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OBLIAS XAPAKTEPUCTHKA PABOTbI

AKTyanbHOCTh TeMbl. K BakHeHIMM abHOTHYECKMM JKONOTHYECKMM ¢dakTOopam
OTHOCATCS CBET, TEMINEPATYPa, BNara, paj1alius, JaBIeHHe, COCTaB arMocheps!.

3arpa3Henre aTMOCEPHOrO BO3AYXa ABAACTCA OAHHM H3 BERYIIHX (HAaKTOPOB pHCKa 1A
3n0poBbA  Hacenenua. K HacTosiieMy BpeMEHM YCTAHOBJICHA CTATHCTHYECKH NOCTOBEpHas
3aBUCHMOCTb OT 3arps3HeHHA aTtMmocdepHoro Bo3ayxa 3a601eBacMOCTbIO GPOHXHTOM,
MHEBMOHMEH, 3M(QH3EMOH JIErKHX, a TaKKe APYTrHMH PeCMpaTOpHbIMH 3aBO0NEBAHMAMM.
IMokazaHo, u4TO aTMocepHOE 3arpsA3HEHHE, CHHXKaA CONMpPOTHBIAEMOCTb OPraHW3Ma,
COMPOBOXKIAETCA POCTOM HMHPEKUHMOHHBLIX M  pecrnMparopHbix 3aGoneBaHuit, a Takxke
YBEJIMYEHHUEM NPOJOKHTENBHOCTH Apyrux Gonesner (Penopyuerko, 2008). bBonee Toro, 3a
NepeHanpskeHHeM W CPbIBOM 3alUMTHBIX (QYHKLUMH M CHHXECHMH aJanTallHOHHbIX PE3EPBOB
OpraHH3Ma YeJIOBEKa CIENYET Pa3BMTHE OCTPbIX H XpPOHH4eckux npoueccos (JlyueHko u ap.,
1992; Health Aspects..., 2004; APHEIS: Air Poilution..., 2005; Xpucrogoposa, CeHotpycosa,
2005; Jlyuenxko, 2006; Skinner, 2007; I'nymko, 2010). IlpoBenenHbie B koHue 1990-x ronos B
roponax M peruoHax POCCHM CreLHanbHBIE HCCNEAOBAHMA MO OLEHKE PHCKa 340POBbLIO OT
BO3/IEHCTBMSA BPEAHbIX (DAaKTOPOB OKPYXAIOLIEH Cpelbi MOKa3alM, YTO [NaBHLIM (HaKTOpOM
pHMCKa SBNAETCA 3arpA3HEHHE aTMOCPEPHOro BO3[yXa B3BCLUICHHBIMH BELIECTBAMH, HTO
obycnoBnuBaeT Haubonbliee YHCIO  AOMONHHMTENbHbIX CMEPTEH  CpEOH  HaceneHws
(FocynapcTBenHslit noknan. .., 2003).

CuMTaeTcs, YTO MENKHE YaCTHUBI BO3AYLIHLIX B3BeceH ¢ AnameTpom MeHee 10 mxm (oHH
MoryT cocTaBaATh 40-70% B3BEILEHHBIX YACTHL), JIETKO NPOHHKAIOWHE B OPraHM3M YEJIOBEKa,
Haubonee onacHbl (Driscoll, Maurer, 1991; Kauxenscou u ap., 1995; JlopH u ap., 2008). Kpome
TOro, B3BELIEHHbBIE YACTHLIbI AACOPOHPYIOT 6ONBLIOE KONMYECTBO TOKCHYHbIX BELLECTB, KOTOPBIE
TaioKe MOTYT MONafaTh BO BHYTPEHHIOIO CPEAY OPraHH3Ma.

Ha ceroansuunui AeHb B3BEWEHHbIE B aTMOCHEPHOM BO3NYXE HACTHUBI, 32 KOTOPbIMH
BEJETCA MOHHTOPHHI, COrIacHO MexayHapoaHOH OpraHM3auMM MO CTAHAApPTH3aUHM H
EBponeickoro KOMHMTETa MO CTaHAAPTH3aLMH, Kiaccupuuupyrorcs kak PM10, PM4, PM2,5 n
PMI (t.e. yactuunl ¢ auamerpom 1o 10; 4; 2,5 u 1 Mmxm coorBercTBeHHO) (Lbipo, 2008).

H3BecTHo, yTO cocTaB (oHOBBIX arMocdepHbIX B3Becei Ha tore JansHero Bocroka, #,
B YaCTHOCTH, BO BnaanBocToke, 3aBUCHT OT LMPKYNALUMH M HHTEHCHBHOCTH KOHTHHEHTAIBHOIO
¥ OKEaHHYECKOr0 MepeHoca BO3RYIIHLIX MacC. MOLIHbIE KOHTHHEHTaNbHbIE MEPEHOCHI NBUIH
(mpexnae Bcero, nécca) U3 paoHOB LeHTpaibHOH A3suu, Kopeitckoro nonyoctpoa u SInoHckux
ocTpoBoB Ha TeppuTopHio Ilpumopckoro kpas HaGniomatwoTca B 4 pa3a yawle OKEaAHHYECKHX.
(Konnpatees, 2000). B nocneanve roasl Bo BnaguBocroke mpexkpatwin paboTy KpynHbie
NPOMBIIUUIEHHbIE MPEANPUATHS, M, TaKuM 00GpasoM, IMaBHYIO pPoib B aTMOCHEPHBIX B3BECAX
HrpaloT YaCTHUbI MPHUPOIHBIX MUHEPAIIOB.

H3yuyeHHe BNMSHHSA B3BELIEHHBIX YACTHLL HA XKHBbIE OPraHM3Mbl M3-32 HEOLHOPOLHOCTH
COCTaBA M MHOTOYHMCIEHHOCTH KOMIIOHEHTOB 3aTpyiHeno. CYHMTAaeTci, YTO OCHOBHBIMH
HCTOYHHKaMH MPHPOAHBIX aTMOC(EpPHBIX B3BECEH HA HALICH MIaHETE SBIAIOTCA H3BEPKEHHMA
BYJIKAHOB, TBUICBBIE NOYBEHHbIE APO30/AH, CMOT M TMbUlb JIECHBIX IMOXApOB M TOP(AHHKOB,
MHKpoMeTeopHTHOEe Bo3aeHcTBHe ([lo6posonsckuit, 1983; Borarukos, 2003; Menbuakos, 2007-
2009; Mwkux, 2007; TI'nywko, 2010). B Bo3aywHoH nbinn npeobianaioT ksapu,
AMIOMOCHIIMKaThl, YaCTHUbl yriepona, cynbdaTsl, CynbHAbI, TaMT, OKCHABI Xene3a H HX
obwas mMacca B atMocepe 3eMan, 110 OAHMM OLIEHKaM, A0CTHraeT 20 MITH. TOHH, a N0 APYTHM -
0,6-1,6 Mnpa Toux (Cappenc, Makensu, 1974; Jincuusin, 1978; Boratnkos, 2003; Skinner, 2005;
FOumxun, 2007).

B cospemeHHOM nMTepaType uMeeTcs psn  paGoT, TNOCBSILEHHBIX HM3YHYCHHIO
TOKCHYHOCTH  HEKOTOPbIX KOMITOHEHTOB ECTECTBEHHbIX B3BECEH - KBapLa, JPHOHMTA M
HekoTopeix apyrux (JdypsweB u np., 1990, 1993; ®eknanues, 1991a, 19916; Amocos,
JlBypeuenckas, 1992; Thomas, Ballantyne, 1993; Mdayrens-ayre u ap., 2001; Ilgren et al.,
2008). B T0 %€ BpeMs €CTb paa COOOLICHHH, TOKa3bIBAIOIMX HANHYKE Y HEKOTOPBIX MHHEPAJIOB
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(ueonuThl, rauHbl) GHONOrMuYEecKH None3Hsix cBokcrs (Mumpton, Fishman, 1977; Braros u ap.,
1987, 1989; Ilannues, 1987a, 19876, 1989, 1990; Momcilovic, 1999; Brartosa, 2000; Colic,
Pavelic, 2000, 2002; 'amunos, 2002, 2004, 2006, 2007; Boromonos ¥ ap., 2005; Ivkovic et al.,
2005; Katic et al., 2006; Boponun u xp., 2003, 2004a, 20046, 2005, 2009). K coxanenmuio, B
3TMX paboTax HE pPacCMaTpUBAalOTCA CHCTEMHBIE BOMPOCH BIMSHMS HAHO- M MHMKPOYAaCTHIL
MHHEPAJIOB KaK KOMIOHEHTOB aTMOC(EpHLIX B3BECE HAa OpPraHM3Mbl Ha KJIETOYHOM H
OpraHM3MEHHOM YPOBHE W He pa3paboTaHbl afleKBATHLIEC IKCIIEPHMEHTANbHBIE MOAENN OLEHKH
BIHAHHSA.

HMMyHHas cucrema, Hapafy C APYTHMH PEryNSTOPHBIMH CHCTEMAaMH — HEPBHOH W
IHAOKPHHHOM, HIPAET BaXHYIO POJIb NMPH AJANTALHK OPraHM3Ma K H3MEHAIOIWHMCS YCIOBHAM
BHelHeH cpeant (AramkaHsH W ap., 2004; Bopucosa m gp., 2004). Cucrema MecTHOro
WMMYHHMTETa [JbIXaTE/NbHBIX [TyTEH JIErKMX mNEpBOH BCTPEYaeTCA C NOBPEKAAIOWMMH H
MH(EKLUHOHHBIMM areHTaMH aTMOC(epHOro BO3IyXa, MOITOMY M3yueHHE €€ (YHKLUHOHAILHOH
AKTHBHOCTH KpaiHe BaXHO AN MOHMMAHHA OGILMX 3aKOHOMEPHOCTEH BIIMAHMA MHMKPOYACTHL
atmocdepHbix B3Beced Ha xkuBble oprann3Mbl (Kapaynos, JIukos, 2004). HecomHeHHO, 4TO
KauecTBO M COCTaB aTMOCepHbiX B3BeCEH BIMAIOT W HAa HOPMAIbHYIO M MATOTEHHYIO
MHKPO(]IOpY AbIXaTENbHBIX MyTEit.

AKTYanbHOCTb JaHHOH paboThl ONPEAENAETCH TEM, UTO KIIETOUHbIE, GHOXHMHYECKHE H
MHKPOGHONOrHYECKHE aceKTbl BAMSAHHA THIMYHBIX KOMIOHEHTOB arMocepHbix B3Beceil Ha
XKHMBbIE OPraHH3Mbl JI0 CHX TTOP OCTAIOTCS HE H3YYEHHBIMH.

Llesab paGoThi — BbIABHTL OTBETHYIO PEAKLMIO XKHBbIX OPFAHA3MOB HAa B3BEIUECHHbLIE B
aTMOC(HEPHOM BO3JlyX€e NPHPOAHBIE MHKPOYACTHLbI.

Jlns [OCTHXEHHA Lesn ObUIH MOCTaBNEHb M PELLEHB CEAYIOWINE 3424 H:

1) H3yuntb MHHepanbHbie BHIAbI aTMOCQEPHBIX B3BECEH Ha MPUMEpE KPYMHOro
Mopckoro ropoaa (r. Bnaausocrok);

2) IMomyyYnTb 3KONOrHYECKYIO KapTHHY, OOYCNOBJIEHHYIO XapakTEpOM 4acTHLI,
B3BELLEHHBIX B aTMOC(EPHOM BO3AYyXE ropoaa;

3) HccnenoBats  H3MKO-XHMHUYECKME CBOHCTBA THMHYHBIX  KOMITOHEHTOB
aTMocepHbIX B3BECEH;

4) Co3patb MOAEnb AN H3YyYEHHA BJIHAHHA YaCTHL MHHEPAJOB, ABIRIOLMXCH
THIMHYHBIMK KOMITOHEHTaMH aTMOCQEPHDLIX B3BECCH, Ha XHBBIC OPraHH3MBI;

5) HccnenoBaTh  OTBETHYIO  DEAKLHIO  CHCTEMbl  MECTHOTO  MMMYHHTETa

IBIXAaTENbHBIX NyTEH KpbIC HAa HHIAIALHOHHOE BBEACHHE MHHEPANbHBIX COCTABAAIOLMX
aTMocdepHbIX B3BECEH KaK OTAENbHO, TaK M B COMETAHHH C HH3KOH TeMnepaTypow
(nospexaaiowmm GakTopom);

6) H3yunTh TOKCHYHOCTL HAHO- U MMKPOYACTHLL B3BECEH [UIA HHBOTHBIX;

7 HccnenosaTh  BAMAHHE  MHMHEPAIbHBIX  YaCTHLL HA  MEXKIETOYHBIE
B3aMMOEHCTBHA in Vitro;

8) H3yunTp BnHAHME THMMYHBIX NPEACTaBHTENEH aTMOCQEPHBIX B3BECEH Ha

KynsTypbl Oakrepuit Escherichia coli w Staphylococcus aureus npn pasHbix pa3mepax
MHHEpAJIbHBbIX YaCTHLL.

Hayunasi HOBH3HA

B atmocdephnsbix B3secax BnamuBocroka, kpynHeiilero mopckoro ropoaa JlanbHero
Boctoka ¢ HeGonbliMM  NpPeCCOM  MPOMBILUICHHBIX  TPEANPHATHH,  OCHOBHbIMH
MHHEPAIOrHYECKUMH THNAMH ABIAIOTCA ANIOMOCHIHKAaTH (MONEBOH LIMAT, MIArHOKnassl,
FJIKHBI) M KBapLl.

Hcxons u3 pasHooOpasus pasMmepHaIX rpynn arMocepHbIX B3BECEH M MX KOJIHYECTBa,
uenecoobpas’Ho CrpynnupoBaTh B3BELIEHHbBIE YaCTHLLI B 5 pa3smepHbIX Kkiaccos: 1) ot 0,1 no 1
MKM, 2) ot | po 10, 3) ot 10 no 50, 4) ot 50 ao 100 n 5) Gonee 100 mxm. Takan rpynnuposka
NO3BOAAET HAa OCHOBE YUY€Ta A0JH ITHX YaCTHU B MPHPOAHOH MHHEBW%HMB&TE. HX
IKONOTrHYECKHH 3P PexT.

Havouas bubaMoTeka
e B ‘s;_'._(..!mmuvu( KOTO




Jns oueHkx OHONOrMYECKOH AKTHBHOCTH OCHOBHBIX KOMIIOHEHTOB aTMOCHEpHBIX
B3BECEH CO3/aHa JKCMCPHMEHTANbHAA MOAENb, MOCTPOEHHAA HA HCNONbL30BaHWM Hanbonee
MacCOBbIX MHHEpanoB (alMlOMOCHINKATHI, KBaplLbl) MecTopoxaeHuit [lanshero Bocroka (kak
OCHOBHBIX KOMIIOHEHTOB BO3MYIUHOH B3BECH JAHHOTO PErHOHa) HA ECTECTBEHHbIE MMILEHH -
OpraHel, TKAHH H KJIETKH, KOTOPbIE B HOPME B3aHMOAEHCTBYIOT CO B3BELIEHHBIMH B aTMochepe
4aCTHUAMHK HIIH OTPKAIOT TOKCHYECKOE BIHAHHE MOCTYNAIOLUHX ar€HTOB.

Pa3pabGoTanHble M BHEAPEHHDBIE B MIPOLIECCE BbIMOMAHEHUA ANCCEPTaLKK 5 naTteHToB PO
(Ne76566 - pa3paboTka IKCMEPHMEHTAILHOH MONENH BIMAHMS B3BECEH HA KMBOTHOE,
Ne2372092 - cnoco6 M3MenbuyeHWs ueonuTa ans MHransuuu, Ne2384324 - ucnons3oBaHHe
MHHepanoB kak ananToresoB, Nel00263 - crnoco6 uccnemoBaHus arMocdepHbix B3Beceid,
NONOXHTENLHOE PELIEHHE O Bbidaue nateHta no 3asske 2009121014 or 02.06.2009 "Cnocob
OMPENCNEHHA  AHTHOKCHAAHTHOH  AKTHBHOCTH  BEWIECTBA") MO3BONAT  YCKOPHTb H
ONTHMH3HPOBAThL MPOLIECCHI HCCIEAOBAHMA B SKONOTHH, PHU3HONOTHH, THCTONOTHH H GHOXHMHH.

Ha opranniMeHHOM YypOBHe BIHMAHHE MHHEpanoB armocepHbix B3Beced
NPOSBNSETCA B YBEJIHYCHHM AaNANTALMOHHBIX BO3MOXHOCTEH: CTHMYIHPOBaHMM HMMYHHOM
CHCTEMBI, MOBLIEHHH AHTHOKCHAAHTHOH 3aLMThi. TaK, LEONMTb Pa3HbLIX MECTOPOXIAEHHH NpH
MHTaNsUMH N0-Pa3HOMY BIHMAIOT HAa CHCTEMY MECTHOrO HMMYHHTETA IbIXATENbHbIX MyTEH KPbIC,
YTO MPOABISETCA B [OCTOBEPHOM H3MEHEHHH >HM3HECMOCOOHOCTH KIETOK, KONHYECTBa H
COOTHOIIEHHA OCHOBHBIX KJIETOUHbIX THNOB (anbBeONApHbIX MakpodaroB u auMdoumurtos). B
3aBUCHMOCTH OT THMA MHMHEPANnOB BJIMAHHE MOXET ObiTb HeHTpansHeiM (Baurunckoe
MECTOPOXAEHHE) UK cnabo nospexaatommnm (KynMKOBCKOE MECTOPOXAEHHE).

Ilpu BO3nEHCTBMHM HM3KOH TeMnepaTypbl Kak MoBpexzaawolero ¢akropa BbisBIEH
NPOTEKTOPHBIH 3ddeKT HHranaATOpHO BBEACHHBIX LEeONHTOB (1-10 MKM) Ha cHCTEMY MECTHOrO
UMMYHHTETAa [IbIXaTElbHBIX MyTe# Yy KpbIC, KOTOpbI, MNO-BHAMMOMY, o0OycnosieH
AHTHOKCHIAHTHBIMH  CBOWCTBAMH MHMHEpaNOB. AHTHOKCHOAHTHbIE CBOMCTBa in  Vitro
obHapy>XeHbl Y YaCTHLl KBaplia, NONEBOro INATa ¥ BYJIKAHHYECKOro CTeKia npu pasmepe ot 0,1
o 1 Mkm.

Ha xneTo4HOM ypoBHE BIMAHHE MMHEpaloB aTMocdepHBIX B3BeCeH NPOABIAETCA B
MHOTOrPaHHbBIX M HHOTAa BO B3AHMOHCKJIIOYAIOIIMX MEXaHH3MAX: CTUMYJIALIMH WM N10aBNEHHS
POCTa, HM3MEHEHHH MEXIKJICTOYHBIX B3auMmoneHcTBui. Tak, ycHneHHOE HHAYLMPOBaHHE
uuToknHoB (uHtepneiikuH 1B (IL-1B), nurepneiikun 10 (IL-10) 1 ramma-unrepdepon (IFN-y))
KJIETKaM¥ KPOBHM NPH HMX KOHTaKTe C yacTuuamu ueonutoB (1-10 MkM) cBumerenscTByeT 06
HMMYHOCTHMYJIHDYIOILIEM [NCHCTBHH LEOJIHTOB KaK aHTHIEHOB, KOTOPOE IIpOSBISETCA B
NOBBILICHHH KIETOYHOH KOONEPALHH.

Ilpy u3yyenuu NEHCTBMS Ha MHMKPOOPraHHM3Mbl LEOJIMTOB pAla MECTOPOXIACHHH, a
TaKKE BYJKaHHYECKOTO CTEKNa, Nojesoro wmara M ksapua lansuero BocToka BeisiBieHo, 4yTo
4acTHubl ueonuTos pasmepom oT 1 o 10 MM mposeasoT nuGo GakrepHocTaTHuecKue
(Banrunckoe, Jliororckoe) nnbo, HanpoTHB, GaKTEPHOCTHMYJIMpYIOLIME  CBOWMCTBa
(Kynukosckoe).

YacTuubl ueonHToB MeHee 1 MkM TepatoT 3ddexT aeicTena Ha Gaktepuu. YacTuupl
KBaplla, 10JIEBOrO IUNAaTa M BYJKAHHYECKOro cTexna pasmepoM or 0,1 mo 1 MKM Takke
HEHTpaNbHbI N0 OTHOWWEHHIO K E. coli v S. aureus.

TeopeTHueckan HEHHOCTb H NPAKTHYECKAaR 3HAYHMOCTb PaboTnl

Beinenen u paccMorpen HOBblH abnoTuuecknii ¢akTopa cpenbl — HaHO- M
MMKPOYACTHLbI MPHPOAHBIX aTMOCHEPHBIX B3BECEH, KOTOPbI paHEE OTHOCHICH K MOHATHIO
«B3BELICHHbIE BELIECTBAY», HIIM (IbLAbY H HE BRIWIEHANCA U3 HX o0Lero o6bema.

Ioka3ano, YTO TOHKHE YaCTHLbLI B3BEILEHHBIX B aTMOC(hepe MUHEPanoB aTMOCHEPHBIX
B3BECEH MOTYT TMpPOSABIATb AHTHIEHHLIE CBOHCTBA, T.€. (OPMHUDYIOT HMMYHHbIH OTBET
OpraHu3ma.

BLISBICHHBIE OTBETHbIE PEAKLMH CHCTEMbl MECTHOTO HMMMYHMTETA [bIXaTEbHbIX
myTeH nox JEHCTBHEM 4acTHU aTMOCGEpHbIX B3BECEH SABIAIOTCA IOMOIHEHHEM K



¢dyHaameHTanbHOH KapTHHE (yHKLUHOHANBLHOrO COCTOAHMA JIEFKHX, PAacKpbiBAIOLIEH BIMAHHE
3KONOrM4eckoro GakTopa Ha OfHY M3 BETYLUMX CHCTEM OPraHH3Ma.

MonmyyeHHble [aHHBIE O TIONOXHTENABHOM BAHAHHM HEKOTOPbLIX MHHEpPANOB Ha
pavIHYHBlE CMCTEMbI OPraHM3Ma B HOPME H MPH OXJAXAEHMH MOryT ObITb WCMONL30BaHbI B
NpaKTHYecKHX cdepax 3ApaBOOXPAHEHHS H BETEPHHAPHH.

Ony6nuKoBaHHbIE MaTEpHaNbl MCMONL3YKOTCA B Y4eOHOM TNpoLECce M HayuHbIX
uccnenoBanuax B JlanbHeBOCTOYHOM (henepabHOM YHHBEPCHTETE M PAlE aKaJEMHYECKHX H
orpacnessix HUM Cubupu n lanshero Bocroka.

