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YO «Benopycckuil zocyoapcmeennvitl MEOUYUHCKUL YHUBEPCUTEM >

B uccnedosanuu npumenen xaacmepmulii anaius 0ns KJiacCuPurayuu npohuiett MyJiomunoiiio-
manmuoix 6v16pocos 6 ammocpepy (IIMIIBA, n = 63) ¢ Beaapycu. /las denenus IIMITIBA na x.nac-
mepor memod PAM (partitioning around medoids) 6.1 npednoumen memody k-cpednux (k-means)
U ANZOPUMMAM UEPAPXULECK020 AHAAU3Ad. OCHOBVLEAACH HA 6bIOCNEHHBLX KAACMEPAX MYIbMUNOJLII0-
manmmozo 3azps3nenus 6030yxa yoaiocy pasdesums dannvie nepeuuHol demckou 3abo.iesaemocmu
6 obaacmsax Beaapycu (¢ 2005 no 2013 2.) na uemoipe zpynnor. C nomouspio QUCnepcuonHozo anda-
AU3A 8bLAGILEHA 3AGUCUMOCTND NEPEUUNOL 3A00.1€6AeMOCNU NO OONEIHAM KOKU, HEPEHOU CUCTNEMDL,
NCUXUUECKUM PACCMPOUCMEAM U 6OJeIHAM 0P2aAH08 KPOo8ooOpawenus cpedu demeti om 0co6EeHHOC-
meu MYyJoMmunoaIOMAHMHOZO 3A2PAIHEHUSL 6030YXA.

Katouesvie caosa: mysomunoniiomanmmusle 8bl0pOCcyl 6 ammocpepy, nepsuunas 0emckas 3a-
bonesaemocmn, Kiacmep.

S. N. Belugin

CLUSTER ANALYSIS OF MULTIPOLLUTANT AIR EJECTIONS
AND PRIMARY CHILDREN MORBIDITY IN BELARUS,
2005-2013 yy.

Nine years of regional multipollutant air ejections data reported in Belarus were classified
on their annual multipollutant profiles (n = 63). Classification of annual multipollutant profiles
was performed using partitioning around medoids (PAM) clustering. The optimal solution by PAM
contained four distinct groups of annual multipollutant profiles. Mean annual air ejections of 12 pollutants
(tons per year) and their ratios were computed in order to characterize the differences between clusters.
The values of annual primary children morbidity (2005—2013 yy.) were partitioned for four groups.
This allowed us to link the characteristics of each cluster to health effects and show that primary
morbidity of kids with diseases of skin, nervous system, psychic and cardiovascular disorders were
associated with distinct cluster ofmultipollutant profiles.

Key words: multipollutant air ejections, primary children morbidity, cluster.

anmnemmonorwqecme uccnefoBaHWA YKasblBaloT Ha  OT CTaLMOHapPHbIX 1 MOOWUSIbHBIX UCTOYHWUKOB, YTO OTPaXKEHO
HeraTuBHble 3P dEKTbI OT B3BELIEHHbIX YacTuL, OKCU- B exerofHblx cBogkax HAH Benapycu 1 MuHuctepcTBa npu-
[10B a30Ta, OKCMA0B CEPbI, IeTY4UX OPraHUYEeCKUX COeJMHe-  POLHbIX PECYPCOB WU OXpaHbl OKpYXatowen cpedbl [1]. Mpwn
HWW 1 APYrUX NONIOTAHTOB BO34yXa Ha 340POBbe B3POC/bIX  UMEIOLLMUXCHA PErMOHAPHbLIX OCOBEHHOCTSAX UCTOYHMKOB Bbl-
n aeten [9, 11, 12]. BmecTe ¢ Tem, MHTEpnpeTauma Heratue-  6pocoB B aTtmocdepy GopmupytoTca pasfivyHble npobuam
HbIX 9PDEKTOB Ha 340POBbLE CO CTOPOHbI KAXA0ro U3 MOMI0-  MY/IbTUNOMIIIOTAHTHLIX Bbl6pocoB B atmocdepy (MMMIBA).
TaHTOB BCErja OC/IOXHeHa M3-3a NpucyTcTBua B Bo3adyxe  OueHKa KayecTBa BO3JyXa He TONbKO Ha OCHOBaHWKU ypOB-
MHOTFOKOMMOHEHTHOW CMeCH 3arpasHuTenen. HEeW OTAeNbHbIX MOMMOTAaHTOB, HO WU WX KONMUYECTBEHHbIX

