyTKM nocne neve-
Hus - 13,42 + 6,94 OTH. ef.) B 4,36 pasa c TEHAEHLMEN K NOHMKEHUIO HA 7-e CYTKM NOC/e OKOHYaHUS SIedeHuns
(po 6,20 £ 3,15 oTH. eq.) (p(dpmvad)>0,05). B pesynbTaTe CTaTUCTMUECKOrO aHaIm3a JaHHbIX NaLMeHToB 2-01 rpyn-
Mbl YCTAHOBMIEHO 3HauMTeNbHOE noBbiweHue napametpa WCH (c 2,28 £ 1,11 go 15,93 + 5,79 OTH. ed. Ha
1-e CyTKM nocne ny4eBoin Tepanun) B 7,0 pa3 ¢ MOCTENEHHbIM MOHMXEHNEM Ha 7-e CyTKM Ao 13,45 £ 4,35 oTH. eg,
(p@vaved= 0,026). 3T0 CBMAETENLCTBYET O 60/1€€ BbIPAXXEHHOM TEPANeBTMUYECKOM 3(h(heKTe pagnaLnoHHOro ne-
yeHus (puc. 6, 7).

Puc. 6. AnHamnka nsmeHeHus nokasatens MCHJI Puc. 7. AnHamnka nsmeHeHus nokasatens ICHJ1
B Mpouecce XxuMmony4yesoi Tepanuu (p>0,05) B Mpouecce ny4veBoii Tepanmu (p<0,05)

Fig. 6. The dynamics of changes in the rate of IRNL Fig. 7. The dynamics of changes in the rate of IRNL
in the process of chemoradiotherapy (p> 0.05) in the process radiation irowpy (p <0.05)

CpaBHUTENbHbI aHaNM3 MHAMBMAYaNbHbIX 3HaYeHnin UICHJ (puc. 8) nokasasn, 4To Ha 7-e CYyTKM Nocne OKOH-
YaHUS NIeYEHNs BbISBMEHO CTATUCTUYECKM 3HAUYMMOE pa3fiume B YPOBHE M3y4aeMOoro nokasatens Mmexay 1-oi
1 2-0i rpynnamu nayneHToB ¢ PIDK (pann-yuri<0,05).

Puc. 8. YposeHb ICHJTy naumneHTos ¢ PTXX Ha 7-e CyTKY MOC/ie O0KOHYaHWA NeyeHnst

Fig. 8. The level of IRNL in patients with rCon the 7thday after the end of treatment
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Pe3ynbTaT NpoBefEeHHbIX UCCNefOBaHWI BbISBU/, UYTO Y MaLMeHTOB, CTPajaroliMX pakoMm MNomKenyaou-
HOM >Kefesbl, NPOBEAEHUe CMEeLManbHOro fIedeHnst COMpsXKeHO C YrHeTeHWeM PYHKUUU agheKTOPHbIX KNeTOK
UMMYHUTETA U HeCNneLnMUUecKUM MOHWKeHNEM MHAEKCA COOTHOLIEHUS MMGOLMTOB 1 MOHOLMTOB (MICJIM).
N3yyeHune gUHaMUKK MHAEKCA COOTHOLLIEHUS IMM(OLUTOB K MOHOLMTaM BbisfiBUIO (puc. 9, 10), 4To AaHHbI/ no-
KasaTeNlb 3HAUMMO M3MEHASCA B MPOLLECCE JIEYEHUS, UTO XapaKTepusyeT ero BbICOKYI0 pafMo4yBCTBUTENIbHOCTb
N oTpaxkaeT 3(h(heKTUBHOCTbL NPOBeAEeHHON Tepanun (p(dpaved<0,05).

B xofe MpoBeAEHHOr0 CTaTUCTMYECKOro aHanusa 6biN0 ycTaHOBMEHO, 4To B 1-0i rpynme nayWeH-
T0B C/IM 3Haunmo (p(dpoved)=0,019) cHmKanca B npouecce KOMMEKCHOrO neveHus (40 Havana nede-
Hua - 4,06 £ 1,73 OTH. ef., Ha 1-e CYTKM noc/ie OKOHYaHUa XxnuMmunonyyesoin tepanum - 0,90 + 0,43 oTH. ef.)
B 4,51 pa3a c MOCTEMNEHHbIM MOBbILWEHNEM Ha 7-e CyTKM go 1,73 = 1,56 oTH. ed. Bo 2-0i rpynne nauneHToB
BbISIBIEHO CTaTUCTMYeckn 3Hauumoe (p(dppoved)=0,044) noHwKeHWe uccneayemoro nokasatens B 4,38 pasa
(c 5,39 £ 3,51 oTH. ead. fo 1,23 £+ 0,43 OTH. ef.).

Puc. 9. ilnHamuka ypoBHs napameTtpa MICJ/IM Puc. 10. AnHamunka ypoBHA napametpa NCJ/IM
B MpoLecce XMMWUONY4YeBOi Tepanuu B NpoLLecce ly4eBOWA Tepanuu
Fig. 9. Dynamics ofthe level of IRLM parameter Fig. 10. Dynamics ofthe level of IRLM parameter
during chemoradiotherapy in the process of radiation LLewpy

Mexay ABYMS UcCCnefyeMbIMW rpynnaMm CTaTUCTUYECKM 3HAYUMBbIX Pa3IMyunii B NpoLiecce fieveHns no us-
YUYEeHHOMY MOKa3aTesto He 6bIf10 BbISBEHO.

Mpw CcTaTUCTUYECKOM aHaM3e YPOBHS NeKOLUTOB B KPOBW B MPOLLECCE KOMMIEKCHONO XMMMOMYYEBOro fe-
yeHMs y nmaumeHToB ¢ PM)K ycTaHOBMEHO 3HauMMble M3MeHeHUs (P@pnaman)<0,05). B mpouecce pagnoTtepanmm
NPOUCXOAUT CHWXEHUE OTHOCUTE/IbHOrO KOMIMYeCcTBa SIMM(OLUTOB Y NalueHToB, CTPaatoLLmMX pakoMm nomxe-
NYA04YHON Xenesbl (Ppmama)<0,05). Mpu OTAENbHOM aHaIM3e CTATUCTUUYECKUX AAaHHbLIX COAepXaHus numdgo-
LUMTOB B KPOBW NALMEHTOB, MOAYYaBLUMX NOAUXMMUONYYeBYIO (rpynna 1) u nyyeByto Tepanuto (rpynna 2), Ha
7-e CYTKM Noc/e 3aBepLueHns NeYeHns BbIsiBEHbI CTAaTUCTUYECKUN 3HAUYMMbIE Pa3NYMS UCCNIEAYEMOrO NnokasaTe-
N (p(MaHH—YMTHM) <0,05)

KonnyecTBeHHO-Ka4eCTBEHHAsA OLeHKa U3MEHEeHNs remorpammbl (P(@puavan)<0,05) Y NMauueHToB, NoMyYaBLUnX
aflblOBaHTHYIO SIy4eBYIO Tepanuio, BbisBuia yeennyerve (8 7,0 pasa) napameTpoB MHAEKCA COOTHOLLIEHUA Heil-
TPOUAOB N NTMMPOLUTOB, CHUXKEHME UHAEKCA COOTHOLUEHMS UMGOLMTOB 1 MOHOLUMTOB (4,38 pasa). B rpynmne
nawLMeHTOB, KOTOPbIM BbINO/IHEHA KOMI/IEKCHAsA XMMUONyYeBas Tepanus, yCTaHOB/IEHO CHUKEeHME B 4,5 pasa 1H-
[leKca COOTHOLLEHNS TMMGOLMTOB U MOHOLMTOB (P@puaman)<0,05). Mpun OTLELHOM aHan3e CTaTUCTUHECKUX faH-
HbiIX ICHJT mexay uccnefyeMbiMy rpynnamm nauueHToB Ha 7-e CYyTKM NOoC/e 3aBepLUeHns IeHeHUs BbISBMEHbI
CTaTUCTMYECKM 3HAUYMMbIE Pasnymns uccnefyemoro nokasarens (pmans-ywrn <0,05).

Takum 06pa3om, Mo HaLIMM AaHHbLIM, NONYAALMA NeNKoLUTOB 60/ee YyBCTBUTE/IbHA K KOMMIEKCHOW XMMUO-
NYYeBOI Tepanuu, a MHTerpasibHbIA NapameTp 3HAOreHHOM MHTOKCKKauumn MICHJT oTpaxaeT BblpaXXeHHbIR Tepa-
NeBTUYECKNIA 3 EKT pagnoTepanmm
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3aK/oueHmne

Takum 06pa3om, NpoBefeHHas pagnaLMoHHas Tepanns OKasblBaeT MOAMGULMPYIOLLEE BO3AEACTBUE HA Kie-
TOYHBIA FOMEOCTa3 NaLMeHToB, CTPajatoLL X pakoM NomXKenya04HOM Xenesbl.

B pesynbTate uccnefoBaHWa YCTaHOBIEHO, YTO MpW aHas/In3e LaHHbIX KNeTOYHbIX MoKasaTenei KpoBuW na-
LIMEHTOB, CTPajatoLlMX pakoMm NOKenyaouHONW Xenesbl, Hanbosnee pagmoyyBCTBUTENbHLIM 3BEHOM SBNSIOTCA
numounTbl. HapactaHue abCconlOTHOrO KOJIMYECTBA SIENKOLMTOB C YBEIMYEHUEM [OMM HOHLIX POPM ABMSETCS
HecneuuguyeckMm Npr3HakoM KOMMeHCcaToOpHO-afanTaLMOHHOM peakLumy opraHu3Ma B paHHeM NocTTepaneBTu-
4ecKOM nNepuoge Nnocse KOMMIEKCHOr0 XMMUONYYeBOro Bo3aeicTans. MNpu 61aronpusaTHOM TeYeHWUUN BbISIB/IEH-
Hble M3MEHEHUSA B NIEMKOrpamMmMe perpeccupyroT, a CHKeHVE 06LLEero Ynucna NeiKouuTos ¢ yBe/IMYeHneM OTHOCK-
TeNIbHOr0 COfePXKaHNsA HENTPOMIbHBLIX (hOPM CBUAETENLCTBYET 06 YBENMUEHHOM pPacxoje NeiKoLMTOB B ovarax
NoBpeXaeHUa 1 Heb1aronpUATHOM MPOrHO3e Ha MHAMBUAYALHOM YPOBHE.

CornacHo BbILLEN3NIOXEHHOMY, NPeACTaBseTcs 060CHOBaHHbLIM 3aKN0UUTb, YTO U3YYeHHbIe MoKa3aTenu pe-
aKTMBHOCTU romMeocTasa, Be/IMUMHa KOTOPbIX KOPPEeSMpPYeT C COCTABOM OMpefefieHHbIX KIeTOUHbIX MONysauuii,
0TPaXarT NHANBUAYaNbHYIO PeakLMio OpraHM3ma Ha pagvaunoHHoe Bo3feicTame. [0 HalMM JaHHbIM, Takue
romeocTaTuyeckue nokasarenu opraHnsma, kak UICHJ1 n CJIM, ssnaoTcs Hanbonee MHHopMaTUBHLIMU U MO-
ryT UMeTb NO3TOMY BbICOKYIO MArHOCTUYECKYH 3HAYMMOCTb B OLEHKe 3(heKTUBHOCTN NPOBOAVMON Tepanuu
Y NauueHToB, CTPajatoLLMX PaKoM NOMKeNy0UHOW XKeesbl.
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BNNAHWE NMAPAMETPOB PEKOHCTPYKL NN
HA KAYECTBO U3OBPAXEHWNW B MN3T/KT ANATHOCTUKE

E.B. EME/IbAHEHKO® L. T. TAPYTUH1

1Pecny6nnKaHCKNMIn Hay4YHO-NPaKTUYECKUIA LEHTP OHKONOMMN ¥ MEANLUHCKON pagnonorun umenn H. H. AnekcaHaposa,
ar. lecHoin, 223040, MuHckwii paitioH, benapych

MoO3UTPOHHO-3MUCCMOHHAA TOMOrpagusl, COBMELLEHHAass C KOMMbIOTEPHOIM ToMorpaduei, SBNSETCS WHHOBALMOHHBIM
M aKTMBHO Pa3BUBaOLLMMCS METOOM PAaAVOHYK/NAHOM AMAarHOCTUKKU. ToMorpadbl ocHalleHbl MOLLHBIM MPOrpaMMHO-arn-
napaTHbIM KOMIM/IEKCOM A/151 UCMOMb30BaHMS 3((HeKTUBHOCTN KOTOPOro HEe06X0ANMO BbIMO/THEHME MOTHOLLEHHOO UCCeao-
BaHWsi. BO3MOXHOCTM NPOrpaMmmMHOro obecrneyeHunsi No3BONAIOT BAUATL NO/b30BATE/I0 HA Ka4eCTBO AMarHoCTUYeCKOro u13o-
GpaxkeHUs. Kpome Toro, noslyyeHune n3o6paXkeHnii ¢ UCrosib30BaHMeM BPEMAMNPOIETHOM TEXHOOM MM TaKXKe MOXET BHOCUTb
M3MeHeHMWe BO BKaj WYMOBO KOMMOHEHTbI M KOHTPACcTa, YTo NOoATBEPXKAAeT Heo6X0ANUMOCTb UCCNeaoBaHMi, HanpaB/eH-
HbIX Ha FAPMOHM3ALMIO U ONTUMU3ALNI0 METOANK UCCef0BaHMA. BbINofHEHA OLEHKa BIUAHUS AIUTENIbHOCTY UCCef0BaHUA
Ha KayecTBO M306paxXeHNs. PacCMOTPEHO BMSIHME KOMYECTBA TepaLuii U NOAMHOXECTB PEKOHCTPYKLMOHHOI0 anroputma,
aTakke QYHKLUMM paccessHNs Ha KauecTBO M306paXkeHns. MonyyeHa oLuegHOUYHasA Moje/b, B KOTOPOI yUTeHO BAUSIHUE KOMMYe-

CTBa UTepaLuii M NOAMHOXECTB Ha LIYM.

Knwouesble cnosa: ntepaunsa; NoAMHOXECTBO; CbaHTOM; V|306pa)KeH|/|e; I'IOSI/ITpOHHO-SMVICCI/IOHHbIﬁ Tomorpad); KOMMbIO-

TepHbIi TOMOrpad); Bpemsi nposnera.
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INFLUENCE OF RECONSTRUCTION PARAMETERS
ON THE QUALITY OF THE DIAGNOSTIC IMAGE

E. VEMELYANENKOal. G. TARUTIN

aN. N. Alexandrov National Cancer Centre o fBelarus
Liasny agro-town, Minsk Disrtict 223040, Belarus
Corresponding author: E. Emelyanenko (zheka-ava@ mail.ru)

Positron emission tomography combined with computed tomography is an innovative and rapidly developing method
of radionuclide diagnostics. Tomographs are equipped with a powerful hardware-software complex. For the effective use
of equipment, a full-fledged study of the capabilities of the software and the operating modes of the device is necessary.
Software features allow the user to influence the quality of the diagnostic image. Using time-of-flight technology, additional
correction algorithms can also affect the contribution of the noise component and contrast. These aspects confirm the need
for research aimed at harmonizing and optimizing research methods. In this paper, we estimated the impact of the duration
of the study on image quality, taking into account the technical capabilities of the equipment. The influence of the number of
iterations and subsets of the reconstruction algorithm, as well as the scattering function on the image quality are considered.

Key words: image quality; protocol; phantom; image; positron emission tomograph; computer tomograph; time-of-
flight.

BBegeHue

Mo3MTPOHHO-3MUCCMOHHAs TOMOrpaguns COBMELLLEHHAs C KOMMbOTepHOI ToMorpadmenn (MIA3T/KT), Ansetcs
MepCneKTUBHBLIM 1 Pa3BUBAIOLLMCSA CPEACTBOM PafUOHYKINAHON AUarHOCTUKN. [aHHbIin MeTog No3BOsET Bbl-
ABNATb He TONIbKO MeTabosIMyeckme, HO U MOPJOIOrnyecKmne NU3MeHeHNs OpraHoB U CUCTEM OpraHu3Ma YesoBeKa,
OCYLLECTB/IAET AMArHOCTUKY B 061acTV HeBponorum (BUCOYHas anuencus), Kapamonornmn (OLeHKa XXn3Hecno-
coBHOCTW MMOKapaa), OHKonorum [1].

B Pecny6nuke benapycb yCTaHOB/IEHO YeTbipe KOMOUHMPOBaHHbIX M3 T-KT-ckaHepa npon3soacTea General
Electrik (Discovery 710 n gBa Discovery 1Q) n oguH Tomorpad npoussogctsa Siemens. MOT/KT aBnsetcs pas-
BMBAKOLLLEICA METOAMKON B CTpaHe M TPebyeT JOCTATOYHO YrayBMeHHOro M3yvyeHns MpOrpaMmMHO-annapaTHoro
KOMM/eKca A1 NOMHOLEHHOrO MCMO0Jb30BaHNS BCEX BO3MOXHOCTEN 060pyaoBaHUs. VITOroBoIA 3agayeii nccne-
[l0BaHNA ABNSETCA POPMUPOBAaHME KAUYECTBEHHOIO, BbICOKOMH(OPMATUBHOIO N306paXkKeHns, cBOGOAHOMO OT ap-
TehakToB.

OCHOBHbIMW 3TaNamu NOMYYEHNS LMArHOCTUYECKOTO N306PAXKEHUA ABNAETCA PerncTpaLmns nsnyyeHuns 1eTek-
TupytoLein cuctemoii M3T, NCTOYHMKOM KOTOPOro ABNSETCA paavodapmaleBTMYECKWiA npenapaTt, BBeAEeHHbI
MaumneHTy 1 HaKanJMBaloLWNIACA B MOTEHLMATbHOM MaTOMOrMYECKOM ouare, PEKOHCTPYKLMSA N306paXKeHNs 1 no-
cnegytollee coBMelleHne ¢ KT n3obpaxeHueM, NonyyeHHbIM npefsapuTensHo. CoBMeLLeHHOe M300paxeHue
MO3BOMSAET MOMYYUTb LEIOCTHYH KapTUHY MeTabonnyecKoi akTMBHOCTU M aHAaTOMWMYECKON MH(opMauun, 4To
o6ecneynBaeT 4OCTaTOYHO TOYHYIO NIOKaNM3aLnio ovara HakonneHus PO,

TOYHOCTb 1 KOPPEKTHOCTb MHOpMaLMK nonyyaemoii Ha MAT-KT-n306paxkeHNsX, B 3HAUMTENbHON CTEMEHK
3aBMCUT OT TEXHUYECKNX XapaKTEPUCTUK TOMOTrpada, BO3MOXHOCTER NMPOrpaMMHOro 06ecrneyeHns, OSHaKO HYX-
[,aeTca B CBOEBPEMEHHOM U MEPUOAMNYECKOM KOHTPOAe. HblHewWwHre CTaHAapThbl PagUOHYKINAHON AUarHOCTUKM
MMEIOT JOCTaTOYHO BbICOKME TPeboBaHUSA K KayecTBY MOSTyHaeMOro M306pakeHus, a TakxKe pafualoHHON Ha-
rpyske Ha naumeHTa. pamoTHO C(hOPMMUPOBaHHbIE MPOTOKO/bI UCCNELOBAHMUS, B KOTOPbIX YUMUTHIBAKOTCA BO3MOX-
HOCTW OETEeKTUPYIOLLEl CUCTEMbI, MPOrpaMMHOr0 obecreveHnsi, 0COGEHHOCTM MaToN0rUK ABASKOTCA OCHOBON
nonyyeHns MHHOPMATUBHOIO M KOPPEKTHOIO M306paxeHns [2]. KauecTBO 1306paXKeHUSI MOXHO OLEHMTb 3Hauye-
HUAMM BeJIMYMH KOHTPacTa 1 Lyma.

Llenb nccnefoBaHus: cpaBHEHWE METOLOB PEKOHCTPYKLUMUN N306paXKeHWS C YYETOM AUTENLHOCTY €ro nsyye-
HWS; OLLEHKa BANSHUA NapamMeTpoB NTepaLVMOHHOro anropntma (KoamMyecTBa UTepaumii u NOAMHOXECTB Ha Kaue-
CTBO M3006paXKeHNs).

WccnenoBaHvie HanpaB/ieHO Ha YyYlleHne KauyecTBa BU3yanm3aunum 1 uarHocTuyeckoi npouegypsl. Cnegy-
€T OTMETWTb, YTO Pe3yNbTaTbl AaHHOR PaboTbl MCMONL3YHTCA B NPaKTUYECKON AeATeNbHOCTY pecnybanKaHCKOro
M3T-ueHTpa.

Mony4yeHsbl MOLENN, NO3BOMAIOLLME OLEHMBATL COBMECTHOE BUSHWE YMCia UTepaLnii u NOAMHOXECTB Ha Ka-
4eCTBO AMArHOCTUYECKOTO N306PaXKEHUS; BbINOIHEHA OLEHKA BAMAHNA PSF-(YHKL MU Ha KA4eCTBO M306paxeHuns
C YYETOM ANNTENbHOCTU UCCNefoBaHusA. [JaHHOe uccnefoBaHue Brepsble NPOBeLEHO Ha TeppuTopumn Pecny6u-
Ku benapycb; METOAUKa, peann3oBaHHas B JaHHO paboTe, MOXET 6bITb afanTUpoBaHa 15 BbINO/HEHNS NOJ006-
HbIX NCCMEeLOBaHNIA C LieNIb0 FapMOHM3aL MM NPOTOKOMIOB CKaHMPOBaHMSA MaLMeHTOB.
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OC06eHHOCTK MOYYEHUSA U PEKOHCTPYKUMKN 1306paxkeHnii B MIT/KT

KayecTBO MTOroBOro, PEKOHCTPYMPOBAHHOIO N300paXeHUs onpeenseTcs psaLoM napaMeTpoB M XxapakTe-
PUCTUK: AeTEKTUpyloLlas cuctema (C y4eTOM KPUCTannoB U CMCTeMbl nocnegytolleit 06paboTku curHana),
ONTENbHOCTb UCCNef0BaHNSA, KOPPEKTHOCTb KainmbpoBKWM, MOHOE COGMOAEHWUIA YCNOBWIA MCCNef0BaHuS
NaumveHToB, TUN PEKOHCTPYKUMOHHOIO anroputMa 1 UCnosib3yemMble napaMeTpbl PEKOHCTPYKLUUMW, AUTENb-
HOCTb uccnefoBaHus. [axe B cnydae COBNIOAEHNA PEXUMOB TEXHUYECKOTO 0BCNYyXMBaHUA U KaNMBpPOBOK,
a TakXke obecrneyeHus naeanbHbIX yCn0BUiAi 06CNef0BaHUS, BOSHUKHET HEO6XOAMMOCTb B BbIMOIHEHUN A0-
MOSIHUTE/IbHON PEKOHCTPYKLNW, HarMpaBieHHOM, Hanpumep, Ha NoAaBeHne LWyma Uan yBesndeHne KOHTpa-
cTa nsobpaxeHus [3; 4].

[AnnTensHoCcTb MUCCNefoBaHUA ABNSETCA O4HUM U3 ONPefenstowmx (GakTopos, KOTOPblE MOTY BUATL Kak
Ha KauyeCcTBO MarHOCTUYECKOro M306paXKeHuns, Tak U Ha NPOMYCKHY cnocobHOCTL 060pyaoBaHus. Cokpa-
L eHMe BPEMEHU CKaHUPOBAHUSA OfHOr0 YyYacTKa Tena Ha 1, N03BONAeT COKPaTUTb ANUTENLHOCTL UCCNef0Ba-
HUA OoT 6 40 15 MWH U YBENUUNUTL NPOXOLMMOCTb TOMOrpada.

MporpamMmHOe obecneyeHWe JaeT BO3MOXHOCTb N0Mb30BATE/NIO0 BAPbMPOBATh LWWPOKMM AMana3oHoM na-
paMeTpOB PEKOHCTPYKLMOHHOTO anropntMa. Takxe CYLLecTBYeT paf (PUNbTPOB, UCMOMNb30BaAHUE KOTOPbIX
M03BO/SET U3MEHATb Ka4yeCTBO M306paXKeHUs. B coBpeMeHHON NO3MTPOHHO-3MUCCUOHHOM TOMOrpagmm ak-
TUBHO UCMNONb3YIOTCA UTEPALNOHHBIE aTOPUTMbl, KOTOPbIE NMPULLAN Ha CMEHY anropMTMam, NOCTPOEHHbIX
Ha 06paTHbIX npoekuusx (FBP). Ha o6opyaoBaHuu, paccmaTpvMBaeMOM B AaHHOW paboTe, MCMonb3yeTcs
NTepaunoHHbIn anroputm OSEM (nan VPHD). MNonb3oBaTenb MOXeT MEHATb KOMMYECTBO MCMOMb3YeMbIX
nTepauuii 1 NOAMHOXECTB (KONNYECTBO CBOBOAHbIX MPOEKLMA) C LIeNbIO M3MEHEHNS KaYecTBa N300paKeHNs
[5; 6]. YuuTbiBas, 4To B UTEpaTypPHbIX UCTOYHMKAEX, KaK NpaBuio, pacCMaTpuBaeTcsa B/IMAHUE KOMUYECTBA
NTepaunii Ha LymM 1 KOHTPACT Npn CTabuabHOM Yncie NOAMHOXECTB, LienecoobpasHo paccMOTpeHune 6onee
C/IOXHOW MOAenu, KoTopas MO3BOMINT YUeCTb KaXAbli N3 PaKTOpOB.

[JeTekTupytowwan cuctema (KONUMYeCTBO KOJeL, AeTEKTopa, TUM KPUCTaN/I0B) OKasblBaeT 3HauMTe/lbHOe
BAVAHME HAa MPOCTPaHCTBEHHOE paspelleHue, TOYHOCTb /I0KaNn3aumMm cobbITUA aHHUTUNALUN U KavyecTBo
(hMHaNbHOro M306paxeHus. Ha Tomorpadax, OCHalleHHbIX AETEKTUPYIOLWEA CUCTEMOI C KpucTaniamu
LYSO, peanvusoBaHa BpeManponieTHas TexHonorua TOF.

MporpammHo-annapaTHblii komnneke DISCOVERY 710 no3sonsieT cobupatb JaHHbIe C yYeTOM BPEMEHU
nponeta (TOF) 1 BbINONHATb NOCNeAYOLWME PEKOHCTPYKL MM HA UX OCHOBe. BpemsanponeTHas TexHonorusa
(TOF) aBnsAeTcA COBPEMEHHBLIM METOAOM MOMYYEHUA N306PaXKEHUSA U MOBLILEHNA KaYecTBa 3a CHeT YTOUHe-
HUA nokanusaumm cobbiTua. Hannune TOF no3BonseT nony4varb M306paXKeHUS C MOBbIWEHHbLIM NPOCTPaH-
CTBEHHbIM pa3peLUueHNEeM U YyBCTBMTENbHOCTbI0. CoBMECTHO ¢ TOF BO3MOXHO BK/HOUYEHUE PEKOHCTPYKLNIA
C MCNOJIb30BaHNeEM UTEPaALMOHHbIX anropuTMoB. HemanoBaXXHO OTMETUTb, YTO BO3MOXHbI pa3/iniHble KOM-
6uvHauMn napameTpoB, a UMEHHO KO/MYeCTBA MOAMHOXECTB, UTepaunii, pa3MepHOCTb MaTpuULbl, YTO COOT-
BETCTBEHHO BHOCUT HeManblii BKNaj B (hOPMMPOBaHME KaueCTBEHHbIX U KOMMYECTBEHHbIX NOKasaTenen [7].

OTphenbHbIA MHTepec NpeacTaBnseT peKOHCTPYKLMsA PSF, ncnonb3oBaHne KOTOPOIA (MO 3asBAEHUIO NPOU3-
BOAMTENen 060pyL0BaHNA U 3apyOeXHbIX NCTOYHMKOB) MO3BOJIAET MOMYyYaTbh U306paXKeHNs C YAYULLEHHbIM
M30TPOMHbLIM MPOCTPAHCTBEHHbIM pa3pelleHneM, YMEHbLUEHHbIM «pPa3/InBOM» U, B KOHEYHOM CYeTe, NOBbI-
LLEHHOWN KOHLEHTpaumnen akTuBHocTn (BK/Mn) nam ctaHAapTU3MPOBaHHbIM 3HaYeHMem nornaoweHns (SUV)
B HeGO/bLUMX OYarax, KoTopble, TaKMM 06pa3oM fierye 06HapYy>XUTb 1 0XapakTepu3oBaTb. B pacCMOTPEHHbIX
3apy6eXxHbIX MCCNef0BaHNAX HE OMWCAHO BAMSHUE JaHHOW (PYHKLMU Ha LIYMOMOLAB/EHMNE N KOHTPACT Ha
pasHbIX BPEMEHHbIX NPOMEXYTKax uccnegoaHms [8].