OCHOBHbBIE NOJIOKEHHS, BbIHOCHMbIE HA 3AIUHTY:
1. ATMocdepHbie mpHponHsie B3BecH - abHoTH4YeckHit (akTOp cpeabl, HEMHEPTHBbIA MO
OTHOUIEHUIO K JKMBBIM OpPraHHW3MaM, BbI3bIBAIOIIMH pPa3NIMYHbIE OTBETHbIE PEAKUHH B
3aBMCHMOCTH OT pa3Mepa YaCTHL H HX MHHEPANbHOrO THIA.
2. AtmocdepHble B3BecH ropofia BnaaHBocTOKa COCTOST NPEMMYIECTBEHHO H3 MPHPOAHbIX
MHHEpaJIbHBIX 4YacTML. B MX cocTaBe no 3KONOrHYeckoMy 3¢QeKTy BLIIENAOTCH ABA
pa3MepHbIX KJ1acca YacTHL - MeNb4e | MKM, KOTOpbIE MOTYT OBITh OMacHbIMH 1S 3XOPOBbS,
M KpynHee | MKM Kak HeomacHble (HEHTDPAILHBIE WM YCNOBHO-ONAarONMpHATHbIE N5
OpraHH3Ma 4eNnoBEKa).
3. MuHepanbHble 4acTHLb! B3BECEH BIHMAIOT HA OTKIHK OCHOBHBIX CHCTEM, GOPMHPYIOLIMX
afanTaLMio OpraHu3MoB. JIeHCTBHME IJTHX YACTHL 33aBHCHT THNA MHHEpana, a TaKkke
(u3nuecKux, XMMHYECKHX, TPaHYJIOMETPHYECKHX M TEKCTypPHBIX CBOWCTB 4YacTHLl, H
nposBaseTcs JH60 B MMMYHOCTHMYJNHMDYIOWEM, AHTHOKCHAAHTHOM H AHTHMHKPOOGHOM
addpexrax, nomoras KHBbIM OPraHM3MaMm NPHCNOCAGNANBATLCA K APYTHM 3KOJOTHYECKHM
dakropam, 1160 B TOKCHYECKOM BO3IEHCTBHH.
AnpoGauusn paGorei. PesynbraThl aMccepTauMoHHON paGoThl  noknanbiBanmuck Ha IX
JanbHeBoCTOUHON MOOAEKHON IKOAE—KOHD. MO aKTyalbHBIM NpoGaeEMaM XHMHH M GHONOrHH
(2005, Bnagusoctox), XVI HaumnoH. Kourp. no Gonesnsm opraHos asixauns (2006, Cankr-
TerepOypr), 11 Mexaynap. kond. «CTpaTerniyeckne BONPOCHI MHPOBOH Hayku - 2007» (2007,
Juenponerposck), Il cvesne dapmaxonoroe Poccnn «DapMmakoNorHs — NpaKTHYECKOMY
3apaBooxpaHeHunio» (2007, Canxr-IletepOypr), Il mixmynap. xoHd. «Hayka Ta TexHonorii: kpox
B MaitbytHe - 2007» (2007, Huinponerposcbk), XV Russia-Japan Symposium Medical
Exchange (2007, Moscow), IV mexayHap. cemuHape «MuHepanorus u xu3snb: [lponcxoxaeHue
6rochepn 1 KOIBONIOUNA MMHEPAILHOTO H GHONOrHYEcKoro MupoB, GuoMutepanorusa» (2007,
Cuiktbiekap), IX THXOOKeaHCKOH HayyHO-NpakT. KOH(. CTYNEHTOB M MONOALIX YYEHBIX C
MEXIyHap. y4acTHeM, nocssiweHHol 50-nernio BIMY (2008, Bnanusocrok), O6beanHeHHOM
Ummynonornueckom dopyme (2008, Caukr-Ilerepbypr), Lllkone-koHd. s MONOABIX YHEHBIX
«Metoanl kyabTHBupoBanus knetok» (2008, Cankr-Ilerepbypr), MexpernoH. HayuHO-NpakT.
KOHQ. MOJNOABIX YyYeHbIX, MocssweHHOH 10-neruio Hayunsnix uewrpos BCHII CO PAMH
«Yenosek: 3noposse M 3konorua» (2008, Hpkyrck), Ist Far-Eastern Intern. Symp. on Life
Sciences, (2008, Vladivostok), V cbe3ne Obwecrsa GuorexHonoros Poccun um. H0.A.
OsunHHKKOBa, (2008, Mocksa), [lepsom Tuxookean. Cumi. ¢ MeXAyHap. y4yacTHeM «OKuBoe u
HexunBoe. BeulecTBeHHble M 3HepreTHueckne B3aumoaeiicteua» (2008, BnammBocrok), X
THXOOKEaH. Hay4YHO-NIPAKT. KOH(. CTYNEHTOB M MONOMBIX YYEHbIX C MEXIYHap. Y4acTHEM
(2009, BnapuBoctok), X MexayHnap. Kourp. "CoBpemenHbie npoGnembl B ajJIEprojiorHy,
HMMYHONOrMH 1 uMMyHodapmakonornu” (2009, Kasaus), Hayuno-npakr. koH}. ¢ MexayHap.
yuactueM «JlocTHxeHHs Knunudeckod ¢apmakonorun B Poccuu u crtpaHax CHI» (2009,
Mockea), IV Bcepocc. nayuHo-npaxT. koHd. «DyHIameHTalbHbIE acNeKTbl KOMIIEHCATOPHO-
npucnocobuTenbHbix  npoueccoB» (2009,  Hosocubupck), Beepocc.  wikone-koHd.
«AYTONOTHYHBIE CTBONIOBBIE KIETKM: 3KCMEPHMEHTABHBIE H KJIMHUYECKHE HCCIEN0BAHHMA»
(2009, Mocksa), IV Haumon. Kourp. tepanesror (2009, Mocksa), II MexayHap. cumn.
«Dxonoruyeckne npobnemsl yenoseka s KUBOTHLIX» (2009, Hosocubupcek), 11 EBpas. Kourp.
no MeauunHckoi dusuke (2010, Mocksa), 111 ApxaHrenbckoit MeXIyHap. MEIHL. Hay4. KOH(.
(2010, Apxaurennck), Hauuon. kon¢. "Annepronorus M KJIMHHYECKAs HMMMYHONOTHS —
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NpaKTHYECKOMY 3apaBooxpaHeHHio” (2010, Mockaa), 2™ Moscow Intern. Conf. «Molecular
Phylogenetic» (2010, Mocksa), XXI Cbe3ne ¢uzunon. obw. um. W.I1. ITaBnosa (2010, Kanyra),
V Bepeuaruuckoii MexayHnap. baiikanbckoi kond. (2010, Hpkyrck), I Konrp. MexayHap.
O6w1. k1HHHYecKHX ¢apmakonoroB v papmauesros crpan CHI™ (2010, Mocksa), Beepoccuiickoii
Hay4. MOJIOAEXHOH MKoIbI-KoHD. «Xumus nox 3makom Curma» (2010, Omck), Beepocc. kond.
«CoBpemeHHble mpoGiemsl 3konorun» (2010, Tyna), Bcepocc. Monoaé&xHo# Hayy. KOH(.
«DyHaMEeHTalIbHbIE M TPUKJIAHBIE ACMEKTbl CoBpeMeHHO#H Ouonormm» (2010, Tomck), g
China-Russian Biomedical Forum (2010, Xap6un), XV MexayHap. KoHrp. «JKOJOrHs H
3nopoBbe yenoBekay (2010, Camapa), IX Pocc.-I'epm. Hay4.-npakT. koH}. Popyma um. P. Koxa
1 U.U. Meunnkosa (2010, HoBocu6upck), Beepocc. Hayu. koH. Monoabix yueHbix «IIpoGiembl
6HOMEIMLIMHCKOM HaykH TpeTbero TeicsueneTus» (2010, Cankr-Ilerepbypr)....

Iy6ankaunu. [To MaTepuanaM aucceprauuH omy0nMkoBaHo 62 paboThl, B TOM YHC/IE
23 cTaThH B H31aHHUsIX, pekoMeHnoBaHHbIX BAK, 5 naredtoB P® u 1 MoHorpadus.

CtpykTypa H 00beM aHccepraumu. [luccepraums w3nokeHa Ha 260 cTpaHuuax.
ConepxHT OOLLYI0 XapaKTepHCTHKYy paboTbl, 0030p JMTEpaTypbl, MaTepHajibl H METObl
MCCIIEI0BaHMs, pe3yJibTaThl M HMX 00CyXIeHHe, BbIBOAbI M mnpuioxenue. Cnucok
HCMOJIb30BAaHHOM JIMTEpaTyphl BKIIOYAaeT 763 MCTOYHMKOB, B TOM 4Hciae 311 MHOCTpaHHBIX
pabor. [lucceprauus umoctpupoBata 34 Tabnuuamu u 44 puCyHKaMH.

BiaroaapHocTH. Boipaaio  riay6oKylo NpPH3HATEIbHOCTb MOEMY  Hay4HOMY
KOHCYJbTaHTy, npod., 4.6.H., 3acayxeHHoMy nesrtento Hayku PD Hanexne KoHcranTHHOBHE
XpucrodopoBoii 3a 4yTKOE PyKOBOJACTBO M HEYCHITHOE BHHMAHHE K HAacTosiLIeH paboTe.

Bnaroaapio kojuier 3a NOMOLLb B TPOBEJCHHH HCCIIEN0OBAHHI M MOJIE3HbIE COBETHI - K.0.H.
AnncumoBy A.A., n.M.H. bopoauna E.A., k.m.H. llItap6epra M.A., YekpbikoBy M.IO., k.x.H.
Muwmakosa U.B., k.x.H. Bemxsaruna A.A., 1.6.H. Kosanesa H.H., a.x.H. Ko3znosy C.I',, a.x.H.
Moposza HK., a.¢p.-m.u. T'abyny C.IIL, am.u. Kuky I[1.®., x.6.1. ITamupckoro U.D., n.6.u.
bonoruna E.M., k.1.H. Hukndoposa I1.A., n.m.H. 3anopoxeu T.C., a1.6.n. Kocreukoro 2.4,
K.X.H. MensrysoBa M.C., k.6.H. CeprueBnua A.A., ®enorosy H.I".

Ocobpie cioBa 0arofapHOCTH XO4YeTCs aapecoBaTh OMKaHWIIMM KosuleraM 1.0.H.
[TannyeBy A.M. u n.1.1. ['ynskoBy A.H.

Pabora BbimonHeHa npu noanepkke @PoHAa COAEHCTBHS Pa3sBUTHIO MaibiXx (opM
NpEeanpHATHIi B Hay4HO-TeXHHYecKoiH cdepe (nporpamma Y .M.H.U.K.), rpauta CO PAH I1CO-
10 Nell4, rpanta PODU 09-04-90781-M06_cT M rpaHTa i MOJIOABIX YUEHBIX BELYIIHX
yHuBepcuteToB PO (komnanus Zeiss).

COJEPXXAHHUE PABOTDI

1. [Ipupona MHHepaIbHbIX YaCTHI KAK KOMIIOHEHTOB
aTMocdepHbIX B3Becel H HX OHOJIOTHYeCcKoe JielicTBHe
(0630p 1UTEpaTYpBI)

OCHOBHBIMH HMCTOYHMKaMH NPHPOAHBIX aTMOC(EpHBIX B3BeCeH ABIAIOTCA IMbLIEBbIE
MOYBEHHbIE a3P0O30JIH, BYJKAHHYECKHE HM3BEPXKEHHSA, CMOr M TMbUlb JIECHBIX MOXapoB H
TOpSHUKOB, MHKpOMeTeopuTHOe Bo3zaeHcTBue ([loOpoBonbckuii, 1983; Borartukos, 2003,
Menbuakos, 2007-2009; FOwkun, 2007; ['nyuiko, 2010).

Ouexka aTMOCEpHOro nmepeHoca BELIECTBA W 0OlIEH Macchl B3BeCei, NPOH3BEACHHbIC
Pa3HbIMH aBTOpAaMH, pacCXoAATCs B HNECATKH M COTHH pa3, 4YTO CBA3aHO C HECOBEPLICHCTBOM
npuMensieMbix MeTtoauk (I'nmasoBckuit, 2006). Tak, mo oaHMM oueHkaM B atmocepe 3emin
MOCTOAHHO HAXOAMTCS B3BECh MHHEPAJIOB MacCoi 0koi0 20 MIH. T, a no apyrum - 0,6-1,6 mipa
Tt ([appenc, Makken3u, 1974; JIucuuwbin, 1978; borarukos, 2003; Skinner, 2005; IOuikun,
2007). PaccunTaHa 1 BeaHuHHa obuiero nepenoca armocepHoro aspososs (5-10 mapa T B ron)
(T'na3zoBckwid, 2006).



B xone uMiinyeckoro ofMeHa MeXIy CHCTEMAMH «cylla — arMocepa» M «OKeaH —
aTMoc(epa» B3BECH NOCTYNaloT B aTMochepy M YAAISAIOTCH M3 HEeE BMECTE C OCaJKaMH H B
¢dbopme cyxux Bwimanenmit ([Jobposonsckui, 1998, 2003; Kouapatees, 2000). Yactuip
pasmepom 10-100 MKM NepeHOCSTCS B HHKHHX CJI0SIX TPONocdepbl Ha COTHH — MEPBbIE THICIYH
KHJIOMETPOB, a B3BecH ¢ auameTpoM uactul 1-10 Mxm — 1o 10 Teic. kM (JIucuums, 1978). B
cpeiHeM, B3BeCH aepxkarcs B atmocdepe okono 5 cyt (Warneck, 1988). KoHueHTpaims yacTHi
B3BECH B aTMoc(epe pa3iHuHa, M JaXKe B OJHOM KOHKPETHOM MECTE OHa CHJIBHO MEHSETCS BO
spemenH (Kyuenorui, Kyuenornii, 2000; Panyta u np., 2000; borarukos, 2003).

OyeBHIHO, 4TO OpPraHM3Mbl Ha 3eMJie C MOMEHTa BO3HMKHOBEHHS XH3HH H MO
HAacTosilliee BPEMs HAXOJATCS B KOHTAaKTE C YaCTHLAMH aTMOC(eEpHbIX B3BECEH, K KOTOPOi
JI0JKHBI ObLIH  azanTHpoOBaThes. B npoluecce 3BONMIOLMH Y XHBOTHBIX H YEJIOBEKA MOABHIICA
N0BOJIbHO 3 (EeKTHBHBIH MEXAaHM3M OYHCTKH BJBIXa€MOro BO3/yXa: rpyOble 4aCTHLbl OCEAAIOT B
KaHaJlax HOCOTJIOTKH, 10 90% MeJIKMX YaCTHIL 3aEPXKUBAETCS B BEDXHHX AbIXATEJbHBIX MyTAX H
6poHxax, yaanssich BMECTE CO CIHM3bIO npH oTXapkHBaHHH (Owkun, 2007). MexaHH3M OYHCTKH
JIbIXATEJIbHOM CHCTEMbl XMBOTHBIX M YEJIOBEKa, MO3BOJSAET BbIBOAHTH M3 OPraHH3Ma Camyio
onacHylo Haubonee Menkyio ¢pakuuio B3BecH. Bo MHOrom 310 006yciioBieHO TypOyJNEeHTHBIM
MOTOKOM B/IbIXaEMOr0 BO3/yXa, BO3HHMKAIOIIMM H3-32 BHHTOBOrO ro)pMpoBaHHOro peinbeda
TpaxeH U OPOHXOB, a TaKXKe M3-3a MPOTHBOTOKA ra3oB IPH BOXe-BblaoXe (3axapos H ap., 2006).
AnbBeonsipHble Makpodard H HEKOTOpble ApyrHe KIETKH B HOpME MOryT (arouMTHpoBaTh
TBEP/IbIE BOJOHEPACTBOPHMbIE YACTHIIbI pa3MepoM 10 5-10 MKM (4acTHIbl MHHEpAJIOB, MbLIH,
CaXH), OCENAIOIINE B IbIXATEIbHBIX MY TAX.

[ToBepXHOCTHBIH C€iO# aHTOChEpE 00pa30BaH PHIXJILIM CIOEM FOPHBIX MOPOA (KOpoi
BbIBETPHUBAHHs), M0ITOMY HMMEHHO MHMHEpaJbl, BXOAALIHE B €€ COCTaB (CHJMKAThl, OKCHIbI
KPEMHHS M METAUIOB) SIBJISIOTCS OCHOBHBIM MCTOYHMKOM 4acTHL aTMOc(epHbIX B3BeceH
(boratukos, 2003). YuuTbiBas AJHMTENbHYI0 KOIBOJIIOLHIO MHHEPAJIBHOrO H )KHBOTO MHpa,
MOXHO NpejcKa3aTh OOHApyXEHHE B KMBBIX CHCTEMaX "pElenTopoB” K HEOPraHHYECKHM
kpuctayuiam (Ionoxsacr, 2007).

K HacrosiieMy BpeMeHH B JIMTEpPaType MOABHIOCH OO/BILIOE KOJHYECTBO COOOILEHHH,
NOCBALIEHHBIX JEHCTBHIO MHMKPO- M HaHOuYacTMLl Ha opranusmbl (I'nywmkosa u ap., 2007,
Bynstan u ap., 2008; Konecuuuenko u gap., 2008). B TokcHkonormH Jaxe BblIAENEHO
HampaBJieHHe - HAaHOTOKCHKOJOrus. B nomamnsouieM GoabLIMHCTBE 3THX paboTax H3ywaercs
MEXaHHM3M NeHCTBHA H TOKCHYHOCTh HAHOYACTHLL HE MPHPOJHOIO MPOMCXOXKACHHUS (METALIBI U
OKCHJIbl METAJJIOB, KBAHTOBbIE TOYKH, HAHOTPYOKH, HAHOBOJIOKHA H T.[.).

B 10 %€ Bpemsi, paboThl MO H3YYEHHIO BIHMSHHA INPHPOAHBIX MHHEPAIbHBIX HAHO- H
MHKpPOYAaCTHIl KaK KOMIIOHEHTOB aTMOC(EPHBIX B3BECEH Ha KHBbIE OPraHH3Mbl MPAKTHYECKH
OTCYTCTBYIOT.

2. Paiion pa6or. MaTepHajibl H MeTO/IbI HCCJIe10BAHHSA
2.1. Paiion paGot

AHanu3 npHpPOAHbIX aTMOCHEPHBIX B3BECEH BLIMOJIHEH HAa NPHMEPE Tropoja-nopra
BnanuBocToka M ero mpHropoaHod 30Hbl. JTOT BHIGOpP CBA3aH C OCOOBIM PACMOJIOKEHHEM
ropoja Ha MOJyOCTPOBE, NaJIeKO BbICTYMNAIOLIEM B MOpPE, BEJIMYHHOW (CaMblii KPYNHbIH B
JIB®O) n HeOGONbIIMM TEXHOr€HHOM NpeccoM, 00yC/NaBIMBAIOLIHM MPEHMYIIECTBEHHOE
HaxoX/eHHe B aTMOC(EpHOH B3BECH MHHEPAJIbHBIX YacTHIL (puc. 1).



. Puc. 1. Kapra Bnamusoctoka

AMypckHit 3a7HB 5 % ‘ (macwrab  1:98629)  co
craHuMsMH 0T6opa npod

1-n-os IlIkora,

2- yn. ITywmkusckas,

3-Ilepsas peuka,

4-Bropas peuka,

5-Canropos,

6-noc. Emap.

Yccypuiickuit 3anus

BriGpocsi 6GoNBbLUIMHCTBA NIPOMBIILIEHHBIN MPEANPUATHH BnanuBocrtoka,
PacCpesOTOYEHHBIX MO BCEH TEPPUTOPHH rOPOJA, NMPOMCXOMAT Ha BbicoTe He Gonee 50 M, 3a
uckmouennem TIII-1 u TOII-2, Beicota TpyO KoTOpbIX HocTuraer 60-180 M npu HanGonblLIEM
panuyce paszbpoca or 5 no 7 kM. OcHOBHOH 00beM MX BbHIOPOCOB 3MMOW MPUXOAMTCH Ha
akBatopun Amypckoro (TOLI-1) u Yccypuiickoro (TD1[-2) 3an1BOB, J€TOM - Ha 3€JEHYIO 30HY
BOCTOYHOH 4act ropoaa (TDII-2). TOLI-1 paboraer Ha ma3yte, TOLI-2 - Ha yrne. OcranbHbie
NPEMNpPHATHS TOPOJa HMEIOT OTHOCHTENbHO Maible 00beMbl BbLIOPOCOB, C paaHycoM
pacceuBanus ot 0,5 10 3 kM (CBuHyx0B 1 ap. 1998; Xpucrodpoposa, 2005).

Kpome npoMBIIUIGHHBIX —TNpEaNpUATHH, atMocdepHblii  Bo3nyx BraaamBocroka
3arpA3HAIOT  IBIMOM, 30JI0H M 4YacTHYKaMu yris 38 KpyNHbIX KOTENBHBIX, a TakKKe
MYCOpPOCKHMIaTeJIbHOH 3aBOA. IIpH 3TOM B OTZAENbHBIX paHOHaX ropoja CKJIaIblBaeTcs ocobas
CHTyalusi, 3aBUCSALIAs €LIe U OT TONOrpapUYECKNX H MHKPOKIMMATHYECKHX ycaoBui. [IbuieBoe
3arpasHeHHe BnaamBoCcTOKa B CPEHEM HE3HAYMTENIBHO NPEBLILIAET MPECIbHO JOMYCTHMYIO
koHueHTpaumio (ITJIK). MakcumanbHbie BEeTHYMHBI H3MEHsIOTCS OT 1,5 Mr/M> netoM 10 34
mr/m® BecHO# (Xpucrodopona, 2005).

Panee oTmeuanock, YTO BBIOPOCH ABTOTPAHCIOPTA BHOCAT B 3arpsA3HEHHE aTMocdepbl
BnamuBoctoka 1o 51% (Xpucrodoposa, 2005). Ha TOT MOMEHT KOJIHYECTBO aBTOTPAHCIIOPTa BO
BnamuBocToke cocraBisno okono 150 Teic. eauuMu. ITo naHHBIM TrOPOJACKOM JIOPOXKHO-
TpaHCNOPTHOH MHcnekuuu Ha | siuBaps 2010 r, Bo BraaMBocToke HaCYHMTBHIBAJIOCH yiKE OKOJIO
350 ThIC. eIMHHMIl aBTOTPAHCNOPTA (rpy30Bbi€e M JIETKOBbIE aBTOMOOWIHM, aBTOOYCHI H
MOTOLMKIIBI).

Knumat BnaauBocTOKa MYCCOHHBIH: C KOHTHHEHTAJIbHBIM aTMOCHEPHBIM MEPEHOCOM B
3UMHEE BPEMS M MOPCKMM — B JieTHee. Bo BiaaMBocTOKe B roZI0BOM X0/1€ B3BEMIEHHBIX YaCTHIL
HaOmonaercs 1Ba MHHMMyMa (MIonb M OKTsOpb) M JBa MakcuMyma (MapT M Jekabpsb)
(CBunyxos, 1997).

Xors BnaauBoCTOK - MOpPCKOH ropon, B ero atMocepHoMm pexume mnpeobianaior
BETPBI, JyIOLIME C KOHTHHEHTa. PacrnonoxeHHsle Ha tore J{aibHEBOCTOYHOrO PErHOHa ropHbie
cucteMbl - XuHraHo-BypeuHckas, CuXoT3-AnMHb M OTporH YepHbIX rop, 3axomsummue c
Tepputopuy Kutas Ha camoM ioro-3anaje IIpuMOpCKOro Kpasi, sBIsIOTCS CPEHEBLICOKHMH H HE
3ammwaoT arMocepy BnamuBocToka oT J1€CCOB M MbUIH a3HATCKHX IyCThiHb (XpHcTodopoBa,
2005). ToHKHME KOHTHHEHTAJbHBIE B3BECH NMEPEHOCATCS Yepe3 TeppuTopHio [Ipumopckoro kpas
TPaH3UTHO U A0cTHraloT SInoHckux u I"aBaiickux octpoBoB (Konapatses, 2000).



2.2. MaTepHnaJibl H METOAbI HCCJIEIOBAHHA

Marepuasnbl. B kauecTBe KOMNOHEHTOB NpPHPOAHBIX aTMOC(EpHBIX B3Becel
MCIIOJIb30BAJINCh MHHEpaibl KOpbl BbiBeTpUBaHHs JlanbHero BocToka: amoMOCHIMKAThl -
ueoaututsl Banruuckoro u Kynukosckoro (Amypckast obnacts), Banunnckoro (ITpumopckuit
Kkpait), Jliororckoro Mecropoxaenuii (CaxannHckas 061acTs), a TaKKe MOJEBOH 1MaT, KBapll,
ByJkaHudeckoe crewno (IIpumopckuit kpait). Ilpu onpeneneHHHM TOKCHYHOCTH HAHOYACTHLL
MHHEpAJIOB M arperaui TPOMOOLIMTOB B IKCIIEPHMEHTE HMCIMOJIB30BAINCH TaKKe XOIHHCKOE,
[lInBepTryHckoe n JItoNbHHCKOE MECTOPOXKAEHHS LeoaHTOB M anaTHT (Kosnbckuid m-oB).

[leoIMTHT WM LEOJHTOBBIH Ty} - rOpHas MOpo/a, COCTOAIIAs OOBIYHO H3 LIEOJIHTOB Kak
nopoa000pa3yolMX ~ MHHEPAIOB, TJIMHHCTBIX MHHEPAIOB M HHEPTHBIX NpHMeceH (KBapl,
N0JIEBOH LIMAT, BYJIKAHHYECKOE CTEKJIO U Jp.).

B kauecTBe 1a60paTOPHbIX )XMBOTHBIX MCIIOJB30BaIMCh Gecnopoanbie kpbickl (100-150
r) u mbin (18-20 r), a Takke KyabTypbl MMKPOOpranusmoB E. coli 25922 w St. aureus 209-P u
906.

IKCNEPUMEHTAIbHAS MO/IeJIb /ISl H3YYeHHSl BJIHSAHHA THNHYHbIX
npeJcTaBuTeel aTMoc(epHbIX B3Beceii Ha ;KHBbIE OPraHH3MbI

Hsyuenne BiausHMA aTMOCEPHBIX B3BECEH Ha >KMBbIE OPraHH3Mbl B IKCIEPHMEHTE
CONPSHKEHO C PSAZOM METOJMYECKHMX TPYAHOCTEH, TAKMX KaK HEBO3MOXHOCTb IOJNY4HTh
JIOCTaTOYHOE KOJIMYECTBO CYXOrO BEILECTBA B3BECH IS IMOJHOLEHHBIX 3KOJOTHYECKHX
MCCJIEIOBAHMH, a TaKKe H3MEHEHMs COCTaBa B3Beceil B TeyeHHE roga. JTo nortpeGoBano
CO3/1aHHUS IKCTIEPUMEHTAILHOH MOJIE/H, MO3BOJIAIOIEH MHHUMH3HPOBATh 1aHHbIE TPYAHOCTH.

CyTb MozenH - noabop aHaJOroB KOMIIOHEHTOB aTMOC(EPHBIX B3BECEH H pa3mMepoB
4aCTHLl 3THX KOMIIOHEHTOB. B KauecTBe aHalOroB KOMIIOHEHTOB NPHPOIHBIX aTMOCHEPHBIX
B3BECEH MCIOJb30BAIMCh MHMHEpasbl KOpbl BbiBeTpuBanus J[lanbHero Boctoka u Cubupm:
LICOJIMTHTOBbIE TY(bl, KBapLl, MOJEBOH ILNAT, BYJIKAHUYECKOE CTEKJIO.