Ha Tepputopum Pecnybnvku benapycb Kaxabivi rog B BO3-  COOTHOLUEHWI MO AaHHbIM MY/IbTUMO/UIIOTAHTHBIX BbIGPOCOB
[yx BbIGpacbiBalOTCA ThICAYM TOHH CMecel MOJUIITaHTOB B atMocdepy, akTyalbHa U KpalHe BaXkHa, B YaCTHOCTH,
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1 OpuruHajibHbie Hay4YHbIE MyOJHMKALHH

npy aHann3e accoLMMpPOBaHHOCTU COCTOSIHMS 340POBbS YEN0-
BeKa ¢ 0CO6EeHHOCTAMW MHOFOKOMMOHEHTHOIO cocTaBa 3a-
rpsi3HeHM B BO3ayxe. [1na pa3BuTua METOAOB OLEHKM CBA3KU
3a6071€BAaEMOCTU C MYNILTUMNOTIOTAHTHLIM 3arps3HeEHNeM BO3-
[lyxa cylecTByeT He06X0AMMOCTb KnaccudUUMPOBaHUS MHO-
roo6pasHbix NMMIMBA 1 ¢opMUPOBaHUS MHTErPaTUBHOM LLIKa-
Jibl Ka4ecTBa BO34yXa Mo My/IbTUNONIOTAHTHbIM KPUTEPUSAM.

KnacTepHbi aHanM3 cOBCEM HeaaBHO Obl/l MPUMEHEH
ANS MUOEHTUOMKALMM U ONUCAHUS MYSIBTUMOUTIOTAHTHbBIX NMPO-
dunen 3arpazHeHns sosayxa [4, 13]. B ocob6eHHOCTH, B nep-
BbiX paboTax [ANs KJacTepHoro aHanvM3a WCnonb30BaHbl
[JaHHble eXeAHEeBHOro MOHWTOpMHra Bo3ayxa B bocToHe
1 6bl1 Bbl6paH MeTo K-CpefHuX ANs BblAeNeHUs B rpynmnbl
AHEN C OJHOTUMHbLIMW MYNbLTUNOANOTAHTHBIMU NPOOUAAMM
3arpsidHeHns Bo3ayxa. B Halwem vccnegoBaHuMM KnacTep-
HOMY aHanuay noasepranvcb NMMIMNBA no gaHHbIM exerog-
HbIX BbIGPOCOB B aTMOcdepy OT CTaluMOHapHbIX U1 MOOUb-
HbIX MCTOYHMKOB A/15 KaxKaon u3 wecTtu obnacten benapycu
u r. MnHcka 3a nepuog ¢ 2005 no 2013 .

3ajayen HacToslero uccnegoBaHus Obl1o 06beau-
HEeHWe NpKW NOMOLLU KNacTepHOro aHann3a MHOMOMeEpPHbIe
06beKTbl — [IMIMNBA — B KnacTepsbl. Llenbto nccnegosaHuns
OblN0 NPUMEHEHWE KIACTEPHOrO KPUTEpUS onpeaeneHus
Tna MNMMMNBA ans o6beauHEeHUA JaHHbIX 3a601eBaeMoCcT1
B benapycu B rpynnbl 1 nocneayowero aHaanmsa accoumm-
POBAHHOCTU HErATUBHbIX MOCNEACTBUI Ha 340POBbLE C MHO-
rOKOMMOHEHTHbIM COCTAaBOM 3arpsi3HEHHOro BO3ayxa.

MaTtepuanbl Uy MeToAbl

B HacToswen paboTe MCMNONb30BaHbl OTHETHbIE CBefe-
HKS 0 BbiGpocax B atMocdepy ¢ 2005 no 2013 r. Ha Teppu-
Topuax wecTtn obnacten benapycu u r. MuHcka [1]. Mo cTa-
LLMOHAPHbLIM UCTOYHMUKAM MCMONb30BaHbl JaHHbIE BbIGPOCOB
B aTMocdepy (TbiC. TOHH B rof): yrapHoro rasa (cCO), okcnaos
asorta (cNOx), anokeunaa cepbl (¢SO,), METAHOBBIX YT1€BOA0-
poaoB 6e3 NEeTy4YnX OpraHn4ecKmux coegmHeHumn (cMYB), He-
METaHOBbIX JIETY4MUX OpPraHu4yecKkux coegnHermmn (CHMJ10C),
B3BelleHHbIX YacTuy, (CPM, particulate matter). o Mo6ub-
HbIM UCTOYHMKAM UCMONb30BaHbl AaHHbIE BbIGPOCOB B aTMO-
cdepy (TbiC. TOHH B roa): yrapHoro rasza (MCO), oKCHaoB a30-
Ta (MNOx), anokcuaa cepbl (MSO,), NETYHUX OpraHUYecKux
coeanHeHnn (MJ10C), B3BewWweHHbIX YacTul, (MPM, particulate
matter), 6eH3onupeHa (MBI, ToHH B roa). Takum ob6pasom,
chopmupoBaHa BbIGOpKa M3 63 MHOroMepHbix (12 napa-
MeTpoB) 06beKToB MMIBA, KaxKabl U3 KOTOPbIX COOTBET-
cTBOBan onpegeneHHoMy rogy (n = 9) u permoHy (n = 7).

