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TEHAEHIIUN UBMEHEHUS KAUMATA B BEAOPYCCKOM CEKTOPE
BAVKHEUN 30HbI YEPHOBBIABCKOUM A3C

C. A. KA/THHUYEHKOV, 10. /. MAPYEHKOV, B. E. BEJIAIII"

DITonecckuti 20cydapcmeenblil paouayuOHHO-3KOI02UYECKULL 3aN06EOHUK,
yi. Tepewrxosoti, 7, 247618, e. Xotinuxu, Iomensckas oonacmo, benapyco

3a meprox MHOTOJIETHUX HHCTPYMEHTANBHBIX HaOmonernit (1997-2022 rT.) Ha nccueoBaTeIbeKoi cTaHIuu «MacaHbDy
OTMEUECHO yBEJIMUCHUE KOJIMUECTBA SICHBIX JHEH M CHIKEHUE JTHEH, OTHOCSIIMXCS K MOIYsICHBIM (IIEPEMEHHOM 00IauHOCTH).
CpeziHerojoBoe 3Ha4eHHEe HHTEHCUBHOCTH CyMMApHOW COJTHEUHOM painaliiy (IHEPreTHIeCKON OCBEIIEHHOCTH) B PEAIbHBIX
ycnoBusix obnaunoctu cocrasmwio 0,21 kBr/M? ¢ uHTepBanom BapbupoBaust 1o rogam ot 0,18 1o 0,25 xkBr/m?. Haubos-
11451 UHTEHCUBHOCTh JIyYUCTOM SHEPTHH B TOJOBOM XOz€e mpuxomutest Ha uionb (0,37 kB1/M?), a MUHMMAIBHBIM KOJIHYE-
CTBOM SHEpruy ommyacs aekabps (0,04 kBr/m?). Cpenneronosas Temieparypa Bo3mayxa 3a 1997-2022 IT. yBenuuuiach Ha
0,46 °C 1o OTHOIIIEHHIO K CpeHeMy MHOToJIeTHeMY 3Ha4deHuto (7,7 °C), mpuHITOMY /s ONFKAUIIIero HaCeIeHHOTO ITyHKTa
(r. Bparun) u Ha 0,76 °C 1m0 OTHOIICHHUIO K CpeAHEMY MHOTONeTHeMY 3HadeHuto (7,4 °C), mpunsatomy s [omenbekoit 06.
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N3yyenne u peaduInuTALUSA IKOCHCTEM
The Study and Rehabilitation of Ecosystems

Aocomotabiii MmakcumyM (+39,5 °C) g Hammx HabmoneHUH ObLT 3apeructpupoBad B 2015 1, aOCOMIOTHBIN MUHIMYM —
B 2012 . (-34,4 °C). HaGmronaercs xapakTepHas OJIOKHUTENbHAS AUHAMUKA YBEJIMUYCHUS CPEIHETO0BOM TeMITepaTyphl TIpH-
3eMHOro Bo3ayxa okosio 0,06 °C/rox. OTMEUEHO CHI)KCHHE KOJIMYECTBA THEH CO CHEXKHBIM IOKPOBOM. Bo3pociio uucsio xap-
KHX M cyxux JnHed. Ha paccmarprBaeMoii TeppUTOpHH B CpeiHEM 3a rof Bbinagaetr 593,7 Mm arMochepHbIx ocazkos. Yncio
JHEH ¢ ocankamu coctasisier = 128 (35,1 %). Koadduiment ysnaxnenus, o VBaHoBy, B pa3iH4YHbIC TO/IBI BApHUPOBAI OT
0,5 o 1,4. HabnromaeTcst OMOXKUTENBHAST TCHACHIIHS YBEIUICHHS KOMMIecTBa ocaakoB okono 0,4 mm/ron. CpenHsis BEIcOTa
CHEXHOT'O ITOKpOBa cocTaBmiia 6 cM. KosmuecTBo qHEH cO CHEXXHBIM ITOKPOBOM C TOAAMH UMEET SIBHYIO TEHJCHIIUIO K CHUKE-
HIr0. OTHOCHTENBHAS BIAKHOCTH Bo3ayxa 3a 1997-2022 rr. B cpenHeM coctaBuia 78 %. CpenHsas cyMMa aKTUBHBIX TeMITe-
paryp B OnvxHel 30He aBapun Ha YADC — 2842 °C.

Knrouegvie cnoea: nsMeHenus KiimMmara; KIIMMaTHYeCKUE XapaKTepUCTUKY; 30Ha oTuykaeHns YADC.

bBnazooapnocme. ABTOPBI BBIPAXKAIOT TPU3HATEIBHOCTh COTPYAHHMKAM HCCIEOBATEIBCKON CTaHIUMU «MacaHbD»
um. B. H. ®&énopora, nmpoBOAMBIINX HAa HEW MCCIICNOBAHMS U MOHUTOPUHIOBBIC HAOTIOCHHST MHOTHE TOJIBI.

CLIMATE CHANGE TRENDS IN THE BELARUSIAN SECTOR
OF EXCLUSION ZONE OF THE CHERNOBYL NPP

S. A. KALINICHENKO?, Yu. D. MARCHENKO*, V. E. BELASH*

*Polesie State Radioecological Reserve,
7 Tserashkova Street, Khoiniki 247618, Gomel region, Belarus
Corresponding author: S. A. Kalinichenko (s-a-k@list.ru)

Our studies over the period of long-term instrumental observations (1997-2022) at the Masany research station noted
increase in the number of clear days and a decrease in the number of days classified as semi-clear (partly cloudy). The
average annual value of the intensity of total solar radiation (energy illumination) in real cloudy conditions was 0.21 kW/m?
with an interval of variation over the years from 0.18 to 0.25 kW/m?. The highest intensity of radiant energy in the annual
cycle occurs in July (0.37 kW/m?), and the minimum amount of energy was observed in December (0.04 kW/m?). Average
annual air temperature for the period 1997-2022 increased by 0.36 °C in relation to the long-term average value (7.7 °C)
adopted for the nearest settlement (Bragin) and by 0.76 °C in relation to the long-term average value (7.4 °C), adopted for
the Gomel region. The absolute maximum (+39.5 °C) for our observations was recorded in 2015, the absolute minimum
in 2012 (—34.4 °C). There is a characteristic positive dynamics of increase in the average annual surface air temperature
of about 0.06 °C/year. There was a decrease in the number of days with snow cover. The number of hot and dry days has
increased. On average, 593.7 mm of precipitation falls per year on the territory under consideration. The average number
of days with precipitation is 128 (35.1%). The moisture coefficient according to Ivanov in various years ranged from 0.5
to 1.4. There is a positive trend of increasing precipitation of about 0.4 mm/year. The average depth of snow cover was
6 cm. The number of days with snow cover has a clear downward trend over the years. Relative air humidity for the period
1997-2022 the average was 78 %. The average sum of active temperatures in the near zone of the Chernobyl accident was
2842 °C.

Keywords: climate change; climate characteristics; exclusion zone of the CNPP.

Acknowledgments. The authors express deep gratitude to employees of the Masany research station named after
V. N. Fedorov, who conducted research and monitoring observations here for many years.

BBenenue

[locTosiHHBIE M3MEHEHUSI KIIMMATHYEeCKUX XapaKTePUCTHK COCTOSHUS aTMoc(hepbhl: 00Ia4HOCTb, JaBJICHHUE,
TeMIepaTypHBIH, BIAKHOCTHBIN U BETPOBOU PEIKUMBI SBIISTFOTCS PE3YIBTATOM aTMOC(EpPHBIX ITPOIECCOB U OTIpe-
JIEISIOT TIOTOy M KJIMMaT Ha JAHHOW MecTHOCTH. Pacmpenenenre 3Ha4eHWH METEOPOJIOTHYECKUX BEIHYMH Ha
paccMaTpuBacMON TEPPUTOPUN OMPEIEIIeTCs TIIaBHBIM 00pa3oM ee penbedoM W JaHAmadTHEIMA 0COOCHHO-
CTSIMH, pa3MepaMy U yJaJIeHHeM BOJHBIX 00beKTOB. KpyIHbBIE MacCHBHI JIECOB M OOJIOT PaCIpOCTPAHSIOT CBOE
BIHSIHAE Ha OONBIIYI0 TeppuTopuio [1-4].

I'eorpadudeckoe pacnpeneneHre METEOPOIOTHYECKUX JIEMEHTOB B HACTOSIIIEE BpeMs H3ydeHO Oolee mo-
pPOOHO, YeM WX U3MEHEHHS BO BpeMeHH [5]. JlaHHbIe MOHUTOPHHTA TOCYIapCTBEHHOM THIPOMETEOPOIOTHIECKOM
ciryx0b1 PecrryOnmkn bemapych u pe3yabraTsl HCCIIEOBAaHIA OETOPYCCKUX y4YeHbIX HammoHanmbHON akagemMun
Hayk bemapycu yka3pIBaloT Ha CyIlIeCTBEHHbIE H3MEHEHHS B HACTOAIIEE BpeMs KIMMaTHUECKUX yCIOBUN Ha Tep-
putopuu benapycn u coxpaHeHHe dTUX TEHICHINIA B OrpKaiiiue roasl [6].
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M3yueHne n3MeHeHus KIIMMATUYECKUX YCIOBUN SIBJISIETCS HEOTHEMIIEMOM YacThI0O KOMIUIEKCHOM OLIEHKH CO-
CTOSTHUS pa3JIMIHBIX KOMIIOHEHTOB OMOTEOIICHO30B B OmkHel 30He UepHoObuTECcKOM ADC, a Takke Urpaet 00ihb-
IIyI0 POJIb TIPH aHAJIM3E TIepepacipeesieHns paIuoHyKIHI0B IT0 KOMIIOHEHTaM TPUPOTHO-TEPPUTOPHATIHLHBIX
KOMIUIEKCOB, KOTOpPBIE Ha TAHHON TEPPUTOPUHN UMEIOT HEKOTOPBIE 0COOCHHOCTH, XapaKTePU3YIONTHECs PSIOM I1a-
pamerpoB. Ha Goree paHHHX 3Tanax UCCIeA0BaHIH HAMU OBIIH H3Y4YE€HBI 0COOEHHOCTH KIMMAaTHIECKNUX YCIOBUI
TEePPUTOPHH OEIOPYyCCKOTO cekTopa OmmkHel 30HbI YepHoObUTECKOM ADC [7-9]. B manHo# paboTe craBHIach
3a/1a4a MpoaHaTU3uPOBaTh MHOTOJIETHIOIO IWHAMUKY M3MEHEHHs KJIMMaTa U OIICHUTh BPEMEHHBIEC (IyKTyaIrluu
KITMMaTHYECKAX XapaKTEPHUCTHUK 3a BECh IEPHOJ MHCTPYMEHTAJIBHBIX HAOIIOIEHHH Ha TEPPUTOPUHN OETTOPYCCKOTO
CEKTOpa 30HBI OTIYKACHUSI.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

Komreke mHCTpyMEHTaIbHBIX H3MEPEHUI 1 BU3YaJIbHBIX OIIEHOK METEOPOIOTHIECKHUX BEJIMYUH U UX XapakK-
TEePHUCTHK TTpon3BoAmIIcs B cooTBeTcTBHHU ¢ TKIT «Oxpana okpyskaromeii cpeapl U IpUpooIIoiib3oBanue. [ mapo-
MeTeoposiorus. [IpaBuiia POBEIECHNS MPU3EMHBIX METEOPOJIOTHIECKHX HAOMIONEHUI W paboT Ha CTaHIUSIX»'.
AHanu3 TepBUYHBIX METEOPOIIOTHYECKUX BEIMYMH (3HAYCHUS MPHU3EMHOW TeMIlepaTypbl BO3IyXa M TOYBHI,
BIIKHOCTH, aTMOC(hEepHOE JaBlieHHEe, HAIIPaBICHNE U CKOPOCTh BETPa, KOJMUECTBO aTMOC(EPHBIX 0CAIKOB U PSIJT
JPYTUX BETMYWH U UX XapaKTEPUCTHK), OITYIECHHBIX B PE3yJIbTaTe HEMPEPHIBHBIX MTPU3EMHBIX METEOPOIOTHYE-
CKHX MHCTPYMEHTATBHBIX HAOMIONCHNN Ha METECOPOJIOTHIECKOH IIIOMIAIKE NCCIIeI0BATEIhCKOM cTaHny «Maca-
HbD» [lonecckoro rocyqapcTBEHHOIO pagualiOHHO-3KOJOTMYECKOIO 3al0BEAHUKA, SIBISIOLIEICS caMOil F0XKHOU
W3 BCEX METCOCTAHIINI HAIllel CTpaHbl, OBLT MpoBeeH 3a 26-metuuit nepuoxn (1997-2022 rr.). JlaHHBIH BpeMeH-
HOW MHTEPBAJ MO3BOJIMII BBIIBUTH TEHCHIINY BPEMEHHON TUHAMUKH KIIMMATHYECKUX XapaKTePHCTHK U IPOBe-
CTH OIIEHKY COBPEMEHHBIX KIIMMATHYECKHUX YCIOBHA. M3y4eHBl TEHICHIIMH CPOKOB HACTYIIICHHS ITOPOTOBBIX
3HAYEHUI TeMIeparyp U APYTUX METEOPOIOTHIECKIX BEITMYNH, MX XapaKTePUCTHKH, OTPAKAOIHe N3MEHEHNE
KIIMMarta Tepputopun OmmkHei 30061 YADC B 1eNsIX TaTbHEHTIIETO ONpeIeIeHIs pErHOHATBHBIX 0COOEHHOCTEH
KITMMaTHYeCKNAX YCIOBUH. J[st aHanm3a COBpeMEHHBIX KIIMMAaTHYeCKUX N3MEHEHHUI Ha TEPPUTOPUH 3aTIOBETHHU-
Ka HCITONIb30BaHbI CYTOYHBIE, CPETHEMECSIIHBIC, TOIOBBIE, SKCTPEMalIbHBIE 3HAYCHHUS TEMIIEPATyPhl U BIAKHOCTH
BO3/IyXa, KOJIMYECTBA OCAJIKOB, HA OCHOBE KOTOPBIX BRIYHMCIISUIN JAAThI IEPEX0/Ia TeMITepaTypsl Bo3myxa uepes 0;
5; 10; 15 °C u mpogomKUTETFHOCTD TIEPHOIOB C MTOPOTOBBIMH 3HAYCHUSIMA YKa3aHHBIX TEMITEPaTyp, CYMMBI TEM-
niepatyp Bo3ayxa Boime S5 u 10 °C, gyucno cyxux aHeH (¢ OTHOCHTENHHON BIaKHOCTHIO Bosayxa 30 % u meHee,
XOTs OBI B OZTMH U3 CPOKOB HAOIOMEHUIH ), KOJTHMUECTBO XKAPKUX JHEH (C MAaKCHMAaJILHOW TeMIIepaTypoi Bo3myxa
+25 °C u Bermre). Cranmus «MacaHbI» BKITIOYeHa B [0CyIapCcTBEHHBIN peecTp MPOU3BOANUTENICH THAPOMETEOPO-
nmorudeckoit nabopmariu 4.04.2019 1., B paboTe HCIIOIB30BaHbI ITOBEPEHHBIE TIPUOOPEI 1 060opynoBanne. Oopa-
0O0TKa M aHAJIN3 MaTePUAIIOB, TOCTPOESHHE PUCYHKOB, TAOIHII BBITTOJHEHO C MPIMEHEHHEM IIPOTPAMMHOTO TTaKeTa
MS Office Excel.

Pe3yabrarsl Hcc/ieIoBaHus U UX 00Cy:KIeHHe

Ooénaunocme. CylieCTBEHHOE 3HAYCHUE HA COCTOSTHUE aTMOC(ephl OKa3bIBaeT 00JaYHOCTh (KOJIUUECTBO 00-
naxkoB). B 1r000M MecTe MOBTOPSIEMOCTh SICHOM M IMACMYpPHOW ITOTOJBI OMPEEISeTCs] PEKIUMOM OONAauHOCTH,
KOTOpBIA B OCHOBHOM (POPMHPYETCs IO/l BIUSHUEM HUPKYISIHOHHBIX TPOLIECCOB (B XOJOTHBIN MEPUOA To/a)
U B pe3ynbTare BO3JEHCTBUS MOJICTHIIAIONIEH MOBEPXHOCTH (B TEIUIbIN nepuos roga). OHU BIUSIOT HA MPUXOJ]
COJIHEYHOM pajialuu K 3¢MHOW IIOBEPXHOCTHU U, CJIEJOBATEIIBHO, HA TEMIIEpaTypHbI pexxuM. 1o pesynbraram
CpaBHEHUS 3a MocleHui maTuineTHui nepuon (20182022 rr.) HabiroeHMH KOMTMYECTBO MACMYPHBIX THEH, KOT-
Jia obyaka mokpeiBaiu 80 u Oosiee MPOICHTOB BUJAMMOTO MpOCTpaHcTBa HeOocBoma (8—10 GaymioB mo oomei
00JIaYHOCTH), YBEIMYHIOCH Ha 8 % M0 CPaBHEHMIO CO CPEJHUM MHOTOJICTHUM 3HAUCHHEM H B JIOJIEBOM pactpe-
nenenun cocrasuio 41 % (puc. 1).

3a nmocaeIHUH MATHICTHUN [IUKIT HAOF0AJIOCh YBEIIMUYCHUE KOJIMUYESCTBA SICHBIX JIHEH, a YUCIIO JHEH, OTHOCS-
HIMXCS K TONYSICHBIM (IIEpEMEHHOM 00Ja4HOCTH), CHU3HIIOCH. Hanbomnbiei 001a4HOCTRIO OTIINYAINCH 3UMHUE
MecsIIIbl JIeKaOph W SHBaph, YTO SIBISETCS] XapaKTEpPHOW OCOOEHHOCTBIO ISl JaHHOTO perHoHa. BombIIMHCTBO
SICHBIX JTHEH MPUXOIMIIOCH Ha arpellb, aBIyCT U CEHTAOPb.

CpenHerozioBoe 3Ha4eHNE HHTEHCUBHOCTH CyMMapHOW COTHEYHOM paguanuu (3HepreTuYecKoil OCBEUIeHHO-
cTH) ObUIO OoJee ToAPOOHO MpoaHaTu3upoBaHo 3a nepuo 2001-2015 T U B pealibHBIX YCIOBUSIX 00JIa4YHOCTH
cocrasuio 0,21 kBr/mM? ¢ uHTepBasioM BapbupoBanus 1o rogam ot 0,18 1o 0,25 kB1/m2.

'TKIT 17.10-18-2009. IIpaBuia npoBeaeH s IPOBEPKU MIPU3EMHBIX METEOPOIOTHIECKHX HAOIIOIEHNUIT 1 paboT Ha CTAHIUAX. Y TBEPIKIEH
MOCTaHOBJICHHEM MUHHCTEPCTBA IPUPOIHBIX PECYPCOB U OXPaHbl OKpy>katomiel cpenpl o1 24.12.2009 r. Ne 11-T. Munck: MuHnpupost,
2009. 78 c.
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ala o0/b
Feno ITepemennas
22 9 obauHoCTh SAeno
Tlepemennas ? 23% 36%

obauHoCTh
I 45 % /

Puc. 1. O6naunocts: a) 1997-2022 rr., 6) 2018-2022 rr., %

Fig. 1. Cloudiness: a) 19972022, b) 2018-2022, %

HanGonpmmmy 3HaYCHUSIMA UHTEHCHBHOCTH CYMMApHOI COJTHEYHOH paayialiy OTIMYaJIHCh JICTHUE, a Hau-
MEHBIIUMHU 3UMHHE Mecsibl. Hanbomnpieit HHTEHCHBHOCTBIO JIyYHCTOW SHEPTUH B TOAOBOM XO/I€ XapaKTepH-
3oBasics uioib (0,37 kB1/M?) ¢ nHTepBasoM BapsupoBanus 1o rogam ot 0,21 1o 0,52 kB1/M%, a MUHMMAJILHBIM
KOJIMYECTBOM SHEprud orimdaincs nexkadpp (0,04 kBr/m?) ¢ mHTepBaioM BapbupoBaHus mo rogam ot 0,02 mo
0,06 kB1/M?, uto Hike nopora uaTeHcuBHOCTH (0,12 KBT/M?) IpAMO# paiMaiiii Ha HEPIEHIUKYIIAPHY IO TOBEPX-
HOCTb, HAYMHAS C KOTOPOTO OTMEYAETCS COIHEUHOE CUsTHHE (pHC. 2).

CpenHerofoBbie 3HAYCHUS, MIOJYUYEHHbIE B TEUEHHE BCETO MEPHoAa HAOMIOACHHUH, B PeaIbHbIX YCIOBUSIX 00-
nagnocty Konedamuch B npenenax 0,18-0,25 kBr/m? [5]. KonuuecTBo SHEPreTHYECKOH OCBEMEHHOCTH (MHTEH-
CHBHOCTH) TIOTOKA PA/INALIIH 3aBUCUT OT BBICOTHI COJHIIA (BIMSHIE BPEMEHH T'0/1a), MECTHBIX TIOTOTHBIX yCIIOBHI
(0bmayHOCTh, TYMaHBI, TOXK/IN) U TIPO3PAYHOCTH aTMOC(EPHI.
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Puc. 2. IHTEHCUBHOCTH CYMMAapHO#t coftHeyHol paauarmu (2001-2015 rr.), kBr/m?

Fig. 2. Change in the intensity of total solar radiation (2001-2015), kW/m?

K nery yBennuuBaeTcst BHICOTA COJHIIA M YMEHBIIAETCsl 00I1a4HOCTh. Pe3koe N3MeHeHNe 3HaYeHUH B BECCHHe-
OCEHHUI1 IepHUOJl MHTCHCUBHOCTH CyMMapHOM COJIHEYHOW paHalliy CBSI3aHO C TEM, UTO JIBA OCHOBHBIX (hakTopa
€€ ONpEeIeIISIONTYI0, 00NAYHOCTh U BHICOTA COJHIA, ACHCTBYIOT B OIHY CTOPOHY.

Temnepamypnuiii pesrcum. Henepuoanieckre HapyILeHNs! CyTOYHOTO U TOI0BOTO X0/1a, 00y CIIOBIICHHBIE BTOP-
JKEHHUSMH TEIUIBIX WM XOJOAHBIX BO3AYLIHBIX Macc, MCKaXXaroT HOPMAJIbHBIN XO[ TeMIeparypsl Bo3ayxa [10].
OneHka M3MEHEHHsI TEMIIEpaTyp MPU3EMHOIO BO3yXa IPOBEJEHAa HA OCHOBE CPAaBHEHMS JAaHHBIX €KErOJHBIX
HaOMIONeHUH €O CPeTHUMU MHOTOJICTHUMHU 3HAUCHMSMH, MOJYUYESHHBIMH 32 BECh MEPHOI WHCTPYMEHTAIbHBIX
HaOmoneHnid. AHaIN3 MHOTOJIETHUX MHCTPYMEHTAJIBHBIX HCCIICIOBAHUM CBHIACTENBCTBYET, YTO CPEIHEro10Bast
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TeMIreparypa Bo3myxa 3a mepwox 1997-2022 rr. yeenmumiach Ha 0,46 °C MO OTHONICHUIO K CPEIHEMY
MHOTOJIeTHeMY 3HaueHuto (7,7 °C), mpuHATOMY IJIs ONFbKaiiero HaceneHHoro myHkTa (T. bparun) u Ha 0,76 °C
10 OTHOIIICHHIO K CpeaHeMy MHoTojIeTHeMY 3HaueHuto (7,4 °C), nmpuasatomy st ['oMensckoit oo, (puc. 3).
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Puc. 3. lunamuka TeMneparypsl Bozayxa (1997-2022 rr.), °C

Fig. 3. Dynamics of air temperature (1997-2022), °C

Haubonpire OTKIOHEHHsSI B CTOPOHY YBEIMUYEHHS TEeMIIEpaTryp OT CPEIHUX MHOTOJICTHHX 3HAYEHUH OT-
meuanuch B 2020 1., Koria cpeaHerogoBas TeMreparypa Bo3ayxa okaszajach Bble «HOpMb» Ha 1,8 °C. Abco-
TOTHBIA MakcuMyM (+39,5 °C) B Hamux HabIroaeHUsIX ObLI 3apeructpupoBat B 2015 . JlanHas BenmuunHa Ha
0,6 °C oka3anach BbllIe aOCOMIOTHOIO MaKCHMyMa TeMIieparypsl Bo3ayxa (38,9 °C), KoTopblii 3a Becb epuoj
WHCTPYMEHTaJIbHBIX HaOmroneHnit B bemapycu u I'omenbsckoit 0671. 611 3admkcupoBan B aBrycre 2010 1. Ha
cTa”Huuu ['omenb.

AMIuMTyna KojeOaHUS CPEIHEroOBBIX TEMIEpaTyp 3a BeCh MNEPHUOJ HAIIUX HHCTPYMEHTAIbHBIX
HaOmonenuit cocrasmia 10,6 °C, skcrpemanbHbix Temmnepatyp — 60,4 °C. 3a nmaHHBIA nepuon ObLI
3aUKCUPOBaH M aOCONIOTHBIH MUHUMYM Temmeparypbl. B ¢deBpane 2012 r. Temneparypa CHHU3HIIACH 10
ormetku muHyc —34,4 °C, uto Ha 0,6 °C MeHbLIe caMoil HM3KOW HaOJII0AaeMOM TemIeparypbl BO3AyXa,
KoTopas Obuta orMeueHa B 1998 r. u cocrasnsina munyc —33,8 °C.

OCHOBHBIE CTATHCTUYECKUE XapAaKTEPUCTUKN CPEAHEMECIUYHBIX 3HAYCHUH TeMIIepaTypbl IPU3EMHOTO BO3-
nyxa (TIIB) B Onmxueit 3oue aBapun Ha YADC a1 OTAENBHBIX MECSLIEB U IO/a MO3BOJISIOT aHAIM3UPOBATh
OJTHOBPEMEHHO BHYTPUTOAOBYIO M MeXrofoByro naMeHunBocts TIIB [11; 12]. Cnenyer oTMeTUTH, UTO TEM-
nepaTypa BO3AyXa UMEET JOBOJBHO XOPOULIO BBIPAKEHHBIN TOJOBOI X0, 00YCIIOBICHHBIH I'OJOBBIM IPUTO-
KOM COJIHEYHOH paguanuu. MakcuMaibHble 3HaUeHUS € HaOJlI0al0TCs B HIOJIE, & MUHUMAaJIbHBIC — B STHBApE
(Tabm. 1).

T'omosoii xon pasmaxa koneOanuii TIIB HanGompmuii B xomonusnii nepuon (8,4—15,3 °C), HamMeHbIIHA
¢ ampedst mo okts0ps (5,1-7,2 °C) B Tenblil nepuos. 101080 X0 cpeHEro KBaipaTHueCcKOro OTKIOHEHUS (O)
TTIB rmouTH TOBTOPSET TOA0BOM X0 BEMWYHHBI R (pazMaxa kojieOaHui). AHaJOTHYHBIA XapaKTep TOJ0BOTO Xoa
B CPEAHUX apU(PMETHICCKUX 3HAYCHUSX U CPETHEKBAIPATHUECKUX OTKIOHEHUSX (G) 00yCIIOBIMBAET HEOOIBLION
pasbpoc koadduuuenra Bapuanuu (C) B TeueHue Bcero rojga. HamOombimas MeXrogoBask M3MEHUYHMBOCTH
TIIB nabGmromaeTcst B 3MMHHME MECSILIBI U B MapTe, B OCTaJbHBIC MECSLBI TOAa HEBEJHKA, Pa3INdhe MEXKIY
MaKCUMAaIIbHBIM (JIeKaOpb) 1 MHHUMAJIBHBIM (HIONb, aBIYCT) K03 dunnentom Bapuanmu cocrasnset 1,51.

B pacnpepenenun ko3dduunentoB acummerpun (As) HaOMIOOAIOTCS KakK IIOJNOXKUTENIBHBIC, Tak
U OoTpuuaTeNbHble 3HaueHus. llpeoOnananue MOJOKHUTEIBHBIX 3HAUCHUH B TEIUIBIM MEPUOJ O3HAYACT, YTO
BPEMECHHOM psii BKIIOYAET HEMHOTOYHCIICHHbIE, HO OOJIbIINE MO BEJIMYMHE MOJIOKUTEIbHbIE OTKIOHCHHUS,
u 0oJiee MHOTOUMCIICHHBIE, HO MEHEE 3HAYUTEIbHbBIC OTPULIATEIbHBIC OTKIOHEHHUSI.
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Ta6auma 1
CraTrucTHYecKkHe OlleHKHU cperHeMecsiynbIx 3Havenuii TIIB, °C
Table 1
Statistical estimates of average monthly values of surface air temperature, °C
Mecsg cp. Me o, C KXoa, Xoin, R As Ex
I -39 —4,2 2,8 0,71 1,1 —-10,6 11,7 —0,29 0,33
II -2.,8 2.5 3,6 1,29 3,1 -12,2 15,3 —0,64 0,42
111 1,9 1,9 2,5 1,31 58 —2,6 8,4 —0,26 —0,93
v 8,9 8,9 1,6 0,18 11,9 4,7 7,2 —-0,57 1,35
\% 14,8 14,7 1,9 0,13 17,9 11,5 6,4 0,04 —-0,86
VI 18,6 18,4 1,7 0,09 22,5 16,1 6,4 0,62 —0,06
Vil 20,3 20,0 1,4 0,07 234 18,2 52 0,78 0,16
VIII 18,9 18,8 1,3 0,07 22,0 16,5 5,5 0,16 0,73
X 13,5 134 1,3 0,10 15,9 10,8 5,1 0,00 0,19
X 74 7.4 1,7 0,23 11,3 4,7 6,6 0,32 —-0,33
X1 2,3 2,6 2,2 0,98 6,1 —4,2 10,3 —-0,87 2,07
XII -2,1 -1,2 33 1,58 24 -9,5 11,9 —-0,73 —-0,26
CpenneronoBas 8,2 8,2 0,8 0,09 9,8 6,6 32 0,24 0,12

W3 nannbIx Tabn. 1 ciaemyet, 4To IpH MOJIOKUTEIBHBIX 3HAUCHHUSIX AS OIIGHKH CPEHETO MPEBBILIAIOT OLCHKN
menuansl Ha 0,1-0,3 °C. IIpu As < 0 cpennue apudpmMeTHdecKnue 3Ha9eHHsI 10 BBIOOPKE AOJKHBI ObITH MEHBIIIE
Menuanbl. Ho TOCKONIBKY OTpHLATeNbHbIe OICHKH AS HEBENWKH, TO JaHHOE YCJIOBHE 3a XOJIOAHBIH MEpHOI
OTMEUaeTCsl TOJIbKO B HOsiIOpe W jnekadOpe. B pacnpenencuun koddduumenror skcuecca (Ex) mpeobmanaror
MOJIOKUTENIbHBIE 3HAUCHMs. JTO O3HA4aeT, 4YTO SMIMpUYEcKass KpHUBas paclpeAeieHus siBisieTcs Oojee
OCTPOBEPIINHHON M0 CPAaBHEHMIO C HOPMaJbHON KpuBOH. 3HaunTenbHbI (EX > 1) mojaoKuTEeNbHBINH JKCIECC
HaOJIOIaeTCs B arpesiec U Hosiope.

Cpennsisi rogoBasi TeMIeparypa sBISETCs OOILIel XapaKTEpUCTUKOM TeMIepaTypHOrO pPekXHuMa, KOTopas
MO3BOJISICT TMOJYYUTh NPEJCTABICHHE O TeMIepaTypHOM (OHE M MPOCIEAUTh TEMIepaTypHble W3MEHEHHUs
BO Bpemenu [10]. Jlns aHanmm3a cCOBpEeMEHHBIX TEHACHUIWN M3MEHEHUS CPEIHETrOJJOBOM TEeMIIepaTyphl BO3AyXa
MPOBEJICHA €€ OLEHKAa C TOMOLIbIO JMHEHHOro TpeHna (puc. 4). Ilpu aHamu3e MOMy4YeHHBIX pPE3yIbTaTOB
HaOmoaeTcst XxapakTepHasi OJIOKHUTENIbHAS TMHAMUKA YBEIUYCHUs CPEIHETOI0BOM TeMIepaTypbl IPU3EMHOTO
Bo31yxa okoso 0,06 °C/rog,.
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Puc. 4. I3mMeneHue TemnepaTypsl IpU3EMHOI0 Bo3ayxa, °C

Fig. 4. Change in surface air temperature, °C
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B cuity cBoero reorpadudaeckoro monokeHus Tepputopus bemopycckoro cextopa ommkHei 30H1 YADC xa-
pakTepu3yeTCs BRICOKOH TEII000eCIeYeHHOCTRIO M MPOIOIKUTEIBHOCTRIO BEreTallMOHHOTO repruojia. B naHHOM
pernoHe, Kak M Ha BCeH TeppuTopuu cTpaHsl [5; 10], oTMedaroTcsl 3aMeTHRIC U3MEHEHHS, CBI3aHHEIC B IIEPBYIO
odepenb C POCTOM TeMITepaTyphl BO3AyXa Kak B 3MMHHUIA, TaK W JISTHUH Mepruos (Tad. 2).

Junamuka KJIMMaTHYecKuX pecypeos (1997-2022 rr.)

Dynamics of climate resources (1997-2022)

Tabnuna 2

Table 2

OCHOBHBIE XapaKTEPUCTUKU Cpennee 3a nepuoan 1997-2022 rr.
Campblii TeTUTBIH (MFOITH) 20,4
Cpennsisa TeMmnepatypa Bo3ayxa 3a mecsl, °C . .
Camblii XONOHBIN (STHBAPh) -4,0
0°C 286
[IponomKuTEeTPHOCTH IepHo/a (THH) CO 15°C 219
CpellHel CyTOYHON TeMrepaTypoil BO3myxa
U BBIIIIE +10°C 166
+15 °C 111
Uwmcno 1Hel co CHEXXHBIM ITOKPOBOM 73
Uucno cyXux JTHEeH (C OTHOCHTEIBHOU BIAXKHOCTHEO Bo3ayxa 30 % u MeHee XOTs Obl 21
B O/IMH U3 CPOKOB HAOIIOCHUIN)

CyMmMa Temrneparyp 3a BereTaliioHHbII 15°C 3234
MIEPUOJ, BBILIE U PaBHOM +10 °C 2842
KonmuecTBo *apkux JHeH (C MakcMMallbHOM Temneparypoii Bo3ayxa +25 °C u Bbliie) 77

rofioBoe 594
KonuyecTBo ocaakoB, MM -
3a TeruIblii mepuos (arpesb — OKTSIOPb) 404

Habmronaercst poct cymM TeMmeparyp Bo3AyXa 3a BereTallMOHHBIN Meproz Bbie 5 °C 1 NIPOA0IKUTEIBHOCTh
nepuojia ¢ MOPOrOBBIMU 3HAYEHUAMHU JaHHBIX Temrneparyp. OTMEUeHO CHMKEHHE KOJIMYEeCTBa JTHEH cO CHEX-
HBIM MTOKPOBOM. UHCIIO JIHEW CO CHEXXHBIM ITOKPOBOM MOXKET U3MeHsIThes oT 16 aueii (2020 1) mo 129 (2013 ).
B nacrosiee Bpems B cpegHeM coctaBisieT 73 aHs. KomnuecTBo kapkux U cyxux AHer ¢ 1997 r. 3HauuTenbHO
npubaBmiIoch. YUCo cyxux JHEH 3a TepHoj] akTUBHOM Beretanuu (Mail — aBryct) B 2022 T. 10 peruoHy yBeJH-
yiiock Ha 7. HanbGonbimii poct xapkux aneit npousomen B 2018 . (puc. 5). B To xe BpeMs pakTH4ecKu He

U3MEHUJIOCh YUCIIO CYXHX JIHEH.
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Puc. 5. Yncno xapkux 1Hel (¢ MakcuMalbHOM Temreparypoit Bozayxa +25 °C u Bblle)

Fig. 5. Number of hot days (with a maximum air temperature of +25 °C and above)
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CremyeT OTMETHTH, YTO YBEIMYCHHE YNCIIA KapKUX THEH ¢ Temreparypoit Bo3myxa +25 °C u Beime (Maif —
CEHTSI0Ph) B TEUCHHE TIEPHO/Ia MOTEIJICHUS TaKXkKe XapaKTepHo Ui Bcel Tepputopun benapycu u, ciienoBareib-
HO, BBI3BAHO OOIIMMH TEHJICHIIUSIMUA H3MEHEHUS KITUMaTa.

Pesicum yenascnenusn. ArmochepHbie 0CaJIKU SBISTIOTCS] OTHAM U3 OCHOBHBIX ITAPaMETPOB KIIMMAara U TIIaB-
Helfieit cocrapstoliei 001ero Biaroodopora armochepsl. icxost U3 CpeIHUX MHOTOJISTHUX 3HAYCHUH, TIOJTy-
YEHHBIX 32 BECh MEPHOJ MHCTPYMEHTaIbHbBIX HaOmonenuit (1997-2022 rr.), Ha paccMaTpuBaeMoil TEpPUTOPUHI
B CpelTHEeM 3a roJl Beimagaet 593,7 MM arMocepHBIX 0CaJIKOB, a YHCIIO THEH C 0CaJKaMU B CPEITHEM COCTABIISCT
128 (35,1 %) (Tabn. 3). Haumenblee KomuuecTBo ocaakoB npunniock Ha 2019 . (377,1 MMm), korma ux cym-
Ma cocTaBmia Bcero 63,5 % romoBoil «HOPMBD). 3a TAaHHBIN MEPUOJT KOJTHYECTBO aTMOC(HEPHBIX OCAJIKOB, KOTIA
OHH BBITIAJANIA TIPEUMYIIICCTBEHHO B TBEPIOM BHE, Ipunuiock 8,7 %, a ocrampubie 91,3 % (TEIwiblid iepuon
(ammpenb — OKTAOPH)) BBITIAAATN IPEUMYIIICCTBEHHO B BUJIE JOXK/IS. Takoe pacipeeieHre SIBISIETCS XapaKTePHBIM
JUTS TEPPUTOPHH UCCIIEYEMOTO PETHOHA.

Pexxum yBiaxuenus (1997-2022 rr.)

Humidification mode (1997-2022)

Tabnuma 3

Table 3

Ton KonyecTBo IHEN ¢ 0OcaakaMu CymMa 0CcaJKoB, MM Hcnapsiemoctb, MM | Koadduriment yBnakHeHus
1997 145 483,8 534,1 0,9
1998 161 711,2 5594 1,3
1999 122 572,3 593,0 1,0
2000 136 459,3 581,5 0,8
2001 114 563,4 516,7 1,1
2002 119 516,8 632,5 0,8
2003 88 568,3 6879 0,8
2004 128 710,7 523,0 1,4
2005 98 657,6 554,6 1,2
2006 144 623,5 463,6 1,3
2007 140 641,1 706,6 0,9
2008 124 562,0 618,8 0,9
2009 137 564,7 5519 1,0
2010 129 618,8 536,4 1,2
2011 112 632,5 563,0 11
2012 124 719,2 502,6 1,4
2013 131 781,9 5478 1,4
2014 98 450,0 686,3 0,7
2015 104 453,9 848,0 0,5
2016 134 7223 664.,4 1,1
2017 141 652,1 629,7 1,0
2018 136 556,7 800,5 0,7
2019 131 3771 687,0 0,6
2020 117 618,7 682,1 0,9
2021 120 517,3 690,1 0,8
2022 185 697,6 683,2 1,0

Cpennee 3a 26 et 128 593,7 618,5 1,0

Hccnemyemast TeppuTOprUs OTHOCHTCS K 30HE HEYCTOMYMBOTO YBIQKHECHUS, U PACHpEICIICHHE OCAIKOB
BO BPEMECHH BCEr/Ja OTJIMYAeTCs OOJIBIIONH M3MEHYMBOCTHIO. B CBSA3M ¢ HEPAaBHOMEPHOCTHIO BBINAJICHUS OCA/l-
KOB HAOJIFONAIOTCS 3aCylUIMBbIe Tiepuosbl. Koadduiment ypnaxuenus, no ViBaHOBY, (OTHOILICHHE KOJIMYESCTBA
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BBINQIAIOIINX OCAJIKOB K UCMAPSIEMOCTH) B Pa3JIMUHbIE TOJBI MOXKET COCTABIATh OT 0,5 HEOCTATOYHOE YBIIaK-
uenue (2015 1) mo 1,4 (2004, 2012, 2013 rr.), korma Habmogancs n30bIToK Biarn. [Ipeodmaganme B 2004, 2012,
2013 rr. KoJIM4ecTBa aTMOC(EPHBIX OCAJKOB HaJ HUCHAPSIEMOCTBIO, XapaKTePHU30BaJI0 UX KaK rofibl ¢ U30BITOU-
HBIM yBJIaxxHeHHeM. Hanbonee HemocTaTouHoe yBiIaxkHeHHE ¢ KoddduimenTom Beero 0,5, 3apuKcupoBaHHOE
B 2015 1., compoBokmanoch Hanbonbmeit ncnapseMoctsio (848,0 MM). B 00BIaHBIC TOABI XapakTepHO 0cOoOSH-
HOCTBIO TEPPUTOPHUH SIBIISICTCS TIPEBBIIIIEHHE CyMMBI OCJIKOB 32 TOJ] HaJl KOJIMYECTBOM HCIIAPUBIIUXCS C TIOBEPX-
HOCTH BIIATH, YTO CO3JA€T IPOMBIBHOM THII BOJIHOTO PEXKHMMAa ¥ IPUBOJIUT K 3200JIAYMBAHUIO TIOHIKCHHBIX Y4aCT-
KOB, 00pa30BaHMIO MOTYTHAPOMOP(HBIX ¥ THIAPOMOP(HBIX TOYB.

AHaIN3 NOTYYSHHBIX PE3yJIbTaTOB TIOKa3aJl, 4TO, HECMOTPS HA 3HAYUTEIILHBIE KOJIeOaHHsI KOJIMYECTBA OCA/IKOB
0 TOJ[aM, HAOIIOIaeTCsl MTOJIOKUTEbHAS TeHACHIHS UX yBeiarmdeHus (15,6 Mm/ron), mpu 3ToM Hanbolee 3aMeT-
HOE YBEIIMUYCHUE OTMEYAIOCh B XONOAHbIN mepuos (12,3 mm/rox). HabnrogaeTcst TeHACHIMS pocTa Ynciia JHeH
C OCaJIKAMH — B CPEJTHEM C YUETOM MPSIMOIIMHEHHOM 3aBucuMocTH 3,7 nHei/rox (puc. 6).
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Puc. 6. lnHaMuKa KOJIMYECTBA OCATAKOB, MM

Fig. 6. Precipitation dynamics, mm

M3meHeHne KoMuecTBa 0CaAKOB MOXKET ObITh BBI3BAHO M3MEHEHUEM LIUPKYIISIIMOHHBIX MTPOLIECCOB B arMoc(e-
pe, a TAKIKE BIMSHUEM MOJICTUIAIONIEN TOBEPXHOCTH HCCIIEAYEMOT0 pernoHa. OT KOTMYEeCTBa BBIMTABIINX OCAKOB
Y TEMIIEPATYPHBIX YCIOBUI MepHo/ia CHETOHAKOIIJIEHNS 3aBUCHUT BBICOTAa CHEXXHOTIO NMOKpoBa. VccnenoBanus mno-
Ka3bIBAIOT, YTO MOIIHOCTb CHEIKHOTO IOKPOBA MEHSIETCS OT TOAA K Oy ¥ 3HAUMTENBHO OTKIIOHSETCS OT CPEAHUX
BenuuuH. CpeHsisl BBICOTa CHEXKHOTO TIOKPOBa, nccienoBaiack Hamu B 2001-2022 rr. coctaBuia 6 cM (puc. 7).
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Puc. 7. luHaMuKa BBICOTBI CHEXKHOTO TIOKPOBA, CM

Fig. 7. Snow depth dynamics, cm
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Ipu cpenHeil WIOTHOCTH CHEXHOTO MOKpoBa 0,23 r/cM’ 3amac BOIbI B HEM HA DJIEMEHTAX TPUPOIHOTO JIaH -
madTa, 1o JaHHBIM CHETOCHhEMOK, B CpeTHEM cOCTaBIsiI 27,6 MM. MUHHMAaJIBHBIHN 3anac Bojabl 2,1 MM Habmroman-
cs1 B 2008, 2015 1 2020 rr., Korga cpefHsisi BbICOTa CHEKHOTO MOKPOBa IOCTUTaja Bcero 1 cM, MakCUMAaNbHbBIN —
50-60 mm B 2005, 2012 11 2013 rr. 3a 2001-2022 rr. cHEKHBIM NOKPOB B cpeaHeM 3ajeran 69 aneit (puc. 8).
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Puc. 8. luHaMKKa KOJIMUECTBA JHEH CO CHEXKHBIM MTOKPOBOM, THEH/TO

Fig. 8. Dynamics of the number of days with snow cover, days/year

HecMmoTps Ha 3HAYUTENTHHBIE MEKTO0OBBIE PA3INYHS IO KOJTMYECTBY JHEH CO CHEXHBIM ITOKPOBOM, HX YHCIIO
MMeEeT SBHYIO TEH/ICHIINIO K CHIDKEHHIO C TOIaMH.

Maioe KOIM4ecTBO 0CaIKOB CIIOCOOCTBOBAJIO TIOHMKEHHOH BIIQXKHOCTH BO3/TyXa B perroHe. OTHOCUTENNbHAS
BIIQ)KHOCTH BO3/yXa SIBISIETCS BaYKHBIM JKOJIOTMYECKHM IOKa3aTeleM CPeibl, TaK KaK XapaKTepHu3yeT CTENEeHb
HACBIIIEHHS BO3/IyXa BOASHBIM ITaPOM, B TOXKE BPEMSI OHA 3aBHCHUT OT MHOTHX (DaKTOPOB, B TOM YHCIIE OT (pr3HKO-
reorpauuecKux yCcIoBHi MECTHOCTH, BDEMEHH T'0/1a, CYTOK U psiia Apyrux. OTHOCHTENbHAS BIaXKHOCTH BO3IyXa
MPENICTABISIET COOO0H OTHOIICHNE (PAaKTHIECKOTO COIEp KaHMs BOASHOTO Mapa K MaKCHMAaJIbHO BO3MOKHOMY €T0
COZIEPKaHUIO NPH AaHHOH Temreparype. 3a nepuog 1997-2022 rr. B cpeaneM oHa coctasuia 78 % (puc. 9).
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Fig. 9. Dynamics of relative air humidity, %
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3a IaHHBIM IEpHOJ CPEAHEE KOINYECTBO BIaKHBIX IHEH, KOTa U B TIOCJICIIONIYICHHbIE Yachl (CJIEI0BATENIbHO,
B TEUEHME BCEX CYTOK) BIQXHOCTh He manaina Huwke 80 %, cocraBuiio 170. CpenHee KOJIMYECTBO CyXUX JHEH,
KOT/Ia B JIHEBHBIC YaChl OTHOCUTENbHAS BIXXHOCTH MTOHIKaach 10 30 % u menee, coctasmio 20 %. [Ipeodnana-
OIIMM TI0 YUCITy CyXuX JTHeH okazancs 2015 . — 94 nus. [IpeobiagarommM 1o 4ucTy BIaKHBIX THEH OKazajcs
2012 . — 228 nueit.

Cymma akmuensix memnepanyp Kak 1mokas3aresb COBOKYITHOW MOTPeOHOCTH pacTeHUH B Terie OblIa BBee-
Ha B arpomeTeoposoruu Peomiopom B 1734 1. [Tozanee . T. CenstHUHOB MPUMEHIIT 3TOT MTOKA3aTEIh IS OLICHKH
00eCreYeHHOCTH TETJIOM TIepHO/ia aKTHBHOM BETETAIlUH CETbCKOXO3SHCTBEHHBIX KyabTyp. CpenHss cymma ak-
TUBHBIX Temreparyp 3a 1997-2022 rr. B Ommxueld 3oHe aBapuu Ha YADC coctasnseT 2842 °C, B MEXT0OI0BOM
XOJI€ €€ MOBBIIIEHNE OTMEYaeTCs BO Bee rofibl uccnenoanuii (puc. 10). Camast BbIcOKasi CyMMa akTUBHBIX TeMITe-
paryp 3adukcupoana B 2018 r. (3219 °C), camas Huzkas — B 1997 1. (2382 °C).

¥ 3400

£ 3200

l—1

]

3000

EQS[](} v

-

g

% 2600

=

9240()

g 2200

1

g 2000 - e

}:_ -~ o0 & © — & o0 = v O~ 0 00 © —= &0 0= VO >~ 0 O8O0 -

B o DO Q200 R QO Q9 T oes e e e e e e e O DY

&) EnShooh OO0 O O 0 o 0 0000 e a0 90 00 D s D a0
—_— o= = ] S

Puc. 10. [lunamuka cyMM aKTHBHBIX TeMIieparyp B OimkHelt 3oue aBapun Ha YADC, °C

Fig. 10. Dynamics of sums of active temperatures in the exclusion zone of the CNPP, °C

/Jlasnenue 6030yxa u eemep. JlaHHbIN TIOKa3aTeNIb HEOOXOAMM JJISl YJIOBJICTBOPEHUS MOTPEOHOCTEN B MHTEpE-
cax Pa3TUYHBIX METEOPOJIOTUYECKUX NMPUMEHEHHH, B MEPBYIO OYepeab JJIS ONpeIeIeHNUs MoJIel TaBleHusl, co-
CTaBJISIFOIIX OCHOBY BCEX MOCIIEAYIOIIUX MPOTHO30B COCTOSIHUS arMocdepbl. Benndannbl armochepHoro nasie-
HUS IOCTaTOYHO YCTOMYUBBI M COCTABUIIM HA YPOBHE UCCIIEIOBATENLCKON CTaHIINK «MacaHbl» B CPeTHEM OKOJIO
1002 rlla. CTouT MOg4epKHYTh, YTO JABJICHHUE BO3IyXa MEHACTCS B TCUCHHE T0Ja U 3aBUCHUT OT PSJIa MOTOTHO-
KIIMMATHYECKUX YCIOBHM, TOITOMY JUIS KOKIOH MECTHOCTH «HOPMa» aTMOC(EpHOTo JaBJICHUS ONpeIeIsieTCs
CTaTUCTHYECKH. VI3MeHeHue naBieHns MPOMCXOIUT B Pe3yabTaTe JIBMKEHUS BO3ILYIIHBIX Macc. [Ipu cpaBHeHNH
MaKCUMyMOB U MMHHUMYMOB JaBJICHHS MOKHO 3aMETUTh, YTO B XOJOJAHBIA MEPHO MAaKCUMyMbl 3HAYUTEIHLHO
BBIIIIE, @ MUHIMYMBI HIDKE, YeM B TEIUIbIN, YTO CBS3aHO ¢ OOJBIION HMHTCHCUBHOCTBIO IIUPKYIISIIHN B XOJOJHYIO
MOJIOBHUHY TO/1A.

Bemposoit pesxrcum. BeTpoBO# peKUM U €T0 OIICHKA C TIOMOIIbIO IPpa)uueCcKOro CpaBHUTEIIBHOTO aHaJIN3a 10-
Kazajna, 4To MpeodalalollluMHy SBJSUTHCH BeTpa ceBepo-3anaanoro (C3) HanpaBieHUs, XapaKTePU3YIOIIUE 1aH-
HBIH peruoH (puc. 11).

B 1997-2022 rr., B yactHocTu B 2022 1., HA0JII0JaI0Ch YMEHBIIICHHE BETPOB FOTO-BOCTOYHOIO U 3aMaJHOTO
HaNpaBJICHUH 110 OTHOLICHHIO K MHOTOJIETHEMY pexXuMy. BmecTe ¢ TeM 3aMKCUPOBAaHO yBEIHYEHUE BETPOB
I0KHOTO HampasiieHusi. CTOUT MOTYEPKHYTh, YTO MpeoOnagalonine HampaBiIeHHsl BETPOB 3a BECh MEPUOJ
WHCTPYMEHTAJIbHBIX HAONIOACHHH, HApSAly C CeBepO-3amaJHbIMH, COCTABIAIOT BETpa 3anaaHoro (3) u oro-
BoctouHoro (KOB) nanpasienus. 3To moATBEpKAAET TO, YTO TOJOBOM X0/ KIMMATHYECKUX XapaKTEPUCTHK
BeTpa MO TePPUTOPHH YPE3BbIUAHHO M3MEHUYMB. Hannuue cuibHBIX KoJeOaHUH pekuma BETPOB, 00YCIOB-
JICHHBIX CUJIBHOH TypOyJEHTHOCTHIO, OTMEYAeTCs MPU HAONIOACHUAX TAKHX SIBICHUH, KaK MOPBIBUCTOCTH
WIH IKBAJIUCTOCTh. BeTep ckopocThio mopsiaka 5—8 M/c cuuTaercs yMEpPEeHHbIM, Bbile 14 M/C — CHIBHBIM,
Boie 20-25 M/c — mropmom, a Beime 30 M/c — pazpymuTeabHbIM yparanom [13]. Peskue kparkoBpeMeH-
HbIC YCWJICHHS BeTpa 10 3HaueHui nopsiaka 20 M/c u Beile HOcIT Ha3zBaHue mkBanoB [10]. Eciu mrao-
BEHHAasl CKOPOCTH (IIOPBIB BETPa) JOCTUTAET 25 M/C, TO 3TO OTHOCAT K OMACHBIM THJIPOMETEOPOIOTHIECKUM
aprneHusiM [11]. B Hamewm ciiydae MakcuMaibHbIE IOPBIBBI BeTpa HabOmoganuch B nuanaszone 15,6—17,0 m/c,
aB 2015 r. (anpenb) ObLT 3aperucTpUPOBaH HAaMOOIBIINI MaKCUMaNbHBIN OpBIB BeTpa 17,5 m/c [14]. Munu-
MaJjibHasi CPEHET0/I0Basi CKOPOCTh BETPa 3a JIaHHBIHM nepro cocTaBuia 1,4 m/c. Ha 10110 IITHIICBBIX YCIOBHIMA
npuitocs 20 %.
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Puc. 11. Po3a BetpoB: a) 1997-2022 rr; 6) 2022 1.
Fig. 11. Wind rose: a) 1997-2022; b) 2022

3akiIouenue

AHanu3 IMHaMHKH TOJTy4YE€HHBIX Ha HCCIIE0BATEIbCKOM CTaHIINK « MacaHbDy METEOPOIOTHYECKHX ITOKa3aTenei
3a nepuon 1997-2022 TT. MO3BOJIUII ONPENEIUTh KIMMATHUSCKUE XapPaKTEPUCTUKU TEPPUTOPHH OEIOPYCCKOTO
cexropa OnmwkHel 30HbI YepHoObUIbCKOH ADC, OLEHUTh MX BPEMEHHYIO W3MEHUYMBOCTH. YCTAHOBJICHO, YTO
TEMIIEPaTypHBI PEXKUM OKaszaJicsl Temjiee OObIYHOIO, CPEeJHEroJoBasl TeMIleparypa BO3AyXa YBEITHYMJIACh IO
OTHOIIEHHIO K CPETHEMY MHOTOJIETHEMY 3HaUEHUI0. BhIsIBIEHa TEHIEHIINS €€ MTOBBIIIEHNUS, KOTOpast B HACTOSIIIEE
BpeMst JUTs TaHHOH TeppuTtopuu coctapisiet okono 0,06 °C/rox. HaubombIme OTKIOHEHHS B CTOPOHY YBEITHUYCHHS
TeMIIepaTypoTCPEAHUX MHOTOJIETHUX 3HaYeHNH 0TMeuannocbB2020T., KorjacpeqHEro10Bass TEMIIEPAaTy paoKa3anach
BhIIIIE «<HOPMBI» Ha 2,2 °C. AGcomoTHbIH MakcumyM (+39,5 °C) st Halmux HaOMOIESHUH OBbLT 3apeTUCTPUPOBAH
B 2015 r, abcomoTablii MUHUMYM — B 2012 1. (—34,4 °C). CpeaneronoBoe 3Hau€HHE HHTCHCUBHOCTH CyMMapHOMH
COJIHEYHOW pajMallii B PealbHBIX YCIOBHsX oOnaynoctd coctaBmwio 0,21 kBr/m?. OGHapy’eHO HEKOTOpOEe
YBEJIMYCHUE KOJMYECTBA BBINAACHUSI aTMOC(EPHBIX OCaJIKOB, CyMMa KOTOpBIX cocTaBmia 106 % or cpemHero
MHOTOJIETHETO 3Ha4eHHs. AHAIN3 COBPEMEHHBIX TCHICHLUMH W3MEHEHHS KOJIMYECTBAa aTMOC(EPHBIX OCaIKOB
OOHapyKWJI X yBenuueHue okono 0,4 Mm/ro, mpu 3ToM Haubojee OTPULATENLHBIA TPEH T OTMEYANCS B TETUIBII
Mepuoz. YBeInuuiiack cyMMa akTUBHBIX Temneparyp (= 10 °C) u coctasisieT B HacTosiee Bpems 0osee 2800 °C,
YTO OTHOCHT JaHHBIN PETHOH K «HOBOM arpoximmarndeckoil 30He» [15; 16]. Cuuznnocs Ha 23 % Konmu4ecTBo
JTHEW CO CHEKHBIM MOKPOBOM, MPH 3TOM CPEIHSSI €r0 BBICOTA COCTaBMJIA BCEro 6 cM. 3amac BOAbl B CHEXHOM
IIOKPOBE Ha 3JIEMEHTaX MPUPOIHOrO JaHAmadTa Takke 3HAYUTEIBHO CHU3WICS. Malloe KOJIMYEeCTBO OCaJKOB
CIOCOOCTBYET MOHMKEHHOH BIA)KHOCTH BO3/1yXa B pernone. Ha paccmarpruBaeMoii TEppUTOPHH B CPEIHEM 32 TOJ
BhINaaeT 593,7 Mm arMoc(epHBIX 0CAAKOB, YTO XapaKTEPHU3YET €€ KaK PETHOH C HEAOCTATOUHBIM YBIaKHEHUEM.
B cBs13u ¢ npeobiiaganieM nenapsieMOCTH HaJl KOJMYECTBOM aTMOC(EPHBIX 0CaIKOB, KO3(D(UIMEHT YBIAXKHCHHUS
(GanaHc Bnaru) B JaHHBIN EPHOJ] YACTO OKA3bIBAJICS HIKE CAMHHIIBL. BETpOBOi peKuM H €ro OLIeHKa C TTOMOILBIO
rpayecKoro CpaBHUTEILHOIO aHaNM3a MOKa3ana, u4To MpeoONaalolliMHU BETPaMH SIBIISUIMCH BETpPa CEBEPO-
3amaiHoro, F0ro-3anaj Horo U I0KHOTO HampaBiieHHs. MakcuMallbHbIe TIOPBIBBI BETpa HAOMIONANNCh B IMANa30He
15,6—17,0 m/c, a B 2015 r (ampenb) ObLT 3aperucTpUpPOBaH HAHOOIBIINK MaKCUMaJIbHBIA TOPBIB BeTpa 17,5 m/c.
MuHuManbpHas CpeJHEeroaoBasi CKOPOCTh BETpa 3a AaHHBIM nepuon coctaBwia 1,4 m/c. llltunessie ycnoBus
npeodnananu B 20 % ciryyaes.

N3menenne KIMMaTHYECKUX XapaKTEPUCTHK, POUCXOsIIee Ha Bcel Tepputopun benapycu B mocineanue
JIECATUIIETHUS, OTMEUYAETCS U B HcClleyeMoM pernoHe. OHO BBIpakaeTcs B yBETUUEHUH TEMIIEPATYPBI BO3AyXa
C HauOOJBIIUMHU OTKIOHCHHSIMH B 3MMHE-BECEHHHMHM W JIETHHH MEPHOIBI, YTO IMOBIEKIO CYIIECTBEHHOE
M3MEHEHHE arpoKIMMAaTHYECKUX IOKa3aTesieil: BO3pOCIO YMCIIO JKapKUX (C MakCHMaJbHOW TeMIepaTypoi
Bo3ayxa +25 °C um BbIIE), a TakXke Cyxux AHel. HaOmiomaeTcss pocT cyMM TemIeparyp BO3Ayxa 3a
BEreTallMoHHbIN nieproa Boilie 5 °C U NPOJOIKUTENBHOCTE BPEMEHHU € MOPOTOBBIMU 3HAYEHHUSIMH JTaHHBIX
teMiieparyp. OTMEUEHO CHUKEHHE KOIMUYECTBA THEH CO CHEKHBIM MIOKPOBOM.
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MOAEANPOBAHUE POCTA NHBA3VBHOI'O BUAA PEUHBIX PAKOB
PROCAMBARUS VIRGINALIS (DECAPODA, ASTACIDEA)
B PABANYHBIX TEMITEPATYPHBIX YCAOBUAX

A. IT. TOJIYBEBY, E. A. YJIAIITHK" , O. A. BOJTH/IOBCKAA"

YMearcoynapoonwiii zocydapemeennuiil sxonoeuueckuil uncmumym um. A. J]. Caxaposa,
Benopyccruii 2ocyoapcmeennviil ynueepcumem,
yi. loneobpoockas, 23/1, 220070, o. Munck, Benapyce

Y MpamopHoro paka Procambarus virginalis onipe/ieiieHa 3aBUCUIMOCTb JTIUTEIILHOCTH MEKIMHOYHBIX HHTEPBAJIOB OT MacChl
TeJsa U BEIMYMHBI IPUPOCTOB MACCHI TEJA 32 OTJENbHbIE MEKIMHOUYHBIE MHTEPBAJIBI B IMana3zoHax teMmneparypsl 15,3-17,9 °C;
7,5-18,9; 19,1-20,8; 21,0-22,8; 22,9-25,2 u 25,3-28,9 °C. [1o 3TM JaHHBIM PaCCYUTAHBI KPUBBIC POCTA UX B YKA3aHHBIX JHa-
Ia30HaX TeMIeparyp U CyMMbl S3(QQEKTUBHBIX TeMneparyp (S, y 0coOell 3a IepHOIbl IOBEHUILHOTO POCTa U Pa3MHOKEHHSL.
CpennHee 3HaYCHUE S, 32 FOBCHIIbHBIN Tiepuoa P virginalis (0 TOCTHKEHMST HOBOPOXKICHHBIME 0CO0sSIMH Macchl Tena 1,4 1)
B MICCJIC/IOBAHHBIX TEMIIEPAaTypPHBIX HHTEpBaax cocTasisieT 4316 rpaayco-Hei npu Temieparype OHOJIOrHYeCcKOro HyIsl, paB-
HoM 7,6 °C. st neprona pasMHOKEHUS (J10 JOCTIDKEHHUS Macchl Tena oT 1,4 r 1o npenensHoi Maccsl 15 1) 10630 rpaxyco-aHei
1 3,0 °C coorBeTcTBeHHO. [10 TOMOBOM TMHAMUKE CPEAHEMECSYHBIX TEMITEPATYp B IIECTH KOHTHHEHTAJBHBIX BOJOEMAX B IIpeJie-
Jlax MHBa3uBHOTO apeana P, virginalis (IIserws, benapycs, ['epmanust, CioBaxwst, CeBepHast MakenoHus 1 MaiaBi) pacCUATaHbI
3HAYEHUA S¢ U MIEPUOIOB IO, B TEUCHHE KOTOPHIX BOSMOJKEH POCT IOBEHIIBHBIX M PA3MHOKEHHE TOJIOBO3PENBIX 0COOCH.
B Booemax ymepeHHbIX IHMPOT, pacnionokeHHbIX B [IIBennn, bernapycu, I'epmannu n CrnioBakum, 3HaUCHUS S, B IEPHOJ] POCTa
IOBCHUIIBHBIX 0Cc00ei m3MeHstoTes B mpenenax 1083—2099 rpanyco-mueit. B 6onee roxHOM Bomoeme CeBepHoii MakenoHUH
9TOT nokazarenb jgocruraer 2990, a B TponmueckoM adpukanckoM Bogoeme B Manasu — 7076 rpamyco-aueii. CienoBarensHo,
HOBOPOXIICHHBIC 0co0M P, virginalis, KOTOpBIE B BOHOEMaX YMEPEHHO! 30HBI EBPOITBI OTPOXKIAIOTCS B TIEPBOI TIOJIOBHHE JIECTa,
CTMOCOOHBI JOCTHUYH TIOJIOBOI 3PEIOCTH JIUIIH B TPETHE JICTO JKM3HHU, a B TPOIMMIESCKOM BOIOEME — YKE B TIEPBOE JICTO JKHM3HHU.
3HaueHus S ISl HEPUOIOB Tofa, OMAronpusITHBIX ISl POCTA MOJOBO3PENBIX 0COOEH, B MCCIEA0BAaHHBIX BofoeMax EBpormbl
Bo3pacratoT ot 2031 (Bomoem B I1IBenun) no 4657 rpamgyco-aueit (Bogoem B CeBepHoit Makenonun). B TponyeckoM Bompoeme
Managu 3TOT nokazaresib gocturaet 8058 rpayco-Hei, To eCTh MaKCUMalIbHast IPOJOJDKUTEIBHOCTD KU3HU P, virginalis B HeM
HE INPEBBIIIAET JBYX JIeT. TeM He MeHee, BO BCeM apeajie T0JI0Bo3perble ocodu P, virginalis criocoOHBI IPOM3BECTH He Ooriee
25 KJIaJI0K SIUII 3a YKU3HEHHBIN UK.

Knioueevie cnoea: Guonornveckre WHBA3UM;, TEMIIEPATyPHBIA PEKUM; PEUHBbIC PaKH,; MPaMOpPHBIN pak Procambarus
virginalis; CKOPOCTh POCTA; WHBA3UBHBII MOTCHIHAI.