Kak 6bl10 OTpa)keHO BbillE, C MOMOIIBIO J1a3EPHOrO aHaIM3aTopa ObUIM ONpe/esneHbl
pa3sMepbl YaCTHIl ECTECTBEHHbIX B3BeCeH. [l M3MeNnbuYeHHs YaCTHL MHHEPAJIOB 10 Pa3MEpOB,
KOTOPbIE SIBJISIOTCS €CTECTBEHHbIMH [UIS IPUPOHBIX B3BECEH, HCIOJIb30BAIHCH YIbTPa3ByKOBOH
nesunrerparop Bandelin Sonopulse 3400 (Mrtanus) (no pasmepoB 1-10 MkM) M nianerapHas
menbHuua Fritch Pulverisette (Fritch, I'epmanns) (no pasmepos ot 100 Hm 10 1 Mkm).

MeToabl HCCJIeI0BAHUA
AHaan3 atMocdepHbIx B3Becei. [Ipobbl cobupannch 1160 kak aTMocepHbie 0CaaKH
(cHer), 1160 Kak npoObl BO3yXa, MPOKauYMBaeMbIe Yepe3 Npo60OTOOPHHK.

CHer cobupaics B MOMEHT cHeromaga. YToObl HCKIIOYMTb BTOPHYHOE 3arpsisHEHHE
AHTPONOreHHbIMH a3p030J1AMH, Obl1 coOpaH BepxHHi cioi (5-10 cM) TOJBKO YTO BbIMABLIETrO
cHera. Ero noMeulanu B crepuibHble KOHTeHHepbl 06beMoMm 1 1. Uepes napy yacoB, koraa cHer
B KOHTEHHepax pacTasi, U3 Kaxxaoro obpasiua, nocie B30anTbiBaHHsi, HaOMpanu 40 M1 )KHIKOCTH
M aHAJIM3MPOBAIM Ha Jla3epHOM aHann3aTope yacTHl Analysette 22 NanoTech (pupma Fritsch),
M03BOJISIOILEM B XO/I€ OZIHOIO M3MEPEHHs YCTaHABJIMBATh PACIpENeIeHHE YaCTHIL MO pa3MepaM,
a TAKXKE ONPEAENATh UX HOpMY.

C6op armocdepHbix B3BeceH OCYILECTBISICA C MoMolublo npoboordbophuka LSV 3.1
(I'epmanmst) ¢ oronoBHukamu PM 10, 4, 2,5 u 1 B Tex xe paHoHax, rae CoOMpaaMChb H
aTMoc(epHbie ocaakH. AHanu3 00pa3iloB (KycOYkH (HIBTPOB) MPOBOAMIM Ha CKAHHPYIOLIEM
mukpockone JEOL JSM 6490LV (JEOL, Snonus). MuHepanorMyeckuii aHanu3 B3Becei
NpOM3BOAMIH Ha MHKpockone Zeiss Discovery V12 (I'epmanus).

DH3IHKO-XHMHYECKOE HCCJIe10BAHHE MHHEPAJIOB
H3yuenHe Makpo- M MHKPOIJEMEHTHOrO COCTaBa MHUHEPAIOB NPOBOAMJIH METOJAaMH
aTomHO-abcopbunonHoH cnektpodoromerprn (AAC), peHTreHo-(1yopecLeHTHOro aHaus3a ¢
MCIOJIb30BAHHEM CHHXPOTPOHHOro Hu3inyyeHus (PPA-CH) M HeHTPOHHO-aKTHBALIMOHHOIO
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ananu3a (HAA). Meronom undpakpactoit (MK) cnekTpockonuu H3yueHo pacnpeieneHHe Boabl
HAa MOBEPXHOCTH W BHYTPH KaHanoB ULEOAHTOB. JlnA M3yYeHMs KMCIOTHBIX LEHTPOB Ha
TIOBEPXHOCTH LIEONHTOB Hcnonb3oBann HMK-cnextpockonuio ¢ aacopbuueii asora npu 77°K.
TeKkcTypHble XapaKTEPHCTHKH H3Y4Yallh METOAOM PTYTHO#H nopoMmeTpuu (B MHCTHTYTE KaTtann3a
um. I'.K. BopeckoBa CO PAH). MertonoM sngepHO-MarHMTHOM pe3oHaHcHol (SMP)
CINEKTPOCKOMHHK M3YYEHO COAECPXaHHE LeonnToB B Tyde (B MHCTHTYTE HEOpraHH4YecKoH XHMHH
um. A.B. Hukonaesa CO PAH).

Mopdonornyeckuit aHanmM3 4acTHU OCYIIECTBASNCS HAa CKaHHUPYIOIWIEM MHMKpOCKoNe
JEOL JSM 6490LV (JEOL, Anonns) (B JanbHEBOCTOMHOM reojioruyeckoM Hucrutyte [IBO
PAH).

OnpeneneHne 3NEKTPOKHHETHYECKOTO MNOTeHuWana ((-moTeHuMan) MHHEpalbHbIX
vacTuu B 3nekrponute 0,9% NaCl npooamnu ¢ ucnonb3oBanneM npubopa ZetaSizer Nano ZS
(Malvern, Bennkobpuranns) npu Temneparype 25 °C, ¢pukcvpoBanHom yrie paccesHus 173° u
JUIHHE BOJIHBI Nasepa 633 um (B MucturyTe xumun JIBO PAH).

OueHka BIHSHHA YaCTHL 1eo HTOB (1-10 MKM) Ha J1260PATOPHBLIX dKKHBOTHBLIX NPH
HHTISIUHOHHOM BBEXEHHH

B onbiT 6panu 120 camuoB GecriopoaHbix KpeIC BO3PAacTOM He crapuie 2,5 Mec, Maccor
100-150 r. [Tepen BbinonHeHHeM paboT BCEX XHMBOTHBIX COAEPXKANIH B ONMHAKOBbIX YCIOBHAX.
He menee 10 nHe#t nepen Hayanom 3KCMIEPMMEHTA KPbIChl MONYHaIH MONHOLEHHbIR MHILEBOH
pauvoH B coorBerctBuM ¢ [lpaBunamu mpoBeaeHHA paboT € MCMONB30OBaHHEM
IKCHIEPUMEHTANILHBIX XHBOTHbIX (1977). DKcnepHMEHTaNbHOE OXRAXKACHHE NPOBOAHIH IR
BBIACHEHMA COYETAHHOrO BIMAHMA HHM3KOH TEMMEpaTypbl M aTMOCGEpHbIX B3BECH Kak
abnotnuecknx QaxTopos cpennl. JUia 3TOro MCMonb3oBalH KIMMaTHueCKylo kamepy “ILKA”
(Feutron, ['/IP), rae npu cobNlOAEHHM aNCKBaTHLIX YCIOBMH BNAXHOCTH M BEHTHJIALHH
3anaeanacs Temnepatypa —15°C. Oxnaxaenue npoBoAMAOCH B TeueHHE 15 CyT no 3 u B AeHs.
KoHTponbHbIE )KMBOTHBIE HAXORWIHCH NIPH Temnepatype + 20 ...+22°C.

VIHranMpoBaHHE HM3MENbYEHHBIX MHHepano (103a 100 Mr/M’) npowssozunoch
JKHBOTHBIM C MOMOILBIO YJbTPa3BYKOBOrO MOPTaTHBHOrO MHransropa YII1-0,25 “APCA” B
3aKpbITOH LeanodanoMm kietke o6semom 1 m>. Bce xuBOTHBIE GbIH pasaeneHs! Ha 6 rpynn no
20 ocobeii: «K» — XHMBOTHbIE, HE MOABEPraBILMECA BO3NEHCTBHMAM, T.€. KOHTPOJbHbIE; «X» —
JKHMBOTHbIE, MONBEPraBILIMECH ACHCTBHIO HM3KHMX TeMneparyp; «B» — )XHBOTHblE, KOTOpbIM
HHTAIALMOHHO BBOAMIMCH LEeOnuThl BaHruHckoro mecropoxaenns, «XB» — oxnaxpaembie
JKUBOTHbBIE, KOTOPbIM HHTaIALUHMOHHO BBOIHJMCH LUEONHTHI BaHrHHCKOro MecTopoXaeHHs,
«Kya» - )XHBOTHbIE, KOTOPBIM BBOJHJIHCH LICONHTbI KynHKOBCKOro MecTopoxaeHus H «XKym» -
OXJIaXKAAEMBbIE XHBOTHbIE, KOTOPbIM BBOXHIHCH UEONHThI KyIMKOBCKOro MECTOPOXAEHHS.

JIns OLEHKH BIMAHHA MHHEPANbHLIX B3BECEH Ha OPraHH3M >KHBOTHBIX NMPOH3BOAWIIH
npenapHpoBaHue, 3a6op maTepuana, GPOHXOANLBEONAPHBIH CMbIB, OKPaCKy M NMPHIrOTOBIEHHE
Ma3KoB OAs CBETOBOH MuKpockonuu. OObEKTOM MCCNeNOBaHHMA ABISLIHCH MakpodarH H
nuMGoLMTBl KaK Hanbonee MaccoBO MPEACTABICHHbIC KIETKM B GPOHX0anbBEOSPHOM J1aBaXce
(BAJT). XKu3HecnocoGHOCTb KJIETOK BBIABISAIM BHTAaNbHOH OKPAacKOH TPHIAHOBLIM CHHHM.
[Moncuer knerok Bencs Mo CTaHAApTHOH MeTomMKe B Kamepe I'opsieBa. JIns cBETOONTHHECKOMH
MopdomMeTpuH ucnons3oBancs Mukpockon “Zeiss Observer Al” (Zeiss, 'epmanmns), mans
dorocbremku - “Axio Cam” (Zeiss, l'epManns).

OueHKa aHTHOKCHIAHTHOH AKTHBHOCTH YacTHLU ueoiuToB (1-10 MxMm) in vivo u

KBapla, NoJ1eBOro LINaTa H ByJKaHH4Yeckoro crekia (0,1-1 Mmxm) in vitro
OueHKy aHTHOKCMIAHTHOM AaKTHBHOCTH TNpPOBOAMIH IO COAEPKAHMIO OCHOBHBIX
KOMIIOHEHTOB aHTHOKCHAaHTHOH cuctembl (AOC) (Butamuu E, uepynonnasmuH) u nmpoxykros
nepekucHoro okucnexus anunupos (ITOJI) (amMeHOBBIX KOHBIOraT, MAJIOHOBOrQO anbaerHiaa
(MIA) v runponepexuceit). B onbir 6panu 120 camuos 6ecriopoaHbix KpbiC BO3pacTOM He
crapue 2,5 mec, macco#t 100-150 r. Iepen Hauyanom 6GHOXMMHYECKOrO HCCEAOBAHHA FOTOBHIIH
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rOMOTEHATh! JIEFKHX, B KOTOpbIX onpenensyii komnoHeHTs! AOC u INOJI. JInnuasl KpoBH u
TKaHEH OKCTparHpoBann no Metony bnaita-Jladepa (Ke#re, 1975). Onpeneneunse
UEpYNOIUIa3MHHA B IUIa3M€ KPOBH MPOM3BOAWIH MO METOAY, OCHOBAHHOMY Ha OKHCJIEHHM p-
¢ennnenanamMuHa npu  yvactuu uepynomnasmusa (Kon6, Kamsbiwunukos, 1976). MJIA
OMpenensIn B I1a3ME KPOBH H rOMOTEHaTax JIETKHX MO LIBETHOH peakuHH ¢ THo6apOHTypoBOi
kucnoroit (TBK) (Boponun, Apuakos, 1987). Onpesnenenne nMEHOBBIX KOHBIOTATOB NPOBOAMIN
no merony E.A. CransHoit (1977). Konnqec*rno THAPONEPEKHCEH JTMMHI0B onpe,uenx_rm Ha
OCHOBE MX CNOCOGHOCTH OKHMCNATL HOHBI Fe’* ¢ mocnemyioumm B3aMMoneicTBHEM Fe’*
THOUHaHAaTOM amMmoHHUA (Pomanosa, Cranbhasn, 1977). Conepxanue ButamuHa E onpcnemmu B
JIMMHMAHBIX 3KCTPAKTaxX MUa3Mbl KPOBH H TKaHeH MO LBETHOH peakuuu c¢ aunupuawiom H FeCly
(Kucunenu, 1972) B monudpuxaunu M.A. IlltapGepra (1996).

Onpenenenune [IOJI B cycneH3WH MHKPOCOM MNpH N0OaBNEHMH YacTHL MHHEPAOB
nposoaunu no meronuke E.A. BoponnHa c coasr. (1992) .

Jlna nposepku pabouyeit rHMoTesbl, COrMACHO KOTOPOH aHTHOKCHAAHTHAas aKTHBHOCTb
MHMHEPAJIOB 3aBHCHT OT MX CNOCOOHOCTH COpPOHPOBATL HOHBI Fe¥, k 1 mn 1,28 MM Fe**
nobasnsnm ot 10 1o 100 Mr munepana. B kauectse uctounnka Fe’* ucnonsiosanu cons Mopa
(FeSO4(NH4),S04-6H,0). danee cmecs uem'puq)ymposanu orbupanu 0,1 M HapocamouHO#H
XHIKOCTH M OTIpefeNsnu B Heil conepxanne HoHoB Fe’' no usernoit peakunu ¢ Ki[Fe(CNg)]
(Tonoxsact u ap., 2010).

H3yueHne TOKCHYHOCTH YACTHI| LIEOJIHTOB NPH HHraasuHonHoM (1-10 MkM) K
nepopansHoM (0,1-1 Mmxm) BBeaeHHH
Jns onpeneneHHs TOKCHYHOCTH LIEOJMTOB MPH MHTAIALMOHHOM BBEJEHHM Yy TEX e
MHTAKTHBIX JKHMBOTHbIX (O€CROpPOAHBIX KpbIC), KOTOPbIE MCNONBL3OBATHCh [PH H3YHEHHH
AHTHOKCHIAHTHOH AKTHBHOCTH in VIiVO M BJIHAHHA Ha CHCTEMY MECTHOTO HMMYHHTETa
AbIXaTeNbHBIX MyTeH, 3a0upanca marTepuan A NOJYyYEHHS NONYTOHKHX CPE30B MpEnapaToB
neveHH, nouek, nerkux. Cpesbl OKpaLIMBANHCh IeMaTOKCHIMHOM-303HHOM M METHJIEHOBBIM
CHHHM.
ns onpeneneHUs TOKCHYHOCTH LEONHTOB NMPH MEPOPAILHOM BBELAEHHH MCINONbL30BaHbI
HenHOpeaHble MblluK camibl (Macca 18-20 r). OHH nonyyanu UeonuT ¢ nuiei B J03MpOBKe 3 —
5% ot Macchl Tena. JKMBOTHBIX pa3fienniH Ha 16 skcnepUMeHTanbHLIX rpynn no 8 ocobeit B
Kaxnoi, B ToM uncne: "KoHTponsb" - )HBOTHbIE, KOTOpbie He nonyyanu ueonnt; "Kynnkos-m",
"KynnkoB-y", "Kynukos-H" - MblilM, KOTOpbie noayuanu ueonutsl Kynukosckoro
MECTOPOXIEHHA NOC/IE MEXAHHYECKOH, YIbTPa3ByKOBOH M MnaHeTapHO#H o6paGoTok. "BaHruu-
M", "Baurun-y", "BadruH-#" - nonyuanu ueonuTsl BaHrMHCKOrO MECTOPOXACHHS C
aHanoruyHo#t ob6pabotko#; "Jlionbuu-M", "JlionbuH-y", "JlIONBHH-H" - MONYYanH LEONAHTHI
Jhionbuuckoro mecropoxaenus; "Llusepryii-m”, "llusepryi-y"”, "lllusepryi-u" - ueonuTsi
IlinsepTyHckoro MecropoxaeHus; "Xonuu-m", "XonuH-y", "XonHH-H" - MblluH, KOTOpbIE
nony4any XO0NHHCKHE LIEOHTBI.

H3y4yeHHe MEXaHH3MOB HMMYHOCTHMY/JIHPYIOIEro AEHCTBHA YaCTHIL LEOJHTOB
(1-10 mxm)

Jlis HeciieioBaHiA MEXAHH3IMOB HMMYHOCTHMYJIMPYIOLIETO j1eHCTBHS MUHEPanos ObUio
H3yucHo BauAHuE ueonuta JloTorckoro mecropoxaenus (manee «lleonuT») Ha mpoayxuuio
LIKTOKHHOB in Vitro no cranaaptHomy Merony Jle I'pyta ¢ coasr. (De Groote et al., 1992). [Ipn
HCCIEIOBAHHH CTNIOHTAHHOTO CHHTE3a LIMTOKHHOB YacCTHLbI MHHEpaioB NobaBnsaan B KpOBb
WHTaKTHbBIX JOHOpOB (n=8) B KOHEYHOH KOHUEHTpauMH 5 M 50 Mr/ma. s u3yueHus
MHTOTEHHHAYLIHPOBAHHO#H MPOLYKUHH LNTOKHHOB BO BCE MPOOBI BHOCHIM QHTOreMarrilOTHHHH
(®I'A) B KoHeuHO# koHUeHTpaunu 10 mxr/ma. [Tporykunto IL-1B u IL-10 ouenuBann yepes 24
4 WHKy6aumu, npoaykuuio IFN-y — uepe3 72 y. KocTHMynupyiolee BIHSHHE LEOIHTA H3YUHaIH
npu ero cosmectHoM aeiicreuu ¢ ®I'A. Knerkn unkyGuposanu npu 37°C 8 atMocdepe 5%
CO3, nocne yero OTOHpaNH CyNepHATAHTbl H ONPENENATH KOHUEHTPALHIO LIMTOKHHOB, KOTOPYIO
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H3MEPANH  METOAOM TBepAO(HA3HOro MMMYHOPEPMECHTHOrO aHanH3a C HCMOJb30BaHHEM
KOMMepueckux TecT-cucteM «IIpotenHosblit kouTyp» (IFN-y, IL-10) u «Lintokun» (IL-1B).

H3yyenHe BAHAHHS MHHEPAJIOB HA MEXKKJIETOYHbIE B3AHMOJEHCTBHA

B KkayectBe MozmenM A 3TOFO HCCICAOBAHMA B3ATa arperauns TpomGoumToB.
Habnaionenus npoeoaunu Ha aHanu3arope arperauuu Tpombouuros AP 2110 («Conapy,
benapychb), COBMELIEHHOrO ¢ KOMINBIOTEPOM, B CNEKTpanbHOM auanasoxe ot 500 no 700 um. B
OCHOBE NpPHHUMMNA paGoThl arperoMeTpa NEXHUT METOA CBETOPacCesHHs (TypOHAMMETPHYECKHI
Meton), npemtoxeHubii C. Bopuom (Born, 1962), ¢ nononxexnamn H.3. ITammupckoro c
coasropamu (2010). Cnexrpodoromerpsuecku (nMpu LnHHE BonHbl 259 HM) Gbina M3MepeHa
onruyeckas nAoTHOCTL pacTBopoB AJlD (xonuentpauus AJAD cocranana okono 12,5 mxM Ha
1 M1 (H3HONOrHUECKOro PacTBOpa), M 3aTEM ITHX XK€ PAaCTBOPOB NOCNE BHECEHMA CYCMEH3MH
muHepanoB (0,1 mn 1% cycnensun Ha 3 mn pacteopa AJI®, uan okono 200-250 mkr
MHHEpPANbHbIX YaCTHLl HAa MJ; CMECb He HHKYOMpOBanH) ¥ LEHTpH]yrupoBaHusa B TeueHue 10
MHHYT nipu 2000 g.

Ouenka MHKPOGHOIOTHYECKOH AKTHBHOCTH YaCTHI MHHEpAJoB
(0,1-1 mx™m K 1-10 MxM)

Jlns  onpenencHus  MHKPOOMOIOrMYECKOH aKTMBHOCTH  LEOAWTOBBIX  TydoB
Banrunckoro, Kynnkosckoro # JIOTOrCKOro MECTOPOXXACHHMH, a TaKXe KBapua, NnoieBoro
WINaTa ¥ BYJIKAaHHYECKOrO CTEKIA ObUIM B3ATHI KyJbTYpPbl YCJIOBHO-NAaTOreHHbix Gakrepun E.
coli 25922, St. aureus 209-P u 906, nony4ennnie u3 FTHCK um. JI.A. Tapacesrua (Mocksa). B
paboTe MCONB30BANH CTAHAAPTHbIE METOAMKH M KYJbTYPasbHbIE CPElbl: JKENTOYHO-CONEBOH
arap (OKCA), msco-nentoHubiii arap (MITA) 1 cpena Oupo. LleonnToBbie mopoabl, Ksaply,
MONEBOM LINAT H BYIIKAHHYECKOE CTEKIIO B ABYX pasMmepHbiX ¢pakumsax (0,1-1 mxm u 1-10 Mkm)
NPHMEHAIMCHL KaK CTepubHble (00paboTKa napoBoii cTepunH3auMeil npu Temneparype 120°C s
TeyeHHe | 4Y), Tak ¥ HecTepuibHble. JINg M3ydYEHHA ANMTENLHOCTH AaHTHMHKPOOHOro
BO3JEHCTBHA MNOCNE MPHrOTOBJIEHHA pacTBopa (1 MApA. KIETOK) MO CTaHOAPTY MYTHOCTH
MHHepanbl HHKyGHpoBanu BMecTe ¢ Gaktepuamu B Teuenue 30 MuH, | 4, 24 4. 3aTem cornacHo
CTaHAAPTHLIM METOAMKaM cesnu cycnensuto Ha MITA u cpeny DHI0 H momelwany B TEpMOCTaT
a 24 4 npu TeMnepatype 37°C, nocne Bu3yansHo noacuuThiBank uncno KOE.

3. Pe3yabTaTthl H 006cyxaenne

3.1. KauecTBeHHbIH H KOJIHYECTBEHHbIH AHAIH3 B3BeCH aTMOC(hEPHBIX 0CaAKOB

K HacroswmeMy BpeMEHH METOAMKH HMCCRENOBAHMA MPHPOIHLIX B3BECEH MO3BOJAIOT
OMpeAeNATb XHMHYECKHI (3NEMEHTHBIH) H rPaHYJOMETPHYECKHH COCTaBbl, @ Takke (H3HKO-
XMMHYECKHE CBOHCTBA. KaiblH M3 METONOB HMEET CBOM MPEMMYILECTBA M HEMOCTATKH.
Knaccudmkaums B3BelleHHbIX B aTMOCHEPHOM BO3LYXE 4YAaCTHLL TOMbKO MO pa3Mepy He
YYHTBIBAET COCTaB M (PU3HKO-XMMHYECKHE XaPAKTEPHCTHKM KOMMOHEHTOB. B cBOIO ouepens,
TOJNILKO XHMHYECKHH aHANN3 B3BECEH MOXKET BbIABHTH HAJIHYME B HUX TOKCHYHBIX BELIECTB, HO
He TMO03BOJAET OLCHWTH pasMep M CBOjicTBa vacTHU. Hamm ucnonb3oBan  Meron
rPaHyIOMETPHYECKOrO aHanM3a atMoc(epHBIX B3BECEH C NOCNEAYIOWMM MHHEPATOrHYECKMM
aHaNH30M.

IIpo6bi  cHera (N=5) cobupanMcb Ha IIECTH CTaHUMAX, Pa3NHYAIOLKXCA
3KONOTHYECKHMH YCIIOBHAMM, PACIIONOKEHHBIX KaK HEMOCPEACTBEHHO B YEPTE ropoAa, Tak ¥ B
ero mpuropoaHor 3oHe (puc. |). Cpean HHX Hanbonee JKONOTHYECKH  HAMPAXKECHHBIMH
ABNAIOTCA CTAHUMH, HAXOAALHECH B MHKpopa#oHax [lepsoii u Bropo# peuek (Xpucropoposa,
2005).

Cornacho npuHaTon knaccudmkaunu (Menes, Hdosranok, 1999), paznuuarorcs no
pasMepaM TpH KJacca adpo30JIbHBIX uacTHI: MenkoaucnepcHsie (r < 0,1  Mkm),
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cpennenncnepcubie (0,1 MkM < r < 1 MkM) H rpybonucnepcHbie ( r > | MKM). AHanu3Mpys
aTMocdepHbiC B3BECH IOPOA3, Mbl Pa3sfCNWIN MX IO Pa3MEPaM 4aCTHL, COMNACHO AAHHBIM
Na3epHOro aHaln3aTopa, Ha naTh knaccos: 1) ot 0,1 a0 | Mkm (cootBercTByer PM1), 2) ot 1 a0
10 (cootsercrByer PM10), 3) ot 10 a0 50, 4) ot 50 zo 100 u 5) > 100 mMxm.

PesynbraThl passienehus no (pakuuaM M (H3MKO-TEXHHYECKMM XapaKTEPHCTHKaM
4acTHLL B3Becei, 0OHapY>KEHHBIX B CHere, MpHBEAEHbI B Tabauuax | u 2.

