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YK 504.054;528.063.9
A. A. KAPITMYEHKO, A. C. CEMEHIOK

I'MC-KAPTOI'PA®UPOBAHUE ®PAKTOPOB HAKOIIVIEHUA
TAKEJIBIX METAJIVIOB B IIOYBAX I'OPOJA MOJIOAEYHO

Benopycckuii cocyoapcmeennwiii ynusepcumemn,
2. Munck, Pecnybnuxa bBenapyco,

karpi@bsu.by, geo-semenuk@yandex.ru

B cmamve paccmampuearomces  eozmooicnocmu - kapmoepaghuposanus 8 cpede [HC
pe3yibmamos akmopHo2o aHAIU3A OAHHBIX NO COOEPHCAHUIO MANCENbIX MEMAllo8 6 NOou6ax
2opoda Monodeuno. Co30anHble Kapmuvl ACCOYUAYUL XUMULECKUX DTIeMEeHMO08 NO360IUNU Bbls8UMb
3GKOHOMEPHOCMU NPOCMPAHCMBEHHO20 PACNPeOdeNeHUsl UCCAEe0YEeMbIX MEeMAan08 8 NOY8AxX 20pood.

['eoxumMuUecKkne MCCIeNOBaHUS IMOYBEHHOTO MOKPOBA SBISIOTCS OCHOBHBIM HMCTOYHHKOM
JAHHBIX JJIs1 ONPEENICHUs YPOBHS 3arpsA3HEHUS TOPOJICKUX [TOYB TSDKEIBIMU METAJUIAMU M IPYTUMHU
MoJuTIoTaHTaMu. BMecTe ¢ TeM pe3ynbTaThl TEOXMMUYECKHX aHAIM30B 3a4acTyi0 HE JAAI0T MPSMOTO
OTBETa Ha BONPOC, KAKUMM (AKTOpPaMHU: HPUPOAHBIM MM TEXHOICHHBIMU — OOYCIOBJICHO
MOBBIIIEHHOE COJIEP)KAaHKME TOTO WM HHOTO XMMUYECKOTO JIeMEHTa B MmouBe [2]. B Takux cimydasx
MOKHO BOCHOJIb30BaThCsl I€OMH(GOPMALIMOHHBIMM TEXHOJOTUAMHU, YTOObI B €IMHON LU(pOBOH
cpene oTOOpa3sHTh Kak IOBEPXHOCTh 3arpsi3HEHHS TSDKEIBIM METaUIOM, TaK HM OCHOBHBIC
IPOMBIIIICHHbIE IPEANPUATHUS, U TPAHCIIOPTHBIE aPTEPUU, KOTOPhIE MOT'YT BBICTYNATh B KaueCTBE
MCTOYHUKOB 3arpsi3sHeHus. Pe3ynbraTsl (pakTOpHOTO aHamM3a JaHHBIX 10 COJCPKAHUIO METAJIOB B
[I0OYBaX MOI'YT MHOIO paccka3aTb O IMPUYMHAX TOTO MM HHOTO paclpelesIeHUs XUMHYECKHX
SJIEMEHTOB B TIOYBEHHOM TIIOKPOBE, IIOKa3aTh BO3MOXHYIO MAapareHETHYECKYI0 TPHUPOAY HX
HakorieHus [4]. Kaprorpaduueckas uHTeprpeTanus pe3yabTaToB (PaKTOpPHOro aHalu3a B cpelie
I'MC mo3BonseT C JOBOJBHO BBICOKOW CTEMEHBIO JIOCTOBEPHOCTH ONPEACTUTh HCTOYHUKU
3arpsi3HEHUS TOYBEHHOT'O MOKPOBA.

B xadecTtBe mpumepa MpOBEACHUS TOAOOHOTO WCCIECAOBAHUS PACCMOTPUM PE3yIbTaThI
reOXMMHUYECKOT0 aHaiM3a oOpas3loB MOYB ropojaa MoofeyHO Ha coJep’KaHHe B HUX METaJUIOB
(mapraneri, Mezib, HUKEJb, OJIOBO, CBUHEI, TUTAH, XPOM), MPOBOAMUBIIETOCs: aBTopamu B 2016 roxy.
OT10op cMemaHHBIX 00pa310B MOYB MPOU3BOAWICA B 44 TOUKax Ha TEPPUTOPUHU ropoja (Ipu 3TOM
YUUTBHIBAINCH (PYHKIIMOHAIbHBIE 30HBI) U Ha HEOOJIBILIOM yJAJIEHUU OT HEro ¢ riryouHsl 5 — 15 cm.
AHanu3 BaJIOBOIO COJEP)KAaHUS METAJUIOB B MOYBAX IMPOU3BOAMICS 3MUCCHOHHO-CHEKTPaTbHBIM
METOJIOM Ha MHOTOKAHAJIBHOM aTOMHO-3MHCCHOHHOM crekrpomerpe DOMAC-200[1IM B nyre
HEePEeMEHHOT0 TOKa B JJaboparopuu 3kosioruu nauamadpTos BI'Y (tabmumna 1).

