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K 75-O TOAOBUIMHE UHCTUTYTA TEO®U3NKH
HM. M. 3. HOAUA

I'pysus, xak n mech KuaBxa3, reonorHucckd — CHOXHbIH PETHOH, OTJIMYAECTCA BBICOKOM
CeHCMHYECKOR aKTHBHOCTBIO. COXPaHWIIMCh CBEJEHHS O PaspyLUHTENbHBIX 3EMICTPACEHHMAX, HO
OHH, B OCHOBHOM, HOCHJIX OIIHCATENbHLIH XapaKTep.

C nauana XIX Beka yCHIHBaeTCi TEHJEHLHS KOJIMYECBEHHO! OUEHKH reoH3NYecKnx
ABJIEHUH (HAUPSKEHHE MAarHUTHOTO NOJis 3eMJIH, YCKOPEHHE CHIbI TSKECTH,  ONpefesicHHe
OCHOBHBIX I1aPAMETPOB METEOPOJIOrHYeCKMX sBieHWi u ap.). B 1844 rony B TOunucu Obina
ocHOBaHa mepBas Ha KaBkaze u omHa M3 nepBeix B POCCHM MarHuTo — METEOpPOJOTHYECKas
ofcepBaTopus, KOTOpas chirpaia (yHIAMEHTAILHYXO POb B Pa3BUTHH reO(PH3AYECKON HayKH.
OGcepBaTopuelt pykoBOAMIM Takde H3BecTibie yueuble, kak A. Kyndep, A. dunagensdun, A.
Mopuu, I'. A6ux, M. Muns6epr, C.B. Tnacex u ap. B o6ceppatopui GbiT CO3JaH MOIMHBIA H
ABTOPHUTETHBIA Hay4HBIH LEHTP, B KOTOPOM NPOBOAMIHCL reOMarHWTHbIE, CEHCMONOrHYecKue,
METEOPOJIOTHYECKHE, TPaBUMETpHUECKHe HabnioaeHus. [ToayyenHble naHHbIe B BUOE GtosneTeHen
NOChUIANUCH B (pu3HYeckne oOGcepBaTopun Mupa. B nocnemyrowem nepuone obceppatopus Gbiia
nepenecena cHayana B Kapcatu, 3atem B Jlywer.

WUtak, mocremenHo ObUIM CO34aHbl pEATbHBIC TNPEANOCHUIKM [J CO3AaHMSA YUPEKACHHS
reoduznyeckoro mpoduns. C uebio obecteYeHns Takoro ydpexIeHns KaapaMu, N0 HHHLHATHBE
obcepBaTopun B 1932 roay B yckopeHHyw acnupaHTypy AH CCCP GbUiH KOMaHIHPOBaHBI
mojioable coTpyaHMKM obcepBatopun B.K. Banasamse, I'.K. Tsantsamse, B.B. Kebynamse, A.Jl.
Iixakas M coTpyaHuku I'opHO-Metautypruyeckoro uHcTHTyTa A.B. ByxHukawsunn u M.C.
Abakenus.

1 HoaGps 1933 roma noctaHornenueM Ilpesnnuymon 3akaBkaickoro ¢unmana u I'pysunckoro
orneneins AH CCCP 6bi1 ocnoBaH TOnmucckuit ['eodusuuecknit uHCTHTYT I 'py3uHCcKoro
¢dunnana AH CCCP, 4to 6110 3HaUMTENbHBIM SBIEHHEM B HCTOPMH Pa3BUTHUA IPY3MHCKOM HayKH
U KYJBTYpBHIL.

Co3snanne I'eodH3MIECKOro HHCTHTYTA COBNANO C MEPHOAOM, KOTAA MepBOCTENEHHON 3anadei
rocynapcTBa sBIANI0CE OCBOEHHE MPUPOAHbIX HoratcTs cTpaHsl. Heo6Xx0AMMBIM cTano paciIMpenue
MHHEpPATbHO-CbIDbEBOM  0a3bl, JUIA Yero pasBefke M TIOMCKY TIONE3HBIX MCKOMAaeMbIX
reopU3MYECKUMH METOJaMH, H3YYEHHIO CeHCMHUYECKMX YCNOBWil TEPPUTOpHH InpHaaeTcs
MPEANOYTHTENbHOE 3HaueHHe. ['py3us co CBOMMH TCOJIOTHYCCKMMM YCIIOBHAMH  MpeiCTaBisia
3¢ peKTHBHYIO 1abOpPaTOPHIO [UIA pa3BUTHs reoU3UUECKUX HCCIe10BAHUH.