AGCONOTHbIE 3HavyeHus 12 napamMeTpoB BbIGPOCOB
B aTMocdepy 6bln npeobpa3oBaHbl B Z-3HaYE€HUS:

z=(X-pw/o,

roe X — 3HayeHue napameTpa; L — CpeAHee 3HavyeHune; G —
cpeAHeKBaapaTU4HOEe OTKIOHeHue. [na npeobpa3oBaHMd
B Z-3Ha4eHus Mcnonb3oBaHa nporpamma SPSS v.13.0.

[aHHble nepBUYHON 3a60/1EBAEMOCTH AeTeN No 60n1e3-
HSIM [N1a3, KOXMK, AbIXaTeNbHOM CUCTEMBI, OPraHOB KPOBOOGPa-
LLIEHUS, HEPBHOW CUCTEMbBI U MCUXUYECKUM pacCTponcTBam
B3ATbl U3 €XKEroAHblX CTaTUCTUYECKUX OT4ETOB MuHUCTEpP-
CTBa 3[paBooxpaHeHuns Pecnybnnku benapycb o coctosaHMmM
3[10pOBbS HaceneHus no obnactam 3a nepuod ¢ 2005 r. no
2013 r.[2, 3].

Mcnonb3oBaHWe KNacTepHoro aHanusa npeanonarano
pacnpegenenune NMMIMBA no kKnactepam, KaxablM U3 KOTO-
pbiX 06beanHan 6ol NMMIBA ¢ OAHOTUMHBIM COOTHOWEHUEM
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12 napameTpoB. Ha Bbi6opke 13 63 o6bekToB MMIBA npo-
TeCTUPOBaHbl Ha BaNNAHOCTb METO/bI KJ1AaCTEPHOro aHann3a:
PAM (partitioning around medoids) [8], k-cpeaHux [6] 1 nepap-
XUYECKHUE anropuTmbl «centroid» n «complete». Ha ocHoBaHuu
pacyeTa R-kBaapaTUyHOro nHaekca (R?) [10] u nHaekca Davies-
Bouldin (DB) [5] npon3soauncs BbiI6op metoaa AN Knactep-
HOro aHanu3a M Bbl6OP OMNTMMANbHOr0 KONMYecTBa Knac-
TEpPOB AN pa3bueHus Bbl6opKM n3 63 oo6beKkToB NMMIIBA.
[nsa pacyeTta R-KBagpaTu4Horo u Davies-Bouldin nHaeKcoB,
a TaKxke ans pasbuerHuns 63 o6bekToB MNMIBA Ha KnacTepsbl
ncnonb3oBaHa nporpamma CVAP v.3.7 (Cluster Validity Analysis
Platform Bepcusa 3.7) Ha 6a3e Matlab v.7.0.1 [7].

R-KBagpaTMyHbIN MHAEKC paccyMTbiBaNCs no OTHoLIe-
Huio SSB/TSS, rae SSB (sum of squares between) — cymma
KBaJpaToB OTK/IOHEHUN Mexay rpynnamu, n TSS (total sum
of squares) — obuiaa cyMMa KBaapaToB OTK/JOHHEN MeXay
rpynnamu U BHYTPUIPYNmnoBblX OTKAOHEHWA. MUHUManbHoe
3HaveHue (0) R-KBaapaTUYHOro MHAEKCA OTpaXKaeT abCcontoT-
Hoe nogobue rpynn, MakcMMasnbHoe 3HavyeHune (1) — nonHoe
OT/IMYME MENKIY BblAENEHHbIMM Fpynnamu.

Davies-Bouldin nHaekc [5]:

DB :1 i max ﬁ ,
Nij=1 MU

rAe n — KONWYEeCTBO K/IACTEPOB; S, — CPeAHee paccTosHue
OT LIeHTpa B KnacTepe i; Sj — cpeaHee pacCTosiHWeE OT LieHTpa
B KnacTtepe j; Mﬂ.— paccTosiHME MeXAY LeHTpaMu KnacTepoB
inj. MMHUManbHble 3HaveHusa Davies-Bouldin nHaeKca cBu-
[eTeNbCTBYIOT O CPABHUTEIbHON KOMMAKTHOCTU Tpynn BO-
Kpyr Knactepobpasylowmx LeHTPOB MNpU CPaBHUTENIbHOM
yAaneHHOCTU NOCAeAHMUX APYr OT Apyra.

