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TEHAEHIIUN UBMEHEHUS KAUMATA B BEAOPYCCKOM CEKTOPE
BAVKHEUN 30HbI YEPHOBBIABCKOUM A3C

C. A. KA/IHHUYEHKO, 10. /. MAPYEHKO", B. E. BEJIAIII"

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

3a meprox MHOTOJIETHUX HHCTPYMEHTANBHBIX HaOmonernit (1997-2022 rT.) Ha nccIeoBaTeIbCKOH cTaHINH «MacaHbDy
OTMEUEHO yBEJIMUCHUE KOJIMUECTBA SICHBIX JHEH M CHIKEHUE JTHEH, OTHOCSIIMXCS K MOMTysICHBIM (IIEPEMEHHOM 00IauHOCTH).
CpeiHero/joBoe 3Ha4eHHEe MHTEHCUBHOCTH CyMMApHOW COJIHEUHOM pajinaliiy (IHEPreTHIeCKOl OCBEIIEHHOCTH) B PEAIbHBIX
ycnoBusix obnaunoctu cocrasmwio 0,21 kBr/m? ¢ mHTepBanom BapbupoBasust 1o rogam ot 0,18 1o 0,25 xkBr/m?. Haubob-
115t UHTEHCUBHOCTh JIyYUCTOM SHEPTHH B TOMOBOM X0z mpuxomutes Ha uionb (0,37 kB1/M?), a MUHMMATLHBIM KOJHYE-
CTBOM 3Hepruu oTnyaics aexadpsb (0,04 kBr/m?). CpenrerooBas Temmeparypa Bo3ayxa 3a 1997-2022 rr. yBenuuunach Ha
0,46 °C 1o OTHOIIIEHHIO K CpeHeMy MHOToJIeTHeMY 3Ha4deHuto (7,7 °C), mpuHITOMY s ONFKANUIIIEro 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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N3yyeHne u peaduInuTaALUSA IKOCHCTEM
The Study and Rehabilitation of Ecosystems

Aocomotabiii MakcumyM (+39,5 °C) g Hammx HabmomeHui ObLT 3apeructpupoBad B 2015 1, aOCOMIOTHBIN MUHIMYM —
B 2012 . (-34,4 °C). HaGmronaercst xapakTepHas OJIOKHUTENbHAS TUHAMUKA YBEJIMUYCHUS CPEIHET00BOM TeMITepaTyphl TIpH-
3eMHOro Bo3ayxa okosio 0,06 °C/rox. OTMEUEHO CHI)KCHHE KOJMYESCTBA THEH CO CHEXHBIM MOKPOBOM. Bo3pociio uucsio xap-
KUX U CyXuX JqHeil. Ha paccmarpruBaemoii TeppuTopuy B CpefHeM 3a rof Beinagaer 593,7 Mm arMochepHbIx ocaakos. Yncio
JHel ¢ ocankamu coctasisier =~ 128 (35,1 %). Koadduiment ysnaxHenus, o VIBaHOBY, B pa3iH4YHbIE TO/IBI BApHUPOBAT OT
0,5 o 1,4. HabnromaeTcst OMOXKUTETBHAST TCHACHIIHS YBEINICHHS KOIMIecTBa ocaakoB okono 0,4 mw/ron. CpenHsist BEICOTa
CHEXHOTO ITOKpOBa cocTaBmiia 6 cM. KosmuecTBo qHEi co CHEXXHBIM TTOKPOBOM C TOAAMH UMEET SIBHYIO TEHJCHIIUIO K CHUKE-
HII0. OTHOCHTENbHAS BIAKHOCTH Bo3ayxa 3a 1997-2022 rt. B cpenHeM coctaBuia 78 %. CpenHsas cyMMa aKTHBHBIX TeMITe-
paryp B OnvxHel 30He aBapun Ha YADC — 2842 °C.

Knrouegvie cnoea: nsMeHenus KimMmara; KIIMMaTHYeCKUE XapaKTepUCTUKY; 30Ha oTaykaeHus YADC.

Bnazooapnocme. ABTOPBI BBIPQXAIOT TPU3HATEIBHOCTh COTPYAHHMKAM HCCIIEOBATEIbCKON CTaHIMU «MacaHbDy
um. B. H. ®énopora, npoBoAMBIINX HA HEW HCCIICIOBAHKS U MOHUTOPUHIOBBIC HAOIIOICHHST 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

[TocTosiHHBIE M3MEHEHHUST KIIMMAaTHYEeCKUX XapaKTePUCTHK COCTOSHHUS aTMoc(hephl: 00Ia4HOCTb, JaBICHUE,
TeMIepaTypHBIH, BIAKHOCTHBIN U BETPOBOM PEIKUMBI SBIISTFOTCS PE3YITETATOM aTMOC(EpPHBIX ITPOIECCOB U OTIpe-
JIEISIOT TIOTOy M KJIMMaT Ha JAaHHOW MecTHOCTH. Pacmpenenenre 3Ha4eHWH METEOpPOJIOTHYECKUX BEIWYHH Ha
paccMaTpuBacMON TEPPHUTOPUN OMPEIEIIeTCs TIIAaBHBIM 00pa3oM ee penbedoM W JaHAmadTHEIMA 0COOCHHO-
CTSIMH, pa3MepaMi U yJaJleHHeM BOJIHBIX 00beKTOB. KpyIHbIE MacCHBEI JIECOB M OOJIOT PAaCIpPOCTPAHSIOT CBOE
BIHSIHAE Ha OONBIIYI0 TeppuTopuio [1-4].

I'eorpaduueckoe pacnpeneneHre METEOPOIOTHYECKUX dJIEMEHTOB B HACTOSIIIEE BpeMs H3ydeHOo Oolee mo-
pPOOHO, YeM WX U3MEHEHHS BO BpeMeHH [5]. JlaHHbIe MOHUTOPHHTA TOCYIapCTBEHHOW THIPOMETEOPOIOTHIECKOI
ciyx0b1 PecrryOnvkn bemapych u pe3yabraTsl HCCIIEOBAaHIM OETOPYCCKUX y4ueHbIX HammoHanmbHON akagemMun
Hayk bemapycu yka3pIBaloT Ha CyIlIeCTBEHHbIE H3MEHEHHS B HACTOSAIIEE BpeMs KJIMMaTHYECKUX yCIOBU Ha Tep-
putopuu benapycu u coxpaHeHHe dTUX TEHICHINHA B OrpKaiiiue roasl [6].
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M3ydeHne n3MeHeHHs KIIMMAaTUYECKUX YCIOBUN SBIISIETCS HEOTHEMIIEMOM YacThI0O KOMIJIEKCHOM OLIEHKH CO-
CTOSTHUS Pa3JIMIHBIX KOMIIOHEHTOB OMOTEOIICHO30B B OkHeH 30He UepHoObUTECKOM ADC, a Takke Urpaet 00ihb-
IIyI0 POJIb TIPH aHAJIM3E TIepepacipeneseHnss paIuoHyKIHI0B IT0 KOMIIOHEHTaM TPUPOTHO-TEPPUTOPHATIHLHBIX
KOMIUIEKCOB, KOTOpPBIE Ha TAHHON TEPPUTOPUHN UMEIOT HEKOTOPBIE 0COOCHHOCTH, XapaKTePU3YIONTHECs PSIOM I1a-
pamerpoB. Ha Gonee paHHUX 3Tamax CCIeA0BaHIH HAMU OBIITH H3Y9E€HBI 0COOEHHOCTH KIMMAaTHIECKNUX YCIOBUI
TepPUTOPHH OEIOPYyCCKOTO cekTopa OmmkHel 30HbI YepHoObUTECKOM ADC [7-9]. B manHO# paboTe craBHIach
3a/1a4a MpOoaHaTU3uPOBATh MHOTOJIETHIOI IWHAMUKY M3MEHEHHs KJIFMaTa M OICHUTh BPEMEHHBIC (IIyKTyaIrlnu
KITMMaTHYECKAX XapaKTEPHUCTHUK 3a BECh TIEPHOJ MHCTPYMEHTAJIBHBIX HAOIIOIEHIH Ha TEPPUTOPUHN OETTOPYCCKOTO
CEKTOpa 30HBI OTIYKACHUSI.

MarepuaJjibl 1 METOAbI HCCJICIOBAHUSA

Komrneke mHCTpyMEHTaIbHBIX H3MEPEHUI 1 BU3YaJIbHBIX OIIEHOK METEOPOIOTHIECKHUX BEJIMYUH U UX XapakK-
TEePUCTHK TTpon3BoAmIICS B cooTBeTcTBHHU ¢ TKIT «Oxpana okpyskaromeii cpeapl 1 IpUpooIIoib3oBanue. [ mapo-
MeTeoposiorus. [IpaBuiia POBEIECHNS MPU3EMHBIX METEOPOJIOTHYECKUX HAOMIONEHUI W paboT Ha CTaHIUSIX»'.
AHanM3 TepBUYHBIX METEOPOIIOTHYECKUX BEIMYMH (3HAYCHHUS MPHU3EMHOW TeMIlepaTypbl BO3IyXa M TOYBHI,
BIIKHOCTH, aTMOC(hepHOEe JaBlieHHEe, HalIPaBJICHNE U CKOPOCTh BETPa, KOJMUECTBO aTMOC(EPHBIX OCAIKOB U PSIJT
JIPYTUX BETMYWH U UX XapaKTePUCTHK), IOITYIECHHBIX B PE3yJIbTaTe HEMPEPHIBHBIX MPU3EMHBIX METEOPOIOTHYE-
CKHX MHCTPYMEHTAIBHBIX HAOMIONCHNN Ha METCOPOJIOTHIECKOH IIIOMIAIKE NCCIIEI0BATEIHCKOM cTaHny «Maca-
HbD» [lonecckoro rocyqapcTBEHHOrO pagualiOHHO-3KOJOTMYECKOI0 3all0BEHHKA, SIBISIOLICICS caMOil F0XKHOU
13 BCEX METCOCTAHIINI HAIIel CTpaHbl, OBLT IpoBeeH 3a 26-metauit nepuoxn (1997-2022 rr.). JlaHHBIH BpeMeH-
HOW MHTEPBAJ MO3BOJIMII BBIIBUTH TEHJCHIINY BPEMEHHON TUHAMUKH KIIMMATHYECKUX XapaKTePHCTHK U MPOBe-
CTH OIIEHKY COBPEMEHHBIX KIMMATHYECKHUX YCIIOBHA. M3y4eHBl TEHICHIIMH CPOKOB HACTYIIICHHS ITOPOTOBBIX
3HAYEHUH TeMIeparyp U APYTUX METEOPOIOTHIECKUX BEITMYNH, MX XapaKTEePUCTHKH, OTPAKAOIHe N3MEHEHHE
KJIMMarta Tepputopun OmmkHei 30861 YADC B 1eNsIX TaTbHEHTIIETO ONpeIeICHIS PErHOHATBHBIX 0COOSHHOCTEH
KITMMaTHYeCKAX YCIOBU. [T aHanm3a COBpeMEHHBIX KIIMMaTHYeCKUX N3MEHEHHUI Ha TEPPUTOPUH 3aTIOBETHHU-
Ka HCIIONIb30BaHbI CYTOYHBIE, CpPETHEMECSIHBIC, TOIOBBIE, SKCTPEMalIbHBIE 3HAYCHHUS TEMITEPATyPhl U BIAKHOCTH
BO3/IyXa, KOJIMYECTBA OCAJIKOB, HA OCHOBE KOTOPBIX BRIYHCIISUIN JAThI IEPEX0/Ia TeMITepaTypsl Bo3myxa uepes 0;
5; 10; 15 °C u mpogomHKUTETFHOCTD TIEPHOIOB C MTOPOTOBBIMH 3HAYCHUSIMA YKa3aHHBIX TEMITEPaTyp, CYMMBI TEM-
niepatyp Bo3ayxa Beime 5 u 10 °C, gucno cyxux aHeH (¢ OTHOCHTENHHON BIaKHOCTHIO Bo3ayxa 30 % u meHee,
XOTs OBI B OZIMH W3 CPOKOB HAOIONEHUIH ), KOJTMUECTBO XKAPKUX JHEH (C MAaKCHMAaJILHOW TeMIIepaTypoi Bo3myxa
+25 °C u Bermre). Cranmus «MacaHbI» BKITIOYeHa B [0CyIapcTBEHHBIH peecTp MPOU3BOANUTENICH THAPOMETEOPO-
nmorudeckoit mabopmartiu 4.04.2019 1., B paboTe HCIIOIB30BaHbI ITOBEPEHHBIE IPUOOPEI 1 06opynoBanne. Odpa-
0O0TKa M aHAJIN3 MaTepHANIOB, TOCTPOSHHE PUCYHKOB, TAOIHI] BHITTOIHEHO C MPIMEHEHNEM TIPOTPaMMHOTO TTaKeTa
MS Office Excel.

Pe3yabrarsl Hcc/ieIoBaHuS M UX 00CYy:KIeHHe

Ooénaunocme. CylieCTBEHHOE 3HAYCHUE HA COCTOSTHUE aTMOCc(ephl OKa3bIBaeT 00JaYHOCTh (KOJIUUECTBO 00-
naxkoB). B nr000M MecTe MOBTOPSIEMOCTh SICHOM M MACMYpPHOW ITOTOJBI OMPEEISeTCs] PEKIUMOM OONauHOCTH,
KOTOpPBIA B OCHOBHOM (POPMHPYETCs TIOJl BIUSHUEM HUPKYISIHOHHBIX TPOLIECCOB (B XOJOTHBIN MEPUO To/a)
U B pe3ynbTare BO3JEHCTBUS MOJICTUIIAIONIEH MTOBEPXHOCTH (B TEIUIbIN nepuos rofa). OHU BIUSIOT HA MPUXOJ
COJIHEYHOM pajivaluu K 3¢MHOW IIOBEPXHOCTHU U, CJIEJOBATEIIBHO, HA TEMIIEpATypHbIi pexxuM. [0 pesynbraram
CpaBHEHUS 3a MocienHui matuneTHui nepuon (20182022 rr.) HabiroeHIH KOMTMYECTBO MACMYPHBIX THEH, KOT-
Ja obyaka mokpeiBaiu 80 u Oosiee MPOICHTOB BUIAMMOTO MPOCTpaHcTBa HeOocBoaa (8—10 OaymwioB mo oOmei
00JIAaYHOCTH), YBEIMYHIOCH Ha 8 % 10 CPaBHEHMIO CO CPEJHUM MHOTOJICTHUM 3HAUCHHEM H B JIOJIEBOM pacripe-
nenenun cocrasuio 41 % (puc. 1).

3a nmocaeIHUH MATHICTHUN IUKIT HAOIOAJIOCh YBEITUUYCHUE KOJIMUYCSCTBA SICHBIX JIHEH, a YUCIIO JHEH, OTHOCS-
HIMXCS K TONYSICHBIM (IIEpEeMEHHOM 00Ja4HOCTH), CHU3HIIOCH. Hanbomnbiei 001a4HOCThIO OTIIMYAINCH 3UMHUE
MecsIIIbl JIeKaOph W SHBAaph, YTO SIBISETCS] XapaKTepPHOW OCOOEHHOCTBIO ISl JaHHOTO perHoHa. BoIbIIMHCTBO
SICHBIX JTHEH MPUXOIMIIOCH Ha arpellb, aBIyCT U CEHTAOPb.

CpenHerofioBoe 3Ha4eHNE WHTEHCUBHOCTH CyMMapHOW COTHEYHOH paguanuu (3HepreTHYecKoil OCBELIeHHO-
cTH) ObUIO OoJee ToAPOOHO MpoaHaTu3upoBaHo 3a nepuo 2001-2015 IT. U B pealibHBIX YCIOBUSIX 00IaYHOCTH
cocraswio 0,21 kBt/mM? ¢ uHTepBasioM BapbupoBanus 1o rogam ot 0,18 1o 0,25 kB1/m>.

'TKIT 17.10-18-2009. IIpaBuia ipoBeieH s IPOBEPKU MIPU3EMHBIX METEOPOIOTHIECKHX HAOIOJEHUIT 1 pabOT Ha CTAHIUAX. Y TBEPIKIEH
MOCTaHOBJICHHEM MUHHUCTEPCTBA IPUPOIHBIX PECYPCOB U OXPaHbl OKpy>katomiel cpenpl o1 24.12.2009 r. Ne 11-T. Munck: MuHnpupost,
2009. 78 c.
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Puc. 1. O6naunocts: a) 1997-2022 rr., 6) 2018-2022 rr., %

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

HanbGonpmmmy 3HaYCHUSIMA UHTEHCHBHOCTH CYMMApHOI COJTHEYHOH paauialiy OTIHYaIHNCh JICTHUE, a Hau-
MEHBIIUMHU 3UMHHE Mecspbl. Hanbomnpieii HHTEHCHBHOCTBIO JIyYHCTOW SHEPTUH B TOZOBOM XO/I€ XapaKTepH-
3oBasics uioib (0,37 kB1/M?) ¢ uHTepBasoM BaphupoBanus 1o rogam ot 0,21 mo 0,52 kB1/M%, a MUHMMAJILHBIM
KOJIMYECTBOM SHEprud orindaincs nexadbpp (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 HEPIEHIUKYIAPHY IO TOBEPX-
HOCTb, HAYMHAS C KOTOPOTO OTMEYAETCS COIHEUHOE CUsTHHE (pHC. 2).

CpenHerofioBbie 3HaYCHUS, IOJIYUYECHHbIE B TEUEHHE BCETO MEPHoAa HAOMIOACHUH, B PeaIbHBIX YCIOBUSAX 00-
JagyHoCTH Kosebauck B npenenax 0,18-0,25 kBr/m? [5]. KonnuecTBo sHEPreTHUECKOM OCBEIEHHOCTH (MHTEH-
CHBHOCTH) TIOTOKA PA/IMALIIH 3aBUCUT OT BBICOTHI COJHIIA (BIMSHIE BPEMEHH T0/1a), MECTHBIX TIOTOTHBIX YCIIOBHI
(0bmavHOCTh, TYMaHBI, TOXKIN) U TIPO3PAYHOCTH aTMOC(EPHI.
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Puc. 2. IHTEHCUBHOCTH CYMMAapHOit coltHeyHol paauarmu (2001-2015 rr.), kBr/m?

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

K nery yBennumBaeTcst BHICOTA COJHIIA M YMEHBIIAETCsl 001a4HOCTh. Pe3koe N3MeHeHNe 3HaYeHUH B BECCHHe-
OCCHHUI1 TIEPUOJI MHTCHCUBHOCTH CYyMMAapHOM COJIHEYHOW paiHalliy CBSI3aHO C TEM, UTO JIBA OCHOBHBIX (hakTopa
€€ OIpPEeIeIISIONIYI0, O0NAYHOCTD M BHICOTA COJHIIA, ACHCTBYIOT B OIHY CTOPOHY.

Temnepamypnuiii pesrcum. Henepnoanieckre HapyIeHNs CyTOYHOTO U TOI0BOTO X0/1a, 00y CIIOBIICHHbIE BTOP-
JKEHUSMH TEIUIBIX WM XOJOAHBIX BO3AYLIHBIX Macc, MCKa)KaroT HOPMAJIBHBIN X0/ TeMIeparypsl Bo3ayxa [10].
OneHka M3MEHEHHsI TEMIIEpaTyp MPU3EMHOIO BO3yXa IPOBEJEHA HA OCHOBE CPAaBHEHMS JAaHHBIX €KETOJHBIX
HaOMIONEHUH CO CPeIHUMH MHOTOJIETHHUMHU 3HAUCHMSMH, MOJYYCHHBIMH 32 BECh NEPHOI WHCTPYMEHTAIbHBIX
HaOmoneHni. AHaIN3 MHOTOJIETHUX MHCTPYMEHTAJIBHBIX HCCIICAOBAHUM CBHICTEIBCTBYET, YTO CPEIHEro10Bast
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TeMIieparypa Bo3myxa 3a mepwox 1997-2022 rr. yeenmumiach Ha 0,46 °C MO OTHONICHWIO K CPEIHEMY
MHOTOJIeTHeMY 3HaueHuto (7,7 °C), mpuHATOMY IJIs ONFKaiiero HaceneHHoro myHkTa (T. bparun) u Ha 0,76 °C
IO OTHOIIICHHIO K CpeaHeMy MHoOTojIeTHeMY 3HaueHuto (7,4 °C), mpuasatomy st ['oMensckoit o0, (puc. 3).

40' i /;\
i e P £ N . A__/f”
35 o L, -,,___._4\7&»/—~~—\[/--—\\I/t\/ N — \
A 'y 'y W 'y 'y
il
30 4 ~&— ¢p. roj
e cp. Make
o 25 1 ~#— CP. MUH.
2 90 A —4— a0COJI. MaKC.
E —o— a0COI. MUH.
@ R o~ S = S
S L I S e o P R — S
© 10 A
=3
2
: 0
=
o] 0 S—& ¥ T & L T 1 L L L LI & 1§ §F T T T 1
] 0SS — ANV OEERXRRNDD —ANON N0 — N
= o B oo 00008 D "=~ —= = — = =& A &
50 A N S S S S S S S S S 00000CC0CO0O0000 0O
2 gl O s R RS RS IS S IS IS IS IS IS IR S IR S IR S I S IR S IR S B S IR S I S iR |
§—10-
=
2 15 A
Q.
720_
725_
_30_
735_

Puc. 3. lunamuka Temneparypsl Bozayxa (1997-2022 rr.), °C

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

Haunbonpire OTKIOHEHHSI B CTOPOHY YBEIMUYEHHS TEeMIIEparyp OT CPEIHUX MHOTOJICTHHX 3HAYEHUH OT-
meuanuch B 2020 1., Kora cpeaHerogoBasi TeMIeparypa Bo3ayxa okaszajach Bble «HOpMb» Ha 1,8 °C. Abco-
TOTHBIA MakcuMyM (+39,5 °C) B Hamux HabIroaeHUsIX ObLT 3apeructpupoBan B 2015 . JlanHas BenmuunHa Ha
0,6 °C okazanach BbIlIe aOCOMIOTHOIO MaKCHMyMa TeMIieparypsl Bo3ayxa (38,9 °C), KoTopblil 3a Becb epuoj
WHCTPYMEHTaJIbHBIX HaOmroneHnit B bemapycu u I'omenbckoit 0671. 611 3adukcupoBan B aBrycre 2010 1. Ha
crta"Huuu ['omenb.

AMIuMTyna KojeOaHUS CpEIHEroJlOBBIX TEMIEpaTyp 3a BeCh MNEPHUOJ HAIIUX HHCTPYMEHTAIbHBIX
Habmronenuit cocrasmia 10,6 °C, skcrpemanbubix Temnepatyp — 60,4 °C. 3a nmaHHbIH nepuon ObLI
3aUKCUPOBaH M aOCONIOTHBIH MUHUMYM Temmeparypbl. B deBpane 2012 r. Temneparypa CHU3HWIACH 10
ormetku muHyc —34,4 °C, uto Ha 0,6 °C MeHbpLIe caMoil HM3KOW HaOJII0AaeMOM TemIepaTrypbl BO3AyXa,
KoTopas Oblta orMeueHa B 1998 r. u cocrasnsiia munyc —33,8 °C.

OCHOBHBIE CTATHCTUYECCKUE XapaKTEPUCTUKN CPEAHEMECSUHBIX 3HAYCHUI TeMIIepaTypbl IPU3EMHOTO BO3-
nyxa (TIIB) B Onmxueit 3one aBapun Ha YADC a1 OTASIBHBIX MECSLIEB U IO/a MO3BOJISIIOT aHAIM3UPOBAThH
OJTHOBPEMEHHO BHYTPUTOAOBYIO M MeXrofoByro nsMeHunBocts TIIB [11; 12]. Cnenyer oTMeTHUTB, 4TO TEM-
nepaTypa BO3AyXa UMEET JOBOJBHO XOPOULIO BBIPAKEHHBIN TOJJOBOI X0, 00YCIIOBICHHBIH IOIOBBIM IPUTO-
KOM COJTHEYHOH paguanuu. MakcuMaibHble 3HaUeHUS € HaOJII0al0TCs B HIOJIE, & MUHUMAaJIbHBIC — B STHBApE
(Tabm. 1).

T'omoroii xon pasmaxa koneOanuii TIIB HanGompmuii B xomonusni nepuon (8,4—15,3 °C), HamMeHbIIHA
¢ ampedst mo okts0ps (5,1-7,2 °C) B Tenblii nepuos. 1'010Boi X0 cpeTHero KBaipaTHuecKoro OTKIOHEHHUS (G)
TTIB mouTH MOBTOPSIET TOA0BOM X0 BEMWYHHBI R (pazMaxa kojieOaHni ). AHaJIOTHYHBIA XapaKTep TOJ0BOTO X0a
B CPEAHUX apU(PMETHICCKHUX 3HAYCHUSIX U CPETHEKBAIPATHUECKUX OTKIOHEHUSX (G) 00yCIIOBIMBAET HEOOIBLION
pasbpoc koadpduuuenta Bapuanuu (C) B TeueHwe Bcero ronga. HamOomnbimas MeXrogosask M3MEHUHMBOCTH
TIIB naGmromaeTcst B 3MMHHME MECSILIBI 1 B MapTe, B OCTaJbHBIC MECALBI TOAa HEBEJHKA, Pa3INdHe MEXKIY
MaKCUMAaIIbHBIM (JIeKaOpb) 1 MHHUMAJIBHBIM (KON, aBTYCT) K03 dunnenTom Bapuanmu cocrasinset 1,51.

B pacnpenenennn ko3dduunentoB acummerpun (As) HaONMIOOAIOTCS KakK IIOJOXKUTENbHBIC, Tak
U OoTpuuaTeNbHble 3HaueHus. llpeoOnananue MoJOXHUTEIBHBIX 3HAYEHUH B TEIUIBIM MEPUOJ O3HAYACT, YTO
BPEMEHHOM psii BKIIOYAET HEMHOTOYHCIICHHbIC, HO OOJIbIINE MO BEJIMYMHE MOJIOKUTEIbHbIE OTKIOHCHHUS,
u 0oJjiee MHOTOUUCIICHHBIC, HO MECHEE 3HAYUTEIbHbBIC OTPULIATEIbHBIC OTKIOHEHHUSI.
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Ta6auna 1
CraTrucTuyeckne OleHKHU cpenHeMecsiynbix 3Havenuii TIB, °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 55 0,16 0,73
IX 13,5 134 1,3 0,10 15,9 10,8 51 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 ciaemayer, 4To IpH MOJIOKUTEIBHBIX 3HAUCHHUSIX AS OIIGHKH CPEHETO MPEBBILIAIOT OLCHKN
menuansl Ha 0,1-0,3 °C. IIpu As < 0 cpennue apudpmMeTHIecKrue 3Ha9eHHsI 10 BBIOOPKE AOJKHBI OBITH MEHBIIIE
Menuanbl. Ho TIOCKONIBKY OTpHLaTeNIbHbIE OIEHKH AS HEBENWKH, TO JaHHOE YCJIOBHE 3a XOJIOIAHBIH MEpHOI
OTMEUaeTCsl TOJIbKO B HOsI0pe W nekaOpe. B pacnpenencaun koddduumento skcuecca (Ex) mpeobmanaror
MOJIOKUTENIbHBIE 3HAUCHMs. JTO O3HA4aeT, 4YTO SMIMpUYEcKass KpHUBas paclpeaeieHus siBisieTcs Oojee
OCTPOBEPIINHHON MO0 CPAaBHEHMIO C HOPMaJbHON KpuBOH. 3HaunTenbHbIN (EX > 1) moaoKHUTENbHBIA JKCIECC
HaOJIOIaeTCs B arpesiec U Hosiope.

Cpenssisi rogoBasi TeMIeparypa sBISETCsl OOILIel XapaKTEpUCTUKOM TeMIepaTypHOro pPekXHuMa, KOTopas
MO3BOJISIET TMOJYYUTh TNPEJCTABICHHE O TeMIepaTypHoM (OHE M MPOCIEAUTh TEMIepaTypHble W3MEHEHHUs
BO Bpemenu [10]. Jlns aHanmm3a COBpEeMEHHBIX TEHACHUIWN M3MEHEHUS CPEIHETOJOBOM TeMIIepaTyphl BO3AyXa
MIPOBEJICHA €€ OLEHKAa C IMOMOIIbI0 JHHEHHOTro TpeHna (puc. 4). Ilpu aHamu3e MOMy4YEeHHBIX DPE3yIbTaTOB
HaOmoaeTcst XxapakTepHasi TIOJIOKHUTENIbHAs TMHAMUKA YBEIUYCHUs CPEIHETOI0BOM TeMIepaTypbl IPU3EMHOTO
Bo31yxa okoso 0,06 °C/rog,.
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Puc. 4. I3mMeHeHue TemIepaTypsl IpU3EMHOI0 Bo3ayxa, °C

Fig. 4. Change in surface air temperature, °C
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B cuity cBoero reorpadudaeckoro monokeHus Tepputopus bemopycckoro cextopa ommkHel 30H1 YADC xa-
paKTepu3yeTCs BRICOKOH TEII000eCIeYeHHOCTRIO M MPOIOIKUTEIBHOCTRIO BEreTAllMOHHOTO repruojia. B naHHOM
permone, Kak M Ha Bcel TeppuUTOpuu cTpansl [5; 10], oTMedaroTcsi 3aMeTHbIE U3MEHEHUS, CBSI3aHHbBIE B MIEPBYIO
odepenb C POCTOM TeMITepaTyphl BO3AyXa Kak B 3MMHHUIA, TaK W JISTHUH MeprUos (Tadm. 2).

JluHamMuka KJIMMaTHYecKuX pecypcos (1997-2022 rr.)

Dynamics of climate resources (1997-2022)

Tabnuma 2

Table 2

OcHOBHbIE XapaKkTCPUCTUKU

Cpennee 3a nepuoa 1997-2022 rr.

Campblii TeTUTBIH (MIOIT) 20,4
Cpennsisa TeMrnepatypa Bo3ayxa 3a mecsl, °C . .
CaMbIil XOMOAHBIH (STHBAPH) -4,0
0°C 286
[IponomKuTEeTPHOCTH NIepHo/a (THH) CO 15°C 219
CpelHel CyTOUHOM TeMIiepaTypor Bo3lyxa
U BBIIIE +10°C 166
+15 °C 111
Uwncno Hel co CHEXXHBIM ITOKPOBOM 73
Hucno cyXxux JTHEH (C OTHOCUTEIBHOU BIIAXKHOCTHEO Bo3ayxa 30 % u MeHee XOTs Obl 21
B OJIMH U3 CPOKOB HAOIIOCHUIN)

CyMmMa Temrneparyp 3a BereTaliioHHbII +5°C 3234
TIepHO/T BBIIIIE ¥ PAaBHOH +10 °C 2842
KonmuecTBo xapkux JHeH (C MakcuMallbHOM Temneparypoi Bo3ayxa +25 °C u Bbliie) 77

roioBoe 594
KonuyecTBo ocaakoB, MM -
3a TeruIblif mepros (arpesb — OKTSIOPb) 404

Habmronaercst poct cymM TeMmeparyp Bo3AyXa 3a BereTallMOHHBIN Mepuoz Bbie 5 °C 1 IPOA0IKUTEIHOCTh
neprojia ¢ MOPOTOBBIMU 3HAYEHUAMHU JaHHBIX Temreparyp. OTMeUYeHO CHMKEHHE KOJIMYeCTBa THEH cO CHeX-
HBIM TTOKPOBOM. UHCIIO JIHEW CO CHEXXHBIM IMOKPOBOM MOXKET U3MeHsIThes oT 16 aueii (2020 1) mo 129 (2013 ).
B nacrosiee Bpems B cpeqHeM coctaBisieT 73 aHsa. KomnuecTBo kapkux U cyxux AHed ¢ 1997 r. 3HauuTensHO
npubaBmiIoch. YUCo cyxux JHEH 3a TIepHoj] akTUBHOM Beretaiuu (Mail — aBryct) B 2022 T. 10 peruoHy yBeJH-
yiiock Ha 7. HanbGonbimii poct xapkux aneit npousomen B 2018 . (puc. 5). B To sxe BpeMs npakTH4ecKku He

U3MEHUJIOCh YUCIIO CYXHX JHEH.
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Fig. 5. Number of hot days (with a maximum air temperature of +25 °C and above)
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CremyeT OTMETHTh, YTO YBEIMUCHHE YNCIa KapKUX IHEH ¢ Temreparypoii Bo3myxa +25 °C u Beimre (Maif —
CEHTSI0Ph) B TEUCHHE TIEPHO/Ia MOTEIJICHUS TaKXKe XapaKTepHo JUIs Bcel Tepputopun benapycu u, ciienoBareib-
HO, BBI3BAHO OOIIMMU TEHJICHIIUSIMUA H3MEHEHUS KITUMATa.

Pesicum yenasrcnenun. ArMmochepHbie 0CaJIKU SBISIOTCS] OTHAM U3 OCHOBHBIX ITAPaMETPOB KIIMMara U TIIaB-
Heliieit cocrapstoliei o01ero Biaroodopora armochepsl. icxost U3 CpeIHUX MHOTOJIETHUX 3HAYEHUH, TIOJTy-
YEHHBIX 32 BECh MEPHOJ MHCTPYMEHTAIbHbBIX HaOmonenuit (1997-2022 rr.), Ha paccMaTpuBaeMoil TEpPUTOPUHI
B CpeJTHEeM 3a roJl Beimagaet 593,7 MM arMocepHBIX 0CaJIKOB, a YKCIIO THEH C 0CaJKaMU B CPEITHEM COCTABIISCT
128 (35,1 %) (Tabn. 3). Haumenblee KonmuuecTBo ocaakoB npuiniock Ha 2019 . (377,1 MMm), korma ux cym-
Ma cocTaBmia Bcero 63,5 % romoBoi «HOPMBD). 3a TAaHHBIN MEPUOJT KOJTHYECTBO aTMOC(HEPHBIX OCAJIKOB, KOTIA
OHHM BBITIAJANIA TTPEUMYIIICCTBEHHO B TBEPIOM BHE, punuiock 8,7 %, a ocrambubie 91,3 % (TErwislid iepuon
(ammpenb — OKTAOPH)) BBITIAAATH IPEUMYIIICCTBEHHO B BUJIE JOXK/IS. Takoe pacipeieieHre SIBISICTCS XapaKTePHBIM
JUTS TEPPUTOPHUH UCCIIEAYEMOTO PETHOHA.

Tabnuna 3
Pexxum yBiaxuenus (1997-2022 rr.)
Table 3
Humidification mode (1997-2022)

Ton Komnunuectso aneii ¢ ocaakamu | Cymma ocaixos, MM | Mcmapsiemocts, MM | KoadduiteHT yBnaxxHeHHs
1997 145 483,8 534,1 0,9
1998 161 711,2 559,4 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 88 568,3 687,9 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 137 564,7 551,9 1,0
2010 129 618,8 536,4 1,2
2011 112 632,5 5630 1,1
2012 124 719,2 502,6 1,4
2013 131 781,9 547,8 1,4
2014 98 450,0 686,3 0,7
2015 104 453,9 848,0 0,5
2016 134 7223 6644 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 5173 690,1 0,8
2022 185 697,6 683,2 1,0

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

Hccnemyemasi TeppUTOpUs OTHOCHTCS K 30HE HEYCTOMYMBOTO YBIQKHECHUS, W PACHpPEICIICHHE OCAIKOB
BO BPEMECHH BCEI/Jla OTJIMYACTCsl OOJIBIIONH M3MEHYMBOCTBHIO. B CBSA3M ¢ HEPAaBHOMEPHOCTHIO BBIMAJICHUS OCA/l-
KOB HAOJFOMAIOTCS 3aCylUIMBbIe Tiepuosbl. Koadduiment ypnaxuenus, no ViBaHOBY, (OTHOILICHHE KOJIMYESCTBA
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BBINQ/IAIONINX OCAJIKOB K UCMAPSIEMOCTH) B Pa3JIMUHBIE TOJBI MOXKET COCTABIATh OT 0,5 HEMOCTATOYHOE YBIIaXK-
uenue (2015 1) mo 1,4 (2004, 2012, 2013 rr.), korma Habmrogancs n30bITok Biarn. [Ipeodmaganme B 2004, 2012,
2013 rT. KomM4yecTBa aTMOC(EPHBIX OCAIKOB HAJl UCTIAPSIEMOCTRIO, XapaKTepHU30Bajo WX KaK TOIBI ¢ M30BITOY-
HBIM yBIaXHEeHHEeM. Hambomee HemocTaToqHOE yBIaKHEHHE ¢ Kod(duimenToM Bcero 0,5, 3apuKcupoBaHHOE
B 2015 1., conpoBokanoch Hanbonbmei ncnapseMoctsio (848,0 MM). B 00BIaHBIC TOABI XapakTepHOH 0cOoOSH-
HOCTBIO TEPPUTOPHUH SIBISICTCS TPEBBIIIIEHHE CyMMBI OCAJIKOB 32 TOJ] HaJl KOJIYECTBOM HCIIAPUBIIUXCS C TIOBEPX-
HOCTH BIIATH, YTO CO3JA€T MPOMBIBHOM THII BOJHOTO PEXKHMMA U IPUBOIUT K 3200JIAYMBAHUIO TIOHMIKCHHBIX Y4aCT-
KOB, 00pa30BaHUIO TIOTYTHAPOMOP(HBIX B THAPOMOP(HBIX ITOUB.

AHaIm3 NOYyYSHHBIX PE3yNIbTaTOB MIOKa3all, 4TO, HECMOTPS HA 3HAYUTENILHBIE KOJIeOaHHsI KOJIMYECTBA OCA/IKOB
10 TOoJaM, HaOMIOMaeTCs TIOJOKUTENbHAS TEHACHINS X yBenmudeHus (15,6 MM/Tom), ipu 3ToM HanOojee 3aMeT-
HOE YBEJIMUEHUE OTMEYAIOCH B XOJNOMHBIN niepuoxn (12,3 MmM/rox). HabmromaeTcst TCHACHIIUS pOCTa YUCTA JHEH
C 0CaJIKaMH — B CPETHEM C YUETOM IPSIMOIMHEHHOM 3aBucuMocTtH 3,7 mHel/rox (puc. 6).
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Puc. 6. luHaMuKa KOJIMYECTBA OCAAKOB, MM

Fig. 6. Precipitation dynamics, mm

M3meHeHne KOTMYecTBa 0CaAKOB MOXKET ObITh BBI3BAHO M3MEHEHUEM LIUPKYIISIIMOHHBIX ITPOLIECCOB B arMoc(e-
pe, a TAKIKE BIMSIHUEM MOJICTUIAIOLIEH TOBEPXHOCTH HCCIIEAYEMOT0 peruoHa. OT KOJTMYEeCTBa BBIABILNX OCAAKOB
U TEMIIEPATYPHBIX YCIOBUI MepHO/ia CHETOHAKOIIJIEHUS 3aBUCHUT BBICOTAa CHEXHOIO MOKpoBa. VccnenoBanus mno-
Ka3bIBAIOT, YTO MOIIHOCTb CHEYKHOTO IIOKPOBA MEHSETCS OT T0OA K FOly U 3HAYUTENBHO OTKIIOHSETCS OT CPEAHUX
BenuuH. CpeHssl BBICOTa CHEXKHOT'O TIOKPOBa, nccienoBaiack Hamu B 2001-2022 rr. coctaBuia 6 cM (puc. 7).
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Fig. 7. Snow depth dynamics, cm
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IMpu cpesHell IIIOTHOCTH CHEKHOTO MmokpoBa 0,23 r/cM? 3amac BOIbI B HEM Ha dJIEMEHTaX IPUPOIHOIO JIaH -
madTa, 1o JaHHBIM CHETOCHhEMOK, B CpeTHEM COCTaBIsLI 27,6 MM. MUHHMAaJIBHBIHN 3anac Bojb! 2,1 MM Habmroa-
cs B 2008, 2015 1 2020 rr., Korga cpefHsisi BbICOTa CHEKHOTO MOKPOBA IO0CTUTaja Bcero 1 cM, MakCUMaNbHbBIN —
50-60 mm B 2005, 2012 11 2013 rr. 3a 2001-2022 rr. cHEKHBIM MOKPOB B cpeaHeM 3ajeran 69 aneit (puc. 8).
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Puc. 8. lunamMuka Kom4yecTBa JHEH CO CHEXKHBIM MOKPOBOM, JTHE/To]

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

HecMmoTtps Ha 3HAUUTENBHBIE MEKTOOBBIE PA3IINYHS IO KOJTMYECTBY JHEH CO CHEXHBIM ITOKPOBOM, HX YHCIIO
MMeEeT SBHYIO TEH/ICHIINIO K CHIDKEHHIO C TOIaMH.

Majoe KOIMYecTBO 0CaIKOB CIIOCOOCTBOBAJIO TIOHMKEHHOH BITXKHOCTH BO3/TyXa B perroHe. OTHOCUTENNbHAS
BIIQ)KHOCTH BO3/yXa SIBISETCS BaYKHBIM JKOJIOTMYECKHM IOKa3aTeleM Cpeibl, TaK KaK XapaKTepH3yeT CTEHEHb
HACBIIIEHHS BO3/IyXa BOASHBIM ITaPOM, B TOXKE BPEMS OHA 3aBHCHUT OT MHOTHX (DaKTOPOB, B TOM YHCIIE OT (PU3UKO-
reorpaduuecKux yCcIoBHi MECTHOCTH, BDEMEHH T'0/1a, CYTOK U psiia Apyrux. OTHOCHTENbHAS BIaXKHOCTH BO3IyXa
MPEICTaBIISET CO00H OTHOIICHNE (PAaKTHIECKOTO COMlep KaHMs BOASHOTO Mapa K MaKCHUMAaJIbHO BO3MOKHOMY €T0O
COZIEPIKaHUIO NPH AaHHOH Temmeparype. 3a nepuog 1997-2022 rr. B cpeaneM oHa coctaBuia 78 % (puc. 9).
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Fig. 9. Dynamics of relative air humidity, %
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3a maHHBIM IEpHOJ CPEeAHEe KOIMNYECTBO BIaKHBIX IHEH, KOTa U B IIOCJICIIONyIEHHbIE Yachl (CJIeI0BATENbHO,
B TEUEHME BCEX CYTOK) BIAXHOCTh He magaina Hmwke 80 %, cocraBuiio 170. CpeqHee KOJIMYECTBO CyXUX JHEH,
KOT/Ia B JIHEBHBIC YaChl OTHOCUTENbHAS BIXXHOCTH MOoHIKaach 10 30 % u menee, coctasmio 20 %. [Ipeodnana-
FOIIMM TI0 YUCITy CyXuX JHer okazancs 2015 . — 94 nus. [IpeobiagarommyM 1o 4ucay BIaKHBIX THEH OKazajcs
2012 r. — 228 nueit.

Cymma akmuensix memnepanyp Kak 1okas3aresb COBOKYITHOW MOTPeOHOCTH pacTeHUH B Terie Oblia BBeze-
Ha B arpomeTeoposoruu Peomiopom B 1734 1. [Tozanee . T. CenssHUHOB MPUMEHIIT 3TOT MTOKA3aTEIh JJIST OLICHKH
00€eCIIeueHHOCTH TEIIOM TEPUO/ia aKTUBHON BEreTallMU CEIbCKOXO3SHCTBEHHBIX KyJIBTYyp. CpeHsisi CyMMa aK-
TUBHBIX Temreparyp 3a 1997-2022 rr. B Ommxaeld 3oHe aBapuu Ha YADC coctasnsier 2842 °C, B MEXT0OI0BOM
XOJI€ €€ MOBBIIIEHNE OTMEeYaeTCs BO Bee rofibl uccnenoanuii (puc. 10). Camast BbICOKasi CyMMa akTUBHBIX TeMITe-
paryp 3adukcuponana B 2018 1. (3219 °C), camas au3kas — B 1997 1. (2382 °C).
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Puc. 10. [lnnamuka cyMM aKTHBHBIX TeMIleparyp B OmkHeit 3oue aBapun Ha YADC, °C

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

/lasnenue 6030yxa u éemep. JIaHHBIN TOKa3aTEIb HEOOXOIUM JIJIST YIOBICTBOPEHUS MTOTPEOHOCTEN B HHTEpE-
cax pa3jMYHbIX METCOPOJIOTHUECKUX MPUMEHCHHUH, B TIEPBYIO OYEPEb ISl ONPECIICHUS IO JaBJICHUs, CO-
CTaBJISAIOLINX OCHOBY BCEX MOCIICAYIOIIMX MPOTHO30B COCTOsIHUS aTMOc(epbl. Beanuunbl atMmocdepHoro nanie-
HUS JOCTATOYHO YCTOMYMBEI 1 COCTABUIIN HA YPOBHE MCCIICNOBATEILCKOM CTAaHITNU «MacaHbDy B CPETHEM OKOJIO
1002 rlla. CTOUT MOTYepKHYTH, YTO JABJICHHUE BO3IyXa MECHACTCS B TCUCHHE T0J]a U 3aBUCHUT OT PSJia MOTOTHO-
KIIUMAaTHYECKUX YCIIOBHM, TIOTOMY JIJISl K&KIOH MECTHOCTU «HOPMa» arMOC(EPHOIrO JABJICHUS OMPEICIIsAeTCs
cratucTuyecku. VI3MeHeHne MaBIeHUs MPOUCXOANUT B PE3yNIbTaTe IBIKCHIS BO3AYIIHBIX Macc. [Ipu cpaBHeHNH
MaKCHMyMOB ¥ MHHUMYMOB JIaBJICHHSI MOXKHO 3aMETUTh, YTO B XOJOIHBIN MEPHOJ MAKCUMYMBI 3HAYUTEIHLHO
BBIIIIE, @ MUHUMYMbI HI)KE, YEM B TEIUIBIH, YTO CBSI3aHO C OOJIBIIION MHTEHCUBHOCTBIO IIUPKYJISAIIUN B XOJIOIHYIO
MIOJIOBUHY TO/IA.

Bemposoit pesxrcum. BeTpoBO# PEKUM U €T0 OIICHKA C TIOMOIIbIO Ipah)uueCcKOro CpaBHUTEIIBHOTO aHAJI|3a 10-
KazaJa, 4To MpeodalalollliMHy SBJSUTHCH BeTpa ceBepo-3anaaHoro (C3) HanpaBieHHs, XapaKTePU3YIOIIUE 1aH-
HBIH peruoH (puc. 11).

B 1997-2022 rr., B yactHocTu B 2022 1., HA0JII0aI0Ch YMEHBIIICHHE BETPOB FOTO-BOCTOYHOIO U 3aMIaJHOTO
HaNpaBJICHUH 110 OTHOLICHHIO K MHOTOJIETHEMY peXUMy. BmecTe ¢ TeM 3a)MKCUPOBaHO yBEIHYECHUE BETPOB
I0KHOTO HampaBiieHusi. CTOUT MOTYEPKHYTh, YTO MpeoOiagaloniine HampaBieHHsl BETPOB 3a BECh MEPUOJ
WHCTPYMEHTAJIbHBIX HAOMIOJCHHH, HApSly C CeBepO-3amaJHbIMH, COCTABIAIOT BETpa 3anagHoro (3) u oro-
BoctouHoro (KOB) nanpasienus. 3To moATBEpKAAET TO, YTO TOJAOBOM X0/ KIMMATHYECKHUX XapaKTEPUCTHK
BETpa MO TePPUTOPHH YPE3BbIUAHHO M3MEHUYMB. Hannuue cuinbHBIX KojeOaHUH pekuma BETPOB, 00YCIOB-
JICHHBIX CHUJIBHOH TypOyJEHTHOCTBIO, OTMEYAeTCs NMPU HAONIOACHHUAX TAKHX SIBICHUH, KaK MOPBIBUCTOCTH
WIH IIKBAJINCTOCTh. BeTep ckopocThio mopsiaka 5—8 M/c cunTaercs yMEpEeHHbIM, Bbile 14 M/C — CHIBHBIM,
Boie 20-25 M/c — mropmowm, a Beime 30 M/c — pazpymuTeabHbIM yparanoMm [13]. Peskue kparkoBpeMeH-
HbIC YCWJICHHS BeTpa 0 3HaueHul nopsiaka 20 M/c u Beimle HOcIT Ha3BaHue mkBanoB [10]. Eciu mrHo-
BEHHAasl CKOPOCTh (IIOPBIB BETPa) JOCTUTAET 25 M/C, TO 3TO OTHOCAT K OMACHBIM THIPOMETEOPOIOTHIECKUM
aprneHusiM [11]. B Hamewm cirydae MakcuMaibHbIE IOPBIBBI BeTpa HabOmoganuch B nuanazone 15,6—17,0 m/c,
aB 2015 r. (anpenb) ObLT 3aperucTpUPOBaH HAMOOIBIINI MaKCUMaNbHBIN OpBIB BeTpa 17,5 m/c [14]. Munu-
MaJjibHasi CPEHET0/I0Basi CKOPOCTh BETPa 3a JIaHHbIH nepro cocTaBuia 1,4 m/c. Ha 10110 I THIICBBIX YCIOBHIMA
npuiiocs 20 %.
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Puc. 11. Po3a Betpos: a) 1997-2022 rr; 6) 2022 .
Fig. 11. Wind rose: a) 1997-2022; b) 2022

3akjaoueHue

AHanu3 IMHaMMKH TOJIy4E€HHBIX Ha HCCIIE0BATEIbCKOM cTaHINK « MacaHbDy METEOPOIOTHUECKHX ITOKa3aTenei
3a nepuon 1997-2022 rr. mMo3BOJIWII ONPENEIUTh KIMMAaTHUECKUE XapPAKTEPUCTUKU TEPPUTOPHH OEIIOPYCCKOTO
cexropa OnmkHel 30HbI YepHoObUIbCKOH ADC, OLEHUTh MX BPEMEHHYIO W3MEHYMBOCTH. YCTAHOBJICHO, YTO
TEMIIEPaTypHBI PEXKUM OKa3aJicsl Teryiee OObIYHOIO, CPEeJHEroJoBas TeMIleparypa BO3AyXa YyBEIUYWJIACh IO
OTHOILIEHMIO K CPETHEMY MHOTOJIETHEMY 3Ha4€HUI0. BhIsIBIEHAa TEHIEHIINS €€ MTOBBIIIEHNUS, KOTOpasl B HACTOSILLEE
BpeMsl JIJIsl TaHHOU Tepputopun cocTabisieT okoio 0,06 °C/roa. HaubonbIre OTKIIOHEHUS B CTOPOHY YBEITUYCHUS
TeMIIepaTypOoTCPEAHUX MHOTOJIETHUX 3HaYeHNH 0TMeuanocbB20201., korjacpeqHero1oBasg TeMIIepaTy paokas3anach
BBIIIIE «HOPMBI» Ha 2,2 °C. AGcomotHbiid MakcumyM (+39,5 °C) i Hamux HaOMroAeHUH ObLT 3aperucTPUPOBAH
B 2015 1., abcomoTtHbiit MUHUMYM — B 2012 1. (—34,4 °C). CpenneroqoBoe 3Ha4eHNE MHTCHCUBHOCTH CyMMapHOH
COJIHEYHOW pajiMallii B PealibHbIX yCIOBHsX oOnaynoctd cocraBwio 0,21 kBr/m?. OGHApYKEHO HEKOTOPOE
YBEJIMYCHUE KOJMYECTBA BBINAJACHUSI aTMOC(EPHBIX OCAaJIKOB, CyMMa KOTOpbIX coctaBuia 106 % or cpemHero
MHOTOJIETHETO 3Ha4eHHs. AHAIN3 COBPEMEHHBIX TCHICHLUMH W3MEHEHHS KOJIMYECTBAa aTMOC(EPHBIX OCaIKOB
OOHapyKMJI X yBenuueHue okono 0,4 Mm/ron, mpu 3ToM Haubojee OTPULATENBHBIA TPEHI OTMEYANICS B TETUIBII
Nepuoz. YBenuuuiiack cyMMa akTUBHBIX Temnepatyp (= 10 °C) u cocrasnser B Hactosmiee Bpems 6onee 2800 °C,
YTO OTHOCHT JaHHBIN PErHOH K «HOBOH arpoxyimmarndeckoil 30He» [15; 16]. Cuuznnocs Ha 23 % Konmu4ecTBo
JTHEW CO CHEXXHBIM MOKPOBOM, IPHU 3TOM CPEIHSSI €r0 BBICOTA COCTaBMJIA BCEro 6 cM. 3amac BOAbl B CHEXHOM
IIOKPOBE Ha 3JIEMEHTaX MPUPOIAHOrO JaHAmadTa Takke 3HAYUTEIBHO CHU3WICS. Malloe KOJIMYEeCTBO OCaJIKOB
CIOCOOCTBYET MOHMKEHHOM BIA)KHOCTH BO3/yXa B perone. Ha paccmarpruBaeMoii TEppUTOPHH B CPEIHEM 32 TOJ
BbInaznaeT 593,7 MM aTMoc(epHBIX 0CAIKOB, UTO XapaKTEPU3YeT €€ KaK PETHOH C HEJOCTATOYHBIM YBIIQ)KHEHUEM.
B cBs13u ¢ npeobiiaganieM nenapsieMOCTH HaJl KOJIMYECTBOM aTMOC(EpHBIX 0CaKOB, KO3(D(UIMEHT YBIAXKHCHHUS
(GanaHc Biaru) B JaHHBIN EPHOJ] YACTO OKA3bIBAJICS HIKE SAMHULIBL. BeTpoBOi pekuM 1 €ro OLIEHKa C TOMOILBIO
rpauyecKoro CpaBHUTEILHOIO aHANIM3a MOKa3aua, 4To MpeoOsalalolliMHU BETPaMH SIBIISUIMCH BETPa CEBEPO-
3ama{Horo, I0ro-3arnaj Horo U I0KHOTO HanpaBiieHHs. MakcuMallbHbIe TIOPBIBBI BETpa HAOMIONANNCh B IMANa30He
15,6—17,0 m/c, a B 2015 r (ampenb) ObLT 3aperucTpupOBaH HAaHOOIBIINK 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.

