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IpuBeneHb! pe3yabTaThl CPABHUTEIBHBIX UCCIEA0BAHU BEPTUKAIBHON U3MEHYNBOCTU XUMUUYECKOTO CO-
CTaBa 1 COOTHOILIEHUI CyOauCepCHBIX (DpaKIIMii a3p030JIbHOTO BEIECTBA B CHEXKHBIX CJIOSIX, XPOHOJIOTH -
YeCKU MPUBS3aHHBIX K TEpUOIaM BbITIaJieHUs CTpaTUrpacduyecky 3HauMMbIX cHeronaaoB. [loka3zaHbl oco-
OEHHOCTH KOHILIEHTPUPOBAHUS 3JIEMEHTOB-IIPUMECE Ha T€OXMMUYECKUX Oapbepax B CHEXHOI TOJIIIIE.
OO6HapyXeHO TaKXKe, YTO MEXCJI0eBOE COOTHOIIIEHUE TPEX TEOXMMUYECKHU OJIM3KUX TPYMIT JIEMEHTOB: CU-
nepoduioB, cynbdoPUIOB, TUTOPUIOB OTHOCUTEIHEHO YCTOMYMBO COXPAHSIOTCS B CHEXXHOM ITOKPOBE IIPU
ero HapacTaHuM. TpaeKTOPHBIN aHAJIM3 MepeHOca BO3AYIIHBIX MacC K TOUKe HabJIIOAeHUs, C KOTOPbIMU
CBSI3aHO BbINaJcHUE CTpaTUTrpacIeCcK 3HAYMMBIX CHETOTIaI0B, HE MTO3BOJIUII COOTHECTH OOHAPYKeHHBI
reoxuMu4eckuii GeHOMEH C MPEaNoJIOXEeHUEM, YTO 3MMHEe a3p030JIbHOE T10Jie, (hopMupyemMoe Hal roposl-
CKOI1 TeppuUTOpHEil TIPU pa3HbIX TPAEKTOPUSIX IBUKEHUSI BO3AYIIIHBIX Macc, MOXKET OIpeieJIeHHbIM 00pa-
30M HACJIe10BaThCsl B CHEXHBIX CIIOSIX TP HApaCTAaHUW CHEXHOM TOJIIIM U TEM CaMbIM BJIMSTh HA OCOOEH-
HOCTU BEPTUKAJIBHOTO pacIripeie/ieHUs 3JieMeHTOB-TpuMeceii. O60CHOBAHHO MOCTYJIMPYETCS, UTO MEXKC-
JIOEBbIE€ COOTHOILIEHUS 3JIEMEHTHbBIX MapareHe3MCOB, COXPaHSIOIIME YCTOMYMBOCTb B CHEXHOM TOJIILIE MTPU
€e HapacTaHUM, MOTYT ObITb UCITOJIb30BaHbI B KAYECTBE TEOXMMUUYECKUX MapKEPOB 3aCTOMHBIX 30H B I0o-
POICKOM OCTPOBE TEIlIa, a CaM METOJ ITOCIOMHOT0 Te0OXMMUUYECKOTO OMMPOOOBAHUSI CHEXXHOTO TTOKPOBa B
YCIIOBUSIX PEIKOI TOPOACKOI CETH METEOPOJIOTUYECKUX HAOTIOIeHU I MOXET ObITh 3(P(PEeKTUBHBIM AOITOJ -
HEHUEM TIPpU U3YYEHUU MUKPOMACIITAOHbIX aTMOCHEPHBIX TTPOLIECCOB /IS TTOJyYeHUs CBEAeHU 00 0co-
OEHHOCTSIX TIepeHOca 3arps3HsIOIIMX BEIIECTB B TOPOIACKOI cpelie Hal OTpaHUYEHHOU TEPPUTOPUEIA.

KoueBble clioBa: a3p030J11, TMHAMUYECKOE paccesiHhuE CBeTa, FreOXUMUYecKre 6Gapbephl, TOPOICKOM OCT-
DOB TeIlIa, 3arpsi3HeHre aTMocdepbl, U3MOPO3b, CHEXHBII MOKPOB, 3JIEMEHTHI-TIPUMECH, TaIbHUI Tiepe-
HOC MpUMeceil, TpaeKTOPHBII aHaTNu3
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BBEAEHHWE

B HacTosiee BpeMst GUKCUPYETCsl BCe HapacTaro-
11 00BEM IIbLIC-a3PO030JIbHOI MacCHl B TpoItocde-
pe, KoTopasi 3a MOCJIeAHEee CTOJIeTHE BO3pociia boee
yeM BaBoe (Mahowald et al., 2010). ITonoxeHue
YCJIOXKHSIETCSI TEM, YTO pa3BUTHE IIPOU3BOICTBEHHOM
JIeSITEIbHOCTH COITPOBOXKIAETCS MOSBJIEHNEM HOBBIX
HEeNpUPOAHBIX MICTOYHUKOB a3p0o30Jis. M ecinu Ha no-
JII0O aHTPOIIOT€HHOTO a’3p030Jis1 MPUXOIUTCS OoJjiee
10% Bcex asposonbHbiX Yactull (MBaes, 2011), To B
IIPOMBIIIUICHHBIX LIEHTpaX OHa BO3pacTaeT yxXe [0
45%. I103TOMY IPU IKOJIOT0-TEOXUMUNYECKON OLIEH-
K€ 3arps3HEHUSI TOPOACKOrO BO3OyXa IIPUXOIUTCS

90

YYUTHIBATh M3MEHEHME POJIM B3BEIIEHHBIX YaCTHI]
npu (popMHUPOBAHUM ATMOTEXHOTCHHBIX aHOMAJIUIA.
Tak, B omHOM ciIy4dae, UX COCTaB OOYCJIOBJICH oOca-
XKIeHUEM OOJIBIINX KOJIUYECTB MbUIM C OTHOCUTEIb-
HO HU3KUMMU COACPXKAHUIMU 3JIEMEHTOB-TIPUMECEI,
TOIa Kak B APYyroM — COCTaB aHOMAaJIMit OTINYAETCS
HU3KUM COJIep>XKaHUEM NbUIU U BBICOKMMM Harpys-
KaMU 3jieMeHTOB-TIpuMeceil (I'eoxumust okpyxKaro-
meit ..., 1990). B cBolo ouepenb TEppUTOPUS MPO-
MBIIIIEHHBIX TOPOJIOB, KaK MpaBUJIo, 3arpsi3HeHa He-
PaBHOMEPHO U Ha MOBBILLIEHHOM MUKPO3JIEMEHTHOM
¢oHE YEeTKO BBIICIISIIOTCS TEXHOT€HHbBIE T€OXUMUYE-
CK1€ aHOMAJIMH, IIPUYPOUECHHBIE K IIPOMBILILICHHON
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Puc. 1. YcTpoiicTBO [T TTOCTIOMHOTO OTGOpa CHEra U MPUMEp €ro MCIOIb30BaHMs (MOSCHEHUS B TEKCTE).

uHDpacTpykType (DKOreoXuMusi TOpoAcCKuX..., 1995;
KacumoB u np., 2016; MockoBueHKO U np., 2021).
Mexxny TeM, MTHTEHCUBHOCTD 3arpsi3HEHUS BO3Myxa B
ropojax CUJIbHO 3aBUCUT OT JIOKaJILHBIX aTMOcdep-
HBIX IIPOIIECCOB, KOTOPHIE BOZHMKAIOT IIPU B3aMO-
JIIEMICTBUM TOPOJAa U OKpyxXKarolleit cpenbl. Pesynbrar
TaKOI'0 B3aMMOACUCTBUSI — IIOSIBJICHUE “TOPOICKOTrO
OCTpOBA TeIlIa”, BHIACISIONIETOCS He TOJIBKO TeMIIe-
paTypHbIMU Pa3INYUSIMU MEXIY FTOPOIOM U IIpuJie-
ralleit K Hemy “3eJieHol” TeppuTopureii, HO 1 0CO-
00i1 crucTeMOil TOKAJIbHBIX HUPKYJISIIUI B Ipeaenaax
TOpOACKOI 3acTpOiiKM, OIpENcssaIolIeil XapaKTep
pa3BUTHSI IPOILIECCOB MIEPEHOCA U paCCESTHUS 3arpsi3-
HSIIOIIMX BeIlleCTB B rpaHuiax roponaa. [Ipenmosara-
€TCsI, UTO B HEKOTOPBIX CJIy4yasix 0OCOOEHHOCTH pac-
npeneacHUsT 3JIEMSHTOB-TIPUMECE B CHEXXHOI TOJ-
IIe MOT'YT BBICTYIATh T€OXMMHUYSCKUMMU MapKepaMu
9THUX IIPOLIECCOB.

B nanHoIi paboTe UCCclIef0BaHO BIUSHUE I€0XU-
MHUYECKOTO OapbhepooOpa3oBaHMUSI Ha MEXCIOEBOE
pacrnpenejieHue 3J€MEHTOB TIpUMECcEeid B CHEXHOM
TOJIIIE W OLIEHEHAa BO3MOXHOCTb MCIOJIb30BaHUS
MEXCJIOEBOTO COOTHOILEHUS B CHEXHOM ITOKPOBE
yCTOﬁ‘{MBbIX QJIEMCHTHBLIX I'PDYIIIT B KAYE€CTBE I'€OXU-
MHYECKOTO MapKepa IPU BbISIBJICHUU 3aCTOMHBIX 30H
B TOPOJCKOM OCTPOBE TeILIA.

METOJUNKA

HM3zydeHne mociaoitHON M3MEHYMBOCTU TPaHYJIO-
METPUYECKOTO M XMMHUYECKOTO COCTaBa OCEBIIIETO
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a3pO030JILHOIO BEIIeCTBA IPOBOAUIOCH Ha CHETOMEP-
HOM IUIOIIAAKE, PACIIOJNOXEHHON BO BHYTPEHHEM
ckBepe Mucturyra reonorun ®UI Komu HII YpO
PAH (r. CoikTbiBKap). Ha qaHHOI 1101aaKe ObUT Bbl-
MOJHEH MOCIOKMHBII 0TOOpP ITpo6 cHera (28 deBpans
2021 r.). IIpo6ooTOOpP OCYHIECTBISIM C IIOMOIIIBLIO
crneumnanabHoro cHeroorbopHuka (IMareHT 2411487...,
2011). OtoenbHO ciemyeT 3aMEeTUTh, YTO IIPOO0OTOOP
CHera OCYIIECTBJICH B IIepPEPhIBE MEXITy CHETOITaJaMu.
3a 3T0 BpeMsI Ha IOBEPXHOCTU CHEra HaOJIoaajcs He-
GOJIBIION TIPUPOCT CHEXHOM MaCChI 32 CUET OcaXKIIe-
HUSI TOBEPXHOCTHOM n3Mopo3u (1Hest). Ero nuamepe-
HHE BBIITOJIHEHO C TIOMOIIBIO CIIEIMAIbHOTO YCTPOIi-
ctBa (IlaTeHT Ha TPOMBINLIEHHEBINA... 89907, 2014).
MN3mMepeHHast MOLITHOCTh 3TOT0 HOBOOOPA30BAHHOIO
PBIXJIOTO CJIOST K MOMEHTY CHETOOTOOpa ObLJTa HEMHO -
rum b6oJiee 1 cM, a oO111asd BBICOTAa CHEXXHOTO MOKPOBa
cocrtaBuia 71 cM.

Ilocaoiinblii cnecoombopHuk

Ha puc. la mpencrtaBiieHO YCTPOMCTBO IS TTO-
CJIOfHOTO OTOOpa CHeTra C PEeryJIMpyeMbIM II1arom
onpoOoBaHUs CHEXXHOM Tomu. OHO BKITIOYAET TIpsi-
MOYTOJIBHYIO IIpu3My, CTeHKHU (/) KOTOpOIi BBHIIOI-
HEHBI M3 MaTeprajia, XMMUIeCKN MHEPTHOTO K aTMO-
chepHbIM KOMIIOHEHTaM, JCTOHMPOBAaHHBIM B
cHexHOIl Toime. IlmactuHBI-cTeHKM (/) IIPU3MBI
KpemsTcs K peopaM XeCcTKOCTH (2), BBIIOIHSIONINM
OMHOBPEMEHHO (PYHKILIMM HAMPaBJISIOIUX TIPU BEp-
THUKAJIBHOM ITOTPYKECHHU TTPU3MBI B CHEXXHYIO TOJI-
nry. OT60p TIpo6 cHera MPOM3BOIUTCS C ITOMOIIBIO
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HOXXa-TIacTUHHI (3), IpeacTaBIIIIONIeit CO00i CheM-
HYIO MEepeaHIO0 CTeHKY IPU3MbI. YCTPOWCTBO CO-
JIEepPXUT IUIaTPOpMYy-KOHCOIb (4), ITO3BOJISIONIYIO
peryampoBaTh IIar olpoOOBaHMsI, U KOTOpas ycTa-
HaBJIMBaeTCs Ha TepenHue pedpa xKecTkocTu. I1nar-
¢opma-KoHcoJIb cHaOXeHa 3axkumamu (5), obecrne-
YMBAOIIMMHU ee (PMKCaIo Ha HYy>KHOI IIIyOrHE.