Mcxoas M3 npeanodTUTenbHOCTU HanbONbLLEro 3HaYe-
HWS R-KBaApaTUYHOro MHAEKCaNIM HaMMEHbLIEro 3Ha4YeHUs

Davies-Bouldin nHageKkca, B HacTosLLEM UccrefoBaHUN BBE-
2

R
AEHO OTHOLWEeHne E (oTHOWeHMe R-KBaapaTUHHOIO UHAEK-

ca K Davies-Bouldin vHAEKcy), MakcumalbHOe 3HaveHue
2
R

KOTOpOoro (max DB ) Mbl paccMaTpuBaIM B Ka4ecTBe Kpu-

Tepusa nNpeanovyTMTeNbHOCTM MeToAaa U ONTUMasbHOCTH Bbl-
OpaHHOro KonM4yecTBa KNacTepoB (PUCYHOK).

[nsa cpaBHEHUS 4YyBCTBUTENbHOCTM METOAOB KacTep-
HOro aHann3a Bcs Bbi6opKa N3 63 06bexkTOBIMIBA pa36ou-
Banucb npu nomown PAM un k-cpeaHux Ha 4 Knactepa no
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NHAeKecbl BanUMAHOCTU METOAOB KNacTEPHOro aHannaa npu oobe-
auHeHun MMIMBA B KnacTepbl: A — R-KBaApaTWU4Hbli UHAEKC (R?)
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n nuaekc Davies-Bouldin (DB); b — MakcumanbHoe 0THou.|eHV|e£

cBuaetenbCcTByeT 0 NpeanovYTuTesIbHOCTU MeTofa U onTumMallbHOM
Ko/n4yecTee Knactepos



naHHbIM: 1) wecTn obnacten u r. MMHCKa, 1 2)TONbKO WeCTH
o6nacten. OLeHUBaNM KonM4yecTBo HecooTBeTcTBUI TMITBA
KnacTtepy nNpu NpUMEeHEeHUN MeTOL0B Ha BbIGOPKe cofepra-
LLer JaHHble TO/IbKO MO WecTH 06/1acTaMm, T. €. YMEHbLUEHHON
Ha 14,2%. MeTon Kk-cpeaHux NMpu yMEHbLUEHUU BbIGOPKM
MMMBA Ha 9 (Ha 14,2%, oT 63) nan pa3bueHne Ha YeTbipe
Knactepa ¢ 7 ownbkamu (12,9%). Metogq PAM npu yMeHb-
WweHnn Bbl6opku NMMIMBA Ha 14,2% fan 4yeTblipe Knactepa ¢
1-n ownbKom (1,8%), 4TO SBMAOCH AOMOMHUTENbHLIM MOA-
TBEPXKAEHMEM NpeanovYTUTENbHOCTU MeToda PAM nepef
MEeTO0M K-CpeaHuX.

Cratnuctnyeckass o6paboTKa AaHHbIX OCylecTBAsNach
B nporpamme SigmaStat for Windows v.3.10. Ucnonb3oBaH
ONCNEePCUOHHbIM aHann3d One Way ANOVA. [locToBEpHOCTb
pasnnynMn Mexay cpefHMMKU 3HaYeHUsIMM cornacHo t-tecta
CTblogeHTa npuHMmanach npu P < 0.05.

Pe3ynbTatbl U 06CyKAEHUE

3HauveHns R-KBagpaTUyHOro MHaekca (R?) u Davies-

Bouldin (DB) HaeKca paccymTaHbl 4J15 YC/I0BUM pa3bueHns

Ha 2—6 KnacTepoB BbI6OPKK M3 63 06bekToB MNMIBA (pucy-
2

HOK, A). Han6onbliee oTHoLlEHNE ﬁ BbISIBJIEHO NpU pa3bue-

HuK Bcen BbIGOPKK NMMIMBA metogoMm PAM Ha 4eTbipe Knac-

Tepa (PUCYHOK, B). Mcxoas n3 HaumeHbluero 3Ha4eHus Davies-
2

. R
Bouldin nHaeKkca n HanbonbLIero OTHOLLIEHNUS ﬁ metoa PAM

OKasascs 6o5ee npeanodyTUTeNeH Ana KnaccuduuupoBa-
Hua MMIIBA no cpaBHEHWIO C METOAOM K-CPedHUX U anro-
pUTMaMK MepapxmyecKoro aHanusa.