Tabéanna 1 — Copeprxanue uccjieayeMbIX 3J1eMEHTOB B HouBax r. MoJioge4Ho

XUMUYECKHUE 3JIEMEHTHI, MI/KT (n=44)
Tlokazarennb
Cu Pb Mn Ni Sn Ti Cr
Cpennee 17,5 18,7 460 11,0 3,6 1986 36,5
Pasmax 66-464| 31-729| 149-843| 23-633| 06—11,1|479-3580| 991082
BapbUPOBAHUS

I'opon Momnoaeuno ¢ HaceneHueM OKoio 90 ThICSid 4YENOBEK SIBISETCA 3HAYMMBIM
MPOMBIIIICHHBIM TIeHTpoM bemapycu. OCHOBHBIE HAMpaBICHUS CHEIUATH3AINNA — METaJUTypPTHs
(3aBOI  TOPOIIKOBOM  METAJUTypruu), MAalIMHOCTPOGHHE ©  MeTaiooOpaboTka  (3aBOf
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MeTaUIOKOHCTPYKIH, 3A0 «AMkomop-Yuukad», OOO «benxon»), aepeBooOpadaThIBaromias
(BAO «Monoaeunomebenby, CII «MMI» OOO) wu mnumeBas TPOMBIIUICHHOCTh (MOJIOYHBIHN
koMOuHar, msacokomomaar OO0 «Benec-Mut», kornutepckas ¢adbpuka «Kouday). B mocnennee
JECATUICTAE MHOTHE TPEANPHUATHS COKPATHIM CBOE BIUSHHE HA OKPYXAOIIYID Cpeny IIo
pa3NUYHBIM MPUYMHAM, HO KapTUHA 3arps3HEHUS IOYBEHHOTO IOKPOBa TOPOAOB COXPaHSET
OTIPEICIICHHYI0 HHEPIIMOHHOCTD M 3a4acTyl0 (DUKCUPYET BBICOKOE COJIEPYKAHHE TSIKEIBIX METAJIIOB
B IIPOMBIIIICHHBIX 30HaX [3].

Jiiss Toro 4toObI ONpENeNuTh BO3MOXKHBIC HCTOYHUKHM 3arps3HCHUs [MOYBEHHOTO IOKPOBA
ropoaa MososeuHo, B mporpaMMHoM nakeTe Statsoft Statistica 6.0 ObL1 poBe/ieH aHAINM3 JaHHBIX
10 COJICP’KAaHHUIO 3JIEMEHTOB METOJIOM TJIaBHBIX KOMIIOHEHT, B pe3yibTaTe 1o kpurepuro Kaiizepa
ObUTO BBIJENIEHO 2 (pakTOpa ¢ COOCTBEHHBIM 3HadeHHWeM Bbime 1. M3HauyanmpHOE pacmpenerneHue
AJIEMEHTOB MEXIy (aKTopaMH JOIMYCKAIO HECKOJIbKO BAPUAHTOB TOJKOBAHUS, TOATOMY IS
yoOcTBa BBIABICHHUS (PAKTOPOB M OTHOCSAILIMXCS K HUM 3JEMEHTOB NMPHUMEHSJIOCh OPTOrOHAIBHOE
BpalllcHHe MaTpHIlbl (aKTOPHBIX HArpy3ok merogom Varimax (Bapumaxc) [1], 4TO MO3BOIHIO
MOJYy4YHUTh 00JIee OTHOPOTHBIC JaHHBIE JJIs1 OTHECEHUS DJIEMEHTA K TIEPBOMY UJIH BTOPOMY (akTopy,
IpU ATOM OOIIMH TPOLEHT OOBSICHECHHON IUCIEPCHH HE M3MEHMJICS M COCTaBWII OKoJo 63 %
(tabnuua 2).