M3menenne KIMMaTHYECKUX XapaKTEPUCTHK, POUCXOsIIee Ha Bcel Tepputopun benapycu B nmocnegnue
JIeCATUIIETHUS, OTMEUYAETCS U B McclleyeMoM pernoHe. OHO BBIpa)kaeTcs B yBEIUUEHUH TEMIIEPATYPhI BO3yXa
C HauOOJBIIUMHU OTKIOHCHHSIMH B 3MMHE-BECEHHHMH W JIETHUH MEPHUOIBI, YTO IMOBIEKIO CYILIECTBEHHOE
HM3MEHEHHE arpoKIMMATHYECKUX IOKa3aTesieil: BO3pOCIO YMCIIO JKapKUX (C MakCHMMaJbHOW TeMIepaTypoin
Bozayxa +25 °C um BblmE), a Takke Cyxux AHeil. HaOmiomaercs poct cymMM Temmeparyp BO3ayxa 3a
BEreTalMoHHbIN nepuo Beime 5 °C U NPONOJIKUTENBHOCTh BPEMEHH C IMOPOTOBBIMU 3HAYEHUSIMHU JaHHBIX
teMieparyp. OTMEUEHO CHUKEHHUE 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. YIIAIITHK" , O. A. BOJTH/IOBCKAA"

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

Y MpamopHoro paka Procambarus virginalis onipe/ieiieHa 3aBUCUMOCTb JTTUTEIILHOCTH MEKJIMHOYHBIX HHTEPBAJIOB OT MacChl
TeJa U BEIMYMHBI IPUPOCTOB MACCHI TEJA 32 OTJAENbHbIE 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 n 25,3-28,9 °C. [1o 3TUM JJaHHBIM PaCcCYUTAHBI KPUBBIC POCTA UX B YKA3aHHBIX JHa-
Ha30HaX TeMIeparyp U CyMMbl S(QPEKTUBHBIX TeMneparyp (S, y 0coOeil 3a IepHOJIbl IOBEHUILHOTO POCTa U Pa3MHOKEHHSL.
Cpennee 3HaYCHUE S, 32 FOBCHIIbHBIN Tiepuoa P virginalis (0 TOCTHKEHMST HOBOPOXKICHHBIME 0CO0sSIMH Macchl Tena 1,4 1)
B UCCJICIOBAHHBIX TEMIICPATyPHBIX HHTEPBaIaxX cocTaBisieT 4316 rpaxyco-aHeil mpu Temieparype OHOIOrHUeCKOro HYJIS, PaB-
HoM 7,6 °C. st neprona pasMHOKEHUS (10 JOCTIDKEHHUS Macchl Tena oT 1,4 r 1o npenenbHoi Macesl 15 1) 10630 rpaxyco-nHei
1 3,0 °C coorBeTcTBeHHO. [10 TOMOBOM TMHAMUKE CPEAHEMECSYHBIX TEMITEPATYp B IIECTH KOHTHHEHTAIBHBIX BOJOEMAX B IIpeJie-
Jax MHBa3uBHOTO apeana P, virginalis (ILIserws, benapycs, ['epmanust, CioBaxwst, CeBepHast MakenoHus 1 ManiaBu) pacCUATaHbI
3HAYEHUA S¢ I MEPHUOIOB TOIa, B TEUCHHE KOTOPHIX BOSMOJKEH POCT IOBEHIIBHBIX M PA3MHOKEHHE TOJIOBO3PENBIX 0COOCH.
B Bomoemax ymepeHHbIX IHMPOT, pacrionokeHHbIX B [IIBennn, berapycu, I'epmannu n CrioBakum, 3HaUSHUS S, B IEPHOJ] POCTa
IOBCHUIIBHBIX 0Cc0o0e m3MeHstoTes B mpenenax 1083—2099 rpanyco-nueit. B 6onee roxxaOM Bomoeme CeBepHoii MakenoHUH
9TOT nokazarenb gocruraer 2990, a B TponmueckoM adpukaHckoM Bogoeme B Manasu — 7076 rpamyco-aueii. CienoBarensHo,
HOBOPOXIICHHBIC 0co0M P, virginalis, KOTOpBIE B BOHOEMaX YMEPEHHO! 30HBI EBPOITBI OTPOXKIAIOTCS B TIEPBOIA TIOJIOBHHE JIEeTa,
CTIOCOOHBI JOCTHYH TIOJIOBOH 3PEIOCTH JIMIITH B TPETHE JICTO JKM3HHU, a B TPOIMMIESCKOM BOIOEME — YKE B TIEPBOE JICTO JKHM3HHU.
3HaueHus S TSI IEPUOOB IO, ONAronpusITHBIX UIs POCTA MOJOBO3PENBIX 0COOEH, B MCCIEA0BAaHHBIX BofoeMax EBporbl
Bo3pactaioT ot 2031 (Bomoem B IIBenun) no 4657 rpamgyco-aueit (Bogoem B CeBepHoit Makenonun). B TponmyeckoM Bompoeme
Managu 5TOT nokazaresib gocturaet 8058 rpayco-Hei, To eCTh MaKCUMalIbHast POJOJDKUTEIBHOCTD KU3HH P, virginalis B HeM
HE INPEBBIIIAET JBYX JIeT. TeM He MeHee, BO BCeM apealle T0JI0Bo3perble ocodu P, virginalis criocoOHBI IPOM3BECTH He Ooriee
25 KJIaJI0K SIUII 3a YKU3HEHHBIN 1IUKIL.

Knioueevie cnoea: Gvonornveckre WHBA3WUH; TEMIIEPATyPHBI PEKUM; PEUHBbIC PAaKH,; MPaMOPHBIN pak Procambarus
virginalis; CKOPOCTh POCTA; WHBA3UBHBII MOTCHITHAI.

Bnazooapnocme. ViccnenoBaHus BRITIOMHEHBI B paMKkax HHUATMATHBHONH HUP «CKropocTh pocTa MOy MHBa3UBHBIX
1 a0OpHUTeHHBIX BUIOB PEYHBIX pakoB B ycioBusax bemapycm» (20232024 rr., Ne rocpeructparuu 20230739) u rpanta Mu-
HHUCTepcTBa 0bpazoBanus Pecrybnuku benapych A1 CTYISHTOB, MATHCTPAHTOB, ACITUPAHTOB U MOJIOJIBIX YUCHBIX « DKOJIOTO-
Ouosornyeckas XapakTepruCcTUKa MHBA3UBHBIX BUJIOB JIECATHHOTMX PAKOB B IIPUPOAHBIX KIMMATHYECKUX YCIOBUsIX PecyOinu-
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 (1, — 1,) was calculated according

to (1): _ InW; —InW,
-

(1

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
Q10 = (%)(tz_tl)a 2)
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:

Di, = pWs, 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,,= 1gp + 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
Ter:;rlll[;eer’asére 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).
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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:

_ Wi (6)
B=
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; W, r d?}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.
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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+. 9)

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 + 0,0002. (11)
" 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 23 °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.

If the 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 (£3,°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*+ v +di* +et + 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 | ¢ = 1,4442E%7° — 1,1117E"t* + 2,5091E5t* - 0,00127t°— 0,051371 + 4,7388
. . t=1,3331E19%°— 9,2227E%t* + 1,6072E-7* + 0,00027>— 0,08371 +
Zaslavskaye reservoir near Minsk, Belarus 44737
— 10,5 -8 5.3 2_ K
Water body in Frankfurt am Main, Germany t=1,0697E 7,5621E 3%t +41,93161§8E 7 —0,02337— 3,0963E5t +
_ 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* + 1,1323E5¢* + 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 @llows 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 = [(22) - £,]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, to T, OT 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 i Sum of Limits of Sum of
Slrl;?u;emi_n BO; rnda;ngs 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 peti- growth tures for ally mature tures for
(fior the lear’ nan% g;(: V::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 | 332361 083 | 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 79321 1365
furt am Main, Ger- 4491 143 850 Y 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 ook
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(a10,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:
ToTitTa, (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 (a.;) 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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M. A. HIABAJIEBAY, H. H. JEMEHKOBEI]?, P. A. HEHAIIIEB?

DIomenvcruti 20cydapcmeenblil MeOUYUHCKUL YHUGEpCUmen,
yn. Kapna Mapkca, 11a, 246000, 2. Tomens, Berapyce
Dl Tonecckuti 20Cy0apcmeeHblll paouayUOHHO-3KOI02UYECKULL 3aN0BEOHUK,
. Tepewxosoti, 7, 247618, e. Xotinuku, I'omenvckas oonacms, Berapyce

IIpoBeneH aHaNM3 MHOTOJIETHEH NWHAMMKH JI03bI BHYTPEHHETO OONy4YEHHS COTPYAHHKOB [lojecckoro paananmuoHHO-
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OmpeneneHsl MHOTOJIETHHE, T€HIEPHBIE, MPO(ecCHOHaIbHBIC, BO3PACTHBIC U JIOKAIBHbBIC PA3IWYMS MOMY4YEHHBIX JlaH-
HBIX. BBISBIIEHO, 9TO YPOBEHH JI03bI BHYTPEHHETO OOMY4EHHs MepcoHana B OONBIIMHCTBE ciydaeB (4317 mamepeHmil) He
npesbimaer 0,01 mM3B/ron, a B 87 % u3mepenuii He nipeBbiiiaer 0,055 M3B/rox; auib y 1,3 % cOTpyaHHKOB OIpe/eeHb
TMIOKa3aTeNu JI03bl BHYTPEHHET0 00Ty4eHust ObUIN BhIlIe 2 M3B/To/1. 3a MHOTOJIETHUI TIeproyt HaOIoIeHHH HanOOJBIINMH T10-
kazareasimu omdaanch 2010 m 2011 . — 0,029 u 0,027 M3B/Trox COOTBETCTBEHHO. AHAIN3 /1036l BHYTPEHHETO OOTydeHUS
y HpeICTaBUTENEH Pa3HBIX CIIEHUATBHOCTEH MO3BOIMII OTIPEACIINTE CaMble BBICOKHE MEIMaHHBIC YPOBHHM /1036l Y OXOTOBEIOB
(0,02 m3B/rom), KOHEBOIOB, TIOKAPHBIX M BOJHTEINCH, a HAaNMEHBIINE — Y HHKEHEPHO-HCCIIEIOBATEIECKOTO TIepcoHata. Ha
OCHOBE TPOBEJICHHBIX M3MEPEHHH MePCOHAI 3alOBEJHAKA MOYKHO Pa3/ieNiuTh Ha 3 npodeccuoHanbHbie Tpyribl. CoracHo
TMOJTyYEHHBIM JIAHHBIM YPOBEHb J03bl BHYTPEHHEr0 00 TyueHust Obul craructidecku 3HauuM (p < 0,05) Bbile y My»X4uH, 110
CPaBHEHUIO C KEHIMHAaMH, B 2 pa3a. Cpeny paOOTHUKOB U3 Pa3iIMYHBIX HACEICHHBIX IYHKTOB HaUOOJBIINE OKa3aTen OT-
MedeHb! y skureneid T. Haposist (0,3 M3B/ron). OTHOCHTENBHO BBICOKHE YPOBHH JI03bI BHYTPEHHETO OOTy4eHHMs OIpe/IeIeHbI
JUTL COTPYOHUKOB u3 1. bepezoBka u 1. Mamumes (0,1 m3B/ron). [Ipn aHanm3e BO3pacTHRIX 3aBUCHMOCTEH (POPMUPOBAHHS
JI03bI BHYTPEHHETO OOTyUYECHHUsI BBIZEIECHO 5 BO3PACTHBIX TPYMII, OTIMYAIOMIUXCS CTATUCTUYECKH 3HAYUMBIMHU PA3THIMSIMA
JIAHHOTO TIOKa3aTelisi: MaKCMMallbHbIe YPOBHU BhIsiBIIeHBI y JiHil 3546 net (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 PaIHalliOHHO-IKOJIOTHYECKOTO 3allOBEIHIKA €0 MPH-
OPHUTETHBIMHU 33]]a9aMU SIBIISTIOTCS TIPUPOJAOOXPAHHAS JICSTEIBHOCTD, & TAK)KE MEPOIIPHSATHSI, HATIPaBICHHbIC Ha
MpeIOTBpAIIEHHE IT0XKAPOB, IEPEeHOCa PAJINOHYKITHIOB, MOHUTOPUHIOBBIC MCCIICIOBAHHUS U T. 1. BMecTe ¢ TeM He
MeHee BaXkHas TIpodiieMa — o0ecrieueHne 0e30MMacHbIX YCIOBHI TPy/Aa IMepcoHaa, padoTaroIero Ha 3arpsi3HeH-
HOMW paJIMOHYKIIHAMU TEPPUTOPHH.
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CrenoBaHne CyIIECTBYIOINM HOPMAaTHBAM B COOTBETCTBUH C 3akOHOM «O pamuariioHHOW 0e30TacHOCTH
B 3aITOBEIHUKE TIPOBOJIMTCS] MHIUBHUIYATBHBIN JO3UMETPUICCKUI KOHTPOJIb, YUET, AaHAIN3 M OI[CHKA BHEITHETO
U BHYTpeHHEro obnydenus nepconana'. ComtacHo 3akoHy «O COIMANBHOM 3aIlUTe TPaXkaaH, MOCTPAJABIINX
ot karactpodsl Ha UepHOOBIThCKONH ADC, Mpyrux paaudallMOHHBIX aBapHil», Hanboee 3HAYMMBIM KpUTEPHEM
OTpaHHYCHUS TPYIOBOH ACATEIHHOCTH HA TEPPUTOPUU PAJTMOAKTUBHOTO 3arpsi3HEHHS SIBIISICTCS] CPEIHSS FOI0BAs
> pexTrBHAs 1032 00TyYEHHs] HACENICHHs, KOTOpas He JOJDKHA NMpeBbimarsk 1 M3B2, a ee mpenen mpu npodeccu-
OHAJIEHOM OOTy4eHHUH COCTaBIATh 20 M3B.

Kaxk u3BecTHO, OCHOBHBIMU (DAKTOPAMH, OKa3bIBAIOIIMMHE BIHSHIE Ha (POPMUPOBAHHE JI03bI BHYTPEHHETO 00-
Jy9EeHus], ABJIAETCS, COLMAIBHBIN’, B TOM YHCIIE «JIECHOM» (hakTop, 00yCIOBIECHHBIN TOTPEOIEHUEM ST0J1, TPHOOB
u quun [1-4]. 3a MHOTOJIETHHI MEePHOji MOHUTOPHHTA JIO30BBIX HArpy30K COTPYIHHUKOB 3aITOBEHUKA MOTY4CH
3HAUUTEBHBIA MACCUB JIAHHBIX, aHAIIM3 KOTOPBIX TPENICTABISIET HE TOJIBKO MPUKIIAIHOW HHTEpEC B paMKax Co-
OJIFOZICHUSI YCTaHOBJICHHBIX MPEJIENIOB, HO U JAaeT OONIMPHBIA Marepual JJisl H3yueHHs: OCHOBHBIX 3aKOHOMEPHO-
cTell opMHUPOBAHHS 036l BHYTPEHHETO OOMYUCHHSI, & TAK)KE MapaMeTPOB, ONPECISIONINX €€ YPOBCHb.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

KonTpons BHyTpeHHero obmydenus nepconana [1I'PD3 ocymecTBisieTcst Ha cCieKTpoMeTpe (CYETUHKE) H3ITY-
genuit yenoseka (CHY) CKI-AT 1316 c nepuonnaHocThIO 1-2 pasa B roj. B kadecTBe MeTomudeckoro odecre-
YeHHs PYyKOBOICTBOBAIMCH JOKYMEHTAIIMEH MO AKCIUTyaranuu rnpubopa [5]. B ncciegoBannm MCTIONb30BANCH
nanable CY-usmepenuii nepconana [1I'P33 3a 2007-2022 T

B cootBercTBHE ¢ paccunTaHHBIME KoddduimenTamu [lamupo — Yuika B XoJie CTaTHCTHIECKOH 00paboTKH
YCTaHOBIICHO, YTO pacCHpe/ie]ieHne MoKa3areiel 03kl OTIINYAETCs OT HOPMAJIFHOTO, SBJISISICH JIOTHOPMAIIbHBIM.
IIpu sTOM pacmpenerneHus oKa3aTeneil BO3pacTa, pocTa W Beca UMEIOT XapakTep, OJU3KWH K HOPMaJIbHOMY.
JanpHeiimas 00padoTka OCyIIeCTBISsLIACH C TIOMOIIBI0 METO/IOB HETTapaMeTPUYECKO U TapaMeTpUIecKoil cra-
TUCTHUKH C UCIIOJIb30BAHUEM NIpOorpammel Statistica 13.0.

KonmuecTBeHHBIE JaHHBIEC TIPUBEICHBI B BUJIE MEMAHbI U KBapTHiiei — Me (Q25; Q75). [l cpaBHeHUS ABYX
HE3aBUCUMBIX BRIOOPOK MpUMEHsUICS HenapameTpudeckuii U-kputepuit Manaa — YutHU. Pe3ynbrars! onpenens-
IOTCS KaK CTaTUCTUYECKH 3HauuMbIe rpu p < 0,05.

Pe3y.]'II>TaTI>I HCCJICAOBAHHUA U UX oﬁcymenne

3a Bech mepuoj UCCIeoBaHni ObUTO MpoBeAeHO 9525 n3MepeHuit 1036l BHYTPEHHETO OOTydeHHs], U3 HUX
7827 uen. (82 %) cocrapmusinm MyxuuHbl 1 1698 (18 %) — sxenmmubl. CpemHuii Bo3pacT cocrtaBui 43,2 roma
(43,4 — y myxunH 1 42,2 rona y xenuws). [l 186 coTpyaHUKOB MMetoTCs JaHHBIE 3a riepuoy 10 u Oomnee meT;
Ju1s1 403 COTPYIHUKOB PE3yabTaThl UBMEPEHUM UMEIOTCA 32 5 JIEeT.

WzyueHne Bcero MaccuBa MOJTYYESHHBIX TaHHBIX CBUAETENBCTBYET, YTO B aOCOIIOTHOM OOJBIIIMHCTBE CITyYacB
YpOBEHb J03bI BHYTpeHHETr0 00mydeHus nepconana He mpesbimator 0,01 m3p/rox (4317 cmydaeB); mokazaTenu
87 % Bcex namepenuit He npesbimaroT 0,055 M3B/rox (puc. 1).

B T0 xe Bpems B 11 % cirydaeB Obuti momyyensl 3Ha4eHus B quanazone 0,1-0,2 m3s/rox, v mumrs y 1,3 % co-
TPYIHHUKOB OTIPEIEIICHBI OKa3aTeIH 036l BHYTPEHHETO OOTyUeHHS, TIPEBBIIIAIOIINE 2 M3B/TOI.

AHanu3 MHOTOJIETHEW JWHAMHUKY JTAHHBIX 32 BECh NEPHOJ MCCIIEMOBAHNN MTOKa3al, YTO YPOBEHb J103BI BHY-
TPEHHEro 00TydeHns focTrural Hanbompimx 3Hadernid B 2010 m 2011 . — 0,029 (0,014-0,100) u 0,027 (0,013—
0,100) M3B/TOm COOTBETCTBEHHO. JlanmpHEHIIIas THHAMHKA dTOTO TTOKa3aTess 3apukcupoBaHa Ha puc. 2.

B nocnenyroniye rogpl NoKa3areiad MOCTENEHHO CHUKAINCH U, HauMHad ¢ 2015 1., U3MEHSUIUCh HE CTOJb PE3-
ko. Tem He MeHee, 3aMeTHa oIpe/ieNleHHast eXKero{Hasi BApHadeTbHOCTh MPU3HaKa. B 9acTHOCTH, B OONBIIMHCTBE
CITydaeB U3MEHEHHe JI03bl BHYTPEHHETO OOIydeHHs 3a TOJ SBJISIETCS CTATUCTHYECKN 3HAYUMBIM (OTHOCHTEIBHO
npenpiaymiero roga). Tak, 8 2010 1. HaOMIOMAIOCH Pe3KOe TOBBIIIEHHE METUAHHOTO TIOKa3aTels 103kl OTHOCH-
tespHO 2009 1. Ha 270 % (p < 0,05). B nocnenyromuii nepuoa 0TMEYEHO MOCTEIEHHOE CHUKEHHUE JJ03bl, CTATH-
crtuuecku 3HauuMoe B 2012,2014, 2015 u 2016 . OnHako B OT/I€TbHBIE TOAbI MPOUCXOIUT OTKJIIOHEHHE OT JAaHHON
tenaeHuu: B 2017 u 2021 r. otMedeHo Bo3pacTaHue nokasarens 1036l Ha 3,5 u 4,3 % cootBercTBeHHO. [locneny-
forriee ymeHbIreHue 10361 B 2018 1 2022 T (Ha 2,5 1 4,3 % COOTBETCTBEHHO) OBUIO CTATHCTHYECKHA 3HAYUMBIM.

13akon Pb «O paguannonHoi 6e3onacHocTiy, 18 uions 2019 r. Ne 198-3 [DnekrponHblii pecypc]. HanmonansHblii mpaBoBoii HTEpHET-
noptan Pecryonuku benapychk. URL: https://pravo.by/document/?guid=12551&p0=H11900198 (nata obparienus: 18.12.2023).

23axoH Pb «O coruanbHOM 3a1uTe rpaxiaH, MOCTPaJaBIIkX OT KatacTpodbl Ha UepHOObUTbCKOH ADC, IPYTHX paIHalMOHHBIX aBapHii»,
6 saBaps 2009 r. Ne 9-3 [DnextpoHHBIH pecypc]. DranoH-oHnaita. MHbopmannonHo-monckoBas cucrema. URL: https://etalonline.by/
document/?regnum=h10900009 (nara obpamenns: 18.12.2023).

SMBU.MH 1958-2003. MeToauKa BBITIOJIHEHHS M3MEPEHHI aKTUBHOCTH FAMMaK3JTyYarolMX PaJHOHYKIIU/IOB B TEJIE YeJIOBEKA C TOMOLIH
criektpomerpa u3nydeHus denoseka CKI'-AT 1316: nara Bergaun cBuzetenscTsa 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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AHanmm3 mokaszarenei 103bl BHYTPEHHEro O0JydeHHUs B 3aBHCHUMOCTH OT MPOo(hecCHOHAIbHOW 3aHATOCTH
COTPYIHHMKOB MO3BOJIAJ BBISBUTH 3HAYUTEIBHBIE PA3TNYMS Y MPEACTABUTENCH OTAEIBHBIX CIIEINaIbHOCTEH.

KosinuecTBeHHBIE MOKa3aTead MPOQPECCUOHANBHON CTPYKTYPhI 00CICIOBAHHOTO MEPCOHAJIA MPEACTABICHbI
B TaOm. 1.
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Puc. 1. TucrorpaMma pacrpeie/IeHUs BEIMIHH HHANBHIYaJIbHBIX 03 BHYTPEHHETO 00mydeHus coTpyrHukoB [1I'PD3:
a) ancno HabmoneHnit 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

ComacHo aHHBIM Ta0i. 1, HAMOOJIBIIYIO YHCIEHHOCTD CPEM 00CIEIOBAHHBIX COCTABISIIOT PAOOTHUKH OT-
JIeIia JIECHOTO X03siicTBa (TipoBeneHo 3878 n3mepenuit) u Boautenu (1334 usmepenns).

ITomyueHHbIe pe3yabTaThl CTATUCTUUECKOTO aHAIM3a Pasinuuil 10361 BHYTPEHHET0 00IyUeHUs y MIPEACTaBH-
TeJIel OTAEIbHBIX CHEUNAIBHOCTEN B MOPSAKE YObIBAHUS IIPEACTABICHBI HA pUc. 3. MakcuMabHbIe OKa3aTenn
MeIMaHbl 1036l BHYTPEHHETO 00JIyYEHHSI OIPEICJICHbl Y OXOTOBEI0B, KOHEBOJIOB, TOKAPHBIX U BOAUTENCH, a Hau-
MEHBIINE — y 00CIIEI0BaHHBIX JIULI, HE ABJISIIOLIUXCS COTPYAHUKAMH 3aII0BEAHUKA, a TAKKE HHKEHEPHO-HUCCIIEI0-
BaTEJICKOTO IIEPCOHAIA.

YcraHOBIIEHO, YTO MEIMaHa 103bl BHYTPEHHETO OOIYyUCHHSI Y OXOTOBEJOB CTAaTUCTUYECKH 3HaYUMO (p < 0,05)
MIPEBBICHIIA TIOKA3aTelN MPEICTABUTENEH BceX OCcTalubHBIX podeccuii (B 1,4-3,9 pa3za), 3a UCKITFOYSHHEM TTOXKAP-
HBIX, Y KOTOPBIX JaHHBIN MOKa3arelb Take 3HaunMo (p < 0,05) npeBblmaet 103y OCTaIbHBIX NPO(ECCHOHATb-
HBIX rpym (B 1,1-3,0 paza).
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Puc. 2. MHOrONETHAS TUHAMUKA 036l BHYTPEHHETO 00mydeHus coTpynHukos [1I'PD3

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

Tabnuma 1

KosnmuecTBo n3mepennii noxasareJieii 10361 BHYTPEHHEro 00.,1y4eHust
Yy npeAcTaBUTe/Iel Pa3IMYHBIX clielHaIbHOCTell nepconaa [ITPI3

Table 1

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

CriennaabHOCTD Konnuecto % ot obmiero yncia

MarmHHCTBI 1 0,01

OxoTOBeIbI 77 0,85

Konesopr 25 0,28
[oxapusle 435 4,81

Bonurenn 1334 14,72
PaboTHHKH OT/IEIa JIECHOrO XO035KMCTBA 3878 4279
Jle3akTHBaTOPHI 68 0,75

300TeXHUKH 24 0,26
PykoBoxsmue numa 260 2,87
Paboune 805 8,88
CrieruaiancThl 909 10,03
O0ciyXKMBaIOIINHI MTEPCOHAI 512 5,65

JlaGopaHThI 122 1,35

BetBpaun 20 0,22
J103UMeTPUCTBI 81 0,89
JInna, He sBastomuecs corpyauukamu [1I'PO3 40 0,44
WHxenepol 368 4,06
MexaHuku 48 0,53
CoTpyaHUKH HAYYHOTO OTIENa 441 4,87
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Fig. 3. Internal exposure dose rates for representatives of various specialties of PSRER

Crnenyer OTMETUTh, YTO MEPCOHAJ 3allOBETHUKA MOKHO MOAETUTHh Ha 3 TPYIIBI CHEIHATBHOCTEN, MEXTY
KOTOPBIMU UMEIOTCS CTaTUCTUYECKH 3HaunMBble oTnuus. K nepeoil epynne ¢ caMbIMU BBICOKMMHM MTOKA3aTeIsIMU
JI03bI BHYTPEHHETO OOyYCHHUSI MOKHO OTHECTH OXOTOBEIOB, MOKAPHBIX, BOAUTENICH, 300TEXHUKOB, pAOOTHUKOB
OTJIeJ1a JIECHOTO XO35HCTBA U 1€3aKTUBATOPOB. Bmopas epynna co CpeHUMHU YPOBHSIMHU O3Bl — 3TO pabouue,
PYKOBOZAUTENN U CHELUAIUCTBL, a TAKKE 00CITyKUBAIOIIUH epcoHan u nabopantsl. K epynne ¢ naumenvummu
3HAUeHUAMU 003bl OTHOCSTCS TO3UMETPHUCTHI, MHKEHEPHI, MEXaHUKH U HaYyYHbIE COTPYIHUKH.

W3BecTHO, YTO B TpyNMax HACENCHHs, MOTPEONSIONNX «IPUPOIHYIO» MPOAYKLUHUIO («Iapbl» jeca, AU4b,
pri0a), ee BKIIaJ B MOCTYIJICHWE PAAMOHYKINIA B OPTaHU3M CYIIECTBEHHO BBIPOC B OTAAJICHHBIC IEPUO/BI 10-
Cclie aBapuH U IpeodiagaeT HaJ APYTUMHU MyTSIMH TOCTYIUICHUSI paAMOHYKINAA B opranusM [6]. OueBuaHo,
YTO TJIABHBIM OTIMYHMEM MpPEICTaBUTENCH NMEPBON BBIJICICHHON MPOQECCHOHAIBHON TPYNIBI B ONPEaeICH-
HOW CTETEHHU SIBISIETCS BO3MOXKHBIE OCOOCHHOCTH palMoHa NmUTaHus [7], 1100 BiIMsHUE (HampuMep, y TO-
JKaApHBIX) MHTaJSUOHHOTO MYTH MOCTYIUICHHS PaJHOHYKIHAOB Ha (opMmupoBanue 3)(EKTHUBHON 03B
00y4eHHst, XOTs, MO JaHHBIM APYTUX UCCIeNOBaHMU [8], BKJIa] MHTaNSIHOHHOW KOMIIOHEHTHI SIBISIETCS
HE3HAYMTEIbHBIM",

W3ydyenue BIUSHUS TeHACPHOTO (hakTopa Ha YPOBEHH JI03bI BHYTPEHHETO OOMYYEHHs MOKA3aJlo 3HAYNMOE
(p < 0,05) npeBbllLIeHHE TAHHOTO MOKAa3aTelsl y MY>KUMH, IO CPAaBHEHHIO C KEHIIUHAMH, B 2 pa3a. BozmoxHo,
JaHHBIC OTINYKSI 0OYCIIOBIICHBI B ONpeeNieHHON cTerneHn podeccoHanbHol cocTapisitomeid. Ecnu gons pa-
OOTHHKOB OT/I€JIa JIECHOTO XO3HCTBA, HHKEHEPOB U HAyYHBIX COTPYIHUKOB IIPUMEPHO OTMHAKOBA CPEITU MY>KUNH
Y JKEHILMH, TO JOJIS TIOYKapHbBIX, BOAUTENCH, 1e3aKTHBATOPOB CYLIECTBEHHO BBINIEC Y MY)KUHH ((KCHIIMHBI TAKKe
HE 3aHMMAIOT JIOJDKHOCTH OX0TOBea). B To jke BpeMst 1071 300TEXHUKOB, Ta0OPaHTOB, 00CITYKHUBAIOILIETO TEPCO-
HaJla, CIeUAIICTOB 1 PYKOBOISIINX PAOOTHUKOB CPEAX SKEHIIMH BBILIIE.

OueBUIHO, YTO 3HAYUMBIM (PAaKTOPOM, OIPEACIAIONIMM yYPOBEHb /1036 BHYTPEHHETO OOMyuUeHHMS, SBISETCS
YHCIIO KUTENICH HACEIEHHOTO MMyHKTa (TaK Ha3bIBaeMblii ieMorpaduueckuii kpurepuil) [9]. B aToii cBs3u mpoBo-
JUJIOCH COTIOCTaBJICHHE MOKa3aTesel 1036 BHYTPEHHETO OOMYUYEHUs Y COTPYJHUKOB 3allOBEIHUKA, POKUBAIO-
HIMX B Pa3IMYHBIX HACEJICHHBIX MyHKTax (Tad. 2).

Kax cnenyet u3 Ta0in. 2, HanOoee BBICOKME MEIMaHHbIC 3HAYCHHSI JIO3bI BHYTPEHHETO 00ITyUeHHsI OTMEUCHBI
y wurereit r. Haposist®. [IoMMMO TOTO, 9TO TOPOJI HAXOAUTCS B OTHOCHUTEIIBHOM OJIIM30CTH OT JIECHBIX HACaX/Ie-
Huii 1 p. [lpunsate, o0ycnoBnuBaromue BEICOKUE mokaszarenu [10], cpean coTpyIHUKOB 3amoBEHUKA OOBIINH-
cTBO xuTeneit Haposnu paboTatoT B oT/1ee JiecHOTo X03sicTBa (51 uen.).

‘MBU.MH 1958-2003. MeTomvka BBIIIOJHEHHS W3MEPEHUM AKTMBHOCTH TIaMMaW3JyYalollUX PaJUOHYKINIOB B TEJE YENOBEKA
¢ moMmoIpio cnekrpomerpa m3mydenust denoBeka CKI-AT 1316: nmara Beimaum cBuperenscTBa 00 arrectamun 29.08.2016. Homep
cBuzeTenbCcTBa 00 aTrectamn 968/2016. Homep B peectpe @P.1.38.2016.24656 / VII «kATOMTEX» OAO « MHUITN».

STam xe.
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bmuzocTs neca k 1. bepezoBka, boprcoBmmHaa 1 HoBOCENKH TakiKe MOKET CITY)KHUTh OOBICHEHHEM OTHOCH-
TEJBHO BBICOKMX YPOBHEH 1036l BHYTPEHHETO O0yUeHHs B JAHHBIX HACENIEHHBIX ITyHKTaxX. B HemocpencTBeHHOI
Onu30CcTH OT T. XOWHUKH HaxoauTcs A. Manures, kotopas B 2009 1. Opla BKIIIOYEHA B COCTaB ropofa. Tem He
MEHee, oTpenesieHa cTaTucTuaecku 3HaunMast (p < 0,05) pasHuIia B ypoBHSX 1036 BHYTPEHHETO OOIYICHHUS CO-
TPYIHHKOB 3 JIEPEBHU U TOpoja. B maHHOM ciydyae oHO3HAaYHBIM OOBSICHEHHEM MOXKET OBITh IPO(heCCHOHAIb-
HEIH cOCTaB COTPYMHUKOB 1. MasmteB (19 gen. — Bomurenu 1 17 COTPYIHUKOB — TIOKAPHBIE).

Tab6numa 2

Pazimuusi B nokasareJisix 103bl BHyTPEHHero oos1yueHusi y nepconaja III'P33,
MPOKUBAKLINX B PA3IMYHBIX HACETIEHHBIX MYHKTAX

Table 2

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

Hacene it - InotHOCTH Hucnennocts | g BHyTpennsi 1033, M38/r01
nymet SATDSICINA 103 | HACCICNN, | epern | Kaapruzs | g,
8 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
Mamnumes XOMHUKCKHUI 5-15 436 36 0,069 0,100 0,150
Bopucommaa XOMHUKCKHUI 5-15 275 45 0,021 0,046 0,100
HoBocenku XOMHUKCKHI 5-15 38 29 0,028 0,042 0,100
XpankoB XOMHUKCKHI 5-15 376 74 0,018 0,040 0,100
CynaxoBo XOMHUKCKUI 5-15 577 78 0,015 0,028 0,100
Kozenyxnbe XOMHUKCKUI 1-5 487 91 0,008 0,023 0,035
Benukuit bop XOMHUKCKUI 1-5 1052 91 0,012 0,022 0,032
T'nmunnine XOMHUKCKUI 1-5 513 50 0,007 0,022 0,040
CrpenuueBo XOMHUKCKUI 15-40 749 94 0,007 0,014 0,025
Benerun XOMHUKCKUI 5-15 376 20 0,006 0,011 0,023
XOWHUKHU XOMHUKCKUI 5-15 13248 7747 0,007 0,008 0,027
Ezamnos XOMHUKCKUI 5-15 166 30 0,006 0,007 0,017
JBopuie 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 - - 1995 471 210 0,006 0,007 0,007
T'omens - 1-5 503 984 71 0,006 0,006 0,015

[IpenckasyemMo HaMMEHbIINE YPOBHHU 03bl BHYTPEHHETO OONYyUYCHHs XapaKTEPHbI i1 HHOTOPOAHUX pa-

OOTHHUKOB 3amoBegHrKa U3 MuHcka u ['omens.

HccnenoBanue Bo3pacTHBIX 3aBUCUMOCTEN (HOPMUPOBAHHMS O3B [TO3BOJIHIIO OMIPEACIIUTD 5 BO3PACTHBIX TPYIIT,
MEX]Ty KOTOPBIMHU CYILECTBYIOT CTaTUCTUYECKH 3HAYMMBbIE Pa3INyMsl JAaHHOTO MoKa3aress (puc. 4).

HauOonpuire ypoBHU 10361 BHYTPEHHETO OOIyYeHHUs ONPEesICHBI ISl TpyIbl 3546 Jet, a MUHUMaJIbHbIe
y cambIx MojoabIx (18-26 net). Takum 00pa3om, JIUIA CPEHEr0 BO3pAcTa XapaKTEPU3YOTCs HAauOOJIbIIEeH 10~
30BOM HArpy3KOi.
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Fig. 4. Comparison of internal exposure dose indicators in different age groups of PSRER employees for 2021-2022

3aKijIrouenue

B 87 % m3mepenmii mokazarenu 03kl BHyTpeHHEro o0mydyenus corpynnukoB [1I'PD3 He mpeBbIatoT ypoBHs
0,055 m3B/Tos.

3a MHOTOJICTHUH MEPUOJT MCCIICIOBAHUA YPOBEHB JI03bI BHYTpPEeHHETo 00iydeHust ObuT HanOomsmum B 2010
n 2011 rr. coorBeTcTBenno 0,029 u 0,027 m3B/rox.

MaxkcumasnbHbIe MEIMaHHbIE 3HAUYEHHS T036I BHYTPEHHETO 00Ty4eHHs BBISBICHBI y 0X0ToBeOB (B 1,4-3,9 paza
BBIIIIE TTOKA3aTelNiell MpecTaBuTeNel ocTanbHbIX npodeccuit, p < 0,05). HaumeHnbinne 3HauE€HUST ONPEICIICHBI
y HHXKEHEPHO-UCCIeA0BaTebCKOTo iepconana (Mmenee 0,04 M3B8/Ton).

MacumasnbHbIe TOKa3aTeNln 036l BHYTPEHHETO O0IydeHHUs] OTMEUEHB! Y COTPYIHUKOB 3allOBEAHNKA, MTPOXKHU-
BaloNMX B I. HapoBis, a cample HU3KHE Yy pabOTalOMIMX BaXTOBBHIM METOAOM M MOCTOSIHHO NMPOKUBAIOIINX Ha
TEPPUTOPUSX, OTAAJICHHBIX OT 30HBI OTCEJIECHUSI.

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

Cpenu mpesncTaBUTENEeH pa3NUYHBIX BO3PACTHBIX I'PYIIT CAMBIMU BBICOKHMHM TMOKA3aTENIIMU J103bI BHYTPEH-
HEro o0JIyueHHs Xapakrepusyrotcs padotHuku 35—46 net (0,015 M3B/rox), a HAUMEHBIIIUMH — MOJIOJBIC JTFOIH
18-26 ner (0,007 m3B/rom).

bubanorpaduyeckue cCbLIKM

1. Bmacosa HI', BucenGepr OB, Esrymkosa I'H, JIpo3x EA. Ouenka 103 o0nmydeHHs HaceleHHs B OTAAJICHHOM IMEPUOJE MOCie
YepHOObLIbCKON aBapu. [Ipobiembi 300pogwsi u skonocuu. 2014;4(42):129-134.

2. Paxurcknit BH, Ky3smmues MK, Kienukos OB CpaBHuTenbHasl OLEHKA CPEeAHHX 103 oOIydeHUst HaceneHus Mpkyrckoit
u Boponexckoit obmacteit mo manabiM ECKUJL. Paduayuonnas eueuena. 2021;2(14):72-78. DOI: https://doi.org/10.21514/1998-
426X-2021-14-2-72-78.

3. Oenrosa JIH, Marapac AH, batsn AH. /10361 06myuenns Hacenenus benapycn Benencrteue aBapuu Ha YepHOOBUTBCKOM aTOMHON
anektpoctaHimu Ha 2021-2025 rr. JKypran benopycckoeo eocyoapcmeentoeo yHugeepcumema. Ixonoeus. 2022;4:70-78. DOI: https://
doi.org/10.46646/2521-683X/2022-4-70-78.

4. Bparunosa AA, bastokun AB, I'pomoB AB. O030p cpeaHUX TEKYIIUX ¥ HAKOIUICHHBIX d((QEKTHBHBIX 103 OOIyYEeHUs JKUTENCH
HAaCeNeHHBIX MyHKTOB Poccuiickoii denepanun, OTHECEHHBIX K 30HAM PAIHOAKTHBHOTO 3aTpsi3HEHUS. [eXHOno2uu epancoaHcKou
6ezonacrnocmu. 2024;21(S1):53-60.

5. BmacoBa HI'. Onenka cpenHux rogoBbix (p(EKTHBHBIX 103 OOTyUCHHUS JKUTENICH HACEIEHHBIX ITyHKTOB, PACIOJIOKEHHBIX Ha
TEPPHUTOPHSIX, 3aTPSA3HEHHBIX PAUOHYKIHIaMU B pe3ynbrate aBapun Ha YADC. Paduayuonnasn eueuena. 2012;5(2):9-13.

6. bamonos MU, bpyx 'S, 3BonoBa MA. Mertononorus peKOHCTPYKLMH A03bl BHYTpEHHEro oOmyueHus HaceneHus Poccun
BenezictBue YepHoOBUTbCKOM aBapun. Paduayuonnas eueuena. 2008;1(3):12-20.

42



PanuoskoJi0orust 1 pao0noJI0THsl, paIHallHOHHAsI 0e301aCHOCTh
Radioecology and Radiobiology, Radiation Safety

7.11anoB AB, Komapoga JIH, JIsmyroBa EP. OcobennocTu popmMupoBaHust J030BBIX HATPY30K Ha HACENICHHE HanOoJee OCTPaIaBIIuX
nocite YepHoObUTBCKOH aBapuu paitoHoB Poccun. M3zeecmust évicuiux yuebnoix 3aéedenuil. foepnas snepeemuxa. 2023;3:73-84. https://
doi.org/10.26583/npe.2023.3.06.

8. Kisiye BB, XKykoa OM, I'yceitnoBa JIV. Meton orieHKH 103 00 TydeHHs IEpCOHAIa U HACETICHUS B PE3YJIbTaTe HHTATSIHOHHOTO
HOCTYIUICHHS PAJIHOHYKJIUIOB IPH IT0XKAPAX HA TEPPUTOPHSX C BBICOKUM YPOBHEM PaIi0aKTUBHOTO 3arpsisHenust. JKyprnan benopyccroeo
2ocyoapcmeennozo yHusepcumema. dxonoeust. 2023;2:57-67. DOL: https://doi.org//10.46646/2521-683X/2023-2-57-67

9. Hposnoe JIH, Asepun BC. Mcmonb3oBaHre METOAOB (aKTOPHOTO aHAIM3a Ul BBISBICHHS OOOOIIAIOIINX XapPAKTEPUCTHK,
MO3BOJISIOINX OLICHUTh BAPUALIMIO CPEHEI TOI0BOH /1036l BHYTPEHHET0 00ydeHus1. [Ipodnemvl 300poews u sxonoeuu. 2008;(2):10-14.
DOI: https://doi.org/10.51523/2708-6011.2008-5-2-2.

10. BnacoBa HI'. CpaBHUTENbHBIH aHAIW3 CPEAHUX TOAOBHIX I(QGEKTHBHBIX 103 OOMYYCHHUS JKUTENEH HACEJCHHBIX IMYHKTOB
Pecny6muxu benapycs no nannsiM Kartanoros 103-2015 u 2009. M3Bectust ['oMenbckoro rocy1apcTBEHHOIO YHHBEPCUTETa MUMEHU
@. Cropunsl. Cepust EcrectBennsie nayku. 2017;1(102):20-24.

References

1. Vlasova NG, Visenberg YuV, Evtushkova GN, Droxd EA. Otsenka doz oblucheniya naseleniya v otdalennom periode posle
chernobylskoy avari [ Assessment of radiation doses to the population in the long-term period after the Chernobyl accident]. Health and
Ecology Issues. 2014;4(42):129—134. Russian.

2. Rakitsky VN, Kuzmichev MK, Klepikov OV, Kurenkova GV. Sravnitel 'naya otsenka srednikh doz oblucheniya naseleniya
Irkutskoi i Voronezhskoi oblastei po dannym ESKID [Comparative evaluation of average doses of radiations of population of Irkutsk
and Voronezh regions according to «Unified state system of control of individual doses»]. Radiation Hygiene. 2021;2(14):72—78. DOI:
https://doi.org/10.21514/1998-426X-2021-14-2-72-78. Russian.

3. Eventova LN, Mataras AN, Batyan AN. Dozy oblucheniya naseleniya Belarusi vsledstvie avarii na Chernobyl skoi atomnoi
elektrostantsii na 2021-2025 gg. [Exposure doses to the population of Belarus from the Chernobyl accident in 2021-2025]. Journal of
the Belarusian State University. Ecology. 2022;4:70-78. DOI: https://doi.org/10.46646/2521-683X/2022-4-70-78. Russian.

4. Bratilova AA, Bazyukin AB, Gromov AV. Obzor srednikh tekushchikh i nakoplennykh effektivnykh doz oblucheniya zhitelei
naselennykh punktov Rossiiskoi Federatsii, otnesennykh k zonam radioaktivnogo zagryazneniya [Overview of average current and
accumulated effective radiation doses of the Russian federation settlements residents classified as zones of radioactive contamination].
Civil security technologies. 2017;10(4):73—78. Russian.

5. Vlasova NG. Otsenka srednikh godovykh effektivnykh doz oblucheniya zhitelei naselennykh punktov, raspolozhennykh na
territoriyakh, zagryaznennykh radionuklidami v rezul tate avarii na ChAES [Assessment of the average annual effective doses for the
inhabitants of the settlements located in the territories contaminated due to the Chernobyl accident]. Radiation hygiene. 2012;5(2):9—13.
Russian.

6. Balonov MI, Bruk GYa, Zvonova IA. Metodologiya rekonstruktsii dozy vnutrennego oblucheniya naseleniya Rossii vsledstvie
Chernobylskoi avarii [Methodology of internal dose reconstruction for the russian population after the Chernobyl accident].
Radiatsionnaya Gygiena = Radiation Hygiene. 2008;1(3):12-20. Russian.

7. Panov AV, Komarova LN, Lyapunova ER, Mel’nikova AA. Osobennosti formirovaniya dozovykh nagruzok na naselenie naibolee
postradavshikh posle Chernobyl skoi avarii raionov Rossii [Peculiarities of the exposure dose formation on the population in the most
affected regions of Russia after the Chernobyl NPP accident. News of higher educational institutions]. Nuclear energy. 2023;3:73-84.
DOT: https://doi.org/10.26583/npe.2023.3.06. Russian.

8. Kliaus VV, Zhukova OM, Huseinava DI. Metod otsenki doz oblucheniya personala i naseleniya v rezul tate ingalyatsionnogo
postupleniya radionuklidov pri pozharakh na territoriyakh s vysokim urovnem radioaktivnogo zagryazneniya [Method for dose
assessment to workers and public as a result of inhalation intake of radionuclides during fires at the territories with a high level of
radioactive contamination]. Journal of the Belarusian State University. Ecology. 2023;2:57—67. DOI: https://doi.org//10.46646/2521-
683X/2023-2-57-67. Russian.

9. Drozdou DN, Averin VS. Ispol’zovanie metodov faktornogo analiza dlya vyyavieniya obobshchayushchikh kharakteristik,
pozvolyayushchikh otsenit’ variatsiyu srednei godovoi dozy vnutrennego oblucheniya [Use of methods of the factorial analysis for
revealing the generalizing characteristics, allowing to estimate the variation of the average annual doze of the internal irradiation]. Health
and Ecology Issues. 2008;(2):10—14. DOLI: https://doi.org/10.51523/2708-6011.2008-5-2-2. Russian.

10. Vlasova NG. Sravnitel'nyi analiz srednikh godovykh effektivnykh doz oblucheniya zhitelei naselennykh punktov Respubliki
Belarus’ po dannym Katalogov doz-2015 i 2009 [Comparative analysis of average annual effective radiation doses to residents of
populated areas of the Republic of Belarus according to the Dose Catalogues-2015 and 2009]. Proceedings of the Francisk Skorina Gomel
State University. Series: Natural Sciences. 2017;1(102):20—24. Russian.

Cmamwsi nocmynuia 6 peoxonneeuro 09.09.2024.
Received by editorial board 09.09.2024.



Kypnaa Besopycckoro rocylapcTBeHHOr0 YHUBepcuTeTa. JkoJorusi. 2024;4:44-54
Journal of the Belarusian State University. Ecology. 2024;4:44-54

VK 539.1.047:631.95:574.46

ITAPAMETPBI ITEPEXOAA PAAMOHYKANUAOB
B BUOMACCY MUCKAHTYCA TUTAHTCKOI'O HA 3EMAMX
30HBbI OTUYYIXAEHUSA ITOAECCKOI'O TOCYAAPCTBEHHOI'O
PAANAIIMOHHO-9KOAOI'MYECKOI'O 3AIIOBEAHUKA

M. B. KYJIHHV, E. b. EBCEEBV, J]. K. TAPBAPYK", A. H. BOPOHEIIKAA", A. B. /[PAT'YH?

YTonecckuil 2ocyoapcmeeniviii paouayuoHHO-3K0N02UYECKULL 3aN06EOHUKY,
yi. Tepewxogou 7, 247618, e. Xounuxu, ' omenvcras obnacms, berapyce
ATomenab Texnonodorcu,
yi. Xozsiicmeennas, 5, 246144, 2. I'omens, Berapyco

W3zyuaercs HoBas i benapycu KyiasTypa MUCKAHTYC FMTaHTYC, MHTPOLYLIMPOBaHHas B ycioBusx benopycckoro Ilo-
JIEChsl, OTMCaHbl ee OMOJIOTMYECKHE U IKOJIOTHUeCKHe 0co0eHHOCTH. [Ipe/okeHo UCIoNb30BaHUE HCCIIEAYEMOI KYIBTYpBI
Ha PHepretuueckue nenu. [Ipexnonaraercs, 4ro BblpanBanue B bexapycu pacrenunii Ha sHepreTuueckue Leinu Haubosee
TIEPCIIEKTHBHO B MIPUPOIHO-KIMMATHIECKUX YCIOBHSX [omMenbckoi 00, KyabTuBHpoBaHe MUCKAaHTyca CIIOCOOCTBYET pe-
IICHUIO PsiJia 3HAYMMBIX 9KOJIOTHUECKHUX BOIPOCOB, 00ECHIEUNBast MOMyUCHNE YCTOWINBOTO YpOoXKasi KaueCTBEHHOM pacTeHHUe-
BOJ[YECKOI NPOLYKIUH, YTO MOBBIIAET Y(QHEKTHBHOCTD HU3KOILUIONOPOAHBIX 3€Mellb, YIy4lllaeT I'yMyCHOE COCTOSIHUE H CTa-
6I/IJ'II/I3I/IpyCT (bOH)I IIOABHXXHBIX (bOpM 30JIBHBIX 3JICMCHTOB IMOYBLI, TEM CaAMbBIM IMPCTIATCTBYA HapaCcTaromeMy UCTOICHUIO €€
IUIOJIOPOAMS U Aerpajanuu. /laHa XapakTepucTHKa KIMMAaTHUECKUX YCJIOBUI MPOU3PACTaHUs HAa NPOTshKeHuu onbiTa ¢ 2020
no 2023 rr. OnuckIBaeTCst SKCIEPUMEHTAIbHAS ISSITENIbHOCTD 110 BBIPAIIMBAHUIO MUCKAHTyca TUranryca copra «pyxoa-
ABTIOKH» Ha TEPPUTOPHUH 30HBI OTUYKAEHHS [1071€CCKOro Trocy1apcTBEHHOTO paIHalliOHHO-9KOJIOTHYECKOTO 3aII0BETHHKA.
Onpenenensl napamerpsl Hakorienus Cs'*’ u St B BereTaruBHON Macce pacTeHus. PaccuuTaHbl IPEAENbHO A0y CTUMBIE
IUIOTHOCTH 3arpsi3HEHHS [10YB IIPY BBIPAILIIMBAHUY HCCIIEIYEMOI0 PaCTeHHs Ha pa3iINdHble TeXHUUecKue nein. [Ipu Beipary-
BaHUU MUCKaHTyCa 'MTaHTCKOI'o CopTa ((I[py)[(6a-ABTIOKI/I)) Ha ACPHOBO-MOA30JMCTBIX IMECUYAaHbIX U JCPHOBO-IIOA30JIUCTHIX
IIeeBaThIX MOYBAX JUIsl POW3BOJICTBA APEBECHOTO TEXHUUYECKOTO CHIPBsSI, TOIUIMBA JPEBECHOTO M MPOYECH HEMHIIEBOM Mpo-
JyKIUHU JIECHOTO XO3sMCTBA BO3MOXKHO 0€3 OrpaHuueHuii 1o mioTHOCTH 3arpsisuenns Cs'Y. OqHaKo nonydyeHne HOpMaTUBHO
YUCTOW OMOMACCHI UCCIIEyeMOH KyJIBTYphl Ha JIEPHOBO-TIOI30JIMCTRIX BPEMEHHO M30BITOYHO YBIAKHEHHBIX MOYBAX Halla-
raeT OrpaHM4eHus MO MIOTHOCTH 3arpsasHenus noussl Cs7: 27,85 Ku/km? — 11 npodeil HEMMIEBOM TPOLYKIUK JIECHOTO
xo3siiicTBa; 22,3 Ku/km? — ist IPEBECHOTO TEXHUYECKOTO ChIpbs; 11,1 Ku/km? — st Tormsa apesecHoro. Ipeanonaraercst
TMCPCIICKTUBHOCTD UCIOJIB30BAHNA PACTUTCIILHOTO ChIPbs MUCKAHTYCa THTAHTCKOI'O, BBIPAICHHOI'O Ha PaIMOAKTUBHO 3arpss3-
HEHHBIX 3eMJISIX B TEXHOJIOTMYECKUX HEIAX (AJIsI MOTyUeHUs! IIEIUTION03bI, Onoan3ens, O1orasa), py yCIOBUH BBITOJIHEHUS
JIOTIOJTHATEIBHBIX HCCIIEI0BAHNI U ITPOPAOOTKU TEXHOJIOTHYECKUX OIEpalvii Ha peasibHbIX IIPOM3BOJCTBEHHBIX 00OBEKTaX.
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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 KojaudecTsa 3eMenb Pecryoniku bemapych
B pe3ysbrare karacTpodsl Ha UepHoObLIbCKOH ADC 10 CHX MOpP OCTAETCsl aKTYaJIbHOW U BBI3bIBAET HEOOXOIH-
MOCTb HCCIICIOBaHHsI 3aKOHOMEPHOCTEH JCTIOHUPOBAHUS PaIMOHYKIHIOB B HOBBIX KYJBTYpax, HHTPOLYLUPO-
BaHHBIX B OT/IaJICHHBIH TIEPHOJ] IIOCIIE aBapuH. ABapusl OLICHUBAETCS KaK KPYITHEHIasi B CBOEM poJie 3a BCIO UCTO-
PHIO aTOMHOHM SHEPreTUKH IO MPEIIoaracMoMy KOJIMYECTBY MOTHOIINX M TOCTPaJaBIIMX OT €€ MOCIeACTBUM
JIFONICH U TI0 SKOHOMHUYECKOMY YIIEepOy.

Ha 1 suBaps 2020 1. miomaap TEPPUTOPHH PAANOAKTHBHOIO 3arps3HeHHs pecnyOnuku nesuem-137 Benen-
CTBHUE €r0 PaJIMOaKTUBHOTO pacmaaa yMeHbIIIachk B 1,7 pasa, crponuueM-90 — moutu B 1,9 paza u cocTaBisier
coorBercTBeHHO 13,4 1 5,3 % o01ueit miomiamu pecnyonuku [1].

OnnuM 13 Hawbosee TSKETBIX HKOJOTHMYECKHX MOCHeAcTBUN aBapuu Ha YepHoObuIbcko ADC SBHIOCH
PaZMoOaKTHBHOE 3arpsi3HEHHE CEJIbCKOXO35IMCTBEHHBIX 3eMenb. C 11eblo TpeloTBpalleH s TPOU3BOICTBA MPO-
JIYKIIUU C BBICOKUM COZICPKAaHUEM PaIMOHYKIIUIOB 265 ThIC. ra 3eMejlb ObLIO BBIBEICHO M3 X03HCTBEHHOTO 000-
pOTa ¥ OTHECEHO K paauaIiiOHHO OMacHbIM [2].

[IpuopureTs rocynapcTBeHHON nmonutuku Ha 2021-2025 rr. — ganpHeifee CHU)KEHUE pHcKa Hebnaro-
OPUATHBIX MOCIEICTBUH AJISl 310POBbS TPaKIaH, MOCTPaJaBIINX OT KatacTpodsl Ha YepHoObuibekoit ADC,
NPOBE/ICHNE Ha JIOCTUTHYTOM YPOBHE 3alIMTHBIX MEPONPUSTHH, OCYIIECTBICHNUE PAaTUallHOHHOIO MOHHUTO-
pUHTa ¥ KOHTPOJS PaJMOAKTHBHOTO 3arpsi3HEHUs] OOBEKTOB OKpPY’KAalOIIEH Cpeibl, COACHCTBHE BOCCTAHOB-
JICHUIO ¥ YCKOPEHHOMY YCTOMYMBOMY COL[AJIbHO-YKOHOMHYECKOMY Pa3BUTHIO MMOCTPAAABIIMX PETHOHOB MpPU
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0€3yCIIOBHOM BBITIOTHCHUH TPEOOBAHMWN paIHallHOHHON 0€30TacCHOCTH, HaydHOE W MH(POPMAIITMOHHOE COTIPO-
BOXKIICHHE.

Ji1s BRIIOTHEHUS 3aJJaHUH TOCYIapCTBEHHON MPOTpaMMBbI TPeOyeTCsl COKpAIIeHNE UCTIOb30BaHU MECTHBIX
BUIOB TOTUTMBA TSI CHIIKEHNS I030BBIX HArPy30K HACENEHMS, IIPOKUBAOIINX HA 3aTPSA3HEHHBIX PaAHOHYKIIH/Ia-
MU 3eMyisix. [IpeiaraeMpie BApHAHTHI X 3aMEHBI 3aKITIOYAIOTCA B AalibHEHIe ra3udukanum u snekTpruduka-
. AKIIEHTHPYIOTCS MECTHBIE SKOJIOTHUECKH YUCThIe UCTOYHHUKH YHEPTUU. B MaHHOHW cuTyarmu mepcreKkTHB-
HBIM UCTOYHHKOM Ta3a M SJIEKTPOIHEPTHH BBICTYIIAeT OMOras.

brorazoBbie TEXHONIOTHH B HACTOAIIEE BPEMS SIBIISIOTCS ONHWUM W3 TEPCIEKTHBHBIX HAIMPAaBICHHH BO300-
HOBJIISIEMOW HYHEPTeTUKH, OOeCTieunBas pelIeHrne Kak YHePreTHIeCKNX, TaK M SKOJOTHYECKHX 3aaad. bruoraso-
BBIC TEXHOJIOTHH YK€ TONYUIIN IMHUpoKoe pacnpoctpanenue B Epome, CIIA, Kurae, bpasunnm u HekoTo-
pBIX npyrux crpaHax. Ilo qanasiM uctounmka [3], EBporretickoit brorazosoit Accormaru Ha Havano 2016 1.
B EBpomneiickoM coro3e HaCUUTHIBAIOCH 17376 OMOTa30BBIX YCTAaHOBOK, OBLIO MTOACYUTAHO, YTO 3a TOX OHHU BHI-
pabaTeIBAIOT Takoe KOJMYECTBO OWMOrasa, 3a CYeT KOTOPOro MOXKHO BeIpadorats 60,6 TBT-4 anmekTposneprum,
JIOCTATOYHOTO I 00ecTiedeHUs dIEKTpodHeprueit 14 MirH moMmamrHuX Xo3saicTB. [lo manueiM [lemapramenTa
1Mo 3Hepro3(p(PEeKTHBHOCTH TOCYIaPCTBEHHOTO KOMHTETA IO cTaHnaptuianuu Pecryonvknu bemapycs, B cTpane
nerictByeT 20 OMOTa30BBIX YCTAHOBOK 00MIeH MomHOCTRI0 27,9 MBT. Camas kpymHas ycraHoBka Ha 4,8 MBT
pacmoyio’keHa B MOTHIIEBCKOI 00T.