Bbi6op metoga PAM oTpa)kaeT 0CO6EHHOCTb BbIGOPKM
nanHbIx [MMIMBA (n = 63, kaxkabiv [MMIMBA no 12 napaMeTpoB),
KoTopas HeBe/MKa No CpaBHEHWIO C BbIGOPKaMu B Uccne-
[oBaHusx apyrux asTopos [4, 13]. MeTtog PAM npeanoytu-
TeneH npu OTHOCUTENIbHO HEeGO/bLIOM MaccuBe [aHHbIX
N MeHee NoABepKeH BUSHUIO CO CTOPOHbI KPanHUX Benu-
4uH (outliers), Toraa Kak ans peannsaumm Metoaa k-cpeaHux
TpebytoTcs 60blINE MACCUBbLI AAHHbIX.

Pa36uenne Bbi6opKku MMIBA Ha YyeTbipe Knactepa no-
3BO/IUIIO TAGIMYHO NPEACTaBUTb YETbIPE TUMNA MY/LTUNONIIO-
TaHTHbIX Npodunen (N2 1, N2 2, N2 3, N2 4) B COOTBETCTBUM
C rogom u obnactblo (tadn. 1). B knactep N2 1 sownu NMMIMBA
cneaytoumx obnacten: bpectckon — 2005-2013 rr., lo-
Menbckon — 2008, 2011, 2012 rr., pogHeHcKon — 2005—
2011 rr., MnHckon — 2011-2013 rr., a TakxKe . MMHCKa —
2005-2013 rr. B knactep N2 2 Bownu MMIMBA Bute6b-
cKkon obnactn — 2005-2013 rr. u fomenbcKon obnactn —
2005-2007 rr., 2009, 2010 rr. B knactep N2 3 Bownu
MMIBA o6nacten: Morunesckon — 2005-2013 rr., lomenb-
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ckon — 2013 1. 1 pogHeHcKkon — 2012-2013 rr. B knac-
Tep N2 4 Bowsnum NMMIMNBA MuHckor o6nacty — 2005-2010 rr.

PaccuyntaHbl cpegHue 3Ha4YeHUs M CTaHAapTHbIE OLWKG-
Kn 12 XMMUYECKMX MapaMeTpoB AN KaxAoro KnacTtepa
(ta6n. 2). C nomoubio gucnepcmMoHHoro aHanmnaa (One Way
ANOVA) BbiIBfIeHbl 3HA4YNUMble pasnyms Mexay Knactepa-
MW Mo BCEM 12 XUMUYECKUM NOSIIIOTaHTaM.

[nsa Kagoro Knactepa pacCyuMTaHbl MOKa3aTesnu, xa-
paKTepU3yloLMe UCTOYHUKK BbIGPOCOB — OTHOLUEHUS 3Ha-
YeHWN BbIGPOCOB MOJIIOTAHTOB OT CTALMOHAPHbBIX UCTOYHU-
KOB K COOTBETCTBYIOLNM 3HAYEHUAM OT MOOUIIbHbIX UCTOY-
HUKOB, a TaKxXe oTHoleHne cMYB kK cHMJ10C (ta6n. 3).

MpK AgMcnepcMoHHOM aHanu3e JaHHbIX NePBUYHON AeT-
CKOWV 3a60/1eBaeMOCTH B COOTBETCTBMM C BblAENIEHHBIM KNa-
CTEPOM BbISIBNIEHbI JOCTOBEPHbIE Pa3/NyYUsA NO GONE3HAM
OpraHoB KPoBOOGpPaLLEHUS U TCUXMHECKUM PacCTPONCTBaAM.
MaKcrManbHbIM ypOoBEHb NEPBUYHBIX NPOSIBAEHWI B0Ne3HEN
OpraHoB KpoBOOGpalleHuKs, a TaKKe 60/1e3HEN KOXHK npea-
cTaBneH B Knactepe N2 4 (tabn. 4). MaKkcumasibHOe Konunye-
CTBO MEPBMUYHbIX C/ly4aeB MPOSIBNEHUA NMCUXMYECKMX pac-
CTPOMCTB cpeaun aeten npmuxoantcsa Ha Knactep N2 1. MuHu-
ManbHas nepBuyHas 3ab6oseBaeMocCTb AeTen No 60ne3HAM
KOXXW 1 MCUXMYECKUM PacCcTpOMUCTBaM NPUXOAUTCS Ha Knac-
Tep N2 2. MuHMmanbHas nepBuyHasg 3aboneBaeMocTb AeTen
Nno opraHam KpoBoo6paLleHUs NpuxoanTcesa Ha knactep N2 3.