Metoauka npodooroopa. [lepen HavaioM Ompo-
OOBaHMS TIPU3MY CHETOOTOOPHMKA BEPTUKAIBHO I10-
rpykaroT B CHEXXHYI0 Toiaty (puc. 10). 3ateM oTpbi-
BarOT CHEXHBIN IIypd, TaK, 9TOOBI JIMLIEBAsI CTeHKA (3)
MpU3Mbl ObLIa cBOOOIHA OT cHera (puc. 1B). ITocine ee
CHMMaAIOT, Ha IepeaHue pedpa XecTKoCcTH (2) ycTa-
HaBJIMBAIOT MOABIKHYIO IIAT(POpMY-KOHCOIb (4) 1
¢GUKCHUPYIOT Ha TpeOdyeMoii TONIMHE CHEXKHOTO Opu-
keTa. [Tociie 3TOro ¢ MOMONIBIO 3aKMMOB (5) 3aKperi-
ot 1wiatgopmy (puc. 1r). das orbopa mpoObl Ha
m1aTopMy-KOHCOJb (4) KilameTcsl TepeaHsisl Iia-
CTHHA TIPU3MEI (3) M HOCTyHaTeJIbHBIM ABVKCHUEM
BABUTACTCSI B IIPSIMOYIOJIbHBIA CHEXHBIA KEpH,
OrpaHUYCHHBIN C TPEX CTOPOH CTEHKAMU IIPU3MBIL.
IMosydeHHBIN TaKUM 00pa30M CHEXXHBIIT OpUKET MO-
MeIlaeTcs B IOJIMATUICHOBBIM MaKeT ILUIacTMAcCCO-
BBIM COBKOM.

ITonroroBka 1mpo6 K aHaIMU3y B JeHb OTOOpa 3a-
KJIloYaiach B X B3BEIIMBAHUY 1 pacueTe IUIOTHOCTU
cHera (p, r/cm’). Tlocie cHer pacTaruiMBald MpU
KOMHATHOM TeMIiepaType. B cHeroBoit Bome 3Hade-
HUsI BOIOPOIHOTO ITOKA3aTesis OINMPEnessuii MOTeH-
LIMOMETPUYECKHU, a YIETbHYIO 3JIeKTPOIPOBOAHOCTD
NS, MkCMm/cM) — KOHIYKTOMETPUUECKUM METOJIOM.

ITocoliHbli rpaHyIOMETPUYECKUI aHAINU3 a3pO-
30JIbHOTO BEIIECTBa, aKKYMYJIMPOBAHHOIO B CHEX-
HOI4 TOJIIIIE, BHITIOJTHEH C MTOMOIIIBIO METO/Ia TMHAMM -
yeckoro paccesaus ceeta (JIPC) ¢ ncnonbp3oBaHrEM
JazepHoro aHanusatopa ZetaSizer Nano ZS (Mal-
vern Panalytical, Benukoo6putanus). JIPC otrHOCUT-
Csl K Hepa3pylamlIuM MeToJaM UcciaeqoBaHuil. Me-
TOII He TpeOyeT MpeaBapUTeIbHONM KaaInOpOBKU, OH
OIMHAKOBO 3(PheKTUBEH KaK MPU HU3KUX KOHIIEH-
TpalMsIX YaCTHUIl, TaK Y TIPU HAJIUYUU UX arperaTos.
N3mepseMbIil pasmep 4JacTUIl Kojeoaercs oT 1 1o
10000 HM. Heobxommumo OTMETUTh, YTO B JAHHBIMN
WHTEepBaJl BIUCHIBAETCSl M3BECTHAs TpEXypOBHEBast
rpaganus asposzoneit JI.C. UsneBa (MBneB, doBra-
mok, 1999): menkonucnepcHsie (D < 0.1 MKM wiu
100 ™M), cpeaHenucnepcHbie (0.1 < D < 1 MKM Wiu
100 < D < 1000 uM), rpyooaucnepcHbie (F = 1 MKM
v 1000 Hm). s MeToaa XxapakTepHblI HEBbICOKAasI
ce0eCTOMMOCTb UBMEPEHM I, HU3Kasl TTIOTPEIIHOCTb U
9KCIIPECCHOCTb.

I1pu npoBeneHnM rpaHYJIOMETPUUECCKOTO aHAIM-
3a I10 KaXJIOMY U3MEPEHUIO 00BEMHOTO pacIipeaesie-
HUS YaCTUII ITO pa3MepaM ONTUMAaTbHOE BpeMsT HAKOI -
JIEHVS KOPPESILIMOHHON (PYHKUIMM OIpEnensuioch
MPOrpaMMHBIM 00€eCITeUeHNEM TTpHUOopa aBTOMaTHUe-
cku. O6beMHOE coaepKaHue (paKIii HAHOYACTHIL B
o0pa3nax pacCyuTaHO MHTETPAIbHO IO COOTHOIIE-

HU0 (%) Tuiomagy GUTyp, ONMMCHIBAIOIINX JaHHBIE
pacrnpeneaeHrsl YacTUIl 10 pa3MepaM B JIMHEHBIX
KOOpAMHATaX.

JIJ151 KOJIMYeCTBEHHOIO0 XMMMWYECKOTO aHa/In3a UC-
TMOJIB30BaIN TIPEABAPUTEIIHFHO OTIIEHTPU(PYTUPOBaH-
HBI€ C LIEJIbIO yAaJIeHUST B3BELIICHHBIX YaCTHUIL ITPOOLI
CHEroBOI BOIbl. XMMWYECKUIT aHAIM3 MPOBOAUIU C
TIOMOIIIBI0 MAaCC-CITIEKTPATBHOIO MeTona ¢ WHIYKTUB-
HO-CBSI3aHHOM IlJIa3MOIi C UCITOJb30BaHMEM aHaIu3a-
Ttopa Agilent 7700x (Agilent Technologies CILIA).

TpaeKTOpHBI aHaJIM3 MepeHOoca BO3MYITHBIX
Macc K CBIKTBIBKapy, C KOTOPBIMU CBSI3aHBI OCOOEH-
HOCTU (POPMUPOBAHUSI 3UMHETO a3pO30JIbHOTO TMO-
JIsI, IPOBOIMJICS METOIOM B3BEIICHHBIX TPACKTOPUIA
CWT (Concentration weighted trajectories; (Hsu et al.,
2003)) ¢ ucrnoiab3oBaHMEM MacCUBa 7-CyTOYHBIX 00-
paTHBIX TPAaeKTOPHI, PACCUUTAHHBIX IO METOIVKE
(Shukurov et al., 2018) ¢ TOMOIIIBIO TPAEKTOPHOI MO-
nen NOAA HYSPLIT 4 (Draxler, Hess, 1998) u me-
teononieii NCEP/NCAR Reanalysis (Kistler et al.,
2001). BoccraHoBneHUE TTOJISI BEPOSITHOCTH IIEPEHO-
ca BO3ayxa K ropoiy HpOBOAWIOCH MO METOAUKE
(Shukurov, Chkhetiani, 2017).

PE3YJIbTATbBI 1 OBCYXIEHHME

OcobenHocmu (hopmuposanusi CHeICHO20 NOKPOB8A
3umoit 2020/21 e.

Ilepseorii cHer Bhinai 31.10, Iipy 3TOM BEICOTA CHE-
ra coctaBuiia 4 cM. Ho 03.11 ycTtaHoBMI1aCh OTHOCH -
TEJILHO TeIlIasi Oro/ia Co CPEAHECYTOYHOM TeMIiepa-
Typoii +3°C u ¢ nepeMeKaroINMUICS OCaaKaMU B BU-
e JOXISg W MOKPOro CHera, 4To OOYyCJIOBWJIO
MeaJIeHHBIN pupocT cHera — 08.11 BeICOTa CHEXKHO-
ro MOoKpoBa cocTaBmia 6 cM (puc. 2a).

B nocnenyoimne gHU, HECMOTPSI HA CHEroIaibl,
MPUPOCT CHEXKHOTO MOKPOBA 111eJ MEIJIEHHO — 1U3-3a
IUTIOCOBOM JHEBHOM TeMIIEpaTyphbl, BbIMNABIIUNA 3a
HOYb CHer ToATauBaJl W Tpocenayl. YCTOWUMBBINI
MPUPOCT CHEXHOTO MOKPOBA BO30OOHOBWJICS C Haya-
JIoM xoJiogHoM roroasl nociie 20.11 u yxe x 27.11 ero
BbIcOTa gocturia 11 cMm. B nanpHeiiem, o npuyrHe
pPEeIKMX 1 MaJIOMOIIHBIX CHeromnagoB (puc. 20), yBe-
JIMYeHWE MOIIHOCTU CHEXHOIO0 MOKpPOBa IO MEI-
JIEHHO Y K MOMEHTY Hauajia Ieprojia nepBoro noremn-
Jienus (21—23.12) BbicoTa cHera coctaBuia 29 cMm. B
3TOT TIEPUO]l YCTAaHOBUJIACh OTHOCUTEIbHO TeTlIast
noroga (Co CpeaIHECyTOYHOI TeMIepaTypoil OKoJio
0°C) ¢ ocagkamMu B BUIIE MOKPOTO CHETa C JOXIEM,
YTO OOYCJIOBUJIO, HECMOTPSI Ha OOWJIbHBIE CHETOMaabl
(puc. 20), mpocenaHme cHexKHOI Tommu go 28 cm. Ho
nocie 23.12 cunbHOo TomMoposuio (¢ 0 mo —13°C).
YcraHOBUBILASICS 3aTeM 3UMHSISI MOPO3Has Moroaa u
yacTbhle CHeToInaabl obecrieuniu ObICTpOoe HapacTa-
HY€ CHEXHOTO MOKPOBa U K Hayaly BTOpOro repuoja
noterieHust (25—28.01) ero BwICOTa cocTaBUJIA
54 cm. CriemyeT 3aMETUTh, YTO TP BTOPOM TTOTeTIIe-
HUM MakcHUMallbHas TeMIlepaTypa Bo3ayxa KoJieba-

TEOXUMUS Ne 1

TOM 68 2023
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Jatel nHTEpBaIOB (DOPMUPOBAHUSI CIIOEB T€OXMUUYECKOTO OIPOOOBAHUS
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Puc. 2. BpeMeHHOIi psii MHTEHCUBHOCTU HapacTaHUsI CHEXHOTO IMOKPOBa B COMNPSIKEHUU CO CIOSIMU T€OXMMUYECKOTO
OIMpOOGOBAHUSI CHEXHOM TOJIIN (a), XPOHOJOIMYECKHU MPUBSI3aHHBIX K 1aTaM BbIMTaleHUs] cTpaTUrpaduuecKu 3HAYUMBIX
cHerormnanos (0) (rmo naHHbIM M/c “ChIKTBIBKap”). Jlomoi. 0603H.: BpeMeHHbIe meproabl 00pa30BaHUS CHEXHbBIX CJIOEB Fe0-
XUMHUYECKOTo orpoboBanust: a — 08—12.11.20; 6 — 12.11—14.12.20; 6 — 14—17.12.20; ¢, 0 — 17—25.12.20; e, ¢, 3, u — 25—28.12.20;

K —28.12.20—-03.02.21; 2 — 03—15.02.21; m — 15—-28.02.21.

nack B uHTepBane +1.3...—1.3°C. Ocanku BbIITagaau
B BUJIE MOKPOI'O CHera ¢ Mopochbio. B aTtoT nmepuon
MOTEIUIEHHUS BbICOTA CHEra ¢ 54 ¢cM cHU3MIIach 10 49.
Ho 3aTeM TpeHI CHeroHaKOIUICHUSI MPUHSII 3UMHUIA
XapakTep U ero HapacTaHue He MPePhIBaIOCh.

CmpykmypHO-meKcmypHbie 0cOOeHHOCMU
CMPOCHUSL CHEJCHOL MOAWU

Mx xapakrtepusyer pas3pe3 27, 3aJ0XE€HHBIU
26.02.2021 1. Ha CHETOMEPHOI ITOIIAAKEe BO BHYT-
peHHeM ckBepe Bo n1Bope MHctutyra reosoruu @UIIL
Komu HII ¥pO PAH. B ero BepTukaabHOM npoduiie
BBIIEIISIFOTCS AECATh CTpaTUTrpauIeCKUX CJIOEB pa3-
Hoit MourHocTU (puc. 3). Ilepebtii c10ii MOIITHOCTBIO
qyTh O0Jiee 1 cM MpeACcTaBJIeH CBEXEBBITTABIIUM CJIO-
€M IIOBEpPXHOCTHOI wm3Mopo3u. OH IepeKpbIiBaeT
PBIXJIBINA 6mMopoil cao0il ¢ TouHoi 8 cM. Ero tekcry-
pa yXe HeceT clieabl MOCTCEAUMEHTAIlMOHHBIX TTpe-
00pa3oBaHMIil paHee BHINABIINX TBEPIBIX OCAAKOB: B
HeM Hapsay ¢ (pparMeHTaMu CBEXKEBBINABIIIETO CHeTa
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oTMedeHO Hanmmuue Melkux (<0.5 MM) OKpYIJIbIX 3€-
peH. Tpemuii ca0ii MOITHOCTBIO 6 CM TIpEICTaBICH
MEJIKO3EpHUCTBIM  YIIJIOTHEHHBIM CHEToM. BOTO
VIJIOTHEHVE BBI3BAHO CWJIBHBIM BETPOM U MTOHUXKE-
HUEeM TeMnepaTypbl. ToJlluHA yemeepmozo ca0s Co-
craBisieT 13 cMm. OH cioXXeH Helpo3padyHbIMU arpera-
Tamu 13 MeJKuX (0.5—1.0 MM) OKPYIJIBIX ¥ TpaHHBIX
CHEXHBIX 3epeH. DTU I'paHHbIE KPUCTA/UIbl CTaHO-
BSITCSI XOPOIIIO 3aMETHBIMU B 30HE KOHTAKTA C NAMbIM
c10em, KOTOpbIid 00pa3oBaH OJieIeHEIbIMU arperara-
MU CHEXHBIX 3epeH, 00pa30BaBIIMXCSI BO BpeMS STH-
Bapckoit orrerniesiu. M3-3a onTuueckoit aHU30TPO-
MUY CHEXHBIX CJIOCB 30HA BEPXHETO Y HUXKHETO KOH-
TakKTa BU3YyaJlbHO pa3iMyMMa JIOCTATOYHO YETKO.
IIpennomaraercs, 4To MexaHU3M 0Opa30BaHMS TOPU-
30HTAJIbHOW CJIOMCTOCTU OJIEIEHEJbIX arperaton
CBSI3aH ¢ MUTpallveit KanuisspHoit Biaaru. CyuraeT-
csl, YTO MpHU MOTEIUIEHUU KanWuUIsipHasi Bjara ¢ mo-
BEPXHOCTU CHEXKHBIX 36pEH MUTPUPYET B HUXKEIexKa-
III1E CJIOU XOJIOJTHOTO CHeTa, 00pa3ys Ipu 3TOM Cy0-
TOPU3OHTAJIbHbIE JieAsiHble O00pa3oBaHUsl B BUIE
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Puc. 3. [TocnoitHoe pacripeneseHre a3po30IbHBIX YACTUIL IO pa3MepaM B CHEXHOM TOJIIE, COTIPSIKEHHOE C MHTETPATbHBIMU
MoKa3aTesSIMM TeOXMMMYECKON aKTMBHOCTU CHEXXHOTO MOKPOBa: BOJAOPOIHBIM roka3atesneM (pH), a1eKkTpornpoBoaHOCTbIO
MS, MkCM/cM). YciioB. 0603H.: 1 — cBexeBblnaBuiunii cHer (uHeit) (PP), 2 — HenaBHo oTioxeHHbIi cHer (DFbk) ¢ okpyribiMu
3epHamu (RGsr), 3 — BeTpoBas yrakoBKa MeTKo3epHUCTHIX YacTuil cHera (RGwp), 4 — oKpyTiible CHeXXHbIEe 3epHa U OKPYTJIbIe
yactulbl ¢ rpaHsamMu (RGIr/RGxf), 5 — ropu3oHTaJIbHBIN OJieieHeNblil clIoit U3 arperatoB KpymnHbiX cHexXHbIX 3epeH (IFil),
OCYIIECTBISIOMNIA QYHKIINY KaIWIISIPHOIO reoxuMmndeckoro 6apbepa (K06); 6 — oKpyIible 4aCTULIBI C TPAHSIMU U OKPYIJISIO-
mmecst cHexxHble 3epHa ¢ rpaHsaMu (RGxf/FCxr); 7 — rmyounnast usmopo3sb (DHxr) (knaccudukanus ¢popM 3epeH naHa 1o pa-