B nameit pecniyOnke HET OOJBIIMX 3aMIaCOB MCKOIIAEMBIX YHEPTETHIECKUX PECYPCOB, OMHAKO AOCTATOY-
HO IIUPOKO MOTYT MCTOIB30BaThCS dHEpreTndeckue pacteHus. [lo cBoeil cyTi oHU SBISIOTCS BO30OHOBIIS-
eMBIMH pecypcami, TaK KaK NMePHOANYECKH BOCCTAHABIMBAIOTCS W MPH PAalMOHATHLHOM HCIIONB30BAHUH HE
HAHOCST Bpena okpyxkarorieit cpene. [lomrumo 3Tor0, sHEpreTHUeCcCKre pacTeHNs MOTYT HCTOJIh30BaThCs B Ka-
YeCTBE MUIIEBOH dHEpTHH (KOPMOB). B CBSI3M ¢ 3THM pa3BUTHE aIETEPHATHBHON YHEPTETHKN UMEET O0NIbIIOe
3HaYeHUe, a N3yUeHHe ONOIOTHYECKUX 0COOCHHOCTEN M CTIOCOOOB BRIPAIIBAHUS YHEPTETHUESCKUX PACTECHUI
SBIIAETCS AaKTyaJIbHBIM HaNpaBJIeHHEeM nccienoBannii. [[pon3BoacTBo OnosHEpruy 3 ONOIOTHYECKOH MacChl,
BBIPAIIEHHON Ha COOCTBEHHOW 3eMile, — MMePCIEKTHBHOE HAIpPaBICHNE I CebCKOX03SHCTBEHHOTO MTPOU3-
BozACTBA [4].

BripamuBanue B bemapycu pacteHnii Ha SHepTreTHYECKHe Ield HanOosee BaXKHO B MPUPOAHO-KIMMaTHYe-
ckux ycnoBusax lomenbckoit 001, Kimmvar bemopycckoro Ilonmechs (roxkHas arpokiIuMaTHdecKas o0nacTb) Te-
TUTBINA, HEYCTOWYNBO-BIKHBIN, OTIIMYACTCST OONMBIIMMH TTeperagaMy TEMITEpaTyp | YaCTBIMH 3acyxamHu [5].

Hawnboiee mepcneKTUBHBIM, B 9TOM OTHOIIICHHH, pacTeHUEM sBIsieTcss Muckantyc (Miscanthus spp.), o6ma-
JTAIOMIHIA TOCTATOYHO BBICOKAM aIallTHBHBIM MOTeHIIMAI0M. ETo Haa3eMHas IeuTiono3ocoepxanias Onomacca
OTHOCHTCS K HETPAIUIITMOHHBIM BO30OHOBIIEMBIM HCTOYHUKAM CHIPBSI M SHEPTHH, TTOTy9YeHUE KOTOPHIX HE Tpe-
OyeT 3HaYNTENbHBIX KalTUTAIBHBIX BIOKCHHN.

B pesynbrare mpoBeeHHOTO aHAM3a JUTEPATYPHBIX MCTOYHUKOB OBIJIO BBISBICHO OOJBIIOE KOJMYECTBO
MPEUMYIIECTB MUCKAHTYCA.

1. CrtocoOHOCTH TTPOM3BOACTBEHHBIX IIAHTAITMH TPOMU3pacTaTh Ha oqHOM MecTe Ooiee 20 yer 6e3 cyie-
CTBEHHOTO CHIDKEHUS MTPOAYKTHBHOCTH [6].

2. CBOMCTBO IIMTENHFHOE BPEMSI TIPOU3PACTaTh HA HU3KOMIPOAYKTHBHBIX 3eMIISX [6].

3. KagecTBeHHOE CHIpBE ITPH TPOU3BOCTBE IIEIUTIONO3BI, OyMaru, ’TaHOIa, yITAKOBOYHBIX MaTEPHUAJIOB U APY-
TUX [EHHBIX MTPOTYKTOB.

4. IlpuMeHeHNEe MICKaHTyCa B Ka9eCTBE OMOpa3IaraeMoro copoeHTa it 00phOBI ¢ 3arpsI3HEHUEM TEPPUTO-
puH, B 9aCTHOCTH TSDKEITBIME METaJlJIaMH, INKBUAAINH Pa3TuBoOB HeDTH U T. 1. [7-9].

EctectBeHHOE Teorpaduueckoe pacmnpocTpaneHue poma Miscanthus mpuypodeHo kK YMEpPEHHON U CyOTpo-
nrgeckoit 30HaM FOro-BocTtounolt A3um, mpoctupasch Ha 3amafn o LlearpansHoit Mannu u Ha BocTok 10 Ilo-
JTIMHE3WW; HECKOIBKO BUIOB 00OHapyKeHBI B Adpuke, a Taoke Ha JlambHeM BocToke B 6opeanpHOM 30HE [14]. OTH
pacTeHusl MECKaHTycCa B I[EJIOM XOPOIIIO MPHUCIIOCAOIMBAIOTCS K PA3IMYHBIM MecTaM OOMTaHHUs, CIIOCOOHBI ITPO-
M3pacTaTh Ha Pa3HBIX BBICOTAX, YTO TOBOPHUT O 3HAYMTEIHHOM aallTUBHOM MTOTEHIHale poaa. OJHAKO TPUTLIONT
M. giganteus sBIsieTCsl HanOoJee PACIIPOCTPAHEHHOW (GOPMOM JJIsT BHIPAIIMBAHUSI B FOXKHBIX peruoHax [15].
On umeeT portocunaTe3 C,-TUMA ¢ BRICOKUM YPOBHEM d(h(DEKTHBHOCTH UCTIOIH30BAHIS BOIBI, CBETA U DIIEMEHTOB
MMUTAHUSA, TIPH ATOM, B OTIIMYHE OT IPYTUX BUAOB pacTeHnii C,-Thra, HEKOTOPhIe BUABI MUCKAHTyCa CIIOCOOHBI
MPOU3PACTaTh B OTHOCUTEIHHO X0JI0aAHOM Kiumare [16]. IloBbimenHas X0I010yCTOHYNBOCTD OTACTBHBIX BHIOB
MHUCKaHTyca JeNaeT MePCIeKTUBHBIM KaHAWIATOM IS BO3/IENbIBAHNS 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 HCIIOIB30BaHNS MUCKaH-
Tyca, MMPOTHO3UPYIOTCS O0JIaCTH KYJIETUBHPOBAHUS Ha Tepputopun Poccmiickoit denepaiini, 000CHOBBIBACTCS
HACTOSTEIbHAS HEOOXOMMMOCTh COBEPIICHCTBOBAHMS TEXHOJOTHH A(h(HDEKTHBHON MTepepadOTKH 3TOTO IIEIITIONO-
30COJEePIKAIIETO PACTUTEITHFHOTO CHIPhS, TIOIY9aeMOro B CIeU(UIECKUX PETHOHATIBHBIX YCIOBHAX, OTIICHIBACT-
cs1 (hopMUpOBaHUE U MOAIEP)KaHNe TeHOPOHIa MICKAHTyCa B MECTHBIX YCIIOBUAX [21].
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Cormacuo uccienoBanwsiM J1. A. JloceBoit, To 00beMHOMY CONEPIKaHUIO 3eTICHOW MacChl UCCIIEIOBAHHBIX pac-
TEHW, HanOoJee MePCIeKTUBHBIMHI IS TIOTYYEHHUS 3€JIEHOW MacChl B TOYBEHHO-IKOJIOTHYECKUX YCIOBUAX BOC-
TOYHOW YaCTH HAIeH PECITyOINKH SIBIISETCS MUCKAHTYC TUTAHTCKUH [4].

IIpomyKTHBHOCTH OMOMACCHI ATOH KyJIbTYypPhI HAa MAJOMPOIYKTUBHBIX 36MJISIX CHIIBHO BapbUPYET U 3aBHCUT OT
COCTOSIHUS HCIIOJIB3YEMBIX TI0YB, IPIMEHEHUs ynoOpeHnii u Buna pacteHuil. [loTeHmansHas mpoxyKTHBHOCTD
MHCKaHTycCa MPHU OJIaroNpUATHBIX (haKkTopax BHEITHEH cpembl MOXKET JOCTUTATh 25 T CyX0# Macchl ¢ 1 ra, peasb-
Has JKe 3aBHUCHUT OT BEIMUYWHBI IpUxoaa GOoToCHHTeTHYeCKOW akTuBHOU pamuaryu (DAP) u adpdexTuBHOCTH ee
WCTIOIH30BaHMSI, TIOYBEHHO-THAPOTEPMUIECKHUX YCIOBAN BBIPAIIMBAHUS, TPOJODKUTETFHOCTH BETE€TAIIHOHHOTO
Tiepuoaa M BUaa pacteHus [22]. BiusHue KIMMaTHIecKuX YCIOBUN perruoHa Ha YPOyKaHOCTh MUCKAaHTyCa TaKKe
ITOKa3aHo B paboTax psaa OTCUSCTBEHHBIX U 3apyOeKHBIX aBTOpOB [13].

HWccnenoBanust CEKBECTUPOBAHNUS YIIIEPOIa MHOTOJIETHUMH SHEPTETHUECKUMHU KyJIbTypaMy TIOKa3aJii UX CIO-
COOHOCTH CcBA3BIBATE yIiiepon (o1 0,25 mo 4 T/ra B T0J MOYBEHHOTO YIIEPOa) U YITYIIIaTh TIPH 3TOM arpodu3nde-
CKHE CBOMCTBA ITOYBHI, YBEITMUHNBATh MUKPOOHYIO OMOMACCY U €€ aKTUBHOCTD [23].

OnmHUM W3 JOCTOMHCTB MHCKaHTYyCa SIBISIETCS OOECIIeUeHHE ero IMOCaIKaMH MOIOKHUTEIFHOTO SHEPTETHYECKOTO
Oamanca u nipoduruTHOTO Oamanca rymyca. Ilo marnaemM B. A. 3unrdenko n M. Slmmmna (2011), yporkait Haa3eMHOM
OroOMacChI 3TOH KyIBTYPHI B 20 T/Ta MOKET 00ECTICUNTH CTONBKO e YHEPTHH, CKOJIBKO TPOom3BomuTCs u3 12 Ty, [Tpu
BBIPAIIMBAHUY MICKaHTYyCa y)Ke Ha 5-i TO B Io4Be IUIaHTamii Habmonaetcs ysenmdenue (Ha 0,1-0,2 %) comepxa-
aus rymyca [ 10]. IlokazaHo, 9To Tipu ero BeIpaniBaHuy B TedeHre 10 JreT Ha 1moYBax JIeTKOro TpaHyJIoMETPHIECKOTO
coCTaBa coziepykaHre rymyca B ouse Bozpocio Ha 0,3-0,4 %, HecMOTpsi Ha MHTEHCHBHOE HUCTIONh30BaHNE PACTEHHS-
MH TTOYBEHHOTO MOOHJIHHOTO a30Ta, TEHEPHPYEMOTO COOTBETCTBYIOIIMMI MUHEPAIH3AIMOHHBIMY Tiporieccamu [ 11].

HWccnenoBanwust, mpoBeAeHHBIE 32 pyOeKOM B TIOCAJKaX MUCKAHTYCa, CBHIETEIBCTBYIOT, YTO 3arachl yIiiepo-
Jla B TIOYBE TTOJT dTOW KYJIBTYPOU YBETHIHBAIOTCS Ha 2 T/Ta B rof [24]. B mepuoa hopMupoBaHUs MHOTOJIETHUX
ocajok MHUCKaHTyca (4 roma) B ycnoBusax 3amamHoit Cubupu Oblia MpoBeneHa OIeHKa KOMIIOHEHTOB OajiaH-
ca ymiepona, Kotopas mokaszajia HaJndie 0OObeKTHBHBIX MPEANOCHUIOK UIS 3aKPEIIeHNs YIIepoaa aTMoC(epsl
B YCTOWYHMBBIX (PPAKIIHSIX TTOYBEHHOTO OPTaHWYECKOTO BerecTna [25].

C. 10. Kanyctsaaunk ¢ coaBtopamu (2020) ompemenuiig, 9T0 €KETOMHBIN BEIHOC MUCKAaHTYCOM 3JIEMEHTOB
MMATaHWS U3 IOYBEHHBIX 3a1acoB IPU CpeaHel ypoxaitHocTr 12 T/ra coctaBiser azora — 17-20 xr/ra, pocdopa —
11-17, xamms — 3540, maraus — 2-3 xr/ra. [lo cpaBHEHHUIO ¢ APYTUMH YPOKAWHBIMH KYJIBTYpPaMH, TAKHE Mac-
mMTa0Bl OTYYKACHUS MTUTATENBHBIX AIEMEHTOB M3 TIOYBHI MTPECTABISIOTCS HEBBICOKUMHU. HHU3KyI0 TOTpeOHOCTD
MHCKaHTyCa B IIOUBEHHBIX 3allacax JIEMEHTOB IMUTAHUS OTMEUANId U IPYTHE aBTOPHI [7; 22].

ITo maHHBIM HEKOTOPBIX HCCIenoBaTene [26; 27], npuMeHeHne yIoOpeHH o1 MUCKAHTYC MeJIeco00pa3Ho
TOJILKO B TIepBBIe 1—2 roma ¢hopMupoBaHUs IUIAHTAIINY Ha TTOYBaX ¢ OYCHb HM3KUM conepkanueM NPK. Crabas
OT3BIBYMBOCTH ATOU KyJIBTYypPhI Ha BHECEHNE YIOOpEHUI BO MHOTOM CBSI3aHA C €€ CITIOCOOHOCTHIO K (P PeKTUBHOM
PEeyTHIN3AINHA TUTATEFHBIX SIIEMEHTOB.

OmnpeneneHHy0 CTeNeHb OMACHOCTH MOYKET BBI3BIBATH IMPEAINOJIOKEHNHE 00 WHBA3UBHOCTH HCCIETyEeMOH
KynsTypbl. OJTHAKO M3BECTHO, YTO OHA CBOMCTBEHHA PACTEHHUSIM, Pa3MHOXKAIOIUMCS ceMeHaMH. B 3Toil cBs3wy,
110 MHEHUIO Psijia aBTOPOB, MUCKAHTYC HE MPEICTABISIET MHBA3UBHOM YIPO3BI I CEIHCKOXO3SIHCTBEHHBIX YTO-
it [16].

Taxum 00pa3om, UCCIIeOBaHNSA, TIPOBEICHHBIE B PA3INYHBIX CTPaHaX MUPa B Pa3HBIX MTOYBEHHO-KIMMaTHYe-
CKUX YCIIOBHSX, YCTAHOBHIIN TIOJIOKUTEIBHBIE CPET00Opa3yIoiie BOZMOKHOCTH MUCKAHTYCa, €r0 OYeBUIHBIN
(hUTOMETTMOPATUBHBIN 1 aaNTHBHBINA IMOTCHIMAJ. BBISIBICHA CTIOCOOHOCTh pacTeHui pona Miscanthus onuep-
JKUBaTh BBICOKHI ypoBeHBb (orocmHTe3a C,-THMa MpH HU3KUX Temmeparypax [28-30], moka3aHbl HEBBICOKHE
MOTPeOHOCTH B MUTATEIBHBIX BEIIECTBAX, CTIOCOOHOCTH CBSI3BIBATH OOJBIIIOE KOIMYECTBO YITIEPOAA, XOPOIIast
3(h(hEeKTUBHOCTH MCIOB30BAHUS UMEIOIICHCS BIIArH, BBICOKAsI MPOMYKITHS Oromacchl [22; 28], a TakyKe TOBHI-
IeHHas YCTOWIUBOCTH K 00ie3HsIM 1 Bpeautessam [10].

Ha ocHoBaHMM MpoBeIeHHOTO aHaATN3a OONBIIOTO YHCIIa JTUTEPATYPHBIX NCTOYHUKOB BBIIBUTAETCS THITOTE3a
0 TIEPCTIEKTHBE KYITHTHBHPOBAHUS MHCKAHTYCa Ha DHEPreTHYECKHE IeNTN Ha 3eMJISX, 3arpsS3HEHHBIX PaJHOHY-
KIJTUIaMH, BBIBEIEHHBIX U3 000poTa. Ha ocHOBaHMM WHBEHTApHU3aIUY BBIBEACHHBIX W3 000pOTa 3eMeIh YCTaHOB-
JIEHO, 9TO B HAcTosAIIee BpeMs B [ OMeNTbCKO#l 00, YHCIIATCS BRIBEIEHHBIMHI M3 XO3SHCTBEHHOTO 000pOTa OKOIIO
202 teIC. Ta, B MOrmieBckoii — okoj0 44 ThIC. Ta.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

B 2019 1. rocynapcTBEHHBIM MPUPOIOOXPAHHBIM HAyYHO-HCCIE0BATENbCKUM yupexaeHueM «llonecckuii
TOCYIapCTBEHHBIN paInaIliOHHO-YKOIOTHYECKNH 3aII0BEIHNKY (J1anee — 3aT0BEIHNK ) ObLTa TIPOBEIeHA 3aKTaI-
Ka MEJIKOJEJITHOYHOTO MOJIEBOTO SKCIIEPMMEHTA 110 OlleHKe HakorieHus *’Cs u *°Sr MUCKaHTYCOM TMIaHTCKUM
(copt «pyx6a-ABTIOKIN») Ha PaTHOAKTHBHO 3arPSA3HEHHBIX 3€MIIIX C PA3HOU TUIOTHOCTHIO 3arPsI3HEHUS TOYBBI
JAHHBIMHU PAAHOHYKIIAIAMH.
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CraiuoHapHBIii MOJEBOM OIIBIT M0 U3YYEHHUIO ITapamMeTpoB Tepexona *'Cs u *°Sr u3 1epHOBO-MOA30IHMCTHIX MI0YB
pa3Hoii cTeneHn rTuapoMopdu3Ma B OMoMacCy MUCKaHTYCa TUTaHTCKOTO TIpoBOmICs B TedeHue 4 et (2020-2023 1)
Ha 3eMJISIX OEJIOPYCCKOTO CEKTOpa 30HBI 0TIy KACHHUS aBapun Ha UepHOObUTECKOM ADC commacHo meTonuke Jlocrre-
xoBa [31]. KimmMartrdeckue yCIoBHsI BEreTalii MHACKaHTYCa OICHUBAINCH 0 obmienpuHsaToi metomuke 1. T. Ce-
nstHIHOBA [32]. A1 TOCTaHOBKH AKCIIEPHMEHTa OBLIO IMOM00paHo 3 ydJacTka ¢ HEHApYIICHHOH ITOYBON M Pa3HOM
IWIOTHOCTHIO 3arps3Henus 'Cs u *Sr. OGbEKTHI KCCIIEN0BAHMI PACIIONATAINCh C CEBEPA HA FOT 3aIIOBEIHMKA:

1. BeIBITIHIA HACENIEHHBIN MyHKT (mastee — 0. H. 11.) baGunH (ceBepHas rpaHuIa 3armoBeIHUKA) — 42 KM JI0 peaKTopa.

Ilo4BBI: TEPHOBO-TIOA30IHUCTHIE TIIEeBATHIE MILTIOBHAEHO-TYMYCHBIE CyTIeCYaHbIe Ha PHIXJIBIX TTECKaX.

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

ITouBBI: IEpHOBO-TTOI30JUCTHIE BPEMEHHO H30BITOYHO YBIaKHEHHbIE HIUTIOBHATIHHO-TYMYCHBIE TIECUaHbIe Ha
CBSI3HBIX TTECKaX.

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

ITouBsI: HEpHOBO-TTOA30IUCTHIE CiTab0Ae(PIMPOBaHHBIE TIECYaHbIe HA MOIIHBIX PHIXJIBIX TECKaX.

Ha kaxmom yJacTke OIBIT 3aKJIaABIBAIICS B TPEXKPATHON MOBTOPHOCTH C pa3MeEIIeHHEM TUTOMIAI0K yIETHON
momaneio 1,4 M? na paccrosaun He MeHee 10 cm Mexny Humu. Tlepen mocaakoi Ha Kax 101 IIOMaaKe U3Meps-
JIaCh MOIITHOCTH JT03bI TaMMa-u3IydeHus (manee — M/J[) Ha BeIcOTe 1 M OT MOBEPXHOCTH TIOYBHI B 3-KPATHOM IT0-
BTOpHOCTH no3uMeTpoM-pamuomeTpoM MKC—-AT6130 (Atomtex, bermapych). OTOOp TIpoO TOYBEI MPOM3BOIUITH
CTaHIAPTHBIM IIPOOOOTOOPHUKOM ITHaMETPOM 4 cM Ha TiryonHy 20 cM ¢ nepHUHOM. [1ocie BRITTOTHEHUS paHoIio-
TUYECKUX N3MEPEHNUH ITOYBY BCKAITBIBAJI W HA KAXKITOH TUTOIIA ke BeIcakuBay 110 20 pactenuii. J[aHHbIe paboThI
OnuH BeIMOTHEHB! 3—4 anpens 2020 r. B TeueHne BereTaiioHHOTO CE30HA BBITOHSINCH PAOOTHI 1O TTPOTIOJNIKE
Y TIOJIMBY pacTeHui MuckanTyca. OCeHbI0 OTOMPAINCH COTIPSKEHHBIE MPOOKI MOYBHI M OMOJIOTHIECKOTO MaTe-
puana MuckanTyca. [IpoOsl TOUBBI 1 OMOIOTHYECKOTO MaTepHasia IOArOTaBINBAIN B COOTBETCTBHH C OOIIENPH-
HATBHIMU METOMKAMU. YIENbHYI0 akTHBHOCTE °’Cs u *’Sr B mpo0ax onpenensiu B 1a00paTopuy CEKTPOMETPHI
Y paJOXVMHHN 3aITOBETHUKA Ha CITMHTIULIITHOHHOM TaMMa-0era-criekrpomerpe MKC-AT1315 (AtomTex, bena-
pycs). Ommbka n3MepeHui mpu 3ToM He npesbimana 30 %.

C 1empI0 yCTaHOBIIEHHSI HK3MEHUYMBOCTH (pa3Maxa BapbHpPOBaHUS ) TNIOTHOCTH 3arPS3HEHNS TTOYBHI M YIEIbHON
aKTUBHOCTH B PaCTUTEIILHOM Macce OBLIN ompeesieHbl koddduinenTs! Bapuanun K. [Tupcona (V):

Sx
X
rae Sx — Cp€AHCE KBAJIPATNUICCKOC OTKIIOHCHUEC JIJI BI)I60pKI/I;
X — CpCaHsis apI/I(bMeTI/IT-IeCKaSI 13 CYMMBI YaCTHBIX WJIN I'PYHNIIOBBIX CPEAHUX.

[y craructudeckoit 00pabOTKK JaHHBIX MCIIOIB30BaIach mporpamma naket Microsoft Office Excel.

Pe3yabTarsl uccjie10BaHUs U UX 00Cy KIeHue

CoracHo UCTOYHUKY [33], KIMMaTHYECKHUE yCIOBHUSI OKa3bIBAIOT CYIIICCTBCHHOE BIIMSIHHE HA HAKOTUICHUE
PagoHYKIHIOB TpaBaMu. CpeqHsiss MHOTOJIETHSISI CyMMa OCaJIKOB B YCIOBHUSIX BocTOUHOTO [lonechs cocraBinsier
650 mm, a 3a Terueiil nepuon Beimagaet 300400 mm ocaakoB. B caMble 3aCynUTHBBIC TOABI UX KOTUIECTBO MOXKET
ymenbmarsest 10 150-300 mm. KoadduipienT yBnakHeHUs 3a TEIUIBIN EpUoA 4acTo cHrkaercs Huke 0,8, a uc-
MapseMOCTb IPEBBIIIAET KOJIMYECTBO 0caakoB Ha 70-90 mm.

Bereratmonnsiii mepuon [lonecks HanOos1ee IIMHHBIN B IpeieNiax peciyOnuku u coctapisier 192205 nueid,
a nepuox temmneparyp Boiie 10 °C — 151-160 nueit. BereranmoHnHsli nepro] XapakTepu3yeTcs OBBIIIICHHBIMU
TEeMIIepaTypamMH BO3JlyXa U YaCTbIM HEJIOCTAaTKOM OCAJKOB. B 9THX yCIIOBHSIX, HEOITHOKPATHO B TEUCHHE BEreTa-
[IMOHHOTO MEPHOJIa, BIAKHOCTh ITAXOTHOTO CJIOS TIOYBBI CHIDKAETCS 10 MEPTBBIX 3amacoB (2—-3 %). Tepmuueckue
YCIIOBUSI M PEXKHUM YBJIXXHCHUS MIPEABSIBISIOT MOBBIIICHHBIE TPeOOBaHMS K BO3JENbIBACMbIM KynbTypam. OHK
JIOJDKHBI IMETh BBICOKYIO TNIACTUYHOCTh M YCTOMYMBOCTD K 3aCYIIUIMBBIM YCIIOBHSIM.

st 0ObEKTHBHOM OLEHKH TEIlla U BIaroo0eCredeHHOCTH Clie/lyeT UCIOIb30BaTh HHTErpalIbHBIC TIOKa3are-
T, KOTOpPBIC, KPOME TeMIIepaTypbl BO3AyXa U aTMOC(HEPHBIX 0CAIKOB, YUYHTBHIBAIN ObI M IPyTHe PECypchl Teria
U Biard. TakuMu moKa3aressiMi MOTYT CITY>KUTh HCIAapsIeMOCTh, KOMIDIEKCHO XapaKTepU3yIOlias TerIodHepre-
THUYECKUE PECypChl KIMMaTa, U KodpQUIMEeHT NpUpoAHOTo yBIaxHeHUs Tepputopun Ky. 3HaueHus ucnapsie-
MocTH onpenessuii o Mogudumposannoid H. B. lanmnsaenko ¢popmyine H. H. MiBanoBa no cpeanenexaiabM
3HAYCHUSIM TEMIIEPaTyp, OTHOCUTEIHHOM BIaKHOCTH BO3yXa M CKOPOCTH BeTpa. Kiimmarnueckue ycioBust aHa-
JM3UPYEMOTO TIEPHO/a XapaKTEePU30BAINChH CICAYIONIMME CPEAHETOAOBBIMH MapameTpaMu KoddduimueHra yB-
naxuenus: 2020r. —0,91; 2021 . — 0,75; 2022 1. — 0,87; 2023 1. — 0,75.

Ha teppuropuu benapycu npu 3unauenusx [ 'TK (Censaunosa) ot 0,2 1o 0,4 ycnoBust BereTaliiOHHOTO MEPUOJT
XapakTepusyroTcs Kak cyxue, ot 0,4 1o 0,7 — ouens 3acynuiuBbie, ot 0,7 no 1,0 — 3acynumseie, ot 1,0 1o 1,3 — cna-
0o3acynumuBbie, 1,3—1,6 — ontuMasbHbie U > 1,6 — BiaxkHbie [33]. [laHHbIC TIOKa3aTe M PEICTaBICHBI B TaOM. 1.
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Tabnuma 1

Kaumarnueckue nokasaresu 3a nepuoj MccaeI0BaHUi (M0 JaHHBIM HAYYHO-MCC/I1e10BaTeIbCKOM cTaHIuU «MacaHbD»)

Table 1
Climatic indicators for the research period (according to data from the Masany research station)
KonnuecTtBo ocagkoB, MM Koaddumnment yBnaxxnenus no Msanory I'TK
ton V-IX roja V-IX roJ roJIOBbIE 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* 171,1 433,5 0,33 0,75 0,88

Hp nMevanue. *[lo JaHHbBIM METCOCTAaHLINU <(BparI/IH>>.

Wcxonst u3 aHHBIX, IPUBEICHHBIX B Ta0M. 1, MOXHO cienarh cienyromue BbiBojabl: 2020 u 2022 rr. xapak-
TEpU3YIOTCS ONTUMAIbHBIMU KIIMMATHUECKUMHU ycaoBusmMH, a 2021 u 2023 rT. BBIAATUCH 3aCyIIIIMBBIMH B COOT-
BETCTBHH C PUHATOH rpaganmeil. OTHaKoO HE BBISBIEHO CTATHCTUYECKH 3HAYMMOTO BIMSHUS MTOTOAHBIX YCIOBHI
Ha MapaMeTphl epexo/ia paJAuoHyKIIN/I0B U3 MOYBBI B PACTEHUS MUCKaHTYyCa.

B pesynbrare mpoBeieHHOTO OITbITa ObLIH OMPEeNCHbl U PACCYMTAHBI 3HAYCHHS YACIBHOW aKTHBHOCTH (Ay)
OuoMaccsl, IIOTHOCTH 3arps3Henust noussl (113) u kosdurments: nepexona (KIT) *’Cs u *°Sr (tabdu. 2).

Tabnuma 2
IMapaMeTpbI nepexo1a PaJHOHYKJINI0B B PACTEHHsI MHCKAHTYCA
Table 2
Parameters of the transfer of radionuclides into miscanthus plants
MecTo nonokeHwust n 113 moussI, Ay B Ouomacce KII, Bx/kr: | T13 moussl, Ay B Guomacce KII, Bx/kr:
JIETISTHOK cpron Ku/km? MHuCKaHTyca, BR/Kr | KBK/M? Ku/xm? MHCKaHTyca, 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 (koapduunent 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. . lpoHbK1
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. 1. . 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 -
BapHaIium)
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W3 narHbIX TalI. 2 CremyeT, 4To 3a HCCIeAyeMbIi TIEPHOJT IPHUBEICHHBIC TaHHBIE XapaKTePU3yIOTCS BHICOKOM
CTETICHBIO BapruadeTbLHOCTH. J{JIs oTpeesleHrsT CTaTUCTHYCCKON JOCTOBEPHOCTH OBLT pacCunTaH KOA(PPHUITHCHT
Bapuanun (CV), KOTOPBI TTOKAa3bIBAET CTETICHh NM3MEHUYUBOCTH 110 OTHOIIIEHUIO K CPETHEMY ITOKA3aTEI0 BEIOOP-
kn. KoaddummenT Bapuarnum i JaHHBIX 00beKTa 0. H. TI. MacaHbl COOTBETCTBYET CAMbIM HU3KUM 3HAYECHUSM,
a o oobekraM O.H.1. babuwma u 0. H. 1. ApoHBKH KOA(hGOUIINEHT 3HAYUTEIEHO 0oJbIe. MOKHO 3aMETHTD, UTO
JUTS TZIOTHOCTH 3arpsi3HEHH TIOYBHI IO BceM 00BheKTaM K0d(p(PHUIIMEHT BapHaliy HIKE, YeM JUTA YAeTbHON aKTHB-
HOCTH B OMOMacce MUCKaHTycCa.

Kosddpunment nepexona *’Cs B Gnomaccy MECKaHTyca XapaKTepHU3y€eTCs HEBBICOKUM 3HAY€HUEM Ha JIEPHO-
BO-ITOJI30JIUCTHIX MT€CYAHBIX MOYBAX B 0. H. 1. MacaHsl, 3HaueHus u3mensarores ot 0,05 1o 0,13 Bx/kr: kbx/M2.
Oxnako koddduument nepexona '*’Cs 3HAUMTENHLHO BO3pPACTAET HA JEPHOBO-TIOA30INUCTHIX BPEMEHHO M30bI-
TOYHO YBJIAXKHEHHBIX MoYBax B 0.H.n. JIpoHbKH, 3HaueHus usmenstorcs ot 0,98 mo 1,8 Br/kr:kbk/m?. Ko-
s¢dunment nepexona *’Cs B Onomaccy MucKanTyca B 6. H. Il. BaGuMH XapaKTepU3yeTcsi HEBBICOKUM IPO-
MEXYTOYHBIM 3HAYEHHEM Ha JIEPHOBO-TIO30JIMCTHIX TJIEEBATHIX MOYBAX, 3HadeHHnd m3MeHsorca ot 0,09 mo
0,27 Bx/kr : kbk/M?. Cyl1ecTBEHHbIE U3MEHEHUS 3HaYeHu KodpuinenTa nepexona 00bACHIIOTCS CTENEHBIO
ruapoMopdr3Ma 1MoUB, ¢ yBEIHUYCHUEM THAPOMOPU3Ma MOBIMIAIOTCS U TapaMeTPhl IEPEeXoaa paanoHyKITH-
JIOB B PACTECHHUA.

AHanu3 JaHHBIX apaMeTPoB nepexona *’Sr u3 mo4YBbl GMOMACCY MUCKAHTYCA CBHIETEILCTBYET, YTO TEH-
JIEHITHS B3aNMOCBSI3U TUpoMopdhu3Ma modB 1 KodhPuImmeHToB nepexon coxpansercs. Tak, B 0. H. . MacaHbl
HabmronaroTcs camble Huskue sHaueHus KI1 (cpennee 3HaueHue 3a nepuon uccnenobanmii 2,03 Bx/kr : kBr/M?),
HECMOTPsI Ha caMo€e OOJIBIIOE 3HAYEHHE TUIOTHOCTH 3arpsA3HEHns MouBkl. [lapamMeTpsl nepexoaa *’Sr Ha ne-
JSHKax B 0. H. 1. JpOHBKHU XapaKTepU3yIOTCs JOBOIHHO BHICOKUMHU 3HAYEHUSIMU U BBICOKOH CTETIEHBIO BapH-
abebHOCTH, U3MEHEHUS 3HAYEHUI0 Konebmores ot 4,87 10 9,45 Bx/kr:kbx/m2. [ 1epHOBO-TIOA30IMCTHIX
TJIeeBATHIX TTOYB HAXOMAINUXCS B 0. H. 1. babumH, XapakTepHo n3MeHeHne KOd(PPHUIINeHTOoB mepexoaa ot 4,92
10 8,96 Bx/kr: kBx/M>.

B Pecny6iuke Benapych 0OTCyTCTBYIOT JOMYCTHMBIE ypOoBHH conepxkanus *’Cs u *’Sr B pacTHTENIBLHOM CBIPbE
JUTsl MECKaHTyCa TUTaHTCKOTO' . JIJIst BEPOSITHOM OIIEHKH BO3MOKHOCTH €T0 MCIIOB30BAHMS B HEMUIIEBBIX IIENISX
IPHBEIEM HEKOTOPBIE IOITyCTHMBIE HOPMATUBEI conepkanus *’Cs, npunsateie B benapycu ans 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, KOHTPOJILHBIA YPOBEHD IS KOTEIBHBIX
mMomHOCTE0 >0,1 MBT — 200 Bi/kr; miena tommsaas™— 300 Bx/kr (TY BY 100145188.003-2009). Conepxanue
%St B TecOonpoayKIUK HE HOpMupYyeTcs [34].

IIpn mporHo3e ymenmbHON aKTHBHOCTH IIe3usA-137 B Omomacce MHCKAaHTyca YUHUTBHIBAHUCH PACCUNTAHHBIC
K02 OUIMEHTBI Mepexona. B HamMX OIEHKax yenbHas aKTUBHOCTH '*’Cs B PACTUTENBHOM ChIPbE, IJIE BO3-
MOKHO TPOHM3BOJCTBO TPOAYKIIMM W3 MHCKaHTyca copra «/lpyxOa-ABtiokm» B mpemenax PIY/JIX-2001
u TY BY 100145188.003-2009, npuHMManach Ha ypOBHE MHUHUMAIBHOTO 3HAYEHUS 3a TOAbI MCCIIEIOBAHMIA’.
Pesynbrar orpakeH B Taom. 3.

W3 panabix Tabn. 3 ciemyert, 4TO MOJydYeHHWE HOPMAaTHBHO YHCTOH OMOMAacChl MHCKAaHTyCa THT@HTCKOTO
JUTSL TIPOM3BOJICTBA APEBECHOTO TEXHUYECKOTO CHIPhS, TOIIINBA IPEBECHOTO U MTPOYEH HEMUIIIEBOW MPOAYKITUT
JIECHOTO XO35MCTBA BO3MOXHO 0€3 OrpaHMYeHui 10 MmIoTHOCTH 3arpssHenus Cs'*’ Ha nepHOBO-mOA30MIH-
CTHIX MECYAHBIX U JEPHOBO-TIOA30IUCTHIX TIIEeBATHIX MMoYBax (0. H. . Macansl u 6. H. 1. babunn), onHAKO
B YCIIOBHSIX TOBBIINICHHON CTENEeHU ruapomMopdu3ma Ha IEepPHOBO-TIOJ30JMCTHIX BPEMEHHO M30BITOUYHO yB-
JTaXHEHHBIX 1Mo4Bax (0.H.1. J[pOHBKM) BO3HUKAIOT orpanndeHus: 27,85 Ku/km> — mjis mpoueil HENMMIIEBOR
NPOAYKIMHU JIECHOTO X03sicTBa; 22,3 Ku/km? — 11 IpeBECHOr0 TeXHM4eCKoro cuipbs; 11,1 Kn/km® — s
TOTUINBA IPEBECHOTO.

B ycrnoBusx yxkecTodeHHs paanoOJOTHYECKUX TpeOOBaHWN TPW BO3MENBIBAHWM MHCKAHTYCa Ha IIEMy TO-
TUITMBHYIO W TOTUIMBO JPEBECHOE (KOHTPOJIBHBIN YPOBEHD ISl KOTEIBHBIX MOIIHOCTRIO >0,1 MBT) HOpMaTHBHO
YUCTYI0 OMOMACCY BO3MOXKHO TIOJTy4aTh 0€3 OrpaHHuYeHHi MO IUIOTHOCTH 3arpssHenus *’Cs Ha JepHOBO-TIOJ-
30JIUCTHIX TTeCYaHbIX 1moyBax. OHAKO Ha AEPHOBO-TIOA3O0JMCTHIX TJIEEBATHIX ITOYBAaX BO3HUKAIOT OTPAaHUYCHUS:
29,9 Ku/km® — 11 miensl TormsHOM; 19,9 Ku/km? — 11 TommBa ApeBecHOro (KOHTPOJIBHBIN yPOBEHD IS KO-
TeTBHBIX MOMTHOCTEIO > 0,1 MBT). /I mpon3BoacTBAa HOPMATHBHO YHCTOW OMOMAcChl MHUCKaHTyca Ha JIEPHO-
BO-TTOJI30JMCTHIX BPEMEHHO M30BITOYHO YBIQKHEHHBIX MOYBAX €CTh OTPAHWYEHUS 10 TUIOTHOCTH 3arps3HEHHS
Cs"7: 4,5 Ku/km® — nia mensl TormsHoi; 3,0 Ku/km? — 171 TOImBa ApeBeCHOr0 (KOHTPOIBHBIA YPOBEHD LIS
KOTEJIHHBIX MOITHOCTEIO >0,1 MBT).

'PIIY/JIX-2001: TH 2.6.1.10-1-01-2001. PecnyOnuKkancKue T0MYCTUMBIE YPOBHU COZIEPKAHUS 1ie3us-137 B IpeBECUHE, NPOLYKIHMHI U3
JIPEBECHUHBI U IPEBECHBIX MAaTEPUAJIOB U MPOYEH HEMUILEBOM MPOYKIIMHU JIECHOT0 X03stiiicTBa. MuHck, 2000. 5 c.

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

3Tam xe.
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Tabnuma 3

Ko3ppuunentst nepexoga '¥’Cs B 6uoMaccy MUCKAHTYCA THTAHTCKOIO U MPOTHO3HbIE 3HAYEHUS
NpeIesIbHO 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?

OOBeKT 2020 2021 2022 2023 CpenHee 3HauCHUE
babuann(KIT) 0,21 0,27 0,09 0,11 0,17
Macansbi(KIT) 0,10 0,13 0,05 0,08 0,09
Hpoubku(KIT) 1,16 0,98 1,09 1,80 1,26

[Ipouas HeUIIEBas MPOIYKITHS JIECHOTO X03stiicTBa — 1850 Bx/kT
babunn 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 TexHHYECKOe ChIphe, 1480 Br/kT
babunn 190,5 147,5 425,0 370,0 234,1
Macanbt 416,9 312,0 762,7 519,7 4525
JpoHbkH 344 40,6 36.8 22.3 31.8
ToruuBo apesecHoe, 740 br/kr
babuun 95,3 73,7 2125 185,0 1171
Macaubl 208.4 156,0 381,3 259,9 226,3
Jlponbkn 17.2 203 184 1L1 159
[lena TormBHas — 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
Babuun 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‘ICHHHC IPOrHO3HBIC JaHHBIC MPEACIIBHO JOITY CTUMBIX IUTIOTHOCTEH 3arps3HCHUA I10YBBI Cs

57 ipu BO3-

ACJIBIBAHUU MUCKAaHTYyCa '’MIraHTCKOI'O MO3BOJIAIOT CACJIATh BBIBO/ O NEPCIEKTUBHOCTHU BbIpAllIMBAHUS Ha 3arpsis3-

HEHHBIX PaIMOHYKIIMAAMU 3EMIIAX.

ITo uToram mpozenaHHo MUCCIeNOBaTENECKON PaboThl OBLT ClIeNaH BBIBO: MOJTYYeHHE HOPMATUBHO YNCTOM
OmoMacchl MUCKaHTyCa TUTaHTCKOTO copTa «Jlpyk0a-ABTIOKM» IJIsl TIPOU3BOCTBA APEBECHOTO TEXHHYECKOTO
CBIPBsI, TOTUIMBA IPEBECHOTO W MPOYEH HETHIIEBO MPOAYKIIMH JIECHOTO XO3HCTBA BO3MOKHO 0€3 OrpaHIYeHHH

10 MJIOTHOCTH 3arpsi3Henus Cs

Ha JEPHOBO-IIOA30JIMCTBIX IMECYAHBIX U IC€PHOBO-IIOA30JIUCTHIX ITICEBATHIX I10-

ypax. OJIHAKO B yCIIOBMAX TOBBIIIEHHOM CTENEHU MHAPOMOP(HU3MA Ha JEPHOBO-MOA30UCTHIX BPEMEHHO H30bI-
TOYHO YBJI@KHEHHBIX MIOYBAX BOSHMKAIOT OFPAHMYEHHMS 110 IIOTHOCTH 3arps3Henus moussl Cs'*’: 27,85 Ku/km? —
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JUISL TPOYEH HEMMIIEBOM MPOMYKIMH JIECHOTO X03skicTBa; 22,3 Kn/kM? — U1 IPEBECHOTO TEXHUYECKOTO CHIPhS;
11,1 Kn/km? — 171 TOnIMBa APEBECHOTO. [ MOATBEPIKIEHUS TIOTyYEHHBIX PE3YILTATOB TPEOYETCs MPOBEIEHHE
v yoiyOsenne uccnenosanuii o HaxkorieHuto 2’Cs u *°Sr MUCKaHTYCOM NPH Pa3HOM IUIOTHOCTH 3arpA3HEHMs
JAHHBIMHU PAIMOHYKIIAAAMHU U TPAHCYPAHOBBIMHU PaTHOHYKIHIAMH, PA3HBIX YPOBHSIX MHHEPAILHOTO MUTAHMUS,
Pa3IUYHBIX TIOYBEHHO-THIPOIOTUYECKUX YCIOBHSX.
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YPecnybrukanckutl HayuHo-npakmu4eckutl yeHmp oHKono2uy u meouyunckou paouonozuu um. H. H. Anexcanoposa,
aepoeopooox Jlecnoii, 223040, Munckuii pation, Benapyco

BeimonHeHo ckannpoBanue (paHToMa, HMHTHPYIOLIETO TOJIOBHOM MO3I, ¢ MHCTaJUIMPOBAHHBIMU BHYTPb MOJCIIMH-Che-
paMu pa3IM4YHOrO JHaMeTpa Ha MO3UTPOHHO-dMHCCHOHHOM ToMorpade (IT9T), coBMENEeHHBIM C KOMITBIOTEPHBIM PEHTIE-
HoBckuM Tomorpadom (KT), n maranTHO-pezonancHoMm Tomorpade (MPT). Ilpu BemonHennn MP ckaHupoBaHHs JAHHOTO
(haHTOMA C TENBIO BU3YAIHM3AMN MHCTAUIMPOBAHHBIX chep MX 0OBEMBI 3alOIHSIINCH KOHTPACTHBIM BEIIECTBOM IIEHTArH-
nparoM cynbgara mean (CuSO4.5H20), 9To crmocoOCTBOBAIO €r0 TyBCTBUTEIEHOCTH K XUMHYECKAM CIBHTAM H apTedakTam
BOCHPHHUMYHBOCTH (IOTOIHUTEIBHBIM IPHUYMHAM UCKAKEHUH, BOZHUKAIOIMM IIPH CTOJIKHOBEHUHU C PA3IMYUAMU B IUIOTHO-
ctu npu nuarHoctudeckoir MPT u mimanupoBanuu nmydeBoil Tepanun). [IponsBeneHa kauecTBEHHAS! OLIGHKA MOMYYEHHBIX
M300paKEHNH TS KaXK/I0H TT0CIIe0BaTeIbHOCTH Ha ITpeIMeT apTe(akToB. BBITIOIHEH KOJIMYeCTBEHHBIN aHAIN3 MOIyYEHHBIX
pesynbraroB [I9T/KT ckaHMpoBaHMS: TOYHOCTH BOCCTAHOBJIEHHSI OOBEMHOM aKTUBHOCTH Mojenel-cep (IaToIorndeckux
0YaroB HaKOILUICHHUS pasnodapManeBTHIecKkoro npemnapara). C yaeToM BBICOKOW MPAKTUYECKON 3HAYMMOCTH JICUCHUS T1aTO-
JIOTUYECKUX 00pa30BaHUI MAIOro 00beMa JOMOIHUTEIFHO B KaUeCTBE MOJIENEH (ITaTOIOTHIECKUX 09aroB) OBUIN HCIIOIH30-
BaHBI c(epbl C BHYTPEHHUM JUaMeTpoM 4 U 6 MM. YCTaHOBIICHO BIMSHHE KOJIMYECTBA IMOIMHOKECTB Ha TMarHOCTUYECKYIO
unpopmarusHocTh [IDT/KT n300pakenusl, a Takke Ha 3HaUeHNE KOA(D UIIMEHTOB BOCCTAHOBIICHUSI. BBITIOIHEHO OKOHTYpH-
Banue mozenei-cdep Ha KT- 1 MPT-1300paskeHUSIX TIAThIO BpauaMU-PEHTTEHOJIOTaMH C LEJIbIO OLIEHKH BIIMSTHUS TIEPCOHAIb-
HOHM BapHaOeIbHOCTH Ha KOHEUHbIH BHECEHHBIH KOHTYp cTpykTyp. Ha [I9T/KT-n300paxeHnsx pa3mumyHbIX MOJAIbHOCTEH
OKOHTYPEHBI MOJENHN TAaTOJOTMYECKUX O04YaroB, PACCUUTAHBI PA3HHUII HOMHHAIBHBIX 3HAYCHHH M OOBEMOB OKOHTYpHBa-
Hus. [lomydensr 3Ha9eHus AeBUayy K03(HUINEHTOB BOCCTAHOBICHHU KOHTpacTa Mozeen-cdep auamerpamu 4-2 MM Ha
[19T-u300paskeHUsIX, PEKOHCTPYUPOBAHHBIMU C pPa3IMYHBIMHU Hapamerpamu. [IpousBeneHa OleHKA BIMSHMS NapaMeTpPOB
PEKOHCTPYKLUH Ha (POPMHUPOBAHHE PE3YJIBTHPYIOLIEro 00beMa OKOHTYpHBaHUs Mojiesieii-cdep pasHoro auamerpa Ha [19T-
M300paKEHUSIX, PEKOHCTPYUPOBAHHBIX C Pa3JIMYHBIM YUCIIOM MOoAMHOXKECTB (18 n 24), a TakKe ¢ pa3IMuyHbIMU 3HAYCHUSIMU
¢unsTpa [aycca.

Kniouesnie cnosa: oxontypusanue; [I9T/KT; MPT; nesuatusi o0bema; quarHocTuieckoe n3oopaxenue; aphexr yactuy-
HOro o0BLeMa.
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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 N300paKeHHIA HTPaeT KITFOYEBYIO POJIb B TIPOIIECCE TUTAHUPOBAHUS JTyYeBOH Te-
parnuu 1 MOCIeAYIONIeM JISIeHHUH TTAaTOJIOTHIA Pa3TMIHON STHOJIOTHN. B IOHSATHE «Ka4eCcTBOY BKIIIOYEHBI CIIEAYIO-
e KPUTEPHH, TIPEIBABIISIEMbIE B COBPEMEHHON MEIUIIMHCKON BH3YyaIn3alliu:

— OTCYTCTBHE apTeakToB (MCKKCHUN);

— MPUEMIIEMBIH ypOBEHB ITyMa (B yacTHOCTH st KT-m300paskenuit, He 00jee YCTaHOBICHHOTO MPOW3BOIH-
TeJIeM 000PYIOBaHYS);

— TOYHOCTH COBMEIIEHUS H300paskeHUH pa3smunIHbIX MonansHocTel (Hampumep, [IDT/KT, ITT/MPT);

— ONTUMAITLHOE COOTHOITICHNE CHTHAI/IITyM (SNR), 9T0 aKTyabHO AJ1s BCEX BHIOB MOTAIBHOCTEH N300paKeHHIA;

— TOYHOCTh BOCCTAHOBIJICHUS] KaueCTBEHHON W KOMWYECTBEHHON WH(pOpManuu (YUCI0 equHHIl XayHChuI-
nma ms KT, cranmapTr3upoBaHHBIN TTOKa3aTelh HAKOIUICHHUS paanodapMaieBTHIecKoro mpemnapara Ha [19T-
n3o0paxenHwsx) [1].

IlepeuriciienHbIe KPUTEPHH OKa3bIBAIOT HETIOCPEACTBEHHOE BIHMSHHE Ha TOYHOCTH OIPEICNICHHUS TeOMETPH-
YECKUX MapaMeTPOB MAaTOJOTHYECKUX OYaroB M KPUTHYECKHX CTPYKTYp Ha JTUATHOCTHYECKUX HM300paKeHHSX,
a B MOCJIEAYIONIEM W Ha TOYHOCTH JOCTaBKH MPEAMUCAHHON 036l K 30HE OOIydeHUsI TIPH TTPOBEICHUH TIPETY-
YEBOU IMOATOTOBKH K PATHOXUPYPTrHH. JlaHHBIN METO 00MyUeHHS TpeArionaracT MPEIu3nOHHYI0 TOCTaBKY BCECH
MIPEANMICaHHON 036l HOHU3UPYIOMIETO MU3TyYeHHSI K HeOONbIINM BHYTPHUYEPETHBIM MHUIICHSIM 332 OTUH CEaHC.
KadecTBo momyyaemoro n300pakeHus 3aBUCHT OT BO3MOKHOCTEH 000pyIOBaHUS W TIPOTPAMMHO-BBIYHCIIATEINh-
HOTO KOMIIJIEKCa, MTPUMEHSIEMOTO TSI PEKOHCTPYKIIMK M300paXEeHUS C Pa3IMIHBIMU BXOAHBIMH MapaMeTpaMHu.
ITomMrMoO M3MEHEHNS Ka9€CTBEHHBIX XapaKTePUCTHK M300paKeHNs, BapHaIlis MapaMeTpaMi peKOHCTPYKIIMH MO-
JKET TTOBJIUATH Ha (POPMUPOBAHUE TPAHHMIT TTATOIOTHUECKOTO odara [2; 3].

Oco0pIit MHTEpEC B paMKax JaHHOTO WCCIIENOBAHUS IMPENCTaBISIET TOYHOE OIMpeeseHrne TPaHUI] MaJbIX
CTPYKTYp (OHMamMeTpoM MeHee 2 CM), KOTOpbIe 0CO0O0 IOABEP)KEHBI BIUSHHUIO MPOTPaMMHO-ANIapaTHOTO
KOMIIJIEKCA.

Lens nccnemoBanms — OLEHKA JEBUAITNH B ONIPEACIICHNN TPaHUI] OKOHTYpHUBaeMbIX 00BMOB MoJIenei-cep
Ha MPT- u KT-m300paxkenusx, a Takke [19T-n300pakeHUsIX, peKOHCTPYUPOBAHHBIX C Pa3TMYHBIME MTapaMeTpa-
MU (YUCIIOM TIOAMHOKECTB U pa3MepHOCTH GribTpa ["aycca).
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MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

[ MonemMpoBaHys MaTOJIOTMYECKUX 04aroB UCIONIB30BaICs (PaHTOM, MIMHUTHPYIOIUHI T'OJIOBHOH MO3T, C UH-
CTAJUTMPOBAHHBIMU BHYTpPb chepamu ¢ quamerpamu 22 mm, 17, 13, 10, 6, 4 mm. Bei6op pazmepoB mopeneit 060-
CHOBaH IpoctpancTBeHHbIM paspeuienueM [I9T/KT tomorpada. MccaenoBanrue npoBeAeHO B COOTBETCTBUHU CO
CJICYOLMH 3TalaMHu:

— HaronHeHre gantoMa u chep paauodapmareBTudeckum mpenaparom (POII);

— TIO3UITUOHUPOBAHNE B HHIMKATOPHOH KOpoOKe 1 rmocnemyromiee ckannpoBanue Ha [19T/KT-romorpade;

— PEKOHCTPYKLUS M300paskeHni co cienyromumu napamerpamu: VPHD+PSF, Bkmtouast cepun ¢ xommue-
CTBOM ITOIMHOKECTB utepanuit 18/2, 24/2, 32/2, npu 3Hauenun ¢punsrpa ['aycca 6,4, a Takxke ceprur co 3HAYCHHU-
smu ¢unerpa ["aycca 5,8 MM 1 7 MM H CTaOMITBHBIM YHCIIOM ITOIMHOXKECTB/UTeparmii 24/2;

— ouncTKa (aHToMa M cdep, HanoIHeHHe 00beMOB c(ep MmapaMarHUTHBIM KOHTPACTHBIM BEILECTBOM JUIS
MPT, npezacrasisiromemM coboil HelTpanbHbI (HeNOHHBIH) KoMITieke Tagomuaus (111) ¢ Mmakponukmaecknm -
raHioM, 1 BelliojgHeHHe MP ckanupoBanust qaHHoOro (haHTOMA;

— okoHTypHuBaHue (onpeneneHue rpanui) chep Ha [IIT/KT- 1 MPT-n300pakeHusIX, TOTyYeHHBIX B PE3YITb-
TaTre CKaHUPOBAHMS.

Bce cepun MP-ckannpoBanust paHTOMa BBINOJNHSUINCH B COOTBETCTBUHM € KIMHUUYECKHUMHU TpeOOBaHUSIMU
(puc. 1): ycranoBneHHo# MP mHIMKaTOPHON KOpPOOKOH (ISt ONpeneNeH s CTePeOTaKCHIeCKOTO TPEXMEPHOTO
IIPOCTPAHCTBA B IUNITAHUPYIOILEH CUCTEME) U aJarTepoM ISl TOJIOBHOMN KaTyLIKH Siemens (C COOII0AEHNEM TOUHO-
'O BBIPAaBHUBAHMS OCEH CKAHUPOBAHUS).

Puc. 1. danrom ¢ ycraHoBIeHHOW MP nHIMKaTopHO#t KOPOOKOW M aanTepoM ISl TOJIOBHOM KaTyIIKu Siemens:
1 — daHTOM € MHCTAIIMPOBAHHBIMH BHYTPb MOJEIAMU-chepamu, 2 — aianTep Ui FOJIOBHOM KaTyIIKH, 3 — HHAUKATOpHAas KOpoOKa

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

HWccenoranne Bemoraero Ha MPT 1,5 Tit (Siemens MAGNETOM Avanto 1,5T). IlapameTtpst MPT-ckarupoBaHust
TpeacTaBiIeHbI B Ta0. 1. BemonmaeHo nBe mocnenosatenbHOCTH (T'1-B3BemeHHbIe n300paxeHus u 12).