Tabauua |
PacnpeneneHne YacTH B CHere no GpakuMAM Ha CTAHUMAX orbopa npod
Paiionn otGopa 11po6
V. Mepeas peuka Bropasx peuxa | Tl-os lllkora Caaropoa [Toc. Emap
Mywxnuckan
Kiaccn @, @, |aoas 2, noAas, @, |monn, | @, |aons,| O, |aoam, | O, | aoas,
MKM MM | % MKM % MKM % MKM % MKM % MKM %
1. 10,1 - 0,15 - 10
1 0,3
2] 1- 2-5 2 2-3 2-3 2-3 5
10
5-7 15 4-8 20 4-8 65 5-10 5 6-10 2
3.0 10- 1520 2 12-20| 20-25
50 4050 | S0 | 3040] 25 [3045| 30 |2535| 10
4. | 50- | 40-50 2 40-70 55
100
5.1 > 200- | 94 300- 95
100 | 450 500
400- 85 600- 3
1000 1000

Kak MoxHO Bmaers u3 tabn. 1, yactvusl ¢ Amamerpom meHee 10 MKM B Manbix
KOJIHYECTBAX BCTPEYAlOTCA Ha BCeX CTaHUMAx orbopa. HauGonbluee ke KOJIMYECTBO MENKHX
4acTHL, B3BELICHHBIX B aTMOCHEPHOM BO3AYXe, BbIABIEHO Ha nonyoctpoee Lllkora — 70%. Ha
cTaHuMAX oTOopa npob, pacnonoxeHHbix B paitoHax Ilepsoi M Bropoii peuek, A0Ns TOHKMX
4acTHL BO B3BECH oka3sanach 61m3koit — 28% u 20% cooreercTBeHHo. OnHako B paione [Tepsoi
PEYKH, EAHHCTBEHHOM H3 WIECTH OOC/IEN0BAHHBIX MECT, 3HAYHTENILHOH Oblna A0NS OYEHb TOHKHX
yactuu (< 1 mxm) — 10%.

B armocdepHod B3BecH noc. Emap 3ameTHo npeoGnananu KpymHble 4acTHLbI, C
pasmepom 300 — 500 mxm (95%). B Canropone ewte 6onee kpynubie yactuus (400 — 1000 Mkm)
cocraBnanu 85% m3secu. Takum 06pasom, B 3THX AByX paHOHaX C HAMMEHBIINM TEXHOTCHHBIM
NpeccoM B cocTaBe aTMOC(epHOH B3BECH JOMHHHPOBAIH KPYIHbIE YaCTHLIbI.

Onnako Ha yn. [TyMIKHHCKOHM, MCTIBITHIBAIOIECH BO3JEHCTBHE TPY30BOFO M JIETKOBOrO
aBTOTPAHCNOPTa, B COCTaBE B3BECH Takke npeobnananu kpymnHble dacTHubl (94%), mpasaa, ¢
HEMHOr0 MEHbUWIWMH pa3mepamu (200 — 450 Mxm), uem B noc. Emap.

Hawn pe3ynbTarThl B LENOM COOTHOCATCS C AHHBIMM IHTEPATyphl. Tak, cuuTaercs, Yyto
B aTMoC(epHbIX a3po30AX NpeobaafaloT YacTHs! pa3mepom MeHee 1 mxm (I'nasosckui, 2006).
Mo nauubiM X.E. IOure (1965), nons wactuu AHTKEHa, TO €cTh 4acTHL pa3MepoM meHee 0,1
MKM, cocTaBnaioT He 6onee 10-12%. [To npyruM maHHBIM, 1O YAaCTHL Pa3MEPOM MEHEE 5 MKM
cocrasuser 95%, HO nmo macce - Bcero 7% (I'nasoBckuid, 2006).

Bonee neranbtible GpU3HYECKHE XaDaKTEPHCTHKH YacTHL B3BeCH, OOHAPY)KEHHbIX B CHETe,
KOTOPbIE TAKKE MOJMY4EHbI C MOMOLLBIO IA3EPHOTO aHAJIH3aTOpa, NMPUBEAEHSI B Tab. 2.
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Tabnuua 2
Mop¢omerprueckre napamMeTpbl YaCTHIL B3BECH, COJICP)KABLIMXCS B CHEre B Pa3/IMUHBIX
paiionax r. BnaauBocroka

[MapameTps! /paiion V. [MepBas Bropas I1-oB [Toc.
ITymkHHCKas peuka peuka LIkoTta Caaropon Emap

Cpennuii

apudMeTHYECKHH 340,77 21,56 36,46 15,073 727,18 398,40

JIHAMETP, MKM

Morna, MKM 354,42 34,09 53,25 552 864,75 367,84

Meanana, MkM 350,54 16,12 33,41 6,01 837,67 378,27

OTKJIOHEHHE, MKM? 3977,94 196,77 335,12 182,02 100637,5 11563,30

ey 63,07 14,03 18,30 13,49 317,23 107,53

OTKJIOHCHHE, MKM

Keadipios 18,51 65,06 50,21 89,51 43,62 26,99

OTKJIOHEHHH, Yo

Yaeuas - 358,44 31550,17 | 330040 | 825942 | 850,76 | 201,41

TIOBEPXHOCTD, CM /cM

Yeiuad ) 179,22 1577508 | 165020 | 412971 | 425738 100,70

TOBEPXHOCThH, CM /T

Mop¢omeTpus 4acTHLl, COAEPKABIIMXCS B CHETe, K COXKAJICHHIO, HE 1aeT MH(POPMALIHH O
TOKCHYHOCTH BBUICJICHHBIX paHee pa3MepHbIXx ¢pakuuit. OObACHAETCH 3TO TeM, HTO
MOJyYeHHbIE 3HaYeHHsi (HanmpuMmep, B ciayuyae ¢ oOpasuamu atMocdepHOi B3BECH M3 pailOHOB
«IlepBas peuka» M «IlylikuHCKas», coaepiKaBLUIMX 4YeTbipe M Oosiee pasMmepHbIX (pakLHii)
YCPENHAIOTCS aHAIW3aTOPOM, YTO HE MO3BOJSET COOTHECTH XapaKTEPHCTHKH  YacCTHILL
HENOCPEeACTBEHHO C X pa3mepamMu. HecMOTps Ha 3TO, aHAJIM3 MapaMETPOB YACTHIL MOXET 1aTh
BaXHYIO JOMOJHHUTENbHYIO HHOpMauuio. Tak, oueHb pa3BUTas yaeibHasi MOBEPXHOCTb YACTHIL,
XapaKTepHasi Ul B3BECH M3 paiioHa [lepBoH peukH, yKa3blBaeT Ha HX BbICOKYIO COPOLIHOHHYIO
CrnocoGHOCTb. DTH YaCTHILIbI MOryT COpOHpOBaTh Ha cebe H MPHHOCHTh BO BHYTPEHHIOIO Cpely
OpraHM3Ma Kak *HJKHE, TaK ¥ ra3000pa3Hble TOKCHYHbIC BELIECTBA.

Kak ciaenyer u3 1aba. 2, Ha n-e lllkoTta 3amMeTHO npeo6afaioT MEJIKHE YaCTHLbI, O YEM
CBHETENbCTBYIOT 3HaUEHHsl MOJIbl M MEMAHBI, OJTHAKO Pa3Mep ITHX YAaCTHIL CHIILHO BapbHpyeT,
Ha 4YTO YKa3blBaeT CaMblii BbICOKHH kodddHUHeHT oTkioHeHus — 89,5%. Ux ynenbHas
MOBEPXHOCTb CYLIECTBEHHO MeHblue, ueM B paioHe IlepBoii peuku. ITo-BHaAMMOMY, 3aMeTHBIH
Biu1an (65%) yacTHil ¢ pasmepamu 4-8 MKM H, OYEBH/IHO, HX cdepHueckas Gopma HrpaloT CBOIO
pojib B CHHXXEHHE 3TOro napamerpa. B To ke BpeMs Mo BeJMYHMHE YMAEIbHOH MOBEPXHOCTH
YaCTHILIbl C 3TOH CTaHLIMH 3aHHMAIOT BTOPOE MECTO.

Pa3BHTOH MOBEPXHOCTBIO KOHTAKTa CO CpefoH 00J1agaloT 4acTHLbl B3BECH H B paiioHe
BTopoii peukH, XOTs OHa Ha MOPSAAOK BEJIHYHH MEHBILE, YEM y 4acTHL B paioHe [lepBoii peukH.
MoXHO OyMaTh, 4YTO 3aMETHOE KOJMYECTBO OYEHb MEJIKMX 4YacCTHL Ha 3TOH CTaHLMH
00ycnoBieHo xapakTepoM peibeda (naas), 6musocteio TILI, pabortatowei Ha XHAKOM TOIUIMBE,
3aCTOEM IbIMOB M BBIXJIONIOB aBTOMOOMJIEH, ONMYCKAIOWIMXCS B HH3MHY. MycopockHraTebHbli
3aBOJ, PacMoNIOKEHHbIH PALOM CO CTaHLHel oTbopa npobd Ha Bropoii peuke, no-BuaAMMOMYy, He
MOCTABJISET B aTMOC(epy CTOJIb TOHKMX 4acTHL, Kak TOLI, 1160 (4T0 BECbMa BO3MOXKHO) HX
CYIIECTBEHHO MCHbLIEC.

ITpu MuKpockonuH 00pa3uoB aTMOchepHbIX B3BeceH B HHX ObLIH BbIIEJIEHbI OCHOBHbIC
THIBl NPHPOIHBIX MHHepasioB. B obpasie, B3sTom Ha momyocrpoe lllkora (puc. 2A), Gbuin
ompeJeieHbl:  KBapll, MOJEBOH WIMAT, KBapL-TOJICBOILNATOBbIE CPOCTKH, KBapl C
MaJIaXMTOBbIMH TUIEHKaMH, KAOJHHHMT, KPEMHHEBO-XKEJIC300KCHIHbIC YaCTHLbI, CTEKJIOBaThble
YaCTHIbl, TEXHOT€HHbIC YaCTHIIbl HEYCTAHOBJICHHOIO MPOMCXOXKAEHHS, MUIArHOKIIA3bl, YaCTHLIbI
OeroHa, UUIAKOBbIE CriekH, cTekia. B obpasue, B3stom Ha Ilepsoii peuke (puc. 2b), Gbuin
OIpe/Ie/IeHbl: CaXa, KBapll, MOJIEBOH IIMNaT, GMTyMHbIe (acaibTOBbIC) YACTHLIbI, CTEKIIA.
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Puc. 2. MunepanbHas B3Bech W3 00pa3ua cHera, cobpanHoro Ha noiyocrpose Illkora (A) u Ha ITepsoii peuxe (B).
Llena nenenns suHeikn — 1 MM. YBeamnuenne x 320.

CornacHO JIMTEpaTypHBIM JaHHBIM, HaHOOJIEE ONMACHBIMH CYHTAIOTCS YaCTHIIbl Pa3MEPOM
or 50-100 um o 1 Mkm (Xotumuenko u ap., 2009). Takosbie 06Hapyxenb B paiione «Ileppas
peuka» (10%). Menkoaucnepchbie ¢pakuuu (or 1 10 10 MKM), BTOpbIE 1O NOTEHIMAIbHOMH
omacHocTH. B 3ameTHbix koHueHTpaumsx (Gomee 20% ot oOumiero uMcia YacTHll) OHH
oGHapyxenbl B paioHax «Ilomyoctpos Illkota» u «Bropas peuka». TeXHOreHHbIE YaCTHIbI
HAaHO- M MMKpoauanos3oHa, coraacHo C.A. Xorumuenko ¢ komneramu (2009), orHocsTcs,
cKopee Bcero, K yactuuam caxu. Cpenu Gonee xpynubix uyactvil (or 10 no 100 mMxm) Take
HMEIOTCS TEXHOTEHHbIE 1O MPOMCXOXKACHHUIO - caxa, parMeHThl acdanbra, yacTHibl GeToHa,
CHHTETHYECKHX BOJIOKOH H ILIaCTMAcce, a TakKe aBTOMOOMIbHAs pe3uHa. B o6pasuax u3 paiiona
«Emap» npeobnanaioT HaMMEHee ONMacHbIE, C TOYKH 3PEHMA JKOJIOTHM H THTHEHbl, YaCTHIbI,
paszmepom Gonee 100 MkM (BIIOTH 10 1 MM), KOTOpbIE BU3yalIbHO MPEACTABIAIOT COOOH MECOK H
rpaBuii. Paiionsl «Caaropon» u «EmMap» B 11€JI0M CUHTAIOTCS OTHOCHTEJILHO 01arononyYHbIMH ¢
TOYKH 3PEHHS IKOJIOTHYECKOH HArpy3KH.

Takum 00pa3oM, MOXKHO 3aKJIIOYHTh, YTO BNEPBLIE NPH aHAJIH3E HAHO- H MMKPOYACTHI
aTMoC(epHbIX B3BECEH JOBOJIBLHO KPYIHOrO rOpOZia C MCIOJIb30BAHHEM JIa3EPHOTrO aHAIN3aTOpa
Analysette 22 NanoTech (¢pupma Fritsch) Bbinenens! 5 knaccos yactuu pasmepom ot 1) 0,1 1o 1
MKM, 2) ot | 10 10, 3) ot 10 10 50, 4) ot 50 no 100 u 5) Gonee 100 Mxm.

Ouenka atMochepHOH B3BecH ropoaa BnaauBocToka B 11€JIOM, NMOKa3bIBAET, YTO B HEH
npeobnanaiot pasmepusie ¢paximu 3 kiacca (35-50%). MenkoaucnepcHbie ppakumy 2 kiacca
cocrasisiioT 20% ot obuiero yKcia yacTuil, B3BecH HaHoyactul | knacca - 10%.

B 30Hax OTHOCHTENIBHOrO 3KOJOrHYecKOro Onaromonyuuss B arMocepHOH B3BECH
HabII01aI0TCS MPEMMYIIECTBEHHO KPYNHOAMCIEPCHBIE YacTHILI 5 pa3MepHoro kiacca (85 -
98%), coznep)kaHHe MEJIKOAMCIIEPCHBIX YaCcTHI[ 2 M 3 KJ1acCOB B 9THX 30HaX cocTaBnser 5 - 10%.

ITonyyeHHble JaHHbIE NMO3BOJISAIOT MPOBECTH NEPBHYHOE 3KOJIIOTHYECKOE PaHOHHPOBAHHE
r. BraamBocToka no conep)kaHHio HaHO- H MMKpOYacTHIl arMoc(epHbix B3eceil. [lo crenenn
9KOJIOTHYECKOH OMacHOCTH PaHOHbI ropona BranMBocToKa BBICTPaMBAlOTCA MO yOBIBAHHIO B
cnenytoumit psia: Ilepsas peudka, n-os Illkora, Bropas peuka, ITymkunckas, Caaropoa u noc.
Emap.

3.2. OTBeTHAs peaKIHusi CHCTeMbl MECTHOI0O HMMYHHTETA AbIXaTeIbHbIX NMyTel Ha
HHTAJISIIHOHHOE BBeJJeHHE 4acTHII 1eoauToB (1-10 Mxm)

[Ipy MCCIeOBAHHH BIMAHHS YaCTHLl MHMHEPAJOB HAa CHCTEMY MECTHOrO MMMYHHTETa
JIbIXaTe/IbHBIX TYTEH OLEHHBAINCH KOJIHYECTBO KJIETOK B | M JIaBa)KHOH JKHIKOCTH,
JKH3HECTIOCOOHOCTL KJIETOK, COOTHOLIEHHE Haubonee MaccOBBIX KIETOK - albBEOJSPHBIX
Makpo¢aroB ¥ TMMQOLIMTOB ¥ HX MOPHOMETPHYECKHE MOKA3ATEIH.

O61ee KOMHueCTBO KieTok B rpymne “K” (Koutpons) coctasuio 1,5+0,1%10° 8 1 M, B
rpymne “X” (Xonon) — 5,8+0,4*10°, B rpynne “B” (Bauruuckoe) — 1,8+0,12*10°, B rpymnme
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“XB" (Xonoa-BanruHckoe)— 2,5+0,15*10°, 8 rpymmne “Kyn” (Kynukosckoe) - 2,1£0,1%10°, 8
rpynne “XKyn” (Xonoa-Kynukosckoe) — 3,2+0,2* 10°8 1 ma.

KonuuecTBo xM3HecnocobHbIX knetok B rpynne “K” cocrasuno 88,2+4,3%, B rpynne
“X” - 61£3,7%, B rpynne “B"— 82+3,5%, B rpynne “XB” - 77+3,9%, 8 rpynne “Kyn”
78+3,6%, B rpynne “XKyn” - 71+3,5%.

Makpodars 1 1MMGOUHTE B PasHbIX IPYNnax BbIABIANKMCH B PasHbiX nponopuusax. B
rpynne “K” makpodarn cocrasnsnu 60+3,4%, aumdountst — 30£1,7%, B rpynne “X” -
23+1,6% u 65+3,2% cootBercTBeHHO, B rpynne “B” — 66+2,5% u 21=1,7%, B rpynne “XB” —
48+2,2% u 40+1,8%, B rpymne “Kyn” — 69+2,6% u 20,2+1,5%, B rpynne “XKyn” — 42+2,3% u
44+2,1% coorBeTcTBeHHO. HenmocTaiouiue nNpouUEHTbl NPHUXOAATCS HAa MPOYHE KIETOYHbIC
anemeHTb! GpoHxoanbeeonspHoro nasaxa (BAJI): ueHTpodunbl, InuTenui 1 ap.

CpaBHEHHE JTHX [aHHBIX MOKa3bIBACT, YTO KOJHYECTBO XH3HECNOCOOHBIX KIETOK
(82%) B rpynne “B” noctoBepHO He oTIH4Yanoch OT pesyastatos B rpynne “K” (88,2%). Oto
MOXET CBHAETEIbCTBOBATb O TOM, YTO LICONHTHI BaHrMHCKOro MECTOPOXXICHHA HE BbI3bIBAIOT
BBIPAXEHHOI'O OTBETA CO CTOPOHbI CHCTEMbI MECTHOTO HMMYHHMTETAa. Bu3yanbHO npu cBETOBOH
MHKPOCKOMHH KleTkd B rpynne “B” orauuanuch ot wiertok rpynnsl “K” Toabko Hanuuuem
¢arocom.

O6uiee konuuecTBO KieTok B rpynme “B” (1,8+0,12*10° B 1 Mn) u rpynne “K”
(I,Si(),l“lO5 B | M) Takxe NOCTOBEPHO HE Pa3lNM4aETCs, XOTA 3aMETHA fIBHas TEHACHUMA K
YBEIHYEHHIO YIEIbHOTO KONHYECTBA KneTok B rpynne “B” (Ha 20%). Lleonutsl apasiorcs s
KJIETOK HMCTOYHUKOM MHKPOIJIEMEHTOB, HOPMAJIH3YIOWIMX H YAYHYWIAOWHX BCE OOMEHHbIE
npoueccs (bornatos, bennuknit, 1990).

Knerouunsit cocra BAJI B rpynne “B” (66% makpodaros u 21% anmopounTos),
00Hapy>HBaeT TEHAECHUMIO K YBENHYEHHIO KO MaKpodaroB M CHHXEHHIO A0NH AMMOLHTOB
o cpaBHeHMIo ¢ KoHTponem (60% Makpodaros v 30% numdounTtos). Ipu 3Tom, B rpynne “B”
no cpasHenmio ¢ rpynnoi “K” y makpodaros HaGnioaanoch yBenuueHHe OkpyrnocTd Ha 24%,
IUIHHBE - HA 12%, yMEHbLIEHHE AAEPHO-LMTOILIA3MATHYECKOr0 COOTHOWEHHA B 3,7 pa3. Y
numdourToB rpynnsl “B” no cpaBHenmio ¢ rpynnoit “KOHTponb” BBIABIEHO yMEHblIEHHE
OKpYrnocTH aapa Ha 21%, yBeauueHHe AAepHO-LIMTOIUIa3MaTHYECKOr0 COOTHOLE U Ha 10,4%.
Bausnne ueonura BaHrMHCKOrO MECTOPOXAEHMS HA CHCTEMY MECTHOIO HMMYHHTETA
ZBIXaTENbHbIX MYTEH XHBOTHBIX NPOABIAETCA B MOPGOIOrHYECKHX H3MEHEHUAX Makpodaros, B
YACTHOCTH, B YBENHYEHHM NONM UMTOIUIA3Mbl, YTO MOXET CBHIETEIbCTBOBATb 06 aKTHBHOM
¢darountose. JlononHutensHo K 3ToMy Makpodarn rpynnbl  “Banrmn”  Bulyansho
XapaKTEePH30BANKCh OOHIHEM B UHMTOMNA3ME (arocoM, HarmoNHEHHBIX YaCTHLAMH LEOJIHTOB.

B rpynne “XB” konnuecTBO XM3HECNOCOOHbIX 11eTOK (77%) nOCTOBEPHO He
oTIMyanoch oT pesynsratos B rpynne “K” (88,2%), Torna kak B rpynne “X” oHO cocTaBisno
anwe 61%. Takum obpasom, LeonHTbl BaHrHHCKOro Mectopokiaenus 06najaloT 3aMeTHbIM
NPOTEKTOPHbIM CBOHCTBOM A knetok BAJI npu nospexaaiowem aeiicreun xonona. Jlanee,
€CIIH CPaBHMBaTb KOJIHYECTBO KJIETOK B rpynne “XB” (2,5%10° B | M) C JaHHLIMHK B rpynnax
“K” (1,5%10° B 1 Ma) n X" (5,8*10° B 1 M11), a Takke OTHOCHTELHOE KOJIKYECTBO Makpodaros
1 aumdounTos B rpynnax “XB” (48% makpodaros u 40% numdouuros), “K” (60% n 30%
cooTBeTcTBeHHO) M “X” (23% W 65% COOTBETCTBEHHO), TO MOXHO CHENaTb CIEAYIOLIHE
BbIBOALL. YenbHOEe konuuecTBo KneTok B BAJI B rpynne “XB” Gonee uem B 2 pa3a MeHblle
TOro e mnokasarens B rpynne “X”, yTO CBHAETEJbLCTBYET O CYLIECTBEHHOH KOMIEHCALHH
NOBPEXAAIOWWIEr0 ACHCTBHA xonoaa ueonutoM B rpynne “XB”. Ilpu 3toM, ecnu B rpynne “X”
HabNONAI0Ch HHBEPTHPOBAHHE OTHOCHTENIBHOTO KOMHYECTBAa MakpodaroB M J1MMQOUMTOB 1O
CPaBHEHHMIO C KOHTPOJNbHOW rpynmo#, To B rpynne “XB” Obiio oTMeueHo npeobnamanue
MmakpodaroB. M3 cka3aHHOro cineayer, YTO YacTHLbI LEONMTOB BaHrHHCKOro MecTopoXaeHHs
CHHXX3IOT HEraTHBHOE [EHCTBHE X0JI0/a, YTO MPOSBIAETCA B YMEHbLIEHHH OOLIEro KOJIHYECTBA
KJIETOK, TNOBBIWEHHH >KM3HECNOCOOHOCTH KJIETOK M HOPMAJIHM3aLMH MONYJIALMOHHOTrO
COOTHOLIEHHSA MakpodaroB 1 THMOLMTOB.



B rpynne “XB” no cpasHenuio ¢ rpynmoii “K” y Makpodaros wabmonanoch
yMeHblleHHe rmuowand knerku Ha  11%, mnowaan sgpa - Ha  32%, sgepho-
LHTOMNA3MATHYECKOrO COOTHOILEHHSA - Ha 14%. Mopdonornueckn Makpodaru rpynnn “XB”
MaJl0 OTJIHYANHCh OT MakpoaroB KOHTPONBHOH rpymnbl. B Mx uuTOmnasme takxe oTMeyeHsbl
(darocombl, NMPEaNONOKHTENLHO 3aNONHEHHbIE LICOJIHTOM. YMEHBIUEHHE HA TPETh NMOKa3aTeNns
“nrowans AApa” BbI3BAHO YTHETAlOWIMM JeHCTBHeM xonoxaa. IIpu cpaBHennn Makpodaros
rpynn “XB” u “X” BbIABNEHBbI CJEAYIOLIHE M3MEHEHHA: YBEIHYEHHE ANMHB aapa Ha 10,2%,
naowand anpa - Ha 51%, ANEPHO-LUMTONIA3MATHYECKOTO COOTHOWEHMA - B 4,4 pasa. Y
aumbounToB rpynnel “XB” no cpaBHeHuio ¢ rpynnoi “K” BbISBIEHO JMIIbL yBenHYEHHE
ANEPHO-UMTOMNA3MATHYECKOrO CcooTHOweHns Ha 14%. OuyeBHaHO, NMMQOLHMTHI B ITOH
3KCNEPHMEHTANLHO# IPyNNe MOP(OMETPHUYECKH HEIHAUMTENBLHO OTAHYANUCH OT JIMMOLIUTOB B
rpynne “K”. Ilpu cpasuenun numdoumtos rpymn “XB” u “X” nabmionanock yMmeHbuieHue
ANEPHO-LUTOIUIa3MaTHYECKOrO COOTHOLIEHHR Ha 15,5%. [To-BuaumMomy, Leonntsl BanruHckoro
MECTOPOXAEHHA MpPH XOJOJOBOM TNOBPEXACHHH >XHBOTHBIX OKa3biBAIOT KOMIEHCHpYyoLlee
BO3/ACHCTBHE NMPEHUMYILECTBEHHO HAa MaKkpodaru.

B uenoM, MOXHO OTMETHTb OTCYTCTBHE OTBETHOH PEAKUHH CHCTEMbI MECTHOro
MMMYHHTETA JbIXATENbHBIX MYTEH y KPbIC HA YaCTHLbI LEONHTOB BaHrMHCKOro MECTOPOXAEHHS
(1-10 MkM).