6ote (Pupi u np., 2012)).

MPOCJIOEB, HE BCEIJa BbIAECPXXAHHBIX IO MPOCTUpPA-
Huto. JleasiHble MPOCIOU COXPAHSIIOT HEKOTOPYIO
crenieHb npoHunaemMoctu (Pupu u ap., 2012), yro
o0ecrieunBaeT UX POCT B CHEXHOI TOJIIIIE 3a CYET Ha-
Mep3aHUs KalTWJISIPHOM BJIary Ha 3TUX 00pa3oBaHU-
sax. Ilpennonaraercsi, YTo MOAOOHBIE TOPU3OHTATb-
HbIE JIesTHbIe 00pa30BaHUsl, OTPAaHUYMBAIOIIE BEP-
TUKAJIbHYIO MUTpAlUIO KalMWUISIPHOM BJIaru, MOTYT

BBITIOJIHATH QYHKIIMIO CBOEOOPa3HOTO KaNlUJIJISIPHO -
ro reOXuMHnYecKoro dapbepa.

Illecmoii caoit, MOTTHOCTBIO 10 20 CM, XapakTepu-
3yeTcsl YKPYIMHEHUEM pPa3MepOB OKPYIVIBIX YACTHIL C
rpaHssMu. OHO CTAaHOBMTCSI 3aMETHBIM B 30HE KOH-
TaKTa C cedbMblM CA0eM, TIPENCTABICHHBIN OJieeHe-
JILIMUM arperataMy CHEXHBIX 3epeH. JlaHHbII onene-
HEJBI CJI0¥M, MOIIHOCTBIO OO 2 CM, TakKXKe, KakK M
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BepXHMI, 00pa3oBajics B 1eKaOpe B IIeproI KPaTKO-
BpeMEHHOM oTTereu. Bocvmoii caoii (1o 13 cm), cio-
JKEH OKPYIJIBIMU YacTULAMU C TpaHsIMU. Jleeamubtii
C/100 TIPEACTABIICH OJICACHEIbIM IIPOCIOEM, C(HOPMU-
pOBaBIINMCS BO BpeMsI HOSIOpbCKOI oTTenenu. JaH-
HBII CJIOf MepeKpbIBaeT caMblil HVDKHUI decsmblil
caoii. OH o6pa3oBaH M3OMOPGPHBIMUA KpUCTAIIAMU
DIyOMHHOI M3Mopo3u (1o 3 MM). MOIITHOCTb 3TUX
HIDKHUX IBYX CI0EB 3 ¥ 4 CM COOTBETCTBEHHO.

Mesxccaoesas usmenuueocms
2e0XUMUYECKUX noKa3amenell 8 CHENCHOL moaue

BoaopoaHblii moKa3areiab OTHOCUTCSI K MHTETpajib-
HBIM TeOXMMWYECKIM TToKa3aTeasiM. KosebaHnus Bo-
JopomHoro nokazatenst (pH) B cHeroBoii Boae Bapbu-
pyioT B auamasoHe ot 6.2 go 7.3 (puc. 2). O6paiiaer
BHUMAaHUE TIOCIIOMHAs W3MEHYUBOCTb E€IMHUYHBIX
3HAYEHUI KHCJIOTHOCTU B CPENHEM 4YacTU CHEXHOM
toymu. Paznuiia mexxny 3HaueHussiMu pH B cnoe—e u
clioe—oc cocTaBlisieT enmHuIly. Huke n BbIIe 3TOM
30HBI 10 IPOGUITIO MEKCIOMHBIC pa3Iddus 3Hade-
Huii pH konebmorcs B mpenenax OECSITHIX IOJIEH C
TPEHIOM CMEUICHHUSI OT CIa0OKMCIBIX K HEHUTpaib-
HbIM. CleayeT 3aMeTUTh, YTO MaKCHUMaJbHbIE 3Ha4Ye-
Hus pH Hapsay co ciioeM—m (UKCUPYIOTCS TAaKKe B
cJIoe—oic U CIoe—u, IPUYPOUYCHHBIC K BEPXHEMY Ka-
NuIsipHoMy 0apbepy. CpenHuit 1 HUKHUI Kamu-
JISIpHBIE Oapbephl B CHEXXHOM IIpodriie MeHee 3aMeT-
Hbl. ClleayeT 3aMeTUTh, YTO HaOJIrogacMast TMHaMHUKa
U3MEHEHUI BOOOPOMTHOIO MoKa3aTeisl JaeT MaJIo UH-
dopMalliy O TEOXMMUUECKUX YCIOBUSIX, (pOpMUPY-
JOLIIXCST B CHEXKHOM TOJIIIIE, MOCKOJIbKY pH oTpaka-
€T MHTErPAJIbHYIO XapaKTePUCTUKY BCE COBOKYITHOCTU
IIEJTOYHO-KUCIOTHBIX B3aMOIEIICTBUII B CHEXXHOM
nokpose. [IpencrasisieTcs, YTO aHAITU3 JIEKTPOIPO-
BOJHOCTU CHETOBOI BOABI MOXET OKa3aThcsl OoJiee
MH(POPMATUBHEIM B YCIOBUSX MOMIIEIaYMBaAHUS
CHEXXHOH TOIIIN OCaXIAIOIINMCS a3pPO30JIbHBIM Be-
LIECTBOM.

DJIEKTPONPOBOAHOCTh CHErOBOIl BOIbI M3MEPSUIU
KOHJIYKTOMETPUUYECKUM METOIOM. AHalIu3 BepTU-
KaJIbHOTO pacIipelelieHUsI 3HAYeHUI 3JeKTPOMpO-
BOIOHOCTHU CHera BBISIBUJIM ABa Iuka (puc. 3). Ob6a
OHU (PUKCHUPYIOTCSI CHEXKHBIX CIIOSIX B CPEIHE YacTu
CHEXXHOTO pa3pesa, NpUJIeTAI0LINX K KaMJUISIPHOMY
6apbepy. CUHXpOHHBII XO4 KPUBOI pacrpeae/IeHUs
3HAYCHUM KOHIIEHTpauuu Na M 3JIeKTpOIpOBOIHO-
CTH B 3TOM 30HE CBUACTEIBLCTBYET O TOM, UTO U3MEHE-
HUE 3JeKTPOINPOBOTHOCTHU OMpeaessieTcsl B MEPBYIO
oyepelb M3MEHEHMEM KOHLEHTpallMyd HaTpus Ha
TeOXMMHNYECKUX Oapbepax.

He uckmodaeTcsa Takke M TO, YTO MCTOUHUKOM
HaTpusl MOXET OBITh BETPOBOM IEPEHOC aHTUTOJIO-
JIEAHBIX TIpenapaToB. Bo3MoXHO, 4TO UX ocaxkaeHIe
Ha MOBEPXHOCTh CHEra COBMECTHO C a3pO30JisIMU
yBeJIMYMUBAET COAepKaHUE JIETKOTUAPOIU3YEMBIX CO-
eIWHEHU. YJacTue TaHHbBIX COCIMHEHUI B PeaKIASIX
HU3KOTEMIIEPaTypHOTO (KPHOTEHHOIO) KOMILIEKCO00-
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pa3oBaHUsI WHULMKPYET yBeIWYEeHNE KOHIICHTPaLU
CBOOOIHBIX MOHOB 1 YCUJIEHHUE 3JICKTPOIIPOBOIHOCTH B
30HE reOXUMUYECKUX OapbepoB. BMecTe ¢ TeM, n3mepe-
HUYE 3JIEKTPOIIPOBOIMMOCTH B CPEIHEM 4acTH CHEX-
HOM TONIIM BBISIBMJIO MAJIOTIOHSITHBIN (DaKT — HaJIM-
yre MEXIY CJIOSIMU C BBICOKMM 3HAYE€HUSIMU DJIEK-
TPOIIPOBOAUMOCTH CJIO C HU3KMMHM I1OKA3aTeJISIMU
W3MEpPEeHHOro napamerpa. Takoe KOHTpaCTHOE CHU-
KeHHe 3JIEKTPOIIPOBOIUMOCTI B 30HE KAMWJLUISIPHOIO
Oapbepa BO3MOXKHO IIpM HAIMYMM pa3HOHANpaBJICH-
HOIT MUTpalliK a3PO30JILHOIO BEIIECTBA B COCTaBE M0~
PpOBOIT KanmnyuisipHoU Biaru. Ho maHHOe Ipenrnonoxe-
HUE TPeOyeT OITOIHUTEIHLHOM IIPOBEPKH.

YacmomHnoe pacnpeaeﬂeﬂue Aa3pO030/bHbIX Yacmuy,
6 CHEJNCHbIX CNA0AX XPOHOA02UHUECKU NPUBA3AHHbBIX
K cmpamuepagbunecxu 3HAYUMbBIM CHEe20nadam

Ha puc. 3. npencraBiieHbl NOCIOMHBIEC pacpee-
JIEHUSI CYOMUKPOHHBIX (PpaKInii a3p030JIbHOTO Be-
IIIeCTBa MO padMepaM. XpOHOJIOTUYECKYIO MPUBSI3KY
CJIOEB OCYIIECTBIISIIU TI0 BPEMEHU BBITIAJCHUST CTpa-
TUrpad®uIecKn 3HAYMMBIX CHeromnamoB (puc. 20).
AHaJIn3 4acTOTHOTO pacnpenesieHUs CYOMUKPOHHBIX
YyacTUIl TI0 pa3MepaM 4YeTKO MOoKa3aJl Hajaudue s
TTOBEPXHOCTHOTO MHes (CI0ii—m) M TIIyOMHHON M3-
Mopo3u (cliou—a, —b6) TPEeXMOIAJILHOIO, a JJisi OC-
HOBHOI TOJIIIHU (32 UCKITIOUEHUEM CJIOSI—U) — OUMO-
IAaTBHOTO TUIIOB paclipeneyieHus (CIou—1, —K, —ic,
—3, —e, —0, —e, —8).

B cnosx ¢ OuMomaabHBIM TUIIOM pacIIpeleIeHUS
YacTUl, 00pa30BaBIIMXCS B pe3yIbTaTe CHETONaI0B,
HaOJII0gaeTCsl yCTOMYMBas IIPUBSI3Ka COBOKYITHOCTEM
K OIpeleJeHHbBIM MHTepBajaM pa3MEpPHON IIKAaJbl.
Tak, omHa dukcupyeTcss C IOJOTOBEPIIMHHBIMU U
OCTPOBEPIIMHHBIMY MTMKAMU C MAKCUMyMaMHM B MH-
tepBasie 345—898 u 4540—5586 HM. B ykazaHHBIX
CJIOSIX TTOCTOSIHHO IIpeoOJjiamaeT A0js KPYHHBIX 4a-
ctutl (8—48% mpotus 42—92%). UckmoueHue co-
CTaBIIIIOT ciori—orc. Cnoii—ac pe3Ko BBIACIISIETCS U3
OCTaJIbHBIX TEM, YTO IIPY €T0 OMMOIaIbHOM pacrpe-
JIeneHUn (ppakiuii B HeM, 110 CpaBHEHUIO C OCTaIb-
HBIMU IIPO0AaMHM, CYIIIECTBEHHO YBEJIMYEHA TOJIST MEJI-
KOIOUCHEPCHOM (ppaKIy C OCTPOBEPIIMHHBIMH ITKA-
M1 Ha oTMeTKax 55 m 345 HM. Bo Bcex ocTalbHBIX
cIydyasiX OHa MEHbIIIe Ha MOPSOOK. Takoe COOTHOIIe-
HUYe (hpakimii a3po30JIbHOTO BEIECTBA B CIOE—iC —
OTpakeHUE IMOCTCEOMMEHTALIMOHHOIO MepepacIpee-
JICHUST adp030Jieli, KOTOPOe IIPOUCXOAMIIO B CHEXKHBIX
CJI0STX, TIPUJIETAIOIIMX K 30HE KaITWLISIPHOTO Gapbhepa B
pe3ybTare HUCXOISIISH MUTpalluy KalWUISpHOMN
Bnaru. B mrtore, HIzKeNIeKalnii cJIoli—e 3HAYNTEIhb-
HO oboralajcs cpeaHenucrnepcHoii ppakuueid. [pu
3TOM, €CJI BO BCEX PACCMOTPEHHBIX 10 3TOTO CIIyda-
sIX TIpyOomucrnepcHas ¢dpakuus IpeobOiamana Hamd
CpEemHEeUCIIEPCHOM, TO B CJiIoe—e MPU pa3Mepe Cpel-
He- ¥ TpyO0OaUCIIEpCHBIX (DPaKIIMii C XOPOIIIO BhIpa-
KEHHBIMU NHUKaMHU ¢ MakcumyMmamu 379 u 5590 Hm
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COOTBETCTBEHHO, JOJIS CPETHEINCTIEPCHOM (hpaKIun
cocraBisieT 58% npoTus 42.