Bnazooapnocme. ViccnenoBaHus BBITIOMHEHBI B paMKkax HHUAMATHBHONH HUP «CKropocTh pocTa MOy MHBa3HBHBIX
1 a0OpHUTEHHBIX BUIOB PEYHBIX pakoB B ycioBusax bemapycm» (20232024 rr., Ne rocpeructparun 20230739) u rpanta Mu-
HHUCTepcTBa obpazoBanus Pecrybnuku benapych A1 CTyAEHTOB, MATHCTPAHTOB, ACITUPAHTOB M MOJIOJIBIX YUCHBIX « DKOJIOTO-
Ouosornyeckas XapakTeprucTUKa MHBA3UBHBIX BUJIOB JIECATHHOTMX PAKOB B IIPUPOAHBIX KIMMATHYECKUX YCIOBUsIX PecyOiu-
ku benapyce» (2023 1., Ne rocpeructparn 20230468).
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MODELING THE GROWTH OF THE INVASIVE RIVER CRAYFISH
SPECIES PROCAMBARUS VIRGINALIS (DECAPODA, ASTACIDEA)
UNDER DIFFERENT TEMPERATURE CONDITIONS

A. P GOLUBEV*, E. A. ULASHCHYK", O. A. BODILOVSKAYA*

International Sakharov Environmental Institute, Belarusian State University,
23/1 Daiithabrodskaja Street, Minsk 220070, Belarus
Corresponding author: A. P. Golubev (algiv@rambler.ru)

In the marbled crayfish Procambarus virginalis, the dependence of the duration of inter-larval intervals on body weight
and the magnitude of body weight gains for individual inter-larval intervals in the temperature ranges 15.3-17.9 °C,
7.5-18.9, 19.1-20.8, 21.0-22.8, 22.9-25.2 and 25.3-28.9 °C was determined. The growth curves of individuals in these
temperature ranges and the sum of effective temperatures (S,) of individuals during juvenile growth and breeding periods
were calculated from these data. The average S.; value for the juvenile period of P. virginalis (until newborn individuals
reach a body weight of 1.4 g) in the studied temperature ranges is 4316 degree-days at the biological zero temperature
of 7.6 °C. For the breeding period (until reaching the body weight from 1.4 g to the limit weight of 15 g) — respectively
10630 degree-days and 3.0 °C. Based on the annual dynamics of mean monthly temperatures in six continental water bodies
within the invasive range of P. virginalis (Sweden, Belarus, Germany, Slovakia, North Macedonia and Malawi), S .rvalues
were calculated for the periods of the year during which juvenile growth and reproduction of sexually mature individuals
are possible. In temperate water bodies located in Sweden, Belarus, Germany and Slovakia, S.; values during the juvenile
growth period vary between 1083 and 2099 degree-days. In the more southern body of water in Northern Macedonia,
this value reaches 2990 degree-days, and in the tropical African body of water in Malawi it reaches 7076 degree-days.
Consequently, newborn individuals of P. virginalis, which in water bodies of the temperate zone of Europe hatch in the
first half of summer, can reach sexual maturity only in the third summer of life, and in a tropical water body — already in
the first summer of life. S.; values for periods of the year favorable for the growth of sexually mature individuals in the
studied water bodies of Europe increase from 2031 degree-days (water body in Sweden) to 4657 degree-days (water body
in Northern Macedonia). In the tropical water body of Malawi, this figure reaches 8058 degree-days, i.e. the maximum
life span of P. virginalis in this water body does not exceed two years. Nevertheless, throughout the entire range, sexually
mature individuals of P. virginalis are capable of producing no more than 2—5 clutches of eggs per life cycle.

Keywords: biological invasions; river crayfish; marbled crayfish Procambarus virginalis; growth rate; invasive
potential.
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Introduction

Invasion of animal and plant species into new geographic regions as a result of the influence of numerous
natural (geological, climatic and biological) factors with the displacement of native species has always existed.
With the advent of man and the anthropogenic factors he created, the process of invasion began to accelerate more
and more and in the second half of the twentieth century it became a serious environmental problem in almost all
regions of the planet.

One of the striking examples among aquatic organisms is the massive penetration of alien species of crayfish
(order Decapoda, infraorder Astacidea) of North American and Australian origin into water bodies of Europe,
Asia and Africa, caused almost exclusively by anthropogenic factors. It leads not only to a decrease in the number
and even complete displacement of native crayfish species and the destruction of established biotic complexes of
inland water bodies, but also causes significant material damage. For the period 2000-2020 economic losses from
invasion of various crayfish species worldwide exceed 120 million dollars [1].

By the beginning of the 21* century, in many European countries, the number of invasive crayfish species
reached and even exceeded the number of their native relatives [2]. In the current situation, a number of methods
and measures have been proposed for the conservation of native species of crayfish, but their effectiveness raises
reasonable doubts [3; 4]. In the foreseeable future, it is possible to expect that invasive crayfish in European water
bodies will become dominant not only in the number of species, but also in the number and biomass of popula-
tions. In this case, they will inevitably enter into intense competition with each other, the outcome of which is
currently impossible to predict.
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However, this question is of significant scientific interest, since it will expand the understanding of the patterns
of transformation processes of the fauna of continental water bodies in the modern era under the influence of glob-
al natural (climate changes, biological invasions) and anthropogenic (pollution of water bodies, changes in their
abiotic and biotic characteristics, etc.) factors.

One of the most aggressive species of invasive decapod crayfish, rapidly spreading throughout the planet, is the
marbled crayfish, Procambarus virginalis (family Cambaridae), popular among aquarists around the world [5].
Its distinctive feature is obligate parthenogenetic reproduction, which is a unique case in the infraorder Astacidea.

Special molecular genetic studies have established that all aquarium parthenogenetic individuals of marbled
crayfish are triploid females, which originated from a single individual of the subtropical North American species
Procambarus fallax (Hagen, 1870) as a result of a genomic mutation [6]. Two sex X chromosomes in the chro-
mosome set of Procambarus virginalis are genetically completely identical, and the third has quite significant
differences from them [7]. Most likely, in one female P, fallax, as a result of a violation of meiosis, an egg cell with
two X chromosomes was formed, which was successfully fertilized by spermatozoon with an X-chromosome.

After the experimental establishment of reproductive isolation between P. fallax males and females of marbled
crayfish, the latter was recognized as an independent species, Procambarus virginalis sp. nov. Lyko, 2017 [5]. Its
occurrence is a striking example of saltation, or quantum speciation [8].

The natural range of P. fallax covers only the basin of the small Satilla River in the states of Georgia and
Florida (USA). This species, like other Astacidea, is bisexual. However, recent molecular genetic studies have
revealed the presence of parthenogenetic females of P. virginalis in its natural populations. Therefore, along
with the offspring from the bisexual reproduction of P. fallax, they also contain clones originating from parthe-
nogenetic individuals of P. virginalis [9].

In North America, P, fallax is one of the most important objects of the aquarium animal trade [10; 11]. Ob-
viously, some batches of P. fallax, caught from natural reservoirs for sale in the USA and then in Europe, also
contained parthenogenetic individuals, which quickly spread among aquarists.

Since the beginning of the 21% century P. virginalis from aquaria, as a result of accidental or deliberate intro-
duction, has widely spread throughout the water bodies of many countries of the world with significantly different
temperature conditions. In Europe, it is distributed from Belgium to Romania and from Sweden to Ukraine and
Croatia [12—15]. Beyond its borders, the marbled crayfish has widely settled in numerous reservoirs of the low-
land part of the island of Madagascar [16]. It was also found in one of the lakes on the Japanese island of Hokkaido
[17], reservoirs in Taiwan [18], Israel [19], and an ornamental pond in Macau (China) [20].

One of the most important parameters determining the invasive potential of a particular species is the rate of
growth of their populations in comparison with that of closely related native species [21]. In turn, it is determined
by three important parameters: the survival rate of juveniles, the total fecundity of females during the life cycle,
and generation time [22]. The total fecundity of female crayfish is quite easy to determine based on the results of
field population studies.

It is much more difficult to determine the generation time in natural populations of crayfish. For rough esti-
mates, it can be equated to the duration of the juvenile period in females, i. e. the age at which they laid their first
clutch. However, most species of crustaceans have a long-life cycle (from 2-3 to 10 or more years), which does
not always allow for appropriate laboratory experiments.

However, the growth rate of all crayfish species is determined by the frequency of their molts, which in turn
is largely determined by the temperature of the environment [23]. Using the noble crayfish Astacus astacus as an
example, we developed a model for reconstructing the somatic growth of individuals based on the duration of in-
termolt intervals in individuals with different body weights and body weight increments during separate intermolt
intervals [24]. The results of calculations of A. astacus growth curves using this model showed good agreement
with the corresponding empirical data. Therefore, we used this method to simulate the growth processes of mar-
bled crayfish over their life cycle.

The modern extensive invasive area of marbled crayfish covers regions with different natural and climatic,
primarily temperature, conditions. One of the most important limiting environmental factors for crayfish is the
temperature regime of water bodies, which has a significant impact not only on their survival and seasonality
of reproduction, but also on the duration of embryogenesis and intermolt intervals [25]. Therefore, studying the
effect of temperature on the growth of marbled crayfish individuals allows us to make predictive estimates of the
invasive potential of their populations in new habitat conditions.

Materials and methods

The studies were conducted in 2015-2022 on individuals from a laboratory culture of P. virginalis kept at
the International Sakharov Environmental Institute of Belarusian State University. The culture obtained from a
single maternal individual was, of necessity, located in a laboratory room that was poorly heated in winter and
strongly heated in summer. During the year, the temperature in it varied from 13—16 °C in December—February
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and to 28-32 °C in July—August. However, this same circumstance made it possible to estimate the effect of the
temperature factor on the frequency of molting.

Newborns at the age of 23 weeks were seated individually in vessels with a volume of 1 liter. Then, as
they grew, they were transferred to larger aquariums with a water volume of up to 5 liters. All containers with
animals were checked at least 1-2 days to record the dates of individual molts and the laying of eggs on pleopods.
All individuals were weighed after each molt. For further analysis, we used only the duration of time intervals
between two successive molts, during which females did not lay eggs or bear young.

The water temperature in the vessels was determined daily. These data were used to calculate average
temperatures for individual intermolt intervals. The animals in the experiment were fed live larvae of the
chironomid Chirinomus sp. and Cladocera species Daphnia magna, supplied in abundance. At least twice a week,
a complete change of water was carried out in all containers.

The specific growth rate of individuals (r, time™) for certain periods of time (t, — 1,) was calculated according

to (1): _ InW; —InW,
-

(M

T2—T1
where W, and W, are the weight of individuals at ages t,and t,.

The Van’t Hoff coefficient values (Q,,) for molting frequency (V = 1/D,,, day!, where D,,, is the duration of the
intermolt interval) for individual temperature ranges were calculated according to (2):

10
Qu = (B, @
1

where V| and V, are the frequency of molts at temperatures t; and t,.

All calculations are performed in the STATISTICA § software package.

The present-day wide invasive area of marble crayfish covers various natural zones — from the tropics to the subarc-
tic regions. The temperature regime of reservoirs in these regions varies sharply, which has a significant impact on the
processes of growth and reproduction of this species. We conducted a comparative analysis of the features of changes
in average monthly temperatures in six model reservoirs in different zones of the range of this species and the features
of the impact of their temperature regime on the growth of marbled crayfish. The model reservoirs were:

1. A reservoir near the city of Jonkoping in Southern Sweden, where the northern border of the invasive area
of P, virginalis currently lies [26].

2. Zaslavskaye reservoir near Minsk (Belarus). As of 2024, this species has not been found in natural reservoirs
of Belarus. However, in our country it is also a popular aquarium species and sold in specialized stores [27], which,
unfortunately, does not exclude its penetration into the natural environment. In addition, Zaslavskaye Reservoir is
located in the central part of Belarus, so its thermal regime is quite typical for reservoirs throughout the country.

3. A reservoir in Frankfurt am Main (Germany), since the marbled crayfish was first discovered in natural
water bodies exactly in Germany [28].

4. A reservoir in Bratislava (Slovakia), since a stable population of this species was found near this city [29].

5. Plain Dojran Lake (North Macedonia), since currently the marbled crayfish actively populates the water
bodies of the Balkan Peninsula [30].

6. Coastal zone of Monkey Bay on the extreme southwestern section of the shore of Nyasa Lake (Malawi,
East Africa). We took it for rough estimation of the temperature regime in freshwater bodies of the island of Mad-
agascar, which is the southern border of the modern invasive range of the marbled crayfish [16]. Unfortunately,
we were unable to find the necessary data on the thermal regime of freshwater bodies on this island in publicly
available sources of information. However, since Madagascar and Malawi are located in the geographic region of
Southeast Africa there is every reason to believe that the temperature regimes of freshwater bodies of Madagascar
and Lake. Nyasa Lake are very similar.

Data on the temperature regime of the listed reservoirs are taken from the publicly available Internet resource
https://seatemperature.info/. Calculations of the sums of temperatures for separate periods of the year were carried
out in the computer program «Integral Calculator» https://www.integral-calculator.ru/.

Results and discussion

In all species of crustaceans the duration of intermolt intervals increases with increasing mass of individuals
and decreases with increasing temperature [31]. In our experiments, individuals grew and molted over a wide
temperature range. Therefore, to eliminate the influence of the temperature factor on the dependence of the dura-
tion of intermolt intervals (D,,) on the mass of individuals (W), all available D,, values were distributed over six
temperature intervals in which the average temperatures during intermolt intervals changed by no more than 3 °C.
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Despite the rather significant scatter of empirical data in all temperature intervals, the relationship between these
parameters in P. virginalis, as well as in other species of crustaceans, is well approximated by the power equation:

Dy, =pW5, 3

where p and q are empirical coefficients, the parameters of which are presented in table 1.
In double logarithmic coordinates, equation (3) is transformed into a linear regression equation:
1gD;, = Igp + qlgW. “4)
In graphical form, the dependence of D,, on W in different temperature intervals is presented in Fig. 1, and the
parameters of equation (1) for different temperatures are in table 1.
Due to the large range of variation in individual weights, both scales are presented in logarithmic coordinates.

The straight lines are the regression lines of equation (2), whose parameters are given in Table 1; the dashed line
is the 95 % significance level.
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Fig. 1. Dependence between of the duration of intermolt periods (D,,, days)
and body weight (W, g) before the previous molt in marbled crayfish at different temperature intervals:
a) 15.3-17.1 °C; b) 17.5-18.9 °C; ¢) 19.1-20.8 °C; d) 21.0-22.8 °C; e) 22.9-25.2 °C; f) 25.3-28.9 °C
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Table 1
Parameters of equation (3) of dependence of interlinear interval duration on body weight of marbled crayfish
Ti;rlll[;r’ac%re Average tf(ljnperature, Weight ra:lr;glse’ (;f individ- p q - Average of
153171 16.5 0.148-9.484 45.0 0.2871 0.6382 1.351
17.5-18.9 18.2 0.064—-6.950 41.8 0.2185 0.5481 1.295
19.1-20.8 19.7 0.063-6.650 34.0 0.3353 0.7642 1.362
21.0-22.8 220 0.200-4.786 24.9 0.5480 0.7100 1.303
22.9-25.2 239 0.246-20.52 314 0.4275 0.7479 1.333
25.3-28.9 26.2 0.154—-4.538 28.3 0.4478 0.7736 1.356

*Correlation coefficient between lgD,, and IgW in the equation (4)

It is important to note that as the body weight of individuals increases, the effect of temperature on the frequency
of their molts weakens (Fig. 2).

Qm '

20Te

1,0k : - - - - - -
0 2 4 6 8 10 12 14 W

Fig. 2. Dependence between the Q,, coefficient for the frequency of molts (1/D,,, day™')
and the weight of marbled crayfish individuals (W, g) in the interval 16.5-26.2 °C

The values of 1/D,, for the temperatures 16.5 °C and 26.2 °C were calculated using the corresponding equa-
tions (3), the parameters of which are given in Table 1.

An increase in the mass of decapod crayfish, which have massive and hard outer integuments, occurs only in
the first few days after molting, until the new integuments harden. Therefore, the frequency of molting directly
determines the rate of weight growth of crayfish.

The principle of calculating growth curves of individuals is as follows. In the Excel-2003 editor, a ta-
ble of 4 columns is built (Table 2). The first column contains the serial numbers of molts (i). The second
column contains the weights of individuals after the corresponding molt (W;). The values of the post-molt
weight of individuals in any pair of subsequent (W;;;) and previous molts (W;) can be calculated by the
equation:

Wit = BWi, ()

where [ is the ratio of the mass of individuals after the subsequent molt to their weight after the previous molt,
expressed in fractions of unity:

= Wiss (6)
p=Tt

In all temperature intervals, no statistically significant dependence of B values on the weights of individuals
was established. Therefore, for further calculations we will use their averaged values for each temperature interval

(Table 1).
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Table 2
Example calculations of age curves of marbled crayfish per life cycle at temperatures of 25.3-28.9 °C
Number of moult, i; Wi, r d{a)}i/s T, days i W, r D,, days T, days

1 2 3 4 1 2 3 4

0 0.007 3 0 14 0.500 21 138

1 0.010 4 4 15 0.675 24 162

2 0.013 4 8 16 0.915 27 189

3 0.018 5 12 17 1.240 31 220

4 0.024 5 18 18 1.682 35 255

5 0.032 6 24 19 2.281 40 295

6 0.044 7 31 20 3.092 46 341

7 0.059 8 39 21 4.193 53 394

8 0.080 9 48 22 5.686 60 455

9 0.109 10 58 23 7.710 69 524

10 0.147 12 70 24 10.455 79 603

11 0.200 14 84 25 14.177 91 693

12 0.271 16 100 26 19.224 104 797

13 0.368 18 118 27

Body weight of individuals after each successive molt (W) increases exponentially:
Wi = W, B, (7

where W, is the average weight of newborn P. fallax individuals, which, according to our data, is 0.007 g, i —is the
molting serial number.

The third column contains the values of the duration of the subsequent intermolt interval (D;) for a molted
individual with mass W,, calculated according to (4). The fourth column records the total values of D with an
increasing total, which corresponds to the age of individuals (t. days) after each successive molt. The age of
individuals in our calculations was limited to 780—820 days, which approximately corresponds to the maximum
duration of life expectancy of this species in the temperature range of 20-25 °C.

Growth curves for other temperature intervals were calculated in a similar way (Fig. 3).
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Fig. 3. Parameters of equation (4) and calculated growth curves of Procambarus virginalis at different temperature intervals:

a) 15.3-17.1 °C; b) 17.5-18.9 °C; ¢) 19.1-20.8 °C; d) 21.0-22.8 °C; e) 22.9-25.2 °C; f) 25.3-28.9 °C
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According to our data [32], individuals began to produce their first clutches already when they reached a body
weight of 0.85 to 1.2 g. A definite dependence of this indicator on temperature has not been established. However,
in the vast majority of cases, such clutches were unviable and the females quickly discarded them. Viable clutches
began to be produced by larger individuals, with a body weight of 1.4 g or more.

The calculated growth curves of P. virginalis in all temperature intervals are satisfactorily described by the
second-degree polynomial equation:

W.=at’ +bt +C, (8)
where W. is the mass of individuals, g, T is the age of individuals, days, a, b and C are empirical constants.

The parameters of equations (8) for different temperature intervals are presented in Fig. 3. Based on them, the
ages of individuals were calculated when they reached a mass of 1.4 g in these intervals, which corresponds to
the duration of the juvenile period (D;). With an increase in temperature (t, °C), the D; values of marbled crayfish
decrease, and the specific growth rate (r, day™') during the period of juvenile growth increases (Fig. 2). The rela-
tionship between r and t is linear:

r=-0.0123 + 0.0019+¢. )

The value of t at which r = 0 is 6.4 °C. This temperature is the lower temperature limit for the growth of
juvenile marbled crayfish (Fig. 4).
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Fig. 4. Temperature dependence of the duration of the juvenile period of marbled crayfish (D;, day)
and the specific growth rate during this period (r, day™)

The t, value we obtained for the juvenile growth of marbled crayfish is close to the results of R. Seitz, et al.
[31]. They experimentally raised newborn individuals of this species constant temperatures of 15 °C, 20 °C, 25 °C
and 30 °C until the age of 104-195 days. The value of t, for the specific growth rate of individuals for the first
100 days of their growth, calculated by us based on the data of these authors, was 7.6 °C.

Consequently, the lower temperature limit for the growth of juvenile marbled crayfish can be taken to be close
to 7 °C. From here, the sum of effective temperatures (S., degree -days) for the juvenile period (D;, day) of this
species can be calculated according to:

Sef = D_l(t - to)a (10)
where t is the average temperature for the juvenile period.

According to the results of our experiments, the average value of S; for the juvenile period of marbled
crayfish in different temperature intervals is 4316 degree-days. The average weight of newborn marbled
crayfish is 7 mg, and the average weight of individuals that have begun to produce viable clutches is
1.4 g. Hence, the increase in the mass of individuals during the juvenile period is 1.39 g. Consequently,
the sum of effective temperatures required for an increase in the mass of juveniles by 1 g is equal to
4316/(1.4 g—0.007) 3 = 3098 degree-days.

We were unable to find specific data on the growth or lifespan of marbled crayfish in natural reservoirs in
the literature. According to our data, its lifespan in the laboratory at an average annual temperature close to
20 °C does not exceed 2-2.5 years, and its maximum weight reaches 15-20 g [32].

According to calculations using equation (8), the age of reaching a body weight of 15 g was reduced by
increasing temperature from 1349 to 707 days (Fig. 5). As for the juvenile period, an increase in the specific
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growth rate in mature females during the growth period from 1.4 to 15 g with increasing temperature, is
described by a linear function:

r=-0,0006 + 0,0002t. (11)
g D
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Fig. 5. Temperature dependence of the age at which marbled crayfish individuals reach
a body weight of 15.0 g (D, day) and the specific speed of sexually mature individuals (r, day™')

From equation (11) it follows that the lower temperature limit for the growth of sexually mature marbled
crayfish is 3 °C, which corresponds quite well to the available literature data. Thus, the survival rate of P. virginalis
in a natural reservoir in the Czech Republic over a 240-day period, entirely including the winter months, was
25 % [33]. Most of the deaths of individuals occurred precisely during the cold period of the year, when the water
temperature dropped to 2—3 °C. At the same time, all surviving individuals did not feed in winter, being motionless
and essentially in a state of suspended animation. The exit from it occurred only when the water warmed up in
April to 5-7 °C.

In individuals of this species kept from September to April in an outdoor pool, molting was observed even
when the water temperature in it dropped to 5.1-9.5 °C [34].

The value of the sum of effective temperatures for the growth period from 1.4 to 15 g in all temperature intervals
we studied averages 10 630 degree-days. Therefore, to increase the body weight of sexually mature individuals
by 1 g, a sum of effective temperatures equal to 10630: (15.0 — 1.4) = 782 degree-days is required. Since the
frequency of molts in sexually mature individuals of marbled crayfish is weakly dependent on temperature, with
Qo in the range of 1.15-1.38 (Fig. 2), changes in temperature will have only a small effect on the growth rate of
sexually mature individuals.

Ifthe temperature of the water in a reservoir for each day of the year (t;) is known, the annual sum of temperatures
(Squm) of the water in it can be calculated by summing:

Ssum = 213=615 (£;,°0). (12)

However, for the purposes of our research, it is important to know not only the annual sum of temperatures or
the average annual temperature, but also the nature of temperature changes throughout the year. However, in most
cases, there is no data on daily temperature values in water bodies or in their biotopes where crayfish live. In this
case, the annual sum of temperatures can be determined with sufficient accuracy from changes in average monthly
temperatures or even from temperatures for individual dates. However, it is desirable that these data cover all
seasons of the year or at least the ice-free period.

The curves of annual temperature changes in continental water bodies are not strictly symmetrical for many
natural and climatic reasons. The period of the year with maximum temperatures almost always occurs at the end
of July — the first half of August. In the reservoirs of the Southern Hemisphere, on the contrary, minimum tem-
peratures are observed during this period of the year. As an example, let’s look at the change in average monthly
temperatures in the Zaslavskaye reservoir (Table 3).

Annual changes in water temperature in it (t, °C), as in other model reservoirs, are well described by the pol-
ynomial equation of a 5™ degree:

t=at’+bt*+ et +di? tet +f, (13)

where 7 is the serial number of the day in the year, counting from January 1% (t= 1), @, b, ¢, d, e and fare empirical
constants.
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Table 3

Parameters of equation (13) describing annual changes in water temperature (¢, °C) in water bodies
within the invasion area of Procambarus virginalis during the year (t, ordinal number of days counted from January 1*)

Water body, localisation Equation
Water body near Jonkoping in Southern Sweden | ¢ = 1,4442E97°— 1,1117E"t* + 2,5091E5t* - 0,00127t°— 0,051371 + 4,7388
. . t=1,3331E"9%°— 9,2227E%¢* + 1,6072E-7* + 0,00027>— 0,08371 +
Zaslavskaye reservoir near Minsk, Belarus 44737
_ 10,5 -8 5.3 2 5
Water body in Frankfurt am Main, Germany t=1,0697E 7,5621E3%t4 +41,93161§8E 7°—0,02337— 3,0963E51 +
_ 10,5 -8 5.3
Water body in Bratislava, Slovakia t=1,2123E"%°—~ 8,9101E 14-; é,;ggSE 7 —0,00067>+ 0,0097t +
— S5 -8, -5.3 2
Plain Dojran Lake, North Macedonia t=9,2464E"'7°— 6,578E*t* + 1,1323E¢* + 0,00017> + 0,0061t
+5,2108
Monkey Bay of Nyasa Lake, Malawi, t=—2,2873E""°+1,3447E*t*— 7,9151E"t* — 0,00057> + 0,04457 +
East Africa 27,6135

The definite integral of function (13) in the range from t =1"day (January 1) to T = 365" days (December 31) is
the sum of active water temperatures (S,,,) in a reservoir for an astronomical year. The values of S, calculated in
this way differ from those determined, according to (12), by no more than 5 % in both directions. This accuracy is
quite acceptable for the purposes of this study, given the significant fluctuations in the average annual temperature
of water bodies in different years.

The lower temperature limits for the passage of individual stages of ontogenesis in crayfish differ significantly
(Fig. 5). The exact lower (t,,;,, day) and upper (T,..., day) boundaries of these intervals can also be calculated using
equation (13), using the t, values for the corresponding stages of ontogenesis. Integrating equation (12) in the
range Ty, — Tmax 2llows one to determine the sum of temperatures over this range (Sy)-

However, for the rates of many biological processes in poikilothermic organisms, the most important factor
is not temperature as such, but effective temperature (S). It is equal to the difference between the temperature of
the environment (¢, °C) and the temperature of biological zero, or the lower temperature limit for the occurrence
of this process (7, °C).
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Fig. 6. Changes in monthly temperatures in the Zaslavskaye reservoir in 2023 according to the data of the Internet resource
https://seatemperature.info/. The curve is the line of equation (13), the parameters of which are given in Table 3:
line a — lower temperature limit of growth of sexually mature individuals; line b — lower temperature limit of juvenile growth;
line ¢ — lower temperature limit of embryonic development and growth of newborn individuals; line d — temperature
of the beginning of clutch emergence by females in natural water bodies of the temperate zone. Range AF — the period of the year
when growth of sexually mature individuals occurs. The BE range is the period of the year when juvenile growth occurs.
Range CD - the period of the year when embryonic development and growth of newborn individuals occurs
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The sum of effective temperatures for the period of the year (dt = T« — Tmin) in Which a certain stage of on-
togenesis occurs (S) can be calculated according to:
S
Ser = [(222) - £,]67, (14)
where S, is the sum of temperatures for the interval of the year in which a certain stage of ontogenesis occurs,
calculated by integrating function (5) in the interval from T, t0 T, 07 is the duration of this interval (days),
t, is the temperature of biological zero for a given stage of ontogenesis, °C.

However, females of the marbled crayfish in water bodies of the temperate zone begin to lay eggs only after
the spring warms up of the water to 16 °C [33], which is significantly higher than the t, value for the embryonic
development of the marbled crayfish, equal to 13.1 °C [34]. This circumstance must be taken into account when
calculating S.; according to (14) for time periods in water bodies in which embryonic development of marbled
crayfish can actually occur. In this case, this period begins when the water temperature in the reservoir warms
up to 16 °C in the spring, and ends when it drops to 13 °C in the fall. In fact, this period of time is the breeding
period for marbled crayfish in natural reservoirs.

In marbled crayfish, the values of t, for passing through different stages of life stages in ontogenesis de-
crease, and the duration and sum of effective temperatures for their passage, on the contrary, increase. Thus,
the duration of embryogenesis in him with an increase in temperature from 16—17 ° C to 2627 °C is reduced
from 66—-69 days to 21-24 days. The S.; values for the period of embryogenesis average 299 degree-days, and
the lower temperature threshold of embryonic development is 13.1°C. In juveniles with a body weight of up to
0.32 g, the lower temperature limit for molting occurs, i. €. body weight growth is the same — 13—14 °C. At the
same time, the upper temperature limit for the survival of developing embryos and newborn marbled individu-
als is a temperature of 27 °C [32].

The lower temperature limit for the growth of juvenile marbled crayfish is 7 °C (Fig. 4), and for mature
individuals it decreases to 3 °C (Fig. 5). The age at which the marbled crayfish reaches sexual maturity, even
at temperatures ranging from 20 to 26 °C, is at least 200 days, and the average value of the sum of effective
temperatures for this period reaches 4316 degree-days.

Therefore, the boundaries and duration of the periods of the year in which these processes can occur in
natural reservoirs, as well as the sum of effective temperatures in these periods, will vary significantly (Fig. 6).
The parameters of equations (13), which describe the annual variation of temperatures in model reservoirs, are
given in Table 3.

The period of the year with temperatures favorable for embryonic development increases as one moves from
north to south (Fig. 6). However, temperatures of 27 °C and above are lethal for embryos and newborn juveniles
of marbled crayfish [32]. Therefore, in freshwater bodies of the tropical island of Madagascar (an analogue of
which is Nyasa Lake), the embryogenesis of marbled crayfish can occur only in the period from April to Octo-
ber, when the temperature in them drops below 27 °C.

On the other hand, the upper temperature limit for the existence of juvenile and mature individuals of this
species exceeds 30 °C, so they are able to grow in tropical waters throughout the year.

The boundaries of the passage of individual stages of ontogenesis in P. virginalis in model reservoirs and the
sum of effective temperatures for these periods are presented in Table 4. The shortest period of the year (only
70 days) with temperatures at which embryogenesis of the marbled crayfish can actually occur occurs in the
reservoirs of the South Sweden. However, due to low summer temperatures, the S.; value for this period is only
166 degree-days, or 1.8 times lower than the Sef value required for the embryonic development of marbled
crayfish.

Obviously, in such temperature conditions, complete development of clutches in one growing season is
impossible. Therefore, the possibility of reproduction of P. virginalis populations in the region of Southern
Sweden seems very doubtful. However, 13 specimens of marbled crayfish were discovered in the small river
Mirstaan near Stockholm [26]. However, these authors themselves express reasonable doubts about the ability
of this species to create sustainable populations in the waters of Southern Sweden. Most likely, the adult indi-
viduals they found in this river were brought there only once.

On the other hand, in the reservoirs of the city of Dnieper (Ukraine), egg-bearing females of P. virginalis were
found even at the end of October, when the water temperature dropped below 10 °C [35]. Most likely, their clutch-
es were swept out in late summer — early autumn, when the temperature of the reservoir still exceeded 13 °C. In
this case, at the end of October, P. virginalis eggs could already be in the stage of winter embryonic diapause, typ-
ical for crayfish of the temperate zone. At the same time, the ability of eggs and embryos of the marbled crayfish,
which is subtropical in its region of origin, to survive a long and cold winter period in water bodies of the tem-
perate zone remains unclear. In any case, we were unable to find information about the presence of egg-bearing
females of this species in the waters of Europe during the winter months.
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Table 4
Boundaries of individual stages of ontogenesis in Procambarus virginalis
in natural water bodies and sums of effective temperatures for these periods
. . The sum e Sum of Limits of Sum of
Slrl;tnuiemi_n Bofu rndz;nss pt?nr?d of effective lelLsﬂo f effective | growth peri- effective
W s pe es it ot reproduction, temperatures juvent’e tempera- od of sexu- tempera-
ater body, localisation | the reservoir embryogenesis for this peri- growth tures for ally mature tures for
(fior the lear’ nan(é g;(: th dzf od, degree-- pe(;od*, this period, | individuals*, | this period,
cereerdays CWborns®, days days ¥s degree-days days degree-days
Water body near 1-20u
Jonkoping in Southern 3158 206=-27 166 133-Jle 1083 100 — 365 2031
70 184
Sweden 286
Zaslavskaye reservoir 163 —275 105 —307 69 —330
near Minsk, Belarus 3442 113 43 203 1567 262 2493
Water body in Frank-
. 146 — 288 79 321 1365
furt am Main, Ger- 4491 143 850 BV 2099 365 3324
many
Water body in Bratisla- 148 — 284 1—365 1—365
va, Slovakia 4396 153 837 365 1841 365 3301
Plain Dojran Lake, 122 —302 53-329 1365
North Macedonia S749 201 1550 279 2990 365 4657
Monkey Bay of Nyasa s
Lake, Malawi, East 9613 1103007 2129 1=365 7076 1=365 8518
Africa 191 365 365

*In the numerator — ordinal numbers of days of the year, counted from January 1%. The first digit is the day when the water temperature
in the reservoir reached 16 °C, the second — when it decreased to 13.1 °C; in the denominator — duration of the period of the year in this

temperature range.

**Until the body weight reached 15 g.
***Period of the year when water temperature did not exceed 27 °C.
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Fig. 7. Annual changes in mean monthly temperature (t, °C) in freshwater bodies in different climate zones in 2023. Based on data from
https://seatemperature.info/. 1. Lake in Southern Sweden. 2. Zaslavskaye reservoir (Belarus). 3. A body of water in Frankfurt am Main
(Germany). 4. A water body in Bratislava (Slovakia). 5. Doiran Lake (Northern Macedonia). 6. Monkey Bay, Lake Nyasa (Malawi).
Line a — Lower temperature limit for growth of sexually mature individuals; line b — lower temperature limit for growth of juveniles;
line ¢ — lower temperature limit for embryonic and neonatal growth; line d — temperature at which females begin to deploy their
clutches in natural waters of the temperate zone; line e — upper temperature limit for embryonic and neonatal growth
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In more southern reservoirs of Belarus, Germany, Slovakia and North Macedonia, the duration of the repro-
duction period of the marbled crayfish is significantly longer, and the S,; value in it exceeds the similar value for
embryonic development. Consequently, in these reservoirs, females are able to fully tolerate a clutch of eggs, and
the juveniles hatched from them can continue to grow for quite a long period of time.

An important limiting factor for natural populations of marbled crayfish is the high mortality of juveniles in
winter. Thus, the survival rate of juveniles (average weight 0.9 g) in open concrete tanks in northeastern Estonia
from September 2011 to April 2012 was only 8 %. At the same time, the peak of mortality occurred in the coldest
months — January and February. In sexually mature individuals (average weight 2.1 g), under the same conditions,
survival rate reached 60 % [34].

However, even juveniles that have successfully overwintered in European water bodies are not able to reach
sexual maturity during the second growing season in their life cycle. To achieve sexual maturity, juvenile marbled
crayfish require a S, value of over 3000 degree-days. At the same time, the corresponding indicator for the growth
period of juveniles in water bodies of Belarus, Germany and Slovakia for the period of the year with temperatures
above 7 °C varies within the range of 1567-2099 degree-days (Table 5). The same figure in the warmer Lake
Dairen reaches almost 3000 degree-days. However, even if some individuals at the end of this period are able to
lay a viable clutch, then in the coming cold period of the year it will most likely die.

Consequently, as a result of the reservoirs of the temperate zone of Europe, newborn individuals of marbled
crayfish are able to begin to reproduce only in the third year of life. According to our observations, female marbled
crayfish never produced a repeat formula immediately after the juveniles emerged from the previous ones. Always
soon after the juveniles hatched from the eggs, the females molted shedding their exoskeleton with the remains of
hyaline filaments. They issued repeated egg clutch, and not always, only after another molt. In sexually mature
individuals, intermolt intervals, even at temperatures above 20 °C, are quite long — at least 25 days (Fig. 1). There-
fore, the second clutch during the growing season in natural reservoirs will develop at rapidly decreasing autumn
temperatures, which will negatively affect the survival of embryos.

Therefore, during their third growing season in the reservoirs of Germany and Slovakia, they will be able to
produce one clutch, and perhaps two clutches in the warmer reservoirs of the Balkan Peninsula.

In contrast to the reservoirs of Europe, in tropical reservoirs there is no cold period of the year, which limits the
growth of not only sexually mature, but also juvenile individuals. Therefore, newborn juveniles are able to reach
sexual maturity in them by the age of 200 days and produce up to 3—4 clutches in two seasons of the year with
temperatures favorable for embryonic development (below 27 °C).

Reproduction through parthenogenesis significantly increases the invasive potential of the marbled crayfish,
since theoretically a new invasive population can be founded by a single mature female that has produced at least
one viable clutch during its life cycle. In contrast, the establishment of invasive populations of bisexual crayfish
species requires large enough groups of heterosexual individuals to increase the likelihood of their contacts during
the breeding season.

However, the reproductive capacity of marbled crayfish is significantly lower than that of bisexual species. In
our experiments [32], clutches were produced by no more than 50 % of sexually matured individuals kept in in-
dividual vessels. Moreover, up to 80 % of all clutches produced were non-viable. In most cases, breeding females
produced one viable clutch during their life cycle, and only in exceptional cases — two such clutches. These results
are quite consistent with the available literature data [36]. According to them, among female marbled crayfish kept
by US aquarists, 38.5 % did not reproduce, 23.0 % produced only one clutch, and only 38.5 % produced several
clutches.

Therefore, low clutch viability and very high mortality of juveniles during the cold season significantly reduce
the invasive potential of marbled crayfish. Hence, its spread across Europe is significantly lower than that of oth-
er North American invasive species: the signal crayfish Pasifastacus leniusculus, the striped crayfish Faxonius
(Orconectes) limosus, and the red swamp crayfish Procambarus clarkii. The first two species originate from the
temperate zone of North America and are therefore well adapted to low winter temperatures. In contrast, the red
swamp crayfish, like the marbled crayfish, comes from the subtropics of North America.

The native area of the signal crayfish in North America covers the extreme south of British Columbia (Cana-
da), the states of Washington, Oregon, Idaho and northern California (USA). It is not highly resistant to elevated
temperatures, which limits its ability to move into warmer subtropical regions. The optimal temperature for the
development of eggs of this species in artificial conditions is 12—14 °C, at which their survival rate reaches 90—
98 %. For individuals under one year of age, an average annual temperature of 18 °C is considered optimal [37].
However, the maximum growth rate of individuals was noted at 23 °C [38].

In 1961, P. leniusculus was first introduced to Sweden and then to other European countries as a potential
aquaculture object [26], but it quickly began to spread to natural reservoirs. Now in Europe, among the invasive
species of crayfish, the signal crayfish has the most extensive range. It extends from Sweden, Finland and Great
Britain in the north, to Spain, Croatia and Greece in the south. At the southern border of its European range,
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the signal crayfish lives in colder mountain reservoirs. The eastern border of its range is Lithuania, Poland, the
Kaliningrad region of the Russian Federation and the Daugava River (Western Dvina) in Latvia, up to the city
of Daugavpils in close proximity to the border with Belarus. But in Belarus, despite long-term searches, signal
crayfish has not been discovered.

On the other hand, low winter temperatures in natural reservoirs (up to 2—3 °C) do not block the growth of not
only adult individuals, but also juveniles of P. leniusculus. Thus, their newborn individuals raised in the laborato-
ry from July to May on running water coming from nearby Lake Mélaren (Central Sweden) reached an average
weight of 300 mg in October, and over 500 mg in May. At the same time, the water temperature from October to
May varied within 2—-5 °C. The survival rate of juveniles during the entire period of the experiment reached 40 %
[39].

In water bodies of Poland, female of signal crayfish reach sexual maturity at the end of the second growing
season (body size 8 cm, weight 16 g) and produce the first clutch of eggs, the young of which will hatch at the
beginning of the next growing season [40]. The lifespan of this species in natural reservoirs can lasts 10 years or
more. Therefore, females can produce as much as 7-8 clutches during their life cycle.

The striped crayfish F. limosus is the first alien crayfish species in Europe. Its maternal range includes the
northeastern United States and southeastern Canada. It was first introduced in 1890 to the east of the German
Empire (now the territory of Poland) with the aim of introducing it into natural reservoirs to compensate for the
sharp decline in the population of the native noble crayfish 4. astacus, which was the most important in Europe
commercial species, due to repeated pandemics of crayfish plague [41]. Then striped crayfish was repeatedly in-
troduced into reservoirs in different regions of Germany, Poland and France, and in the interwar years they were
even grown in aquaculture. However, due to its small size and robust outer covers, it was not in great demand on
the market.

From the areas of initial introduction and aquaculture, striped crayfish quickly spread across numerous water
bodies in Europe. It currently ranges from the Atlantic coast of France to the Balkan Peninsula and from Italy to
Lithuania and Latvia. In Belarus F. limosus was first discovered in 1997 in the Black Gancha River (a tributary
of the Neman River) at the junction of the borders with Poland and Lithuania. In the period from 2003 to 2009, it
was recorded in several small rivers of the Western Bug basin. By 2016, this species had spread along the Shchara
River up to the city of Slonim, and later along the Viliya River (both tributaries of the Neman River) to the dam of
the Vileika Reservoir. In 2022, it was discovered in the Slepyanskaya water system of Minsk [42].

Striped crayfish, compared to signal crayfish, have a significantly wider range of temperature tolerance. It
tolerates low winter water temperatures well. At the same time, the range of temperatures favorable for its growth
and development is quite wide — from 15 to 33 °C. Therefore, it was successfully acclimatized not only in Europe,
but also in much warmer Mexico.

In the reservoirs of the Czech Republic, female striped crayfish lay eggs from the second half of April to the
first half of May. In a flow-through incubation unit, where the water temperature varied within 7-17 °C, the
duration of embryonic development averaged 46 days. Females hatched in the first half of summer reach sexual
maturity in the autumn of the same year with a minimum body size of 45 mm and a weight of 2.25 g [43] and will
begin to reproduce in the next growing season. Along with rapid growth and sexual maturation, the spinycheek
crayfish is characterized by increased resistance to pollution of water bodies and low oxygen content in water.

Like the signal crayfish P. clarkii, the striped crayfish produces one clutch per growing season. Since the life
span of the latter does not exceed two to three years, it is capable of producing no more than two clutches during
its life cycle.

The maternal area of the red swamp crayfish is northern Mexico, southern and southeastern United States. In
the USA, its cultivation began in the 19" century. Now this species is widely cultivated in China, Kampuchea,
Thailand, Ethiopia, Canada, Australia and New Zealand, and in recent decades — in Europe, primarily in Spain.
However, from crayfish farms it penetrates everywhere into natural water bodies, thus becoming an additional risk
factor for native crayfish.

The current range of P. clarkii in continental Europe extends from the Iberian Peninsula to Italy, Germany,
Austria and Poland. It is also found in the south of Great Britain, in Sicily, Sardinia, Corsica and the Balearic
Islands [44]. He also entered the river. Nile in Egypt [45], into reservoirs in the west of the Japanese island of
Hokkaido [46].

Despite its subtropical origin, the red swamp crayfish is a highly eurythermic species, capable of existing in
a very wide range of temperatures. In reservoirs of Germany and Poland it survives at low winter temperatures
close to 2-3 °C, and in Egypt (lower reaches of the Nile River) in summer it exists at temperatures up to 2629 °C.
Embryonic development in this species can occur in the range from 7 °C (150 days) to 31 °C (11-14 days) [45;
47].

The sum of effective temperatures (S.;) calculated by us based on the data of these authors for the embryonic
development of P. clarkii, equal to 270 degree-days, is close to that for the marbled crayfish — 298 degree-days.
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However, the lower temperature threshold of embryonic development (to) in P. clarkii is significantly lower than
in the marbled crayfish — 9.0 and 13.1 °C, respectively.

In P, clarkii populations from water bodies of Europe and Japan, egg-bearing females appear in the second
half of summer, when water temperatures reach their maximum annual values [44; 46]. At temperatures ranging
from 20 to 25 °C, the duration of embryogenesis does not exceed three weeks. However, females continue to
carry hatched larvae until their third molt. According to laboratory experiments, the gestation period of larvae
at an average temperature close to 24.5 °C takes another 25 days [46]. If we assume that the lower temperature
limit for growth of P. clarkii larvae for the first three intermolt periods is the same as for embryonic development
(i.e.9 °C), as established for P. virginalis [33], then the total sum of effective temperatures for the periods embry-
ogenesis and gestation of young by females is 270 + 388 = 658 degree-days.

Consequently, in water bodies of the temperate zone with a long autumn-winter period, females of P.clarkii,
taking into account the late timing of the hatching of juveniles, are capable of producing no more than one clutch
of eggs during the growing season. However, even juveniles that have switched to an independent lifestyle will
find themselves in conditions of constantly decreasing temperatures in the autumn-winter period, which will
significantly reduce their growth rate and lengthen the juvenile period. Therefore, in the temperature conditions
of water bodies of the temperate zone, juveniles of this species reach the minimum size of sexually mature indi-
viduals (body size 60 mm) at the age of at least 5 months, i. e. will begin to reproduce in the next growing season.

The lifespan of P. clarkii in nature is usually no more than 3—4 years. Consequently, during its life cycle, its
females are capable of producing 2-3 clutches of eggs. In warmer water bodies of the subtropical and tropical
zones, there is no long autumn-winter period, and the age of reaching sexual maturity is reduced to three months.
In this case, females can produce two clutches during a long growing season.

In contrast to the above species, P. virginalis, although it has a fairly wide range in Europe, is found in only
a small number of water bodies. In some of them, only single adult individuals were found one time, the further
fate of which remained unknown. A number of populations of this species are also known that have existed for
quite a long time. They are found mainly in the southern parts of their range with a warmer climate and long
growing and breeding seasons. However, even in the warmer Doiran Lake on the Balkan Peninsula, the marbled
crayfish reaches sexual maturity only in the third growing season, i.e. one year later than the signal and striped
crayfish. Only on the tropical island of Madagascar can the growth of juvenile and mature female marbled crayfish
continue year-round. Therefore, in a few years it not only spread throughout this island, but also became a com-
mon and even commercial species here [16].

One of the most important indicators of the invasive potential of alien species is the maximum instantaneous
rate of population growth (r,,,,). The higher the r,,,,, the faster the population size increases, which deprives the
population with a lower growth rate of food and biotopic resources [22]. The value of r,,,,, can be approximately

calculated according to:
In(a;0,F)

Fmax = T (15)
where o, is the survival rate of newborn females in the juvenile period, expressed in fractions of unity, o, is the
proportion of breeding females in the total number of sexually mature individuals, F is the average number of
juveniles born by females during the life cycle, T is the generation time in the population.

The crayfish generation time (T) can be approximately taken equal to:
T-TitTa, (16)
2

where T, and T, are the average age of females when they lay their first and last clutches in years. T, usually
corresponds to the maximum lifespan of females under natural conditions.

Fecundity (F) of the listed North American invasive crustacean species is quite comparable. In females of the
maximum age and maximum size, it reaches 300-500 eggs. The sex ratio in natural crayfish populations is close
to 1:1, hence o, = 0.5. The only exception is the parthenogenetic marbled crayfish, all individuals of which are
females, i. e. theoretically it has a, = 1.0. However, since not all sexually mature females in this species produce
viable offspring, the real values of o, in its natural populations are most likely significantly lower. The survival
rate of all types of crayfish in the juvenile period (o) in natural reservoirs is very low, usually no more than 0.01—
0.05. Logarithm of the values of o, a, and F in (15) largely eliminates even their significant (up to 3—5 times)
differences in different crayfish species.

Conclusion

Based on (15), the generation time (T) has a significantly stronger effect on r,,,, for crayfish populations than
other parameters of the life cycle of the individual. The shorter T, the higher the growth rate of their populations.
In water bodies of the temperate zone with a long autumn-winter season periods with low winter temperatures,
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slowing down or even blocking the processes of embryonic development and growth of female crayfish, the latter
are capable of producing no more than one clutch of eggs per life cycle.

In such circumstances the signal, striped and red swamp crayfish, which begin to reproduce already in the
second growing season, will have an undoubted advantage not only over the native European noble crayfish 4. as-
tacus, narrow-clawed crayfish Astacus leptodactylus, white-clawed crayfish Austropotamobius pallipes and stone
crayfish Aus. torrentium, but also invasive marbled crayfish, which begin to reproduce 2—3 years later.

This conclusion is confirmed by numerous examples. In Belarus, the striped crayfish is gradually replacing
the long-clawed crayfish [48]. The signal crayfish in Sweden and Finland displaces the broad-clawed and long-
clawed crayfish [49], in the UK — the white-clawed crayfish [50], and in Germany — the stone crayfish [51]. And
such examples are far from unique.

In the foreseeable future, invasive crayfish species in Europe will enter into intense competition with each
other, the outcome of which is currently difficult to predict. However, it is quite possible to predict it if, using the
model we have developed, we determine the temperature limits for embryonic development, growth and repro-
duction of individuals and the sum of effective temperatures for passing through these stages of ontogenesis.
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OIEHKA AMHAMUWKUNU MHAUBUAYAABHBIX AO3 BHYTPEHHEI'O
OBAYUYEHWA IITPO3 PABOTHUKOB ITOAECCKOI'O
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IIpoBeneH aHanM3 MHOTOJIETHEH NWHAMMKH JI03bI BHYTPEHHETO OONy4YEHHs COTPYAHHMKOB [lojecckoro paananmuoHHO-
sKoJtorrueckoro 3amnoseauuka (IT'P33), a Taxke maHo onpeneiicHue GakTopoB, 00YCIOBIMBAIOIINX BApLHPOBAHKE €€ MOKa-
3aTesiell y pa3HbIX KaTeropuii 00CIe[0BaHHOTO TiepcoHaa. [IpoBeaeH CTaTHCTHYCCKII aHATH3 03bI BHYTPEHHETO 00Ty YCHUSI
COTpYyIHUKOB 3anoBeHuKa 3a 20072021 rr. MccnenoBansl pe3yasTarsl 9525 u3MepeHuid, MOTy4eHHBIX 110 pe3ybTaTaM KOH-
TPOJIS 10361 BHYTPEHHETO 00ITyYeHUs TIepCcoHalIa Ha crieKTpoMeTpe (cuerunke) m3nmydennii genoseka CKI-AT 1316.
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OmpezeneHsl MHOTOJIETHHE, T€HEPHBIE, MPO(eccCHoHaIbHBIE, BO3PACTHBIEC U JIOKAIBHbBIC PA3IHYMsS MOMYYEHHBIX JlaH-
HBIX. BBISBIIEHO, 9TO YPOBEHH JI03bI BHYTPEHHETO OOTY4EHHs MepcoHana B OONBIIMHCTBE ciydaeB (4317 muamepeHmil) He
npesbimaer 0,01 mM3B/ron, a B 87 % u3mepenuii He npebiniaer 0,055 m3B/rox; auib y 1,3 % coTpyaHHKOB OIpe/eieHbl
TMIOKa3aTeNy 71036l BHYTPEHHET0 00TydeHust ObUIN BbIlIe 2 M3B/To/1. 3a MHOTOJIETHHUIT TIeprojt HaOIoeH!H HanOOJBIINMH T10-
kazareasimMu ommyaanch 2010 m 2011 . — 0,029 u 0,027 M3B/Tox COOTBETCTBEHHO. AHAIN3 1036l BHYTPEHHETO OOIyUCHUS
y HpeCTaBUTENEH Pa3HBIX CIIEHUATIBHOCTEH MO3BOIMII ONPEACIINTE CaMble BBICOKHE MEIMaHHbBIC YPOBHHM /1036l Y OXOTOBEIOB
(0,02 m3B/rom), KOHEBOIOB, TIOKAPHBIX M BOJAHTEINCH, a HAaNMEHBIINE — Y MHKEHEPHO-HUCCIIEIOBATEIECKOTO TIepcoHaa. Ha
OCHOBE MPOBE/JICHHBIX M3MEPEHHH MEPCOHAI 3aMOBEJHUKA MOYKHO Pa3/ieNiuTh Ha 3 mpodeccruoHanbHbie Tpyribl. CoracHo
TMIOJIyYeHHBIM JIaHHBIM YPOBEHb J03bl BHYTPEHHEr0 00 TyueHust Obul craructiyecku 3HauuM (p < 0,05) Bbile y My»X4uH, 110
CPaBHEHUIO C KEHIMHAaMH, B 2 pa3a. Cpeny paOOTHUKOB U3 Pa3iIMYHBIX HACEICHHBIX ITyHKTOB HaUOOJBIINE OKA3aTeNn OT-
MedeHb! y skureneid T. Haposist (0,3 M3B/ron). OTHOCHTENBHO BBICOKHE YPOBHH JI03bI BHYTPEHHETO OOTy4EHHUS Ope/IeICHbI
JUISL COTPYAHHUKOB M3 1. bepesoBka u 1. Manumes (0,1 M3B/rox). IIpn aHammu3e BO3pacTHBIX 3aBUCHMOCTEH (OpPMHUPOBAHMS
JI03bI BHYTPEHHETO OOTyUYECHUsI BBIZEIEHO 5 BO3PACTHBIX TPYMII, OTIMYAIOMIUXCS CTATUCTUYECKH 3HAYUMBIMHU PA3THIMSIMA
JIAHHOTO TIOKa3aTelisi: MaKCUMalIbHbIe YPOBHU BhIsIBIICHBI y Jivil 3546 set (0,015 M3B/ron), a MUHUMaNbHBIE — B BO3pAcTe
18-26 ner (0,007 M38/rom).

Kniouesnle cnosa: pajmoakTUBHOE 3arpsisHEHKE; 103a BHyTpeHHero ooydenus; [1I'PO3; CY-n3mepenusi.

ASSESSMENT OF THE DYNAMICS OF INDIVIDUALIZED
INTERNAL EXPOSURE DOSE IRRADIATION OF PSRER WORKERS
OF THE POLESIE STATE RADIATION-ECOLOGICAL RESERVE

M. A. SHABALEVA*, N. N. DEMENKOVEC®, R. A. NENASHEV*

*Gomel State Medical University,
11a Karl Marx Street, Gomel 246000, Belarus
®Polesie State Radiation-Ecological Reserve,
7 Tserashkova Street, Khoiniki 247618, Gomel region, Belarus
Corresponding author: M. A. Shabaleva (histagom@gmail.com)

The purpose of the study was to analyze the long-term dynamics of the internal radiation dose of PSRER employees,
as well as to determine the factors that determine the variation of its indicators in different categories of the examined
personnel. A statistical analysis of the internal radiation dose of the reserve employees for the period from 2007 to 2021
was carried out. The results of 9525 measurements obtained from monitoring the internal radiation dose of personnel on
a spectrometer (counter) of human radiation SKG-AT 1316 were studied. Long-term, gender, professional, age and local
differences in the obtained data were determined. It was revealed that the level of internal radiation dose of personnel
in most cases (4317 measurements) does not exceed 0.01 mSv/year, and in 87 % of measurements it does not exceed
0.055 mSv/year; only 1.3 % of employees had internal radiation dose indicators higher than 2 mSv/year. Over the long-term
observation period, the highest values were observed in 2010 and 2011 — 0.029 and 0.027 mSv/year, respectively. Analysis
of the internal radiation dose in representatives of different specialties allowed us to determine the highest median dose
levels in gamekeepers (0.02 mSv/year), horse breeders, firefighters and drivers, and the lowest in engineering and research
personnel. Based on the measurements, the reserve personnel can be divided into 3 professional groups. According to the
data obtained, the level of internal radiation dose was statistically significantly (p < 0.05) higher in men than in women
(2 times). Among workers from various populated areas, the highest values were noted among residents of the city of
Narovlya (0,3 mSv/year). Relatively high levels of internal radiation dose were determined for employees from the villages
of Berezovka and Malishev (0.1 mSv/year). When analyzing the age dependencies of the formation of the internal radiation
dose, 5 age groups were identified, which were distinguished by statistically significant differences in this indicator: the
maximum levels were found in individuals aged 3546 years (0.015 mSv/year), and the minimum levels were found in
individuals aged 18-26 years (0.007 mSv/year).

Keywords: radioactive contamination; internal dose; PSRER; WBC measurements.

BBenenne

C momeHTa co3nanust [1omecckoro rocyJapcTBEHHOTO PaHalliOHHO-IKOJIOTHYECKOTO 3allOBETHIKA €0 MPH-
OPHUTETHBIMHU 33]]a9aMU SIBIISTIOTCS TIPUPOJAOOXPAHHAS JICSTEIBHOCTD, & TAK)KE MEPOIIPHSATHSI, HATIPABICHHBIC HA
MpeIOTBpAIICHHE ITOXKAPOB, IEPEHOCA PAJNOHYKITHIOB, MOHUTOPUHIOBBIC NCCIICIOBAHHUS U T. 1. BMecTe ¢ TeM He
MeHee BaXkHas IpodiieMa — o0ecrieueHne 0e30MMacHBIX YCIOBHI TPy/Aa IMepcoHaa, padoTaroIero Ha 3arpsi3HeH-
HOUW paJIMOHYKIIHAMU TEPPUTOPHH.
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CrenoBaHne CYyIIECTBYIOIUM HOPMAaTHBAM B COOTBETCTBHH C 3akOHOM «O pamuariioHHOW 0e30TacHOCTH
B 3aITOBEIHUKE TIPOBOJIMTCS] MHIUBHUIYATBHBIN JO3UMETPUICCKUI KOHTPOJIb, YUET, aHAIN3 M OI[CHKA BHEIITHETO
U BHYTpeHHEro obnydenus nepconana'. ComacHo 3akoHy «O COIMABHOM 3aIlUTe TPaXkaaH, MOCTPAJABIINX
ot karactpodsl Ha UepHOOBIIbCKONH ADC, Mpyrux paaudallMOHHBIX aBapHil», Hanboee 3HAYMMBIM KpUTEPHEM
OTpaHHYCHUS TPYIOBOH ACATEILHOCTH HA TEPPUTOPUU PAJTHOAKTUBHOTO 3arpsi3HEHUS SIBIISICTCS] CPEIHSS TOI0BAs
> pexTrBHAs 1032 00TyYEeHHsI HACENICHHS, KOTOpas He JOJDKHA NpeBhimarsk 1 M382, a ee mpenen mpu npodeccu-
OHAJIEHOM OOTy4eHHUH COCTaBIATh 20 M3B.

Kaxk u3BecTHO, OCHOBHBIMU (JAKTOPAMH, OKa3bIBAIOIIIMMHE BIHSHIE Ha (POPMUPOBAHKE 03Bl BHYTPEHHETO 00-
Jy9EHus], ABJIAETCS, COLMAIBHBIN’, B TOM YHCJIE «IECHOM» (hakTop, 00yCIOBIECHHBIN TOTPEOIEHUEM STOJ1, TPHOOB
u quun [1-4]. 3a MHOTOJIETHHH TEePHUOji MOHUTOPHHTA JIO30BBIX HArPy30K COTPYIHHKOB 3aITOBEHUKA MOTY4CH
3HAYUTENBHBIA MACCUB JIAHHBIX, aHAIIN3 KOTOPBIX TPEJICTABISIET HE TOJIBKO MPUKIIAIHOW HHTEpEC B paMKax Co-
OJFOZICHUSI YCTaHOBJICHHBIX TIPEJICNIOB, HO U JAaeT OONIMPHBIA Marepua JJisl H3yueHHsT OCHOBHBIX 3aKOHOMEPHO-
cTell GOpMHUPOBAHHS JI03bI BHYTPEHHETO OOTYYEHHSI, & TAKKE MapaMeTPOB, ONPECISIONINX €€ YPOBCHb.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

KonTpons BHyTpenHero obmydenus nepconana [1I'PD3 ocymecTsisieTcst Ha crieKTpoMeTpe (CYETUHKE) H3ITy-
yeHuit yenoseka (CHUY) CKI-AT 1316 c nepuonnaHocThiO 1-2 pasa B roj. B kadecTBe MeTomuveckoro odecre-
YeHHs PyKOBOJICTBOBAIMCH JOKYMEHTAIIMEH MO AKCILTyaranuu mnpudopa [5]. B ncciegoBannm MCIoONb30BANCH
nmaaasie CUY-m3mepennit nepconana [1I'PO3 3a 2007-2022 T

B cootBercTBHE ¢ paccunTaHHBIME KoddduimenTamu [lamupo — Yuika B XoJie CTaTHCTHIECKOH 00paboTKH
YCTaHOBIICHO, YTO pacHpe/ie]ieHne MoKa3areiel J03bl OTIINYAETCsl OT HOPMAJIFHOTO, SBJISSICH JIOTHOPMAIIEHBIM.
IIpu sTOM pacmpeneneHus oKazaTeneil Bo3pacTa, pocTa M Beca UMEIOT XapakTep, OMU3KWH K HOPMaJIbHOMY.
JanpHeimas 00paboTKa 0CyIIECTBIUIACH C TIOMOIIIBIO METOAOB HEelTapaMeTPHUISCKOW M TTapaMeTPHUIeCKOl cTa-
THCTUKH C UCIIOB30BaHUEM TIPOTrpaMMEI Statistica 13.0.

KonmuecTBeHHBIE JaHHBIC TIPUBEICHBI B BUJIE MEMAHbI U KBapTHiieit — Me (Q25; Q75). [lns cpaBHeHUS ABYX
HE3aBUCHMBIX BEIOOPOK MPUMEHSUICS HenapaMmeTprueckuit U-kputepuit Manna — YuTaH. Pe3ysraTs! onpenens-
FOTCS KaK CTaTUCTUYECKH 3HauuMbIe ripu p < 0,05.

Pe3y.]'II>TaTI>I HCCJICA0OBAHHUA U UX oﬁcyme}me

3a Bech mepuojl UCCIeI0BaHNi ObUTO MpoBeAeHO 9525 n3MepeHuit 1036l BHYTPEHHETO OOITydeHHs], U3 HUX
7827 uen. (82 %) cocrapmusm Myx4uusHbl 1 1698 (18 %) — sxeHmmHbl. CpemHuii Bo3pacT cocraBui 43,2 roma
(43,4 — y myxunH u 42,2 rona y xenuws). [l 186 corpyaHUKOB MMetoTCs JaHHBIE 3a riepuoy 10 u Oonee JeT;
Ju1s1 403 COTPYIHUKOB Pe3yiIbTaThl U3MEPEHHUM UMEIOTCA 32 5 JIeT.

NzyueHne Bcero MaccuBa MOJTYYEHHBIX TaHHBIX CBUAETENBCTBYET, YTO B a0COIIOTHOM OOJBIIMHCTBE CITyYacB
YPOBEHb JI03bI BHYTpeHHETro 00mydeHus repconana He mpesbimator 0,01 m3e/rox (4317 cimydaeB); okazaTenu
87 % Bcex namepenuii He npessimarot 0,055 M3B/rox (puc. 1).

B T0 xe Bpems B 11 % cirydaeB ObuTH 1TonyyeHsl 3Ha4eHus B quanazone 0,1-0,2 m3s/rox, u aumrs y 1,3 % co-
TPYIHHUKOB OIPEIEIICHBI OKa3aTeIH J036I BHYTPEHHETO O0yYeHHS, TIPEBBIIIAIOIINE 2 M3B/TOI.

AHanu3 MHOTOJIETHEW JMHAMHUKY JTAHHBIX 32 BECh NEPHOJ MCCIIEMOBAHNN TTOKa3al, YTO YPOBEHB J103bl BHY-
TPEHHEro 00NTy4eHns focTrural Hanbonpimx 3Hadennid B 2010 m 2011 . — 0,029 (0,014-0,100) u 0,027 (0,013—
0,100) M3B/TOm cOOTBETCTBEHHO. JlanmpHEHIIas THHAMHKA dTOTO TTOKa3aTens 3apukcupoBaHa Ha puc. 2.

B nocnenyroniye rogpl NoKa3areiau MOCTENEHHO CHUKAINCH U, HauMHad ¢ 2015 1., U3MEHSUIUCh HE CTOJIb PE3-
ko. Tem He MeHee, 3aMeTHa oIpe/ieNIeHHast eXXeroiHasi BApHadeIbHOCTh MPU3HaKa. B 9acTHOCTH, B OONBIIMHCTBE
CITy4aeB M3MEHEeHHe JI03bl BHYTPEHHETO O0IyUeHHs 3a TOJl SBJSIETCS CTATUCTHYECKN 3HAYUMBIM (OTHOCHTEBHO
npeapiaymiero roga). Tak, B 2010 1. HaOMrOMAIOCH pe3KOe TOBBIIIEHHE METUAHHOTO TIOKa3aTels 103bI OTHOCH-
tesipHO 2009 1. Ha 270 % (p < 0,05). B nocnenyromuii nepuoa OTMEYEHO MOCTEIEHHOE CHUKEHHUE JJ03bl, CTATH-
cruuecku 3HauuMoe B 2012, 2014, 2015 u 2016 . OnHako B OT/I€TIbHBIE TOAbI IPOUCXOIUT OTKIIOHEHHE OT JAHHON
tenaeHuu: B 2017 u 2021 r. otMedeHo Bo3pacTaHue nokasarens 1036l Ha 3,5 u 4,3 % coorBercTBeHHO. [locneny-
forree ymeHbIreHue 10361 B 2018 1 2022 T (Ha 2,5 1 4,3 % COOTBETCTBEHHO) OBUIO CTATHCTHYECKHA 3HAYUMBIM.

3akon Pb «O paguannonHoit 6e3onacHocTiy, 18 uions 2019 r. Ne 198-3 [DnekrponHblii pecypc]. HanmonansHblii mpaBoBoii HTEpHET-
noptan Pecyonuku benapychk. URL: https://pravo.by/document/?guid=12551&p0=H11900198 (nata obparienus: 18.12.2023).

23akoH PB «O corumansHO# 3a1ure rpax/iaH, HOCTPaIaBIInX OT KaracTpodbl Ha YepHOOBbUIbCKONH ADC, IPYrHX panaliiOHHbIX aBapHiD),
6 saBaps 2009 r. Ne 9-3 [DnextpoHHBIH pecypc]. DranoH-oHnaitH. MHbopmanmonHo-onckoBas cucrema. URL: https://etalonline.by/
document/?regnum=h10900009 (nara obparenns: 18.12.2023).