Kaxabih n3 4YeTblpex KnacTepoB — YETbIpex TUMNOB
MMIMBA — nmeeT xapaKTepHble OCOBEHHOCTM MO KOJMye-
CTBEHHOMY COOTHoOLlIeHW0 12 napameTpoB. Knactep N¢ 1
B CpaBHeHuKU ¢ Knactepammn N2 2 n N2 3 xapaKTepusyeTtcs
6051ee BbICOKMMW 3HAYEHUAMU BbIOPOCOB B aTtmocdepy oT
MOOWIbHbIX MCTOYHMKOB. B KnacTtepe N2 1 caMblit BbICOKUM
YPOBEHb BbIGPOCOB OT MOOW/IbHBIX UCTOYHMKOB OTHOCUTENb-
HO BbIGPOCOB OT CTaLMOHAPHbIX UCTOYHMKOB. MNepBUYHas 3a-
60n1eBaeMOCTb Cpeau aeTen oTHeceHHas K Knactepy N¢ 1
MMeeT MaKcuMMasnbHble 3Ha4YeHMs nNo 601e3HAM rnas, Abixa-
TE/IbHOW CUCTEMbI, MCUXMYECKMM PacCcTponcTBam M 60nes-
HAM HEpPBHOW cucTeMsbl. NepBryHaa 3a6oneBaeMocTb cpe-
OV geTen oTHeCceHHas K Knactepy N2 1 npeBbllaeT TaKxe
no 601e3HSAM KOXM U OpraHoB KpPOBOOOpPALLEHUA NEPBUY-
Hylo 3a6oneBaemMocTb B Knactepax N2 2 u N2 3.

Knactep N2 2 xapaKTepu3yeTcs MakCUMasbHbIMKU 3Ha-
YeHWUAMK BbIGPOCOB B aTMocdepPy OT CTaLlMOHAPHbIX UCTOY-
HWUKOB OKCWMAOB a30Ta, OKCMAOB Cepbl, HEMETaHOBbIX 1ETY-
YUX OpraHMYecKnx coegnuHenunn. B knactepe N2 2 otmeyaeT-
Csl MaKcuMmasibHOe OTHOLlEeHME BbiGPOCOB OKCUAOB CeEpbI
M a30Ta OT CTauMOHapHbIX UCTOYHMKOB K BblIGpPOCaM OKCHAOB
cepbl M a30Ta (COOTBETCTBEHHO) OT MOOGW/IbHbBIX MCTOYHUKOB,
M HaMMeHblUee OTHOLIEHWE BbIGPOCOB METAHOBLIX YrNeBO-
LOPOAOB K HEMETaHOBbIM NIeTYy4UM OpPraHM4eCKUM coeau-
HEHUWAM OT CTalMOHaPHbIX UCTOYHWUKOB (Tabn. 3).

Tabanua 1. Knacecudpukayus tunos NMMIMNBA B cOOTBETCTBUU C HOMEPOM Knactepa
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Tabunya 2. XMMHMYecKasa xapaKTepUucTUKa Knactepos

Bua uctouyHuKa MonnoTaHT Knactep N2 1, n =31 |Knactep N2 2, n =14 {Knactep N 3, n=12|Knactep N2 4,n=6 p*
CraumoHapHbin | CO TbiC. TOHH/TO4 M+ SE 11,12 + 0,54 15,76 £ 0,88 9,6+0,77 26,76 £ 2,29 |[<0,001
UCTOYHMK
CrtaunoHapHbin | MYB M+ SE 764 +£1,21 5,64 +1,23 13,15+ 1,86 10,05+1,0 |[<0,015
MCTOYHMK 6e3 J10C TbiC. TOHH/rof
CraunoHapHbii | NOX TbiC. TOHH/rOA M+ SE 6,74 £ 0,35 14,66 + 0,62 8,48 £ 0,63 12,71 +£0,98 |<0,001
UCTOYHMK
CraumoHapHbiit | SO, ThiC. TOHH/TOA M+ SE 501+1,14 28,05+ 2,45 4,48 £ 1,65 13,85+ 3,95 ([<0,001
UCTOYHUK
CTaunoHapHbIn | PM TbiC. TOHH/rof M+ SE 517+0,3 6,65 + 0,29 6,32+0,2 12,08 £+ 0,46 |<0,001
MCTOYHMK
CrtaunoHapHsbiit | HMJTOC Tbic. TOHH/ron |M + SE 4,78 £0,81 28,33+ 2,17 5,15+ 0,89 7,66 + 0,94 <0,001
MCTOYHUK
Mo6unbHbI PM TbIC. TOHH/rof M+ SE 491+0,11 4,48 + 0,09 3,3+0,16 6,06 £+0,22 |<0,001
MCTOYHMK
Mo6UNbHbIN CO TbIC. TOHH/TOA M+ SE| 109,27 + 3,46 89,38+ 3,2 67,54 + 2,93 140,91 + 6,63 [<0,001
MCTOYHMK
Mo6unbHbI S0, TbiC. TOHH/TOA M+ SE 0,3+0,02 0,21 £0,02 0,12 £0,02 0,3+0,04 <0,001
MCTOYHMK
Mo6unbHbIV NOX TbIC. TOHH/TOf M+ SE| 16,27 £0,34 13,88 +0,24 10,72 £ 0,52 19,16 £ 0,64 |<0,001
UCTOYHMK
Mo6unbHbI YB TbiC. TOHH/roA M+SE| 31,75+0,71 26,51 £ 0,56 20,47 £ 0,88 39,05+1,46 |[<0,001
MCTOYHMK
Mo6unbHbIV BeH3onupeH ToHH/roa (M + SE| 126,14 + 3,61 113,43 + 3,56 90,23 + 3,36 157,5+ 13,14 [<0,001
UCTOYHMK