Tabanuna 2 — 3HavyeHus: pakTOPHBIX HATPY30K (BapUMaKc)

[Tokaszarens daxTtop 1 ®axTop 2
Cu 0,76 -0,03
Pb 0,59 -0,14
Mn 0,13 0,83
Ni 0,80 -0,01
Sn 0,82 0,32
Ti -0,20 0,79
Cr 0,44 0,69
CoOcTBEHHOE 3HAUYEHNE 2,48 1,92
Jlonst 0O0BSICHEHHOW JTUCTICPCHH 0,35 0,27

[Tocne noGaBneHust cOOCTBEHHBIX 3HaueHUI (pakTOpoB B Toukax oTOOpa 0OpasloB B 0Oa3y
reoganHbIX B cpene ArcGIS Obutn co3maHbl KapThl acCONMAIMN XUMHUYECKUX AJIEMEHTOB IO JIBYM
¢daktopam. IlepBbiil ¢akTop (pucyHok 1), OKa3bIBalOUIMI 3HAYMMOE CHJIBHOE BIHUSHHME Ha
pacnpezieieHue MeM, 0JI0Ba, HUKENSI U CpeiHee sl CBUHIA B IOYBEHHOM MOKpoBe MoiioeuHo,
uMeeT B OonblIed Mepe TEeXHOTeHHOE MPOMCXOXKACHUE, Ha YTO YKa3bIBAIOT MaKCHUMallbHbIE
3Ha4eHUs1 (DAKTOPHBIX KOOPAWHAT, MPUYPOUCHHBIE K MPOMBIIUICHHBIM TPEANPHUITAIM (3aBOJ
MOPOILIKOBOM METAJUTypruM, 3aBOJ METAJIOM3JIENUNA Ha BOCTOKE) M MecTaM XpaHEeHMs (CKian
OAO «benBTOpuepMeT» Ha CeBepo-3amaje Topoja) U Meperpy3ku (paloH >KeIe3HOIO0POKHOM
CTaHIIMH ) METAJUTYPIrHYECKOTO CHIPbSL.

BTtopoii ¢paktop (pucyHoK 2), B 3HAYUTEIHHOU Mepe OMPEIETSIOMINM HAKOTNIEHUE B TOYBEHHOM
MOKPOBE MapraHiia, TUTaHa U YaCTUYHO XPOMa, MOXHO YCIIOBHO Ha3BaTh MPHUPOIHBIM.

Cnexyer OTMETUTh, 4YTO 3aBOJl IOPONIKOBOW METAUIyprUM HUCHOJB3YET YIOMSHYTbHIE
SJIEMEHTBl B KayeCTBE CBIPbA, YTO SBJSETCA JOMOJIHUTEIBHBIM apryMEHTOM B TOJb3y €ro
BO3MOJKHOTO BIMSHHMSI HAa WX HAKOIUIEHWE, HAa YTO W MOXKET YKa3blBaTh KapTHPOBAaHUE
(bakTOpOB, MHTEPIPETUPYEMBIX KaK TeXHOreHHbIe [6]. OTHeceHue BTOporo (pakropa K MPUPOJ-
HbIM O0O0YCJIaBIIMBAa€TCS TEM, YTO HauWOOJNbLIME 3HAueHUs (PAKTOPHBIX KOOpIMHAT (32 MCKIIIO-
YeHHEM TOYKHM Ha CeBEepO-BOCTOKE MOIOJIeUHO) TArOTEIOT K FOKHOW YacTH Topoja, TIjie
pacnpocTpaHeHbl MOPEHHbIE TOYBOOOPA3YIOLIUE MOPOJIbI C 3aMETHOM J0JeH CYrJIMHKOB, KOTOphIE
OTJIMYAIOTCST OOJBIIMM COJIEpKAHWEM MapraHia, TUTaHa M XpoMa, YeM BOJHO-JICHUKOBBIE WU
aJUTIOBHANIBHBIE [7].
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MpombiwneHHbie — OcHoBHble Npoeaas B ropoae
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Pucynok 1 — Acconmanus xumudeckux 3jeMeHToB (Cu — Sn — Ni — (Pb)). ®akTop 1
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PucyHok 2 —Accouunanusi xXumu4eckux 3jemenToB (Mn — Ti — Cr). ®akrop 2
Jlns aydinero MOHMMaHMs XapakTepa CBsi3ed Mexay siementamu B Statistica 6.0 mposenu

KJIACTEPHBIM aHalW3 C WCIOJb30BaHUEM B KadeCTBE METPUKH KOXPQPUIIMEHTa JTHHCHHON
koppemsiuu [lupcona (tounee 1 — r), neHaporpamma (PUCYHOK 3) CTPOHIIACH METOIOM MOJHOM
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cBs3u. Kak u Ipu aHAJIN3C MCTOAOM TI'JIAaBHBIX KOMITIOHCHT, 3JICMCHTBI Pa3ACIINIINCh Ha ABC I'PYIIIILL,
nepBasi BKIIIOYaeT B ceOsl Melb, CBUHEL, HUKEIb U OJIOBO, BTOpas — TUTaH, MapraHel U XpoM,
CXO0JKe€ HAKOIUICHHE IMOCJIEIHUX 3JIEMEHTOB OTMEUanoch HaMu U i T. XKoaunHo [5], yto Moxer
CBUJICTEIHCTBOBATh O CX0KEM XapaKTepe HAKOIICHUS JaHHBIX 2JIEMEHTOB B TOPOICKUX MOYBAX.