SMBU.MH 1958-2003. MeTonKa BBITIOJIHEHHS U3MEPEHHI aKTUBHOCTH FAMMaK3JTyYarolMX PaJHOHYKIIU/IOB B TEJIE YETOBEKA C TOMOIITH
crektpomerpa uanydeHus denoseka CKI'-AT 1316: nara Bergaun cBuzerenscTsa o6 arrectanuu 29.08.2016. Homep cBunerenscTBa 00
attectauun 968/2016. Homep B peectpe ®P.1.38.2016.24656 / YII cKATOMTEX» OAO «MHUIIN».
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AHanu3 nokaszaresiell 1036l BHYTPEHHErO O0IydYeHHUs B 3aBUCHUMOCTH OT NMPO(EeCCHOHAIBLHON 3aHATOCTH
COTPYIHHUKOB IIO3BOJIMJ BBISBUTH 3HAYUTEIIBHBIC PA3INUMS Yy MPEACTABUTEIICH OTACIBHBIX CIICIHUAIbHOCTEH.
KosinuecTBeHHBIE TOKa3aTead MPOQPECCHOHAIBHON CTPYKTYPhI 00CICIOBAHHOTO MEPCOHAJIA MPEACTABICHBI
B TaOm. 1.
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Puc. 1. TucrorpaMma pacripe/ie/IeHUs BeIMIHH HHANBHIYaJIbHBIX 103 BHYTPEHHETO 00ydeHus coTpynHukoB [II'PD3:
@) ducno Habmonenuit s auanasona 103 ot 0,00575 mo 0,0085; 6) ot 0,00635 1o 0,102

Fig. 1. Histogram of the distribution of individual doses of internal radiation of PSRER employees:
a) 0,00575-0,0085; b) 0,00635-0,102

ComtacHO aHHBIM Tabm. 1, HAMOOINBITYIO YUCIEHHOCT Cpeu 00CIEeOBAaHHBIX COCTABIAIOT PAaOOTHUKA OT-
JIeJ1a JIECHOTO X03siicTBa (TipoBeneHo 3878 n3mepenuii) u Bogutenu (1334 usmepenns).

[TonyueHHbIe pe3yabTaThl CTATUCTUUECKOTO aHAIM3a Passinuuil 1036l BHYTPEHHETo OOIyUeHUs y IPEACTaBH-
TeJIel OTAEIbHBIX CHeLNAILHOCTEN B MOPSAKE YObIBAHUS IIPEACTABICHbI HA pHUc. 3. MakcuMmabHble OKa3aTenn
MEeIMaHBbl 1036l BHYTPEHHETO 00Ty Y€HHSI OIPE/IesIEHbl y OXOTOBEIOB, KOHEBOJIOB, TOKAPHBIX U BOAUTENCH, a Hau-
MEHBLINE — y 00CIIeI0BaHHBIX JIULI, HE ABJIIIOLIUXCS COTPYAHUKAMH 3aII0BEAHUKA, a TAKKE HHKEHEPHO-HUCCIIE0-
BaTEJICKOTO TIEPCOHAIA.

‘YcTaHOBIIEHO, YTO MEMaHa J03bl BHYTPEHHETO OOMYYEeHUsI Y OXOTOBEOB CTaTucTHYecKu 3HaYnMo (p < 0,05)
MIPEBBICHIIA TIOKA3aTel MPEICTaBUTENEH BceX ocTalbHbBIX podeccuii (B 1,4-3,9 pa3za), 3a UCKITFOYSHNEM TTOXKAP-
HBIX, Y KOTOPBIX JIaHHBIN TOKa3aTelb Takxke 3Ha4uMO (p < 0,05) mpeBbIIaeT 103y OCTaIbHBIX MPOQeCCHOHAIb-
HBIX rpym (B 1,1-3,0 paza).
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IIpumedyanune. BHyTpu cTONOLOB MOANKCAHBI 3HAYEHNSI MEANAHBI, BEPXYIIKA U OCHOBAHMS MPSIMOYTOIEHUKOB
COOTBETCTBYIOT KBapTHILSIM (Q25 1 Q75), «ychb» 0TOOpaXkatoT MUHUMYMBI M MAaKCHMYMBI.

Puc. 2. MHOrONETHSS TUHAMUKA 036l BHYTPEHHETO 00mydeHus coTpynHukos [1I'PD3

Fig. 2. Long-term dynamics of internal exposure doses of employees of PSRER

Ta6numa 1

KonnuecTBo n3mepennii noxasareJieii 10361 BHYTPEHHEro 00, 1y4eHust
Yy npeAcTaBUTe el Pa3IMYHBIX clielUaIbHOCTell nepconaa II'PI3

Table 1

Number of measurements of internal exposure dose indicators for representatives of various specialties of the PSRER personnel

CrienaibHOCTh Konunuecto % ot obmiero yncia
MarmHHCTBI 1 0,01
OxoTOBeIbI 77 0,85
Konesonpl 25 0,28
[Noxapuble 435 4,81
Bonurenn 1334 14,72
PaboTHHKH OT/EIa JIECHOrO X035SHMCTBA 3878 4279
Jle3akTHBaTOPHI 68 0,75
300TeXHUKH 24 0,26
PykoBopsmue numa 260 2,87
Paboune 805 8,88
CrieruaiancThl 909 10,03
O0cyXKMBaIOIINH MTEPCOHAI 512 5,65
JlaGopaHThI 122 1,35
BetBpaun 20 0,22
J103UMeTPUCTBI 81 0,89
JInna, He sBastomuecs corpyauukamu [II'PO3 40 0,44
Wnxenepst 368 4,06
MexaHuku 48 0,53
CoTpyaHUKH HAYYHOTO OT/IENa 441 4,87
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Fig. 3. Internal exposure dose rates for representatives of various specialties of PSRER

CrnenyeT OTMETHTB, YTO TIEPCOHAI 3allOBEIHUKA MOYKHO TOJACIUTH Ha 3 TPYMIbl CIEHUAIBHOCTEH, MEXKIY
KOTOPBIMH UMEIOTCSI CTAaTUCTUYECKH 3HaYMMble oTuuust. K nepeoii epynne ¢ caMbIMu BBICOKMMH TTOKa3aTeIISIMU
JI03bI BHYTPEHHETO OOJTyYCHHUSI MOKHO OTHECTH OXOTOBEIOB, MOXKAPHBIX, BOAUTENCH, 300TEXHUKOB, pAOOTHUKOB
OTZeJa JIECHOTO XO3SICTBa U JIe3aKTUBATOPOB. Bmopas epynna co CpeAHUMH YPOBHSIMH J03bI — 3TO padoune,
PYKOBOIUTENH U CIICHUAINCTHI, a TAaK)Ke 00CITyKUBAIOLIHNIA MepcoHan u gadopantsl. K epynne ¢ naumenvuumu
3HAUEeHUAMU 003bl OTHOCSTCS TO3UMETPUCTHI, MHKEHEPHI, MEXaHUKH U Hay4YHbIE COTPYIHUKH.

W3BecTHO, 4TO B IpyInax HaceJeHHs, MOTPeOSIIOINX «IPUPOTHYIO» MPOAYKIHUIO («Iapbl» Jieca, AUYb,
pr10a), ee BKIIaJ B MOCTYIJICHWE PAAMOHYKIMIA B OPraHU3M CYIIECTBEHHO BBIPOC B OTAAJICHHBIC IEPUO/BI 1O-
Cclie aBapuH U peodianaeT HaJ APYTUMHU MyTSIMH TOCTYIUICHUSI paAMOHYKINAA B opranusM [6]. OueBuaHo,
YTO TJIABHBIM OTIMYHMEM MpPEICTaBUTENEH MEPBON BBIJICICHHON MPOQECCHOHATBHON TPYNIBI B ONPEACICH-
HOW CTETEHHU SIBISIETCS BO3MOXKHBIE OCOOCHHOCTH palMoHa NMUTaHus [7], 1100 BiIUsHUE (HampuMmep, y TO-
JKApHBIX) MHTAJSIUOHHOTO MYTH MOCTYIUICHHS PaJHOHYKIHAOB Ha (opmupoBanue 3)(EKTHUBHON 03B
o0y4eHHst, XOTs, MO JaHHBIM APYTUX UCCIENOBaHMUU [8], BKJIa] MHTaNSIHOHHOW KOMIIOHEHTHI SIBISIETCS
HE3HAYMTEIbHBIM",

Wzyuyenne BnusiHHS TeHACPHOTO (pakTopa Ha ypOBEHb 03Bl BHYTPEHHETO OOMYYECHHUS MOKA3aJI0 3HAYMMOE
(p < 0,05) npeBbllLIeHHE TAHHOTO MOKAa3aTelsl y MY)KUMH, IO CPABHEHHIO C KEHIIMHAMH, B 2 pa3a. BozmoxHo,
JaHHBIC OTINYKS OOYCIIOBIICHBI B ONpEeNIeHHON cTerneH: npodeccoHanbHoM cocTapisitomeid. Ecnu gons pa-
OOTHHUKOB OT/IeJIa JIECHOTO XO3HCTBA, HHKEHEPOB U HAyYHBIX COTPYIHUKOB IPUMEPHO OTMHAKOBA CPEITU MY>KUNH
Y JKEHILMH, TO JOJIS TOYKapHbIX, BOAUTENCH, 1e3aKTHBATOPOB CYLIECTBEHHO BBIIIE Y MY)KYHH ((KCHIIMHBI TAKKe
HE 3aHMMAIOT JIOJDKHOCTB 0X0TOBea). B To ske BpeMst 10711 300TEXHUKOB, 1a00PaHTOB, 00CITYKHUBAIOILIETO TEPCO-
HaJla, CIEeHUAINCTOB H PYKOBOISIINX PAOOTHUKOB CPEAX SKEHIIMH BBILIIE.

OueBUIHO, YTO 3HAYUMBIM (PAaKTOPOM, OIPEACIAIONIMM YPOBEHb /1035 BHYTPEHHEIO OONyuYeHHMs, SBISETCS
YHCIIO KUTENICH HACEIEHHOTO MyHKTa (TaK Ha3bIBaeMblii ieMorpaduueckuii kpurepuil) [9]. B aToii cBs3u mpoBo-
JUJIOCH COTIOCTaBJICHHE MOKa3aTesel 1036l BHYTPEHHETO OOMYUYEHUs Y COTPYJHUKOB 3allOBEIHUKA, TPOKUBAIO-
HIMX B Pa3IMYHBIX HACEJICHHBIX MyHKTax (Tad. 2).

Kax cnenyet u3 Ta0in. 2, Hanbonee BHICOKHE MEIMaHHbIC 3HAYCHHSI JI03bI BHYTPEHHETO 0OTyueHHsI OTMEUEHBI
y wureneit r. Haposist®. [IoMMMO TOTO, 9TO TOPOJI HAXOAUTCS B OTHOCHUTEIIBHOM OJIIM30CTH OT JIECHBIX HACAX/Ie-
Huii 1 p. [lpunsare, o0ycnoBnuBaromue BEICOKUE mokazarenu [10], cpean coTpyIHUKOB 3aloBEHUKA OOIBIINH-
cTBO xuTenell Haposnu paboTatoT B oT/ee JiecHOTo Xo3sicTBa (51 uen.).

‘MBU.MH 1958-2003. MeToavka BBITIOJHEHHUS W3MEPEHUM AKTMBHOCTH TIaMMaW3JIyYalollUX PaJUOHYKIUIOB B TEJNE YENOBEKA
¢ moMmoIpio cnekrpoMerpa m3nydenns: denoBeka CKI-AT 1316: nmara Beimaum cBuperenscTBa 00 arrectarun 29.08.2016. Homep
cBuzeTenbpCcTBa 00 aTrectamn 968/2016. Homep B peectpe @P.1.38.2016.24656 / YII «kATOMTEX» OAO « MHUIT».

STam xe.
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bmuzocTs neca k 1. bepezoBka, boprcoBmmHaa 1 HoBOCENKH TakyKe MOKET CITY)KHUTh OOBSICHEHHEM OTHOCH-
TEJBHO BBICOKUX YPOBHEH /1036l BHYTPEHHETO OOyUeHHS B JAHHBIX HACENIEHHBIX IyHKTax. B HemocpencTBeHHOI
Om30CTH OT T. XOWHWUKH HaxoauTcs A. Manures, kotopas B 2009 1. Obla BKIIIOYEHA B COCTaB ropofa. TeM He
MEHee, oTpenesieHa cTaTucTuaecku 3HaunMast (p < 0,05) pasHuia B ypoBHSX 036 BHYTPEHHETO OOIYICHHUS CO-
TPYIHHKOB 3 JICPEBHU U TOpoja. B maHHOM ciydae oHO3HAYHBIM OOBSICHEHHEM MOXKET OBITh IPO(eCCHOHAIb-
HEII cOCTaB COTPYMHUKOB 1. MasmteB (19 gen. — Bogutenu 1 17 COTPYIHUKOB — TIOKAPHBIE).

Ta6nuna 2

Pazimuusi B nokasareJisix 103bl BHyTPEHHero oos1yueHusi y nepconaja III'P33,
MPOKUBAKIINX B PA3INYHBIX HACETEHHBIX MYHKTAX

Table 2

Differences in internal exposure dose rates among PSRER personnel living in different populated areas

HaceneHHuii - InotHOCTH Hucnennocts | g BHYTpeHHAA 1033, M3B/T01
- SADHSICIIA 103 | HACCICNN, | eper | Kaaprmzs | g,
; Q25 Q75
Haposns Haposnstacknii 5-15 8374 68 0,100 0,300 0,500
bepesoBka KanuukoBuuckuii 1-5 169 51 0,042 0,100 0,100
Mamnuies XOMHUKCKHUI 5-15 436 36 0,069 0,100 0,150
Bopucosmmnaa XOMHUKCKHI 5-15 275 45 0,021 0,046 0,100
Hosocenku XOMHUKCKHI 5-15 38 29 0,028 0,042 0,100
XpankoB XOMHUKCKUI 5-15 376 74 0,018 0,040 0,100
CynaxoBo XOMHUKCKUI 5-15 577 78 0,015 0,028 0,100
Kozenyxbe XOMHUKCKUI 1-5 487 91 0,008 0,023 0,035
Benukuii bop XOMHUKCKUI 1-5 1052 91 0,012 0,022 0,032
I'munnie XOMHUKCKHUI 1-5 513 50 0,007 0,022 0,040
CrpenunaeBo XOMHUKCKUH 15-40 749 94 0,007 0,014 0,025
Benerun XOMHUKCKHUI 5-15 376 20 0,006 0,011 0,023
XOWHUKH XOMHUKCKUI 5-15 13248 7747 0,007 0,008 0,027
Ezamnos XOMHUKCKUI 5-15 166 30 0,006 0,007 0,017
JBopuiie XOMHUKCKUI 5-15 258 88 0,007 0,007 0,100
bparun Bparunckuit 5-15 4546 116 0,006 0,007 0,020
Bypku — KoBanu Bparunckuit 5-15 474 42 0,006 0,007 0,007
MuHck - - 1 995 471 210 0,006 0,007 0,007
T'omens - 1-5 503 984 71 0,006 0,006 0,015

[IpenckasyemMo HaMMEHbIINE YPOBHU 03bI BHYTPEHHETO OONYyUYCHHs XapaKTEPHbI I HHOTOPOJAHUX pa-

OOTHHUKOB 3amoBegHrKa U3 Muncka u ['omens.

HccnenoBanue BO3pacTHBIX 3aBUCUMOCTEN (hOPMUPOBAHHMS 03bI [TO3BOJIHIIO OMIPEACIIUTD 5 BO3PACTHBIX TPYIIT,
MEX]Ty KOTOPBIMHU CYILECTBYIOT CTaTUCTUUECKH 3HAYMMBbIE Pa3IMyMsl JaHHOTO MoKa3aresis (puc. 4).

HauOonpuire ypoBHU 10361 BHYTPEHHETO OOIyYeHHUS ONPEAeIICHBI ISl TpyInsl 3546 j1et, a MUHUMaJIbHbIe
y caMbIx MonoabiX (18-26 jer). Takum 00pa3oM, JHIa CPETHETO BO3pacTa XapaKTepU3YIOTCs HanOOMbILEH J10-
30BOH HArPy3KOM.

41



Kypuaa Besopycckoro rocylapcTBeHHOro yHuBepcutera. Jxojorusi. 2024;4:35-43
Journal of the Belarusian State University. Ecology. 2024;4:35-43

0,016

0,014

0,012

0,01
0,008
0,006
0,004
0,002

0
18-26 27-34 3546 47-58 59-82
Bo3spacTHsle TpyTIIHI

o3a BuyTpennero obnyuenus, M3e/rog

Puc. 4. ConocraBnenne nokasaresei 1035 BHyTPEHHETO OOTyUeHUsI B pa3IMUHBIX BO3PACTHBIX Tpymmax 3a 2021-2022 rr.

Fig. 4. Comparison of internal exposure dose indicators in different age groups of PSRER employees for 2021-2022

3akijIroueHue

B 87 % w3mepeHnmii mokazarenu 03kl BHYTpeHHEro o0my4yenus corpyanukoB [1I'PD3 He mpeBbIaoT ypoBHs
0,055 m3B/Tos.

3a MHOTOJICTHUH MEPUOJ MCCIIEIOBAHUI YPOBEHB JI03bI BHYTpEeHHEro o0iyueHus: ObuT Hanbonsmum B 2010
n 2011 rr. coorsercrBenno 0,029 u 0,027 m3B/rox.

MaxkcumasnbHbIe MEIMaHHbIE 3HAUEHHS 1036l BHYTPEHHETO 00Ty4eHUs BBISBICHBI y 0X0ToBeAOB (B 1,4-3,9 pasza
BBIIIIE TTOKa3aTelNell MpecTaBuTeNell ocTanbHbIX npodeccuit, p < 0,05). HaumeHnblnne 3HaUE€HUST OMPE/ICICHBI
y HHXKEHEPHO-UCCIIeA0BaTeIbCKOTO iepconana (Menee 0,04 M3B8/Ton).

MacumanbHble TOKa3aTeNn 036l BHYTPEHHETO O0IydYeHHUs] OTMEUEHB! Y COTPYIHUKOB 3allOBEAHUKA, MTPOXKHU-
BaloNMX B I. HapoBis, a cample HU3KHE y pabOTalOMIMX BaXTOBBIM METOAOM M MOCTOSIHHO NMPOKUBAIOIINX Ha
TEPPUTOPUSX, OTIAJICHHBIX OT 30HBI OTCEIECHUSI.

Onpepencn 3HaunMo 06osiee Bbicokuil (p < 0,05) ypoBeHb 03Bl Y MYXKUHH, [0 CPABHEHHUIO C JKCHIIIMHAMH,
B 2 pasa.

Cpenu mpesncTaBUTENCH pa3inuYHBIX BO3PACTHBIX IPYTIT CAMBIMU BBICOKHMHM TMOKA3aTENIIMU J103bI BHYTpPEH-
HEro o0JIyueHHs Xapakrepusyrorcs padotHuku 35—46 net (0,015 M3B/ro), a HAUMEHBIIIUMHU — MOJIOJBIC JTFOIH
18-26 ner (0,007 m3B/ron).
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ITAPAMETPBI ITEPEXOAA PAAMOHYKANUAOB
B BUOMACCY MUCKAHTYCA TUTAHTCKOI'O HA 3EMAMAX
30HBbI OTUYJXAEHNSA ITOAECCKOI'O TOCYAAPCTBEHHOTI'O
PAANAIIMOHHO-9KOAOI'MYECKOI'O 3AIIOBEAHUKA

M. B. KYJIHHV, E. b. EBCEEBV, J]. K. TAPBAPYK", A. H. BOPOHEIIKAA", A. B. [PATYH?

YTonecckuil 2ocyoapcmeeniviii paouayuoHHO-3K0N02UYECKULL 3aN06EOHUKY,
yn. Tepewxogou 7, 247618, e. Xounuxu, I omenvcras obnacms, berapyce
Alomenab Texnonooorcu,
ya. Xozsiicmeennas, 5, 246144, 2. I'omenv, Berapyco

W3zyuaercsa HoBas i benapycu KynasTypa MUCKAHTYC TMTaHTYC, MHTPOAYLIMpPOBaHHas B yciaoBusx benopycckoro Ilo-
JIEChSI, OIIMCAHbI €¢ OUOJIOTMYECKUE U IKOJIOTHYeCKHe 0COOeHHOCTH. [IpeioKeHO HCIIONb30BAHNE UCCIIELYEMOM KYIBTYPBI
Ha dHepreTUYecKue enu. [Ipeanonaraercs, uto BhIpaluBanue B Benapycu pacTeHuil Ha SHEPreTUYECKHE eI Haubolee
[EPCIIEKTUBHO B TIPHPOIHO-KIMMATHYECKUX YCIOBHSX [OMENbCKoi 0011, KylIbTUBHPOBaHHE MUCKAHTYCa CIIOCOOCTBYET pe-
IIEHHUIO Psi/id 3HAYMMBIX SKOJIOTHIECKHX BOIPOCOB, 00ECIICUMBAs [ONYUCHHE YCTONYHBOTO YPOXKast KA4eCTBEHHON pacTeHue-
BO/IYECKOM MPOJLYKIIHH, YTO MOBbIIIAET 3Q(PEKTHBHOCTh HU3KOILIOAOPOAHBIX 3€MeJIb, YIIy4IIaeT I'yMyCHOE COCTOSHHIE U CTa-
6HHI/I3preT (bOHI[ IIOABHXXHBIX (bOpM 30JIBHBIX 3JICMCHTOB IMOYBBI, TEM CaAMbBIM IMPCTIATCTBYA HapaCcTaroumeMy UCTOICHUIO €C
IUIOZIOPOIHS | Jierpajanuu. JlaHa XapakTepUCTHKa KIIMMATHYEeCKUX YCIIOBHI MIPOM3PACTaHus HA POTshKeHUH ombitra ¢ 2020
o 2023 rr. OnKUChIBAETCS KCIEPUMEHTABHAS JIESTENHHOCT M0 BHIPAIMBAHUIO MUCKAHTyCa THraHTyca copra «Jlpyxoa-
ABTIOKW» Ha TEPPUTOPUM 30HBI OTUYXKICHHS [10IECCKOrO TOCYIapCTBEHHOTO PaIHAIMOHHO-9KOIOTHYECKOTO 3aIOBEIHHUKA.
Onpenenensl napamerpsl Hakorienus Cs'®” u Sr* B BereTaruBHON Macce pacTeHus. PaccuuTaHbl IPENENbHO A0IYCTUMBIE
IUIOTHOCTH 3arPsI3HEHHS [I0YB TIPH BBIPAIIMBAHIN HCCISAYEMOTO PACTEHHS Ha Pa3IMYHbIe TEXHUYECKHeE 11esu. [Ipu BbIpamiy-
BaHWU MUCKaHTyCa 'MTaHTCKOI'o CopTa «I[py)K6a-ABTIOKI/I)) Ha ACPHOBO-MOJA30JMCTBIX IMECUYAHbIX U JCPHOBO-IIOA30JIUCTBIX
[JICEBATHIX MOYBAX JUISl [IPOU3BOJICTBA [PEBECHOIO TEXHUYECKOTO CBIPhsl, TOILUIMBA IPEBECHOIO U MPOYEH HEMMIIEBOM Ipo-
JyKIIUHU JIECHOTO XO3sMCTBA BO3MOXKHO 0€3 OrpaHMueHuUii 110 MI0THOCTH 3arpsisuenus Cs'Y. OqHaKo monyyeHne HOpMaTUBHO
YUCTOI GHOMACCHI HCCIEIYEMON KYJIBTYPhl Ha JIEPHOBO-TIOA30IMCTHIX BPEMEHHO U30BITOUHO YBIAXKHEHHBIX MOYBAX HAJa-
raeT OrpaHM4eHus MO IIOTHOCTH 3arpssHenus noussl Cs7: 27,85 Ku/km? — 11 npodeil HEMMIIEBOM TPOLYKIUK JIECHOTO
xo3siiicTBa; 22,3 Ku/km? — ist IPEBECHOTO TEXHUYECKOTO ChIpbs; 11,1 Ku/km? — st Tormsa apesecHoro. Ipeanonaraercst
TMCPCIICKTUBHOCTD UCIIOJIB30BaAHNA PACTUTCIILHOTO ChIPbs MUCKAHTYCa TUTAHTCKOI'O, BBIPAICHHOI'O Ha PpaIMOAKTUBHO 3arpss-
HEHHBIX 3€MJISIX B TEXHOJIOTUUYECKUX LENSAX (JUIsS MONYUeHuUs EIUTIONO3bI, OUOU3eNs, OUOorasa), TPH yCIOBUHU BBITIOIHEHHUS]
JIOTIOJIHUTENBHBIX UCCIENOBAHMI 1 MPOPAOOTKU TEXHOIOIMYECKUX OMEPALHii HA PEATbHBIX TIPOM3BOICTBEHHBIX OOBEKTAX.
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PARAMETERS OF THE TRANSITION OF RADIONUCLIDES INTO THE BIOMASS
OF MISCANTHUS GIGANTUS ON THE LANDS OF THE EXCLUSION ZONE
OF THE POLESIE STATE RADIATION-ECOLOGICAL RESERVE
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*Polesie State Radiation-Ecological Reserve,
7 Tserashkova Street, Khoiniki 247618, Gomel region, Belarus
*Gomelab Technologies LLC,
5 Khazjaystvennaja Street, Gomel 246144, Belarus
Corresponding author: E. B. Evseev (evsey89@mail.ru)

The article describes a new culture for Belarus, Miscanthus gigantus, introduced in the conditions of Belarusian Polesie,
and also describes its biological and environmental features. It is proposed to use the studied crop for energy purposes.
It is assumed that growing plants for energy purposes in Belarus is most promising in the natural and climatic conditions
of the Gomel region. The cultivation of miscanthus contributes to solving a number of significant environmental issues.
First of all, it ensures obtaining a sustainable harvest of high-quality crop products, which increases the efficiency of using
low-fertile lands. Secondly, it improves the humus state and stabilizes the pool of mobile forms of ash elements in the soil,
thereby preventing the increasing depletion of its fertility and degradation. The characteristics of the climatic conditions of
growth during the experiment from 2020 to 2023 are given. Experimental activities for growing miscanthus gigantus variety
«Druzhba-Avtyuki» in the exclusion zone of the Polesie State Radiation-Ecological Reserve are described. The parameters
of accumulation of Cs'*”and Sr in the vegetative mass of the plant were determined. The maximum permissible densities
of soil contamination were calculated when growing the plant under study for various technical purposes. When growing
miscanthus of the giant variety «Druzhba-Avtyuki» on sod-podzolic sandy and sod-podzolic gleyic soils for the production
of wood technical raw materials, wood fuel and other non-food forestry products, it is possible without restrictions on
the density of contamination with Cs'’. At the same time, obtaining normatively pure biomass of the studied crop on
soddy-podzolic soils that are temporarily excessively moistened imposes restrictions on the density of soil contamination
with cesium-137: 27,85 Ci/km? — for other non-food forestry products; 22,3 Ci/km? — for wood technical raw materials;
11,1 Ci/km? — for wood fuel. It is suggested that there are prospects for using plant raw materials of giant miscanthus,
grown on radioactively contaminated lands, for technological purposes (to produce cellulose, biodiesel, biogas), subject to
additional research and development of technological operations at real production facilities.

Keywords: giant miscanthus; Cs'”’; Sr’°; transition parameters; maximum permissible densities of soil pollution;

technological goals.

BBenenne

Hcropuuecku ciokuBiiasics mpodieMa 3arpsa3HeHus OOJBIIOro KojdnmdecTBa 3eMenb Pecryoniku bemapychb
B pesynbrare Karactpodsl Ha YepHoObUIbCKOH ADC 0 CHX MOp OCTAeTCsl aKTYaIbHOH U BBI3BIBACT HEOOXOIH-
MOCTb HCCIIEIOBaHMS 3aKOHOMEPHOCTEH JENOHUPOBAaHMS PaJIMOHYKINIOB B HOBBIX KYJIBTypax, HHTPOLYLIHPO-
BaHHBIX B OTAAJICHHBIN NIepHOJ OCiIe aBapuy. ABapHs OLIEHUBAETCS KaK KpyIHEHIas B CBOEM pPOJie 3a BCIO UCTO-
PHIO aTOMHOH SHEPreTUKH M0 MPEoiaracMoMy KOJIMYECTBY MOTHOMINX M TOCTPAAaBIIMX OT €€ MOCIEACTBUM
Jrofiel ¥ TI0 SKOHOMHUUECKOMY yIIepOy.

Ha 1 suBaps 2020 1. miomaap TEPPUTOPHH PAANOAKTUBHOIO 3arps3HeHHs pecnyOnuku nesuem-137 Benen-
CTBHE €r0 paJHOaKTUBHOIO pacrajia yMeHbIuiach B 1,7 pa3a, crponiueM-90 — moutu B 1,9 pasa u cocrasisier
coorBercTBeHHO 13,4 1 5,3 % o01ueit miomiau pecnyonuku [1].

OnnuM 13 Hawbosee TKETBIX HKOJOTMYECKHX MOCiencTBUi aBapuu Ha YepHoObuIbcKOH ADC SBHIOCH
PaZAnoOaKTUBHOE 3arpsi3HEHHE CEJIbCKOXO3SMCTBEHHBIX 3eMenb. C 1eblo TpeIoTBpalIleH s TPOU3BOICTBA MPO-
JOYKLUH C BBICOKHM COJICPIKaHHEM PaJHOHYKINAOB 265 ThIC. ra 3eMeJib ObIIO BHIBEICHO U3 X035HCTBEHHOTO 000-
pOTa ¥ OTHECEHO K paauaIiiOHHO OMacHbIM [2].

[IpuopureTs rocyaapcTBeHHON nmonauTuku Ha 2021-2025 rr. — ganpHeifee CHIU)KEHUE pHUCKa Hebnaro-
OPUATHBIX MOCIEICTBUH AJISl 310POBbS TPaKIaH, MOCTPaJaBIINX OT KatacTpodsl Ha YepHoObuibekoit ADC,
MIPOBEJIEHNE HA JOCTUTHYTOM YPOBHE 3aIUTHBIX MEPONPUITHH, OCYIIECTBIEHNE PaAHallMOHHOTO MOHMTO-
pUHTa ¥ KOHTPOJS PaJAMOaKTHBHOTO 3arpsi3HEHUs] OOBEKTOB OKpPY’KAlOIIEH Cpeibl, COACHCTBHE BOCCTaHOB-
JICHUIO U YCKOPEHHOMY YCTOWYMBOMY COLIMAJIbHO-IKOHOMHUYECKOMY Pa3BUTHIO MOCTPAIABIINX PETMOHOB MPHU
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0€3yCIIOBHOM BBITIOTHCHUH TPEOOBAHWNA paIHallHOHHON 0€30TaCHOCTH, HaydIHOE W MHPOPMAITMOHHOE COTIPO-
BOXKIICHHE.

Ji1s BRITIOJTHEHUS 3aJJaHAN TOCYIapCTBEHHON MPOTpaMMBbI TpeOyeTCsl COKpaIeHNe UCTIOb30BaHU MECTHBIX
BUJIOB TOTUTMBA TSI CHIDKEHHS I030BBIX HATPy30K HACENCHMS, IIPOKUBAIOIINX HA 3aTPSA3HEHHBIX PaAHOHYKIIHI 1A~
Mmu 3eMyisx. [Ipeiaraemplie BApHAHTH X 3aMEHBI 3aKITIOYAIOTCA B AalbHEHIel ra3uukanum u snekTpruduka-
M. AKIIEHTHPYIOTCS MECTHBIE SKOJIOTHYECKH YUCThIe UCTOYHHUKH YHEPTUH. B MaHHOHW cHUTyarmu mepcreKkTHB-
HBIM UCTOYHHKOM Ta3a M AJIEKTPOIHEPTHH BBICTYIIAeT OMOras.

brorazoBbie TEXHOIOTHH B HACTOAIIEE BPEMS SIBIIAIOTCS OIHWUM W3 TEPCIEKTHBHBIX HAIMPaBICHUH BO300-
HOBIISIEMOW YHEPTeTHKH, OOeCTiednBas pelieHrne Kak YHePreTHIeCKNX, TaK M SKOJOTHYECKHX 3aaa4. bruoraso-
BBIC TEXHOJIOTHH YK€ TONYUIIN IMHUPoKoe pacnpoctpanenue B Epome, CIIA, Kurae, bpasuinnm u HekoTo-
pBIX Opyrux crpaHax. Ilo ganasiM uctounmka [3], EBporretickoii brorazoBoit Accormaru Ha Havano 2016 1.
B EBpomneiickoM coro3e HaCUUTHIBAIOCH 17376 OMOTa30BBIX YCTAaHOBOK, OBLIO ITOACYUTAHO, YTO 3a TOX OHHU BHI-
pabaTbIBAOT Takoe KOJIMYECTBO OWMOrasa, 3a CYeT KOTOPOro MOXKHO BhIpadorats 60,6 TBT-4 amekTposneprum,
JIOCTATOYHOTO TSI 00ecTiedeHus dIIeKTpodHeprueit 14 MirH moMamrHuX Xo3saicTB. [lo manueiM [lemapramenTa
1o 3Hepro3(p(PEeKTHBHOCTH TOCYIaPCTBEHHOTO KOMHTETA IO cTaHaaptuianuu Pecryonmku bemapycs, B cTpane
netictByeT 20 OMOTa30BBIX YCTAHOBOK 00MIeH MomHOCTRI0 27,9 MBT. Camas kpymHas yctaHoBka Ha 4,8 MBT
pacmoyio’keHa B MOTHIIEBCKOH 00T,

B nameit pecniyOnrke HEeT OOJBIIMX 3aMaCOB MCKOMTAEMBIX YHEPTETHIECKUX PECYPCOB, OJHAKO AOCTATOY-
HO IIUPOKO MOTYT MCIOJIB30BaThCS dHEpreTndeckue pacteHus. [lo cBoeit cyT oHM SBISIOTCS BO30OHOBIIS-
eMBIMH pecypcami, TaK KaK NMePHOANYECKH BOCCTAHABIMBAIOTCS W MPH PAaMOHATHHOM HCIIOIB30BAHUH HE
HAHOCST Bpena okpyxkaromieit cpene. [lommmo 3Tor0, sHEpreTHUeCKrue pacTeHNs MOTYT HCTIOJIh30BaThCS B Ka-
YeCTBE MUIIEBOH dHEpTHH (KOPMOB). B CBSI3M ¢ 3THM pa3BUTHE aIETEPHATHBHON YHEPTeTHKH UMEET O0NIbIIOe
3HaYeHUE, a N3yUeHHe ONOIOTHYECKUX 0COOCHHOCTE! U CTIOCOOOB BRIPAIIMBAHUS YHEPTETHUECKUX PACTECHUI
SBIIAETCS aKTyaJIbHBIM HalpaBJIeHHEeM ncciaenoBannii. [I[pon3BoacTBo OnosHEprum u3 ONOIOTHIECKON MacCHhl,
BBIPAIIEHHON Ha COOCTBEHHOW 3eMile, — MMePCIEKTHBHOE HAIpaBlIeHNE I CebCKOX035CTBEHHOTO MTPOU3-
BozaCTBa [4].

BripamuBanue B bemapycu pactennii Ha SHepTreTHYECKHE Ieli HanOosiee BaXKHO B MIPUPOAHO-KIMMaTHYe-
ckux ycloBusax lomenbckoit 001, Kimmvar bemopycckoro Ilomechs (roxkHas arpokiIuMaTHdecKkas o0acTb) Te-
TUTBINA, HEYCTOMYNBO-BIKHBIN, OTIIMYIACTCST OOMBIIMMH TTeperafaMy TEMITEpaTyp | YaCThIMH 3acyxamHu [5].

Hawnboiee mepcneKTUBHBIM, B TOM OTHOIIICHHH, pacTeHUEM sBIsieTcst Muckantyc (Miscanthus spp.), o6ma-
JTATOMIHIA TOCTATOYHO BBICOKAM a/IallTHBHBIM MOTeHIIMAI0M. ETo Haa3eMHas enTiono3ocoepxkanias onomacca
OTHOCHTCS K HETPAIUIIMOHHBIM BO30OHOBIIEMBIM HCTOYHUKAM CHIPBS M SHEPTHH, TTOTydeHUE KOTOPHIX HE Tpe-
OyeT 3HAYNTENbHBIX KalUTAIBHBIX BIOKCHHN.

B pesynbrare mpoBeeHHOTO aHAM3a JIMTEPATYPHBIX MCTOYHUKOB OBIJIO BBISBICHO OOJBIIOE KOJMYECTBO
MIPEUMYIIECTB MUCKAHTYCA.

1. CrtocoOHOCTH TTPOU3BOACTBEHHBIX IIAHTAIIMH TPOU3pacTaTh Ha oqHOM MecTe Ooiee 20 yer 6e3 cyie-
CTBEHHOTO CHIDKEHUS MTPOAYKTHBHOCTH [6].

2. CBOMCTBO IIMTENHFHOE BPEMSI TIPOU3PACTATh HA HU3KOMIPOAYKTHBHBIX 3eMJISX [6].

3. KagecTBeHHOE CHIpBE ITPH TPOU3BOCTBE IIEIUTIONO36I, OyMaru, ’TaHOIa, yITAKOBOYHBIX MaTEPHUAJIOB U APY-
TUX [EHHBIX MTPOTYKTOB.

4. IlpuMeHeHNEe MUCKAHTyCa B Ka9eCTBE OMOpa3IaraeMoro copoeHTa it 00psOBI ¢ 3arpsiI3HEHUEM TEPPUTO-
pui, B 9aCTHOCTH TSDKEITBIME METaJlJIaMH, TNKBUAAINH Pa3TuBoOB HeDTH U T. 1. [7-9].

EctectBeHHOE Teorpaduueckoe pacmnpocTpaneHue poma Miscanthus mpuypodeHo kK YMEpPEHHON U CyOTpo-
ngeckoit 30HaM FOro-BocTtounol A3um, mpoctupasch Ha 3amajn o LlearpansHoit Mannu u Ha BocTok 10 Ilo-
JIMHE3WW; HECKOJIBKO BUIOB 00OHapyKeHBI B Adpuke, a Taoke Ha JlambHeM BocToke B 6opeanpHOM 30HE [14]. OTH
pacTeHusl MECKaHTyca B I[EJIOM XOPOIIIO MPHUCIIOCAOIMBAIOTCS K PA3IMYHBIM MeCTaM OOMTaHUsA, CIIOCOOHBI ITPO-
M3pacTaTh Ha Pa3HBIX BBICOTAX, YTO TOBOPHUT O 3HAYMTEIHHOM aalITUBHOM IMTOTEHIHale poaa. OJHAKO TPHUITLIONT
M. giganteus sBIsieTCsl HanOoJee PAacIPOCTpaHEHHOW (GOPMON JJIs BBHIPAIIMBAHUSI B FOKHBIX peruoHax [15].
On umeet portocunaTe3 C,-TUMA ¢ BRICOKUM YPOBHEM d(h(DEKTHBHOCTH UCTIOIB30BAHIS BOIBI, CBETA U DIIEMEHTOB
MMUTAHUSA, TIPH ATOM, B OTIIMYHE OT JPYTUX BUAOB pacTeHnii C,-Thra, HEKOTOPhIe BUABI MUCKAHTyCa CIIOCOOHBI
MIPOM3pACTaTh B OTHOCUTEIHHO X0JI0aHOM Kiumare [16]. IloBbimenHas X0I010yCTOHYNBOCTD OTACTBHBIX BHIOB
MHUCKaHTyCa JeNlaeT MePCIeKTUBHBIM KaHAWIATOM ISl BO3JIENbIBAaHNS B KOHTHHEHTAIBHBIX perrnoHax Poccum,
B ToM uwrciie B Cubupu u peruonax I[ToBomxns [12;13].

B pabotax poccuiickux aBTopoB [10—12; 17-20] moaTBepkaaeTcs MEPCIIEKTUBHOCTD MCIIOIB30BaHNS MICKaH-
Tyca, MMPOTHO3UPYIOTCS 00JIaCTH KYJIETUBHPOBAHUS Ha Tepputopun Poccmiickoit deneparini, 000CHOBEIBACTCS
HACTOSTEIbHAS HEOOXOMMMOCTh COBEPIICHCTBOBAHMS TEXHOJOTHH 2(h(DEKTHBHOMN MepepadOTKH 3TOTO IIEIITIONO-
30COJEePIKAIIETO PACTUTEIHFHOTO CHIPhS, TIOIY9aeMOTo B CTIEIU(UIECKUX PETHOHATIBHBIX YCIOBHAX, OTIICHIBACT-
cs1 (hopMUpOBaHUE M MOAEP)KaHNe TeHOPOHIa MICKAaHTyCa B MECTHBIX YCIIOBUAX [21].
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Cormacuo uccienoBanmsiM JI. A. JloceBoii, To 00beMHOMY COIEPIKaHUIO 3eTICHOW MacChl NCCIIEIOBAHHBIX pac-
TeHW, HanOoJee MePCIeKTHBHBIMHI IS TIOTYYEHHUS 3€JIEHOW MacChl B TOYBEHHO-IKOJIOTHYECKUX YCIOBUAX BOC-
TOYHOW YaCTH HAIeH PeCITyOINKH SBIISETCS MUCKAHTYC TUTAHTCKUH [4].

IIpomyKTHBHOCTH OMOMACCHI ATOH KyJIbTYyphI Ha MAJOMPOIYKTUBHBIX 36MJISIX CHIIBHO BapbUPYET U 3aBUCUT OT
COCTOSIHUS HCIIOJIB3YEMBIX TI0YB, MPHUMEHEHHs ynoOpeHnid n Buna pacteHuil. [loTeHmansHas mpoxyKTHBHOCTD
MHCKAHTyCa MPHU OJIaroNpHUATHBIX (paKkTopax BHENTHEH cpembl MOXKET JOCTUTATh 25 T CyX0# Macchl ¢ 1 ra, peasb-
Has JKe 3aBUCHUT OT BEJIMUYWHBI IpUxoaa GOoToOCHHTETHYeCKOW akTuBHOU pamuaryu (DAP) u adpdexTuBHOCTH ee
HCTIOJIh30BaHMS, TIOYBEHHO-THAPOTEPMUIECKHUX YCIOBAN BBIPAIIMBAHUS, TIPOJOIDKUTETFHOCTH BETE€TAIIMOHHOTO
Tepuoaa U BUaa pacteHus [22]. BrusHue KIMMaTHIecKuX YCIOBUN perrnoHa Ha YPOyKaHOCTh MUCKAHTyCa TaKKe
ITOKa3aHo B paboTax psaa OTCUSCTBEHHBIX U 3apyOeKHBIX aBTOpoB [13].

HWccnenoBanust CEKBECTUPOBAHNUS YIIIEPOIa MHOTOJIETHUMH SHEPTETHUECKUMH KyJIbTypaMy TIOKa3aJii UX CIO-
COOHOCTH CcB3BIBATH yIiiepon (o1 0,25 mo 4 T/ra B TOJ MOYBEHHOTO YIIEPOa) U YITYJIIaTh TP 3TOM arpodu3nde-
CKHE CBOMCTBA ITOYBHI, YBEITMUHNBATh MUKPOOHYIO OMOMACCY U €€ aKTUBHOCTD [23].

OnmHUM W3 JOCTOMHCTB MUCKaHTYCa SIBISIETCS OOECIIeUeHHE ero IMOCaIKaMH MOIOKHUTEIFHOTO SHEPTeTHYECKOTO
Oamanca u nipoduiuTHOTO Oamanca rymyca. Ilo maraemM B. A. 3urdenko n M. Smmna (2011), yporkait Haa3eMHOM
OroMacchI 3TOH KyIBTYPHI B 20 T/Ta MOKET 00ECTICUHNTH CTONBKO e YHEPTHH, CKOJIBKO ITPom3BomuTcs u3 12 Ty, [Tpu
BBIPAIIMBAHUY MICKaHTYyCa y)Ke Ha 5-i TOJl B 1o4Be IUIaHTamii Habmonaetcs ysenmdenue (Ha 0,1-0,2 %) comepxa-
aus rymyca [ 10]. IlokazaHo, 9To Tipy ero BeIpantiBaHuy B TedeHre 10 JIeT Ha ImoYBax JIETKOr0 TpaHyJIOMETPUIECKOTO
cocCTaBa coziepykaHre rymyca B ouse Bozpocio Ha 0,3-0,4 %, HecMOTpsi Ha MHTEHCHBHOE HCTIONh30BaHKE PACTEHHS-
MH TTOYBEHHOTO MOOHJIBHOTO a30Ta, TEHEPHPYEMOTO COOTBETCTBYIOIIMMI MUHEPAIN3AIMOHHBIMY Tiporieccamu [ 11].

HWccnenoBanmst, mpoBeAeHHBIE 32 pyOeKOM B TIOCAJIKaX MUCKAHTYCa, CBHIETEIBCTBYIOT, YTO 3arachl yIiiepo-
Jla B TIOYBE TTOJT dTOW KYJIBTYPOM YBETMIHBAIOTCS Ha 2 T/Ta B rof [24]. B mepuoa hopMupoBaHUs MHOTOJIETHUX
Mocajiok MHUCKaHTyca (4 roma) B ycnoBusax 3amamHoit Cubupu Oblia MpoBeneHa OIeHKa KOMIIOHEHTOB OajiaH-
ca ymiepona, Kotopas mokaszajia Hajdudie 0ObeKTHBHBIX MPEANOCHUTOK UIS 3aKPEIIeHNs YIIepoaa aTMoC(epsl
B YCTOWYHMBBIX (PPAKIIHSIX TTOYBEHHOTO OPTaHWYECKOTO BemecTna [25].

C. 10. Kanyctsaaunk ¢ coaBtopamu (2020) ompemenuiig, 9T0 €KETOMHBIN BEIHOC MHCKAaHTYCOM 3JIEMEHTOB
MMATaHUS W3 IOYBEHHBIX 3aacoB MPU CpeaHel ypoxkaitHocTtn 12 T/ra coctaBiser azora — 17-20 xr/ra, pocdopa —
11-17, xamms — 3540, maraus — 2-3 xr/ra. [lo cpaBHEHHUIO ¢ APYTUMHU YPOKAWHBIMH KYJIBTYpPaMH, TAKHE Mac-
mMTa0Bl OTYYKACHUS MTUTATEIBHBIX YIEMEHTOB M3 TIOYBHI MTPECTABISIOTCS HEBBICOKUMHU. HHU3KyI0 TOTpeOHOCTD
MHCKaHTyCa B IIOUBEHHBIX 3allacax JIEMEHTOB IMUTAHUS OTMEUANI U IPYTHe aBTOPHI [7; 22].

ITo maHHBIM HEKOTOPBIX HCCIenoBaTeNne [26; 27], npuMeHeHne yIoOpeHH o MUCKAHTYC MeJIeco00pa3Ho
TOJILKO B TIepBBIe 1—2 roma ¢hopMuUpOBaHUS IUIAHTAIINY HA MTOYBaX ¢ OYCHb HM3KUM conepkanueM NPK. Crabas
OT3BIBYMBOCTH ITOU KyJIBTYypPhI Ha BHECEHUE YIOOpEHUI BO MHOTOM CBSI3aHA C €€ CITIOCOOHOCTHIO K (P PeKTHBHOM
PEeyTHIN3AINH TUTATEFHBIX SIIEMEHTOB.

OmnpeneneHHy0 CTENeHb OMACHOCTH MOYKET BBI3BIBATH IMPEANOJIOKEHHE 00 WHBAa3UBHOCTH HCCIETyEeMOH
KynsTypbl. OJTHAKO M3BECTHO, YTO OHA CBOMCTBEHHA PACTEHHUSIM, Pa3MHOXKAIOIUMCS ceMeHaMH. B 3Toil cBs3wy,
110 MHEHHIO Psijia aBTOPOB, MUCKAHTYC HE TPEICTABISIET MHBA3UBHOM YIPO3BI JUIA CEIBCKOXO3SIHCTBEHHBIX YTO-
nait [16].

Taxum 00pa3om, UCCIIeOBaHMS, TIPOBEICHHBIE B PA3INYHBIX CTPaHaX MUPA B Pa3HBIX TTOYBEHHO-KIMMaTHYe-
CKUX YCIIOBHSIX, YCTAHOBHIIN TIOJIOKUTEIBHBIE CPET00Opa3yIoNie BOZMOKHOCTH MUCKAHTYCa, €r0 OYeBUIHBIN
(hUTOMETTMOPATUBHBIN 1 aJaNTHBHBINA IMOTCHIMAJ. BBISIBICHA CTIOCOOHOCTh pacTeHui pona Miscanthus onaep-
JKUBaTh BBICOKHH ypoBeHBb (orocmHTe3a C,-THMa MpH HU3KUX Temmeparypax [28-30], moka3aHbl HEBBICOKHE
MOTPeOHOCTH B MUTATEIBHBIX BEIIECTBAX, CIOCOOHOCTH CBSI3BIBATH OOJBIIOE KOIMYECTBO YITIEPOAA, XOPOIIast
3(h(EeKTUBHOCTH MCIOB30BAHUS UMEIOIICHCS BIIATH, BBICOKAsI MPOMYKITUS Oromacchl [22; 28], a TakyKe TOBHI-
IeHHas YCTOWIUBOCTH K 00JIe3HsIM 1 Bpeautessam [10].

Ha ocHoBaHWMM MpOBeIeHHOTO aHATN3a OONBIIOTO YHCIa JTUTEPATYPHBIX NCTOYHHUKOB BBIIBUTAETCS THITOTE3a
0 TIEPCTIEKTHBE KYIGTHBHPOBAHUS MHCKAHTYCa Ha DHEPreTHUYECKHE IeNTN Ha 3eMJISX, 3arpsS3HEHHBIX PaJHOHY-
KIJTUIaMH, BBIBEIEHHBIX U3 000poTa. Ha ocHOBaHMM WHBEHTapH3aINY BBIBEACHHBIX U3 000pOTa 3eMeIb YCTaHOB-
JIEHO, 9TO B HACTOsAIIEe BpeMs B [ OMeNTbCKO#l 00, YHCIIATCS BRIBEIEHHBIMHU M3 XO3SHCTBEHHOTO 000pOTa OKOIIO
202 thIC. Ta, B MOrmieBckoi — okoj10 44 ThIC. Ta.

MarepuaJjibl 1 METOABI HCCIICIOBAHUSA

B 2019 r. rocymapCTBEHHBIM MPUPOJOOXPAHHBIM HAyIHO-MCCIICAOBATEILCKAM YapexkaeHueM «llomecckmii
TOCYIapCTBEHHBIN painaIliOHHO-YKOIOTHYECKNH 3aIIOBEAHNAKY ([anee — 3al0BEAHNK ) ObLTa TIPOBEICHA 3aKIaI-
Ka MEJIKOJEJITHOYHOTO MOJIEBOTO SKCIIEPMMEHTA 110 OlleHKe HakorieHus *’Cs u *°Sr MUCKaHTYCOM TMIaHTCKUM
(copt «pyx06a-ABTIOKIN») Ha PaTHOAKTUBHO 3arPA3HEHHBIX 3€MIIIX C PA3HOU IUTIOTHOCTHIO 3arPsI3HEHUS TOYBBI
JTAHHBIMHU PAIHOHYKIIAIAMH.
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CranuoHapHsIii MOJEBOM OIIBIT [0 U3YYEHHUIO ITapamMeTpoB repexona *'Cs u *°Sr u3 1epHOBO-MOI30IHMCTHIX [I0YB
pa3Hoii cTeneHn rTuapoMopdu3Ma B OMoMacCy MUCKaHTYCa TUTaHTCKOTO TIPpOBOMIIICS B TedeHue 4 et (2020-2023 1)
Ha 3eMJISIX OEJIOPYCCKOTO CEKTopa 30HBI 0TIy KACHHUS aBaprn Ha UepHOObUTECKOM ADC commacHo Metonuke Jlocrre-
xoBa [31]. KimmMartndeckre yCIoBHs BEreTaliy MHACKaHTYCa OICHUBAINCH 10 obmienpuHsaToi metomuke 1. T. Ce-
nstHIHOBA [32]. A1 OCTaHOBKH AKCTIIEPHMEHTa OBLIO MOM00paHo 3 ydJacTka ¢ HEHApYIICHHOH ITOYBON M Pa3HOM
WIOTHOCTHIO 3arps3Henus 'Cs u *Sr. OGbEKTHI KCCIIEN0BAHMI PACIIONATAINCh C CEBEPA HA FOT 3aIlI0BEIHHKA:

1. BeIBITIHIA HACETIEHHBIN MyHKT (mastee — 0. H. 11.) babunH (ceBepHas rpaHuIa 3armoBeqHIKA) — 42 KM JI0 peaKTopa.

Ilo4BBI: TEPHOBO-TIOA30IHUCTHIE TIIEeBATHIE MILTIOBHAFHO-TYMYCHBIE CyTIeCYaHbIe Ha PHIXJIBIX TECKaX.

2. b. 1. m. lporsku (meHTp 3anoBenHuKka) — 30 KM 10 peakTopa.

ITouBBI: TEpHOBO-TTOI30JUCTHIE BPEMEHHO H30BITOYHO YBIaKHEHHbIE HIUTIOBHATIBHO-TYMYCHBIE TTeCUaHbIe Ha
CBSI3HBIX TTECKaX.

3. b. 1. . Maca#ss! (Fo’KHas TpaHUIIa 3arl0BeIHIKA) — 12 KM 10 peakTopa.

ITouBsI: HEpHOBO-TTOA30IUCTHIE CiTa00Ae(PIMPOBaHHBIE TIECUaHbIe HA MOIIHBIX PHIXJIBIX TECKaX.

Ha kaxmoM yJacTke OIBIT 3aKJIaABIBAIICSA B TPEXKPATHON MOBTOPHOCTH C pa3MEIIEHHEM TUTOMIAI0K yIETHON
momaneio 1,4 M? na paccrosaun He MeHee 10 cm Mexny Humu. Ilepen mocaakoi Ha Kax 101 IIOMIAKe U3Meps-
JIaCh MOIITHOCTH JTO3bI TaMMa-u3IydeHus (manee — M/J[) Ha BeIcOTe 1 M OT MOBEPXHOCTH TIOYBHI B 3-KPATHOM I10-
BTOpHOCTH no3uMeTpoM-pamrnomeTpoM MKC—-AT6130 (AromTex, bermapych). OTO0p TIpod TOYBBI MPOW3BOIUIH
CTaHIAPTHBIM IIPOOOOTOOPHUKOM THaMETPOM 4 cM Ha TiTyonuHy 20 cM ¢ nepHUHOM. [locie BRITTOTHEHUS paroIio-
TUYIECKUX N3MEPEHNUH ITOYBY BCKAITBIBAII W HA KaXKIOH TUTOIIAIKe BeIcakuBay 110 20 pactenuii. J[aHHbIe pabOThI
OnuH BEIMOTHEHB! 3—4 anpens 2020 r. B TeueHne BereTaliioOHHOTO C€30HA BBITOHSINCH PAOOTHI 1O ITPOTIONIKE
Y TIOJIMBY pacTeHuil MucKkanTyca. OCeHbI0 OTOMPAINCH COTIPSKCHHBIE MMPOOKI MOYBHI M OMOJIOTHIECKOTO MaTe-
puana MuckanTyca. [IpoOsl OUBBI 1 OMOIOTHYECKOTO MaTepHasia IOArOTaBINBAIN B COOTBETCTBHH C OOIIENPH-
HATBIMU METOMKAMU. YIENbHYI0 akTUBHOCTE °’Cs n *’Sr B mpo0ax onpenensim B 1a00paTopuy CEKTPOMETPHU
Y paJOXMMHH 3aIIOBETHUKA Ha CITMHTIULIIIHOHHOM TaMMa-0era-criekrpomerpe MKC-AT1315 (AtomTex, bena-
pycs). OmmbKa n3Mepenui mpu 3ToM He npesbimana 30 %.

C 1enpio yCTaHOBIEHHSI HK3MEHUYMBOCTH (pa3Maxa BapbHpPOBaHUS ) TNIOTHOCTH 3arPS3HEHNUS ITOYBHI U YIEIbHOM
aKTUBHOCTH B paCTUTEIILHOM Macce OBLIN ompeesieHbl koddduinenTs! Bapuanun K. [Tupcona (V):

Sx
X
rae S)C — Cp€AHCE KBAJIPATUICCKOC OTKIIOHCHUEC JIJI BBI60pKI/I;
X — CpCaHss apI/I(I)MeTI/IT-IeCKaSI 13 CYMMBI YaCTHBIX WJIX I'PYHIIOBBIX CPECOAHUX.

[ craructuyeckoit 00pabOTKK JaHHBIX MCIIOIB30BaIach mporpamma naket Microsoft Office Excel.

Pe3yabTarhl Hccjie10BaHUs U UX 00CYyKIeHUue

CoracHo UCTOYHUKY [33], KIMMaTHUECKHUE yCIOBHUSI OKa3bIBAIOT CYIIICCTBEHHOC BIIMSIHHEC HA HAKOTUICHUE
panuoHyKIua0B TpaBamu. CpenHsisi MHOTOJIETHSISI CyMMa OCaJIKOB B YCIOBHUSIX BocTouHOro [lonechs cocraBinsier
650 mm, a 3a Terelil nepuon Beimagaet 300400 mm ocaakoB. B caMble 3aCylUTHBBIC TOABI UX KOTUIECTBO MOXKET
ymeHbmarsest 10 150-300 mm. KoadduipienT yBrnakHeHus 3a TEIUIBIN EpUoA 9acTo cHrkaercst Huke 0,8, a uc-
MapseMOCTb IPEBBIIIAET KOJIMYECTBO 0cakoB Ha 70-90 mm.

Bererarmonnsiii mepuon [lonecks HanOos1ee AIMHHBIN B peienax peciyonuku u coctapisier 192205 nueit,
a nepuox temneparyp Boiie 10 °C — 151-160 nueii. BereraumonHslil nepro| XxapakTepu3yeTcs OBBIIIEHHBIMU
TeMIIepaTypamMH BO3/[yXa U YaCThIM HEOCTAaTKOM OCaJKOB. B 9THX yCIIOBHSIX, HEOITHOKPATHO B TEUCHHE BEreTa-
[IMOHHOTO MEPUOJIa, BIAKHOCTh ITAXOTHOTO CJIOS TIOYBBI CHIDKAETCS 10 MEPTBBIX 3amacoB (2-3 %). Tepmuueckue
YCIIOBUSI M PEXKHM YBJIXXHCHUSI MIPEABSIBISIOT MOBBIIICHHBIE TPeOOBaHMS K BO3/ENbIBACMbIM KynbTypam. OHK
JIOJDKHBI IMETh BBICOKYIO TNIACTUYHOCTh M YCTOMYMBOCTD K 3aCYIIUIMBBIM YCIIOBHSIM.

st 0OBbEKTHBHOM OILIEHKH TEIlla U BIaroo0eCnedeHHOCTH Clie/lyeT UCIOIb30BaTh WHTErpalIbHBIC TIOKa3are-
T, KOTOPBIC, KPOME TeMIIepaTypbl BO3AyXa U aTMOC(HEPHBIX 0CaIKOB, YYHTBHIBAIN ObI M IPyTHe PECypChl Teria
U Biaru. TakuMu moka3aressiMid MOTYT CIIY>KUTh HCIapsieMOCTh, KOMIIEKCHO XapaKTepU3YIOolias TerIodHepre-
THUYECKUE PECypChl KIMMaTa, U KodpQUIMEHT NPUpOAHOTO yBIaxHEeHUs Tepputopur Ky. 3HaueHus ucnapse-
MocTH onpenessui o Moaudumposantnoid H. B. lanmnsaenko ¢popmynne H. H. MiBanoBa no cpeanenexaiabiM
3HAYCHUSIM TEMIIEPaTyp, OTHOCUTEIHLHOM BIaKHOCTH BO3yXa M CKOPOCTH BeTpa. Kiimmarnueckue ycioBust aHa-
JM3UPYEMOTO TIEPHO/a XapaKTEePU30BAINCH CICAYIONIMME CPEAHETOAOBBIMH MapameTpaMu KoddduimeHra y-
naxuenus: 2020r. —0,91; 2021 . — 0,75; 2022 . — 0,87; 2023 . — 0,75.

Ha teppuropuu benapycu npu 3nauenusix [ 'TK (Censaunosa) ot 0,2 1o 0,4 ycnoBus BereTaliiOHHOTO MEPUOJT
XapaKTepu3yroTcs Kak cyxue, ot 0,4 10 0,7 — oueHs 3acynumsble, ot 0,7 mo 1,0 —3acynumseie, ot 1,0 mo 1,3 — cna-
6o3acynumiBbie, 1,3—1,6 — ontuMasbHbie U > 1,6 — BiaxHbie [33]. [laHHbIC TIOKa3aTe M NPEICTaBICHBI B TaOM. 1.
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PanuoskoJiorust 1 paauo6nosI0Tusi, paIuallHoHHAasl 6e30MacCHOCTh
Radioecology and Radiobiology, Radiation Safety

Tabnuma 1

Kaumarnueckue nokasareiu 3a nepuoj Mccae10BaHUi (M0 JaHHBIM HAYYHO-MCCIeJ0BaTeIbCKOM cTaHIUU «MacaHbD»)

Table 1
Climatic indicators for the research period (according to data from the Masany research station)
KonnuecTtBo ocagkoB, MM Koaddunment yBnaxxkuenus no MBanoBy I'TK
ton V-IX roJ V-IX roJI r0JIOBBIC 3HAYCHUS

2020 385,7 622,1 0,95 0,91 1,36
2021 295,0 519,1 0,81 0,75 0,94
2022% 356,7 697,6 0,98 0,87 1,41
2023* 171,1 4335 0,33 0,75 0,88

Hp nMevanue. *[lo JaHHbIM METCOCTAaHLINU <(EparPIH>>.

Wcxozst u3 aHHBIX, IPUBEICHHBIX B Ta0M. 1, MOXHO cienarh cienyromue BbiBojabl: 2020 u 2022 rr. xapak-
TEpU3YIOTCS ONTUMAIbHBIMU KIMMAaTHYECKUMU yciaoBusimMy, a 2021 u 2023 rT. BBIAATUCH 3aCyIIIIIMBBIMH B COOT-
BETCTBHH C IPUHATOH rpaganumeil. OTHaKo HE BBISBIEHO CTAaTHCTUYECKH 3HAYUMOTO BIMSHUS MTOTOAHBIX YCIOBHI
Ha MapaMeTphl Mepexo/ia paJAuoHYKIIHN/I0B U3 MOYBBI B PACTEHUS MUCKaHTYyCa.

B pesynbrare mpoBeIeHHOTO OITbITa OBLIM ONPEeNIeHbl U PACCYMTAHBI 3HAYCHHSI YACTBHOW aKTHBHOCTH (Ay)
OroMaccsl, IIOTHOCTH 3arpsi3Henus noussl (113) u kosdurmentsr nepexona (KIT) *’Cs u *°Sr (tabu. 2).

Tabnuma 2
IMapaMeTpbI nepexo1a paJHOHYKJINI0B B PACTEHUsI MHCKAHTYCA
Table 2
Parameters of the transfer of radionuclides into miscanthus plants
MecTo nookeHust n 113 moussI, Ay B Ouomacce KII, Bx/kr: | TI3 moussl, Ay B Guomacce KII, Bx/kr:
JIETISTHOK cpron Ku/km? MuCKaHTyca, BR/Kr | KBK/M? Ku/xm? MHUCKaHTyca, BK/Kr KBK/M?
s ¥Cs Jlna °°Sr
2020 10,6 78,0 0,21 1,1 348,3 8,96
b. 1. . baGuun 2021 12,6 129,0 0,27 1,6 228,3 5,09
2022 11,3 37,7 0,09 0,7 173,7 6,74
2023 9,8 39,3 0,11 0,9 166,3 4,92
CV (koapdunnent 0,31 0,66 - 0,6 0,37 -
BapHUalum)
2020 5,9 265,7 1,16 2,3 686,3 7,79
2021 8,3 304,0 0,98 32 573,0 4,87
b. H. . lpoHbKH
2022 5,8 233,0 1,09 1,8 554,0 8,46
2023 6,2 506,5 1,80 2,4 764,5 9,45
CV (xoappuupent 0,24 0,65 0,28 0,31 -
BapHaIim)
2020 72,2 256,0 0,10 30,7 2759,7 2,37
2021 65,6 311,0 0,13 29,2 2514,0 2,33
b. u. . Macansl
2022 66,5 129,0 0,05 30,4 1598,0 1,42
2023 71,3 203,0 0,08 28,4 2118,0 2,02
CV (kospfuument 0,12 0,39 - 0.13 0,32 -
BapHaIum)
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W3 narHbIX TabI. 2 CremyeT, 4To 3a HCCIeAyeMbIi TIEpHOJT IPHUBEICHHBIC TaHHBIE XapaKTePU3yIOTCS BHICOKOI
CTETICHBIO BapruaOemb,HOCTH. JIJIs oTpeieNleHrsT CTaTUCTHYSCKON JOCTOBEPHOCTH OBLT pacCunuTaH KOI(PPHUITHCHT
Bapuanun (CV), KOTOPBIi TTOKAa3bIBAET CTETICHh HM3MEHUYUBOCTH 110 OTHOIIIEHUIO K CPETHEMY ITOKA3aTEI0 BEIOOP-
kn. KoaddurmenT Bapuanum s JaHHBIX 00beKTa 0. H. 1. MacaHbl COOTBETCTBYET CAMBIM HU3KUM 3HAYECHUSM,
a o oobekram O.H.1. babuwma u 0. H. 1. ApoHbKH KOA(hGOUIINEHT 3HAYUTEIEHO 0oJbIe. MOXKHO 3aMETHTD, UTO
JUTS TZIOTHOCTH 3arpsA3HEHH TIOYBHI 110 BCeM 00BheKTaM K0d(p(PHUIIMEHT BapHaliy HIOKE, YeM [T YAeTbHON aKTHB-
HOCTH B OMOMacce MUCKaHTycCa.

Kosdduument nepexona *’Cs B Gnomaccy MECKaHTyca XapaKTepHU3y€eTCs HEBBICOKUM 3HAY€HUEM Ha JIEPHO-
BO-IIOJ[30JIUCTHIX MT€CYAHbIX II0YBAX B 0. H. 11. MacaHsl, 3HaueHus usmensatores ot 0,05 1o 0,13 bx/kr: kbx/M2.
Oxnako koddduument nepexona '*’Cs 3HAUMTENHLHO BO3pACTAET HA JEPHOBO-TIOA30IUCTHIX BPEMEHHO M30bI-
TOYHO YBJIA)KHEHHBIX MOoYBax B 0.H.n. JIpoHbKH, 3HaueHus usmenstorcs or 0,98 mo 1,8 Br/kr:kbk/m?. Ko-
s¢dunment nepexona *’Cs B Ouomaccy MuckanTyca B 6. H. Il. BaGuMH XapaKTepu3yeTcsi HEBBICOKUM IPO-
MEXYTOYHBIM 3HAYEHHEM Ha JIEPHOBO-TIO30JIMCTHIX TJIEEBATHIX MOYBAX, 3HadeHHud m3MeHsorea ot 0,09 mo
0,27 Bx/kr : kbk/M?. Cyl1ecTBEHHbIE U3MEHEHUS 3HaYeHu Kod(puimenTa nepexona 00bACHIIOTCS CTENEHBIO
ruapoMop¢r3Ma 1MoUB, ¢ yBEIHUYCHUEM THAPOMOPGU3Ma MOBBIMIAIOTCS U TapaMeTPBhl IEpPexoaa paanoHyKITH-
JIOB B PACTECHHUA.