Ta6auna 1
ITapamerpbl ckanupoBanus ¢panroma na MPT
Table 1
MRI phantom scanning parameters
HaumenoBanue pexxuma ckanuposanust MPT
[TapameTpbl ckaHUpPOBAHUS
T1 T2
ITpoaomKUTETEHOCTH TOBTOPEHHUS (MC) 8,8 4000
Bpewmst axocurnana (Mc) 4,76 101
HomunansHbIH yron moBopoTa (°) 90 90
[oJie uccnenoBanus (Mm>) 256 230
Martpwura perucTparis (THKCen) 256x256 256x100
[Tonoca mponyckanust (I'n/nmukcens) 130 260
Umcno cpe3on 160 80
Tommuna cpe3oB (MM) 1 2
Hanpasnenne gpa3o0Boro KoIMpOBaHU R-L R-L
HanpasieHue 4aCTOTHOrO KOIMPOBaHUs A-P A-P
Hampasnenne ot6opa cpe3os H-F H-F
Bpewmsi ckannpoBaHus (Mc) 5,39 8,08
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Ananuz MPT- u KT-uzoopasicenuii. ITponsBeneHa KaueCTBEHHAs OIEHKA IMONYYCHHBIX MP-m300parkeHmit
JUTST KOKIOW TIOCTINOBAaTeILHOCTH Ha MpenMeT apTedakToB. [lomocsl mpomyckanus ObUTH BBIOpaHBI ONMHM3KHAX
k 300 I'm/mukcens it Beex mocienoBarenbHocTed MPT ¢ menmbio MUHNIMU3amuu apTedhakToB, BRI3BAHHBIX Mar-
HUTHOH BOCIIPHMMYHMBOCTBIO. Ha Bcex ceprsix peKOHCTPYHPOBAaHHBIX H300pakeHU KOHTYPHI cep XOpoIo Bu-
3yalN3UPOBAINCE.

N3ob6paxenws, momydeHHasie Ha MP-toMorpade, mMmmopTrpoBaHs! B pabouyto cranmmio Leksell Gamma Plan,
TJIe OCYIIECTBISUIOCH OTPe/Ie]IeHNEe TPAHNUI] M OKOHTypHUBaHHE 00beM cdep puc. 2.

o/b

Puc. 2. MP-u3006paxenus paHToMa B akCHAJIBHOM (@) ¥ KOPOHAIILHOH (6) MPOEKIIUSIX

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

OxontypuBanue KT- 1 MPT-u300paxkenuit Mmozeneli-cdep mpon3BOAMIOCH BPYUHYIO MATHIO0 BpadaMU-PEHT-
TEHOJIOTaMH C LIeJIbIO OLIEHKH BIUSHUS [IEPCOHAIBHON BapuaOeIbHOCTH HA KOHEUHbIM BHECEHHBIN KOHTYP CTPYK-
Typ. [lonmydeHo msiTe HAOOPOB TPEXMEPHBIX KOHTYPOB Beex 1iecTH cdep. CpeaHue 3Had4eHUs] 00bEMOB OKOHTYPH-
BaHMs mozeneit-cep Ha KT- 1 MP-n300pakeHUsIX U X pa3HUIA C HOMHHAIFHBIMU 00beMaMu Mojeneii-chep
MIpeCTaBJICHbI B Ta0M. 2.

TI'eomeTpnueckue xapakrepucTuku KOHTYpoB cep Ha MPT u KT uzodpaxxkenusx

Geometric characteristics of sphere contours on MRI and CT images

Tabnuma 2

Table 2

oben . i | e ma ML’ | omoneme | AP | i na KT o’ | orroneme | 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 OTIPEIeIICHUH Ipa-
HUII TTOJTyYeHHBIX 00beMOB Obl1a HanbombIel 11 cep nuamerpom 6 u 4 MM BO Beex TATH BapHuanusax JlanHoe
OTKJIOHEHHUE 00bSICHACTCS 3PPEKTOM YACTUIHOTO 00bEMa, UTO SBISAETCS ITIABHBIM OTPAHUYHBAIONIUM (DaKTOpPOM,
MPETIATCTBYIOIINM TOYHOMY OTIPEJICIIEHUIO MaJIbIX 00BEMOB CTPYKTYD.
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Ananuz I13T-uzoopasrcenuir. N3o0pakenns Moneneii-chep, MONyUCHHBIC B pe3yibTare CKaHHUPOBAHUS
(daaroma Ha [I9T/KT-ckanepe MMIIOPTHPOBAHBI B cucTeMy Eclipse nis panbHeWmeld oOpaOOTKH W CHATHS
KOJIM4YeCTBeHHOH nH(popManmu. Beibop B monb3y manHOTO TporpaMMHoro obecrieueHus (I10) obycmosien ero
MIPENMYIIECTBAMH, CBI3aHHBIMU C BO3MOXXHOCTBIO MCKITIOUEHHS YeIOBEYECKOTo (hakTopa Mpy OKOHTYPHBAHHUH,
9TO OBLIO TPYAHO AOCTIKAMO TIPH HUCTIONb3oBanmun Leksell Gamma Plan.

B xnmmHIYecKoi mpakTHKe GOpMUPOBAHUE KOHTYPOB MATOJIOTHIECKUX o4aroB Ha [I9T-m300pakeHHUsIX mIpo-
M3BOINTCS HA OCHOBE MONTydeHHBIX JaHHbIX KT-nccnenoBanuii. OmHako B psifie CiydaeB MaTOJIOTHUECKUE O9ari
Hakoruieauss POII, mpucyrcTByromme Ha [19T-n300pakeHusx, MOTYyT oTCyTCTBOBaTh Ha KT-BH3yanm3anusx.
OKOHTYpHBaHHE 09aroB HAKOTUICHUS PaJFOaKTUBHOTO MHIWKATOPHOTO BemecTBa no 119 T-n300paxennsm 3a-
TPYIHEHO TI0 TIPUYHHE BBIPAXKEHHBIX KPaeBHIX d(h(HEeKTOB W HU3KONH TOYHOCTH BOCCTAHOBIICHUS OOBEMHON aK-
TUBHOCTH PaJI0aKTUBHOTO WHIUKATOPHOTO BEIIECTBA B CTPYKTypax amamerpoM meHee 10 mm (3 ekt ga-
ctuaHoro oobema — DUO). Ha puc. 3 mpeacrasien rpaduk 3aBUCHMOCTH KOA(h(OUIIMEHTa BOCCTAHOBICHUS OT
mramMeTpa chepsl ¢ yIeTOM KOJTMIECTBA MOAMHOKECTB (KOJTHICCTBO CBOOOTHBIX TIPOCKITHH ), FICTIONB3yEMBIX TTPH
PEKOHCTPYKITHH.
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Puc. 3. 3aBucumocts ko3 puuuenTa Boccranosienus kourpacra (RC) or quamerpa (d)
Mojiesiel cdep ¢ yueToMm napameTpoB pekoHcTpyKiwn [1DT-u300pakenus

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

[Tony4yennsle pe3ynbTaThl CBUJIETEILCTBYIOT O 3HAUYUTEIHHOM BIMSHUHU KOJIMYECTBA MCIOJb3YEeMbIX MOJ-
MHOXECTB Ha 3HaueHHe koddduunentoB Boccranosnenus (nainee — RC). ns chep auamerpamu 4 u 6 MM
yBeJIMYEHHE YKciia MOAMHOKECTB ¢ 18 10 24 Ha peKOHCTPYHPOBAHHBIX H300PaKEHUSAX MMO3BOJIMIO YBETUUUTh
3HaueHue RC Ha 16 u 63 % coorBercTBeHHO. [ToMHMO MOTy4YeHHBIX YHCIeHHBIX 3HaueHu RC HaOmonaetcs
pa3HMIla U NTPU BU3YaJIbHON OIIEHKE N300paKeHUH.

[I9T-n300paskeHne xapakTepu3yeTcsl IBETOBOW TpaJMEHTHON CTPYKTYypOH, MO3BOJAIOIIEH BH3YyaJbHO
OIIEHMBAaTh YPOBEHb HAKOIUIEHHS PAJMOAKTUBHOIO MHIUKAaTOpHOTro BemiecTBa. C IIeNIbI0 MCKIIIOYEHUS BIIU-
SIHUSL CyOBbEKTUBHOM (BU3YaJIbHOTO BOCTIPHUSTHS) OLUEHKM HA KOJHMUECTBEHHBIC PE3YyNbTaThl, (JOPMHPOBAHUE
KOHTYPOB OCYIECTBIISAJIOCH MyTEM YKa3aHMs YPOBHsI [IBETOBOTO I'paJIieHTa BhIpaXKEHHOTO B %.

B cucreme Eclipse BBIIOJIHEHO OKOHTYpUBaHue Mmojeneii-chep Ha [1DT-u300pakeHUsAX, pEKOHCTPYHPO-
BaHHBIX ¢ anroputMoM VPHD, u uncnom nmoaMHOXeCTB/uTepanuii 24/2, ¢ y4eToM pa3iIu4yHOTO 3HAUYCHUS
[[BETOBOTO I'paJIneHTa, BBIpaKEHHOTO B %. B xauecTBe nmpumepa B Tab1. 3 mpHUBeeHBl YHCICHHBIE 3HAUCHUS
IPaJleHTOB U COOTBETCTBYIOLIME 3HAYCHHsSI 00bEMOB OKOHTYPHBAHHS, OMIMOKA 110 CPABHEHUIO C HOMUHAIIb-
HBIM 00beMOM — OK. BrIurcieHbl aOCOTIOTHBIE 3HAUCHUS Pa3HUIIbl OKOHTYpeHHbIX 00bemoB [13T u MPT —
Owmpr, [IOT 1 KT - 6.

Hcxonst U3 MoMy4YeHHBIX YHCIEHHBIX 3HAYSHUH CIeJIaHbl CIeYIONUE BBIBOIBI:

— BU3yanuzanusi Mojenei-cpep nuamerpoM ot 10 10 22 MM sBIsIeTCS MPUEMIIEMOM [T ONTPESIICHUS UX
reoMeTPUYECKUX apaMeTpPoB C 1I0CTaTOYHONW TOUHOCTBIO;

— BU3yalln3anus Mojenei-cep nuamerpom MeHee 10 MM sIBIsieTCsl HEMPUEMIIEMOMW ISl ONTPEeIICHUs UX
reoMeTPUYECKUX MapaMeTpPOB C 1I0CTaTOYHOW TOUHOCTBIO;

— 00beM BU3YaITU3UPYyeMOro 00bEKTa JIMHEHHO 3aBUCUT OT YPOBHS I'PajIHCHTA.
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Ta6nuna 3
Yuciaennble 3HAYEHHsI TPANEHTOB H COOTBETCTBYIOIIHE 3HAYEHHSI 00beMOB OKOHTYPHBAHHUS
Table 3
Numerical values of gradients and corresponding values of delineation volumes
D chepsr, mm® Homunanensri V mmv? V mm?, TIDT (D710). VPHD 24/2 | T'paauent 6K, % Ot % 6., %
22 557245 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

Beimonneno oxontypuBanue cdep Ha [13T-u300paxeHusx, peKOHCTPYUPOBAHHBIX C Pa3IMUHbIM 3HAYCHUEM
¢unwrpa ["aycca. [Ipencrasiennoe Ha puc. 4 HECOOTBETCTBUE TPAHKILL KOHTYPOB TP YCIIOBUH HUCTIONIBb30BAHUS O/1-
HOTO [IBETOBOTO I'PaIEHTa CBUJICTEILCTBYET O BIUSIHUM TapaMeTpoB pekoHcTpykiun [13T-uzo00paxenust Ha Gpop-
MHUPOBaHUH PE3yJIBTUPYIOLIET0 00beMa OKOHTYPHUBAHUS, @ BEPOSTHO U (POPMUPOBAHUS JTO30BOTO PACTIPEICICHHSL.

J1J1s1 OLIEHKH BITMSIHKS TTAPAMETPOB PEKOHCTPYKIMHU Ha (hopMHUPOBaHKE 00beMa OKOHTYpHUBaHUs Mojielieh-cdep (nua-
metpamu 6 1 22 MM) Ha [1DT-u300pakeHUSX, PEKOHCTPYHUPOBAHHBIX C PA3IHMYHBIM YUCIIOM MOAMHOKECTB (18 u 24),
a Takke co 3HadeHusMu pruistpa [aycea 5,8 u 6,4 MM, HAHECEH KOHTYD C OJIMHAKOBBIM YpOBHEM rpajpieHTa (40 %).

ala o/b

Puc. 4. KoHTYpBI, HAaHECEHHBIC Ha akcHabHbIe poekuuu [13T-n300paxkeHuid MO/IeNIei MaTOJOTMYECKUX 04aros,
PEKOHCTPYHPOBAHHBIX C pa3IM4HbIMU HapameTpamu QuisTpa [aycca:
a —T'ayccoB ¢ustp 5,8 MM 1 6,4 MM Ha cdepe 6 Mm; 6 — [ayccoB duistp 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

[MonyueHHbIe pe3yabTaThl (HECOOTBETCTBIE KOHTYPOB Ha cdepe AuaMeTpoM 6 MM) TOATBEPIKAAIOT BIUSHHE
OYO Ha popmupoBaHre 00beMa OKOHTYPUBAHHUSL.

3aKiIrouenue

B kimHHM4eckol npakTrke (OpMHPOBAaHKE KOHTYPOB MATOIOTHYECKUX 04aroB Ha [19T-n300pakeHUsIX pon3Bo-
JIUTCST HA OCHOBE TIOJTyYeHHBIX JaHHBIX KT-nccnemoBanmii. OHAKO B psizie CITydaeB MAaTOJIOTHIECKUE O9ard HAKOTLTe-
aust POIT, npucyrerpytomue va [13T-n300paxeHnsx, MoryT oTcyTcTBoBaTh Ha KT-Bi3yamm3anusx. BeisieieHo, 4to
Ha (QopmupoBanue oObema oxonTypuBanus (Ha [19T-m300paxeHnsx), MTOMUMO TapaMeTPOB CKAHMPOBAHUS, 3HAYH-
TEeNBbHBIN BKJIa/I BHOCHT YPOBEHB LIBETOBOTO IPaIMEHTa. 3aTPyIHEHO OKOHTYpHBaHUE cep TUaMeTpoM MeHee 6 MM
1o [19T-n300pakeHUsIM 10 IPHYMHE BHIPAKEHHOTO 3 (dheKTa yacTHIHOTO 00heMa, a CIISI0BATENIHLHO, 1 3aHHKEHHBIM
3HaueHUsIM K03 durmeHToB Boccranorienus (1,7 u 7 % mis cdep auamerpamu 4 1 6 MM COOTBETCTBEHHO).

JlaHHOE McclienoBaHe BBIIONHSUIOCh B paMKax KOHKypca Ha COMCKaHHe rpaHToB benopycckoro pecmybiu-
kaHckoro GoHga hyHIaMeHTANIBHBIX UCCICIOBAHUI Il MOJIOZIBIX yueHbIX «Hayka M.
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WEB-OPUEHTUPOBAHHAS NTHOOPMAIIMOHHO-AHAANTUYECKASA
CUCTEMA AAS COBEPHIEHCTBOBAHNWSA MEPOITPUATHNN
I1O PAAMALIMOHHOMU 3AIIUTE HACEAEHUA 1 OB BEKTOB
OKPYJXAIOIIIEM CPEABI HA PABAUYHBIX PETUOHAABHBIX YPOBHAX

B. B. JKYPABKOBV, b. A. TOHKOHOI'OBY, M. I. TEPMEHYYK", H. H. [[bIBY/TbKO"

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

PaccmoTpeHb!l apXUTeKTypa, (yHKIIMOHAIBHOCTh M MOZIENb JaHHBIX Web-OpHeHTHPOBaHHON MH(POPMAIIOHHO-aHAIHTH-
YECKOM CHCTEMBI JUIsl COBEPILIEHCTBOBAHUSI KOMIUIEKCA PAJIMAlIOHHON 3aIUThl HACEICHUSI U OOBEKTOB OKPYIKAIOILEH Cpe/ibl
Ha pas3sjIMYHbIX PETUOHAJIBHBIX YPOBHAX. I/ICCJ'IellyIOTCﬂ METOAbI, AJITOPUTMBI U TEXHOJIOTUU MMOCTPOCHUA apXUTCKTYPhbI U OIl-
THUMH3HPOBAHHON PEJSLIMOHHON CTPYKTYpHI (MOZIENIH) JaHHBIX, COCTOSMICH M3 TaOMML, BKIIOYAIOMIUX OJIS IS XPAHCHHUS
napamMeTpoB W MH(popMamuu 00 00bEKTaX M PecypCHOM IOTEHIHAlE, HH(POPMALHOHHO-aHAIUTHYECKOM CHCTEMBI OOLIEro
JIOCTYTIA JUTS COBEPIICHCTBOBAHMUS KOMILJIEKCA PaJMAllMOHHON 3aIlUThl HACEJICHUSI 1 OOBEKTOB OKPY>KarolIei cpeibl Ha pas-
JIMYHBIX PETHOHAIBHBIX YPOBHSIX.

Lenb uccienoBanust — pa3paboTKa apXUTEKTYpbl HMH(POPMAIMOHHO-aHAJIUTHYECKOH CHUCTEMBbI M ONTHMH3UPOBAHHON
PENALMOHHON CTPYKTYPBI (MOJIENIN) JTAHHBIX, COCTOSIIEH M3 TaONHI, BKIIOUAIOIIMX TOJIS JIUIsl XpaHEHHUs MapaMeTpoB M WH-
(dopmaru 00 00beKTax U PeCypCHOM IOTEHIIMAIIE, ONpeIe/ICHHEe CIeNHATH3HPOBAHHOTO MTPOTPAMMHOTO 00EeCTIeUeHHs, UC-
TOJIb3yeMOT'0 TIPH pa3paboTKe HHPOPMALMOHHO-aHAIUTHYECKOH CHCTEMBI JUISl COBEPLICHCTBOBAHMS PaIMALIOHHON 3alUThI
HaceJICHNS M 00BEKTOB OKPY)KAIOIIEH CPEe/Ibl, B TOM YHCIIC MO OIIEHKE PaJOIKOJIOTMYECKUX PUCKOB. B 3aaun ncenenoBanms
BXOJISIT CIIEAYIOLINE HAIPaBIECHHs: pa3paboTKa apXUTEKTypbl HH()OPMAIMOHHO-aHATMTHYECKON CHCTEMBI; ONpeAeIIeHre 00-
LIETO apXUTEKTYPHOTO CTHJIS U OCHOBHBIX aPXUTEKTYPHBIX PELLIECHUM; OIIPEAEICHUE U OPraHU3aLUs COBOKYITHOCTH 2JIEMEHTOB
Y KOMIIOHEHTOB; Ompe/ieiieHre (yHKIIMOHAIBHOCTH MPOIrPAMMHBIX MOJYJIEH CHCTEMbI; OIIMCAHUE OCHOBHBIX POJICH U Xapak-
TEPUCTUK CTPYKTYPHBIX 3JIEMEHTOB M BO3MOXKHBIX BHIOB B3aMMOIECHCTBHI MEXTy HUMH (MHTEp(EHCOB), COOTBETCTBUE HX
MOJYJBbHOH JEKOMIIO3HIMH; HaJleJIeHHEe CBOMCTBAMU TMOKOCTH, MacIITAOMPyeMOCTH U OTKPBITOCTH JUISl PACLIMPEHHS U pe-
aIN3alUK JOTIOIHUTEILHON (DYHKIMOHAIBHOCTH. Pa3paboTana CTpyKTypa JaHHBIX: ONpe/eIeHNe HA3HAUCHUS U COJepKa-
HUS TaOJIMIT; TTOJIEH TaOJHI M MX TUIIOB; CBA3EH MEXK Ty TaOIHIIaMu; peann3anust (PyHKIHOHATEHBIX 00BEKTOB 0a3bl JaHHBIX,
00€eCIIeurBAIOIINX MOAYIBHOCTD, MacIITAOUPYEMOCTh M NEPEHOCUMOCTb. BbleNeHO crienuanu3upoBaHHOE IPOrpaMMHOE
obecrieueHne, UCIOIb3yeMOoe ITPH pa3paboTke HHPOPMALMOHHO-AHAIMTHYECKOH CHCTEMBI: BBIOOP MHTEIPUPOBAHHOW CPE/IbI

OO0pa3eny UUTUPOBAHUS: For citation:

XKypaskoB BB, Toakonoros bA, I'epmenayk MI, LipiOynsro HH.
Web-opuentipoBaHHas HH(POPMAIMOHHO-AHATUTHYECKAsT CH-
cTeMa JUisi COBEPLICHCTBOBAHUS MEPOIPHUSTHH 0 PaJHalllOH-
HOW 3alIuTe HACeNeHUS M OOBEKTOB OKpYXKAIOUIeH Cpensl Ha
PA3NUYHBIX PErHOHAIBHBIX YPOBHAX. JKypnan bBenopycckoeo
eocyoapcmeennozo yHusepcumema. dxonoeus. 2024;4:61-73.
https://doi.org//10.46646/2521-683X/2024-4-61-73

Zhuravkov VV, Tonkonogov BA, Germenchuk MG, Tsybul-
ka MM. Web-oriented information and analytical system for
improving complex of radiation protection of population and
environmental objects at various regional levels. Journal of
the Belarusian State University. Ecology. 2024;4:61-73. Russian.
https://doi.org//10.46646/2521-683X/2024-4-61-73

ABTOpBI:

Bnaoucnaeé Braoumuposuu JKypasxkoeé — xanaugatr Ouonoru-
YEeCKMX HayK, JIOLIEHT; 3aMECTHTEIb JUPEKTOpa IO y4uyeOHOU
pabore.

Mapus I'pucopveena I'epmenuyk — KaHIUIAT TEXHUYECKHX
HayK, JOLICHT; 3aMECTUTEIIb TUPEKTOpa 110 Hay4yHOI padore.
bopuc Anexcandposuu Tonkonoz20é — KaHIUIaT TEXHUUECKUX
HayK, JOLEHT; AeKaH (haKyJabTeTa MOHHUTOPHHTA OKpPY’Kalomieit
CpeJibl.

Huwoynvko Huxonait Hukonaeeuu — IOKTOp CEIIbCKOXO35M-
CTBEHHBIX HAyK, Ipo¢eccop; HAdaIbHUK HAyUHO-HCCIEA0Ba-
TEJILCKOTO CEKTOPA.

Authors:

Vladislav V. Zhuravkov, PhD (biology), docent; deputy director
for educational work.

zhvl@mail.ru

Mariya G. Germenchuk, PhD (engineering), docent; deputy
director for research.

margermen@gmail.com

Boris A. Tonkonogov, PhD (engineering), docent; dean of the
faculty of environmental monitoring.

boristonkonogov@iseu.by

Mikalai M. Tsybulka, doctor of science (agriculture), full
professor; head of the scientific-research sector.
nik.nik1966@tut.by

61



Kypnaa Besopycckoro rocylapcTBeHHOro yHuBepcurtera. Jxojorusi. 2024;4:61-73
Journal of the Belarusian State University. Ecology. 2024;4:61-73

pa3paboTKH, CHCTEMBI yIIpaBIeHHUs 0a301 TaHHBIX U MPOTPaMMHOTO HHCTpYMeHTapus (1wiatdopm, ppeiiMBOpKoB 1 OHOIH-
OTEK), MMO3BOJIFOLINX BBIIOJIHUTE MOCTABJICHHBIC 3aJa4ll IPOCKTHPOBAHKS M IPOrPAMMHOM peann3alyi; IpOeKTHPOBaHUE
IIpOTOTHIIA Web-HHaT(I)OpMBI MpEACTABJICHHUA DJKOJOIMYCCKUX JaHHBIX C HMCIIOJIB30BAHUEM COBPEMCHHBIX HHCTPYMCHTOB
reorpauueckux WH(GOPMALMOHHBIX CUCTEM; peasiM3alisl yCIOBUI Ul CO3/aHUsI NMUJIOTHOTO MPOEKTa MpuKiaaHoii Web-
OPHEHTUPOBAHHOH MH(POPMALIMOHHO-aHAJIMTHYECKOH CHCTEMBI JUTsl COBEPILICHCTBOBAHMS KOMIUIEKCA PaIMAIlMOHHON 3alUTHI
HaceJIeHHs] U 00BbEKTOB OKPYIKAIOILECH CpeIbl.

Knrouesnle cnosa: apxutextypa; QyHKIHMOHAIBHOCTh; MOJIENb JIAHHBIX; HH()OPMAIMOHHO-aHAIMTHYECKasl CUCTEMa; aHTPO-
TIOreHHBIE U IPUPOAHBIC (PAaKTOPbI; PETHOHAIIBHBIC YPOBHH; PaIMallMOHHAs 3aIIUTa HACEICHNUS; PaOIKOIOT NUECKUE 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 Daiihabrodskaja 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.

BBenenune

IIGHTGHLHOCTB YCJIIOBCKA IIOCTOSAHHO CBsA3aHa C HAKOIIJICHHUEM HH(bOpMaHHH 00 OKPY)KaIOHIGf/'I cpenae, ee
OT60pOM U XpaHCHHUECM. I/IH(I)OpMaIII/IOHHLIe CUCTEMbI, OCHOBHOC HAa3HA4YCHNUEC KOTOPLIX — I/IH(I)OpMaIII/IOHHOG
obecreuenue MMOJIL30BaTClisl, TO €CTh MPEAOCTABIICHUEC EMY HGO6XOI[I/IMLIX CBe)IeHI/Iﬁ oo KOHKpCTHOﬁ npo-
oeme uin BOIIPOCY, TIOMOTarOT Y€JIOBCKY peIlaThb 3aaa4u 6I:ICTpCC 1 Ka4YCCTBCHHCC. HpI/I 9TOM OJHH U TEC XK€
JAaHHBIC MOTYT UCIIOJIB30BAThCA NMPHU PCHICHUH PAa3HBIX 3aJ4a4, B TOM YUCJIC IJI pacdyeTa paaAnO03KOJIOTUYCCKUX
pI/ICKOBl. JIrob6as I/IH(l)OpMaIII/IOHHaSI CUCTEMa MMpeaAHa3zHa4YCHa i pCIICHU A HCKOTOPOIO KjlacCa 3aa4 U BKIIIO-
4yaeT B ce0s Kak XPpaHUTIUIIC JAaHHBIX, TaK U CPCACTBA pain3allui pas3JIMIHbIX OPOUCAYP, 06CCHC‘{I/IBaIOIIII/IX

Tocynapcreennas nporpamma «Lludposoe passutue Bemapycu» Ha 2021-2025 roxasl [Dnexrponusiii pecypc] // HarmoHanbHbIH
npaBoBoii MuTeprer-mopran Pecnyomiku berxapycs. URL: https: // pravo.by/document/?guid=3871&p0=C22100066 (nata obpameHus
17.07.2024)
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cbop, xpanenue, 06pabOTKy, MOCTYI, OTOOpa)keHNE W Mpeodpa3oBaHNE MPOCTPAHCTBECHHO-PACIIPEICIICH-
HBIX JTaHHBIX.

NubopmannoHHO-aHATATHIECKHE CHCTEMBI PACCUNTAHbI, KaK MTPAaBHUJIO, HA YCTAHOBKY H MOJKITIOYEHNE OO0ITh-
IITOTO KOJTMYECTBA aBTOMATH3WPOBAHHBIX pa0dOYMX MecT (KJIMEHTOB), pacIojiaralomnx COOCTBEHHBIMH Oa3amu
(MCTOUYHMKAaMM) MaHHBIX W CPEACTBAMH BBOMA / BBIBOAA pe3yipTaToB. CIIEIIHAINCTH B OOJMACTH pagralliOHHON
3aIUTHl HACETICHUS U OOBEKTOB OKPYIKAIOIIEH Cpebl Ha aBTOMAaTH3UPOBAHHOM pabodeM MecTe Ha OCHOBE Ipo-
CTPaHCTBEHHO-NPUBSI3aHHON HH(POPMALIMU CTIOCOOHBI PEIaTh CIIEAYIOIIUE 3a1a4n’;

— QHAJIM3MPOBATH M3MEHEHHS OKPY KAIOIIEH CPe/bl IO BIUSHIEM MTPUPOIHBIX U TEXHOTEHHBIX (DaKTOPOB;

— JIaBaTh 3aKIIOYEHHUS O PAIliOHATBHOM HCITOBE30BAaHUH U OXpaHe aTMOC(HEpHBIX, 3eMEIbHBIX, BOTHBIX, MH-
HEpaJbHBIX M YHEPTETUYECKUX PECYPCOB, CHIDKECHHUH yIiepOa 1 MPe0TBPAIIEHUN TEXHOTEHHBIX KaTacTpod;

— pa3pabaTheIBaTh PEKOMEHJAIINN MO COBEPIIEHCTBOBAHUIO KOMIUIEKCA PaAMAIIMOHHON 3alIUTHl Hacele-
HUSI 1 00BEKTOB OKpYKaIoMel cpeapl Ha pa3HBIX PETHOHAIBHBIX YPOBHAX U B PA3JIMYHBIX THUIAX CUTYaIHil
00Ty4YeHHS;

— obecmeunBarh Oe30MmacHOe MPOKUBAHNE JIFOIEH, OXpaHy MX 37I0POBBS U T. II.

IIpu omeHKe cuTyamuii, CBA3aHHBIX C PEIICHUEM 33139 TT0 COBEPIIIEHCTBOBAHHIO CHCTEMBI pPaINAIlMOHHON 3a-
IIUTHI HaCEJIeHNS U OOBEKTOB OKPYKAFOIIEH Cpebl, HCIOMBb3YIOTCS pacueTHbIE JaHHBIE 1O OlleHKe 103 00ryde-
HUSl HA OCHOBHBIE KOMITOHEHTHI OMOTEOIIEH03a, a TaKKe OLEHKH ¥ MPOTHO3 ACWCTBYIOMINX M IMOTEHITHATBHBIX
Panno3KOJIOTHYECKUX PUCKOB, TIOATOMY MH(DOPMAIIOHHAS TTOATOTOBKA 3aHUMAET TIOCTATOYHO MHOTO BPEMEHH, a
nH()OPMATMOHHO-aHATUTHICCKHAE CHCTEMBI B COCTOSTHUH JTOJLKHBI OBICTPO MPENOCTAaBUTh HHPOPMAIIHIO U 00e-
CIIEYNTH HaXOXKACHUE Y(PPEKTUBHBIX METO/IOB PETYINPOBAHMS. B yCIOBHAX BOSHUKIIIEH CUTYaIlnH (CUTYAIH PH-
CKa) peIIeHus He MOTYT OBITh CMOZIETTUPOBAHBI B SBHOM BH/JIE, OAHAKO OCHOBOH ISl UX TIPUHATHS MOXKET CITYKUTh
0omBIION 00BeM pa3HOOOpa3HO MH(DOPMALINN, XPAHIUMOHN U TIepenaBaeMOi HHTETPUPOBAHHOW 0a30¥ MaHHBIX.
[To mpexocTaBieHHBIM pe3ylbTaTaM yIpaBleHUYEeCKUH MMePCOHAT Ha OCHOBE CBOETO OMNBITA M METOIOM JKCITepT-
HOTO aHaJIn3a MOYKET MPUHSITH KOHKPETHBIE PEIISHHS [T IPOBEICHISI MEPOIPUATHH 10 paualiiOHHON 3aIInTe
HaceJleHUs 1 00bEKTOB OKPY’KAIOIIeH Cpe/ibl Ha Pa3IMYHBIX PETHOHATBHBIX YPOBHSX.

Pa3paboTanbr HOBBIE apXUTEKTypa W ONTUMU3UPOBAHHAS PEIISIIMOHHASA CTPYKTYpa (MO/IENh) JaHHBIX, COCTOS-
1mast ¥3 TaOJHII, BKJTFOYAIOTITNX ITOJIS IS XpaHSHHS TTapaMeTpoB U MHPOpMAITHH 00 00BEKTaX M peCypCHOM MOTEH-
uaje, a Takke pakTopax, BIUSIONNX Ha CTENIEHb paarodKoiorudeckux puckoB RR [1], Web-opueHTrpoBaHHOM
“H(POPMAIIMOHHO-aHAINTHYECKOW CHCTEMBI OOIIETO AOCTyMA /sl KOMITIEKCHOTO W3y4YeHHs BIUSHHUS aHTPOIIO-
TeHHBIX U IPUPOIHBIX (aKTOPOB Ha PA3TIMYHBIX PETHOHAIBHBIX YPOBHSX, PEaTH3yIoast METOABI M MOAEIH JIJIs
XpaHEeHHs apaMeTpoB 1 HHPpOpMaIH 00 00beKTaxX U PECYpCHOM NMOTEHIIAAJE, aHATN3€e aHTPOTIOTEHHBIX U TIPH-
POAHBIX (PaKTOPOB HA PA3IUYHBIX TEPPUTOPHATHHBIX YPOBHAX, Oa3upyromasics Ha TeonH()OPMAIIMOHHBIX TEXHO-
JOTUSX. YKa3aHHBIE Pa3padOTKH — OCHOBA JJIS CO3MAHMS TIPUKIIaTHON Web-0oprHeHTHPOBaHHON HH(HOPMAITMOHHO-
AHATMTHYECKON CUCTEMBI O0IIEro JOCTYyIa AT KOMIUIEKCHOTO N3yUeHHS BIUSHIS aHTPOITOTEHHBIX W TIPHUPOTHBIX
(hakTOPOB Ha PA3TUIHBIX PETHOHAIBHBIX YPOBHSX [2].

Pa3paboTka ykazaHHOW CHCTEMBI SBIISCTCS aKTyaIbHON HAYIHOM M MMPAKTUIECKOH 3a1aueid, peIeHne KOTOPou
CO3MIaCT YCJIOBHUS ISl XpaHEHUS TTapaMeTpoB M nH(popManuu 00 00beKTaxX, peCypcHOM MOTEHIMAJe W aHAIHn3a
AHTPOTIOTEHHBIX U MPUPOIHBIX (PAKTOPOB HA PA3IMIHBIX TEPPUTOPHATBHBIX YPOBHSX C MCIIONB30BAHNEM TE€OWH-
(hopMaITMOHHBIX TEXHOJIOTHH. DTO MOBBICUT KOM(DOPTHOCTE TIPOKUBAHUS TpakaaH PecmyOnmku bemapych u 1mo-
CIIOCOOCTBYET MOAEPKKE PUHATHS COOTBETCTBYIONINX YIIPABICHYECKUX PEIICHUH B 00JIACTH OCBOSHHS H TIO-
BhIIIIEHUS 3(h(HEKTUBHOCTH MCITOIB30BAHUS PA3IMYHBIX BUOB MIPUPOIHBIX PECYPCOB U MOHUTOPHHTA COCTOSHUS
KOMITOHEHTOB OKPY>KaloIei CPeNIbl B LENIX yCTOWYMBOTO Pa3BUTHS HA TEPPUTOPUATBHBIX SAMHUIAX PA3ITHIHOTO
ypoBHs. Pe3ynmsraTsl MOTYT OBITH HCIIOIB30BAaHBI B MHTEPECAX yUpekaeHnH MUHHCTEpCTBA IPUPOTHBIX pecyp-
COB M OXpaHBI OKpy»Katomien cpeasl Pecrybnmmku benmapych, B 4aCTHOCTH 17151 KOMITIIEKCHOTO M3yYE€HHSI BIVSTHUS
AHTPOTIOTEHHBIX M PUPOTHBIX (PAKTOPOB HA PA3THMYHBIX PETHOHAIBHBIX YPOBHSAX M IPUHATHS COOTBETCTBYFOIINX
ynpasieHIeckux permennit. Chepa m MacmTadbl 0KHAAEMOTO TIPUMEHEHHUST PE3YJIBTATOB MOTYT OBITH pacmpo-
CTpaHEHHI Ha BCIO Tepputopuio Pecrrybnuku bemapych.

Xapaxmepucmuka u HazHaueHue papadamvléaemoil UHGopmayuoHHo-anarumuieckoi cucmemslt. Oc-
HOBHBIC BO3MOYKHOCTH, MPEIOCTABIISICMbIC TI0JIb30BaTEIISIM pa3padarbiBaeMoi HH(OPMAIIMOHHO-aHATIMTHIECKOM
cuctemsl [3]:

— paboTa ¢ MHTEPAKTUBHOM 3JIEKTPOHHON KapToil (MaHWUITYIMPOBAaHUE CIOSIMH, TIEpeMellieHre 1 MacITabu-
poBaHuUe, yaJeHne U o0aBlieHHe 0OBEKTOB H T. [1.);

— BBIBO/I B 32JIAaHHOM BH/I€ JTFOOBIX 00BEKTOB TEPPUTOPUH U OOBEKTOB OTPE/ICIICHHOTO KiIacca ¢ COOTBETCTBY-
fonIel arpuOyTuBHON MH(OpMaIUei 0 HUX;

’I'ocynapcTeennas nporpamMmma «Oxpana OKpy Karomiei Cpe/ibl U yCTOHINBOE UCTIOIB30BaHUE IPUPOIHBIX pecypcoB» Ha 2021-2025 rop!
[Onextponnstii pecypc] // Hanmonansaerit npaBoBoit MuaTepreT-nopran Pecrryomukn bemapycs. URL: https://pravo.by/document/?guid
=3871&p0=C22100099 (nara obpamenus 17.07.2024).
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— 00paboTka HHMOOPMAIINH CTATUCTHYCCKUMHU METOIAMH U 0OTOOpaKeHHE PE3yIFTaTOB 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 MEPOTIPHATHI paMallHOHHOM 3aIIUThl HACENICHUS U 00b-
EKTOB OKPYKAIOIIEeH Cpe/ibl B CUTYaIlUH CYIIECTBYIOIIET0 OOIyUeHHsI Ha OCHOBE MOJICIIMPOBAHUS PAIHOIKOIIO-
THYECKUX TPOIIECCOB M OIIEHKU PAJIHOIKOIOTHISCKIX PUCKOB.

B pamkax pazpaboTku apxXuTeKTypsl Web-opueHTHpOBaHHON HHPOPMAITIOHHO-aHATUTHYECKON CHCTEMBI 00-
IIEro JOCTYyIA JUIsl KOMIUIEKCHOTO M3y4YEeHHS BIMSHUS aHTPOTIOTEHHBIX U MPUPOIHBIX (PAKTOPOB HA Pa3IMIHBIX
PETHOHATILHBIX YPOBHSIX ONPE/IeICHbI O0IIHI apXUTEKTYPHBII CTHIIL U OCHOBHBIC apXUTEKTYPHBIC PEIICHHS, CBSI-
3aHHBIC C OpraHU3aIKeil COBOKYITHOCTH 3JIEMEHTOB M KOMIIOHEHTOB, a Takke (PyHKIIMOHHPOBAHHEM HPOrPaMM-
HBIX MOJyJiel cucteMbl. ONMUCaHbl OCHOBHBIC POJIM M XapaKTEPUCTUKU CTPYKTYPHBIX DJIEMEHTOB, BO3ZMOXKHBIE
BHIIBI B3aUMOJCHCTBUIN MEXIY HUMHU (MHTEP(EHCHI).

Apxumexmypa pazpadamoleaemoi UHPOPMAUUOHHO-AHATUMUYECKOU cucheMmbl. APXUTEKTYpa nH(opMa-
[IMOHHO-aHATUTHIECKON CUCTEMBI TPEATIONAracT peaTn3aIliio CICAYIOMNX acIeKToB [4]:

— TEXHOJIOTHsI 00pabOTKU JAaHHBIX — JIOKaJIbHOE (IIEHTPAIN30BaHHOE) B3aUMOJICHCTBHE C HHTETPUPOBAHHOMN
0a30i1 JaHHBIX, TO €CTh BCE JAaHHBIC OYIyT XPAHHUTHCS HA OJIHOM CEpBEpe I0J] YIPaBICHHEM OJHOW CHCTEMBI
ympasieHus 0a3aMu JaHHBIX, @ He pachpeAeNIeHHBIM 00pa30oM, Tak KaKk MHOTHE TIPOEKTHI paclpe/leIeHHbIX 0a3
JaHHBIX XapaKTCPU3YIOTCS ONPCACIICHHBIMU HpO6J]CMaMI/I B BOIIpOCax CTaHAapTU3alun I/IH(i)OpMaI_[I/IOHHBIX 10~
TOKOB, TUIIOB, ITPEACTABJICHUA JaHHBIX U MCTAJIaHHBIX, a TAKKE COBMECTUMOCTH OTACIIbHBIX I/IH(i)OpMa]_II/IOHHLIX
CHUCTEM M NPOCKTOB, CO3AAHHBLIX PA3HBIMU OpTraHU3aAlUAMU C MPUMCHCHUCM PA3JIMYHOIO IMPOrpaMMHOTO 066-
CIICYCHUS,

— c1oco6 1ocTyna K JaHHBIM — JIOKAJIbHBIM M yIaJeHHBINH (CeTeBOW) JOCTYII ¢ pa3rpaHUYEHUEM TPaB MOJb-
30BaTeNe U MOIIEPIKKON KIMEHT-CEPBEPHBIX TEXHOJIOTHM.

CneﬂyeT OTMETUTD, YTO apXUTEKTYpa CUCTCMBI IPCANOIAractT 1 MOAYJIbHYIO JICKOMITO3UIHNIO. B »10i1 cBsA3M
1esecoodpasHo paszaeneHnue HHTEPPEHCHON YaCTH CUCTEMBI U YaCcTH, OTBEYAIONICH 3a paOboTy C JaHHBIMU. THIT
ApXHUTEKTYPHI MPEIONIAraeT To, 4TO €€ AIIEMEHTHI pealIn3yIoT MOIEP)KKY 0OObEKTOB CIIEIMATU3NPOBAHHOI cep-
BepHOU 0a3bl JAHHBIX, pabOTy aHATUTUICCKUX (PYHKIIMOHATBHBIX TIPOTPAMMHBIX MOJYJICH, IPE/ICTABICHHE H BH-
3yalU3alfio JaHHBIX, a TaK)Ke B3aWMOJICHCTBUE C yAaJeHHBIMH MOJIb30BaTesIMU. B yacTHOCTH, TpOrpaMMHbIe
MOOYJIN PCaIM3yIOT METOJIUKHN KOMIIJIEKCHOM OIICHKHM M aHaJiu3a BJIMAHWA aHTPOIIOTCHHBIX W IIPUPOAHBIX (1)31(-
TOPOB C YUCTOM YI'PO3 U PUCKOB, HOCHG}ICTBI/Iﬁ IMPUPOJAHBIX U aHTPOIIOICHHBIX 3arp$[3H1/1TeJ1eI71 JJIA OpraHmnu3MoB
1 DKOCHUCTEM Ha Pa3JIMYHBIX PETHOHAJBHBIX YPOBHAX, ONITUMAJIBHOTO MCIIOJIB30BaAHUA MOTCHIMAJIa ITPUPOJHBIX
PECYPCOB U 0OIIEAOCTYITHOTO MOHUTOPHHTA COCTOSHHUSI KOMITOHEHTOB OKpY’KaroIleil Cpefibl, HarpaBleHHbIE Ha
IIOBBIIIICHHUEC KOM(i)OpTHOCTI/I MPOKUBAHUS I'PpaXKJIaH U IPUHATUA COOTBCTCTBYIOIIUX YIIPABICHUCCKUX peIlIeHI/II;'I.

APXHUTEKType CBOMCTBEHHA TMOKOCTh, MacIITAOUPYEMOCTh M OTKPBITOCTD JUISl PACIIUPEHHS U pean3aliu
JIOTIOJTHUTENBHON (DYHKIIMOHAIBHOCTH, B YaCTHOCTH Pa3padOTKH CHEIHAJIbHBIX aJTOPUTMOB U MPOTPAMMHBIX
MOyJel B3auMOJICHCTBUS ¢ 0a30i JTaHHBIX U TpaduueckuM Web-OpHeHTHPOBaHHBIM TTOJIb30BATEIIBCKUM HH-
TepdeiicoM, MPeaOCTaBISIONMM BO3MOKHOCTh ONITUMAIBHO, OBICTPO M YIOOHO padoTarh ¢ Kaprorpaguyeckon
WHpOpMAIIMEH TTOCPEICTBOM HCIIONB30BAHUS COOTBETCTBYIOIIUX TEXHOJIOTHIH M aNrOPUTMOB [5]. DTO TIO3BOJIHT
peayin30BaTh COOTBETCTBYIONIUE CBOEMY CHEIU(DUICCKOMY HA3HAYCHHIO U ONITUMAJIbHBIC 110 (DYHKIIMOHAILHOCTH
KITUEHTCKYIO M CEpPBEPHYIO YaCTH CHCTEMBI. MIX OCHOBHBIE 0COOEHHOCTH — BO3ZMOXKHOCTb MOJIEP’KKH TUHAMHYE-
CKH M3MEHSIIOIIETOCS COJCPIKUMOT0 KITHeHTCKrX Web-cTpanuil 6e3 nepe3arpy3KH, 4To 3HAYUTEILHO COKPAIaeT
BpeMst OOHOBIIEHUSI CTPAHUIL U yCKOpsieT paboTy MoJIb30BaTelIeH, peann3anio MporpaMMHOTO MOJIH30BaTEILCKOTO
nntepdeiica Ha cropone Web-cepBepa 1 co3JaHNe IPOrPAMMHOTO YPOBHSI JIOCTYTA K MHPOPMAILIUH, XPaHSIIEHCs
B 0a3e JaHHBIX, JUIsl UCTIOJIb30BaHMS B yKa3aHHOM UHTepdeiice. Peanusaius B COOTBETCTBUH C pa3pabOTaHHOM
APXUTEKTYPOU aITOPUTMOB PaOOTHl AHATTUTHYCCKUX METOOB M MOJAEICH MOCTY>KUT OCHOBOH MJIST pa3pabOTKH
MMUJIOTHOTO MPOEKTa yKa3aHHOH NMPHKIaAHOMN cucteMsl (puc. 1).

Ocnognvie apxumeKkmypHovle KOMROHEHNbL U YHKUYUOHATbHBLE RPOZPAMMHBIE MOOYIU UHPOPMAUUOHHO-
ananumuyeckoii cucmemsl. [IpoekrupoBanue NpoToTuna MHOOPMATMOHHO-aHATUTHIECKON CUCTEMBI MIPEAIo-
Jlarajio To, 4To OHa Oy/AeT BKIoYarh B ceOsl CIEAYIONe OCHOBHBIE apXUTEKTYPHBIE KOMIOHEHTH B (DYHKIIHO-
HaJIbHbIE ITPOTPaMMHBIE MOJYIH (ITOJICHCTEMBI):

1) pasrpaHuueHHe IpaB MOIb30BaTENCH;

2) B3auMOJCUCTBHUE ¢ 0a30i1 TaHHBIX;

3) cbop u 00paboTKa MPOCTPAHCTBEHHBIX JAHHBIX;

4) XpaHeHHe U 3allKTa MPOCTPAHCTBEHHBIX JAHHBIX;

5) aHanmuTHueckas 00padOTKa JaHHBIX;

6) TpenCTaBlIEHUE U BU3yaTU3aIUsl JaHHBIX;

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

Fig. 1. General architecture of Web-oriented information and analytical system
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YkazaHHBIN HA0OP MMPOrpaMMHOTO 00ecTiedueHHs Ha OCHOBE TIOTYYeHHONW MH(OPMAIIH TTO3BOJIHT [6]:

— KJIACCHU(HUIMPOBATh U KJIACTEPU3NPOBATh COOTBETCTBYIOIINE TaHHBIC IS TabHEHUIIET0 CO3/IaHus pa3iny-
HOTO KapTorpadgpuaeckoro COAEePKUMOTO B BUIE PA3INYHBIX KapTOTpapUUeCKUX CJIOEB C BU3yaIH3alliei coaep-
KIMOTO Pa3HBIX THITOB JTaHHBIX;

— peam3oBarh JOMOJHUTEIbHBIE CEPBUCHI U 00paOOTKY 1 TIPEACTABICHHS TaHHBIX;

— MIPOM3BOJIUTH AHATUTHYECKHE (CTATUCTHUYECKWE) BBIYHMCICHHS Pa3IMYHOTO poja Ui AalbHEHIero wc-
ITOJIB30BaHMSI (B COCTAaBE KapTOTPaPUIECKOTO COMEPIKUMOTO).

Jlns mporieccoB BU3yalin3aliuil 1 MOHUTOPHUHTA SKOJIOTHYECKUX TTOCIEACTBUHN (BBIOPOCOB M cOPOCOB 3arpsi3-
HSIOIIMX BEIIECTB) MOTYT BBIIOIHATHCS MPOIETYPHl KOMITBIOTEPHOTO MOJICIHPOBAaHUS (aHATUTHYECKUX pacde-
TOB) C UCTIOTH30BAHUEM CTAITHOHAPHBIX (IS MPEANPHUATHI) 1 MOOMIBHBIX (U TpaHCIIOpTa) ToueK. B mporecce
MOJIETUPOBAHUS HEOOXOIMMO COOpaTh U 00padOTaTh MEPBUYHBIE MPOCTPAHCTBEHHBIE TAHHBIE C yYETOM OTIpe/ie-
JICHHBIX aTpUOyTOB M TIAPAMETPOB, a 3aTeM NMPUMEHNUTH K HUM OTIpe/IeIIEHHbIE TEXHOIOTUU MTPOTPAMMHON BH3Y-
aJM3aInu:

— JTAaHHBIE O CTAIIMOHAPHBIX NCTOYHUKAX 3arPSI3HEHHUS, TOJTy9eHHBIC OT MTyHKTOB Pa3IMYHBIX U3MEPEHNH (MO-
HUTOPHHTA) BEIOPOCOB M COPOCOB 3arps3HSIONINX BEIIECTB MPEANPUATHAME (BU3yallU3aIus — KPyTH OTperie-
JIEHHOTO IIBETa, 3HAYEHUS PaJINyCOB KOTOPBIX MPOTIOPIIMOHAILHBI YPOBHIO (CTETICHH) 3aTPsA3HEHN);

— JJAaHHBIE O 3arPA3HAIONINX BEUIECTBAX MPEANPUATHIA (BU3yallU3aIus — [IBETOBOW I'PaJUeHT (IUCKPETHBIN
Ha0Op [IBETOB) B COOTBETCTBUM C YPOBHEM (CTENIEHBIO) 3arPsI3HEHHS);

— JTaHHBIE PETPOCIIEKTUBHOTO aHaIN3a M IIPOTHO3HOTO MOJISITMPOBAHMS 3arps3HEHMs TeppuTopuii PecrryOmm-
ku bermapych 0CHOBHBIMH J103000pa3yOIINMHU PaIHOHYKIHIaMH B pe3yibprare aBapuu Ha YepHoObutsckont ADC;

— narsabple ¢ GPS-TpekoB OT MOABMXHOTO TPAHCIIOPTA M APYTHX MOOMIBHBIX HCTOYHHKOB 3arpsi3HEHUS (BH-
3yaln3anus — 3aKpalleHHbIe TUHUH (TPAeKTOPHH) BEIOPOCOB I[BETAMH B COOTBETCTBHHU C YPOBHEM (CTEIIEHBIO)
3arpsI3HCHHS) U T. 1.

B npoexTrpyemMom mporpaMMHOM TPOIYKTE MPU aBTOMATH3UPOBAHHBIX pacyeTax MOYKHO TAaK)Ke YUHUTHIBAThH
MOTIPaBOYHbIE KOI(D(OUITUEHTHI, CBI3aHHBIE CO 3HAUYSHHUSIMU CHITBI M HATIPABJICHUS BETPa, a TAKXKE XapaKTepUCTHU-
KaMu penbea MecTHOCTH. B pesynbsraTe 00paOOTKM yKa3aHHBIX JaHHBIX MOTyJar0TCsl KOMIUIEKCHBIE TaHHBIE, Ha
OCHOBE KOTOPBIX PAaCCUUTHIBAETCSI COBOKYITHOCTh BHIOPOCOB 3arps3HSIONINX BEIIECTB B aTMOC(HEPHBIN BO3MYX
Y BOJY KaK JUIsl TOYEYHBIX OOBEKTOB, TAK M Ha OTIPE/ICIICHHON TePPUTOPHH.

[IporpamMMHBII MOIYJ b IJIsl pa3rpaHUYEHUs TPaB IMOJB30BaTENe MCIIONB3yeTCsl TP CaHKITMOHUPOBAHHOM
JocTytie K nHQopMamoOHHOMY pecypcy. lIporpaMMHbIe MeXaHU3MBI pa3rpaHUYeHUs TIpaB AOCTyIa K HHPpOpMa-
[IMOHHOMY PEeCypCy OCHOBaHBI Ha aJTOPUTMax, MPUHIIMIIAX aBTOPH3AINHA U ayTeHTH(UKAINH TTOJIb30BaTENeH,
aJIMIHUCTPUPOBAHHS COJEPKIMOTO CEpPBEPHON 0a3bl JaHHBIX W 3alIUTHl OT HECAHKIIMOHUPOBAHHOTO JIOCTyIa
K 9TOMY COZIEP>KUMOMY.

Taxum 00pa3zoM, MOJIH30BATEN B COOTBETCTBUHM CO CBOWIMH ITPaBaMH MOTYT (DOpMHUpPOBATH pa3IMYHbIE 3a-
MIPOCHI, BBITIOTHATH BU3YAJIM3AIIUIO TAHHBIX M MPOU3BOANTH MPOYHE MAaHUTIYISAIIUN B cpelie HH()OPMAIIMOHHOTO
pecypca.

Xapakmepucmuka u HA3HAYEHUE OAHHDBIX PA3PAOAMBIEAEMOT UHDOPMAUUOHHO-AHATUMUYECKOT cucTme-
Mmbl. B 3amaun paspabarsiBaeMoit Web-opueHTHpOBaHHON WH(DOPMAIMOHHO-aHAIUTHICCKON CHCTEMBI OOIIIETO
JIOCTyTIa (COBEPIIICHCTBOBAHNE KOMITIOHCHTOB PaMAIIMOHHON 3aIUTH HACETICHUS U 00BEKTOB OKpPY KaIOIIeH cpe-
JIbl B CUTYaIlMH CYIIECTBYIONIET0 OOMyYeHHs) Ha OCHOBE MOJICTIMPOBAHMS PAJIMOIKOJIOTHYECKHX MTPOIIECCOB Ha
Pa3MYHBIX PETHOHAIBHBIX YPOBHAX BXOST MPEIOCTAaBIICHNE (BU3yaIi3amys) 1 aHannu3 (00paboTka) BO BpeMeH!
JTAaHHBIX O pPe3yJibTaTax:

— BO3JICUCTBHUS Y€JI0BEUCCKOM JICATSIIBHOCTH Ha )KUBBIC OPraHU3MBbI;

— BOS}ICI\/’ICTBI/ISI Ha XMBbIC OPraHMU3MBbI Y€PE3 NUBMCHCHUC JIFOAbMU UX CPEABI O6I/ITaHI/I$I;

— €CTECTBCHHOI'O M3BMCHCHU A PA3JIMYHBIX KQUCCTBCHHBIX M KOJIMYCCTBECHHBIX NMPUPOAHBIX BEJINYNH U XapakK-
TEPUCTUK.

VYkazaHHBIE OCOOCHHOCTH CHCTEMbI HAIllpaBJICHBI Ha TIOBBIIIEHHE YPOBHS WH(GOPMHPOBAHHOCTH HACENCHHS
O pa3IMYHbIX ACTICKTaX COCTOSHUS Oprma}omeﬁ Cp€abl 1 BOSMOXHOCTHU IMPUHATHA CBOCBPECMEHHBIX YIIPaBJICH-
YEeCKUX PEIICHNH Ha Pa3TUYHBIX PETHOHAIBHBIX (TEPPUTOPHATIHHBIX) YPOBHSIX.

B 2710i1 cBsi3m 6a3za maHHBIX, BXOIAIIAS B COCTaB pa3pabaTsiBaeMoil MHGOPMAITMOHHO-aHATUTHYECKON CUCTe-
MBI, T0JDKHA COACPKATh MM UMETHh BO3BMOXKHOCTE MAaHUITYJIMPOBATh CICAYHOIUMHA JaHHBIMUA!