BiugHueM KanuiispHOro MeXaHUYecKoro Oa-
pbepa MOXKHO TaKXKe OOBSICHUTDH W MOSIBIICHUE MEIIKO-
IHCIIepcHoM ppakumu B cioe—u. Kak ciaemyer u3 puc.
3, HIDKeIeKalye YeTblipe ciost (—u, —3, —ac, —e) TIpu-
YPOUYEHBI K CHESKHOMY TOPU30HTY, CHETOHAKOIUICHUE
B KOTOPOM IILIO OY€HBb OBICTPO 1 B HEM 3aJIeTacT Iep-
BBII KamWUISIpHBINA 6apbep (puc. 2a). I[Tpu atom st
cliosi-u 3a(pMKCUPOBAHBI BCe TPU pa3MEpHBIe (hpaK-
LI YaCTHUL C MUKaMu B o61actu 116, 394 1 5332 HMm.
CyuTarh, YTO 3TO SIBJISIETCS CIEACTBUEM OCAXKICHUS
CYXMX a3p030Jiell y HaC HeT OCHOBAHMIA, IIOCKOJIBKY
BpeMsI ¥ XapaKTep BBITaACHUST TBEPIbIX OCATKOB I10O-
KasbiBaeT (puc. 20), 4YTO B 3TOT MEPUOHA IPUPOCT
CHEXXHOI TOJIIY MPOMCXOIWII TOJIBKO 3a CYET CHErO-
nanoB. [ToaTomMy IIpaBWIBHBIM OyIET TO, YTO IIEPBOHA-
YaJlbHO B CJIoe—u, 00pa30BaBIIMMCS TIOC/Ie CHEerola-
JIOB, OBLIO ABE (PpaKLIMK — CpeaHEe- U KPYITHOIUCIIEPC-
HBIE, TIOSIBJICHHE K€ MEJIKOOMCIIEPCHOII — pe3yJIbTaT
MEXKCJIOCBOTO Tepepacipene/ieHUsT YacTULl 3a CUET UX
tepmonuddysnodopesa. I[Ipy 3TOM HMCTOYHUKOM
MOCTYIUICHUS YaCTULI MOT OBITh CJIOK—3. JIj1s1 naHHO-
ro CJIosl XapakTepHO OMMOJalIbHOE pachpeieieHue
cpenHe- M KpYIHOOUCIIEPCHOM (paKIIMii C OTMETKa-
mu 519 u 5045 HM, HO B COOTHOIIEHUM (bpaKIIUid 10~
JISI KPYITHOAMCIIEPCHOI hpaKIIMy 3HAYMTEJILHO TIpe-
obJagaer Haj cpeTHeaucIiepcHoi — 92% mpoTus 8.
3aMeTUM, 9TO B CII0€—K, IEPEKPHIBAIOIINM CIOM—U,
COOTHOIIIEHUE YKa3aHHbBIX (ppakiuii ~1 : 3.

B ciosix ¢ TpexMoaanbHBIM TUIIOM pacmnpeaesie-
HUSI YacTUIl aHAJIM3 COOTHOIICHUS OUCIIEPCHBIX
¢dpakuii mokazaj, 4TO B IIOBEPXHOCTHOM WHEE
(coii-m) nepBas GpakiLysg MMeeT MHTepBaj oT 60 10
180 HM ¢ mooruM IMMKOM B OTMeTKe 98 HM. [IBe npy-
rue ppakKiuy BhIAEISIOTCS B IIMPOKOM MHTEPBaje OT
400—1900 mo 4500—7000 HM ¢ XOPOIIIO BbIpa>KEHHbI-
MU IIMKaMU B o6ytactu 554 1 5560 HM COOTBETCTBEH-
Ho. IIpu 3TOM eciam moass MeIKOIMCIIEpCHOM dpak-
LMK cocTaBisieT 3%, TO JOAU CpenHe- U TpydoIuc-
MepcHOM (pakiuil MpUMEpHO paBHBI — 46 u 51%
cooTBeTcTBeHHO. Croii-m obpa3oBajics B TIepephIBe
MexXay cHeronagamu. IToaToMy ero rpaHyJIoMeTpu-
YeCKMI1 COCTaB OTpaxXkaeT 0COOEHHOCTHU CyXOro oca-
XKIEHUS a3po30JIeld M CBSI3aH C 00pa3oBaHUEM IIO-
BEPXHOCTHOM U3MOPO3U (1HEST).

BwMmecTe ¢ TeM m1s1 yOMHHOM M3MOPO3U (CIOU—0,
—a) OTMeYaeTcsd TPEXMOIAIbHbBIN COCTaB (paKIIUiA.
OCoOEeHHOCTBIO pacIIpeeIcCHUs TUCIIEPCHBIX (hpaK-
LIMI1 a3PO30JILHOTO BEIIECTBA B CJI0€-a SIBJISIETCS TO,
YTO pa3MepHBI MHTEPBaj CUJILHO CMEIEH B PaBo.
I1pu 3TOM OOHA COBOKYITHOCTH XapaKTepu3yeT Cpe/l-
HEeAUCIIepCHYIO (hpaKIIMIO C XOPOIIO BbIpaxKEHHBIM
IMUKOM C MaKCUMyMoM 549 HM, a IBe IPpyTUX — C MO-
JIOTOBEPIIMHHBIM U OCTPOBEPIIMHHBIM ITMKAMU C OT-
Metkamu 2018 u 6086 HM — rpybonucnepcHyto. Cyns
10 COOTHOLIEHUIO hpakLmii (45, 8, 47% cOOTBETCTBEH-
HO) ITIOSIBJICHWE BTOPOI I'pyOOAMCHEPCHOI (pakiimu

CBS13aHO C YBEJIMUEHUEM KOHILIEHTpAILIMX YaCTUIl B Ka-
NMWUISIPHOM XUJIKOCTU 32 CYET BEPTUKAJILHOM MUTpa-
LIUM paCTBOPUMBIX COEIMHEHMIA B COCTaBE IIOYBEHHOM
Biiaru. OCHOBaHMEM JISI JAHHOTO IIPEAIIOIOXKEHMS SIB-
JISIFOTCSI OTHOCUTENIbHOE YBEIMYEHUE 2JIEKTPOIIPOBO/I-
HOCTHU B 3TOI YaCTU CHEXKHOTo npodus (puc. 3). Bos-
MOXHO, 4To TepMomnddy3nodope3 mapoB ITOUBEH-
HOM BjIard HOCTaTOYHO MHTEHCUBEH, MOCKOJIbKY B
rpaHUyYaIleM CO CJIOEM—da B CJIOe—6 MOSIBUJIACh MEJI-
KoIMcIiepcHast Gpakius ¢ OTMETKOM 112 HM B MH-
tepBasie 65—150 umM. Ilpu 3TOM CpemHenucHepcHas
dpakums umeet naTepBai 450—2000 HM ¢ ocTpoBep-
IIIMHHBIM ITMKOM B OTMeTKe 898 HM, a rpydomucnepc-
Has ppakuys Beiesgercs B uarepsaie 4600—7000 Hm
C XOPOIIIO BhIPAXKEHHBIM MTUKOM B OTMETKE 5586 HM.
OTMeuyeHHbIe M3MEHEHUSI B TPaHyJIOMETPUYECKOM
COCTaBe CJIOeB—da, —0, BO3MOXHO CBSI3aHbI C OCOOEH-
HOCTSIMU ITOCTCEAUMEHTALIMOHHOIO IIPeo0pa3oBaHUsI
a3PO30JILHOTO BEIIIECTBA B IIPUIIOYBEHHOM CJIOE CHETa,
K KOTOPOMY MPUYpOYEeHO (POPMUPOBAHUE MOPO3HOTO
(kpuoreHHOro) TepMoaupGy3MOHHOTO TeOXMMMNYE-
ckoro 6apbepa. Ciieayer 3aMeTUTh, YTO IPEANOChUIKA -
MU MOSIBJICHUST TEOXMMMYECKHX OapbepOB B CHEXKHOM
IIOKPOBE CIIyXaT IMPUPOIHbIE 3(MEKTH U SIBICHUS
(tepmodopes, mudpdy3nodope3, KaIUUIIpHBIE CU-
JIbI, anre3vs (CcMadyuBaeMOCTh)), OOYCJIOBJICHHBIE
¢pU3NYECKMH CBOMCTBAMHM CHEXKHOTO IIOKPOBA.

OcobeHHOCmU 2eoXUMu4ecKoeo 6apbepoodpa30eanus
Ha NOBEPXHOCMU CHe2A U CHEICHOLL moauie

ITo maHHBIM KOJIUYECTBEHHOTO MAaCC-CIIEKTPalb-
HOTO aHajau3a ObUIM MOCTPOCHBI rpadMKU MOCIOM -
HOTO pacrnpee/cHUS coaepKaHU XMMUUECKUX dJIe-
MEHTOB B CHEXHOM Tipocpune (puc. 4). U3 manHOoTrO
PUCYHKA CJICIyeT, YTO B CHESKHOM TOJIIE BBIACISIOT-
CsI TP 30HBI HAKOIUICHUS 3JIEMEHTOB-TIPUMECEIA.

IlepBas 30na pukcupyeTcs: B ClI0€-M U MHIAUIIV-
pyeTcsl IIUPOKUM CIIEKTPOM 3JIEMEHTOB-TIPUMECE,
HaKaIUTMBAIOIINXCS HA MTOBEPXHOCTHOM TepMoIund-
¢y3noHHOM reoxumMmyeckoMm dapnepe (puc. 4). Ero
MNposIBJIECHUWE B 30HE KOHTakKTa “cHer—armocgepa”
00YyCJIOBIEHO 3UMHUMM OCOOCHHOCTSIMH OCaXKICHUS
CyXMX a3po3oJieii. U3BeCTHO, YTO CHEXKHEBIN ITOKPOB B
JIFOOBIX YCIOBUSIX, daxke MPU caMOil HU3KOM TeMIie-
patype, H3JIydaeT JIMHHOBOJHOBYIO paavallnio
(COOCTBEHHOE TEILIO), a TAKXKE MMEET BHICOKYIO CIIO-
COOHOCTB OTpaKaTh COJTHEUHYIO paaUaLIvIO, UTO CIIO-
COOCTBYET CHMJIBHOMY BBIXOJIAXKMBAHUIO CHEXHOTO
MMOKpPOBa M BO3HMKHOBEHUIO MHBEPCUM TEMIIEPATyp
(“cHeroBast unBepcus”, no: Puxtep, 1948). Kpome
TOTO, IOBEPXHOCTh CHEXHOTO ITOKPOBA XapaKTepHU-
3yeTCsl He TOJIbKO BbICOKOI OTpaKaTeJabHOW U U3JY-
yaTteabHOU crocobHocThio (Ky3pMuH, 1957), HO n
OKa3bIBaeT MCCYLIAlollee BIWSIHME Ha IIPU3EMHbIA
cioit Boznyxa (Puxtep, 1948). B ycinoBusax Haauaus
rpagveHTa TeMIIepaTyp U BIAKHOCTU CHEXHBIN 1O~
KpOB, BOMpas B ceOs U3 IIPU3EMHOTO CJIOSI BO3IyXa
M30BITOK BIarv, MTHULIUMPYET HUCXOMSIIYI0O MUTpa-
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Puc. 4. HakoruteHre 3J1eMEHTOB-TIPUMECEl Ha TEOXUMUYECKUX Oapbhepax B CE30HHOM CHEXXKHOM ITOKPOBE (CHeroMmepHasi Tio-
1aakKa Bo BHyTpeHHeM ckBepe MHctutyTa reotorun @M L Komu HII YpO PAH, pa3pes 27). YcinoB. 0603H.: / — CBeXXeBbINaB-
it cHer (uHeit) (PP), 2 — HegaBHO oTiioxkeHHBIN cHeT (DFbk) ¢ okpyribiMu 3epHamu (RGsr), 3 — BeTpoBasi ynakoBKa MeJl-
Ko3epHUCTHIX yacTull cHera (RGwp), 4 — okpyrible CHEXXHbIE 3epHa U OKpymibie yacTulibl ¢ rpansamu (RGlr/RGxf), 5 — ro-
PU3OHTAJIbHBINM OJIeNeHEeNbII CJIOM U3 arperatoB KpyrnHbIx cHeXHbIX 3epeH (IFil); 6 — okpyrible yacTUilbl ¢ TpaHsIMU U
OKpyIIstolecs cHexkHble 3epHa ¢ rpaHsaMu (RGxf/FCxr); 7 — nryounHas usmoposb (DHxr) (knaccudukauus dpopm (F) 3e-

peH naHa 1o pa6ote (Pupi u ap., 2012)).

ouio Bo3myxa. B pesynbraTte dhopMupyeTcs yeTonum-
BBIIi MacCOMNEepeHOC BOASHBIX MapoOB MO Halpabie-
HHUIO K CHEXXHOMY ITOKPOBY. JlaHHOE 00CTOSITEIBCTBO
BBI3BIBAET CTOK a3P030JIbHOTO BEIIECTBA 13 TIPU3EM-
Hoit atMocdepsnl. IIpoliecc conmpoBoXIaeTcsT yBeIn-
YyeHMEeM KOHILIEHTpallMd 3JICMECHTOB-IIPUMECE Ha
MOBEPXHOCTHU CHEXXHOTO ITOKpoBa (puc. 4).