AHanu3 JaHHBIX apaMeTPoB nepexona *’Sr u3 mo4YBbl GMOMACCY MUCKAHTYCA CBHIETEIbCTBYET, YTO TEH-
JIEHITHNS B3aNMOCBSI3U TUpoMopdhu3Ma modB 1 KodhPuImmeHToB nepexon coxpansercs. Tak, B 0. H. 1. MacaHbl
HabmronaroTcs camble Huskue sHaueHus KI1 (cpennee 3HaueHue 3a nepuon uccnenobannii 2,03 Bx/kr : kBx/m?),
HECMOTPSI Ha camMo€e OOJIBIIOE 3HAYEHHE TUIOTHOCTH 3arpsA3HEHMs MouBkl. [lapamMeTpsl nepexoxa *’Sr Ha ne-
JSHKax B 0. H. . J[pOHBKHU XapaKTepU3yIOTCs AOBOIHHO BHICOKUMHU 3HAYEHUSIMHU U BBICOKOHM CTETIEHBIO BapH-
abebHOCTH, U3MEHEHHUS 3HAYEeHUI0 Konebmores ot 4,87 10 9,45 Bx/kr:kbx/m2. [ 1epHOBO-TIOA30IMCTHIX
TJIeeBATHIX TTOYB HAXOMAIINUXCS B 0. H. 1. baOunH, XapakTepHO n3MeHeHne Kod(PPHUIINeHToB mepexoaa ot 4,92
10 8,96 Bx/kr: kBbx/M>.

B Pecny6inke Benapych 0OTCyTCTBYIOT JONYCTUMBIE ypOBHH conepxkanus *’Cs u *’Sr B pacTHTENLHOM CHIPbE
JUTsI MECKaHTyCa TUTaHTCKOTO' . JIJIst BEPOSITHOM OIIEHKH BO3MOKHOCTH €70 MCIIOB30BAHMS B HEMTUIIIEBBIX MENISMX
IPHMBEEM HEKOTOPBIE IOITyCTHMBIE HOPMATUBEI conepkanus °’Cs, npunsateie B benapycu qs npesecunsl (PIY/
JIX-2001): npeBecHOe TexHOIOTHUECKOE ChIpbe — 1480 Bi/KT; TotmBO ApeBecHoe — 740 BK/KT; pouas HemmIIe-
Basl TIPOIYKITHS JIECHOTO X03s1iicTBa — 1850 BK/KT; TOIITMBO ApeBeCHOE, KOHTPOJILHBIH YPOBEHD TSI KOTEIBHBIX
mMomHOCTE0 >0,1 MBT — 200 Bi/kr; miena tommsaas’— 300 Bx/kr (TY BY 100145188.003-2009). Conepxanue
%St B IecOnpoayKIUK HE HOpMUpYeTcs [34].

IIpn mporHo3e yaenmbHON aKTHBHOCTH IIe3us-137 B Omomacce MHCKAaHTyca YUWUTBHIBAHUCH PACCUNTAHHBIC
K02 DUIMEHTBI Mepexoia. B HAmMX OIEHKax yenbHas aKTUBHOCTH *’Cs B PACTUTENBHOM CHIPHE, IJIE BO3-
MOKHO TPOM3BOJCTBO TPOAYKIIMM W3 MHCKaHTyca copra «[lpyx0Oa-ABtiokm» B mpemenax PY/JIX-2001
u TY BY 100145188.003-2009, npuHMMAanach Ha ypOBHE MHUHMUMAIBHOIO 3HAYEHUS 3a TOABI MCCIIEIOBAHMIA’.
Pesynbrar orpakeH B Taom. 3.

W3 panHbIx Tabn. 3 ciemyert, 4TO MOJydYeHHWE HOPMAaTHBHO YHCTOH OMOMAacChl MHCKAaHTyCa THTAHTCKOTO
JUTSL TIPOM3BOJICTBA APEBECHOTO TEXHUYECKOTO CHIPhS, TOIJINBA IPEBECHOTO M MTPOYEH HEMUIIEBOHN MPOAYKITUT
JIECHOTO XO35MCTBA BO3MOXHO 0€3 OrpaHMYeHui 10 mIoTHOCTH 3arpssHenus Cs'*’ Ha nepHOBO-1MOA30H-
CTHIX MECYAHBIX U JEPHOBO-TIOA30IUCTHIX TIIeeBaTHIX MouyBax (0. H. m. Macansl u 0. H. 1. babunH), omHAKO
B YCIIOBHSIX TOBBINICHHON CTENEeHU ruapoMopdu3ma Ha JEepHOBO-TIOJ30JMCTHIX BPEMEHHO M30BITOYHO yB-
JTaXHEHHBIX 1Mo4Bax (0.H.1. J[pOHBKM) BO3HUKAIOT orpaHndeHus: 27,85 Ku/km> — m1s mpoueil HENMIIEBOR
NPOAYKIMHU JIECHOTO X03sicTBa; 22,3 Ku/km? — 11 ApeBECHOTO TeXHMYECKOro cuipbs; 11,1 Kn/km? — s
TOTUINBA IPEBECHOTO.

B ycnoBusx ykecToueHHs paanOJIOTHYECKUX TpeOOBaHWH TpPW BO3MENBIBAHWM MHCKAHTYCa Ha IIEMy TO-
TUITMBHYIO W TOTUIMBO JPEBECHOE (KOHTPOJIBHBIN YPOBEHD ISl KOTEIBHBIX MOIIHOCTEHIO >0,1 MBT) HOpMaTHBHO
YUCTYI0 OMOMACCY BO3MOXKHO TIOJTy4aTh 0€3 OrpaHHuYEHHi MO IUIOTHOCTH 3arpsisHenus *’Cs Ha JepHOBO-TIOJ-
30JIUCTHIX TTeCYaHBIX MmoyBax. OHAKO Ha AEPHOBO-TIOA3O0JHCTHIX TJIEEBATHIX ITOYBAX BO3HUKAIOT OTPAaHUYCHUS:
29,9 Ku/km® — 11 miensl TormBHOM; 19,9 Ku/km? — 11 ToImBa ApeBecHOro (KOHTPOJIBHBIN yPOBEHD IS KO-
TeIBHBIX MOMIHOCTRIO > 0,1 MBT). /I mpon3BoacTBAa HOPMATHBHO YHCTOW OMOMAacChl MHCKaHTyca Ha JIEPHO-
BO-TTOJI30JIMCTHIX BPEMEHHO M30BITOYHO yBIQXKHEHHBIX MOYBAX €CTh OTPAHWYEHUS 10 TUIOTHOCTH 3arps3HEHHS
Csb7: 4,5 Ku/km® — na menst TormsHo; 3,0 Ku/km? — 171 TOIIMBa ApeBECHOr0 (KOHTPOIBHBIA YPOBEHD LIS
KOTEJIBHBIX MOITHOCTEIO >0,1 MBT).

'PIIY/JIX-2001: TH 2.6.1.10-1-01-2001. PecnyOnuKkancKue T0MYCTUMBIE YPOBHU COZIEPKAHUS 11e3us-137 B IpEBECUHE, NPOLYKIHMHU U3
JIPEBECHUHBI U IPEBECHBIX MAaTEPUAJIOB U MIPOYEH HEMUILEBOM MPOYKIIMHU JIECHOr0 X03stiicTBa. MuHck, 2000. 5 c.

2TY BY 100145188.003-2009 Illena ToruuBHas. Texauueckue yciaosusi. Munck, 2009.

3Tam xe.
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Tabnuma 3

Ko3ppuunentst nepexona ¥’Cs B 6HoMaccy MUCKAHTYCA THTAHTCKOIO U MPOTHO3HbIE 3HAYEHHUS
Npe/Ie/IbHO IOMYCTHMOI INIOTHOCTH 3arpsi3HeHHst Mo4YBbI, Ku/km?

Coefficients of transition of *’Cs into the biomass of giant miscanthus

Table 3

and predicted values of the maximum permissible density of soil contamination, Ci/km?

OOBexT 2020 2021 2022 2023 CpenHee 3HauCHUE
babunn(KII) 0,21 0,27 0,09 0,11 0,17
Macaunbi(KIT) 0,10 0,13 0,05 0,08 0,09
Hpoupku(KIT) 1,16 0,98 1,09 1,80 1,26

[Ipouas HemUIIEBas MPOIYKITUS JIECHOTO X03stiicTBa — 1850 Bx/kT
babuun 238,18 184,35 531,30 462,52 292,67
Macansl 521,09 389,97 953,37 649,66 565,65
JpoHbku 42,98 50,77 45,94 27.85 39,75
JpeBecHoe TexHHUYECKOe ChIphe, 1480 Br/kT
babunn 190,5 147,5 425,0 370,0 234,1
Macans! 416,9 312,0 762,7 519,7 4525
JpoHbku 344 40,6 36.8 22.3 31.8
Toruugo apesecHoe, 740 bk/kr
babunn 95,3 73,7 212,5 185,0 117,1
MacaHbl 208.4 156,0 381,3 259,9 226,3
HpoHbKH 17.2 20.3 184 111 159
[emra TormmBHas — 300 Bx/kr
babuun 38,6 29,9 86,2 75,0 47,5
Macansl 84,5 63,2 154,6 105,3 91,7
JpoHbKH 7.0 8.2 75 4.5 6.4
TorauBo Ap., KOHTPOJIBHBIN YPOBCHB ISl KOTEIBHBIX MOIIHOCTHIO >(0,1 MBT — 200 Bx/kT
Ba6uun 25,7 19.9 57,4 50,0 31.6
Macansl 56,3 42,2 103,1 70,2 61,2
HpoHbKH 4.6 3.5 3.0 3.0 43
3akioueHue

HOJ’Iy‘ICHHHe IMPOrHO3HBIC NaHHBIC MPEACIIBHO JOITY CTUMBIX IUTIOTHOCTEH 3arps3HCHUA I10YBBI Cs

57 ipu BO3-

ACJIBIBAHUU MUCKAaHTYyCa '’MIraHTCKOI'O MO3BOJIAIOT CACJIATh BbIBO/ O NIEPCIEKTUBHOCTU BbIpAllIMBAHHUS Ha 3arpsis3-

HEHHBIX PaIMOHYKIIMAAMU 3EMIIAX.

ITo uToram mpozaenaHHO# UCCIENOBATENECKONH PabOThI OBUT ClIeNaH BBIBO: MOJTYYeHHE HOPMATUBHO YHCTOM
OmoMacchl MHCKaHTyCa TUTaHTCKOTO copTa «Jlpyk0a-ABTIOKM» JJIsl TIPOU3BOICTBA APEBECHOTO TEXHHUYECKOTO
CBIPBsI, TOTUIMBA IPEBECHOTO W MPOYEH HETHIIEBO MPOAYKIIMH JIECHOTO X03HCTBA BO3MO)KHO 0€3 OrpaHIYeHHH

10 MJIO0THOCTH 3arpsizHenus Cs

Ha JEPHOBO-IIOA30JMCTBIX IMECYAHBIX U ICPHOBO-IIOA30JIUCTHIX ITICEBATHIX I10-

ypax. OJIHAKO B YCIOBMSAX TOBBIIIEHHON CTENEHU MHAPOMOP(HU3MA Ha JIEPHOBO-MOA30UCTHIX BPEMEHHO H30bI-
TOYHO YBJI@KHEHHBIX MIOYBAX BOSHMKAIOT OFPAHMYEHHS 110 IIOTHOCTH 3arps3Henus moussl Cs'*’: 27,85 Ku/km? —
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JUISL TPOYEH HENMMIIEBOM MPOMYKIMH JIECHOTO X03skicTBa; 22,3 Kn/kM? — U1 IPEBECHOTO TEXHUYECKOTO CHIPhS;
11,1 Kn/km? — 171 TOnIMBa APEBECHOTO. J{IIs MOATBEPIKICHUS TIOTyYEHHBIX PE3YILTATOB TPEOYETCs IPOBEIEHHE
v yoiyOsienne uccnenoBanuii o HaxkorieHuto *’Cs u *°Sr MUCKaHTYCOM NPH Pa3HOM IUIOTHOCTH 3arpA3HEHMs
JAHHBIMHU PAJIMOHYKIIAAaMHU U TPAHCYPAHOBLIMU PaTUOHYKIHIAMH, PA3HBIX YPOBHSIX MHHEPAILHOTO MUTAHMUS,
Pa3IUUHBIX TIOYBEHHO-THIPOIOTUIECKUX YCIIOBHSIX.
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HEOITPEAEAEHHOCTU BBIUYNCAEHUS TEOMETPUYECKUX ITAPAMETPOB
OYAI'OB HAKOITAEHUS PAANODAPMAINIEBTUYECKOTO ITPETTAPATA
HA AMATHOCTUYECKUX MN30BPAKEHUAX ITPU ITPOBEAEHVN
ITPEAAYYEBOM ITOATOTOBKU K PAAUOXUPYPTUU

E. B. EMEJIBAAHEHKOV, H. A. LITYPOY, M. H. IETKEBHY"

YPecnybrukanckutl Hayuno-npakmu4eckut yeHmp oHKono2uy u meouyunckou paouonozuu um. H. H. Anexcanoposa,
aepoeopooox Jlecnoii, 223040, Munckuii pation, Benapyco

BeinonHeHo ckannpoBanue (paHToMa, HMHTHPYIOLIETO TOJIOBHOM MO3I, ¢ MHCTAUIMPOBAHHBIMU BHYTPb MOJCIIMH-Che-
paMu pa3IM4YHOrO JHaMeTpa Ha MO3UTPOHHO-dMHCCHOHHOM ToMorpade (I19T), coBMENEeHHbIM C KOMITBIOTEPHBIM PEHTIe-
HoBckuM Tomorpadom (KT), n maranTHO-pezonancHom Tomorpade (MPT). Ilpu BemonHennn MP ckanupoBaHHs JaHHOTO
(haHTOMA C TENBIO BU3YaIH3AMN MHCTAUIMPOBAHHBIX chep MX 0OBEMBI 3alOIHSIINCH KOHTPACTHBIM BEIIECTBOM IEHTAarH-
nparoM cynbgara mean (CuSO4.5H20), 9To crmocoOCTBOBAIO €r0 YyBCTBUTEIEHOCTH K XUMHYECKAM CIBHTaM H apTedakTam
BOCIPHUHUMYHBOCTH (IOTOJIHUTENBHBIM PHYMHAM UCKKEHUH, BOZHUKAIONMM TIPH CTOJIKHOBEHHHU C Pa3lIMYHUSIMH B TUIOTHO-
ctu npu nuarHoctudeckoir MPT u mimanupoBanuu mydeBoil Tepanun). [IponsBeneHa kauecTBEHHAS! OLIGHKA MOMYYEHHBIX
M300paKEHNH TS KaXK/I0H 1T0CIIe0BaTeIbHOCTH Ha ITpeIMeT apTe(akToB. BBITIOIHEH KOJIMYeCTBEHHBIN aHAIN3 MOIyYEHHBIX
pesysbraroB [I9T/KT ckaHMpoBaHMS: TOYHOCTH BOCCTAHOBJICHHS O0BEMHONM aKTUBHOCTH Mojenel-cep (IaToIorndeckux
0YaroB HaKOIUICHHUS pasinodapManeBTHIecKkoro npenapara). C y4eToM BBICOKOW MPAKTUYECKONH 3HAYMMOCTH JICUCHUS T1aTO-
JIOTUYECKUX 00pa30BaHUI MAIOro 00beMa JOMOIHUTEIFHO B KaUeCTBE MOJIENEH (TTaTOIOTHIECKUX 09aroB) OBLIN HCIIOIH30-
BaHbI c(epbl C BHYTPEHHUM JHaMeTpoM 4 U 6 MM. YCTaHOBIICHO BJIMSHHUE KOJMYECTBA MOIMHOXKECTB HA TMarHOCTHYECKYIO
unpopmaruBHocTh [IDT/KT n300pakenust, a Takke Ha 3HaUeHNE KOO UIIMEHTOB BOCCTAHOBIICHUSI. BBITIOIHEHO OKOHTYpH-
Banue mozeneii-cdep Ha KT- 1 MPT-1300paskeHUSIX TIAThIO BpauaMU-PEHTTEHOJIOTaMH C LIEJIbIO OLIEHKH BIIMSIHUS TIEpCOHAIIb-
HOM BapHadeIbHOCTH Ha KOHEUHbIH BHECEHHBIH KOHTYp cTpykTyp. Ha [I9T/KT-n300paxeHnsx pa3nuyHbIX MOJATbHOCTEH
OKOHTYPEHBI MOJENM TATOJOTMYECKUX O04YaroB, PACCUUTAHBI PA3HHUII HOMHHAIBHBIX 3HAYCHHH M OOBEMOB OKOHTYpHBa-
Hus. [lomydens! 3Ha9eHus AeBUay K03(HUINEHTOB BOCCTAHOBICHHUS KOHTpacTa Mozesen-cdep auamerpamu 4-2 MM Ha
[I3T-u300paskeHUsIX, PEKOHCTPYMPOBAHHBIMU C Pa3fIMYHBIMU Hapamerpamiu. [Ipou3BeneHa OlEHKA BIHMSHHS MapaMeTpOB
PEKOHCTPYKIMU Ha (OpMUpPOBAHUE PE3YIBTUPYIOIIETO0 00beMa OKOHTYpUBaHUs Mojenei-cdep pasHoro nuamerpa Ha [19T-
M300paKEHUSIX, PEKOHCTPYUPOBAHHBIX C Pa3JIMYHBIM YUCIIOM MOoAMHOXECTB (18 n 24), a TakiKe ¢ pa3IMyHbIMU 3HAYCHUSIMU
¢unsTpa [aycca.

Kniouesnie cnosa: oxontypusanue; [I9T/KT; MPT; nepuatunsi o0bema; quarHocTuieckoe n3odopaxenue; aGhexr yactuy-
HOro 00BeEMa.
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UNCERTAINTIES IN CALCULATING THE GEOMETRIC PARAMETERS
OF RADIOPHARMACEUTICAL ACCUMULATION LESION ON DIAGNOSTIC
IMAGES DURING PRE-RADIATION PREPARATION FOR RADIOSURGERYE

E. V. EMELIANENKO*, 1. A. SHTURO", M. N. PIATKEVICH"

N. N. Alexandrov National Cancer Centre,
agro-town Lesnoy, 223040 Minsk Disrtict, Belarus
Corresponding author: E. V. Emelianenko (zheka-ava@mail.ru)

The phantom (imitating the brain) with different diameter models-spheres installed inside was scanned on positron
emission tomography (PET) combined with computed X-ray tomography (CT) and magnetic resonance tomography (MRI).
When MR scans of this phantom were performed to visualize the instilled spheres, their volumes were filled with the contrast
agent copper sulfate pentahydrate (CuSO4.5H20), which contributes to its sensitivity to chemical shifts and susceptibility
artifacts (additional causes of distortion arising from encountering density differences in diagnostic MRI and radiation
therapy planning). Qualitative assessment of the obtained images for each sequence for artifacts was performed. Quantitative
analysis of the obtained PET/CT scanning results was performed, namely, the accuracy of recovery of volumetric activity
of model-spheres (pathological foci of radiopharmaceutical accumulation). Taking into account high practical significance
of treatment of pathological formations of small volume, spheres with inner diameter of 4 and 6 mm were used additionally
as models (pathological foci). The influence of the number of subsets on the diagnostic informativity of PET/CT images,
as well as on the value of recovery coefficients was established. Contouring of models-spheres on CT and MR images by
five radiologists was performed in order to evaluate the influence of personal variability on the final contour of structures.
Also, models of pathologic foci were delineated on the obtained PET/CT images of different modalities, and differences
in nominal values and delineation volumes were calculated. Deviation values of contrast recovery coefficients of model-
sphere models with diameters of 4-22 mm on PET images reconstructed with different parameters were obtained. The
influence of reconstruction parameters on the formation of the resulting volume of model-sphere delineation of different
diameter on PET images reconstructed with different number of subsets (18 and 24), as well as with different values of the
Gaussian filter was evaluated.

Keywords: contouring; PET/CT; MRI; volume deviation; diagnostic image; partial volume effect.

BBenenne

KadecTBO muarHocTHYecKuX N300paskeHHA HTpaeT KITFOYEBYIO POJIb B TIPOIIECCE TUTAHUPOBAHUS JTyYeBOH Te-
parnuu 1 MOCIeAYIONeM JISYeHUH MTAaTOJIOTHIA Pa3TMYHON THOJIOTHN. B IOHATHE «Ka4eCcTBOY BKIIIOYEHBI CIIETYIO-
e KPUTEPHH, TIPEIBbSIBIISIEMbIE B COBPEMEHHON MEIUITMHCKON BU3YyaIn3alliu:

— OTCYTCTBHE apTeakToB (MCKKCHUN);

— MPUEMIIEMBI YpOBEHB IryMa (B acTHOCTH 1t KT-m300paskenuit, He 00ee YCTaHOBICHHOTO MPOW3BOIH-
TeJeM 000PYIOBaHYS);

— TOYHOCTH COBMEIIEHUS H300paKeHUH pa3MunIHbIX MonansHocTel (Hampumep, [IDT/KT, ITT/MPT);

— ONTUMAITLHOE COOTHOITICHNE CUTHAI/IITyM (SNR), UT0 aKTyabHO AJ1s BCEX BHIOB MOAAIBHOCTEH N300paKeHHIA;

— TOYHOCTh BOCCTAHOBJICHHUS] Ka4eCTBEHHON W KOMWYECTBEHHON WH(pOpManuu (YHCIO0 equHHIl XayHChui-
nma ms KT, cranmapTr3upoBaHHBIN TTOKa3aTelh HAKOIUICHHUS paanodapManeBTHIecKoro mpemnapara Ha [19T-
n3o00paxeHwsx) [1].

[lepeuricienHbpIe KPUTEPHH OKa3bIBAIOT HETIOCPEACTBEHHOE BIHMSHHE Ha TOYHOCTH OIpPEICNCHHS TeOMETPH-
YECKUX MapaMeTPOB MAaTOJOTHYECKUX OYaroB M KPUTHYECKHUX CTPYKTYp Ha JTUATHOCTHYECKUX HM300paKeHHSX,
a B MOCJIEAYIONIEM W Ha TOYHOCTH JOCTaBKH MPEIAMUCAHHON 036l K 30HE OOITydeHUs TIPH TTPOBEEHUH TIPETY-
YEBOU IMOATOTOBKH K PATUOXUPYPTrHH. JlaHHBIN METOR 00MyUeHHS TpeATionaracT MPEIU3nOHHYI0 TOCTaBKY BCEH
MIPEANICaHHON 03bI HOHU3UPYIOMIETO M3TyYeHHsI K HeOONbIINM BHYTPHUYEPEITHHIM MHUIIEHIM 332 OUH CEaHC.
KauecTBo momyyaemoro n300pakeHus 3aBUCHT OT BO3MOKHOCTEH 000pyIOBaHUS W IPOTPAMMHO-BBIYHCIIATEINh-
HOTO KOMIIJIEKCa, MMPUMEHSIEMOTO TSI PEKOHCTPYKIIMK M300paXEHUS C pa3IMIHBIMU BXOAHBIMH MapaMeTpaMHu.
IToMrMoO M3MEHEHNS Ka9eCTBEHHBIX XapaKTEPUCTHK N300paKeHNs, BapHaIlis MapaMeTpaMi PeKOHCTPYKIIUH MO-
JKET TTOBJIUATH Ha (POPMUPOBAHUE TPAHHMIT TTATOIOTHIECKOTO odara [2; 3].

Oco0pIit MHTEpEC B paMKaxX JaHHOTO WCCIIENOBAaHUS MPENCTaBISICT TOYHOE OMpeeseHrne TPaHUI] MaJbIX
CTPYKTYp (OMamMeTpoM MeHee 2 CM), KOTOpbIe 0CO0O0 IOABEP)KEHBI BIUSHHUIO MPOTPaMMHO-ANapaTHOTO
KOMIIJIEKCA.

Llens nccnemoBaHms — OLEHKA AEBUAITNH B OTIPEACIICHNN TPaHUI] OKOHTYpHUBaeMbIX 00BMOB MoJenei-cep
Ha MPT- u KT-m300paxkenusx, a Takxke [19T-n300pakeHUSIX, peKOHCTPYUPOBAHHBIX C Pa3TMYHBIME TTapaMeTpa-
MU (YUCIIOM TIOAMHOKECTB U pa3MepHOCTH GribTpa ["aycca).
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MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

[ MoneTMpoBaHys MaTOJIOTMYECKUX 04aroB UCIOJIB30BAICs (PAHTOM, MIMUTHPYIOILUHI T'OJIOBHON MO3T, C UH-
CTAJUTMPOBAHHBIMU BHYTpPb chepamu ¢ quamerpamu 22 mm, 17, 13, 10, 6, 4 mm. Bei6op pazmepoB mopeneit 060-
CHOBaH mpocTpaHcTBeHHBIM pazpemierneM [IDT/KT tomorpada. MccnenoBanne nmpoBeneHO B COOTBETCTBHU CO
CJICYIOLMMH 3TalaMH:

— HaronmHeHre gantoMa u chep paauodapmareBTrndeckuM mpernaparom (POII);

— TIO3WITUOHUPOBAHNE B HHIMKATOPHOH KOpoOKe 1 mocinemyromiee ckannpoBanue Ha [19T/KT-romorpade;

— PEKOHCTPYKIHS H300paxkeHuil co cieayrommmu mapamerpamu: VPHDAPSF, Brirouast cepun ¢ xommde-
CTBOM ITOJIMHOKECTB utepanuit 18/2, 24/2, 32/2, npu 3nauenun ¢punsrpa ['aycca 6,4, a Takxke cepur co 3HAYCHHU-
smu ¢unerpa ['aycca 5,8 MM 1 7 MM H CTaOMITBHBIM YHCIIOM ITOIMHOXKECTB/UTepanuii 24/2;

— ouncTka ¢daHToMa u cdep, HaNoIHEHHEe 00beMOB chep MapaMarHUTHBIM KOHTPACTHBIM BEIIECTBOM JIJIsS
MPT, npezacrasisromem coboit HelTpanbHbIH (HenOHHBIH) KoMITieke ragoimuaus (111) ¢ Mmakponukmmaecknm -
raHoM, 1 BellloJHeHHe MP ckanupoBaHust JaHHOrO (haHTOMA;

— okoHTypHuBaHue (onpeneneHue rpanui) chep Ha [I1DT/KT- 1 MPT-n300pakeHUsIX, TTOTyYeHHBIX B PE3YITb-
TaTre CKaHUPOBAHMS.

Bce cepun MP-ckannpoBanust paHTOMa BBINOJNHSUICH B COOTBETCTBUM € KIMHUUYECKHUMHU TpeOOBaHUSIMU
(puc. 1): ycranoBneHHO# MP mHIMKaTOpHON KOpPOOKOH (ISt ONpeneNieH sl CTePeOTaKCHIECKOTO TPEXMEPHOTO
IIPOCTPAHCTBA B IUNIAHUPYIOLLEH CUCTEME) U aJalTepOM ISl TOJIOBHOM KaTyLIKH Siemens (C COOII0AEHNEM TOUHO-
IO BBIPaBHUBAHMS OCEHl CKAHUPOBAHUS).

Puc. 1. danrom ¢ ycraHoBIeHHOH MP nHIMKaTopHO#t KOPOOKOW ¥ aanTepoM ISl TOJIOBHOM KaTyIIKu Siemens:
1 — daHTOM C MHCTAITMPOBAHHBIMU BHY TP MOAEIsIMU-cepamu, 2 — aganTep AJ1st TOJIOBHON KaTyIIKH, 3 — HHIMKATOPHAsI KOpOoOKa

Fig. 1. Phantom with installed MR indicator box and adapter for Siemens head coil:
1 — phantom with model-spheres installed inside, 2 — adapter for head coil, 3 — indicator box

Hccenoranne Bemornaero Ha MPT 1,5 Tit (Siemens MAGNETOM Avanto 1,5T). ITapametpst MPT-ckarupoBaHmst
TIpencTaBiIeHbI B Ta0. 1. BemomaeHo nBe mocnenoBarenbHOCTH (T'1-B3BemeHHbIe n300paXeHus u 12).

Ta6auna 1
ITapamerpbl ckanupoBanus ¢panroma na MPT
Table 1
MRI phantom scanning parameters
HaumeHnoBaHnue pexxuma ckanuposanust MPT
[TapameTpbl ckaHUpPOBAHUS
T1 T2
ITpoaomKUTETEHOCTH TOBTOPEHHUS (MC) 8,8 4000
Bpewmst axocurnana (Mc) 4,76 101
HomunansHbIH yron moBopoTa (°) 90 90
Torne uccnenoBanus (Mm?) 256 230
Martpwura perucTparis (THKCen) 256x256 256x100
[Tonoca mponryckanust (I'n/nukcens) 130 260
Umcno cpe3on 160 80
Tommuna cpe3oB (MM) 1 2
Hanpasnenne Gpa3oBoro KOIMpOBaHUS R-L R-L
HanpasieHue 4aCTOTHOrO KOIMPOBaHUs A-P A-P
Hampasnerne ot6opa cpe3os H-F H-F
Bpewmsi ckannpoBaHus (Mc) 5,39 8,08
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Ananuz MPT- u KT-uzoopasicenuii. IIponsBeneHa KauecTBEHHAs OIEHKA IMONYYCHHBIX MP-m300pakeHmit
JUTST KXKIOW TIOCITIENOBAaTeILHOCTH Ha mpenMeT apTedaktoB. [1omocs! mpomyckanus ObUTH BBIOpaHBI ONMH3KHAX
k 300 I'm/mukcens it Beex mocienoBarenbHocTed MPT ¢ menmbio MuHMMU3anmuu apTedhakToB, BHI3BAHHBIX Mar-
HUTHOH BOCIIPHUMYHMBOCTHIO. Ha Bcex ceprsix peKOHCTPYHPOBAHHBIX H300pakeHU KOHTYPHI cep XOpOoIIo Bu-
3yaln3UPOBAIINCE.

N3ob6paxenws, momydeHHbsie Ha MP-ToMorpade, mMmmopTrpoBaHbl B pabouyto crannmio Leksell Gamma Plan,
TJIe OCYIIECTBISUIOCH ONPE/Ie]IeHNE TPAHNUI] M OKOHTypUBaHHUE 00beM cdep puc. 2.

o/b

Puc. 2. MP-u306paxenus GaHTomMa B akCHaJIBHOM (@) ¥ KOPOHATILHOM (6) MPOEKIIUSIX

Fig. 2. MR-images of the phantom in axial («) and coronal (b) projections

OxontypuBanue KT- 1 MPT-u300paxkenuit Mmozeneni-cdep mpon3BOAMIOCH BPYUHYIO MATHIO0 BpadaMU-PEHT-
TEHOIIOTaMH C IENBI0 OLIEHKH BIIMSTHHS TIEPCOHANBHON BapuabelbHOCTH Ha KOHEUHBIH BHECEHHBIN KOHTYP CTPYK-
Typ. [lomydeHo msaTh HAOOPOB TpEXMEPHBIX KOHTYPOB Beex miectr cdep. CpenHue 3HaueHUs 00beMOB OKOHTYPH-
BaHus Mozenei-chep Ha KT- 1 MP-u300paskeHUAX W X pa3HHIA C HOMHHAJTLHBIMH 00beMaMH Mojelei-cdep
TIPEIICTaBICHEI B TA0M. 2.

I'eomeTrpnueckue xapakrepucTuku KOHTYpoB cep Ha MPT u KT uzodpaxxkenusx

Geometric characteristics of sphere contours on MRI and CT images

Tabnuma 2

Table 2

obnen . i | e ma M’ | omoneme | AP | sioucunis na KT o’ | oo | A%
5572,45 5896,12 62,42 5,81 5584,12 77,44 0,21
2571,14 2678,82 57,35 4,19 2588,50 21,87 0,68
1149,76 1186,26 48,66 3,17 1153,05 30,91 0,29
523,33 541,33 19,41 3,44 544,95 10,70 4,13
113,04 132,56 15,83 17,27 124,25 3,26 9,92
33,49 43,14 392 28,81 37,77 0,99 12,77

YcraHoBIIEHO, UTO TIpH BHECEHUH KOHTYpa cdep Ha MP- i KT-u3o0pakeHusx, IeBHAIUs B OTIPEIeNICHUH Ipa-
HUII TTOJTyYeHHBIX 00beMOB Obl1a HanbombIel 11 cep nuamerpom 6 u 4 MM BO Beex MATH BapHuanusax JlanHoe
OTKJIOHEHHUE 00bsICHAETCS 3PPEKTOM YACTUIHOTO 00bEMa, UTO SBISAETCS ITIABHBIM OTPAHUYHBAIONIUM (DaKTOPOM,
MIPETIATCTBYIOMINM TOYHOMY OTIPEIEIIEHUIO MaJIbIX 00BEMOB CTPYKTYD.
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Ananuz I13T-uzoopasrcenuir. N3o0paxkenns Monenei-chep, MONMyIeHHBIC B Pe3yiabTare CKaHHUPOBAHUS
(darroma Ha [IDT/KT-ckanepe MMIIOPTHPOBAHBI B cucTeMy Eclipse nis panbHeWmeld oOpaOOTKH W CHATHS
KOJIMYeCTBeHHOH nH(popManmu. Beibop B monb3y manHOTO TporpaMMHoro obecriedeHus (I10) obycmosien ero
MIPENMYIIECTBAMH, CBI3aHHBIMU C BO3MOXXHOCTBIO HCKITFOUEHHS YeIIOBEYECKOTo (hakTopa Mpy OKOHTYPHBAHHUH,
9TO OBLIO TPYAHO AOCTIKAMO TIPH HCTIoNb3oBanmn Leksell Gamma Plan.

B xnmmHIYecKoi mpakTHKe GOpMUPOBAHUE KOHTYPOB MATOJIOTHIECKUX 04aroB Ha [I9T-m300pakeHHUsIX mpo-
M3BOINTCS HA OCHOBE MONTydeHHBIX AaHHbIX KT-nccnenoBanuii. OmHako B psifie CirydaeB MaTOJIOTHUECKHE O9ari
Hakoruieaust POII, mpucyrcrByromue Ha [19T-n300pakeHusx, MOTYT OTCyTCcTBOBaTh Ha KT-BH3yanmm3anusx.
OKOHTYpHBaHHE 09aroB HAKOTUICHUS PaJFOAKTHBHOTO MHIWKATOPHOTO BemecTsa 1o 119 T-n300paxennsm 3a-
TPYIHEHO TI0 TIPUYHHE BBIPAXKEHHBIX KPaeBHIX d(h(HEeKTOB W HU3KONH TOYHOCTH BOCCTAHOBIICHUS OOBEMHON aK-
THBHOCTH PaTHOAKTUBHOTO WHIUKATOPHOTO BEIIECTBA B CTPYKTypax muamerpoMm MmeHee 10 MM (3ddexT ga-
ctuaHoro oobema — DUO). Ha puc. 3 npeacrarien rpaduk 3aBUCHMOCTH KOA(h(OUIIMEHTa BOCCTAHOBICHUS OT
nramMeTpa cepsl ¢ yIeTOM KOJTMIECTBA MOAMHOKECTB (KOJTMIECTBO CBOOOMHBIX TIPOCKITHH ), HICTIONB3yEMBIX TTPH
PEKOHCTPYKITHH.
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Puc. 3. 3aBucumocts ko3 puumenTa Boccranosienus kourpacra (RC) or quamerpa (d)
MojIesiel cdep ¢ yueToM napameTpoB pekoHCcTpyKiwu [1DT-u300pakeHus

Fig. 3. Dependence of contrast recovery coefficient (RC) on the diameter ()
of sphere models taking into account PET image reconstruction parameters

[Tony4yenHsle pe3ynbTaThl CBUJIETEILCTBYIOT O 3HAUYUTEIHHOM BIMSHUHU KOJIMYECTBA MCIOJIb3YEeMbIX MOJ-
MHOXECTB Ha 3HaueHHe koddduunentoB Boccranosnenus (nainee — RC). ns chep auamerpamu 4 u 6 Mm
yBeJIMYEHHE YKciia MOAMHOKECTB ¢ 18 10 24 Ha peKOHCTPYHPOBAHHBIX H300PaKEHUSX MMO3BOJIMIO YBETUIUTh
3HaueHue RC Ha 16 u 63 % coorBercTBeHHO. [ToMHMO MOTy4YeHHBIX YnCIeHHBIX 3HaueHuid RC HabmonaeTcst
pa3HUIA U [IPH BU3YaJIbHOH OLIEHKE N300paKeHUH.

[I9T-n300parkeHne xapaKTepus3yeTcsl IBETOBOW TpaJME€HTHON CTPYKTYypOH, MO3BOJSAIOIIEH BH3YyaJbHO
OIIEHMBAaTh YPOBEHb HAKOIUIEHHS PAJNOAKTUBHOIO MHIUKATOpHOTro BemiecTBa. C II€NIbI0 MCKIIIOYEHUS BIIU-
SIHUSL CyOBbEKTUBHOM (BU3YaJIbHOTO BOCIPHUSTHS) OLUEHKM HA KOJMUECTBEHHBIE PE3YyNbTaThl, (JOPMHPOBAHUE
KOHTYPOB OCYILECTBIISAJIOCH MyTEM YKa3aHMs YPOBHS [IBETOBOTO I'paJMeHTa BbIPaXKEHHOTO B %.

B cucreme Eclipse BbINIOJIHEHO OKOHTYpuBaHue mojeneii-chep Ha [1DT-n300pakeHUsX, pEKOHCTPYHPO-
BaHHBIX ¢ anroputMoMm VPHD, u uncnom nmoaMHOXeCTB/uTepanuii 24/2, ¢ y4eToM pa3iIu4yHOTO 3HAUYCHUS
[[BETOBOTO I'paJineHTa, BBIpaKeHHOTO B %. B xauecTBe nmpumepa B Tabn. 3 mpHUBeIeHBl YHCICHHBIE 3HAUCHUS
IPaJleHTOB U COOTBETCTBYIOLIME 3HAYCHHsSI 00bEMOB OKOHTYPHBAHHS, OMIMOKA 110 CPABHEHUIO C HOMUHAIIb-
HBIM 00beMOM — OK. BrurcieHsl aOCOTIOTHBIE 3HAUEHUS Pa3HUIbl OKOHTYpeHHbIX 00bemoB [13T u MPT —
Owmpr, [IOT 1 KT - 6.

Hcxonst 3 MOdy4YeHHBIX YHCIEHHBIX 3HAYeHUH CIeJIaHbl CIeAYIONUE BbIBOIBI:

— BU3yaluzauus Mojenei-chep nuamerpoM ot 10 10 22 MM sBIsIeTCS IPUEMIIEMOM [Tl ONTPEeIICHUS UX
reOMEeTPUYECKUX MapaMeTpPOB C 10CTaTOYHONW TOUHOCTBIO;

— BU3yalln3auusi Mojenei-cep nuamerpom MeHnee 10 MM sIBIsieTCsl HEMPUEMIIEMOW IS ONTPEeIICHUs UX
reoMeTPUYECKUX MapaMeTpPOB C 1I0CTaTOYHONW TOUHOCTBIO;

— 00beM BU3yaIU3UPYyeMOro 00bEKTa JIMHEHHO 3aBUCUT OT YPOBHS I'PaHCHTA.
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Tabnuna 3
YuciieHHbIE 3HAYEHHS] TPAIMEHTOB U COOTBETCTBYIOLIHE 3HAYEHHS 00beMOB OKOHTYPHBAHUS
Table 3
Numerical values of gradients and corresponding values of delineation volumes
D chepsi, mm® Homunanssei V Mm? V mm?, TIDT (D710). VPHD 24/2 | Tpaauent 6K, % Ot % 6., %
22 5572,45 5500 42 1,3 6,72 1,51
17 2571,14 2400 39 6,66 10,41 7,28
13 1149,76 1200 34 4,37 1,16 4,07
10 523,33 500 50 4,46 7,63 8,25
6 113,04 100 86 11,54 24,56 19,52
4 33,49 100 90 198,57 131,80 164,76

Beimonaeno oxontypuBanue cdep Ha [13T-u300pakeHusx, pEKOHCTPYUPOBAHHBIX C Pa3IMYHbIM 3HAYCHUEM
¢unesrpa ["aycca. [IpencraBnennoe Ha pric. 4 HECOOTBETCTBUE TPAHKIL KOHTYPOB TP YCIIOBHUH HUCTIONB30BAHUS O/1-
HOTO IIBETOBOTO I'PaIMeHTa CBUJICTEILCTBYET O BIUSIHUH MTapaMeTpoB pekoHcTpyKiun [13T-uzo0paxenust Ha Gpop-
MHUPOBaHUH PE3yIBTUPYIOLIETO 00beMa OKOHTYPHUBAHUS, @ BEPOSTHO U (POPMUPOBAHHS JTO30BOTO PACTIPEICICHHSL.

J1J1s1 OIIEHKH BITUSIHYS TTAPAMETPOB PEKOHCTPYKIMHU Ha (hOpMHUPOBaHKE 00beMa OKOHTYpPHUBaHUs Mojierier-cdep (nua-
Mmetpamu 6 1 22 M) Ha [1DT-u300pakeHUSX, PEKOHCTPYHUPOBAHHBIX C PA3TMYHBIM YUCIIOM MOAMHOXKeECTB (18 1 24),
a Takxke co 3HadeHusMu (prutstpa [aycea 5,8 u 6,4 MM, HAHECCH KOHTYP C OJTMHAKOBBIM YpOBHEM rpajpieHTa (40 %).

ala o/b

Puc. 4. KoHTYpBI, HAaHECEHHbIC Ha akcHajbHbIe poekuuu [13T-n300paxkeHuiA MO/IeNIei MAaTOJOTMYECKIX 04aroB,
PEKOHCTPYHPOBAHHBIX C pa3IM4YHBIMU HapameTpamu QuiasTpa [aycca:
a —T'ayccoB ¢ustp 5,8 MM 1 6,4 MM Ha cdepe 6 Mm; 6 — [ayccoB dusTp 5,8 1 6,4 Ha chepe 22 MM

Fig. 4. Contours plotted on axial projections of PET images of models of pathologic foci reconstructed with different parameters
of Gaussian filter: @ — Gaussian filter 5.8 mm and 6.4 mm on the sphere of 6 mm; b — Gaussian filter 5.8 and 6.4 on the sphere of 22 mm

[NonyueHHble pe3ynbTarhl (HECOOTBETCTBIE KOHTYPOB Ha cdepe AuaMeTpoM 6 MM) TOATBEPIKAAIOT BIMSHHE
OYO Ha popmupoBaHre 00beMa OKOHTYPUBAHHUSI.

3aKiIrouenue

B ximHM4eckol npakTrke (OpMHPOBAHHE KOHTYPOB MATOJIOTHYECKUX 04aroB Ha [19T-u300pakeHusIX por3Bo-
JIUTCSI HA OCHOBE TTONTyYeHHBIX JaHHBIX KT-nccnemoBanmii. OMHAKO B psizie CITydaeB MATOJIOTHIECKUE OYard HAaKOTLTe-
aust POIT, npucyrerpytomue va [13T-n300paxeHnsx, MoryT oTcyTcTBoBaTh Ha KT-Br3yammsanusx. BeisieiieHo, 4to
Ha (QopmupoBanue o0bema okoHTypuBanus (Ha [19T-m300paxeHnsx), MTOMUMO TapaMeTPOB CKAHUPOBAHUS, 3HAY-
TEeNbHBIIN BKJIa/I BHOCHT YPOBEHB LIBETOBOTO IPaIMEHTa. 3aTPyTHEHO OKOHTYpHBaHUE cep THUaMEeTpoM MeHee 6 MM
110 [19T-n300pakeHUsIM 110 IPHYMHE BRIPAKEHHOTO 3 (deKTa yacTHIHOTO 00heMa, a CIISI0BATENILHO, 1 3aHHKEHHBIM
3HaueHUSIM Ko durmeHToB Boccranorienus (1,7 u 7 % s cdep auamerpamu 4 1 6 MM COOTBETCTBEHHO).

JlaHHOE McclieoBaHKe BBITIONHSUIOCh B paMKax KOHKypca Ha COMCKaHHe rpaHToB benopycckoro pecrybiu-
kaHckoro Gonga GyHmaMeHTAIBLHBIX UCCICIOBAHUI Il MOJIO/IBIX yueHbIX «Hayka M.
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WEB-OPUEHTUPOBAHHAS NTHOOPMAIIMOHHO-AHAANTUYECKASA
CUCTEMA AAA COBEPHIEHCTBOBAHNWA MEPOITPUATHNN
I1O PAAMALIMOHHOMU 3AIIUTE HACEAEHUA 1 OBBEKTOB
OKPYJXAIOIIIEM CPEABI HA PABAUYHBIX PETUOHAABHBIX YPOBHAX

B. B. JKYPABKOBV, 5. A. TOHKOHOI'OBY, M. I. TEPMEHYYK?", H. H. [[bIBY/IbKO"

YMeancoynapoonwiii 2ocydapcmeennoiil oxkonoeuueckui uncmumym um. A. J{. Caxaposa,
benopyccruii 2ocyoapcmeennvlil yHusepcumen,
yi. Joneobpoockas, 23/1, 220070, e. Munck, Berapyce

PaccmotpeHs! apXUTeKTypa, (yHKIIMOHAIBHOCTh M MOZIENb JaHHBIX Web-OpHeHTHPOBaHHON MH(POPMAIIMOHHO-aHAIHTH-
YECKOW CHCTEMBI JUIsl COBEPILIEHCTBOBAHMS KOMILIEKCA PaIMallHIOHHOM 3aIlIMThl HACEJICHNSI U OOBEKTOB OKPYIKAIOILEH Cpe/ibl
Ha pas3jIMYHbIX PETUOHAJIBHBIX YPOBHIX. I/ICCHGI[yIOTCH METObI, AJITOPUTMBI U TEXHOJIOTUU MMOCTPOCHUA apXUTCKTYPhbI U OIl-
THUMH3HPOBAHHON PEISLIMOHHON CTPYKTYpBHI (MOZIEINH) JaHHBIX, COCTOSMIICH M3 TaOMHI, BKIIOYAIOMINX OJIS IS XPAHCHHUS
mapameTpoB U mHpopMarmn 00 00beKTax M PeCcypcHOM TOTEHIHAIe, HH()OPMAIIOHHO-aHATTUTHIECKON CUCTEMBI OOIIEro
JOCTYIIa JJIsl COBEPIICHCTBOBAHMS KOMILICKCA PaINaLlMIOHHON 3alUThI HACETICHUS 1 00BEKTOB OKPY)KAOLICH Cpelibl Ha pas-
JIMYHBIX PETHOHAIBHBIX YPOBHSIX.

Lenb uccienoBanust — pa3paboTKa apXUTEKTYpbl HH(MOPMAIMOHHO-aHAJIUTHYECKOH CHUCTEMBbI M ONTHMH3UPOBAHHOMN
PENALMOHHON CTPYKTYPBI (MOJIENIN) JAHHBIX, COCTOSIIIEH 13 TaONMUI, BKIIOUAIOIIMX TOJIS ISl XpaHEHHUs TapaMeTpoB M WH-
(dopmaru 00 00bEKTaxX U PeCypCHOM IMOTSHIIMAIIE, ONPEe/ICHHE CIEIHATH3NPOBAHHOTO MTPOTPAMMHOTO 00ECTICUeHHS, UC-
T0JIb3yeMOT'0 IIPH pa3paboTKe HHPOPMALOHHO-aHAIUTHYECKOH CHCTEMBI JUISl COBEPLLICHCTBOBAHMS PaIHALIOHHON 3alIUThI
HaceJICHNS 1 00BEKTOB OKPY)KAIOIIEH CPEe/Ibl, B TOM YHCIIC MO OIIEHKE PaJH03KOJIOTMYECKUX PUCKOB. B 3aaun ncenenoBanms
BXOJISIT CIIEAYIOLINE HAIPaBJICHHs: pa3paboTKa apXUTEKTyphl HH()OPMAIMOHHO-aHATUITHYECKOM CHCTEMBI; ONpEeAeIIeHNe 00-
LIETO apXUTEKTYPHOTO CTHJIS U OCHOBHBIX aPXUTEKTYPHBIX PELLIECHUM; OIIPEAEIICHUE U OPraHU3aLus COBOKYIIHOCTH 2JIEMEHTOB
1 KOMITOHEHTOB; OITPECIACICHNE (byHK[II/IOHaHI)HOCTI/I IporpaMMHBIX MO}IyJ'Ieﬁ CHUCTCMBI, OITMCAHUC OCHOBHBIX poneﬁ " Xapak-
TEPUCTUK CTPYKTYPHBIX 3JIEMEHTOB M BO3MOKHBIX BHIOB B3aMMOJICHCTBHI MeXTy HUMHU (MHTep(EHCOB), COOTBETCTBHE HX
MOJYJIBHOM JEKOMIIO3HIMH; HaJleJIeHHEe CBOMCTBAMU TMOKOCTH, MacIITaOMPyeMOCTH U OTKPBITOCTH JUISl PACLIMPEHHS U pe-
AIIM3alMK JOMONHUATEBHON (DYHKLIMOHATIBHOCTH. PazpaboTaHa cTpyKTypa JaHHBIX: ONpEIeICHUEe Ha3HAUYCHHS M COICpPIKa-
HUS TaOJMIT; TTOJICH TaOJHI M MX TUITOB; CBA3EH MEX Ty TaOIMIIaMu; pean3anust (QyHKIHOHATIBHBIX 00BEKTOB 0a3bl JaHHBIX,
00€eCIIeUHBAIOIINX MOAYIBHOCTD, MacIITAOUPYEMOCTh M NIEPEHOCUMOCTb. BbleNeHo crienuanu3upoBaHHOE IPOrpaMMHOE
obecrieueHne, UCIoIb3yeMOoe IpH pa3paboTke HHPOPMALMOHHO-AHAIMTHYECKOH CHCTEMBI: BBIOOP MHTEIPUPOBAHHOW CPE/IbI
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pa3paboTKH, CHCTEMBI yIIpaBIeHHs 0a301 TaHHBIX U MIPOTPaMMHOTO HHCTpyMeHTapus (1uiatdopm, ppeiiMBOpKoB 1 OMOIH-
OTEK), MMO3BOJIFOLINX BBIIOJIHUTE MOCTABJICHHBIC 3aJa4ll IIPOCKTHPOBAHMA M IPOrPAMMHOM peann3alyi; IpOeKTHPOBaHUE
IIpOTOTHIIA Web-HHaT(I)OpMBI MpEACTAaBJICHHUA DKOJOIMYCCKUX JaHHBIX C MCIIOJIB30BAHUEM COBPEMCHHBIX HHCTPYMCHTOB
reorpaduueckux WH(GOPMAIMOHHBIX CUCTEM; PeallM3alisl yCIOBUI JUIsl CO3/IaHMs IMMJIOTHOTO TPOEKTa MpHKIaaHod Web-
OPHEHTUPOBAHHOH MH(POPMALIIOHHO-aHATMTHYECKOM CHCTEMBI JUIsl COBEPILICHCTBOBAHMSI KOMIUICKCA PaIMAIlMOHHON 3alUTHI
HaceJIeHHs] U 00BbEKTOB OKPYIKAIOILECH CpeIbl.

Knrouesnie cnosa: apxutextypa; QyHKIHMOHAIBHOCTD; MOJIENb JAHHBIX; HH()OPMAIMOHHO-aHAIUTHYECKAsl CUCTEMA; aHTPO-
TIOreHHBIE U IPUPOAHBIC (PaKTOPbI; PETHOHAIIBHBIC YPOBHH; PaIMallMOHHAs 3aIUTa HACEIICHNUS; PaOIKOJIOTNUECKUE PHCKH.

WEB-ORIENTED INFORMATION AND ANALYTICAL SYSTEM
FOR IMPROVING COMPLEX OF RADIATION PROTECTION OF POPULATION
AND ENVIRONMENTAL OBJECTS AT VARIOUS REGIONAL LEVELS

V. V. ZHURAVKOV*, B. A. TONKONOGOV*, M. G. GERMENCHUK"', M. M. TSYBULKA"

Anternational Sakharov Environmental Institute, Belarusian State University,
23/1 Daiithabrodskaja Street, Minsk 220070, Belarus
Corresponding author: B. A. Tonkonogov (boristonkonogov@iseu.by)

The paper considers the architecture, functionality and data model of a Web-based information and analytical system for
improving the complex of radiation protection of the population and environmental objects at different regional levels. The
object of the study is the methods, algorithms and technologies for constructing the architecture and optimized relational
structure (model) of data consisting of tables that include fields for storing parameters and information about objects and
resource potential, a public information and analytical system for a comprehensive study of the influence of anthropogenic
and natural factors at various regional levels.

The purpose of the work is to develop the architecture of the information and analytical system and the optimized
relational structure (model) of data consisting of tables that include fields for storing parameters and information about
objects and resource potential, and to determine the specialized software used in the development of the information and
analytical system, including radioecological risks.

Development of the architecture of the information and analytical system: definition of the general architectural style
and main architectural solutions; definition and organization of the set of elements and components; definition of the
functionality of the software modules of the system; description of the main roles and characteristics of the structural
elements and possible types of interactions among them (interfaces); compliance with modular decomposition; endowment
with the properties of flexibility, scalability and openness for expansion and implementation of additional functionality.
Development of the data structure: definition of the purpose and content of tables; definition of table fields and their types;
definition of relationships among tables; implementation of functional database objects that ensure modularity, scalability
and portability. Definition of specialized software used in the development of the information and analytical system: selection
of an integrated development environment, database management system and software tools (platforms, frameworks and
libraries) that allow performing the assigned design and software implementation tasks; design of a prototype Web-platform
for presenting environmental data using modern tools of geographic information systems; implementation of conditions for
the creation of a pilot project of an applied Web-oriented information and analytical system.

Keywords: architecture; functionality; data model; information and analytical system; anthropogenic and natural factors;
regional levels; radiation protection of the population; radioecological risks.

BBenenue

IIGHTGHLHOCTB YCJIIOBCKA IMOCTOSAHHO CBsA3aHa C HAKOIIJICHHUEM I/IHq)OpMaHI/II/I 00 OKPY)KaIOHIGf/'I cpene, e
OT60pOM U XpaHCHHUECM. I/IH(I)OpMaIII/IOHHLIG CUCTEMbI, OCHOBHOC HAa3HA4YCHNUEC KOTOPLIX — I/IH(I)OpMaIII/IOHHOG
obecreueHue MMOJIL30BaTClisl, TO €CTh IMPEAOCTABIICHUEC EMY HGO6XOI[I/IMLIX CBe)IeHI/II‘/'I oo KOHKpCTHOﬁ npo-
oeme uin BOIIPOCY, IOMOTarOT Y€JIOBCKY peIlaThb 3aaa4u 6I:ICTpCC 1 Ka4YCCTBCHHCC. HpI/I 9TOM OJHH U TEC XK€
JAaHHBIC MOT'YT UCIIOJIB30BAThCA NMPHU PCHICHUHU PAa3HBIX 3a4a4, B TOM YUCJIC JJI pacdeTa PaaAnO3KOJIOTUYCCKUX
pI/ICKOBl. Jrobas I/IH(l)OpMaIII/IOHHaSI CUCTEMa MpeaAHa3zHa4YCHa JJId pCIICHU A HCKOTOPOIO KJjlacCa 3aia4 U BKIIIO-
4yaeT B ce0s Kak XPaHUTIUIIC JAaHHBIX, TaK U CPCACTBA pain3allui pa3JIMYHbIX OpPOUCAYp, 06CCHC‘{I/IBaIOHII/IX

Tocynapcreennas nporpamma «LludpoBoe passutue benapycu» wa 2021-2025 roapl [DnexTpoHHblii pecypc] / HaumoHanbHbIi
npaBoBoii MuaTepHer-mopran Pecnyomiku berapycs. URL: https: // pravo.by/document/?guid=3871&p0=C22100066 (nata obpameHus
17.07.2024)
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cbop, xpanenue, 00pabOTKy, MOCTYI, OTOOpa)keHNE W Mpeodpa3oBaHNE MPOCTPAHCTBEHHO-PACIIPEICIICH-
HBIX JTaHHBIX.

NudbopmannoHHO-aHATATHIECKHE CHCTEMBI PACCUNTAHBI, KaK MTPAaBHUJI0, HA YCTAHOBKY H MOJKITIOYEHNE OO0ITh-
IITOTO KOJIMYECTBA aBTOMATH3WPOBAHHBIX pa0dOYMX MecT (KJIMEHTOB), pacIojaralomnux COOCTBEHHBIMH Oa3amu
(MCTOUHMKAaMU) TaHHBIX M CPEACTBAMH BBOMIA / BBIBOAA pe3yipTaToB. CIIEIIMAINCTH B OOJACTH pagHalliOHHON
3aIUTHl HACETICHUS U OOBEKTOB OKPYKAIOIIEH Cpebl Ha aBTOMAaTH3UPOBAHHOM pabodeM MecTe Ha OCHOBE Ipo-
CTPAHCTBEHHO-NPUBSI3AHHON HH(POPMALIMHU CTIOCOOHBI PEIaTh CIIEAYIOIIUE 3a/1a4n>;

— aHAJIM3MPOBATH M3MEHEHHS OKPY KAIOIIEH CPe/bl IO BIUSHIEM ITPUPOIHBIX U TEXHOTEHHBIX (DaKTOPOB;

— JIaBaTh 3aKIIOYEHHUS O PAIliOHAIBHOM HCITOIB30BAaHUH U OXpaHe aTMOC(HEpHBIX, 3eMEIbHBIX, BOTHBIX, MH-
HEpaJbHBIX M YHEPTETUYECKUX PECYPCOB, CHIDKCHHUH yIiepOa U MPe0TBPAIIEHUN TEXHOTEHHBIX KaTacTpod;

— pa3pabaTheIBaTh PEKOMEHJAIINN MO COBEPIIEHCTBOBAHUIO KOMIUIEKCA PaAMAIIMOHHON 3alIUTHl Hacele-
HUSI 1 00BEKTOB OKpY)KAIOMeH Cpeabl Ha pa3HBIX PETHOHAIBHBIX YPOBHAX U B PA3JIMYHBIX THIAX CUTYaIHil
00Ty4YeHus;

— obecmeunBarh Oe30MacHOe MPOKUBAHNE JTIO/IEH, OXpaHy MX 37I0POBBS U T. 1.

IIpu oneHKe cuTyamunii, CBA3aHHBIX C PEIICHUEM 33139 10 COBEPIIEHCTBOBAHHIO CHCTEMBI PaINaIlMOHHON 3a-
IIUTHI HaCEJIeHNsI N 0OBEKTOB OKPYKATOIIEH CpeIbl, HCIOMBb3YIOTCSl pacueTHBIE JaHHBIE 10 OlleHKe /103 00Iyde-
HUSl HAa OCHOBHBIE KOMITOHEHTHI OMOTEOIIEH03a, a TaKKe OLEHKH M MPOTHO3 JACWCTBYIONINX M IMOTEHITHATBHBIX
PannO3KOJIOTHYECKUX PUCKOB, TIOATOMY MH(DOPMAIIOHHAS TTOATOTOBKA 3aHUMAET TIOCTATOYHO MHOTO BPEMEHH, a
nH(pOPMATMOHHO-aHATUTHICCKHAE CHCTEMBI B COCTOSTHUH JTOJDKHBI OBICTPO MPENOCTAaBUTh HHPOPMAIIHIO U 00e-
CIEYNTh HaXOXKACHNE Y(PPEKTUBHBIX METOIOB PETYINPOBaHMS. B yCIOBHAX BOSHUKIIIEH CUTYyaIlnH (CUTYaIIH PH-
CKa) peIIeHus He MOTYT OBITh CMOZIETTUPOBAHBI B SIBHOM BH/I€, OAHAKO OCHOBOH ISl UX IPUHATHS MOXKET CITYKUTh
OompIIol 00BeM pa3HOOOpa3HO MH(DOPMALINY, XPAHIUMOHN U TIepenaBaeMOi HHTETPUPOBAHHOW 0a30¥ MaHHBIX.
ITo mpexocTaBieHHBIM pe3ylbTaTaM yIpaBleHUYeCKUH MTePCOHAT Ha OCHOBE CBOETO ONBITA M METOIOM JKCITepT-
HOTO aHaJIn3a MOYKET MPUHSITH KOHKPETHBIE PEIISHHS [T IPOBEICHISI MEPOIPUATHIH 10 paiualliOHHON 3aIInTe
HaceJIeHUs 1 00BbEKTOB OKPY>KAIOIIeH Cpe/ibl Ha Pa3IMYHBIX PETHOHAIBHBIX YPOBHSX.

Pa3paboranbr HOBBIE apXUTEKTypa W ONTHMU3UPOBAHHAS PEJIIIMOHHASA CTPYKTypa (MO/IETh) TaHHBIX, COCTOS-
1ast ¥3 TaOJHII, BKJTFOYAIOTITHIX ITOJIS VIS XpaHEHUS TTapaMeTpoB U MHGOpMAITUH 00 00BEKTaX ¥ peCypCHOM IIOTEH-
uaje, a Takke pakTopax, BIUSIOMNX Ha CTEIIEHb paarodKojorndeckux puckoB RR [1], Web-opueHTnpoBaHHOM
“H(POPMAIMOHHO-aHAINTHYECKOW CHCTEMBI OOIIETO AOCTYyIA /sl KOMITIEKCHOTO W3y4YeHHs BIUSHHUS aHTPOIIO-
TeHHBIX ¥ IPUPOIHBIX (PaKTOPOB Ha PA3TIMYHBIX PETHOHAIBHBIX YPOBHSX, PEaTH3yIomast METOABI M MOAEIH JIJIs
XpaHeHH apaMeTpoB 1 HHPopMaIH 00 00beKTax U PECYpPCHOM NMOTEHIIAAJE, aHATIN3€e aHTPOTIOTEHHBIX U TIPH-
POAHBIX (haKTOPOB HA PA3TUYHBIX TEPPUTOPHATIHHBIX YPOBHAX, Oa3upyromasics Ha TeonH()OPMAIIMOHHBIX TEXHO-
JOTUSAX. YKa3aHHBIE Pa3padOTKH — OCHOBA IJIS CO3MAHMS IPUKIIaTHON Web-0oprHeHTHPOBaHHON HH(HOPMAITMOHHO-
AHATMTHYECKON CUCTEMBI O0IIEro JOCTyIa IS KOMIUIEKCHOTO N3yUYeHHS BIUSHIS aHTPOITOTEHHBIX W IIPUPOTHBIX
(haKTOPOB Ha PA3TUIHBIX PETHOHAIBHEIX YPOBHSX [2].

Pa3paboTka ykazaHHON CHCTEMBI SBIISICTCS aKTyaTbHON HAYYHOM M MMPAKTUICCKOM 3a1aueii, pereHne KOTOPou
CO3MIaCT YCJIOBHUS ISl XpaHEHUS TTapaMeTpoB M nH(popMannu 00 00beKTaxX, peCypcHOM MOTEHIINAJe W aHAIHN3a
AQHTPOTIOTEHHBIX U MPUPOIHBIX (aKTOPOB HA PA3IMIHBIX TEPPUTOPHAIBEHBIX YPOBHSIX C MCIIOIB30BAHNEM TE€OWH-
(hopMaITMOHHBIX TEXHOJIOTHH. DTO MOBBICUT KOM(DOPTHOCTE TIPOKUBAHUS TpakaaH PecmyOnmku bemapych u mo-
CIIOCOOCTBYET TOAJEPKKE PUHATHSA COOTBETCTBYIONINX YIIPABICHYECKUX PEIICHUH B 00JIACTH OCBOSHHS H TIO-
BbIIIIEHUS 3(h(DEKTUBHOCTH MCIIOIB30BAHUS PA3IMYHBIX BUOB MIPUPOIHBIX PECYPCOB U MOHUTOPHHTA COCTOSTHUS
KOMITOHEHTOB OKPY>KaIOIei CPENIbI B LIENIX yCTOWYMBOTO Pa3BUTHS HA TEPPUTOPUATBHBIX SAMHUIAX PA3ITAIHOTO
ypoBHs. Pe3ynmsraTsl MOTYT OBITH HCIIOJIB30BAaHBI B MHTEPECAX yUpekaeHnH MUHHCTEpCTBa IPUPOTHBIX pecyp-
COB M OXpaHBI OKpy’Katomien cpeasl Pecybnmmku benapych, B 4aCTHOCTH 17151 KOMITJIEKCHOTO M3yUY€HHSI BIUSHUS
AQHTPOTIOTEHHBIX 1 IPUPOTHBIX (PAKTOPOB HA PA3TMYHBIX PETHOHAIBHBIX YPOBHSAX M IPUHATHS COOTBETCTBYIOIINX
ynpasieHueckux permennit. Cdepa m MacmTadbl 0KHAAEMOTO TIPUMEHEHHUST PE3YIIBTATOB MOTYT OBITH pacmpo-
CTpaHEHHI Ha BCIO Tepputopuio Pecrrybnuku bemapych.

Xapakmepucmuka u Ha3HaA4eHUe pPa3padamvléaemoll UHPOpMayuoHHo-ananumuieckou cucmemol. Oc-
HOBHBIE BOBMOKHOCTH, TPEJIOCTABISIEMbIC TOJIB30BATEISIM pa3padaTbiBaeMoi MHQOPMAITHOHHO-aHATTUTHIECKON
cuctemsl [3]:

— paboTa ¢ HHTEPaKTUBHOW AJICKTPOHHOW KapToil (MaHWIYJIMPOBAHUE CIIOSIMU, TTEpEeMeEIleHIe U MacITaOu-
poBaHuUe, yaleHne U 1o0aBlieHHE OOBEKTOB H T. [1.);

— BBIBOJI B 33/IaHHOM BH/I€ JIIOOBIX 0OBEKTOB TEPPUTOPHH U OOBEKTOB OIPEICIIEHHOTO KJIacca ¢ COOTBETCTBY-
fonIel arpuOyTuBHON MH(OpMaInei 0 HUX;

’I'ocynapcteennas nporpamMma «OxpaHa OKpy Karowiei Cpe/ibl U yCTOHYNBOE UCIIOIB30BaHUE NPUPOIHBIX pecypcoB» Ha 2021-2025 rop
[Onextponnsnii pecypc] // Hanmonansaerit npaBoBoit MaTepreT-nopran Pecrryonuku bemapycs. URL: https://pravo.by/document/?guid
=3871&p0=C22100099 (nata obpamenus 17.07.2024).
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— 00paboTka HHMOPMAIINK CTATUCTHYCCKUMHU METOAAMH U 0TOOpakKeHHE PEe3y/IbTaTOB TAKOTO aHAIN3a HEllo-
CPEICTBEHHBIM HAJIOKEHUEM Ha KapTy WU B APyroi hopme Bu3yamu3anud (TabauIlsl, TpadyuuecKie 3aBUCHMO-
CTH, THCTOTPAMMBI U T. ]1.);

— TIOJITOTOBKA PACYETHBIX JAHHBIX JIJIsl IPOBEACHUS MEPOIIPHATHI paHallHOHHOM 3aIIUThl HACEIICHUS U 00b-
€KTOB OKPYKAIOIIEeH Cpe/ibl B CUTYaIlUH CYIIECTBYIOIIETO OOIyUeHHsI Ha OCHOBE MOJICIIMPOBAHUS PAIHOIKOIIO-
THYECKUX TPOLIECCOB M OIIEHKU PAJHOIKOIOIHICCKIX PUCKOB.