Ba)KHbIM NpPevMyLLeCTBOM MO3UTPOHHO-3MUCCUOHHOWM TOMOTpaduu ABASETCS BO3MOXHOCTb MOMYYEHUS
KO/IMYECTBEHHON MH(hopMaLuK: KonnyecTso PDIT B paccmaTprMBaeMoM 00beMe MaToNOrMYecKoro ovara. Ha
OCHOBE KOMIMYEeCTBEHHON MH(OPMaL MM BbINMONHAETCA OLEHKa pa3BMTUA NaTONOMMYECKOro npouecca.

Bce paccmatprBaeMbl napaMeTpbl NPOrpaMMHOro o06ecrneyeHns MOryT 6biTb NPUMEHEHbI Ha YCMOTPeHWe
nofib30BaTens, YTo OCTATOYHO YACTO OCHOBbLIBAETCS Ha CYObEKTUBHOM NePBUYHOM BOCNPUATUIN N306paKEHNS.

[JeTanbHbll aHanu3 BO3MOXHOCTEl 060pyf0BaHNA NO3BOMT Hanbonee TOUHO OLEHMBATL PasHULY Npw
aHanmse JMHaMWKKW NaToNOrMYecKoro npowecca Mexay uccnefoBaHusMu, NoyvyeHHbIMU U3 pasHblX neyveb-
HbIX YYPEXAEHMWI 1N Ha pa3IMYHOM 060pYL0BaHMN.

Matepuasnbl U MeTOAbI UCCNefoBaHMSA

Mpouenypa ckaHUPOBaHUA BbINOMHEHA HA MO3UTPOHHO-3MUCCUOHHOM TOMOrpage, COBMELLEHHbLIM C KOM-
nbtoTepHbiM Tomorpaom DISCOVERY 710. Cuctema DISCOVERY 710 nocTpoeHa Ha 6a3e KpucTanios
LYSO, KoTopble N03BONAT peannsoaTb meTof TOF. MpeaBapuTeNibHO 6blW BbIMOAHEHbI NPpoOLeAYypPbl KOH-
TPONs KayecTBa 419 obecneyeHUs rapaHTUM HafeXXHOCTU 3KCNepUMeHTa. Pe3ynbTaTbl TECTOB U KaMB6POBOK
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(exkeHeBHbI KOHTPO/b KayecTBa, 0OHOBMEHME KO3(hPULMEHTA YCUNIEHWUS) COOTBETCTBYIOT TpebOoBaHUAM
TEXHUYECKOW AOKYMeHTauuu npoussoautens. CKaHUpOBaHWe MPOBOAMIOCL C WUCMOMb30BaHUEM (aHTOMa
Jackzack (puc. 1). XonogHble cepbl Obinn 3aMeHEHbI Ha 5 ropsaumx cdep gnameTtpamu 34,1 cm, 26,5 cm,
21,5 cm, 14,8 cm, 9,8 cM. CoOTHOLLEHME KOHUeHTpauuii PP chep n oHa 1:16.

Puc. 1. ®aHToMm Jackzack

Fig. 1.Jackzack Phantom

Ona cumynupoBaHua HakonneHus PO 6bin ncnonb3osaH "-® A, MamepeHne n gosnposaHne POTI
6b1/10 BbINO/IHEHO C UCMO/b30BaHNEM CUCTEMbl aBTOMAaTUYECKOrO J03UMPOBaHUA (aBTOMATUYECKMIA UHBEKTOP
KARL 100) 1 nHcTaninpoBaHHOro Kaauéparopa akTueHoctM ISOMED.

B xofe akcrnepumeHTa 6binn nonyyeHbl cepunt MIT/KT-u306paxkeHnin. BbINONHEHO KOHTYpupoBaHue
cthep Ha cepumn KT-n3o6paxkeHunii. C nomollbio cneymanbHoin dyHKumm PROPAGATE KOHTYpbI Obinu nepe-
HeceHbl Ha M3T-n3006paxeHUs ¢ Lensio MUHUMU3ALUK OLINBOK, CBA3aHHbLIX C HAHECEHUEM KOHTYpa «Bpyuy-
HYI0». BbINOSIHEHbI M3MEPEHUS CNeayoLW X NapaMeTpoB:

1) 3HaYeHNs MaKCMMYMOB 06bEMHbIX aKTUBHOCTEIA;

2) 3HaYeHUs cpedHNX 00bEMHBIX aKTUBHOCTEN POTIT,;

3) 3HaYeHUs (PoHa;

4) cTaHAapTHOE OTK/IOHEHMe.

Mo NoMyYeHHbIM AaHHbLIM BbICUMTbIBAIMCh KOHTPACT U WYyM. B faHHOW paboTe KOHTPACT U WYM BblYMC-
NANUCbL No cooTBeTcTBYOWMM hopmynam (1) u (2):

Contrast = £E21+5£8 (1)
bacg
. _ Sbcg
Noise = bacg’ 2)

rae signal - cpegHee 3HaYeHNe 06BLEMHOM aKTUBHOCTM B MHTEPECYIOLLLei 061acT BHYTPU o4vara nopaxeHus
(B maHHOM cnyuvae B chepax); bacg - cpeaHee 3HayeHWe 06BEMHOM aKTUBHOCTU B 061aCTW, NOKaNM30BaHHO
B [0BO/IbHO OfHOPOAHON 06nacTy 3a Npegenamu oyara NnopaxeHus; Shcg - cTaHfapTHOe OTK/IOHEHMe 3Ha-
YeHUit doHa.

BbINo/HEHA OLEHKa U3MEeHEeHNS LWYMa 1 KOHTPacTa Ha CepUsAX PeKOHCTPYMPOBaHHbIX U300paXkeHnin. 3Ha-
yeHus signal, bacg ycpefHeHbl. 3Ha4eHUs WyMa ¥ KOHTpacTa NpeAcTaBneHbl B OTHOCUTENIbHbIX eMHULaX.

[na oueHKN oNTUManbLHOro MeToAa PEKOHCTPYKLUM C y4eTOM ANMUTENbLHOCTU UCCNef0BaHNsA, BbINOMHEHbI
CKaHWpPOBaHUA (haHTOMa ANUTeNbHOCTbIO 0T 140 5 MuH ¢ warom 1 MuH. Bce uccnefoBaHUs BbINOAHANNUCH
CO CrnegyrowmMy cTaTUYecKMMU napameTpamu: matpuua 256x256, KONM4YECTBO UTepaunin 2, KOAMYecTBO
nogmMHoOXecTB 12. Vi3meHseMble napameTpbl: TOF (BpemsAnponeTHas TexHONorus Bkao4eHa), TOF+PSF
(BKNtOYeHa BpemAnposieTHas TexHonorusa n PSF dyHkums), VPHD (BpemsnponeTHas TeXHONOTUsA OTKIOYe-
Ha, MPOM3BOANTCA CTAHAAPTHBIA Habop AaHHbLIX U NocnefytoLwas pekoHeTpykuus), VPHD+PSF.

[N oueHKM BANAHUA UTepaLMOHHOIo anropuTmMa Ha Ka4ecTBO M3006paXKeHUs NCMOMb30BaHbl CnefytoLine
napameTpbl: UHTEPBaN UTepaumnii 0T 2 o 7; NOAMHOXecTBa 6,12,24,32. [NNTeNbHOCTb UCCNeA0BaHNA 5 MUH,
PEKOHCTPYKLMOHHLI anroputm VPHD (pyHKuus PSF BKIOYEHA).

Kak npaBuio, Nogo6Hble 3KCNepUMeHTbI BbINONHAKTCA ¢ haHToMOM IEC, rae namepeHne POHOBbIX 3Ha-
YeHWUIi BbIMOSHAETCS MO AuMameTpy Bcero aHToma (12 m3mepeHuin, nnowaab 061acTu MHTepeca COOTBeT-
CTBYET N/ouWaan Kaxgoin us cgep). B gaHHoIn paboTe n3mepeHne hoHa BbIMOMHANOCH B LEHTPe haHTOMa,
4yTO 00YCNOBNEHO TEXHUYECKMMUN OCOBEHHOCTSAMU JAHHOTO 060pYA0BaHUSA.
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Pe3ynbTaTbl UCCMEA0BAHMSA U 06CYXKAEHME

CpaBHeHMe METOA0B PEKOHCTPYKLUUM M300paXKeHUA C yYeTOM [NUTENIbHOCTM uccnefoBaHus. Llenbto
[AaHHOTO UCCNefoBaHMs ABNSETCA OLEHKA pa3HULLbl MOMYKONMYECTBEHHBIX M Ka4eCTBEHHbLIX MapameTpoB 13obpa-
YKeHWA Npu 1cnosb3oBaHMM Metoga cbopa fgaHHbix TOF ¢ yyetom pyHKuun PSF (TOF+PSF), 6e3 yyeTa (hyHK-
unn PSF (TOF), anropntma peKoHCTpyKunm VPHD ¢ yyeTom thyHKuum PSF n VPHD 6e3 yyeTa PSF.

Pe3ynbTaTbl aHa/IM3a WyMa HaHeCEHbI Ha rpaduk (puc. 2) ¢ ydeToM MeTofa PEKOHCTPYKLMK/c6opa n BpemeHu
cbopa AaHHbIX.

OueBuWAHO, YTO MMHUMU3ALMA BPEMEHHOTO MPOMEXYTKa UCC/Ie40BaHNA BINAET HA yBe/inyeHune wyma. OfHo-
MWHYTHbIE UCCNeL0BaHNA - 3TO AOCTATOYHO pPefiKas NpakTuka. ccnefoBaHne NPoOBOAMTCA B C/lyvae pacnpocTpa-
HeHHOro npotecca 1M 60/bLLIOr0 KONNYEeCTBa 04aroB. ViHTepean 4-5 MUH ABNSeTCA LOCTATOYHO IPHEKTUBHbLIM,
0HaKO YMEHbLLUAET MPOMYCKHYI0 CNOCOBHOCTL 060pYy0BaHNA. BpemeHHbIe MPOMEXYTKU 3 U 4 MUH XapaKTepu-
3YHOTCH He3HAYMTeNbHbIM CTaHAAPTHLIM OTK/IOHEHMEM NO CPaBHEHUIO C y4YacTKOM 1-2 MuH. OTMeYaeTcs 3Hauu-
TeNbHOe BNusaHWe PSF-(yHKLUUM Ha NOLaBeHUE LWYMa, YTO NOAYEPKMBAET Lieecoobpa3HOCTL ee UCMOoJb30BaHuWS
He TOJIbKO C Lie/ibl0 KOPPeKLUUM NPOCTPaHCTBEHHOMO paspeLleHns, HO 1 NoAaB/IEHNE LyMa MPU COKpaLLeHUN An-
TeNbHOCTU uccnegosaHua. LLIyM ymeHbLIAETCA B COOTBETCTBUN CO Ceaytowmm HepaseHcTsom: TOF > VPHD >
TOF+PSF> VPHD+PSF. B cnyuyae TOF (yHKumMa PSF cokpallaeT ypoBeHb LyMa Ha 20 % Ha BPeMeHHOM Mpo-
MEXYTKe MUccnefoBaHua 2 MUH. B OTCYTCTBUM BPEMAMPOSIETHOINO MeToAa M Ucnonb3osaHusa PSF ¢ VPHD, wym
MOHMXeH Ha 40 %.

Puc. 2. BimsHne metofa Ha WWyM C y4eTOM ANUTENIbHOCTU UCCef0BaHNSA:
1- pvTenbHOCTb 1MUH, 2 - ANUTENbHOCTb 2 MUH,
3 - ONNTENbHOCTb 3 MUH, 4 - ANUTENbHOCTb 4 MUH, 5 - AIUTENILHOCTL 5 MUH

Fig. 2. Effect of the method on noise taking into account the duration of the study:
1- duration 1 minute, 2 - duration 2 minutes, 3 - duration 3 minutes, 4 - duration 4 minutes, 5 - duration 5 minutes

BbluncneHHble U yCpeLHEHHbIE 3HAYEHWUA KOHTpacTa HaHeceHbl Ha rpatumk (puc. 3). JIoMaHHble MMHUK Xa-
paKTepu3yloT BPeMeHHbIe YUYacTK/ COOTBETCTBYHOLLEN ANNTENILHOCTK, & Y3/1aM /IOMaHOW COOTBETCTBYET METO[,
PEKOHCTPYKLMK/cOopa faHHbIX Ha paccMaTprBaeMoM BPEMEHHOM MPOMEXYTKe (M YPOBEHb KOHTPACTa).

KOHTpacT yMeHbLLIaeTCA B COOTBETCTBMM CO Cnefyrowmm HepaseHcTBoM: TOF+PSF> VPHD+PSF> VPHD. Wc-
nonb3oBaHue yHKUMN PSF OKa3bIBaeT BAMAHME Ha BENMUYMHY KOHTpacTa. TakXKe OTMeYaeTCs NOBbILUEHHOe 3Haue-
HVEe KOHTPACTa Ha KaXX0M 13 BPEMEHHBIX NPOMEXYTKOB Npu ucrnons3osaHumn TOF (puc. 3). MonyyeHHble pesynbTa-
Tbl UCCEL0BaHNSA UCMONb3YIOTCA CreuuanmcTamy 41s OLeHKM WYyMa 1 KOHTpacTa, Npu onnucaHum cneyyanmcTamu
[MarHOCTUYECKUX M306PadKEHNIA. AHAIUTUYECKME aHHbIe YUMTBIBAIOTCA TakXke Npy OLEHKe AMHAMUKWU pa3BUTUS
MaTo/I0rMYecKmX 04aroBs 1 NociefyoLWwero niaHUPoBaHUA fIeYeHNs, a TaKKe AMarHOCTUYECKMX NPOLeayp.

BnuaHne KonmyecTBa UTepaLuili 1 NOAMHOXECTB Ha KauyeCcTBO M306paxeHUs. B gaHHOM mccnefoBaHum
B/IMSIHME KOMMYECTBA UTepaLMii Ha Ka4YecTBO M306paXKeHNIA OLLEHEHO Ha PEKOHCTPYKLMSAX, BbINMOSHEHHbIX C anro-
putMoM VPHD 1 BKtoYeHWeM PSF-(hyHKUMU. PaccunTaHbl cpefHue 3HadeHus wyma (no 5-tm cgepam). Mony-
UeHHbIe 3Ha4YeHWs HaHeceHbl Ha rpaguk (puc. 4.) 3aBUCUMOCTb LWYMa OT KONMYeCTBa UTepauuii onucbiBaeTcs
NMHEAHON 3aBMCUMOCTLIO C BbICOKAM KO3(h(ULMEHTOM annpokcumauumu. LLlym Bo3pacTaeT npsimMo nponopLmo-
Ha/IbHO YKCNY NCMOMb3YEMbIX UTepaLuii.
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Puc. 3. BAnMsHve MeTofa Ha KOHTPACT C y4eTOM A/IMTeNIbHOCTU UCCNe0BaHNS:
1- pAMTeNnbHOCTb 1 MWH, 2 - AIMTENBHOCTb 2 MUH,
3- 4nUTeNbHOCTb 3 MUH, 4 - ANUTENbHOCTb 4 MUH, 5- ANUTENbHOCTb 5 MUH

Fig. 3. Effect of the method on contrast taking into account the duration of the study:
1- duration 1 minute, 2 - duration 2 minutes, 3 - duration 3 minutes, 4 - duration 4 minutes, 5- duration 5 minutes

Puc. 4. BnnsHve KonumyecTsa UTepawmii Ha LyM € Y4eTOM NOAMHOXECTB:
1- 32 nogMHOXecTBa, 2 - 24 NOAMHOXeCTBa, 3- 12 NOAMHOXECTB, 4 - 6 NOAMHOXECTB

Fig. 4. Effect of the number of iterations on noise considering subsets:
1- 32 subsets, 2 - 24 subsets, 3- 12 subsets, 4 - 6 subsets

MonyyeHbl cnegytowme GyHKLMM C COOTBETCTBYIOWUMM KO3IPHMLMEHTAMU anMpOKCMMaLLN:
1) Noise = 0,0111 XX+ 0,0233, R2= 0,99 (32 nogMHOXeCTBa);

2) Noise = 0,0101 XX+ 0,0177, R2=0,96 (24 nOAMHOXeCTBa);
3) Noise = 0,0053 XX+ 0,0029, R2= 0,98 (12 NoAMHOXECTB);

4) Noise = 0,0017 XX+ 0,0089, R2= 0,69 (6 nogMHOXeCTB).

PaccmaTpmBaeMble Bbile (YHKLMN XapaKTepU3yoT 3aBUCUMOCTb LUYMa OT KOJIMYEeCTBa UTepaLuil Ha KaX oM
13 NOLMHOXECTB pacCMaTp1BAEMOro AuanasoHa O0TAenbHO (MOMHbIV AnanasoH NpecTaBieH MOAMHOXECTBaMM
0T 170 48). YKasaHHble 3HaUeHUs MOAMHOXECTB Hanbo/ee YacTo MCMO/b3YOTCA B NPAKTUYECKON AeSTENbHOCTY.
3aBMCKMOCTb LUYMa OT KO/IMYeCTBa NOAMHOXECTB TakXKe SBNAETCA NIMHEHOM, 0HAKO M3MEHEHMs1 KONMYecTBa
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MOAMHOXECTB B C/ly4yae, KOrfa 3HauyeHue uTepauuvii 0CTaeTCAd HEU3MEHHbIM, MPUBOAMT K U3MEHEHUIO LUyMa
C 60/bLLUMM LLIAroMm.

KonmuecTBo NOAMHOXECTB U UTepaLuii KOppenmpyeT co 3Ha4YeHeM LWymMa. BbInonHeH MHOrogaKTopHbI pe-
FPECCUOHHbIM aHann3. Ha 0CHOBe MOMyYeHHbIX faHHbIX (Tabn. 1) nonydveHa mMogesb, MCMOAb30BaHME KOTOPOIA
MO3BOJINT OLEHUTb U CPaBHUTL COBMECTHOE BANSHUE KO/IMYECTBA UTepauuii U NOAMHOXKECTB Ha YPOBEHb LLYMa.
KoahduumeHT geTepMmHalnmm nonyyeHHo mogenn R2= 0,59.

Tabnuuya 1
Pe3ynbTaTbl PerpeccCMOHHOro aHanmsa
Table 1
The results of the regression analysis
3HayeHue Ko3(hdumumeToB CTaHfapTHas owmbka CTaTucTnyecKas 3HaYMMOCTb
CBOGOAHbIN YneH -0,015 0,005 p<0,05
KoathpuyneHT (1) it 0,0069 0,0011 p<0,05
KoathduuyneHT (2) subs 0,0016 0,0002 p<0,05

Mogenb umeeT cnegyowuii Bua;
Noise = —0,015 + 0,0069 xit + 0,0016 X subs, (3
rge it- KofM4ecTBO UTepauumii, subs - KONMYeCTBO NOAMHOXECTB.
PaccmaTpuBaeMbl fMana3oH NOAMHOXECTB B JaHHO paboTe HauMHaeTcs ¢ 6, UTO 06BACHSAETCS CNeaYy oW MMU

thakTopamu:

- nccnefyemble 3HaYEHMS MOLMHOXECTB MPUMEHSAOTCA B MPAKTUYECKON feATeIbHOCTU Npu (HOPMUPOBAHNM
AUAarHOCTUYECKNX MNPOTOKON0B NaLUEHTOB;

- pe3ynbTaToM WCMOb30BaHUSA MOLMHOXECTB B MHTepBasie 1-3 MOXET 6biTb OTPULATENbHbIA KOHTPACT, YTO
CBMAETENbCTBYET O MOTEpe AMarHOCTMYECKON MH(opMaLui.

PaccunTaHO 3HayeHKe KOHTpacTa Ha KaXKAoi 13 nTepaumit. Toukn Ha rpadmke (puc. 5) COOTBETCTBYHOT Cpef-
HMM 3HaueHusM (No 5-Tu cdepam). MonyyeHHbIe 3aBUCMMOCTY 3HAYEHUIA KOHTpacTa OT KOMMYecTBa UTepawuii
OMWCbIBAKOTCS NOrapuMUUYECKUMU PYHKLNAMN.

Puc. 5. BinmsHve KonnyecTsa UTepaLmii Ha LyM € YH4eTOM NOAMHOXeCTB:
1- 32 noagMHOXecCTBa, 2 - 24 NOAMHOXeCTBa, 3- 12 MOAMHOXECTB, 3 - 6 NOAMHOXECTB

Fig. 5. Effect of the number of iterations on contrast considering subsets:
1- 32 subsets, 2 - 24 subsets, 3 - 12 subsets, 3 - 6 subsets

MonyyeHbl CNeayroLLMe YpaBHEHMSI C COOTBETCTBYHOLLMMI KO3MULMEHTAMMN annpPOKCUMALNN:
1) Conrast = 0,3801 x In(it) + 7,2054, R2= 0,99 (32 NoAMHOXeCTBa);

2) Conrast = 0,7336 xIn(it) + 6,1511, R2=0,95 (24 NOAMHOXECTBA);
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3) Conrast = 0,6964 xIn(it) + 6,0524, R2= 0,97 (12 NOAMHOXeCTB);

4) Conrast = 0,6249 x In(it) + 5,9525, R2= 0,94 (6 NogMHOXeCTB).

padmkun (hyHKUMIA SBAAOTCA MOHOTOHHO BO3pacTaloLLMMK, YTO onpefdenseT MOCTENeHHbI POCT KOHTpa-
cTa. BapbupoBaHue nTepaymaMy no3eosiseT 60see NNaBHO BAUATL Ha KOHTPaCT. YMCNOM NOAMHOXECTB yA06HO
«CrNaXMBaTb» U3006paXKeHNs U BAWATb Ha YPOBeHb LyMa (NyTem MOHMXKeHUs). 6eayeT yunTbiBaTb, YTO Mpu
YBENNYEHWMN KONMYECTBA TepaLmil U NOLMHOXECTB HabMH0AaeTCs YMeHbLIeHNe 06bema o4ara HakonieHus. JaH-
HblIli (haKT MOXET HeraTMBHO OTPa3MTbCS Ha ouarax Masoro pasmepa B yCNOBUSAX NOBbILLEHHON 3aLlyMIEHHOCTH.

[nsa nonyyeHns 6onee LOCTOBEPHbIX MOAeneli HEOOXOLMMO PacCMOTPEHUE W306paXKeHW, MOAYYEHHbIX
B pe3ynbTaTe 06c/iefoBaHUIA peasibHbIX NaLMEHTOB, a TakKXe aHann3 60nee LWMPOKOro Auana3oHa NnogMHOXECTB
N nTepauyunii. Heo6xoAMMO MPVMHMMATL BO BHUMaHWE, YTO (haHTOMbI - 3TO MAea/M3MPOBaHHbIE MOZAENN, OAHAKO
B JaHHbIX pacyeTax He MOTyT BbITb YUYTEHbI BCE aCMeKThbl peanbHON AnarHOCTUYECKO NpoLesypbl.

MonyyeHHble pe3ynbTaTbl TaKXKe HEOOXOAMMO YUUTLIBATb MPY aHaIM3e AMHAMWUYECKOM KapTUHbI U B Cyyae
MOBTOPHOIO MCCNeA0BaHNS Ha 060pYyL0BaHNM C APYroii AeTeKTUPYHOLWEein cucTemoit. [ina atoro TpebyeTcs npose-
JeHune nofo6HOM npoLefypbl pacyeToB Ha KaXAOM M3 TOMOrpadoB, YTO MO3BOMNT BEPUMLIMPOBATL MPOTOKONbI
nccnefoBaHNs NaLueHToB.

3aK/oueHmne

MpoBefeHO cpaBHEeHWE METOLOB NOMYYEHUSA U300paXKEHUS PEKOHCTPYUPOBAHHbIX C WUCMO/b30BaHNEM Bpe-
MAMNPONETHOW METOAUKN 1 (yHKUMKM PSF. LLIyM yMeHbLUAeTCA B COOTBETCTBUM CO CMELYHOLMM HepaBeHCTBOM:
TOF> VPHD> TOF+PSF> VPHD+PSF. [ns TomorpadoB Ha 6ase kpuctannos LYSO onTuManbHbIM ABASETCS
MCNOb30BaHNEe BPEMANPO/IETHOr0 MeToda COBMECTHO ¢ PSF-(pyHKUMeR, 4TO No3BOMSieT NofyyaTb M306paxe-
HVe C MaKCUMabHbIM MPOCTPAHCTBEHHbLIM paspeLleHeM, a TakKe MUHMMU3NPOBATL BKaf, WyMa U YBEeMYNUTb
KOHTpacT. OTMeyvaeTca LenecoobpasHoCTb UCMO0Nb30BaHUA PSF-YHKUUM NPU COKpaLleHUn AIMTENIbHOCTU UC-
CllejoBaHus.

[ns ckaHepoB, He MOAAEPXMBAIOLLNX BPEMANPOETHYIO TEXHOMOIMIO, LIeNecoobpasHo UCMOo/b30BaHMe uTe-
paLMoOHHOro anroputma pekoHcTpykuun VPHD ¢ PSF-thyHKumeli. COBMECTHOE MCMONb30BaHWE BPEMAMPOET-
HOW TexHoMornn 1 PSF N03BOASET YMEHbLUWTL LUYM U YBENUUYNTL KOHTPACT B ONTUMa/IlbHOM COOTHOLUEHUN Ans
BCEX pacCMaTpMBAEMbIX METOL0B PEKOHCTPYKLMUN 1 cOopa AaHHbIX.

®YHKUNSA 3aBUCUMOCTM LUYMA OT KOJIMYECTBa UTepauuii U MOAMHOXECTB, a TakkKe (yHKLUMM 3aBUCUMOCTM
KOHTpacTa 0T KONMYeCTBa MTepaLMii (C y4eTOM NOAMHOXECTB) NO3BOMAIOT OLEHMBATL BK/IAZ WyMa U AMHAMUKY
M3MEHEHNSA KOHTpacTa npu nof6ope napameTpoB UTepaLMOHHOIO anropuTMa.

MonyyeHHble pe3ynbTaTbl aKTUBHO UCMO/b3YHTCA B NPaKTUYECKON AeATe/lbHOCTY pecnybankaHckoro MaT-
LleHTpa Npu (OPMMPOBaHUM ANArHOCTUUYECKUX MPOTOKOOB A/15 ONTUMU3aLMK Ka4yecTBa MarHOCTUYECKOr0 U30-
BpakeHus.
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AHANN3 CNCTEMbl KOHTPOJTA KAYECTBA INMO3VNTPOHHO-
SMNCCNOHHOWN TOMOTIPA®UIN B PECIYBJIMKE BEJIAPYCb

E.B. EMENbAHEHKO \ N. . TAPYTNH1

WPecnybnnKaHCKUIA HayYHO-NPAKT MYECKNIA LEHTP OHKONOTUWM U MeANLMHCKON paguonorun umenn H. H. AnekcaHaposa,
ar. lecHoii, 223040, MuHckuii paiioH, Benapycb

YcnoBusimm apdheKTUBHOL 3KCNyaTaunmy BbICOKOTEXHOMOTMYHOIO JMarHoCTUYecKoro o60pyAoBaHus B AfepHON MeguLm-
He sIBNSIeTCA KOMMJIEKCHbIV MOAX0S K 06CY>KMBaHUIO M KOHTPOJI0 KayecTBY TOMOrpagoB, COOTBETCTBEHHO, U KOHTPOJIKO MO-
Nly4aemMoro n3obpaxeHnsi. HecMoTpsa Ha 6oraTblii MMPOBOW OMNbIT B 06/1aCTW MO3UTPOHHO-3MUCCUOHHOI TOMOrpadgum Heobxo-
AMMO (hOpPMUPOBaHME HALMOHA/IbHbIX CTaHAAPTOB, Yy4YMThIBas 4OCTATOYHO 6bICTPOE pa3BUTUE AaHHOM 0TPac/N B OTHOLLEHUN
annapaTHO-NPOrpaMMHOro KoMmekca. PaccMOTpeHbl TeKyLlee COCTOSHWE CUCTEMbl KOHTPO/S KayecTBa NO3UTPOHHO-3MUC-
CMOHHbIX TomorpatoB B Pecny6nuke Benapycb, NpeanoxeHa aganTuBHas MeTOAMKA KOHTPO/Si KayecTBa ¢ y4eTOM MaTepu-
aNbHO-TEXHNYECKOW 6asbl.