BTopas 30Ha HaKOMJIEHUS 3JIeMEHTOB-IIpUMecei
HaXOIUTCSI B CPEIHEN YacTU CHEXHOTO ITpoduias u
HpUypoUYeHa K MeXaHUYEeCKOMY KaNMMLISIpHOMY 0a-
pbepy, KOTOPHIii, B CBOIO ouepeab, chopMUpPOBaCs
B OJIeICHEJIOM ITPOCJIoe CHera, 00pa30BaBILIEerocs BO
BpeMs oTTemnesieil. 3aMeTUM, 4YTO IIPAaBUJILHOCTH
omnpenencHUsT TMOJI0XKEHUS MEXaHNYeCKOro KaIlu-
JIIpHOTO Oapbepa KOppeaupoBajiach COBNaIeHUEM
MUKOB 3JIEMEHTOB-TIpUMeECEi, 00pa3yloluX napa-
TeHHYI0 TEOXMMHUYECKYIO0 acCcollalfio, 4TO OTpa-
XKaeT p€aJbHbI€C CHETOTCOXMMUUYCCKHUE IIPOLECCCHhI,
obecrneuynBaloe HaKOIIEHUE BJIEMEHTOB-IIPU-
Meceil Ha MeXaHUYEeCKOM KaITMJIJISPHOM T'eOXUMMU-
yeckoM Oapbepe. IIpenmonaraercs, 4To MexXaHU3M
HaKOILUIEHUS 3JIEMEHTOB-TIPUMeECE CBsI3aH ¢ oOpa-
30BaHMEM KJIATPaTOB.

M3BecTHO, YTO Mepexom BOIBI U3 XKUIKOTO B KpH-
CTANIMYECKOE COCTOSIHME TPOUCXOIUT TIPU CTPOTO
onpenencHHoi TemIieparype — mpu 0°C. OmgHako
TMIPUCYTCTBME PACTBOPEHHOTO BEIIEeCTBA ITOHMKAET
TOYKY 3aMep3aHusl Bolbl. Touka 3aMep3aHUs B COOT-
BETCTBUU C 3aKOHOM Payist cHMXaeTcs iponopIino-
HaJbHO MOJSIPHOM KOHLEHTPAaLUU PACTBOPEHHOIO
BenlecTBa. OxyaxineHue pa3daBIEHHOTO pacTBopa
npu temnepatype Hike 0°C BbI30BET KpHUCTAJLIM3a-
Mo Jb1a 1 pazoBoe pasaencHue. [1pn maapHenmem
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CHIXKEHUM TeMIIepaTypbl KOJIMYECTBO OOBEMHOIO
JIbIa YBEJIMYMBAETCS, 4 OCTATOUYHBII pacTBOP CTAHO-
BUTCsI 6oJiee KOHIIEHTPUPOBAHHBIM, IOKa He OymeT
JOCTUIHYTA DBTEKTUYECKAst KOHLIEHTPALIMsI K TEMIIE-
parypa. B naHHOi1 TOuKe pacTBOpEHHOE BEIIECTBO U
OCTAJIbHOIM PacTBOPUTENb KPUCTAJUTU3YIOTCS W BBI-
MamalT B OCANOK B BUAE B3aMMOIIPOHUKAIOIINX 00-
JlacTeil paCTBOPEHHOIO BelleCTBa U Jibaa, T.e. 00pa-
3yI0T KjaTparHoe coenuHenue (Inmuuka, 1987). Us-
BECTHO, YTO IIPM €ro 0Opa30BaHUM OIIPEIC/ISIOLIYIO
pOJIb UTpaeT He peaklMOHHAsl CIIOCOOHOCTh KOMITO-
HEHTOB, a ITPOCTPAHCTBEHHOE COOTBETCTBUE 00JIacTei
(KOMIUIEMEHTAPHOCTh) OKPUCTA/UIM30BAHHOIO pac-
TBOPEHHOTO BEILIECTBA U YUCTOIO OOBEMHOIO JIBA.

CrenyeTt 3aMeTUTh, YTO BTOPOIi MK KOHIIEHTpA-
LM BJIEMEHTOB-IIpUMeceii, 00pa30BaBIIMIICS HUKE
KaIWJUISIPHOTO TeOXMMUUYECKOTro Gapbepa, IpUuypo-
YeH K CJIOI0 TTepexoaa CHEXHBIX 3epeH OT MEIKO3ep-
HUCTBIX K CpeIHEe3epHUCTBHIM. Ero mnosBieHUe B
CpeIHEel YaCTU CHEXHOI TOJIIUN OObICHSIETCS CISHY-
oM. M3BecTHO, YTO M3-3a BBICOKOTO ajb0eno,
TeMIlepaTypa CHEXXHOI'O IOKpPOBa, KakK IpaBUIo, HU-
Ke TeMIIEpaTyphl IPUCHEXHOTO C/I0s1 Bo3ayxa. B mo-
CJie/IHEM 3TO BBI3BIBAECT YMEHBIIEHUE OTHOCUTEIb-
HOM BJIAXKHOCTH, KOTOpOE€ NPUBOAUT K ACHUILIATY
KOHILIEHTPALIMK BOJSHOTO ITapa B BO3AyXe Hal CHEX-
HOI TTOBepXHOCTHIO. OnHAaKO, Ne(PUIINT T1apa B IPH-
CHEXHOM CJIO€ BO3/1yXa MOXKET BOCHIOTHSIThCS 32 CUET
BO3TOHKHM (abauManuu) JIEOSHBIX KpuctauioB. [1o-
CKOJIbKY a0JMMAallMOHHBIN IIepexon U3 KpUCTaUIv-
yecKoii ha3bl B MapooOpa3HyIo UAET C MOIIOIIeHUEM
TerJia, TO TEMIIEpaTypa BEPXHETO CJI0sI CHera CHIKa-
eTcd ele 6omplne. BeaencTBue yero B cpenHeit yactu
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CHEXHOI TOJIIIN BO3HUKAET I'pagrC€HT TEMIICpATyp 1
CBA3aHHOC C HUM INOATATMBaAHNE BOAAHOIO I1apa U3
HIM2KHUX OTHOCHUTEIBHO TEILJIBIX CJIOEB CHETa B BEPX-
HUe — 0oJiee XOJIOTHEIE.

B pesynbpraTte 3TOrO0 B BEpXHEM YAacCTU CHEXKHOM
TOJIIM BO3HUKAET TPaJMEHT YIPYTOCTU BOASHOIO
napa, OOYCJIOBJICHHBIM TpagudeHTOM TeMIIepaTyp.
BcnencrBue yero BoasiHBIE ITAPHI IIOCTYIIAIOT K CHEXK-
HOI ITOBEPXHOCTHU KaK M3 ITTYOUHEBI, TaK U U3 CpeaHEH
JacTu CHeXHOI Tommuu. OgHAKO B CpedHEeil 4acTu
CHEXXHOI TOJIIIN 3TOT IIPOIIECC MOXET HAapyIIaThCS.
M3BecTHO, UTO B CyXOM CHEre Npu cpeaHeil MI0THO-
ct 0.28 r/cm?® cyTOuHBIE KOJIEOAHUS TEMIIEPATYPh
BO31yXa MOTYT JOCTUTaTh A0 MIyOUHBI 50 CM, HIXeE
KOTOpoii ToHOCThIO 3aTryxaioT (KyspmuH, 1957).
Mexny Tem HabmoneHus (Tenrtiokos, 2021) 3a mu-
HaMUKOM CTPYKTYPHO-TEKCTYPHBIX IpeoOpa3oBaHUIA
B CBEXEBBIIIABIIIEM CJIO€ CHeTa IIPU €ro IIepexolie B
cTpaTurpadrIecKy 3HAYNMBIN CJIOM CHeTOHAKOIIIE -
HUSI MTO3BOJISIIOT MPEAIIOI0XUTh, YTO IIyOMHA MpOo-
HUKHOBEHMUSI CYTOYHBIX TeMIIepaTYpPHBIX KOJIeOaHUIA
BO3Iyxa 1 CBSI3aHHbBIE C HUMHM IIOCTCEIMMEHTAIIMOH-
Hble MpeoOpa3oBaHUsI TBEPAbIX OCAIKOB, IPU MpPO-
YMX PpaBHBIX YCJIOBUSIX, OYyOyT OIpaHWUYMBATHCS
BCTpeYHBIM ITN(PY3MOHHBEIM MacCOIIEPEHOCOM ITa-
POB MOYBEHHOM Bjaru. OTOT MPOLIECC BO3ZHUKAET B
HIDKHEM 4YacTH CHEXHOIOo Ipoduiis B pe3ybTaTe
BHYTPUCHEXHOII TeMmnepaTypHOil MHBepcuu (B IO-
JIOILIBE CHEXXHOM TOJIIIM TeMIIepaTypa BCeraa BhIlle,
yeM B ee cpegHell yacTv). Bo3aMOXHOCTE pa3BUTHUS
JMIAaHHBIX IIPOILIECCOB B CHEXHOM TOJIIE MOKa3aHa B
pab6orax (I'ypromas, 1961; Sokratov, Maeno, 2000;
Sokratov, 2001; Pinzer et al., 2012). CinemoBaTenabHO,
MOSIBJIEHHE BTOPOIO IMKAa KOHIIEHTPAILMM BJIeMEH-
TOB-IIPUMECEN B CPEOHEN YacTU CHEXHOM TOJILIU
CBSI3aHO C MEXCJIOEBBIM IIepepacipencaIeHUEM a3po-
30JIbHOTO BEIIECTBA, BEI3BAHHOIO M3MEHEHUEM MU-
rpalyy KanwUISIPHOM Bjaru B 30HE KOHTaKTa HUC-
XOISIEro (ppoHTa CYyTOUHBIX KOJeOaHWiT TeMmIepa-
Typ W BCTpeuHOTro nMd@GPy3MOHHOr0 MaccoliepeHoca
napoB ITOYBEHHOI BJIaru.

TpeTbsi 30Ha HaKOIJICHUSI 3JIEMEHTOB-TIpUMeceii
¢duKcupyeTcsl B HIDKHEM YaCcTU CHEXXHOTO pa3pe3a U’
TakKe, KaK 1 BO BTOPOI1 30HE, KOHIIEHTPUPOBaHUE
3JIEMEHTOB-MIpUMeceil MPUYpPOUYESHO K KalWUISIpHO-
My TeoxXuMHudeckKoMy Oapbepy. OOHAKO MeXaHHU3M
ero GopMHUpPOBaHUY OoTIMUaeTcs. Tak, N3BECTHO, UTO
IUIOTHOCTb MOYBBI U, CleA0BaTeIbHO, ee 0ObeMHast
TEIUIOEMKOCTh B HECKOJIBKO pa3 OoJIbIlle aHaJIOTUY-
HBIX TTokaszareneit mist cHera (I'yproBas, 1961). Orto
MPUBOIUT K TOMY, UTO B 30HE KOHTAaKTa “CHer—mno4yna”
BO3HUKAET TEMIICPATypHBI IPaIUEHT, YTO BHI3bIBAECT
MPUTOK CyOOXJIAXKIEHHBIX MOPOBBIX ITOYBEHHBIX pac-
TBOPOB, KOTOPBIiA, B CBOIO OYepelb, BbI3BIBACT Tepe-
KPUCTAJUIM3AlIMIO paHee BHITABIINX CHEXHBIX 3epeH U
dopMHpOBaHNE KPHUCTAIIOB ITTYOMHHON W3MOPO3H.
Mx nanbHEUIINIA pOCT MPOUCXOIUT B pe3yIbTaTe HE-
OTHOKPATHOM MepeKPUCTAUIM3ALINN, TIONIEPXKIBae-
MOI TIOCTOSSHHBIM IN(PPY3MOHHBIM MacCOIepeHO-

COM IIOUBEHHOI1 Biiaru. B cBsI3u ¢ 3TUM moCTyIMpy-
€TCsI, YTO B HMXKHEM 4YacTU CE30HHOI CHEXHOM
TOJIIIY CYILIECTBYET CBOeOOpa3Hasl KpUCTaLI0oo0Opa-
3ylolasi cpena, IIsSI KOTOPOM XapaKTepHO HaIW4YKe
OIpelieIeHHbIX ITapaMeTpoB, oOecrneuunBaloIe re-
HEepUpOBaHUE YCIOBUIl IJISI 3apOXIEHUS U POCTa
KPUCTAJIJIOB IIIyOMHHOM n3Mopo3u. K HuM oTHOCST-
Csl UBMEHEHMEe TEPMOAMHAMUYECKUX U (PU3UKO-XU-
MUYECKUX MapaMeTpoB cpeabl. K Hanbosee nHdop-
MaTUBHBIM MOXHO OTHECTH IT0Ka3aTeIu KHUCIOTHO-
CTU M BJIEKTPOIIPOBOAMMOCTH, a TaKXK€ ILJIOTHOCTh
CHEXXHOTO CJIosl B MPUKOHTAaKTHOU 30He (puc. 4). A
MOCKOJIBKY HamOombmasa nuddy3ns mapa m cambie
BBICOKME TeMIlepaTypbl cHera (DUKCHUPYIOTCS, KakK
IIpaBUJIO, B HUZKHEM yacTu cHexkHoit Toimum (Kono-
mbil, 2013), To MMEHHO B HPMKOHTAaKTHOM CJIO€
CHera C OTHOCHUTEJIbHO HEBBICOKOU IJIOTHOCTHIO
MIPOUCXOIUT YCKOPEHHBIN POCT U MepeKpUCTaIIN-
3als JIeISTHBIX KPUCTAI0B INIYOMHHON MU3MOPO3H
c 00pa3zoBaHMEM KJIaTPATOB, UTO IMIPUBOAUT K HAKOIT-
JIEHUIO 3JIEMEHTOB-IIpUMeceii B KpUCTaJIaX ITTyOuH-
HoM n3mopo3su (puc. 4). CiemoBaTeabHO, Oapbepo-
oOpa3oBaHME U HAKOIUIEHUE 3JIEMEHTOB-IIpUMECEi
Ha TepMoaruPPy3nOHHOM FreOXUMHUIECKOM Oapbepe B
HIDKHEM 9aCTU CE30HHOM CHEXXHOM TOJIIN o0ecIie-
YUBAIOTCS CYLLIECTBOBAHUEM B 3TOM MEPEXOAHON 30-
He oco0o0if Kpuctajuioodpasymolueir cpenbl. [lpu
STOM ITOCTYIUICHUE 3JIEMEHTOB-IIPUMECEH B 3Ty 30HY
obecrieuynBaeTcsl 3a cyeT TepMoauddysnodopesa
IMOYBEHHOI BJIar ¥ pACTBOPEHHOTO ITOYBEHHOTO BE-
IIeCcTBa.