— pa3nuuHble reorpaduyueckre (MPUPOIHbIE) OOBEKTHI;

— pe3yJbTarhl HAOMIOCHUH 32 COCTOSTHUEM aTMOC(EPHOTO BO3AyXa, TOBEPXHOCTHBIX U MOA3EMHBIX BOJI, 3€-
MeJTb U TapaMEeTPOB PaHalliOHHON 00CTaHOBKH;

— pe3yabpTarhl paJuallMOHHOIO0 MOHUTOPUHTA OKPY’KAOIIEH CPE/Ibl, a TAKXKE JJOKAJIBHOIO MOHUTOPHHTA, IIpe-
JOCTaBIAECMBIX ITPUPOAOIIOIB30BATCIISAMHU,

— pecypCHbIN TOTEHIIUAI U T. 1.
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PaccMoTpuM ONTUMHU3HUPOBAHHYIO PEISAIIMOHHYIO CTPYKTYPY (MOMETh) TaHHBIX pa3padaTsiBaeMoi HH(pOpMa-
MOHHO-aHATTMTUYECKON cucTeMbl. [1o cTpykType paspabarbiBacMasi 6a3a JaHHBIX MOXET OBbITh KaK PellsIHOH-
HOTO0, TaK ¥ HEPEISIIMOHHOTO TUIIA, YTO UMEET CBOU JIOCTOMHCTBA U HemocTaTku. OHa COCTOUT U3 TaONHIL, BKITIO-
YaOIHUX MO JUIS XPAaHSHUs Pa3IMYHbIX MapamMeTpoB U HH(opManun 00 00bEKTax U PECYpCHOM MOTEHIUAIIE,
U B JIATTbHEHIIIEM MOTICIKUT HOPMAITU3AINU U ONITHMHU3AIIHH.

Bo3moxkHOCTh aHaNTM3a U3MEHEHHH JaHHBIX BO BPEMEHHU (PETPOCIEKTHBEI) TIPEIONaraeT XpaHeHne B yka-
3aHHOUM 0a3e JaHHBIX ompejeleHHOW WH(opManuK (B TOM YUCIe TPOCTPAHCTBEHHO-PACTIPENICICHHOW B COOT-
BETCTBUH C reorpaduiecKuMu KOOPIUHATAMH) B 3aBUCUMOCTH OT BPEMEHH, JINOO UCTIONIb30BaHKE CIICIIHATbHBIX
MPOrPaMMHO PEaM30BaHHBIX CTATHCTHUYECKUX WIIH MHBIX allPOKCHMHUPYIONIIX MATEMATHUECKIX MOJICIICH.

IIpu xpaHeHNN TaHHBIX B CTPYKTYpe (Mozenn) 6a3bl TaHHBIX TOJKHA OBITH MPETYCMOTPEHA BOZMOKHOCTH CO-
OTBETCTBUSI KX PA3IMYHBIM PETHOHAIBLHBIM YPOBHSIM (XO3SHCTBA, HACEICHHBIC ITyHKTHI, PAHOHBI, 00JIACTH U T. I1.).

JlaHHBIe, XpaHAIIAECs B IPOCKTUPYEMOI Oa3e JaHHbIX, MOJPA3ICISIOTCS Ha:

— reorpaMuecKre — OMUCHIBAIOT OOBEKT MyTEM YKa3aHHS €ro PacrojOKeHHs OTHOCHUTENBHO JPYTUX T'eo-
rpaguIecKux 0ObEKTOB;

— IIPOCTPAHCTBEHHBIC — OIUCHIBAIOT OOBEKT IyTEeM YKa3zaHHs ero reorpaduyeckux KOOpIAWHAT (IIUPOTHI
1 JOJTOTHI) U IPYTOH aTpuOyTUBHOM MH(POPMAITHH.

OnTuMuU3HpOBaHHAs (HOPMATN30BaHHAs) PEIIIIMOHHAS CTPYKTypa (MOAETHh) TaHHBIX BKIIIOUAET B ceOs pas-
JIMYHBIC 00BEKTHI 0a3bl IAHHBIX B BUJIE TAOJIHII, COACPIKAIIKE OIS C ONPEACICHHBIME THIIAMH JaHHBIX JUIS Xpa-
HEHUS apaMeTpoB H MHQOPMAITUH O TIPOCTPAHCTBEHHBIX 00BEKTaX M PECYpPCHOM MOTEHIINAIE, CBsI3eH (OTHOIIIe-
HUH) MKy dTUMH TaOIUTIAMHU H TTOJISIMH.

Pazpabomka pynkyuonanvHslx 00vexkmos 6azvl oannvlx. J1Ji1 ONCHKY U aHAIN3a BIUSHUS aHTPOTIOTCHHBIX
Y TIPUPOHBIX (PaKTOPOB HA PA3INYHBIX PETMOHAIBHBIX YPOBHSX B 3aBUCUMOCTH OT MPOCTPAHCTBEHHOTO M Bpe-
MEHHOTO pacIpe/ieieHNsl, YCIIOBUH U TTapaMeTPOB Pealn30BaHbl TaKWEe OPUTHHATbHBIC (YHKIIMOHANBHBIE 00b-
eKTHI 0a3bl IAHHBIX, KaK XpaHUMBbIE TIPOLEYPbI, (DYHKIMH, TPHITEPBI M MPEICTABICHUSI.

JpyruM BapuaHTOM peau3aluy Ta0muIl 0a3bl TAHHBIX SBISICTCS HX OOBEKTHAS MOJICNb, BKJIIOUCHHAS B ApXU-
TEKTypY WHTETPHUPOBAHHOW HHPOPMAIIMOHHOW CUCTEMBI U TIPEJICTABIISIONIAst COOOH HA0OP KJIACCOB (CYITHOCTEH ),
COOTBETCTBYIOIINX ONPe/IeNICHHBIM TaOIUIaM. B 3ToM cityuae XpaHUMBIE TPOIIEAYPhI MOTYT OBITH MPEJCTABICHBI
GbysKpsIMEU (MeToiamMu). Pero3uTopun H30IMPYIOT IPYT OT JPyTra pa3HOPOIHbIE IaHHbBIC H BKIIIOYAIOT B ce0s Me-
XaHU3MBI YIIPaBICHUS! IMH, HAIPUMED, QYHKIINY JUIS pean3alii BHIOOPOK, PeAaKTHPOBAHHMS, YIAICHUS 1 MO~
0opa TaHHBIX IS reorpaduaeckux 00bEKTOB, a TAKXKE PA3INIHBIX PACUCTOB.

Web API-koHTpoOIIIEpBl BO3BpAIAlOT U IPHHAMAIOT JIaHHEIE B omipesiefiecHHOM (opmare. OOpaboTkoi U 0To-
OpaskeHHEM JIaHHBIX 3aHUMAETCs KITMCHTCKOE MPUIIOKEHHUE. VICronb3yroTest KOHTPOJUIEPh YKa3aHHOTO THITA, TaK
Kak kaprorpadudeckuii uaTepdeiic Tpedyer paboThl Oe3 mepe3arpy3ku cTpanuiisl. MV C-koHTpoIuieps! Gpopmu-
PYIOT TOTOBBIE CTPAHHUIIBI M BO3BPAIIAIOT UX MTOJIH30BATEIIO.

J1ist BBITTONTHEHHSI KaK aHAJMTHYECKUX PAacueTOB HA OCHOBE MH(pOpMAIINH, XpaHsIleiics B 6a3e JaHHBIX, TaK
Y TIPE/IOCTABJICHHS HETTOCPEICTBEHHO CAMUX JIAHHBIX, IIPOTPAMMHBIH KOJI, BBITTOJTHSIONINI BBIIICTIEPEUNCICHHBIC
oriepaly, MOKeT ObITh pa3MelleH Ha CTOpPOHE cepBepa M Ha CTOpPOHE KIMEHTA. YUHUTHIBas, 4TO CO3/1aBacMas
UH(POPMAIIMOHHO-aHATUTHYECKasl CHCTEMa — CETEBOM pecypc, TO MPOrPaMMHBIN KOJl, ONEPUPYIOINHN JTaHHBIMH,
HEOOX0TMMO pa3MECTUTh KaK MOXKHO OJTHKe K caMUM 00pabaThIiBaeéMbIM JTAHHBIM, TIO3BOJISIOIIEM H30eXkKaTh repe-
CBIJIKH Yepe3 CETh MHOKECTBA KOMaH I 1 0COOCHHO HEOOXOIMMOCTH Mepeadr OONbIINX 00BEMOB JIAHHBIX C KIIH-
€HTa Ha cepBep.

Cucrema ynpapneHus: 0a3aMH JaHHBIX TIPETOCTABISIET BO3MOKHOCTD Pa3MECTHTh IIPOrPAMMHBIN KOJ| Ha CTO-
pOHE cepBepa B BUJIE XPaHUMBIX MPOIIEAYP, MOJIb30BaTEIbCKUX (PYHKIIUI, TPUTTEPOB U MPEICTABICHUH, coep-
JKamuxcs B 0a3e JaHHBIX.

Cxema JI0CTyTa K IaHHBIM C UCITIOJIb30BaHHEM YKa3aHHBIX 00BbEKTOB IPHUBE/ICHA HA PHC. 2.

Xpanumvie npoyedypul u nomL306amenseKue (hyHKYUY — 3To OTICbHbBIC POrPaMMBIL, HallcaHHbIe Ha s3bike SQL,
TO €CTh NpeJICTaBIsItoIIIe cO00i Habop SQL-MHCTPYKINIA, KOTOPBIA XpaHUTCs B 0a3e IAaHHBIX. ITH OOBEKTHI SIBIISI-
IOTCSl YaCThIO META/IAaHHBIX 0a3bl JaHHBIX. OHM MOTYT TMOJIy4aTh BXOJHBIC TTApAMETPHI, BO3BPAIIATh 3HAYCHHS TIPH-
JIOXKEHHIO U OBITh BBI3BaHBI SIBHO M3 Web-TIPUIIOKEHHST WITH TTOJICTAHOBKOW BMECTO MMEHH TaOJHIBI B HHCTPYKITHN
SELECT. B pamkax JaHHOTO IPOEKTa XpaHUMBbIE TIPOIIE/TYPbI M (DYHKIIH 00ECTICUHBAIOT CICTY OIS BO3MOYKHOCTH:

— MOJIYJABHOCTD — XpaHUMbIE IPOIIEAYPHI MOTYT ObITh OOIIUMHU JJIsl TIPUIIOKESHUH (IIPOTrpaMMHBIX MOAYJICH),
KOTOpbIC 00palIaloTcs K TOH e caMoit 0a3e JaHHBIX, YTO TIO3BOJISIET U30eraTh MOBTOPSIFOIIETOCS KOJIa H YMEHb-
1I1aeT pa3Mep NPHIIOKEHUI;

— YNIPOIIECHHE COMPOBOXKICHHS TPUIIOKESHUH — ITPU OOHOBJICHUH TIPOIIC/TYD, U3MEHEHHST aBTOMATHIECKH OTpaka-
I0TCS1 BO BCEX MPUIIOKEHHSX, KOTOPBIE HCIOJB3YIOT MX, 0e3 HEOOXOMUMOCTH MX TIOBTOPHOH KOMITHIISIIIY ¥ COOPKY;

— noBbIIIeHNE YPHEKTUBHOCTH pabOThI — ISl YAAJICHHBIX KIMEHTOB MPOIEAYPHI BHITOIHSIOTCS CEPBEPOM,
a HEe CAaMUMHU KITUCHTAMH, YTO CHIIKAET CETEBOU TpapHK M MOBBIIIACT IIPOU3BOTUTEIHHOCTb.
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Puc. 2. Cxema gocTyma K JaHHBIM IIPU MOMOIIH XPAHAMBIX TPOIIEAYP, HOIb30BATEIbCKUX (DYHKIUI 1 IPEACTABICHUI

Fig. 2. Data access diagram using stored procedures, user-defined functions and views

XpaHUMBIE MTPOLEAYPbI, OTINYAIOTCA OT (PYHKIUH TE€M, YTO B HUX JIOITYCKaeTCs UCIIO0JIb30BaHIE BHIXOTHBIX I1a-
PaMeTpOB TOJILKO LIEIOYMCICHHOTO THIA. VIConp30BaHIe XPaHUMBIX TPOLIEAYP TO3BOJISIET OBBICUTH MMPOU3BO-
JUTEIBHOCTD, PACIIUPUTH BO3MOKHOCTH MPOrPaMMHUPOBAHHUS U MOIEPKATh PYHKIMN O€30MacHOCTH JaHHBIX.

Kak cepBepHbIe TPOrpaMMBI, TaK U XpaHUMBbIE TIPOLIEAYPHI UMEIOT Psifl IPEUMYIIECTB:

— XpaHeHHe B KOMIIMJIMPOBAHHOM BHUJIE, IIOATOMY BBITOHSIOTCS ObICTpEE, YeM MAKEeThl WIIH 3alpOCHI;

— BBINIOJITHEHUE 00pabOTKH JaHHBIX Ha cepBepe, a He Ha paboueil CTaHIUM, YTO 3HAYUTENLHO CHUKAET Ha-
TPY3Ky Ha JIOKaJIbHYIO CETh;

— MOAYABHBIH BUJI, TIOATOMY UX JIETKO BHEAPSITH M U3MEHSTH (€CIIH KIMEHTCKOE MPUIIOKEHNE BBI3bIBACT Xpa-
HUMYIO TIPOLIEAYPY AJISl BBIIOJTHEHHSI HEKOTOPOH Omepanuy, TO MoAU(UKAIHS TPOLEAYPl B OJHOM MECTE BIIH-
S€T Ha €€ BHIIOJHEHUE Y BCEX MOJIb30BaTeNeH);

— BOKHBIH KOMIIOHEHT CHCTEMBI 0€30MacHOCTH 0a3bl JaHHBIX (€CIM BCE KIMEHTHI OCYIICCTBISIOT JOCTYII
K JaHHBIM C MOMOLIBIO XPAaHUMBIX MPOLELYpP, TO IPSMON IOCTYN K TabIuIaM MOXET OBbITh 3alpelicH, H BCe
JIEHCTBUS MOJIb30BaTeNel Oy/yT HAXOIUTHCS IO/ KOHTPOJIEM).

HamonHenue 6a3bl JaHHBIX CBOAMTCS K 3aIIOJTHEHHIO OMPEACICHHBIX 2JIEMEHTOB HH(OpMAaLUe, KOTOpast BIIO-
CJICZICTBUM TIepechluiaeTcs U 00padaTsiBaeTCs XpaHUMOM MPOLeTypol Ha cTOpoHe cepBepa 0a3 naHHbIX. [lomy-
Y1B UH(OPMAIIHIO, XpaHUMasl IPOLeTypa MPOBEPSIET JaHHbIC HAa KOPPEKTHOCTH BBOJA U, €CJIN €CTh HAPYILICHHS,
TO BO3BPAIIAET KOJ OUIMOKH (KOABI OMIMOOK OMPEesIOTCs pa3padoTYMKaMy CHCTEMBI), €CIU ke HH(popManus
KOPpPEKTHA, TO JJaHHbIE TOOABIISIOTCS B 3aJJaHHYIO TaOIHILy.

Kpome noGaBnenus nHpOpMayu HENOCPEACTBEHHO B TaONUIBI, XPaHUMBIE TPOLEAYPHI MO3BOJISIOT TPO-
W3BOJUTH MEPBUYHYIO 00pa0OTKY MH(POPMAIUH, TO €CTh MIPOBOAUTH aHATTUTUYECKYIO0 00paOOTKY NaHHbIX. Hc-
MOJIb30BaHHUE 3TUX OOBEKTOB MO3BOJISIET OIPAHUYHTH YYacTHE TIOJIb30BATENsl B Pa3IMUHBIX pacuyeTax, a TaKkxKe
CKPBITH OTIpe/ieNICHHBIE AeTanu paboThl cucteMbl. [lonp3oBaTeio mpeaocTaBsiercs yxe ooOpadoTanHast ”HPOp-
Malus B BHJIE PE3YJIbTaTOB MPOBEACHHBIX PACUETOB HIIH KE MPU MIOMOIIHN TAKUX rpadUuecKuX CpeaCTB 0ToOpa-
JKeHUs1 HTHQOpMalnK, Kak TpaduKku U JuarpaMmel.

BMmecTo XpaHeHHUs1 4acTo MCIOIB3YEeMOT0 3apoca, KIMEHThl MOTYT CCBUIATHCSl HA COOTBETCTBYIOIIYIO Xpa-
HUMYIO Tipoueaypy. [Ipu BbI30Be XpaHUMOH MPOLEAYPHI €€ COACPKUMOE Cpasy ke 00pabaThIBaeTCsl CEPBEPOM.
B co3naBaemoii 0a3e 1aHHBIX XpaHUMBbIE MTPOLEAYPHI COIEPKAT 3aPOCHl Ha MMOTYYCHUE U U3MEHEHUE JaHHbBIX,
WHKAICYJIUPYIOT BBI30B MOJIB30BaTENbCKUX (YHKIHHA (BBHIY TOTO, YTO MOJIB30BaTeNbCKUe (PYHKIUU HE MOTYT
OBITH BBI3BaHBI HAMPSIMYIO U3 Web-IpritosKeHus).

TakuMm 00pa3oM, U BHI30BE MMOJIH30BATEIBCKON (DYHKIIMH, HEOOXOANMO BBIJEITUTH COOTBETCTBYIONIYIO Xpa-
HUMYIO IPOLIEYPY, HHKATICYTUPYIOIIYIO BEI3BIBAEMYIO (DYHKIIHIO.

Bb130B compoBoXkIaeTcs MOMYYCHUEM pe3yNbTHPYIOIEH TaOnuipl U3 QYHKIUH U yAaJCHHEM BPEMEHHBIX
JaHHBIX U3 Tabmuuel «Session FactorType». Ha ocHoBe HamMcaHHBIX TOJIB30BATENBLCKUX (DYHKIMH co3fa-
Ha Takxke XpaHuMasi npouenypa «dbo.all factors», BbImomHSIOmAS OLEHKY BCEX 3HAYCHUH aHTPOMOTCHHBIX
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Y TPUPONHBIX (PAKTOPOB, XpaHUMBIX B 0a3e HaHHBIX. [laHHAs Tpolenypa MPOU3BOANUT ITOOYEPETHBIH BHI3OB
TOJTF30BATEIHCKUX (DYHKIMIA C Tiepeadell B HUX yCpPEeIHEHHBIX ITapaMeTpoB, MOIydaeT pe3ysbTaT uxX padoThl
Y TIPEIOCTABIISIET MOJTb30BATENI0 CPEIHEEe 3HAUYSHHE aHTPOIIOTEHHBIX U MPUPOIHBIX GakTopoB. Takum oOpaszom,
HCTIOJIb30BaHNE XPAHUMBIX MPOIIETyP TIO3BOJISIET HE TOIBKO 00ECTIEYUTh MTPOCTOTY JOCTYTA K JaHHBIM, HO U 3a-
IIUTHTH UX OT HECAHKITMOHWPOBAHHOTO JIOCTYIIA.

ITomp3oBarensckue (GyHKINK MPEICTABISIOT YIOPSA0YCHHOE MHOXKECTBO OIIEpaTopoOB, KOTOPHIE 3apaHee
ONTHMH3UPOBAHBI, OTKOMITMIIMPOBAHEI U MOTYT OBITh BBI3BAHBI JIJISI BBHIITOJIHEHUS PAaOOTHI B BHJIE €IUHOTO
Monyist. [Ipu ncmonb30BaHUM MOTH30BATENBCKUX (DYHKIMHA JOMYCKAETCs MepeIaBaTh TOIBKO BXOAHBIE ITapa-
METpBI, TAK KaK BBIXO/IHBIE TApaMETPHI B HUX HE MpeaycMOTpeHbl. OTKa3 OT HCIOIh30BaHUS BBIXOAHBIX ITapa-
METpPOB KOMITEHCHPYETCS BBEICHHEM B JIeiCTBHE OoJiee HaJeXHO (HOPMHPYEMOTo BO3BpaIIaeMOro 3HAYEHUSI.
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 OTPAHIMYNBAETCS TOJIBKO IEIOYUCIICHHBIM THUIIOM, KaK MPH HCIIOIh30BaHUN XPaHH-
MBIX TIPOLIEAYP. 3HAUEHHsI, BO3BpAIIaeMble TTOIh30BATENbCKOM (PyHKIIMEH, MOTYT OTHOCHUTBCS K JTFOOOMY THITY
JTAHHBIX.

BosmoxkHoCTH (hopMEpOBaHHS BO3BpANIa€MbIX 3HAYEHHH TMOIH30BATEILCKUMU (PYHKIIUSMHU HE OTpaHHYH-
BAIOTCS JIMIIG CKAJSPHBIMHA 3HAYCHHUSMH, a JOIMYCKAETCs MCIOJIh30BATh TAOIHIIEI B KaueCTBE BO3BPAIIAEMBIX
3Ha4eHnH. Takas BO3MOXHOCTB SBIISIETCS YPE3BBIYAHO yAOOHOH /I poBeieHus pacyeToB. OdopmiieHne koaa
B BHJIE TOJIB30BATENLCKAX (DYHKITUH SIBISETCS TPEANIOYTUTENHFHBIM IO MHOTUM TPUYHHAM, OJTHAKO B JTAHHOM
cily4ae OHU TPEACTABISIOT YI0OCTBO B TOM, YTO (DYHKIIMH MOTYT BBI3BIBATHCSA Ha BBITIOJHEHHE KaK OOBEKTHI,
HEIMOCPEICTBEHHO BCTPOEHHBIE B 3aIPOC.

Bce ¢dynakmmm Bo3BpamaroT TaOIuUIEl ¢ OMPeaeIeHHBIM Ha00pOM TOJIeH TSl pa3iInyHbIX THUIIOB reorpadu-
YeCKUX 00BEKTOB. B CBS3M ¢ ATHM 00s3aTeTHHBIMU MOJSIMH TSI BCEX TAOIHI, (POPMHUPYIONIUXCS B pe3ysbTaTe
paboThl PyHKINH, OyIyT SABIATHCA MO C Pa3IMIHBIMU UICHTU(PUKATOPAMH.

Taxum 00pazom, pe3yabTHPYIONINE TaOMHUIIBI IBIISIOTCS CBOCOOPA3HBIM JIOTIONTHEHHUEM K COOTBETCTBYIOIIMM
TabIUIaM aHTPOMOTEHHBIX U MPUPOIHBIX (aKTOPOB, B KOTOPHIX YKa3bIBAETCS WX BIMSHUE B 3aBUCHMOCTH OT
BBEJICHHBIX ITOJIb30BaTEIEM MTapaMeTPOB.

ITomp3oBarennsckue (pyHKITNH, BO3BpAIIAIONINE TaOIHITY, NCTIONB3YIOTCS B 0a3e JaHHBIX HCKITIOYUTEIHHO IS
aHAIMTUYECKNX pacueToB. [Ipruem HekoTOphIe (DYHKIMH BO3BPAIIAIOT TaHHBIE HE TOJIHKO KOHEYHOMY IT0JIB30-
BaTellto, HO ¥ MOTYT TIepe/iaBaTh UX B Apyrue ()yHKIHUH (Ha BBIOOP ITOJIb30BATENIs ) AJIs TaIbHEUITNX aHATUTHYe-
CKHX pacyeToB. DTH JaHHBIE HCITONB3YIOTCS (DYyHKITHEH, KOTOpasi B 3aBHCUMOCTH OT MTOTPEOHOCTEH MoIb30Bare-
JIS1 TOI0MpaeT HeoOXOIUMBIE ITapaMETPBI.

B ocHoBHBIE 3aaun pa3pabOTaHHBIX (PYHKIIMOHAIBHBIX OOBEKTOB 0a3bl JaHHBIX Web-OpHeHTHpOBaHHOM
“H()OPMAITOHHO-aHATUTHIECKON CHCTEMBI OOIIIETO TOCTYTA IS CHCTEMBI PaIUAIlIOHHON 3alTUTHl HACEJICHHS
1 00BEKTOB OKPY’KAIOIIEH Cpebl B CUTYAIH CYIIECTBYIOIIETO O0TydeHHs Ha Pa3IHYHBIX PETHOHAIBHBIX YPOB-
HAX BXOAAT aHanmm3 (00paboTKa) BO BpEMEHH JAHHBIX O PEe3yibTarax:

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

— BO3/ICUICTBUS HA KUBBIE OPTaHU3MEBI Yepe3 H3MEHEHHE JIFObMU UX CPEbl OOUTaHMS,

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

B oT0i1 cBsI3n 6a3a MaHHBIX, BXOAAIIAS B COCTaB pa3pabdaTsiBaeMoi HHPOPMAITMOHHO-aHATUTHYESCKON CUCTE-
MBI, TOJDKHA COZIEPKaTh MITH UMETh BO3MOKHOCTh MaHUITYTMPOBATh CIEAYIONIMMU JAHHBIMH:

— pasnu4HbIe Teorpadudeckue (MMPUPOTHBIE) OObEKTHI;

— pe3yJIbTaThl HaOIOIEHUH 32 COCTOSTHIEM aTMOC(EpPHOTo BO3/IyXa, IOBEPXHOCTHBIX U TIOA3EMHBIX BOJI, 3€-
MeJTb ¥ paTualiioHHOTo (DOoHa;

— Pe3yJIbTaThl PaIUaIMOHHOTO MOHUTOPUHTA OKPYKAIOIIEH CPeIbl U JIOKaJIHbHOTO MOHUTOPUHTA, TIPEAOCTaB-
JISIEMBIX TIPUPOJIOTIONE30BATEIISIMHU;

— PECypCHBIM NOTEHUHUAN U T. A.

g ipoBeZieHns pa3IMyHOTO PO/ia AaHAIUTHYECKUX PacdeToB (YHKIIMOHAIEHBIE OOBEKTHI JOIDKHBI B3aHMO-
JIeHCTBOBATh ¢ TAOMMYHBIMU OOBbEKTaMHU 0a3bl JaHHBIX:

— reorpadguIecKkoe MmoyIokeHne 00BEKTOB;

— QHTPOTIOT€HHBIE U IPUPOHBIE (PAKTOPHI, CBOMCTBEHHBIE O0BEKTAM;

— MarepHualibHbIe U YEI0BEYECKIE PECYPChl, 000PYIOBaHHUE H T. JI.

Taxum o0pa3oM, co3JaHbl CIieNMaIbHBIe XPAHWIIUINA JAHHBIX C MCIOJIh30BaHUEM O0BEKTHO-OPHEHTHPO-
BaHHOW TEXHOJOTUU Il OOBEKTHO-PENAIHOHHOTO OTOOpaKeHUs, IMO3BOJISIONICH CBA3BIBATE 0a3bl JAHHBIX
C KOHIENIUSIMH OOBEKTHO-OPMEHTHUPOBAHHBIX SI3BIKOB MPOTPAMMHPOBAHUS C WCIOIB30BAaHUEM IIOIXOAA
Database First, KoTOpBIi TO3BOJISET MO CYIIECTBYIOMIEH 0a3e TaHHBIX CTeHEPUPOBATh MOJIEINb JUIS ITOIKITOYe-
HUSA K HE.
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Ilpoexmuposanue npomomuna Web-naamgopmor npeocmasnenusn 3xonozuueckux oannvix. Ilpu-
Mep TrpaUUecKOro IOJb30BAaTEILCKOTO HHTepdelica W BU3yalIn3alMyd IIPOTOTHIA pa3padaTbiBaeMOi
MH()OPMALMOHHO-aHAINTUYECKOH CHCTEMbI C pe3yJbTaraMH aBTOMAaTH3MPOBAHHOIO AaHAJIN3a aHTPOIOTCHHBIX
U TpUPOIHBIX (AaKTOPOB C HCIIOIB30BAHMEM HHCTPyMEHTapusi reorpaduueckux HMH(OPMALMOHHBIX CHCTEM
U CIIEUMAIM3UPOBAHHBIX POrPAMMHBIX HHTEP(EHCOB NPUIIOKEHHUH, KOTOphIE OyIyT UCIIOIL30BaHbI B AAIbHEH-
LIMX pa3padOTKax, NPeACTaBJICH Ha puc. 3.
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Puc. 3. Ilpumep rpaduaeckoro mop30BaTeIbCKoro HHTep¢elica 1 BU3yaan3aliuy MPOTOTHIIA HH(POPMAIIMOHHO-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
JOCTYTA JJIsl OPraHU3alMy CHCTEMbI 3aIllUThl HACEJICHHs U 0OBbEKTOB OKPYIKAIOILEH CPEe/Ibl IPU PETPOCHICKTUB-
HOM U IPOTrHO3HOM MOACIIMPOBAHUU pa,[[HaLlHOHHOﬁ 06CTaHOBKI/I TMMO3BOJIACT BU3YaJIU3UPOBATH JAHHBLIC O 3arps3-
HeHMH TeppuTopuii PecryOnuku Benapych 0OCHOBHBIMU [03000pasyromumMu pagnonykiuaamu: B, 13Cs, 136Cs,
7Cs, %Ry, '“Ru, #*’Np, *Zr, *Nb, '“*Ba, “/La, '**Ce, »*° Pu, **° Pu, **'Pu, **' Am u ap. (puc. 4). Ha 31oii ocHOoBe
MPOBECTH OLIEHKH JI030BbIX HArpy30K Ha HAceJIeHHe, TPOXKMBAroIee B HarOoIee 3arpsi3HEHHBIX PalioHax CTpaHbI
(puc. 5) [9]. Anayu3 naHHBIX pHC. 5 onpenenser 001acTu u paiionsl PecyOnuku benapych, KOTOpbIe B pe3yibTra-
Te aBapuu Ha YepHOOBUIbCKOH ADC MOIBEPIIINCH PAJMOAKTUBHOMY 3arps3HEHHIO, U HACEICHHE, TPOKUBAIOLICE
B I0KHBIX pailoHax PecnyOnuku benapyce. B Oyayiiem aTomy He0OX0MMO YAESITh MOBBIIIEHHOE BHUMAHUE IPU
MEIUIIMHCKOM 00CIeI0BaHuu [7].
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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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3akijrouenue

Takum 00pa3oMm, 1o pe3yabsTaraM UCCIIeIOBAHHS aBTOPAMHU:

1) paspaborana apxutektypa Web-opueHTHPOBAHHON HH(POPMAIIMOHHO-AHATUTHYCCKOW CHCTEMBbI OOIIETo
JIOCTYTA JUTsl KOMIUICKCHOTO M3YYCHUs BIMSIHUS aHTPOIOTCHHBIX W MPUPOAHBIX (DAKTOPOB HA pPa3IMUYHBIX pe-
THOHAJBHBIX YPOBHSIX, PEANM3YIONIas METObI, MOJACIH ISl XpaHEHHUS TTapaMeTpoB U MHpopMaIu 00 00beK-
Tax, PeCypcHOM MOTCHIUANIE, aHATN3a aHTPOIIOTCHHBIX M MIPHUPOIHBIX (PAKTOPOB HA PA3IUYHBIX TEPPHUTOPHAIH-
HBIX YPOBHSIX, 0a3UPYIOIIAsACs Ha FeOMH(POPMAIIMOHHBIX TEXHOJIOTHSIX;

2) pa3zpaboTaHa HOBasi ONTUMHU3UPOBAHHAS PEIIAIMOHHAS CTPYKTypa (MOJENb) JaHHBIX, COCTOSIIAs U3 Ta-
OJIMII, BKJTFOYAFOIIUX TOJIS IS XpaHSHUs TTapaMeTpoB U uH(opMaIiu 00 00beKTaX U PECypPCHOM MOTCHIIHAIE.

3) pa3paboTaHbl HOBBIC (DYHKITHOHABEHBIC OOBEKTHI 0a3bl MTaHHBIX;

4) BBIMIOJTHEHO MPOEKTUpOBaHKe poTtoTumia Web-mmar(opMbl TTpecTaBIeHNs YKOIIOTHIECKHUX IaHHBIX C UC-
MOJIb30BAaHUEM COBPEMEHHBIX HHCTPYMEHTOB I'eoTrpauecKuX HHPOPMAITMOHHBIX CUCTEM;

5) peayiv30BaHbI YCIOBUSI JUIsS CO3J@HMs MUJIOTHOTO MPOCKTa MpHKIaaHoi Web-opueHTrpoBaHHON HUH(OP-
MAaIMOHHO-aHAIUTHYECKOW CHCTEMbI OOIIETro JOCTYMa JJIsi KOMIUIEKCHOTO M3YUCHHS BIUSHHS aHTPOIOTCHHBIX
Y MPUPOJHBIX (HAKTOPOB HA PA3TMYHBIX PETHOHABHBIX YPOBHSIX, PA3HBIX THITAX CUTYAIMH OOTyUCHUS;

6) MpoOBeCHA PETPOCIIEKTUBHAS U TIPOTHO3HAS OlICHKA PaIUAIllMOHHON 00CTaHOBKH, IO3BOJISIOIIAsT BU3YaIIH-
3UPOBaTh JaHHBIC O 3arPsI3HCHUU TeppuTopuii PecryOnuku benapych 0CHOBHBIMU J103000pa3yIOIIMMU PaIHOHY-
KJIMJIAMH, ¥ Ha 3TOW OCHOBE MPOBECTH OILIEHKH JI030BBIX HATPY30K HAa HAceleHHe, POXKHUBAIOIIEero B Hanboee
3arpsI3HEHHBIX PallOHAX CTPAHBI, & TAKIKE CTETICHb PAJNOIKONIOTHUECKUX pUCKOB RR.

[lanHast paboTa IoJAroTOBJICHA B paMKaX BBIIIOJIHECHUS AUCCEPTALIOHHOTO UcCIen0BaHus 110 TeMe «CoBepIleH-
CTBOBAHUE CUCTEMBbI palHalliOHHON 3aIIUTHI HACEJIEHHUS X 00bEKTOB OKPYKAIOLIEH CPeibl B CUTYalllH CYILECTBY-
IOLIEro 00Ty4eHHs HA OCHOBE MOJICTMPOBAHMUS PAJHOIKOIOTHIECKUX MPOIieccoBy» [ 0cyrapcTBEHHON MTPOrpaMMBbl
Hay4HBIX HccnenoBanuii «[IpupomHsie pecypcsl u okpyxatommas cpega» Ha 2021-2025 ronsr, HUP «Pa3paborka
Web-opuenTrpoBaHHO HH)OPMAITHOHHO-aHATUTUYECKON CUCTEMBI OOIIET0 JOCTYIA JJIsl KOMIUIEKCHOTO U3yde-
HUSI BIMSIHUS] aHTPOIIOI€HHBIX U IPUPOAHBIX ()aKTOPOB Ha PA3IMYHBIX PETHOHANBHBIX YPOBHAX», HUP «Ouennuts
JI030BBbIC HArpY3KH U 3P HEKTl HOHU3UPYIOINX U3TyYEeHUH B COYETAaHUU CO CTPECCOM PA3IMYHON MPUPOABI HA
OMOTY B 30HE XPOHHUYECKOTO PaIMalliOHHOTO BO3JICHCTBUS.
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KOMBUHUPOBAHHOE AEMCTBUE AEKCAMETA3OHA U ITEPEKHNICU
BOAOPOAA HA CTPYKTYPHOE COCTOAHUE INTAASMATHUYECKHUX
MEMBPAH TUMOIINTOB 3KCIIEPUMEHTAABHBIX KUBOTHBIX

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

YMearcoynapoonwiii 2zocydapcmeennoiil sxonozuueckuil uncmumym um. A. JI. Caxaposa,
Benopyccruii 2ocyoapcmeennviil ynueepcumem,
yi. [loneobpoockas, 23/1, 220070, e. Munck, Benapyce

Hccnenyrorcss CTPyKTypHBIC M3MEHEHUS IUIA3MAaTHUECKHX MEMOpaH KIETOK MMMYHHOW CHCTEMBI NMpH KOMOWHHPO-
BaHHOM JICHCTBUM JEKCaMETa30Ha M TepekucH Bomoposaa. C moMmompio (IyopeceHTHOTo 30HzAa mupeHa (Sigma) mpo-
BOAWJIOCH M3yUCHHE JHMIHUIHONW (Da3sl MeMOpaH, a ISl pacCMOTPEHHMS! BIUSHHS IIIOKOKOPTUKOWIOB Ha KIETKH THMYyca
K CYCIIEH3HMH KJIETOK JOOABISUT CHHTETUYECKHI aHAJIOT IIIFOKOKOPTUKOUIHBIX TOPMOHOB JISKCAMETAa30H B PA3IMUHbBIX KOH-
teHTpauusix. OKUCIUTENBHBIH CTPECC MOJIEIHPOBAIN IyTeM UHKYOAI[MU CYCHEH3MH THMOIMTOB C MEPOKCHIOM BOIOPO/A.
YcraHOBIIEHO, YTO JIEKCAMETa30H, B3aUMOICHCTBYsS C MeMOpaHaMH THUMOLIMTOB, BBI3BIBAET M3MEHEHHE (DU3MKO-XMMHUE-
CKHMX XapaKTEPUCTHK IUIa3MaTHYeCKUX MEMOpaH KJIeTOK TuMmyca. Hambornee BbIpaskeHHbIE M3MEHEHMST HAOIIONaINCh B 00-
JACTH AHHYISPHBIX JIMINI0B, MUKPOBSI3KOCTh B 3TOM oOnacTH yBenWumBaiach B 1,5-2 pa3a B 3aBUCHMOCTH OT BPEMEHH
MHKyOaIy ¥ KOHLEHTPALUH JeKcaMeTa30Ha. JK30T€HHOE BO3/ICHCTBHE MEPEKNCH BOJOPOAA HA KIETKH THMYCa MPUBOIHUT
K TaKUM W3MEHEHHMSM B CTPYKTYpHOM COCTOSHHMHU TUIa3MaTHYEeCKUX MEMOpaH THMOIIUTOB, KaK YBEIHMYCHHE TMOJSPHOCTH
B 1,3 pa3a, MUKPOBSI3KOCTH B 00JaCTH aHHYJISIPHBIX JIMIIMIOB B 2 pa3a U JHUIHIHOTO Oucios B 1,7 pasa, a Takke MOBBIIICHHUE

O0pa3en ULUTHPOBAHUMA:

ITyxreesa 1B, I'epacumosra HB, I'miie M/I. KomOuanpoBanHoe
JeHCTBHE IeKCaMeTa30Ha U MePEKUCH BOAOPO/a Ha CTPYKTYPHOE
COCTOSTHME TIa3MaTHYECKUX MEMOPAH THUMOIIUTOB YKCIEPUMEH-
TallbHBIX *KUBOTHBIX. JKypHan benopycckozo eocydapcmeennozo
yHugepcumema. Jxonoeus. 2024;4:74-84.
https://doi.org//10.46646/2521-683X/2024-4-74-84
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CTETICHU TYIICHHS OeTKOBOH (hTyopeciieHInH B 2 pa3a. DTH Pe3ylbTaThl CBHACTENBCTBYIOT 00 aKTHBAIMU MPOIIECCOB Tepe-
KHCHOI'O OKHCJICHHSA JIMITHU0B, BBI3BAHHBIX BO3ﬂeﬁCTBHCM MEPOKCHJa BOAOPOJa Ha KIIETKH, YTO YKa3bIBA€T Ha €0 BINAHHUEC
Ha UBMCHCHHUE CTPYKTYPHOI'O COCTOAHUSA TJIA3MAaTHUCCKUX MeM6paH THMOILIUTOB. HGO6XO,HI/IMO OTMCTHUTD, YTO YMCHBIICHUEC
THoKa3aTeneil MUKPOBSI3KOCTH JIMITUIHOTO OUCIIOS B TAaHHBIX OMBITaX HAOIIOAAIOCh BCIIEICTBHE MEMOPaHOOIIOCPEJOBAHHOTO
JISUCTBUSI IEPEKNCH BOIOPO/IA, TIOCKOJIBKY JaHHOE BEIIECTBO aKTHBUPYET IPOIIECCH MEPEeKHCHOTO OKUCIIEHHS JIMMUI0B. Ta-
KM 00pa3oM, KOMOMHHUPOBAaHHOE JCHCTBUE IIEPEKUCH BOIOPOAA U JEKCaMeTa30Ha NMPUBOIAUT K CICAYIOIUM H3MECHECHHSIM:
YBEJIMYEHHE MOJIIPHOCTH aHHYJIIPHBIX JIMIHI0B U MUKPOBS3KOCTH QHHYJISIPHOTO JIMITH/A, YMEHBIICHHE MUKPOBS3KOCTH JIU-
MIHJTHOTO OMCIIOsI, & TaK)Ke CHHKEHHE CTEIeHH TYIIeHHUs OellkoBoi (uryopeciieHini. MUHUMaIbHbIE 1 MaKCHMaITbHbIE KOH-
LEHTPALUH JJAHHBIX BEIIECTB UMEIOT Pa3IMYHBIN 3(DPEKT Ha YKa3aHHbIE [TapaMETPhI, YTO MOXKET ObITH O0YCIIOBJICHO CIIOXKHBIM
B3aUMOJIEIICTBUE MKy IEPEKUCHIO BOAOPOA U IeKCAMETa30Ha.

Knroueeswie cnosa: JCKCaMETas30H, OKHCIIATEIbHBIN CTpECC,; TIasMaTniecKas MeM6paHa; TUMOIINUTBI; ITUPEH.

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 Daiithabrodskaja 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

I 7IOKOKOPTHKOMUIBI — ITO TPyTINa TOPMOHOB Ha/IMIOYEYHUKOB, KOTOPbIE 00pa3yIoTCs U3 XOJIeCTepHHA U BBICBO-
OOKAAI0TCSI B CTpeccoBOi cutyaruu. [Ipu BEICBOOOXKIEHUN OHH CBSI3BIBAIOTCS ¢ KOPTHKOCTEPOUACBSA3BIBAIOIINM
mo6ynmuaom (KCI'), uto aenaer MX JOCTYNHBIMHU ISl UCIIOJB30BaHMSI HA CHCTEMHOM WJIM TKAHEBOM YPOBHE.
WX ¢yHKIMS OCyIecTBISIETCS IyTeM BHYTPHKICTOUYHOTO CBSI3BIBAHUS C TIIIOKOKOPTHKOUAHBIM pereritopoM (I'P)
NR3C1. Orto Tak Ha3bIBaeMbI KJIacCHYECKHH MEXaHHW3M Iepe/ladyd CUTHaja MOCPEICTBOM INTIOKOKOPTUKOUIOB,
KOTOPBIN BKJIFOYAET TPAHCKPHITIHOHHYIO PETyISIuI0. TakuM 00pa3oM, MHOTHE BakHbIe AeicTBus [ P 3akiroya-
IOTCSI B MOAYJISILIMM TPAHCKPHIILIMU T€HOB ITOCPEACTBOM PsiJia Pa3IMUHBIX M B3aMMOJIOTIONHSIONINX MEXaHN3MOB.
['eHBI-MHIIIEHU BKIIIOYAIOT OOJBIIMHCTBO TAKMX MEJHATOPOB BOCIAJICHUS, KAK XeMOKHHBI, IUTOKUHBI, (PaKTOPBI
pocta u ux perentopst [1].

B Hacrosiiee BpeMsi yCTaHOBJIEHBI OTHOCUTENBLHO OBICTPBIE AP(EKTHI TIIOKOKOPTHKOUIOB, KOTOPhIE pealu-
3yIOTCS uepe3 MeMOpaHHbIC PEIENTOPBl U HE CBA3AHBI C TCHOMHOMN peryisiueit qeicTBust crepousion [2]. XoTs
Ha3BaHHE «IVTIOKOKOPTUKOUABD) IMPOUCXOAUT OT MX BIMSHUS HA YPOBEHb INIIOKO3BI B IJIa3M€ KPOBH, OHU TaKkKe
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YYacTBYIOT B KaTaOOIMIecKkoM MeTaboIM3Me, BOCTAINTENIFHOM U HNMMYHHOM OTBETE U APYTHX (PU3HOTOTHIECKUX
(YHKITHSIX.

OCHOBHBIMH TITIOKOKOPTHKOHIAMH, YYACTBYIOUIMMH B PEAKIH Ha CTPECC, SBISIOTCS KOPTH30J, KOPTU30H
¥ KOPTUKOCTEPOH. VX KOHIIEHTpAIHs TO3BOJSET KIACCH(DUITUPOBATH BU/IbI JKHBOTHBIX KaK KOPTH30JI-JOMHUHAHT-
HbIe (OONBIIMHCTBO MIIEKOITMTAIOIINX) MIIM KOPTUKOCTEPOH-JOMUHAHTHBIE (HalIpUMeEp, KPBICHI, MBIIIN, TTHIIBI
Wiy penTwinn) [3].

I TIOKOKOPTUKOUIBI BAUSIOT HA HIUPOKUN CIEKTP METaOOIMYECKUX, TPOTHUBOBOCHAIUTEIBHBIX, UMMY-
HOCYIPECCHUBHBIX U KOTHUTHBHBIX CHTHAJIBHBIX MTPOIECCOB, HTPas BaXXHYIO POJIb B TOMEOCTa3€e W COXpaHe-
HUW HOpMabHOU (yHKIHH opraHoB. CHHTE3 peryanpyercs THI0TaIaMO-TUIIo(hU3apHO-HAATIOYETHIKOBON
(I'TTA) ocbi0, OCHOBHBIM TITIOKOKOPTHKOHMJIOM KOTOPOW y WeTOBEKa SBIACTCS KOPTH30J. CHHTETHYIECKUE
TITIOKOKOPTHUKOHIBI — BaXKHBIE (DapMaKoJIOTHYECKHE ar€HThI, KOTOPBIE YCHIIMBAIOT TPOTUBOBOCTIATTUTEIbHBIE
1 UMMYHOCYTIIPECCHUBHBIE CBOWCTBA DHAOTEHHOTO KOpTH30Ja. loMeocTtarndeckass aKTHBHOCTh KOPTH30Ja
HapyImiaeTcs Mpu npueMe CHHTETHYECKUX TTIOKOKOPTHKOHIOB, TOATOMY CYIIECTBYET HHTEPEC K pa3paboTke
BapUaHTOB JICYCHUS, KOTOPble MUHUMHU3HUPYIOT HapymeHnue ocu ['TIA, coxpansis npu 3ToM (hapMakoiorude-
ckue 3¢ exTsl. MccnenoBanns CBUAETEIBCTBYIOT, YTO ONITUMHU3AIIHS BPEMEHH BBEJEHUS Mperapara MOKeT
JMOCTHYH ATOH 11enn [4].

OKHCITUTENBHBIN CTPECC BO3HUKAET, KOT/Ia OaJIaHC MEXK Ty 00pa3oBaHHUEM aKTHBHBIX (opM kuciopona (ADK)
M JIETOKCHKAIeH CITIOCOOCTBYET YBEIMUYSHHIO €70 YPOBHEH, YTO IPUBOIUT K HAPYIICHUIO KIETOUYHON (DYHKIINH.
A®K BBI3BIBaIOT TIOBPEKACHNE KIETOYHBIX MaKPOMOJIEKYJI, BBI3bIBAs TIEPEKMCHOE OKHCIICHWE JINTTHIOB, N3Me-
HEHHsI HyKJIEWHOBBIX KUCJIOT 1 0enkoB [5]. OKucCIUTeNnbHAS JeTpaaalys JUMHI0B JaeT MAJTOHOBOH THAITbIETH/T
1 4-THIPOKCUHOHEHATTh, a TAK)Ke H30IPOCTAHbI N3 HEHACHIIIEHHBIX )KUPHBIX KUCIOT. [ToBpexxnenne Oerka MOKeT
MIPOM3OUTH B PE3yabTaTe OKHCIIEHUS THOJIOB, KapOOHHUIMPOBAHMUS, OKUCICHUST OOKOBOM ey, (pparMeHTanu,
pa3BopadMBaHUs M HEMPABIIBFHOTO CBOPAYMBAHUS, YTO MPUBOIHT K MOTEPE aKTUBHOCTHU. 8-THAPOKCHUIE30KCH-
TyaHO3WH sBJIsIETCS TIokazareneM nospexaeans JJHK [6]. UToOb1 mogmep kuBaTh MPaBHIIbHYIO TIepeaady CUTHa-
JIOB B KJIETKAX, BIIOJHE BEPOATHO, YTO PsA (EPMEHTOB, TIOTIOMIAIONINX PaJUKAIbI, TIOAIEPKUBAIOT TIOPOTOBBII
ypoBenb ADK BHyTpH KineTkn. OmHako, Korma ypoBeHb ADK mpeBBIIIaeT 3TOT MOPOT, YBEIHUSHUE €TI0 ITPOH3-
BOJICTBa MOKET TIPUBECTH K M30BITOYHBIM CHTHAJIAaM B KJIETKY, a TAKKe K MPSIMOMY MOBPEKICHUIO KITFOYEBBIX
KOMIIOHEHTOB CHUTHAJIBHBIX yTel. ADK MoryT HeoOpaTHMOo MOBpEKAaTh BayKHBIE MAKPOMOJIEKYIbI. CBSI3aHHBIH
¢ MeMOpaHO#1 OETTKOBBIN THOJ U HEOETKOBBIN THOJ SBIISIOTCS OCHOBHBIMU IMTO30JIbHBIMU HU3KOMOJIEKYIISIPHBIMH
Cymb(OTHIPUILHBIMU 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 MIEPBOM JIMHUEH 3allUThI OT OKHUCIMTEFHOTO CTpecca.
bruto o6Hapy)eHo, 9TO (IIaBOHOH Bl UTPAIOT BAKHYIO POJb B HE(EPMEHTATHBHOHN 3aIIUTE OT OKHUCIUTEIHHOTO
cTpecca, 0co0eHHO B ciydae paka. OHM IIUPOKO BCTpEHAroTcs B 4ae, GpyKTax, KpaCHOM BHHE, OBOIIAX M Ka-
kao. DOraBOHOUIBI, BKITIOUass (IaBOHBI, (DIIaBaHOHBI, (PIABOHONBI W M30(ITaBOHBI, MPEACTABIISAIOT COOOH TOJH-
(eHONbHBIE COeAMHEHMS, KOTOPHIE THPOKO PACIIPOCTPAHEHB! B MUMIEBBIX MPOAYKTAaX W HAMUTKAX W O0OaAaroT
IIMPOKHUM CTIEKTPOM OMOJIOTHYECKOH aKTUBHOCTH, aHTHOKCHIAaHTHAS aKTHUBHOCTH KOTOPBIX IITMPOKO M3ydeHa [5].
OmnpezneneHo MOHATHE aHTHOKCHIAHTA, a TAKXKE PACCMOTPEHBI CYIIECTBYIOIINE KITaCCU(PUKAIIMOHHBIE KPUTEPHH:
MEPBUYHBIE AaHTHOKCHUIAHTHI B OCHOBHOM SIBIISIFOTCSI TIPEPHIBATEISIMA LIENIEH, CITOCOOHBIMH YIANATh PaHKaIIbI
ITyTeM JJOHOPCTBA BOAOPO/I; BTOPUYHBIE AaHTHOKCHIAHTHI — 3TO TYIIUTENN CHHIJIETHOTO KHUCIOPO/a, pasjiararein
MIEPOKCH/IOB, XENaTOPBI METAJUIOB, HHTHOUTOPHI OKUCIUTENHHBIX (DEPMEHTOB WIIH MOTIIOTUTENN Y D-H3mydeHns
[6]. Takum 0Opa3oM, OKUCITHTEIHHBIA CTPECC BHI3BIBAET HEOOPATUMBIC TIOBPEKICHUS KIIETOUHBIX MAKPOMOJIEKYIT,
YTO TIPUBOJNT K MHUITMAIINY TaKUX 3a00JI€BaHNH, KaK aTepoCKIIepo3, HieMrdeckas 00Je3Hb cepra, 3a0oneBa-
HUS TIEYeHH, TruabeT, a TakkKe K NHUIMAIINN KaHIIepoTeHe3a. AHTHOKCHIaHThI TIOAABIISIIOT BEIPAOOTKY aKTHBHBIX
(dhopM KHCIOpOaa U yAaleHUE CBOOOTHBIX PaIHKAIOB [5].

TepMHUH «OKHCIUTENBHBINA CTPECC UCTIONB3YeTCs Ui 0003HAYECHUS «IPE3MEPHOTO» 00pa30BaHUS aKTUBHBIX
¢dopm Kucmoposa B KieTke. Takoe MOBBIIIEHHEe KOHIIGHTPAIINH MOXKET OBITh BBI3BAHO aKTHBAIIMEH CHCTEM TeHe-
paruii aktTuBHBIX (hopm kucmopona (ADK) mim cHUKEHHEM aKTUBHOCTH aHTHOKCHIAHTHOW CHCTeMBI. B nmte-
parype ommucaHo MHOXKECTBO 3a00JIEBaHUIA, TIPH KOTOPBIX OKUCIUTEIBHBIN CTpecC HaOMIOMaeTCss Ha HadalbHBIX
CTaIVSIX WM UMEET MECTO B TEUCHHUE BCETO MEepHoa MpoTekaHus 3adoneBanus. Baxxuaelnmmu ADK canrarorces
CYTIEPOKCHUTHBIN pajIfKall, CHHIIETHBIN KHUCIIOPO, THIPOKCHIILHBINA M TIEPOKCUIHBIA PaTuKaIbl, TEPEKUCH BOJO-
pona, MepOKCUTHBIA HOH, THITOXJIOPUT HOH [7].

K renepammu nepexrcu Bomopona B KJIETKE CIIOCOOHBI MUTOXOHAPHH, MUKPOCOMBI, TEPOKCHCOMBI M ITUTO-
TTa3MaTudeckue (epMeHThl. B mocieanee BpeMs B JUTeparype MOSBHIOCH MHOTO JaHHBIX O MHUTOXOHAPH-
aJbHBIX (hepMeHTaX, cnocoOHbIX TeHeprupoBaTh ADK. OmHako OCHOBHYIO PO B 9TOM IPOIIECCE B MUTOXOH-
JIpUSX OTBOIAT (hepMEHTaM JBIXaTeNbHON 1eny. [ eHepanus mepexkncu BOJOPOAa TyBCTBUTEIbHA K COCTOSHHIO
JIBIXaTeNbHOM 1end. Eciu B MUTOXOHAPHUSAX TMPUCYTCTBYIOT CyOCTparhl OKHUCICHHSA, KUCIOPOA W aJeHO3WH-
madochar (AAD), mprxaHue aKTUBHPYETCs], TAK KaK AIIEKTPOXUMUUYCCKHA TPAJAMCHT IMOCTOSTHHO TPATHTCS Ha
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obpazoBanue AT®. [Ipu aToM TeHepanus nepexkncu He mpoucxoauT. Korma AJI® mcuepnsIBaeTcs, NbIXaHUE
3aMeJISIETCSA, YPOBEHb BOCCTAHOBICHHOCTH HUKOTHHAMU/IAICHHHANHYKICOTH/Ia YBETHUYUBAETCS U TIPOHC-
xonut renepamus H,O, [8]. B paboTe akmeHTHpyETCS BHUMaHNUE Ha UCCIICIOBAHUN CTPYKTYPHBIX U3MEHEHHUH
IIa3MaTHYeCKUX MEMOpaH KJIETOK IMMYHHOM CHCTEMBI ITpH KOMOMHHUPOBAHHOM JEWCTBUH JeKCAMETa30Ha U T1e-
PEKUCH BOJOPO/IA.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

OOBEKTOM UCCIICIOBAHMUS BBICTYIAN THMOIIUTHI KPbIC. BhleieHne THMOIUTOB TIPOBOJIIIH TI0 METOJY, KaK
orricaro B padote [9]. C moMoImpio (IIyOpecIIeHTHOTO 30HAa MUpeHa (Sigma) MpOBOAMIIA UCCIICTOBAHHE JTH-
uaHON (pa3sr MeMOpaH. B maHHOM citydae aHaIM3UpOBaIach CTEIICHb SKCUMEPHU3aIlni TUpeHa, Y3PPEKTHBHOCTD
TYIICHHUS] TUPEHOM TPHIITOPAHOBOH (GITyOpECHeHITNH, TIOJIIPHOCTh OKPY)KEHHSI 30Ha B MPUOCIKOBOM JIHITHJIC
W JIATTATHOM Omciioe MeMOpaH. BHeapeHue 30H1a 0CyIIeCTBISIIH, Kak OMICaHo B padote [10], myTem nmpennHKy-
Oanuu ero CIMpPTOBOIO PAcTBOPa ¢ cycnensueit kiaetok (106 kin/mi), maxonsmuxcs B pocdaraom Oydepe (pH 7,4).
Koneunast KoHIIEHTpaIINs 30H1a B Cpelie HHKyOaIuu cocTaBsia 4 MKM/J1. Peructpartito criekTpoB (ryopeciieH-
AW OCYIIECTBIILTN Ha criekTpodiryopumerpe CM 2203 mpu aimmHAX BOJH B30y kaeHust 337 u 286 uMm (puc. 1).

ala
373

500 EM

/ \ 373
\

300 500 am

Puc. 1. Criektp GI1yopeCIeHIINN THUPEHA MPH Ay, =337 HM (@) U A,,=286 HM (6); 373, 385, 393 HM — MaKCUMyM BUOPAIIMOHHBIX THKOB
MOHOMEPHOH dMHUCCHH THpeHa; 475 HM — MaKCUMYM BHOPAIIMOHHBIX MUKOB YKCUMEPHOI aMUccHr rupeHa; 330 HM — MaKCuMyM
cOOCTBEHHOI TPHIITOPAHOBOH (IIyOpecHeHIHH (JI0 - - - U 0CIe — 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 MOJIPHOCTH M MHUKPOBSI3KOCTH OOIIErO JIMITUJIHOTO OUCIIOS PACCUMTHIBAIN TPHU JJIMHE BOJHBI
B030yx1eHus 337 HM 1o cieayronumM dopmyam [10]:

— HOJIAPHOCTH OOIIETO JIMITUAHOTO OUCIION TP Ay, = 337 HM g5/ L3735

— MHUKPOBSI3KOCTb OOIIETO JUIMUIHOTO OUCIIOS TIPHU Ay, = 337 HM L5/ L373;

BeliieykazaHHbIe TIOKa3aTeNu JUis 00JIACTH aHHYJISIPHBIX JIUIHJIOB PACCUUTAHbI I10 clieayromM (Gopmysiam [10]:

— HOJIAPHOCTh aHHYJISIPHOTO JIUIHIA TIPH Ay, = 286 HM I3g5/ L3735

— MHUKPOBSI3KOCTh aHHYJISIPHOTO JIMTIHJIA TIPH Ay, = 286 HM L475/ Ls7s.