LleonuThi KynHMKOBCKOro MECTOPOXIEHMA, B OTJIHYME OT LEONHTOB BanrnHckoro
MECTOPOXAEHMSA, CHHXAH KONHYECTBO XH3HecnocoOHbIX kiuetok (78%) no cpaeHeHmio ¢
rpynnoi “K” (88,2%). ITo-suanmomy, Tako# 3¢dext uconnra KynnkoBckoro MECTOPOXKAECHHS
ckopee Bcero 0OyCNIOBNEH MEXAHHYECKHM TNOBPEXICHHEM KNETOK M TKaHeH CTPYyKTypoii
OCHOBHOTO MHHEPaNa — MOPJICHHTA.

O6wee konuvecTso knerok B rpynne “Kyn” (2,1*10° B I M1} 1 rpynne “K” (1,5*10° B
1 mn) mocroBepHo pasznnuaerca Ha 40%. Ilo-BnanMoMmy, CTONb BbIpaXEHHA MHIrpauysa U3
TkaHed WM nponudepauns wietok BAJI npu 3anbeHMM MOPAEHHTOM SBISETCH OTBETHOM
peakuHel Ha NOBPEXAECHNE, BLI3BAHHOE CTPYKTYPHBIMH OCOGCHHOCTAMH RaHHOIO BH/A LEONHTA.
HanoMHuM, 4TO LEONMT BaHIMHCKOrO MECTOPOXAECHHA, ABAAACH MO CBOEH MMHEPANLHOH
cTpyKType Gonee 6HONOrHuecKH HEHTPaNbLHBIM, YBENHYHBAN OOILEE YHCIO KNETOK BCEro JIMILb
Ha 20% no CpaBHEHHIO C KOHTPOJIEM.

Knerounsiit cocras BAJI B rpynne “Kyn” (69% makpodaros u 20% numdounrtos)
o6HapyXMBaeT Ty e TEHAEHLUHIO K YBEIHYECHHIO OOAH MAaKpoparoB M CHHXECHHIO IONH
anMdounTos no cpasreHHio ¢ rpynno# "K" (60% maxpodaros u 30% numdounToB), Kak ¥ npu
uHransuun Bauruuckux ueonuros (66% u 21% coorsercrtsenHo). B rpynme “Kyn” no
cpaBHeHH10 ¢ rpynnod “K” y makpogaros Habnoaanoch yBenHYEHHE OKPYI/IOCTH KIETOK Ha
28%, naunb sapa - Ha 20%. Y numdounTos rpynne “Kyn” no cpaBHenuio ¢ rpynnamu “K” u
"B" nocToBepHbIX OTIHYHK HE 0OHapYxeHO.

MOXHO NPEANONOXKHTb, YTO HE3HAYMTENLHOE NOBPEXAAIoUIEe NCHCTBHE LUEONHTA
KynukoBckoro MecropoxaeHus 0OYyCNIOBNEHO MEXaHH4YECKHM TOBPEXICHHEM  KIETOK
CTPYKTYPOH OCHOBHOTO MHHEpaNa - MOPAEHHTA, MMCIOLIEr0 KPHCTAUIMHECKYIO PEILETKY C
OCTPbIMH IPaHAMH.

B rpynne “XKyn” konM4ecTBO XHM3HECMOCOOHBIX KNETOK MOHMxanock a0 71% u
JNOCTOBEPHO  OTJMYaNOCh OT pesyabtatoB B rpynme “K” (88,2%), Ho npeBocxoanno ux
konuuectso B rpynne “X” (61%). Takum obGpasom, neonutnl KynnkoBckoro MecTopoxaeHus
TaKxe 00/1afaloT MPOTEKTOPHBLIM CBOHCTBOM UIA Kietok BAJI npu nospexaaloem AeHCTBMH
Xxonoaa, Kak M ueonutst Banruuckoro MecTopoxaeHHs. Eciiu CpaBHHTH KONHMYECTBO KIETOK B
rpynne “XKyn” (3,2*10° B 1 Mn1) ¢ nanubiMy B rpynnax “K” (1,5%10° 8 | ma) u “X” (5,8* 10°8 1
MJI), @ TAKXKE OTHOCHTENBHOE KONH4YecTBO Makpodaros u numpounTos B rpynnax “XKyn” (42%
makpogaroB u 44% numdounros), “K” (60% u 30% coorsercrBenno) u “X” (23% u 65%
COOTBETCTBEHHO), TO MOXHO cIenaTe cieaylowmid BbiBoA. OTBeTHas peakuHs CHCTEMBI
MECTHOIO HMMYHHTETA Ha BBEJEHHE LIEOIHTa KyIHKOBCKOrO MECTOPOXICHHA NPH OXJaXACHHH
aHANOrMYHa peakUWH Ha UEONHT BaHrMHCKOro MECTODOXACHHS B COYETAaHHH C XONOAOM
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(xonnuecteo Kietok B BAJI B rpynne “XKyn” noutu 8 2 pa3a MeHsLI€ TOrO € NOKAa3aTens B
rpynne “X” ¥ HabMonaeTcs TEHAECHUMA K HOPMAIH3ALHM XOJONOBOTO HHBEPTHPOBAaHHS
Makpo¢aros u 1uMQoLHTOB).

B rpynne “XKyn” no cpasuenmo ¢ rpynnoii “K” y maxpodaros Habmoganoch
YMEHBLIEHHE NNOWAAH KNeToK Ha 22%, nnowaau sapa - Ha 20%. Mopdonoruyecku makpodaru
rpynnbl “XKyn” Takxe Mano OTAMMANMCL OT KOHTPONBHOM IPYyMnbl M B MX UMTOMIa3Me
OTMEYEHBI aHANOTHYHBIE arocombl. Y nnmdounTtor rpynnu “XKyn” oranuuii no cpaBHeHHIO
¢ rpynnoii “K” BbisiBieHO He GbLno.

Kak n B ciyyae C MHralALUMOHHBIM BBEJEHHEM 4YacCTML LUEONMTOB Banruxckoro
MECTOPOXIEHHA OQHOBPEMEHHO C XONOJOBLIM BO3NAEHCTBHEM, NpPH JEHCTBMHM LEJUIHTOB
KynnkoBckoro MectopoxaeHHs Takxke Habn104aeTcs HUBENHPOBAHHE OTPHLIATENBHOIO BIAMSHUA
HH3KHX TeMMepaTyp.

3.3. Bansinue 4acTHI neo nToB (1-10 MKM) Ha NPOAYKUHIO UHTOKHHOB

Jins MccnenoBaHHWs MEXaHH3Ma MMMYHOCTHMYIHDYIOWEH AKTHBHOCTH UEOJIMTa HaMu
H3y4eHbl CMOHTAHHOE M  MMTOI€HCTHMY/NHPOBAHHOE MNPOAYUMPOBAHHE LMTOKHHOB —
unTepneiiknios IL-18 u IL-10, a Takke ramma-unrepgepona (IFNy) ueiitpodunos xposu
4enoBexa B HOpME M npu nobasnennH neonutos Jlrotorckoro Mecropoxaexus. Heitpodunsi,
KaK M anbBEONAPHbIC MakpodarH H NHUMOOLMTEI, BXOAAT B COCTaB GPOHXOAIbBEOASPHOH
xuakocth (Bernardo, 1983, Epoxun, 1987). Takxke cuuraerca (JopH W ap., 2008), uro
HeHTpodunbl, KaK H Makpodard, MpH NbUIEBOH HArpy3Ke BHI3LIBAIOT KACKAI OKHCIMTENbHBIX
peaKkuui B JIETKHX, BEAYLWIMA K MMMYHHBIM HapylleHHaM. JTo 0ofycnoswno ux smbop B
Kadecrse 00bekTa HabmoneHus.

Ilpy cnoHTaHHOW MPOAYKUMH LIMTOKHHOB ObINM BBIABIEHBI [0303aBHCHMbIE 3deKThI.
Conepxannue IL-18 B koHTponbHo# rpynne cocrasuno 169,57+17,77, npu no6asnenun 5 Mr/mn
ueonura - 246,07+8,03 (p=0,567), npu noGaenenmu 50 mr/ma - 350,34+10,58 (p=0,017).
Conepxanusa IFNy B konTponsroii rpymne cocransio 347,63+23,10, npu noGasnesuun 5 Mr/mn
ueonuta - 255,74+17,24 (p=0,07), npu noGamnenun 50 mr/ma - 559,28+80,65 (p=0,005).
Conepxanue IL-10 B xoHTponbHo# rpynne cocrasuno 42,91+3,38, npu nobGasnenun 5 Mr/mn
ueonuta — 36,90+1,47 (p=0,29), npu nobaenenuun 50 mr/ma — 85,59+4,98 (p=0,007).

Taknm o6pazoM, MHHepanbl aTMocdepHbIX B3Beced (Ha npumepe neonutos JlroTorckoro
MECTOPOXICHHA) MPOABNSAIOT MMMYHOCTHMYJIMPYIOLLME CBOHCTBA in vitro B 103MpoBkax 5 u 50
MI/MJI, BLIABJIAIOLIHECA B YCHIEHHHM CrOHTaHHOH MHAyKuuH INFy B 1,6 pa3a, a Takke IL-1f u
IL-10 B 2 pa3a.

[lpy cnoHTaHHOM cTuMyaHpoBaHHOH ¢uToreMarrmoTHHHHoM (®IA) npoaykumuu
IIMTOKHHOB ObLHM monyueHbl cinepyrowue pesynbratel. Copepxanue IL-18 B KOHTpONBLHOW
rpynne Mbiwei cocrasuno 3836,69+100,76, npu nobasnennn S Mr/mn ueonura - 2617,74+93,12
(p=0,043), npu nobasnenmn 50 mr/mn - 1071,66+44,13 (p=0,043). Conepxanne IFNy B
KOHTPOJIBHOH rpynne cocrarusano 2745,93+62,05, npu nobasnenun 5 Mr/mn ueonura -
8556,80+453,75 (p=0,029), npu noGasnenmn 50 wmr/man - 7008,60+122,96 (p=0,025).
Conepxanue IL-10 B koHTponbHOH rpynne coctaenaio 116,06+7,42, npu noGasnesun S Mr/mn
ueonuta — 277,96+48,88 (p=0,007), npu nobapnennu 50 mr/mn — 177,98+14,06 (p=0,009).

Taknm 06pa3om, MuHepanbl aTMocdepHbix B3Beced (Ha mpuMmepe LeonuToB JlloTOrcKoro
MECTOPOXKIAEHHA) IPH MUTOTEHCTHMYAHPOBAHHON WHAYKLMN M3MEHSIOT NPOAYKLHMIO LHTOKHHOB
H TPOSBNAIOT /10303aBHCHMEIA 3QdeKT, uUTO mNpOABNAETCA B CHHXXEHMH KOHLEHTPaUHH
npoBocnanurensHoro IL-18 B 1,5 pasa (5 mr/mn) 1 npakTHueckH B 4 pa3a (50 mr/mi), a Takke B
nosuiweHuy coaepxanns INFy B 3 pasa (5 mr/mn) u 2,5 pa3a (50 mr/mn) u IL-10 B 2,4 pa3a (5
mr/mn) U 1,5 pasza (50 mr/ma). Takum o6pa3oMm, peakuus CHCTEMbI MMMYHHTETa Ha MHHEDaJbl
aTMocepHbIX B3BECEH MOKa3bIBAET, YTO 3TH HACTHLIbl MOXKHO PaCCMaTPHBATh KaK AHTHIEHbI.

Panee 6buto nokasano (KausemscoH u ap., 1995; Tloneseuxo, ®enopywenko, 2004;
Jopu, 2007, Jlops u np., 2008), 4TO NpH XPOHMYECKOM [POH3BOACTBEHHOM IbUIEBOM
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BO3JEHCTBMH BO3HHKAET OKHCIIMTENbHBIH CTpecC, 00yCNOBIHBAIOWIKHA Pa3BUTHE BOCTIANUTENBLHO-
[IECTPYKTHBHBIX M ayTOMMMYHHBIX IMpPOLECCOB B pecnuparopHod cucreme. OueBHAHO, uTO
OTBETHAsi PEAKLUMs HMMYHHOH CHCTEMbI TPH MHOTOJICTHEM BO3JCHCTBHH NbUIH H MPH BIMAHHE
4aCTHLL LIEONUTOB Ha HEHTPOMHUILI in VItro HMEIOT Pa3HbIE MEXAHHU3MBI.

Kak BuaHo, npu nose S mMr/mn (cnaboe «3amblieHHe») NPH MHTOr€HCTHMYAHPOBaHHOM
MHAYKUMH MPONYKLUHMH UMTOKHHOB HabnIoRaercs spkas HMMYHHas peaklus, MpOABAAIOLIANACS B
nHTeHcuBHOM pocte INFy v menee soipaxkestom pocte IL-1P u IL-10. Koraa xe «3anbineHue»
nocturaer S50 Mr/ma, KoHueHTpauus nposocnanutensHoro IL-1B napaer B 4 pasa no
CP3BHEHHIO C KOHTPO/EM. DTO rOBOPUT O TOM, YTO OPraHM3M MO3BOHOYHBIX XHBOTHBIX HMEET
MEXaHM3M aJanTalMd K MOBLILICHHIO 3aMbUIEHHOCTH. Ero nyckoBbIM «KypKOM» ABISETCA
MMMYHHas CHCTEMA, MO3BONAIOLAA MHTEHCHOHMUMpPOBAaTL OTBET Ha Gonee BBICOKHH YpOBEHb
3anbUIEHHOCTH.

* %k %

B uenoM, MOXHO OTMETHTb CXOAHYI) OTBETHYIO PCaKUHI0 CHCTEMbl MECTHOTO
MMMYHHMTETA [bIXAaTENbHBIX MYTEH Yy KpPbIC HAa HMHraliLMOHHOE BBEAEHHE LEOJHTOB IBYX
MECTOPOXACHHH, PACCMAaTPHBAEMbIX HAMH KaK KOMIOHEHTbl MPHPOAHOH aTMOC(EpPHOH B3BECH.
Ona nposiBIAETCA B YBEIHMYEHHH OOLIEro KOJNIMYECTBAa KIETOK (1bBEONAPHBIX MAaKpodaros
nuM(GOLHTOB), a NPH OJHOBPEMEHHOM XONOJOBOM BO3JCHCTBHM — B MOBBILCHHH
XH3HECTOCOOHOCTH KJIETOK, CHHXEHHH MX OOLIEro KOJIMYECTBA U HOPMANHM3alUMH COOTHOLIEHHH
nonynaund Makpodaros u snumdoumutoB. CrnenoBaTeNbHO, BBENEHHE 4YaCTHLl LEOJMTOB
KOMIMEHCHPYET HEFaTHBHOE BIIMAHHE HH3KHMX TEMIIEPATyp.

Kak 6b110 noka3aHo Bbile, MHHEPaNbHas NbiAb, ARIAACH AHTHICHOM, BbI3bIBACT OTBET
OpraHu3Ma B BH/E YCHJIECHHON MHIPALKH KIETOK, B 4aCTHOCTH, MaKpodaros, B IEro4HYIO TKaHb,
rie MoCleAHHE aKTHBHO (arouMTHPYIOT MOCTYNAIMe KCEHOOHOTHKH. Bo BceX KOHTPO/BHBIX
rpynnax, rae MHransuMOHHO BBOJMIMCH LIEONHTBI, HAMH OTMEYEHbl Cayyan ¢arouurosa. 10
No3BONAET 3aKINI04YUTb, YTO MHHEPAbl KaK Obl «TPECHHPYIOT» CHCTEMY MECTHOTO MMMYHMTETA
NbIXATENbHBIX TNyTE€H, KaK M MPOAYKTbI JKM3HEREATENbHOCTH MHMKPOGUIOPbl KHILECYHHKa
crumyanpytor uMMyHuTeT JKKT, aBnasch NOCTOAHHBIM HCTOHYHHKOM aHTHreHoB. JlaHHoe Halue
NpeaAnonoXeHne GasUpyeTcs Ha TOM, YTO HHbIX MNOCTOAHHBIX HCTOYHHKOB aHTMICHOB B
CTEPHIBHBIX B HOPME TEPMHHAILHBIX OTAENAX AbIXATEIbHOH CHCTEMBI HE HAaHOEHO.

@DarouMTHpyA HacTHUB! LICOJIMTOB, MaKpogard BHOCAT B CBOI0 BHYTPEHHIOW Cpemy
HeuHepTHblit MaTepnain. LleonuTsl, ocobeHHO nX BogopoaHbie GOPMbI C BLICOKOH KOHLIEHTPAUHH
KHMCJIOTHBIX LEHTPOB, MPOABIAIOT BbIPAXEHHbBIE KaTAIMTHYECKHE cBoiicTBa (Pabo, 1980; Herron,
1989; Fontes et al, 2002) u, BHauMo, MakpodarH MOryT HCMONb30BaTh HMX B CBOHX
Mmerabonnueckux npoueccax. O pasnMunu KOHUEHTpaUHH JIbIOHCOBKHX KMCIOTHBIX LEHTPOB Y
Pa3HbIX LEONMTOB CBHACTENLCTBYIOT AaHHbIE Tabm. 3.

Tabn. 3
KoHueHTpanums CHbHBIX H cpeaHeii cunbl JIbloncoBckux KucnoTHbix nenrpos (JIKID)
(CBA3aHHBIX C Al“) JUIA HEKOTOPbIX 00pa3LioB LIEOIHTOB, MKMOJIb/T.

MecTopoxaenne Yacrora CO, Vco

2198-2202 cm” 2225-2230 cm”!
JIroTorckoe 2 3
BanruHckoe 20 10

Kak BumHo u3 Tabn. 3, ueonuthl BanrmHckoro MecropoxaeHus obnanaior Gonee
BbICOKOH KOHUeHTpauuei JIbIOMCOBCKHX KHCIOTHBIX LEHTPOB, MO CPaBHEHHIO ¢ JIIOTOrCKHM.
OHn MoryT urpath GONbILYIO PONIb KK B 3aKPETLICHMH KPYIHbIX GHOTOrHYECKMX MONEKYJI, TaK
M B TNpEBpallEeHHAX MOObIX opraHuueckux cybcrparos. Ortciona caeayer, YTO 4acTHLbI
HEKOTOPbIX MHHEPANOB MOIYT KaTAIM3HPOBATL BHYTPHKIETOYHbIE PEAKUMH, TOBbILIAN
(YHKUMOHATBHY IO aKTHBHOCTL (haroLMTOB.
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4. UccienoBaHHe TOKCHYHOCTH YacTHL 1eoanToB (0,1-1 u 1-10 Mmxm) aas
KHBOTHBIX

4.1. Bausiuue yacTuu neosnTa (1-10 MKM) Ha AaHTHOKCHAAHTHYIO CHCTEMY KHBOTHBIX in
vivo

ITpouecc nepekucHoro okucaenns aunuaos (I1OJI) sBasercs ApeBHEH CHrHaIbHOM
BHYTPHMKJIETO4HO#H cHcTeMoii (MenbimkoBa u ap., 2008). Bausiiue usnueckux, XMMHYECKHX
uM GHosornueckux pakTopoB Cpesbl OTPaKaeTcss Ha GYHKUHOHAILHOM COCTOSHMHM NPOLIECCOB
T10J1 1 NO3BOASET CY/UTH O CHJIE M BPEIHOCTH MO OTHOLIEHHIO K OPraHH3MY TOTO HJIH HHOTO
¢dakropa. AutHokcHaanTHas cucrema (AOC) sBAsETCS PeryjisiTopoM KackKajHoro rnpoiecca
ITOJI 1 cnoco6Ha ero noHOCTbIO MPEKPaTHTb. B CBsi3H ¢ 3THM GbLIO LEec006pa3HO NPOBEPHTH
OTBETHYIO PEaKLMIO OPraHH3Ma Ha YacTHLIbl MMHEpAJIOB, BKJIOYMB B onpeaenenue kak [10J],
Tak 1 AOC.

Jlna onpenenenus conepxanus npoaykroB I10JI u komnonentoB AOC B miasme
KPOBM M TOMOr€HaTe JIETKMX OECrOpOJHBIX KpPbIC NMpPH HMHrAIALHOHHOM BBEIEHHH 4YaCTHLL
ueonutoB (1-10 MKM) HCClENOBAIHCh KOHLEHTPAUMH MajloHOBOro auansaeruaa (MJIA),
JIMEHOBBIX KOHBIOTaT, MHIPONEPEKHCEH JTHNNIOB, MOSBIAIOLIMXCA HA PAa3HbIX CTaMAX MpoLEcca
[10J1, a Takxe ButamuHa E u uepynomnna3sMuHa, Kak CTaHAapPTHBIX BELIECTB MPH MEAHLIMHCKHX
MCCJIEIOBAHHAX AaHTHOKCHIAHTHON aKTUBHOCTH.

B OMOXMMHMUYECKOM aHanH3e KPOBH IKCIEPUMEHTAIbHBIX JKMBOTHBIX IPH CPaBHEHHH
rpynn “B” (BanruHckoe Mecropoxkaenue) u “K” (Kontponb) Habniomaercs CHHKeHHE
KOJIHYECTBA JIHEHOBBIX KOHBIOraT B 2 pasa U MJIA Ha 24,6%, 4YTO MOXET KOCBEHHO
CBHJIETE/ILCTBOBATH 00 AHTHOKCHAAHTHOH aKTMBHOCTH LEOJIMTOB. B TKaHM 1€rkux npoucxoaut
CTaTHCTHYECKH HE JOCTOBEPHOE CHH)XXEHHE KOHLEHTPALMH LepyiomiaMuia — Ha 8,7% u
ButamuHa E — Ha 7,3%. IlocnenHee, BO3MOXHO, OOBSCHAETCH MECTHOH BOCHAJIMTEILHOM
peaKuMer BCIEACTBHE JIEHCTBMA OCHOBHOTO MHMHEpajla 1eonuToBoro Tyda Banrunckoro
MECTOPOXXIEHHS — KJIMHONTHJIONHNTA, NPH KOTOpoi Habmonatorcs ddekrsl ycunenus I[10J1 n
pacxonosanue komnoHeHToB AOC.

CpaBHeHHe JaHHBIX OGHOXMMHMUYECKHX HMCCIIEJOBaHMH B rpymnnax kuBoTHbiX “K”, “X” u
“XB” nano cnemyioume pesynbratsl. B miasme kposu kpeic rpynmst “XB” no cpasHenuio ¢
rpynno# “X” BbISBJIEHO YBEIHYEHHE YPOBHS LiEPyJI0OMUIa3MHHa Ha 22%, CHHXKEHHE KOJIHYECTBA
JIMEHOBBIX KOHBIOraT Ha 32% u MJIA Ha 31%, HeKOTOpas TEHAEHLHs K YMEHBIICHHIO YPOBHs
ruaponepekucei (Ha 14%) v yBelMueHHIO KOHLEHTpaunH BuTamuHa E (Ha 16,4%). Ilpu sToM
COJEpKaHHE LEPYJIONUIa3MHHA, [JHEHOBBIX KOHBbIOraT M BHTaMMHa E B rpynne “XB” He
OTJIHYAJIOCHh 1OCTOBEPHO OT rpynmnsl “K”.

B Tkann nerkux y kpeic rpynmsl “XB” no cpaBhenuio ¢ rpynnoi “X” Habaiopaercs
yBEJIHYEHHE YPOBHs LepyJoriasmMuHa Ha 22,6% u ButamuHa E - nHa 11,5% ymeHbluenue
JIMEHOBbIX KOHBIOraT Ha 16% u MJIA - Ha 25%,. Bce napameTps! 10cTOBEpHO NpHOAMKATIHCD K
KOHTPOJIbHBIM 3HaueHHsAM. Clie0BaTenbHO, Hab/II01aeTCsi KOMIEHCHPYIOLLEE aHTHOKCHIaHTHOE
NEHCTBHE LIEONMTOB BAaHrMHCKOro MECTOPOXIEHMs NpH NEHCTBMH HAa OPraHM3M >XHBOTHBIX
HH3KHX TEMMNEpaTyp, YTO B HTOre BeJET K MOBBIMIEHHIO YCTOHYHBOCTH KIETOK M HX
(YHKLUHMOHANBHOH aKTHBHOCTH.

B Guoxumuueckom aHanuse kposu rpynnsl “Kyn” mo cpaBHenmio “K” nabaionaercs
YBEJIMYEHHE KOJIMYECTBA [HEHOBbIX KOHBbIOrar B 1,5 pa3sa M ruaponepekuceit Ha 22%, uto
MOXET CBHMJIETEJILCTBOBATh O MPOOKCHAAHTHOH AaKTHBHOCTH leosnToB  KynnkoBckoro
MECTOpOX/eHHs. B TKaHM JIErKMX IPOHMCXOAMT CHHXKEHHE KOHLEHTPALHHM LEPYJIOIIa3MHHA
(20%) u BuramunHa E (15%) u yBennuyeHHe KONMYECTBA AMEHOBBIX Koubtorat (20%) u
ruaponepekuceit (15%). B Tkanun nerkux y xpbic rpynnst “XKyn” no cpaBHeHHIO ¢ rpynno
“X” Habaronaercst yMeHbILIEHHE JHEHOBBIX KOHbIOraT Ha 15% u runponepexuceit Ha 17%.
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CnenoBateNbHO, HMHTAILMOHHOE BBEIACHHE 4YacTHL  uLeonuToB  KynnkoBckoro
mectopoxaeHuss (1-10 MKM) KHBOTHBIM OKa3alo HeGONbLIOE IPOOKCHIAAHTHOE AEHCTBME,
O/IHAKO B COYETAHMH C HU3KOM TEMIIEpaTypoi BbI3BAIO HEOOMBLIOH AHTHOKCHIAHTHBIH dddexT.