MpumeyaHune: MYB 6e3 JIOC — meTaHOBble yrneBofopoabl 6€3 NeTy4nx opraHM4ecknx coeanHernnin; PM (particulate matter) — B3Be-
LweHHble YacTuubl; HMJ10C — HemeTaHOBbIE NIETY4YMe OpraHuyeckue coenHenns; YB — yrnesoaopoasl. * — npumeHeH One Way ANOVA.

Tabnmya 3. OTHOWEHUSA BbIGPOCOB NOJIIIOTAHTOB OT CTaLlMOHaPHbIX (C) UCTOYHUKOB K BbiIGpocam
OT MOGUJIbHbIX (M) MICTOYHUKOB

MonnoTaHT CpeﬂHﬂZﬁﬁ)éi:E;fapmaﬂ Knactep N2 1,n =31 | KnactepN22,n=14 | KnactepN23,n=12 Knactep4,n=6
cCO/mMCO M+ SE 0,1+ 0,005 0,17 £ 0,007 0,14 £ 0,008 0,19+0,01
cPM/mMPM M+ SE 1,0+0,05 1,4+ 0,06 1,96+0,1 20101
¢S0,/mS0, M+ SE 19,2+ 4,4 154,2 +£ 26,9 41,4 +171 57,0+ 22,4
cNOx/MNOx M+ SE 0,42 + 0,02 1,06 £ 0,05 0,8 £ 0,06 0,6 £ 0,06
cMYB/mYB M+ SE 0,24 £ 0,04 0,21 £0,04 0,63 £ 0,06 0,2+0,02
cHMJT0C/mYB M+ SE 0,15+ 0,02 1,08 £ 0,09 0,24 £ 0,03 0,2+0,02
cMYB/cHM1I0C M+ SE 2,22 +0,37 0,22 £0,05 2,75+0,32 1,39 +£0,17

Mpumeyanue: MYB — meTaHOBbIE yrneBoAopoabl 6€3 neTy4ynux opraHM4ecKkux coeguHenuin; PM (particulate matter) — B3BelWeHHble
yacTtuubl; HMJTIOC — HemeTaHOBbIe NeTy4ne opraHnyecKkme coeanuHeHuns; YB — yrnesogopoasi.

Ta6bnuua 4. NMepBuyHan 3a6oneBaemMocTb geTen

MNepBuyHasa 3abone- CpepHsia £ P (One Wa
BaeMoCTb AeTen cTaHfgapTtHas | KnactepNe 1, n=31 KnactepNe 2, n =14 KnactepNe 3,n=12 KnactepNe4,n=6 ANOVA) y
(Ha 100 TbIC.) ownbKa