KntoueBble cnoBa: KOHTPO/b KayecTBa; MPOTOKOA; rapaHTUsi KayecTBa; (haHTOM; M306paxKeHUe; NO3UTPOHHO-3IMUCCUOH-
HbI TOMOrpag; KOMMbOTEPHbIN ToMOrpad.

QUALITY CONTROL SYSTEM ANALYSIS OF POSITRON-EMISSION
TOMOGRAPHY IN THE REPUBLIC OF BELARUS

E. VEMELYANENKO", I. G. TARUTIN

a\. N. Alexandrov National Cancer Centre ofBelarus
Liasny agro-town, Minsk Disrtict 223040, Belarus
Corresponding author: E. Emelyanenko (zheka-ava@ mail.ru)

The conditions for the effective operation of high-tech diagnostic equipment in nuclear medicine is an integrated
approach to servicing and monitoring the quality of tomographs, and, accordingly, monitoring the image obtained. Despite
the rich world experience in the field of positron emission tomography, the formation of national standards is necessary,
in particular, given the fairly rapid development of this industry in relation to the hardware-software complex. The current
state of the quality control system of positron emission tomographs in the Republic of Belarus is considered, an adaptive
method of quality control is proposed taking into account the material and technical base.

Key words: quality control; protocol; quality assurance; phantom; image; positron emission tomograph; computer

tomograph.
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BBegeHue

Mo3nMTPOHHO-aMUCCMOHHas Tomorpadus (M3T), coBMeLLEHHas ¢ KOMMbloTepHOV Tomorpadueii (KT), aBnseTcs
rMépuaHbLIM METOLOM [AMarHOCTUKKM, MCMOMb3yrlwmmcs B oHKonormm (90 % uccnegoBaHuin), KapAvonorum
M HeBpONorun. B OCHOBe JaHHOr0 MeTOoAa NIEXMT C/IOXKHbIA TEXHOMOMMYECKUiA MpoLecc € WUCMob30BaHNEM
paguoapmaneBTuyeckux npenapatoB (P®IT). OCHOBHbIMK 3TanaMun LMarHOCTMYECKOW npouefypbl ABAAOTCA
NHOMBUAYaNbHOE [03MpoBaHue P®I1 c nocnefyrowmM BBEAEHWEM MaUMEHTY, AeTEeKTUPOBaHWE Y-KBAHTOB,
NCMYLLEHHbIX B pe3ynbTare aHHUrMAALWW, MOoMlyyYeHne W OnucaHwe CreunanucToM AMarHOCTUYeCKOoro
n306paxkeHns. JmarHoctmyeckas MHGpopMauua npeacTaBneHa TpeMst MoAanbHOCTAMK n3obpaxkeHwin: MAT, KT,
M3T/KT. CoBMeLleHMe ABYX MOAANIbHOCTEN NO3BOMAET C MOBbILEHHOW TOYHOCTHIO ONPEAeNUTb PacrosioXeHMe
MOTEHLMaNbHOI0 MaToNIOMMYECKOro ovara U noayynTb MHAOPMaLmMio 0 BMOXMMUYECKOM npoliecce. TOYHOCTb
[ONarHOCTMYECKOl MH(OPMALIMM 3aBUCUT OT KOHTPO/IA KavecTBa AUarHOCTUYECKOro, nepudepuyeckoro o6opygo-
BaHWS U M306paxXeHNs COOTBETCTBEHHO [1].

MomMMMO OCOGEHHOCTE AETEKTUPYIOLLEA CUCTEMbI (TUM KPUCTANIoB, POTO3/IEKTPOHHOIO YMHOXWUTENSA) Ha
KAYeCTBEHHbIE U KOMMYECTBEHHbIE XapaKTEPUCTUKN 3HAYUTENbHOE BAUAHUE WMEHOT UCMOJb3yeMble (UNbTPBI,
meToZ cbopa AaHHbIX (B JaHHOM C/ly4yae peyb UAET O MeTOAe BPEMEHU NPOJeTa), PEKOHCTPYKLUMOHHbIE anropuT-
Mbl. 104 KONMYECTBEHHbIMM XapaKTepucTukamn nogpasymesatotcsi SUV (CTaHAapTU3UPOBaHHbIA NOKasaTtesb
HakonneHuns), 06beM naTtonornyeckoro ovara. OLeHKa KayecTBa M300PAXKEHUA C YHETOM [aHHbIX NapamMeTpoB
3aHUMaeT OTAE/bHYH HULWY B 06/1aCTU KOHTPONS KayecTBa W ABMAETCA aKTyalbHON 3afadeli He TOMbKO B HOBbIX
M3T-ueHTpax, HO U B MUPOBOI MpakTke. OCHOBbIBAsACh TO/IbKO Ha pe3y/bTaTax PaHTOMHbIX WUCCeA0BaHUIA,
nofo6Hble UCCNef0BaHUA HE MOTYT BblTb MOJTHOLLEHHO BbINOMHEHLI Npou3BoauTenem. OLeHKa KavecTBa TpebyeT
KOMMIEKCHOr0 MOAX0Aa K U3YYEHWNIO M306paXKeHW, MOMYUYEHHbIX NPU UCCNef0BaHUAX MaLMeHTOB, NOCKObKY
(haHTOMbI HE MOTYT NMONMHOCTLI0 OTPaXKaTb BCe OCOBEHHOCTM YeNOBEYECKOTO OpraHu3Ma 1 Npoucxojaline B Hem
npouecchbl [2; 3].

Llenb uccneposaHus: 0603Ha4YMTb OCHOBHbIE NPO6/EMbI U TEHAEHUUW POPMUPOBAHUSA CTaH4APTOB KOHTPOSIS
KayecTBa NO3UTPOHHO-3MUCCUOHHbLIX TOMOrpafoB, COBMELLEHHbIX C KOMMbIOTEPHLIMU TOMOrpagamu.

B ycnosusax otcyTcTBuA B Pecrybnvke benapycb CTaH4apTOB KOHTPO/S KayecTBa NO3UTPOHHO-3MUCCUOHHbIX
TOMOrpagoB, COBMeLLEHHbIX C KOMNbIOTEPHLIMY TOMOTrpagamMmu, AaHHas CTaTbsl NPeACcTaBNsaeT MHTepec ANs cre-
LMannCTOB B 06/1aCTN AAEPHOM MeguLMHBLI. Ha OCHOBE pe3y/bTaToB AaHHOM paboThbl cOCTaB/eHa NpeaBapuTeib-
Has nporpaMma KoHTpons kadectsa MI3T/KT ans BHYTPEHHEro nosib30BaHus.

CocTosIHVMEe COBPEMEHHOM CUCTEMbI KOHTPONS KadecTBa MIT/KT

Moa KoHTponem kadectsa (KK) MI3T/KT noHMMalOTCA KONMYECTBEHHbIE W Ka4yecTBEHHble M3MepeHus (Tec-
Tbl) NapameTpoB paboTbl 060PYA0BaHUSA C LeNblo ONpefeneHns UX COOTBETCTBUSA CYLLECTBYHOLMM HOpMaTUBaM
1 TEXHUYECKMM YCNOBMAM Ha annapart. [JaHHas npoueaypa He aBnsieTcst NpoBepkoil. OCHOBLIBAACL Ha pe3ynbTa-
Tax KOHTPONA TEXHUYECKUX XapaKTepUCTUK 060pyL0BaHUS, NPUHUMAIOTCS PELLEHNA O CEPBUCHOM 06CYXKMBa-
HWUW, PEMOHTE 1 Kannmbposke [2].

MpaBnAbLHOCTL PaboTbl AeTeKTUpytowen cuctembl M3T M KOMMLHOTEPHOrO PEHTrEHOBCKOro ToMorpada
(KPT) B KNMHMYeCKUX YCNOBUAX (He MMes BO3MOXHOCTY NPAMOro MOAKNOYeHNS K 6/10Kam JAeTeKTUpoBaHUS 415
OLEHKM CMTHana) MOXHO OLEHUTb ABYMS CMOCO6aMu:

1) KOHTPO/b TEXHUYECKMX XapaKTePUCTUK C MOMOLLbIO (DAHTOMOB W NPOrpaMMHOro obecreveHns;

2) KOHTPO/Ib KayecTBa AMarHOCTUYECKOro N306paXkKeHNs (haHTOMOB U/MNW pe3ynbTaToB UCCeA0BaHUS peasib-
HbIX NaLMeHTOB (C MCNO/Mb30BaHNEM YCTaHOB/IEHHOI0 NPOW3BOAUTENIEM U CTOPOHHErO NPOrpaMMHOro obecrieye-
HYS).

KOHTpO/b KayecTBa M306paxXeHUii ABASETCA [OCTaTOMHO CNOXHLIM MPOLECCOM U TpebyeT onpefefieHHOro
oMbiTa U 06beMa 3HaAHWUIA Y MEAULMHCKOTO (hn3mKa.

Pa3paboTaHbl pa3fiyHble CTaHAapPTbl Y PEKOMEHAAUWW, PErNaMeHTUPYIOLLME CUCTEMY KOHTPONA KayecTsa
[MarHoCTUYeCKOro 060pyfoBaHNs B SAEPHON MeauLmHe.

B Pecny6nvke benapycb AOKyMeHTaUusa (Pecny6/MKaHCKOrO YPOBHS), pernaMeHTMpytoLLas cTaH4apTbl KOH-
Tpona KavectBa ana MIT/KT, otcyTcTBYeT. CTaHAapTbl KOHTPOAS KayecTBa NpeAcTaBfieHbl CAeayowmmM AOKy-
MEHTOM: MPOTOKO/T KOHTPO/IS KayecTBa paboTbl anmapaTtoB v NpubOpoB sfepHO MeanuUuHbl (YTBepXaeHa M3
PBb 23.10.2006) [4]. OgHaKo OH He MOXeT 6bITb Mcrnonb3oBaH Ansa KK M3T-ckaHepoB No NpU4YMHe pasnnyHoro
TexHMyeckoro yctpoictea MIT/KT, OPIKT/KT-TomorpadoB 1 raMma-kKamep, UMeKLWMX pasinyHble NPUHLIN-
Mbl PEFUCTPALMUN U3YYEHNS U PEKOHCTPYKLMM M300pakeHnid. OTaenbHY0 HUWY 3aHuMaeT KK (KOHTposb Ka-
yecTBa) nepudepnyeckoro 0bopyaoBaHMs, a UMEHHO CMCTEM aBTOMATMYeCKOro A03MPOBaHMA U KanmbpaTopos
aKTMBHOCTW. YKa3aHHbIl Bbllle JOKYMEHT MOXET UL YaCTUYHO MOKPbIBaTb TPe6OBaHWS COBPEMEHHOM CUCTe-
Mbl KOHTPO/1S KauecTBa nepuepnyeckmx ycTpoincTs. MNponssogutenn npegnaraoT pyTuHHbIn KK kannbpatopa
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aKTUBHOCTU (MHCTa/1IIMPOBAHHOIO B CUCTEMY aBTOMATMYECKOro [03MpOBaHunsA), 0fHAKO 3TO He MOHOCTLI0 MOo-
3BO/IUT KOHTPOMPOBATb TOYHOCTb M3MEPEHUA UHANBUAYaNbHOR f03bl PP Ana nauneHToB.

Ha tepputopumn CHI™ KOHTPOJIb Ka4eCcTBa OCHOBbLIBAETCA Ha MEXAYHAPOAHbIX CTaHAapTax, a uMeHHo TOCTax
P® (He npu3HaHbl 3aKoHOZaTeNbCTBOM Pecnybnvku Benapych) v AOKYMEHTaUWIO, npuaaraeMmyo Nponssoau-
TefleM, OfJHaKO 3TOr0 HeJOCTaTOYHO A/18 NOJHOLEHHOro obecneveHns nNpoLeayp BLICOKOro kadvectsa. B Pecny-
6nvke benapycb LOKyMeHTaLus, perfnameHTUpyoLwas npoueaypbl KoHTponsa kavectsa MIT/KT, yTBepaeHHas
MMWHNCTEPCTBOM 34paBOOXPAHeHs, OTCYTCTBYET.

Ha Ttepputopumn P KK KT-ckaHepoB ocHoBbIBaeTcs Ha FTOCT PMOK 61223-2-6-2001 (nepeBogom CTaHgapTa
IEC 61223-2-6 pefiakuum 1994 r.). B HacToAWMIA MOMEHT AeicTByeT pefakuma ot 2006 r. Ha3BaHHOro cTaHAapTa.
MpuemoyHble ncnbiTaHWs pernameHTUpytoTcs ctaHgaptom FOCT P MOK 61223-3-5-2008 (nepesog, ctaHgapTa IEC
61223-3-5) [5]. TOCThbl, pernameHTmpytowme KK MOT/KT Ha Tepputopmmn Poccuiickoin degepaumn, OTCYTCTBYHOT.

KK peHTreHOBCKUX KOMMbIOTEPHbIX TOMOrpadoB B Pecny6sinke benapych OCyLLeCTBASAETCA B COOTBETCTBUU
C MPOTOKO/IOM KOHTPOAA KayecTBa paboThl PEHTreHOBCKUX KOMMbIOTEPHbLIX TOMOrpagoB Ne192-1205 (yTBepx-
fAeH M3 PB 26.06.2006 r) [6]. 3HaunMble OTAINYMS B METOAUKE NPOBEAEHNSA TECTOB OTCYTCTBYHOT, OAHaKo B Pec-
nyb6nvke Benapycb He perfiaMeHTMpOBaHbl NPUEMOYHbIE WUCMbITaHMS. [pMemMoYHble UCMbITAHWSA, Kak npaBuio,
BK/1IOHAIOT BCE BUAbI TECTOB, OAHAKO AaHHbIe Mpouefypbl 4O/MKHbI BbITb OPULMANIEHO YTBEPXAEHbLI U COMPOBO-
XAaTbCA COOTBETCTBYHOLLMM MPOTOKOAMMU.

CyuyecTByeT psag pekomeHgaunini MAIATS, pernameHTUPYOLWMX KaK MPUEMOYHbIe, TaK U PYTUHHbIE UCMbI-
TaHus. B 2012 r. MATATO BbINyCTUO NpOrpamMmMy rapaHTum kadectsa ans KT-ckaHepos [7].

PyTuHHbIe ucnbiTaHusa M3T-ckaHepoB B POCCUU Ha NMPOTSXKEHUW [OMTOT0 BPEMEHU PersiaMeHTUPOBASIUCh
cTaHgaptom MTOCT PM3K 61675-1-2006 [8], (nepeBogom cTaHgapTa IEC 61675-1 B pegakuyumn 1998 r.) n no-
cnegylowmmu ero pegakuusamm (2008 n 2013 rr.).

YuunTbiBas HE06X0AMMOCTb NOMYYEHUS MH(OPMALMK C BbICOKON TOYHOCTbLIO, a TakxKe A0NyLieHne Toro, 4To
NauMeHT MOXET MPOXOAUTb UCCNefoBaHUe Ha 000pYyAOBaHUW, OTINYAIOLLEMCS AETEKTUPYIOLLUMK CUCTEMAMU
N TEXHUYECKMMU BO3MOXHOCTAMU, HeOOXOoAMMbI NPOBefeHNe M pa3paboTKa TECTOB, HanpaBNeHHbIX Ha rap-
MOHMW3aLUI0 AMarHOCTUYECKOW npouesypbl. TecTbl NOJO6HOr0 pofa OTCYTCTBYHOT B PacCMaTpMBaEMbIX Bblille
CTaHgapTax.

TakKe CyLleCcTBYIOT pekoMeHfauuu MATATS ans npoBefeHUs PYTUHHbLIX U NPUEMOYHBIX UCMbITaHUI
M3T-ckaHepos. MNogobHoi pekomeHgauuein aensetca nybnukaums «Quality assurance for PET and PET/CT»
o1 2009 roga [9]. OgHako B gaHHOI Ny6aMKauMM OTCYTCTBYET AeTanbHas UH(OpMaLMa N0 KOHTPOMK KavecTsa
TOMOrpagoB, NOAAEPXKMBAIOLLUX TeXHONOrM TOF. 3a py6exxoM akTUBHO UCMO/b3YHOTCH METOAUKN HA OCHOBE
amepukaHckoro ctaHgapta NEMA NU2 (ot 2001, 2007, 2018 rr.) [10].

BobinonHeHne tectoB ctaHgapta NEMA B Pecny6nuke benapycb OCNOXHEHO OTCYTCTBMEM He0BXOAMMOro
obopypoBaHus: aHTom IEC, haHTOM AN CUMYNMPOBaHUA paccesHUs, (haHTOM A/ MPOBEPKMN YyBCTBUTENbHO-
CTW. BbINONHEHWE JaHHbIX TECTOB BO3MOXHO TO/IbKO MPU HA/IMYMM ONbITa ¥ COOTBETCTBYIOLLEA KBaM(UKaLUK
NHXXeHepa-pusmnka.

Mpwn KOHTpOe Ka4ecTBa cnefyeT Y4UTbIBaTb HaMUMe TOMOrpaoB € pasIMyHbIM TUMOM AeTEKTUPYIOLLMX CU-
CTeM B OLHOM OTZE/IEHMU, YTO MO3BOMIUT CUHXPOHU3MPOBATL U COMOCTaBUTL MapameTpbl 4MarHOCTUYECKUX MPO-
TOKO/0B. B 4aCTHOCTW, AaHHbI BONPOC aKTyasleH B C/lyYae MOCTPOEHUS (DYHKLMMN 3aBUCUMOCTM KO3h(MLMeHTa
BOCCTAHOB/IEHMS OT Pa3MepOoB NaTo/I0rMyYeCcKoro ouara.

AHanornyHas npo6nema, cBsiz3aHHas C OTCYTCTBMEM afanTUPOBAHHOW NpoOrpaMMbl KOHTPOA KauvecTsa,
n3noXeHa B ctatbe [11], 0AHaKO B faHHOM Cflyyae OTCYTCTBYIOT MPeAOXKeHMS N0 KOHTPO/KO COBMeLLEHMA
N306paxXeHNiA.

Takum 06pa3omM, CyLlecTBYIOLMe CTaHAapTbl KOHTpons kadectsa MIAT/KT SBNSOTCA 4OCTATOYHO pa3pos-
HEeHHbIMMW ¥ TPEOYIOT HaIMUMA BOSLLIOTO KONMYECTBA 4OMOMHUTENILHOrO 060pYyL0BaHNUs, a 418 3PHEKTUBHOIO
MX MCNONb30BaHUSA HEOOXOAMMO CTPYKTYpPUPOBaHUE U YTBEPXKAEHWe efVHON rocyaapCTBEHHOW MporpaMmbl
KOHTPO/S KayecTBa.

B coBpeMeHHOM NpefCcTaB/ieHUN KOHTPO/b KA4ecTBa fO/MKEH ObITb MeXAYHApPOAHOW CTaHAapTU3NPOBaHHON CH-
CTEMOIA, KOTOpast A0MKHa 6bITb NpefCcTaB/eHa CleaytoLLeli ConpoBoAUTENbHON AOKYMeHTaL el 1 060pyLoBaHNEM:

- JOKYMEHTBbI, C MEPeYncneHmem Bcex He06X04UMbIX TECTOB, BCMIOMOraTe/lbHOro 060pyf0BaHus 1 NPoBepoY-
HbIX NPoLeayp;

- BcnomoratenbHoe o06opygoBaHue (haHToMbl agna KT, M3T, cneunannsmpoBaHHble 4O3VMETPbI);

- NoApo6HbIe METOAMKN ANS NPOBEAEHUA NPOLeYp KOHTPOS KayecTBa v NporpaMmbl, 06/ieryatoLmne nHTep-
npeTtaunio pe3ynbLTaTos.

Mofo6HbIA «NakeT» JOKYMeHTauumM 1 060pyLA0BaHUS MOXET UMETb JOCTATOYHO BbICOKYHO CTOMMOCTb, OAHAKO
B 3TOM C/lyYae He/lb3si TOBOPUTb, YTO KOHTPO/b KAYecTBa HE HY>XXAAeTcAa B ONTUMM3ALMWU. KOHTPO/Ib KayecTsa
[O/MKEH ObIThb XXECTKUM, CTPOr0 pernaMeHTUPOBaHHbIM, HO, C APYrOil CTOPOHBI, 3TO pa3BMBaloLLascs afanTuBHas
npoueaypa, KoTopas Hanpas/ieHa Ha yNy4lleHne KavyecTsa AnarHoCTUKMK.
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TvinoBble TeCTbl KOHTPO/A KadvecTBa MAT/KT n nepudepnyeckoro 06opyaoBaHns

BONbLUMHCTBO CYLLECTBYIOLMX TECTOB U CTAHAAPTOB A1 M3AT, pekoMeHAYyeMbIX NPOU3BOAUTENAMN, HANpPaB-
NeHbl Ha NpoBepKy 6a30BbIX NapaMeTpoB. Kpome TOro, BaXXHO OTMETUTb, YTO 6a30Bble MapaMeTpbl ABAIOTCA
MHAMKATOpaMn NPaBUIbHOCTM PaboThl eTEKTUPYIOLLE CUCTEMBI.

MpownssoanTenn 060pyAoBaHMS NPeAOCTaBNAT 6a30Bblii HAOOP TECTOB, HEOOXOAUMbIX U AOCTATOUYHbIX A5
cofiepXkaHus 060pyaoBaHMsA B paboyeM cOCTOSHMM. Kak NpaBuio 31O exKeHEBHbIA KOHTPO/Ib KavecTBa, KOTOpbIii
BbINOJIHAETCA € (haHTOMOM B8Ge U exxeKBapTabHbI/i KOHTPOMb KavecTBa 415 KOPPEKLMM KOMOAE3HOI0 CUETUMKA.

K TMnoBbIM KannbpoBKam MPUHAANEXWUT 06HOBNEHNE KO3(hDULMEHTA YCUNEHNA 1 OBHOBNEHNE BPEMEHHbIX
XapaKTepucTUK. Bce ykasaHHble NpoLefypbl HanpasfieHbl B OCHOBHOM Ha Mnofjep)xaHue paboyero cOCTOAHUSA
M KOHTPONS LETEKTUPYIOLLeli CUCTEMbI CKaHepa.

KOHTpO/b KauecTBa, B Y3KOM MOHMMAaHWKU - 3TO aHann3 TeKyluein cuTyauun. Mpu paccMOTpeHUn AByX TO-
morpagoB (C eTEKTUPYHOLLEA CMCTEMOI Ha OCHOBE pasHbIX KPUCTaN/IoB) OAHOr0 NPOW3BOAUTENS, pesy/bTaThl
KOHTPONSA Ka4yecTBa KXKA0ro U3 HUX COOTBETCTBYIOT HOPMaM NpeLocTaBNseMbIX Npon3soamTeneM. OfHAaKO Kaye-
CTBEHHbIE MapameTpbl (LLYM, KOHTPACT) 1 NOMYKOMMYECTBEHHbIE XapaKTepPUCTUKM (SUV- CTaHAapTU3MPOBaHHbII
nokasaTe/lb HaKOMMeHMs Mpenaparta) 6yayT oTanyaThcs. B paccmaTpmBaeMoi cuTyaumm TpebyeTcs noaydveHme
Ko3athuumeHTa BoccTaHoBNEHMS (RC) Ha KaX40M M3 CKaHEPOB M NOCTPOEHME KaIMBPOBOYHbIX KpMBbIX. [10406-
Hble TECTbI Hanpas/ieHbl Ha rapMOHM3aLMI0 UCCNEeA0BaHWIA 1 NO3BONAIOT HaMbonee KOPPEKTHO OLEHMBATL AMHA-
MWKY Y MauneHTOB NpW 1CCNefoBaHUM Ha pasHOM 060pyaoBaHuK. MpoBefeHWe Kpocc-TeCTOB MO3BONUT 6osee
KOPPEKTHO aHaNN3MpoBaTh pe3yNbTaTbl NCCEA0BAHMNIA, MPOBELEHHbIX HA Pa3HbIX annaparax.

O[IHUM 13 BaXKHbIX TECTOB IBNSIETCS NPOBEPKa COBMELLEHNS M306paxkeHnin (MoganbHocTei) MAT n KT. B Ka-
yecTBe NMOBEPOYHOro 060PYA0BaHNA NCNOMb3YeTCA cneunanu3npoBaHHblli VQC-(aHTOM C TOYEUHbIMW UCTOYHU-
Kamy @8Ge 06Lieii akTMBHOCTbIO 3,5 MBK. YunTbiBasi OTHOCUTE/NIbHO HW3KYH aKTUBHOCTb U Nepunof nonypacnaga
NCTOUYHMKOB @BGe, TpebyloTca exeroHas 3ameHa (PaHTOMOB, YTO COMPOBOXJAETCA 3HAUUTENIbHbIMU MaTepuab-
HbIMMW 3aTpaTamy ¥ NPOIOHTMPOBAaHHLIMY NMPOMEXYTKaMn 6e3 KOHTPONS KavecTBa. B pamkax pelleHus gaHHOM
npo6aembl NPoBeAeHb! sKcnepuMeHThl (Ha 6aze PHIILL OMP um. H. H. AnekcaHfpoBa) no OLeHKe HeCOOTBeT-
CTBMSA COBMafeHMs 06beMOB MOAANbHOCTEN C UCNO/b30BaHMEM CUCTEMbI MIaHUPOBaHUA A1t TEPaneBTUYECKOro
061yyeHuns. [aHHOe uccnefoBaHMe BbIMOMHANOCL Ha paHTOMe Jaszczak, B KOTOPOM Obliv CUMYNMPOBaHbI No-
TeHUMaNbHble NaTOMOMMYeCKNe oyarn HakonneHms PO n3BecTHOro o6bLema.

B pe3ynbTare nosy4veHa norapuimmuyeckas 3aBUCUMOCTb NPOLEHTHONO COOTHOLLEHWS HECOOTBETCTBUS 06be-
MOB MO/jaNIbHOCTEl 0T pa3mepoB cdep haHToMa (MM NOTeHUMAaNbHOr0 NAaTONOrMYECcKoro oyara). icnonb3oBaHue
NoLOGHOW METOAMKM ABASETCA SKOHOMUYECKMN BbIFOAHbIM (PP npon3BoAUTCS HEMOCPEACTBEHHO LMKIOTPOH-
HO-PaIMOXUMUNYECKOI NnabopaTopueit), BapnabenbHbIM B OTHOLLEHWW AaNbHELLIEN ONTUMU3ALMN, a NONYYEHHbIE
pe3ynbTaTbl OLLEHKWN HECOOTBETCTBUA 0ObEMOB MOAAIbHOCTEW YUNTLIBAOTCS MPY NPOBEAEHNM NPOLeAyp NaaHu-
pOBaHWs Ny4eBO TepannmM ¢ Ucnonb3oBaHnem MIT/KT. YuuTbiBas 0TCYTCTBUE HEOOXOAUMbIX PAHTOMOB (a 3Ha-
YWUT U OTCYTCTBME BO3MOXHOCTU UCMO/b30BaTh BCTPOEHHOE MPOrpaMMHoe 0becneyeHne) Ans aHaim3a KavyecTsa
n306paXkeHns 6bla1 MCNOb30BaH (haHTOM Jaszczak.

KoHTposnb KavecTBa KT YacTu npefcTaBnseT B OCHOBHOM Habop CTaHAAPTHbIX NPOLEeAYpP, KOTOPbIE BK/KOYEHBI
B CyLLecTBYlOLWME B pecnybnmke npoTokonsl KK 1 aBns0TCA HEO6XOANMBIMK U AOCTaTOYHBIMU 415 NOHOLEH-
HOro KoHTpons Kayectsa KT.

B coOTBETCTBUM C YKa3aHHbIM B NpefblayLiemM pasgene, Heo6XoAMMo POPMUPOBaHME TECTOB, HanNpPaB/ieHHbIX Ha
yrny6neHHbIn KK nepudepuueckmx cuctem. CUCTeMbl aBTOMATUYECKOrO JO3MPOBaHMSA NPeLCTaBNAOT CO60i NHTe-
rpauuto CUCTeMbl HACOCOB, 0JHOPA30BbIX TPYOOK, MEPUCTANIbTUYECKMX HACOCOB U KannbpaTopa akTUBHOCTU. B Ka-
YeCcTBE OCHOBHOIO TeCTa BbIMO/HAETCSH KOHTPO/b KauecTBa KanmbpaTopa akTMBHOCTU C UCTOYHUKOM ' S, OfHaKO
NpakTuKa Nnokasana, 4to HeoOXoauM psj TECTOB, HarpaB/eHHbIX HENOCPELCTBEHHO HA OLEHKY NOrpPeLLHOCTM cucTe-
Mbl 1031pOBaHNA. cxXons U3 pesynbTaToB NpessapuTesibHbIX PACHETOB U OMNblTa paboTbl € AaHHLIM 060pYL0BaHUEM,
MOXHO Ccflenath CrefytoLLue BbIBOAbI: MakcUMaibHOe 06beM npenapara nocne pa3daBieHNs He JOMKEH NPeBbILLIATL
25 M1, 4TO NO3BOMMT U36EXaTb MEPEeno/IHEHUS MaTEPUHCKOW Brasbl OLHOPa30BOr0 KOMM/EKTa B C/lyvae MoOBTOp-
HOro pasbaBfieHus; 41 KOPPEKTHOM paboTbl ONTUMa/bHBIM 3HaUYeHWEM YAenbHOM aKTUBHOCTM ABNSETCS AManas3oH
650-700 MBk/MN. B gaHHOM cnyyae pedb MeT 06 yAenbHON aKTMBHOCTM Ha MOMEHT NEPBOI MHBEKLMN.