Crenenp TymreHust 0eiKkoBoi (TpunrodaHoBoi) (uryopecleHMM THPEHOM PACCYUTBHIBAIN CICAYIOMIAM 00-

a30M:
p ]286

330 (T TTHEH)
286

] 330
Jnist uccaenoBanus BIUSHUS TTIOKOKOPTHKOWIOB Ha KIIETKH TUMYCa K CYCIICH3UH KIETOK 100aBIIsUTH CHHTETH-
YeCKHI aHaJIOT TIIFOKOKOPTHKOUIHBIX TOPMOHOB IeKcameTa3oH B koHIeHTpauusx 0.5, 1 u 2 MxM. Bpems nnky0a-

MU CYCIICH3UHU KJIETOK C PaCTBOPOM IIIOKOKOpTHKouAa cocTasisuio 0, 15, 30, 60 MuH, npolienypa mpoBoaUIach

Crenenb Tymenus = 1 — .
(= mupen)
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npu 37 °C. Yepe3 ykazaHHBbIE TPOMEXKYTKH BPEMEHH MPOHM3BOAMIN OIEHKY BBDKMBAEMOCTH KIIETOK THUMYCA,
a TaKke COCTOSHHE TUTa3MaTHYeCKUX MeMOpaH KIIETOK.

OKUCTUTENBHBINA CTPECC MOIETMPOBAIH crienyrormm odpazom: H,O, nobaBsim K CycrieH3nH THMOIIUTOB B KOH-
nenTparmii 5 HM 1 5 MkM. Onpernienenre mporieHTa MOrHOIINX KIETOK, a TAKXKe PErUCTpalis H3MEHEHHI CTPYKTYp-
HOTO COCTOSIHUSI TTa3MaTHYECKIX MEMOpaH TIPOBOAMIINCH Yepe3 KaXKIple 15 MUH B TeueHne Jaca MHKyOarmm.

s MonenmpoBaHusS KOMOMHHPOBAHHOTO AEUCTBHS IPENapaToB OCYIIECTBIISIIH CIIeTyFOIINE OTIEPaIlii: KIeT-
KH TIPE/IBAPUTEIHHO WHKYOHPOBAJIH C IeKCaMeTa30HoM B TedeHre 30 MUH, 3aTeM T00aBIISIIN IEPEKUCh BOIOPOIa
B KOHIIEHTpANUAX U WHKyOHUpoBasu B TedeHne 30 MUH. B KOHIIe MPOM3BOMMIN OTMBIBKY CYCIIEH3UH KIJIETOK OT
JIECTBYIONINX BEIIECTB M OIIEHWBAIA COCTOSHUE IIa3MaTHUECKUX MEMOpaH.

Memoowt oyenku. Pe3ynbTaThl SKCTIEPIMEHTOB BhIpa)Kajll B BUZE CPEIHETO 3HAYCHUS M CTaHAapTHOM OIIno-
KU CPEITHETO, a JOCTOBEPHOCTH PA3IMUUi B TPYIIIAX OICHUBAIH 110 #-KpuTeputo Cteionenta. [Ipu aToMm pazmuyaus
CUHTANIN T0CTOBEpHBIMHU TipH p < 0,05.

Pe3ysibTarhl HCC/Ie10BaHUSI U MX 00CYKIeHUE

B pabote npoaHanu3npoBaHO BIUSHAE CHHTETUYECKOTO aHAJI0Ta IITFOKOKOPTUKOUIHBIX TOPMOHOB JIeKCameTa-
30Ha Ha COCTOSTHHE JIMITUIHOTO KOMITOHEHTa MEMOpaH TUMOIIMTOB KPBIC. J{JIsl TOTO OIIEHMBAJIMCh TaKHE TOKa3aTe-
I, KaK MUKPOBSI3KOCTb, ITOJSIPHOCTD U CTEIIEHb TYIICHHsI OCIKOBOH (TyopecCIeHITHH.

Kax ciemyer u3 npencTaBneHHbIX JAHHBIX, TIOJSIPHOCTD aHHYIISIPHBIX JIMIHIIOB YBEIMYMBAIACK TP BCEX TECTH-
PYEMBIX KOHIIEHTpAIMSX JIEKCaMETa30Ha, PY ATOM HaOJIIonaach TEHICHIHS K YBEJIMUYCHUIO JaHHOTO TIOKa3arelIs
B 3aBUCHMOCTH OT KOHIICHTPAIIMH JICKCaMETa30Ha B cpejie MHKyOaruu. [1pu camoii Hu3koi koHteHTparmu (0,5 MkM)
MOJISIPHOCTH aHHYJSIPHBIX JIMIIUIOB yBenu4amiach Ha 19 % 1o cpaBHeHmio ¢ koHTposieM. [lpu yBenmmueHnn KoHIeH-
TpaIyy BIIBOE JIaHHAs BENWYMHA Bo3pacTaia Ha 22 %. Korma koHIeHTpanus JeKkcameTa3oHa B cpeie MHKyOarmu
cocraBmiia 2 MKM, TIONSIPHOCTH aHHYJISIPHOTO JIMMKAA YBEIHMUIIIACh Ha 28 % 10 CpaBHEHHIO C KOHTpOIIEM (pHc. 2).

W3MeHeHMsl MONSIPHOCTH JIMITMHOTO OMCIIOSN HOCWIIM MHOM Xapaktep. [IpH KOHIEHTpaluu JieKcaMeTa3oHa
0,5 MKMOJIB/JT 3TOT TIOKa3aTellb HE3HAYUTENLHO CHIKaIICS (Ha 7 % OT KOHTpOJILHOHM BennunHbl). [Ipu KoHIIeHTpa-
1un BemecTBa 1 MKM Benmn4rHa MOISIPHOCTH JIMITHAHOTO OHCIos yBennuminachk Ha 7 %, a ipu 2 MKM yBennueHne
JTAHHOTO ToKa3aress AocTurio 11 % mo cpaBHEHUIO C KOHTPOJIEM.

0.8 -
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0

[lonapHoCTh, OTH. €x.

Konrpounb 0,5 1 2

KonuenTpanus nexcamerazona, MKM
H aHHYJSPHBIA JIUITH] B TUTIUTHBIA OMCTIoN

*OTan4us OT KOHTPOIIS 10CTOBEpHBL, p < 0,05.

Puc. 2. VI3meneHne NONSPHOCTH MJIa3MaTHISCKUX 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 U3MEHEHHUS MUKPOBSI3KOCTH aHHYJSIPHOTO JIMIKUJA IIPU IEHCTBUU JCKcame-
Ta3oHa. B xoHTpose aanHblil nokazarens coctaBisut 0,42 + 0,05 otH. en. [lpu aelicTBuu ekcaMeTa3oHa B KOH-
ueHTpauud 0,5 MKM MUKPOBSI3KOCTb CHU3MJIACh HA 29 % OT KOHTpPOJBbHOM BenuuuHbI. B ciydae Bo3aelicTBUA
JIEKCaMeTa30Ha B KOHIEHTparmu | MKM/J 0OHapy»EeHO yBeIMUYeHHE Mokasarens B 1,5 pasza, a mpu JeiicTBUU
JIeKcaMeTa30Ha B KOHIEHTpannu 2 MKM — Ha 66 %.

Xapakrep U3MEHEHHUs TI0Ka3aTelsi MUKPOBSI3KOCTH JIMIAHOTO OMCIIOsl ObUT MPUMEPHO TaKUM XKe: MPH JIeH-
CTBHH JIeKCaMeTa3oHa B KoHIeHTparmu 0,5 MKM/1 0OHapykeHO cHMXeHue Ha 29 %, rpu 1eHCTBUH KOHIIEHTpAa-
miu 1 MKM/1 — yBenmueHue Ha 44 %, npu KOHLEHTPALUH AeKCaMeTa30oHa 2 MKM/JI — yBenndeHue Ha 76 %.
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MHuUKpOBS3KOCTb, OTH. €/I.

Konrpounb 0,5 1 2
Konrienrparus gekcamerasona, MKM

B aHHYJISIPHBIA UK B MnuaHEI Oucion

*OmIN4Ks OT KOHTPOJIS IOCTOBEPHEL, p < 0,05.
Puc. 3. VI3MeHeHHe MUKPOBSA3KOCTH IIa3MaTHYCCKUX MEMOpaH THMOIIMTOB MPH ACHCTBUH JIeKCaMeTa30Ha
Fig. 3. Changes in the microviscosity of thymocyte plasma membranes under the action of the dexamethasone

CrerneHs TymeHus OeITKOBOMH (PITyopecIieHINH, KOTopas IIPEICTaBIIeHa Ha pHc. 4, I3MEHSIaCh HE3HAYUTEITHLHO B 3a-
BHCHMOCTH OT KOHIIGHTPALMH JIEKCaMeTa30Ha B OTIIMYHE OT TIOKa3aTesIeil MUKPOBSI3KOCTH M MOJSIPHOCTH MEMOpaHBI.
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Konuentpauus nexcamerazona, MKM
*OTInuus OT KOHTPOJIS 10CTOBEpHBI, p < 0,05.

Puc. 4. I3mMeHeHue cTeneHN TyIeHus 0ENIKoBOH (uryopeceHIn
IUIa3MaTHYECKUX MEMOpaH TUMOLIUTOB IIPH JICHCTBHYU JJeKCaMeTa30Ha

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

JlaHHbIe, KOTOpBIE MOTyYeHbI TPH ACUCTBUH JeKcaMeTa3oHa B KOHIeHTpauun 1 MkM u 2 MKM, yKa3bIBaroT Ha
TO, YTO CTENEHb TYLICHUS] TPUNTO(HAHOBON (ITyOpecleHIIMY TMPEHOM YBEIHYHIIACh HE3HAYUTEIBHO, IPUMEPHO
Ha 8 %. [Ipu neiicTBUU caMOil HU3KOW KOHIICHTPAIIMH JIEKCaMETa30Ha CTEICHb TYIICHUS OelIKOBO# (hiiyopeciieH-
MU CHU3KWJIACh Ha 29 % 10 OTHOILICHHIO K KOHTPOJIbHBIM 3HaueHUsM. Clieyrolast cepust SKCIIEPUMEHTOB ObLia
HampaBieHa Ha U3yUYeHHe BIUSHUS OKCHJIATUBHOTO CTPecca Ha TUMOIIUTHI.

Wzyuenne BiaustHUA MUHMMaiIbHON koHueHTparuu H,O, (5-HM) Ha H3MeHEeHHe CTPYKTypHOTO COCTOSHUS
IUTa3MaTHYECKUX MEMOpaH TUMOIIUTOB MOKa3aJo, 4To yepe3 30 MUH NocIie Hadana HHKyOalul POUCXOIUT yBe-
JIMUCHHUE TOKa3aTeliell MUKPOBSI3KOCTH He Oosiee yeM Ha 10 % 1o oTHOMIEHHUIO K KOHTporo (Tadm.1). [Tokasa-
TEIU TIOJIIPHOCTH B ATOM Clly4yae ObUIM BBIIIE KOHTPOJBHBIX 3Ha4eHUi B 1,3 paza. CTeneHp TynieHus: OekoBon
(ryopecueHmu ypennaniack Ha 17 %. AHaIW3 JaHHBIX MMOKa3aTelel B clydae JCUCTBHS IEPEKUCH BOIOPOIA
B KOHIIEHTpAIMM 5 MKM CBHIETENCTBYET, YTO HanOoJIee CyIeCTBEHHbIE U3MEHEHUSI PETUCTPUPYIOTCS JUIS TO-
KazaTesel MUKPOBSI3KOCTH. DTOT MOKa3aTeNb B 00JIaCTH aHHYJSPHBIX JIUITHIOB YBEIMUHUICS B 2 pa3a 10 OTHOIIE-
HUIO K KOHTPOITIO, @ B 00JIaCTH TUMUAHOTO Orciost — B 1,7 pa3a. 3HaueHHs oKa3areliei oJIspHOCTH BO3POCIH Ha
25 %, a cTerneHpb TylIeHHs OSIKOBO (IIyopecleHIIMH ObUIa BBIIIE B 2 pa3a 10 OTHOLICHUIO K KOHTPOJIIO.
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Tabnuma 1
Biausinue pa3jiMyHbIX KOHIEHTPALMIA NepeKUCH BOAOPOIa Ha (PU3UKO-XMMHUYECKHUe
XapPaKTePUCTHKH CTPYKTYPHOTO COCTOSTHHS MJIa3MaTHYeCKHX 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
IonsaprocTs MukpoBs3K0CTh CTeneHp TyIIeH s
Yenosus AHHYJISIPHOTO 5 AHHYJISIPHOTO 5 GenkoBoit .
[ JIUITHTHOTO OUCTIOs [ JIUIIUIHOTO GUCIOA | yyopecieHIH, 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%

*OTaM4Hs OT KOHTPOJIS TOCTOBEpHBI pH p < 0,05.

JlaHHBIE pe3ynbTaThl JOKa3bIBAIOT TOT (DaKT, YTO P BO3ACHCTBHU HK30T€HHON NEPEKHCH BOAOPO/a Ha KIETKU
TUMYyCa MPOUCXOAUT aKTUBALIMS MPOLECCOB MEPEKUCHOTO OKHUCIIEHUS JIMIMNIOB, B PE3ylbTare Yero U3MEHSIOTCS
MOKa3aTeNny B 00JIaCTH JTUIUAHOTO OUCIIOS M aHHYISIPHBIX JTUMUA0B [11].

Ha puc. 5 mpeacrasnena BpeMeHHas 3aBUCHMOCTD YHCIIa MMOTHOIINX TUMOIIMTOB KPBIC MIPU J00ABICHUH K HUM
MUHHMaJIbHON KOHIIEHTPAIIUH MIEPEKUCH BOAOPO/IA, TO ECTh OIIEHEHa IMTOTOKCUYHOCTD JJAHHOTO BEIECTBA.
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*OmIM4Hs OT KOHTPOJIS JOCTOBEPHEL p < 0,05.

Puc. 5. BpeMeHHast 3aBHCHMOCTb YHCIIa TOTUOMINX KJIETOK THMYCAa,
00paboTaHHBIX EPEKUCHIO0 BOAOPOIA 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 YKCia MOTMONIMX KIETOK: €C/IM B HadyalbHBIH MOMEHT BPEMEHHU
OHO cocTaBisiio 14 %, To mocie yaca MHKyOaluu OHO OBIJIO IOYTH B YeThIpe pa3a Oomnblie. boee BbipakeH-
HBIN 3PP EeKT BO3ACHCTBUS EPEKUCH BOAOPOAA HA TUMOLUTHI HAOIIONAJICS MPU MCIIOJIb30BAHUN MaKCUMallb-
HOW KOHIICHTPALMU AAHHOTO areHTa, 4To MpeAcTaBlieHo Ha puc. 6. [Ipu s3Tom HabiogaeTcs cToiikoe yBenu-
YeHHE KOJIMYECTBA OKPALICHHBIX TUMOIMTOB. Eclin HEmocpeACTBEHHO NOCie BHECEHUS MEPEKUCH BOIOPOIA
3aperucTpupoBaHo 3HadeHue 26 %, to uepes 30 MuH nHKyOanuu oHo cocrasisuio 40 %, a mpu 60 — Gosee
60 %.

HaunGonpmunii nHTEpEC NPEACTABISAIOT PE3YIbTATHI, IOJyYeHHbIC IPU KOMOMHUPOBAHHOM JICHCTBUH JIEK-
cameTasoHa (mpeaBapuTenbHas HHKyOanus B TeueHrne 30 MUH) U IepeKrcu BoJopoa (MHKyOalus B TeYCHHE
30 MuH) B MakcuManbHbIX KoHIeHTpalwsx (10 u 5-10°° Mons/i cooTBeTcTBEHHO). TaK, IPU HEMOCPEICTBEHHOM
JN00aBIeHNN JAaHHBIX 9K30TCHHBIX BEHIECTB OBLIO 3aperuCTPUPOBAHO OKOJO 25 % MOrudmmx KIETOK, a 4epe3
30 MuH nHKYOauu# ux OblI0 00Hapy)keHo okoio 40 %. Takum 06pa3oM, JaHHBIE IKCIIEPUMEHTHI TOATBEPKIA-
10T, YTO COYETAHHOE JICHCTBUE MaKCUMaJIbHBIX KOHIICHTPALUH OKa3bIBaeT Haubosee ryOuTesIbHOe JCHCTBIE Ha
TUMOLUTHI KPBIC.
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*OTaAM4us OT KOHTPOJIS 10CTOBEpHBL, p < 0,05.

Puc. 6. [lnnamuka BpeMEHHOM 3aBUCHMOCTH KOJTMYECTBA MOTUOIINX KIETOK
NPU UX UHKYOAIMH C IIEPEKHCHI0 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 cityuae ncnonb30BaHusi MUHUMAJIBHBIX KOHIICHTPAIUI JaHHBIX YK30T¢HHBIX ar€HTOB YHCJIO MOTHOIINX KIle-
TOK He mpeBbIimano 35 % B TeueHne BCero BpeMeHH MHKYOalun. B 1aHHOM SKcriepuMeHTe ObLIIO OTMEUEHO 3Ha-
YUTENIFHOE YBEIMUCHHUE MPOIICHTA MOTHOIINX KICTOK yKe uepe3 15 muH mHkyOarmu. OmHaKo Mocie moiaydaca
WHKYOAaIlM1 KOJMYECTBO MEPTBBIX KIICTOK YBEJIIMYMBAIOCh HA 2—3 % B TEUCHHUE KAX/bIX 15 MUH MOCIEAYIOIICH
WHKYOAIlM1, YTO MOXKHO OOBSICHUTh BKJTFOUCHUEM aJIalITAIIMOHHBIX MEXaHU3MOB,

IIpu coyeraHHOM BO3JEWCTBUUM MaKCMMaJbHOW KOHIIEHTpallMM JIeKCaMeTa30Ha U MUHHMMAaJbHOM KOH-
[EHTPAIMK MEPEKUCH BOAOPOJA YCTAHOBJICHO, YTO MPOUCXOMAUT YBEJIWYCHUE YMCIIA MOTUOLIUX KIIETOK
¢ TeueHueM BpeMeHHu. Tak, Mpu HEMOCPEICTBEHHOM BHECEHUHU BEIECTB B Cpely MHKyOanuu ObLIO 3ape-
TUCTPHPOBAHO OKOJIO 15 % morudmmx TUMOLUUTOB, a npu 30 MUH MHKYOAIlMM WX KOJUYECTBO COCTABIISIO
yxe 35 %. Jlanee HaOI10/1a]10Ch TOCTEIICHHOE YBEJIIMUCHHE MIPOIICHTA OTUOIINX, a MOCJIC Yaca MHKYOaInu
ObL10 00HapyxeHo Oosnee 40 % OKpalICHHBIX KJICTOK. Pe3ynbTarhl 10 W3YYEHUIO COYETAHHOTO JICHCTBUS
MUHHUMaJIbHOUM KOHIICHTPAIMHU JIeKCaMeTa30Ha U MaKCUMaJIbHON KOHIICHTPAIIMK TIEPEKUCH BOIOPO/Ia MPE/-
CTaBJIEHbI Ha puc. 7.
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*OTAn4us OT KOHTPOJIS 10CTOBEpHBL, p < 0,05.

Puc. 7. CoueranHOe BIUSHAE MUHUMAIbHON KOHLIEHTPALUH JIEKCAMETa30Ha U MAaKCUMaJIbHON
KOHIICHTPAIIUH TIEPEKUCH BOIOPO/a HA YHCIIO MOTHOIINX KJIETOK THUMYyCa C TCUCHHEM BPEMECHHU

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 HaOJIF0IaeTCsl YBEIMYCHHE KOJMUECTBA ITOHOIIMX TUMOIIMTOB, HO B MEHBIIICH cTe-
neH. Tak, MAaKCMMaJIbHOE YMCIIO MEPTBBIX KJIECTOK OBbLIO 3apErHCTPUPOBAHO MMOCIIE Yaca HHKYOAIuu ¢ JaHHbI-
Mu areHtamMu — 37 %. HeoOXomnMo OTMETUTH, UTO 3HAUNTEIHHOE YBEIMUEHNE KOMMUECTBA TTOTUOIINX KIETOK
HaOIoAAIOCh UMb B TedeHnn 30 MUH TOcie Hadaida WHKyOaruu. /lanee qaHHBIA MOKa3aTelh YBEIUIHBAIICS
Ha 1-2 % xaxzaple 15 MUH, 4TO TaK)K€ MOKHO OOBSICHHThH BK/IIOUEHHEM aHTHOKCHUIAHTHBIX M aJallTalldOHHBIX
MEXaHU3MOB.

Jasiee mpoBoAMIACh CEPHUSl DKCIIEPUMEHTOB, HAlpaBJICHHAsS HAa HM3YYE€HHE COYETAHHOIO BIIMSHHUS JTaHHBIX
9K30T€HHHBIX areHTOB Ha (PU3MKO-XMMUYECKHE XapaKTEPUCTHKH CTPYKTYPHOI'O COCTOSHHS MEMOpaH THMOILIU-
TOB ¢ MPEIUHKYOAlMel nekcaMeTa3oHoM B TedeHud 30 MuH. Pe3ynbrarthl JAHHOTO MCCIICAOBAHMS MTPUBEICHBI
B Ta0I. 2.

Tabnuma 2

KomO0nHupoBaHHOe BIMsIHHE PA3THYHBIX KOHIEHTPALUIi JeKkcaMeTa30Ha U MepeKHCcH BOJ0po/a
Ha GU3HKO-XNMHYECKHE XAPAKTEPUCTUKH CTPYKTYPHOI'0 COCTOSIHMSA IJIA3MaTH4YeCKHX MeMOpPaH THMOLIMTOB KpbIC
(mpeguHKy0anus AeKcaMeTa3oHoM 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 CreneHs TyleHus
VenoBus AHHYJIAPHOTO JIUMHIHOTO AHHYJIAPHOTO JIUMHIHOTO GeakoBoi .
MR Gucnos Baitne) Gucnos dmyopecuenin, %
KonTpoinb 0,59 + 0,03 0,62 + 0,04 0,28 +0,03 0,37 +0,02 37+ 1,6
IeM nexcamerasona u 5 uM 0635003 | 0694004 | 035+004 | 040+0,03 38418
H,0,, 30 mun
1MxM nexcameTraszona u 5 MkM
0,84 +0,02* 0,78 + 0,03* 0,67 +0,03* 0,73 +£0,03 632
H,0,, 30 mun
1M nexcameTtazoHa 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
1MkM nexcamerasona 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 muna

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

HccrnenoBanne CTPYKTypHOTO COCTOSTHUSI MEMOpaH KJIETOK TUMYCa TIOCIe MPeIBAPUTETHLHOTO BHECEHHUS MaK-
CUMAaJIbHOW KOHIIEHTPAIIMH JIEKCaMeTa30Ha U MOCIIEAYIONIEro J0OaBICHHS TaKOTO e KOJHMUECTBA TIEPEKUCH BO-
JIOPOZIa BBI3BIBAJIO 3HAYHUTEIIFHOE N3MEHEHHE BCEX aHAIM3UPYEMbIX TOKasarteneil. Tak, MUKPOBSI3KOCTh JTUTIH/I-
HOW (ha3pl MeMOpaH yBEeTUYMIACh TIPH 3TOM TIOYTH B 3 pa3a 10 OTHOIICHUIO K KOHTPOJIIO, a TIOISIPHOCTh — Ha
23,5 %. Ilpu ucrons30BaHNM MUHUMAIILHON KOHIIGHTPAILIUHU JIEKCAMETa30Ha JIJIs MTPeBApUTEIHHON 00paboTKu
KIIETOK W TOCJEAyIoIIee B3anMoIeicTBre ¢ dk30reHHoi H,O, B KoHIeHTpanuu 5 HM ObLIO 3aperucTpHUpOBaHO
YBEIIMYCHUE BCEX MOKa3arenel He Oomnee yeM Ha 10 % 10 OTHOIIEHUIO K KOHTPOJIO.

Takum 00pa3oM, MOXKHO IPEIIONIOKNTh, YTO BBICOKHE 03Bl JIEKCAMETa30Ha BBI3BIBAIOT MOTUPHUKAIIIIO
pery JISTOPHBIX MEXaHU3MOB B 00pa0OTaHHBIX KJIETKAX M 3aTeM IPH JT00aBICHUH MIEPEKUCH BOIOPOIA ITPOUCXO-
JIUT YCUJICHUE CTETIEHH TIOBPEXKIAFOIIETO BO3ICHCTBYS TAHHOTO areHTa Ha KJIeTKH. Torjaa kak, KOMOMHHPOBAaHHOE
JIeficTBHE JieKcaMeTa30Ha U TMEPEeKHUCH BOJOPO/a B MaJbIX JI03aX CYMIECTBEHHO MOAUMDUIMPYIOT CTPYKTYPHOE
COCTOSIHME MeMOpaH KIIETOK, 4TO, MO-BUANMOMY, SIBIISIETCS TIEPBBIM ATAIIOM pPealln3alliil MEXaHU3MOB JIEHCTBHS
JTAHHBIX YK30TCHHBIX areHTOB Yepe3 CUCTEMbI TOMEOCTa3a BHYTPUKIIETOUHOTO KaJIbITHSL.

3areM mpoBOAMIIACE CEPHS DKCIIEPIMEHTOB 110 U3YUEHHIO CTPYKTYPHOTO COCTOSIHAS MEMOpPaH TUMOITUTOB ITPH
JIECTBUM JIekcaMeTa3oHa Ha ()OHE OKCHAATHBHOTO CTpecca, BBI3BAHHOTO MPEINHKYyOarnel CyCleH3un KIETOK
NepeKrchio Bogopona B TedeHun 30 muH. [lomydeHHbIe pe3ynbTaTbl 0TOOpaKeHbI B Ta0M. 3.

Kak cremyer u3 tabn. 3, MUHMMaIbHAS KOHIIGHTPAILUS CHHTETUYECKOTO aHaJIora TITFOKOKOPTUKOUIHBIX TOP-
MOHOB TIOCJIE TPENMHKYOAM MUHUMAaJIbHON KOHIICHTpAlel TIepEeKUCH BOAOPO/Ia BHI3BIBAI M3MEHEHHE BCEX
TECTUPYEMBIX HAMU ITOKa3arenel B MeMOpaHaX THMOIIUTOB KOHTPOJIbHBIX JKUBOTHBIX. [10IsIpHOCTE aHHYISIPHBIX
JUIHI0B Bo3pocia mouTh Ha 40 %, a aunuaHoro Oucios — Tonbko Ha 25 %. [lokazarenn MUKpOBS3KOCTH aHHY-
JISIPHOTO JIATU/IA YBEITUYMBAINCH TIpuMepHO Ha 50 %, a MUKPOBS3KOCTh JIUIMHTHOTO OMCIIOS YMEHBIIMIACh Ha
27 % 10 CpaBHEHHUIO C KOHTPOJIEM.
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Tabnuma 3

Biansinue pa3iMuHbIX KOHIEHTPALMIi IeKcaMeTa30Ha HA (PU3HKO-XMMHYECKHEe XapAKTEPUCTHKH CTPYKTYPHOIO COCTOSTHUS
IUIA3MaTHYeCKUX MeMOPaH THMOLMTOB KpbIC (MPeIHHKYOAHs ¢ NePeKuCchio 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)

[onsipHOCTH MHUKpOBSI3KOCTh CTerneHs TyleHns
YCHOBHX aHHyHSIpHOrO JIAIIUTHOT O aHHyJISIpHOFO JIUITUJHOT O 6CHKOB0ﬁ o
JIUIAAA oucnos JIMITHALA oucnos yopecuentymn, %
KoHTpoub 0,59 + 0,03 0,62 + 0,04 0,28 + 0,03 0,37 + 0,02 37+ 1,6
5> BM H,0,  1aM 0.824£002% | 077£003* | 042+003* | 027+002* 18 & 2%
nexcameTasona, 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%
JIekcaMeTasoHa, 30 MuH
> MxM H,0, 1 1aM 0.83+003* | 075+002% | 048+003* | 025+003* 20 4 0¥
JiekcameTasoHa, 30 MuH
5 M L0, 1 ImkM 0.87+0,02% | 076+£003* | 041£003* | 023+003* 242
nexcamerasona, 30 MuH

*OmIN4Ks OT KOHTPOJIS IOCTOBEpHEL, p < 0,05.

Bnusinne MakcHMManbHBIX KOHIICHTPAIUI JJAHHBIX areHTOB Ha KJIETKH TUMYCa DKCIEPUMEHTAIbHBIX KH-
BOTHBIX UMEJIO Hanboiee BRIPaKEHHBIH 2P (PEeKT B OTHOMICHUH TTOKAa3aTeIsI MUKPOBA3KOCTH JIMITHIHOTO OHC-
JI0Sl B CPAaBHEHUM C KOHTPOJBHBIMHU 3HAUCHUSMU. J[aHHBIA pe3ynbTarT MEHBIIC KOHTPOJIBHBIX 3HAYCHHUH Ha
40 %, a moka3zarenb MUKPOBA3KOCTH B O0JIACTH aHHYIAPHBIX JUNUAOB yBenudmics Ha 25 %. CteneHs Ty1ie-
HUs 0eIKOBOW (pIyopecieHIIny B TAMOIIMTAX MOCe NHKYOAIMu ¢ MepeKUChIo BOAOPOIA U JeKCAMETa30HOM
ymeHbImnach Ha 50 %.

[Ipu u3ydeHnn BIUSHUS MHHUMAJIHHOW KOHIICHTPAIMHU JIEKCaMeTa30Ha MocJe MOoTy4acoBOl MHKyOanun
C MaKCUMAaJbHOHM KOHIIEHTpAIMel MEepeKNCcH BOAOpOJa OBUIO OTMEUYEHO YBEIHYEHHE PEe3yabTaToB MHUKPO-
BSI3KOCTH MEeMOpaH B 00JIaCTH aHHYJSIPHBIX JIUIHIOB, 3apETUCTPUPOBAHO yBEIWUYeHNE TTokazaTens Ha 10 %,
a B obmactu nunuaHoTo 6mcios ymensiienne Ha 40 %. Ilokazarens mongpHOCTH B 00NACTH JIMTIHIHOTO OH-
CJI0SI U3MEHUJICS He3HAUNTENbHO. CTENeHb TylIeHUsT 0eIKOBOH (hiyopectieHnu coctabisuia 22 %.

Janee mpoBenuiIoOCh HCCIEAOBaHUE W3MEHEHUH (DH3MKO-XMMHUYECKHX XapaKTePUCTHK CTPYKTYpHOTO
COCTOSTHUSI MeMOpaH THMOITUTOB MPH JIEHCTBUM JIeKCaMeTa30Ha B MaKCUMAaJIbHOHM KOHIIEHTpaluu Ha (oHe
MpeInHKyOalny MUHUMAJIBHON KOHIIEHTpaIruei nepekucu Bogopoaa. Kak crmemgyer u3 tabn. 3, mpu 3ToM
O0TMEYaJIOCh JOCTOBEPHOE yBEIMYCHHE TOKa3aTeleil, XapakTepu3yIouX MoJIsIpHOCTh. Tak, B 00jacTu aH-
HYJSPHBIX JIMMHUIOB JAHHBIN MOKa3aTens yBenunuwics Ha 47 %, a B o6mactu 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 (hIyopeciieH-
[IMW, OHA YMEHbIInIack Ha 35 %.

[MoaBost UTOT TAHHOW CEPUU IKCIIEPUMEHTOB, HEOOXOIMMO OTMETUTB, YTO YMEHBIIICHHE ITOKa3aTeeld MUKPO-
BSI3KOCTH JIMITATHOTO OMCIION B JAHHBIX OIIBITAX HAOIIOMAIOCH BCIICICTBHE MEMOPAHOOITOCPEIOBAHHOTO ICHCTBUS
MEPEKNCH BOJIOPO/IA, MOCKOIBKY JaHHOE BEIIECTBO aKTUBUPYET MPOIECCH IEPEKUCHOTO OKUCIICHHS JINTTHIOB [4].

VYcraHoBIIEHO, YTO JeKCaMETa30H, B3aWMOJICHCTBYSI ¢ MeMOpaHaMH THMOIIMTOB, BbI3BIBAET M3MEHEHHE UX
(DU3UKO-XMMHUYECKUX XapaKTEePUCTUK: MOKa3areyed MOJNIPHOCTH M MHUKPOBS3KOCTH JIUIHUIOB TIA3MAaTHYCCKHX
MeMmOpaH. Harboree BhIpakeHHbIC H3MEHEHHs HAOIOAINCH B 00JIACTH aHHYJSIPHBIX JIUITHIOB, MUKPOBS3KOCTh
B ATOH 00JIaCTH yBeTMUMBaiach B 1,5—2 pa3a B 3aBUCHMOCTH OT BpEMEHHU HHKYOAITH W KOHIICHTPAIIHH JeKCaMe-
Ta3oHa.

DK30reHHOE BO3/ICHCTBHE TIEPEKHCH BOJOPO/Ia HA KIIETKH TUMYyCa TPUBOJIUT K TAKUM M3MEHEHUSIM B CTPYK-
TYPHOM COCTOSIHUH ITJIa3MaTHYEeCKUX MEMOpaH TUMOIIMTOB, KaK YBEJIMUCHHE TTONISIPHOCTH B 1,3 pa3a, MUKpPOBSI3-
KOCTH B 00JIacTH aHHYISPHBIX JUIHIOB B 2 pa3a M JAMUAHOTO Onciost B 1,7 pasa, a Takke yBeTUUEHHUE CTeTle-
HU TYIICHUS OEJIKOBOU (piryopecteHIy B 2 pa3a. DTH pe3yibTaThl CBHIETENHCTBYIOT 00 aKTHBAIIUH TTPOIIECCOB
MIEPEKHCHOTO OKHUCIICHHS JIUMNIOB, BHI3BAHHBIX BO3JICHCTBHEM MIEPEKICH BOJIOPO/IA HA KIIETKH, YTO TOBOPHT O €T0
BIIMSTHAY Ha N3MEHEHUE CTPYKTYPHOTO COCTOSIHUSI TUTa3MAaTHUECKUX MEMOpaH THMOITUTOB.
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3akijIoueHue

W3 npoBeICHHOTO UCCIIE0BaHKS MOKHO CJICJIaTh BBIBOJI, YTO KOMOMHUPOBAHHOE JICHCTBHUE MIEPEKUCH BOJIOPO-
Jla ¥ JIeKcaMeTa30Ha CIIOCOOHO BbI3bIBATh U3MEHEHHUE (DU3MKO-XMMUYECKUX MapPaMETPOB IIa3MAaTUYCCKUX MEM-
OpaH TUMOIIMTOB KPbIC: YBEIMUYCHHE MOJISIPHOCTH aHHYJISIPHBIX JIUIHJIOB ¥ MUKPOBSI3KOCTH aHHYJISIPHOTO JIMITH-
Jla, YMCHBIIICHUE MUKPOBS3KOCTH JIUITUIHOTO OUCIIOs, CHUKEHUE CTEIICHH TYIIEHHs OSIKOBOM (N1yOpeCIICHIIHH.
MuHMMaJIbHBIC 1 MaKCHMMaJIbHbBIC KOHLICHTPAIIMM JJAHHBIX BEIICCTB UMEIOT Pa3JIMYHbIA A((PEKT Ha yKa3aHHBIC
napaMeTphbl, 4TO MOXKET OIPEACIISITh CII0KHOE B3aUMOJICHCTBHE MEK/Y IIEPEKUCHIO BOJIOPOJIA U JICKCAMETa30HOM
B JIAHHOM cliy4yae. Takum o0pa3oM, B pe3ysibTare MpOBEISHHBIX SKCIICPUMEHTOB JI0Ka3aHO, YT0O KOMOMHHPOBAH-
HOE JICHCTBHE MEPEKUCU BOIOPO/Ia U JIEKCaMeTa30Ha CIIOCOOHO BBI3BIBATH MOIUPHUKAIINIO (PU3UKO-XUMHUYECKUX
napaMeTpoB IJIa3MaTHUYECKUX MEMOpaH TUMOIIUTOB KPBIC, UTO MOKET M3MEHSATh COCTOSHUE MEMOpPaHOCBs3aH-
HEIX OCJIKOB, a TAK)Ke OCIOK-TUIUIHBIX B3aUMOIEHCTBUIA.
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MUKPOOKPYJXEHUE OITYXOAU: CUCTEMATUYECKHUHN OB30OP

A. B. BEJIHYKOV?, JI. b. HU>KETOPO/JOBA"-?, E. M. HA3APEHKO?,
B. A. MY3BIYEHKO", M. M. 3A®PAHCKAA"->

YMearcoynapoonwiii zocydapcmeennoiil sxonoeuveckuil uncmumym um. A. JI. Caxaposa,
bBenopyccruii cocyoapcmeennblil yHugepcumen,
yi. [oneobpoockas, 23/1, 220070, e. Munck, Benapyce
DBenopycckuil 20Cy0apcmeenmviil meouyunckull yrueepcumem, HUH oxcnepumenmanbhotl u KIuHUYeCcKot Meouyunbl,
np. /[zeporcunckoeo, 83, 220083, . Munck, benapyco

Poct m mporpeccupoBanrie HOBOOOPa30BaHWI — MHOTOCTaJMHHBIA MPOIECC, OIOCPEIOBAHHBIA B3aUMOICHCTBISIMHU
MEXKIy OIyXOJEBBIMU KJIETKAMH M OKPY)KAIOLIEH MX CTPOMOM, BKIIIOYAIONINE Pa3IH4Hble TUIIBI ((HOPOOIACThI, SHAOTEIN-
AJIBHBIC KJIETKW, UMMYHHBIC KJ'ICTKI/I), 6CCKJ'IGTO‘IHI)IC KOMITIOHCHTBI (HI/ITOKI/IHI:-I, BHEKJICTOYHBIC BE3UKYIIbI U BHEKJIETOYHBIHN
MaTpHKC), KPOBEHOCHBIE U JIMM(paTHIECKUE COCY/IbI, KOTOpbIe GopMUpyIOT MUKpookpyxkeHue omyxoiu (TME — anrt. Tumor
microenvironment). Bo Bpemsi nporpeccrpoBanisi HOBOOOpa30BaHUH OIyX0JIEBbIE KJIETKH MOTYT YKJIOHSTHCSI OT UMMYHHOTO
OTBETa OCPEICTBOM TIOJJABIICHHNS MIIM TTOTEPH OITyXOJIEBBIX AaHTHT€HOB, BHICBOOOK/ICHNSI MUMMYHOCYIIPECCHUBHBIX BHEKIICTOU-
HBIX BE3MKYJI, BKJIFOUAsk SK30COMBI, CEKPEIIMU PA3INYHBIX IUTOKWHOB, XEMOKHHOB H JPYTHX (DaKTOPOB, & TAKKE HAUMHAIOT
MepeTPOrpaMMHUPOBATh M PEMOJICTUPOBATh OKPYKAIONTYyI0 cTpoMy. Hamnbomnee akTyansHpIME HanpaBieHUAME u3ydeHns TME
BBICTYIAIOT KJIETKH U MOJIEKYJIbI BPOXKICHHOTO M MPUOOPETEHHOT0 UIMMYHHTETa, KOTOPBIE TI0 IPHYUHE BBICOKOH TeTeporeH-
HOCTHU ¥ IUIACTUYHOCTH IPOSIBIISIIOT KaK CYNMPECCHUBHYIO, TaK M CTUMYJHPYIONIYIO aKTHBHOCTb B OTHOLIEHHH OITyXOJIEBBIX
kieTok. Oco0oe BHUMaHUE y/essieTcsi AMMYHHBIM KOHTPOJIBHBIM TOYKaM, OITyX0JIEBOH MUKPOOHOTE, KOMIIOHEHTAM MEXKJIe-
TOYHOTO B3aUMOJICHCTBHS, a TAKKe MMMYHOTEPAITNH OITyXOJICBBIX 3200JICBaHMUI.

B nmanHOi1 paboTe mpoBeseH CHCTeMaTHIeCKUi 0030p HayIHBIX MyOnukanuii 6a3pl JaHHBRIX PubMed, mocBsIeHHBIX U3-
yuernto TME, omy6muxoBansbix ¢ 2019 mo 2024 rt. B xoze cuctemarinueckoro 0630pa u3ydeHo 2547 NCTOYHUKOB, U3 KOTO-
PBIX B IIpoliecce CKPUHHUHTA 0TOOpaHo 68 crareil, BKIIOUEHHBIX B UccienoBanue. [1oMcKoBbIe 3apockl U KIFOYeBbIe (pa3bl

COACPKAIIN «KMUKPOOKPYIKCHUE OITyXOJIN», KMMMYHHBIC KIICTKW, «OITYXO0JIb), «OHKOT'CHE3», «KMCTACTA3UPOBAHUC) .
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CcopmupoBaHHas Tpymia HayqHbIX CTaTeH MO3BOINT 00JI€e AETATBHO N3YUUTh KJIETOUHBIA U MOJICKY/IAPHBIN COCTaB OITy-
XOJICBOTO MUKPOOKPYKEHHS, a TAK’KEe OCHOBHBIE MHUIIICHH JUIS pa3pab0TKN HOBBIX METO/IOB AMArHOCTHKH M TEPAITHH 3T0Kave-
CTBEHHBIX HOBOOOpa3oBaHuii ¢ BoBneueHrueM TME.

Knroueevie cnosa: MUKPOOKPYKEHHE; OIyX0Jb; HMMYHHBIC KJICTKH; HMMYHOJIOTHYECKHE KOHTPOIBHBIC 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 Datithabrodskaja 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 microenvironmenty», «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 Mukpookpyxkenne (TME — Tumor microenvironment) npeacrasisieT coO0H CIIOKHYIO CTPYKTY-
PY, COCTOSIIIYIO M3 CTPOMBI, UMMYHHBIX KJIETOK, PAKOBBIX CTBOJIOBBIX KJIETOK, BHEKIIETOYHOTO MaTPUKCA, a TAKXKE
¢$ubpobacToB, HEHPOIHAOKPUHHBIX KIIETOK, KUPOBBIX KIETOK M CETH KPOBEHOCHBIX U JTHMM(ATHYECKUX COCY-
108 [1]. TME omnpezensieT MaqurHU3AIMIO OIyXOJIU HAPsIly ¢ TeHETHUECKMMHU MYTalMsIMHE, a Takxke (hakTopamu
OKpY’KaloIIeH cpeJibl, BKIIoYast KypeHue Tabaka, ynoTpeOieHHe anKoroisi, 1eiiCTBUe XUMHYIECKUX KaHIIEPOT'€HOB,
OHKOTE€HHBIX BUPYCOB M HapyIlIEHHE MUKPOOUOTHI, KOTOPbIE MOTYT CO3/IaBaTh CPEY, OIaronpHsaTHYIO JUIs 3JI0Ka-
YeCTBEHHBIX HOBOOOpa3oBaHMii. Bee varie noka3piBaeTcs, 4TO OHO UTPAET KPUTHUECKYIO POJTb B ITOCIEIYIOIIEM
pa3BuTHH 00JIee CTOMKUX U 3aIyIICHHBIX 3JI0KaYeCTBECHHBIX HOBOOOPa30BaHHMii [2], Tak KaKk HE TOJILKO TIO3BOJISIET
OITyXOJIEBBIM KJIETKaM YCKOJIb3aTh OT MMMYHOJIOTHYECKOTO HaJ30pa, HO M MOJAEP KUBAET POCT, IPOTPECCUPOBa-
HUE U PaCIIPOCTPAHECHHE OIYXOJIH, HHIYITUPYS aHTHOTeHE3 U 00pa30BaHUE PAKOBBIX CTBOJIOBBIX KIIETOK [3].

ITono6HO XpOHIUECKOMY BOCTIAJICHUIO, 37I0KaYECTBEHHBIE KJIETKH BBIJIEJIAIOT TAKHE IPOBOCTIAIUTENbHbIE Me-
JIMATOPBI, KaK IIUTOKWHBI, XEMOKHUHBI U SHKO3aHOH/IbI, KOTOPbIE PEKPYTUPYIOT U MEPEnpOorpaMMHPYIOT pa3iiny-
HBIE THITBI TPOBOCHAIUTENBHBIX JISHKOLIUTOB M IPYTUX KJIIETOK JUIS CO3JaHus Ooliee OIaronpusTHOTO MPOTyMO-
POT€HHOTO MUKPOOKpY>keHHs1. [1o BIUSIHUEM OITyXOJM 3HAYMTENLHBIM U3MEHEHHSIM MOABEPraeTCsl UMMYHHBIN
npoduibe B TME, nepexmodaromiuii ocHOBHBIE 3()(EKTOpBl UMMYHUTETa — T-KJIETKH — HA COCTOSIHUE TOJIEPAHT-
HOCTH M aKTHBHPYIOIIUI CylpeccuBHBIE KIIeTKH. FIMMyHHOE YKIIOHEHHE OT paKa BKIIFOYaeT B ceOsl IepeKirode-
HHE UMMYHHBIX peakiuii ¢ xenmnepHbix T-mumdornuToB 1 THIa Ha 2 THMNA, aKTUBAILMIO TPOOITYXOJIEBOH (yHK-
M aHTHI'€H-TIPE3CHTHPYIOIINX KIETOK, HApyIIeHNUE IIUTOTOKCHYECKONH aKTHBHOCTH T-KJIETOK U €CTECTBEHHBIX
KWJIJIEPOB, CO3PEBaHIE TAKUX MIMMYHOCYIIPECCUBHBIX KJIETOK, KAaK MUEIIOWIHBIX CYNPECCOPHBIX H PETYIIATOPHBIX
T-nmumdoruTos [4].
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Taknum 00pazoM, U3ydeHHe MEXaHH3MOB (DYHKIIMOHUPOBAHUS KIJIETOK M (JaKTOPOB B MUKPOOKPYKEHUH OIYX0-
JIM MOXET CIIOCOOCTBOBATh KOHTPOJIO MPOTPECCUPOBAHMS 3I0KaUECTBEHHBIX HOBOOOPA30BAHUI M JIOCTIIKEHUIO
MOJIOKUTEBHBIX PE3YJIBTATOB B IMATHOCTHKE H Tepanud [1; 5].

B cBsi3u ¢ 9THM, 11e7h TAHHOTO MCCIIEA0BAHUS — IPOBEACHHE CUCTEMATHYECKOTO 0030pa JIUTEPaTypPHBIX JIaH-
HBIX 0a3el PubMed o coBpeMennsix npenctarinenusx TME, omyonkoBanHbBIX 3a ieprox ¢ 2019 mo 2024 rT.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

B uccnenoBanum paccmarpuBarotcs paziauunbie acniektbl TME myTeM aHanuza cymiecTBYoelH COBOKYITHO-
CTH HAay4YHBIX MaHHBIX B 0a3e PubMed. [louck orpanmdeH CTaTbIMH, KOTOPHIC OMyOIMKOBAHBI HA aHTIIMACKOM
S3BIKE 32 TOCIeqHNne 5 net. [ BeIABIeHNS cTaTell NCITOIb30BaHbI CIIETYIOIINE TOMCKOBBIE 3alIPOCH U (pasbl:
«MHKPOOKPY>KEHHE OITyXOJII», KAMMYHHBIE KIIETKH», «OITyX0Jb), K\OHKOTCHE3)», KMETACTa3UPOBAHNE).

AHHOTaIMH TOCTYMHBIX CTaTel NETalbHO MPOAHAIN3UPOBAHBI, YTOOBI ONPENENUTh UX Ka9eCTBO U yMECT-
HOCTb, a TAK)K€ U3YUIEHBI 1[eJTh, TU3aiH N3yUEeHNs, PE3YIIbTaThl M BEIBO/IBI B KAXK/IBIX N3 OTOOPAHHBIX MaTEpHaIOB.
Ha puc. 1 mokaszana 6mok-cxema Prisma mist qagHOTO MccaenoBanus. biok-cxema Prisma mpencraiser co0oit
PYKOBOJICTBO IT0 60JIee TIOTHOM OTYETHOCTH, TPU3BAHHOE PEIIUTh MPOOJIeMy HEKaueCTBEHHON OTYETHOCTH CHCTe-
MaTHYEeCKUX 0030pOB M METaaHaIH30B [7].

Wnenrnduxarms vucciieoBannii B 6asze manusix PubMed

=
=
=t ITy6nukamnym
g 00 HCCIIeJOBAHMSX, IIyGnukanmu, UCKIIIOUCHHBIS
_g HICHTH(QHUITMPOBAHHBIC ———p | 110 HA3BAHHUIO JIO CKPUHUHTA
E IO HA3BaHUIO B 0ase JaHHBIX (n=2215)
z PubMed (2 = 2547)
S

TTy6nmukanuu, BKIIOYEHHEIE HcxmogeHHbIe craTbu:

Ha OCHOBAaHWH Ha3BaHWUH TIOJTHOTEKCTOBAs BEPCHS

_ — _

B CKpMHMHT (7 = 332) OTCYTCIBYET (1 = 248)
] !
g [IyGmukarmu, oToOpaHHbIe Hcxmogennble cratbu:
E« JUBT U3YHUCHUST ITOJTHOTCKCTOBBIX | HEIPUEMIIEMOE COAEPKaHNE
< Bepeuii (n = 84) n=16)
&}

IlomHOTEKCTOBEIE CTATHH,

OI[EHEHHBIE Ha IIPHEMIIEMOCTh

(n=68)
=)
: |
) CraThy, BKIIOYEHHBIE B CHCTE-
c%; MaTu4ecKui 0630p (1 = 68)

Puc. 1. brok-cxema otOopa A1 CHCTEMaTH4YeCcKoro od3opa (quarpamma Prisma)

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

Ha 6nok-cxeme (puc. 1) oTpaxkeHa THHaAMUKa aHAJIN3a HHPOPMAIIMH Ha Pa3IMIHBIX ATalaX CHCTEMaTHIECKOTO
0030pa: KOIMUECTBO WACHTH(UIIMPOBAHHBIX MTyOIHKAIMI [0 HA3BAHHUIO; KOJIMYECTBO MyOIHKAINHA, BKITIOUCHHBIX
HA OCHOBAHUM Ha3BaHWI B CKPHHUHT; KOJMYECTBO OTOOPAHHBIX MOTHOTEKCTOBBIX CTATEH, OLICHEHHBIX HA MPH-
EMJIEMOCTb, KOJIMYECTBO CTATEH, BKIFOYCHHBIX B 0030p U UCKITFOUCHHBIX MyOIUKAIUH TI0 HA3BAHUIO, OTCYTCTBUIO
MOJTHOTEKCTOBBIX BEPCUH, HEMPHEMIIEMOMY COJICPIKAHHIO.

PCSyJILTaTLI HCCJIeA0OBAHUSA U UX oﬁcymz[efme

B pesynbrare npuMeHEeHHsI METOLOJIOIHH MPOBEIEHHS CUCTEMaTHYeckoro ob3opa no usyueHuto TME oto-
OpaHO 68 MOITHOTEKCTOBBIX CTATEH, MPUEMIIEMBIX JIJIsl 0030pa cortacHo kpurepusM Prisma 2020: onpenenenue
TTOJIXOSIIIIUX 3aTOJIOBKOB M aHHOTAITNH, OIIEHKa TIOCPEICTBOM 0030pa MOITHOTo TekcTa [7]. OcyliecTBieH cucre-
MaTH4YeCKUi 0030p JIUTEpaTyPHBIX TaHHBIX AEKTPOHHOH 0a3el PubMed o coBpemenHbIx mpezncrapiennsx TME,
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omyonmukoBaHHBIX 3a 2019-2024 1. Ha puc. 2a pencTasiieHa TMHaMAKa H3MEHEHHS KOJTMUECTBA HAYUHBIX PadoT,
TTOCBSATICHHBIX M3ydeHnto TME, B TeueHne MoCaenuuX 5 JIeT, XapaKTepU3yrolias akTUBHEIN POCT ITyOMKaIiiA
o mauaHOU Teme. CraThH, BKIIOUeHHBIC B 0030p TME, knaccudummpoBanm Ha 6 TpyI B 3aBUCUMOCTH OT Ha-
TIpaBIIeHUs U3ydeHus (puc. 26): 1) knetounsrit cocraB TME (omyxoseBble, IMMYHHBIC, YHIOTEITHAIBHBIE H CTPO-
MaJbHBIE KJIeTKH); 2) MoJieKynbl TME (BHEKIIeTOUHbIE CHTHATFHBIE MOJIEKYITBI, XeMOKHHBI, IMTOKWHBI, (PAKTOPHI
pocTta); 3) MEXKJICTOUHbIC B3aUMOJCHCTBUS; 4) MMMYHHBIC KOHTPOJIBHBIC TOUKH, 5) OMyX0JeBas MUKPOOHOTA;
6) Teparus OIMyXO0JIEBbIX 3a00JIeBaHUIA.

343

2010

a/a o/b
Knerounsrit MonekynsipHbIi MesxkireTouHbIe
cocTaB cocrap B3aUMOJIeHCTBIUI
n=19) (n=13) (n=28)
N ! Fa
3 OmyxomeBoe
MUKPOOKPY/KEHUE
2019 2021 202 -~ 1 N

2020 2022 2024

KonuuectBo nyOnukaiuii, lTyk

Bpewms, rona

OmyxoreBast

Unvymrmbie
KOHTPOJTBHBIE TOUKI
(n=3)

Tepanus
(n=22)

MHKpPOOHOTA
(n=3)

Puc. 2. lnunamyka n3MeHEHH KOTMUECTBA HAy9IHBIX PadoT, mocBsIeHHBIX u3ydeHnio TME (a);
HanpasieHus u3ydenus TME npu npoBeieHun aHanmuriuyeckoro 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 Ta6n. 1 nepedncieHbl 0CHOBHBIE MOMYISIIIMH KIETOYHOTO KoMnapTMeHTa TME,
MIPE/ICTABJICHHBIC OIYXOJIEBHIMH M UMMYHHBIMHU KJIETKAMH, KJICTKAMU CTPOMBI M SHIOTCIHAIbHBIMU KIICTKAMH
COCYIMCTOrO pyciia [6], B3auMOACHCTBUE MEKIY KOTOPHIMHU OINPEJIENIICT Pa3BUTHE U MTPOrPECCUPOBAHUE 3JI0Ka-
YECTBEHHBIX HOBOOOPA30BaHMA. 3JI0KAYECTBEHHBIC KJIIETKH IMPOHUKAIOT B 3I0POBBIC TKAHU U PACIPOCTPAHSIOT-
Csl B JIPYTME YacCTH TeJia Yepe3 JTUMQPaTHIeCKYIO MM KPOBEHOCHYHO cucTeMy. CUMTASTCsl, YTO BOCHAIUTEIILHOES
MHUKPOOKPYKECHHE UHUIIMUPYET TPAHC(HOPMAIIUIO SIUTEIHATBHBIX KIETOK M CIIOCOOCTBYET POCTY M IPOrPeCCH-
POBaHUIO OMYXOJH. XOTSI MOJICKYJISIPHBIC MEXaHH3MBbI, JISXKAIME B OCHOBE XPOHHUUECKOTO BOCIIAJICHUS TP KaH-
1eporeHese, 10 KOHIIA He M3YYCHBI, Mepeiada CUTHAIIOB siepHOro (akTtopa-kappa B U HEKOTOPBIX [IUTOKHHOB,
Takux Kak uatepaeiikus (IL)-6, 17, 22 u 23, Ba)XHBI J1s1 CBS3HU BOCIMAJICHHS ¢ OHKOTEHE30M [7].