B pamkax pazpaboTku apxuTeKTypsl Web-opHueHTHpOBaHHON HHPOPMAITIOHHO-aHATUTHIECKON CHCTEMBI 00-
IIETro JOCTYIA JUIsl KOMIUIEKCHOTO M3y4YEeHUs BIMSHUS aHTPOIIOTEHHBIX U MPUPOIHBIX (PAKTOPOB HA Pa3iIMIHBIX
PETHOHAIILHBIX YPOBHSIX ONPE/IeICHbBI 00U apXUTEKTYPHBIH CTHIIL U OCHOBHBIC apXUTEKTYPHBIE PEIICHHS, CBSI-
3aHHBIC C OpraHU3alKeil COBOKYITHOCTH 3JIEMEHTOB M KOMIIOHEHTOB, a Takke (PyHKIIMOHHPOBAHHEM HPOIPaMM-
HBIX MOJyJiel cucteMbl. ONMUCaHbl OCHOBHBIC POJIM M XapaKTEPUCTUKU CTPYKTYPHBIX DJIEMEHTOB, BOZMOXKHBIE
BHIBI B3aUMOJCHCTBUIN MEXIY HUMHU (MHTEP(EHCHI).

Apxumexmypa pazpadamoleaemoi UHPOPMAUUOHHO-AHATUMUYECKOU cucmeMbl. ApXUTEKTYpa uH(opMa-
[IMOHHO-aHATUTHYECKON CUCTEMBI TPEATIONAracT PeaTn3aIiio CICAYIOMNX aCcIeKToB [4]:

— TEXHOJIOTHsI 00pabOTKU JAaHHBIX — JIOKaJIbHOE (IIEHTPaIN30BaHHOE) B3aUMOJICHCTBHE C HHTETPUPOBAHHOMN
0a30i1 JaHHBIX, TO €CTh BCE JAHHBIC OYIyT XPaHHUTHCS HA OJIHOM CEpBEpe I0J] YIPABICHHEM OJHOW CHCTEMBI
yrpaBieHns 6a3aMu JJaHHBIX, @ HE paclpeie]IeHHbIM 00pa3oM, Tak KaKk MHOTHE TPOEKTHI pacIpe/esieHHbIX 0a3
JaHHBIX XapaKTCPU3YIOTCS ONPCACIICHHBIMU HpO6J]6MaMI/I B BOIIpOCax CTaHAapTU3alun I/IH(i)OpMaI_[I/IOHHLIX 10~
TOKOB, TUIIOB, MPEACTABJICHUA JaHHBIX U MCTAJIaHHBIX, a TAK)KE COBMECTUMOCTH OTACIIbHBIX I/IH(l)OpMa]_II/IOHHLIX
CHUCTEM M NPOCKTOB, CO3AAHHBLIX PA3HBIMU OpTraHU3aAlUAMU C MIPUMCHCHUCM PA3JIMYHOIO IMPOrpaMMHOTO 066-
CIICYCHUS,

— croco6 1oCcTyna K JaHHBIM — JIOKAJIBHBIM M yIaJIeHHBINH (CeTeBON) JOCTYII ¢ pa3rpaHUYEHUEM TIPaB MOJb-
30BaTeNe U MOIIEPIKKON KIMEHT-CEPBEPHBIX TEXHOJIOTHM.

CJ'Ie,I[yeT OTMETUTD, YTO aPpXUTEKTYpa CUCTCMBI IPEANOIaAractT 1 MOAYJIbHYIO JICKOMITO3UIHIO. B »10i1 cBsA3M
1esecoodpasHo paszaesieHue NHTEPPEHCHON YaCTH CUCTEMBI U YaCcTH, OTBEYAIONICH 3a paOboTy C JaHHBIMU. THIT
apXHUTEKTYPHI MPEIONIAraeT To, 4TO €€ AIIEMEHTHI pealln3yIoT MOJIEP)KKY OObEKTOB CIIEIMATU3NPOBAHHOI cep-
BEpHOU 0a3bl JAHHBIX, pabOTy aHATUTUYCCKUX (PYHKIIMOHATBHBIX TIPOTPAMMHBIX MOJTYJICH, IPE/ICTABICHHE H BH-
3yalu3alfio JaHHBIX, a TaK)Ke B3aWMOJICHCTBUE C yAaJeHHBIMH MOJIb30BaTesIMU. B yacTHOCTH, TpOrpaMMHbIe
MOAYJIN PCaJIM3yIOT METOJIUKN KOMIIJIEKCHOM OIICHKHM M aHaJiu3a BJIMAHWA aHTPOIIOTCHHBIX W IIPHUPOAHBIX (1)31(-
TOPOB C YUCTOM YI'PO3 U PUCKOB, HOCJIe)Z[CTBI/Iﬁ IIPUPOJAHBIX U aHTPOIIOICHHBIX 3aI'p5[3HHTeJ'IeI71 IJIA OpraHmnu3MoB
1 DKOCHUCTEM Ha pPa3JIMYHBIX PETHOHAJBHBIX YPOBHAX, ONITUMAJIBHOTIO MCIIOJIB30BaHUA MMOTCHIMAJIa ITPUPOJHBIX
PECYPCOB U OOIIEAOCTYITHOTO MOHUTOPHHTA COCTOSHUSI KOMITOHEHTOB OKPY KaroIeil Cpefibl, HalpaBlIeHHbIE Ha
IIOBBIIIICHHUEC KOM(i)OpTHOCTI/I MPOKUBAHUS I'PpaXKJIaH U NPUHATUA COOTBCTCTBYIOIIUX YIIPABICHUYCCKUX pemeHHﬁ.

ApPXHUTEKType CBOMCTBEHHA TMOKOCTh, MacIITAOMPYEMOCTh M OTKPBITOCTD JUISl PACIIUPEHHS U Pean3aliu
JIOTIOJTHUTENBHON (DYHKIIMOHATIBHOCTH, B YaCTHOCTH Pa3pabOTKH CHEIMAaJIbHBIX aJTOPUTMOB M MPOTPAMMHBIX
MOAyJel B3auMOJICHCTBUS ¢ 0a30i JTaHHBIX U TpaduueckuM Web-OpHeHTHPOBaHHBIM TTOJIB30BATEIIBCKUM HH-
TepdeiicoM, MPeaoCTaBISIONIMM BO3MOKHOCTh ONITUMAIBHO, OBICTPO M YIOOHO padoTarh ¢ Kaprorpauyeckon
WHpOpMAIMEH TOCPEICTBOM HCIONB30BAHUS COOTBETCTBYIOIIUX TEXHOJIOTHH M aNrOPUTMOB [5]. DTO TIO3BOJIHT
pean30BaTh COOTBETCTBYIOIINE CBOEMY CIIEIIM(UUECKOMY HA3HAYCHHIO ¥ ONITUMAIIbHBIE TI0 (DYHKIIMOHATBHOCTH
KIIMEHTCKYIO ¥ CEPBEPHYIO YaCTH CUCTEMBI. VIX OCHOBHBIC 0COOCHHOCTH — BO3MOXKHOCThD MOJCPKKN JUHAMUYC-
CKH M3MEHSIIOLIETOCS COJEPIKUMOTr0 KITHMEeHTCKHX Web-cTpaHuIl 6e3 nepe3arpy3KH, 4YTo 3HAYUTEILHO COKPAIaeT
BpeMsi OOHOBIICHUS CTPAHUIL M yCKOpsieT paboTy MoJIb30BaTelIeH, peann3ainio MporpaMMHOTO MOJIb30BaTEILCKOTO
nnrepdeiica Ha cropone Web-cepBepa 1 co3JaHne TPOrPAMMHOTO YPOBHS JIOCTYNA K HHPOPMALIUK, XPaHSIIEHCs
B 0a3e JaHHbBIX, JUIsI UCTIOJIb30BaHMS B yKa3aHHOM UHTepdeiice. Peanusaius B COOTBETCTBUM C pa3pabOTaHHOM
apXUTEKTYpPOH aJTOPUTMOB pabOThl aHANUTHYECKUX METOZOB M MOJEIEH MOCIYKHUT OCHOBOW Ui pa3paboOTKH
MUJIOTHOTO MPOEKTa yKa3aHHOH NMPHUKIaAHON cucteMsl (puc. 1).

Ocnognvie apxumeKkmypHovle KOMROHEHNbL U YYHKYUOHATbHBLE RPOZPAMMHBIE MOOYIU UHPOPMAUUOHHO-
ananumuyeckoii cucmemsl. [IpoekrupoBanye NpoToTUNa MHOOPMAMOHHO-aHATUTHIECKON CUCTEMBI MIPEAIO-
Jlarajio To, 4To OHa Oy/AeT BKIoYarh B ceOsl CIEAYIONIe OCHOBHBIE apXUTEKTYPHBIE KOMIOHEHTH B (DYHKIIHO-
HaJIbHbIE TPOTPaMMHBIE MOJYIH (ITOJICHCTEMBI):

1) pasrpanuueHue mpaB MOJb30BATEINCH;

2) B3auMOJCUCTBHUE ¢ 0a30i1 TaHHBIX;

3) cbop u 00paboTKa MPOCTPAHCTBEHHBIX JAHHBIX;

4) XpaHeHHe U 3aIlKTa NPOCTPAHCTBEHHBIX JAHHBIX;

5) aHanuTHueckas 00padOTKa JaHHBIX;

6) TpeaCTaBlIEHUE U BU3yaTU3aIUsl JaHHBIX;

7) UMIOPT / SKCNOPT, KOHBEPTALXS ¥ HAPCUHT AaHHBIX U Jp.
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Puc. 1. O6mas apxurextypa Web-opueHTHpOBaHHON HHPOPMAITMOHHO-aHATTUTHIECKON CHCTEMBI

Fig. 1. General architecture of Web-oriented information and analytical system
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YkazaHHbBIH HA00p MTPOrPaMMHOTO 00ECIICUCHIS Ha OCHOBE ITOTyYCHHON HH(DOPMAIIUY TTO3BOJHUT [6]:

— KJIAaCCHU(UIMPOBATh U KJIACTEPU3NPOBATH COOTBETCTBYIOIINE TaHHBIC IS TaTbHEHUINETO CO3/TaHus pa3Iud-
HOTO KapTorpadgpuaeckoro COAEePKUMOTO B BUIE PA3INYHBIX KapTOTpaPUUECKHUX CIIOEB C BU3yaJIH3aIllei coaep-
KIMOTO Pa3HBIX THIIOB JaHHBIX;

— peaym3oBarh JOMOJHUTEIbHBIE CEPBUCHI U 00paOOTKY U TIPEACTABICHHS TaHHBIX;

— MPOM3BOJIUTH AHATUTHYECKHE (CTATUCTHUYECKWE) BBIYMCICHHS PA3IMYHOTO poja Ui AalbHEHINero wc-
TOJIB30BaHMSI (B COCTAaBE KApTOTPaPUIECKOTO COMEPIKUMOTO).

Jls mporieccoB BU3yan3aliii 1 MOHUTOPHHTA SKOJIOTHYECKUX TTOCIEACTBUN (BBIOPOCOB M cOPOCOB 3arpsis-
HSIOIIMX BEUIECTB) MOTYT BBIIOIHATHCS MPOIETYPHl KOMITBIOTEPHOTO MOJICIHPOBAaHUS (aHATUTHYECKUX pacye-
TOB) C UCTIOTH30BAHUEM CTAITHOHAPHBIX (IS PEANPHUATHI) 1 MOOMIBHBIX (U TpaHCIIOpTa) ToueK. B mporecce
MOJICTTUPOBAHUS HEOOXOIMMO cOOpaTh 1 00padOTaTh MEPBUYHBIE TPOCTPAHCTBEHHBIE TAHHBIE C yYETOM OTIpe/ie-
JICHHBIX aTpuOyTOB M TIApaMETPOB, a 3aTeM NMPUMEHUTH K HUM OTIPE/IeIIEHHbIE TEXHOIOTUH MTPOTPAMMHON BH3Y-
aJM3aInu:

— JTAaHHBIE O CTAIIMOHAPHBIX NCTOYHUKAX 3arPSI3HEHHUS, TOJTyIeHHBIC OT MTyHKTOB Pa3IMYHBIX U3MEPEHUH (MO-
HUTOPWHTA) BEIOPOCOB M COPOCOB 3arps3HSIONINX BEIICCTB MPEANPUATHIME (BU3YATH3aINsI — KPYTH OTpee-
JIEHHOTO IIBETa, 3HAYEHUS PaJNYCOB KOTOPBIX IMPOTIOPIIMOHAIFHBI YPOBHIO (CTETICHN) 3aTPsA3HEHN);

— JJAaHHBIE O 3arpSA3HAIONINX BEUIECTBAX MPEANPHUATHIA (BU3yallU3aIus — IIBETOBOW IPaIUeHT (AUCKPETHBIN
Ha0Op [IBETOB) B COOTBETCTBUM C YPOBHEM (CTEIICHBIO) 3arPSI3HEHHS);

— JTaHHBIE PETPOCIIEKTUBHOTO aHAIIN3a M TIPOTHO3HOTO MOJISITMPOBAHUS 3arpsi3HEHMs TeppuTopuid PecryOmm-
K# bemapych 0CHOBHBIMH J103000pa3yrOIINMU PaIMOHYKIHIaMH B pe3yibrare aBapuu Ha YepHoObutsckont ADC;

— narfable ¢ GPS-TpekoB OT MOABMXHOTO TPAHCIIOPTA M APYTHX MOOMIBHBIX HCTOYHHKOB 3arpsi3HEHUS (BH-
3yaln3aius — 3aKpalieHHbIe JTUHUH (TPAeKTOPHH) BEIOPOCOB I[BETAMH B COOTBETCTBHHU C YPOBHEM (CTEIIEHBIO)
3arpsI3HCHHS) U T. 1.

B npoexTupyemMom mporpaMMHOM TPOIYKTE MPU aBTOMATH3UPOBAHHBIX pacyeTax MOYKHO TAaK)Ke YUHUTHIBAThH
MOTIPaBOYHbIE KOI(D(DUITMEHTHI, CBI3aHHBIE CO 3HAUYSHHUSIMU CHITBI M HAIIPABJICHUS BETPa, a TAKXKE XapaKTepUCTHU-
KaMu penbea MecTHOCTH. B pesynbraTe 00padOTKM yKa3aHHBIX JaHHBIX MOTy4Yal0TCsl KOMIUIEKCHBIE TaHHBIE, Ha
OCHOBE KOTOPBIX PAaCCUUTHIBAETCSI COBOKYIMHOCTh BBIOPOCOB 3arps3HSIONINX BEIIECTB B aTMOC(HEPHBIN BO3AYX
Y BOAY KaK JUIsl TOYEYHBIX OOBEKTOB, TaK M Ha OTIPE/ICIICHHON TEPPUTOPHHL.

[IporpamMMHBIIT MOIYJ b IJIsl pasrpaHUYEHUs TPaB IMOJB30BATENE MCIIONB3YeTCs TP CaHKITMOHUPOBAHHOM
JocTyre K nHGopMamoHHOMY pecypcy. lIporpaMMHbIe MeXaHH3MBI pa3rpaHUYEHUs TIpaB AOCTyIa K HHpOpMa-
[IMOHHOMY pPEeCypCcy OCHOBaHBI Ha aJTOPUTMax, MPUHIIMIIAX aBTOPH3AINHA U ayTeHTU(UKAIMH TTOJIb30BaTENeH,
aJIMIUHUCTPUPOBAHHS COJCPKMMOTO CEpPBEPHON 0a3bl JaHHBIX W 3alUTHl OT HECAHKIIMOHHPOBAHHOTO JOCTYIa
K 9TOMY COZIEP’KUMOMY.

Taxum 00pa3oM, MOIH30BATETN B COOTBETCTBUHM CO CBOMIMH ITPaBaMH MOTYT (DOpMHUpPOBATH pa3IMYHEIEC 3a-
MIPOCHI, BBITIOTHATH BU3YAJIM3AIIUIO TAHHBIX M MPOU3BOANTH IMPOYHE MAaHUMIYISAIIUN B cpelie HH()OPMAIIMOHHOTO
pecypca.

Xapakmepucmuka u Ha3HaYeHue OAHHBIX PA3PAOAMBIEAEMOT UHPOPMAUUOHHO-AHATUMUYECKOT cUcHe-
Mmbl. B 3amaun paspabarsiBaeMoii Web-opueHTHpOBaHHONH WH(DOPMAIMOHHO-aHAIUTHISCKON CHCTEMBI OOIIIETO
JIOCTyTIa (COBEPIIIEHCTBOBAHNE KOMITIOHCHTOB PaMaIlMOHHON 3aIUTH HACETICHUS U 00BEKTOB OKpPY’KaIOIIEH cpe-
JIbl B CUTYaIlMH CYIIECTBYIONIET0 OOIyYeHHs) HA OCHOBE MOJICTIMPOBAHUS PAIMOIKOIOTHYECKHX MTPOIIECCOB Ha
Pa3NUYHBIX PETHOHAIBHBIX YPOBHAX BXOST MPEIOCTaBIICHNE (BU3yaIH3alys) 1 aHanu3 (00paboTka) BO BpeMEeHH
JIAaHHBIX O pPe3yJibTaTax:

— BO3JICUCTBHUS Y€JIOBEUCCKOM JIEATSIIBHOCTH Ha )KUBBIC OPraHU3MBbI;

— BOS}ICI\/’ICTBHH Ha XMBbIC OPraHU3MBbI Y€PE3 NUBMECHCHUC JIFOAbMU UX CPEABI O6I/ITaHI/I$I;

— €CTECTBCHHOI'O M3BMCHCHU A PA3JIMYHBIX KQUCCTBCHHBIX U KOJIMYCCTBCHHBIX NMPUPOAHBIX BEJIWNYNH U XapaK-
TEPUCTHUK.

‘YkazaHHbIE 0COOCHHOCTH CHCTEMBI HalpaBlIeHbl Ha IMOBBIINIEHHE YPOBHSA MH()OPMHUPOBAHHOCTH HACEIICHUS
O pa3jInYHbIX ACTICKTaX COCTOSHUS 01<py>1<a}0111e171 Cp€abl U BOSMOXHOCTHU IMPUHATHA CBOCBPEMCECHHBIX YIIPpaBJICH-
YEeCKUX PEIICHNH Ha Pa3TUYHBIX PETHOHAIBHBIX (TEPPUTOPHUATIHHBIX) YPOBHSIX.

B 2710i1 cBsi3M 6a3za maHHBIX, BXOIAIIAS B COCTaB pa3zpabaTsiBaeMoil HHGOPMAITMOHHO-aHATUTHYSCKON CUCTe-
MBI, T0JDKHA COACPKATh MM UMETHh BO3BMOXKHOCTE MAaHUITYJIMPOBATh CICAYHOIUMMHA JaHHBIMUA!

— pa3nuuHble reorpaduyeckne (MPUPOIHbIE) OOBEKTHI;

— pe3yJbTarhl HAOMIOJICHUH 38 COCTOSTHUEM aTMOC(EPHOTO BO3IyXa, TIOBEPXHOCTHBIX U MOA3EMHBIX BOJI, 3€-
MeJTb U apaMeTPOB PaHalliOHHON 00CTaHOBKY;

— pe3yabpTarhl paJuallMOHHOIO MOHUTOPHUHIA OKPY’KAOIIEH CPE/Ibl, a TAKXKE JJOKAJIBHOIO MOHUTOPHHTA, IIpe-
JOCTaBIAEMBIX ITPUPOAOIIOIB30BATCIIAAMHU,

— pecypCHBII NOTEHIMAN U T. 1.
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PaccMoTpuM ONTUMHU3HUPOBAHHYIO PEIAIIMOHHYIO CTPYKTYPY (MOMENh) TaHHBIX pa3zpadaTsiBaeMoi HH(pOpMa-
MOHHO-aHAJIMTUYECKON cucTeMbl. [1o cTpykType paspabarbiBacMasi 6a3a JaHHBIX MOXKET OBITh KaK PelIsIHOH-
HOTO0, TaK ¥ HEPEIISIIMOHHOTO TUIIA, YTO UMEET CBOM JIOCTOMHCTBA U HelocTaTku. OHa COCTOUT U3 TaOJHIL, BKITIO-
YaOIUX MO JUIS XPAaHSHUs Pa3iIMYHbIX MapamMeTpoB U HH(opManuu 00 00bEKTaX U PECYpCHOM MOTEHIUAIE,
U B JIaTIbHEHUIIIEM TTOJIIKUT HOPMAITU3AIMN U ONITHMHU3AIIHH.

Bo3moxkHOCTh aHalIM3a U3MEHEHHH JJaHHBIX BO BPEMEHHU (PETPOCIIEKTHBEI) TpE/oiaraeT XpaHeHne B yka-
3aHHOHM 0a3e JaHHBIX omnpejeleHHOW WH(opManuK (B TOM YUCIe TPOCTPAHCTBEHHO-PACTIPENICNICHHOW B COOT-
BETCTBUH C reorpaduiecKuMu KOOPIMHATAMH) B 3aBUCUMOCTH OT BPEMEHH, JINOO UCTIOJIb30BaHKE CIICIIHATIbHBIX
POrPaMMHO PEaTM30BAHHBIX CTATHCTHUYECKUX MM MHBIX allIPOKCHMHUPYIONIIX MATEMATHUECKIX MOJICIICH.

IIpu xpaHeHNN TaHHBIX B CTPYKTYpe (Mozenn) 06a3bl TaHHBIX TOJHKHA OBITH MPETYCMOTPEHA BOZMOKHOCTH CO-
OTBETCTBUSI KX PA3IMYHBIM PETHOHAILHBIM YPOBHSIM (XO3SHCTBa, HACEIEHHBIC ITyHKTHI, PAHOHBI, 00JIACTH U T. II.).

JlaHHbBIe, XpaHAIIMEeCs B IPOCKTUPYEMOI 0a3e JaHHbIX, MOPA3ICISIOTCS Ha:

— reorpadMuecKre — OMUCHIBAIOT OOBEKT MyTEM YKa3aHHS €ro PaclojOKeHHsS OTHOCHUTENBLHO JPYTUX I'eo-
rpaguIecKux 0ObEKTOB;

— IIPOCTPAHCTBEHHBIC — OIUCHIBAIOT OOBEKT IyTEeM YKa3zaHHs ero reorpauyeckux KOOPIAWHAT (IIUPOTHI
1 JOJTOTHI) U IPYTOi aTpuOyTUBHON MH(POPMAITHH.

OnTuMU3HpOBaHHAs (HOPMAN30BaHHAs) PEIIIMOHHAS CTPYKTypa (MOMAETHh) TaHHBIX BKIIOUAET B ceOs pas-
JMYHBIC 00BEKTHI 0a3bl IAHHBIX B BUJIE TAOJIHII, COAEPIKAIIHE TIOJIS C ONPEACICHHBIME THIIAMH JaHHBIX JUIS Xpa-
HEHUS apaMeTpoB H MHQOPMAITUH O TIPOCTPAHCTBEHHBIX 00BEKTaX M PECYpPCHOM IOTEHIINAIE, CBsI3eH (OTHOIIIe-
HUH) MEXIY dTUMH TaOIUTIAMHU 1 TTOJISIMH.

Pazpabomka pynkyuonanvHslx 00bexkmos 6azvl oannvlx. J1Ji1 ONCHKY U aHAIN3a BIUSHUS aHTPOTIOTCHHBIX
Y TIPUPOHBIX (PaKTOPOB HA PA3INYHBIX PETMOHAIBHBIX YPOBHSX B 3aBUCUMOCTH OT MPOCTPAHCTBEHHOTO H Bpe-
MEHHOTO pacIpe/ieieHNsl, YCIIOBUH U MTapaMeTpOB pealn30BaHbl TaKWE OpPUTHHATbHBIC (YHKIIMOHANBHBIE 00b-
eKTHI 0a3bl IAHHBIX, KaK XpaHUMBbIE TIPOLETYPbI, (DYHKIMH, TPHITEPBI M MPEICTABICHUSI.

JpyruM BapuaHTOM peau3aluy Ta0muIl 0a3bl JAHHBIX SBISIETCS HX OOBEKTHAS MOJICNb, BKJIIOUCHHAS B apXU-
TEKTypY MHTETPUPOBAHHOM HH(POPMAIIMOHHOW CUCTEMBI U IIPEICTABIISIONIAst COOOH HA0OP KJIACCOB (CYITHOCTEH ),
COOTBETCTBYIOIINX ONpe/IeNICHHBIM TaOIuIaM. B 3ToM cityuae XpaHUMBIE TPOIEYPhl MOTYT OBITh MPE/CTABICHBI
GbysKIESIMEU (MeToamMu). Pero3uTopun H30JMPYIOT IPYT OT JIPyTra pa3HOPOIHbIE IaHHbBIC H BKIIIOYAIOT B ce0s Me-
XaHU3MBI YIIPABICHUS! IMH, HAIPUMED, QYHKIINH JUIS pean3alii BBIOOPOK, PeAaKTHPOBAHHMS, YIAICHUS 1 MO/~
0opa TaHHBIX JyIs reorpaduyecknx 00bEKTOB, a TAKXKE PA3INIHBIX PACUCTOB.

Web API-koHTpoOIIIEpHI BO3BpAIAlOT U IPHHUMAIOT JIaHHBIE B omipesiefiecHHOM (opmare. OOpaboTkoi U 0To-
OpaskeHHEM JIaHHBIX 3aHUMAETCs KITMCHTCKOE MPUIIOKEeHHUE. VICronb3yroTesi KOHTPOJUIEPh yKa3aHHOTO THIIA, TaK
Kak kaprorpadudeckuii uaTepdeiic Tpedyer padboThl Oe3 mepe3arpy3ku cTpanuiisl. MV C-koHTpoIuieps Gpopmu-
PYIOT TOTOBBIC CTPAHHUIIBI M BO3BPAIIAIOT HX MTOJIH30BATEIIO.

J171st BBITTOJTHEHHSI KaK aHAJMTHYECKUX PAacueTOB HA OCHOBE MH(pOpMAIINH, XpaHsIleiics B 6a3e JaHHBIX, TaK
Y TIPE/IOCTABIICHHS HETTOCPECTBEHHO CAMUX JIAHHBIX, IIPOrPAMMHBIH KOJI, BBIITOJTHSIONINN BhIIICTIEPEUNCIICHHBIC
oriepalyu, MOKeT ObITh pa3MelleH Ha CTOpPOHE cepBepa M Ha CTOpPOHE KJIMEHTa. YUHUTBIBasi, 4TO CO3/1aBacMas
UH(POPMAIMOHHO-aHATUTHYECKasl CHCTEMa — CETEBOM pecypc, TO MPOrPaMMHBIN KOJl, ONEPUPYIOINHN JaHHBIMH,
HEOOX0TMMO pa3MEeCTUTh KaK MOXKHO OJTHKe K caMUM 00pabaThIiBaeéMbIM JTAaHHBIM, TIO3BOJISIOIIEM H30eXkKaTh repe-
CBIJIKH Yepe3 CEeTh MHOKECTBA KOMaH 1 1 0COOCHHO HEOOXOIMMOCTH Mepeadu OONBIINX 00BEMOB JIAHHBIX C KJIU-
€HTa Ha cepBep.

Cucrema ynpapieHusi 0a3aMu JaHHBIX TIPETOCTABISIET BO3MOKHOCTD Pa3MECTHTh IIPOrPAaMMHBIN KOJ| Ha CTO-
pOHE cepBepa B BUJIE XPaHUMBIX MTPOIIEAYP, MOJIb30BaTEIbCKUX (PYHKIUI, TPUTTEPOB U MPEICTABICHUH, coep-
JKamuxcs B 0a3e JaHHBIX.

Cxema J10CTyna K JaHHBIM C MCTIOb30BAHNEM YKa3aHHBIX 00BEKTOB MPHUBECHA Ha pHC. 2.

Xpanumvie npoyedypul u nomb306amensekue (hyHKYyuUY — 3To OTICbHbBIE POrPaMMBbIL, HallcaHHbIe Ha s3bike SQL,
TO €CTh Npe/ICTaBIsItoNIe cO00i Habop SQL-MHCTPYKINIA, KOTOPBIA XpaHUTCs B 0a3e TAaHHBIX. ITH OOBEKTHI SIBIISI-
IOTCSl YaCThI0 META/IaHHBIX 0a3bl JaHHBIX. OHM MOTYT TMOJIy4aTh BXOJHbIC TTApAMETPHI, BO3BPAIIATh 3HAYCHHS TIPH-
JIOXKCHHIO U OBITh BbI3BaHBI SIBHO M3 Web-TIPUIIOKEHHST WITH TTOJICTAHOBKOW BMECTO MMEHH TaOJHIBI B HHCTPYKITHN
SELECT. B pamkax JaHHOTO IPOEKTa XpaHUMBbIE TIPOIIE/TYPBI M (DYHKIIMH 00ECTICUHBAIOT CICTY OIS BO3MOYKHOCTH:

— MOJIYJABHOCTD — XpaHUMBbIE TIPOLIEAYPHI MOTYT OBITH OOIIUMH ISl TIPHIIOKEHUH (IIPOTrpaMMHBIX MOJTYJIeH),
KOTOpPbIC 00palIaloTcsl K TOH e caMol 0a3e JaHHBIX, YTO TIO3BOJISIET U30eraTh MOBTOPSIFOIIETOCS KOJIa H YMEHb-
1I1aeT pa3Mep NPHIIOKEHU;

— YNIPOIIECHHE COMPOBOXKICHHS TPUIIOKESHUH — ITPU OOHOBJICHUH TIPOIIC/TYD, U3MEHEHHSI aBTOMATHUECKH OTPaka-
I0TCS1 BO BCEX MPUIIOKEHHSX, KOTOPBIE HCIOJB3YIOT MX, 0e3 HEOOXOMUMOCTH MX TIOBTOPHOH KOMITHJISIIIN ¥ COOPKY;

— NoBbIIIeHNE YPHEKTUBHOCTH pabOThl — AJISl YAAJICHHBIX KIMEHTOB MPOLEAYPhI BHIITOIHSIIOTCS CEPBEPOM,
a HEe CAMUMHU KITMCHTAMH, YTO CHIIKAET CETEBOU TpapHK M MOBBIIIACT IPOU3BOTUTEIHHOCTb.
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Fig. 2. Data access diagram using stored procedures, user-defined functions and views

XpaHUMBIE MPOLEAYPbI, OTINYAIOTCA OT (PYHKILIUHI TE€M, YTO B HUX JIOITYCKAETCS HCIIO0JIb30BaHIE BHIXOTHBIX I1a-
PaMeTpOB TOJILKO LIEIOYUCICHHOTO THMA. VICoNb30BaHIe XPaHUMBIX TPOLIEAYP TTO3BOJISIET MOBBICUTH MMPOU3BO-
JTUTEIBHOCTD, PACIIUPUTH BO3MOKHOCTH MPOrPaMMHUPOBAHHUS U MOIEPKATh PYHKIMN O€30MacHOCTH JaHHBIX.

Kak cepBepHbIe TpOrpaMMBI, TaK U XpaHUMBbIE TIPOLIEAYPHI UMEIOT Psifl IPEUMYLIECTB:

— XpaHeHHe B KOMIIMJIMPOBAHHOM BHUJIE, [IOATOMY BBITIOHSIOTCS ObICTpEE, YeM MaKeThl WIIH 3alpOCHI;

— BBINIOJITHEHUE 00paOOTKH JaHHBIX Ha cepBepe, a He Ha paboueil CTaHLUH, YTO 3HAYUTENLHO CHUKACT Ha-
TPY3KY Ha JIOKaJIbHYIO CETh;

— MOAYABHBIH BUJI, IOATOMY UX JIETKO BHEAPSITH M U3MEHSTH (€CIIH KIMEHTCKOE MPUIIOKEHNE BBI3bIBACT Xpa-
HUMYIO TIPOLIEAYPY AJISl BBIIOJTHEHHSI HEKOTOPOH Omepanuy, TO MOAN(UKAIMS TPOLEAYPhl B OJHOM MECTE BIIH-
S€T Ha €€ BHIIIOJHEHUE Y BCEX MOIb30BaTeNei);

— BOKHBIA KOMIIOHEHT CHCTEMBI 0€30MacHOCTH 0a3bl JaHHBIX (€CIM BCE KIMEHTHI OCYIICCTBISIOT JOCTYII
K JaHHBIM C MOMOLIBIO XPaHUMBIX MPOLENYpP, TO TIPSMON IOCTYN K TabiuiaM MOXKET OBbITh 3alpelicH, H BCe
JeHCTBUS MOJNIb30BaTeNel Oy/yT HAXOIUTHCS IO/l KOHTPOJIEM).

HamonHenue 6a3bl JaHHBIX CBOAMTCS K 3aIIOJTHEHUIO OMPEACICHHBIX SJIEMEHTOB HH(OpMAaLed, KOTOpast BIIO-
CJICZICTBUM TIepechluiaeTcs U 00padarsiBacTCs XpaHUMOM MPOLeypoi Ha cTOpoHe cepBepa 0a3 naHHbIX. [lomy-
Y1B UH(OpPMAIIHIO, XpaHUMasl IPOLelypa MPOBEPSIeT JaHHbIC HAa KOPPEKTHOCTH BBOJA U, €CJIN €CTh HApyILICHHS,
TO BO3BpALIAET KOJ OLIMOKH (KOABI OMIMOOK ONMPEeIIOTCs pa3padoTYMKaMy CHCTEMBI), €CIU ke HH(popManus
KOPpPEKTHA, TO JJaHHbIE T00ABIISIOTCS B 3aJaHHYIO TaOIHILy.

Kpome noGaBnenus nHpOpMaH HENOCPEACTBEHHO B TaONUIBI, XPAaHUMBIE TPOLEAYPHI MO3BOJISIOT TPO-
W3BOJUTH MEPBUYHYIO 00pa0OTKY MH(POPMAIUH, TO €CTh IPOBOAUTH aHATTUTUIECKYIO0 00paOOTKy NaHHBIX. HMc-
MOJIb30BAaHHUE 3TUX OOBEKTOB MO3BOJISIET OIPAHUYMTE YYacTHE TOJIb30BATENsl B PA3IMUHBIX pacuyeTax, a TaKkke
CKPBITH OTIpE/IeNICHHBIE AeTanu paboThl cucteMbl. [lonbp3oBaTeno mpeaocTaBsiercs yxe ooOpadoranHast ”HPOp-
Malus B BHJIE PE3YJIbTaTOB MPOBEACHHBIX PACUETOB HIIH KE MPU MIOMOIIHN TAKUX rpadUuecKuX CpeCcTB 0ToOpa-
JKeHUs1 HTHQOpMallnuy, Kak TpaduKku U JuarpaMmel.

BMmecTo XpaHeHHUs1 4acTo MCIOIB3YEMOT0 3apoca, KIMEHThl MOTYT CCBUIATHCSl HA COOTBETCTBYIOIIYIO Xpa-
HUMYIO nipoueaypy. [Ipu BbI30Be XpaHUMOH MPOLEAYPHI €€ COACPKUMOE Cpasy ke 00pabaThIBaeTCsl CEPBEPOM.
B co3naBaemoii 0a3e JaHHBIX XpaHUMBbIE MTPOLEAYPHI COIEPKAT 3aPOCHl Ha MMOIYYCHUE U U3MEHEHNE JaHHbBIX,
WHKAICYJIUPYIOT BBI30B MOJIB30BaTENbCKUX (YHKIMHA (BBHIY TOTO, YTO MOJIb30BaTeNbCKUe (PYHKIUU HE MOTYT
OBITH BBI3BaHBI HAMPSIMYIO U3 Web-IpUITosKeHu s ).

TakuM 00pa3oM, MU BHI30BE MOJIH30BATEIBCKON (DYHKIIMH, HEOOXOANMO BBIJEITUTH COOTBETCTBYIOLIYIO Xpa-
HUMYIO TIPOLIEYPY, HHKATICYIUPYIOIIYIO BEI3BIBAEMYIO (DYHKIIHIO.

BbI30B compoBoXkIaeTcs MOMYYCHUEM pe3yNbTHPYIOMmEH TaOnuipl U3 QYHKUUH U yAaJCHHEM BPEMEHHBIX
JaHHbIX U3 Tabmuuel «Session FactorType». Ha ocHOBe HamMcaHHBIX MOJIB30BATENbCKUX (DYHKIUH co3a-
Ha Takxke XpaHuMasi npouenypa «dbo.all factors», BeImomHsIOmAs OLUEHKY BCEX 3HAYEHUH aHTPOIOTCHHBIX
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Y TPUPOIHBIX (PAKTOPOB, XpaHUMBIX B 0a3e HMaHHBIX. [laHHAs mpolenypa MPOU3BOANUT ITOOYEPETHBIH BBI3OB
TOJTF30BATEIBCKUX (DYHKIMIA C Tiepeadell B HUX yCpPEeIHEHHBIX ITapaMeTpoB, MOIydYaeT pe3ysbTar uxX padoThl
Y TIPEIOCTABIISIET MOJ30BATENI0 CPEIHEE 3HAUYCHHE aHTPONIOTEHHBIX U MPUPOIHBIX GakTopoB. Takum oOpaszom,
HCTIOJIb30BAHNE XPAaHUMBIX MPOIIETyP TIO3BOJISIET HE TOIBKO 00ECTIEYUTh MTPOCTOTY JOCTYTA K JaHHBIM, HO U 3a-
IIUTHTH UX OT HECAHKITMOHWPOBAHHOTO JIOCTYIIA.

ITonp3oBarensckue (PyHKINK MPEICTABISIOT YIOPSA0YCHHOE MHOXKECTBO OIEpaTopoB, KOTOPHIE 3apaHee
ONTHMH3UPOBAHBI, OTKOMITMJIMPOBAHEI U MOTYT OBITh BBI3BAHBI JIJISI BBIITOJIHEHUS PAaOOTHI B BHJIE €IUHOTO
Monyist. [pu ncmonb30BaHUM MOTK30BATENECKUX (DYHKIMHA JOMTYyCKAETCs MTepeIaBaTh TOIBKO BXOAHBIE ITapa-
METpBI, TaK KaK BBIXO/IHBIE TApaMETPHI B HUX HE MPeaycMOTpeHbl. OTKa3 OT HCIOIh30BaHUS BRIXOAHBIX ITapa-
METPOB KOMITEHCHUPYETCS BBEICHHEM B JIelicTBHE OoJiee HaJeXHO (HOPMHPYEMOTO BO3BpAIIaeMOTo 3HAYSHUSI.
Bo3sBpammaemoe 3HaueHHE MOXKET OBITh CKAISIPHBIM, KaK U B ClIy4ae MPUMEHEHUSI CHCTEMHBIX ITePEMEHHBIX.
Ho ocobenno npuBrieKkaTeIbHbIM CBOHCTBOM IMOJIB30BATEIHCKAX (DYHKIIMHA SBISETCS TO, YTO THIT JAHHBIX BO3-
BpamiaeMoro 3Ha4eHUsI He OTPAHUYNBACTCS TOJIBKO IEIOYUCIICHHBIM THUIIOM, KaK MPH MCIIOIh30BaHUN XPaHH-
MBIX TIPOLIEAYP. 3HAUEHUSI, BO3BpAIIaeMble MTOIh30BATENbCKOM (PyHKIIMEH, MOTYT OTHOCHUTBCS K JTIOOOMY THITY
JTAHHBIX.

BosmoxkHoCTH (hOopMEpOBaHHS BO3BpAIIa€MbIX 3HAYEHHH TOIH30BATEILCKUMU (PYHKIIUSMHU HE OTpaHHYH-
BAIOTCS JIMIIG CKAJSPHBIMHA 3HAYCHHUSMH, a JOIMYCKAETCS MCIOIh30BaTh TAOIHIIEI B KaueCTBE BO3BPAIIAEMBIX
3Ha4eHnH. Takas BO3MOKHOCTH SBIISIETCS YPE3BBIYAHO yAOOHOH /I TpoBeieHus pacyeToB. OdopmiieHne koaa
B BHJIE TOJIb30BaTEIBLCKAX (PYHKITUH SIBISETCS TPEANOYTUTENHFHBIM TI0 MHOTUM TPUYHHAM, OJHAKO B JTAHHOM
clly4ae OHU TPEACTABISAIOT YA0OCTBO B TOM, YTO (DYHKIIMU MOTYT BBI3BIBATHCS Ha BBITIOJHEHHE KaK OOBEKTHI,
HEIMOCPEJICTBEHHO BCTPOEHHBIE B 3aIIPOC.

Bce ¢ynakImm Bo3BpamaroT TaOIuUIEl ¢ OMPEaeIEHHBIM Ha00pOM TOJIeH [Tl pa3iiMyHbIX THUIIOB reorpadu-
YeCKUX 00BEKTOB. B CBS3M ¢ ATHM 00s3aTeIHLHBIMU TOJSIMH TSI BCEX TAOIHI, (JOPMHUPYIONIUXCS B pe3ysbraTe
paboTHI PyHKINH, OyIyT ABIATHCA MO C Pa3IMIHBIMU UICHTU(PUKATOPAMH.

Taxum 00pazom, pe3yabTUPYIONINE TaOIHUIIBI ABIISIOTCS CBOCOOPA3HBIM JIOTIOTHEHHUEM K COOTBETCTBYIOIINM
TabIUIaM aHTPONOTEHHBIX U MPUPOIHBIX (PaKTOPOB, B KOTOPHIX YKa3bIBAETCS WX BIMSHUE B 3aBUCHMOCTH OT
BBEJICHHBIX ITOJIF30BAaTEIEM MTaPaMETPOB.

ITonmp3oBarennsckue (pyHKINH, BO3BpAIIAIONIHE TaOIHITY, UCTIONB3YIOTCS B 0a3€ JaHHBIX HCKITIOYUTETHHO IS
aHAINTUYECKNX pacueToB. [Iprmuem HekoTOphIe (DYHKIMH BO3BPAIIAIOT TaHHBIE HE TOJIHKO KOHEYHOMY IT0JIB30-
BaTellto, HO M MOTYT TIepeiaBaTh UX B Ipyrue (yHKIHMH (Ha BBIOOP ITOJIb30BATENs ) AJIs TaIbHEUITNX aHATUTHYe-
CKHX pacueToB. DTH JaHHBIE HCITONB3YIOTCS (PYHKITHEH, KOTOpasi B 3aBHCUMOCTH OT MTOTPEOHOCTE MoIb30Bare-
JIs1 TOI0MpaeT HeoOXOMUMEBIE ITapaMeTPBI.

B ocHoBHBIE 3aaun pa3paboTaHHBIX (PYHKIIMOHAIHHBIX OOBEKTOB 0a3bl JaHHBIX Web-OpHeHTHpPOBAHHOM
nH()OPMAITOHHO-aHAIUTHYIECKON CHCTEMBI OOIIETO OCTYTA ISt CHCTEMBI PaIUAIIIOHHON 3alTUTHl HACEJICHHS
1 00BEKTOB OKPY’KAIOIIEH CPebl B CUTYAIH CYIIECTBYIOIIETO O0TydeHHs Ha Pa3IHYHBIX PETHOHAIBHBIX YPOB-
HSX BXOAAT aHanmu3 (00paboTKa) BO BpEMEHH JAHHBIX O PEe3yibTarax:

— BO3/ICUCTBUS Y€JIOBEYECKOH /IeATEIIbHOCTH Ha JKUBBIE OPTaHU3MBL;

— BO3/ICHICTBUS HA KUBBIE OPTaHU3MEBI Yepe3 H3MEHEHHE JIFObMHU UX CPEbl OOUTaHMS,

— €CTECTBEHHOTO U3MEHEHHS Pa3IMYHBIX KaueCTBEHHBIX M KOJIMYECTBEHHBIX MTPUPOIHBIX BEIMYHH U Xapak-
TEPUCTUK.

B o70i1 cBsI31 6a3a MaHHBIX, BXOAAIIAS B COCTaB pa3padaTsiBaeMoi HHPOPMAITMOHHO-aHATUTHYCCKON CUCTE-
MBI, TOJKHA COZIEPKaTh MITH UMETh BO3MOKHOCTh MaHUITYIMPOBATh CIEAYIONIMMHA JAHHBIMH:

— pasnu4HbIe Teorpadudeckue (MMPUPOITHBIE) OObEKTHI;

— pe3yJIbTaThl HaOIOIEHUH 32 COCTOSTHIEM aTMOC(EpHOTo BO3/IyXa, IIOBEPXHOCTHBIX U TIOA3EMHBIX BOJI, 3€-
MeJTb ¥ paTrualinoHHoro (hoHa;

— pe3yNIbTaThl PaIUaIMOHHOTO MOHUTOPUHTA OKPYKAIOIIEH CPEeIbl U JIOKAJTHbHOTO MOHUTOPUHTA, TIPEAO0CTaB-
JISIEMBIX TIPUPOJIOTIONE30BATEISIMHU;

— peCypCHBIM NOTEHUUAN U T. A.

Jis IpoBeZieHNs pa3IMYHOTO PO/ia AaHAIUTHIECKUX PacdeToB (YHKIIMOHAIBHBIE OOBEKTHI JOIDKHBI B3aHMO-
JIefiCTBOBATh ¢ TAOMMYHBIMU OOBbEKTaMHU 0a3bl JaHHBIX:

— reorpaguIecKoe MmoJIokeHne 00BEKTOB;

— aHTPOTIOT€HHBIE U IPUPOAHBIE (PAKTOPHI, CBOMCTBEHHBIE 00BEKTAM;

— MarepHuallbHbIe U YeJI0BEYECKHE PECYPCHI, 000PYI0BaHUE H T. 1.

TaxuMm o0pa3om, co3aHbI CIleNMaIbHBIE XPAHUIIUINA JAHHBIX C MCIOJIh30BAaHUEM OOBEKTHO-OPHEHTHPO-
BaHHON TEXHOJOTUHU NIl OOBEKTHO-PENAIHOHHOTO OTOOpaXeHUs, IMO3BOJISIONICH CBA3BIBATE 0a3bl JAHHBIX
C KOHIIENIUSAMH OOBEKTHO-OPMEHTHUPOBAHHBIX SI3BIKOB MPOTPAMMHPOBAHUS C HCIOIH30BAaHUEM IIOIXO/IA
Database First, KoTOpBI# TO3BOJIAET MO CYIIECTBYIOMIEH 0a3e TaHHBIX CT€HEPUPOBATH MOJIEINb JUIS ITOKITIOYe-
HUSA K HEH.
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Ilpoexmupoeanue npomomuna Web-nnamgopmot npeocmasnenus Ixonozuueckux oannvix. Ilpu-
Mep TpapuuecKoro IOJB30BATENLCKOTO HHTepdelica W BHU3yalM3allid MPOTOTHIIA pa3padaTbiBaeMOM
MH(POPMAITMOHHO-aHAIMTHYECKONH CHUCTEMBI C PE3yNbTaTaMi aBTOMATH3MPOBAHHOTO aHAIM3a aHTPOIIOTEHHBIX
W TPUPOIHBIX (DAKTOPOB C HCIOIH30BAHHEM WHCTPYMEHTAPHs TreorpaduueckuX WHPOPMAIMOHHBIX CHCTEM
Y CIeTHaIN3UPOBAHHBIX TIPOTPAMMHBIX MHTEP(ECOB TMPUIIOKEHHA, KOTOPBIE OyIyT MCIOIH30BaHbI B TaIbHEH-
IUX pa3padoTKax, MPeICTaBlIeH Ha puC. 3.
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Puc. 3. Ilpumep rpaduaeckoro moip30BaTebCKoro HHTep¢elica 1 BU3yaan3aliy MPOTOTHIIA HH(POPMAIMOHHO-aHATUTHIECKOH CHCTEMBI

Fig. 3. Example of graphical user interface and visualization of information and analytical system prototype

Pazpaborannas apxurekrypa Web-opreHTHPOBaHHONH WH(POPMALMOHHO-aHAIUTHYECKOW CHUCTEMBI OOILETo
JOCTyNa JJisl OpraHu3aliy CUCTEMbI 3alIUThl HACEJICHUSI U 00BEKTOB OKpYKAaIoLIel Cpeabl IPU PETPOCTICKTHB-
HOM U MIPOrHO3HOM MOJICJIMPOBAHUH PAJAUAIIMOHHON 0OCTAaHOBKH MO3BOJISIET BU3YAJIU3UPOBATh JAaHHBIE O 3arpsi3-
HeHuu Tepputopuil Pecny6nuku Benapych 0cHOBHBIME 103000pasyrotiumu paguonykiugamu: P'T, 3Cs, 3Cs,
7Cs, %Ry, '“Ru, #*’Np, *Zr, *Nb, '“*Ba, “/La, '**Ce, »*° Pu, **° Pu, **'Pu, **' Am u ap. (puc. 4). Ha 31oii ocHoBe
MPOBECTH OLIEHKH JI030BbIX HArpy30K Ha HACEJIeHNE, POKMBAIOIee B HarOoIee 3arpsi3HEHHBIX PalioHax CTpaHbI
(puc. 5) [9]. Ananu3 gaHHBIX pHC. 5 onpeaessieT obnacTu u paionsl Pecrryonuku benapyck, KOTopbie B pe3yibra-
Te aBapuu Ha YepHOObUIbCKOH ADC MOIBEPIIIMCH PAJHMOAKTUBHOMY 3arps3HEHHIO, U HACEICHHE, TPOKUBAIOLICE
B I0KHBIX paiioHax Pecnybnuku benapyce. B Oyayiiem aTomy HE0OX0MMO YESTh MOBBIIICHHOE BHUMAHUE IPU
MEIHUIIMHCKOM 00CiieI0BaHuu [7].

ala o/b 6/c

Puc. 5. Cpenuerpymmosast no3a Ha 1986 r.: @) netn 10 5 51et; 6) noxpoctku ot 5 10 17 net; ) B3pocisie ot 17 ner

Fig. 5. Average group dose for 1986 year:
a) children under 5 years old; b) adolescents from 5 to 17 years old; ¢) adults from 17 years old
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3akiroueHue

Takum 00pa3oMm, 1o pe3yabTaraM UCCIIeIOBAHHS aBTOPAMHU:

1) paspaborana apxutektypa Web-OpueHTHPOBAHHON HH(POPMAIIMOHHO-AHATUTHYCCKOW CHCTEMBbI OOIIETo
JIOCTYTA JUTsl KOMIUICKCHOTO M3YYCHUs BIMSIHHUS aHTPOIIOTCHHBIX W MPUPOAHBIX (DAKTOPOB HA pPa3IMUYHBIX pe-
THOHAJBHBIX YPOBHSIX, PEANM3YIONIass METObI, MOJCIH ISl XpaHEHHUS TapaMeTpoB U MHpOpMaI 00 00beK-
Tax, PeCypCcHOM MOTEHIUANIE, aHATN3a aHTPOIIOTCHHBIX M MPUPOIHBIX (PAKTOPOB HA PA3IUYHBIX TEPPUTOPHAIH-
HBIX YPOBHSIX, 0a3UPYIOIIAsACS Ha FeOMH(POPMAIIMOHHBIX TEXHOIOTHSIX;

2) pa3zpaboTaHa HOBas ONTUMHU3UPOBAHHAS PEIIAIMOHHAS CTPYKTypa (MOJENb) JaHHBIX, COCTOSIINAs U3 Ta-
OJIMII, BKJIFOYAFOIIMX TOJIS IS XpaHSHUs TTapaMeTpoB U MH(opMaluu 00 00beKTaX U PECYypPCHOM MOTCHIIUAIE.

3) pa3paboTaHbl HOBBIC (DYHKITHOHAEHBIC OOBEKTHI Oa3bl MTaHHBIX;

4) BBIMIOJTHEHO MPOEKTUpOBaHKE poToTumia Web-mmar(opMbl TTpecTaBIeHNs YKOIIOTHIECKHUX IAHHBIX C UC-
MOJIb30BAaHUEM COBPEMEHHBIX HHCTPYMEHTOB I'eoTrparuecKuX HHPOPMAITMOHHBIX CUCTEM;

5) peayi30BaHbI YCIOBUSI JUIsS CO3J@HMs MUJIOTHOTO MPOCKTa MpHKIaaHoi Web-opueHTrpoBaHHON UH(OP-
MAaIMOHHO-aHATUTHYECKOW CHCTEMbI OOIIETro JOCTyMa JJIsi KOMIUIEKCHOTO M3YUCHHS BIUSHHS aHTPOTOTCHHBIX
Y MPUPOJIHBIX (PAKTOPOB HA PA3TMYHBIX PETHOHABHBIX YPOBHSIX, PA3HBIX THITAX CUTYAIMH OOTyUCHHUS;

6) MpoOBe/ICHA PETPOCIICKTUBHAS U TIPOTHO3HAS OlICHKA PaIUAllMOHHON 00CTaHOBKH, IO3BOJISIOIIAsT BU3YaIIH-
3UPOBaTh JaHHBIC O 3arPsI3HCHUU TeppuTopuii PecryOnuku benapych 0CHOBHBIMU J103000pa3yIOIIMMU PaIHOHY-
KIIMJIAMH, ¥ Ha 3TOW OCHOBE MPOBECTH OLIEHKH JIO30BBIX HATPY30K HA HaceleHHe, POXKHUBAIOIIEero B Hanboee
3arpsI3HEHHBIX pallOHAX CTPAHBI, & TAKIKE CTEMICHb PAJNOIKONIOTHUECKUX pUCKOB RR.

[anHast paboTa IoJAroToB/IEHA B paMKaX BBIIIOJIHEHHUS AUCCEPTALIOHHOIO UcCIeA0BaHus 110 TeMe « CoBepIlIeH-
CTBOBAHUE CUCTEMBbI paIHalliOHHOM 3aIIUTHI HACEJICHUS U 00BbEKTOB OKPYIKAIOLIEH CPeibl B CUTYalllH CYILECTBY-
IOLIEro 00Ty4eHHs HA OCHOBE MOJCIMPOBAHHUS PAHMOIKOIOTHUECKUX MTPOLieccoBy» 1 0cyapcTBEHHON TPOrpaMMBbl
Hay4HBIX HccnenoBanuii «[IpupomHsie pecypesl u okpyxatommas cpega» Ha 2021-2025 rons, HUP «Pa3paborka
Web-oprenTrpoBaHHON HH(OPMAITHOHHO-aHATUTUIECKOH CUCTEMBI OOIIETo JJOCTYIA JIJIsl KOMILIEKCHOTO U3yde-
HUSI BIMSIHUS QHTPOIIOI€HHBIX U IPUPOAHBIX (JaKTOPOB Ha PA3IMYHBIX PETHOHANBHBIX YPOBHAX», HUP «Ouennts
JI030BbIE HArpY3KH U 3P HEKThl HOHU3UPYIOINX U3TyYEeHUH B COYETAaHUU CO CTPECCOM PA3IMYHON MPUPOABI HA
OMOTY B 30HE XPOHHUYECKOTO PaIMalliOHHOTO BO3JICHCTBU.
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KOMBUHUPOBAHHOE AENCTBUE AEKCAMETA30OHA U ITEPEKHNCU
BOAOPOAA HA CTPYKTYPHOE COCTOSAHUE INTAASMATUYECKHUX
MEMBPAH TUMOIINTOB 3KCIIEPUMEHTAABHBIX KUBOTHBIX

H. B. IYXTEEBAY, H. B. TEPACHMOBHY", M. /I. THJIB"

YMearcoynapoonwiii 2zocydapcmeennoiil sxonoeuueckuil uncmumym um. A. J[. Caxaposa,
Benopyccruii 2ocyoapcmeennviil ynugepcumem,
yi. loneobpoockas, 23/1, 220070, e. Munck, Benapyce

Hccnenyrorcss CTPyKTypHBIC M3MEHEHHS IUIA3MAaTHUECKHX MEMOpaH KIETOK MMMYHHOW CHCTEMBI NpH KOMOWHHPO-
BaHHOM JICHCTBUM JEKCaMETa30Ha M TepekucH Bomopozaa. C moMmompio (IyOpecleHTHOTo 30HAa mupeHa (Sigma) mpo-
BOAWJIOCH M3yUYCHHE JMIHUIHOW (Da3sl MeMOpaH, a ISl pacCMOTPEHHMS! BIUSHHS IIIOKOKOPTUKOWIOB Ha KIETKH THMYyca
K CYCIIEH3HMH KJIETOK JOOABISUTM CHHTETUYECKHI aHAJIOT MIIFOKOKOPTUKOUIHBIX TOPMOHOB JISKCAMETAa30H B PA3IMUHbBIX KOH-
teHTpauusix. OKUCIUTENBHBIH CTPECC MOJIEIMPOBAIN ITyTEM UHKYOAI[MU CYCHEH3MH THMOIMTOB C IEPOKCHIOM BOIOPOJA.
YcraHOBIIEHO, YTO JIEKCAMETa30H, B3aUMOIEHCTBYsS ¢ MeMOpaHaMH THUMOLIMTOB, BBI3BIBAECT M3MEHEHHE (DU3MKO-XMMHUUE-
CKHMX XapaKTEePUCTHK IUIA3MaTHYECKUX MeMOpaH KJIeTOK TuMmyca. Hambornee BbIpaskeHHbIE M3MEHEHMS! HAOIIONAaINCh B 00-
JACTH AHHYISPHBIX JIMINI0B, MUKPOBSI3KOCTh B 3TOH oOnacTH yBeanumBaiach B 1,5-2 pa3a B 3aBUCHMOCTH OT BPEMEHH
MHKyOaIy ¥ KOHLEHTPALUK JeKcaMeTa30Ha. JK30T€HHOE BO3/ICHCTBUE MEPEKHCH BOJOPOAA HA KIETKH THMYCa MPUBOIUT
K TaKUM H3MEHEHHMSM B CTPYKTYpPHOM COCTOSHHMHU TUIa3MaTHYEeCKUX MEMOpaH THMOIIMTOB, KaK YBEIHUYCHHE TMOJSIPHOCTH
B 1,3 pa3a, MUKPOBSI3KOCTH B 00JIaCTH aHHYJISIPHBIX JIMIIMIOB B 2 pa3a W JHUIHIHOTO Oucios B 1,7 pasa, a Takke MOBBIIICHHAE
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CTETICH! TYIICHHS OeTKOBOH (hTyopeciieHInH B 2 pa3a. DTH Pe3ylbTaThl CBHACTENBCTBYIOT 00 aKTHBAIMHU MPOIIECCOB Tepe-
KHCHOI'O OKHCJICHHSA JIMITHU0B, BBI3BAHHBIX BO3ﬂeﬁCTBHCM MEPOKCHJa BOAOPOIa Ha KIIETKH, YTO YKa3bIBA€T Ha €0 BIHNAHUC
Ha UBMCHCHHUE CTPYKTYPHOI'O COCTOSAHUSA TJIA3MAaTHUCCKUX MeM6paH THMOILIUTOB. HGO6XO,HI/IMO OTMCTHUTD, YTO YMCHBIICHUEC
THoKa3aTeneil MUKPOBS3KOCTH JIMITUIHOTO OUCIIOS B TAaHHBIX OMBITaX HAOIIOAAIOCh BCIIEICTBHE MEMOPaHOOIIOCPEJOBAHHOTO
JICUCTBUSI IEPEKNCH BOIOPO/IA, TIOCKOJIBKY JaHHOE BEUIECTBO aKTHBUPYET IPOIECCH IEPEKUCHOTO OKUCIICHHS JINMUI0B. Ta-
KM 00pa3oM, KOMOMHUPOBAaHHOE JCHCTBUE IIEPEKUCH BOIOPOAA U JEKCaMeTa30Ha IPUBOIUT K CICAYIOIUM H3MECHECHHSIM:
yBEJIMYEHHE MOJIIPHOCTH aHHYJIIPHBIX JIMIHI0B U MUKPOBS3KOCTH QHHYJIPHOTO JIMITH/A, YMEHBIICHHE MUKPOBS3KOCTH JIU-
MIHJIHOTO OMCIIOs], & TAK)KE CHIKEHHE CTEIEHH TYIIeHUs OelkoBoi (uryopeciieniini. MUHUMabHbIE 1 MaKCUMaITbHbIC KOH-
LEHTPALUH JJAHHBIX BEIIECTB UMEIOT Pa3IMYHBIN 3(DQEKT Ha yKa3aHHbIE [TapaMETPhI, YTO MOXKET ObITH 00YCIIOBICHO CIIOXKHBIM
B3aUMOJIEIICTBUE MKy IEPEKUCHIO BOJOPOA U AeKCAMETa30Ha.

Knrouesuvie cnosa: JCKCaMETas30H, OKHCIIATEIbHBIN CTPECC,; TIasMaTnieCcKas MeM6paHa; TUMOIINTEI; ITMPEH.

THE COMBINED EFFECT OF DEXAMETHASONE AND HYDROGEN
PEROXIDE ON THE STRUCTURAL STATE OF THE PLASMA MEMBRANES
OF THYMOCYTES OF EXPERIMENTAL ANIMALS

1. V. PUHTEEVA", N. V. GERASIMOVICH*, M. D. GIL*

International Sakharov Environmental Institute, Belarusian State University,
23/1 Datithabrodskaja Street, Minsk 220070, Belarus
Corresponding author: 1. V. Puhteeva (puhteeva@mail.ru)

The aim of the work is to study structural changes in the plasma membranes of cells of the immune system under the
combined action of dexamethasone and hydrogen peroxide. Using a pyrene fluorescent probe (Sigma), the lipid phase of
membranes was studied. To study the effect of glucocorticoids on thymocytes, a synthetic analogue of the glucocorticoid
dexamethasone was added to the cell suspension in various concentrations. Oxidative stress was simulated by incubation
of a suspension of thymocytes with hydrogen peroxide. The work found that glucocorticoids, interacting with thymocyte
membranes, cause a change in the physicochemical characteristics of the plasma membranes of thymus cells. The most
pronounced changes were observed in the area of annular lipids, the microviscosity in this area increased by 1.5-2 times
depending on the incubation time and dexamethasone concentration. The exogenous effect of hydrogen peroxide on
thymocytes leads to changes in the structural state of thymocyte plasma membranes, such as a 1.3-fold increase in polarity,
a 2-fold increase in microviscosity in the area of annular lipids and a 1.7-fold increase in the lipid bilayer, as well as
a 2-fold increase in the degree of protein fluorescence quenching. These results indicate the activation of lipid peroxidation
processes caused by the effect of hydrogen peroxide on cells, which indicates the effect of hydrogen peroxide on changes
in the structural state of thymocyte plasma membranes. It should be noted that a decrease in the microviscosity of the lipid
bilayer in these experiments was observed as a result of the membrane-mediated action of hydrogen peroxide, since this
substance activates the processes of lipid peroxidation. Thus, the combined action of hydrogen peroxide and dexamethasone
leads to such changes as: an increase in the polarity of annular lipids and the microviscosity of annular lipids, a decrease
in the microviscosity of the lipid bilayer, as well as a decrease in the degree of attenuation of protein fluorescence. The
minimum and maximum concentrations of these substances have a different effect on these parameters, which may be due
to the complex interaction between hydrogen peroxide and dexamethasone.

Keywords: dexamethasone; oxidative stress; plasmatic membrane; thymocytes; pyrene.

BBenenne

[ 71IOKOKOPTUKOUIBI — ITO TPyTINa TOPMOHOB Ha/AMIOYEYHUKOB, KOTOPbIE 00pa3yIoTCs U3 XOJIECTEPHHA U BBICBO-
OOKAAI0TCSI B CTpeccoBOi cutyaruu. [Ipu BEICBOOOXKIEHUN OHH CBSI3BIBAIOTCS ¢ KOPTHKOCTEPOUACBS3bIBAIOIINM
o6ynmuaoM (KCI'), uto aenaer MX JOCTYNHBIMHU ISl UCIOJBb30BaHMSI HA CHCTEMHOM WJIM TKAaHEBOM YPOBHE.
WX ¢yHKIMS OCyIecTBIsSICTCS IyTeM BHYTPHKICTOUYHOTO CBSI3BIBAHUS C TIIIOKOKOPTHKOUAHBIM pereritopoM (I'P)
NR3C1. Oro Tak Ha3bIBaeMbI KJIacCHYECKHIH MEXaHHU3M Iepe/ladyd CUTHaja MOCPEICTBOM INIOKOKOPTUKOUIOB,
KOTOPBIN BKJIFOYAET TPAHCKPHUITHOHHYIO PETYISIHI0. TakuM 00pa3oM, MHOTHE BakHbIe AeicTBus [P 3akiroua-
IOTCSI B MOAYJISILIMM TPAHCKPHIILIMU T€HOB ITOCPEACTBOM PsiJia Pa3IMUHBIX M B3aMMOJIOTIONHSIONINX MEXaHU3MOB.
['eHBI-MHIIIEHN BKITIOYAIOT OOJBIIMHCTBO TAKMX MEJUATOPOB BOCIAJICHUS, KAK XeMOKHHBI, IUTOKUHBI, (PaKTOPBI
pocta u ux perentopst [1].

B nHacrosiiee BpemMsi yCTaHOBJIEHBI OTHOCUTENBHO OBICTPBIE AP(EKThI TIIOKOKOPTHKOUIOB, KOTOPhIE pealu-
3YIOTCsI 4epe3 MEMOpaHHbIC PELENTOPhl U HE CBA3aHbl C TEHOMHOM peryisiiuei AeicTBust crepouioB [2]. XoTs
Ha3BaHHE «IVIIOKOKOPTUKOUABD) MPOUCXOAUT OT UX BIMSHUS HA YPOBEHb INIIOKO3bI B IJIa3M€ KPOBH, OHU TaKXkKe
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YYacTBYIOT B KaTaOO0IMIecKkoM MeTaboIM3Me, BOCTAINTEIFHOM U HUMMYHHOM OTBETE U APYTHX (PU3HOTOTHIECKUX
(YHKITHSIX.