Ocobernocmu (hopmuposanus 3umMHe20 a3po304bH020
noas Hao e0poOCKoll Meppumopueil U Meiccaoessle
pazautus 6 pacnpeoesenuu 31eMeHmos-npumeceli

Ecnu comocTtaBUTE MeEXCIIOeBOE HaKOIIEHHUE
3JIEMEHTOB-TIpUMeceii, a TaKKe CpaBHUTH XapaKTep
KPUBBIX paclpeneeHusl comepXaHusl 3JIeMEHTOB-
mpuMeceil B CHeXXHOI Toiie (puc. 4), To caMblid
BEPXHUM CIOI-M BBIAEISETCS LLIMPOKUM CIHEKTPOM
HaKoIUIeHUs djieMeHTOB. OIHAKO, aHAJIU3UPYs BEp-
THKaJIBLHOE pacIipefie/icHrue 3JIeMEeHTOB-TIpIMeceii,
MOXHO 3aMETHTh, UTO TPYIIIa U3 TPEX JIIEMEHTOB —
Co—Cr—Ni otnnuaetcs ot AByX aApyrux (Li—Sr—Ba u
Cu—Zn—Cd) 06ojiee MOHOTOHHBIM XOIOM KPHMBBIX
pacripeneneHust. OOBICHUTDL JaHHBIN (HaKT TOJIHKO
OCOOEHHOCTSIMU MOCTCEIMMEHTALIMOHHOTO Tepe-
pacripeneIeHUsT a3pO30JIBHOTO BelllecTBa TIpH (op-
MUPOBAaHUH T€OXMMUUECKIX OaphepoB OYIET HE CO-
BCEM KOPPEKTHBIM. BbLIO MpeanoysioxkeHo, 4YTo Mpu
dopMHUpoOBaHNM HaI TOPOICKOM TeppUTOpUEit 3UM-
HETO a’pO30JILHOTO TIONS TPACKTOPUM IBVIKEHUS
BOBIYIIHBIX Macc, C KOTOPbIMU CBSI3aHO BBITIaJIcHUE
cTpaturpauIecK 3HAYMMBIX CHETOIagoB, MOTYT
oIpenieJIEeHHBIM 00pa30M HACIeTOBAThCS B CHEXKHBIX
CJIOSIX MTPU HapacTaHUU CHEXHOM TOJIIIM U TeM ca-
MBIM BJIMSITh HA OCOOEHHOCTH BEPTHUKAJIBHOTO pac-
TpenesieHrs 3JeMeHTOB-TipuMeceit. [l mpoBepKu
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P[%], Han perMOHOM MO ITyTH K CHIKTHIBKApy (OTMEYEH KpPyXkK-

koM) 3umoii 2021 r. (a) ITo Bcem TpaekTopusiMm B cioe 10—2010 m. (6) Kak B (a), HO TOJIBKO I10 TPACKTOPHUSIM C OTHOCUTEIbHOI
BJIaXXHOCTBIO Hall ChIKThIBKapoM Gosiee 90% u oTpuniaTeIbHOM TeMIiepatypoii Bo3ayxa. (B) Kak B (0), HO ¢ orpaHUYeHUEM T10
yaeabHOI BlakHOCTH (cM. B TeKcTe). (T) Kak B (B), HO TOJIBKO IUIST Y9aCTKOB TPAEKTOPUIA, ITPOJIETAIOIINX B aTMOCHEPHOM MO~
rpaHn4yHOM cioe. (1) CpenHsist Temiieparypa Bo3ayxa, 7' [°C], B obnactu nepeHoca. (e) CpenHsist yaeiabHas BIaXKHOCTh BO3IyXa,
q [r/xr], B 06nacTy epeHoca. 3nech 1 najiee pasMep stueitku 1° X 1°,

JAHHOTO TIPEAITOIOXEHUS ObLT BHITIOJTHEH TPAEKTOP-
HbBIi aHa/IN3 aTMOChEPHOTro TIepeHoca puMeceii.

Anam3 atMocepHOro nepeHoca npumeceid, ¢ Ko-
TOPBIMH CBA3aHO (hOpMUPOBAHME 3UMHETO A3P030JbHO-
'O NOJIs1 HAJl TOPOJICKO# TepPUTOPHEIi B JTHU CO CHEromna-
namm. /1151 aToro, ncnosib3ys 10-cyTouHble 0OpaTHBIE
TpaeKTOPUU ABMKEHUS BO3IYIITHBIX YACTULI, TIPUOBI-
BaBmux exedacHo ¢ 08.11.2020 1o 28.03.2021 B cnoit
10—2010 m (HMXHSA Tpomocdepa; Iar o BBICOTE
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100 m) Ham CeikTeiBKapoM (Bcero 54000) miss Bcex
IHeit, Obla ToJdydyeHa auarpaMmma, XapakTepu3ylo-
111251 pErMOHAJIbHYIO BEPOSITHOCTh MEPEeHOCa BO3MYIII-
HBIX YaCTUIl Hall MOBEPXHOCTHIO MPU IBWKECHUU K
TOYKE HaOJIIOAeHMsI, B JaHHOM ciydyae — K T. ChIK-
TBIBKapy (puc. 5a).

BMecTe ¢ TeM U3BECTHO, UTO BBINAACHUE TBEPIBIX
0CaJIKOB BO3MOXHO IIPU OTPULIATEIILHOM TeMIIepaTy-
pe Bo3nyxa, T [°C], ¥ OTHOCUTEIBbHONI BIAXKHOCTU
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Bosayxa, r [%], Bonu3u 100%. [1osaToMy GbLIO TIpen-
MOJIOKEHO, YTO O0Jiee TOUHO PETMOHAILHYIO BEPOSIT-
HOCTb TIepeHOCa BO3MYIIHBIX YACTHIL CBSI3aHHBIX C
ocamkamMi B CBHIKTBIBKape MOXHO BOCCTaHOBUTH €C-
JIU B pacyeT OpaTh TPAaeKTOPUU TOJBKO TEX BO3MYIII-
HBIX YaCTHUIIL, 1T KOTOPBIX 7y > 90% u T, < 0°C Han
ChIKThIBKapoM. Takux TpaekTopuii okasanock 17000
13 TIepBOHAYAJILHOTO MaccuBa. PermoHaibHasi Bepo-
SITHOCTh TIepeHOCa, BOCCTAHOBJIEHHAS IO 3TUM Tpa-
eKTopUsIM MokKa3aHa (puc. 560). OTMeTHM, 4TO IIpU
npuokeHuu r, K 100% 1mose peruoHaJbHON BEPO-
SITHOCTHU TIepeHOCa Ka4eCTBEHHO MEHSIETCSI He3HAYK -
TEJIHHO TI0 CPABHEHMIO C TIOPOToM #y, = 90%.

TpaekTopumn yYUTHIBAIOTCS TOJIBKO IO TOTO 4Yaca
oT KoHeyHOoi ToukM (CHIKTBIBKapa), IIe yaeabHas
BJIAXKHOCTb BO3Ioyxa, ¢ [T/Kr|, magaeT HMXe 5% oT
yaeapHo#l BnaxHocTUu Hal ChIKTBIBKAPOM, ¢,. 1o
€CTh CYMTAeM, UTO OT TeX PETMOHOB, Had KOTOPHIMU
q < 0.05¢,, nepeHocom Biaru K CbIKTBIBKapy MOXXHO
npeHe6peyb. PernoHanbHasi BEpOSITHOCTh C y4eTOM
9TOrO yCJIOBUs IToKa3aHa Ha (puc. 5B). CpaBHeHUE
InrarpaMM pHc. 5a—50 mokaszajao HeOOJIBIIOE OTJIM-
Yyue ABYX MOCJAETHUX OT MEePBOii, U 3TO OTJINYME, KaK
MBI TT0JIaraeM, MOXET XapaKTepu30BaTh TPAeKTOPHU,
C KOTOPBIMHU CBSI3aHO CYXO€ OCaKIEHHE a3pO030Jieii B
nepepbiBax Mexy cHeromagaMmu. ITockoabKy U Biara,
¥ a3p030J1b IIONafaloT B HIDKHIO Tpornocdepy U3 aT-
MocdepHoro norpanudHoro ciios (AIIC), a orryma — ¢
MOBEPXHOCTH, TO ObLIA TIOCTPOEHA AUarpaMmMa BeposIT-
HOCTH IIepeHoca, TaK Xe, KaK ¥ IUISI puc. SB, HO TOIBKO
10 TeM yJacTKaM TPaeKTOpUii, KOTOPbIE HAXOMWINCH B
PETMOHATBHOM aTMOC(HEPHOM ITOrPAaHUYHOM CJloe. DTa
JIrarpamMMa IpeacTaBieHa Ha puc. ST.

Cyns o nuarpamMmaM (puc. 5a—5r), MOXHO cKa-
3aTh, YTO B IHU CO CHETOITagZaMu 0COOeHHOCTH (hop-
MUPOBaHMUSI a3PO30JILHOTO MOJIsI HaJl TOPOJICKOM Tep-
puTOpHrelt CBSI3aHbl C BO3AYIIHBIMU YaCTULIAMHU, KO-
TOpBIE C HANOOJIBIIIEH BEPOSITHOCTHIO MPUOBIBAIIN 11O
AHTULMKJIOHWYECKOI Ayre, mojeraBliieil Hall peruo-
Hamu Boyb Mepunrada CeikTeiBKapa (50 B.1I.) ¥ Haj
ceBepo-3amnanoM KazaxctaHa, B TOM yuclie Hall ceBe-
POM YacTUYHO OIyCThIHEHHOTO ApaJio- Kacnuiicko-
ro apugHoro peruoHa (AKAP). AHTMIUKIOHWY-
HOCTh TiepeHoca n3 AIIC MoxkeT cBUIETEIBCTBOBATH
0 TOM, UYTO O0OCTaHOBKA, CIIOCOOCTBOBAaBILIAsi CHETO-
magaM B CeIKTBIBKape (r, > 90%) 3umoii 2021 r. BO3-
HYKajla BCJIEACTBUE BTOPXKEHWUS 3allaJHOro OTpora
Cubupckoro antuuukiaona Ha ETP. ITo Bceii Bungu-
MOCTH, XOJIOOHBIN (pUC. 51) U cyXoii (puc. 5e) Bo3myx
aHTULIMKIIOHA, TTpomenmnii yepe3 AITC Hag moTeH-
aabHO NbUIsIiIuMU peruoHamMmu AKAP u rora Poc-

CUU M, CIIeNOBaTe]IbHO, ¢ GOJIBIION BEPOSITHOCTHIO
HECYILUI a3P030JIbHbIC siApa KOHASHCAIIUH, CTAJIKM -
BaJsicst Hag ChIKTBIBKAPOM C BJIAXXHBIM (pUC. 5¢) 1 60-
JIee TeIUTBIM (puC. 51) BO3MYyXOM, ITOCTYITABIINM C 3a-
nagHbIX HarmpasiieHui. [TompoOHEBI aHaIN3 METeOo-
yCJIOBUIA B 00JIaCTU MEpEeHOCAa BO3MYIIHBLIX YaCTUIL
TpeOyeT OTHEJbHOTO MCCIECIOBAHUSI U BBLIXOAUT 3a
PaMKM JAHHOW CTaTbU.

Mexxoy TeM caeayeT 3aMeTUTh, UTO XapakKTep Bep-
TUKAJIbHOTO paciipeae/IieHUsI 3JIEMEHTOB-TIpUMeceil B
CHexXXHOM Iipodmie (puc. 4) He JaeT OCHOBAaHUI OJ-
HO3HA4YHO IIEPEHECTH MOJy4eHHBbIE Pe3yJIbTaThl Ha
CHEXHBbIC CcJioM, oOpa3oBaBiuecs g0 28 deBpais.
OnHako ydeT BpPEMCEHHEIX II€PUOIOB BBINAICHUS
cTpaturparIeckKu 3HaYMMBbIX CHEroIraaoB (puc. 20)
MO3BOJIMJI MIOCTPOUTH OOpaTHBIE TPACKTOPUU TIOJIS
BEPOSITHOCTH IIepeHOCAa BO3MYIIHBIX YAaCTULI, W IS
HIDKEIeXallluX CIoeB (CM. ITapHbIe AuarpaMMbl Ha
puc. 6a—63). Ilpu 3TOM JeBblE YaCTU CIBOEHHBIX
JriarpaMM Ha puc. 6a—63 ITOCTPOEHBI ITO TPAEKTOPUSIM
IS Becero muarrazoHa Beicot 10—2010 M, a ipaBble —
TOJIBKO M0 Y4aCcTKaM TPaeKTOPUIA, TOTIaJaBIIUM B aT-
MocdepHblil morpaHnuHbIi cioii (AI1C) kak Ham To-
pOIOM, TaK M Ha BCEM IIPOTSKEHUU TPACKTOPUIA.