TunoBasi aaanTUPOBaHHasA NPorpamMmma KOHTPO/St KavecTBa
MO3UTPOHHO-3MNCCMOHHOIO TOMOrpada, COBMELLIEHHOIO C KOMMbIOTEPHbIM TOMOrPadoM

KOHTpOnb KauecTBa fO/MKEH ObITb HE TOMbKO 3P(EKTUBHBIM, HO M 3KOHOMMUYECKM BbIFOAHbBIM C TOUKMN 3PEHNS
CMonb3yemoro 06opyfoBaHus. COBPEMEHHbIN PbIHOK NpeasiaraeT LWMPOKMIA CNEKTP (PaHTOMOB, MO3BOMSAOLLMX
MPOBOAWTb KaK NOTHOLEHHbI KOHTPO/Ib Ka4YecTBa, Tak 1 paboTbl 1CCNeL0BaTENbCKOTO XapakTepa. MNpeanoXeHHas
nporpammMa KOHTPO/ISt Ka4ecTBa aaanTMpoBaHa c y4eTOM Y)Xe MMetoLLerocs 060pyA0BaHNs B TUMOBbIX OTAENEHNSAX
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AAepHOM MeanUMHBI B pecny6nuke. cnonb3oBaHue aHToma Jaszczak (C 4ONONHUTENLHON oNTUMU3aLmeld) no-
3B0O/1SIeT MPOBOAUTL MOMHOLEHHbLIA KOHTPO/Mb KayecTBa U pas/IMYHbIX UCCNef0BaHUNA, HanpaB/ieHHbIX Ha W3-
yuyeHue BAUAHUA 0COBEHHOCTEN PEKOHCTPYKLUUOHHBIX anropuTMOB.

I. ExeaHeBHbI KOHTPOSb KavecTBa MIT/KT.

1.1. BbINONHAETCA C KONOALEBbIM (haHTOMOM B85€ UM CTEePXKHEBLIM BCTPOEHHbIM UCTOYHUKOM. BkntouaeT
aHann3 CXeMbl AeTEKTOPOB M CUHOrPaMM; CUHXPOHM3ALMIO BPEMEHHbIX napaMeTpoB nepudepuyeckoro o6o-
pyLOBaHWS; NpPorpeB TPYOKU KOMMbIOTEPHOr0 TOMorpada.

Il. ExkeHeflenbHbI KOHTPONb KadecTBa MIT/KT.

2.1. O6HOBNEHME KO3(hhMLmMeHTa YCUIEHNS 1 MOCNeAYIOWMNIA KOHTPONb KavyecTBa C aHa/IM30M CXeMbl fe-
TEKTOPOB M CUHOrpamMm.

2.2. lNpoBepKa umcna BoAbl M KOHTPACTHOW pa3peluaroLleli CnoCo6HOCTH.

I1l. ExxemecsuHbIil KOHTPONb KadecTBa MI3T/KT.

3.1. Koppekuus KONoLe3HOro cyeTymka. BbInonHAeTCA ¢ HANOMHAEMbIM (DaHTOMOM C MCNOJ/Ib30BAHUEM
P®M.

3.2. KOHTpO/b KayecTBa COBMELLeHUA M300paxeHus. JaHHbIA TeCT MOXET BbINOAHATCA CO CTaHAAPTHLIM
thaHToMOoM VQC. B KauyecTBe afbTepHaTMBblI BO3MOXHO WCMO/b30BaTh afanTUPOBaHHbIA (aHToM Jaszczak,
HanonHsemblt PO, [ng aHann3a MOXHO UCMO/b30BaTb KakK BCTPOEHHbIE NPOrpaMMHbIe MHCTPYMEHTLI, Tak
N CTaHAApPTHbLIA NepcoHanbHbIA KOMMbLIOTEP W nporpammy imageJ. Hanbonee onTumanbHbIM BapMaHTOM SB-
NSeTcA NpoBepKa COBMELLaeMbIX 06beMOB MOLaNbHOCTEN M306paXXeHNs C NOMOLLbIO CUCTEMbI M1aHUPOBAHUS
061yyeHus.

IV. BepndhrKaLMOHHbIe TeCTbl. BbINOAHAIOTCA CO CTaHAAPTM3NPOBaHHLIM (haHToMoM IEC nnamn agantupo-
BaHHbIM Jaszczak.

4.1. KOHTPONb KayecTBa NPOTOKO/OB: OLLeHKa BNUSHWE MapaMeTpoB PEKOHCTPYKL MM Ha KayecTBO M306pa-
XeHus. MNepef nnaHUpoBaHUEM MPOTOKO/OB NpefBapuUTeNibHYO NPOBEPKY Lenecoo6pasHo BbIMOMHUTL C UC-
NoMb30BaHNEM CTaHAaPTU3MPOBaHHbLIX UKW afanTUPOBaHHbIX (haHTOMOB. ONTUMM3ALMIO MPOTOKO0B MOXHO
NpPoBOANTb C ANt depeHLNPOBaHHbLIMU NapameTpamu.

4.2. OueHka KoathduumeHta socctaHosneHns (RC). Ons AaHHOro TecTa BO3MOXHa agantaymsa haHToma
Jaszczak ¢ 3ameHOW X0NoAHbIX Cthep Ha ropsune (HanonHsemble cgepbl). OUEHKY JaHHOTO napameTpa uene-
co06pa3HoO NPOBOAUTL NPY HaIMUNKN 060PYL0BaHNSA C Pa3/IMUHBLIMU CUCTEMaMU AeTeKTUPOBaHUS UK OTNNY-
HbIMW MPOM3BOAUTENAMMN.

V. KOHTpo/ib KayecTBa nepugepmyeckoro 06opyfoBaHus:

5.1. KOoHTpoNb KayecTBa CUCTEM aBTOMATMYECKOr0o A03MPOBAHUA Y KaIMOPaTOPOB aKTUBHOCTMU.

5.2. KOHTpoNb KayecTBa CUCTEMbI pacnpefeneHns fossbl.

5.2.1. ExxeqHeBHas npoBepka BCTPOEHHOr0 Kannbpatopa akTUBHOCTHU.

VI. KOHTpO/b NPOTOKO/0B ¥ NPOrpaMMHOro o6ecrneyeHus.

6.1. OueHka BANsHME 0COOEHHOCTEW PEKOHCTPYKLMOHHOMO afropuTMa Ha nosyKoM4ecTBeHHbIE NOKasa-
Te/IN N Ka4eCTBO M300paXKeHus.

6.2. OueHKa COBMECTHOIO BAWUAHUS (DYHKUWI NTepaLluoHHOr0 anropuMtMa Ha MoyKO/MYecTBEHHbIE MO-
KasaTenu U KauyecTBO M306paXKeHns.

6.3. OLeHKa BNUAHUA MeTofa coopa laHHbIX Ha NOMYKONYECTBEHHbIE NOKA3aTeNN U Ka4eCTBO 1306paKeHus.

Heo6xoAMMOCTb HauMOHa/IbHON CUCTEMbI KOHTPONS Kadectsa MI3T/KT

HaumoHanbHas cucTemMa KOHTPOASA KayecTBa AO/MKHA CTPOMUTCS UCKKOUUTENIbHO Ha BO3MOXHOCTAX Cy-
LECTBYHOLLIEA MaTepunanbHO-TEXHNYECKO 6asbl U NpeAcTaBnATb COO0A KOMMAEKCHbIA AOKYMEHT, KOTOPLIA
OyfeT BKNOYaTb TPeOOBaHNA K NPOBOAMMBIM MpoLeAypaM, METOANKY MX MPOBeAeHNs 1 POPMbl OTHETHOCTM.
LlenecoobpasHo BefeHMe 3NEeKTPOHHOIW 6a3bl AaHHbIX, KOTOpas MO3BOIMT aHa/IM3MpoBaTbh COCTOSAHME 060pYy-
[0BaHWS 1 napameTpbl Ha NPOTSHXKEHUN 3afaHHOT0 NPOMEXYTKa BPeMEHM.

YeTKasa pernaMeHTUpOBaHHasA HaLMOHaIbHasA CMCTEMa KOHTPONS KayecTsa N03BOMUT:

- CcUCTemMaTu3npoBaTb KOHTPONb KavecTBa MIAT/KT;

- PYKOBOACTBOBATbLCS HALMOHANBLHON CUCTEMOI NPOTOKO/I0B NPY NPOBEAEHUMN KMHUYECKUX UCNbITAHWIA;

- NCNOMb30BaTb MHAMBMNAYaNbHbLIA NOAXO0L AN ANarHOCTMKM NaLUEHTOB;

- BepUMLMPOBaTb MapameTpbl AMarHOCTMUECKUX NPOTOKONOB ANS NPOBELEHUS UCCNeL0BaHWA NaLueH-
TOB Ha 060pyA0BaHNM Pa3NNYHbIX MOAeneli U Npou3BOAUTENEN;

- CTaH4apTM3MpoBaThb NpoLefypy KOHTPOAS KayecTBa 419 nepuepuyeckoro 060pyLoBaHus;

- ONTUMW3NPOBATL [030BYI0 HArpy3ky Ha MauMeHTOB C COXpPaHEHMEM OMTMMA/IbHOrO KayecTBa, PEKOH-
CTPYMPYEMOIO M306paXKeHus.
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KOHTPO/b KayecTBa AnarHoCTUYECKMX MPOTOKO/I0B

[unarHoctuyecknii npotokon B M3T/KT npeactaBnseT co60ii CTPYKTPYPUPOBaHHbIA Habop ycoBuiA, B CO-
OTBETCBUW C KOTOPLIMY BYAYT BbIMOHATLCA COOP MHPOPMALMU C [eTEKTUPYHOLLEA CUCTEMBI (4/IMTENbHOCTb UC-
CnefoBaHMA, CNeaoBaTe/bHO, U c6opa AaHHbIX [T, MeToa c60pa AaHHbIX), PEKOHCTPYKLMOHHbIA anropumM n3o6-
pPaXXeHus, CraaxusatoLLme GUbTPbI, pa3MepPHOCTb MaTpULLbl, KONMYECTBO UTEpaLUii.

MocTpoeHMe ANarHoCTUYECKOrO N306paXKeHUs BbIMOMHAETCS HA OCHOBE aHTPONOMETPUYECKNX AaHHbIX NaLu-
€HTa, KOMMYecTBa BBEAEHHOMO pagnodapMaL,eBTUHECKOr0o npenapara U yKasaHHbIX Bbllle napameTpoB, KOTOpble
MOrYT BHOCWUTb 3HAUMTENbHbIA BKNag B AajbHelLlee BOCMPUATUE CMELMAIMCTOM MOTYHEHHOTO 1306paXKeHus,
a TaKkKe KONMYECTBEHHbIX U MOMYKONMYECTBEHHBIX faHHbIX, PACCUMTBLIBAKOLLMXCA B aBTOMATUYECKOM PEXMME,
4TO NOAYEPKMBAET aKTyaNbHOCTb KOHTPO/IS KayecTBa NPOTOKO/IOB.

BaXKHbIM acnekToM Mpy MpoBeLeHNN AMArHOCTUKN ABASETCS KAYECTBEHHO CPOPMUPOBAHHLIA MPOTOKON 06-
cnefoBaHUs (KakK AMarHOCTUYECKMWA, Tak ¥ NPOTOKO/bI, HaNpaBfeHHble Ha MJaHMpPOoBaHWe ANS Nly4eBOR Tepa-
nun). FloMUMO OTCYTCTBUA HaLMOHaNbHbLIX CTaHAAPTOB CO34aHNs MPOTOKO/OB, B YaCTHOCTM HaMNpaB/ieHHbIX Ha
cneyndryeckne NaTtonorMm, OTCYTCTBYET M KOHTPO/Ib KavecTBa (aHainM3 KavecTBa) Camux MPOTOKOM0B. AHanu3
KayecTBa [MarHOCTUYECKUX MPOTOKO/OB AO/MKEH MPeACcTBaNATL COO0/M NOMHOLEHHOE UCCNeA0BaHMe, B paMKax
KOTOPOr0 BbIMO/HAETCS OLEHKA BIMAHWS NapaMeTPOB MPOTOKO0B Ha KaYeCTBEHHbIE N KONMYECTBEHHbIE Xapak-
TEPUCTUKUN N300paXXeHUA € 1MCNob30BaHMeM (HaHTOMOB U WMCCef0BaHUI MaLUEHTOB, a TakXXe WUCcneaoBaHus,
B KOTOpbIX NpPO3BefeHa OLEHKa BIMSIHUSA KOMMYECTBA UTepauuii 1 NOAMHOXECTB Ha KauyeCTBEHHblE U KO/nue-
CTBEHHbIE XapaKTePUCTUKN N30OPaXKEHWIA, a TakKe NpefBapuTeNibHble OLEHKN BAUAHUA aKCUanbHbIX PUIbTPOB.

B page nuTepaTypHbIX MCTOUHUKOB, B YaCTHOCTU Ny6/MKaLMAX MHOCTPaHHbLIX CNeLnanmcToB, NpeacTaBieHa
NWWb YacTUYHasA MHAOPMaLUS O BANAHUN eAMHUYHBLIX NapaMeTpPoB Ha KayecTBO MOy4aeMoro M306paKeHus.
B vacTHoCcTK, Ha TeppuTopumn CHI paboTbl Nogo6HOro pofa OTCYTCTBYHOT. [penMyLLeCTBOM MPOBELEHHbIX UC-
cnefoBaHuii B pecny6inMkaHkom M3T-LeHTpe SBASETCA KOMMAEKCHbIA NOAXO0A, MNO3BONSALWMIA OLEHUBaTL CO-
BMECTHOE B/IMSIHWE TPYMMbl (JaKTOPOB (A4/UTENbHOCTb UCCNEef0BaHNSA, AOMNOMHUTEbHbIE PYHKLMN PEKOHCTPYK-
LIMOHHOIO aNropmMTMa) Ha KauecTBO M306paXKEHUIA.

HecmoTps Ha TO UTO BCe NapaMeTpbl CKaHepa MOryT COOTBETCTBOBATL MEXAYHAPOAHLIM MW HALMOHAbHLIM
cTaHgapTam (KoTopble, HE06X0AMMO OTMETUTb, OTCYTCTBYHOT B Pecny6nnke benapycs), LenecoobpasHo KOHTPO-
NMpOBaTb MPOTOKO/bI B MHAMBUAYALHOM MOPSAKE.

OueHKa BAMSHUA COBOKYMHOCTU XapaKTepUCTWK, BAUSAKOLWMX Ha KA4ecTBO M300paxkeHus, MO3BOAUT YCO-
BEpLUEHCTBOBATb KayeCTBO AMarHOCTUYECKMX npoueayp (B AAEPHON MeanLUHE) U U3bexaTb JONONHUTENbHbIX
OWNBOK M MOrpeLlHOCTel B MpoLecce UCCnefoBaHNsA. B 4acTHOCTM, SKCMepyMMeHTanbHas NpoBepKa BANSHNS
MeTOo/a PEKOHCTPYKLMM Ha KayeCTBO M306paXKeHMs NO3BOWA BbIBUTb ONTUMabHble MapMeTpbl NPOTOKO/0B
CKaHMPOBaHWS.

dopmMmMpoBaHMe YKazaHHOW npoLefypbl HEOOX0AMMO YUUTbIBATb NPW CO34aHUN HALMOHANBHONM rapaHTUM Ka-
yecTBa B MIT/KT-4NarHOCTUKK, YTO ABNSETCHA paLMOHa/IbHbIM aCMeKTOM, YYMTbIBas, YTO AaHHasA AUarHOCTU-
yeckas npouegypa fBnseTcs passuBaroLLeiica B Pecnybnvke benapycb. YuuTbiBasl, UTO AMArHoCTUYecKoe 060-
pyAoBaHMe NMOCTOSHHO COBEPLLEHCTBYETCA, & B O4HOM 1 TOM XKe /1e4ebHOM YyUpeXAeHHUM MOTYT NCMO0/b30BaThCA
TOMOrpadbl pa3HbIX NOKOMEHWIA, C Pa3IMYHOW JETEKTUPYIOLLLEN CUCTEMOI 1 pa3HbIX MPON3BOAUTENE, HEOOX0AN-
MO NPOBOAWTL CPaBHUTENbHLIA aHa/IM3 NPOTOKOIOB (Kak 3IEMEHT KOHTPO/A KavecTBa). OH J0/MKeH MPOBOANTLCS
Ha OCHOBE CTaTUCTMYECKOIN 06paboTKM 60/bLIOr0 06beMa JaHHbIX, PYKOBOATBYSICb Pe3ynbTaTaMu UCCNef0BaHMiA
NaLWeHTOoB, WK C UCNOMb30BaHUEM CMeLMaibHbIX ()aHTOMOB, UTO 3HAYMTE/IbHO MO3BO/IUT COKPATUTbL A/IUTENb-
HOCTb aHanM3a 1 cbopa AaHHbIX.

O6pa3soBaTe/ibHbIi acrnexkT

OfHVM 13 NMPOBAEMHbIX acneKTOB B CUCTEME KOHTPONS KauecTBa pagualMOHHON AMArHOCTUYECKOW Meaun-
LUMHbI ABNSIETCA YPOBEHb MOANOTOBKM COBPEMEHHbLIX CMeLManncToB. B gaHHOM cnyyae BO BHMMaHuWe cnegyet
NPYHUMATb KayeCTBO MOATOTOBKM B LieNIOM. HEeCOMHEHHO, YTO MefULMHCKasa (Pr3nKa onupaeTcs Ha (yHaaMeH-
Ta/lbHble 3aKOHbI (PU3UKK, KOTOPble He MEHSOTCA C TeueHneM BpeMeHW. OfHAKO BaXKHO OTMETUTb, YTO faHHas
OUCLMMNINHA Pa3BMBAETCS AOCTATOYHO CTPEMUTENIbHBIMU TEMMaMU COBMECTHO C MH(OPMALMOHHLIMW TEXHO/O0-
ruamu. MiHdopmaums, KoTopas Mo4aeTcs HbIHELLHUM CrelnanncTaM, f0/MKHa ObiTh akTyalbHOW.

[unarHoctuyeckas pagnaumoHHas meaununHa (B gaHHon cnyyae MIOT/KT, ODIKT/KT, KT) nmeeT goctaTtou-
HO BbICOKME CTaH4apTbl KayecTBa B OTHOLLEHWW MOAY4aeMOro M3006paKeHus, YeMy COOTBETCTBYET MPOrpaMm-
HO-anmnapaTHbI/i KOMMIEKC COBPEMEHHOIO 060pyfoBaHMA. MOMHOLEHHOE OCBOEHME 0B0PYLOBaHUSA MOXET ObITh
BbIMO/IHEHO TO/bKO MpPY MPOBELEHNM UCCNef0BaTENbCKOI PaboTbl CO CTOPOHLI MHXeHepa/pu3mka. B cBoto oue-
pefb KOMMAEKC MCCeA0BaTeNbCKOW AeATEIbHOCTU CO CTOPOHbI MEAULMHCKOTO (PU3MKa/MHXeHepa MOXET ObITb
3(PPEeKTUBHBIM NPW HAIMUYUW CNESYIOLNX aKTyaNlbHbIX 3HAHWIA: MaTemMaTuyeckas CTaTUCTMKA U NMPOrpaMMHble
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nakeTbl Statistica, MatCad, 3HaHve nepudepuyeckoro obopyaosaHns 418 KOHTPONs kadecTBa ((haHTOMbI), Me-
TOAbl 06paboTKN AaHHbIX, NOAYUYEHHbIX MNPY U3YYEHUN MEAULMHCKOTO AUArHOCTMYECKOro U300paxeHus, npo-
rpaMMHble MakeTbl Ans paboTbl ¢ n3obpaxeHuamu dopmata DICOM. Mpouecc CTaHOBMEHUS COBPEMEHHOMO
cneunanncta (C y4eToMm ycnoBuiA 06pa3oBaTeNbHONO acnekTa) 3aHMMaeT He MeHee 4-5 neT nocie OKOHYaHus
y4ebHOro 3aBefeHus.

Mpouecc 06yyeHUss MOXeT 6bITb ONTUMU3UPOBAH NPW BBEAEHWUMN AONONHUTENbHBIX AUCLUUMNANH U BHECEHUN
N3MEHEHWNI B umetowmecsi. Ha aTane 06y4yeHuMsi B BbiCLLUEM Y4eOHOM 3aBeAeHUM ByayLniA cCneunanmcT AO/MKEH
ObITb 03HaKOM/IEH C 060PYyL0BaHUEM, C KOTOPbIM B NEPCNEKTMBE eMy NpuaeTcs paboTaTb, UTO 3HAYUTE/LHO YBe-
NNYNT NPOAYKTUBHOCTb AeATENbHOCTU Ha paboyem MecTe.

KOHTpo/b KayecTBa 060pyj0BaHNS CTPOMTCA Ha OCHOBE KOMIMIEKCHBLIX 3HAHWUIA SA4epHON (DM3UKK, A4epHON
3NEKTPOHUKM, PErnCTpaLy NOHU3UPYIOLLEro U3nyyeHns 1 Habopa cneunann3npoBaHHbIX AUCLUMNINH.

3aK/oueHmne

B HacToswee Bpems B Pecny6sinke benapycb 0TCYTCTBYIOT CTAHAAPTbI AUarHOCTUYECKUX NPOTOKOOB UCCe-
fosaHus MIT/KT. HecmoTpa Ha peKoMeHAauMn, YKaszaHHble B MHOCTPaHHbIX U34aHuAaX, HE0O6X0AMMO co3faHune
HaLMoHanbHbLIX MPOTOKO/0B, KOTOPble OYAYT COOTBETCTBOBATL OMNpefeneHHOMY 060pYyA0BaHUIO U TUMY MaTos0-
ruu.

CyulecTByloLMe CTaHAAPTLlI KOHTPOSA KayecTBa NPeACcTaBstoT LOCTAaTOUHO 06beMHYO 6a3y TECTOB U BULOB
KOHTPOS, NO3BONAIOLLMX OMpefe/iTb KOPPeKTHOCTL paboThl 060pYL0BaHNS, 04HAKO TPeOytoT cneunannsnpo-
BaHHOI KBaIM(MKALMM CNEeLManncTa u He BCerga MoryT ObiTb BbIMOSIHEHbI C YHETOM YCMOBUIA UMEKOLLLECS Tex-
Hnyeckoli 6asbl.

Monb3oBaTeNto NpeAcTaBneH 60MbLLONK (YHKLMOHAN 415 PEryANPOBaHNS KayecTBa Noy4yaeMoro guarHocTu-
4ecKoro n3obpaxeHuns. Heo6xoaMMo y4MTbIBaTb BCe BO3MOXHOCTU Y OCOBEHHOCTM MPOrpamMmMHO-annaparHoro
KOMMJIEKCa NP COCTaB/IEHNM ANArHOCTUYECKUX NPOTOKO/IOB, YTO B CBOKO O4Yepefb, MO3BONUT Hanbonee aghhek-
TUBHO NPOBOAUTL OLEHKY AUAarHOCTUUYECKOr0 N300paXKeHNs (aKTyanbHO Kak Ans Bpaya, Tak v Ans MeguLMHCKOro
(hM3nKa) 1 ONTMMU3NPOBATL KAYECTBO N306PaKEHMS.

Monb30BaTe/lb MOXET BAUATL HA KAYECTBO M300paXkKeHUs ciefyoLmMm crnocobamu:

- MPOBOAWTb CBOEBPEMEHHbIA KOHTPO/b KauyecTBa, KOTOPbLIA MpefyCcMaTpMBaeT He TOMbKO PYTUHHbIE NPO-
BEpKM 060pyaoBaHMsA C UCMOMb30BaHMEM CTaHAAPTHOrO Habopa (PaHTOMOB, a pacLUMpPEHHbI Habop TecTOB U
MCnonb3oBaHUe (haHTOMOB MEX/YHapOLHOro CTaHAapTa;

- BbIMOSIHATL POPMUPOBAHME N ONTUMU3ALUIO ANArHOCTUYECKMX MPOTOKO/0B, HanpaBieHHbIX Ha NoNyYeHune
KOPPEKTHOM MH(hopMaL MKW, MPOTOKO/IbI LO/MKHbI COCTABAATLCSA C YUETOM annapaTHbIX BO3MOXHOCTel 060pyaoBa-
HWS, B YaCTHOCTMW AETEKTUPYHOLLEN CUCTEMDI;

- NpOBEepPATL AMarHOCTUYECKMe NMPOTOKO/bI Ha (haHTOMaxX C UMUTaL e NaTonorui.

B pecny6nnKaHCKOM LieHTpe NO3UTPOHHO-3MWUCCUOHHOM TOMOrpadmm BbINOHEHA anpobaLms NpeaiokKeHHOM
nporpaMMbl KOHTPOS Ka4ecTBa C Yy4eTOM 0COOEHHOCTel OCHalleHua oTaeneHns. OHa HanpasfieHa He TO/bKO Ha
yrny6neHHbIi KOHTPOMb KayecTBa NO3UTPOHHO-3MUCCUOHHbLIX TOMOrpagoB, HO 1 Ha FapMOHK3aLMIO NCCNeoBa-
HWI NaLMEHTOB Ha Pa3/IMYHbIX CKaHepax € y4eTOM MX MPOrpaMMHbIX 1 annapaTHbIX 0CO6eHHOCTENA.
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The article presents the incidence of spinal hernias for the period from 2012 to 2016. Itwas established that the maximum
population frequency of congenital spinal fungi in the Republic of Belarus was recorded in 2012 and have 1.01 %; in the
Minsk and the Minsk region (2016) - 1.07 %. The effectiveness of prenatal diagnostics on average in the Republic of
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BBegeHue

O[LHOM 13 BaXKHENLLNX MeLUMKO-6MONOrMUYECKMX U COLMaNbHbIX 3a4ad B COBPEMEHHOM 06LLEeCTBE ABNSETCS
npo6nema coxpaHeHWs AETCKOro 30poBbA. BpoxaeHHble nopoku pa3suTtus (BMP) 3aHMMalOT B MMpe OAHO
13 BeAyLMX MEecCT Cpean MpPUYUH MePTBOPOXAAEMOCTM, MNafeHUYeCKON W paHHel LeTCKON 3aboneBaemMocTu
1 CMEPTHOCTW, LeTCKON MHBaIMAHOCTM, 0COOEHHO B KPYMHbIX UHAYCTPUabHO-pa3BUTbIX pernoHax [1; 2]. Cpe-
[ (haKTOpOB pUCKa, KOTOPble 06YCNOBMMBAKOT BOSHUKHOBEHWE BPOXAEHHbIX NOPOKOB Pa3BUTUSA, BOXXHOE MeCTO
3aHMMAOT 3KONOrMYECKME, KOTOpble B NOAABMSAIOLLEM 6O/BLUMHCTBE UMEIOT aHTPOMOreHHOEe NPOUCXOXIEHNE.
B pesy/nbTaTe KOMMIEKCHOIO BAUSHUA aHTPONOreHHbIX PaKTOPOB OKPY>KatoLLEeil cpefbl MPOUCXOAAT pasinyHble
naTonornyeckme U3MeHeHUs B opraHax M cucTemax, Mopgonornyveckue, (yHKUUOHaIbHbIE U FEHETUYECKME
HapyLleHWs B OpraHM3me 6epeMeHHON XXEeHLUMHbI, YTO NPMBOAWT K CO34aHMNI0 He6GNaronpuUsATHONO 3KCTpareHu-
TaNbHOro (hOHa B BMAE Pa3NYHbIX 3KOSIOTMYECKM 3aBUCUMbIX MATOOMMiA Y NI0AAa U HOBOPOXAEHHOrO [3].