OCHOBHBIMH TITIOKOKOPTHKOHIAMH, YYAaCTBYIOUIMMH B PEAKIMH Ha CTPECC, SBISIOTCS KOPTH30J, KOPTU30H
M KOPTUKOCTEPOH. VX KOHIIEHTpAIHs TO3BOJISET KIACCH(DUITUPOBATH BU/IbI JKHBOTHBIX KaK KOPTH30JI-JOMHUHAHT-
HbIe (OONBIIMHCTBO MIIEKOITUTAIOIINX) MIIM KOPTUKOCTEPOH-JJOMUHAHTHBIE (HAlIpUMeEp, KPBICHI, MBIIIH, TTHIIBI
wid penTnn) [3].

I TIOKOKOPTUKONIBI BAUSIOT HA HIUPOKUN CIEKTP METaO0OIMYECKUX, TPOTHUBOBOCHAIUTEIBHBIX, UMMY-
HOCYIPECCHUBHBIX U KOTHUTUBHBIX CHTHAJBHBIX MIPOIECCOB, HTPas BaXXKHYIO POJIb B TOMEOCTa3€ U COXpaHe-
HUW HOpMabHOU (yHKIHH opraHoB. CHHTE3 peryaupyercs THIoTaIaMo-TUIIo(hU3apHO-HAATIOYEIHIKOBON
(I'TTA) ocbio, OCHOBHBIM TITIOKOKOPTHUKOHMJIOM KOTOPOH y HWeTOBEKa SBIACTCS KOPTH30J. CHHTETHYIECKUE
TITIOKOKOPTHUKOHIBI — BaXKHBIE (DapMaKoJIOTHYECKHE ar€HThl, KOTOPBIE YCHIIMBAIOT IPOTHBOBOCIATTUTEIbHbIE
1 UMMYHOCYIIPECCHUBHBIE CBOWCTBA JHAOTEHHOTO KOpPTH30Ja. loMeocTtarndeckass aKTHBHOCTh KOPTH30JIa
HapyImiaeTcs Mpu nprueMe CHHTETHYECKUX MTIOKOKOPTHKOHI0B, TOATOMY CYIIECTBYET HHTEPEC K pa3paboTke
BapUaHTOB JICYCHUS, KOTOPble MUHUMHU3HPYIOT HapymeHnue ocu ['TIA, coxpansis npu 3ToM hapmakoiorude-
ckue 3¢ hexTsl. MccnenoBanns CBUAETEIBCTBYIOT, YTO ONITUMHU3AIHS BPEMEHH BBEJEHUS Mperapara MOKeT
JIOCTHYH TOH e [4].

OKHCITUTENBHBIN CTPECC BO3HUKAET, KOT/Ia OaJlaHC MEX Ty 00pa3oBaHHEM aKTHBHBIX (opM kuciopona (ADK)
Y JIETOKCUKAIMel CITI0OCOOCTBYET YBEIMUYSHHIO €70 YPOBHEH, YTO IPUBOIUT K HAPYIICHUIO KJIETOUYHON (DYHKIIMH.
A®K BBI3BIBaIOT TIOBPEKACHNE KIETOYHBIX MaKpPOMOJIEKYJ, BBI3bIBAs TIEPEKMCHOE OKHCIICHHE JINTTHIOB, H3Me-
HEHWsI HyKJIEWHOBBIX KUCJIOT 1 0enkoB [5]. OKUCIUTENbHAS JeTpagalys JUMHI0B JaeT MAJTOHOBOH THAITbIETH/T
1 4-THIPOKCUHOHEHAITh, a TAK)KE H30IPOCTAHBI N3 HEHACHIIIIEHHBIX )KUPHBIX KUCIOT. [ToBpexxnenne Oerrka MOKeT
MIPOM3OUTH B PE3yJbTaTe OKHCIIEHUS THOJIOB, KapOOHHUIMPOBAHMS, OKUCICHUSI OOKOBOM Iemu, (parMeHTaInu,
pa3BoOpadMBaHUs M HEMPABIIFHOTO CBOPAYMBAHUS, YTO MPUBOINT K IMOTEPE aKTUBHOCTHU. 8-THAPOKCHUIE30KCH-
TyaHO3WH sBJIsIETCS TokazareneM nospexaeaus JJHK [6]. UToOb1 mogmep kuBaTh MPaBHWIIbHYIO TIepeaady CUTHa-
JIOB B KJIETKAX, BIIOJHE BEPOATHO, YTO PsAA (HEPMEHTOB, TOTIIOMIAIONINX PaJUKAIbI, TIOAIEPKUBAIOT TIOPOTOBBII
ypoBenb ADK BHyTpH KieTkn. OmHako, korma ypoBeHb ADK mpeBBIIIaeT 3TOT MOPOT, YBEIHUSHUE €TI0 TTPOH3-
BOJICTBa MOKET TIPUBECTH K M30BITOYHBIM CHTHAJIAM B KJIETKY, a TaKKe K MPSIMOMY MOBPEKICHUIO KITIOYEBBIX
KOMIIOHEHTOB CHUTHAJBHBIX IyTel. ADK MoryT HeoOpaTHMO MOBPEXAaTh BayKHBIE MAKPOMOJIEKYIbI. CBSI3aHHBIH
¢ MeMOpaHO#l OETTKOBBIN THOJ ¥ HEOETKOBBIN THOJ SBIIIOTCS OCHOBHBIMU IUTO30JIbHBIMU HU3KOMOJIEKYIISIPHBIMH
Cyb(OTHIPUIBLHBIMU COETMHEHUSAMH, KOTOPbIE JEHCTBYIOT KaK KJIETOYHBIH BOCCTAHOBUTENb M 3aIIUTHBIN pea-
TeHT OT MHOTOYHMCIIEHHBIX TOKCHYHBIX BEIIECTB, BKIIFOYAs OONBITMHCTBO HEOPTAaHUYECKHUX 3arpsi3HUTENEH, de-
pe3 rpymmy —SH. CrienoBarenbHO, THON 9acTO SBISIETCS TIEPBOM JIMHNEH 3allUThI OT OKHUCIIUTEFHOTO CTpecca.
bruto o6Hapy)eHo, 9TO (IIaBOHOHIBI HTPAIOT BAKHYIO POJb B HE(EPMEHTATHBHOHN 3aIIUTE OT OKHUCIUTEIHHOTO
cTpecca, 0co0eHHO B ciydae paka. OHHM IIUPOKO BCTpEHaroTcs B 4ae, GpyKTax, KpaCHOM BHHE, OBOIIAX W Ka-
kao. DOaBOHOUIBI, BKITIOUass (IaBOHBI, (DIIaBaHOHBI, (PIAaBOHOIBI W M30(ITABOHBI, MPEACTABIISAIOT COOOH TOJH-
(eHONbHBIE COeAMHEHNS, KOTOPBIE IIMPOKO PACIIPOCTPAHEHB! B MUMIEBBIX NMPOAYKTAaX W HAMUTKAX W 00JIaaroT
[IMPOKHUM CTIEKTPOM OMOJIOTHYECKOH aKTUBHOCTH, aHTHOKCHIaHTHAS aKTHBHOCTH KOTOPBIX IITMPOKO HM3ydeHa [5].
OmnpezneneHo MOHATHE aHTUOKCHIAHTA, a TAKXKE PACCMOTPEHBI CYIIECTBYIOIINE KITAaCCU(PUKAIIMOHHBIE KPUTEPHH:
MIEPBUYHBIE AaHTHOKCHUIAHTHI B OCHOBHOM SIBIISIIOTCSI TIPEPHIBATEISIMA LIENIEH, CITOCOOHBIMH YIANATh PaIHKaIIbI
ITyTeM JJOHOPCTBA BOAOPO/I; BTOPUYHBIE AaHTHOKCHIAHTHI — 3TO TYIIUTENN CHHIJIETHOTO KHUCIOPO/a, pasararein
MEPOKCH/IOB, XENATOPhI METAJUIOB, HHTHOUTOPHI OKUCIUTENHHBIX (PEPMEHTOB WIIH MOTIIOTUTENN Y D-H3mydeHns
[6]. Takum 0Opa3oM, OKUCITUTEIHHBIA CTPECC BHI3BIBAET HEOOPATUMBIC TIOBPEKICHUS KIIETOUHBIX MAKPOMOJIEKYIT,
YTO TIPUBOJNT K MHUITHAIINY TaKMX 3a00JI€BaHNH, KaK aTepoCKIIepo3, HieMudeckas 00Je3Hb cepia, 3a0oneBa-
HUS TIEYeHH, TuabeT, a TakkKe K NHUIMAIIUN KaHIIepoTeHe3a. AHTHOKCHIaHThI TIOAABIISIIOT BEIPAOOTKY aKTHBHBIX
(hopM KHCIOpOaa U yAaIeHHUE CBOOOTHBIX PaIHKaIOB [5].

TepMHUH «OKHCIUTENBHBINA CTPECC UCTIONB3YeTCs Ui 0003HAYECHUS «IPE3MEPHOTO» 00pa30BaHUS aKTUBHBIX
¢dopm Kucmoposa B kKieTke. Takoe MoBBIIIEHHE KOHIICHTPAIIMHA MOXET OBITh BBI3BAHO aKTHBALIMEH CHCTEM TeHe-
paruii aktTuBHBIX (hopm kucmopona (ADK) mim cHIKEHHEM aKTUBHOCTH aHTHOKCHIAHTHOW CHCTeMBI. B nmte-
parype ommrcaHo MHOXKECTBO 3a00JIEBaHUA, IPH KOTOPBIX OKUCIUTEIBHBIN CTpecC HaOMIOMaeTCss Ha HadallbHBIX
CTAIVSIX WM UMEET MECTO B TEUECHHUE BCETO MepHoa MpoTekaHus 3adoneBanus. Baxuaelnmmmu ADK canurarorces
CYTIEPOKCHTHBIN PajIfKall, CHHIJIETHBIN KHUCIIOPOJ, THIPOKCHIILHBINA M MIEPOKCUIHBIA PaTUKaIIbI, IEPEKUCH BOAO-
pona, MepOKCUTHBIA HOH, THITOXJIOPUT HOH [7].

K renepammu nepexrcu Bomopoa B KJIETKE CIIOCOOHBI MUTOXOHAPHH, MUKPOCOMBI, TEPOKCHCOMBI I ITUTO-
TTa3Matudeckre (epMeHThl. B mocieanee BpeMsa B JUTeparype MOSBHIOCH MHOTO JAaHHBIX O MHUTOXOHAPH-
aTpHBIX (epMEeHTaX, CIOCOOHBIX TeHepupoBaTh ADK. OgHako OCHOBHYIO POJIb B 3TOM IIPOIIECCE B MUTOXOH-
JpUSX OTBOIAT (DepMEHTaM JBIXaTeNbHON 1eny. [ eHepanus mepexkncu BOJOpOoaa TyBCTBUTEIbHA K COCTOSHHIO
JIBIXaTeNbHOM 1enr. Eciu B MUTOXOHAPHUSAX TPUCYTCTBYIOT CyOCTparhl OKHUCICHHSA, KUCIOPOA W aJeHO3WH-
madochar (AAD), nerxaHue aKTUBHPYETCs], TAK KaK AIEKTPOXUMUUYCCKHA TPAJAMCHT IMOCTOSTHHO TPATHTCS Ha
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obpazoBanne AT®. [Ipu aToM TeHepanus nepexkncu He mpoucxoauT. Korma AJI® mcuepnsIBaeTCs, NbIXaHUE
3aMeJIsIeTCSA, YPOBEHb BOCCTAHOBICHHOCTH HUKOTHHAMU/IAICHHHANHYKICOTH/Ia YBETHYUBAETCS U TIPOC-
xonut renepamus H,O, [8]. B paboTe akmeHTHpyeTCS BHUMAaHNAE Ha UCCIIEIOBAHUN CTPYKTYPHBIX M3MEHEHHUH
ITa3MaTHYECKUX MEMOpaH KJIETOK IMMYHHOM CHCTEMBI ITPH KOMOMHUPOBAHHOM JECWCTBUH JIeKCAMETa30Ha U T1e-
PEKUCH BOJOPO/A.

MarepuaJjibl 1 METOABI HCCICIOBAHUSA

OOBEKTOM HCCIICIOBAHMS BBICTYIAN THMOIIUTHI KPbIC. BhlzeieHne THMOIUTOB TIPOBOIIIH TI0 METOLY, KaK
ormicaro B padote [9]. C moMoImpio (IIyOpeCIIeHTHOTO 30HAa MUpeHa (Sigma) MpOBOAMINA HUCCIICIOBAHHE JTH-
uaHON (pa3sl MeMOpaH. B maHHOM citydae aHaIM3MpOBaIach CTEIEHh SKCUMEPHU3aIlni THUpeHa, 3PPEeKTHBHOCTD
TYIICHHs] TUPEHOM TPHIITOPAHOBOH (GIIyOpeCHeHITNH, TIOJIIPHOCTh OKPY)KEHHSI 30HIA B MPUOCIKOBOM JIHITHJIC
W JIATTATHOM Omciioe MeMOpaH. BHeapenue 30H1a 0CyIIeCTBISUIN, Kak OMICcaHo B padote [10], myTem nmpenuHky-
Oaru ero CIIMPTOBOrO PACTBOPA C cycrensuei KieTok (10° ki/mi), Haxonsiuxcs B pocharnom Oydepe (pH 7,4).
Koneunas KoHIIEHTpaINs 30H1a B Cpelie HHKyOaIuu cocTaBsia 4 MKM/J1. Peructpartito criekTpoB (ryopeciieH-
AW OCYIIECTBIBITN Ha criekTpodiryopumerpe CM 2203 mpu anmmHAX BOIH B30y kaeHus 337 u 286 uMm (puc. 1).

ala

373

350 500 am
6/b

300 500 m

Puc. 1. Criextp (iryopecIieHIIN TUPEeHA NP Ay, =337 HM (@) B Xy0,=286 HM (6); 373, 385, 393 HM — MakcHMyM BHOPallMOHHBIX THKOB
MOHOMEpHOIT SMHCCHH TUpeHa; 475 HM — MaKCUMYM BHOPAI[MOHHBIX TMKOB SKCUMEPHOW SMUCCHH ITHpeHa; 330 HM — MaKCUMyM
coOCTBEHHOI TPUIITOPAHOBOH (IIyOpeCHEeHIMH (JI0 - - - U 0CIIe — TYLICHHS)

Fig. 1. The fluorescence spectrum of pyrene at A=337 nm (a) and L., =286 nm (b); 373, 385, 393 nm
is the maximum vibrational peaks of the monomeric emission of pyrene; 475 nm is the maximum of vibrational peaks of the excimer
emission of pyrene; 330 nm is the maximum of intrinsic tryptophan fluorescence (before - - - and after — intrinsic)

[Toka3zarenu MOJSIPHOCTH M MHUKPOBSI3KOCTH OOIIErO JIMITUJIHOTO OUCIIOS PACCUMTHIBAIN TPU JJIMHE BOJHBI
B030yxIeHus 337 HM 1o cieayronmmM dpopmynam [10]:

— HOJIAPHOCTH OOIIETO JIUITUAHOTO OUCIION TP Ay, = 337 HM Iig5 / L3735

— MHUKPOBSI3KOCTb OOILETO JUIMUIHOTO OUCIIOS TIPHU Ay, = 337 HM L5/ 373

Beliieyka3aHHbIe MIOKa3aTeNu Ui 00JIACTH aHHYJISIPHBIX JIUIHJIOB PACCUUTAHbI 110 clieayromm dhopmysiam [10]:

— MOJIAPHOCTh AHHYJISIPHOTO JIUIHIA TIPH Ay, = 286 HM g5/ L3735

— MHUKPOBSI3KOCTh aHHYJISIPHOTO JIMTHJIA TIPH Ay, = 286 HM L475/ Ly7s.

Crenenp TyuieHust 6enKkoBoi (TpunrodaHoBoil) (uryopecreHMM THPEHOM PACCYUTBHIBAIN CIECAYIOMINM 00-

pasoMm: 086
135, (+ nupen)
7286

330

Jis uccreioBaHYsI BIMSHUS TIIFOKOKOPTUKOUJIOB Ha KJICTKH THMYCa K CYCIIEH3UH KJIETOK J00aBIISUIA CHHTETH-
YECKUI aHAJIOT TITFOKOKOPTUKOMIHBIX TOPMOHOB JieKcaMeTa3oH B KoHIeHTpanusx 0.5, 1 u 2 mxM. Bpems nnkyOa-
LIUU CYCIIEH3UH KIJIETOK C PACTBOPOM INIOKOKOpTUKouaa coctapisuio 0, 15, 30, 60 MuH, mporenypa mpoBoaUIach

Crenenb Tymenus = 1 — .
(= mmupen)
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npu 37 °C. Yepe3 ykazaHHBIE TPOMEXYTKH BPEMEHH MPOHM3BOAMIN OIIEHKY BBDKMBAEMOCTH KIIETOK THUMYCA,
a TaKke COCTOSHHE TUTa3MaTHYeCKUX MeMOpaH KIIETOK.

OKUCTUTENBHBINA CTPECC MOIETMPOBAIH criemytormm oopaszom: H,O, nobaBsimm Kk CycrieH3nH THMOIIUTOB B KOH-
nieATpanuii S HM u 5 MkM. OnpeneneHne mporieHTa MOTHOIINX KIIETOK, a TAKKE PETHCTPAITHs H3MEHEHHH CTPYKTYP-
HOTO COCTOSIHUSI TTa3MaTHYECKIX MEMOpaH IPOBOAMIINCH Yepe3 KaXKIple 15 MUH B TeueHne Jaca MHKyOarmm.

g MonenmpoBaHusS KOMOMHHPOBAHHOTO AEUCTBHS MPENapaToB OCYIIECTBIISIIH CIIeTyIOIINE ONIEPaIlii: KIIeT-
KU TIPEeIBAPUTEIHLHO HHKYONPOBAJIH ¢ IEKCAaMETa30HOM B TeueHue 30 MUH, 3aTeM T00aBIISIIN ITEPEKUCH BOAOPOAA
B KOHIIGHTpANUAX U WHKyOupoBasu B TedeHne 30 MUH. B KOHIIe MPOM3BOMMIN OTMBIBKY CYCIIEH3UH KIJIETOK OT
JIEHCTBYIONINX BEIIECTB M OIICHWBAINA COCTOSHHUE IIa3MaTHUECKNX MEMOpaH.

Memoowt oyenku. Pe3ynbTaThl SKCTIEPIMEHTOB BhIpa)KajiH B BUZE CPEIHETO 3HAYCHUS M CTaHAapPTHOM OIIno-
KH CPEIHETO, a JOCTOBEPHOCTH PA3IMUUil B TPYIIIAX OIICHUBAIH 110 #-KpuTeputo Cteionenta. [Ipu aTom pazmudaus
CUMTANIN T0CTOBepHBIMHU TIipH p < 0,05.

Pe3ysibTarhl HCC/1e10BaHUSI U MX 00CYKIEHUE

B pabote npoaHanu3npoBaHO BIUSHAE CHHTETUYECKOTO aHAJI0Ta ITFOKOKOPTUKOUIHBIX TOPMOHOB JIeKCameTa-
30Ha Ha COCTOSTHHE JIMITUIHOTO KOMITOHEHTa MEMOpaH TUMOIIMTOB KpBbIC. J{J1sl TOTO OIIEHMBAJIHMCh TaKHE TOKa3aTe-
JIM, KaK MUKPOBSI3KOCTb, MTOJSIPHOCTD U CTENEHb TYIICHHsI OCIKOBOH (TyopecieHIIHH.

Kax cremyer u3 npencTaBneHHbIX JAHHBIX, TIOJSIPHOCTD aHHYJISIPHBIX JIMIHIIOB YBEINYMBAIACK TP BCEX TECTH-
PYEMBIX KOHIIEHTpAIMSX JIEKCaMETa30Ha, TPY ATOM HaOIIoaach TEHICHIMS K YBEJIMYCHUIO JaHHOTO TIOKa3aTelIs
B 3aBUCHMOCTH OT KOHIICHTPAIIMH JICKCAMETa30Ha B cpejie MHKyOaruu. [Tpu camoii Hu3koit koHieHTparuu (0,5 MkM)
MOJISIPHOCTH aHHYJSIPHBIX JIMIUIOB yBenu4amiach Ha 19 % 1o cpaBaeHmio ¢ koHTposem. [lpu yBenmueHnn KoHIeH-
Tpalyy BIIBOE JIaHHAs BENWYMHA Bo3pacTaia Ha 22 %. Korma koHIeHTpanus JekcameTa3oHa B cpefe MHKyOarmu
cocraBmiia 2 MKM, TIONSIPHOCTH aHHYJISIPHOTO JIMMKAA YBETHMUIIIAch Ha 28 % 10 CpaBHEHHIO C KOHTpOIIeM (pHC. 2).

W3MeHeHusl MONSIPHOCTH JIMITMHOTO OMCIIOSN HOCWIIM MHOM Xapaktep. [Ipu KOHIEHTpanuu JieKcaMeTa3oHa
0,5 MKMOJIB/JT 3TOT TIOKa3aTelib He3HAYUTENLHO CHIDKaIICS (Ha 7 % OT KOHTpOJILHOH BennunHbl). [Ipu KoHIIeHTpa-
1un BemecTBa 1 MKM BenmudrHa NOJISPHOCTH JIMIHAHOTO O1CIos yBenuumiack Ha 7 %, a ipu 2 MKM yBennueHne
JTAHHOTO ToKa3aress AocTUro 11 % mo cpaBHEHUIO C KOHTPOJIEM.

0.8 -
0,7
0,6
0,5
0,4
03
0,2
0,1

0

[TonapHocTh, OTH. €x.

Konrpoib 0,5 1 2

KoHnuenTpanus nexcamerazona, MKM
B aHHYJSPHBIA JIUITH ] B TUTIUTHBIA OMCTIoN

*OTau4us OT KOHTPOIIS T0CTOBEpHBL, p < 0,05.

Puc. 2. VI3meHeHre NONSPHOCTH IJIa3MaTHISCKUX MEMOpaH TUMOLIMTOB IIPU JEUCTBUH JIeKCaMeTa30Ha

Fig. 2. Change in the polarity of thymocyte plasma membranes under the action of the dexamethasone

Ha puc. 3 nokazana quHamMuKa U3MEHEHUS] MUKPOBSI3KOCTH aHHYJSIPHOTO JIMIUJA IIPU EHCTBUU JCKcame-
Ta3oHa. B xoHTpose aanHblil nokaszarens coctaBisul 0,42 + 0,05 otH. en. [lpu aelicTBuu ekcaMeTa3oHa B KOH-
uenTpauuu 0,5 MKM MUKPOBSI3KOCTh CHU3MJIACh HA 29 % OT KOHTPOJbHOM BenuuuHbl. B ciydae Bo3aelicTBUA
JIEKCaMeTa30Ha B KOHIEHTparuu 1 MKM/J OOHapy»XEeHO yBEIMUYeHHE Iokasarens B 1,5 pasza, a mpu JeicTBUU
JIeKcaMeTa30Ha B KOHIEHTpanuu 2 MKM — Ha 66 %.

Xapakrep U3MEHEHHUs TI0Ka3aTelsi MUKPOBSI3KOCTH JIMITAHOTO OMCIIOsl ObLT MPUMEPHO TaKUM XKe: MPH JIeH-
CTBHH JIeKCaMeTa30Ha B KoHIeHTparuu 0,5 MKM/1 0OHapykeHO cHWXeHue Ha 29 %, rnpu 1eHCTBUM KOHIIEHTpa-
mu 1 MKM/1 — yBennueHue Ha 44 %, npu KOHLEHTPALUH JeKCaMeTa30oHa 2 MKM/JI — yBenudeHnue Ha 76 %.
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MHuUKpOBS3KOCTb, OTH. €/I.

Konrpoub 0,5 1 2
Konrenrparus gekcameraszona, MKM

B aHHYIISIPHBLI UMK B MnuaHEINA Oucion

*OQTan4us OT KOHTPOJIS T0CTOBEpHBI, p < 0,05.
Puc. 3. VI3MeHeHrHe MUKPOBSA3KOCTH IIa3MaTHICCKHX MEMOpaH THMOIIMTOB MPH ACHCTBUH JIeKCaMeTa3oHa
Fig. 3. Changes in the microviscosity of thymocyte plasma membranes under the action of the dexamethasone

CreneHs TymeHus 0eITKOBOMH (PITyopecIieHI M, KOTopast IIPEICTaBIeHa Ha puc. 4, I3MEHSIaCh HE3HAYUTEITHHO B 3a-
BHCHMOCTH OT KOHIIEHTPALMH JIEKCaMeTa30Ha B OTIIMYHE OT TIOKa3aTesIeil MUKPOBSI3KOCTH M MOJSIPHOCTH MEMOpaHBI.
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*OmIN4Ks OT KOHTPOJIS IOCTOBEpHEL, p < 0,05.

Puc. 4. I3mMeHeHue cTeneHn TyleHus 0enKoBoH (ryopecieHInu
IUIa3MaTUYECKUX MEMOpaH TUMOLIUTOB IIPH JCHCTBUYU JeKCaMeTa30Ha

Fig. 4. Changes in the degree of quenching of protein fluorescence
of thymocyte plasma membranes under the action of the dexamethasone

JlaHHbIe, KOTOpBIE MOTyYeHBI TP ACWCTBUH JeKcaMeTa3oHa B KOHIeHTpauun 1 MkM u 2 MKM, yKa3bIBaroT Ha
TO, YTO CTENEHb TYUICHUS] TPUNTO(HAHOBOK (IIyopecleHIIMY TMPEHOM YBEINYHIIACh HE3HAYUTEIBHO, TPUMEPHO
Ha 8 %. [Ipu neficTBUU caMOi HU3KOH KOHIICHTPAIMH JIeKCaMeTa30Ha CTEIIeHb TYIIECHHsI OSJIKOBOW (IyopeciieH-
MU CHU3MWJIACh Ha 29 % 10 OTHOILICHHIO K KOHTPOJIbHBIM 3HaueHUsM. Clieyrolasl cepust SKCIIEPUMEHTOB ObLia
HampaBieHa Ha U3y4YeHHE BIUSHUSA OKCHIATUBHOTO CTPecca Ha TUMOIIHUTEI.

Wzyuenne BiausiHUA MUHMMaiIbHOH koHueHTparuu H,O, (5-HM) Ha H3MeHEeHHe CTPYKTypHOTO COCTOSHUS
IUIa3MaTHYECKUX MEMOpaH TUMOIIUTOB MOKa3aJo, 4To Yyepe3 30 MUH Nocie Hadana HHKyOaluu POUCXOUT YBe-
JMYEHHUE TOKa3aTelie MUKPOBSI3KOCTH He Oosiee yeM Ha 10 % 1o oTHOMIEHHIO K KOHTporo (Tadm.1). [Toka3za-
TEIU TIOJIIPHOCTH B ATOM Clly4yae ObUIN BBIIIE KOHTPOJIBHBIX 3Ha4eHUi B 1,3 paza. CteneHp TynieHus: OeKoBon
(ryopecueHnu yBennamiack Ha 17 %. AHaIu3 JaHHBIX MMOKa3aTelel B ciiydae JCUCTBHS IEPEKUCH BOIOPOIA
B KOHIICHTpAK 5 MKM CBHAETENBCTBYET, YTO HaNOOJIee CyIEeCTBEHHBIE H3MEHEHUS PETUCTPUPYIOTCS LIS I0-
KazaTesell MUKPOBSI3KOCTH. DTOT MOKa3aTelb B 00JIaCTH aHHYJSPHBIX JIUITHIOB YBEIMUHUICS B 2 pa3a 10 OTHOIIE-
HUIO K KOHTPOITIO, @ B 00JIACTH IUMUAHOTO Orciost — B 1,7 pa3a. 3HaueHUs oKa3arelei oJIspHOCTH BO3POCIH Ha
25 %, a cTeneHpb TylIeHHs OSIKOBOW (IIyopeclieHIIMH ObUIa BBIIIE B 2 pa3a 10 OTHOLICHUIO K KOHTPOJIIO.
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Tabnuma 1
Biausinue pa3JiMyHbIX KOHIEHTPALMIA epeKuCcH BOAOPOIa Ha (PU3UKO-XMMHYECKHUe
XapPAKTePHCTHKH CTPYKTYPHOTO COCTOSTHHS MJ1a3MaTHYeCKHX MeMOpaH THMOLUTOB KPbIC
Table 1
Effect of different concentrations of hydrogen peroxide on the physicochemical
characteristics of the structural state of plasma membranes of rat thymocytes
ITonsaprocTs MukpoB3K0CTh CTeneHp TyIeHHs
Yenosus AHHYJISIPHOTO 5 AHHYJISIPHOTO 5 GekoBoit
[ JIUITHTHOTO OUCTIOs [ JIUIIIHOTO GUCIOAL | dyryopecieHIH, Y%
KonTpons 0,59 + 0,03 0,62 + 0,04 0,28 +£0,03 0,37 + 0,02 37+ 1,6
5 HM H,0,, 30 Mmun 0,72 = 0,03* 0,70 + 0,02 0,42 +0,02* 0,50 + 0,04* 40 + 1,7*
5 MmxM H,0,, 30 mun 0,80 £ 0,03* 0,78 £ 0,03* 0,51 +£0,02* 0,65 + 0,03* 62 + 2%

*OTaM4us OT KOHTPOJIS TOCTOBEpHBI pH p < 0,05.

JlaHHBIE pe3ynbTaThl JOKa3bIBAIOT TOT (DaKT, YTO P BO3ACHCTBUU SK30T€HHON NIEPEKHCH BOAOPO/a Ha KIETKU
TUMYyCa MPOUCXOAUT aKTUBALIMS MPOLECCOB MEPEKUCHOTO OKHUCIIEHUS JIUMUIOB, B PE3ylbTare Yero U3MEHSIOTCS
MOKa3aTeNny B 00JIACTH JTUMUAHOTO OMCIIOS M aHHYISIPHBIX JTUNUA0B [11].

Ha puc. 5 mpeacraBnena BpeMeHHas 3aBUCHMOCTB YHCIIa MOTHOIINX TUMOLIMTOB KPBIC IPU J00ABIEHUH K HUIM
MUHHUMaJIbHON KOHLIEHTPALUH NIEPEKUCH BOAOPO/A, TO ECTh OIIEHEHa IUTOTOKCUYHOCTh JAHHOTO BEIECTBaA.
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*OmIM4ns 0T KOHTPOJIS JOCTOBEPHEL p < 0,05.

Puc. 5. BpeMeHHast 3aBHCHMOCTH YHCIIa TOTUOMINX KJIETOK THMYCAa,
00paboTaHHBIX EPEKUCHIO0 BOAOPOAA B KOHEUHOW KOHIIEHTpauu 5 HM

Fig. 5. Time dependence the number of dead thymic cells treated with hydrogen peroxide at a final concentration of 5 nM

B nanHOM city4ae 3aMeueHO yBEIMUEHHUE YMCia MOTHONIMX KIETOK: €CJIM B HadyaIbHBIH MOMEHT BPEMEHU
OHO cocTaBisio 14 %, To mociie yaca MHKyOaluu OHO OBIJIO IOYTH B YeTHIpe pa3a Oonblie. boee BbipakeH-
HBIH 3PP EeKT BO3ACHCTBUS MEPEKUCH BOAOPOAA HA TUMOLUTHI HAOIIOAJICS MIPU MCIIOJIB30BAHUN MaKCUMallb-
HOW KOHIICHTPALMU JAHHOTO areHTa, 4To MpeAcTaBieHo Ha puc. 6. [Ipu s3Tom HabmogaeTcs cToiiKoe yBenu-
YeHHE KOJIMYECTBA OKPALICHHBIX TUMOIIMTOB. Eclin HEMoCpeACTBEHHO NOCie BHECEHUS MEPEKUCH BOIOPOIA
3aperucTpupoBaHo 3HadeHue 26 %, To uepes 30 MuH nHKyOanuu oHo cocrasisuio 40 %, a mpu 60 — Gosee
60 %.

HaunGonpmnii nHTEpEC NPEACTABISAIOT PE3YIbTATHI, TOJyYeHHbIC IPU KOMOMHUPOBAHHOM JICHCTBUH JIEK-
cameTasoHa (IpeaBapUTeabHas HHKyOanus B TeueHrne 30 MUH) U epeKrcu BoJopoaa (MHKyOalus B TeYCHNE
30 MuH) B MakcuManbHbIX KoHIeHTparwmsx (10 u 5-10° Mons/n cooTBeTcTBEHHO). TaK, IPU HEMOCPEICTBEHHOM
JN00aBIeHNN JaHHBIX SK30TCHHBIX BEHIECTB OBLIO 3apETHCTPUPOBAHO OKOJO 25 % MOrHOMIMX KIIETOK, a 4epe3
30 MuH HHKYOauu#n ux OblI0 00HapyxkeHo okoio 40 %. Takum 06pa3oM, JaHHBIE IKCTIEPUMEHTHI TOATBEPKIa-
10T, YTO COYETAHHOE JICHCTBHE MaKCUMaJIbHBIX KOHIICHTPALUI OKa3bIBaeT Hauboiee ryOuTeIbHOe JCHCTBIE Ha
TUMOIUTHI KPBIC.
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*OTAM4us OT KOHTPOJIS 10CTOBEpHBL, p < 0,05.

Puc. 6. [lunamnka BpeMEHHOI 3aBUCHMOCTH KOJIMYECTBA MOTUOIINX KIETOK
NPU UX UHKYOAIMH C IIEPEKUCHI0 BOAOPO/A B KOHEUHOI KOHIEHTpAIMU 5 MKM

Fig. 6. Dynamics of time dependence of the number of dead cells during their incubation
with hydrogen peroxide at a final concentration of 5-uM

B ciyuae ncnonb30BaHUS MUHUMATBHBIX KOHIICHTPAITHH JAHHBIX YK30T€HHBIX ar€HTOB YKCJIO MOTHOIITNX Kie-
TOK HE MpeBbIaio 35 % B TEUCHUE BCEro BPEMEHU UHKYyOaluu. B n1aHHOM 3KcIiepuMeHTe ObIJI0 OTMEUEHO 3HA-
YUTENILHOE YBEJIMUCHHUE MPOIICHTA MOTHOIINX KICTOK yKe uepe3 15 muH unkyOaruu. OmnHako Mocie moiaydaca
WHKYOAIlMy KOJMYECTBO MEPTBBIX KIICTOK YBEJIIMYMBAIOCh HA 2—3 % B TEUCHHUE KAXJBIX 15 MUH MOCIEAYIOICH
WHKYOAIIN1, YTO MOXKHO OOBSICHUTh BKITFOUCHUEM aJIalITAIlMOHHBIX MEXaHU3MOB,

IIpu coueraHHOM BO3JEWCTBUUM MaKCMMaJbHOW KOHIIEHTpallMM JIeKCaMe€Ta30Ha U MUHHMMAaJbHOM KOH-
[EHTPAIMK TEPEKUCH BOJOPOJAa YCTAaHOBJICHO, YTO MPOUCXOMAUT yBEIWYCHUE YHCIIA MOTUOIIUX KIETOK
C TeYeHUEeM BpeMeHHU. Tak, NMpU HEMOCPEICTBEHHOM BHECEHUHU BEIECTB B Cpely MHKyOanuu ObLIO 3ape-
TUCTPHPOBAHO OKOJIO 15 % morudmmx TUMOLUUTOB, a npu 30 MUH MHKYOAIlMM WX KOJIUYECTBO COCTABJISIO
yxe 35 %. Jlanee HaOMI01aI0Ch TOCTEIICHHOE YBEIIMUCHHE MIPOIIEHTA OTUOIINX, a MOCJIC Yaca MHKYOaInu
ObuT0 00HapyxeHo Oonee 40 % OKpaIICHHBIX KJICTOK. Pe3ynbTarhl 10 M3YYEHUIO COYETAHHOTO JICHCTBUS
MHUHUMAJIbHON KOHIICHTPAIINHU JeKCAMETa30Ha U MAKCUMAJIHbHON KOHIICHTPAIINHU MEPEKUCH BOJOPOIa TIPE-
CTaBJIEHBI Ha puc. 7.
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*OTAM4Ms OT KOHTPOJIS 10CTOBEpHBL, p < 0,05.

Puc. 7. CoueTanHOE BIUSIHAE MUHUMAIbHON KOHLIEHTPALUH JIEKCAMETa30Ha U MAaKCUMaJIbHON
KOHIICHTPAIIUH TIEPEKUCH BOIOPOA Ha YHCIIO MOTHOIINX KJIETOK THMYyCa C TCUCHHEM BPEMEHHU

Fig. 7. Combined effect of minimum dexamethasone concentration
and maximum hydrogen peroxide concentration of the number of dead thymus cells over time
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B manHOM citydae Takke HaOJII0IaeTCsl YBEIIMYCHHE KOJMUECTBA ITOHOIIMX THMOIIMTOB, HO B MEHBIIICH cTe-
neHu. Tak, MAaKCUMaJIbHOE YMCIIO MEPTBBIX KJIECTOK OBbLIO 3apPErUCTPUPOBAHO MOCIIE Yaca HHKYOAIuu ¢ JaHHbI-
Mu arentamMu — 37 %. HeoO0xomnMo OTMETUTH, YTO 3HAUYNTEIHHOE YBEIMUEHNE KOMMUECTBA TTOTHOMINX KIETOK
HaOIr0AaIOCh UMb B TedeHnn 30 MUH TOcie Hadanda WHKyOarmuu. Jlanee qaHHBIA MOKa3aTelbh YBEITUIHBAIICS
Ha 1-2 % xaxzaple 15 MUH, 4TO TaK)K€ MOKHO OOBSICHHTH BK/IIOUEHHEM aHTHOKCHUIAHTHBIX M aJallTalldOHHBIX
MEXaHU3MOB.

Jlasiee npoBoAMIACh CEPHUsSl DKCIIEPUMEHTOB, HAlpPaB/ICHHAsS HAa HM3YYE€HHE COYETAHHOI'O BIIMSHHUS JTaHHBIX
9K30I€HHHBIX areHTOB Ha (PU3MKO-XMMHUYECKHE XapaKTEPUCTHKH CTPYKTYPHOI'O COCTOSHHSI MEMOpaH THMOIIU-
TOB ¢ NMPEIUHKYOAalnel 1ekcameTa3oHoM B TedeHud 30 MuH. Pe3yibrarhl JAaHHOTO MCCIICAOBAHMS ITPUBEICHBI
B Ta0II. 2.

Tabnuma 2

KomO0nHnpoBaHHoe BIMsIHHE PA3THYHBIX KOHIEHTPALU JekcaMeTa30Ha U MepeKncH BOA0po/a
Ha GU3MKO-XMMHYECKHE XAPAKTEPUCTUKH CTPYKTYPHOI'O COCTOSIHMSA IJIA3MAaTH4YeCKMX MeMOpPaH THMOLIMTOB KpbIC
(mpeguHKy0anus AexcaMeTa3oHoM B TeueHue 30 MuH)

Table 2

Combined effect of different concentrations of dexamethasone and hydrogen peroxide on the physicochemical characteristics
of the structural state of plasma membranes of rat thymocytes (preincubation with dexamethasone for 30 minutes)

[onspHocTh MUuKpOBSI3KOCTb CreneHb TyleHus
VenoBHS aHHYJIAPHOTO JIUMHIHOTO AHHYJIAPHOTO JIUMHIHOTO GeakoBoit .
MR 6ucios Unuaa 6uciost ayopecuenim, %
KonTpoinb 0,59 + 0,03 0,62 + 0,04 0,28 +0,03 0,37 +0,02 37+ 1,6
IaM nexcamerasona u 5 uM 0632003 | 0694004 | 035+004 | 040+0,03 38418
H,0,, 30 mun
1MKM pexcameTaszoHa u 5 MkM
0,84 +0,02* 0,78 + 0,03* 0,67 +0,03* 0,73 +£0,03 63+2
H,0,, 30 muna
1M nexcameTta3oHa u 5 MKM
0,77 £ 0,03* 0,75 +0,02* 0,52 +0,03* 0,49 £+ 0,03* 40+ 1,5
H,0,, 30 mun
1MKkM nexcamerasoHa u 5 HM
0,81 +£0,03* 0,76+ 0,02* 0,56 + 0,03* 0,66 + 0,03* 52+ 1,8*
H,0,, 30 mun

*OTAn4Ms OT KOHTPOJIS 10CTOBEpHBL, p < 0,05.

HccrenoBanne CTPYKTypHOTO COCTOSTHUSI MEMOpaH KIIETOK TUMYCa TI0CIe MPeABAPUTEIHLHOIO BHECEHHUS MaK-
CUMAaJIbHOW KOHIIEHTpAIMH JIEKCaMeTa30Ha U MOCIIEAYIONIEro J0OaBICHHS TaKOTO e KOJMYECTBA TIEPEKUCH BO-
JIOPOZIa BBI3BIBAJIO 3HAYUTEIFHOE N3MEHEHHE BCEX aHAIM3UPYEMbIX NOoKasarelneil. Tak, MUKPOBSI3KOCTh JTUTIH/I-
HOW (ha3bl MeMOpaH yBEeNUYMIACh TIPU 3TOM TIOYTH B 3 pa3a 10 OTHOIICHUIO K KOHTPOJIIO, a TIOISIPHOCTh — Ha
23,5 %. Ilpu ucrionp30BaHN MUHUMAIILHOW KOHIIEHTPAIIUHU JIEKCAMETa30Ha JIJIs MTPeBApUTEIHLHON 00paboTKu
KIIETOK W TOCJIEAyIoIIee B3anMoeicTBre ¢ dk30reHHoi H,O, B KoHIeHTpanuu 5 HM ObLIO 3aperucTpHUpOBaHO
YBEIIMYECHUE BCEX MOKa3arenel He Oomee yeM Ha 10 % 10 OTHOIIEHUIO K KOHTPOJIO.

Takum 00pa3oM, MOXKHO IPEIIOIOKNTh, YTO BBICOKHE 03Bl JIEKCAMETa30Ha BBI3BIBAIOT MOTUPHUKAIIIIO
pery JISTOPHBIX MEXaHU3MOB B 00pa0OTaHHBIX KJIETKAaX M 3aTeM IPH JT00aBICHUH IEPEKUCH BOIOPOIA ITPOUCXO-
JTUT YCUJIGHUE CTETIEHH TIOBPEKIAFOIIET0 BO3/ICHCTBYS TAHHOTO areHTa Ha KJIeTKH. Toraa kak, KOMOMHUPOBaHHOE
JIeficTBHE JIeKcaMeTa30Ha U TMEPEeKHCH BOJOPO/a B MaJbIX JI03aX CYIIECTBEHHO MOAUMDUIIUPYIOT CTPYKTYPHOE
COCTOSIHME MeMOpaH KIIETOK, 4TO, MO-BUANMOMY, SIBIISICTCS TIEPBBIM ATAIIOM pealln3alliil MEXaHU3MOB JIEHCTBHS
JTAHHBIX YK30TCHHBIX areHTOB Yepe3 CUCTEMbI TOMEOCTa3a BHYTPUKIIETOUHOTO KaJIbITHSL.

3areM IpoBOAMIIACE CEPHS DKCIIEPHUMEHTOB 110 U3YUEHHIO CTPYKTYPHOTO COCTOSIHAS MEMOpPaH TUMOITUTOB ITPH
JIECTBUM JIekcaMeTa3oHa Ha ()OHE OKCHIATHBHOTO CTpecca, BBI3BAHHOTO MpEeINHKyOarnel CyCleH3un KIETOK
NepeKrcrio Bogopona B TedeHun 30 muH. [lomydeHHbIe pe3ynbrarbl 0TOOpaKeHbI B Ta0. 3.

Kak cremxyer u3 tabn. 3, MUHUMaIbHAS KOHIIEHTPAILUS CHHTETUYECKOTO aHaJlora TITFOKOKOPTUKOUIHBIX TOP-
MOHOB TIOCJIE TPENMHKYOAIM MUHUMAaJIHHON KOHIICHTpAlrel TIepEeKUCH BOAOPO/Ia BHI3BIBAI N3MEHEHHE BCEX
TECTUPYEMBIX HAMU ITOKa3areield B MeMOpaHaX THMOIIUTOB KOHTPOJIbHBIX JKUBOTHBIX. [10ISIpHOCTE aHHYIISIPHBIX
JUIHI0B Bo3pocia mouTh Ha 40 %, a aunuaHoro Oucios — Tonbko Ha 25 %. [lokazarenn MUKpOBS3KOCTH aHHY-
JISIPHOTO JIATTU/IA YBEITMYMBAINCH TIpuMepHO Ha 50 %, a MUKPOBS3KOCTh JIUIHUTHOTO OMCIIOS YMEHBIIMIACh Ha
27 % 10 cpaBHEHHUIO C KOHTPOJIEM.
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Tabnuma 3

Bansinue pa3iMuHbIX KOHIEHTPAILMIi IeKcaMeTa30HA Ha (PU3HKO-XMMHYECKHEe XaPAKTEePUCTHKH CTPYKTYPHOIO COCTOSTHUS
IUIA3MaTHYeCKHX MeMOPaH THMOLMTOB KpbIC (MPeIHHKYOAHs ¢ NepPeKuchio Boaopoaa B TeueHue 30 MuH)

Table 3

Effect of different concentrations of dexamethasone on the physicochemical characteristics of the structural state of plasma
membranes of rat thymocytes (preincubation with hydrogen peroxide for 30 minutes)

[TonstpHOCTH MHUKpOBSI3KOCTh CTereHs TyleHus
yCHOBHH aHHyIISIpHOI‘O JIMIIATHOT O aHHyH}IpHOrO JIMITAJHOT O 68HKOB0171 o
JIMIAAA oucnos JIMITHALA oucnos ryopecuentm, %
KoHTpotb 0,59 + 0,03 0,62 + 0,04 0,28 + 0,03 0,37 + 0,02 37+ 1,6
5> BM H,0, n 1aM 0.82£002% | 077£003* | 042+003* | 027+002* 18 & 2%
nexcamerasona, 30 MuH
> MxM H,0, 1 ImxM 0,83 + 0,02* 0,76 + 0,02* 0,35 + 0,03 0,22 + 0,02* 25+ 0%
IekcameTasoHa, 30 MuH
> MxM H,0, u IaM 0.8340,03* | 075+£002% | 048+003* | 025+003* 20 4 0%
JiekcameTasoHa, 30 MuH
5> BM H,0, 1 1uxM 0.87+002% | 076+003* | 041+003* | 023+003* 24+ 2%
nexcameTasona, 30 MuH

*OmIN4Ks OT KOHTPOJIS IOCTOBEpHEL p < 0,05.

BinsiHne MakcHMManbHBIX KOHIICHTPAIUIl JJAHHBIX areHTOB Ha KJIETKH TUMYCa DKCIEPUMEHTAIbHBIX HKH-
BOTHBIX UMEJIO Hanboee BRIPaKEHHBIH 2P (PEeKT B OTHOIICHUH TTOKa3aTeIs] MUKPOBA3KOCTH JIMITUIHOTO OHC-
JI0Sl B CPAaBHEHUH C KOHTPOJBHBIMHU 3HAUYCHUSMU. J[aHHBIA pe3ynbTarT MEHBIIE KOHTPOJIBHBIX 3HAYCHHUH Ha
40 %, a mokaszarenb MUKPOBA3KOCTH B 00JIACTH aHHYIAPHBIX JUNUAOB yBenudmics Ha 25 %. CteneHs Ty1ie-
HUs 0eIKOBOW (pIryopecieHIIny B TAMOIMTAX MOCe HHKYOAIuu ¢ MepeKUChIo BOAOPOIA U JEKCAMETa30HOM
ymeHbImnach Ha 50 %.

[Ipu u3ydeHnn BIUSHUS MHHUMAJIHHOW KOHIIEHTPAIMU JIEKCaMEeTa30Ha MocJe MOoTy4acoBOd MHKyOanuu
C MaKCUMAaJbHOHM KOHIIEHTpAIMel MEepeKUCcH BOAOpOJa OBUIO OTMEUYEHO yBEIHYEHHE Pe3yabTaToB MHUKPO-
BSI3KOCTH MEeMOpaH B 00JIaCTH aHHYJSIPHBIX JIUIHAIOB, 3apETUCTPUPOBAHO yBEIWUeHNE TTokazaTens Ha 10 %,
a B obmactu nmunuaHOTO O6Wcios ymeHsiienue Ha 40 %. ITokazarens mongpHOCTH B O0NACTH JIMTIHIHOTO OH-
CJI0SI UBMEHUJICS He3HAUNTENbHO. CTENeHb TylIeHUsT 0eIKOBOH (hiyopectieHnnu coctabisiia 22 %.

Janee mpoBenuiIoch HCCleAOBaHUE W3MEHEHUH (DH3MKO-XMMHYECKHX XapaKTEPUCTHK CTPYKTYpHOTO
COCTOSTHUSI MeMOpaH THMOIIUTOB TMPH JIEHCTBUM JIeKCaMeTa30Ha B MaKCUMAaJIbHOHM KOHIIEHTpaluu Ha (oHe
MpeInHKYOalnl MUHUMAJIBHON KOHIIEHTparueil nepekucu Bogopoaa. Kak crmemgyer u3 tabn. 3, mpu 3ToM
O0TMEYaJIOCh JOCTOBEPHOE yBEIMYEHHE TOKa3aTesneil, XapakTepu3yIouX MoJIsIpHOCTh. Tak, B o0jacTu aH-
HYJSPHBIX JINMHIOB JAHHBIN MOKa3aTens yBennuwics Ha 47 %, a B o0mactu nunuaHoro Oucios Ha 22 %,
MHUKPOBA3KOCTh B 00JacCTH JUNUAHOTO OmciiosN ymeHbImminach moutu Ha 40 %, a B o01acTH aHHYISIPHOTO
JTUTIAIA YBEIWIIIach 6osee ueM Ha 45 %. OTMedeHO H3MEHEHUE CTETICHU TYIICHUS OSITKOBOH (IyopeciieH-
IIMY, OHA YMEHbIINIack Ha 35 %.

[MoaBost UTOT TAHHOW CEPUU IKCIIEPUMEHTOB, HEOOXOIMMO OTMETUTB, YTO YMEHBIIICHHE ITOKa3aTeeld MUKPO-
BSI3KOCTH JIMITHTHOTO OMCIIOS B JAHHBIX OIIBITAX HAOIIOMAIOCH BCIICICTBAE MEMOPAHOOITOCPEIOBAHHOTO ICHCTBUS
MIEPEKVCH BOJIOPO/IA, MOCKOIBKY JaHHOE BEIIECTBO aKTUBUPYET MPOIECCHI TEPEKUCHOTO OKUCIICHHS JINTTU/IOB [4].

YcraHoBIIEHO, YTO JeKCaMETa30H, B3aWMOJICHCTBYSI ¢ MeMOpaHaMH THMOIIMTOB, BbI3BIBAET M3MEHEHHE UX
(DU3UKO-XMMHUUECKUX XapaKTEePUCTUK: MOKa3aresed TOJIIPHOCTH M MHUKPOBS3KOCTH JIUIUAOB TIA3MaTHYCCKHX
MeMmOpaH. Harboree BrIpakeHHbIC H3MEHEHHs HAOIONANNCH B 00JIACTH aHHYJSIPHBIX JIUITHIOB, MUKPOBS3KOCTh
B ATOH 00JIaCTH yBeIMUMBaiach B 1,5-2 pa3a B 3aBUCHMOCTH OT BpEMEHHU HHKYOAITH W KOHIICHTPAIHH JeKCaMe-
Ta30Ha.

DK30reHHOE BO3/ICHCTBHE TIEPEKUCH BOJOPO/Ia HA KIICTKH TUMyCa TIPUBOJIUT K TAKUM H3MEHEHUSIM B CTPYK-
TYPHOM COCTOSIHUH ITJIa3MaTHYEeCKUX MEMOpaH TUMOIIMTOB, KaK YBEJMUCHHE TTOJISIPHOCTH B 1,3 paza, MUKpPOBSI3-
KOCTH B 00JIaCTH aHHYIISPHBIX JIMIHIOB B 2 pa3a M JAMUAHOTO Onciost B 1,7 pasa, a Takke yBeTUUEHHE CTeTle-
HU TYIICHUS 0eIKOBOU (piryopecueHIuy B 2 pa3a. DTH pe3yibTaThl CBHIETENBCTBYIOT 00 aKTHBAIIUH TPOIIECCOB
MEPEKHCHOTO OKHUCIICHHS JIUMUIOB, BBI3BAHHBIX BO3JICHCTBHEM MIEPEKICH BOJIOPO/IA HA KIIETKH, YTO TOBOPHT O €T0
BIIMSTHAY Ha N3MEHEHUE CTPYKTYPHOTO COCTOSIHUS TTa3MAaTHUECKUX MEMOpaH THMOITUTOB.
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3akijoueHue

W3 npoBeIcHHOTO UCCIIe0BaHMSI MOKHO CJICJIaTh BBIBOJI, YTO KOMOMHUPOBAHHOE JICHCTBHUE MIEPEKUCH BOIOPO-
Jla ¥ JIeKcaMeTa30Ha CIIOCOOHO BBI3BIBATh U3MEHEHHE (DU3MKO-XMMUYESCKUX MAapaMETPOB MIA3MaTHYCCKUX MEM-
OpaH THMOIIMTOB KPBIC: YBEIMUYCHHE MOJIIPHOCTH aHHYJISIPHBIX JIUIHJIOB ¥ MUKPOBSI3KOCTH aHHYJISIPHOTO JIUITH-
Jla, YMCHBIIICHUE MUKPOBS3KOCTH JIUITUTHOTO OUCIIOs, CHUKEHUE CTETICHU TYIIIEHUs OSIKOBOH (NTyOpeCIICHIIHH.
MuHMMaJIBHBIC U MaKCHMaJIbHBIC KOHIICHTPAIIUY JJAHHBIX BEIICCTB UMEIOT PAa3JIMYHbIN S((PEKT Ha yKa3aHHBIC
napaMeTphbl, 4TO MOXKET OTPEICISITh CII0OKHOE B3aUMOJICHCTBHE MEK/Y MIEPEKUCHI0 BOJIOPOJIA U JICKCAMETa30HOM
B JIAHHOM cliy4yae. Takum 00pa3oM, B pe3yyibTare MpOBEISHHBIX SKCIICPUMEHTOB JIOKa3aHO, YT0O KOMOUHHPOBAH-
HOE JICHCTBHE MEPEKKUCU BOJIOPOJIa U JIEKCaMeTa30Ha CIIOCOOHO BBI3BIBATH MOIUPHUKAIINIO (PHU3UKO-XUMHUYECKUX
napaMeTpoB MJIa3MaTHUYESCKUX MEMOpaH TUMOIIUTOB KPBIC, UTO MOKET M3MEHSATh COCTOSTHHE MEMOpPaHOCBs3aH-
HEIX OCJIKOB, a TAK)KE OCIOK-TUMUIHBIX B3aUMOIEHCTBUIA.
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VIIK 57.085.23
MUKPOOKPYJXEHUE OITYXOAU: CUCTEMATUYECKHUHN OB30OP

A. B. BEJIHYKOV?, JI. b. HU>KETOPO/]OBA"-?, E. M. HA3APEHKO?,
b. A. MY3BIYEHKOY, M. M. 3BA@PAHCKAA"-?

YMeoicoynapoonwiii zocydapcmeennuoiil sxonouueckuil uncmumym um. A. J]. Caxaposa,
Benopyccxuii cocyoapcmeenmplil yHugepcumen,
yi. [oneobpoockas, 23/1, 220070, e. Munck, Benapyce
DBenopycckutl 20cyoapcmeentviil meouyunckull yrueepcumem, HUH oxcnepumenmanbhotl u KIuHu4ecKot Meouyunbl,
np. /[zeporcunckoeo, 83, 220083, . Munck, benapyco

Poct m mporpeccupoBaHre HOBOOOPa30BaHMI — MHOTOCTaJWHHBIA MPOIECC, OIOCPEIOBAHHBIA B3aUMOICHCTBHISMHU
MEX/Ly OITyXOJIEBBIMHU KJIETKAMH U OKPY)KAOIIEH MX CTPOMOM, BKIIIOYAIOIINE Pa3inyuHble TUIbI (PUOpoOIacThl, SJHAOTEIIH-
AJIBHBIC KJIIETKW, UMMYHHBIC KJ'ICTKI/I), 6CCKJ'IeTO‘IHI)Ie KOMIIOHCHTHI (HI/ITOKI/IHLI, BHCKJICTOUYHBIC BE3UKYIIbI U BHEKJICTOYHBIN
MaTpHKC), KPOBEHOCHBIE U JIMM(paTHIECKUE COCY/Ibl, KOTOpbIe popMupyI0T MUKpookpyxkeHue omyxoiu (TME — anrt. Tumor
microenvironment). Bo Bpemsi nporpeccrpoBanisi HOBOOOpa30BaHUH OIyX0JIEBbIE KJIETKH MOTYT YKJIOHSTHCSI OT UMMYHHOTO
OTBETa MOCPEICTBOM TIOJIABIICHHUS HIIH TIOTEPU OIYXOJIEBBIX AHTUTEHOB, BEICBOOOXKICHIS UMMYHOCYIIPECCHBHBIX BHEKIICTOU-
HBIX BE3WKYII, BKIIFOYast 3K30COMBI, CEKPEIMH PAa3IUYHBIX IIUTOKHHOB, XEMOKHHOB U IPYTUX (PAKTOPOB, a TAKKE HAYMHAIOT
MepenporpaMMHUPOBATh M PEMOJISIIMPOBATh OKPYKAOIIYI0 cTpoMy. Harbomee akTyasHBIMU HanpaBieHus MU n3ydeHust TME
BBICTYHAIOT KJIETKH U MOJIEKYJIbI BPOXKICHHOTO M MPUOOPETEHHOTO UIMMYHHTETA, KOTOPBIE TI0 IPHYUHE BBICOKOH TeTeporeH-
HOCTH M IUIACTHYHOCTH ITPOSIBIISIIOT KaK CYNPECCUBHYIO, TaK M CTUMYJIHMPYIOLIYIO0 aKTHBHOCTb B OTHOLICHHH OITyXOJIEBBIX
kieToK. Oco0oe BHUMaHNUE y/esnsieTcsi AIMMYHHBIM KOHTPOJIBHBIM TOYKaM, OITyX0JIEBOH MUKPOOHOTE, KOMIIOHEHTAM MEXKJIe-
TOYHOTO B3aUMOJICHCTBHS, a TakKe IMMYHOTEPAITHH OITyXOJICBEIX 3a00IeBaHUH.

B mannOi1 pabote mpoBeaeH CHCTeMaTHIeCKUil 0030p Hay4IHBIX IMyOnukanuii 6a3pl JaHHBEIX PubMed, mocBsIeHHBIX 13-
yuenuto TME, onyonukoBansbix ¢ 2019 mo 2024 rr. B xoze cuctemarnaeckoro 003opa u3ydeHo 2547 UCTOUHUKOB, U3 KOTO-
PBIX B Ipoliecce CKPUHHUHTA 0TOOpaHo 68 crareil, BKIIOUCHHBIX B UccienoBanue. [10McKoBbIe 3anpockl U KITFOYEBbIe (hpasbl

COACPIKAIIN «KMUKPOOKPYIKCHUE OITYXOJIN», KMMMYHHBIC KIICTKW, «OITYyXO0JIb), «OHKOT'CHE3», «KMCTACTA3UPOBAHUC) .
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CcdopmupoBaHHas Tpymia HayqHbIX CTaTeH MO3BOINUT O0JIee AETATBHO N3YUUTh KJIETOUHBIA U MOJICKY/IAPHBIN COCTaB OITy-
XOJICBOTO MUKPOOKPY’KEHHS, a TAK’KEe OCHOBHBIC MHUIIICHH JUIS pa3pabOTKN HOBBIX METO/IOB AMArHOCTHKH M TEPAITHH 3I0Kade-
CTBEHHBIX HOBOOOpa3oBaHuii ¢ BoBieueHrueM TME.

Knroueevie cnosa: MUKPOOKPYKEHHE; OIyXO0Jb; HMMYHHBIC KJICTKH; HMMYHOJIOTHYECKHE KOHTPOJIBHBIC TOYKH; MHKPO-
Omora; Teparnms.

TUMOR MICROENVIRONMENT: SYSTEMATIC REVIEW

A. V. VIALICHKA"®, D. B. NIZHEHARODAVA*®, E. M. NAZARANKA"®
B. A. MUZYCHENKA®* , M. M. ZAFRANSKAYA *°

International Sakharov Environmental Institute, Belarusian State University,
23/1 Datthabrodskaja Street, Minsk 220070, Belarus
Belarusian State Medical University, Research Institute of Experimental and Clinical Medicine,
83 Dziarzhynsky Avenue, Minsk 220083, Belarus
Corresponding author: A. V. Vialichka (alesjswirskay@mail.ru)

The growth and progression of a neoplasm is a multi—stage process mediated by interactions between tumor cells and
their surrounding stroma including various cell types (fibroblasts, endothelial cells, immune cells), cell-free components
(cytokines, extracellular vesicles and extracellular matrix), blood and lymphatic vessels that form the tumor microenviron-
ment. During the progression of neoplasms, tumor cells can evade the immune response by suppressing or losing tumor
antigens releasing immunosuppressive extracellular vesicles and exosomes, secreting various cytokines, chemokines and
other factors, and begin to reprogram and remodel the surrounding stroma. The most relevant areas of TME study are cells
and molecules of innate and acquired immunity exhibited both suppressive and stimulating activity against tumor cells due
to their high heterogeneity and plasticity. Special attention is paid to immune control points, tumor microbiota, components
of intercellular interaction as well as immunotherapy of tumor diseases.

In this paper, a systematic review of scientific publications in PubMed database devoted to the study of TME and pub-
lished in the period from 2019 to 2024 was carried out. 2547 sources were studied and 68 articles were selected during the
screening process. Search queries and keywords included «tumor microenvironment», «immune cells», «tumor», «onco-
genesisy, «metastasis». The formed group of scientific articles will allow to study in more detail the cellular and molecular
composition of the tumor microenvironment, as well as the main targets for the development of new approaches for malig-
nant neoplasms diagnosis and therapy involving TME.

Keywords: microenvironment; tumors; immune cells; immunological checkpoints; microbiota; therapy. .

BBenenne

OnyxoneBoe Mukpookpysxkenne (TME — Tumor microenvironment) npeacrasisieT coOOH CIIOKHYIO CTPYKTY-
PY, COCTOSIIIYIO M3 CTPOMBI, UMMYHHBIX KJIETOK, PAKOBBIX CTBOJIOBBIX KJIETOK, BHEKIIETOYHOTO MaTPUKCa, a TAKKE
¢ubpobacToB, HEHPOIHAOKPUHHBIX KIIETOK, KUPOBBIX KIETOK M CETH KPOBEHOCHBIX U JTMM(ATHUYECKUX COCY-
108 [1]. TME omnpezensieT MaJurHU3AMIO OITyXO0JIU HAPsIly ¢ TeHETHUECKMMHU MYTalUsIMH, a Takxke (hakTopamu
OKpY’KalolIeH cpeJibl, BKIo4Yast KypeHue Tabaka, ynoTpeOieHHe anKorois, IeiiCTBUe XUMUYECKUX KaHIIEPOT'€HOB,
OHKOTE€HHBIX BUPYCOB M HapyIlIEHHE MUKPOOMOTHI, KOTOPbIE MOTYT CO3/IaBaTh CPEY, OIaronpHusaTHYIO JUIs 3JI0Ka-
YeCTBEHHBIX HOBOOOpa3oBaHMid. Bee varie noka3piBaeTes, 4TO OHO UTPAET KPUTHUECKYIO POJTb B TTOCIEYIOIEM
pa3BuTHH 00JIee CTOMKUX U 3aIlyIIECHHBIX 3JI0Ka4eCTBECHHBIX HOBOOOPa30BaHHMii [2], TaK Kak HE TOJILKO TIO3BOJISIET
OITyXOJICBBIM KJIETKaM YCKOJIb3aTh OT IMMYHOJIOTHYECKOTO Ha/130pa, HO U MOAJICPKUBAET POCT, IPOIPECCUPOBa-
HUE U PaCIIPOCTPAHEHHE OIYXOJIM, HHIYIIUPYS aHTHOTeHE3 U 00pa30BaHUE PAKOBBIX CTBOJIOBBIX KIIETOK [3].

[TomoOHO XpOoHHYECKOMY BOCHAJICHHUIO, 3I0KaUYeCTBEHHBIEC KIIETKH BBIJICIISIOT TaKKe TIPOBOCIAINTENBHbBIC Me-
JIATOPBI, KAK IIUTOKWHBI, XEMOKHUHBI U 9HKO3aHOH/IbI, KOTOPbIE PEKPYTUPYIOT U MEPEnpOorpaMMHPYIOT pa3iiny-
HBIE THITBI TPOBOCHAIUTENBHBIX JISHKOLIUTOB M JIPyTUX KJIETOK JUIS CO3JaHus Ooliee OIarompusTHOTO MPOTyMO-
POTEHHOTO MUKPOOKpY>keHHs1. [1o BIUSIHUEM OITyXOJM 3HAYUTENLHBIM U3MEHEHHSIM MOABEPraeTcsl UMMYHHBIN
npoduib B TME, nepexmodarommii ocHOBHBIE 3()(EKTOpBl UMMYHUTETA — T-KJIETKH — HA COCTOSIHUE TOJIEPAHT-
HOCTH M aKTHBHPYIOIIUI CylpeccuBHBIE KIIeTKH. IMMyHHOE YKIIOHEHHE OT paKa BKIIIOYaeT B ceOsl ImepeKitoye-
HHE UMMYHHBIX peakuuii ¢ xenmnepHbix T-mumdornmToB 1 THIa Ha 2 THMNA, aKTUBAIMIO TPOOITYXOJIEBOH (PyHK-
M aHTHI'€H-TIPE3CHTHPYIOIINX KIETOK, HAPYIICHNE IIUTOTOKCHYECKONH aKTHBHOCTH T-KJIETOK U €CTECTBEHHBIX
KWJIJIEPOB, CO3PEBaHIE TAKUX MIMMYHOCYIIPECCUBHBIX KJIETOK, KAaK MUEIIOWIHBIX CYIPECCOPHBIX H PETYISATOPHBIX
T-nmumdornuTos [4].
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Taknum 00pazoM, U3ydeHHe MEXaHH3MOB (DYHKIIMOHUPOBAHUS KIJIETOK M (JaKTOPOB B MUKPOOKPYKESHUH OITYX0-
JIM MOXET CIIOCOOCTBOBATh KOHTPOJIO MPOTPECCUPOBAHHS 3II0KaUECTBEHHBIX HOBOOOPA30BAHUI H JIOCTIIKEHUIO
MOJIOKUTENBHBIX PE3YJIBTaTOB B IMATHOCTHKE U Tepanuu [ 1; 5].