M3 aHanusza nociaoiHBIX quarpaMm (puc. 6a—63)
cienyet, 4To (opMUPOBaHNUE XMMUUIECKOTO COCTaBa
CHEXHBIX CJIOeB a—d, 0O0pa30BaBIINUXCS B IepPUOJ C
08.11 mo 26.12.2020 1., IpeUMYIIECTBEHHO CBI3aHO C
3aragHbIM aTMOC(EPHBIM IIEPEHOCOM, TOIIa KaK Ha-
KoIUIeHUe ppakliivii B CI0sIX e—3, (OPMUPOBABIINX-
cs1 ¢ 25.12.2020 1. 1o 28.02.2021 1., 111710 IpY JOMUHM -
POBaHMM BOCTOYHOIO IEPEHOCA BO3MYIIHBIX MAacc.
OnHako BO BCeX MNPOAaHAIU3UPOBAHHBIX CHEXHBIX
CJI0SIX, HAapacTaHWE KOTOPhIX IIUTIO IPU Pa3HBIX TPacK-
TOPUSIX ABVDKEHMST BO3MYIITHBIX MACC, OTMEUAeTCs TIpe-
MMYIIECTBEHHOE HAKOIUICHUE JTUTOMDUIBHONM TPYITIbI
aJIeMeHTOB. YTOOBI ITOKA3aTh 3TO ObLIA MCIIOJIb30BaHA
TpeyroyibHas nuarpamma [mooca—Po3eboma, 11o3BossI-
I011[ast U300Pa3uTh IMPOLIEHTHOE COOTHOIIIEHUE OT/IE/Ib-
HBIX COCTaBJISIIOIINX B TPEXKOMIIOHEHTHOM CHUCTEME,
00pa3oBaHHOM TPeMSI DJIEMEHTHBIMU ITapareHe3ucamMu
(anemenamu-mutodpunamu (Lit): Li, Sr, Ba, Be, B, P,
Sc, Ga, Ge, Y, Ti, Sn, V, Mo; -cunepodmmamu (Sid):
Cr, Mn, Co, Ni, Pd); cynbdodpunamu (SIf): Cu, Zn,
Cd, Pb, Sb). XuMuuyeckue 3JIeMEHThI B 9TUX I'pyIIIIax
MMEIOT OJIM3KME CBOICTBA, OIIpeAesIsiolIre O0IIue
0COOEHHOCTU MUTPAllMU U KOHIIEHTPALIMK B pa3Idd-
HBIX T€OXMMMYECKMX 00CTaHOBKax. Tak, 3JIeMeHThI-
cuaepodmIbl UMEIOT YBEIUYEHHOE CPOACTBO K KMC-
JIopoay M 00pa3yloT METaUIMYECKIUE CBSI3U. AKTUB-
HOCTb MX MUTPalMY B JJaHAIIadTax U KOHLIEHTpalus

Puc. 6. [NocnoiiHble mapHbie AUarpaMMbl BEPOSITHOCTH MepeHoca BO3MYyIIHbIX YacTull, P[%] Ha 20 ypoBHSIX, IpUxoasire B
cioii 10—2010 M (1eBbIe YacTu CABOCHHBIX AUAarpaMm) U B Tipenesnax arMmocdepHoro rmorpaHndHoro cinost (AI1C; mpaBble yactu
CIBOCHHBIX AMarpamMm). Ha Bpe3ke rokasaHbl pacripeiesieH1e 3JIEMEHTHBIX TPYIIT (Cyinbhoduibl, IUTOGUIIbI, CUaepOodhUIbI)
B CHEXHBIX CJIOSIX XPOHOJIOTMYECKM TPUBSI3aHHBIE K MEpUOIaM BbIMAACHUs CTpaTUrpaduyecku 3HAYMMBbIX CHETONAIOB:
croii—a — 08—12.11.20; cnoit—6 — 12.11—14.12.20; cnoit—e — 14—17.12.20; cnon—e, —0 — 17—25.12.20; cnou—e, —oc, —3, —u — 20—
28.12.20; cmoii—k — 28.12.20—03.02.21; cimoii—a — 03—15.02.21; cinoii—m — 15—28.02.21.
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102 TEHTIKOKOB u np.

Ha T€OXMMUYECKMX Oapbepax BO MHOTOM OIPEIEIsI-
I0TCSI OKHUCJIUTEbHO-BOCCTAHOBUTEILHBIMU 0O0OCTA-
HOBKaMH. [pymnmy 371eMeHTOB-CyIb(pOPUIOB OTIM-
YaeT TO, YTO OHU MMEIOT TEHACHIINIO K 00pa30BaHMIO
KOBAJICHTHBIX CBSI3€li UM XapaKTEpM3YIOTCS ITOBBI-
IIIEHHBIM CPOICTBOM K cepe, oOpa3ys ¢ Heil Hepac-
TBOPUMEIE Cyabdumbl. st rpynmbl 3J1eMEeHTOB-JIN-
TOGUIIOB OOIIMM SIBJISIETCS B pa3HOM CTEIIEHU BhIpa-
JKeHHasl TCHICHIINS K 00pa30BaHUIO MOHHBIX CBSI3CIA.
INocnenHee XopoIIo OOBSICHSIET UX BRICOKYIO PACTBO-
PUMOCTBb HEKOTOPBIX COJIeii, nX OCJIbIii LIBET, IIeI0Y-
HO-KMCJIOTHBIE cBoIicTBa pactBopoB (IlepenbMaH,
Kacumog, 1999). Mconb3ys Tpu mmapamMeTpa MOXHO
rparyecku oTpa3uTh MPOIIOPIIMOHATILHOE COOTHO-
IIEHNE 3TUX T'PYIII, YTO JA€T BO3MOXHOCTh COIIOCTa-
BUTb HUX MEXCJIOEBYI0O M3MEHUYMBOCTh B CHEXHOM
TOJIIIIE U TTOBBIIIaeT UH(GOPMATUBHOCTD PE3YIbTaTOB
(cM. Bpe3Ky Ha puc. 6).

PacyeTsl mokasanu, 4TO IMPOLIEHTHOE COOTHOIIIE-
HME Tpex I'PyHIl 3jieMeHTOB Jutoduion (Lit), cyiab-
dodunos (SIf) u (cunepodmnoB (Sid) cocrasisieT
74 : 11 : 14 cooTBeTcTBeHHO. Clle1OBaTEIBHO, BO BCEX
CHEXHBIX CJIOSIX, CJararolire CHEXHYIO TOJIILY,
YCTOIYMBO IIpeo0JIamacT HaKOIUICHHUE JIMTODIMILHOM
TPYMIIBEI 271eMeHTOB. I1oaTOMY moJTydeHHbIE MEXKCITIO-
€BbIC COOTHOILIEHUS SJIEMEHTHBIX IPYIIIT B CONpPSIKe-
HUU C TPAaeKTOPHBIM aHAJIM30M JIBVKCHMS BO3IYIII-
HBIX MacC He IO3BOJISIOT OMHO3HAYHO MHTEPHPETU-
pOBaTh UX KaK OTOOpakeHre 3MMHET0 a3p030JIbHOTO
ossi, opMuUpyloleecs: Hal TOpOACKOIl TepPUTOPH-
el B pe3ysbTaTe JajabHero nepeHoca. B cBsa3u ¢ aTum
MpearoaaraeTcs, 4TO MEXCJIOEBOE€ COOTHOIIECHUE
BJIEMEHTHBIX ITapareHe31MCOB, YCTOMYNBO COXPaHSIIO-
1eecsl B CHEXXHOM IIOKPOBE IIPU €r0 HapacTaHWW,
MOXKET BBICTYIIATh B KAYECTBE FT€OXMMUYECKOTO Map-
Kepa 3aCTOMHBIX 30H B TOPOICKOM OCTPOBE TeIljia
IIPpU 3KOJIOTO-T€OXUMMNYECKOM OLIEHKE 3arpsi3HEHUs
aTMocdephl B Ipeaenax ypoaHU3UPOBAHHBIX TePPU-
topuii. ClienyeT 3aMeTUTh, YTO B KAYeCTBE I€OXUMMU -
YeCKMX MapKepOB 3aCTOMHBIX 30H B TOPOJICKOM OCT-
pOBE TeIlla MOTYT BBICTYIIATh JI00bIe TUTTOMOP(HBIC
TPYMITEI XUMUYECKHUX DJIEMEHTOB 13 COCTaBa OCEBIIIE-
ro a3po30JIbHOIO BellecTBa. [IpMHIUIIMAIBHBIM SIB-
JISISTCSI TUILLIb TpeOOBaHUE, YTOOBI OHU OBLIU CBSI3aHBI
C KOHKPETHOM MNPOMBIILIUJICHHON Ccrienuaain3anueii
TEPPUTOPUU, & X MEXKCIIOEBOE COOTHOIIIEHNE YCTOM -
YUBO COXPAHSIOCh B CE30HHOM CHEXKHOM TOJILE MPU
€€ HapacTaHWU.

3AKJIIOYEHHME

AHaU3 TOCIOMHBIX TIOCTCEIUMEHTALIMOHHBIX
MpeoOpa3oBaHUl TPaHYJIOMETPUUYECKOTO COCTaBa
OCEBIIIETO a3PO30JIbHOTO BEIIECTBA B CHEXHOM TOJI-
Ille, BBIMOJIHEHHBIX C MIOMOIILIO METOAA TUHAMMUYE-
CKOTO paccesTHUSI cBeTa IToKa3all, 4YTO MOJIUINCIIepC-
HOCTb a3pO030JIbHOTO BEIIECTBA B MHEE U TIIYOMHHOMN
U3MOPO3HU CYILIECTBEHHO BhIIIIE, YeM B CHEXXHBIX CII0-
SIX, XpPOHOJIOTUYECKY MPUBS3aHHBIX K CTpaTurpadm-

yecKM 3HAYMMBIM cHeromagam. Ilpenmonaraercs,
YTO TaKMe 0COOEHHOCTH B pacnpeaeeHUU YaCTULL TTO
pa3MepaM B JIeASSHBIX KPUCTaJLIaX HOBEPXHOCTHOMI 1
ITyOMHHOI M3MOPO3U CBSI3aHbI MPUPOIHLIMU 3~
dexTamMu u gBiaeHusIMU (Tepmodopes, audoy3no-
dope3, KanUISIPHBIC CUJIBL, aAre3us), 00yCIIOBIICH-
Hble (U3NUECKUMHU CBOMCTBAMM CHEXXHOTO ITOKPOBA.

BrlmmosTHEHHBIE CpPaBHUTEIbHBIC MCCIEIOBAHUS
MOCIOMHOW M3MEHUYMBOCTU XWMUYECKOTO COCTaBa
OCEBIIIETO a3PO30JILHOTO BEIeCTBa MO3BOJIMIIN 00-
HapyXXUThb MEXCIIOEBOE COOTHOIICHUE TPEeX TPYII
aneMeHTOB (cuaepoduion (Sid) cynbdodunos (SIf),
ymrodmios (Lit)), OTHOCUTEIBHO YCTOMYNBO COXpa-
HSIOIeecs] B CHEXKHOM TOKpPOBe TP €ro HapacTta-
HuUu. TpaeKTOpHBIN aHaJU3 MepeHoca BO3MYIIHBIX
Macc K CBHIKTBIBKApy, ¢ KOTOPBIMU CBSI3aHO BHITIANIE-
HUE cTpaturpaduyeckd 3HAYMMBIX CHETOITaloB, He
MO3BOJIUJI COOTHECTU OOHApPYXKEHHbIII TeOXuMUYe-
CKMiT (heHOMEH C TIpEdITOJIOXEeHHEeM, YTO 3MMHee
as’po30JIbHOE TT0JIe, (hOpMHUpPYyEMOe Hall TOPOIOM TP
pPa3HBIX TPACKTOPUSIX IBUKEHUSI BO3AYIIHBIX Macc,
MOXET OIlpele]IeHHBIM 00pa30M HaclIemoBaThCs B
CHEXHBIX CJIOSIX TIPY HApaCTaHWU CHEXXHOM TOJIIIIN 1
TEeM CaMbIM BJIUSITh HA OCOOEHHOCTU BEPTUKATIBbHOIO
pacripeneyieHus 3JeMeHTOB-TipuMeceii. O4eBUIHO,
YTO OOHApy:KEHHOE B CHEXHOW TOJIIE YCTOMYMBOE
MEXCJI0€BOe COOTHOIICHUE TPeX I'PYIIN 3JeMEHTOB-
mpuMeceil oTpaxkaeT HaIW4IHUe 3aCTOMHBIX 30H B TO-
ponckoMm ocTpoBe Teruia. Cireayer 3aMeTUTh, YTO Te0-
XUMUUYECKHUE TMPOSIBIeHUsS (eHOMeHa TOPOACKOIo
OCTpOBa TeIUIa UISI CEBEPHBIX TOPOIOB, B KOTOPBIX
MIPOIOJDKUTEIFHOCTD 3aJIeTaHNSI CHEXKHOTO TTOKPOBa
cocraBisieT 6—8 MecsieB W 6oJjiee, HEU3BECTHEL.
Mexay TeM, TIIaBHOM 0COOEHHOCTBIO 3MMHIX METEO-
POJIOTUYECKUX MPOIIECCOB B CEBEPHBIX IIMPOTaX SIB-
JISIeTCsI BBICOKASI YaCcTOTa IMTOBTOPSIEMOCTH aTMOocep-
HbIx nHBepcuii (Nygard et al., 2014; Wetzel, Briimmer,
2011). @opMupylolmecss B 3TOT MepUOd MOrpaHNI-
Hble cJI0U aTMOC(depbl, XapaKTepU3YIOTCSI YCTOMYM-
BOCTBIO M HAUTMIMEM MaJIOMOIITHOTO MOIBIHBEPCHUOH -
HOTO CJIOS TIepeMENNBaHUS, YTO CITOCOOCTBYET Ha-
KOIUICHUIO TEXHOTeHHBIX OMHUCCUN Termja WU
3arpsI3HSIONINX BEIIECTB B IPU3EMHOM CJIO€ BO3IyXa.
HX TUIOTHOCTH B JIOKIBHBIX 30HAX B IIpenesiax Io-
POICKOM TEPPUTOPUU MOXET JOCTUTaTh TaKUX 3HA-
YeHU, IPU KOTOPBIX CYUTLHO YMEHBIIIAeTCST CyMMap-
Hasl COJTHEUHAasT pamualivs M 3aep>KUBAeTCS BCTPeU-
Hoe WuH(ppaKkpacHOe U3JIydYeHUEe TMOACTUIamIIeH
MMOBEPXHOCTHU. Bce 5TO BMecTe B3ATOE B COUETAHUM C
TETUIOOTHAYEH XXMIBIX M TTPOMBIIIJICHHBIX 3MaHUI 1
OOBEKTOB TIPUBOAUT K TIOSIBJICHUIO Hall TOPOJAOM
MECTHOTO “IapHMKOBOro 3dexra” u dpopmupona-
HHUIO CBOEOOpa3HOTo a’po30JbHOTO Kyronga. Ero
IUIOTHOCTb TaKOBa, YTO HUBEJIUPYET BIUSIHUE 3UM-
HETO a3pO30JbHOTO TI0JIs1, (OPMUPYIOIIETOCSI B pe-
3yJIbTaTe MaJIbHETO MepeHoca Hall TOPOICKOI Teppr-
Topueii. [ToaToMy, HECMOTpSI Ha pa3Hble HaIpaBJie-
HUS TIOCTYIUIEHUs] BO3IOYIIHBIX Macc K TOpomy, C
KOTOPBIMU CBSI3aHO HapacTaHWe CHEXHOTO TTOKPOBA,
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MEXCJI0EBbIE COOTHOILIEHUST TpeX TPYMIT DJIEMEHTOB-
IIPUMECEN OCTAIOTCH YCTOMYUBBIMMU.