B KpynHbIX ropofax Haubonee 3HaYMMbIMU TEPATOreHHbIMW (haKTOpaMu ABMAKTCA 3arpA3HUTENN BO3LYyXa,
Cpefyn KOTOPbIX OCHOBHYIO YacTb 3aHUMAIOT LMOKCMAbLI a30Ta U Cepbl, OKUCb Yreposa, aMMuak, hopmanbierug
[3; 4]. Mpn XpOHNYECKOM NOCTYNEHUM B OpPraHM3M 6epeMEHHON XKEHLLMHbI OHW HaKan/IMBatoTCs B G1onormnye-
CKUX Cpefax, Ho BCNeACTBMe TOro, UTO NfaLleHTapHbI 6apbep 06nafaeT 4OCTATOYHO BbICOKON NPOHMLLAEMOCTbIO
[N 3TUX BELLECTB, CO3a0TCA YCN0BMA 41 AeNOHMPOBAHNSA UX HEMOCPELCTBEHHO B TKaHAX Nofa v HapyLueHus
pa3BMTUA B NpeHaTabHOM nepuoge [3; 5].

Takvm 06pa3oMm, 4acToTa BPOXAEHHbIX MOPOKOB Pa3BUTUA CPeAM HOBOPOXKAEHHBIX ABNSETCA OAHUM U3 MapKe-
POB 3KOM0TMYECKOro Heb1arononyuns Ha TEPPUTOPMSX C BbICOKO aHTPOMOreHHOM 1 TEXHOTEHHO Harpy3koi [6].

BIP ueHTpanbHO HepBHOW cucTemsl (LLHC) npeactaBnsoT coboii 60/bLuy N0 YACIEHHOCTU U FeTEPO-
FEHHYI0 N0 3TMOMIOTUMN U KMHUYECKOMY CMEKTPY Fpynmy TSHKeNblX, 4acTO HeKypabenbHbIX COCTOAHMIA. 1o
MHEHUWIO pAfa aBTOPOB, 60MbLIas YacTb MOPOKOB Pa3BUTUA LeHTPasbHON HEPBHON cUMCTeMbl 06YC/noBMeHa
COBMECTHbIM [€ACTBMEM FeHEeTUYECKUX U CpeaoBbix hakTopoB [7; 8]. Cpean BCeX aHOMasnnin pa3BuTus, 06Ha-
py>Xusaembix y geteid, BMP LLHC cocTasnatoT 4o 30 % [9]. B pasnnyHbIX NONynsumsax yacToTa BCTpeyaemo-
CTV MOPOKOB KONEGNETCS, YTO BO MHOFOM 3aBUCUT OT NONYNALUMOHHON BbIOOPKK, UX yyeTa U 3PPEKTUBHOCTU
npeHaTasbHON 4UarHOCTUKM.

Taxenyto rpynny BIP LLHC cocTtaBnsatoT BPOXAeHHbIE CMIMHHOMO3IOBbIe TPbIXKK - aHOMa MM NO3BOHOYHU-
Ka M CMMHHOIO MO3ra, NPoABASOLMECH fe(eKTOM pa3BUTUA U 3aMbIKaHUSA OY>XEK MO3BOHKOB, 00YCMNOB/EHHbIE
HapyLleHWeM 3aKpPbITUS KOHLOB HEPBHOW TPYOKM UAN UX MOBTOPHbLIM OTKPbITUEM. B HOpMe 3aKpbiTe KOHLOB
HepBHOI TPY6KM NPOMCXOANT Ha 21-28 fAeHb BHYTPUYTPOOHOMO pa3BuTus. BpoXaeHHbIe CMMHOMO3I0BbIE FPbIKM
MPaKTUYECKMN BCErAa HY>XAalTcsa B XMPYPrnyeckoin koppekuum [10].

B aHTeHaTanbHOM Neproae pa3BuTUs 60/bLUYHO 3HAUMMOCTb UMEKDT YC10BUS MUKPOCPEAbI, B KOTOPOIA pa3Bu-
BaeTcs opraHu3m. CoCTOfHME 3[0pOBbSA MaTepy, KaUeCTBO ee XXU3HW U Cpefbl 06UTaHNS, TedyeHne 6epeMeHHOCTH
1 POLOB ABNAIOTCS PELLAKLLMMU (hakTopamu, (hOPMUPYIOLLMMU 300Pp0Bbe pebeHKa. [ns cnexxeHms 3a 4acToToM
1 AMHAMUKOV aHOManuid pasBuTUSA Y Ye/I0BEKA BO MHOTUX CTpaHax Mmpa, BKovas Pecnybnuky benapyck, co3ga-
Hbl CMeLManm3npoBaHHble PerncTpbl. BO3MOXHOCTY TaKMX PErUCTPOB MO3BOJIAIOT: (POPMUPOBATL 6aHK AaHHbIX
0 cnydyasx BIP; ycTaHOBWUTL MOSIBNEHWE HOBLIX MyTareHoB W/UNW TepaTOreHoOB B cpefe 06UTaHUS YernoBeka;
onpeaenuTb 06beM HEOBXOAMMOIN MeAULIMHCKOM MOMOLLM; OLEHWUTb 3(h(hEKTUBHOCTb MPeANpPUHUMAEMbIX Mep
NPOgMNaKTMKK; 06ecneunTs MHPOPMALMOHHYIO MOLAEPXKKY MPUHATMS YNpaBieHUECKNX PeLLueHunid cneumanm-
cTaMu B 06/1aCTK 34paBOOXPaHEHNUN U ap.

B Pecny6nvke Benapycb co3faHa 1 ¢ 1979 r. B MacwTabax cTpaHbl YHKLMOHMPYET CUCTEMAa MOHUTOPUHIA
- benopycckuii peructp BIMP (BP BIMP) [11]. ba3a gaHHbIX cUCTeMbl MOHMTOpMHIa EP BIP gaeT BO3MOXHOCTb
OLEHMBATb He TOMbKO KOMMYECTBO, CNEKTP, CTPYKTYPY M NONYASUMOHHY0 YacToTy (MY), HO M 3h(heKTUBHOCTb
npeHaTanbHOro BblsiBneHns BIP, ocylLecTBNATL HAYUHbIe UCCNef0BaHMSA B 061aCTV UX 3TUONOIAW U NaToreHesa.

Llenb mnccnepoBaHms - aHanu3 Konuyectsa, MY v BO3MOXHOCTel NpeHaTanbHON AMarHOCTUKM BceX (hopM
BIMP, BIMP LHC, BpoXaeHHble CMMHOMO3roBble TpbbXn B Pecnybnnke Benapychb 1 B permoHe ¢ BbICOKO aHTPO-
MOreHHOI Harpy3koi (r. MnHCK u MuHckas 06:.) 3a 2012-2016 .

MaTepuranbl U MeETOAbI UCCNeA0BaHNSA

WceneposaHna npoBoAnnnch B Pecny6/IMKaHCKOM HayYHO-NPaKTUYECKOM LieHTpe «MaTb 1 UTS» C UCNONb30-
BaHMeM 6a3bl aHHbIX cUCTeMbl MOHMUTOpPUHIa BP BIMP. YueT cnyyaes BMP LIHC BpoXAeHHbIX CMMHOMO3I0BbIX
rpbbK, Kak u Bcex ¢opm BIP, ocylwecTBnseTca B COOTBETCTBMM C NPUKa3oM MUHUCTEPCTBA 34paBOOXpaHeHNs
Pecny6nuku Benapycb «O COBEPLLUEHCTBOBAHNM Yy4eTa BPOXK/AEHHbIX aHOManuii (MOPOKOB pa3BUTUSA) ¥ pebeHkKa
(nnoga)» (Ne 1172 ot 01.11.2008 r.). CornacHo npukasy, perucTpauun noanexar BCe Cyyan aHOMaauii pasBu-
TV, BbISIBMIEHHbIE Y JieTel [0 rofa, y AeTel, yMepLumnX 40 rofa, y MEPTBOPOXAEHHbIX 1 Y NI0A0B, a00PTUPOBaH-
HbIX MO reHeTUYECKMM Moka3aHuAaM. OBbEKTOM UCCNef0BaHUA ABUAUCH WU3BELLEHWS, NOCTynaloLwue U3 poaoB-
CMOMOraTe/ibHbIX U NaT0/10r0aHaTOMUYECKUX YUPeXAeHWIA, Ncnofb3yeMble A5 BefeHUs 6a3bl faHHbIX CUCTEMBI
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mMoHuTopuHra bP BIP, o cnyyaax BITP LLHC v BpoXeHHbIX CIMIMHOMO3TOBbIX FPbK Y HOBOPOXAEHHbIX U M/10-
foB B Pecny6nuke benapycb, MuHckoi 065. u r. MuHcke 3a 2012-2016 .

MonynaumoHHas yactoTta BMP paccuntbiBanacs Ha 1000 poxxaeHWIA KaK OTHOLLEHWE YUCNA XXUBOPOXKAEHHbIX
N MepTBOPOXAEHHBIX U UHAYLMPOBAHHbLIX a60PTYCOB C aHOMANMAMU Pa3BUTUA K 0OLLEMY YUCY XXUBOPOXKEH-
HbIX 1 MePTBOPOXAEHHbIX B Pecnybnuke benapych (12):

Uwucno cnyyaes BIMP (LB + FD + 1A)
O6uwan vactoTa BIP . w1000,
YUwucno pokaeHnin (LB + FD)

rae LB - xunBopoxgeHHble; FD - mMepTBOpPOXAeHHbIE; IA - npepBaHHble 6epeMEHHOCTM MO NOBOAY MpeHaTabHO
BbifiBIeHHbIX BIP y nnoja.

A((heKTUBHOCTL NpeHaTaNbHOM anarHocTuku (3 ) oueHnBanach kak OTHOLLEHWE NpeHaTaibHO AMarHOCTU-
poBaHHbIX BIP K 06LLeMy KOMMYECTBY BbISBIEHHbIX aHOMaNuiA (Npe- U NOCTHATa/IbHO).

Uucno cnyyaes BIMP (1A)
ang = 1000.
Uucno cnyyaes BIMP (LB + FD + IA)

Pe3ynbTaTbl UCCNEA0BAHUS U UX 0OCYXKAEHNME

AHanuns nonynaynmoHHbix yactot BIMP LHC. lMpu aHannse Konu4yecTBa 3aperMcTPUpPOBaHHbLIX C/y4yaes
BPOX/AEHHbIX MOPOKOB pa3BuTuA B Pecnybnnke benapycb 661710 yCTaHOBMEHO, YTO 3a nepunog 2012-2016 rr. ync-
no cnyyaes BIP LLHC cocTtasuno 1737 - 0,29 % oT yncna BCeX HOBOPOXAEHHbIX. YUEeTY MOAJIeXanu Bce cnyyam
MOPOKOB, BbISAB/IEHHbIE Y XXMBOPOXAEHHbIX, MEPTBOPOXAEHHbIX 1 NI0A0B, a60PTUPOBAHHLIX MO FEHETUYECKUM
nokasaHusM. B CTpyKType BCeX 3apermcTpypoBaHHbIX BPOXKAEHHbLIX NOPOKOB pa3BuTus B Pecrybnvke benapych
3a uccnegyemblii neprnog nopokm LLHC coctaBmnm 9,63 % ot Bcex cnyyaeB BIP. KonnyecTBo 3aperncTpupoBaH-
HbiX BIMP LIHC 661710 MakcuManbHbiM B 2012 1. 1 cocTaBuio 382 cnyyasa (tabn. 1).

Tabnuya 1

Konuyectso BIMP LIHC B Pecny6nvke Benapycb no gaHHbIM
Benopycckoro perncrpa BpoXAeHHbIX NOPOKOB pa3BuTus 3a 2012-2016 rr.

Table 1

The number of congenital malformations of the central nervous system
in the Republic of Belarus according to the Belarusian Register of Congenital Malformations for 2012-2016

KonunuecTBo poxaeHuin B pecny6nuke/l'og 2012 2013 2014 2015 2016 Bcero CpegHee
XXnBOpOXAEHHbIE 106 124 109 98 70 507 101,4
MepTBOPOXAEHHbIE 10 4 4 3 6 27 5,4

O6uee K0N-BoO
BIP LiHC AbopTupoBatikibie Mo 266 243 245 210 239 1212 2424
reHeTUYECKUM NoKasaHusaMm
Bcero 382 371 358 311 315 1737 347,4

MuHumansHoe konmdectso BIP LLHC B Pecny6nvke benapycb npuwnock Ha 2015 r. n coctasuno 311 cny-
yaeB. CpeaHuii nokasatenb peructpaumm BIMP LLHC B Pecny6nuke Benapych 3a 2012-2016 rIr. coCTaBUI
347,4 cnyyaes.

AHann3 nonynaumoHHbIX YactoT BIMP LUHC 3a uccnegyemblii nepuog B Pecny6nvke bBenapycb No3BonA Bbl-
fBUTb, YTO MaKCMMasbHas NonynsaunoHHas YacToTa 3a uccnegyemblii nepuog bbina 3apeructpuposaHa B 2012 T.
n coctaBuna 3,28 %an (puc. 1).

MuHuManbHaa nonynsymMoHHaa 4vactota BMP LIHC B Pecny6nuke benapych 6blna 3apermcTpuMpoBaHa
B 2015 r. n coctaBuna 2,60 % CpeaHuii NokasaTenb NONyAAUMOHHbIX YacToT BIP LIHC B 3a nccneayemsbiii ne-
puog cocTtasun 2,93 %.

Mpu aHanu3e KOMMYECTBA CNy4aeB BPOXAEHHbLIX MOPOKOB Pa3BUTUSA LEHTPa/lbHOW HEpPBHON CUCTEMbI MO
r. MUHCKY 1 MUWHCKOI 06/, 6bI10 yCTaHOBMEHO, YTo 3a 2012-2016 rT. BCEro 6b1/10 3aperncTpmupoBaHo 633 ciny-
Yas, 4To cocTasmno 9,31% OT BCeX 3aperncTpmpoBaHHbIX cnyyaes BIP; n3 H1ux 384 - B . MuHcke, 249 - B MUH-
cKoli 06n. (Tabn. 2).
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Puc. 1. MonynsaunoHHas YactoTa BIP LeHTpanbHOM HepBHOI cucTeMbl B Pecny6nuke benapych 3a 2012-2016 rr.

Fig. 1. The population frequency of congenital malformations of the central nervous system in the Republic of Belarus for 2012-2016

Tabnuuya 2

Konunyectso cnyyaes BMP LUHC B 1. MuHCKe n MUHCKOI 061.
no faHHbIM Benopycckoro permcTpa BpOX/AeHHbIX MOPOKOB pa3BuTus 3a 2012-2016 rr.

Table 2

The number of cases of congenital malformations of the central nervous system in the city
of Minsk and the Minsk region according to the Belarusian registry of congenital malformations for 2012-2016

r. MunHck
KonunuecTBo poxaeHuii B pecnybnuke/l oa 2012 2013 2014 2015 2016 Bcero CpepHee
XXnBopoXaeHHbIe 38 35 37 27 12 149 29,8
O6wee MepTBOPOXAEHHbIE 5 0 2 1 0 8 1,6
KONMYecTBO
Ab6opTupoBaHHbIE NO
BMP LIHC reHeTUYeCKNM MnokKasaHusam %4 64 40 36 33 221 45,4
Bcero 97 99 79 64 45 384 76,8
MuHckas o6n.
XXnBOpoXAeHHbIE 23 23 16 13 14 89 17.8
O6uiee MepTBOPOXAEHHbIE 1 3 0 0 3 7 1,4
KONMYecTBO
Ab6opTupoBaHHbIe NO
BMP LIHC reHeTUYeCKNM MokKasaHusm 26 & & % % 153 30,6
Bcero 50 61 51 38 49 249 49,8

YCTaHOBNEHO, YTO MakCUManbHOe Yucno cny4vaes peructpaumm BMP LHC no r. MuHeky n MuHcKoi 0671.
6b110 oTMeyeHo B 2013 . 1 cocTaBuno - 160, U3 HUX 97 cnyyaesB ObINO 3aperucTpupoBaHo B r. MuMHcke. MuHK-
MaslbHOe Ymncno cnydaes permctpauuu BIP LLHC no r. MuHcky n MuHckoii 06n. 3a uccnefyemblii nepuog 6110
0TMeYeHo B 2016 1. 1 cocTaBuno 94 cnyyas.

B cpefHem exerofHo B r. MuHcke v MuHckoli 06n. 3a 2012-2016 rr. 3apeructpuposaHo 126,6 cnyyaes BMP
LIHC; n3 Hux B . MuHcKe - 76,8 cnyyaes, B MUHCKoO 0611 - 49,8 cnyyaes.

Mpu aHanuse nonynaunoHHbIX YacTtoT BIMP LLHC no r. MuHcky n MuHckoii 06n. 3a 2012-2016 rr. 661510 ycTa-
HOBJIEHO, UTO MaKCUMMasbHas NonynaLMOHHAs YacToTa Ha 3TOW Tepputopum Gblna 3apeructpuposaHa B 2013 .
n coctaBmna 3,79 % (puc. 2).

MuH1mMansHasa nonynaunoHHas yactota BMP LLHC no r. MuHcky n MuHcKoi 0651. 6bina 3aperucTpmpoBaHa
B 2015 r. n cocTtaBuna 2,23 %. CpefHUiA nokasaTens NoNynsLMoHHbIX YacToT BIP LIHC 3a nccnegyemslin nepu-
of coctasun 2,98 %.
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Puc. 2. MonynsaunoHHas yactoTa BIMP ueHTpanbHOR HeEPBHOM cMCTeMbI B I. MUHCKe 1 MUHCKO 06n. 3a2012-2016 IT.

Fig. 2. The population frequency of congenital malformations
ofthe central nervous system in the city of Minsk and the Minsk region for 2012-2016

Takum 06pa3oM, aHanm3 Konmdectea cnyyvaes BMP LIHC v nonynsiumoHHbIX YacToT B Pecny6nmke benapych
3a 2012-2016 rT. CBUAETENLCTBYET, UTO CPEAN XUBOPOXKAEHHbIX, MEPTBOPOXAEHHbIX 1 NI040B, abopTMPOBaH-
HbIX MO reHeTUYeckMm nokasaHuam, BIP LIHC coctaBnsnm exerogHo B cpeaHeM 347,4 crnyyaeB; CpeAHuiA Mno-
KasaTe/b NonynsUMOoHHOR YacToTbl cocTaBun 2,93 %. Konnyectso cnyyaeB BMP no r. MuHcKy u MUHCKoi1 0671,
COCTaBWU/O B cpeaHeM 126,6; cpeaHwiAi NokasaTeslb MOMNYAALMOHHONM YacToThbl - 2,98 %. B cTpykType BCex 3a-
PEerncTpMpoBaHHbIX BPOXAEHHLIX MOPOKOB pa3BuTus B Pecny6nnke Benapych 3a uccnegyemblii nepuog nopoku
LIHC cocTasunu 9,63 % ot BCcex cnyyaes BIP.

AHanu3 nNonynsauMOHHbIX YacTOT BPOXAEHHbLIX CMIMHHOMO3IOBbIX rpbiX. [py aHannse KonnMyecTsa cny-
YaeB BPOX/AEHHbIX CMMHHOMO3rOBbIX FPbhK B Pecnybnvke benapycb 6bI10 ycTaHOBMEHO YTO 3a 2012-2016 .
6b1/10 3aperncTpupoBaHo 476 cnyvaeB. YUeTy MoANexanu BCe Cyvaun MOPOKOB, BbISB/IEHHbIE Y XXUBOPOXAEH-
HbIX, MEPTBOPOXAEHHBIX 1 NI0L0B, a60PTUPOBAHHBIX MO FEHETUYECKUM NOKa3aHWUAM.

B cTpyKType Bcex 3aperucTpmMpoBaHHbLIX BPOXAEHHbLIX NOPOKOB pa3BuTUA B Pecny6nnke benapyck 3a uccne-
[lyeMbIiA Nepuof BPOXAEHHbIE CMMHHOMO3rOBbIE TPbKM COCTaBUAM 2,6 % OT Bcex cny4yaeB BIP. B cTpykType
BCeX 3apeructpupoBaHHbix BIMP LIHC B Pecny6nmke Benapycb 3a uccnefyemblii Nepmog BPOXAEHHbIE CMUH-
HOMO3roBble rpbKK cocTaBunmn 27,4 %. MakcumasbHOe KOJIMYECTBO BPOXKAEHHbIX CMUHHOMO3IOBbIX FPbIXK MO
CTpaHe coctaBuno 117 cnyyaes v 6b110 3apermcTpmpoBaHo B 2012 r. (tabn. 3).

Tabnuya 3
KonnyecTso cny4vaesB CNMHHOMO3IOBbIX FPpbIX B Pecnyb6nnke Benapycb
no faHHbIM BesiopyccKoro pernctpa BpoXAeHHbIX MOPOKOB pa3BuTusA 3a 2012-2016 rr.
Table 3
The number of cases of spinal hernias in the Republic of Belarus
according to the Belarusian Register of Congenital Malformations for 2012-2016
KonunuecTBo poxaeHuii B pecnybnunke/l"og 2012 2013 2014 2015 2016  Bcero CpefHee
KonnuyecTtso cny4yaes XnBOpOXKAEHHbIE 20 18 16 6 12 72 14,4
CMINHHOMOSTOBOM TPbIK N MepTBOpPOXAEHHbIE 3 2 0 0 2 7 1,4

Mnoabl, a6OpTUPOBAHHbIE MO
reHeTUYeCKUM MoKazaHusaM

Bcero 117 100 82 80 91 476 95,2

94 80 66 74 77 391 78,2

MuWHUManbHOEe KOMMYECTBO BPOXAEHHbLIX CIMHHOMO3rOBbIX TPbbK cocTaBuao 80 cnyyaeB v ObiN0O 3aperu-
cTpupoBaHo B 2015 r. CpeHWil NoKa3aTeb 3aperncTpMpoBaHHbIX CllyYaeB BPOXKAEHHbIX CIMHHOMO3I0BbIX IPbIK
3a nepwof 2012-2016 rr. coctasun 95,2.

B xofie NnpoBefeHHOro aHann3a AaHHbIX O6bl10 YCTAHOB/IEHO, YTO B 72 cyyasx 6epeMeHHOCTb 3aKaH4MBanach
POXAEeHWEM XXMBbIX MIAAEHLEB C AUArHO30M BPOX/EHHAas CNMHHOMO3roBas rpobbka. CpefHWA eXerofHbIi no-
KasaTe/lb XXMBOPOXXAAEMOCTMN C BPOXAEHHOW CMMHHOMO3r0BOW rpbXei cocTaBun 14,4 cnyyas.

YCTaHOBNEHO, YTO 3a aHa/M3Mpyemblii neprog B PB B 391 cnydyae npeHaTanbHO 6Obl YCTaHOB/EH AMArHo3
BPOXJEHHasA CMMHHOMO3roBas rpbbka nnoga. Bo Bcex cnydyasx 6b110 NPOBEAEHO WCKYCCTBEHHOE NpepbiBaHUe
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6epemMeHHOCTU MO0 MeAULMHCKUM noKasaHusaM. CpefHWiA rofoBol NokasaTeslb CnyyaeB, NPepBaHHbIX MO reHe-
TUYECKMM NOKa3aHMsAM 6epeMeHHOCTel ¢ AMarHo30M BPOXAEHHbIX CMIMHHOMO3IOBbIX FPbK, 38 aHaIU3UpyeMbIi
nepuog B Pecnybnunke benapycb coctasun 78,2.

Mpu aHaM3e NONYNALUOHHBIX YACTOT BPOXAEHHbIX CIIMHHOMO3IOBbIX FPbIX MO CTPaHe Bblf0 YCTaHOB/IEHO,
YTO MakcvMasibHas MonynsLMOHHas 4acToTa BPOXKAEHHbIX CMHHOMO3I0BbIX MPbIX 32 3asB/IEHHbIN Nepuog Hbina
3apernctpuposaHa B 2012 r. n coctasuna 1,01 % (puc. 3).

Puc. 3. MonynsuymoHHas yacToTa BPOXAEHHbIX CMIMHHOMO3IOBbIX FPbIXK Y feTeli B Pecnybnvke Benapych 3a 2012-2016 rr.

Fig. 3. The population frequency of congenital spinal hernias in children in the Republic of Belarus for 2012-2016

MuH1MansHas NoNynALMOHHAA YacToTa BPOXAEHHbLIX CIMHHOMO3I0BbIX FpbX B Pecny6nnke benapych 6bina
3apeructpuposaHa B 2015 - 0,67 %. B cpegHem 3a 2012-2016 rr. nonynayuoHHas yactoTa coctasmnia 0,80 % .

Mpy aHanu3e KOMMYECTBa Cy4aeB BPOXKAEHHbIX CMMHHOMO3MOBbIX FPbK MO I. MUHCKY U MUHCKOW 0611, 3a
2012-2016 rr. BbIIB/IEHO - 185, 4TO cocTaBnseT 38,86 % OT BCEX 3apPernCTPMPOBaHHbIX C/Ty4aeB C BPOXAEHHLIMU
CMMHHOMO3rOBbIMM FpbIXXaMu No cTpaHe 3a nepuof ¢ 2012 no 2016 .

Bbino oTMeueHo, uTo 13 185 cryyaeB B I. MuHCKe 3apermctpupoBaHo 108; B MUHCKoIA 06n. - 77 (Tabn. 4).

Tabnuua 4

KonnyecTBo crny4vaes BPOXAEHHbIX CIMHHOMO3rM0BbIX FPbIXK B I. MUHCKe
1 MunHCKoWM 061acTv No faHHbIM Benopycckoro perncrpa BpoXAeHHbIX NOPOKOB pa3BmTus 3a 2012-2016 rr.

Table 4
The number of cases of congenital spinal hernias in the city of Minsk
and the Minsk region according to the Belarusian Register of Congenital Malformations for 2012-2016
r. MMHCK
KonunuectBo poxgeHuin B Pecny6nuke benapyco / rog 2012 2013 2014 2015 2016 Bcero CpegHee
XnBopoXaeHHbIe 1 3 3 1 3 11 2,2
Konuuectso MepTBOPOXAEHHbIE 0 1 1 0 1 3 0,6
cnyvaes
CAVHHOMO3r0BOA Mnopabl, a6OpTUPOBaHHbIE MO 23 24 11 23 14 95 19
FPbIKM reHeTMYeCKUM MoKasaHUAM
Bcero 24 27 15 24 18 108 21,6
MwuHckaa 06nactb
KonuuectBo poxaeHuii B Pecny6nuke Benapycs / rog 2012 2013 2014 2015 2016 Bcero CpegHee
X1nBOpoOXAeHHbIE 4 2 1 0 3 10 2
Konuyectso cny- MepTBOPOX/AEHHbIE 1 1 0 0 1 3 0,6
4yaeB CMMHHOMO3rO-
BOW rpbiXy 1:06?2;223222::5 nokasaHusm 6 13 12 u 22 64 128
Bcero 11 16 13 11 26 77 15,4

MakcuMManbHbIA rofoBOI NoKasaTesb 3aperMcTpupoBaHHbIX CIMHHOMO3IOBbIX FPbIX N0 I. MUHCKY U MUH-
CcKoI 061. 6611 0TMedeH B 2016 . n cocTaBun 44 cnyyas. MUHYMaIbHOE TOL0BOE YMC/I0 3aperucTpupoBaHHbIX
CMMHHOMO3I0BbIX P COCTaBWU0 28 ciyyaeB v 6b110 3arkcmposaHo B 2014 T.

72



MeaunumHcKas 3Konorus
Medical Ecology

B xofe npoBeAeHHOro aHanmsa AaHHbIX OblfI0 YCTaHOBAEHO, YTO B 21 ciyvyae 6epeMeHHOCTb 3aKaH4YMBanach
POXAEHMEM XXWBbIX M/IaJEHLEB C ANAarHO30M BPOXKAeHHas CMMHHOMO3roBas rpbhxa.

CpeaHunii NokasaTenb 3aperMcTpMpPOBaHHbIX CMy4YaeB BPOXAEHHbIX CIMHHOMO3rOBbIX rpbhK B 2012-2016 .
coctasun 37 cyyaeB, NokasaTesb XXMBOPOXKAAEMOCTU C BPOXAEHHOW CNMHHOMO3rOBOM FPbDKEN 3a uccnenye-
MbIi1 neprog no r. MUHCKY u MUHCKoi 06n1. cocTasun 2,1.