ITo nauueiM B. Momcuiosuua (Momcilovic, 1999), KIMHONTHIOMAHT NPEBOCXOANT
Butamuiel C v E no okcuaopeaykruBHomy s¢pdekty npumepio B 200 pa3. [lanubie
uccnenoBanuii paaa yuensix (Zarkovic et al., 2003; Sverko et al., 2004; Katic et al., 2006)
rOBOPAT O TOM, YTO KJIMHOMNTHJIOJHT OKa3bIBAET BbIPAKEHHOE 3allIMTHOE AHTHOKCHIAHTHOE H
CTHMYyJIHpYIOLLEE JIEHCTBHE HA KYJIbTYPY KJIETOK.

AHTH- WIH TPOOKCHIAHTHblE CBOMcTBa wLeonuToB, no MHexuio C. HBkouua c
coastopamu (Ivkovich et al., 2004) u B. Cepko ¢ coaBropamu (Sverko et al., 2004), 3aBucsar ot
MX CrnocoOHOCTH copOMpoBaTh aKTHBHbIE (OPMBbI KHCIOPOAAa M JPYrHe paavKalbl B
MOBEPXHOCTHBIX MOpax, T. €. MHHEpalbHas MOBEPXHOCTb BBICTYNAET KAaK NPOCTOH COpOEHT.
Meronom prytHoii nopomerpuu npu 77K (taba. 5) Hamu ObL10 MOKa3aHO, YTO y LEOJIMTOB
BaHrMHCKOro MecTOpoXIeHHs yIelbHas NMOBEPXHOCTb Me3omop B 2 pa3a Gonblue, yem y
ueonntoB KynnkoBckoro MectopoxkaeHus. Ecau  cpaBHuBaTh 00a BHAa LEOJIMTOB C
aKTHBHPOBAaHHBIM YIjleM, KaK JTaJOHOM, HMEIOLINM YIEIbHYIO MOBEPXHOCTh 10 200 M2/r, TO
MOXHO OTMETHTb HX OTHOCHTEJILHO BBICOKYIO aICOPOLIHOHHYIO CIOCOOHOCTD.

Tabauua S
TekcTypHbIE XapaKTEPHCTHKH MPHPOAHBIX LeoaHToB Banruuckoro n Kynankosckoro
MECTOPOXIEHHH
Mecropoxnenue Y e/bHas 0BEPXHOCTb, M/T OGbeM MHKPOTIOp, CM°/T
LIEOJINTA no BOT* Me3onop
KynukoBckoe 27 17 0,005
Banrunckoe 56 43 0,006

* BOT - meron bpynayspa-Ommera-Tennepa.

Kak BMaHO, ans 1eonnToB BaHrMHCKOro MecTopoXxaeHHMs xapakrepHa Goiee pa3BuTas
ylenbHasi MOBEPXHOCTb, 4YeM s KyJaHKOBCKOro, M COOTBETCTBEHHO Oonee BbICOKas
copOLMOHHAs aKTUBHOCTb. FlOHOCE1IeKTHBHbBIE CBOHCTBA LI€OJIMTOB 1O OTHOLIEHHIO K )XH3HEHHO
BaxHbIM (Na, Mg, Ca, K, Mn) u tokcnunsim (F, Hg, Cd, Pb, Cs) kaTHOHaM noATBEpXAEHbI
MHOro4ucieHHbIMH 3kcniepumentamu (KpuBosa u ap., 2001; I'epaces, 2004; I'aiinaw, 2005;
I'aBpunos, 2007; I'arnoesa, 2008; bratosa u ap., 2009; u ap.).

B uenom, ueonnTsl ype3BbuaiHO OOraThl XHMHYECKHMH JJIEMEHTAMH H, B YaCTHOCTH, B
HCCIIeI0BaHHbIX 00pa3uax LEOJIHTOB METOJAMH aTOMHO-a[COPOLMOHHON cnekTpodoTromMeTpun
(AAC), HelTpoHHO-akTHBaLMOHHOrO aHanu3a (HAA) 1 peHTreHo-¢.1yopecLeHTHOro aHaam3a ¢
CUHXPOTPOHHbIM  M3nyueHHeM (PPA-CH) Obuto oOHapyxeHO O0kono 45 3]1eMEHTOB.
CnenoBaTesibHO, LIEOTHTbI MOXKHO PacCMaTpHBaTh B KayeCTBE NOHOPOB OOJIBIIOrO KOJHYECTBA
KH3HEHHO BOXKHBIX MHKPOJJIEMEHTOB.

[Ipo- MiM AHTHOKCHIAHTHbIE CBOHCTBA LEOJHTOBbIX Ty(oB O0OYCIOBIEHBI TaKkKe
pa3iMuMeM 1opoaoobpa3ylomx MuHepanoB (BaHrvHCkoe — KIHHONTHIIONHMT, HMMEIOUIMH
MJIACTHHYATYI0 CTPYKTYpY, Ky/nHKOBCkOe — MOpAEHHMT — Mroibyarylo CTpykTypy). Ilostomy
MOJKHO 0J1araTh, YTO MEXaHHUYECKOE MOBPEXICHHE KIETOK, npossisioueecs B ycwienuu [10J1,
BbI3bIBACTCS HMrOJIbYATBIMH CTPYKTypaMH LEONHTOB KyJIMKOBCKOrO MECTOPOXKAEHHA. JTO
COOTHOCHTCSI ¢ MHeHHeM Gonbuioro uncna uccnenosarenei (Parker, 1994; Kauuenscon u ap.,
1995; Skinner, 2007; Jopn, 2007; Ilgren et al., 2008; ®enopywenko, 2008; u ap.),
co00IIAIoNHMX O HAJIMYMH MPOOKCHIAHTHOH aKTHBHOCTH y acGecTa M 3pHOHHMTA — BOJOKHHMCTBIX
MMHEPaJIOB, CXOXKHX M0 CTPOEHHIO C MOPJEHHTOM.

CnenoBartenbHO, AHTHOKCHAAHTHAas MM MNPOOKCHIAHTHAs AaKTHBHOCTb LICOJIMTOB
00ycoB/ieHa MEXaHOXMMHYECKUMH H HOHOCEJIEKTHBHBIMH CBOHCTBAMH.
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4.2. BinsiHHe YaCTHI| KBapLQ, M0JIEBOr0 IINATA H BYJIKAHHYECKOr0 CTeKAa
(0,1-1 MxM) HA AaHTHOKCHAAHTHYI0 CHCTEMY XKHBOTHBIX in vitro

B cospemenHoi nuTepaType MMeeTca pan nyOnuKauMi, MOKa3bIBAIOLIKX HANKYHE Y
YaCTHU HEKOTOPhIX MHHepanoB (ksapua, acbecra, 3pHOHMTA, MOPAEHMTA) NMPOOKCHAAHTHBIX
ceoiicts (Kopxuna, 1984; Jlypres u ap., 1990, 1993; Jayrens-Jlayre u ap., 2001; ligren et al.,
2008). TipeoGnanatouuM SfBIASTCA MHEHME O TOM, YTO KBapl, MO KOTOPOMY CAENaHo
Haubonbiee 4McnO paboT, CTHMYNHPYET MPOLECCHl NMEPEKHCHOTO OKHMCIEHHA JIKMHIOB C
o6pa3oBaHMeM GONBLIOrO KONMYECTBA AKTHBHBIX (JOPM KHMCIOPOAA, BbI3bBas B MTOre
nospexaenne JHK, senyuiee k Myraunsam (Cepenenun, JlypHes, 1998).

IockonbKy KBapll SBNAETCA NOCTOAHHBIM KOMIIOHEHTOM aTMOCQEPHBIX B3BECEH, Mbl
NPEANONOXKHIIH, YTO OH, @ TAKXKE MOJNIEBOH IUMAT M BYJIKAHHYECKOE CTEKJIO MOTYT BAMATbH Ha
MOJI. ins 31oro Gbu10 M3yueHO BAMSHHME YacTHU 3THX MuHepanos (0,1-1 MkM) Ha npouecchl
NEPEKMCHOrO OKHMC/ICHHSA JIMITHIOB in Vitro B MMKPOCOMaX MEYEHH, B YaCTHOCTH ckopocts [10J1
Y aHTHOKHMCJIHTE/IbHAsA aKTHBHOCTb HAHOYACTHL MHHepanoB (AOAHM) (Tabu. 5).

Tabnuua 5
BauaxHe HAHOYACTHIL MUHEPANOB B KOHLEHTPauuu 10 Mr/mMn HHKYBaUHOHHOM cMecH
Ha CKopocTb ackopbar-3aBucumoro I[10J] B MHKpPOCOMax neYeHH

Mukpocomel | Mukpocomsl + a- MukpocoMs! + Mukpocoms! + ByIIK.
KBapu NoJEBOH 1HMnaT CTEKJIO
CkopocTb
noj* 3,1+0,24 1,8+0,11 2,5+0,15 2,1£0,1
AOAHM (%) 41 19 33

* umonib MJIA mun Mr Genka MHKPOCOM

Kak BumHo, HanGonbwmii antHokchmaHtHbiii dddext (41%) oxaswiBan a-kBapu,
HauMeHblKi (19%) - nonesow wnar.
Ananornunsiii 3¢p¢hexT OKa3bIBAIOT HAHOYACTHLbLI MHHEPANOB HA (EPMEHTATHBHOE
HAJI®H-3asucumoe ITOJT B cycnensun Mukpocom (taba. 6).
Tabnuua 6
BnnsHye HaHoMuHepanos Ha ckopocts HAJIOH -3asucumoro ITOJ] B MMKpOCOMax neueHu

Muxkpocomsl | Mukpocombi+ Mukpocoms! + Muxkpocomb! + ByJIK.
a-KBapi NONEBOH lunaT CTeK10
Cxopocts 0,26+0,016 0,09+0,01 0,24+0,013 0,18+0,015
oJI
AOAHM (%) 65 7 30

Kax u B cnyuae ¢ ackopbat-3aBucumebiM TTOJI, anTnokcuaanTHbiH 3ddext npr HAADH-
3asucumom TIOJI Takxke cunbHee Bcero BbipaxkeH y o-kBapua (65%), MeHbwe - y
ByJKaHH4eckoro crekia (30%) v ente menbuie (7%) - y moneeoro uinara.

Jna usyuenus 10303aBHCHMOTO 3¢ deKTa HCCIENOBANTOCH BIHAHHE A-KBApLIA HA CKOPOCTh
ackopbar-3asucumoro I1OJI B Mukpocomax neuenn (Tabn. 7).

Tabnuua 7
Oddext rrusHMA 0-KBapLA HA CKOPOCTH ackopbar-3asucuMoro [10J] B MMKPOCOMax neyenu B
3aBHCHMOCTH OT [103bl

Muxkpocomsr | Mukpocombl | Mukpocomel | Mukpocomsl + [ Mukpocomst
&+ ¥ Q-KBapu +
a-KBapLL a-KBapL (10 mr/mn) a-KBapL
(1 mr/Mn) | (5 mMr/mn (50 Mr/mn)
CkopocTb 2,21+0,17 2,170,016 1,40+0,011 0,84+0,091 0,33+0,039
1MoJI
AOAHM (%) 2 37 62 85
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Kak MOXHO BHAETb, MPH YBEAHYEHHH KOHLIEHTPALMH a-KBaplLia B HHKyGaLmouHon cmecH ¢ 1
10 50 mr/ma ckopocts ITOJT chusunacs ot 2,17 no 0,33 nmons MJIA mur’! mr! Genka MHKPOCOM, a
AHTHOKCHAAHTHbIH 3 dekT yBennunncs ¢ 2 1o 85%.

TakuM 06pa3oM, MPH KCCIEA0BAHHH BAMAHUA G-KBApLa, NONEBOrO LINATa H ByJIKAHHYECKOro
crexna Ha [1OJ] B MHKpOCOMax MEYeHH KPbIC in Vitro HAHOYACTHLIbI BCEX TPEX MHHEPANIOB OKA3bIBAIOT
aHTHOKCHAAHTHbIR ekt kak npu HedepMeHTaTHBHOM, Tak M npu ¢epmenTatHeriom [1OJL
CunbHee Beero 3 ek BLIPOXKEH Y 0-KBapLia, MEHbILIE BCETO - Y TIOJIEBONO LINaTa.

Ha nepBbiii B3rnsd, YCTAHOBRNECHHBIA HAMM AHTHOKCHIAHTHBIA 3¢dexT HaHouacTHL
MHHEpanoB, W ocobeHHO a-kBapua, mpu [IOJ1 B MHMKpOCOMax meyeHM NpPEeNCTAaBIAETCH BEChbMA
HEOXMH/AHHBIM, U OOBACHHTH €ro MEXaHH3M 3aTPYAHMTENbHO. Bpsin M HCMONB30BaHHbIE MHHEPATbI
00/1a0310T BOCCTAHARIMBAIOWMMH CBOWCTBAMM H ABMSIOTCA HCTHHHbIMM aHTMKCHIAHTaMH, T. €.
JIOBYLLIKAMH CBOGOIHBIX PaIHKAIOB.

Bo3monxao, npuunHoH adipekTa asieTcs copbums MHHEpanaMH Kaxux -THB0 KOMIIOHEHTOB,
HeoOXonMMbix s nporekaHus mpouecca I[10JI, Hanpumep HoHoB Fe . Msl nposepunu 3t0
TIPEATIONOKEHHE, H3YUHB CIOCOOHOCTL MHHEPANOB COPOHPOBATH HOHBI Fe?".

Jns MccnenoBaHus copOLMH HOHOB Fe?* ucnoms3oBanubiMu B paGote MMHepanamu Gbin
Ppa3paboTaH METOA KOJNMYECTBEHHOINO ONpe/e/iCHHs HOHOB ABYXBATIEHTHOTO XEJIE3a 110 PEaKuMH ¢
K3[Fe(CNg)). TIpy OTHOCHTENBHO HM3KHX KOHLEHTPALMAX HOHOB Fe'* u Ki[Fe(CNg)] ocamxa
Gep/IMHCKOH NasypH He oOpasyeTcs, H peaKLyA COIPOBOMXIAETCS JMIIbL Pa3BHTHEM CHHE-romy6oro
OKPALUMBAHHA C MAKCHMYMOM CBETONOrmweHus mpu 693 M. CnekTp NOMIOWIEHHS UBETHOrO
MpoxyKTa He nepekpbiBaetca ¢ nukom nornowenns Ki[Fe(CNg)], MakcuMym koToporo otmevaercs
npu 420 Hm. Hcnons3oannas Hamu koHueHTpaums K;[Fe(CNeg)] cocrasnsna 50 mr/100 mn. O6bem
MHKy0GaLmoHHOH cmecH 3 M. JIuHeiHas 3aBHCHMOCTb HHTEHCHBHOCTH Pa3BHBAIOLLEHCA OKPacKH OT
KonMuectsa BHockmoro Fe?* ormeuaetcs B ananasone ero xoxuenTpaiii or 20 1o 180 HMonb (pHc.
3). Mo kanuGposouHOMy rpadmky paccuntaH K03(HLUHEHT MOJILHOH IKCTHHKLMH 00pasylouerocs
uBeTHOro KoMiekca -7150 ex OIT M em™.

08

0,7
08 1
05
04
03
0.2

0.1

o

o 50 100 150 200 250 300
Fe2+ mmore

Puc. 3. Kanu6posounii rpadmk ais onpenenchus nonos Fe'™ no usetnoii peakunn ¢ Ks[Fe(CNg)).

INepsoHauansho AN HccnenoBanus copbuuu Honos Fe?* Gpanock 100 Mr muxepanos.
Kak BHAHO M3 pe3ynbTaToB, MpEeACTaBNEHHbIX B Tabn. 8, B BbIOPaHHBIX 3KCNEPHMEHTANbHBIX
YCNOBHSX NONEBOH 1NaT copbHMpoBaN NMPaKTHYECKH BCE JKENE30, BYJKaHHYECKOE CTekno - 98%
xKese3a, a a-KBapll - Tonbko 28%.

Tabnuua 8
Copbuus HoHOB Fe?* vactruamu MHuHepanos (100 mr)
HCXOHBIH pacTBop Q-KBapll MONEBOH 1mnar BYJIK. CTEKJIO
voHos Fe**
Hmons Fe** 8 100 72 1 8
pacTBope
gGMpoaaHo - 28 99 92
Fe®" (HMonb)
% copbuuu 28 99 92
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Tpy uccnenosanuu copbuun MoHoB Fe?* paiHuHBIMK KONMYMECTBAMHM MONEBOro MINATA
(10 - 50 Mr) ycTaHORJIEHO, YTO OHa BO3PACTAET C YBEIHYEHHEM KONUUECTBA MMHEpana (Tabn. 9).

Tabnuua 9
3aBucumocTs copburn nonos Fe?’ nonesbIM INaToM 0T KOTHYECTBa HAHOMMHEpana
Hcxonnbii pacTsop [ToneBo# wnar
nouos Fe?* 1020 ]3] 4 [ 50
Mr | Mr | Mr | Mr | mr
umons Fe** B pactBope 120 106 [ 105 | 8 | 71 [ 55
Cop6uposano Fe’* (1mons) s 14 [ 15 ] 36 | 49 | 65
% copbuuu - 12 13 30 41 54
Cop6uposano Fe’* (nmons/ Mr z 0 0 1,2 12313
HaHOMHHepana)

Takum 06pa3’oM, HCCIENOBAHHBIE MHHEPAb CIIOCOGHBI COPOHPOBATL HOHbI Fe*', u at0
COrNacyercs ¢ MX aHTHOKCHMAAHTHbIM 3pdekrom npu [TOJ1 B Mukpocomax neyenu. OpHako
NPAMOW 3aBHCHMOCTH MEXAY BBIDOKEHHOCTHIO aHTHOKCHMAAHTHOrO 3¢Qdekra MuHepana W ero
cnoco6HoCTLIO K copbumun Fe?* ne suiarneno. Tak, G-KBapll 0Ka3blBaeT HanOoNee BhIPaXEHHDbIH
aHTHOKCHAAHTHBIA 3¢ dekT n obnanaeT HaHMEHbLWHMMH COPOLMOHHLIMH cBOMCTBamK. U3 Tpex
MCCNE/IOBaHHBIX MMHEPANOB moneBoil wmmat Haubonee 3ddexTnrno copbupyer Fe?' u
NpOABNAET HAMMEHbIIMIA  AHTHOKCHAAHTHbIH 3QdexT. CnemoBarenbHO,  BbISABICHHbIE
aHTHOKCHAAHTHbIE cBoHCTBAa MuHepanoe npx I10OJ1 B Mukpocomax neyeHn He 00ycCnoBnEHbI
TONBKO HX CMIOCOGHOCTBIO COPOMPOBATH HOHBI XKeJe3a.

CyMMHpys BBILIECKA3AHHOE, MOXXHO MPEANONOXHTb, YTO PacXOXAeHHE NHTEPATYPHbIX
JaHHbIX 110 BOMPOCY O HANMYHH AHTHOKCHIAHTHBIX HIH MPOOKCHAAHTHBIX CBOHCTB Y Pa3HYHbIX
MHHEpAJIOB, H, B YaCTHOCTH, KBaplLia, OOBACHAETCA TEM, YTO B Pa3HblX IKCHEPHMMEHTAX GbLIH
B3ATbl YAaCTHLbl MHHEPAIOB C Pa3HbLIMM DPa3MEPaMH M PalIMYHBIMH (DH3HKO-XHMHUECKUMH
XapaKTepHCTHKAMH.

4.3. Ouenxa TOKCHYHOCTH YaCTHIl MHHepaJioB pasmepom 1-10 mxm in vivo

Jns nonHoTl HHGOPMALKMK O AEHCTBMH YaCTHLL MHHEDPANOB atMocdepHbIX B3BECeH Ha
NabopaTOPHbLIX XXMBOTHBIX Mbl H3YUHIIH TAKOKe MOP(ONOrHYECKHE NapaMeTpbl CTPOEHHA JIETKHX,
NevYeHn M novek. B 1aHHOM 3KcnepMMEHTE HCCIEAOBATMCL LEONHMTHI TONABLKO BaHruhckoro
MecTopoxaeHHs. OTMEUEHO, YTO Y KHBOTHBIX B rpynne «K» Tyunsie knetku (1abpounTs) yauie
BCEro OOHapyKHBAIOTCA B NMEPHOPOHXHANLHON COENMHUTENbHOH TKaHM WIM B AABEHTHLMH
6ponxoB. B rpynne «X» nabpounTsl B GONBIIOM KOMHYECTBE MHIPHDYIOT B 3MHTENHH. Y
HBOTHbBIX, MOJABEPracMbIx AEHCTBHIO HH3KHX TEMIEPATyp, CHHXAIOTCA NPAKTHYECKH BCE
MoppoMETpHUECKHE MapaMeTpbl KIETOYHBIX IIEMEHTOB, 4TO HAabNOanoCh H APYrHMH
apropamyu (Llenyixo, 1993; Xacuynuu, 1998; Jlyuenko, 2006). B rpynne «B»
MOpOMETPHYECKHE NapaMeTphbl KIETOK AOCTOBEPHO HE OTIHYAETCH OT KOHTPOJIbHbIX 3HAYEHHH,
a B rpynne «XB» - npuGanxatorcs kK KOHTpoNbHBIM (Tabn. 10).

Ta6nuua 10
MopdomeTprueckue nokazaTtenu 1abpouHTOB KaynanbHOro 6poHxa B pasHbix
IKCMNEPUMEHTANBHBIX PYINIAX KHBOTHBIX

I'pynns/nokasateny K X B XB
IepumeTp, MKM 22,42+0,55 | 19,76+0,43 | 23,35+0,56 | 21,02+0,45
ILnowians, MKM’ 28,77+0,89 | 20,65+0,44 | 29,32+0,93 [ 26,26+0,80
1InprHa, MKM 4,5140,31 [ 3,53+0,19 | 4,62+0,30 | 4,23+0,27
Jlnvua, MKM 8,54+0,32 | 7,88+0,30 | 8,62+0,37 | 8,19+0,31
OKpyrnocTs, ex 2,4+0,08 2,0+0,05 2,3+0,07 2,4+0,09
Umncno rpaHyn B TYMHOH KNETKE, T 85,2+2,54 | 80,9+2,31 | 89,1+2,64 82,1+2,42
YHCI0 TYYHBIX KAETOK B 3NHTEANH, T | 1,0+0,20 2,8+0,69 1,4+0,31 1,7+0,30
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B rpynne «B» B MOpOnorHueckoM CTPOCHHH PECIHMPaTOPHONO OTAENA JIENKHX U OTAEIBHbIX
KJICTOK JOCTOBEPHBIX OTAMuMIA OT rpyrmbi «I» He OOHapyXEHO, OQHAKO B GOMBILOM KOMHYECTBE
Habnonannuc, Makpoaru ¢ MHOTOYMCIIEHHBIMH (aroCOMamu, B KOTOPbIX MPEANONOXHTENBHO
HaXOIUTCA LICOJIHT.

B neuenu Kpbic B rpynne «X» obHapy»eHbl Ouard BaKyONH3aUMH [ENaTOLUMTOB H CITyHan
NMKHO3a AZEP, XOTA, B LIEJIOM, THCTOJIONHYECKOE CTPOEHME TNEHeHH GIH3KO K KOHTPOMO. KoHTaKTs
MEXIy renaTouMTaMy B rpynne «X» pacumpeHbl N0 CPaBHEHHIO C KOHTPONbHbIMH. Ckopee Bcero,
ITO CBHAETE/NLCTBYET O HapyLICHHH OOMEHHBIX, SHEPrETHHYECKHX M TUIACTHYECKHX MPOLIECCOB B
MapeHXHMe MEYEHH BCNEACTBHE CHHAPOMA IMIIEPIHNONEPOKCHIALIMH. I HCTONOrHYECKHE apaMeTphl
MEYeHH KpbIC rpymibl «B» HAXOAMIMCh B MPEAENaX KOHTPOMbHBIX 3HauyeHHH. OnHaKo B 3TOH rpyrme
HabnioaaNnoCh NOCTOBEPHOE MOBBLILEHHE MPOLEHTa ABYAACPHBIX IENaTOLMTOB MO CPaBHEHHIO C
rpynnamn «K» u «X». B unromnasme oraensHeix renatourTos H kietok Kyndepa B rpynne «B» n
«XB» umerotes parocombl. Mopdonornyeckoit KapTHHBI TOKCHHYECKOrO NOBPEXAEHHS TKAHN NMEYEHH
LEoNHTOM BaHIrMHCKOrO MeCTOpOXIEHHA Ha YPOBHE CBETOBO#H MHKPOCKOMHMHM MPH YBEAHYEHHH (10
480 pas) He obHapyXeHo.

B crpykrype nouek B rpynne «X» HabmonaeTca nopslleHHasA BaKyONIH3aLMs JMHTEIMOLMTOB,
ZHaMETp COOHMpaTeNbHbIX TPYGOUEK H MPOKCHMATBHBIX KAHAIBLEB YMEHBILAETCA MO CPABHEHMIO C
HOPMOH. Y NOJOLIMTOB XHBOTHBIX B rpynme «X» CMOPLUMBAIOTCA AOpa, XPOMATHH KOHIAEHCHPOBAH,
LMTOMIa3Ma COAEPKMT BAKYONH. JTH JAHHBIE FOBOPAT O (YHKUMOHANLHOM HAaNpKEHHH
MOYEBbIBOASAILEH CHCTEMbI BCIIEACTBHE MOBBILICHHONO COACPKAaHMA B KPOBH MPOAYKTOB NEPEKHCHONO
okucnenMa nunuuoB. McTOnorMueckoe crpoenMe nouex B rpynnax «B» u «XB» 6amsko k
KOHTPOJIbHBIM 3HAYEHHSM.