BonesHu rnas M £ SE 5025,4 + 472,0 3953,6 £138,1 4188,3 £ 249,7 4241,8 +144,3 0,294
BonesHu opraHoB M+ SE 132121,4 +£5893,9 | 120915,3 + 3488,4 | 120089,0 £ 2693,0 | 127061,0 + 3811,2 0,381
ObIXxaHua
BonesHu Koxu M+ SE 6217,2 £ 338,7 5641,7 £ 645,4 5896,6 £ 510,7 8207,6 £312,1 0,056
Mcuxunyeckme M+ SE 1793,6 + 148,2 1051,3 +£109,5 1385,1 + 57,3 1489,3+151,5 0,005
paccTponcTBa
BonesHu HepBHOM M+ SE 1016,4 +£124,3 988,0+ 72,9 699,0 £ 33,8 899,8+ 31,7 0,328
CUCTEMBI
3aboneBaHus M+ SE 827,2+ 86,4 470,6 £ 46,0 355,8+24,0 1014,8 £ 36,3 <0,001
OpraHoB KpoBO-
obpalleHuns
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Knactep N? 3 xapakTepu3ayeTcsi MaKCcUMasbHbIMKU 3HaYe-
HWUAMM BbIGPOCOB B aTMOcdepy OT CTalMOHapHbIX UCTOYHWKOB
MEeTaHOBbIX YI1€BOA0POA0B 6€3 NIETY4MX OPraHNUYeCKUX coe-
ouHeHnn. B knactepe N2 3 oTMevatoTcs MUMHMMAaJ bHbIE Bbl-
6pockl B aTMOCchepy OT MOBUIIbHBIX UCTOYHWUKOB. [epBUYHas
3a60/1eBaeMOCTb Cpean aeTen oTHeceHHas K Knactepy N2 3
MmMeeT MMHUManbHble 3HaYeHns No 601e3HAM HEPBHOM CHUC-
TEeMbI, KOTOPblE JOCTOBEPHO OT/IMYAOTCS OT 3HAYEHMM B Knac-
Tepe N2 2 (P =0.002) n knactepe N2 4 (P =0.001) (tabn. 4).

Knactep N2 4 xapaKTepu3yeTcs MakCUMalbHbIMKU 3Ha-
YeHUsAMU BbI6GPOCOB B aTMochepy OT MOOW/IbHBIX UCTOYHUKOB
Mo BCEM LUECTU NMapamMeTpam, U MaKkCMMasbHbIMU BbIGpPOCaMM
YyrapHoro rasa ¢ B3BeLIEeHHbIMW YacTULL@aMK OT CTaLMOHapPHbIX
MCTOYHKKOB. [epBrYyHasa 3aboneBaeMocCTb AeTen no 6ones-
HAM KOXM B Knactepe N2 4 1OCTOBEPHO BhIlLE, YEM B KacTe-
pax N2 1 (P=0.002), N2 2 (P=0.016) n N¢ 3 (P=0.008) (tabn. 4).

YuynTbiBass HAMGOMbLLMA OTHOCUTENbHbIN U aBCONIOTHbIN
BKMaf B BbIOPOCHI OT MOGWJIbHbBIX UCTOYHUKOB, Knactepbl N2 1
1 N2 4 xapaKTepu3yloTcs MaKCMMasbHbIM NPOSIBNEHUEM Nep-
BMYHOWM AETCKOM 3a601€BAEMOCTU MO CPABHEHUIO C MEPBUYHON
3a60/1eBaeMOCTbIO COOTHOCUMOM ¢ KnacTepamu N2 2 n N2 3.

Mony4eHHble pesynbTaTbl MPM NOMOLLM METOAa KnacTep-
HOro aHanu3a npeanonaraeTcs Ucnonb3oBaTb ANs 6onee
[eTaflbHOr0 PETPOCMNEKTUBHOMO M NPOCMNEKTUBHOIO aHann3a
CBS3K1 3a60/IeBAaeMOCTH c onpefeneHHbiMu Tunamu NMMVINBA,
a TaKXe ANs BbIABIEHUS NOIOTAHTOB SBASIOLMXCS AOMUHU-
pytoLLMeEN NPUYMHOM B HEFaTUBHbIX NOCNEACTBUSAX Ha 340POBbLE.
[MpMMeHEeHHbIV noaxoa npeanonaraeT BO3SMOXHOCTH OLLEHKM
pUCKa 3KO/0ro-3aBnCHMMbIX 3aboneBaHuii B benapycu no Kpu-
TEPUSIM TECHO CBA3@HHbIM C XapaKTePOM MY/bTUMONIIOTAHTHO-
ro npoduns Bbi6pocos B atMocdepy, U nccnegosatb apdek-
Tbl Ha 340POBbE CO CTOPOHbI OTAE/bHbIX MOJIIOTAHTOB C y4e-
Tom Tnna MNMIBA B KadecTBe MOANDULIMPYIOLLETO YCII0BUS.

TakuM 06pa3oM, C NMOMOLLbIO KNacTePHOro aHanu3a
KnaccuouumpoBaHbl ocHoBHble Tunbl [MMIBA ana bena-
pycu. Onpenenenune Tuna MNMMIBA paccmaTtprBaeTcs B Ka-
4yecTBe HEO6X0AMMOro YCNOBUS A5 OLIEHKKU CBSA3M 3abone-
BAeMOCTM C MHOITOKOMMOHEHTHbIM 3arpsi3HeHnem BO3ayxa.

OpuruHaJbHble HAyYHble MyOuKanuu ||
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