YCTaHOB/EHO, YTO 3a aHa/IM3MpPyeMbIA nepuog no r. MUHCKY 1 MuHcKoi 06n. 159 XXeHLWuHam npeHaTabHO
Obl/1 yCTAHOB/IEH AMarHO3 BPOXJeHHas CMMHHOMO3roBasa rpbhka nnoga. Bo Bcex cny4yasx 6bi1o NpoBefeHo uc-
KYCCTBEHHOE MpepbiBaHNe 6epeMeHHOCTH MO MeAMLUHCKUM NoKa3aHuaMm. CpefHWI nokKasaTesb NpepBaHHbIX Mo
reHeTUYeCKUM NokasaHusM GepeMeHHOCTEN ¢ AMarHo30M BPOXAEHHas CMUHHOMO3roBas rpbbxa no r. MuHcky
1 MuHcKoi 0611. 3a aHann3npyemblii nepmog coctasun 15,9 cnyyaes.

Mpwn aHanu3e NONYIALNOHHbBIX YaCTOT BPOXKAEHHbIX CIIMHHOMO3IOBbIX FPbIXK N0 . MUHCKY 1 MUHCKOR 0671.
6b1/10 YCTAHOB/IEHO, YTO MaKCMMa/lbHasA 4acToTa BCTPEYaeMOCTU BPOXKAEHHbIX CIMHHOMO3I0BbIX FPbIX 3a 3asB-
NeHHbI nepuogd B I. MuHcke 1 MUHCKO 061, Gbina 3apernctpuposara B 2016 r. n coctasuna 1,07 % (puc. 4).

Puc. 4. MonynsuMoHHasa YacToTa BPOXAEHHbIX CMIMHHOMO3rOBbIX FPbK B T MUHCKe 1 MuHCKOW 0611, 32 2012-2016 rT.

Fig. 4. The population frequency of congenital spinal hernias in the city of Minsk and the Minsk region for 2012-2016

HaunmeHbLUad NonynauMoHHasa 4acToTa BPOXAEHHbIX CMMHHOMO3MOBbIX TPbIX 3apernctpuposaHa B 2014 T. -
0,64 %. B cpegHem 3a 2012-2016 rr. nonynsauMoHHas yactota coctasunia 0,86 %

Takum 06pa3omM, aHasIM3 KOJIMYECTBa U MONYNALMOHHbIX YaCTOT BPOXKAEHHbIX CMTMHHOMO3IOBbIX FPbX B Pec-
ny6nvke benapyck 3a 2012-2016 rr. nokasas, 4To Cpeu XXMUBOPOXKAEHHbIX, MEPTBOPOXAEHHbIX 1 M10L40B, abop-
TMPOBAHHbIX MO FeHeTUYECKUM MOKa3aHWsAM, BPOXAEHHbIE CMTMHHOMO3IOBbIe TPbIXW COCTAB/IANIM EXEr04HO MO
Bcel Pecnybnuke benapyck B cpegHem 92,5 cnyvaeB co cpegHeit nonynsaumnoHHol yactoTtoi 0,80 %. Mo r. MuH-
CKY Y MUHCKOI1 06/1. B CpeiHEM PErncTpMpoBanoch 37 cly4vaeB BPOXKAEHHbLIX CTMHHOMO3IOBbIX FPbK CO Cpej-
Heli nonynAuMoHHOR YacTtoToin 0,64 %. B CTpyKType BCEX 3aperncTpmMpoBaHHbLIX BPOXKAEHHbLIX MOPOKOB pa3Bu-
Tus B Pecnybnvke benapych 3a nccnegyemblii Nepuos BPpOXKAeHHbIE CIMHHOMO3IOBbIE FPbKU cocTasuam 2,6 %
0T Bcex cny4aes BIP.

AHann3 ay(heKTUBHOCTM NpPeHaTanbHOW ANArHOCTUKN. HaMu 6bi NPOBefEH COOP KNMHUYECKUX U re-
HeanorMyeckKux AaHHbIX 0 nauueHTax co CMMHHOMO3roBbIMU rpbikamum u3 apxusa PHIL, «Matb n anta»
(6aza gaHHbIX Pernctpa MBIP) 3a 2012-2016 rr. Y4yeTy nognexann BCce Cyyan MOPOKOB, BbISIB/IEHHbIE
Y KMBOPOXAEHHbIX, MEPTBOPOXAEHHbIX U NA0L0B, a60OPTUPOBAHHbLIX NO FeHeTUYECKMM MoKaszaHuaMm. 3a
3TOT Nepuof BCero 6bI10 3aperucTpupoBaHo 185 cnyyaeB BPOXAEHHbIX CMUHHOMO3MOBbIX FPbDX Y Maoja
B I. MuUHCKe 1 MUHCKOi 0611

[narHo3 BpoXAeHHON CNMHHOMO3r0BOW TPbiKK OblT AMArHOCTMPOBaH Yy 126 (68 %) 6epeMeHHbIX YKEeHLLUH
B Bo3pacTe oT 20 go 30 net (puc. 5).

Puc. 5. PacnpeaeneHue cnyyaes CHHOMO3IOBbIX FPbiX M0 BO3pacTy

Fig. 5. Age distribution of cases of spinal hernias
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Y 26 (14 %) 6epemeHHbIX Bo3pacT cocTaBun oT 30 go 40 net; y 22 (12 %) 6epemeHHbIX Bo3pacT 40 20 neT,
y 11 (6 %) - cTapwe 40 ner.

TakunM 06pa3oM, BPOXAEHHAsA CMMHHOMO3rOBast rpbKa yallle BCEro permcTpupoBaiach Y XEeHLMH aKTUBHOIO
penpoaykTueHoro BospacTa (o1 20 go 30 neT - 68 %).

Bblno ycTaHoOBMEHO, UTO 13 185 3aperncTpupoBaHHbIX B I. MUHCKe 1 MWHCKOI 061, cnydaeB B 133 gnarHo-
CTUpoBanachb M301MpoBaHHasA (POpPMa MNOPoKa, YTO CoCTaBUIo 72%; B 52 cnyvasx 0TMeyasncs CoOYeTaHHbI NOPOK
B COCTaBe pas/iMyHbIX CUHAPOMOB (puc. 6).

Puc. 6. PacnpegeneHue coueTaHHOCTM CMMHHOMO3MOBbIX FPbIXX C APY UMY BPOXAEHHBIMU NOPOKaMM pasBUTUS.

Fig. 6. Distribution of the combination of spinal hernias with other congenital malformations.

AHanM3 NonyYeHHbIX JaHHbIX MNO3BOMNA YCTAHOBUTb, UTO B 28 % BCEX 3aperncTpypoBaHHbIX ClyvaeB guar-
HOCTUPOBA/INCL MHOXECTBEHHbIE MOPOKY (MOPOKM, NOKaNM30BaHHbIE B OpraHax AByx Wiam 6onee cuctem). Hau-
6oniee YacTbIMKM COMYTCTBYIOLMMW MOPOKaMu 6bln Apyrue aHoMmanuu pas3sutna LLHC, nopoku MoueBblfenu-
TeNIbHOM CUCTEMbI 1 ONMOPHO-ABUTaTeIbHOrO annapara.

Bblna npoBeaeHa oueHKa 3h(heKTUBHOCTU NpPeHaTaNbHOW ANAarHOCTUKU MyTeM NOACYeTa NPepBaHHbIX Mo re-
HETUYECKNM MOKa3aHMAM 6epeMeHHOCTeR ¢ BPOXAEHHbIMWU CMMHHOMO3MOBbLIMU Fpbbkamu B Pecny6nnke bena-
pyck 3a 2012-2016 rT.

YCTaHOBNEHO, YTO 3P(EKTUBHOCTL MPEHATa/IbHOI ANAarHOCTUKIN BPOXKAEHHbBIX CIMHHOMO3TOBbIX FPbX B Pec-
ny6nuke benapycb coctasmna 82,10 %.

A heKTMBHOCTL NpeHaTaNbHOW AMArHOCTUKN BPOXAEHHbIX CIMHHOMO3MOBbIX FPbK B I. MUHCKe 1 MUHCKOWA
06n. coctaBuna 85,60 % (puc. 7).

Puc. 7. OueHka ath(heKTMBHOCTU NpeHaTabHOM AMarHOCTUKM ClyYaeB 6epeMeHHOCTel
C AVMarHo30oM BPOXKAEHHbIX CIMHHOMO3rOBbIX FPbDK B I MUHCKe 1 MUHCKOI 06/1. 3a 2012-2016 rT.

Fig. 7. Evaluation ofthe effectiveness of prenatal diagnosis of pregnancy cases
with a diagnosis of congenital spinal hernias in Minsk and Minsk region for 2012-2016

B r. MuHcKe cpegHwWii nokasatenb 3(h(eKTUBHOCTU NPeHaTalbHOM ANarHOCTMKM 3a JaHHbIV nepuog cocta-
BN - 87,90 %, B MuHckoii 06n. - 83,10 %. [mana3oH 3HayeHmMin konebancs ot 81,10 go 97,10 %. MonyueH-
Hble [aHHble CBMAETENbCTBYHOT O BbICOKON 3((PeKTMBHOCTY MpeHaTaNbHOW AUArHOCTUKW LaHHOW MaTonorum
B I. MuHCcKe 1 MuHcKoi 06n. 3a 2012-2016 .

B pesynbTaTe aHanM3a faHHbIX M3BELLEHWIA 0 BbISBAEHUW BPOXAEHHO CMMHHOMO3IOBOM FPbIXK Y N104a cpe-
AN HaceneHus r. MuHcKa u MUHCKO 06n. 3a nepuog 2012-2016 IT. 6bl10 YCTAHOBMEHO, YTO HanMboMee 4acTo
[laHHbIA NOPOK BbISBAANCA Ha 19-20 Heaene rectaumm (Tabn. 5).
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Tabnuuya 5
PacnpegeneHune cpoKoB BbISIB/IEHUS BPOXKAEHHbIX CTMHHOMO3F0BbIX FPbIX B Te4eHWe 6epeMeHHOCTH
Table 5
Distribution of terms for the detection of congenital spinal hernias during pregnancy

CpoOK BbIIB/IEHNA NOPOKa
KonnyecTso cnyyaes

TpumecTp 6epeMeHHOCTU Hepens rectauunn
9 2
10 15
1TpumecTp 11 10
12 12
13 5
14 3
15 1
16 1
17 3
2 TpUMecTp
18 3
19 40
20 50
21 9
22 6
24 1
25 1
3 TpumecTp
28 2
29 1
32 1
[Mocne pofopaspeLieHns 19

Takmm 06pa3om, yCTaHOB/MEHO, YTO B 60/bLUMHCTBE cny4yaes (82,53 %) CNMHHOMO3r0Bas pbiXa BbISIBNANACH
B 1-2-m TpumecTpax 6epeMeHHOCTH (puc. 8).

58,40
Puc. 8. JuarpamMma pacnpefeneHns CPOKOB BbISIB/IEHUS BPOXKAEHHbBIX CIMHHOMO3M0BbIX PbIX

Fig. 8. Diagram ofthe distribution of terms for the detection of congenital spinal hernias
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B xofe NpoBefjeHHOr0 aHamM3a AaHHbIX N0 BbIABAEHNIO BPOXAEHHON CIMHHOMO3IOBOM FPbKMW Y Nioja cpeau
HaceneHus r. MuHcka n MuHckoit 06n. 3a 2012-2016 rr. 6b1710 YCTaHOB/EHO, YTO:

- CpepaHsas 3(h(heKTUBHOCTb MpeHaTanbHOM AuMarHocTUKM coctaBuna 82,10 % B Pecnybnuke Benapych,
r. MuHcke - 87,90 %, B MuHckoi 06n. - 83,10 %.

- MpepBaHO NO reHeTUYeCKMM nokazaHusam 159 n3 185 3aperncTpupoBaHHbIX 6EPEMEHHOCTEN C BPOX/AEH-
HbIMW CMUMHHOMO3TOBbIMU FPbKaMMU.

- B r. MuHcKe 1 MuHcKol 06/1. MakCUMabHOE YUCO0 MPepBaHHbIX N0 FTEHETUYECKUM MOoKa3aHUsM 6epeMeH-
HOCTei ¢ BPOXAEHHbIMU CIMHHOMO3r0OBbIMU FpbXaMu 66110 npoussegeHo B 2015 . n coctasuio 97,10 % ot
BCEX 3aperncTpupoBaHHbIX C/y4yaeB; MMHUMaNbHOe Yncio - 81,10 % u 6bino 3aperncTpuposaHo B 2016 T.

- Hanb6onee BbiCOKas BbISB/SEMOCTb JAHHOrO NOPOKa NpuLLiack Ha 2-0i TpUMecTp 6epeMeHHOCTU U Co-
cTtaBuna 58,40 %.

- OT BCEX 3aperncTpupoBaHHbIX cnyvaeB 28 % BpOXKAEeHHbIX CMMHHOMO3MOBbIX FPbK ObII0 OTArOLWEHO CO-
NyTCTBYIOLLUMM MOPOKaMU APYTUX OPraHOB U CUCTEM.

B xoge npoBefeHHOro uccnefoBaHns 6bl10 YCTaHOBNEHO, YTO aHaIn3 faHHbIX MOHUTOPUHIA BPOXAEHHbIX
MOPOKOB pa3BmTus B Pecny6nnke benapycb N03B0AUA OMNPeSenTb pacnpoCcTPaHEHHOCTb U NONYAALMOHHbIE Ya-
CTOTbl BPOXAEHHbIX CMUHHOMO3rOBbIX IpbiX 32 nepnog 2012-2016 rr. 1 oLeHUTb 3(h(HEKTUBHOCTL MPeHaTaIbHOM
[ANarHocTukuy B r. MuHcke 1 MuHcKoi 0671.

BbiBOAbI

BcemupHasa opraHusauns 3apaBooxpaHeHns oTHOCUT BITP HOBOPOXAEHHbLIX K rpynne 3KoaccounmpoBaH-
HbIX 60Me3Hel, KOTOPbIE CNYXXaT MHAMKAaTOpaMK Hebnarononyums cpeabl 06uTaHua [13]. Mopg BO3aeiCTBMEM
(haKTOPOB OKpY>KaloLLeil cpefibl MPOMCXOANT HapyLUeHMe pa3BUTUS N0LA B MpeHaTalbHOM nepuoge u thopmu-
poBaHMe BPOXAEHHbLIX NOPOKOB.

B pe3synbTaTe npogenaHHoli paboTbl GblIM NPOAHAN3NPOBaHbI faHHbIE 0 YaCTOTe BCTPEYaEMOCTU BPOXKAEH-
HbIX CMIMHHOMO3r0BbIX FPbX B Pecnybnuke benapych, r. MuHcke n MuHckoit 06n. 3a 2012-2016 rr. n npoBefeH
CPaBHUTENbHBIV aHanM3 NONyNALNOHHbIX YacToT:

1 YcTaHOBMEHO, YTO B Pecnybnuke benapycb eXerogHo peructpuposanoch 95,2 cnydas, nonynsumoHHas
yacToTa cocTtaBuna B cpegHemM - 0,86 %o. B r. MuHcke 1 MUHCKOi 06/1. eXXerogHo B CPeHEM PErncTpPUpPOBanoch
37,0 cnyyaes; nonynaunMoHHas 4acToTa B cocTtasuna B cpefHem 0,86 %o

2. [Mpwn cpaBHUTENILHOM aHaM3e NONyNALMOHHBIX YACTOT BPOXAEHHbIX CMIMHHOMO3I0BbIX IPbIX 38 uccnegye-
MblVi MEPMOA NO rofam YCTaHOB/IEHO, YTO MaKCUManbHas NoMynAaLMOHHasA YyacToTa B Pecny6nuke Benapych 6bina
3apermctpupoBaHa B 2012 1. u coctaBuna 1,01 %o; B . MuHcKe 1 MuHckoii 06n. (2016 r.) - 1,07 %0 MuHuManb-
Has nonynauMoHHas YacToTta B Pecnybnuke benapycb 6binia 3apermctpupoBaHa B 2015 r. n coctaBmna - 0,67 %o
B I. MuHcKe u MuHcKoii 06n. (2014 r.) - 0,64 %o

3. OhheKTUBHOCTL NPeHaTaIbHON ANTHOCTUKM BPOXAEHHBIX CIMHHOMO3r0BbIX FPbX B Pecry6/vke benapychb 3a
2012-2016 rr. cocTaBunaB cpegHem 82,10 %; B I. MuHcke 1 MuHcKoii 065, - 85,90 %, 4To eBUAETENLCTBYET O BbICO-
KOV BbISIBNSIEMOCTU AaHHOT 0 MOPOKa B MPeHaTa/IbHOM Nneproge 1 3PdeKTUBHOCTY NpeHaTabHOM AnarHocTukn. Ham-
60/1ee BbICOKas BbISBASEMOCTb AaHHOr0 NOPOKa NPULLIACh Ha 2-0i TpUMECTP 6epeMeHHOCTM 1 cocTaBmna 58,40 %.

4. OT BCeX 3aperucTpupoBaHHbIX cyyaeB 28 % BPOXAEHHbLIX CMUHHOMO3r0BbIX FPbK 6bI/10 OTArOLLEHO CO-
MYyTCTBYIOLLMMM NOPOKAMW APYTUX OPraHoB N CUCTEM.

B xofe npoBefeHHOro uccnefoBaHns 6bl10 YCTaHOBNEHO, YTO aHaNn3 faHHbIX MOHUTOPUHIA BPOXAEHHbIX
MOPOKOB pa3BmTuA B Pecny6sinke benapycb No3Bou OMNpeseinTb pacnpoCcTPaHEHHOCTb U NONYNALMOHHbIE Ya-
CTOTbI BPOXAEHHbIX CMMHHOMO3rOBbIX IpbiX 3a nepnog 2012-2016 IT. ¥ oUeHUTb 3HEKTMBHOCTL MPeHaTalbHO
[NarHocTuKM B . MuHcke n MUHCKoI1 0671
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PaccMOTpeHbl TeHAEHUUN B N3MEHEHUN 06bEMOB BbIGPOCOB 3arps3HAIOLLNX BELLEeCTB B aTMOCHEPHbI BO3AYX B LiENOM,
a TakXe OT CTalMOHApPHbIX N MOGUAbHBIX UCTOYHUKOB B Pecny6nuke Benapycb B 4acTHOCTW. [MpeacTaBneHa AnHaMuKa
W CTPYKTYpa 06beMOB BbI6POCOB 3arpA3HAto LW UX BewecTs 3a 2014-2018 rr. Mpou3BeeHa OLEHKa MHIPeMeHTHOr0 cocTaBa
BbIGPOCOB. BhisBNeHbl 06nacTu Pecny6unku Benapych, 3aHMMalo L me nManpytoLe no3uummu no 06bLemMy Bbi6pPOCOB 3arpA3Hs-

I0LLMX BELLeCTB B aTMOCHEpY.
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EVALUATION OF EMISSIONS OF POLLUTING SUBSTANCES
IN THE ATMOSPHERIC AIR BY ANTHROPOGENIC SOURCES
OF THE REPUBLIC OF BELARUS

A. N. KHRUSTALYOVAn

dnternational Sakharov Environmental Institute o fBelarusian State University,
23/1 Daithabrodskaja Street, Minsk 220070, Belarus

This article discusses the trends in the level of emissions of pollutants into the atmospheric air in total, as well as from
stationary and mobile sources in the Republic of Belarus. The dynamics and structure of pollutant emissions for the period
from 2014 to 2018 are presented. The ingredient composition of the emissions was estimated. The regions of the Republic
of Belarus that occupy leading positions in the volume of air emissions of pollutants have been identified.

Keywords: emissions; pollutants; atmosphere; source of emissions.

BBeneHuve

Ycnosuem obecrniedeHUss YCTONYMBOIO COLMaIbHO-3KOHOMUYECKOTO U NOMTUYECKOr0 PasBUTUSA ABASETCS
aKonoruyeckas 6e30nNacHOCTb —OHa U3 COCTABAAIOLLMX HALMOHAILHON 6e30NacHOCTU cTpaHbl [1]. PakTopbl,
ocnabnaoLme HauMoHabHY0 6e30MacHOCTL U TOPMO3ALLMe pa3BUTUE NIOOO0N CTpaHbl, - YXY[LUeHNe KayecTBa
OKpY>KatoLLLei cpeabl M 06yCNOBNEHHbIE 3TUM 3a60/1eBaHNsA, 3KOOrMYeckme 6e4CTBUS U KaTaCTPOdbl, CHUKEHME
TPYZLOBOI aKTUBHOCTM U COLMANbHAA HanpsXKeHHOCTb.

3arpssHeHve BO3fyXa - 3TO OfUH OCHOBHbIX (DaKTOPOB pUCKa NS 340POBbS, CBA3AHHBLIX C OKPYXKaloLL el
cpefoii. 3arps3HeHWe BO3LyXa fenaeT HenmpurofHblM ero Ans AblXaHus, TEXHUYECKMUX HYX U NPUBOAMT K CO-
MaTMYeCKUM N UHMEKLMOHHbIM 3a60N1eBaHUAM, OTPABEHUAM, OTAANEHHbIM KaHLEPOreHHbIM Y MyTareHHbIM
apdekTam. XnMMUUeCKOe 3arpsa3HeHe aTMOCHEPHOro BO3ayxa ABNAETCH NPUUNHON BOSHUKHOBEHUWS U Pa3BUTUA
0K0/10 50 % BCeX 3KONMOrM4Yeckn 06YCnoBeHHbIX 3a601eBaHW. 3TO CBA3AHO C TeM, YTO albBeosIipHas TKaHb
nerknx obnafaeT OrpoOMHON NOBEPXHOCTbIO M BCACbIBalOLLE CNOCOOGHOCTbLIO, CNefoBaTeNlbHO, 3arpasHUTeNn
Nerko nonagatoT B 60/bLION KPYr KPOBOOGpaLLeHUs, MUHYS NeYeHb [2].

BaxKHO, UTO ANA KXol ropoACKOW TeppUTOPMM UMeETCS CBOI crieungmryecknii Habop 3arpsasHeHuid, obyc-
NOBJEHHBIA BUAOM NPOMBILLIEHHOCTU. KaXkaoe 13 3TUX BELLECTB MMEET ONpefeNieHHYI0 Creuuguky aencTens
Ha opraHv3mM YenoBeka. B cBA3M € 3TUM K crneKTp 3a60neBaHnin KpaliHe pa3HoobpaseH:

- 3a00/1€BaHUA OPraHoOB AblxaHus (B TOM Yucie BpoHXManbHas acTma);

- 3a00/1eBaHNA cepAeUYHO-COCYANCTOM CUCTEMbI U XKENYLOUHO-KULLIEYHOr0 TPaKTa;

- 00/1€3HM KPOBY M KPOBETBOPHbLIX OPraHoB;

- 00/1€3HM KOXW, HEPBHOW CUCTEMBI;

- 3HAOKPWHHbIe 3a60neBaHna (B TOM Yuce auabert);

- HoBOOGpa3oBaHMA, afineprosbl;

- BPOX[EHHbIE aHOMaNNW Pa3BUTKUS, OC/TOXKHEHUA BePeMEHHOCTU U POLOB.

[unarHocTrka Toro unm UHOro 3aboneBaHns He NpefACTaBNAET Cepbe3HOW npobnemMbl Ans Bpadva. OfHaKO
YCTaHOB/MIEHME NPUYUHHOW CBSA3M BO3HUKHOBEHUS U Pa3BUTUA AaHHOr0 3ab0/neBaHNs - 3ajadva BeCcbMa C0oX-
Has, 0CO6EHHO B YCOBMAX KPYMHbIX FOPOJOB C MHOFONPO(UILHON NPOMbILLIEHHOCTLIO U pPa3BUTLIM aBTO-
TpaHcnopTom [3].

3arpasHaioLLmMe BellecTBa MOryT NOCTynaTb B aTMOC(EPHbI BO3A4YX B pe3ynbTare AesTeNIbHOCTU Npupos-
HbIX U @HTPOMOreHHbIX UCTOYHUKOB, a TaKXe B pe3y/ibTaTe perMoHanbHOro U TpaHCrpaHU4YHoro nepeHoca [4; 5).

[ns OUEHKM CNoXMBLUEACS cUTyauMn U NporHosa obecrneyveHmnst 3KONOrnMyeckon 6e3onacHoOCTM obLecTea
Heob6X0MMO MOCTOSHHO aHaNM3MPOoBaTh MOKAa3aTeNM SKOMOrMUYECKON Harpy3ku 1 nokasaTesin oXpaHbl OKpyXa-
toLLelt cpefbl, KOTOpPble XapakTepu3yrT 3(h(heKTUBHOCTb 3KOOTUYECKOW NONUTUKK [6; 7).

Martepuasibl 1 METOAbI UCCMEeA0BaHUA

OcHoBY nybnuKaLuu cocTaBuau matepuansl ocyfapCcTBEHHOro KafacTpa aTMoc(epHOro Bo3gyxa u cratu-
CTUYeckoro c6opHuka «OxpaHa OKpyXatoLlein cpedbl B Pecny6nuke benapycb» (2014-2018 rr.) [8; 9]. Cratu-
CTUYecKas 06paboTKa faHHbIX MPOBOAUIACE C NOMOLLLI0 nporpammsl Microsoft Excel 2010.

B cTatbe onpefeneHa AuHaMuKa 06bEMOB BbIGPOCOB 3arps3HAOLLMX BeLLecTB B aTMocgepy B Pecnybnvke
Benapycb B LleNOM 1 N0 06/1aCTSM C UCMO/b30BaHWEM MeTOfa HaMMEHbLUMX KBAAPaTOB. Y paBHeHUe NPAMOK nn-
HWUK paccymTaHo No gopmyne:
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YT=a+bx,

rae YT- TeopeTMyecKue YpOBHY psifja 3a KX /AblV Nepuog; a - cpeaHeaputMeTUUecKuii nokasateslb YPoBHS psija;
b - Koath(MLUMEHT perpeccun, NOKasbIBaOLMIA pasninume Mexay TEOPETUUECKMI YPOBHSAMU Psifa 3a CMEXHbIe
nepuoabl; X - BPEMEHHbIE TOUKY, HaTypasibHble YMCNa, MPOCTaB/EHHbIE OT cepeAnHbl (LeHTPa) psaaa B 06a KOHLA.

3HaueHuns a n b paccunTaHbl No dopmyne:
a=
n

roe Xy - cymMma BbIGPOCOB 3a M3y4YaeMblil NepUoj BPEMEHU, M- YKC/O NIET, X - NOPSAKOBbIA HOMEP YNieHa AWHa-
MUYECKOr0 psifja, Y - YPOBEHb BbIGPOCOB.

[ns feTanbHOro M3yyeHUs NpoLeccoB BO BPEMEHW UCMO/b30BaHbl NOKa3aTen JUHaMUYEeCcKoro psaga. Temn
npupocTa (y6binn) o6beMa BbIGPOCOB HAX0ANN MO (hopmyne:
T =YN~YN-1 i0q0/0?
M1
rgeyn- nokasartefb AaHHOMO YPOBHS, y Ml - nokasaTesib 06bema BbIOPOCOB NpefblayLLEro YPOBHS.

MokasaTenb CpeaHero Temna NpMpocTa (CHMKEHUS) MCNOMb30BaH A5 0606LLEeHHOV KONNYECTBEHHOM OLEHKN
TEHAEHL MU AVHAMUYECKOrO psija U paccunTaH no dopmyne:

A bxK
Tep= ); 1009,

rge a v b- nokasatenu nMHeliHOM 3aBUCMMOCTU, UCMONb3YeMbIe MPY BbIPaBHUBAHWM pAja METOLOM HaVMeHbLLINX
kBagpaTos, K = 1(2) npu HeYeTHOM (4eTHOM) YnC/e YPOBHEN psja.
OKCTEHCMBHbIE NOKa3aTeNn - NnoKasaTenun yaenbHOro Beca, JONM, YaCTW COBOKYMHOCTY paccumTaHbl no opmyIne:

. YacTb coBOKYyNnHOCTU (aBneHNa)x100 %
OKCTEHCMBHbIN NMOKa3aTe/ib = W .

Bcs COBOKYMHOCTb (SIBNEHUE)

B cTaTbe nokasaHa CTPYKTypa 06beMOB BbIGPOCOB MO OCHOBHbIM 3arpsA3HAIOLLMM BeLLecTBam, BiAaM 3KOHO-
MUYECKOI 1eATeNbHOCTM 1 No Bugam TpaHcnopTa [10].