Jlnu B rpynne «By HabmoAanoch yBEIHYEHHE HEKOTOPbIX MOPHOMETPHUYECKHX MapaMeTpoB
JMUTEIMOLIMTOB M KOJAMMECTBa (JarocoM B ME3AHrHOLMTAaX 1O CPAaBHEHMIO C KOHTDOIEM.
TokcHueckoro AeHCTBHA LIGOJINTOB Ha CTPYKTYPY NMOYEK HAMH He 00HapyXeHO.

OueBnano, neonursl Banrnxckoro mectopoxaerns (1-10 MkM) He 0Ka3biBaIOT BLIPKEHHOTO
TOKCHYECKONO AEHCTBHA NPH HHraALMOHHOM BBEACHHH B OPraHH3M, MPH OXJIAXKAEHHH XKE OpraHu3ma
— ellle H HOpMaNH3YIOT GOMBIIHHCTBO MOP(OMETPHUECKHX NAapamMeTpoB, B OTIMUYHE OT acbecta H
IPHOHHTA, KOTOPbIE, KPOME ITYJIbMOTOKCHYHOCTH, MOTYT BbI3BaTh CUCTEMHbIE HAPYILEHHA (OITyXOJH,
racTponaTHH, ayTOMMMYyHHble Hapylierns H ap.) (Carbone et al., 2002; [loph, 2007; ®denopylueHko,
2008).

KpoMe TOro, LeonuTsl, MPUMEHAEMbIE B IKCIEPHMEHTE, MPH BO3ACHCTBHH XONOAA HA
YHBOTHBIX MPOSBHUIIH HHAYLMPYIOILEE BIMAHHE Ha PEreHEPaTOpHbIE CBOHCTBA MENaTOLMTOB.

4.4. Ouenka TOKCHMHOCTH 4acTHit MHHepasoB (0,1-1 Mxm) in vivo

Kak u3BecTHo, Hanbonee onacHsie C TOYKH 3PEHMA BIMAHHA Ha OPraHW3Mbl, YaCTHLbI
B3Becei MeHee | MKM 00bI4HO MPOXOAAT 4Yepe3 AbIXaTeNbHbIC MYTH TPAH3UTOPHO H HE OCENAIOT
B TkaHu nerkux (Skinner, 2005; FOwxun, 2007; Uyuanun, 2008). Jlna wuccnenoBaHus
TOKCHYHOCTH MHHEpAOB ¢ pa3MepoM uacTHLl OT 100 HM g0 | MKM Hamu 6BIIO MpPEATOXEHO
niepopanbHOE BBEAEHHE LICONHTa TaGOPaTOPHBIM XXHBOTHBIM.

MopdoMeTpHs IMUTENHOLIMTOB MNOYEYHbIX KaHANbLUEB B TIPYNNax >HBOTHBIX C
MEXaHM4YECKHM H YJbTPA3BYKOBbIM HM3MENbYCHMAMH LEOJMTOB HE BbIABWIA NOCTOBEPHBIX
M3MEHEHMH MO CPAaBHEHHIO C HOPMOH. BrulpaxeHHblE M3MEHEHMA B MAapeHXHME IOYEK
HabnopaloTcs B rpynnax ¢ M3MeNbYeHHEM LEOJNIMTOB B [UIAHETADHOW MENbHHLE O
HAHOAHAMO30Ha (pHc. 4A u B).
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Puc. 4. I'ncronornyeckoe CTp
"[Iusepryii-u"

PCHXHMBI TIOYCK. Vi x1000. A. I'pymma "Kourposs". B. 'pymma

Kak Bumno Ha puc. 4, B cipyktype mouek B rpynne «llluBepryii-u» nHaGmonatorcs
HEKPOTHYECKHE M3MEHEHHs (YKa3aHO CTPEJIKAaMH) M TIOBBILICHHAs BAKYOJIH3ALMS SIHTEHOLMTOB 110
CPaBHEHHIO C KOHTPOJIEM. 3aMETHM, YTO B NMApPEHXHME TIOYEK MPH BBEAECHMH HAHOYACTHIL LIEOJIMTOB
IlIuBepry#ickoro  MeCTOpPOXIEHHs  OOHapyXKeHbl Taloke  (OPMHPYIOUIMECS  KOHKPEMEHTBI
HEYCTAHOBJIEHHOrO COCTaBa. MOXHO JymaTh, YTO HaM YJaioch 3aDHKCHPOBATH CTAJHMH IPOLECCA
q;opunposam oprauomm{epemworo arpe (puc. SA u B).

b7 l
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Puc. 5. T'mCTONIOrHYECKOE CTPOGHHE NApPCHXMMBI NOYEK NPH BBEACHHH uacThi wueosmtoB Lllmsepryiickoro
MECTOPOX/ICHHSA B HaHOHano30He. YBennuenne x1000. A. Craaus HadabHOro 06pa3’oBaHHA OPraHOMHHEPAIBHOIO
arperata (11C cTp ). B. Chopmup KOHKPEMEHTBI (110Ka3aHO CTPEJIKaMH)

Ha puc. 5A BuIHBI KPHCTAUIHYECKHE CTPYKTYpPhl C BBIDOKEHHOH abGHOreHHOH
reomerpued. Ilo-BuaMmoMy, 1Ba arperarta, yKkasaHHbI€ CTpeJKaMH Ha puc. 5B, umeroume
pasmepsl 16,52 u 14,73 mxMm, o6pa3oBanucs in situ.

MopdomeTpuyeckue  mapaMeTpbl  SIMHMTEJHOLMTOB  MOYEYHBIX  KAaHAIbLEB B
9KCMEPHMEHTAJIbHBIX IPyNINaxX NPHUBOAHTCS B Tabnuue 11.

Tabanua 11
Mop¢omeTpuyeckHe napaMeTpsl SMUTETHOLHTOB MOYEYHBIX KAHAIBLIEB B Pa3HBIX
9KCIIEPUMEHTAJIbHBIX IPYMIax

I'pynna/ Jlnuna IlIupuna | Ilnomans Juna IlIupuna ITnomans
napameTp AIpa, MKM | fiIpa, MKM | 5Ipa, MKM® | KIIETKH, KJIETKH, KJIETKH,
MKM MKM MKM’

KonTtpob 4,92+0,41 | 5,34+0,52 | 20,75+2,26 | 8,99+0,97 10,16+0,82 | 80,25+5,43
IluBepryii-H_| 3,99+0,25 | 3,23+0,36 | 14,14+1,54 | 8,34+0,77 | 7,44+0,87 | 66,67+6,23
JI1onbHH-H 3,87+0,12 | 3,73+0,23 | 11,98+1,24 | 10,82+1,09 | 9,23+0,86 | 72,29+4,44
KynukoB-H 4,03+0,37 | 3,36=0,28 | 13,59+1,22 | 7,22+0,68 | 7,38+0,73 54,16+4,67
Banrun-n 4,92+0,33 | 4,35+0,32 | 19,65+2,21 | 8,57+0,82 | 9,78+0,77 | 73,34+4,12
XonMH-H 4,66+0,32 | 3,14+0,27 | 12,96+1,44 | 9,26+0,87 | 6,63+0,54 | 58,68+3,98
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JlanHble MOPGOMETPHH TOBOPSAT O TOKCHYECKOM IMOPaKEHHH MOYEBBIBOIAIIEH CHCTEMBI
BCJIEACTBHE MPSMOr0 ACHCTBHS HAHOYACTHLl MHHEPATIOB BCEX MeCTOpOXIeHHUH. [To-Buaumomy,
3TO MPOHCXOIMT H3-3a MOBBILICHHOTO HAKOIUICHUs aKTHBHBIX (POPM KHCIOPO/Ia Ha NIOBEPXHOCTH
HAHOYACTHLI, KOTOPbIE MPHBOAAT K ycHieHHIo kackazna ITOJI.

OTMETHM TaKXKe€, YTO B MAapEHXMME MOYEK HaMu ObUIM OOHApyKeHbl H CBOOOIHO
JIe)KalMe HAHOYacTHLbI 1eonuToB (puc. 6A u bB), KoTOpble, BHIMMO, NPOHMKAKOT YEpe3
rno*ggznxg};bln\§gpéef.‘j e
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Puc. 6. THCTOIOrHYECKOE CTPOCHHE TAPCHXHMBI 10YEK [IPH BBEICHHH YaCTHIL LICOJIHTOB Pa3HbIX MECTOPOXICHHH B
HaHojMano3oHe. Yseindyenne x1000. A) Hauowactuusl w0eoinToB (OTMedeHbl crpeiakamu) JIIoabHHCKOTO
mectopoxkuerns. B) HanouacTuusl 1eonuToB XOJIHHCKOrO MECTOPOMXICHHA (OTMEHCHBI CTpEiIKamH). Bummbi
HCKPOTHYCCKHE H3MCHCHHS TKaHH.

Cpennue pa3mepbl, 0GHapY)XEHHBIX B NMAPEHXHME MOYEK YaCTHIl LIEOJIHTOB COCTABISIOT
0,2-2,5 mkM. ITo nannHeIM MOpdOMETPHH, HAHOYACTHLBI LeoauTOB KynHnkoBckoro n XoaHHCKOro
MECTOPOXKIEHHH MOKa3alH HauOOJbIIYI0 TOKCHYHOCTh (HEKPO3bl Ha pHC. 5B), a HaHOYaCTHIIBI
JIIONbUHCKOrO  MECTOPOXKIAEHMS - HauMeHblnyio. OOpasibl HAHOYACTHMII MHHEpAJOB
Banrunckoro u LlInBepryiickoro MecTopoXaeHHi ObUTH YMEPEHHO TOKCHYHBI.

Takum 00pa3zom, Haubosee peaKIMOHHON aKTHBHOCTBIO 00/1a/Ial0T YaCTHIBI LIEOJIMTOB B
HaHoxHano3oHe. Cyzis 1o NMoJy4YEeHHbIM pe3y/bTaTaM, pa3sMep YacTHI 0OpaTHO MPONOPLHOHATIEH
TOKCHYECKOMY JCHCTBHIO (Y€M Mejib4ye, TeM TOKCHYHee). BhIsABIeHHblE CBOWCTBA YaCTHYEK
LEOJIMTA MOXHO OOBACHHTH MEHSIOIMMHUCA TIPH  H3MENbYECHHH (U3HKO-XUMHYECKHMH
CBOMCTBaMHM, B 4YaCTHOCTH, HM3MEHEHHEM Ha TIOBEPXHOCTH KPHCTAJUIMYECKOH PELIETKH
JNIEKTPHYECKOro 3apsijila, KOTOPbIH MNPH M3MENBYEHHH [0 HAHOAHMANO30HAa BO3PACTaeT [0
KPHTHYECKHX  3HAYEHHH. D10  cormacyercs € pe3yiabTaTaMH  OOIBIIMHCTBA
HAHOTOKCHKOJIOTHYECKHX HccinenoBanuit (Service, 2003; Shvedova et al., 2003; Li et al., 2007,
Sharma et al., 2007; Smith et al., 2007; Yacobi et al., 2007; Bratoa u np., 2008; lypHes, 2008).
IMonaraior, 4TO HAHOYACTHIIbI BOJOHEPACTBOPUMBIX MAaTEPHAIIOB TOKCHYHBI, BbI3bIBAIOT AroNTO3
KJIETOK, MPOSIBJIAIOT MyTareHHbIE CBOMCTBA BCIIEJCTBHE YCHIIEHHs 00pa3oBaHUs aKTHBHBIX (opM
KHcopoza. IIpyueM TOKCHYHOCTB 3THX MaTepHajioB MOXKET 3aBHCETb OT JIMHHEHHBIX pa3MepoB,
XHMHYECKOH NPHPO/IbI M HAHYHs TPUMECEH.

OueBHIHO, YTO HAHOYACTHIIBI LIEOTHTOB 00J1a1al0T TOKCHYECKUM ACHCTBHEM, B OTIIMYHE
OT MHUKPOYACTHIL 1ICOJIMTOB, H Y MHHEPAJIOB Pa3HbIX MECTOPOXIECHHH TOKCHYHOCTh BbIPA)XXEHA B
Pa3HOM CTENEHH.

4.5. Bausiuue munepadios (0,1-1 MKM) Ha arperanuio TpoMGOUHTOB YesioBeKa in vitro

Arperaius TpoMOOLMTOB BbIOpaHa B KauyeCTBE MOJEIH Ul H3YYEHHs BO3MOXXHOIO
TOKCHYECKOTO BIMAHHA MHHEPAIOB HA HOPMA/IbHbIE OHOXMMHYECKHE IPOLIECCHI IPH MEKKIIETOUHBIX
B3aumozieiicTBuaX. [TokazaHo, YTO YacTHIIBI MOJNEBOIO ILMATa, (-KBApLA, BYJIKAHHYECKOTO CTEKIa H
anaTMTa MNpENATCTBYIOT —arperalM  TpPOoMOOLMTOB. MaKCHMaIbHBI YPOBEHb arperauyu o
CPaBHEHHMIO C KOHTPOJBHBIMH 3HAYEHMSMH IOCTOBEpHO CHM3Wwics (Ha 10-17% or xoHTpons) B
NPUCYTCTBHH BCEX MCCJIEyeMbIX MUHepaioB. [Ipu mepecyere 3HaUYCHHH MOTYYEHHBIX MOKa3aTeleH
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arperauuu Ha abCOMOTHBIE MPOLIEHTBI BUIHO, YTO CYCIIEH3HH MHHEPAIOB PAKTHYECKH PABHOLEHHBI
B CHI)KEHHH YPOBHSI arperalvu TpoMOOLIMTOB: BYJIKAHHYECKOE CTEKII0 — Ha 25,6%, kBapll — Ha 23,5%,
anatut — Ha 21,3%, noneBoi wmar — Ha 18,1%.

Bo3MOxHO, 4TO aHTHarperalHoOHHbIE CBOHCTBA M3MEJbYEHHBIX MMHEPATIOB 00YCIIORIEHBI HX
COpOLIMOHHOM CMOCOGHOCTBIO, a TAKXKE UIEKTPOCTATHYECKUMH B3aHMOIEHCTBHAMH C MeMOpaHoi
TpoMOoLMTOB. Tak, cCaMOMY BBICOKOMY I3€Ta-NOTEHLMATY Y BYJIKAHHYECKOrO CTEK/Ia COOTBETCTBYET
M caMas BbICOKas AaHTHarperupyouas crnocodHocts (tabn. 15). OnHako camMoMmy HHM3KOMY
NOTEHLHATY —anaTHTa COOTBETCTBYET HE HAMMEHbLLAs AaHTHArperupyiouas CrnocoOGHOCT.
CnenoBateNbHO,  JNIEKTPOKMHETHYECKHMHl  3apsl  SIBISETCH HE  CAMHCTBEHHOM  NPHUYMHOM
AHTHArperaLiHOHHOIO BIIMSHHS MHHEPAJIOB.

MoxHo aymarh, 4TO BO3MOXHBIMH NMPHYHHAMH MOJABJICHHsS arperalvy sBIsSeTcs copoums
AJI® Ha MHHepabHBIX YacTHLAX. J1st MPOBEPKH 3TOH pabouei rMIoTe3bl Mbl HCCIIEA0BATH COPOLIMIO
AJI® MuHepanaMH, M BbIACHHMIH, uTO KoHueHTpauus AJI® B pacrBope mnpu aoGaBineHuH
T0CJIE/IOBATENbHO  BCEX MHHEPQIOB CHMXanack B cpenHeM Ha 4,8-7,2%. CnenosarenbHo,
COpOLMOHHAs aKTHBHOCTb COCTaBIsSeT 0koa0 2,5-3,5 MkM AJI® Ha | Mr MHHEpIbHBIX YaCTHLL.
YuuteiBas TOT (aKT, 4TO 111 MAKCHMAIbHOH arperaumu TpomGoumToB Tpebyercs 20 MkM AJID,
MOXXHO PacCUMTaTb KOHLEHTPALHIO MHHEPAIOB, HEOOXOMMMYIO [Ulsl MPEOTBPALICHHS arperaluu —
oKkoJ10 7-8 Mr.

TakuM 00pa3oM, aHTHArperalHOHHbIE CBOHCTBA MHHEPAIOB OOYC/IOBI/IEHbI COYETAHHBIM
JIEHCTBMEM MOBEPXHOCTHOIO J3€Ta-NoTeHLHana u copoimu AJ1P.

5. Bansinne yacrnu musepasios (0,1-1 MmkMm 1 1-10 MKM) HAa MHKPOOPraHH3MbI
E. coli n St. aureus

AnTHbaKTepHaibHble CBOMCTBA LeoauToB Banrunckoro, Kymukosckoro u Jliotorckoro
MECTOPOXX/IEHHH, KBapla, MOJEBOrO LINara M BYJKAHHYECKOrO CTEK/IA C Pa3HOH CTENEHbIO
n3menbuenus (ot 0,1 mo 1 MkM; ot 1 10 10 MKM) HMcce0BaHbl C MPHMEHEHHEM CTaHAAPTHBIX
kyawTyp E. coli 25922 u St. aureus 209-P. [lonGupas pa3senenms, Mbl OCTaHOBHIHMCH Ha 107 u
10, kak Ha HanGoEe HArAIHBIX KOHLIEHTPALMAX MHKPOOPraH13MoB (Tabun. 12).

Tabnuua 12
Bnusnue ueonnra Banruuckoro mecropoxaenus (1-10 mxm) 6e3 repmoobGpaborku Ha poct St.
aureus 906, B KOE (cpena )KCA)

KoHueHTpaums 107 10° 10° 107 107

/ Pa3BeseHue

Kontpons Pocraner | 0,53x107 1,1x10° 2x10° 3x107

10 Mr/mMn Pocra ver | 1,4x10° 2x10° 2,5x10° 8x10°

20 mMr/ma Pocra ver | 0,5x10° 0,22x10° 0,32x107 0,41x10%
50 Mr/ma Pocra Her | Pocra Het 0,7x10° 0,17x10% 10

IIpn n00GaBieHHH LEOJNHMTOB, KaK C TepMOOOpabOTKOM, Tak M Oe3 He€, Mbl MOIYYHIIH
JlaHHble, npejcTabieHHble B Tabn. 13 u 14. TepmoobpaboTka (mapom npu Temneparype 120°C 8
TeyeHHe | 4) MpUMEeHsIach Ul CTEPHIIM3ALIMK 00pa3LOB LIEOIHTOB.

Tabauua 13
Bunsinne ueonnra Kynnkosckoro Mectopoxxaenus (1-10 Mxm) Ha poct St. aureus 906, B KOE
(cpena XKCA)
C tepMoobpaboTkoit be3 repmoobpaboTku

Konuentpaums / | 107 107 10? 107

Pa3penenne

KouTpob 4,2x10° 2,8x10° 4,2x10° 2,8x10°

10 mMr/ma 0,5x10’ 5x10° 1,5x10° 1,9x10°

20 mr/mi 0,58x10’ 8,4x10’ 0,06x10’ 5,4x10°

50 Mr/ma 1,26x10° 2,2x10° Pocra Het 2,2x10°
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Kak Buano, ueonut KynukoBckoro mectopoxaeHus 6e3 TepmooOpaborku o6nanaer
He0OoIbLIMM aHTHOAKTEPHANILHBIM JIeHCTBHEM. B TO e BpeMmsl, pH BO3JEHCTBHM 3TO XKE LEOJIUTA, KaK
¢ TepMooOpaboTkoi, Tak U Oe3 Hed, Ha poct E. coli 25922 BbisiBIEH GaKTEPHOCTHMYIHPYIOWMH
a¢dpexr Bo Bcex pazBeneHmsix M koHueHTpawmsx (uucino KOE ne noanasanock noacyery).

Lleomut JI0TONCKOr0 MecTopoKaeHus (kak ¢ TepMooOpaboTKOH, Tak M 0e3 HeE) MoIHOCTBIO
noznasisul poct St. aureus 209-P B pa3senenmsx or 107 no 10°. Pe3synbTaTsl BO3IECHCTBHS LIEOIMTa
Jliororckoro Mectopoxkaenusi Ha E. coli nokasaHbl B Tabn. 14.

Tabauua 14
Bimsiune ueonura Jlrotorckoro mecropoxaenus (1-10 mxm) Ha pocr E. coli 25922, B KOE
(cpena MIIA)
C tepmoobpaboTkoi be3 TepmoobpaboTku
KonuenTpanuus / 107 107 10* 107
Pa3Benenue
KoHTpob 8x10” 5,.2x10° 8x10’ 5,.2x10°
10 mr/ma 9,7x10° 1,8x10° Pocra HeT 0,57x10°
20 mr/ma 1,4x10° 9,2x10° Pocra HeT 0,3x10°
50 mr/mn 1,2x10° 1,7x10° Pocta HeT Pocra Her

Kak BHmHO, M B 3TOM Ciyyae, LeoauT 6e3 TepMooOpaboTKH NMpOABISET aHTHOAKTEpHATbHOE
neicTBue, B ommyne ot obpaGoranHoro. Takum obpasom, neonutsl Banrunckoro u Jlororckoro
MECTOPOXIEHHH, B OTaMuYHe OT KysMKoBCKOro, o0najaloT BBIPOKEHHBIM AHTHOAKTEPHAILHBIM
a¢dexrom npu pasmepe yactui ot 1 10 10 Mxm B oTHOWIEeHHH St. aureus 209-P 1 906, a Takxke - E.
coli 25922.

Jinst  BbIsIBNICHMS AHTHOAKTEpHATBHBIX CBOFMCTB y YacTHl] LIEOJMTOB C pa3sMEpaMH
HaHO/JMANO030Ha, BCE MMHEPaJbl ObUIH M3MEbYEHBI B IUIAHETAPHOH MenbHMLE 10 pa3mepos 0,1-1
MkM. Hanouactuuml neosmmroB Banruuckoro, KymmkoBckoro M JIIOTOrCKOro MecTopoXkaeHHi
AHTMMHKPOOHOH aKTHBHOCTBIO He obnamanu. Ckopee BCEro, 3T0 NMPOMCXOIMT H3-332 OTCYTCTBHM
copOumy OakTepuii Ha MOBEPXHOCTH LIEOJIMTA, BCJIEACTBHE KOTOPOH MAJalOT €ro aHTHMHUKPOOHbIC
CBOHCTBA. DTO BO3MOKHO CBSI3aHO C PE3KHM YMEHBIICHHEM IOBEPXHOCTH KOHTaKkTa Oakrepii ¢
cyOCTpaToM M M3MEHEHMEM €ro (M3MKO-XMMHYECKMX CBOHCTB. Clie0BaTeIbHO, aHTHMHUKPOOHas
AKTUBHOCTb LICOJIMTOB 3aBMCHT OT BEJMYMHBI YacTHIl H, NO-BHIMMOMY, MEHSIOLIMXCH MPH 3TOM
(HH3HKO-XMMHYECKHX CBOHCTB LICOJIMTOB.

B03MOXHBIM OOBACHEHHEM AHTUMHMKPOOHOH aKTHBHOCTH MHMHEDAIOB SBISCTCS HAIHYHE B
HHX HaHO- H MMKpO4acTHLl cepebpa 1 apyrux merawios. Tak, B o6pasuax neoautoB BanumHckoro
MECTOPOX/IEHHs 0OHapY KeHbl MHKPOUACTHIIbI MPHPOIHOIO CIUIaBa (TPOHHO#H cuctemsl) Au-Cu-Ag,
YTO, TNO-BHIMMOMY, OOYCJIOBJIEHO (3apaLKEHHEM» ILICONHTOBbIX TY(POB NPOMBIBHBIMH BOIaMH
30510T0CepebpsiHOro  MecropokaeHust COI03HOE, PAacONIOKEHHOr0 Ha IOro-BOCTOYHOM  (prianre
Baunuunckoit Bnaauxbl. Haiinennsie Mukpouactuisl Au-Cu-Ag nmeror pasmepst ot 500 HM 10 3 MKM
(puc. 7An B).
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Puc. 7. MHKPOCHHMOK 4acTHLbl HPUPOAHOIO ciuiaBa Au-Cu-Ag. BBINOJHCHHBIN PH [OMOLLH CKAHHPYIOLICTO
2uekTponHoro mukpockona ZEISS EVO 50 XVP: A. B orpakchHbIX 2ickTpoHax (yBeaunuchue 2 000 pa3): b. Bo
BTOPHYHBIX YJICKTPoHaX (yBeanucuue 20 000 pa3).
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Cocrap 06Hapy EHHBIX YACTHL HE3HAYMTEIILHO BAPLUPYET, M B CPEHEM COCTABNAET (B Mace. %):
Au - 60, Cu - 30, Ag - 10. TTomnmo npupomHoro crnasa Au-Cu-Ag B LEOIHTHTAX OGHapyXeHbI
OTAENbHbIE MMKPOYaCTHLIB CAMOPOIKOTO 30510Ta, cepebpa 1 xpoma (UekpbDkos 1 ap., 2011).