B cBsi3u ¢ 9THM, 11€7h TAHHOTO MCCIIEA0BAHUS — IPOBEACHHE CUCTEMATHYECKOTO 0030pa JIUTEpaTypPHbIX JIaH-
HBIX 0a3el PubMed o coBpeMennsix npenctasinenusx TME, omyOnukoBanHbBIX 3a ieprox ¢ 2019 mo 2024 rT.

MarepuaJjibl 1 METOABI HCCICIOBAHUSA

B uccnenoBanum paccmarpuBarotcs paziauunbie acniektbl TME myTeM aHanu3a cymiecTBYOIEeH COBOKYITHO-
CTH Hay4YHBIX MaHHBIX B 0a3e PubMed. [louck orpanmdeH CTaThsIMH, KOTOPHIC OMyOIMKOBAHBI HA aHTIIMACKOM
S3BIKE 32 TOCIIeqHne 5 neT. [t BRIABIeHNS cTaTell MCIIOIb30BaHbI CIIEIYIOIINE TOMCKOBBIE 3alIPOCH U (ppasbl:
«MHKPOOKPY>KEHHE OITyXOJI», KAMMYHHBIE KIIETKH», «OIyX0Jb), K\OHKOT€HE3», KMETACTa3UPOBAHUE).

AHHOTAIMM JOCTYMHBIX CTaTel NETalbHO MPOAHAIN3UPOBAHBI, YTOOBI ONPENENUTh UX Ka9eCTBO U yMECT-
HOCTb, a TAK)K€ U3YUIEHBI eI, TU3aiH N3yUeHHUs, PE3YIIbTaThl M BEIBO/BI B KQXK/IBIX N3 OTOOPAaHHBIX MaTEpHAIOB.
Ha puc. 1 mokaszana 6mok-cxema Prisma mist qanaoro BccaenoBanus. biok-cxema Prisma mpencraiser co0oit
PYKOBOJICTBO IT0 O0JIe€ TIOTHOM OTYETHOCTH, TPU3BAHHOE PEIINTH MPOOJIeMy HEKaueCTBEHHON OTYETHOCTH CHCTe-
MaTHYeCKUX 0030pOB M METaaHaIH30B [7].

Haentuduranms nceenenopanuii B 6ase mannsix PubMed
=
= [yOnukauu
g 00 HceleoBaHMIX, [TyOnukarum, HCKITIOUeHHEIC
_§_ HJIeHTH(UIINPOBAHHEIE - | TI0 HA3BAHUIO JIO0 CKPMHWHTA
E 110 Ha3BaHUIO B 0a3e JaHHBIX (n=2215)
- PubMed (n = 2547)
= I

[lyGnmkaimm, BKIIOYCHHBIC HckimroteHHBIE CTaThBH:

H4 OCHOBAHMH Ha3BaHMit MOJTHOTEKCTORAS BEPCHS

B CKpHHHHT (n = 332) oTcyTeTByer (17 = 248)
? !
= -
= IlyGmukarmu, oro6paHHbIC HeximroueHHBIE CTaThH:
= AL U3YICHU TIOTHOTCKCTOBBIX | ——p | HENPHCMIICMOC COMICPAKAHHE
z BEpCHii (n = 84) (n=16)
@)

|

[ToIHOTEKCTOBEIC CTATHH,

OIICHECHHEBIC Ha IPHEMIIEMOCTE

(n = 68)
2 |
o
e} CraTei, BRIIOUCHHEIE B CHCTE-
g MaTH1IccKHi 0030p (171 = 68)

Puc. 1. bnok-cxema orbopa Jis cucTeMarideckoro o63opa (n1uarpamMma Prisma)

Fig. 1. Selection flowchart for systematic review (Prisma diagram)

Ha 6ok-cxeme (puc. 1) oTpaxkeHa THHAMUKa aHAJIN3a HHPOPMAIIMH Ha PA3IMIHBIX ATAlaxX CHCTEMATHIECKOTO
0030pa: KOIMUECTBO WACHTH(HUIIMPOBAHHBIX ITyOIHKAIMI 110 HA3BAHHUIO; KOJIMYECTBO MyOIHKAINHA, BKITIOUCHHBIX
HA OCHOBAHUM Ha3BaHWI B CKPHHUHT; KOJMYECTBO OTOOPAHHBIX IMOJHOTEKCTOBBIX CTATEH, OLICHEHHBIX HA MPH-
€MJIEMOCTb, KOJIMYECTBO CTATEH, BKIFOUCHHBIX B 0030p U UCKITIOUCHHBIX MyOIUKAIUIA TI0 HA3BAHUIO, OTCYTCTBUIO
MOJTHOTEKCTOBBIX BEPCUH, HEMPHEMIIEMOMY COJICPIKAHHIO.

PCSyJIBTﬂTBI HCCJICA0OBAHUSA U UX oﬁcymz[efme

B pesynbrare mpuMeHeHHsT METOIOJIOTHH TPOBEACHUS cHcTeMarnieckoro o03opa mo nzydennro TME oto-
OpaHO 68 MONHOTEKCTOBBIX CTATEH, MPUEMJIEMBIX I 0030pa cortacHo kpurepusiM Prisma 2020: onpenencHue
TTOJIXOSIIIIUX 3aTOJIOBKOB M aHHOTAINH, OIIEHKa TIOCPEICTBOM 0030pa MoJTHOTo TekcTa [7]. OcyIiecTBieH cucre-
MaTH4YeCKUil 0030p JIUTEpaTyPHBIX TaHHBIX AEKTPOHHOM 0a3el PubMed o coBpemenHbIx mpezncrapiennsx TME,
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omyonmukoBaHHEIX 3a 2019-2024 1. Ha puc. 2a pencrasiieHa TnHaMHKa H3MEHEHHS KOJTMUECTBA HAYUHBIX PadoT,
TTOCBSAMICHHBIX M3yueHnto TME, B TeueHue MociaemuuX 5 JIeT, XapaKTepU3yolias akTUBHEIN POCT ITyOTMKaIiA
mo maHHOU Teme. CraThu, BKIIOUeHHBIC B 0030p TME, knaccudummpoBann Ha 6 TpyI B 3aBUCUMOCTH OT Ha-
TIpaBIIeHUs U3ydeHus (puc. 26): 1) knetounsrii cocraB TME (omyxoseBble, HIMMYHHBIE, YHIOTEITHAIBHBIE H CTPO-
MaJbHBIC KIETKH); 2) MoJIeKyisl TME (BHEKIICTOUHBIE CUTHABHBIE MOJICKYITBI, XeMOKHHBI, IINTOKUHBI, (PaKTOPBI
pocTa); 3) MEXKJIETOUHbIC B3aUMOICHCTBUS; 4) MMMYHHbBIE KOHTPOJIBHBIE TOUKH, 5) OMyX0JeBas MUKPOOHOTA;
6) Tepamnus OImyXO0JIEBbIX 3a00JIeBaHUIA.

ala o/b
=
S MonekynspHbIi MeKKIeTouHbIE
= cocTan B3aHMOJIEHiCTRIA
=t (n=13) (n—=28)
’I.'éﬂ
il N r
Bl 3 Omnyxonesoe
2 MHKPOOKPYIKCHHE
& e
L [$
1 025°3023"5024 - | i
< Bpems, roza Omnyxonepas

HanvyuabIe
KOHTPOJIBHBIC TOMKH
(n=23)

MHKpoOHOTa
(n=3)

Puc. 2. lnunamyka n3MeHEHHS KOTMUECTBA Hay9IHBIX PadoT, mocBsmeHHbIX u3ydeHnio TME (a);
HanpasieHus u3ydenus TME npu nposeieHun ananuriuyeckoro o63opa (6)

Fig. 2. The dynamics of changes in the number of scientific papers devoted to the study of TME (a);

areas of TME study in the scoping review (b)

Knemounwtit cocmae TME. B Tabn. 1 nepedncieHbl 0CHOBHBIE MOMYISIIIMH KJIETOYHOTO KoMnapTMeHTa TME,
MIPE/ICTABJICHHBIC OIYyXOJIEBBIMH M UMMYHHBIMHU KJIETKAMH, KJICTKAMU CTPOMBI M HIOTCIHAIBHBIMU KIICTKAMH
COCYIMCTOTO pyciia [6], B3auMOACHCTBUE MEKIY KOTOPHIMHU OINPE/EIIeT Pa3BUTHE U MTPOrPECCUPOBAHUE 3JI0Ka-
YECTBEHHBIX HOBOOOPA30BaHMA. 3JI0KAYECTBEHHBIC KJIICTKH IMPOHUKAIOT B 3I0POBbIC TKAHK U PACIPOCTPAHSIOT-
Csl B IPYTME YaCTH TeJia Yyepe3 JTUM(PaTHIeCKyIO MM KPOBEHOCHYHO cucTeMy. CUMTASTCsl, YTO BOCHAIUTEIILHOES
MHUKPOOKPYKECHHE UHUIIMUPYET TPAHC(HOPMAIIUIO SIUTEIHATBHBIX KIETOK M CIIOCOOCTBYET POCTY M IPOrPecCH-
POBaHUIO OMYXOJIH. XOTs MOJICKYJISIPHBIE MEXaHHU3MBI, JISKAIIME B OCHOBE XPOHUYECKOTO BOCIIAJICHUS MPU KaH-
LIeporeHese, 0 KOHIIA He M3YYCHBI, Mepejadya CUTHAIIOB siiepHOro (akrtopa-kappa B U HEKOTOPBIX [IUTOKHHOB,
Takux Kak uatepneiikus (IL)-6, 17, 22 u 23, Ba)XHBI I CBS3H BOCMAJICHHS C OHKOTEHE30M [7].

Tabnuna 1

Kuerounsiii cocraB TME

Table 1

TME cellular composition

[4]

Knerounas
ABTOD Pesynbrar
TIOITY IS U s
OOHapy>kHBalOTCs BMeCTe ¢ T-KJIETKaMH ¥ MHUEJIOUIHBIMH KJIETKAMH B TOPSYHX
Laumont and Nelson
(2023) [1] TIL-B TME, cexpeTnupyroT NpoOTHBOOIYXO0JIEBbIE aHTUTENA, CBA3aHBI C OJIArONPHUSTHBIM
MTPOTHO30M ITPH MHOTHIX BUIIAX PaKa
Merta6onm3m NK-kinerok B ummyHocynpeccuBaoM TME HapymaeTcs u3-3a Hemo-
Terren, et al. (2019) N a— CTaTKa MUTATEIBHBIX BEUIECTB M KUCIOPO/IA, BEICOKOW KOHIICHTPAIINHA KOHEUHBIX
[2] MIPOAYKTOB METAaO0IN3Ma OIyXOJIEBEIX KJIETOK, YTO OTPAaHUYUBACT UX 3 dexTop-
Hble QyHKIIMN
Ben-Shmuel, et al. N OKCIpecCUPYyIOT aKTHBUPYIOIINE U MHTHONPYIOIINE PEIeNTOPBI, CIOCOOHBI HATIPS-
(2020) 3] MYIO YHHUYTOKATh OITyXOJICBBIC KJICTKH, HE TPeOyst aHTUTCHHOW CIICIU(UIHOCTH
Zheng, et al. (2023) Thi KymuHT ommyXOoNeBBIX KIISTOK MyTeM HHAYKIIMH aloNTo3a, aHTHAHTHOTCHHBIC

CBOMCTBA
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OkoHyaHue Tabm. 1

Ending table 1

Knerounas
ABTOp Pesynprar
O JISIIINS

HNmMyHOCyIpeccuBHAs akTUBHOCTH Tregs (CeKpenus MpoTyMOPOTeHHBIX LIUTOKH-
Li, et al. (2020) [5] Tregs HOB, YHUYTOXKCHUE U HapylieHHe mMeTaboau3Ma d(PPEKTOPHBIX KIETOK) HpersiT-
CTBYET pa3BUTHIO 2(P(HEKTHBHOTO MPOTHBOOITYX0JICBOIO UMMYHHUTETA

HMMyHOCyTIpeccus, OmocpeioBaHHas CeKpelneil MMMYHOCYIPECCHBHBIX IIUTO-

Yan, etal. (2022) [6] Tregs KHMHOB, ITUTOJIN30M 3aBUCHMBIM OT I'pan3umMa B/nepdopuna ninu Fas-FasL

Itahashi, et al. (2022) HNudwmisrpanus TME u nopaBieHre MPOTHBOOIYX0JIEBONO HMMYHHOI'O OTBETa

Tr
[8] ces CDB8" T-kJIeTOK, 4TO CIIOCOOCTBYET Pa3BUTHIO M POCTY OIYXOJIN
McFarlane, et al. BricBoOOKICHNE aKTHBHBIX (HOPM KHCIOPOIA MOXKET BBI3BAaTh THOETH OITyXoJie-
(2021) [9]; HetiTpodusibl | BBIX KJIETOK, HO TAKKE MOXKET IOIABJISATH AKTHBHOCTh IIHTOTOKCHYCCKHX HMMYH-
Wau, et al. (2020) [10] HBIX KJICTOK
Awasthi, et al. TAN Wurubupyror CD4" " CD8" T-kJIETKH 32 CYET DKCIPECCHU MHEJIONEPOKCHIa3bl
(2024) [11] u Fas/FasL, ciocoOcTByst poCcTy OmyXou
Jeong, et al. (2019) MOHOLTEL B nepBUYHBIX OMyXOJsX MOHOLUTHEI Ly6Ch oKaspIBaOT IPOTYMOPOrE€HHbINH 3(¢)-
[12] H (exT, criocoOCcTBYsI poudepaluy Oy X0JIeBbIX KIETOK U X HHTPaBa3alluu

Messex, et al. (2020) Pasznuunsle moaTunel M2-Makpogaros CBsi3aHBI ¢ MPOTPECCHPOBAHUEM OITYXO-
[13] ’ ’ Maxkpodaru | 11 1 MeTacTa3upoBaHHEM Yepe3 UX B3aUMOJICHCTBUE C JIPYTMMHU KOMIIOHEHTaMHU
TME u cniocoGHOCTH MOAABISATE HMMYHHBIC PCAKIIUU

TAM skcnpeccupyot deHoTur, nogooHbsii M2-Makpodaram, KOTOPbIH TPOSIB-
Chen, et al. (2021) TAM JIA€TCs KaK MMMYHOCYIIPECCUBHOE COCTOSIHME U OllyXxoJieBasl mporpeccus. Hcro-
[14] menre TAM wnn u3menenue geHortuna Ha M1 MOBBIIIAET X ITUTOTOKCHYHOCTH
U CTUMYJINPYET HUTOTOKCHYECKHE T-KIeTKu

Crioco6¢TBYIOT mponrdepanuy 3710Ka4eCTBEHHBIX KIIETOK, BOCIIAJICHHIO, CyTIpec-
TAM CHU HMMYHHBIX KJIETOK, aHTHOT€HE3y W JINM(paHTHOTCHE3Y, a TaK)Ke PE3UCTEHT-
HOCTHU K T€parinu

Boutilier and Elsawa
(2021) [15]

Wang, et al. (2021) TAM TAM kak M2-nonoOHBIe Makpodard, CEeKpeTHpYIOT (HaKTOPhI PocTa OIYXOJH,

[16] CIOCOOCTBYIOT aHTHOTCHE3Y M MOAABISAIOT T-KICTKH

Hinshaw and Shevde [on BNMsSHMEM IIUTOKMHOB, CHHTE3UPYEMBIX OITYXOJIEBBIMH KJIETKaMH, aKTHBH-

(2019) [17] DCs PYIOT TPaHCKPHUIIIMOHHBIE 1 METa0OIMUYECKHE Iy TH, KOTOpble (YOPMHUPYIOT HpO-
omryxoneBsii penorun DCs, mocpenctBom Brirouenus IDO, Argl, iNOS u STAT3

Haas and Obenauf DCs OmnyxoJsieBble KJICTKN MOAABISAIOT ANPPEPEHIINPOBKY, AKTHBAIIMIO M CO3pPEBAHIE

(2019) [18] DCs

Patwardhan CriocoOHBI K CaMOOOHOBIICHUIO, TN PEPEHIINPOBKE B HECKOIBKO PAKOBBIX JIMHUH

and Mahendran CSCs 6 A PEHIHP P

(2023) [19] 1 00pa30BAHMUIO OITYXOJIH

Frisbie, et al. (2022) CA-MSC CriocoOCTBYIOT POCTY OIYyXOJIH U METacTa3upPOBAHUIO, 00eCIednBaIOT (POPMHUPO-
[20] : sanne TME

Mpumeuanne. TIL-B — onyxons-undmisrpupytonme B-kinerkn; NK — ecrectBennsle kiaetku-kuiuiepsl; Thl — xenmepusie T-kieTkn
1 tuna; Tregs — perynsaropusie T-xinetkn; TAN — HEHTpOQHIIBI, acCCOIMUPOBAaHHBIE ¢ OMyX0ibt0; TAM — Makpodaru, accoluupoBaHHEIC
¢ omyxonbto; DCs — nenaputhble kietku; CSCs — pakosbie cTBosioBble KieTkH; CA-MSC — Me3eHXHUMalIbHbIE CTBOJIOBBIE/ CTPOMAIbHbIC
KIICTKH, aCCOLIMUPOBaHHbIC ¢ KapuuHomoii, IDO — unnonamun 2,3-nuokcurenasa; Argl — aprunasa 1; iNOS — unaynmpyemasi CHHTa3a
OKCHJIa a30Ta; HHAyIUpyeMasi CHHTa3a okcuaa a3ora, STAT3 — curHanmbpHbINA OSTOK U aKTHBATOP TPAHCKPHUITLIUH 3.

Note. TIL-B — tumor-infiltrating B-cells; NK — natural killer cells; Th1 —helper type 1 T-cells; Tregs — regulatory T-cells; TAN — neutrophils
associated with tumor; TAM — macrophages associated with tumor; DCs — dendritic cells; CSCs — cancerous stem cells; CA-MSC —
mesenchymal stem/stromal cells associated with carcinoma; IDO — indoleamine 2,3-dioxygenase; Argl — arginase 1; iNOS — inducible
nitric oxide synthase; STAT3 — signal transducer and activator of transcription 3.

Monexynapuuuii cocmae TME. HenaBaue uccneqoBaHus I0KA3aJIH, YTO PEKPYTHHI, YCIIECUIHAsl aKTUBALMs U T1e-
penporpaMMHpOBaHNE UMMYHHBIX U CTPOMAJIBHBIX KJIETOK BO BHEKJIETOUHOM IPOCTPAHCTBE SIBJISIFOTCS TAKXKE pe-
3yJIBTAaTOM B3aUMHBIX B3aUMOACHCTBUI MEXTy PAKOBBIMH KJIETKaMH 1 rymMopaiibHbiMu (pakropamu TME (Tai. 2).

Bo BpeMs pocTa OIyXoiau KJIETKH HaXOASATCS B IOCTOSIHHOM B3aumozpeiictsuu ¢ TME, koTtopoe oCylecTBIs-
€TCsl HE TOJIBKO IIOCPEACTBOM IPSIMOM MEXKIETOYHOW KOMMYHHKALIMH, HO U 3@ CYET XEMOKHHOB, LINTOKUHOB
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WJIA BHEKIIETOYHBIX BE3UKYI, YTO CIIOCOOCTBYET MPOTPECCHPOBAHUIO U MHBA3UH OITYXOIH, a TAK)Ke HMMYHHOMY
YKJIOHEHHIO U YCTOWYUBOCTH K TEpPaTIHH.

Tabnuma 2

TI'ymopaabubie pakropsl TME

Table 2

The humoral factors of TME

ABtop Mosexyinbl Pesynbrar

Barthel, et al. (2022) 1L-8 Mapxkep IpoKaHIEpOreHHbIX IPOLECCOB, NOAIEPKUBAET HHBA3UBHBIE CBOICTBA
21 OITyXOJIM M OTIOCPEYeT ITACTHYHOCTD OIMYXOJIEBBIX KIIETOK
y peny! y

Habanjar, et al. (2023) TNFa VYyacTByeT B nponndepanny oy XoJeBbIX KJIETOK, HHPHIBTPAlui Makpo(haros,
[22] 9KCIPECCUH BOCIIAIUTEIbHBIX XEMOKMHOB U aHTHOTE€HE3E

IloBbIIeHHast OKCIIPECCU Ha 3JIOKAYCCTBCHHBIX KJICTKAX, HeO6XOJ_'[I/IMa JUIA T1e-

Niland, et al. (2021) [23] | MMP-14 L
PHULEIUTIONAPHOrO KOJIJIAreHOIN3a U PEMOJETUPOBAHMS OITYXOJIEBOM CTPOMBI

JeicTByeT kak cymnpeccop OnmyxoJyiel Ha paHHeW CTaJuH MOCPEACTBOM MHAYK-
Waldner and Neurath LMK afonTo3a WK OCTAHOBKHM KJIETOYHOI'O LHMKJIA B MPEAPAKOBBIX KJIETKAaX.

(2023) [24] TGFp HonnmepxuBaetT mMmmyHocynpeccuBHoe TME, 9T0 T0O3BONSAET Oomyxomu n30e-
JKaTh IMMYHHOTO OTBETA Ha MO3AHMX CTAIHUSIX

Liu, et al. (2021) [25] L35 CrnocoOcTBYET pOCTY MEPBUYHBIX OIMYXOJIEBBIX KJIETOK M METACTa3HpPOBAHMIO,
uHAyIHpyeT Tregs u mogaBiseT dpdexTopHble T-KIIeTkH

Ene, et al. (2022) [26] IL-6 VYyacTByeT B aKkTHBanMKM B-kierok, mponmdepannn u auddepeHInpoBke
T-KJIETOK, aroNTOTHYECKUX MPOLIECCaX, AaHTHOTeHE3e

Codrici, et al. (2022) IL-8 YeunusaeT nponaudepaiio H10TeIHATBHBIX KIETOK, XeMOTAKCHC, BBDKUBAHNE

[27] U aKTUBALMIO IPOTEA3

Kadomoto, et al. (2021) CCL2 Wnnnuupyer WHQUABTPALUIO CIENU(UYECKHUX MOHOLIUTOB, Makpo(haros,

[28] T-1M(OIHUTOB B OITyXOJICBBIC TKAHU

Okcmpeccupyercss Ha T-TuM@ornuTax, OBICTPO WHAYLUPYCSTCS Ha HAWBHBIX
Bule, et al. (2021) [29] CXCR3 KJETKaxX TMOCJ€ aKTUBAallMM W OCTAeTCS BBICOKO DJKCIPECCUPOBAHHBIM Ha
CD4" T-knetkax u 3 dexropubix CD8' T-knerkax

Knipper, et al. (2022) FGF2, cekpeTupyeMblil OIMyXOJIEBBIMU KJIETKaMH, CIIOCOOCTBYET Ipoiudepa-
[30]pp ’ ' FGF2 MY TICPUIUTOB, YTO MPHBOANUT K MOJspu3anuu MakpodaroB B M2-¢deHoTH,
KOTOPBIE CIIOCOOCTBYIOT IMPOT'PECCHPOBAHUIO OITYXOJIH

Oxa3zbIBaeT NMPSIMOE BO3/ICHCTBHE HA OMyXOJIEBbIC KIETKH, TOACPKUBACT JKU3-
Karagiannidis, et al. G-CSF HecriocobHocTh CSCs, mpomudepariio ¥ MUTPAIIHIO OITyXOJIEBBIX KIETOK, CIIO-
(2021) [31] COOCTBYET (hOPMHUPOBAHHUIO TPOTYMOPOTEHHOTO (hEHOTHIIA UMMYHHBIX KIJICTOK
(M2 maxpodaru, MUEIIOUIHbIE CYTIPECCOpPHbIC KiIeTKU U Tregs)

Perynmupyet muddepeHInpoBky, nponndepannio, MATPAIAI0 U BBDKUBAHUE
Osipov, et al. (2019) [32] CSF-1R | MuenonHbIX KIETOK, Beicokast akcnpeccust CSF-1R, mpu pake, accoruupyercs
C IUIOXUM IIPOrHO30M U KMMYHOCYTIPECCHBHBIM TEYEHHEM

SenGupta, et al. (2021)
[33]
IIpumeuanue. IL — uarepneiikun; TNFo — dakrop Hekpoza omyxomu o; MMP — matpukchast Mmetamnonporennasa; TGFp — tpancdop-

mupytomuii dakrop pocra f; CXCR — xemokuHOBbIH penentop; FGF2 — ¢axrop pocra ¢pubpobdnactos 2; G-CSF — rpanysiountapHblii
konoHuecTuMymmpytonmit paxrop; CSF-1R — penentop xonornectumynupyromero ¢gakropa 1; CCL — XeMOKHHOBBIH JTUTaHd.

ObecneynBacT MUTPALIMIO OITyXOJIEBBIX KJIETOK, 00pa30BaHNe HEHTPOPIIBHBIX

CCL3
BHEKJICTOUHBIX JIOBYIIICK ¥ IPOJYKIIMIO aKTHBHBIX (DOPM KUCIOpOa

Note. IL— interleukin; TNFa — tumor necrosis factor o; MMP — matrix metalloproteinase; TGFf3 — transforming growth factor ; CXCR —
chemokine receptor; FGF2 — fibroblast growth factor 2; G-CSF — granulocyte colony stimulating factor; CSF-1R — colony stimulating
factor receptor 1; CCL — chemokine ligand.

Mescknemounvie e3aumooeiicmeuna ¢ TME. Poct n nporpeccupoBaHHE OIYXOJIU SIBISIOTCS MPOLECCAMH,
OIIOCPEIOBAHHBIMU B3aMMOICHUCTBUAMHI MEXIY PaKOBBIMH KJICTKAMH M OKpPYXAloLIed MX CTPOMOM, KOTOpBIE
BKJIIOYAIOT MX PA3JIMYHbIC TUIIBI U OECKIETOUHbIC KOMIOHEHTHI, hopmupytomue TME. MHorouncienHsie uccie-
JIOBaHMS TIOKa3aJli, YTO KJIacCHUeCKasl MapaKpuHHAs M SHIOKPUHHAS [Iepeiada CUTHAJIA IIOCPEICTBOM CEKPeLMn
PacTBOPUMBIX (PAKTOPOB, BKJIIOYAS] IUTOKUHBI U (DAaKTOPBI POCTa, BO BHEKJIECTOYHOE MPOCTPAHCTBO CIIOCOOCTBY-
et perymsinun TME myTeM nopaBieHHs WM CTUMYISILUM IIPOTPECCUPOBaHKs HOBOOOpa3oBanus. boiee Toro,
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MPSIMOM KOHTAKT MEXKITy OIMYyXOJIEBBIMH KJIETKaMH M CTPOMAIBHBIMU KJIETKaMU MOXKET KPUTHYECKH BIHSTH Ha
OHMOJIOTHYECKOE TIOBEJCHIE PAKOBBIX KIIETOK [34—36].

ANre3uBHBIE U IIETIEBBIE COEANHEHNS, KOTOPbIE YYacTBYIOT B (DOPMHPOBAHHH MPSIMBIX CBA3EH MEXIY COCEI-
HUMH KJIETKaMH, BKJIFOYasi PAKOBBIE U CTPOMaIbHBIE, HEOOXOMMBI ISl Pa3HOOOPA3HBIX KIETOYHBIX (DYHKIH. Al-
Te3WBHBIE COEIMHEHHS B OCHOBHOM COCTOST M3 TPAaHCMEMOPAHHBIX MOJIEKYN KJIETOYHOW aAre3WH, TaKUX Kak
KaJrepuHbl U HEKTWHBI, U KapKaCHBIX OEJTKOB, KOTOpPHIE CBSA3BIBAIOTCS C BHYTPUKJIIETOYHOH OOJIACTHIO MOJIEKYI
KJIETOYHOH a/re3wd, YT0O0BI CTaOMIM3UPOBATh WX JIOKAJIHM3AINIO HA TOBEPXHOCTH KIIETKH. VIHBa3WBHBIE PaKOBHIE
KJIETKH OOBIYHO KOHTAKTHPYIOT CO CTPOMAITEHBIMH Y€pe3 MOJIEKYITbI KIIETOUHOH a/Ir€3UH air€3MBHBIX COSAMHEHHH.

TIpsiMoOii KOHTAKT PAKOBBIX KJIETOK CO CTpoMasibHbIMM KieTkamu B TME omnocpenyeTcsi B3auMoaeicTBUEM
MEX]Ty JTUTaHO0M, CBI3aHHBIM C MEMOPAHOM, M €0 PEerenTopOM, CUTHAJIOM JIJIsl KOTOPBIX siBiseTcst Notch-myTs,
CITIOCOOCTBYIOIIHH TPOTPECCUPOBAHUIO OITYXOJIH Ha pa3HbIX cTaamsx [37; 38].

HenaBuo O0butn MaeHTH(GHUINPOBAHB! HOBBIE THUIIBI MEKKJIETOYHONH KOMMYHHKAITUH, 0003HaYeHHBIE KaK TyH-
HenpHBIe HaHOTPYOOoukH (TNT) 1 ormyxoneBeIx MUKpoTpyoouku (TM), KoTopbie (hYHKITHOHUPYIOT KaK B HOpMalhb-
HBIX, TaK U B pakoBBIX KieTkax. TNT u TM mpemctaBisaioT co0ol TOHKHE MEMOpaHHBIe KaHAJbBI, COMEPIKaIIie
F-akTuH, KOTOpBIE Pa3MTUYaOTCs MO pa3Mepy, 9TOOBI 00ECHEUUTh MPSMYIO CBA3b MEXKIY PAKOBBIMH KIETKAMHU
U CTPOMAJTBHBIMH KJIETKaMH Ha OOJNBIITNX PacCTOSHUAX [39].

B mporecce nporpeccupoBanns HOBOOOPa30BaHMS PaKOBbIE KJIETKH pa3pymIaloT 0azaibHyl0 MeMOpaHy U OT-
JIENISIOT TKAaHEBYIO TTAPEHXUMY OT SITUTEITHAIHFHOTO CIIOSI, B CBSI3M C YeM KOMIIOHEHTHI BHEKJIETOYHOTO MaTpUKca
HUTpaeT BaxXHYI0 poiib B hopmupoBannn TME. Kpome Toro, B mporiecce HHBa3WH POCT OITYyXOJIHM YaCTHIHO KOHT-
ponupyercst TME nocpeacTBoM napakpuHHBIX B3aUMOJEHCTBUM. B Takux ciydasx acCOLMMpPOBaHHASA C OIMYXO-
JBIO CTPOMa 00ECTIEYNBAET MUTATEIbHBIE BEIIECTBA, KHCIOPO/, (PePMEHTHI M CBSI3aHHBIE C MATPUKCOM (haKTOPHI
pocTa, KOTOpPBIE CITOCOOCTBYIOT MTPOTPECCUPOBAHUIO U TIPOIHQepalny omyxoiu [33].

Tabnuma 3

MesKkKJIeTOUHbIe B3aUMO/IeiicTBHS

Table 3

Intercellular interactions

ABTOD Komnonent Pesynbrar

Jiang, et al. (2023) VY4acTByIOT B ()OPMHUPOBAHUH NTPE-METACTATHUECKOW HUIIH, COACHCTBYIOT POCTY
3 4]g, ’ [leprunThl | OIMyXOJEBBIX KJIETOK M JICKAPCTBEHHONW YCTOHYNBOCTH IOCPEICTBOM APAKPUHHON
aKTUBHOCTHU U MHAYKIMU MOJSIPU3AIMK Makpogaros M2

Arneth (2019) [35] VYyacTByeT B (hOPMHUPOBAHNHN W Pa3BUTHUHU PaKa, BHYTPHKIETOUHAS! CUTHAIN3AIMS
Almeida-Nunes > | Crpomansabie | B TME MoXeT peryaupoBats aHTHOTeHe3. Heckompko myTeil GyHKITHOHUPYIOT Kak
etal. (2022) 3 6]’ KJIETKH MOIIIHBIE PETYISITOPBI, CIIOCOOCTBYIOIIUE AT PECCUBHOMY M METACTaTHUECKOMY BO3-

JICCTBUIO OIIyXOJIH

Bo Bpems mporpeccupoBanns paka Hapyuienue peryisaua ECM cioco6cTByeT nH-
. . Ba3WH, aHTHOTeHe3y U o0sierdaet MHQHIBTPALNI0 UMMYHHbBIX KiieTok. NK-kiieTkn
Ducimetiere, et al.
(2019) [37] ECM MoryT MoayiupoBat ECM mocpencTBoM cekperiuu puOpoHEeKTHHA 1, 4TO MPUBO-
JIUT K CTPYKTYPHBIM U3MEHEHMSIM B IEPBUUHOM OMYXOJIH U YMEHBIICHUIO METACTa-
3UpPOBAHUS

Rossi, et al. (2020) CBs3aHbI C aHTHOT€HE30M, BBIKMBAHHUEM OITYXOJIEBBIX KJIETOK, HHBA3UeH, MeTacTa-

lanexTuHbI

[38] 3MpOBaHNEM M M30eraHueM HMMYHHOT'O Ha/130pa
Mun, et al. (2022) TECs OO0pasyIoT BaXKHBIH COCYIUCTBIN BHYTPEHHUH CIION B OOJIBIIMHCTBE OITYXOJISIX, Op-
[39] ranu3ytoT TME, npuBnekaroT 1 akTUBUPYIOT T-KIeTKU

SIBnsroTcs MeMOpaHHBIMU KaHaJaMH, cofepskaniue F-akTuH, obecreqynBaroT mpsi-
Sato, et al. (2021) TNTs. TMs | MY'O CBA3b MEXKLy OMyXOIEBBIMHU KJICTKAMH 1 KJICTKAMH CTPOMBI Ha OosnpIue pac-
[40] ’ CTOSTHHS, 00SCIICYHBAIOT OBICTPBI 0OMEH KICTOYHBIMU KOMIIOHCHTAMH H MOJICKY-

JIaMH, BKJTIOYasi OpPraHEJUIbl, BE3UKYJIIbI, MOJIEKYJIbI M IOHBI

. VYuacTBylOT B AMCTAaHIMOHHOM KOMMYHHUKAIlUH MEXAY OIYXOJIBIO M KIETKaMHU

Wei, et al. (2020)
[41] EVs TME, nepeHocss MHOYKECTBO OMOJIOTMYECKH aKTHBHBIX MOJICKYJI, KOTOPBIE CIIOCO0-

CTBYIOT BO3HHKHOBEHUIO M IIPOTPECCUPOBAHMIO paKa

IIpumeuanune. ECM — BHeknerounstii Marpukc; TECs — omyxomneBsle sHnoTenHanbHble KiaeTkr; TNTS — TyHHeIbHBIe HAHOTPYOOUKH
u TMs — ormyxoneBbIX MUKpOTpyOouek; EVS — BHEKIETOUHBIE BE3UKYIIBL.

Note. ECM — extracellular matrix; TECs — tumor endothelial cells; TNTs — tunneling nanotubes and TMs — tumor microtubules; EVs —
extracellular vesicles.
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Hneuoumopnuvie konmponshsle mouku. llomruMo cyOnOMyISIIMOHHOTO COCTaBa BAKHOE 3HAYCHHWE MMEET
(yHKIIMOHATBHAS PETYIALUS TMPOTHBOOIYXOJIEBOTO CHTHAJIA M JKCIIPECCHUS WMMYHHBIX KOHTPOJBHBIX TOYEK.
Mosexynsl IMMYHHBIX KOHTPOJBHBIX TOYEK, BKIIOYast MHTHOUPYIOUIHE ¥ CTUMYIUPYIOIINE MOJIEKYIIBI MMMYH-
HBIX KOHTPOJIBHBIX TOYEK, OMPEAEIAIOTCS KaK Maphl JIUTaHA-PEeenTop, KOTOPhIE OKA3bIBAIOT HHTHONPYIOIIee Wi
CTUMYJHUPYIOIIee BO3JCHCTBHE HA UMMYHHBIE peakInd. BONBITIMHCTBO MOJEKYI MNMMYHHBIX KOHTPOJIBHBIX TO-
YeK, KOTOPBIE OTHCAHBI J0 CHX TIOP, SKCTIPECCUPYIOTCS Ha KIIETKaX aJaTHBHON MMMYHHOH CHCTEMBI, 0COOCHHO
Ha T-KJieTkax, ¥ BpOXJI€HHOW MMMYHHOM cucteMbl. Hanpumep, PD-1 mupoxo skcripeccupyercst B B-kierkax,
T-KkneTkax, eCTeCTBEHHBIX KIETKaX-KWIIIEpax U MUEJIOUAHBIX KileTKax. B kauecTBe nuranaa PD-1 nuranp 1 3a-
MIPOrpaMMHPOBAHHOM rrdenu KieTok (PD-L1) MoxkeT sKkcIpeccupoBaThesl B IEHAPUTHBIX KIIETKAaX, Makpodarax,
T-xnerkax, NK-kimeTkax u oImyXoJeBbIX KieTkax. CBsaspiBasch ¢ PD-L1, B mpucyTCcTBHN CUTHAIHFHOTO KOMILIEKCA
pernienitopa T-kinerok PD-1 wHUIIMUpPYET KOMHTHOMPYIOMIUN CUTHAJ, YTO TIPUBOANUT K MIPEKPALMICHUIO TIepeaadn
nH(OPMAITMH ¥ MHTHOUPOBaHUIO TIponmdepartuu, aneprun u uctomenuio T-xirerok [41]. Yi, et al. (2021) or-
MeuaeT, uto B TME cBepxakcnpeccupoBanusiii PD-L1 Ha ommyxoieBbIX KJieTKaxX cBsA3bBaeTcs ¢ PD-1 Ha nHHIh-
TPUPYIOIINX OITyXOJb TUM(OITMTaX M aKTUBHO 0Opasyercst koMmruiekc PD-1/PD-L1, 9aTo npoTuBOAeicTBYeT Ka-
CKa/ly CHTHAJIOB H CTIOCOOCTBYET HApYIIEHUIO aKTUBAIMX | -KJIETOK, TIO3BOJISIS, TEM CaMbIM, H30€eTaTh IMMYHHBIH
Haa3op [42]. Simiczyjew, et al. (2020) momuepkuBaet, 4To cBepxdkcnpeccust PD-1 T-kineTkaMu U TOCTOSTHHOE
BO3/ICHCTBHE OIMYXOJIEBBIX AaHTHTCHOB MPOBOLMPYET UX UMMYHHYIO HEBOCHPHHUMYHBOCTD, MOTEPIO 3(dexTop-
HbIX Qyuknni [43]. Capitani, et al. (2021) coobmaeT, uto CTLA-4 (1uTOoTOKCHYIeCKU OET0K, aCCOITUMUPOBAHHBIN
¢ T-mumormramu 4) 3amyckaeT HHTHONPYIONTHI CUTHAJ, KOTOPBIH MPEIATCTBYET OIOCPETOBaHHON T-KIIeTOUHOM
aKTHBAIlUW CUTHAJIBHBIX MOJICKYI [44].

Mukpooéuoma. B niocnennee Bpems B nojaepkanul TME Gonbliioe BHUMaHHUE yenseTcsi poiu MUKpoOHo-
ThI, KOTOPBIC KOJIOHU3UPYIOT CIU3UCTHIC O6OJ'IOT-IKI/I " KOXKY, IPpOAYIUPYIOT METa0O0JIUTEI U MOJICKYJIbI, OKa3bIBasA
MPSIMOE CHCTEMAaTHYECKOE U JIOKAJIbHOE BO3/IEHCTBHE HA PA3BUTHE OITyXOJIEBOTO Mpoliecca. BHyTpuomyxonesbie
MHUKPOOHBIC KOMITOHEHThI OOHAPYKUBAOTCS BO MHOTHUX TKaHSX HOBOOOPA30BaHUI U TECHO KOPPEIUPYIOT C BO3-
HUKHOBCHHEM U Pa3BUTHEM pakKa, a Takke ¢ dPPEKTUBHOCTHIO Teparnuu. Hekotopast BHYy TPHOITyX0JIeBast MUKPO-
01oTa MOXKET OBITh TECHO CBsI3aHA C IJIOXUM MPOTHO30M Y MAIMeHTOB ¢ omyxoisimu. Deng, et al. (2022) orme-
yaeT, uto H. Pylori perynupys OmyXOJeBble CTPOMANBHBIC KJICTKH, MMMYHHBIC KOHTPOJBHBIC TOUYKH U JIPYTHE
perymnsTopHbie (PaKTOPHI, CO3aeT MUKPOCPEIY, KOTOpasi 00eCcIednBaeT MOCTOSHHYIO KOJIOHU3AIHMIO U 00JIerdaeT
BO3HUMKHOBEHHE omnyxonedl. H. Pylori mpu pake jKeiy/iKa U KOJOPEKTAILHON aJIecHOME CIIOCOOCTBYET OoJiee BhI-
COKOMY PHCKY 3a00JIeBaHHs U YXYALICHUIO O0NIe3HEHHBIX cocTosiamid [45]. [pyroe uccnenosanne, Wong-Rolle,
et al. (2021), cBUAETEIBCTBYET, UTO CBSI3BIBAHUE MOJEKYN aare3un F. Nucleatum ¢ MOTHBaMHU KJIETOYHOU IIO-
BCPXHOCTHU OITYXOJICBBIX WJIM UMMYHHBIX KJICTOK, MIPUBOAUT K OHKOTCHHOMY HJIM UMMYHOCYIIPECCUBHOMY CUT-
HanuHry. F. Nucleatum u P. Gingivalis KOppeIupyroT ¢ 0oJiee BEICOKIM PUCKOM paKa TOKEITYIOUHOM HKeIIe3hI.
Kpome Toro, moBsItieHHbIe YpoBHU F. Nucleatum T€CHO KOPPETUPYIOT C TMO3AHEH CTaANCH U PEIUINBOM ILIO-
CKOKJIETOUHOTO paka numieBona [46]. Jiang, et al. (2022), coobmaet, uro monekynsl FadA, skcripeccupyembie
F. Nucleatum, peryaupyioT BoCIaJieHHe U OHKOTEHE3 3a CUET CBSI3bIBaHUS ¢ E-KaJrepmHOM M akTHBAIlUK CUTHA-
TM3alUK B-KaTeHWHA, UTPAIOT OIyX0JIe00pa3yIolyIo poiib B HHTHOUpOBaHUY Tiponndeparun T-KIeTOK U UHTYK-
1y anonTo3a T-kierok [47].

PakoBast MukpoOHoTa 1 Apyrue Mukpooprannsmbl B TME BIHSIIOT Ha Takue Mmporeccsl, Kak Onorpancdopma-
U ¥ MeTabOJIM3M KCEHOOMOTHKOB, KOTOPBIE OTPE/IEISIIOT OHKOT€HE3, B YACTHOCTH, CKOPOCTh POCTa U PacIpo-
CTPaHCHUA OIIYXOJICBBIX KJICTOK B OpraHU3ME. Hel{aBHI/Ie HUCCICAOBaHUs ITOKa3aJik, 4ToO MI/IKpOGI/IOTa OKas3bIBaAcT
BBIPKCHHOE BIUsIHNE Ha 3()()EKTHBHOCTh TAKUX METOJIOB JICUCHHUS paKa, Kak IMMyHOTeparus. TakuMm oOpazom,
OIryxoJicBas MI/IKpO6I/IOTa CUUTACTCA BAaKHBIM Q)aKTOpOM, KOTOpBIﬁ MOXCET BJIMATH Ha 3JOPOBHE OHKOJIOT'MYECKUX
MAIUEHTOB U ONPENEIATh UX OTBET Ha Tepamuio [46].

TME-opuenmuposannas mepanus. Teparnus HOBOOOPa30BaHHUN OCTASTCS CJIOXKHBIM ITPOIIECCOM, B KOTOPOM
WCTIONB3YIOTCS KaK TPaJAMLIMOHHBIE MOAXOABI K JIEUSHUIO (XUPYpPrHsl, XUMHUOTEpAIus U JIyueBas Teparnus), TaKk
Y HOBbIE HAIPaBJIEHUS C UCIIOIB30BAHNEM TapreTHON Teparnuy, HaHOpenapaTroB, MPUPOAHBIX AaHTHOKCHJIAHTOB,
XEeMOAMHAMUYECKOH Teparuu, Tepaniu Ha ocHoBe ¢eppornTosa (Tadm. 4). CoBpeMEHHBIM UMMYHOTEpAeBTHYE-
CKUM TOJXO/IOM SIBJISIETCSI MCIIOJIb30BaHME MPOTHBOOIYXOJEBBIX BakIMH. MexXaHu3M JeHcTBUS ITHX Ipernapa-
TOB COCTOMT B MMMYHHU3AIIUH MAIIUEHTa OIyX0JIb-aCCOLMMPOBAHHBIMU aHTUT€HAMM, YTO MPUBOAUT K aKTUBALIUU
aIalITUBHOTO 3BEHAa MMMYHHOH CHCTEMBI, HAIIPABICHHOTO Ha OIyXOJieBble KiIeTKH. Hanbosee mepcrnekTuBHON
MPe/ICTAaBISIeTCS] pa3padOTKa JeHIPUTHO-KIETOUHBIX BaKLUH, B OCHOBE KOTOPBIX JIEKHUT CIIOCOOHOCTD JCHIPUT-
HBIX KJIETOK IPE3eHTUPOBATh aHTUTEH T-TMM(OLNTaM, BEI3bIBATH HX aKTHBAILIMIO U HHUIIMUPOBATH POTUBOOITY-
XOJIEBBI IMMYHHBIHN OTBET [48].
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Tepanus onyxoJieBbIX 32060/1eBaHMit

Table 4

Therapy of tumor diseases

ABTOp TepaHeBTI/I‘ICCKI/II/I PeSyHLTaT
arcHT
Tepanuss ACT BkiroyaeT aganTuBHbIM nepeHoc TIL uam ckOHCTpyupo-
Genova, et al.
(2021) [48] ACT BAaHHBIX T-KJIETOK, OOJIAAIONTNX CIICIH(PUIHOCTHIO M BBICOKIM CPOJCTBOM
K OITyXOJIEBBIM aHTUI'€HAM
TME BxuirogaetT nHrHOMpYyomue GakTopsl, KOTOPBIE BIUAIOT Ha (PyHKINIO
Liu, et al. (2021) CAR-T-KJI€TOK, Cpey KOTOPHIX MOBBIMICHHAS PETYIIAIUS HMHTHOUPYIONIIX
[ 49]’ ’ CAR-T-xneTku pEeLenTopoB KOHTPOJIBHBIX TOYEK, PACTBOPUMBIE LIMTOKUHBI, W3MEHEHHbIE
TIPO(HITN SKCIIPECCHH XEMOKHUHOB, CIIOXHBIN CTPOMAIIBHBIH COCTaB, TUITOK-
CHsI M aHOMaJIbHBIH MeTa00IM3M OITY XOJI!
Antu-PD-1 npenorBpaiaet cBszbiBanue PD-1 u ero niurangos PD-L1 u PD-
Wang, et al. (2023) L2, rem cambIM criocoOcTBys nposndepannn T-KIeTOK U MPOAYKIUHU IUTO-
50 KHUHOB.
[50] Antu-PD-1 0 .
Petitprez, et al. AHTH-PD-1 DCs pearupyror Ha IFNy, mpomymumpyembiii COCETHUMHU
(2020) [51] T-kmetkamu, myTem cekpennn [L-12, TeM caMbIM yCHIHBasi OTIOCPEIOBAH-
Hoe T-KkJIeTKaMu YHHUTOKCHHE Oy XOJIEBBIX KIETOK
XuMepHBIH perenTop-nepexatodatens PD1/CD28 momydeH myTem ClustHIs
BHEKJIETOUHOTro aoMeHa PD-1 ¢ TpaHcMeMOpaHHBIM M BHYTPUKIECTOYHBIM
Liu, et al. (2022) PDI1/CD28 nomenamu CD28. IIpeoOpa3oBanue uHrHOUpyromiero curuaga PD-1 B ak-
[52] tuBupytomuid curHan CD28 s¢dexkTnBHO MogaBIseT pocT OMYX0JU U yBe-
JMYUBAeT MHOHUIBTPANUIO T-KIETOK MaMsTH, MPOJIEBACT JOJITOCPOYHBIN
MIPOTHUBOOITYXOJIEBEIN A3PPEKT U CHIKAET cekperuio [L-6
Lu, et al. (2019) MonokonansHble | BoccranaBimBaroT peakunio T-KJIeTOK Ha OIyXOJIeBbIe aHTUT€HBI, & KOMOH-
[53] anturena k TIM3 HAITUU AHTUTEI OKA3bIBAIOT aJINTHBHEIN dPPEKT
Byrne, et al. (2021) Aronuct CD40 Axrtusupyet spdexTopHsie GyHKINU B Makpodarax, B-kinerkax u DCs, un-
[54] nynupyet nutokuusl Thl, Takue kak 1L-12
BiKEs u TriKEs npencraBisitor co6oit NK-kJIeTKu ¢ ABYMs WM TpeMsi
licka, et al. . . HOICTIOYCYHBIMH BapUaOCIIbHBIME (PparMEHTAMU C Pa3IM9IHON aHTHUTCH-
Jedlicka, e BiKEs u TriK Es OJTHOIICTIOUE prade (bparme c pas 0 e

(2022) [55]

HOH crIelIn()UIHOCTHIO, UTO 0OECTIeUNBAET TOUHBII MEKKIICTOUHBI KOHTAKT
C OIyXO0JIEBOM KJIETKOH

Jia, et al. (2023)

Antu-CDI19 CAR-

AnTH-CD19 CAR-NK-KIEeTKH HCTIONB3YIOTCS IS YTy YIIIEHHUS CIIOCOOHOCTH

[56] NK-kreTkn K YHHUTOXKCHHIO OITyXOJIEBBIX KIETOK U crieruduaHocT NK-kimeTok
Madeddu, et al. MurnGurops EGFR- VYeunuparor npe3eHTauI/I}? antureHoB MHC knacca [ u II B otBeT Ha IFNy,
noBermaioT ypoBHH CD8' T-xnetok um DCs, ycrpanstor Tregs U CHIKAOT
(2022) [57] THPO3WHKIHA3HI
skcrpeccrio PD-L1 B pakoBBIX KJeTKax
Zhang, et al. Wnruburopst Honasnsror curnanst TGFB, MAPK n NF-kB, uTo noxaepxuBaet npoTHBo-
(2023) [58] NLRP3 OITYXOJIEBBIH (D (PEKT.
Heitrpanusyromue | Helitpanusyromue anturena k VEGF unu VEGFR co3garor ummyHOCy-
Zhao, et al. (2022)
[59] aatutena kK VEGF | mpeccuBHoe TME, momaBisioT mpe3eHTaI[NI0 aHTUTeHA, CTUMYIHPYIOT aK-
nnu VEGFR. tuBHOCTH Tregs u TAM
Peng, et al. (2021) Aromucr TLR3 Wnnnunpyer CD8" T-kieTkn 0€3 NpOAYKIMH LIUTOKWHOB, BBI3BIBATH pe-
[60] ARNAX T'PECCHUIO OITYXOJIH 0€3 CHCTEMHOTO BOCTIAJICHHS M MOXKET TOBBIIIATE d(PQek-
THUBHOCTBH Osokaasl PD-1/PD-L1
Garris and Luke Aromer TLR7/8 3aIycKaeT SKCIIPECCHIO TPOBOCTIAJIMTEIIBHBIX TE€HOB, TO BEICT K yBeIMe-
HUIO UHTpaTyMOpasibHbIX peakuuil IFN, xemoknHOB T-kieTok W MHOUIb-
(2020) [61] NKTR-262 L
Tpupytomux onyxoias CD8" T-kneTox
Crpareruu Ha ocHoBe NP, nanenennsie Ha TAM, B TME: ncromenue ma-
Jang, et al. (2021) NP niporis TAM KpodaroB B OITyX0JIEBBIX TKAHAX; MHTHOMPOBAHNE PEKPYTHHTA MOHOITUTOB,;

[62]

nepenporpammupoBanre TAM tuna M2 B mpoTHBOOITYX0JIeBbIe Makpoda-
ru tuna M1
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OkoHuyaHue Tabm. 4

Ending table 4

A TepaneBruueckuit
BTOp arenT Pesynbrar
Harpysxennsie nekapctBoM NP MOryT HHTHOMPOBATH THUIIOKCHYECKUNA POCT
Raju, et al. (2022) OITYXOJI¥, OKa3bIBas BIHMSHUE HA aHOMAJIBHYIO COCYAUCTYIO CETh OMYyXOJIH,
3] NP TeperporpaMMHpoBaTh Makpodaru M2 B penorun M1, koTopble peakTHBH-
[ PYIOT HIMMYHHBIH OTBET M HHTUOUPYIOT POCT OIYXOJIH, aKTUBUPOBATh 3pe-
apie DCs, uTo npuBOAUT K akTUBaluu B-kneTok yepes T-kiaeTku
Ghaffari JleyeHnue ¢ TOMOIIBIO OJIOKABI IMMYHHBIX KOHTPOJIBHBIX TOYEK W IIHCILIA-
and Rezaei (2023) D03UHODIITEI tuHa yBenuumBaet 1L-5 u [L-33, xoTtopsre yBenuuauBaroT 1uHepeHIInpoBKy
[64] U PEKPYTUHT 303MHO(HUIIOB COOTBETCTBEHHO
D03MHO(HIIBI TPOHUKAIOT B PA3IMYHBIC THUITBI COJTMIHBIX OMyXOoJel u o0a-
Grisaru-Tal, et al. JTAIOT MJICHOTPOMHON aKTUBHOCTBIO TTOCPEJCTBOM MPSIMOTO BsaHMoz[elzICTBMﬂ
(2022) [65] D03UHODIITBI C OITyXOJIEBBIMU KJIETKAMH U CJIOKHOTO TEPEKPECTHOTO B3aWMOJECHCTBUS
¢ smMponuTaMu. BiusgroT Ha OTBET Ha pa3nuyHbIe (HOPMBI UMMYHOTEpA-
M1, orocpeoBaHHON T-kineTkamu
Xu, et al. (2023) CAF moryT ObITh HHTHOMPOBAHEI ITyTEM HAICITUBAHUS HA Ty TH XEMOKHHOB
[66] CAF 7 (pakTOpoB pocTa, YTOOBI YCHIINTh HMMYHOJOTHUYECKYIO HH(UIBTPAIHIO
T-kneTok
OHKOJIUTHYECKHE BUPYCHI MOT'YT HAIIPSIMYIO JIN3UPOBATh OITYXOJIEBBIE KJIET-
Shen, et al. (2024) OHKONUTHYECKUE | KM MM KOCBEHHO OKa3bIBAaTh MPOTHBOOITYXOJIEBOEC Ilef/'IC:I‘BI/IC, BBI3bIBAs CH-
[67] BUPYCHI (HalIpuMep, | CTeMHBIE HIMMYHHBIE OTBETHIL. T-Vec KOHCTPYHPOBAHHBIN HU3KOTOKCHYHBIH
T-Vec) BUPYC MPOCTOrO Tepreca, IKCIPECCUPYIOINNA TPaHyIOIUTapHO-MaKpoda-
raJIbHBIA KOJIOHUECTUMYIUPYIOIIHHA (haKTop
Johnson, et al. B7H3.CAR-T-xneTku C OHKOJIMTHYECKMM aJICHOBHPYCOM (0Ad-CXCLI11)
(2022) [68] B7H3.CAR-T-knetku | ¢ B7H3-cBs3biBaromieit CAR T-kuietkoit (B7H3.CAR-T) adpdextuBnbl 11
3aMe/IJICHUs] POTPECCUPOBAHUS U YCTPAHEHU S OITY XOIH
Liu, et al. (2023) M3mensier TME, Bo3aeHCTBYsI HA MHOTOYMCIIEHHBIE KJIETOYHBIE U HEKJIETOY-
[69] Panuorepanust HbIE KOMIIOHEHTHI. BBI3bIBAET JIOKAJIbHOE YBEIUYEHUE KOIMYECTBA 1 cyOro-
MYJISAIHOHHOTO pa3Ho00pasns T-KIeTOK B mpenenax o0IydeHHOH Oy X0IH

IIpumeuanne. ACT — omyxone-peakrtusnsle T-knerkw; BiKEs mmm TriKEs — 6u- nmm tpucnenmduueckue aktuBatopsl NK-ki1eTok;
NLRP3 — mupunoBsrii tomen 3 cemeiictBa NLR; TLR — Tomt-nionoGusiii perienitop; NP — HaHOYaCTHIIBL.

Note. ACT — tumor-reactive T-cells; BiKEs or TriKEs — bi- or trispecific activators of NK-cells; NLRP3 — pyrin domain 3 of the NLR
family; TLR — toll-like receptor; NP — nanoparticles.

Tepanus xumepHbIMU aHTUreHHBIMH perienitopamu (CAR)-T-kieTkaMu cTaina MHOT0OOCIaroIM IMMYHO-
TeparneBTHYECKUM HOIX0A0M K 00pbOe ¢ pakoM. Ilonxox 3akmoyaercs: B UCHIOJIB30BAaHUH T€HETHYECKU MOTU(H-
IUPOBAHHBIX IMMYHHBIX KJIETOK, SKCIPECCUPYIOIUX MOBEPXHOCTHBIN penenTtop, Ha3biBaeMblil CAR, koTopsIit
crielu(pUUIECcKH HaleJIeH Ha aHTUTEHBI, SKCIIPECCHPYEeMble Ha TIOBEPXHOCTH OITyXOJICBBIX KJIE€TOK. OfHAKO LIEH-
HOCTb 3TOHM TE€paNiM OCTACTCS HEYOSIUTEIbHON B KOHTEKCTE COIMIHBIX OITYXOJIeH U CIEPKHUBACTCS PSIOM IIpe-
MSITCTBUM, BKJIIOYAS! OTPAaHUUCHHBIA TPAHCHIOPT OIyXOJIU U €€ MH(DUIBTPaLrio, HAINYNE HMMYHOCYIIPECCUBHOTO
OIIYXO0JIEBOI'O MUKPOOKPY>KEHUS, a TAK)KE HEXKeTaTeIbHbIC SIBJICHUSI, CBSI3aHHbIC C TaKOU Tepanuel [52; 57].

Taknum 00pa3zoM, B KaXKI0M W3 BBIIICYKa3aHHBIX HAIIPABJICHUH TOy4eHBl MHOTOOOCLIAIOLINE PE3YIbTaTHhI, I10-
3BOJISIIOIINE PACIIMPHUTH CYIIECTBYIOLIME MIPEACTABICHUS O CTPYKTYpe U GyHKIHOHanbHOU pomn TME, a takxke
BO3MOYKHBIC TIOZIXOZIBI K €r0 MOAYJISILIUH.

Ha puc. 3 npencraneHsl pe3ylbTaTbl CHCTEMAaTHYECKOTO 0030pa O COOTHOILCHHIO KOJIMYECTBA IMyOIHKaLMH
13 BKJIIOYCHHBIX B HCCIIC0BaHUE 68 MTOTHOTEKCTOBBIX CTaTel B K&JKAOM M3 aKTyaJIbHBIX HANpaBICHUH HCCIIENO-
BaHus 3a nepuon ¢ 2019 no 2024 rr.

ITpoBeneH neTanbHbIN aHATU3 4-X MCCIICIOBAHMM, ITOCBSILICHHBIX TEPAIUH 3JI0KaYeCTBEHHBIX HOBOOOPa30Ba-
Huil ¢ BoBineueHnneM TME (puc. 4). Ha ocHOBaHMM aHaM3a ¢ UCIIOIB30BAHUEM MOJIENH CIydailHbIX 3(dekToB
C METOZIOM 00paTHO# qucnepeuu aiist cpaBHeHUs ko3¢ ¢uunenta pucka (HR) ycranosnena crarucruueckas pas-
HULA: cyMMapHbIi kKoaddunuent pucka (HR) cocrasnsier 65,4 ¢ 95 % nosepurensHbiM nHTepBasioM 49,75-85,98.
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Fig. 3. Results of a systematic review
Hazard Ratio Hazard Ratio
Study logHR SE Weight IV, Random, 95 % Cl IV, Random, 95 % ClI
Genova 2021 43271 0.1103 37.6% 75.72[61.00; 94.00]
Byme 2021 4.2365 0.1455 32.1% 69.17 [52.00; 92.00] .
Zhao 2022 22822 0.8107 28% 9.80[2.00;48.00] i
Wang 2023 4.1078 0.1768 27.5% 60.81 [43.00; 86.00] '.'
Total (95 % CI) 100.0 % 65.40 [49.75; 85.98] 0
Prediction interval [22.99; 186.07] —_—
Heterogeneity: Tau? = 0.0396; Chi*=7.01, df =3 (P=0.07); 2 =57 % I ! ! !
Test for overall effect: Z=29.96 (P <0.01) 0.01 0.1 1 10 100

Puc. 4. Pe3ynbTaTbl CHCTEMaTHUECKOTO 0030pa, MOCBSICHHOIO TEPAHH OITyXO0JIEBBIX 3a00/IeBaHuU
Fig. 4. The results of a systematic review on the treatment of tumor diseases

IIpumeuanue. HR — otHomenue puckos; SE — crannaprras ommoOka; Weight — Bec nnum BIusHIE HCCIIECIOBAHUS
Ha 00IIIMe Pe3ybTaThl aHAJM3a BCEX BKIFOUCHHBIX HcciienoBanuii; Cl — TOBepUTEIbHBIN HHTEPBAIL.

Note. HR — Hazard Ratio; SE — standard error; Weight — the weight or impact of the study on the overall results
of the analysis of all included studies; CI — confidence interval.

Tect Ha 00t 3¢ ekt mokazpBaeT 3HaYNMOCTh TIpH p < 0,05. OOHapyKeHa 3HaUNTENbHAs TeTePOreHHOCTD
(0,07), gaTo mpearmonaraeT HemocienoBaTeIbHbIe 23PQEKTHI 110 BeTHMYHUHE 1/ WU HallpaBJiIeHnto. 3Hadenne 12 yka-
3BIBAET Ha TO, 4TO 57 % W3MEHYMBOCTU CpPEIX MCCIEeOBaHNI BO3HUKAET M3-3a TETEPOTeHHOCTH, a He CITydJaid-
HOCTH.

Krnetounsiii coctaB TME u TME-opuenTrpoBaHHBIE METOIBI TEPAIUN OITYXOJIEBBIX 3a00JIEBaHHIA SIBIISIOTCS
Haubollee aKTUBHO M3y4aeMbBIMH, B TO BpeMs KaK MMMYHHbBIE KOHTPOJIbHBIE TOYKH M OIyXOJieBask MUKpOOHOTa
IIPH HOBOOOPA30BAHMAX OCTAIOTCA HaMMEHee N3ydeHHBIMH 00IaCTsIMH, KOTOPHIM HEOOXOIUMO Y/IEINUTh OOJbIIee
BHUMAaHHE B TUNIAHUPYEMBIX UCCIICTOBAHUSIX.
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3akijoueHue

HUrak, B pe3ynbrare cucteMarnieckoro o03opa BeisieieHo: TME npencrasiser co6oii 1OCTaTOYHO CIOKHYIO
U TETEPOreHHYI0 CTPYKTYPY, IIUPOKO BOBJICYEHHYIO B OHKOI'€HE3, B TOM YMCJIE 3a CUET aKTUBHOI'O B3aUMOJIEH-
CTBHSI OITYXOJIEBBIX KJIETOK C OKPYKAIOIIMMHU KOMIIOHEHTAaMH TIOCPEACTBOM KPOBEHOCHOH M JIMM(aTHUECKOM CH-
CTEMBI, 4TO BJIMSET HA PA3BUTHE U IIPOTPECCUPOBAHUE PAKA.

TME coCTOUT U3 pa3iauYHbIX KOMIIOHEHTOB, BKJIKOUAsl OIIYXOJIEBBIC U UIMMYHHBIE KJIIETKH, MOJIEKYJIbI, KPOBE-
HOCHBIE ¥ TUM(ATHIESCKHE COCY/IbI, BHEKIICTOYHBIH MaTpukc. OJJHUM U3 PacIpOCTPaHEHHBIX TUIIOB MMMYHHBIX
kiaetok B TME sBistrorest rurotokcndeckne CD8" T-kmetkn u NK-KJIeTKH, KOTOPBIE CIOCOOHBI YHHUTOXKATH
OITyX0JIeBbIe KJIETKH [9]. Ba)kHbIM KOMIIOHEHTOM SBJIsIeTCS BHEKIETOYHBII MaTPUKC, COCTOSIINI U3 CETH MakKpo-
MOJIEKYJT, BKJIIOYAs ITTUKOIIPOTEHHBI, KOJUTareHbl U ()epMEHTBI, KOTOPBIC BIUSIIOT HA KIETOUHYIO aJIre€3uI0, MPOJIH-
(epaiuio 1 KOMMYHHUKAIUIO. Baknoe 3Hauenure uMeeT 3KCIpeccHs MMMYHHBIX KOHTpobHEIX Touek (PD-1, CTLA-4)
JUTS PETYIISALUH TPOTHBOOITYX0JIEBOro curHaia [42].

MukpobuoTta onmyxoiu U MUKpoopranuambsl B TME BiusitoT Ha GroTpanchopManuio 1 MeTadoIn3M, KOTOphIe
OTIPECIISIIOT CKOPOCTh POCTA U PACIIPOCTPAHEHUS OIMyXOJIEBLIX KJIETOK B opranmsme [45]. IIpoTymoporeHHsie
mnpouecchbl ¥ MosieKyibl B TME sBIISIFOTCS OCHOBHBIMHM MMILIEHSIMU ISl HOBBIX METOJIOB JICUEHUS 3JI0KaYECTBEH-
HBIX HOBOOOpa30BaHU, HAIIpUMEp, IMMYHOTEpANHs OMyXOJIH C UCMOJIb30BAaHHEM aHTHUTEN MPOTHB UMMYHHBIX
KOHTPOJIBHBIX TOYEK. TeKyIue KIMHUYECKUE UCIIBITAHNSI HAITPABIIEHbI HA TAPI€TUPOBAHUE, YCTPAHEHUE U IIepe-
nporpamMmupoBanue kinetok B TME [57].