Pe3ynbTaTbl UCCNeA0BaHMS U UX 06CYXKaeHWe

AHanun3 n3mMeHeHWA nokasaresneil IKONOrMYECKO Harpy3KuM NO3BONSET CAeNaThb BbIBOJ O HAMETUBLLEVCA TeHAEHLMN
K CHVDKEHUKO HEraTMBHOMO BO3AECTBMA 3KOHOMUKM CTPaHbl Ha OKPY>KatoLLyHo cpefy. Tak, BbIOPOCHI 3arps3HAOLLMX
BELLLeCTB B aTMOCEPHLIA BO3ayXx Benapycu cokpatunucs ¢ 1343,6 Toic. T B 2014 r. fo 1235,3 Tbic. TB 2018 T. (puc. 1).
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Puc. 1. O6bem BbIGpoCcoB B aTMocepy B Pecriybnmke benapycs, ThiC. T

Fig. 1. The volume of air emissions in the Republic of Belarus, thousand tons

O6bem BbIGPOCOB OT BCEX MCTOYHMKOB 3a MCCNeayeMblii nepunof cHusuncs Ha 108,3 Tbic. T. HambGonbLuuii
Temn y6bin oTmevanca B 2015 . 1 COOTBETCTBOBasI 3HaYeHMIO 6,2 %. OTMevanacb TEHAEHUMA K CHUKEHUIO
06beMa BbI6GPOCOB 3arpA3HAIOLLNX BELLECTB B cpefHeM Ha 1,8 % exerofHo.
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B 2018 r. Hambonee 3HauUTeNbHaA JONSA 3arPASHAIOLLMX BeLLeCcTB B aTMoctepy 6biia BbIGpOLLEHA UCTOUHK-
KaMu, Haxogawmummcsa B MUHcKoii 06n. (32,5 %) (puc. 2).

124 %

Puc. 2. Ainarpamma pacnpegeneHns 06bemMoB BbI6pocoB no obnactam (2018 r., B %)

Fig. 2. The diagram of the distribution of emissions by region (2018, in %)

O6beM BbIOPOLLEHHBIX 3arpsA3HAOLWMX BELECTB UCTOYHMKaMK, Haxogawmmucs B Butebekoid m Momens-
CKoii 06n., coctaBun 15,8 n 15,9 % cOOTBETCTBEHHO.

MpoaHann3npoBaHa TeHAeHLMS B U3MEHEHUM 06bEMOB BbIGPOCOB OT BCEX MCTOYHMKOB M0 061acTaM 3a 2014—
2018 rr. (puc. 3).

Puc. 3. inHamyka 06beMOB BbIGPOCOB B aTMOCHePY MO 061aCTAM, ThiC. T

Fig. 3. Dynamics ofair emissions by regions, thousand tons

CneflyeT OTMETUTb, YTO Ha NPOTSXKEHWW BCEro uccnefyemoro nepuoja MuHckasa 06n1. 3aHMMana nuan-
pytoLive nosvuuyu no o6beMy BbIOPOCOB B aTMocepy OT BCEX WCTOYHUKOB. OAHAKO MMEHHO B MUHCKOW
06n. 3a 2014-2018 rr. npon3owio Hambonee BblpaXXeHHOE CHUXeHWe BblibpocoB ¢ 437,5 Toic. T B 2014 T. o
401,5 teic. TB 2018 1. A Ha 8,2 %.

B 2018 r., no cpaBHeHMto ¢ 2017 1, 06bEM BbIGPOCOB 3arpsA3HSIOLLMX BELLLECTB COKpaTuica B FoMenbeKoit (Ha
5,2 Tbic. T unn 4,9 %), MpogHeHckol (Ha 1,5 Tbic. T unn 2,5 %) 1 Morunesckoii (Ha 3,1 Tbic. T unm 6,5 %) obnacTsx.

BbI6pocbl 0T CTauMOHapHbIX MCTOYHUKOB. 3HaUNTENbHbIA BKaj B 3arpsisHeHMe aTMOCEPHOro BO3ayxa
B 2018 r. BHeCnU cTalMoHapHble CTOYHWUKK Monoukoro u Mo3bsIpckoro p-HoB, 06beM BbIGPOCOB B KOTOPbIX CO-
cTasnan 57,8 n 33,7 TbiC. T COOTBETCTBEHHO [9].

B uenom no Pecny6nvke benapycb BblGpOCHI 3arpsA3HAOLWMNX BELLECTB OT CTALMOHAPHbLIX UCTOYHUKOB CO-
KpaTunucb ¢ 462,8 Tbic. T B 2014 1. go 453,3 Tbic. T B 2018 I. unn Ha 2,1 %. Hanbonee 3HaYNTE/bHbIA Temn
CHWKeHNs o6bema BbI6pocoB 0TMeueH B 2016 r., KoTopblii cocTasnan 1,1 % (puc. 4).
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Puc. 4. O6bem BbIGPOCOB B aTMOCHEPY OT CTaLMOHapHbIX MCTOMHMKOB B Pecny6amke Benapych, TbiC. T

Fig. 4. The volume of atmospheric emissions from stationary sources in the Republic of Belarus, thousand tons

B 2018 r. gons okcupa yrnepoga oT BCero 06bema BbI6GPOCOB 3arpA3HAOLLMX BELLECTB cocTaBnsna 17 % (puc. 5).

B nHrpeaneHTOM cocTaBe BbIGpOCOB Npeobnaganu yrnesoaopopl (36,8 %). B oueHb HU3KMX KOHLEHTpaL M-
AX AeliCcTBME YrNeBoAopoL0B MPUBOAUT K (hYHKLMOHaNbHBIM PacCTPONCTBAM HEPBHON CUCTEMbI, HEBPACTEHUN,
BEreTOHeBpO3aM, BCMbIbYMBOCTU N Pa3fpaXUTe/IsHOCTU - BM/OTb A0 CU/IbHOTO TO/TOBOKPYXEHUSA NPU Pesknx
LBWXeHMsX ronosoit [11].

121 % 58 %
36,8 % 17,0 %
JTBepable 10,1 %
H AVOKCUL cepbl 1,3%

-lokeng yrnepofa

W 10KCK] a30Ta

|J okcmng azoTa

U yrnesofopogsl

H HEMETaHOBbIe NeTy4ne OpraHNYeckux coefMHeHUs

Puc. 5. PacnpegeneHne 065eMOB BbIGPOCOB OT CTALMOHAPHbIX UCTOYHWKOB
B Pecny6mke Benapycb N0 OCHOBHbIM 3arpsA3HAOLLAM BelecTBaM, (2018 r., TbiC. T)

Fig. 5. Distribution of emissions from stationary sources in the Republic of Belarus by main pollutants, (2018, thousand tons)

3a NATUNETHWIA NepUof, NCCNeOBaHNUSA CHUXKEHME BbIOPOCOB OT CTALMOHAPHbIX UCTOYHUKOB Habno4anock no
BCEM OCHOBHbIM BeLLEeCcTBaM, 3a UCKIHOYEHWEM YreBOLOPOA0B, NPMYeM Hanbonee 3HaUYUTENIbHOE MO TBEPAbIM
BellecTBam (25,2 %), amokeuay asota (15,6 %) n guokengy cepbl (Ha 17,3 % HaumHasa ¢ 2015 r.) (tabn. 1).

3a2014-2018 rr. 06bem BbIOPOCOB Yr1EBOJOPOAOB B aTMOCHEPHbI BO3AyX yBenuumicsa Ha 11,9 %.

B 2018 r. no cpaBHeHuto ¢ 2017 r. MPOM30LLN0 YMEHbLUEHNE BbIOPOCOB TBepAbIX BewlecTB (Ha 0,9 Thic. T
nnun 3,3 %), amokenga cepbl (Ha 0,6 Thic. T unu 1,3 %), gnokcmaa asota (Ha 3 Thic. T unm 6,1 %), okcnga asota
(Ha 0,1 Thic. T). OTHOCMTENbHO YPOBHS 2017 I. yBEAMUUAUCH BbIGPOCHI OKcuaa yrnepoga (Ha 1,8 ThiC. T), yrneso-
aopopoB (Ha 0,8 TbIC. T), HEMETaHOBbIX NIETYUYMX OPraHNYECKNX coefuHeHul (Ha 1 TbIC. T).

OCHOBHOI 06beM BbIOPOCOB 3arpA3HAIOLLMX BELLECTB CPeAn 0Tpacnieil IKOHOMUKKU Pecny6aukn benapych
B 2018 r. npuwwencsa Ha obpabaTbiBatoLLyH0 NPOMbILWNEHHOCTb - 173,5 Thic. T 1K 38,3 % 0T 06Lero o6bema Bbl-
6poCoB OT CTaLMOHAaPHbLIX UCTOYHUKOB (puC. 6).
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Tabnuya 1
O6bem BbIGPOCOB OT CTaLMOHAPHbLIX UCTOYHMKOB Pecny6ankn Benapycb No 0CHOBHbIM 3ar pA3HSOLWMM BELLECTBaM, ThIC. TOHH

Table 1

The volume of emissions from stationary sources of the Republic of Belarus by major pollutants, thousand tons

Mokasarens 2014 2015 2016 2017 2018
Bcero 462,8 458,3 453,1 453,4 4533
B TOM 4ucne:
TBep/ble BellecTBa 34,9 30,1 27,4 27,0 26,1
AVOKCNA Cepbl 50,3 56,8 53,3 47,6 47,0
okcna yrnepoja 80,9 75,4 73,1 751 76,9
AVOKCNA asoTa 54,3 49,3 50,8 48,8 45,8
oKcup asoTa 6,0 5,7 59 58 5,7
YT 1eBOA0POAbI 149,1 157,7 158,8 166,1 166,9
HemeTaHOBblE 1eTyune opraHmyeckune coeuHeHns 55,5 54,0 54,0 53,8 54,8
npoune 31,7 29,2 29,7 29,2 30,1

U CeNbCKOe, NecHoe U pbiGHOe X03AICTBO

H rOPHOA06bLIBaKOLLAA MPOMbILIMEHHOCTb

M o6pabaTbiBaloLLas NPOMbILLIEHHOCTb

W cHab)XeHune 31eKTPO3Hepruei, rasom, napom, ropsyeii Bogow

H BofoCHabxeHune; c6op, 06paboTka 1 yganeHne 0TX0408

H CTPOUTENbLCTBO

MTpaHCnopTHasA 4eaTeNbHOCTb, CKAaAUpOBaHME, NOYTOBAA U KypbepcKas AeaTeNlbHOCTb
M npoumne BUAbl 3KOHOMUYECKON AeATENbHOCTU

Puc. 6. PacnpefeneHune BbIGPOCOB 3arpsi3HAOLLMX BELLECTB B aTMOCHEPHbIA BO3AYX
OT CTauMOHapHbIX MCTOYHMKOB MO BUAM 3KOHOMUYECKON aesTensHocTy (2018 ., B %)

Fig. 6. Distribution of pollutant emissions into the air from stationary sources by type of economic activity (2018, in %)

B cTpyKType BbIOPOCOB A0NS CeNbCKOr0 X03ACTBa cocTaBmuna - 37,2 %, CHabXXeHue 3/1EKTPOIHEPI e, rasom,
napom, ropsuein Bogowi - 13,7 %, TpaHCMOPTHas U OCTa/bHbIE BU/b! AeATENbHOCTY M0 5,6 1 5,2 % COOTBETCTBEHHO.

BbI6pocbl 0T MOBUAbHBIX UCTOYHMKOB. OCHOBHbLIM BO3AEMCTBMEM Ha OKPYXKAKOLLLYH Cpeay TpaHCnopT-
HbIX CPEACTB, ABASAKWMXCA MOOUABHBIMU UCTOYHUKAMWN BbIGPOCOB, ABMAETCA 3arps3HeHne aTtMochepHOro
BO34yXa TOKCUYHbIMW KOMMNOHEHTaMM 0TpaboTaHHbIX ra3oB TPaHCMOPTHbIX ABUraTenei.
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Bb16pOoChI 3arpA3HAOLLMX BELLECTB MOOW/IbHBIMU UCTOYHUKAMM 3aBUCSAT OT KONMYECTBA TPAHCMOPTHbLIX CPEeACTB;
pacxofa, KayecTBa ¥ XapakTepa TOM/MBa; TEXHOMNOMMYECKOrO COBEPLLEHCTBA M COCTOSHUS TPAHCMOPTHBIX CPELCTB;
CE30HHbIX YCNOBUIA 3KCMIyaTaumm; peXxmMa ABKEHNS aBTOMOOUASA; COCTOSAHNS JOPOXHOI CETU U APYTUX PaKTOPOB.
B aTMocepHbIli BO3AYX TakKe NOCTYNatOT NPOLYKTbI MU3HOCA TPAHCMOPTHBIX CPEACTB M McnapeHus Tonnmea [12].

0A0BOIA BbIXNOM O4HOrO aBTOMO6WAS - 3T0 B cpegHeM 800 Kr okucw yrnepoga, 40 Kr oKUC/MOB a3oTa
n 6onee 200 Kr pasnn4yHbIX YrNeBOAOPOAOB. B aToM Habope OKuUCb yrnepoga Hambonee KoBapHa. JIerkoBoii
aBTomobunb ¢ gsuratenem 50 /1. c. BbibpackiBaeT B aTMoc(epy 60 /1 okcmaa yrnepoga B MuHyTy [13].

PacuyeT 06beMOB BbIGPOCOB OCHOBbLIBAETCA Ha JaHHbIX NO YAe/bHbIM NOKa3aTensiM BblI6POCOB Ha eAuHULY
MCMNOMNb30BAHHOIO TOM/MBA NO 0BOOLEHHbLIM Fpynnam TPaHCMOPTHbIX cpefcTs (6eH3NHOBbIE, AU3eNbHbIe,
aBTOMOOM/IN Ha CXKATOM rase, Ha CKMXEHHOM rase) 1 3KONOTMYeCKUM Knaccam, a Takxe cBefleHusx 06 06b-
emax TOMN/iMBa, U3pacxofoBaHHOro Ha paboTy TpaHcnopTa [14].

O6beM BbIGPOCOB OT MOGMNbHBIX MCTOYHUKOB 3a UCCNEAYEMbIA Nepnod cHU3UICA Ha 98,8 Thic. T (puc. 7).

Hanb6onee 3HaunTeNbHbIA TEMM CHWXKEHUA 06bema Bbl6POCOB 3arpA3HAOLLNX BeLeCcTB OT MOOUIIbHBIX
NCTOYHMKOB Obll 0TMeueH B 2015 I. 1 COOTBETCTBOBAN 3Ha4YeHM0 9,1 %.

CHuxeHne 06bEMOB BbIGPOCOB 06YCNOB/MEHO MOCTEMNeHHbIM BbIBOAOM M3 3KCMayartaluu ycTapesLUnX
TPAHCMOPTHbIX CPeLCTB, a TaKXXe POCTOM aBTOMapKa C yCOBEPLUEHCTBOBAHHbLIMW CUCTEMAMMU N MEXaHU3MaMK
OTBEfEHMNS BbIX/IOMHbIX Fa30B, MCNO/Ib30BaHWEM TMOPUAHBLIX U 3N1eKTpoABUratenein. Tem He MeHee, B CTpaHe
[,0n9 TpaHcnopTa B COBOKYMHbIX BbIGPOCax B aTMOCHEPHbIA BO3A4YX OCTAETCS BbICOKOIA.

B 2018 r. Hanbonbllee KOMUYECTBO 3arpA3HALLMX BeLLeCTB MOCTYMWAO B aTMOCHepHbIA BO34yX OT
MOGUIbHLIX UCTOYHMKOB Ha TeppuTopun MUHCKOR 06n. (22,6 %), r. MuHcka (17,3 %) n bpectckoit obn.
(15,1 %), HaumeHbLlee - B Morunesckoii 061. (9,3 %) (puc. 8).

Puc. 7. O6bem BbIGPOCOB OT MOOU/BbHLIX MCTOYHUKOB B Pecnybninke benapych, TbiC. T

Fig. 7. The volume of emissions from mobile sources in the Republic of Belarus, thousand tons

Morunesckas 06n.
MwuHckas o6n.

. MyHCK
"pogHeHcKas 06.
"omenbcKas 06n.
Butebckas 061
BpecTckas 06.

0 50 100 150 200
O6beM BbIGPOCOB MOGUALHBIMW UCTOYHUKAMMU, ThIC. T

Puc. 8. PacnpefeneHune BbIGPOCOB 3arpsA3HAIOLLMX BELLECTB B aTMOCHEPHbIA BO34YX
OT MOBU/BHBIX MCTOYHMKOB MO 06/1aCTAM U . MUHCKY (2018 1, B ThIC. T)

Fig. 8. Distribution of pollutant emissions into the air from mobile sources by regions and the city of Minsk (2018, in thousand tons)
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B uenom no pecny6nvke B 2018 r. 06bem BbIGPOCOB 3arpA3HAOLLMX BELLECTB B aTMOCHEPHbIA BO3LYX OT MO-
OUNIbHBIX UCTOYHUKOB CHU3WACA Ha 5,2 ThiC. T N0 cpaBHeHUtO ¢ 2017 r. (Tabn. 2).

Tabnuuya 2

[VHamMVKa BbIGPOCOB 3ar PA3HSOLMX BELEeCTB B aTMOCHEPHbIN BO3AYX
0T MO6U/IbHBIX UCTOYHUKOB B Pecny6/ivke Benapyck, TbIC. TOHH

Table 2

Dynamics of pollutant emissions into the air from mobile sources in the Republic of Belarus, thousand tons

rog Bcero Yrnepoga AsoTa Cepbl Yrnesopo- Caxa beHs(a)-
OKCU, anokeng anokeng poabl MUPeH, Kr
2017 787,2 514,0 85,4 0,07 164,0 23,7 612,0
2018 782,0 508,5 85,6 0,1 164,2 23,6 608,5

B 2018 r. no cpaBHeHuto ¢ 2017 r. Hanbonee 3Ha4YMTESIbHO U3 BCEMO MHIPEANEHTHOIO COCTaBa CHU3UUCH Bbl-
6pockl yrnepoga okenga (Ha 5,5 Tbic. T uam 1,1 %) n 6eHs(a)nupenHa (Ha 3,5 Kr nnam 0,6 %).

Mo faHHbIM 2018 r., HaMBOoMbLLNIA BKNAA B 06LLMIA BbIGPOC 3arpsA3HAIOLWUX BeLLEeCcTB 6bl1 BHECEH aBTOMOOW/Ib-
HbIM TpaHcnopToM (71,9 %) (puc. 9).

0.2 %
m Bo3gywHblii
TpaHcnopT

n ABTOTpaHcnopT

m )Kene3HOA0POXHBbI
TpaHcnopT

mpoune MOGUAbHbIE
NCTOYHNKN

Puc. 9. BbI6pochl 3arpA3sHAIOLLMX BELLECTB B aTMOCHEPHBI BO34YyX OT MOGU/BbHBIX UCTOYHWKOB
no Bu1Aam TpaHcnopTa B Pecny6nuke Benapyck (2018 r., B %)

Fig. 9. Emissions of pollutants into the air from mobile sources by mode of transport in the Republic of Belarus (2018, in %)

Ha [0/110 »Kene3HOo40P0XKHOI0 M BO3A4YLIHOro TpaHcnopTa npuwiock no 5,3 n 0,2 % cOOTBETCTBEHHO.

OTHocuTenbHO ypoBHA 2017 1. B 2018 r. BLIGPOCHI OT aBTOTPAHCMNOPTa CHU3WUAWCL Ha 1,4 Thic. T unu 0,2 %.
OfHaKo BbIOPOCHI 3arpA3HAIOLLMX BELLECTB OT BO3AYLUHOMO U XKe/Ie3HOA0POXHOI0 TPAHCMOpPTa HaNpoTHB YBENN-
ymnmcb Ha 0,3 Tbic. T 1 1,5 ThbIC. T COOTBETCTBEHHO.

3aKnyeHmne

TakuMm 06pa3om, ycTaHoBMeHO, 4To ¢ 2014 no 2018 r. B Pecny6nuke benapycb 0OTMEUYEHO CHUKEHMWE Bbl-
6pOoCOB 3arpsA3HAILLINX BeLLecTB B aTMocepy Ha 8,1 %, npu 3TOM OT CTaLMOHaPHbLIX Y MOBU/bHLIX UCTOY-
HUKOB Ha 2,1 n 11,2 % COOTBETCTBEHHO.

B 2018 r. Hanbonee 3HauMTeIbHAs [0MA BbIGPOCOB 3arpA3HAOLWMX BeLWecTB B aTMocdepy 6blna BbI6PO-
LLUeHa NCTOYHMKaMU MUHCKoW o6n. (32,5 %).

CTauMoHapHbIMX MCTOYHMKAMW 06pabaTbiBatOLLIE NPOMbILLINEHHOCTM B 2018 I. 6biN BbIGPOLIEH HANMBOMbLIMM
06bEeM 3arpA3HAOLLMX BelLLecTB B aTMocdepy (38,3 % oT 06Lero 06bema BbIGPOCOB OT CTaLMOHAPHbIX UCTOYHUKOB).
ABTOMOOMbHBI TPAHCMOPT BHOCUT HanOO0bLLWIA BKNAA B 0OLLMIA BbIGPOC 3arpsAsHAOLWMX BellecTs (71,9 %).

HecmoTps Ha HAMeTUBLUYIOCS MONOXMUTENbHYIO TEHAEHLMIO CHKEHNSA 06bEMOB BbIGPOCOB B aTtMocdepy,
HeobxoAMMa fanbHeillas MogepHM3aLns aBTOMOOMNLHOIO napka, Nonynspusayms ABUXEHWUS Ha Benocu-
nejax v BHeApeHue anekTpoTpaHcnopTa. CHUXeHWe BblOPOCOB 3arpA3HAOLWMX BELLECTB OT CTalMOHApHbIX
MCTOYHMKOB BO3MOXHO 3a CYET UX MOJepHU3auun. [ns aToro NnoTpedytoTcs MHHOBALMOHHbIE MPOEKTHbIE peLle-
HUSA 1 BPEMS Ha UX peain3auuio.
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MoCKONbKY aHTPONOreHHOe 3arpsisHeHNe OKpYXKatoLLLel Cpefibl OKa3biBaeT BbIPAXKEHHOE BO3AelCTBME Ha (op-
MMpOBaHWe NONY/ALMOHHOIO 340P0BbS HaCeNeHWs, TO MPUHATME Mep, HanpaBAeHHbIX Ha COKpaLleHne 3arpsasHe-
HWS BO3LyXa, CTaHYT 6eCrnponrpbILLHON CTpaTervein B OTHOLLIEHUN OXPaHbl 340POBbSA KakK B KPATKOCPOYHOM, Tak
1 B LONITOCPOYHOI NepcneKkTuBe.
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BNNAHWNE CESOHHOI'O BbE3AA N NMPOE3AA ABTOMOBW/TbHOTO
TPAHCIOPTA HA KAYHECTBO BO3[YXA B W YHNHCKO-BOPOBCKOW
KYPOPTHOW 30HE PECMYBNNKN KASAXCTAH

6. C. MAMKAHOBL, /1. T AYTE/IEEBA1

XKaszaxckuil arpoTexHnyecknin yHusepcuTeT nmenn C. Ceiichynnuna,
np. XXeHunc, 62, 010001, r. Hyp-CynTaH, KaszaxcTaH

AHann3 cesoHHOro Bbesga M Npoesfa aBTOTPAHCMOPTHbLIX CPEACTB M U3MEPEHME KAaYeCTBEHHbIX MokKasaTtesiel aTMoc-
thepHOro Bo3gyxa NPOBOAM/N HA YeTbIpeX KOHTPO/IbHO-NPONYCKHbIX NYHKTax U Ha nonsiHe Abblnali-xaHa B LLLy4nHcko-Bo-
POBCKOW KYpPOPTHOI 30He B TeYeHMe TpexX NepnofoB (X0N04HbIN, MepexoAHON’, Tenbli). Y CTaHOBMEHO, YTO KOIMYECTBO aB-
TOTpaHCcnopTa B X0/I04HbI, NepexoAHbl U TeNNbliA Nepuoj COOTHOCATCA, Kak 3204:2480:993. lNMokasaTenun cTaHAapTHOIO
nHaekca (2,14) n HanbonbLelh noBTopsiemocTu (16,6 %) Tennoro Nnepnoaa xapakTepunsyeT BbICOKUIA YPOBEHb 3arps3HeHns
AnoKcuaom cepbl. CpeaHAs KOHUeHTpaumsa SO2Ha KOHTPOIbHO-NPonycKHOM NyHKTe N° 4 npesbiwaet 2 MAK n cocTtaBnseT
1,070+0,03 mr/m3

Kniouesble cnosa: LLLyunHcko-BopoBckas KypopTHasi 30Ha (LLLEK3); aTMochepHbIii BO3AYX; aBTOTPAHCNOPTHOE CPEACTBO;
LOMOKCUT cepbl.

THE EFFECT OF SEASONAL ACCESS AND PASSAGE OF MOTOR
VEHICLE ON THE AIR QUALITYIN THE SHCHUCHINSKO-BOROVSKYA
ZONE OF THE REPUBLIC OF KAZAKHSTAN

B.S. MAIKANOVaL. TAUTELEEVA3

&Kazakh Agro Technical University named after S. Seifullin
62, ZhenisAvenue, Nur-Sultan 010001, Kazakhstan

The analysis of the seasonal access and passage of vehicles and measurement of atmospheric air quality were carried
out at four checkpoints and Abylai- khan Meadow in the Shchuchinsko-Borovskoy resort zone within three periods (cold,
transitional, warm). It was found that the number of vehicles increases in the warm period (3204: 2480: 993) than in the
transitional and cold periods. The standard index (2.14) and the highest repeatability (16.6%) of the warm period are
characterized by a high level of sulfur dioxide pollution. The average concentration of SO2 at checkpoint No. 4 exceeds
2 MAC and amounts to 1.070 + 0.03 mg/ m3.

Keywords: Shchuchinsko-Borovskoy resort zone (ShchBRZ); atmospheric air; motor vehicle; sulfur dioxide.
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BBegeHue

Mo cTaTUCTUKe YUeHbIX, B HacTosulee BpeMsi 91% MMUPOBOro HaceneHWs MPOXMBAeT B paiioHax, rae ypo-
BeHb 3arps3HeHWs MNpeBbIWAeT 3HayeHWs, YCTaHOB/IeHHble B PekomeHpauuax BO3 no KayecTBy BO3gyxa.
Mo oueHkam BO3, B 2016 T. okono 58 % cny4vaeB NpeXKaeBpeEMEHHON CMePTW, CBA3aHHOW C 3arpsis3HEHNEM aTMOC-
(hepHOro BO34yxa, MPOM3OLLUMN B pesy/ibTaTe MLLIEMUYECKOW B0Ne3HM cepaua n MHcynbTa, 18 % - B pesynbTaTe
XPOHUYECKON 06CTPYKTUBHOI 6OME3HM NETKUX UAN OCTPbIX MHPEKLMIA HYKHUX AbIXaTeNbHbIX MyTeid n 6 % -
B pe3y/ibTaTe paka nerkux [1].

CHWXeHMe pucKa BbliKMAbILLIEN BKOYEHO B Lienn ycToitumsoro passutusa (LLYP) OpraHusauumn O6beanHeH-
HbIX Hauwmiti. OgHaKo mMano 4To M3BECTHO O TOM, KaK CaMOMpPOM3BONbHbIA abopT B nepBoM TpumecTpe (MADT)
CBA3aH C 3arpsasHeHnem Bo3gyxa. o pesynbTaTam UCCnefoBaHWii KUTANCKUX YYeHbIX OnpefeneHa KoNn4ecTBeH-
Has CBAI3b MeXAy BO3AENCTBMEM 3arpsisHeHNs BO3ayxa U BbikuAablwamu. 3a nepuog 2009 no 2017 rr. 6binun npo-
aHanun3npoBaHbl CBeAeHNA 0 255 668 6epeMeHHbIX XeHLWUHax. MofyYeHHble JaHHble CBUAETENLCTBYIOT O CBSI3M
MeXay BbIKMAbILLAMV 1 601e3HAMU MaTepu C 3arps3HeHneM atmocgepHoro Bo3gyxa (PM2.5, SO2, 03 n CO) [2].

MeXayHapOoHbIA TYp13M 0Ka3bIBAET B/INSHNE HA NOMINTUYECKME, SKOHOMUYECKMNE W KY/bTYPHbIE CBA3U MEX-
[y rocypnapcteamu. Mo pesynbTatam uccriefoBaHuii XypHana «Tourism Management Perspectives» ycTaHoBne-
HO, YTO 3arpsA3HeHNe BO3AyxXa COKpallaeT Bbe3aHO Typu3Mm. Vicnonb3ys gaHHble Google Trends, nccnefosatenm
M3MEPMIN ONaceHns Mo noBofjy 3arpsasHeHus ana Kutas. PacTyllee 6eCnOKOACTBO MO NOBOAY 3arpsi3sHeHUs MO-
XKET HaHeCTun ywepb TypncTUYecKOMy CeKTOPY B 3KOHOMMKeE [3].