Ta6nuna 1

Kuerounsiii cocraB TME

Table 1

TME cellular composition

[4]

Knerounas
ABTOD Pesynbrar
TOITY IS U st
OOHapy>kHBalOTCs BMeCTe ¢ T-KJIETKaMH ¥ MHUEJIOUIHBIMH KJIETKAMH B TOPSYHX
Laumont and Nelson
(2023) [1] TIL-B TME, cexpeTnupytoT NpOTHBOOITYX0JIEBbIE aHTUTENA, CBA3aHBI C OJIArONPHUSTHBIM
IIPOTHO30M IIPH MHOTHIX BUJIAX pPaKa
Merta6onm3m NK-kinetok B ummyHocynpeccuBaoM TME HapymaeTcs u3-3a Hemo-
Terren, et al. (2019) N CTaTKa MUTATEIBHBIX BEHIECTB U KUCIOPO/A, BEICOKOW KOHIIGHTPANN KOHSYHBIX
[2] MIPOAYKTOB METAaO0IM3Ma Oy XOJIEBEIX KIETOK, YTO OTPAHUIUBACT UX 3 dexTop-
Hble QYHKIIMN
Ben-Shmuel, et al. N OKCIpeCcCUPYIOT aKTHBUPYIOIINE U MHTUONPYIOIINE PEIeNTOPBI, CIOCOOHBI HATIPS-
(2020) [3] MYIO YHHUYTOKATh Oy XOJICBBIC KJICTKH, HE TPEOyst aHTUTCHHOW CIICIU(UIHOCTH
Zheng, et al. (2023) Thi KymuHT 0ommyXoNeBBIX KIICTOK MyTeM HHAYKIIMH aloNTo3a, aHTHAHTHOTCHHBIC

CBOICTBa
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OkoHuyaHue Tabm. 1

Ending table 1

Knerounas
ABTOp Pesynprar
O JISIINS

HNmMyHOCyIpeccuBHAs akTHBHOCTH Tregs (CeKpeys MpOoTyMOPOTreHHBIX IUTOKH-
Li, et al. (2020) [5] Tregs HOB, YHUYTOXKCHUE U HapylieHHe mMeTaboau3Ma d(PPEKTOPHBIX KIETOK) HPersiT-
CTBYET Pa3BUTHIO Y(P(HEKTUBHOTO TPOTHBOOITYXOJICBOTO UMMYHHUTETA

HMMyHOCyTIpeccus, OmocpeioBaHHas CeKpelneil MMMYHOCYIPECCHBHBIX ITUTO-

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

Itahashi, et al. (2022) Nuadunerpanms TME n monaBieHre mpOTHBOOITYXO0JIEBOI0 KMMYHHOTO OTBETa

Tr
[8] ces CDB8" T-kJIeTOK, 4TO CIIOCOOCTBYET Pa3BUTHIO M POCTY OIYXOJIN
McFarlane, et al. BricBoOOKICHNE aKTHBHBIX (HOPM KHCIOPOIA MOKET BBI3BAaTh THOETH OITyXoJie-
(2021) [9]; HetiTpoduiibl | BBIX KJIETOK, HO TAKKE MOKET IOIABJISATH AKTHBHOCTh IIHTOTOKCHYCCKHUX HMMYH-
Wau, et al. (2020) [10] HBIX KJIETOK
Awasthi, et al. TAN Wurnbupyror CD4" " CD8" T-kJIETKH 32 CYET IKCIPECCHU MHEJIONEPOKCHIa3bl
(2024) [11] u Fas/FasL, crioco0cTBys pocTy OmyXou
Jeong, et al. (2019) MOHOLTEL B nepBuuHBIX 0nMyXxossx MOHOIUTHI Ly6Ch okaspIBaOT IPOTYMOPOrE€HHBINH 3(¢)-
[12] H (exT, criocoOCTBYsI poudepaIuy Oy XoJIeBbIX KIETOK U X HHTPaBa3alluu

Messex, et al. (2020) Paznuunsle moaTunel M2-MakpogaroB CBsi3aHBI ¢ MPOTPECCHPOBAHIEM OITYXO-
[13] ’ ’ Makpodaru | 11 1 MeTacTa3upoOBaHHEM Yepe3 UX B3aUMOJICHCTBUE C JIPYTHMHU KOMIIOHEHTaMHU
TME u cniocoGHOCTH MOAABISATE HMMYHHBIC PEaKIIUU

TAM skcnpeccupyot deHoTur, mogooHsii M2-Makpodaram, KOTOPbIH TPOSIB-
Chen, et al. (2021) TAM JIAeTCsl KaK MMMYHOCYIIPECCUBHOE COCTOSIHUE U OllyXoJieBasl mporpeccus. Hcro-
[14] menre TAM wnm usmenenue geHortuna Ha M1 MOBBIMIAET X TUTOTOKCHYHOCTH
U CTUMYJINPYET HUTOTOKCHYECKHE T-KIeTKku

Crioco6¢cTBYIOT mposrdepannu 3710KaueCTBEHHBIX KIJIETOK, BOCIIAJICHHIO, CyTIpec-
TAM CHU HMMYHHBIX KJIETOK, aHTHOT€HE3y W JINM(paHTHOTEHE3Y, a TaK)Ke PE3UCTEHT-
HOCTHU K T€paruu

Boutilier and Elsawa
(2021) [15]

Wang, et al. (2021) TAM TAM kak M2-nonoOHbIe Makpodaru, CEKpeTUpYIOT (HaKTOPbl PocTa OMYXOJH,

[16] CIOCOOCTBYIOT aHTHOTCHE3Y U MOJABIISIOT T-KIIeTKH

Hinshaw and Shevde [Ton BNMsSHUEM IIUTOKMHOB, CHHTE3UPYEMBIX OITYXOJIEBBIMH KJIETKaMH, aKTHBH-

(2019) [17] DCs PYIOT TPaHCKPHUIIIMOHHBIE ¥ METa0OIMUYECKHE IIyTH, KOTOpble (YOPMHUPYIOT HpO-
omryxoneBsii penorun DCs, mocpenctBom BriroueHns IDO, Argl, iNOS u STAT3

Haas and Obenauf DCs OmnyxoJsieBble KJICTKN MOAABISIOT AN(PPEPEHIINPOBKY, AKTHBAIIMIO M CO3pPEBAHIE

(2019) [18] DCs

Patwardhan CriocoOHBI K CaMOOOHOBIICHUIO, TN PEPEHIINPOBKE B HECKOIBKO PAKOBBIX JIMHUN

and Mahendran CSCs 6 e PEHIHP P

(2023) [19] 1 00pa30BAHUIO OITYXOJIH

Frisbie, et al. (2022) CA-MSC CriocoOCTBYIOT POCTY OITyXOJIH M METacTa3upPOBAHUIO, 00eCIeYnBaIOT (POPMHUPO-
[20] Baane TME

IIpumeuanne. TIL-B — onyxons-undmisrpupyronme B-knerkn; NK — ecrectBennsle kiaeTku-kuiuiepsl; Thl — xenmepusie T-kietkn
1 tuna; Tregs — perynsaropusie T-xinetkn; TAN — HEHTpOHIBI, aCCOIMUPOBAaHHbIE ¢ OMyX0ibi0; TAM — Makpodaru, acconuupoBaHHEIC
¢ omyxonbto; DCs — nenaputhble kiaetku; CSCs — pakosble cTBosoBble KieTki; CA-MSC — Me3eHXUMalIbHbIE CTBOJIOBBIE/ CTPOMAbHbIC
KIICTKH, aCCOLIMUPOBaHHbIC ¢ KapuuHomoii, IDO — unnonamun 2,3-nuokcurenasa; Argl — aprunasa 1; iNOS — unaynupyemasi CHHTa3a
OKCHJIA a30Ta; HHAyLIUpyeMast CHHTa3a okcuaa a3ora, STAT3 — curHanbHBINA OSTOK U aKTHBATOP TPAHCKPHUITIIUH 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.

Monexynapuuwuii cocmae TME. Henasaue uccneq0BaHus I0KA3aJIH, YTO PEKPYTHHI, YCIIECUIHAsl aKTUBALMs U T1e-
penporpaMMHpOBaHNE UMMYHHBIX U CTPOMAJIbHBIX KJIIETOK BO BHEKJIETOUHOM IPOCTPAHCTBE SIBJISIFOTCS TAKXKE pe-
3yJIBTaTOM B3aUMHBIX B3aUMOACHCTBUI MEXTy PAKOBBIMHU KJIETKaMH 1 ryMopaiibHbiMu (akropamu TME (Tai. 2).

Bo BpeMs pocTa OIyXoiu KJIETKH HaXOASTCS B IOCTOSTHHOM B3aumozeictsuu ¢ TME, koTopoe oCylecTBIIs-
€TCsl HE TOJIBKO IIOCPEACTBOM IPSIMOM MEXKJIETOYHOW KOMMYHHKALIMH, HO U 3@ CYET XEMOKHHOB, LINTOKUHOB
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WIJTA BHEKJIETOYHBIX BE3UKYI, YTO CIIOCOOCTBYET MPOTPECCHPOBAHUIO U MHBA3UH OITYXOIH, a TAK)Ke HMMYHHOMY
YKJIOHEHHIO U YCTOWYUBOCTH K TEPATTHH.

Tabnuma 2

TI'ymopanbhubie pakropsl TME

Table 2

The humoral factors of TME

ABtop Mosexyinbl Pesynbrar

Barthel, et al. (2022) 1L-8 Mapxkep IpoKaHIEpOreHHbIX IPOLECCOB, NOAEPKUBAET HHBA3UBHBIE CBOICTBA
[21] OITYXOJIU U ONOCPEAYET MIIACTUYHOCTD OIYXOJIEBBIX KIETOK

Habanjar, et al. (2023) TNFa VYyacTByeT B nponudepann oy XoJeBbIX KJIETOK, HHPHIBTPalni Makpo(haros,
[22] SKCIPECCUH BOCIIAIUTEIbHBIX XEMOKHMHOB U aHTHOTE€HE3E

IloBbienHast OKCIIPECCU Ha 3JIOKAYCCTBCHHBIX KJICTKAX, HeO6XOZ[I/IMa JUIA T1C-

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

JeicTByeT kak cymnpeccop OnmyxoJyiel Ha paHHEW CTaJuH MOCPEACTBOM MHIYK-
Waldner and Neurath LMK afonTo3a WKW OCTAHOBKM KJIETOYHOIO IHMKJIA B MPEAPAKOBBIX KJIETKAaX.

(2023) [24] TGFp IonnmepxuBaetT mmmyHocynpeccuBHoe TME, 9T0 T0O3BONSAET Oomyxomu u30e-
’KaTh IMMYHHOTO OTBETA Ha MO3AHNX CTAIHSIX

Liu, et al. (2021) [25] L35 CrnocoOcTBYET POCTY MEPBUYHBIX OMYXOJICBBIX KIJIETOK M METACTa3HPOBAHMIO,
uHAyIHpyeT Tregs 1 mogaBiseT 3¢ pexTopHble T-KIIeTKH

Ene, et al. (2022) [26] IL-6 VYyacTByeT B aKkTHBanMM B-kierok, mponmdepannn u auddepeHInpoBke
T-KJIETOK, aloONTOTHYECKUX MPOIIECCaX, AaHTHOTCHE3e

Codrici, et al. (2022) IL-8 YeunusaeT npoaudepaiio H10TeIHATBHBIX KIETOK, XeMOTAKCHC, BBKUBAHNE

[27] U aKTUBALMIO IPOTEa3

Kadomoto, et al. (2021) CCL2 Wnnnuupyer WHQUABTPALUIO CIENU(UYECKUX MOHOIMTOB, Makpo(haros,
[28] T-1M(OIHUTOB B OITyXOJICBBIC TKAHU

Dkcmpeccupyercss Ha T-TUMQOIUTaX, OBICTPO WHAYLUPYETCS HAa HAWBHBIX
Bule, et al. (2021) [29] CXCR3 KJETKaxX TMOCJ€ aKTUBAallUM W OCTAeTCS BBICOKO DJKCIPECCUPOBAHHBIM Ha
CD4" T-knetkax u 3 dexropubix CD8' T-knerkax

Knipper, et al. (2022) FGF2, cekpeTupyeMblil OIMyXOJICBBIMU KJIETKaMH, CIIOCOOCTBYET Ipoiudepa-
[30]pp ’ ' FGF2 MU TIEPUIUTOB, YTO MPUBOIHUT K MOJIIpH3annuu Makpoparos B M2-deHoTHr,
KOTOPBIE CIIOCOOCTBYIOT IMPOT'PECCHPOBAHUIO OITYXOIH

Oxa3zbIBaeT NMPSIMOE BO3/ICHCTBHE HA OIYXOJIEBbIC KICTKH, MOANCPKUBACT JKU3-
Karagiannidis, et al. G-CSF HecriocobHocTh CSCs, mponudepariio ¥ MUTPALIHAIO OITyXOJIEBBIX KIETOK, CIIO-
(2021) [31] COOCTBYET (hOPMHUPOBAHHUIO TPOTYMOPOTEHHOTO (hEHOTHIIA MMMYHHBIX KIECTOK
(M2 maxpodaru, MUEIIOUIHbIE CYTIPECCOpPHbIC KIIeTKU U Tregs)

Perymupyet muddepeHInpoBky, nponndepannio, MATPAIAI0 U BBDKUBAHUE
Osipov, et al. (2019) [32] CSF-1R | MuenonHbIX KJIETOK, Beicokast akcpeccust CSF-1R, npu pake, accormupyercs
C IUIOXUM POTHO30M U HUMMYHOCYTIPECCHBHBIM TEYEHHEM

SenGupta, et al. (2021) CCL3 ObecnieynBacT MUTPALIMIO OITyXOJIEBBIX KJIETOK, 00pa30BaHNE HEHTPOPIIBHBIX
[33] BHEKJICTOUHBIX JIOBYIIIEK ¥ IPOJYKIIMIO aKTHBHBIX (JOPM KUCIOpO/a

IIpumeuanue. IL — uarepneiikun; TNFo — dakrop Hekposa omyxomu o; MMP — matpukchast Mmetamnonporennasa; TGF — tpancdop-
mupytommii dakrop pocra f; CXCR — xemokuHOBbIH penentop; FGF2 — ¢axrop pocra ¢pubpobdnactos 2; G-CSF — rpaHysionntapHblii
konoHuecTuMymupytonmwii paxrop; CSF-1R — penentop xonornectumynupyromero ¢akropa 1; CCL — XeMOKHHOBBIH JTUTaHd.

Note. IL— interleukin; TNFa — tumor necrosis factor a; MMP — matrix metalloproteinase; TGFp — 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 e3aumooeiicmeun ¢ TME. Poct 1 nporpeccupoBaHHE OIYXOJIU SIBISIFOTCS MPOLECCAMH,
OIOCPEIOBAaHHBIMU B3aMMOJCHUCTBUAMHI MEXIY PaKOBBIMH KJIETKAMH M OKpPYXKAloLed MX CTPOMOM, KOTOpBIE
BKJIIOYAIOT MX PA3JIMYHbIC TUIIBI K OECKIETOUHbIE KOMIOHEHTHI, hopmupytomue TME. MHorouncienHsie uccie-
JIOBaHMS TIOKa3aJii, YTO KJIacCHUecKas MapaKpuHHAs ¥ SHIOKPUHHA [Iepeiada CUTHAJIA IIOCPEICTBOM CEKpeLrn
PacTBOPUMBIX (PaKTOPOB, BKJIIOYAS] TUTOKUHBI U (DAaKTOPBI POCTA, BO BHEKJIETOYHOE MPOCTPAHCTBO CIIOCOOCTBY-
et perymsinu TME myTeM nopaBieHus WM CTUMYISLUH IIPOTPECCUPOBaHKs HOBOOOpa3oBanus. boiee Toro,
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MPSIMOM KOHTAKT MEXKIy OIMyXOJIEBBIMH KJIETKaMH M CTPOMAIFHBIMU KJIETKaMH MO)KET KPUTHYECKH BIHSTH Ha
OHMOJIOTHYECKOE TIOBEJCHIE PAKOBBIX KIIETOK [34—36].

ANre3uBHBIE U IIEJTIEBbIE COEANHEHNS, KOTOPbIE YYaCcTBYIOT B (DOPMHPOBAHHH MPSIMBIX CBS3EH MEXIY COCEI-
HUMH KJIETKaMH, BKJIFOYasi PAKOBBIE M CTPOMaTbHBIE, HEOOXOIMMEI ISl Pa3HOOOPA3HBIX KIETOYHBIX (DYHKIHH. Al-
Te3WBHBIC COEMHEHNS B OCHOBHOM COCTOST M3 TPAaHCMEMOPAHHBIX MOJIEKYN KJIETOYHOW aAre3H, TaKMX Kak
KaJrepruHbl U HEKTUHBI, U KapKaCHBIX OEJTKOB, KOTOpPBIE CBSA3BIBAIOTCS C BHYTPUKIIETOYHOH OOJACTHIO MOJIEKYJI
KJIETOYHOH a/re3wd, YT0O0BI CTAaOMIM3UPOBATh WX JIOKAJIHM3AINIO HA TOBEPXHOCTH KIIETKH. VIHBa3WBHBIE PaKOBHIE
KJIETKH OOBIYHO KOHTAKTHPYIOT CO CTPOMAITEHBIMH Yepe3 MOJIEKYITbI KIIETOUHOH a/Ir€3U air€3MBHBIX COSAMHEHHH.

TIpsiMoii KOHTAKT PaKOBBIX KJIETOK CO CTpoMasibHbIMM KieTkamu B TME omnocpenyeTcsi B3auMoaeicTBUEM
MEX]y JTUTAHIOM, CBA3aHHBIM C MEMOPAHOM, U €0 PEelenTOPOM, CUTHAJIOM ISl KOTOPBIX sBisieTcst Notch-myTs,
CITOCOOCTBYIOIIHH TIPOTPECCUPOBAHUIO OITYXOJIM Ha pa3HbIX cTaamsx [37; 38].

HenmaBuo O0bumn MueHTH(GHUINPOBAHB! HOBBIE THUIIBI MEKKJIETOYHONH KOMMYHHKAITUH, 0003HaYE€HHBIE KaK TyH-
HenpHBIe HaHOTPYOOoukH (TNT) u ormyxoneBeIx MUKpoTpyoouku (TM), KoTopbie (hYHKITHOHUPYIOT KaK B HOpMaIh-
HBIX, TaK U B pakoBBIX KieTkax. TNT u TM mpemctaBisioT co0ol TOHKHE MEMOpaHHBIe KaHAJBI, COMEPIKaIIie
F-akTuH, KOTOpBIE Pa3MTUYaOTCS MO pa3Mepy, 9TOOBI 00ECHEUUTh MPSMYIO CBA3b MEXKIY PAaKOBBIMH KIETKAMHU
U CTPOMATBHBIMH KJIETKaMH Ha OOJNBITNX PacCTOSHUIX [39].

B mporiecce nporpeccupoBanns HOBOOOpPa30BaHMS PaKOBbIE KJIETKH pa3pymIaloT 0azaibHy0 MeMOpaHy U OT-
JIENSIOT TKAaHEBYIO TTAPEHXUMY OT SIMUTEITHAIFHOTO CIOSI, B CBSI3M C YeM KOMIIOHEHTHI BHEKJIETOYHOTO MaTpUKca
HTpaeT BaXHYI0 poiib B hopmupoannn TME. Kpome Toro, B mpoliecce WHBa3WH POCT OITYyXOJIHM YaCTHIHO KOHT-
ponupyercst TME nocpeacTBoM nmapakpuHHBIX B3aUMOJEHCTBUM. B Takux ciydasx acCOLMMpPOBaHHAsA C OMyXO-
JBIO CTPOMa 00ECTIEYMBAET MUTATEIbHBIE BEIIECTBA, KHCIOPO/, (PePMEHTHI M CBSI3aHHBIE C MATPUKCOM (haKTOPHI
pocTa, KOTOPBIE CITOCOOCTBYIOT ITPOTPECCUPOBAHUIO U TIpOIHQepaluu omyxoiu [33].

Tabnuma 3

MesKkKJIeTOUHbIE B3aUMO/IeiicTBUS

Table 3

Intercellular interactions

ABTOD Komnonent Pesynbrar

Jiang, et al. (2023) VY4acTByIOT B ()OPMHUPOBAHUH NTPE-METACTATHUECKOW HUIIH, COACHCTBYIOT POCTY
3 4]g, ’ IleprunThl | OMyXOJEBBIX KJIETOK U JICKAPCTBEHHONW YCTOHYNBOCTH IOCPEICTBOM MAPAKPUHHON
aKTUBHOCTH U MHAYKIIMHU MOJSIPU3aMK Makpogaros M2

Arneth (2019) [35] VYyacTByeT B (hOPMHUPOBAHNHU W Pa3BUTHHU PaKa, BHYTPHKIETOUHAS! CUTHAIN3AIMS
Almeida-Nunes > | Crpomansabie | B TME MoxeT perynupoBats aHTHOTeHe3. HeckompKo myTeil GyHKITHMOHUPYIOT Kak
etal. (2022) [3 6]’ KJIETKH MOIIIHBIE PETYIISITOPBI, CIIOCOOCTBYIOIIUE arPECCUBHOMY M METACTaTHUECKOMY BO3-

JIEMCTBUIO OIIyXOJIH

Bo Bpems nmporpeccupoBanns paka HapyuieHue peryisaua ECM cmoco6cTByeT nH-
S Ba3WH, aHTHOTeHe3y U o0serdaet MHQUIBTPALNI0 UMMYHHbBIX KiieTok. NK-kiieTku
Ducimetiere, et al.
(2019) [37] ECM MoryT monyiupoBarb ECM nocpencrBom cekpennn GuOpoHEKTHHA 1, 4TO IPUBO-
JUT K CTPYKTYPHBIM U3MEHEHUSIM B IIEPBHYHOI OIYXOJIN U yMEHBIIICHUIO METaCTa-
3UPOBaHUS

Rossi, et al. (2020) CBsi3aHbI C aHTHOT'€HE30M, BEKMBAHUEM Oy XOJIEBBIX KJIETOK, MHBAa3UEH, MeTacTa-

lanexTunbI

[38] 3MpOBaHNEM M M30eraHueM HMMYHHOT'O Ha/130pa
Mun, et al. (2022) TECs OO0pasyIoT BaXKHBIH COCYUCTBIN BHYTPEHHUH CIION B OOJIBIIMHCTBE OITYXOJISIX, Op-
[39] rauu3ytoT TME, npuBnekaroT 1 akTUBUPYIOT T-KIeTKU

SIBnsrorcs MeMOpaHHBIMU KaHalaMy, coieprkamue F-akTuH, odecriedynBaroT mpsi-
Sato, et al. (2021) TNTs. TMs | MY'O CBA3b MEXKLy OMyXOIEBBIMH KICTKAMH 1 KJICTKAMH CTPOMBI Ha OosnbIue pac-
[40] ’ CTOSTHHS, 00CCIICYHBAIOT OBICTPBI OOMEH KICTOYHBIMU KOMIIOHCHTAMH H MOJICKY-

JIaMH, BKJTIOYasi OpPraHesIIbl, BE3UKYJIbI, MOJIEKYJIb U HOHBI

. VYuacTBylOT B AMCTAaHIMOHHON KOMMYHHUKAIlUU MEXAY OIYXOJIBIO M KIETKaMHU

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

CTBYIOT BO3HHKHOBEHHIO M IIPOTPECCUPOBAHMIO paKa

[Ipumeuanne. ECM — BHekmerounsrii Marpukc; TECs — omyxoneBsie sHnoTenuansabie kiaetk; 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 konmponstsle mouku. llomruMo cyOnoOMyISIIMOHHOTO COCTaBa BA)KHOE 3HAYCHHWE MMEET
(yHKIIMOHATBHAS PETYIALNS TPOTHBOOIYXOJEBOTO CHTHAJIA M JKCIIPECCHUS WMMYHHBIX KOHTPOJBHBIX TOYEK.
Mosexynsl IMMYHHBIX KOHTPOJIBHBIX TOYEK, BKIIOYast MHTHOUPYIOUIHE ¥ CTUMYIUPYIOIINE MOJIEKYIIBI MMMYH-
HBIX KOHTPOJIBHBIX TOYEK, OMPEAEIAIOTCS KaK Maphl IUTaHA-PEeEnTop, KOTOPhIE OKA3bIBAIOT HHTHONPYTOIIee NI
CTUMYJHUPYIOIIee BO3CHCTBHE HA UMMYHHBIE peakInd. BONBITIMHCTBO MOJEKYI MMMYHHBIX KOHTPOJIBHBIX TO-
YeK, KOTOPBIE OTHCAHBI 0 CHX TIOP, SKCTIPECCUPYIOTCS Ha KIIETKaX aJIalTHBHON MMMYHHOH CHCTEMBI, 0COOCHHO
Ha T-KJeTkax, ¥ BpOXJI€HHOW MMMYHHOM cucteMbl. Hanpumep, PD-1 mupoxo skcripeccupyercst B B-kierkax,
T-KkneTkax, eCTeCTBEHHBIX KIETKAaX-KWIIEpax U MUEJIOUAHBIX KileTKax. B kauecTBe nuranaa PD-1 nuranp 1 3a-
MIPOrpaMMHUPOBAHHOM rrOenu KieTok (PD-L1) MoxkeT sKkcrpeccupoBaThCsl B ISHAPUTHBIX KIIETKAaX, Makpodarax,
T-xnerkax, NK-kimeTkax u oImyXoJeBbIX KieTkax. Cs3piBasch ¢ PD-L1, B mpucyTCTBHM CUTHATHLHOTO KOMILIEKCA
pernieniropa T-kinerok PD-1 wHUIIMUpPYET KOMHTHOUPYIOMIUN CUTHAJ, YTO TMIPUBOANUT K MIPEKPAMICHUIO TIepeaadu
nH(MOpMaITMH ¥ MHTHOUPOBAHUIO TIpodepartuu, aneprun 1 uctomenuro T-xirerok [41]. Yi, et al. (2021) or-
Meuaer, uto B TME cBepxakcnpeccupoBanusiii PD-L1 Ha ommyxoieBbIX KieTKaxX cBsA3bBaeTcs ¢ PD-1 Ha nHHIH-
TPUPYIOIINX OITyXOJb TUM(OITUTaX U aKTUBHO 0Opasyercst komruiekc PD-1/PD-L1, 9aTo npoTuBoOAeCcTBYeT Ka-
CKa/Iy CHTHAJIOB M CTIOCOOCTBYET HApYIICHUIO 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 AHTHTCHOB MPOBOLMPYET UX UMMYHHYIO HEBOCHPHHUMYHBOCTD, MOTEPIO 3(dexTop-
HbeIX Qyuknni [43]. Capitani, et al. (2021) coobmaeT, uto CTLA-4 (1uTOoTOKCHYIeCKU OET0K, aCCOITNUPOBAHHBIN
¢ T-mumorramu 4) 3amyckaeT HHTHONPYIONTHI CUTHAJ, KOTOPBIH MPEIATCTBYET OMOCPEeNOBaHHON T-KIIeTOUHOM
aKTHUBAIlUW CUTHAJIBHBIX MOJICKYI [44].

Mukpobuoma. B niocnennee Bpems B nojgaepkanur TME Gonbliioe BHUMaHUE yenseTcsi poiu MUKpoOHo-
ThI, KOTOPBIC KOJIOHU3UPYIOT CIU3UCTBIC 000JI0YKH U KOXY, IPpOAYLUPYIOT METa0O0JIUTEI U MOJICKYJIbI, OKa3bIBasA
MPSIMOE CHCTEMaTHYECKOE U JIOKAJIbHOE BO3/IEHCTBHE HA PA3BUTHE OITyXOJIEBOTO Mpoliecca. BHyTpuomyxonesbie
MUKPOOHBIC KOMITOHEHThI OOHAPYKUBAOTCS BO MHOTHUX TKaHSAX HOBOOOPA30BaHUI U TECHO KOPPEIUPYIOT C BO3-
HUKHOBCHHEM U Pa3BUTHEM pakKa, a Takke ¢ dPPEKTUBHOCTHIO Teparuu. Hekotopast BHYy TPHOITyX0JIeBast MUKPO-
01oTa MOXeT OBITh TECHO CBsI3aHA C IJIOXUM MPOTHO30M Y MAIMeHTOB ¢ omyxoisimu. Deng, et al. (2022) orme-
yaet, 4to H. Pylori perynupys OmyXxoJjieBble CTpPOMajbHbIe KJIETKH, IMMYHHBIE KOHTPOJIbHBIE TOUKH U JPyTHE
perymisTopHbie (PaKTOPHI, CO3aeT MUKPOCPEIY, KOTOpasi 00eCcIiednBaeT MOCTOSHHYIO KOJIOHU3AIMIO U 00JIerdaeT
BO3HUKHOBEHHE omnyxonell. H. Pylori pu pake jKeiy/iKa U KOJOPEKTAILHON aJIeHOME CIIOCOOCTBYeT OoJiee BhI-
COKOMY PHCKY 3a00JIeBaHMs U YXYALICHUIO OONIe3HEHHBIX cocTosiamid [45]. [pyroe uccnenosanne, Wong-Rolle,
et al. (2021), cBUAETEILCTBYET, UTO CBSI3BIBAHUE MOJIEKYN aare3uu F. Nucleatum ¢ MOTHBaMHU KJIETOYHOU ITO-
BCPXHOCTHU OITYXOJICBBIX WM UMMYHHBIX KJICTOK, IPUBOAUT K OHKOTCHHOMY HJIM UMMYHOCYIIPECCUBHOMY CUT-
HamuHry. F. Nucleatum n P. Gingivalis KOppeaupyroT ¢ 0ojiee BEICOKHM PUCKOM paKa TOKEITYIOUYHOM KeTIe3hl.
Kpome Toro, moBeIitieHHbIe YpoBHU F. Nucleatum T€CHO KOPPETUPYIOT ¢ TMO3AHEU CTAAUCH U PEIUINBOM ITLIO-
CKOKJIETOYHOTO paka numieBona [46]. Jiang, et al. (2022), coobmaet, uro monekynbsl FadA, skcripeccupyembie
F. Nucleatum, perymipyroT BOCIIaJICHUE ¥ OHKOTCHE3 3a CUET CBS3bIBaHMA ¢ E-KaJrepuHOM M aKTUBAIllMK CUTHA-
TM3alUK B-KaTeHWHA, UTPAIOT OITyX0JIC00pa3yIoIyo poiib B MHTHOUpOBaHUY Tiponndeparmy T-KIeTOK U UHTYK-
nuu aronTo3a T-kierok [47].

PakoBast MukpoOuoTa 1 Apyrue Mukpooprannsmbl B TME BIHSIIOT Ha Takue Mporeccsl, Kak Onorpancdopma-
st ¥ METa0O0IM3M KCEHOOMOTHKOB, KOTOPBIEC OMPEJIEISIIOT OHKOTEHE3, B Ya4CTHOCTH, CKOPOCTh POCTa U PACHpo-
CTPaHCHUA OITYXOJICBBIX KJICTOK B OpraHU3ME. Hel{aBHI/Ie HCCICOAOBaHUs ITOKa3aJik, 4ToO MI/IKpOGI/IOTa OKas3bIBacT
BBIPKCHHOE BIUsIHUE Ha 3()()EKTHBHOCTH TAKUX METOJIOB JICUCHHUS paKa, Kak IMMyHoTeparus. Takum o0pazom,
OIryxoJicBas MI/IKpO6I/IOTa CUUTACTCA BaKHBIM Q)aKTOpOM, KOTOpBIfI MOXCET BJIMATH Ha 3JOPOBHE OHKOJIOT'MYECKUX
MAIUEHTOB U ONPENEIIATh UX OTBET Ha Tepanuio [46].

TME-opuenmuposannas mepanus. Tepanus HOBOOOpa30BaHUN OCTASTCS CJIOXKHBIM ITPOIECCOM, B KOTOPOM
HCTIONB3YIOTCS KaK TPaJAMLIMOHHBIE MOAXOABI K JIEUSHUIO (XUPYpPIrHsl, XUMHUOTEpAIus U JIyueBas Teparnus), TaKk
Y HOBbIE HaIPaBJICHUs C MCIIOIb30BAHNEM TapreTHON Teparnuy, HaHOpenapaTroB, MPUPOAHBIX AaHTHOKCHJIAHTOB,
XEMOAMHAMUYECKOH Teparuy, Teparniu Ha ocHOBe ¢eppornTosa (Tadm. 4). CoBpeMEeHHBIM UMMYHOTEpAeBTHYE-
CKHM TOJXO/IOM SIBJISIETCSI MCITOJIb30BaHME MPOTHBOOIYXOJEBBIX BakIMH. MexXaHu3M JeHcTBUs THX Ipernapa-
TOB COCTOMT B MMMYHH3AIIUH MAIlUEHTa OMyX0JIb-aCCOLMMPOBAHHBIMU aHTUT€HAMH, YTO NMPUBOAUT K aKTUBALIUU
a/IalITUBHOTO 3BEHAa MMMYHHOH CHCTEMBI, HAlIPABICHHOTO Ha OIyXOJieBble KiIeTKH. Hanbonee nepcrnekTuBHON
NPe/ICTAaBISIeTCS] pa3padOTKa JEeHIPUTHO-KIETOUYHBIX BaKLUH, B OCHOBE KOTOPBIX JIEKHUT CIIOCOOHOCTD JCHIPUT-
HBIX KJIETOK IPE3eHTUPOBATh aHTUTEH T-TMM(OLNTaM, BEI3bIBATH HX aKTHBAILMIO U HHUIIMUPOBATH POTUBOOITY-
XOJIEBBI UMMYHHBIHN OTBeET [48].
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Tabnuua 4

Tepanus onyxoJieBbIX 3200/1eBaHMii

Table 4

Therapy of tumor diseases

ABTOp TepaHeBTI/I‘ICCKI/II/I Pe3yHBTaT
arcHT
Genova. et al Tepanmusa ACT BkmrowaeT aganTuBHbIN nepeHoc TIL wuim ckoHCTpyupo-
(2021) [218] ) ACT BAaHHBIX T-KJIETOK, OOJIAIAIONTNX CIICITH(PUIHOCTHIO M BBICOKIM CPOJCTBOM
K OITyXOJIEBBIM aHTUI'€HAM
TME BxirouaetT HHrHOMpYyomue GakTopsl, KOTOPBIE BIUSAIOT Ha (PyHKINIO
Liu, et al. (2021) CAR-T-KJI€TOK, Cpeau KOTOPHIX MOBBIMICHHAS PETYIISAIUS HMHTHOUPYIONTIX
[ 49]’ ’ CAR-T-xneTku pEeLenTopoB KOHTPOJIBHBIX TOYEK, PACTBOPUMBIE LIMTOKUHBI, U3MEHEHHBIE
IpOQUIH IKCIIPECCHH XEMOKHHOB, CIIOXHBIH CTPOMaJIbHBIH COCTaB, IMITOK-
CHsI M aHOMaJIbHBIH MeTa00IM3M OITy XOJI!
Antu-PD-1 npenorBpaiaet cBszpiBanue PD-1 u ero niurangos PD-L1 u PD-
Wang, et al. (2023) L2, rem caMmbIM criocoOcTBys nposndepannn T-KIeTOK U MPOAYKIIUHU IUTO-
50 KHUHOB.
[50] Antu-PD-1 0 .
Petitprez, et al. AHTH-PD-1 DCs pearupyror Ha IFNy, mpomymumpyembiii COCETHUMHU
(2020) [51] T-kmetkamu, myTeMm cekpennun [L-12, TeM caMbIM yCHIHBasi OTIOCPEIOBAH-
Hoe T-KkJIeTKaMu YHHUTOKEHHE Oy XOJIEBBIX KIETOK
XuMepHBIH perienrtop-nepexatodatens PD1/CD28 momydeH myTem st
BHEKJIETOUHOro noMeHa PD-1 ¢ TpaHcMeMOpaHHBIM M BHYTPUKIECTOYHBIM
Liu, et al. (2022) PDI1/CD28 nomenamu CD28. IIpeoOpa3oBanue uHruoupyromiero curuaga PD-1 B ak-
[52] tuBupytomuid curHasn CD28 a¢dekTnBHO MogaBIIseT poCT OMYXOJU U yBe-
JMYUBACT MHOUIBTPALNIO T-KJIETOK MaMsTH, MPOJICBACT JOJITOCPOYHBII
MIPOTHUBOOITYXOJIEBEIH A3PPEKT U CHIKAET cekperuto [L-6
Lu, et al. (2019) MonokonansHble | BoccranaBimBaroT peakunio T-KJIeTOK Ha OIyXOJIeBbIe aHTUT€HBI, & KOMOH-
[53] anaTuTena k TIM3 HAITUY AaHTUTEI OKA3bIBAIOT 8] INTHBHEIN d3PPEKT
Byrne, et al. (2021) Aronuct CD40 Axrtusupyet s dexropHsie GyHKINU B Makpodarax, B-kinerkax u DCs, un-
[54] nynupyet nutokunsl Thl, Takue kak 1L-12
BiKEs u TriKEs npencrasmnsitor co6oit NK-kJIeTKU ¢ ABYMs WM TpeMsi
licka, et al. . . HOICTIOYCYHBIMH BapUaOCIIbHBIME (parMEHTAMU C Pa3IM9IHON aHTHUTCH-
Jedlicka, e BiKEs u TriK Es OJTHOIICTIOUE prade (bparme c pas 0 e

(2022) [55]

HOH crienin(pUIHOCTHIO, UTO 0OECTIeUnBACT TOYHBII MEKKIICTOUHBIH KOHTAKT
C OIyXO0JIEBOM KJIETKOH

Jia, et al. (2023)

Antu-CDI19 CAR-

AnT-CD19 CAR-NK-KI€TKH NCTIONB3YIOTCS JIUIS YTy YIIEHHUS CIIOCOOHOCTH

[56] NK-kreTkn K YHHUYTOXKCHHIO OITyXOJIEBHIX KIETOK U crieruduaHocT NK-kimeTok
Madeddu, et al. MurnGurops EGFR- Yeunuparor npe3eHTauH}? antureHoB MHC kinacca [ u II B otBeT Ha IFNy,
nosblatoT ypoBHU CD8' T-knetok u DCs, ycrpansitor Tregs U cHUXKAIOT
(2022) [57] THPO3UHKIHA3HI
skcrpeccrio PD-L1 B pakoBBIX KIeTKax
Zhang, et al. Wnuruburopst [onasnsror curnanst TGFB, MAPK n NF-kB, uTo nopaepxuBaet npoTHBo-
(2023) [58] NLRP3 OITYXOJIEBHIH (D (PEKT.
Heitrpanusyromue | Helitpanusyromue anturena k VEGF unu VEGFR co3garor ummyHOCy-
Zhao, et al. (2022)
[59] aatutena kK VEGF | mpeccuBHoe TME, momaBisioT mpe3eHTaINI0 aHTUTEeHA, CTUMYJIHPYIOT aK-
nnu VEGFR. tuBHOCTH Tregs u TAM
Peng, et al. (2021) Aromucr TLR3 Wnnnuupyer CD8" T-kieTkn 0e3 NpOAYKIMH LIUTOKWHOB, BBI3BIBATH pe-
[60] ARNAX T'PECCHUIO OITYXOJIH 0€3 CHCTEMHOTO BOCTIAJICHHS M MOXKET TOBBIIIATE d(PQek-
THUBHOCTB Osokaasl PD-1/PD-L1
Garris and Luke Arommer TLR7/8 3aIycKaeT SKCIIPECCHIO TPOBOCTIAJIMTEIIBHBIX TCHOB, ITO BEICT K yBeIHe-
HUIO HHTPAaTyMOpaibHbIX peakuuil IFN, xeMokuHOB T-KJICTOK W HH(HIIb-
(2020) [61] NKTR-262 L
Tpupytomux ornyxoias CD8" T-kneTox
Crpareruu Ha ocHoBe NP, nanenennsie Ha TAM, B TME: ucromenue ma-
Jang, et al. (2021) NP niporis TAM KpodaroB B OITyX0JIEBBIX TKAHAX; MHTHOMPOBAHHUE PEKPYTHHTa MOHOITUTOB,;

[62]

nepenporpammupoBanre TAM tuna M2 B mpoTHBOOITYX0JIeBbIe Makpoda-
ru tuna M1
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OkoHuanue Tabu. 4

Ending table 4

A Tepaneruueckuit
BTOp AreHT Pesynbrar
Harpy>xennsie nekapctBoM NP MOryT HHTHOMPOBATH THITOKCHYECKUNA POCT
Raju, et al. (2022) OITYXOJI¥, OKa3bIBas BIHMSHUE HA aHOMAJIBHYIO COCYAUCTYIO CETh OMYyXOJIH,
3] NP TeperporpaMMHpoBaTh Makpodaru M2 B penotun M1, koTopble peakTHBH-
[ PYIOT HIMMYHHBIH OTBET H HHTUOUPYIOT POCT OITYXOJIH, aKTUBUPOBATh 3pe-
apie DCs, 4TO npuBOAUT K akTUBaluu B-kneTok yepes T-kiaeTku
Ghaffari JleyeHnue ¢ MOMOIIBIO OJIOKAIBI IMMYHHBIX KOHTPOJIBHBIX TOYEK H IIHCILIA-
and Rezaei (2023) D03UHODIITEI tuHa yBenumunBaet [L-5 u [L-33, xoTtopsre yBenmnuuBaroT 1udHepeHIInpoBKy
[64] U PEeKPYTUHT 303WHO(UIIOB COOTBETCTBEHHO
D03MHO(HIIBI TPOHUKAIOT B PA3IMYHBIC THUITBI COJTMIHBIX OMyX0oJel i o0a-
Grisaru-Tal, et al. JIAIOT MJICHOTPONHON aKTUBHOCTBIO TOCPEJCTBOM MPSMOIO BSaI/IMOI[eI‘/‘:ICTBI/IH
(2022) [65] D03UHODIITBI C OITYXOJIEBBIMU KJIETKAMH U CJIOKHOTO TEPEKPECTHOTO B3aWMOJCHCTBUS
¢ smmMponuTaMu. BiusgroT Ha OTBET Ha pa3inuyHbIe (HOPMBI UMMYHOTEpA-
U, orocpenoBaHHon T-kineTkamu
Xu, et al. (2023) CAF moryT ObITh HHTHOMPOBAHEI ITyTEM HAICIUBAHUS HA Ty TH XEMOKHHOB
[66] CAF u (pakTOpoB pocTa, YTOOBI YCHIINTh HMMYHOJIOTHYCCKYI0 HH(UIBTPAIIHIO
T-kneTok
OHKOJIMUTHYECKHE BUPYCHI MOT'YT HAIIPSIMYO JIN3UPOBATh OITY XOJIEBbIE KJIET-
Shen, et al. (2024) OHKONUTHYECKUE | KM MM KOCBEHHO OKa3bIBaTh MPOTHBOOITYXOJIEBOEC I[Cf/iC}‘BI/IC, BBI3bIBAs CH-
[67] BHPYCHI (HalIpuMep, | CTeMHBIE HIMMYHHBIC OTBETHIL. T-Vec KOHCTPYHPOBAHHBIN HU3KOTOKCHYHBIH
T-Vec) BHPYC MPOCTOr0 Tepreca, 3KCIPECCUPYIOIMKA IPaHyIONUTapHO-MaKpoda-
raJIbHBIN KOJIOHUECTUMYITUPYIOIIHHA (haKTop
Johnson, et al. B7H3.CAR-T-xneTku C OHKOJIMTUYECKMM aJICHOBHPYCOM (0Ad-CXCLI11)
(2022) [68] B7H3.CAR-T-knetku | ¢ B7H3-cBs3biBaromieit CAR T-kuietkoit (B7H3.CAR-T) adpdextuBnb 11
3aMe/IJICHHs] IPOrPECCUPOBAHUS U YCTPAHEHU S OITY XOJIHU
Liu, et al. (2023) M3mensier TME, Bo31eHCTBYSI HA MHOTOYMCIIEHHBIE KJIETOYHBIE U HEKJIETOY-
[69] Panuorepanust HbIE KOMIIOHEHTHI. BBI3bIBAET JIOKAJILHOE YBEIUYEHUE KOIMYECTBA 1 cy6rmo-
MYJISAIHOHHOTO pa3Ho00pasns T-KIeTOK B Ipenenax o0IydeHHOH Oy XOIH

IIpumeuanune. ACT — omyxone-peakrusnslie T-knerkw; BiKEs mmm TriKEs — 6u- mmm tpucnenmduueckue akruBatopsl 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 MHOTOOOCIAIOIMM UMMYHO-
TeparneBTHYECKUM MOIX0A0M K 00pbOe ¢ pakoM. [lonxox 3akmoyaercs: B NCHOJIB30BAaHUH T€HETHYECKU MOTU(H-
[UPOBAHHBIX UIMMYHHBIX KJIETOK, SKCIPECCUPYIOIUX MOBEPXHOCTHBIN penenTop, Ha3biBaeMblil CAR, koTopsIii
crienu(pUUIECcKH HalleJIeH Ha aHTUTEHBI, SKCIIPECCHPYEeMble Ha TIOBEPXHOCTH OITyXOJICBBIX KJIETOK. OfHAKO LICH-
HOCTb 3TOHM TE€paNiM OCTACTCS HEyOSIUTEIbHONW B KOHTEKCTE COJIMIHBIX OIYXOJIeH U CIEPKHUBACTCS PAIOM IIpe-
MSITCTBUM, BKJIIOYAS! OTPaHUUCHHBIA TPAHCHIOPT OIyXOJIU M €€ MH(DUIBTPalrio, HAINYNE HMMYHOCYIIPECCHBHOTO
OIIYXO0JIEBOI'O MUKPOOKPY>KEHUS, a TAK)KE HEXKeaTeJIbHbIC SIBJICHMUSI, CBSI3aHHbBIC C TaKOU Tepanuei [52; 57].

Taknum 00pa3zoM, B KaXKI0M M3 BBIIICYKa3aHHBIX HAITPABJICHUH TOyYEHBI MHOTOOOCIIAIOLINE PE3YIBTATHI, I10-
3BOJISIIOIINE PACIIMPHUTH CYIIECTBYIOLIME MIPEACTABICHUS O CTPYKTYpe U GyHKIMoHanbHOU pomn TME, a takxke
BO3MOYKHBIC TIOZIXOBI K €r0 MOAYJISILIUH.

Ha puc. 3 npencraieHsl pe3ysbTaTbl CHCTEMAaTHYECKOTO 0030pa O COOTHOILCHHIO KOJIMYECTBA IMyOIHKALMH
13 BKJIIOYCHHBIX B HCCIIC0BaHUE 68 MTOTHOTEKCTOBBIX CTaTel B K&KAOM M3 aKTyaJbHBIX HANpaBICHUH HCCIIENO-
BaHus 3a nepuon ¢ 2019 no 2024 rr.

IIpoBeneH neTanbHbIN aHATH3 4-X MCCIICIOBAHMIM, ITOCBSILICHHBIX TEPAIUH 3JI0KaYeCTBEHHBIX HOBOOOPa30Ba-
Huil ¢ BoBineueHneM TME (puc. 4). Ha ocHOBaHMM aHanmM3a ¢ UCIOIB30BAaHUEM MOJIENH CITy4ailHbIX 3(dekToB
C METOZIOM 00paTHOH qucnepeun st cpaBHeHus ko3 uunenta pucka (HR) ycranosnena crarucruueckas pas-
HHULA: cyMMapHbIi koaddunuent pucka (HR) cocrasnsier 65,4 ¢ 95 % noBepurensHbiM nHTepBasioMm 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 % Cl
Genova 2021 43271 0.1103 37.6% 75.72 [61.00; 94.00] ]
Byrme 2021 4.2365 0.1455 32.1 % 69.17 [52.00; 92.00] .
Zhao 2022 2.2822 08107 2.8% 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] @
Prediction interval [22.99; 186.07] —_—
Heterogeneity: Tau? = 0.0396; Chi*=7.01, df=3 (P=0.07); =57 % I I I I
Test for overall effect: Z=29.96 (P <0.01) 0.01 0.1 1 10 100

Puc. 4. Pe3ynbTaTsl CHCTEMaTHYECKOTO 0030pa, TOCBAIIEHHOTO TEPAMUHN OITyXOJEBbIX 3a00eBaHMI
Fig. 4. The results of a systematic review on the treatment of tumor diseases

IIpumeuanue. HR — otHomenue puckos; SE — crannaprras ommoOka; Weight — Bec nim BIHsHIE HCCIIEIOBAHHS
Ha o0lIMe pe3yabTaThl aHAIN3a BCEX BKIIFOUEHHBIX HccienoBanuit; Cl — moBepHUTeNbHBIN 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 00mMit 3¢ ekt mokazpBaeT 3HaYNMOCTh TIpH p < 0,05. OOHapykeHa 3HaUNTeNbHAs TeTePOreHHOCTD
(0,07), gaTo mpearmonaraeT HemocaenoBaTeIbHbIEe A3Q(EKTHI 110 BeJTHMYUHE 1/ WU HallpaBJIeHnto. 3Hadenne 12 yka-
3BIBAET Ha TO, 4TO 57 % W3MEHYNBOCTU CpPEIX MCCIEeIOBAaHNI BO3HUKAET M3-3a TETEPOTeHHOCTH, a He CITydJaid-
HOCTH.

Krnetounsiii coctaB TME u TME-opruenTHpOBaHHBIE METOIBI TEPAIAN OITYXOJIEBBIX 3a00JIEBaHHIA SIBIISIOTCS
Haubollee aKTUBHO M3y4aeMbIMH, B TO BpeMs KaK IMMYHHbBIE KOHTPOJIbHBIE TOYKH M OIyXOJleBask MUKPOOHOTa
IIPH HOBOOOPA30BAHUAX OCTAIOTCSA HAaMMEHee N3yUeHHBIMH 00IaCTsIMH, KOTOPHIM HEOOXOIMMO YIEIUTh OOJIbIIee
BHUMAaHHE B TUNITAHUPYEMBIX UCCIICTOBAHHAX.
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3aKijIroueHue

HUrak, B pe3ynbrare cucteMarnieckoro 063opa BeisiBieHo: TME npencrasnsier coboii JOCTAaTOYHO CIOKHYIO
U T€TEPOreHHYI0 CTPYKTYPY, IIUPOKO BOBJIECYEHHYIO B OHKOI'€HE3, B TOM YMCJIE 3a CUET aKTHUBHOI'O B3aUMOJIEH-
CTBHSI OITYXOJIEBBIX KJIETOK C OKPYKAIOIIMMHU KOMIIOHEHTaMH TIOCPEACTBOM KPOBEHOCHOH M JIMM(aTHUECKOU CH-
CTEMBI, 4TO BIIMSET HA PA3BUTHE U IPOTPECCUPOBAHUE PAKA.

TME cocTOUT U3 pa3iau4HbIX KOMIIOHEHTOB, BKJIKOUAs OIIYXOJIEBbIE U UIMMYHHbBIE KJIIETKH, MOJIEKYJIbI, KPOBE-
HOCHBIE ¥ TUM(AaTHYECKHE COCY/IbI, BHEKJICTOYHbIH MaTpukc. OJJHUM U3 PacpOCTPAHEHHBIX TUIIOB MMMYHHBIX
kiaetok B TME sBistrorest rurotokcndeckne CD8" T-kimetkn 1 NK-KIeTKH, KOTOpPBIE CIIOCOOHBI YHHUTOXKATH
OITyXoJieBble KJIETKH [9]. Ba)KHbIM KOMIIOHEHTOM SBJISIETCS BHEKJIETOYHBII MaTPUKC, COCTOSIINMI U3 CETH MaKpo-
MOJICKYJI, BKJIFOYAs [JTUKOIIPOTEHHBI, KOJUTareHbl U ()epPMEHTBI, KOTOPBIC BIUSIOT HA KIETOUHYIO aJIre€3UI0, POJIH-
(depaiuio 1 KOMMYHHUKaIUIO. Baknoe 3Hauenure uMeeT 3KCIpeccss MMMYHHBIX KOHTpobHBIX Touek (PD-1, CTLA-4)
JUTS PETYIISLUY IPOTHUBOOITYX0JIEBOro curHaia [42].

Mukpobuota onyxoiu U Mukpoopranusmbsl B TME BiusitoT Ha GroTpanchopManuio 1 MeTadoIn3M, KOTOpbIe
OTIPECIISIOT CKOPOCTh POCTA U PACIIPOCTPAHEHUS OIMyXOJEBLIX KIIETOK B opranm3me [45]. IIpoTymoporeHHbie
rpouecchbl ¥ MosieKyibl B TME sBIIsItOTCS OCHOBHBIMM MMILIEHSIMU JUIsI HOBBIX METOJIOB JICUEHUS 3JI0Ka4ECTBEH-
HBIX HOBOOOpPa30BaHU, HAIIPUMEP, IMMYHOTEpANHs OMYyXOJIH C UCMOJIb30BAHUEM AaHTHUTEN MPOTHB MMMYHHBIX
KOHTPOJIbHBIX TOYEK. TeKyIlue KIMHUYECKUE UCIIBITAHNSI HAITPABJICHbI HA TAPr€TUPOBAHUE, YCTPAHEHUE U IIepe-
nporpammupoBanue kinetok B TME [57].

I'my6okoe nonnmanue TME, ero ponu v cBsS3aHHBIE ¢ HUIM MOJICKYJIbI TO3BOJISIT MOTYYUTh MOJHOE MPE/ICTaB-
JICHWE O OMOJIOTHYECKOM ITOBEJICHUH Pa3JIMUHBIX TUIIOB OIyXoJieil. Kpome Toro, Takue qaHHbIE CTaHYT BaKHOU
OCHOBOH 11 pa3pabOTKu TepaneBTHUSCKUX CpecTB HA ocHOBe TME u MOTYT MMETh periaromiee nporHocTuye-
CKOE 3Ha4YCHUE, JIOTOJHSS TUCTONATOJIOTHUECKUE M MOJICKYJISIpHBIE OMOMapKephl B OTHOIICHUH OIIEHKH 3 dek-
TUBHOCTH JICUCHHUSI TTALUCHTA C HOBOOOPA30BaHHEM.
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OreHKa COBPEMEHHOTO COCTOSIHHS ITOYB TOPOJCKNUX TEPPUTOPHH BBISIBIIIA IIPOCTPAHCTBEHHBIEC PA3INYMsI B HAKO-
IUIGHUU HUTPATOB U CYJIb(aATOB 110 aIMUHUCTPATUBHBIM 00J1acTsIM CTpaHbl. HanMeHbIIMe KOHIIEHTPaluu HUTPAaTOB OT-
MedeHbI B Topogax bpecrtckoit 06m. (Kec = 0,5), Han6onpmue — B [omensckoii (Ke = 2,8). s cynbdaros Habmomanacy
oOpaTHasi TEHIICHIIMS: HAUMEHBIIEE CPEeIHee cojepkanue 3adukcupoBano B roponax [omensckoit 001. (Kc = 1,0),
Haunbomemee — B bpectckoit (Ke = 1,5). [Ipu 3TOM pa3nmuns B HAKOIJIEHUU CYTh(PATOB MO 00TACTSIM HE3HAYUTEIb-
HbIE, B TO BpeMsl Kak /Il HUTPAToB pa3dpoc cpeqHUX 3HaueHHUil cocTaBmwi Oosee yeM B 5 pa3. MakcUMaJIbHBIE 3HA-
YeHUs CyIh(paToOB, OTMEUCHHBIE Ha OTAENBHBIX y9acTKaX ropofos, coctaBmwin oT > 1,0 mo 3,0 I[IJK. HccrenoBanus
nokazanu, 4yto 3a 2000-2020 rr. B 90 % HaceleHHBIX MYHKTOB OTMEUYeHa TEHJICHIIUSI CHUKEHUSI KOHIEHTPAIUU HU-
TPaToB B MOYBAX TOPOJOB. MOXKHO MPEAIOIOKHUTE, YTO TAKOE YMEHBIICHNE a30TCOAEPIKAIINX BEIIECTB 00yCIOBIIE-
HO CHIKEHHEM KOJMYECTBAa OPraHMYECKOTO BENIECTBA B ITOYBAX M 3aMEUIEHHEM IIPOLECCOB HUTPU(HUKAIMH TIPU €ro
pa3’IoXKEeHNN, a TAK)KEe HE3HAUNTENBHON J107e# a30TPUKCUPYIOMNX OPTaHU3MOB, IPUCYTCTBYIONUX B TOPOACKUX TO-
YyBax. YCTAHOBJICHO, YTO 33 UCCIIEYEMBbII IEPUOJ] CO/lepIKaHue cyab(aToB B IOYBAX FOPOAOB YBEINYHIOCH. [Ipu aTOM
B 59 % ciy4aeB MOYBBI XapaKTEPU30BAINCh 3HAYUTEIbHBIM YBEIHMUECHUEM COACpKaHUs cyabdaroB: B 41 % ciayuaes
HaKOIJIEHHE CEPOCOEPIKAILIETr0 COSJMHEHHS B TTOUBaX He3HauuTelbHoe. B mouBax r. Muncka 3a 2000-2022 rr. ycra-
HOBJICHBI PA3HOHAINPABJICHHbIE CBOWCTBA B COACPKAHUM HUTPATOB I10 TOJaM ¢ 00mIeH TeHAEHIINEH K 3HAYUTEIbHOMY
MOHIKEHHUIO MX KOHLEHTpanuu. /s cynb(haToB oTMevaiach HEKOTOPOE HAKOIUIGHHWE B ITOYBAX C HE3HAUYHUTEIbHBIM
cHmkeHueM koHmeHTpamuii B 2013 u 2015 rr. CnexgoBaTeabHO, MOKHO MPOTHO3UPOBATH YXYALICHHE SKOJIOTHIECKOTO
COCTOsIHUS TT04B B 94 % HccleloBaHHBIX HACEJICHHBIX MyHKTOB 32 CYET YBEJIMUEHUS! B HUX KOHIIEHTPAINH CyIb(paToB
U TIOJIOKUTENIbHYIO TEHACHINIO, BBIPAKEHHYIO B CHWKEHUH WM CTa0MIIN3allMY HAKOIUICHUSI HUTPATOB B OYBEHHOM
MIOKPOBE TOPOJICKHX TEPPUTOPHH.