I'my6okoe monnmanue TME, ero ponu v cBsS3aHHBIE ¢ HUIM MOJICKYJIBI TO3BOJISIT MOTYYUTh MOJTHOE MPE/ICTaB-
JIeHWE O OMOJIOTHYECKOM ITOBEICHUH Pa3IMYHBIX TUIIOB OIyXoJieil. Kpome Toro, Takue JaHHbIE CTaHYT BaKHOU
OCHOBOH I pa3pabOTKu TepaneBTHUECKUX CpecTB Ha ocHOBe TME 1 MOTYT UMETh peliaromiee nporHocTuye-
CKOE 3Ha4YCHUE, JIOTOTHSS THCTONATOJIOTHUECKUE W MOJICKYJISIPHBIE OMOMapKephl B OTHOIICHUH OIIEHKH 3 dek-
TUBHOCTH JICUCHHSI TTAIIUCHTA C HOBOOOPA30BaHHUEM.
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OreHKa COBPEMEHHOTO COCTOSIHHS ITOYB TOPOJCKUX TEPPUTOPHH BBISIBMIIA TIPOCTPAHCTBEHHBIEC PA3INYMsI B HAKO-
IUIGHUU HUTPATOB U CyJIb(ATOB 110 aIMUHHCTPATHUBHBIM 00J1acTsSIM CTpaHbl. HanMeHbIIMe KOHIIEHTpalui HUTPAaTOB OT-
MedeHbI B Topoxax bpecrtckoit 06m. (Kec = 0,5), Han6onpmue — B [omensckoii (Ke = 2,8). s cynsdaros Habmomanacy
oOparHasi TEHJCHIMS: HaUMEHBIIEE Cpe/IHee cojepkaHue 3adukcupoBaHo B roponax ['omensckoi 00x1. (Ke = 1,0),
Haunbomemee — B bpectckoit (Ke = 1,5). [Ipu 3TOM pa3imyuns B HAKOIIJIEHUU CYTh(PATOB MO 00TACTSIM HE3HAYUTEIb-
HbIE, B TO BpeMsl Kak JUIsi HUTPAToB pa3dpoc cCpeqHUX 3HaueHUil cocTaBmi Oosee yeM B 5 pa3. MakcUMalIbHBIE 3HA-
YeHUs CyIh(paTOB, OTMEUCHHBIE Ha OTAENBHBIX yd9acTKaX ropofos, coctaBmwin oT > 1,0 mo 3,0 I[TIJK. HccrenoBanus
nokazanu, 4yto 3a 2000-2020 rr. B 90 % HaceleHHBIX MYHKTOB OTMEUYEeHA TEHJCHIIUSI CHU)KEHHS] KOHIEHTPAIIUU HU-
TPaToOB B MOYBAX TOPOJOB. MOXKHO MPEAIOIOKHUTE, YTO TAKOE YMEHBIICHNE a30TCOAEPIKAIINX BEIIECTB 00yCIOBIIE-
HO CHIKEHHEM KOJMYECTBA OPraHMYECKOTO BENIECTBA B ITOYBAX M 3aMEUIEHHEM IIPOLECCOB HUTPU(HUKAIIMH IIPU €ro
pa3iIoXKEHNN, a TAKXKE HE3HAUNTENBHON J07e# a30TPUKCUPYIOMUX OPTaHU3MOB, IPUCYTCTBYIONUX B TOPOACKUX TO-
YyBaX. YCTAHOBJICHO, YTO 33 UCCIIEYEMBII IIEpPHUOJ] Co/iepKaHue cyab(aToB B IOYBAX FOPOAOB YBEINYHIOCH. [Ipu aTOM
B 59 % ciy4aeB MOYBBI XapaKTEPU30BAINCh 3HAYUTEIbHBIM YBEIMUEHUEM COACpKaHUs cyab(aros: B 41 % cioyuaes
HAKOIUIEHHE CEePOCOEPIKAIIET0 COeIMHEHUs] B TOUBaX He3HauuTeabHoe. B mousax r. Muncka 3a 2000-2022 rr. ycra-
HOBJICHBI PA3HOHAINPABJICHHbBIE CBOWCTBA B COAECPKAHUM HUTPATOB IO TOJaM ¢ 00mIeH TeHAEHIIUEH K 3HAYUTEIbHOMY
MOHIKEHHUIO MX KOHLEHTpanuu. /s cynb(haToB oTMevaiach HEKOTOPOE HAKOIUIGHHWE B IT0YBAX C HE3HAUYHUTEIbHBIM
cHmkeHueM koHreHTpamnuii B 2013 u 2015 rr. CnexgoBareabHO, MOKHO MPOTHO3UPOBATH YXYAIICHHE dKOJIOTHIECKOTO
cOCTOsIHUS TT0YB B 94 % HccieloBaHHBIX HACEJICHHBIX MYHKTOB 32 CYET YBEJIMUYEHUS! B HUX KOHIIEHTPAINH CyIb(paToB
U TIOJIOKUTENIbHYIO TEHACHINIO, BBIPAXKEHHYIO B CHIKCHUH WM CTa0MIIN3allMY HAKOIUICHUS HUTPATOB B OYBEHHOM
MOKPOBE TOPOJICKUX TEPPUTOPHH.

Kniouegvie cnoga: 1ouBbl; Cyib(aThl; HUTPATHI; TOPOJICKHE TEPPUTOPHH; 3arps3HEHHE; AMHAMUKA; IPEAEIIBHO JI0IYCTH-
Masi KOHLIEHTpaLys; JOHOBOE COJEPKaHuUe; IIOPOrOBOE 3HAYCHHE.

SPATIOTEMPORAL PECULIARITIES OF SULFATE
AND NITRATE CONCENTRATION IN SOILS OF URBANIZED AREAS

S. E. GOLOVATYL, S. V. SAVCHENKO®, E. A. SAMUSIK*, M. L. SINITSKAYA®
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23/1 Datithabrodskaja Street, Minsk 220070, Belarus
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“Yanka Kupala State University of Grodno,
22 Azheshka Street, Grodna 230023, Belarus
Corresponding author: S. E. Golovatyi (ssience(@yandex.ru)

Assessment of the current state of soils of urban areas revealed spatial differences in the accumulation of nitrates
and sulfates by administrative regions of the country. The lowest nitrate concentrations were observed in the cities of
Brest region (K¢ = 0.5), the highest — in Gomel region (Kc = 2.8). The opposite trend was observed for sulfates: the
lowest average content was recorded in the cities of Gomel region (Kc = 1.0), the highest — in Brest region (Kc = 1.5).
At the same time, the differences in the accumulation of sulphates by regions are insignificant, while for nitrates the
variation of average values amounted to more than 5 times. Maximum values of sulphates observed in some parts
of the cities were from > 1,0 to 3,0 maximum permissible concentrations. Studies have shown that over the period
2000-2020, 90 % of populated areas showed a tendency to decrease to concentration nitrates in urban soils. It can be
assumed that such a decrease in nitrogen-containing substances is due to a decrease in the amount of organic matter
in soils and slowing down of nitrification processes during its decomposition, as well as an insignificant proportion
of nitrogen-fixing organisms present in urban soils. It was found that over the study period, the content of sulfates
in urban soils increased. At the same time, in 59 % of cases, soils were characterized by a significant increase in the
content of sulfates, in 41 % of cases, the accumulation of sulfur-containing compounds in soils was insignificant. In
the soils of Minsk for the period 2000-2022, multidirectional trends in the content of nitrates were established by year
with a general tendency towards a significant decrease in their concentration. For sulfates, some accumulation was
noted in soils with an insignificant decrease in concentrations in 2013 and 2015. In general, it is possible to predict a
deterioration in the ecological state of soils in 94 % of the studied settlements due to an increase in the concentration
of sulfates in them and a positive trend expressed in a decrease or stabilization of the accumulation of nitrates in the
soil cover of urban areas.

Keywords: soils; sulfates; nitrates; urban areas; pollution; dynamics; maximum permissible concentration; background
content; threshold value.
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BBenenne

Ha tepputopun benapycu 3K0JIOTro-reOXMMHYSCKUE UCCIICAOBAHMS TOYB YPOAHU3UPOBAHHBIX TEPPUTOPHIL
Ha COJIEpKAaHME B HUX XMMHMUYECKHX BEIIECTB M MOKa3zareJed MpoBoAsATCA ¢ cepeanHbl XX B. Hamie Bcero us-
YYaJIMCh TSXKEIbIC METAUIbI U HE()TEIPOAYKThI, BHICTYAFOIINE OCHOBHBIMU 3arPSI3HUTEIISIMEA TOPOJCKHUX TTOYB.
Or11eHKe MPUCYTCTBUS CEPO- U A30TCOASPKAIIIX COSAMHEHUN B TIOYBaX TOPOJIOB YACTSUIOCH 3HAUYUTEIIEHO MEHBIIIE
BHUMAaHHUS, TaK KaK 3Ta 00JIACTh UCCIICIOBAHUH KacaeTcs IIIaBHBIM 00Pa30M CEIbCKOX03SICTBEHHBIX 3eMeb, IS
KOTOPBIX HAJIMYUE B MOYBAX a30Ta M CEPHI SBISIFOTCS 00S3aTeIbHBIM YCIOBUEM TMOYYCHUS KaueCTBEHHOM pac-
TEHUEBOMUYECKON mpoayKiuu [1—7]. B ecTeCTBeHHBIX yCIOBUSAX 00OTaIlICHUE TTOYB HUTPAaTaMH MPOUCXOIUT B MPO-
1ecce HUTPUPUKAIMY TIPH PA3JIOKSHUU OPraHMYECKUX BEIECTB TOYUBBI, a TAKXKE BCIICACTBUE OTMUPAHHUS a30T(HHUK-
CHPYIOIIMX MUKPOOPTaHU3MOB [8&].

CynbdarHast hopma cepbl 00pa3yercsi ¢ y4acTHEM MUKPOOPTaHU3MOB B KaUu€CTBE TOOOYHOTO MPOJIYKTA B TIPO-
1ecce MUHEPAIU3alud OPTaHUYECKOTO BEIIECTBA MOUBHI, MPEACTABICHHOTO PACTUTEILHBIMU OCTaTKaMHU U TY-
MycoM. He3HauuTenbpHas 4acTh OT BaJIOBOTO COJICPIKAHMS CEPhl B MOYBE HAXOJUTCS B HEOPTaHUYECKOM (hopme
B BHJIC CYJIb(aTOB, KOTOPBIC BXOAT B COCTAB IMIOYBCHHOTO PACTBOPA, YICPKUBAKOTCS MOBEPXHOCTHEO MUHEPAJIb-
HBIX YaCTHUI[ TIOYBBI, @ TAKKE HAXOMSATCS B COCTaBE OT/ICIHHBIX MUHEPANIOB [8].

JlomonHuTenpHOE TOCTYIUICHUE CEPBI U a30Ta B TTOYBHI TOPOJICKUX TEPPUTOPHUH, IO CPABHEHUIO C MIPUPOTHBI-
MU aHAJIOTaMU, MOXKET OBITh 00YCJIOBJICHO MX MPUCYTCTBHEM B aTMOC(HEPHOM BO3/IyXe TOPOIOB B BUJIC OKCHJIOB
CEepBI M 230Ta, KOTOPBIE BXOJISIT B TPYIIITY ra30B, 001 JaI0NUX BEICOKOM XUMUYECKOU aKTUBHOCTBIO, U MOCTYTAIOT
B arMocdepy MpH CropaHUK UCKOIMAEMbIX BUJIOB TOIUIMBA, JICATEIIbHOCTU MPOMBIIUICHHBIX 00BEKTOB U BHIOPO-
cax arotpancropra [1-3]. [ToctynuBiure u3 armochepbl TEXHOTCHHBIE COSTUHEHUSI CEPhl MOTYT 3aKPETIISITHCS
B IOYBE B PE3YyNBTATe aICOPOIUHU B BUIC HEPACTBOPUMBIX COCTMHEHU, UTO OTPAHUYUBACT UX MHUTpAInio. B To
JKe BpeMsi OOJIBIIIMHCTBO CYJIb(ATOB M HUTPATOB XOPOIIIO PACTBOPUMBI B BOJIE, YTO CIIOCOOCTBYET MX BHIMBIBAHHIO
U3 TIOBEPXHOCTHOTO CJI0S TIOYB B HIDKEJEXalue ropu3oHTHI [8].

B crarbe maeTcs omeHka conepkaHus Cyinb()aToB M HATPATOB B TOPOJICKMX MOYBAX IO pe3yJbraraM o0cie0Ba-
HUS TOPOJIOB B paMKaX HAOIFOICHUH 32 XUMUYCCKUM 3arpsi3HeHHEM 1o4YB HarioHaibHOW CHCTEMbI MOHUTOPUHTA
okpyxkatorielt cpenbl B Pecniyomke benapycs (HCMOC) (1o TaHHBIM MOCIIEAHETO Typa 00CIeI0BaHuUs TOPOJIa),
a Tak)Ke U3MEHEHUI KOHIIEHTPAIN TAaHHBIX BEIICCTB B MMOYBAX TOPOJCKUX TEPPUTOPHIA, TPOU3OIIESIIITNX 3a 60-
Jlee yeM aBajuaruieTnui nepuon (2000-2022)"

MarepuaJbl 1 METOIbI HCCIIEI0BAHNSA

[Tpn HaOmoneHNSIX 32 XMMHUYECKHM 3arpA3HEHHUEM 3eMelTb yPOaHU3UPOBAHHBIX TEPPUTOPHIA, IIPOBOIMIMBIX B paM-
kax HCMOC, cynbdarbl 1 HUTpAThl BXOAAT B 00513aTeIIbHBIN ITepeyeHb HaOMOIaeMbIX B TOYBAX TOPOIOB ITOKA3aTeseH.

Uccnenyempivu B pamkax HCMOC tepputopusimu sBisitoTcs . MUHCK 1 001acTHBIE IIeHTpHI berapycu, ro-
poza c¢ HaceneHueM 50 Teic. 4ei. u Oojiee, a TaKKe HACEIEHHbIE IIyHKTBI, IJIe pa3MELICHb] I0TEHIUAIbHBIC UC-
TOYHHUKH TIOCTYTIJICHNUS B TIOYBEHHBIN TIOKPOB 3arPS3HSIONINX BEIIECTB.

CornacHo «HCTpYKIIMU O TIOpsi/IKE MPOBEACHUS HAOMIONCHUN 32 XUMUYECKUM 3arpsi3HEHHEM 3EMEeITb, IS
OIIEHKH COCTOSIHUS TI0YB TOPO/T ISITUTCS Ha TYSHKH 10 OPTOTOHAILHON CETKe, OXBaTHIBAIOIIEH BCIO TEPPUTOPHIO
HACEJICHHOTO MYHKTa, CO CTOPOHAMH, KPaTHBIMK | KM, ¥ IUTONIA/IbIO siueek He Goiee 4 kM2, B Toukax nepeceveHus
JMaroHael KaI0# sSs9eiKy pacoyaraloTcs MyHKThI HaOoeHui (pa3mep mynkra Habmoaenunit 100 m x 100 m),
TJIe MPOM3BONUTCS 0TOOP P06 moyuB. HabmoneHus B HACEIEHHBIX MyHKTaX MPOBOAATCA TaKUM 00Pa3oM, YTOObI
3a Typ o0cienoBaHus ObIITM N3yUeHBI TIOYBHI HA BCEX ITyHKTaX HAOIIONEHUH B TIpeiesiax TOPOACKOW TEPPUTOPHH.

Onpenenenne HATPATOB U CYNIb()ATOB B OTOOPAHHBIX MMOYBEHHBIX 00pa3liax MPOBOJUTCS B aKKPEIUTOBAHHBIX
Ha BBITIOJTHEHUE TAHHOTO BHa padoT 1abopaTopHsax U IEeHTpax.

I100x00w1 K oyenKe IKOI02UYUECKO20 COCMOAHUA NOYE HA 20POOCKON meppumopuu. Jisi OLEHKU 3KOJI0IU-
YECKOTO COCTOSIHUS TIOUB TOPOJICKUX 3€Mellb TPAJAUIMOHHO HCIONB3YIOTCS (PaKTUUECKUE 3HAYCHHS COACPIKaAHMUS
XUMHUYECKHX BEIECTB B MouBax (Mr/kr)?, koopduienT konrenrpaiuu (Kc), rurueHnueckie HopMaruBsl (Ipe-
nenbHO joyctumMble KontenTpanuu (IT/1K))® u skooruyeckue HOpMaTuBbl (IIOPOrOBBIE 3HAYEHUS 1JIs Pas3iiny-
HBIX 10 [PaHYJIOMETPHUYECKOMY COCTaBy 1o4B) (Tadm. 1) [9].

'HaroHanbHas cicTeMa MOHHTOPHHTA OKpyKarotieil cpesipl B Pecrybnuke Benapych, 2000-2023 rr. [DnekTpoHHBIH pecypc]. MHHCK,
2000-2023. URL: nsmos.by/content/402.html (nata obparmienus: 16.03.2024).

23koHull 17.03.01-001-2021. OxpaHa OKpyKarolieil Cpeisl ¥ MPUPOIONOIB30BaHAE. 3eMIM (B TOM 9YHCie MOuBbI). HopMaTuBbl
KauecTBa OKpykaromieit cpezsl. JuddepeHnpoBaHHbe HOPMATHBBI COACPKAHNS XMMUYECKUX BEILIECTB B MOYBAX U TPEOOBAHUS K HX
npumenenuio. Been. 01.07.2022. Munck : Munnpupozst, 2021. 34 c.

300 yTBEPIKICHIN THTHEHNYECKUX HOPMATUBOB: TocTanoBnenre Coeta Munuctpos Pecii. benapyce ot 25 staBapst 2021 . Ne 37 [Dnex-
TpoHHBIH pecypc]. Hammonansnsnii npaBoBoit MatepHeT-nopran Pecyommkn benapycs. URL: https:/pravo.by/document/?guid=12551
&p0=C22100037 (nara obpamenus: 23.03.2024).
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Tabnuma 1

IIpenenbHO J0NMyCTHMbIE KOHUEHTPALMU H IOPOTrOBbIE 3HAYEHHS COePKAHMS
cyJb(}aToB U HUTPATOB B MOYBaX (IPYHTAX) HACEJIEHHBIX IIYHKTOB, MI/KT

Table 1

Maximum permissible concentrations and threshold values for the content of sulfates and nitrates in soils of populated areas, mg/kg

ITousa (rpyHT) Hutparsl Cynbdatsr
I Ilecuanas 136 214
OpOroBOE 3HAUEHHUE CONEPIKAHUS Cynecuanas 210 330
XHUMHYECKOT'0 BEIIECTBA
CyrnuHucras 259 408
[IpenensHo momyctumast kormeHTpanus (ITJIK) 130,0 160,0

Koadpdunment xonnentpamuu (Kc) mokaspiBaeT M3MEHEHHSI B XMMUYECKOM COCTaBE€ IOYB IO CPAaBHEHHIO
C MIPUPOHBIME aHAJIOTAMH U OTIPENIENSIETCS KaK OTHOIICHHE (PAKTUYECKOTO COICPIKaHMSI XMMUYECKOTO BEIECTBA
B TI0YBE KOHKPETHOU TEPPUTOPHUH K €ro (POHOBOMY CONIEPIKAHHIO:
I<c = Cl/ C(bom
rre C; — ¢pakTHIecKoe comepikanne dJIeMEHTa;
Cpon. — TEOXMMHYECKHH (POH.

B cooTBeTcTBUM C LIETSIMH IaHHOTO UCCIEAOBAaHMS B KadecTBe (pOHA /I OLEHKHU MOYB YPOAHU3HMPOBAHHBIX
Tepputopuii ucnoib3oBaituck ganasie HCMOC s (GoHOBBIX TEpPUTOPHIl B pa3pese aIMUHUCTPATUBHBIX 00-
nacreii 3a 2018-2022 rT. ¢ yu4eTOM pacrioioKeHHs TOPO/ia B KOHKPETHOM aIMUHHUCTPATUBHON o0nacTu (Tadm. 2).

Ta6nuua 2

Conep:kaHue HUTPATOB M cy1b(aToB B 04BaX ()OHOBBIX TEPPUTOPHIA AIMMHUCTPATHBHBIX o0JacTeil beaapycu,
mo 1anHbIM 2018-2022 rr.

Table 2

Background content of nitrates and sulfates in soils of background territories of administrative regions of Belarus
to data from 2018-2022 years

CpenHee coepKaHue XUMHICCKUX BEIIECTB, MI/KT
AMUHUCTpaTHBHAS 0071aCTh

NO; SO,
Bpecrckas 10,5 73,7
Burebckas 18,4 59,7
T'omenbckas 10,7 65,9
I'pomgreHcKas 9.9 54.4
MuHckast 11,0 55,2
Morunesckast 6,2 51,5
Cpennee o Pecriyonuke benapych 11,1 57,3

Ha ocnoge [1/IK 1 moporoBbIX 3HAYEHUH OIIEHUBAETCS CTENEHD 3arPsA3HEHHS MTOYB (IIPU €T0 HAIWYHHN).

[ToporoBble 3Ha4YEHHS BHICTYIIAIOT OCHOBOM JJIsl YCTaHOBICHUS (B epeHIINPOBaHHBIX HOPMATHBOB, KOTOpPhIC
OTIPEICIISIFOT CTENEeHb 3arpsI3HEHUS TIOYB JIJTs Pa3IMYHbBIX KaTerOpHuii 3eMelb U (DYHKIIMOHATBHBIX 30H B Mpeenax
HaCeJIEHHBIX MTyHKTOB.

B nacrosmem mccieqoBaHUN B KadeCTBE MOPOTOBBIX 3HAUEHHH B CBSI3M C HCIOJIB30BAaHUEM YCPEIHEHHBIX
BEJIMYHMH COZIEP’KaHMs HUTPATOB U CyNb()aToB B IOYBAX TOPOJOB MPUHUMAINCh HANMEHBIIINE 3HAUYEHHS, YCTAHOB-
JIEHHBIE JIJIs IECYAHBIX [IOYB 3€MEJIb HACEJIEHHBIX yHKTOB: JUISl HUTPATOB — 136 MI/KT, cysab(aros — 214 mr/kr?.

Cogpemennoe cocmosanue noug 8 2opooax benapycu. OueHka COBpeMEHHOTO COCTOSIHUS TTOYB B OTJIENb-
HBIX Topozax bemapycu, KOTOpbIe BXOAST B MEpeuyeHb HACEICHHBIX MYHKTOB, i€ TPOBOJMIMCH/TIPOBOASATCS
HaGH}OI[eHI/IH 3a XUMHYCCKUM 3arpA3HCHUEM IMOYBCHHOTI'O ITOKPOBA, CBUACTCIILCTBYCT, YTO B pa3spe3¢C a/IMUHUCTPA-
TUBHBIX 00JIaCTel HAMMEHBIIIAsI CPETHSS KOHIICHTPAIIUsI HUTPATOB OTMeueHa B Topoziax bpecrckoii 06:1. ¢ Kc = 0,5
(Kc paccuutsiBajcs 1o cpeHeMy (OHOBOMY 3HAYECHHIO, YCTAaHOBICHHOMY Jutsl TiouB benapycu), Hanbomnbmast —

49koHull 17.03.01-001-2021. Oxpana okpy>Karomieil cpejibl U MPUPOJIONOIL30BaHKE. 3eMITH (B TOM YKCIIe MOUBbI). HOpMaTuBbI KauecTBa
okpykaromiei cpeibl. JJuddepeHimpoBaHHbie HOPMATHBBI COAEPKAHMS XAMUYECKHIX BEIIECTB B T0YBAX M TPEOOBAHMUS K UX IIPHMCHEHHUIO.
Bgen. 01.07.2022. Munck: Munnpupoasi, 2021. 34 c.
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B ['omennbckoit, Ke = 2,8. [l cynshaToB Habmromanach ooparHas TSHICHITNS: HANMEHBIIIEE CPEIHEE COICpKAHIEC
3aUKCUPOBAHO B ITOUBax ropoaos ['omennckoit 0o, Ke = 1,0, manbonpmee — B bpecrckoii, Ke = 1,5. TIpu aTom
pa3Nuuusl B HAKOIUICHUH CYITb(aToB 10 00JIACTSM HE3HAYHUTEIBHBIC, B TO BPeMsl KaK JIJIsl HUITPATOB pa3dpoc cpej-
HUX JIJIS 00JIacTed 3HaYeHMH cocTaBmi 5,7 pasa (Taom. 3).

Tabnuma 3
Copnep:xaHue HUITPATOB U Cy/1b(aToB B MOYBaX rOPoJI0B AIMHHHCTPATHBHBIX o0JacTeii Benapycu
Table 3
Content of nitrates and sulfates in urban soils of administrative regions of Belarus
ConepxaHnue XUMUYECKUX BEIECTB, MI/KT
AJZIMUHHUCTpATHBHAs 00J1aCTh cpenHee MHUHUMAJIBHOE | MaKCHMaJIbHOE cpenHee MHHAMAJIBHOE | MAaKCHMaJIbHOE
NO; SO,
Bpecrckas 5,4 <1m.o. 36,4 84,7 35,4 166,2
BuTteOckas 21,5 <m.o. 54,2 62,8 18,6 202,5
T'omenbckas 30,8 <1 0. 63,8 58,2 22,4 133,2
I'ponuenckas 21,2 <1 0. 50,1 63,2 31,1 120,2
MuHckas 21,6 <1.o. 60,4 69,5 27,5 140,2
MoruneBckast 11,4 <1.o. 27,8 60,6 28,3 140,0

MaxkcumanbHas Uit 00JlacTeld KOHIICHTpAllus HUTPATOB TaK)Ke OTMEYEHA B TOPOJICKHX MouBax [ omenbckoit
o6, Kc = 5,7, cynpdaroB — B Buredckoit u bpecrckoii, Kc = 3,5 u Kc = 2,9 cooTBeTCTBEHHO U MPEBHIIIEHHUEM
ITJK B 1,0-1,3 pa3za.

Ha teppuropun roponoB bpecmckoii 061. cpenHee copepikaHue HUTPATOB B TOPOACKHUX TIOYBaX HIDKE (OHA,
ITOJTyYeHHOTO TIPW MOHHUTOPWHTE 3eMelh Ha (JOHOBBIX TeppUTOpHIX bpecTckoit 00:1., ¢ HAMMEHBIIUM CPEITHUM
3HadeHueM B benoosepcke, Kc = 0,2, Hanbonsmmm — B [Turacke, Ke = 0,7 (Tadm. 4).

Tabnuua 4
Conep:xanue HUTPATOB H Cy1b(aTOB B MO4Bax ropoaos bpecrckoii 06.1.
Table 4
Content of nitrates and sulfates in soils of cities of the Brest region
CopepkaHre XUMAYECKUX BEIECTB, MI/KT'
Topon, ror cpelHee MHHHMAaJIBbHOE | MaKCHMalbHOE cpelHee MHHHMAaJIbHOE | MaKCHMalbHOES
NO; SO,
Bapanosuumn, 2018 4,7 <1 o. 15,5 98,2 34,6 173,9
benoozepck, 2018 2,2 <1 0. 3,6 39,9 11,5 69,6
bpecrt, 2022 5,1 <IL 0. 51,3 66,7 25,5 131,6
Hporuann, 2009 6,9 3,8 21,9 85,1 52,6 161,1
Kobpums, 2019 5,5 <IL 0. 18,6 105,0 55,2 193,1
Jlynuneu, 2019 6,1 <1 0. 43,6 95,1 274 270,4
IMunck, 2017 7,1 <1 o. 100,0 103,1 40,8 163,8
doHoBOE 3HAUECHNE 10,5 73,7
IAK 130,0 160,0
IloporoBoe 3HaueHue 136,0 214,0

HpI/IMe‘IaHI/Iﬂ . }KI/IpHBIM H.IpI/I(bTOM — 3HA4YCHME BBIIIC THTHEHUYECKOTO HOPMAaTHUBA,; < II. 0. — HIDKE IIpesesa O6Hapy)KCHI/Iﬂ METOo4a ompe-
JCIICHUA.

Pa30Opoc 3HaueHHT MaKCHMMaJbHBIX KOHIICHTpAIMH HUTPATOB IO OTJCJIbHBIM TOPOJIaM COCTaBHJI OoJiee uyeM
30 pa3 ¢ HanOONBIINM 3HAYEHHEM B IOYBAaX Ha OJHOM M3 ydacTkoB B T. [luncke ¢ Kc = 9,5. [IpeBbimenuii Haj
ITJIK mam moporoBsIM 3HAYEHUEM HU B OJJHOM U3 TOPOIOB HE OTMeueHo (puc. 1).
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Puc. 1. KpaTHOCTB NIPEBBIMICHNS COJIEPKAHUSI HUTPATOB U CyIb(HaToB B MOYBaX roponos bpectckoit 061
a v 6 —Hax GOHOBBIM 3HaYeHUEM, 6 U ¢ — Hax [1JK

Fig. 1. Multiplicity of excess of the content of nitrates and sulfates in the soils of the cities of the Brest region:
a and b — above the background value, ¢ and d — above the MPC

Haubomnbmiee cpenree mo ropomy conepxkanue cynbhaToB 3adukcuponano B I. Koopune, Kc = 1,4, HanmeHs-
mee B . bemoosepcke — Kc = 0,5. [IpeBbimenue Ha GOHOM OTMEUEHO B ITOYBAX ITSITH TOPOJIOB.

Hawnmenpmmie 3aduKcHpoBaHHBIE B TIOYBAX CONEP)KaHUS Cyab(haroB HH B OJHOM W3 TOPOIOB HE JOCTHIIHU
(horoBoro 3HaueHH. KoahGHUIHeHTsI KOHIIEHTPAIMA MaKCHMaTbHBIX 3HaueHUH cocTaBmm oT Ke = 0,9 B 1. beno-
o3epcke 110 Kc = 3,7 B 1. JIynunne. [Ipu sToM npeBbIieHne Hajl TATHEHHYECKUMHI HOpMaTHBaMH 3a(hHKCHPOBAHO
B MouBax IsATd roponoB — oT >1,0 no 1,7 IIJIK, B r. JIyHHHIIE OTMEUEHO MPEBBILIEHUE NOPOrOBOIO 3HAYECHUS
C HU3KOM CTETICHBIO 3arps3HEHMS ITOUB (CM. puc. 1).

O06ceroBanme IOYB TOPOIIOB Bumeodckoit 00.1. TTI0Ka3aJio, 9To pa3dpoc CpeIHuX 3HAUYCHUNA COMEePIKaHusI HUTPa-
ToB coctaBmi 19,2 pasa, Kc ot 0,2 B . HoBommykomite 1o 4,3 B T. JIemene. B momoBuHe 00C/Ie10BaHHBIX HACEIEHHBIX
MYHKTOB CpPeJIHEe M0 TOPOY CoAep kaHre HUTPaToB Hivke (hoHa ays mouB Buredcekoit 06:1. (Tab. 5, puc. 2).

MaxcumanbsHoe conepkanne HuTparoB coctaBmio oT Ke = 0,4 B . HoBomykomite 1o Ke = 6,7 B 1. Jlenene.
HpeBLIIHeHI/Ii’I HaJl THTUEHUYCCKUMU W OKOJOTMYCCKUMH HOPMAaTHBaMH B IIOYBaX Ha TCPPUTOPHUU T'OPOI0OB Bu-
TeOCKOH 00JI. OTMEYEHO HE OBLIO.

Cpennee coneprxaHue CyIbhaToB B IOUYBaX TOpoaoB ButeOCckoit 001, M3MEHSITOCH He3HauuTenbHO oT Kc = 0,5
B I Jlemene mo Kc = 1,4 B . Burebcke (cm. puc. 2). HanMmeHbIie KOHIIEHTPAITNH BEIIECTBA 3HAYUTEIIBEHO HIDKE
(hoHa BO Bcex 00cmenoBaHHBIX Topoaax. KoadhGuimenTsl KOHIICHTpAITHHN TSI MAaKCUMATbHBIX 3HAYCHNH, 3a(uK-
CHUPOBAHHBIX B ropopax, coctasmmm ot Kec = 1,6 B 1. Jlenene 1o Kc = 8,0 B . HoBomororke.

HpeBLIIHeHI/Ie TUTUCHUYECKOI'O HOpMaTuBa JIst CyJII)(baTOB OTMEYCHO B IMOYBax TPEX HACCIICHHBIX ITYHKTOB —
ot >1,0 B 1. Ilomonike no 3,0 IIJIK B . HoBomosnortke, moporoBoro 3HadeHusi — B T. HoBomoOIOIIKE B TIpeenax,
OTIPEICIISIFOIIX HU3KYIO CTETICHb 3arpsi3HEHHS TI0YB.

B mouBax roponos I'omensckoit 001 pa3dpoC 3HAYCHUN CPEAHErO COACPIKAHHUsSI HUTPATOB COCTABHJI OoJiee
26 pa3, Kc = 0,4 B . Mo3sbipe 1o Kc = 9,5 B . byna-Komreneso. Hakoruienne HuTpaToB Bhiiie (JOHA, yCTAaHOBIICH-
HOTO JiJ1s1 T04YB ['OMenbCKoii 00J1., 0TMEUEHO B OOJIBIIIMHCTBE 00CIeI0BaHHBIX TOPOI0B (Tadi. 6, puc. 3).
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Tabnuma 5
Conep:xanue HUTPATOB U CyJ1b(aToB B MoYBaX ropoxoB Buredckoii 00.1.
Table 5
Content of nitrates and sulfates in soils of cities of the Vitebsk region
CopepkaHre XUMAYECKUX BEIIECTB, MI/KT'
Topox, roj cpejtee MHHUMAJILHOE | MakCHMalbHOE cpentee MHUHUMAJIbHOE | MakCUMalbHOE
NO; SO,
Burebck, 2022 6,0 <IL 0. 69,2 86,0 9,6 191,2
Jlenens, 2010 79,2 29,8 123,5 31,2 15,9 93,9
Hoomnykomis, 2019 4.0 <. o. 8,1 59,4 22,1 137,9
Hosomomnomxk, 2021 22,5 <1.o. 56,2 77,6 31,2 478,0
Opa, 2021 9,8 <IL 0. 30,2 67,2 22,1 150,8
Tlomonxk, 2020 7,6 <IIL 0. 38,0 55,3 10,6 163,3
®DoHOBOC 3HAYCHHE 18,4 59,7
TIJIK 130,0 160,0
[Toporosoe 3HaueHNE 136,0 214,0

[Mpumeuanns. XKXupusmv mpudToM — 3HaUSHUE BEIIIIE THTHEHUYECKOT0 HOPMATHBa; < I1. 0. — HIDKE Mpefiea 00Hapy KeH!sI METO/a OTIpe-

JICTICHHS.
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Puc. 2. KpaTHOCTb TIPEBBIILICHHS COACPKAaHNS HUTPATOB U CYIb()ATOB B TIOYBaX ropooB BureOckoii 06i1.:
a n 6 — Haj GOHOBBIM 3HaueHUeM, 6 u 2 — Hax [1JIK

Fig. 2. Multiplicity of excess of the content of nitrates and sulfates in the soils of the cities of the Vitebsk region:

a and b — above the background value, ¢ and d —

above the MPC
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Tabnuma 6

Coaep:xanue HUTPATOB U cyJib}aToB B MouBax ropoaoB I'omenbckoii 06.1.

Table 6

Content of nitrates and sulfates in soils of cities of the Gomel region

ConeprkaHie XMMHYECKUX BEIIECTB, MI/KT
Fopon, rong CpeaHee | MHUHHUMAaJIBHOC | MaKCHUMAJIbHOC CpeaHee | MUHHUMAJIBHOC | MAaKCHUMAJIbHOC
NO; SO,

byna-Komeneso, 2009 101,7 79,4 109,0 442 12,6 150,0
T'omens, 2021 15,8 <II 0. 85,1 56,9 19,2 177,2
Jo6pym, 2009 87,2 58,9 109,0 48,8 6,4 237,5
Ennck, 2012 14,0 2,8 41,7 56,7 25,1 126,6
Kmobun, 2019 9,9 <1I 0. 45,7 59,3 22,1 165,7
Kanunakouuu, 2017 9,0 <II O. 20,4 57,6 26,9 71,1
Mo3bips, 2018 3,9 <II 0. 20,4 85,3 34,6 173,9
Peuniia, 2020 4,8 <II 0. 19,1 45,0 10,6 76,4
Poraues, 2020 19,8 35 55,0 34,1 4,9 62,4
Caetnoropck, 2022 25,5 5,1 89,1 74,3 35,5 115,8
UYewuepck, 2009 46,8 11,1 107,9 78,1 49,0 109,0
DoHOBOE 3HAYCHHE 10,7 65,9

TIJIK 130,0 160,0

IToporoBoe 3HaueHue 136,0 2140

IMpumevanus. JKupHsiM mpH(TOM — 3HAYCHHUE BBIIIE THTHEHMYECKOTO0 HOPMATHBa; < I1. 0.— HIKE Tpejiea 00HapyKEHUst MeToJia OIpe-

JIeTIEeHNs.
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Fig. 3. Multiplicity of excess of the content of nitrates and sulfates in the soils of the cities of the Gomel region:
above the MPC

106

a and b — above the background value, ¢ and d —



IIpomMbInIeHHAst M aTpapHast JKOJOTHsI
Industrial and Agricultural Ecology

MuHHMaIbHBIE OTMEUYECHHBIC Ha TEPPUTOPUH TOpoaoB [oMenbckol 00, 3HAUCHHS HUTPATOB HYKE Ipejiena
obHapyxeHHns MeTona Wi KpatHel ¢oHy ¢ Kc ot 0,3 mo 7,4. MakcuManbHasi KOHIICHTPAIFs BapbUpOBajia OT
Kc=1,7 B1. Peunna mo Kc = 10,2 B . byma-Komeneso u 1. JloOpymre.

Cpennee comep:kanue Cylb(aToB B mouBax ropoaos I omensckoii 0011, He mpeBbicito (ol ¢ Ke = 0,7 B . byna-
Komrenero mo Ke = 1,3 B . Mo3sipe.

HawnmMenbie 3ahuKcpoBaHHBIE B IIOYBAX HACEIICHHBIX ITYHKTOB KOHIICHTPAIMU CYIb(aTOB HIXKE (DOHOBBIX
3HageHwid ot 1,3 1o 13,4 paza. MakcumanbHOE CofepKaHUe pa3Indanock 1mo ropoxaM B 3,8 pa3 ¢ Kc ot 0,9
B I. Porauese 1o Kc = 3,6 B . JloOpyrre.

[peBbIleHUs] THTHEHIYECKOTO HOpMaTHBa 3a()MKCHPOBAHBI Ha OT/IENTBHBIX YUACTKaX YeThIpeX ropojos oT 1,1
mo 1,5 ITJIK (cm. puc. 3). B . JloOpy1iie Ha OMHOM W3 YYaCTKOB TOPOACKON TEPPUTOPUN BBISBICHO MPEBBIICHIE
ITOPOTOBOTO 3HAYCHUSI C HU3KOW CTETEHBIO 3arPs3HEHHUS TIOYBHI.

B nouax roponoB I poouenckoii 06:1. cpeqiHee copep’KaHue HUTPATOB COCTABUIIO N0 KO3(D(UIMEHTY KOHIICH-
tpatuu ot 0,4 B . HoBorpynke 710 10,9 — B 1. CMmopronu. [peBblilieHre cpeJHUX 3HaYeHUH Hal poHOM HaOmrona-
JIOCh B TOJIOBUHE OOCJIEIOBAHHBIX TOPOIOB (Tabm. 7, puc. 4).

Ta6nauna 7
Copnep:kanue HUTPATOB U cyJb(aToB B MouBax ropoaos I'poxHenckoii oo,
Table 7
Content of nitrates and sulfates in soils of cities of the Grodno region
CopnepkaHHe XUMAYECKHUX BEIIECTB, MI/KT
Topog, rox cpenHee MHHHMAJIBHOE | MaKCHMAIbHOE cpenHee MHHHMAJIBHOE | MaKCHMAlbHOE
NO; SO,
bepesoBka, 2018 1,9 <m.o. 5,5 40,1 28,3 65,8
BoukoBbick, 2019 11,0 =no. 44,7 59,1 274 126,8
I'ponno, 2022 18,5 39 77,6 103,7 31,2 169,6
Kpacnocensckwuii, 2019 74 <m.o. 18,2 374 16,3 60,5
Jupa, 2022 6,5 <TI0 22,4 85,8 44,7 186,8
Hogorpyok, 2019 40 <1 0. 8,1 594 22,1 137,9
Cronmm, 2021 12,4 3,1 20,4 71,0 44,2 143,6
CwMmoprons, 2011 107,9 52,6 203,6 48,9 34,7 70,8
®oHOBOEC 3HAYCHHE 9,9 54,4
ITJIK 130,0 160,0
IToporoBoe 3naueHue 136,0 2140

[pumeuanus. XKupHbiM mIpuTOM — 3HaUSHUE BBILLIE THTHEHHYECKOrO HOPMATHBa; < I1. O. — HIDKE IIpejiesia OOHApYKEHUs
METo/Ia ONpeeICHHUS.

MakcuManbHbIe 3a()UKCHPOBAHHBIC 3HAYCHHUS HUTPATOB B TOPOJICKHUX TTOYBAX MMEIH CYIIECTBEHHBIC Pa3iv-
qust: ot Kc = 0,6 B . bepe3oske 10 Ke = 20,6 — B . CMOproHu. 3arpsi3HeHUE TIOYB HUTPATAMHU C TIPEBBITICHUEM
ITJIK B 1,6 pa3a u moporoBoro 3Ha4CHUsS C HU3KOH CTETICHBIO 3arpsI3HEHHS OTMEUYCHO Ha OTHCIHEHOM YYacTKe
B I. CMOProHu, 4To HE XapaKTepHO I APYTUX ropoaoB bemapycu (puc. 4).

Cpennee comepkaHue Cylb(})aToB B IMOUBAX IO TOPOIAM OTINIAIIOCH HE3HAYUTEIhHO. HanMenbIee cpentee
JUTs TOpojia 3HaYeHue oTMedeHo B 1. KpacHocenbckoMm ¢ Ke = 0,7, manGonbiee — B T. ['poano ¢ Ke = 1,9.

MakcuManbpHBIe KOHIIEHTpaluu BapsupoBanu ot Kc = 1,1 B mouBax Ha Tepputopun bepesorku no Ke = 3,4
BT. JIune. [IpeBbliieHnss MakcumanbHbIX koHUEeHTpauuit Haj [T/IK ormeuensl B 1Byx ropojax —r. I'ponHo u r. JInna

(puc. 4).

B nmouBax Ha TeppuTopun ropooB MuHckoil 061. HauMEHbIIasl CPEIHSST KOHIIEHTPALUSI HUTPATOB 3aMKCH-
posana B 1. Conuropcke ¢ Kc = 0,3, Haubounbiias — B 1. Boioxxune ¢ Kc = 4,9 (tabm. 8, puc. 5).
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Fig. 4. Multiplicity of excess of the content of nitrates and sulfates in the soils of the cities of the Grodno region:
a and b — above the background value, ¢ and d — above the MPC
Ta6numna 8
Conepxxanue HUTPATOB M ¢y/1b(aTOB B 04YBAaX ropoaoB MuHcKkoii 001.
Table 8

Content of nitrates and sulfates in soils of cities of the Minsk region

ConepxaHue XUMUYCCKUX BEIIECTB, MI/KT
l"opo,u, rong CpeaHee | MHHHUMAJIBHOC | MaKCUMAJIbHOC CpeaHee | MHUHHUMAJIBHOC | MaKCHUMAJIbHOC
NO; SO,
Mumnck, 2019 18,0 <1 0. 64,6 80,5 274 159,0
Bopucos, 2022 22,9 3,5 89,1 69,9 11,8 127,3
Bosoxwun, 2010 53,8 19,1 109,0 59,8 28,5 92,8
Konuno, 2020 4.5 <1I. 0. 15,1 84,6 37,0 150,8
Monozaeuno, 2021 29,8 5,2 83,2 78,5 37,5 156,1
Cayuxk, 2020 18,5 59 52,5 48,4 22,0 172,9
Conuropck, 2018 3,7 <1 0. 9,1 65,0 28,3 122,5
doHoBOE 3HaUECHHE 11,0 55,2
TTJIK 130,0 160,0
IloporoBoe 3Ha4YeHNE 136,0 2140

[Mpumeuanus. XKupHbiM mIpuTOM — 3HaUCHUE BBIIIE THTUEHHYECKOTO HOpMAaTHBa; < I1. O. — HIDKE ITpejiesia OOHapYKEHHs

METOIa OIIPEACIICHUA.

108



IIpomMbInIeHHAst M aTpapHast JKOJOTHsI
Industrial and Agricultural Ecology

MuHUMaIbHBIE 3HAYEHHUST HUTPATOB B TIOYBaX OOJIBINIMHCTBA MCCIEIOBAHHBIX TOPOIOB HIDKE Mpezena 00-
Hapy’KCHHS METOoJa WA HIKe GoHa Iy mouyB MuHCcKoi 00:., B T. Bonoxune Ke = 1,7. Paznmuunst B Makcu-
MAaJIBHBIX JJISI TOPOAOB 3HAaUYCHHUSAX cocTaBmwian 11,9 pasa, kodpdUIIHEHTH KOHIIEHTPAIINA BapbUPOBAINA OT
Kc = 0,8 B mouBax . Conmuropcka 10 Kc = 9,9 — 1. Bonokuna. HakoriieHust HUTpaTOB BBITIIE HOPMATHBOB HE
3adukcupoBaHo (puc. 5).
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Fig. 5. Multiplicity of excess of the content of nitrates and sulfates in the soils of the cities of the Minsk region: a and b — above the
background value, ¢ and d — above the MPC

Cpenu cpeHuX MoKasatesel cojepkaHus cyab(aToB B TouBax ropooB MUHCKOW 001acTH HAUMEHBIINH 3a-
(ukcuposan B 1. Ciynke (Kc = 0,9), Han6onpiwmii — B 1. XKoauno (Kc = 1,5) (cm. puc. 5).

HawnMenbiiie KoHIIEHTpaIKH CyIb(aToB B MOYBaX 00CIIEIOBAHHBIX HACEICHHBIX MTYHKTOB HE MPEeBhICKIIHN (o-
HOBOTO 3Ha4YeHUs. MakcumanbHble 3aQUKCHpOBaHHbBIC 3HAUCHHUST BapbUPOBaIn HezHaunTebHo ¢ Ke = 1,7 B mo-
yBax I. Bonoxkuna o Ke = 3,1 — . Ciyuxka. [pu aTom B mousax 1. CiryIika MakcUMalbHOE COZlepKaHHe MPEBbI-
cuwio IIIK B 1, 1 paza.

B nouBax roponos Mozunegckoit 061. pa30poc 3HAUCHHI CPETHETO COACPIKAHUS HUTPATOB COCTABIII JICCATKH
pas, ¢ Kc = 0,2 B mousax r. KoctiokoBuuei 10 Kc = 9,8 — . brixosa. Hakorienue HUTparoB Bbiiie oHa, yCTaHOB-
JICHHOTO JJ1s1 T04B MOTHIIEBCKOM 00JI., OTMEUEHO B YEThIPEX 00CIICIOBaHHBIX ropojax (Tadi. 9, puc. 6).

MuHUMaJbHBIC 3HAUCHUSI HUTPATOB B TIOYBAX OOJNBIIMHCTBA UCCIICAOBAHHBIX TOPOJIOB HIDKE Tpeena oOHapy-
sKeHust Metofa. Mckmodenusmu siBunch ropoaa berxos, Ocunosuun u Yepukos, rae Kc coctasunu ot 0,5 1o 5,1.

[IpeBbiieHrEe MaKCUMaJbHBIX 3HAYeHUH Haa (OHOM 3a(HKCUPOBAHO B OOJBLUIMHCTBE OOCIEIOBAaHHBIX Hace-
JICHHBIX MyHKTOB Morunesckoii 001. ¢ Ke ot 1,4 B . 'opkax 10 15,6 — B T. beixose.

KoadduupenTs! KoHLEHTpauu Cyab(aToB, pacCUUTaHHbIC ISl CPETHUX 10 TOPOJaM 3HAYCHUSIM, COCTaBUIN
ot Kc=0,1 B 1. Brixose 10 Kc =2,2 B . KocTiokoBr4H 1 B 00JIBLIIMHCTBE TOPOIOB MPEBLICUITH PErHOHAIbHBIN (DOH.
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Tabnuma 9
Conep:xanue HUTPATOB H CyJIb(aTOB B MOYBaX ropoaoB MorujaeBckoi 00.1.
Table 9
Content of nitrates and sulfates in soils of cities of the Mogilev region
CojepkaHue XUMAYECKHUX BEIIECTB, MI/KT
FOpO,Z[, roa cpeaHee MHUHHMAJIBHOC MAaKCHUMAJIbHOC cpeaHee MHHHUMAJIBHOC MaKCHUMaJIbHOC
NO; SO,

Bobpyiick, 2019 32 <1 0. 20,0 52,7 13,4 269,1
Brixos, 2009 61,0 31,4 97,0 3.1 <110 52,5
Topku, 2011 2.8 <IL o. 8,5 74,9 36,9 103,2
KocrtrokoBuuu, 2017 1,0 <IL 0. 6,9 114,0 13,4 295,9
Kpuues, 2018 7,2 <IL o. 34,7 69,1 13,3 267,0
Morwunes, 2020 34 <IL 0. 15,5 63.9 11,1 173,9
Mctucnapns, 2009 5,9 <IL 0. 39,8 61 39,9 79,9
Ocunosuun, 2010 37,5 20,9 74,1 50,7 15,7 125
Cnasropogn, 2009 3.8 <1 0. 10 69,8 51,4 91,3
UYaycsl, 2012 2,0 <IL o. 8,9 6,4 55,1 74,5
Uepukos, 2012 6,7 3,2 12,9 70,9 48,7 93,7
[IxoB, 2011 1,7 <. 0. 5,8 90,3 40,5 121,6
doHOBOE 3HAYECHHE 6,2 51,5

IIK 130,0 160,0

IToporoBoe 3HaueHue 136,0 214,0

[Mpumeyanus. KupHeiM mpudToM — 3HaYE€HHE BBIIIE TUTUEHUUECKOTO HOPMATHBa; < I1. 0. — HIKE Mpe/ieiia OOHApYKeHUs
METOZA OIPEACICHHUS.

HaunMenbinue 3aMKCHPOBaHHBIX 3HAYCHUS CYIb(PATOB B OOJBITMHCTBE TOPOIOB HIMXKE WIIH B Ipezenax (o-
HOBOTO ypoBHs. MakcuMmainbpHbie KoHIIeHTpanuu coctaBmwin oT Ke = 1,0 no Kc = 5,7. IIpessimenune 1K oT-
MmeueHo B ueTbipex ropoxaax ot 1,1 TIJAK mo 1,8 TIJIK. B 1. Bobpyiicke, r. KocTrokoBruax u 1. Kpruese Taxke
3a(hMKCHPOBAHO TPEBBIIICHUE MTOPOTOBBIX 3HAUYCHHUHN JIsI CYNIb(ATOB, CBUIETEILCTBYIONICE O HU3KOH CTETeH!
3arpsA3HeHHs MOYB HA OTJENIbHBIX Y4acTKaxX TOPOACKUX TEPPUTOPHH.

Bpemennas ounamuka u npozHo3 usmeneHus KOHYEHMpPAyuu HUMPAmos u cy1bhamos 6 nO46ax uccie-
008aHHBIX 20P0006. J171s1 OLICHKU AMHAMHMKH HaKOTUICHHs/ pacCeMBaHUsl Cylb()aTOB U HUTPATOB HA TEPPUTOPUHU
ropoaoB benapycu ucrnons30Banich 3Ha4YCHUSI KX CPETHETO COIEPKAHUS B TOPOJICKUX TIOUBaX MO TypaM obciie-
nosanuid. J{s ananusa BeiOpano 30 ropooB, Uit KOTOPBIX MPOBOAMIOCE YEThIpe U OoJiee TypoB 00ciea0BaHuUs
3a nepuon ¢ 2000 mo 2022 .

[ociie cratucTryeckoit 00paboTKK (haKTUUeCKUX JIaHHBIX B iporpamme Microsoft Office Excel Bce ananu3u-
pyeMmble ropojia yCJIOBHO ObUIH Pa3/ielieHbl Ha HECKOJIBKO IPYII 110 METOAUKE, peanoxkeHHol B [10]. K nepsoti
2pynne OTHECEHBI TOPOAA, B MOYBAX KOTOPBIX PA3IUUMs B COACP)KaHMH XUMHUYECKOTO BEIIECTBA MEXK/y IEPBbIM
W TIOCIICIHUM TypaMu 00ciIeIoBaHHs COCTaBHIN MeHee 1,2 pa3a 1 MOXKHO CUUTATh, YTO JUHAMHUKA OTCYTCTBYET.
Ko emopoii epynne oTHeCEeHBI rOpo/a, B MOYBAX KOTOPBIX Pa3IHyUsl B COACPKAHUN XMMHUYECKOTO BEIIECTBA IO
Typam obcinenoBanus coctaBuiu ot 1,2 1o 1,5 pasza (Takoe yBeTHMUCHHE WM YMEHBILICHUE COACPKAHMUS XUMH-
YEeCKOTO BEIECTBA CUUTANIOCh HE3HAYUTENBHBIM). Tpembst epynna — 3T0 TOpoja cO 3HAYNTECIbHBIM CHUKEHH-
eM / YBEIWYCHUEM 3a MCCIICAOBAHHBINA MIEPHOJ] COACPKAHUS XMMUYECKHX BELIECTB, [IPU KOTOPOM CpETHHE 110
ropoay KOHIICHTPALUK Pa3Indalnch 1Mo Typam oOcienoBanus Oonee yeM B 1,5 pasa.

OlLleHKa TUHAMUKU KOHIICHTPALUU HUMPAMOE B TIOUBAX WCCICIOBAHHBIX TOPOJOB MoKazamna, uto B 90 %
HACEJICHHBIX MYHKTOB, PACIOJIOKEHHBIX BO BCEX aJJMMHUCTPATUBHBIX 00nacTsax benmapycu, HaOmonanocs cHu-
JKCHHUE 32 aHaJIM3UPYEMBbI TIEpHOJl KOHIIEHTPAIMM HUTPATOB B IOYBEHHOM MOKPOBE, YTO CBUIETEILCTBYET 00
YCTOWYHMBOM TEHJCHLUM COKPAILCHUsI UX 00pa30BaHusl / MOCTYIJICHUS B TIOUBBI YPOAHH3UPOBAHHBIX TEPPHUTO-
puii. [Ipu 5TOM B psizie TOpOAOB HAOIIOAAIOCH OTHOCUTENBHO MJIAHOMEPHOE YMEHBILICHHE COJIEPKAHUS TAHHOTO
XMMHYECKOTO BEIIeCTBa B MOYBAX [0 TypaM 0OCIIeIOBaHUS, B JPYTHX HACEJICHHBIX MMyHKTAX KOJUYECTBEHHBIC
XapaKTepPUCTUKH HUTPATOB B OTACIBHBIX Typax 00C/IeIOBaHMUS CYILIECTBEHHO PA3IMUAINCh ¢ OOIIEH TeHACHIIH-
el K IOHW)KCHUIO KOHIIEHTPAIUH K MOCIeIHEMY Typy oOciieoBanus (puc. 7).
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Puc. 6. KpaTHOCTB IPEBBIICHNS COAEPKAHMS HATPATOB U CYIH(HATOB B IIOUBAX TOPOIOB MOTHIICBCKOIT 00II.:
a n 6 — Haj GOHOBBIM 3HaUeHUeM, 6 1 2 — Hax [1JIK

Fig. 6. Multiplicity of excess of the content of nitrates and sulfates in the soils of the cities of the Mogilev region:
a and b — above the background value, ¢ and d — above the MPC

B HCKOTOPBIX HACCIICHHBIX ITYHKTAaX, PACIIOJIOKCHHBIX B Butebckoit 1 MunCKOM 06J'IaCT51X, CYyHICCTBCHHbBIX M3~
MCHCHHUH B KOHICHTpPAX HUTPATOB B I1OYBAX 3a IICPUOI H36J'IIO}Z[6HI/II\/'I HE 33(1)I/IKCI/IpOBaHO.
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Puc. 7. Paznnuus B XapakTepe HAKOIICHUsI HUTPATOB B MOYBAX OT/ACIbHBIX ropo10B benapycu mo typam o6ciieoBaHus:
a) bpecr; 6) BonkoBbick

Fig. 7. Differences in the nature of nitrate accumulation in the soils of individual cities of Belarus according to survey rounds:
a) Brest; b) Volkovysk
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OrneHka W3MEHEeHNH, MMPON3OIIEANINX 3a Ooiee YeM MBaALATUIICTHUI MEepHO B KOHIICHTPALWHU Cyilbhamos
B ITOYBEHHOM ITOKPOBE, BBISIBMIIA TEHICHITHIO K MX HAKOIUIEHUIO B OOJNBITMHCTBE HACETICHHBIX MTyHKTOB BCEX a/l-
MUHHICTPAaTUBHBIX oOnacteil bemapycn. B 59 % ciy4aeB mo4yBsl XapaKTepH30BaINCH 3HAYUTEIHHBIM YBEINICHHU-
eM coaprkaHus cynb(haroB, B 1,5 pa3za mpeBbICHBIIEM 3Ha4eHNs, 3a()UKCUPOBAHHBIC B HAYAJIbHBIN MTEPHOJ N3Me-
pernid, B 41 % ciyyaeB HaKOIUIEHHE CEPOCOEPIKAIIETO COSTMHUHUS B TOYBaX HE3HAYUTEIBHOE.

Hecmotps Ha 001IyI0 TEHIEHIINIO K YBEITUYCHHIO COACPKAHUS CYTh(aTOB B TOPOJCKHUX MOYBAX, 110 Typam
o0cneoBaHNA MX KOHIIEHTPAIMU Ha TEPPUTOPHUHU OTIEIHHBIX TOPOJIOB CYIIECTBEHHO OTIHYAINCh. B psme
HAaceJIEHHBIX TyHKTOB YBEIUYCHHE COACPKAHUS CYTh(PaToB XapaKTepru30BaIOCh PABHOMEPHOCTHIO, B IPYTHX
ropojiax B OTJEIbHBIE Typhl 00CIEAOBAHNSA PA3INYUs B MX KOHIEHTPAIMAX B MOYBAX OBLIM CYIECTBEHHBI

(puc. 8).
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Puc. 8. Paznuuus B XapakTepe HaKOIUICHUs CyIb(aToB B II0YBaX OTAENBHBIX TOpooB berapycu 1o Typam obcieioBaHus:
a) Opma; 6) CBeTIIoropck

Fig. 8. Differences in the nature of sulfate accumulation in the soils of individual cities of Belarus according to survey rounds:
a) Orsha; b) Svetlogorsk

B nousax r. Ciy1ika, oTHOCSIErocst K ropogaM MHHCKo# 0051., Habmoanach TeHACHIMS 3HAYUTETbHOTO CHU-
JKEHUS] KOHLICHTPALUH B HUX Cy/Ib()aTOB, YTO HE XapaKTEPHO AJIsi OOJIBLIMHCTBA TOPOICKUX 3eMeNb. EMMHNYHBIN
Clly4yail OTCYyTCTBHSI BBIPQKEHHOM IMHAMUKH B COJCPIKaHUU CyJIb(aToB OTMEUeH B ouBax I. [Tosnorka, ogHako o
TypaM 00cie0BaHus HAOMIOAAINCH PA3HOHANPABICHHbIE TEHACHIIMN B X HAKOIIJICHHUH.

B r. Muncke 3a 2000-2022 rr. mpoBegeno 10 stanoB oOcnenoBaHus, KOTOPbIE BBIIBIIN pa3HOHAIIPABIICH-
HbIE TEHACHIMU B COAEPKaHUM HUTPATOB B MOYBAX I10 TrOJlaM CO 3HAYMUTEIBHBIM pa3dpocoM 3Ha4eHHH ¢ oOmmei
TEH/ICHIMEN K MOHMKEHHUIO MX KOHIIEHTPAIUil B IOUBEHHOM MTOKPOBE TOpOJia OT MEPBOI0 K MOCIETHEMY dTaIly
HaOmonennit. s cynpgaroB orMevanach oOmias TeHACHIMS K UX HAKOIUICHUIO B ITOYBAX C HE3HAYMTEIHLHBIM
cHIKeHueM koHuentpanuii B 2013 u 2015 rr.

Wrak, MOKHO MPOTHO3UPOBATH JOJATOCPOYHYIO MMO3UTHBHYIO TEHACHIUIO B YIyUIIIEHUH SKOJIOTMYECKOTO CO-
CTOSIHUSI TIOYB 3a CYET CHIDKCHUS WM CTaOMIN3aliy HAKOIIJICHUS] HUTPATOB BO BCEX MCCIEHOBAHHBIX HACEINICH-
HBIX IIYHKTaX, CYJIb(aToB — B JIByX HACEJICHHBIX ITyHKTaX.

HeraruBHast TeHAEHIUS YBEIMUYEHHS COAEPKAHNS XMMUYECKUX BEIIECTB B FOPOJICKUX MOYBAX MPOSBUIACH
st cynbgaroB B 94 % HaceIEHHBIX IIYHKTOB, YTO TpeOyeT NPHHATHA MEP 10 MUHUMH3ALUHA TEXHOT€HHBIX I10-
CTYIUIEHUH cepocofepKallliX COSANHEHUI B TOYBEHHBIH IOKPOB FOPOJICKUX TEPPUTOPHIL.

3aKjIouenue

OrneHka COBPEMEHHOTO COCTOSIHUS TTOYB TOPOJCKUX TEPPUTOPUH BBISIBUIA MPOCTPAHCTBEHHBIE Pa3IUUNs
B HaKOIJICHMHM HUTPATOB U CyNIb(})aTOB M0 aAMUHUCTPATUBHBIM 00nacTsIM cTpaHbl. HanMeHbIIne KOHLIEHTpa-
UM HUTPATOB OTMEYeHHbI B ropogax bpectckoit 06a. (Ke = 0,5), naubonsmme — B ['omensckoit (Kc = 2,8).
Mg cynbdaroB Habmomanack oOpaTHas TEHIACHLIMSA: HaWMEHBIIEE CpelHee coAepKaHHe 3a(UKCUPOBAHO
B l'omennckoit 061. (Kec = 1,0), nanbonsimee — B bpectckoit (Ke = 1,5). [Ipu 3ToM pasnudusi B HAKOIUICHUH
cynb(}aToB 1o obsacTsIM He3HAYUTEIbHBIC, B TO BPeMs KaK JJIsl HUTPAToOB pa30poc cpelHUX 3HAYEHUH cocTa-
BHIJ Oosiee 5 pas.

B onnom u3 roponos I'ponHenckoii 0011. (1. CMopross) 3aMKCHPOBaHO JOKAJIBHOE 3arps3HEHHE I0YB HUTPa-
tamu 10 1,6 [IJIK u mpeBbIIeHHe TOPOroBOro 3HAUEHHsI C HU3KOM CTENEHBIO 3arpsi3HEHNUs, YTO HE XapaKTEPHO
ULl TOPOJICKHX TOYB, B KOTOPBIX COZIEPKAHUE HUTPATOB HE3HAYUTEIBHOE U UMEET TeHJICHLIUIO K CHIKEHUIO.
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MakcumanbHble 3HAYeHUS Cyb(aToB, OTMEUCHHBIE Ha OTJEIBHBIX YYaCTKaX ropoJioB, cocTaBmim oT >1,0 1o
3,0 TIJIK, B mectn ciay4dasx (GUKCUPOBAIOCH MPEBBIIICHIE IIOPOTOBOTO 3HAYCHUS B MpeJeliax, ONPeaeisTIOIIHX
HU3KYIO CTEIICHb 3arps3HEHHS TI0YB.

OreHKa KOHIIEHTPAITUN HATPATOB B TOPOJICKUX ITOYBaX IMoKazaina, uTo B 90 % HaceleHHBIX IyHKTOB OTMeYe-
Ha TEHJICHIIMS 3HAYMTEIILHOTO COKPAIICHHS UX COACPKAHUS B MOYBBI YPOAHU3UPOBAHHBIX TepPUTOPUIL. MOXKHO
MIPEAIOIOKUTD, YTO TAKOE YMEHBIIICHUE a30TCONEPKAIINX BEIIECTB 00YCIOBICHO CHIDKCHUEM KOJIMYECTBA Op-
TaHUYECKOTO BEIECTBA B TIOYBAX M 3aMeJICHHEM TPOIECCOB HUTPUDHUKAITUH MIPU €T0 PA3JIOKCHUH, a TAKXKe He-
3HAYUTENBHON JI0JIel a30T(HUKCHPYIOIINX OPraHU3MOB, PUCYTCTBYIOIIMX B TOPOJICKUX TIOYBAX.

OrieHka U3MEHEHUH, MPOU30NICANINX 32 OoJiee YeM JIBaJATHIICTHUI TEepHoJ] B KOHIICHTPAIUU CYIb(aToB
B [OYBEHHOM ITOKPOBE, BBISIBUJIA B OOJIBIIMHCTBE TOPOJOB TEHICHIIMIO K MX HAKOIUICHHIO, YTO IMPEIoaract
TEXHOTEHHBIH XapakTep MOCTyIieHus B MouBkl. 1lpn aToM B 59 % ciydyaeB mouBbl XapaKkTepHU30BAIUCH 3HAUH-
TENBHBIM YBEIMUYEHUEM COJlepKaHus Cyab(aroB, B 41 % ciydaeB HaKOIJICHHE CEPOCOMAEPIKAIIETO COSAMHUHUS
B TI0YBaX HE3HAYMTEIHHOE.

B nouBax . Muncka 3a 2000-2022 IT. ycTaHOBJICHBI pa3HOHAIPABICHHBIC TCHACHIINN B CONEP)KaHUN HUTpPA-
TOB TIO TOJIAM C OOIIEH TEHJICHIIMEeH K 3HAYUTEIIbHOMY ITOHW)KEHHIO UX KOHIeHTpanwu. Jis cynbgaros ormeda-
JIaCh HEKOTOPOE HAKOTUJICHHE B TTOYBAX C HE3HAUNTEIHHBIM CHIDKeHHEM KoHtleHTpanuid B 2013 u 2015 .

CrnemoBartensHO, MOKHO TIPOTHO3HPOBATh YXYAIIEHNE IKOJIOTHIECKOTO COCTOSHUS TI04B B 94 % nccienoBaH-
HBIX HACEJICHHBIX MTYHKTOB 3a CUET YBEIMYCHUS B HUX KOHIICHTPAIMH CYITH(ATOB U MTOJIOKUTEIHHYIO TCHICHIIHIO,
BBIPOKCHHYIO B CHIDKCHUH MJIM CTaOMIIM3AIMU HAKOIUICHHSI HUTPATOB B TIOUBEHHOM TIOKPOBE TOPOJICKHX TEPPH-
TOpHH.
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