B HacTosLlee BpeMsi OTHOLWeHMEe Poccumn n KasaxctaHa OCHOBaHO Ha B3aMMHOM [0BEPUM U TECHOM COTPYA-
HuuecTBe. TYpUCTCKas MHAYCTPMS OCTAeTCA O4HUM U3 BbICOKOAOXOAHbIX M BbICTPO pa3BMBAtOLLUXCA OTpachel
MeXayHapoaHoii Toproenu. OCO6EHHOCTbIO Ka3axCTaHCKMX KYpOpPTOB, MPeXAe BCEro SBAAKTCA MX nevebHble
ceoiicTBa. O4HUM M3 NEPCMEKTUBHBIX HanpasfeHWi Typusma B KasaxcTaH A/ pOCCMACKUX TYPUCTOB CTan KypopT
Boposoe. BMecTe ¢ TeM OCHOBHbIMU LiefIIMU TaKOro COTPYHUYECTBA ABNAIOTCA: 1) NCNOMb30BaHNE TYPUCTCKUX
CBA3eN ANA YKPENJeHUs B3auMOMOHMMAaHWS 1 JOBEPUS MEXAY CTpaHaMu; 2) UCMOMb30BaHWe Typu3Ma A5 pas-
BUTUA B3aMMOBbITOHbIX 3KOHOMUYECKMX, TOPTrOBbIX OTHOLLEHWIA; 3) pacLUMpeHune CBA3el U KOHTAKTOB MO SIMHWM
HaY4YHO-TEXHUYECKMX N KYNbTYPHbIX OpPraHu3aunii U oTAeNbHbIX TMYHOCTER; 4) co3aaHne B yKasaHHbIX Liensx
Ha B3aMMHO OCHOBE Hambosee 61aronpUATHLIX YCI0BUIA 418 TYPUCTCKOr0 06MeHa MeX Ay 3aMHTEPecOBaHHbLIMM
CTpaHaMu, OpraHv3aLns TEXHUYECKOro COTpyAHMYECTBa MyTeM 06MeHa TYpPUCTCKOW nHdopmaLueli, BbipaboTKu
06LLMX CTaHAAPTOB M TEXHONIOTUIA 06CNYXXMBAHUA TYPUCTOB, YNPOLLIEHNE TYPUCTCKMX hopManbHocTei [4].

B LLLy4nHCKo-B0pOBCKYO KYPOPTHYIO 30HY Mpue3atoT Nan co Bceid Poccun n ctpaH CHI, 4yTo6bl Hacna-
OUTLCS M3YMUTEIbHOM NPMPOAOIA M NONpaBnTh 340p0Bbe. CaHATOPUM CMEeLManM3npyoTes Ha ieueHnn 3abone-
BaHWA OpraHoB AblXaHusi, CepAeYHO-COCYANCTOM CUCTEMbI, OMOPHO-ABUIaTEILHOrO anmnapara v Xeayg04HO-Ku-
LUeYHOro TpakTa [5].

LLLyunHcKo-BopoBcKas KypopTHas 30Ha pacrnonoXeHa Ha TeppuTopun bypabaiickoro paiioHa AKMOMHCKOW
obnactn Pecnybnnkun KasaxctaH. O6was nnowagb coctaBnseT 159 932 rektapos. B reorpagmyeckoM OTHOLUe-
HWK - 3TO KOJ/bLIEBas CTPYKTYpa OCTPOBHOIO TUMA, MPeACTaBnsatoLwWwas coboin 0asmc, OKPYXXeHHbIR NpoCTpaHCcTBa-
MW CTenei. YHNKasbHOe COUYeTaHMe COCHOBbLIX 1ECOB C KPYMHbIMU 03epamy 06ecrneynBaeT He TOMbKO BbICOKYH)
3CTETUYECKYHO LLeHHOCTb faHfwagTa, HO U 60raThlii pekpeaLMoHHbIA, 6anibHe0N0rMyeckuii NoTeHUMan Teppu-
Topuu [6].

B cooTBeTCTBUM C N1aHOM pa3BnTmMs LLLy4nMHCKo-B0poBCKOiA KypOopTHOI 30HbI Ha 2017-2020 rr., nnaHupyeTcs
YBENNUYNUTL KOMMYECTBO TYPUCTOB KyPOPTHOI 30HbI A0 2 MJIH Yenl. B rog [7]. PocT aBTOMOGUILHOIO TpaHcnopTa
NPUBOAMUT K BO3HWKHOBEHMIO 3KOMOTMYECKNX NPO6MEM, CBA3aHHbLIX C OXPaHOM OKpY>XatoLleli cpedbl. Heratume-
Hble NOCNeACTBUA 3arpA3HEHUA aTMOCKEPbI BbIX/OMHbLIMU Fa3aMU BbIPAXAKOTCHA B YXYALLEHWUN 3L0POBbS Yeno-
BEKa, a TaK)Xe B MOPaKeHWW NOCEBOB, MPMPOLHON PacTUTENLHOCTM, B YCUIEHUI KOPPO3UU METANIINUYECKNX KOH-
CTPYKUWiA, paspyLUeHnI 30aHNI 1 COOPYXXeHWA. KonnyecTBeHHas OLeHKa BAUAHUS aBTOTPAaHCMOPTHLIX CPeaCcTB
(ATC) Ha okpyxatoLyto cpefly Heobxoanma ans onpegeneHns 3HauMMoCTy OTAe/bHbIX (DAKTOPOB, BbISIBMEHWS
COOTBETCTBYHOLLMX 3aKOHOMEPHOCTEN 1 pa3paboTKM 3PPEKTUBHBIX MEXAHU3MOB YMpaB/eHNUs NPUPOLOOXPaHHON
[esATeNbHOCTLIO B ropoge [8].

C yBeNNYEHNEM WHTEHCUBHOCTU JBUXKEHUA aBTOTPAHCMOPTHbLIX MOTOKOB MaKCUMaslbHbIe MPU3EMHbIE KOH-
LleHTpauun Bo3pacTatoT. C YMeHbLUIEHMEM CKOPOCTU ABMXeHMa ATC ¢ 60 Ao 5 KM/Yac Ha NMHEIHbIX y4YacTKax
aBTOMarucTpaneil KOHLEHTpaLum oKcraa yrnepoga ysenmumsatotcs B 1,5-8 pas, KOHLEHTpauuy OKCMaoB asoTa
yMeHbluatoTea B 1,1-1,6 pasa [9].

BbI6pochl aBTOMOBOUILHOIO TPAHCMOPTa OTHOCATCA K BbIOPOCAM MepesBudKHbIX UCTOUHUKOB Y ONpeaenstoTcs
BbIGpOCaMu 3arpsA3HAIOLLMX BELLECTB aBTOTPAHCMOPTHLIX CPEACTB BO BPEMS MX TPAHCMOPTHOM paboTsl. McTou-
HWUKOM Bbl€/1IEHNS BPeLHbIX BELLLECTB aBTOTPAHCMOPTHOIO CPeACTBA ABNAETCSA YCTAHOB/IEHHbIN Ha HEM ABUraTefb
BHYTPEHHEr0 cropaHus. 3-3a oTCyTCTBUA HAZNexXallnx MeTOAMK B nocnegHue rofpl B KasaxctaHe He npous-
BOAATCA pacyeTbl BbIGPOCOB aBTOTPAHCNOPTA U B EXErofHbIX CBOAHbLIX O0TYeTax AreHTCTBa No cratuctke PK
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¢ 2005 T. OTCYTCTBYHOT [jaHHble M0 BbIGPOCAM 3arpsA3HSIOLLMX BELLECTB 1 MapHWKOBbIX ra30B OT aBTOTPAHCMOPT-
HbIX CPEACTB U NepeaBuXHbIX UCTOYHMKOB [10]. Lienb Hallero UCCcnefoBaHUs - M3y4YeHue BAUSIHWAS CE30HHOTO
Bbe3/a W Npoe3fa aBTOTPaHCNopTa Ha NoKasaTenn KauecTsa Bo3Ayxa B LLLyUMHCKO-B0pOBCKOVi KypopTHOIA 30He.

Matepuasibl 1 METOAbI UCCef0BaHUA

MofcyeT Ce30HHOro Bbe3fa M npoesja aBTOMOOWUILHOIO TPaHCMNOpTa MO KypPOPTHOM 30He Obl1 Npou3BeseH
Ha YeTblpex KOHTPONbHO-MponyckHbixX noctax: KMM N 1- nocenok Akbinbait, KMM N 2 - nocenok bypa6ai;
KIMM N 3 - caHatopuii XXeke6aTblp, KMIM N 4 - PYL, «bangaypeH» 1 Ha nonsiHe A6blnaii-xaHa. CTOMMOCTb
Bbe3fda cocTaBnsieT 241 TeHre ¢ OAHOrO 4YenoBeka. Buaeodmkcaymsa n peructpaumns asTomobunelii He NPon3Bo-
amntea Ha KIMMN. Wiccnegosanms npoeogmnv B 2019 . B Tpy neprofa (X0N0AHbINA, NepexofHOM 1 Tennblin). PacueT
CYMMapHOro Bbibpoca BpeHbIX BELLECTB NPOBOAMN MO METOAMKe «PacyeT BbIGPOCOB BPeAHbIX BELLECTB B OTpa-
60TaBLUMX ra3ax aBTOMOOUNLHBIX ABUraTeneii» [11]. OT6op Npo6 Bo3LyXa Ha KOHTPOIbLHO-NPOMYCKHbIX MYHKTax
MPOBOAMN B TPeX B MOBTOPEHUAX C MHTEPBa/IOM 20 MWH, C YYETOM BI2XKHOCTU 1 CKOPOCTM BETPA OKpYXKatoLLeld
cpeabl. OT60p Npob 1 MccnenoBaHUa 06pa3LOB aTMOCHepHOro BO3ayxa MPOBOAMIM COrfacHO MeToauke [12].
Bcero 6bi10 oTo6paHo 160 npob Bo3ayxa.

PesynbTaTbl UCCMEN0BaHMS U UX 06CYXKaeHVe

3a X0n04HbIA NepuoA BCero 3aukcnpoaHo 993 BbexaBLUMX aBTOMALLWH, U3 HUX NIerkoBble - 934, aBTobYChI,
MUHMBEHBI - 30 1 FPY30BOI aBTOTpPaHCNopT - 29. B 6yaHuM Bcero 3aexano 284 aBTOMALUMWHbI, U3 HUX NIErKOBbIE -
268, aBTOOYCbl, MUHMBEHbI - 6; rPYy30BOi aBTOTpaHCNopT - 10; B NpasfHUYHbIE AHW BCero 454, U3 HUX ferko-
Bble - 437, aBTOOYCbl, MUHUBEHLI - 13 1 rPy30BOI aBTOTPAHCMNOPT - 4; B BbIXOAHbIE HW BCEr0 aBTOMALLVH - 463
13 HUX NerkoBsble - 437, aBTOBYCbl, MUHMBEHLI - 11 1 rpy30Boi aBTOTpaHcnopT - 15 (Tabn. 1).

Tabnuuya 1
KonunyecTBo aBTOTPaHCMNOPTHbIX CPEACTB, BbeXaBLUMX B UCCMefyeMble MEPUOAbI 3a CYTKU
Table 1
Number of vehicles that entered the study periods per day
Bwupg asTo BbyaHu BbIxogHble Mpa3gHnkun Bcero Mepuoabl
JlerkoBble 268 437 229 934 XONOAHbI
574 1003 736 2313 nepexofHoi
611 801 1452 2864 Tennklii
Bcero 1453 2241 2417 6111
ABTO6YCbI 6 1 13 30 XONOAHbI
8 45 38 91 nepexoaHoi
67 66 97 230 Tennbli
Bcero 81 122 148 351
py3oBble 10 15 4 29 XONOAHbI
30 50 54 137 nepexoaHoi
50 25 35 110 Tennbli
Bcero 90 90 96 276
1624 2455 2661

3a nepexo/HbIil nepnog BCero 3atmkcnpoBaHo 2480 BbexaBLUMX aBTOMaLUWMH, U3 HUX NerkoBble - 2313 aB-
TOOYCbl, MUHMBEHBbI - 30 1 TPY30BOI aBTOTPaHCMOPT - 29. B 6yaHM BCero 3aexano 612 aBTOMaLUWH, M3 HUX
NerkoBble - 574, aBTOOYCbl, MMHUBEHbI - 8; rpy30BOi aBTOTPaHCNOPT - 30; B Npa3gHWYHbIE AHW Bcero 828, u3
HUX NerkoBble - 736, aBTOOYCbI, MMHMBEHbI - 38 1 IPy30BOI aBTOTPAHCNOPT - 54; B BbIXOAHbIE [AHW BCErO aB-
TOMalKMH - 1098, 13 HMX nerkoeble - 1003, aBTOOYCbI, MUHUBEHbI - 45 K TPy30BOM aBTOTpaHCMopT - 50. Kak
cnefyeT 3 Tabn. 1, 3a TennbliA nepuog, Bcero 3aukcupoBaHo 3204 BbexaBLUMX aBTOMALUMH, U3 HWX JIErKOBbIE -
2864, aBTOOYCbl, MUHUBEHBI - 230 1 rpy30B0oi aBTOTpaHCMopT - 110. B 6yaHMe Bcero 3aexano 728 aBTOMalUVH,
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13 HUX Nerkosble - 611, aBTO6YChI, MUHUBEHLI - 67; rpy30BOM aBTOTPaHCNOPT - 50; B BbIXOAHbIE BCero 892, us
HUX nerkoBble - 801, aBTOOYCbl, MUHWBEHbLI - 66 U rPY30BOI aBTOTPaHCMOPT - 25. MNoAcyeT aBTOTPaHCNOPTHbIX
cpencts 6bIn caenaH AN onpegeneHns CyMmMapHOro Bbibpoca rasos (1absn. 2).

Tabnuua 2
CyMMapHbIil BbIGPOC ra3oB aBTOMALLIMH 3a UCCNeAyeMble NePUOAbI
Table 2
Total emission of vehicle gases during the study periods
Kateropun ATC CO, (1) CH, (1) NO, (1) SO2, (1)
XO0N0AHbIA
Nlerkosow 2,85 0,18 0,0004 0,0004
ABTOGYCHI 0,01 0,0028 0,01 0,002
py3oBoii 0,007 0,003 0,0002 0,005
Bcero 2,867 0,517 0,0124 0,014
nepexofHoin
JlerkoBow 5,73 0,49 1,79 0,0013
ABTOGYCHI 0,0035 0,011 0,33 0,0045
py3oBoii 0,0027 0,016 0,06 0,0013
Bcero 573 0,616 2,18 0,0071
Tennbli

Jlerkosow 1,31 0,3 0,45 0,01
ABTO6YCHI 0,063 0,02 0,08 0,02
py3oBoii 0,029 0,02 0,07 0,01
Bcero 1,402 0,07 0,6 0,04

Bcero 3a xonofHbIi Neprog cyMMapHbIii BbIGPOC ra3oB coCTaBnseT: okeug yrnepoga (CO) - 2,867 T; yrneso-
fopoga (CH) - 0,517 T; okemg asota (NO) - 0,0124; auokemg cepbl (SO2- 0,014 T

3a nepexogHoi nepuod: okeug yrnepoga (CO) - 0,029 T; yrnesogopoga (CH) - 0,07 T; okcmg asota (NO) -
2,18; anokeug cepbl (SO2- 0,0071 .

3a Tennblii nepuod: okeug yrnepoga (CO) - 5,73 1; yrnesogopoga (CH) - 0,616 T; okcug asota (NO) - 0,6;
anokeung cepbl (SO2- 0,04 7.

MoacyeT npoe3fa aBTOMOOWUNLHOIO TpaHCNopTa HaMu 6bla NPOBEAEH B TEM/bIA NEpUoj Ha TEPPUTOPUN NO-
NsaHbl Abblnait-xaHa. Bcero 3a cyTku npoexano 2831 aBTOMalUWH, U3 HUX ferkosble - 2511, aBTOGYChI, MU-
HVBeHbI - 220 ¥ rpy3oBoil aBToTpaHcnopT - 100. Ha nonsiHy A6blinaii-xaHa 60/bLUe BCEro Npoe3atoT aBTo-
TpaHCropTa B BbIXOAHbIE, YeM B 6yHW. OCHOBHas Harpyska et Ha SIerKOBOI TPaHCMOPT, 3aTeM Ha aBTOGYChl
N MUHWBEHBI.

CyMMapHbIi BbIOPOC ra3oB aBTOMALUWH coCTaBun: okeug yrnepoga (CO) - nerkosble aBToMo6MAMN 2 1 3 Ka-
Teropuu - 1,21 T, aBT06YCbl, MUHMBEHbLI - 0,063 T, rpy3osble AT - 0,029 T1; yrnesogopoga (CH) - nerkoBble
aBToMo6unun 2 1 3 kateropuu - 0,3 T, aBTO6YCbI U MUHUBEHBI - 0,02 T, rpy30B0IA aBTOTpaHcnopT - 0,02 T.; okeug
azota (NO) - nerkoBble aBTOM06MAM 2 1 3 Kateropun - 0,45 T, aBTO6YCbl U MUHUBEHBI - 0,08 T, rpy30B0Ii aBTO-
TpaHcnopT - 0,07 T; gnokeng cepbl (SOQ- nerkosble aBToMO6MAM 2 1 3 Kateropmm - 0,01 T, aBTOBYCbl 1 MUHUBE-
Hbl - 0,02 T, rpy3oBoit aBToTpaHcnopt - 0,01 T (Tabn. 3).

WcenepoBaHua aTMocdepHoro Bo3ayxa B LLLyunHCKo-5E0poBCKOI KypopTHOI 30HE, NMPOBEAEHHbIE B XONOAHbI
1 NepexoHble Nepuoibl NoKasaan, YTo KOHLEHTPaL WS BPeAHbIX BELLECTB HAXOAWUTCA B npefenax HopMbl. OfHa-
KO YCTaHOB/eHbI CNefloBble KOMMYeCTBa Mokasatesnell Ha BCeX KOHTPO/IbHO-NPOMYCKHbLIX MYHKTOB U Ha MOJsHe
Abblnaii-xaHa.

Moka3saTenu BpefHbIX BELLECTB B TEMN/IOM MEPUOLE HAXOAATCA B Npefenax HOPMbI 33 UCKIIOYEHNEM AMOKCHUAA
cepbl, KOHLEHTpaunsa aaHHoro Belectsa npesblwaeT MAK B 2 pasa Ha KM N 4 - 1,070+0,03mr/m3. Anokeng
cepbl BbICOKOTOKCUYHOE BELLLECTBO, OTHOCALLEecs K TPEThEMY K1acCy OnacHOCTU.
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Tabnunuya 3
KoHUeHTpaunsa BpefHbIX BELLECTB B aTMOChepHOM Bo3ayxe (Tensblil nepuog)
Table 3
Concentration of harmful substances in atmospheric air (warm period)

N HanmeHoBaHue KMANN 1 KMMN 2 KMAMN 3 KMMN 4 n. Abblnanx
1 Avokcupyrnepofja 1070+0,01 936+0,04 1040+0,01 2200+0,02 1000+£0,02
2 CepoBopgopos 0,0012+0,02 0,002+0,05 0,0013+0,01 0,0014+0,04 0,0014+0,05
3 [Owvokcup asota 0,0014+0,01 0,002+0,03 0,002+0,02 0,0014+0,02 0,0014+0,02
4  [nokcup cepbl 0,0014+0,03 0,002+0,02 0,003+0,04 1,070+0,03 0,0014+0,04
5 CsuHel 0 0 0 0 0
6 PTyTbh 0 0 0 0 0
7  AmMMunak 0,001+0,03 0,001+0,04 0 0,001+0,02 0,001+0,02
8 Caxa 0,013+0,01 0,013+0,02 0,014+0,02 0,01+0,03 0,01+0,03
9 Mbinb LeMeHTHad 0,002+0,01 0,013+0,01 0,013+0,001 0,01+0,001 0,01+0,05

Kak cnesyet u3 Tabs. 3 B Ten/ibliA NepMoj Ha KOHTPOSIbHO-NPOMYCKHOM NyHKTe N 4 NOBbILLEHHbIN YPOBEHb
3arpasHeHms.

MokasaTesb CTaHLAPTHOr0 MHAEKCA N0 AMOKCUAY cepbl Obia paBHbIM 2,14 1 HanbonbLLAsS NOBTOPAEMOCTb CO-
cTaBuna 16,6 % (tabn. 4).

Tabnuua 4
Mokasatenu CW 1 HIT BO Bcex uccnegyemsbix rnepuogax
Table 4
Sl and NP indicators in all study periods
N HanmeHoBaHue KMNN 1 KMAMN 2 KMMNN 3 KMMN 4 n. Abblnanx
XONOAHbI
1 cun 0,19 0,12 0,2 0,21 0,16
2 HM,% 0 0 0 0 0
nepexoaHo
1 cun 0,16 0,12 0,12 0,12 0,12
2 HM,% 0 0 0 0 0
Tennblii
1 (637 - - - 2,14 0,12
2 HM,% 0 0 0 16,6 0

PoCT ypoBHS 3arpsisHeHns atMocdepbl NPOUCXOAWT, MO BCEA BUAMMOCTM, BCIEACTBME YBEIMYEHUS KONMNYe-
CTBa aBTOMOOW/IEN, CKUTaHWS UMW TOMKUBA, & TAKXKe OTCYTCTBUSA HA aBTOMOBUIAX COBPEMEHHbLIX CPEACTB CHU-
XeHus BblIbpocoB. KypopTHble 30HbI U MecTa Typu3Ma He SBMSKOTCA UCK/IHOYEHUEM, 3TO NOATBEPXKAAETCA HalIK-
MW UCCNeO0BaHNAMMU.

TakumM 06pa3omM, 0606LLas NONYYEHHbIE JaHHbIe, MOXHO CKa3aTb, YTO KONMYECTBO aBTOTPaHCNopTa Bo3pacTa-
eT B Tennblii nepunof (3204:2480:993), uem B NePEXOHbIA 1 XONOAHbIA. Bonblle BCEro N0 KOMYECTBY BLEDKAET
NErKoBOI TPaHCMOPT, 3aTeM aBTOOYChI M MUHVBEHbI M HA TPETLEM MECTe Py30Bble aBTOMALUMHbI, YTO COCTaB/AET
(6111:351:273). KonnuecTBo aBTOMOGU/IEN BO BCE MEPMO/bl BO3PACTAET B MPa3AHNYHbIE AHW, YEM B BbIXOAHbIE
n 6yaHn (2661:2455:1445). CymmapHbIii BbIGPOC ra3oB aBTOMALLIMH 3a BCE NMEepUOAbl COCTaBMAET: OKCUf yrie-
poga (CO) - 8,77 1; yrnesogopoga (CH) - 0,39 T; okeug asota (NO) - 2,8 1; gmokeng cepbl (SO- 0,16 T. AB-
TOMOOW/bHbIV TPAHCMOPT Hambosiee arpeccBeH B CPaBHEHWM C APYTMMU BUAAMU TPaHCNOPTa N0 OTHOLUEHUIO
K OKpyXatoLLein cpefie. OH ABNSIETCS MOLLHBIM UCTOYHUKOM €€ XMMMUYECKOTro (MOCTaBASET B OKPYXatOLLYHO cpesy
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rpoMajHoe KO/IMYECTBO ALOBUTBLIX BELLECTB), LUYMOBOrO M MEXaHWUYECKOro 3arpsasHeHus. ViccnegosaHus, npo-
BefleHHble B pa3HbIX CTPaHax, NoKasaiu, 4To Npu ANNTENIbHOM BO3ZAENCTBUM 3arpsi3HEHHOMO FOPOACKOro BO34yXa
y OeTeil cHwXKaeTcs o6LLee pasBUTME M HapyLlaeTCs (PYHKUMS NErKuX, a KeHLMHbI POXatoT AeTe C HU3KUM
BECOM U C gedekTamu passutus [11].

B Tennblil nepunog B KOHTPONbHO-MPONYCKHOM MyHKTe N 4 Obln yCTaHOB/IEH NOBbILEHHbIN YPOBEHb 3arps3-
HeHus. [okasaTenu cTaH4apTHOro uHaekca (2,14) n Hanbonblueil nosTopsemoctyn (16,6 %). KoHueHTpaums gu-
OKcufa cepbl, Npe.BbIWaeT HopMy B 2 pa3a Ha KMIM N 4 - 1,070+0,03 mr/m3. Hanpumep, B nccnefoBaHnax
XK. BonorkuHa, C. A. HoBukosa, ®. M. FCbKO Ha TEPPUTOPUM TYPUCTCKO-PEKPeaLMOHHON 30HbI NOGepeXbs
03. balikan ycTaHOB/IEHO MpeBbILIEHNE AMOKCUAA cepbl B 15 pas3a OT BCex 06C/MefoBaHUI C YYeTOM 3UMHEro
1 NeTHero nepruofoB. HaumeHbLNiA BbIGPOC AnoKcuAaa cepbl 6b11 BbisBneH 17.01.2015 (14:00-14:20) - 0,60 10-
3r1/c, uTo B 2 pasa MeHbLUEe CPeAHEN BENNUMHbI 3a BCE 3UMHME HabMo4eHMs. YBeIMYeHNe aHHOro nokasarens
B NETHWIA MEpMoA CBA3aHO C POCTOM MOTOKa /IerkoBoro aBTtoTpaHcnopTa [13]. Yenosek yyBcTBUTENEH K SO2
npu AercTBUN MabiX KOHUeHTpauuii ero (nopsgka 0,001 % no o6bemy) HabnOAAOTCS ABNEHWUA pa3fpakeHus
NPenMyLLeCTBEHHO BEPXHUX AbIXaTe/bHbIX NyTei. Mpu XPOHUYECKOM O0TpaBAeHUW paHHUMY MpU3HaKaMun ABMSA-
0TCS BEreTaTMBHO-COCYANCTas ANCHYHKLMSA, HEMPOLUPKYNATOPHbIE PACCTPOMCTBA COYETAKOTCA C NOPaXKeHNeM
Xenyaka n neveHu [14]. B atmocgepe AUOKCUA Cepbl BbI3bIBAET KOHAEHCALMIO BOASAHbLIX MapoB B BuAe TymaHa
JaXe B Y CNOBUAX, KOrda AaBneHne napos MeHblle TpebyeMoro A5 KOHAeHcauumn. PacTBOpasch B MMeOLLeincs
Ha pacTeHWsX Bnare, AMOKCUL cepbl 06pa3yeT KUC/bIA pacTBop, rybuTensHO AencTBYOWMIA Ha pacTeHus [15].

3aK/oueHmne

Takum 06pa3om, He06XoAMMO:

1 Co3aaTtb 3K0OM0OrMYeCKyH 30HY Ha Tepputopumn LLLyunHCKO-BE0pOBCKOI KypOpPTHO 30HbI (noc. Bypab6aii)
C OrpaHnyeHneM Npoesfa aBToTpaHCMopTa.

2. OpraHn3oBaTb aBTOMOGWILHYHO MApKOBKY B TPEXKUIOMETPOBON 30He OT noc. bypabaii, MecTo ycTaHOBKM
wnar6ayma KIMIM, 3HakKa, 3anpeLaroLLero npoess,.

3. MepeHecTn rNaBHbIi KOHTPO/ILHO-NPOMYCKHOI MYHKT, KOTOPbIA B HACTOSILLEe BPEMS HaXxO4UTCA B LiEHTpe
nocesika, 3a TeppUTOPUIO NpeLnonaraemMoii 3K00rMYecKoi 30Hb! (KoMbLieBast Npu Bbesge B noc. bypabaii).

4. OpraHn3oBaTb NPOX0A, MO TEPPUTOPUN NOCESIKA MELLIKOM UK Ha Befocuneaax.

5. PaspelunTb nNpoess aBTOTpaHCMOpTa Mo CreLnponyckam A8 MeCTHOIO HacefleHus, TpaHcnopTa Ans obeny-
XKMBaHUSA FTOCTUHUYHBIX KOMM/IEKCOB, PaboThbl MPUCTaHN.

MpeanoxeHHbIe MePONPUATUS NO3BOIAT PELLNTL NPO6IeMy Neperpy>XeHHOCTY aBTOTPAHCMOPTHbLIM NMOTOKOM
noc. bypabaii, oTfbixaroLwme cMOryT 1t060BaTbCs KPacoTol BOAHbLIX MPOCTOPOB 1 OKPECTHBIX FOp, He 3aTpayunBas
BPEMSs Ha MNOMCKU MecTa NMapKOBKM.
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