YacTub (ot 100 HM 00 1 MKM) APYIHX THNMYHBIX KOMIOHEHTOB aTMOCEDHBIX B3BECEH:
KBApLa, MONEBOr0 IWINAaTa M BYIKAHHYECKOrO CTEKNa, AHTHMHUKPOGHOW aKTMBHOCTBIO MO
otHouweHuo K E. coli e obnapanu.

Hannuune nam orcyTcTBHe aHTHGAKTEPHANBHBIX CBOHCTB Y MHHEpANOB, Nno Myuexnio Ky6ora ¢
coasropamd (Kubota et al, 2008), MOXHO OOGBACHHTL HaIMYMEM Ha NOBEPXHOCTH
KPHCTAUIMYECKOH PELIETKM  CReuH(HUECKOro IMEKTPUYECKOro 3apsana, OfHAKO HaiTH
JOCTOBEpHBIE OTJHYHA W  KOPPENAUHMIO MEXIY BEJHYMHOH 3apsja M  aHTUMHUKPOGHOIH
aKTHBHOCTH HaM He yaanoch (Tabn. 15).

Tabanua 15
HccnenoBanue a3era-noteHuuana (C-noTeHuHana) 4aCTHLL MUHEPAOB
Ob6pazeu AHTHMHKpPOGHas C-notenuuan, MB
AKTHBHOCTb

ITonesoit wnar - -28+5

KBapu a - -27+2
BynkaHnyeckoe cTekno - -36%1

Anatut He HCCnesoBanach -7,120,6

Lleonut BaHrnuckoro MecTopoxaeHus +++ -3243

Leonut JIIOTOrCKOro MECTOPOXAEHHUS = -3313

MOXHO NMpeanoNoXHTL, YTO Ha MOBEPXHOCTH MHHEDAIOB MPUCYTCTBYIOT KaKHE-TO
GakTepun MnM WX CHOpbI, KOTOPHIE MOryT MONABIATH POCT APYrMX npokapHor. Opxako
NpeanprHATas HaMHM NOMBITKA NOCEATh TPUPOAHBIE LEONHTbI B KoHueHTpauuax 10, 20 u 50
Mr/mMn Ha cpeabl J1a0 # MITA nokasana, YTo pocTa KONOHHHA HE NPOHUCXOMIHT.

HarypHble HaGnioneHMA NO BIMAHHIO MMHEPAIOB Ha pocT OakTepwii, no3ponunn
YCTaHOBHTb MPOABJIEHHE OaKTEPHOCTUMYNHPYIOWEH WK GaKTepHOCTATHYECKOH AKTHBHOCTH,
4TO GbINO TAKOKE OTMEYEHO PAAOM aBTOPOB (3BaAruHueB, 1973; INannues, 1990; UyGenko, 2000;
Illypy6ukosa, 2004; 3aap3uH, 2008; Hakimapk u ap., 2009).

CnenoBaTenbHO, MEXAHH3M BIMSHMA YaCTHL MHMHEpanoB Ha Gaxtepuu 0Gycnosnew
KOHTaKTOM C TMOBEPXHOCTbIO (aare3us Oakrepwii), a nmpu GAKTEPHOCTATHYECKOM AEHCTBHH -
HanHuueM vacThu Ag, Cu, Au.

BniBoasl

1)  OcHOBHBIMM MHHEpPaNbHLIMH BHIAMH NPHPOIHBIX aTMOCHEPHBIX B3BECEi ropoaa-
nopta BnaanmBocToka ABNAIOTCA aNOMOCHIHKATH! (NONEBOH LUNAT, ILTArHOKNa3bl, [JIHHHCTHIE
MHHEpaIbl, By IKAHHYECKHE CTEKI1A) H KBapLibl.

2) ArmocdepHble B3BECH HMEIOT 5 pasMepHbix knaccos: 1) 0,1-1 MM, 2) 1-10 Mkm,
3) 10-50 mkm, 4) 50-100 mxm, 5) ot 100 MkM 1 Gonee, H3 KOTOPBIX OCOGEHHO MPHCTANLHONO
BHHMaHMA C TOUKH 3PEHHA BIHAHHA Ha 370poBbe TPeOyloT nepsbie ABe $pakurH. TOKCHYHOCTH
4acTHL 3THX ¢Qpakuui 00yCnaBnMBaeTCA MalbiM IHAMETPOM W KpaWHE pa3sBHUTOM yAENLHOH
noBEPXHOCTHIO (20 15775 eM*/r 1 31550 cm/cm®), ciocoGHO# cOpEHPOBATH KCEHOGHOTHKH.

3) TIlpoBeneHOo nepBHYHOE 3KOIOTMYECKOE paHoOHHMpoBanue r. Bnaausocroka no
CONEPXAHHI0 HAHO- M MMKpOYacTHl arMocdepHbix B3BeceH. [lo cremenu Ikonoruyeckoi
OMacHOCTH paioHBl ropoaa BnaanBocTOKa BHICTPaHBAKOTCA MO YObIBAHHIO B CNEAYIOIWMHA PAL:
IlepBas peuka, n-os lllxora, Bropas peuka, ITymxunckas, Caaropon n noc. Emap.

4) Jlnsa oueHKH GHONOrHYECKOH aKTHBHOCTH OCHOBHbBIX KOMITOHEHTOB aTMOCGEpHBIX
B3BECEH [MOCTPOEHAa SKCNEPHMEHTaNbHas Moaenb. E€ CyTb COCTOMT B MMHTAaUMH COCTaBa
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MPHPOAHbIX KOMNOHEHTOB aTMOC(HEPHBIX B3BeCEH MMHEpalaMM KOpbl BbiBETPHBAHMA NaHHOTO
PErMoHa, H MyTH MOCTYIUICHUA (MHrANATOPHO) B OPraHH3M XHBOTHBIX.

S) YacTvusi npupoaHbIX MHHEPANOB aTMOChEpHBIX B3BeceH ¢ pa3mepamu ot | 1o 10
MKM TIPH HHTaNSLUHOHHOM NOCTYIUIEHHH HE MPOSABJAIOT TOKCHYHBIX CBOHCTB MO OTHOIICHHIO K
MCCNENOBAHHbIM MHLUEHAM - TKAHHM JIErKHX, CHCTEME MECTHOrO HMMYHWTETAa IbIXaTeNbHbIX
MyTeH, NOYKaM, EYEHH KPBIC.

6) OrserHas peakuUMs CHCTEMbl MECTHOTO HMMYHHTETa JAbIXaTE/bHbIX NyTeH Ha
BO3NCHCTBHE MHWHEPAIbHBIX YaCTHL NPH HHIAIALMOHHOM TMOCTYINIEHUH [POSABIAETCA B
YBEJIMYEHHH OOIIEro KOJIHMYECTBA KIETOK (anbBEONSpHbLIX MakpodaroB M numdouuToB),
M3MEHEHHH XKU3HECTIOCOOHOCTH H COOTHOLLEHHS KIETOUHBIX MOMYJALHA U 3aBUCHT OT PHPO.bI
1 PH3UKO-XMMHYECKHX CBOHCTB NOpOR00Gpasylowero MHHepana.

7) OrBeTHas peakuMs CHCTEMbI MECTHOrO HMMMYHHMTETa MNPH OJHOBPEMEHHOM
NEHCTBMM HU3KOH TEMNEPATYPbl M HHTAISLHOHHOM BBEACHWH YaCTHLL MHHEPANOB NPOABIAECTCS B
CHIXKEHHM OOLIero YMCna KIETOK, [MOBBIIEHHMH HMX JKM3HECOCOGHOCTH, HOpMalM3alUMH
MOP(OMETPHYECKHX TAPAMETPOB U COOTHOLLEHHA KIECTO4YHbBIX THIIOB.

8) MexaHn3M [NEHCTBHA YaCTHL MMHEPAIOB HA CHCTEMY MECTHOrO MMMYHHTETa
ZbIXAaTENbHBIX MyTEH OOYCNOBJIEH MPOABIEHHEM MMM aHTHICHHBIX CBOHMCTB. Tak, YacCTHLbI
ueonuTos JIIOTOrCKOro MECTOPOXKAEHHA MPOABIAIOT HMMYHOCTHMYJIMPYIOLLHME CBOHCTBA in vitro
B N03HpOBKaXx S M 50 Mr/mMa, BbIABNSIOLIMECA B YCHIEHHM CMNOHTAaHHOM HHIOYKLUHMH ramma-
uuTepdepona B 1,6 pasa, a Takke HHTepneikuHa- 1B n uatepnenkuna-10 B 2 paza.

9) Yactmubi ueonutoB  (1-10  mkm) JIIOTOrCKOro  MECTOpOXAEHMS  MpH
MHTOTEHCTHMY/IHDOBAHHON HHAYKLMH LMTOKHHOB NMPOABIAIOT N0303aBHCHMbIH 3¢ dekr. Tak,
npH no3e 5 Mr/Ma (cnaboe «3anbuieHHe») HAGMIONAETCA BHIPAXKEHHAA MMMYHHas peaKuMs,
NpOABNSAIOWAACS B HHTCHCHBHOM POCTE TaMMa-HHTEpQEpPOHa M MeHee BbIPAXKEHHOM pOCTe
unTepnerkuHoB. Ilpu Gonbwiem «3anbuiennn» (50 mMr/mna) MeHsercs npouib IPOAYKLHH
LINTOKHHOB - MHTEHCHBHO CHH)XacTCA KOHLEHTpauus npoBocnanurensHoro IL-1B (8 4 pasa no
CPaBHEHHIO C KOHTPOJIEM) M HE3HAYHTENbHO NMOBBILAETCA COACPXKaHHE raMma-uHTepdepoHa
IL-10, T.e. HMMyHHas cHCTeMa, MeHSET OTBET Ha GoJiee BbICOKHIH YPOBEHD 3aMblIEHHOCTH.

10) Yactuubl ueonuToB pasMepom 1-10 MKM NpH MHraNSUHOHHOM BBEACHHH HE
OKa3bIBAIOT TOKCHYECKOTO NEHCTBUS HAa TKaHb JIETKOro, MOYEK M NMEYEHH, HO NMPH MEHBIUHMX
pasmepax (0,1-1 MxM) npu nepopanbHOM BBEAEHHMHM ABNAIOTCA TOKCHYHBIMH MO OTHOILEHHIO K
TKAHH NOYEK, YTO NMPOSABIAETCA B HEKPOTHYECKHX MPOLIECCaX.

11) B 3aBHCMMOCTM OT THMNa MHHEpanoB, uX MuKpouacTHubl (1-10 MKM) MoryT
BbI3bIBATh Pa3’Hbie OTBETHbIE pEaKUMH, MPOABNAS KaK aHTHokcHAaHTHoe (BanruHckoe
MECTOpOXIEHHE), TaKk M npookcHaaHTHoe (KynukoBckoe MeCTOpoxaeHHe) AeHcTBHE in vivo.
YactMubl KBapua, NONEBOr0 WINaTa M ByJKaHHYecKoro crekna c pasmepom 0,1-1 Mkm
NPOABASAIOT IN Vitro aHTHOKCHAAHTHBIE CBOMCTBA, MMEIOLLNE 10303aBUCHMbIiH I exT.

12) YacTMubl KBapua, MONEBOro WINaTa, BYJIKAHUYECKOrO0 CTEK/IA BIMSIOT Ha
MEXK/IETOUHbIE B3aMMOMEHCTBHMS, H3YYEHHbIE HAa MNPHMEPE arperauMd TPOMOOLMTOB, 4TO
NpOABNACTCA B CHH)XEHWH arperaHTHOCTH Ha 18-25%. AHTHarperaHTHeiM MEXaHM3MOM
SBASETCA COBMECTHOE [CHCTBHE MOBEPXHOCTHOro 3apana M copbums AJl® xak 12-ro
TpombouuTapHoro GakTopa CBEpTbIBAHHS KPOBH.

13) Yactupl uweonutoB ¢ pasMepoM 1-10 MKM  MOryT nposBIATL  Kak
GaktepuocratHueckne  (Jliotorckoe M BaHruHckoe — MecTopoxkaeHus), Tak M
6akteprocTumynupylomme (KynHKOBCKOE MECTOPOXIEHHE) CBOWCTBA, KOTOPbIE MPAKTHYECKH
MCYE3aT NpH MeHbwMX pasmepax (0,1-1 MxM). 3TO CBA3aHO C PE3KUM YMEHBILEHHEM
MOBEPXHOCTH KOHTaKTa OaKTEpUH C 4YaCTHUAMH MHHEDAIOB M HM3MEHEHHEM HX (M3HMKO-
XHMHYECKHX CBOMCTB. KBapll, nonesoi wnar, ByakaHHyeckoe CTEKN0 ¢ pasmepom yactuy 0,1-1
MKM HE MPOABIAIT HH GaKTEPHOCTATHYECKHX, HH GaKTEPHOCTHMYIHPYIOMIMX CBOHCTB.

32



1

—

12.

13

Cnucok Han6onee BakHbIX NyGNIHKALHIA MO TeMe AHCCEPTALHH

Monorpagus

. Tonoxsactr K.C. B3zaumoaeiicTeue opranm3mos ¢ MuHepanamu. Bnagmsocrok: H3n-so

JBITY, 2010. 115c.

IMy6aukaunmn B xypHanax, pexomenaosaninix BAK P®:
lFonoxpact K.C. O BO3MOXHBIX KIETOUHBIX PpELENTOPaX K HEOPraHHYECKHM
KpPHUCTAannu4ecknMm nurangaM // ’KypHan HAy4HbIX NYOGNHKAUHH ACNHPAHTOB H
HOKTOpaHTOB, 2007. Ne 12. C. 122-123.

. Tonoxsact K.C, Ilannues A.M. O nNpoTEKTOPHOM AEHCTBMH LEOJIHTOB HA CHCTEMY

MECTHOTO HMMMYHHTETa [bIXaTENbHbIX MNyTeH // BeCTHMK HOBBIX MEAMUHHCKHX
TexnoJorui, 2008. T.XV. Ne2. C. 217-218.

Tonoxsact K.C., [Tannues A.M., I'ynbkos A.H. Ucnons3oBanne NEOAHTOB B MEAHLIMHE H
BetepuHapuu // Becrunk IBO PAH, 2008. Ne3. C. 71-75.

Fonoxeact K.C., INlannues A.M., Bopucos C.IO. BoamoxHas ponb MmuHepanos B
CTHMYNALMH MMMYHHTETa IbIXaTelbHBIX nyTed // PoccHiickuit HMMyHoJOrHueckHit
*ypnai, 2008. T.2 (11). Ne 2-3. C.191.

TI'onoxsact K.C., Ilannues A.M., I'ynbkos A.H, Muwakos H.B., Beasrun A.A.
AHTHOKCHIAHTHBIE H HMMYHOMOZYJIHPYIOLUIME CBOWHCTBA NPHPOAHLIX LEONUTOB //
TuxookeaHcKHil MeARUHHCKHH xypHai, 2009. Ne3. C. 68-70.

lonoxsacr K.C., [lannueB A.M., I'ynbkoB A.H., Mmuakos H.B., Beasrnn A.A.
HWMMyHHbIE CBOHCTBA MPUPOAHBIX HAHOKOMIO3HUTHBIX AMOMOCHINKaTOB // Poccniickui
aJlJIeproJiornyeckui xkypuain, 2009. Ne3, pun. 1. C. 233-234.

lonoxsact K.C., IlannueB A.M., T'ynbkos A.H., Anncumosa A.A. IlepcnexrnBsbi
OHOMEMLIMHCKOTO HCIONB30BaHMA NPHpOAHbIX MHHepanos // H3sectus Camapckoro
Hay4Horo nenTpa PAH, 2009. T.11, Nel(2). C. 208-211.

lonoxpact K.C. HU3yyenne noTeHuuanbHbIX (apMaKOIOrHY€CKHX CBOMCTB LIEONMTOB //
Knnunueckan papmakonorns u tepanus, 2009. Ne6. C. 265-266.

.Tonoxpactr K.C., INanuueB A.M., I'ynvkoB A.H., Hukndopos I.A., ®enorosa U.T.,

AnncumoBa A.A., Ilamupcknii HW.3., AsromonoB E.TI. Tokcukonornueckue u
aHTHMHKPOOHbIE CBOHCTBa MHHepanbHbIX HaHowacTHu // H3Bectus Camapckoro
Hay4Horo nentpa PAH, 2009. T.11, Ne5(2). C. 448-451.

.Tonoxeact K.C,, Ilaunues A.M., TI'ynskoB A.H., Apromonos E.I'., Muuwakos U.B.,

Bensrun A.A. DkcnepHMeHTanbHas MOAENb UIA 3KOJOTHYECKOH OLEHKH BIHAHHMA
LICONIMTOBOH MNbUIH H HH3KOIHEPreTHYECKOrO NIA3€PHOTO BO3NEHCTBMA HA HKHMBbIE
obbekTsl // TopHblii HHPOPMALHOHHO-AHAMHTHYECKHH Gloterens, 2009. T. 18,
Nel2. C. 28-33.

Cnoco6 H3MenbYEHHS TPHPOIHOTO LEOHTA U1 TPOH3BOACTBA OHONOrHYECKH aKTHBHBIX
nobasok / Tomoxsact K.C., Ilannues AM., Yekpeixos H.1O., Kycaiikun M.H. //
XuMHKo-papManeBTHYecKHH xypHai, 2010. T. 44, Ne2. C. 54-57.

.Tonoxsacr K.C., [Tamupckuit U.3., [Tannues A.M. O6 yyacTuu NpHpOAHBLIX MHHEPAIOB

B ¢opmuposannn ummysuteTa // PoccmiickMi annepronormdeckuii xypuan, 2010.
Nel, Buin. 1. C. 47-48.

.Tonoxsact K.C., Ilanuyes A.M., CeprueBnu A.A., I'ynvkoB A.H., ®enoroa U.I',

Muwakos H.B., Bemarun A.A., Tlamupcknii HU.3. Dxonornueckve ocoGeHHOCTH
B3aHMO/CHCTBHA MHKPOOPraHW3MOB M TPHPOAHBIX MHHEpalbHBIX (axTOopoB cpeawmt /
H3sectus Camapckoro nayynoro uentpa PAH, 2010. T.12, Nel(5). C. 1217-1220.

.Tonoxsact K.C., [lanuues A M., Cepruesuy A.A., ['ynbkoB A.H., Bopucos C.1O.

DKONOTrO-TOKCHKOJIOTHYECKAaA  OLEHKa  BIHMAHMA  MHHEDPANbHO-KPHCTALIHYECKOro
¢axropa cpenwi // H3Bectha Camapckoro HayuHoro nentpa PAH, 2010. T.12, Nel(5).
C. 1221-1225.

33



16.

17.

19.

20.

2

22,

23.

24

25.

26.

27

28.

I'onoxsact K.C., [Tamupckuii H.3. Jkonoruueckne ¥ HaHOTOKCHKOJIOMHYECKHE acMeKThl
B3aMMOJEHCTBHS MHHEPaIoB U Genkos / BeCTHHK HOBBIX MEXHUHHCKHX TEXHOJIOTHH,
2010. T. XVII, Ne2. C. 53-55.

Ionoxsact K.C., Iauuues A.M., Ilamupcknt U.3., Bopucos C.1O., I'ynekoB A.H.,
Poibanka B.Il. Ouenxka BnusaHua ueonuTtuTa JIIOTOTCKOTO MECTOPOXIEHHA Ha
($arounTapHyo aKkTHBHOCTb HeHTpoQHIOB in vivo / PocchiicKHi anneprosoruyeckui
xypHan, 2010. NeS, Buin. 1. C. 77-78.

.Tonoxeact K.C., Ilannues A.M., Iamupcknii U.3., Bopucos C.1O., I'ynekos A.H.,,

Puibanka B.I1. WccnenoBanne Bnusinus UeonuTUTa JIIOTOrCKOrO MECTOPOXACHHMA HA
MPOAYKUHIO UMTOKHHOB JIEHKOLMTaMM  LeNbHOW KpoBu uenoseka // Poccumiicknii
AJIJIeProJIOrHYecKH i xKypHau, 2010. NeS, Buin. 1. C. 79-80.

Tonoxsact K.C., bopoaun E.A., lltapGepr M.A., Ilamupckuii U.3., Ilannues AM,,
Muwakos U.B., Beaarun A.A., l'ynbkos A.H. AntHokcHaauTHbii 3¢dekT HaHo- M
MHKPOYACTHL, THNMYHBIX KOMMOHEHTOB NPHPOOHBIX BO3AYLIHBbIX B3BECEH in vitro //
HU3sectun Camapckoro Hayunoro uentpa PAH, 2010. T.12, Nel(7). C. 1732-1736.
Tonoxact K.C. I'eHepuku Guonoruuecky akTHBHbIX A00aBOX Ha OCHOBE LIEONUTOB //
buomeanunna, 2010. Ned. C. 72-73.

.Tonoxsacr K.C.,, Kucunes H.H., Ianuues A.M., Hukudopos IL.A., Benarnn A.A,,

Muwakos WU.B., Tamupckuit U.3., T'yaskoe A.H. BnusHuMe HaHO- M MMKpOuYacTHLl
LEONHTOB HAa MOPPONOrHYECKHE MapaMeTpbl MOYeK MbliM Aomaiuneit Mus musculus //
H3sectun Camapckoro Hayunoro uentpa PAH, 2010. T. 12, Ned(3). C. 706-709.
Mamupcekuit U.3., Tonoxsact K.C., [lanuues AM., llltapbepr M.A., Tynekos A.H.,
Hukndopos IN.A., Bparckas C.10., Bopoaun E.A. BiusiHHA HaHO- M MHMKPOYAacTHL
NPHPOAHBIX MHHEpanos Ha arperauuio TpomGouutoB uenoseka // H3pecTus
Camapckoro Hayynoro uentpa PAH, 2010. - T. 12, Ned(3). - C. 725-728.

Yekpoiokos H.1IO., Manuues AM., Cadponos ILIL, Tonoxsact K.C., Bensrun AA,,
Byxtusapos B.H. T'eonornueckve M OHONOrMYECKME aCMEKThl HAXOAKH MHKPOYACTHU
npupoaHoro cnnasa (Au-Cu-Ag) B KaHHO3OHCKMX LEONHTH3MPOBAHHbIX Tydax
Banunuckoit snanunbl (ITpumopcknii kpait) // loknaasl AkaneMuH Hayk, 2011. T. 436,
Nel. C. 103-105.

MaTeuTnl PO

.MMaTenT Ha none3nyw monenb Ne76566. I'onoxsact K.C., I'ynbkos A.H., Ilanuues

A.M., Yaiika B.B., bopucos C.1O. YcTaHOBKa fuls M3y4EeHHMs BHELIHHX BO3JCHCTBUH Ha
xuBoTHOE. Ony6nnkosano 27.09.2008. Bion. Ne27

Marvent P® N2e2372092. lonoxeact K.C.,, I'ynbkoB A.H., ITaHnues A M., Yekpbixos
HU.10., Bopucos C.}O. Crnoco6 noarotosky nopouka s vuransauud. Ony6nnkoBaHo
10.11.2009. Bion. Ne31.

Marent P® N2e2384324. lNonoxsact K.C., I'ynekoB A H., ITaunues A.M., Bopucos C.10.
Jleye6Ho-npodunaktHueckoe cpencrso. OnyGnukosaro 20.03.2010. Bion. Ne8

MaTeHT Ha noaesnywo moaeab P® Nel00263. T'onoxsacr K.C., Ilaunues AM.,
FynbkoB A.H. VYcTpoicTBO ans HMCCNEROBaHHA MNPHPOLHLIX B3BECEH B BO3LYXeE.
Ony6nnkosano 10.12.2010. Bion. Ne34.

TMonoxurenbHoe pellleHHe 0 Bbifiade MaTeHTa 1o 3asske 2009121014 ot 02.06.2009.
Cnoco6 onpenencHus aHTHOKCMAAHTHOW aKTHUBHOCTH BeuwlecTBa. OnyOGnukoBaHo
10.12.2010. Bron. Ne 34



T'onoxsact Kupunn CepreeBuy

PEAKIIHS OPTAHH3MOB HA JEHCTBHE IIPHPOJIHBIX
ATMOC®EPHBIX B3BECEH
(OKCITIEPUMEHTAJBHOE HCCJIEJNOBAHHUE)

ABTOPE®DEPAT
ZUCCEPTALUM Ha COMCKAHHUE YHEHOR CTeneHH

ROKTOpa GHONOTHYECKHX HaykK

Ioanucauo B neuyars 18.02.2011 ®opmar 60x84/16
Ven. ney. n. 2,03 Yu.-u3a. n. 1,89
Tupax 200 3akas 101
Orneyvaraxo B Tunorpadwumu JIBI'TY
690990, r. Bnagusocrok, yu. [lymxunckas, 10






	3942-1
	3942-1_1
	3942-2
	3942-2_1
	3942-3
	3942-3_1
	3942-4
	3942-4_1
	3942-5
	3942-5_1
	3942-6
	3942-6_1
	3942-7
	3942-7_1
	3942-8
	3942-8_1
	3942-9
	3942-9_1
	3942-10
	3942-10_1
	3942-11
	3942-11_1
	3942-12
	3942-12_1
	3942-13
	3942-13_1
	3942-14
	3942-14_1
	3942-15
	3942-15_1
	3942-16
	3942-16_1
	3942-17
	3942-17_1
	3942-18
	3942-18_1