Complete Linkage
1-Pearson r

Cu

Pb

T

Cr

(]

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1,
Linkage Distance

Pucynok 3 — Jlenaporpamma pe3yJibTaTOB KJIACTEPHOI0 AaHAJIM3A

Takum o6pa3om, KapTorpaduueckas HHTEPIPETALUs Pe3ylIbTaTOB TOUYBEHHO-T€OXUMHUUECKOTO
HCCIIEA0BAHUS TEPPUTOPUH NTO3BOJIWIIA Pa3/IeIUTh TOPOJ Ha JBa PailOHA MO COAECPKaHUIO METAJNIOB
B IIOYBAaX: NEPBBIM — C MOBBIIIEHHBIM COJEP)KAHUEM Maprasiia, TATAaHA U XpOMa, NIPEACTAaBICHHBIN
JEPHOBO-TIOA30JIMCTBIMUA  CYTJIMHUCTBIMH M CYNECYaHBIMH II0YBAMM Ha CKJIOHaX MOPEHHOMN
BO3BBILIEHHOCTU Ha ore MoJIoZeYHO ¢ IPEUMYIIECTBEHHO KUI0W MHOTOKBAPTUPHOU 3aCTPOUKOU
(43,3 % TeppuTOpHHM); BTOPOH — C MOBBIIICHHBIM COJEP)KAaHMEM B TOYBE MEIH, OJIOBA, HUKEIS H
CBUHIIA, IPEJICTaBICHHBIN JEPHOBO-NOA30JUCTBIMU TJIEEBAaTBIMU CYIECUAHBIMM W II€CYaHBIMU
[I04YBaMH BOJHO-JIEJTHUKOBOM paBHMHBI Ha ceBepe MOJOJEYHO € NPEUMYIIECTBEHHO KUIIOU
ycaneOHol 3acTpoiikoir (56,7 % Tepputopun). C TOUYKM 3pEHHUS SJIEMEHTApHBIX JIAaHAIIAPTOB
NEepBBIH palioH COOTBETCTBYET AIIOBUAIBHBIM U TPAHCHIIOBHAIBHBIM JaHAIIaQTaM Ha MOPEHHBIX
CYIJIMHKaX M CYIECSX, BTOPOH paliOH — 2II0BHAIbHO-aKKYMYJIATUBHBIM U TPaHCCYIEPAaKBAJIbHBIM
naHamwadTaM Ha BOJHO-JIETHUKOBBIX CYINECAX U MECKaxX, a TAKKe CylepakBajIbHbIM JaHIIapTaM Ha
NOWMEHHBIX Topdax.
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A. A. KARPICHENKA, A. S. SEMIANIUK

GIS MAPPING OF FACTORS OF ACCUMULATION OF HEAVY METALS IN SOILS
OF MOLODECHNO CITY

In the article the capabilities of GIS mapping of the results of factor analysis of data for heavy
metals in soils of Molodechno city are considered. Created maps of the associations of chemical
elements revealed the regularities of spatial distribution of research metals in soils of city.

VK 551.524.36
C. B. KJIOK!, A. A. KOPHYC??, O.T. KOPHY(C?

MHUHHUMAJIBHASA TEMIIEPATYPA BO3/IYXA HA TEPPUTOPUUN YKPAUHBI —
AHAJIN3 U OCHOBHBIE TEHAEHIIUHN
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C yenvlo onpeoenenus OCHOBHBIX MEHOCHYUN U OUHAMUKU IKCMPEMANbHOCMU HPUSEMHOU
memnepamypsl 6030yxda, 6 OaHHOU pabome Npo8edeH AaHANU3 MUHUMAIbHLIX 3HAYEHUl Mol
Xapakmepucmukyu no2coovl no cmanyuam Yxpaunol 3a nepuod nabaooenut 1991 — 2016 ee.
B pezynomame nonyuenvt 30161, MAKCUMANLHO NOOBEPIHCEHBLE GNUAHUIO MUHUMATLHBIX MEMNEPAmyp
8030yXa, a MaKi#ce 8bls8NIeHbl MEeHOeHYUU UX OabHelue20 pa3eumus U pacnpocmpaHerus.

['moGanbHOE MOTEIUIEHNE CerofiHs CTal0 HEOTHEMJIEMOM COCTABILIIOIICH >KU3HHM 4YeNlOBEKa, MpHYEM
MaKCUMAaJIbHbIC TEMIIbI TMOTEIUICHHSI JIEMOHCTPHPYIOT MOJSIpHBIe Teppuropuu [2, 7 — 8, 10 — 11].
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