CrenoBaTeIbHO, MEXKCIIOEBbIE COOTHOILICHUS 3JIe-
MEHTHBIX [IapareHe3MCOB, COXPaHSIOIINE CBOIO YCTOM-
YMBOCTb B CHEXKHOI TOJIIIE TP €€ HapacTaHUU, MO-
T'YT OBITh UCHOJIBL30BaHbI B KAYECTBE T€OXUMHNYECKO-
ro Mapkepa IIpyM OOHapyXeHMM 3aCTOMHBLIX 30H B
TOPOACKOM OCTPOBE TeIlIa IIPU SKOJIOTO-TeOXUMUYe-
CKOM OILIeHKe pachpelesieHUsT 3arpsi3HSIONNX Be-
IIIECTB B CE30HHOM CHEXXHOM ITOKpOBe ropona. B ta-
KOM KOHTEKCTE IPEIJIOKEHHBI METOH reoXuMude-
CKOTO WCCIIEIOBAHMUSI CHEXHOTO ITOKPOBA MOXKET
paccMaTpUBaThCs JOMOIHUTEIBHBIM MHCTPYMEHTOM
IIpU U3YyYCHUM MEJIKOMACIITA0OHOI TWHAMWUKH TYyp-
OyJIEeHTHBIX BO3IYIIHBIX MOTOKOB M IepeHoca 3a-
I'PSI3BHSIOLIMX BEIIECTB B TOPOICKOM cpejie, OpraHruy -
HO JOMOJHSSI U3BECTHBIE METOHBI MOICIMPOBAHUS
MIPY BBISIBJIECHUN OCOOCHHOCTEM MepeHoca 3arps3Hsi-
IOIIMX BEILLIECTB B YCJIOBUSIX TOPOACKOIT Cpebl U BOC-
MPOU3BEACHUS ITPOCTPAHCTBEHHOM AMHAMUKY aHO-
Manuii Temneparypsl (Atlaskin, Vihma, 2012; I'mazy-
HOB, 2014; Anderson et al., 2015; Li et al., 2016; Sadique
et al., 2017).

Jlazepnas epanysomempus oopasyoe manoeo cHeea
6binoaHeHbl 8 llenmpe KoaleKMUBHO20 NOAb30BAHUSA
“Xumus” Uncmumyma xumuu DPUI] Komu HI[ YpO
PAH, a ux xumuueckuit anaruz — ¢ IIKII “leonayka”
HUT OUI] Komu HI[ YpO PAH.

Hccaedosanue nposodunocv 6 pamkax 20c3adanus
Hucmumyma onmuxu ammocghepor um. B.E. 3yesa CO
PAH, npoexm 11.10.3.2, pecucmpayuonnsiiit No AAAA-
Al7-117021310142-5; mpaekmopHblii aHAAU3 BbINOA-
HeHn npu ¢punancoeoii noddepicke PODOU u HHDOU ¢
pamKax Hayuroeo npoexma Ne 20-55-56028.

CIIMCOK JIMTEPATYPbI

Teoxumus oxpyacaroweii cpedwt. (1990) M.: Henpa, 335 c.

I'mazynoB A.B. (2014) YucineHHOe MOOEIMPOBAaHUE YCTOM-
YUBOCTPAaTU(UIIMPOBAHHBIX TYpPOYJIECHTHBIX TEUCHUI Hal
ITOBEPXHOCTBIO Toponckoro tuma. CreKTpbl U MacIluTaobl,
rapameTpu3aius rpodueit reMneparypsl 1 CKOPOCTH. H3-
secmust PAH. @uzuxa ammocghepot u oxeana. 50(4), 406-410.

Imunka H.JL. (1987) Obwas xumus: yueb. nocobue oas 8y-
306. J1.: Xumus, 704 c.

I'yprosas E.E. (1961) Hexomopsie 6onpocer memnepamyp-
HO20 pexcuma cHedcHo20 nokpoesa. Poab credcnoeo nokposa 6
npupoonsix npoyeccax. M.: U3n-so AH CCCP, 121-131.

NenesJI.C. (2011) A3po30/bpHOE BO3EHCTBUE HA KIIMMATH -
yeckue mpolecchl. Onmuka ammocepot u okeana. 24(5),
392-410.

Wenes JI.C., Josramok 10.A. (1999) ®usuka atmochep-
HbIX a3po30ibHbIX cucteM. CI16.: HUMUX CIIoI'Y, 258 c.

Kacumos H.C., Bimacos /1.B., Komenesa H.E., Hukndo-
poBa E.M. (2016) [eoxumus nandwagpmos Bocmounoii
Mockewnt. M.: ATIP, 276 c.

Konombinn 3.1, (2013) Teopus 36oarouuu 6 cmpykmypHom
cneeoseodenuu. M.: Teoc, 482 c.

TEOXUMHUA T1omM 68 Nel 2023

Kysemun I1.I1. (1957) @Quzuueckue ceoiicmea cheicrnozo no-
kpoea. J1.: T'unpomereousnar, 179 c.

Mocxkosuenko [.B., IToxurkos P.}O., Copomorun A.B.
(2021) TI'eoxumuyeckasi XapaKTepUCTHKa CHEXHOTO I10-
kpoBa 1. Tobonbck. Hzsecmus Tomckoeo noarumexnuuecko-
20 ynueepcumema. Hnxcunupune 2eopecypcos. 332(5), 156-
169.

IMarent 2411487 Poccuiickag ®enepauus, MIIKS
GOIN1/04 (2006.01). (2011) CHeroot60opHMK TeHTIOKOBa /
TenrtiokoB M.I1.; 3assBuTenp 1 nareHToOOMamaTenb UHCTH-
Tyt 6uoniornn Komu HIT YpO PAH — Ne 2009131266/05;
3agBia. 17.08.2009; ony6a. 10.02.2011; broa. Ne 4. 10 c.
URL: https://ib.komisc.ru/files/innov/2411487.pdf. (nata
o6paieHus 19.02.2022).

[MaTeHT Ha MpoMBbILILIeHHBII o6pasel; 89907 Poccuiickas
Denepanus, MKITO10 10-04. (2014) YcTpoiCTBO IS U3-
MEpPEHUS BBICOTHI CHEXXHOTO TTOKPOBa U MpUpocTa uHes /
TentiokoB M.I1.; 3agBuTenpy U matreHToobOnanarenb MH-
ctutyt 6uonorun Komu HIL ¥pO PAH — Ne 2012503457,
3agBi. 01.10.2012; omy6n. 16.09.2014. Bwa. Ne 9. 2 c.
URL:https://ib.komisc.ru/files/innov/89907.pdf. (nara 06-
pauenus 19.02.2022).

Ilepenbman A.U., Kacumos H.C. (1999) I'eoxumus naHna-
madTa. M.: Actpes-2000, 768 c.

Puxtep I'[A. (1948) Poab cresxcnoeo nokposa 6 ghusuko-zeo-
epaguueckom npoyecce. Tpyovr Hncmumyma eeoepagpuu AH
CCCP. 40. M.—J1.: Uzn-Bo AH CCCP, 171 c.

TenTiokoB M.II. (2021) Busyanuszauusi CTpyKTYpHO-TEK-
CTYPHBIX UI3MEHEHHIT B HOBOOOPA3YIOIIEMCSI CHEXKHOM CJIOe
MPU JJTATEIBHOM CHeronane. Jled u cnee. 61(2), 222-231.

@upu 1., Apmcrponr P.JI., Jiopan U., Dtxesu I1., Ipun U.,
MakKnanr .M., Hummmmypa K., Careasanu I1.K., Co-
kpatoB C.A. (2012) MexayHapomHast KiacCU(PUKAIINS IS
CE30HHO-BHITAAIOIIET0 CHera (pPyKOBOJICTBO K ONTUCAHUIO
CHEXXHOM TOJIIIN M CHEXXHOTO TMTOKpoBa). Mamepuanwi eas-
yuonoeuueckux uccaedosanui. (2), 80 c.

Dkoreoxumusi ropoackux gaHamadTos (1995) (ITox. pen.
H.C. Kacumosna). M.: MU3a-Bo Mock. yH-Ta,. 336 c.

Anderson W., Li Q., Bou-Zeid E. (2015) Numerical simu-
lation of flow over urban-like topographies and evaluation
of turbulence temporal attributes. J. Turbul. 16(9), 809-831.

Atlaskin E., Vihma T. (2012) Evaluation of NWP results for
wintertime nocturnal boundary-layer temperatures over
Europe and Finland. Q.J.R. Meteorol. Soc. 138(667), 1440-
1451.

https://doi.org/10.1002/qj.1885

Draxler R.R., Hess G.D. (1998) An overview of the
HYSPLIT 4 modeling system of trajectories, dispersion,
and deposition. Aust. Meteor. Mag. 47, 295-308.

Hsu Y.-K., Holsen T., Hopke P. (2003) Comparison of hy-
brid receptor models to locate PCB sources in Chicago. Az-
mos. Environ. 37, 545-562.

Kistler R., Kalnay E., Collins W.G., Saha S., White G.,
Woollen J., Chelliah M., Ebisuzaki W., Kanamitsu M.,
Kousky V., van den Dool H., Jenne R., Fiorino M. (2001)
The NCEP—NCAR 50-year reanalysis: Monthly means
CD-ROM and documentation. Bull. Am. Meteorol. Soc.
82(2), 247-268.

Li X X., Britter R., Norford L.K. (2016) Effect of stable
stratification on dispersion within urban street canyons:
A large-eddy simulation. Atmos. Environ. 144, 47-59.



104

Mahowald N.M., Kloster S., Engelstaedter S., Moore J.K.,
Mukhopadhyay S., McConnell J.R., Albani S., Doney S.C.,
Bhattacharya A., Curran M.A.J., Flanner M.G., Hoff-
man F.M., Lawrence D.M., Lindsay K., Mayewski P.A.,
Neff J., Rothenberg D., Thomas E., Thornton P.E., Ze-
nder C.S. (2010) Observed 20th century desert dust vari-
ability: impact on climate and biogeochemistry. Atmos.
Chem. Phys. 10(22), 10875-10893.

Nygérd T., Valkonen T., Vihma T. (2014) Characteristics of
Arctic low-tropospheric humidity inversions based on radio
soundings. Atmos. Chem. Phys. 14, 1959-1971.
https://doi.org/10.5194/acp-14-1959-2014

Pinzer B. R., Schneebeli M., Kaempfer T.U. (2012) Vapor
flux and recrystallization during dry snow metamorphism
under a steady temperature gradient as observed by time-
lapse micro-tomography. Cryos. 6(5), 1141-1155.

Sadique J., Yang X.I.A., Meneveau C., Mittal R. (2017)
Aerodynamic properties of rough surfaces with high aspect-

TEHTIKOKOB u np.

ratio roughness elements: effect of aspect ratio and arrange-
ments. Bound.-Layer Meteorol. 163(2), 203-224.

Shukurov K.A., Borovski A.N., Postylyakov O.V., Dzho-
la A.V., Grechko E.I., Kanaya Y. (2018) Potential sources
of tropospheric nitrogen dioxide for western Moscow re-
gion, Russia. Proc. SPIE. 10833, 108337N.

Shukurov K.A., Chkhetiani O.G. (2017) Probability of
transport of air parcels from the arid lands in the Southern
Russia to Moscow region. Proc. SPIE. 10466, 104663V.

Sokratov S.A. (2001) Parameters influencing the recrystal-
lization rate of snow. C. R. Sci. Techn. 33(2—3), 263-274.

Sokratov S.A., Maeno N. (2000) Effective water vapor dif-
fusion coefficient of snow under a temperature gradient.
Water Resour. Res. 36, 1269-1276.

Wetzel C., Brimmer B. (2011) An Arctic inversion clima-
tology based on the European Centre Reanalysis ERA-40.
Meteorol. Zeitschrift. 20(6), 589-600.

FTEOXMMHUA Ttom 68 Nel 2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