Kniouesnie cnosa: noussl; Cynb(harsl; HAITPATH, TOPOACKHE TEPPUTOPUH; 3aTrPA3HEHUE; TMHAMUKA; IPEETBHO A0y CTH-
Masi KOHIIEHTpaLys; 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®

Anternational Sakharov Environmental Institute, Belarusian State University,
23/1 Datthabrodskaja Street, Minsk 220070, Belarus
®Institute of Nature Management, National Academy of Sciences of Belarus,
10 Surganava Street, Minsk 220076, Belarus
“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 tepputopuu benapycu 3K0JI0OTro-reOXMMHYSCKUE UCCIICAOBAHMS MOYB YPOAHU3UPOBAHHBIX TEPPUTOPHI
Ha COJIEpKaHUE B HUX XUMMUYECKHX BEILECTB M IMOKazarejed MpoBoJsATCA ¢ cepeaunHbl XX B. Hame Bcero us-
yYaJIKMCh TSIKEIIbIC METaUIbl U He()TEIPOAYKThI, BHICTYIIAIOIINE OCHOBHBIMU 3arpPSI3HUTEIISIME TOPOJCKHUX ITOYB.
O1eHKe MPUCYTCTBUS CEPO- U A30TCOACPKAIINX COSAMHEHUN B TIOYBaX TOPOJIOB YACTSUIOCH 3HAYUTEIIEHO MEHBIIIE
BHUMAaHHUS, TaK KaK 9Ta 00JIACTh MCCIICIOBAHUI KacaeTcs IIIaBHBIM 00Pa30M CEIIbCKOXO3SICTBEHHBIX 3eMeb, IS
KOTOPBIX HAJIMYUE B MOYBAX a30Ta M CEPHI SBJSIFOTCS 00S3aTeIBHBIM yCIOBUEM IMOYYCHUS Ka4eCTBEHHOHN pac-
TEHUEBOMYECKON mpoayKuuu [ 1—7]. B ecTecTBeHHBIX yCIOBUAX 00OTaIlIEHHE TTOYB HUTPAaTaMH MPOUCXOIUT B MPO-
1ecce HUTPUPUKAIMY TIPH PA3JIOKSHUU OPraHMYECKUX BEIECTB MOYBBI, & TAKXKE BCIICACTBUE OTMUPAHUS a30T(HUK-
CHPYIOIIMX MUKPOOPTaHU3MOB [8].

CynbdarHast hopma cepbl 00pa3yercsi ¢ y4acTHEM MUKPOOPTraHU3MOB B KaueCTBE OOOYHOTO MPOJYKTa B IIPO-
1[ecce MUHEPAIM3alUud OPTaHUYECKOTO BEIIECTBA MOYBHI, MPEACTABICHHOTO PACTUTEIBLHBIMA OCTAaTKaMHU U TY-
MycoM. He3HauuTenbpHas 4acTh OT BaJIOBOIO COJIECPIKAHMS CEPhbl B MOYBE HAXOJMUTCS B HEOPraHUYECKOU (hopme
B BH/IC CYJIb(ATOB, KOTOPBIC BXOAT B COCTAB IMIOYBCHHOTO PAaCTBOPA, YICPIKUBAKOTCS MOBEPXHOCTHIO MUHEPAJIb-
HBIX YaCTHUI[ TIOYBBI, & TAKKE HAXOATCS B COCTaBE OTICIHHBIX MUHEPANIOB [8].

JlomonHuTeIpHOE TOCTYIUICHUE CEPBI U a30Ta B MTOYBHI TOPOJCKUX TEPPUTOPHUH, IO CPABHEHUIO C IPUPOIHBI-
MU aHAJIOTaMU, MOXKET ObITh 00YCJIOBJICHO MX IPUCYTCTBHEM B aTMOC(HEPHOM BO3/1yXe TOPOIOB B BUJIEC OKCH/IOB
CEepBI B a30Ta, KOTOPBIE BXOJST B TPYIIITY ra30B, 00IaJaI0NNX BEICOKOM XUMUYECKOU aKTUBHOCTBIO, U MIOCTYTAIOT
B arMocdepy MpH CropaHUK UCKOIMAEMbIX BUJIOB TOIUIMBA, JCATEIILHOCTU MPOMBIIUICHHBIX 00BEKTOB U BHIOPO-
cax arotpancropra [1-3]. [ToctynuBiime u3 armochepbl TEXHOTCHHBIE COSTUHEHUSI CEPhl MOTYT 3aKPETISITHCS
B MIOYBE B PE3YNIBTATE aICOPOIUMHU B BUIC HEPACTBOPUMBIX COCTMHEHUH, UTO OTPAHUYUBACT UX MHUTpAIuio. B To
JKe BpeMsi OOJIBIIIMHCTBO CY/Ib(ATOB M HUTPATOB XOPOIIO PACTBOPUMBI B BOJIE, YTO CIIOCOOCTBYET MX BHIMBIBAHHIO
U3 TIOBEPXHOCTHOTO CJIOS TIOYB B HIDKEJEXKAIue Topu30HTHI [8].

B crarbe maeTcs oneHka cosiepkaHusi Cyinb()aToB M HATPATOB B TOPOJICKMX MOYBAX [0 pe3yJbraraM o0cie10Ba-
HUS TOPOJIOB B paMKaxX HAOJIOICHUH 32 XMMUYECKUM 3arpsi3HeHHEM 1104YB HaroHaibHOW CHCTEMbI MOHUTOPUHTA
okpykatoreli cpenbl B Pecniyonuke benapycs (HCMOC) (110 1TaHHBIM MTOCJICAHET0 Typa 00C/IeI0BaHuUs TOpojIa),
a Tak)Ke U3MEHEHUI KOHIIEHTPAIMHA TAaHHBIX BEIICCTB B IMOYBAX TOPOJCKUX TCPPUTOPHIA, IPOU3OIIESAIINX 3a 60-
Jlee yeM aBajuaruieTnuii nepuon (2000-2022)"

MarepuaJibl 1 MeTOIbI HCCICTOBAHUS

[Tpn HaOmoneHNsIX 3a XMMHUYECKHM 3arpA3HEHHEM 3eMelTh yPOaHU3HUPOBAHHBIX TEPPUTOPHIA, IIPOBOIMIMBIX B paM-
kax HCMOC, cynbdarbl 1 HUTpAThl BXOAAT B 00513aTeIIbHBIN ITepedeHb HaOMOoIaeMbIX B TOYBAX TOPOIOB ITOKA3aTeseH.

Uccnenyempivu B pamkax HCMOC tepputopusimu sBisitoTcs T. MUHCK 1 00acTHBIE IIeHTpHI benapycwu, ro-
pona ¢ HaceneHueM 50 TbIc. yen. u Oojiee, a TAKXKE HACEJICHHBIC IIYHKTHI, IJI€ Pa3MEILECHbI IIOTEHIUAIbHbIE UC-
TOYHHUKH TIOCTYTIJICHNUS B TIOYBEHHBIN TIOKPOB 3arPS3HSIONINX BEIIECTB.

CornacHo «HCTpYKIIMK O TIOpsi/IKE MMPOBEACHUS HAOMIONCHUN 38 XUMUYECKUM 3arpsi3HEHHEM 3EMEITb, I
OIIEHKH COCTOSIHUS TI0UB TOPO/T IEIUTCS Ha TYSHKH M0 OPTOTOHAIFHON CETKe, OXBaTHIBAIOIIEH BCIO TEPPUTOPHIO
HACEJICHHOTO MYHKTa, CO CTOPOHAMH, KPaTHBIMK | KM, ¥ IUTONIA/IbIO siueek He Goiee 4 kM2, B Toukax nepecevenus
JMaroHael KaxIo# Ss9eiKy pacoyaraloTcsl MyHKThI HaOoeHui (pa3mep mynkra Habmonenunit 100 m x 100 m),
TJIe MPOU3BOIUTCS OTOOP Tpo6 moyuB. HabmoneHus B HACEICHHBIX MMyHKTaX MPOBOASATCA TAKUM 00pa30M, YTOObI
3a Typ o0cienoBaHus OBIIIM N3yUeHBI TIOYBHI HA BCEX ITyHKTaX HAOIIONEHUH B TIpeesiax TOPOACKOH TEPPUTOPHH.

Onpenenenne HUTPATOB U CYIIb()ATOB B OTOOPAHHBIX MOYBEHHBIX 00pa3lax MPOBOJUTCS B aKKPEIUTOBAHHBIX
Ha BBITIOJTHEHHE TAHHOTO BHa padoT 1abopaTopusax U IEeHTpax.

I100x00w1 K oyenKe IKOIO2UYUECKO20 COCMOAHUA NOYE HA 20POOCKON meppumopuu. Jisi OLEHKU 3KOJIO0IU-
YECKOTO COCTOSIHUS TIOUB TOPOJICKUX 3eMellb TPAJAUIMOHHO HCIIONB3YIOTCS (PaKTUUECKUE 3HAYCHHS COACPKaHMUs
XUMHUYECKHX BEIECTB B MouBax (Mr/kr)?, koopduienT konrenrpaiuu (Kc), rurueHnueckie HopMaruBsl (Tpe-
nenbHO jomyctumMele kontentpanuu (IT1J1K))® u skoornyeckue HOpMaTuBbl (IIOPOrOBBIE 3HAYEHUS IS Pas3iiny-
HBIX 10 [PaHYJIOMETPHUYECKOMY COCTaBy 1ouB) (Tadm. 1) [9].

'HaroHanbHas cicTeMa MOHHTOPHHTA OKpy»Karotieil cpe/ipl B Pecybnuke Benapych, 2000-2023 rr. [DnekTpoHHBIH pecypc]. MHHCK,
2000-2023. URL: nsmos.by/content/402.html (nata ooparmienus: 16.03.2024).

23koHull 17.03.01-001-2021. OxpaHa OKpyKaroIieil Cpeisl W MPUPOIONONB30BaHAE. 3eMIM (B TOM 9YHCIEe MO4BbI). HopMaTuBbl
KauecTBa OKpy»katomieit cpezsl. JuddepeHmpoBaHHbe HOPMATHBBI COACPKAHNS XMMHYECKUX BEILIECTB B MOYBAX U TPEOOBAHUS K MX
npumenenuto. Been. 01.07.2022. Munck : Munnpuponsl, 2021. 34 c.

300 yTBEPKICHIN THTHEHNYECKUX HOPMATUBOB: TIocTanoBnenre Coeta Munuctpos Pecri. benapyce ot 25 stusapst 2021 . Ne 37 [Dnex-
TpoHHBIH pecypc]. Harmmonansnslii npaBooit utepHeT-nopran Pecyommkn Bemapycs. URL: https:/pravo.by/document/?guid=12551
&p0=C22100037 (nara obpaenus: 23.03.2024).

101



ZKypnaa Besopycckoro rocyiapcTBeHHOr0 yHUBepcuTera. JxoJorus. 2024;4:99-113
Journal of the Belarusian State University. Ecology. 2024;4:99-113

Tabnuma 1

IIpenenbHO J0NMyCTHMbIE KOHUEHTPALMU H IOPOTrOBbIE 3HAYEHHS COePKAHMS
cyJab(}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 Cynccuanas 210 330
XHUMHYECKOT'0 BEIIECTBA
Cyrnunucras 259 408
IIpenensHo momyctumas kormeHTpanus (ITJIK) 130,0 160,0

Koadpdurnment xonnentpamuu (Kc) mokaspiBaeT M3MEHEHHS] B XMMUYECKOM COCTaBE€ IOYB IO CPAaBHEHHIO
C MIPUPOHBIMY aHAJIOTAMH U OTIPENIENISIETCS KaK OTHOIICHHE (PAKTUYECKOTO COICPIKaHMSI XMMUYECKOTO BEIECTBA
B TI0YBE KOHKPETHOU TEPPUTOPHUH K €ro (POHOBOMY CONIEPIKAHHIO:
I<c = Cl/ Cq:m-u
rre C; — ¢akTHIecKoe comepikanne 3JIeMEHTa;
Cpon. — TEOXMMHYECKHH (POH.

B cooTBeTcTBUM C LIETSIMH TaHHOTO HCCIEAOBAaHMS B KadecTBe (pOHA IS OLEHKHU MOYB YpOAHU3HMPOBAHHBIX
Tepputopuit ucnosib3oBaiuck Aanasie HCMOC s (hoHOBBIX TEpPUTOPHIl B pa3pese aIMUHUCTPATUBHBIX 00-
nacreii 3a 2018-2022 rT. ¢ yu4eToM pacrioioyKeHHs TOpo/ia B KOHKPETHOH aIMUHUCTPATUBHON o0nacTu (Tadm. 2).

Ta6nuua 2

Conep:kaHue HUTPATOB M cy1b(aToB B N04YBaX (JOHOBBIX 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 cofepKaHue XUMHICCKUX BEIIECTB, MI/KT
AIMUHUCTpaTHBHAS 0071aCTh

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

Ha ocnoge [1/IK 1 moporoBbIX 3HAYEHUH OIIEHUBACTCS CTETICHD 3arPsA3HEHHS MTOYB (IIPH €T0 HAIWYHHN).

IToporoBeie 3Ha4eHNS BHICTYAIOT OCHOBOM /ISl ycTaHOBICHUS MU HEpEeHITPOBAHHBIX HOPMAaTHBOB, KOTOPHIE
OTIPEJIENAIOT CTENEHb 3arPsA3HEHM MTOYB [T PA3IMYHBIX KaTeTOPHiA 3eMelTb U ()YHKIIMOHAIBHBIX 30H B ITpeeiax
HAaCeJIEHHBIX MTyHKTOB.

B nacrosmem mccieqoBaHUM B KadeCTBE MOPOTOBBIX 3HAUEHHWH B CBSI3M C HCIOJIB30BAHUEM YCPEIHEHHBIX
BEJIMYMH COZIEP’KaHMs HUTPATOB U CYNb()aToOB B IOYBAX TOPOJOB MPHHUMAINCh HANMEHBIIINE 3HAUYEHHS, YCTAHOB-
JIEHHBIE /IS IECYAHBIX [IOYB 3€MEJIb HACEJIEHHBIX TYHKTOB: JUIsl HUTPATOB — 136 MI/KT, cy/ab(aros — 214 mr/kr?.

Cogpemennoe cocmoanue noug 8 2opooax benapycu. OueHka COBPEMEHHOTO COCTOSIHUS TOYB B OTJIENb-
HBIX Topoziax bemapycu, KOTOpbIe BXOAST B NEpeueHb HACEICHHBIX MYHKTOB, i€ TPOBOJMIMCH/IPOBOASTCS
HaGH}OI[eHI/IH 3a XUMHYCCKHUM 3arpA3HCHUEM IIOYBCHHOI'O [TIOKPOBA, CBUACTCIILCTBYCT, YTO B pa3pe3¢c a/IMUHUCTPA-
THUBHBIX 00JIaCTel HAMMEHBIIIAsI CPEHSS KOHIICHTPAIlUs HUTPATOB OTMeueHa B ropoziax bpecrckoii 00:1. ¢ Kc = 0,5
(Kc paccuutbiBajcs 1o cpeHeMy (OHOBOMY 3HAYCHHIO, YCTAaHOBICHHOMY Juisl TouB benapycu), Haubomnbmast —

49koHull 17.03.01-001-2021. Oxpana okpy>Karomieil cpejibl U MPUPOJIONOIHL30BaHKE. 3eMITH (B TOM YKCIIe MOUBhI). HopMaTuBbI KauecTBa
okpyKkaromiei cpebl. JJuddepenimpoBaHHbie HOPMATHBBI COAEPKAHMS XAMUYECKHX BEIIECTB B T0YBAX M TPEOOBAHMUS K UX IIPHMCHEHHUIO.
Bgen. 01.07.2022. Munck: Munnpupozsi, 2021. 34 c.
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B ['omenbckoit, Ke = 2,8. [l cynshaToB Habmromanach ooparHas TSHICHITNS: HANMEHBIIIEE CPETHEE COIepKAHIE
3aUKCUPOBAHO B ITOUBax ropoaos ['omennckoit 0o, Kc = 1,0, manbonpmee — B bpecrckoii, Ke = 1,5. TIpu aTom
pa3Nuuusl B HAKOIUICHHUH CYITb(aToB 110 00JIACTSM HE3HAYHUTEIBHBIC, B TO BPeMsl KaK JIJIsl HUTPATOB pa3dpoc cpej-
HUX JIJIS 00JIacTed 3HaYeHM cocTaBmi 5,7 pasa (Taom. 3).

Tabnuma 3
Copnep:xaHue HUTPATOB U Cy/1b(aTOB B MOYBAX rOPOIOB AIMHHHCTPATHBHBIX o0JiacTeii Benapycu
Table 3
Content of nitrates and sulfates in urban soils of administrative regions of Belarus
ConepxaHne XMMHUYECKUX BEIIECTB, MI/KT
AJIMUHHCTpATHBHAs 00J1aCTh cpenHee MHHUMAJIBHOE | MAaKCHMaIbHOE cpenHee MHHUMAJIBHOE | MAaKCHMaIbHOE
NO; SO,
Bpecrckas 5,4 <1.o. 36,4 84,7 35,4 166,2
ButeOckas 21,5 <1 o. 54,2 62,8 18,6 202,5
Tomenbckas 30,8 <IL o. 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 0. 27,8 60,6 28,3 140,0

MaxkcumanbHast Uit 00JlacTeld KOHIICHTpAIUs HUTPATOB TaK)Ke OTMEUYEHA B TOPOJICKHX MMouBax [ omenbckoit
o6, Kc = 5,7, cynpdaroB — B Buredckoit u bpecrckoii, Kc = 3,5 u Kc = 2,9 cooTBeTCTBEHHO U MPEBHIIIEHHEM
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).

Tabnuna 4
Conep:xanue HUTPATOB H Cy1b(aToOB B MO4YBax 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, rox cpelHee MHHHMAaJIbHOC | MaKCHMalbHOEC cpelHee MHHHMAJIbHOE | MaKCHMalbHOEC
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
bpecr, 2022 5,1 <IL 0. 51,3 66,7 25,5 131,6
Hporuawn, 2009 6,9 3,8 21,9 85,1 52,6 161,1
Kobpumn, 2019 5,5 <IL o. 18,6 105,0 55,2 193,1
Jlynunen, 2019 6,1 <1 0. 43.6 95,1 274 2704
IMunck, 2017 7,1 <IL O. 100,0 103,1 40,8 163,8
doHoBOE 3HAUEHNE 10,5 73,7
TTIAK 130,0 160,0
[loporoBoe 3naueHue 136,0 214,0

HpI/IMC‘-IaHI/ISI . )KI/IpHI)IM IJ_IpPI(bTOM — 3HAYCHME BBIIIC THT'MEHUYECKOTr0 HOPMATHUBA,; < II. 0. — HIDKE IIpesiea O6Hapy)KCHI/Iﬂ METOo4a oIpe-
JCIICHUA.

Pa30Opoc 3HaueHHi MaKCHMMaJIbHBIX KOHIICHTPAIMH HUTPATOB IO OTIEJIbHBIM TOPOJIaM COCTaBHJI OoJiee ueM
30 pa3 ¢ HanOONBIINM 3HAYEHHEM B IOYBAaX Ha OAHOM M3 ydacTkoB B T. [luncke ¢ Kc = 9,5. [IpeBbimenuit Haj
ITJIK mam moporoBbIM 3HAYEHUEM HU B OJJHOM U3 TOPOIOB HE OTMeueHo (puc. 1).
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Puc. 1. KpaTHOCTB NIPEBBIICHUS COJICPKAHUSI HUTPATOB U CyIb(aToB B MOYBaxX roponos bpecrckoit 061
a v 6 —Hax QOHOBBIM 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

Haubomnbmmee cpennee mo ropomy conepxanue cynbhaToB 3adukcuponano B I. Koopune, Kc = 1,4, HanmeHb-
mee B T. bemoosepcke — Kc = 0,5. [IpeBbimenue Ha POHOM OTMEUEHO B ITOYBAX ITSITH TOPOJIOB.

Hawnmenpine 3aduKcHpoBaHHBIE B TOYBAX CONEP)KaHUS CYyab(GaroB HH B OJHOM W3 TOPOIOB HE JOCTHIIHU
(honoBoro 3HaueHH. Koa(h(HUIIMeHTHI KOHIIEHTPAIMHA MaKCHMAaITbHBIX 3HaueHUH cocTaBmmm oT Ke = 0,9 B 1. beno-
o3epcke 110 Kc = 3,7 B 1. JIynunne. [Ipu aToM npeBbIieHne Hajl TATHEHHYECKUMHI HOpMaTHBaMH 3a(hMKCHPOBAHO
B MouBax Ity roponoB — ot >1,0 no 1,7 IIJIK, B r. JIyHHHIIE OTMEUEHO MPEBBIIICHUE TOPOrOBOIO 3HAYECHUS
C HU3KOM CTETICHBIO 3arps3HEHMS ITOUB (CM. puc. 1).

OO6cenoBanme IOYB TOPOIOB Bumeodckoit 00.1. TI0Ka3aJio, 9To pa3dpoc CpemIHuX 3HAUYCHUNA CONCPIKaHusI HUTPa-
ToB coctaBmi 19,2 pasa, Kc ot 0,2 B . HoBommykomite 1o 4,3 B T. JIemene. B momoBuHe 00CIe10BaHHBIX HACCIEHHBIX
ITyHKTOB CPEIHEE TI0 TOPOTY COACpKaHNE HUTPATOB HIDKE oHa 1 mouB BureOckoit 06:1. (Tadm. 5, puc. 2).

MakcnMansHOE coneprkanue HuTparoB coctaBmiio ot Ke = 0,4 B . HoBomykomie mo Ke = 6,7 B 1. Jlemerne.
IIpeBbItiennii HaJi TATHEHTYECKUMHE 1 DKOJIOTHYECKUMH HOPMAaTHBaMH B TOYBAX HA TEPPUTOPHH TopozoB Bu-
TeOCKOM 00JI. OTMEYCHO HE OBLIO.

Cpennee comeprxanue CyIbhaToB B TIOUYBaX TOpoaoB ButeOCckoit 001, N3MEHITOCh He3HauuTebHO oT Kc = 0,5
B I. Jlemene mo Kc = 1,4 B . Bure6cke (cMm. puc. 2). HanmeHbIie KOHIIEHTPAITNH BEIIeCTBA 3HAYUTEIIBEHO HIDKE
(hoHa BO Bcex 00cmenoBaHHBIX Topoaax. KoadhhuimenTsl KOHIICHTpAITHHN TSI MAaKCUMAaTbHBIX 3HAYCHNH, 3a(uK-
CHPOBaHHBIX B Toponax, coctaBmwmm ot Ke = 1,6 B 1. Jlenene no Kc = 8,0 B . HoBomosorke.

[IpeBbllIienne TUTHEHUYECKOTO HOPMATHBA TSI CYAh(aTOB OTMEYEHO B IIOYBAX TPEX HACEIICHHBIX ITyHKTOB —
ot >1,0 B 1. Ilomonke no 3,0 IIJIK B . HoBomosnorike, moporoBoro 3HadeHusi — B T. HoBomoIOIIKe B TIpeenax,
OTIPENIENAIONINX HU3KYIO CTETIEHb 3arPSA3HEHHS MTOYB.

B nousax roponoB I'omensckoit 001, pa3dpoc 3HAYCHUN CPEAHErO COACPIKAHHUsI HUTPATOB COCTABHJI OoJiee
26 pa3, Kc = 0,4 B . Mo3ssipe 1o Kc = 9,5 B . byna-Komreneso. HakoruieHne HuTpaToB Bhiiie (JOHA, yCTAaHOBIICH-
HOTO JiJIs1 T0YB ['OMenbCKoii 00J1., 0TMEUEHO B OOJIBIIIMHCTBE 00CIeI0BaHHBIX TOPOI0B (Tad. 6, puc. 3).
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Tabnunma 5
Copnep:xanue HUTPATOB H Cy1b(aTOB B MOYBaX ropoaoB Burtedckoii 061.
Table 5
Content of nitrates and sulfates in soils of cities of the Vitebsk region
CopepkaHre XUMAYECKUX BEIECTB, MI/KT'
Topon, ron cpenHee MHHUMAJIbHOE | MakCHMabHOE cpentee MHUHUMAJIbHOE | MakCUMaJbHOE
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 <1 o. 8,1 59,4 22,1 137,9
Hosomomnonxk, 2021 22,5 <. o. 56,2 77,6 31,2 478,0
Opa, 2021 9,8 <IL 0. 30,2 67,2 22,1 150,8
Tlononxk, 2020 7,6 <IL 0. 38,0 55,3 10,6 163,3
®DoHOBOC 3HAYCHHE 18,4 59,7
TTJIK 130,0 160,0
IToporoBoe 3HaueHUE 136,0 214,0

HpI/IMe‘IaHI/IH . )KI/IPHLIM IIIpI/I(i)TOM — 3HAYCHME BBIIIC THTHEHNYECKOTO HOpMAaTHUBA, < II. 0. — HIDKE IIpeiea O6Hapy)KeHI/I$I METOAa ompe-
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Puc. 2. KpaTHOCTb TIPEBBIICHHS COACPKAHNS HUTPATOB M CYIb()ATOB B TIOYBaX ropooB BureOckoit 06i1.:
a n 6 — Haj GOHOBBIM 3HaUeHUEM, 6 1 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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Coaep:xanue HUTPATOB U ¢y Ib}aToB B Mo4YBax ropoaoB I'omenbckoii 06.1.

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

Tabunuma 6

Table 6

CojepkaHHe XUMAYECKHX BEIIECTB, MI/KT
Fopon, rong CpeaHee | MHUHHMAaJIBHOC | MaKCUMAJIbHOC CpeaHee | MHUHHUMAaAJIBHOC | MaKCHUMAJIbHOC
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 <TI 0. 45,7 59,3 22,1 165,7
Kanunakouuwu, 2017 9,0 <II 0. 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 3,5 55,0 34,1 4,9 62,4
Caetnoropck, 2022 25,5 5,1 89,1 74,3 35,5 115,8
UYeuepck, 2009 46,8 11,1 107,9 78,1 49,0 109,0
DoHOBOEC 3HAUCHHE 10,7 65,9

TIJIK 130,0 160,0

IloporoBoe 3HaueHue 136,0 2140

[Mpumeuanus. XKXupHbM mpudTOM — 3HaYE€HNE BBIIIE THTHEHMYECKOTO HOPMATHBA; < M. 0.— HIDKE MpeJiesia OOHapyKeHHsl METo/ia OTIpe-

JIeTIeHus.
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Puc. 3. KpaTHOCTB NIPEBBIMICHUS CONEPKAHUS HUTPATOB U CYb(}HATOB B TOYBaX roponoB [omenbekoit 00i.:
a u 6 — Hax GoHOBBIM 3HaUeHUEM, 6 1 2 — Haj [IJIK

Fig. 3. Multiplicity of excess of the content of nitrates and sulfates in the soils of the cities of the Gomel region:
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MuHHMaIbHBIE OTMEUYCHHBIC HA TEPPUTOPUH TOpoaoB [oMenbckol 00, 3HaUCHHST HUTPATOB HUXKE Ipejiena
obHapyxeHHns Metona Wi KpatHel ¢oHy ¢ Kc ot 0,3 mo 7,4. MakcuManbHasi KOHIICHTpAIFs BapbUpOBajia OT
Kc=1,7 B 1. Peunna no Kc = 10,2 B . byma-Komeneso u 1. JloOpymre.

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

Haunmenbie 3ahuKkcpoBaHHBIE B IOYBAX HACEIICHHBIX ITYHKTOB KOHIICHTPAIMN CYIb(aTOB HIXKE (DOHOBBIX
3HageHwid ot 1,3 1o 13,4 paza. MakcumanbHOE coAepKaHUe pa3Indanock 1mo ropoxam B 3,8 pa3 ¢ Kc ot 0,9
B I. Porauese 1o Kc = 3,6 B . JloOpyre.

[peBbIleHUs] THTHEHIYECKOTO HOpMaTHBa 3a()MKCHPOBAHBI Ha OT/IENBHBIX YYACTKaX YeThIpeX ropoaos oT 1,1
1o 1,5 ITJIK (cm. puc. 3). B . JloOpy1iie Ha 0MHOM W3 YYaCTKOB TOPOACKOM TEPPUTOPHUN BBISBICHO MTPEBBIICHIE
MTOPOTOBOTO 3HAYCHUSI C HU3KOW CTETICHBIO 3arPs3HEHMUS TIOYBHI.

B nouBax roponos I poounenckoii 0611, cpeiHee CoepKaHUEe HUTPATOB COCTABHUIIO 10 KOAPPHUIIMEHTY KOHIICH-
tpatu ot 0,4 B . HoBorpynke 710 10,9 — B 1. CMopronu. [peBbilieHre cpeJHUX 3HaYeHUH Hal poHOM HaOmrona-
JIOCH B TOJIOBUHE OOCJIEIOBAHHBIX TOPOIOB (Tabm. 7, puc. 4).

Ta6nauna 7
Conepskanue HUTPATOB U CyJIb(aToB B M04Bax ropoxos I'porHeHCKol 06.1.
Table 7
Content of nitrates and sulfates in soils of cities of the Grodno region
COﬂep)KaHI/Ie XUMHYCCKHX BEHICCTB, MI/KT
Topog, rox cpenHee MHHHMAJIBHOE | MaKCHMAlbHOE cpeHee MHHHMAJIBHOE | MaKCHMAIbHOE
NO; SO,
bepesoBka, 2018 1.9 <Tm.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
Kpacnocensckuii, 2019 74 <m.o. 18,2 374 16,3 60,5
Jupa, 2022 6,5 sTm.o. 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
Cwmoprons, 2011 107,9 52,6 203,6 48,9 34,7 70,8
®oHOBOEC 3HAYCHHE 9,9 54,4
K 130,0 160,0
IToporoBoe 3naueHue 136,0 2140

[pumeuanus. XKupHbiM mIpuTOM — 3HaUSHUE BBIILIE TATHEHHYECKOr0 HOpMATHBa; < I1. O. — HIDKE Ipejiesia OOHApYKEHUs
METOo/Ia ONpeeTICHHUS.

MakcuManbHbIe 3a()MKCUPOBAHHBIC 3HAYCHHUS HUTPATOB B TOPOJICKHUX TTOYBAX MMEH CYIICCTBEHHBIC 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 3Ha4CHUs C HU3KOH CTETICHBIO 3arpsi3HCHHS OTMEYCHO Ha OTICIEHOM YYacTKe
B I. CMOProHu, 4To HE XapaKTepHO I APYTHX ropoaoB bemapycu (puc. 4).

Cpennee comepkaHue Cyab()aToB B IMOYBAX IO TOPOIaM OTINIAIOCH HE3HAYUTEILHO. HanMenbIee cpentee
JUTSI TOpofia 3Ha4UeHHe oTMedeHO B 1. KpacHocensckom ¢ Ke = 0,7, manbomsinee — B . ['poxno ¢ Ke = 1,9.

MakcuManbHBIe KOHIICHTpaluu BapsupoBanu ot Kc = 1,1 B mouBax Ha Tepputopun bepesorku no Ke = 3,4
BT. JIune. [IpeBbliieHnss MakcumManbHbIX kKoHUEeHTpauuit Haj [T/IK orMeuensl B 1ByX ropojax —r. I'ponHo u r. JInna

(puc. 4).

B nmouBax Ha TeppuTopun ropooB MuHckoil 0611. HauMEHbIIAsl CPEIHSST KOHIIEHTPALUS HUTPATOB 3aHKCH-
posana B 1. Conuropcke ¢ Kc = 0,3, Hauboubiias — B 1. Bosioxxune ¢ Kc = 4,9 (tabun. 8, puc. 5).
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Puc. 4. KpatHOCTb IpEeBBIILICHUS COIEP)KAaHNsI HUTPATOB U CYIb(ATOB B 11o4Bax roponos ['popHeHckol 001.:
a v 6 —Hax QOHOBBIM 3HaYCHUEM, 6 U 2 — Haa [1JK
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
Tabnuma 8
Conep:xanyue HUTPATOB M ¢y/1b(aTOB B I04YBAaX ropoaoB MuHcKoii 001.
Table 8
Content of nitrates and sulfates in soils of cities of the Minsk region
ConepkaHue XUMHUUCCKUX BEIIECTB, MI/KT
Topox, rox cpeHee | MHHUMAJIbHOE | MaKCUMAJIbHOE cpenHee | MHUHUMAJIbHOE | MaKCHMAaJIbHOE
NO; SO,

Mumnck, 2019 18,0 <II 0. 64,6 80,5 274 159,0
Bopucos, 2022 22,9 3,5 89,1 69,9 11,8 127,3
Bonoxwun, 2010 53,8 19,1 109,0 59,8 28,5 92,8
Komuno, 2020 4,5 <1 0. 15,1 84,6 37,0 150,8
Monoaeuno, 2021 29,8 5,2 83,2 78,5 37,5 156,1
Cayuxk, 2020 18,5 5,9 52,5 48,4 22,0 172,9
Conuropck, 2018 3,7 <IIL o. 9,1 65,0 28,3 122,5
doHoBOE 3HaUECHHE 11,0 55,2

TIJIK 130,0 160,0

Iloporosoe 3Ha4YeHNE 136,0 2140

[Mpumeuanus. XKupHbiM mIpuTOM — 3HaUCHUE BBIIIE TATUEHHYECKOTO HOpMaTHBa; < I1. O. — HIDKE ITpejiesia OOHapyKEHHs
METO/Ia ONpEEICHHS.
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MuHUMaIbHBIE 3HAYEHUS HUTPATOB B TIOYBAX OOIBINIMHCTBA MCCIEIOBAHHBIX TOPOIOB HIDKE Mpezena 00-
Hapy’KCHHS METOJa WA HIDKe GoHa Iy mouyB MuHcKoi 00:., B T. Bonoxune Ke = 1,7. Paznmuunst B Makcu-
MAaJIBHBIX JJISI TOPOMOB 3HAaUYCHHUSAX cocTaBmian 11,9 pasza, kodpdUIIHEHTH KOHIIEHTPAIIUA BapbUPOBAIHA OT
Kc = 0,8 B mouBax . Conmuropcka 10 Kc = 9,9 — 1. Bonokuna. HakoriieHust HUTpaTOB BBITIIE HOPMATHBOB HE
3adukcupoBano (puc. 5).
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Puc. 5. KparHocTh NpeBbILICHHS COACPIKAHUSI HUTPATOB U CYJIb(ATOB B [IOYBaX ropogoB MUHCKO# 0071.:
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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 cojepikaHus cyab(aToB B TouBax ropooB MUHCKOW 001acTH HAUMEHBIINH 3a-
(ukcuposan B . Ciynke (Kc = 0,9), Han6onbiwmii — B 1. XKoauno (Kc = 1,5) (cm. puc. 5).

HawnMenbiiie KOHIIEHTpAIWH CYIIL(aTOB B MOYBAX 00CIIEIOBAHHBIX HACEICHHBIX MYHKTOB HE MPEBbICKIHN (o-
HOBOTO 3Ha4YeHUs. MakcumanbHble 3aQUKCHpOBaHHbBIC 3HAUCHHUST BapbUpOBaIn HezHaunTenbHo ¢ Ke = 1,7 B mo-
yBax I. Bonoxkuna no Ke = 3,1 — . Ciyuxka. Ipu aTom B mousax 1. CiryIika MakcUManbHOE COZlepKaHHue MPEBbI-
cwio IIIK B 1, 1 paza.

B nouBax roponios Mozunegckoit 06. pa3dpoc 3HAUCHHI CPETHETO COACPIKAHUS HUTPATOB COCTABIII JICCATKU
pas, ¢ Kc = 0,2 B mousax r. KoctiokoBuueii 10 Kc = 9,8 — . brixosa. Hakorienue HUTparoB Bhilie (oHa, yCTaHOB-
JICHHOTO JJ1s1 TT04B MOTHIIEBCKOM 00JI., OTMEUEHO B YEThIPEX 00CIICIOBAHHBIX roposax (Tadi. 9, puc. 6).

MuHUMaJbHBIC 3HAUCHUSI HUTPATOB B TIOYBAX OOJNBIIMHCTBA UCCIIEAOBAHHBIX TOPOIOB HIDKE Tpesiena oOHapy-
sKeHust MeTofa. Mckmodenusmu siBunch ropoaa berxos, Ocunosuun u Yepukos, rae Ke coctasunu ot 0,5 1o 5,1.

[IpeBrbliieHre MaKCUMaJIbHBIX 3HAYeHUH Haa (OHOM 3a(HKCHPOBAHO B OOJBLUIMHCTBE OOCIEIOBAaHHBIX Hace-
JICHHBIX MyHKTOB Morunesckoii 001. ¢ Ke ot 1,4 B . 'opkax 10 15,6 — B T. Beixose.

KoadduumenTs! KoHLEHTpauu Cyab(aToB, pacCUUTaHHBIC ISl CPETHUX 110 TOPOJaM 3HAYCHUSIM, COCTaBIIN
ot Kc=0,1 B 1. Brixose 10 Kc =2,2 B . KocTiokoBru# 1 B 00JIBIIMHCTBE TOPOIOB MPEBLICUITH PErHOHAIbHBIN (HOH.
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Tabnuma 9
Conep:xanue HUTPATOB H CyJ1b(aTOB B MOYBaX ropoaoB MorujaeBckoi 00.1.
Table 9
Content of nitrates and sulfates in soils of cities of the Mogilev region
CojepkaHue XUMUYECKHUX BELIECTB, MI/KT
FOpO,Z[, roa cpeanee MHUHHMAJIBHOC MAaKCHUMAJIbHOEC cpeaHee MHHHUMAJIBHOC MaKCHUMaJIbHOC
NO; SO,

Bobpyiick, 2019 32 <1 0. 20,0 52,7 13,4 269,1
Boixos, 2009 61,0 31,4 97,0 3.1 <110 52,5
Topku, 2011 2.8 <1 o. 8,5 74,9 36,9 103,2
KocrrokoBuun, 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 o. 15,5 63.9 11,1 173,9
Mcrucnasins, 2009 5,9 <1 o. 39,8 61 39,9 79,9
Ocwunosuun, 2010 37,5 20,9 74,1 50,7 15,7 125
Cnasropon, 2009 3.8 <I. 0. 10 69,8 51,4 91,3
Yaycsl, 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
[Ixos, 2011 1,7 <. 0. 5,8 90,3 40,5 121,6
doHoBOE 3HaYECHHE 6,2 51,5

ITJIK 130,0 160,0

IToporoBoe 3HaueHuE 136,0 214,0

[Mpumeyanus. KupHbiM mpudToM — 3HaYE€HHE BBIIIE TUTUEHUUECKOTO HOPMATHBA; < I1. 0. — HIKE Mpe/ieiia OOHapYKeHUs
METOZA OIPEACICHHUS.

HawnMenbinue 3aKCHPOBaHHBIX 3HAYCHUS CYIb(ATOB B OOJBITMHCTBE TOPOJIOB HIXKE MIIH B IIpejenax (o-
HOBOTO ypoBHs. MakcuMmaspHbie KoHIIeHTpanuu coctaBmwin oT Ke = 1,0 no Kc = 5,7. Ipessimenne 1K oT-
MeueHo B ueTbipex ropoxaax ot 1,1 TIAK mo 1,8 TIJIK. B 1. Boopyiicke, r. KocTrokoBruax u r. Kpruese Taxxke
3a(hMKCHPOBAHO TPEBBIIICHUE MTOPOTOBBIX 3HAUYCHHUHN JIIsI CYNIb(ATOB, CBUIETEILCTBYIONICE O HU3KOH CTETIeHU
3arpsA3HeHHs MTOYB HA OTJENBHBIX Y4acTKaX TOPOACKUX TEPPUTOPHH.

Bpemennas ounamuka u npozHo3 usmeneHus KOHYEHMPAyuu HUMPAmos u cyibhamos 6 no46ax uccie-
008AHHBIX 20P0006. J171s1 OLICHKN AMHAMHMKH HAKOTUICHHs/ PacCEeMBaHUsI CylNb()aTOB U HUTPATOB HA TEPPUTOPUHU
roponoB benapycu ucrnons30Banich 3HaYCHUSI KX CPETHETO CONIEPKAHUS B TOPOJICKUX TIOUBaX MO TypaM obciie-
nosanuid. J{s ananusa BeIOpaHo 30 TopooB, Uil KOTOPBIX MPOBOAMIOCHE YEThIpe U OoJiee TypoB 00CIea0BaHUs
3a nepuon ¢ 2000 mo 2022 T

[ociie cratucTryeckoli 00paboTKH (haKTUUECKUX IaHHBIX B porpamme Microsoft Office Excel Bce ananu3u-
pyeMble ropojia yCIOBHO OBbUIH pa3JielieHbl Ha HECKOJIBKO IPYII 110 METOAUKE, peanoxkeHHol B [ 10]. K nepsoti
2pynne OTHECEHBI TOPOAA, B MOYBAX KOTOPBIX PA3IUUMs B COACPKaHINH XUMHUYECKOTO BEIIeCTBA MEXK/y EPBbIM
Y TIOCIIEIHUM TypaMH 00CiIeIOBaHHs COCTaBHIN MeHee 1,2 pa3a 1 MOXKHO CUUTATh, YTO JUHAMHUKA OTCYTCTBYET.
Ko emopoii epynne oTHeCeHBI TOpo/a, B MOYBAX KOTOPHIX Pa3IHyUsl B COACPKAHUN XUMHUYECKOTO BEIIECTBA IO
Typam obcienoBanus coctaBuin ot 1,2 1o 1,5 pasza (Takoe yBeTHMUCHHE WM YMEHBILICHHE COACPKAHMS XUMH-
YEeCKOr0 BEIIECTBA CUUTANIOCh HE3HAYUTENBHBIM). Tpembst epynna — 3T0 TOpoJa CO 3HAYNTECIbHBIM CHUKEHH-
eM / YBEIWYCHUEM 3a MCCIICAOBAHHBINA MIEPHOJ] COACPKAHUS XMMUYECKHX BELIECTB, IIPU KOTOPOM CpETHHE TI0
ropoy KOHIICHTPALUK Pa3Indalnch 1Mo Typam oOcienoBanus Oonee yeM B 1,5 pasa.

OlLleHKa TUHAMUKU KOHIICHTPALUU HUMPAMOE B TIOUBAX WCCICIOBAHHBIX TOPOJOB MoOKazana, uto B 90 %
HACEJICHHBIX MYHKTOB, PACIOJIOKEHHBIX BO BCEX aJJMMHUCTPATUBHBIX 00nacTsx bemapycu, HaOmonanocy cHu-
JKCHHUE 32 aHaJIM3UPYEMBbIH TIEpHOJl KOHIIEHTPAIMA HUTPATOB B IOYBEHHOM MOKPOBE, YTO CBUIETEILCTBYET 00
YCTOWYHMBOM TEHICHLUHN COKPAICHUSI UX 00pa30BaHusl / MOCTYIJICHUS B TIOUBBI YpOAHU3UPOBAHHBIX TEPPHUTO-
puii. [Ipu 5TOM B psiZie TOPOAOB HAOIIOAAIOCH OTHOCUTENBHO MJIAHOMEPHOE YMEHBILICHHE COJIEPKAHUS TAHHOTO
XMUMHYECKOTO BEIIeCTBa B MOYBAX [0 TypaM 0OCIIeIOBaHUS, B JPYTHX HACEJICHHBIX MMyHKTaX KOJUYECTBCHHBIC
XapaKTePUCTUKH HUTPATOB B OTACIBHBIX Typax 00CIIeOBaHMUS CYILIECTBEHHO PAa3IMUAINCh ¢ OOIIEH TeHACHIIH-
el K IOHWKCHUIO KOHIIEHTPAIUH K MOCIeIHEMY Typy oOciieoBanus (puc. 7).
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Puc. 6. KparHOCTb TIPEBBILICHUS COJIEPIKAHNS HUTPATOB U CYJIb()ATOB B IOYBAX ropojoB MOruieBcKkoi 00i.:
a n 6 — Haj (OHOBBIM 3HaUeHHeM, 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 HEKOTOpBIX HAaceIEHHBIX MTYHKTAaX, pacloNoXeHHbIX B ButeOckoit 1 MUHCKOM 001acTsIX, CyIIECTBEHHBIX U3~
MEHEHH B KOHIIGHTPALMK HUTPATOB B IIOYBAX 32 IIEPUOJ HAOIIONEHUH He 3a(hUKCHPOBAHO.

a/a 6/b
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Puc. 7. Paznuunsi B XapakTepe HaKOIUICHUsI HUTPATOB B IOYBAX OTACNBHBIX ropooB benapycu mo Typam odcnenoBaHus:
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, MPON3OIIEANTNX 3a Ooiee YeM IBaALATUIICTHUI MEepHO B KOHIICHTPALNHU Cyilbhamos
B ITOYBEHHOM TTOKPOBE, BBISIBMIIA TEHICHITHIO K MX HAKOIUIEHUIO B OOJNBIIMHCTBE HACETICHHBIX MTyHKTOB BCEX a/l-
MUHHICTPAaTUBHBIX oOnacteil bemapycn. B 59 % ciy4aeB mo4yBsl XapaKTepH30BAINCH 3HAYUTEIHHBIM YBEINICHHU-
eM coapkaHus cynb(haros, B 1,5 pa3za mpeBbICHBIIEM 3Ha4eHNs, 3a()UKCUPOBAHHBIC B HAYAJIbHBIN MTEPHOJ H3Me-
pernit, B 41 % ciydaeB HaKOIUIEHHE CEPOCOEPIKAIIETO COSTMHUHUS B TOYBaX HE3HAYUTEIBHOE.

Hecmorps Ha 001IyI0 TEHIEHIINIO K YBETUYCHHIO COAEPKAHUS CYTh(aTOB B TOPOJACKHUX MOYBAX, 110 Typam
o0cneoBaHNA MX KOHIIEHTPAIMU Ha TEPPUTOPHUHU OTIEIHHBIX TOPOJIOB CYIIECTBEHHO OTIHYAINCh. B psme
HAcCeJIEHHBIX TyHKTOB YBEIHUYCHHE COACPKAHUS CyTh(PaTOB XapaKTeprU30BaIOCh PABHOMEPHOCTHIO, B IPYTHX
ropojax B OTJEIbHBIE Typhl 0OCIEAOBAHNSA PA3INYUs B MX KOHIEHTPAIMAX B MOYBAX OBLIM CYIIECTBEHHBI

(puc. 8).
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Puc. 8. Paznuuus B XapakTepe HaKOIUICHHUs CyIb(aToB B II0YBaX OTAENBHBIX TOpoJ0B berapycu 1o Typam obcie1oBaHus:
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, oTHOCSILErocst K ropogaM MHHCKo# 0051., Habmofanach TeHACHIMS 3HAYUTETLHOTO CHU-
JKEHUS KOHLICHTPALUH B HUX CyIb()aTOB, YTO HE XapaKTEPHO AJIsi OOIBLIMHCTBA TOPOICKUX 3eMeNb. EMUHNYHBIN
Clly4ail OTCyTCTBHSI BBIP@)KEHHOM IMHAMUKH B COJCPKaHUU CylIb(aToB OTMEUeH B ouBax I. [Tosnoika, ogHako no
TypaM 00cie0BaHus HAOMIOAAINCH PAa3HOHANPABICHHBIE TEHACHIIMN B X HAKOIIJICHHUH.

B r. Muncke 3a 2000-2022 rr. mpoBeaeno 10 stanoB oOcnenoBaHus, KOTOPbIE BBIIBIIN pa3HOHAIIPABIICH-
HbIE TEHACHIMU B COAEPKaHUM HUTPATOB B MOYBAX IO TOJlaM CO 3HAYMUTEIBHBIM pa3dpocoM 3Ha4eHUH ¢ oOmei
TEH/ICHIMEN K MOHWKEHHUIO MX KOHIIEHTPAIMil B IOUBEHHOM MOKPOBE TOpOjia OT MEPBOIo K MOCIETHEMY dTaIly
HaOmonennit. st cynegaroB orMevanach ooOuias TeHACHIMS K UX HAKOIUICHUIO B IMOYBAX C HE3HAYUTEIHHBIM
cHuKeHueM koHuentpanuii B 2013 u 2015 rr.

Wrak, MOKHO MPOTHO3UPOBATH JOJTOCPOYHYIO MO3UTHBHYIO TEHACHIUIO B YIyUIIIEHUH SKOJIOTHYECKOTO CO-
CTOSIHHUSI TIOYB 3a CYET CHIDKCHUS WM CTaOMIN3aliy HAKOIJICHUS] HUTPATOB BO BCEX MCCIIEAOBAHHBIX HACENICH-
HBIX IIYHKTaX, CYJIb(aToB — B IByX HACEJICHHBIX ITyHKTaX.

HeraruBHast TeHAEHIUS YBEIMUYEHHS COAEPKAHNS XMMUYECKHX BEIIECTB B FOPOJICKUX MOYBAX MPOSBUIACH
st cynbgaroB B 94 % HaceNEHHBIX MYHKTOB, YTO TpeOyeT MPHHATHS MEp 10 MUHUMM3ALUHA TEXHOT€HHBIX I10-
CTYIUIEHUH cepocofepKallliX COEANHEHHU B TOYBEHHBIH TOKPOB FOPOJICKUX TEPPUTOPHIL.

3aKiIouenue

OrneHka COBPEMEHHOTO COCTOSIHUS TTOYB TOPOJCKUX TEPPUTOPUH BBISIBUIA MPOCTPAHCTBEHHBIC Pa3IUUns
B HaKOIJICHMHM HUTPATOB U CyNb(})aTOB M0 aJIMUHUCTPATUBHBIM 00NacTsIM cTpaHbl. HanMeHbIIne KOHLIEHTpa-
MUY HUTPATOB OTMEUYEHHBI B ropogax bpectckoit 061. (Ke = 0,5), Haubonsmme — B ['omensckoii (Ke = 2,8).
Mg cynbdaroB Habmomanack oOpaTHas TEHIACHLIMSA: HaWMEHBIIEE CpelHee CoAcpKaHHe 3a(UKCUPOBAHO
B l'omennckoit 061. (Kec = 1,0), nanbonsimee — B bpectckoit (Ke = 1,5). [Ipu 3ToM pasnudusi B HAKOIUICHUU
cynb(}aToB 1o o0sacTsIM He3HAYUTEIbHBIC, B TO BPeMs KaK JJIsl HUTPATOB pa30poc cpelHUX 3HAYCHUH cocTa-
BHJI Oosiee 5 pas.

B onnoMm u3 roponos I'pognenckoit 0611. (r. CMOproHs) 3aMKCUPOBAHO JIOKAJIbHOE 3arpsi3HEHUE [T0YB HUTPa-
tamu 10 1,6 [IJIK u mpeBblieHHe TOPOroBOro 3HAUEHHsI C HU3KOM CTENEHBIO 3arpsi3HEHNUs, YTO HE XapaKTEPHO
JUIS1 TOPOJICKHX TTOYB, B KOTOPBIX COZIEPKAHUE HUTPATOB HE3HAYUTEIBHOE M UMEET TEHJICHLIMIO K CHIDKCHUIO.
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MakcumanbHble 3HAYeHUS Cyb()aToB, OTMEUECHHBIE HA OTJEIBHBIX YYaCTKaX rOpoJIoB, cocTaBmiM oT >1,0 1o
3,0 TIJIK, B mecTn ciay4dasx GUKCUPOBAIOCH MPEBBIINICHHE IIOPOTOBOTO 3HAYCHUS B MpeJeliax, OMPeAesIIOIIHX
HU3KYIO CTEIICHb 3arps3HEHHS TIOYB.

OreHKa KOHIIEHTPAITUN HATPATOB B TOPOJICKUX ITOYBaX IMoKazana, uTo B 90 % HaceneHHBIX IyHKTOB OTMeYe-
Ha TEHJICHIIMS 3HAYUTEILHOTO COKPAIICHHS WX COACPKAHUS B MOYBBI YPOAHU3UPOBAHHBIX TePPUTOPUIL. MOXKHO
MIPEANOIOKUTh, YTO TAKOE YMEHBIIICHUE a30TCONEPKANINX BEIIECTB 00YCIOBICHO CHIDKCHUEM KOJIMYECTBA Op-
TaHUYECKOTO BEIECTBA B TIOUBAX M 3aMeJICHHEM TPOIECCOB HUTPUPHUKAITIH TIPU €T0 PA3JIOKCHUH, a TAKXKE He-
3HAYUTENBHON JI0JIel a30T(HUKCHPYIOIINX OPTaHU3MOB, MPUCYTCTBYIOIIMX B TOPOJICKUX TIOYBAX.

OrieHka U3MEHEHUH, MPOU3ONICANINX 32 OoJiee YeM JIBaJIATHICTHUI MEepPHoJ] B KOHIICGHTPAIUU CYIb(aToB
B MMOYBEHHOM ITOKPOBE, BBISIBUJIA B OOJBIIUHCTBE TOPOJOB TEHICHIIMIO K MX HAKOIUICHHIO, YTO MPEIIoiaract
TEXHOTEHHBIH XapaKkTep MOCTyIIeHus B MouBkl. llpn aToM B 59 % ciaydaeB mo4Bbl XapaKTepHU30BAIUCH 3HAUH-
TENBHBIM YBEIMUYEHUEM COJlepyKaHus Cyiab(aroB, B 41 % ciTydaeB HaKOIJICHHE CEPOCOMAEPIKAIIETO COSAMHUHUS
B TI0YBaX HE3HAYMTEIHHOE.

B nouBax . Muncka 3a 2000-2022 IT. ycTaHOBJICHBI pa3HOHAIPABICHHBIC TEHACHIINN B CONEP)KaHUN HUTpPA-
TOB TIO TOJIAM C OOIIEH TEHJICHIIMEeH K 3HAYUTEIIPHOMY MTOHW)KEHHIO UX KOHIeHTpanwu. Jis cynbgaroB ormeva-
JIaCh HEKOTOPOE HAKOTUJICHHE B TTOYBAX C HE3HAUNTETHHBIM CHIDKeHHEM KoHTleHTpanuid B 2013 u 2015 .

CrnemoBatensHO, MOKHO TIPOTHO3HPOBATH YXYAIIEHNE IKOJIOTHIECKOTO COCTOSHUS TI04B B 94 % nccnenoBaH-
HBIX HACEJICHHBIX MYHKTOB 3a CUET YBEIMYCHUS B HUX KOHIICHTPAIMH CYITh(ATOB H MOJIOKUTEIBHYIO TCHICHIIHIO,
BBIPOKCHHYIO B CHIDKCHUH WM CTaOMIIM3AIMU HAKOIUICHHS HUTPATOB B TIOUBEHHOM TTOKPOBE TOPOJICKHX TEPPH-
TOpHH.
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