IMepebM mupekTopom MHcTuTyTa 6bIn HazHayed un.-kopp. AH CCCP, npodeccop [1.M..
Hukudopos, zamectutensmu — npod. H. M. Mycxemumsunun u npod. M.3. Honmmna, yueHeiM
cekperapeM — A.Jl. Llxakas. [Ipod. H.Y. MycxenuuBuiu 0aHOBPeMEHHO Obll PyKOBOAHTENEM
OT/ENa TEOPETHUECKOH M MaTeMaTHyecKoH reoduinku Mucturtyra. B Benenue MuctuTyTa nepemna
ceficMU4eCcKas CTaHLU 0OCepBaTOPHH.

B 1941 roay, Ha ocHoBe nocraHosneHus Cosera Hapoausix xomuccapos I'pysunckoit CCP
6bUta oprann3oBaHa Axagemus Hayk I'pysuHckoit CCP, B cea3u ¢ yeM Ha Gase ['eodusuueckoro
MHCTUTYTa ObUT  co34aH MHCTHTYT GH3MKM M reodn3uKy, AUPEKTOPOM KOTOPOro Obll Ha3HauyeH
npod. M.3. Hoaua, ¢ 1943 roga - akax. M.M. MupHaHaiuBHIH.

C 1 nexabps 1950 roma MHCTHTYT Qu3Hxku M TCOQHIHKH pa3melWIM Ha ABAa MHCTHTYTa:
HuctutyT reopusuxn n Uuctutyt dusuku. Jupexropom MuctuTyTa reodusuku 6bin HazHaueH
npo¢. b.K. banasanze.

B 1953 rony B.K. Banasanse 6bl1 KOMaHIMPOBaH B JOKTOPaHTYpPy B MockBy. B CBA3M cUeEM
aupekTopoM MHcTuTyra reodusukn  HasHauaeTca npod. A.B. ByxuukawBuim, KoTopbii
PYKOBOAMI HHCTHTyTOM J0 1972 rona.

B 1956 rony B BefieHHe HHCTHTYTa ObInM nepenansl JlyuieTckas MaruutHas o0ceppaTopus H
T6unucckasn cTaHUUsA KocMHueckux nydeit. [lymerckas reodusuveckas oGcepBaTOpPHS BXOIMT B
CETh MMPOBEIX FEOMAarHUTHEIX 06CEPBATOPHii, B HEH NPOBORATCA HENPEPBIBHbIE HAONIONEHHA Hal
napameTpaMH MarHMTHOTO nons 3emiu. OCHOBHOE NOCTOMHCTBO IAHHBLIX HabIlONEHMI, 3TO MX
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HEMpepLIBHOCTH B TeueHHe CBbiile 160 JIET, 4T0 HMEET OrpOMHOE 3HaYeHHE B HCCIENOBAHMSAX 1A
paspelleHHs pasHpIx MpobiiemM MlaHeTapHoro Macumitaba. B 2006 romy. ¢ moMouibio SNOHCKHMX
yueHbIX, B 06CepBaTOpHy HaGmIONEHHS BENYTCS COBPEMEHHBIMH UM(POBLIMH H3MEDUTENLHBIMM
npubopamn. Kak omopias CTaHuMA. SKCMEPHMEHTAILHBIA KOCMO(HU3HYECKHH KOMIUIEKC TOXe
BHECEH B MHPOBYIO CETh KOCMHecKuX ayucii. [Jaunble kocmodusnyeckoi obcepparopui, BMecTe ¢
aHANOTHYHLIMK JaHHBIMM PYTHUX CTPaH, pa3MeLleHbl B 6ate MMPOBBIX JaHHBIX H B HHTEPHETE.

B 1957 rony B Pyncnupn coszpaHa Anasanckas POTHBOrpazosas 6a3a B BUAE CTAUMOHApHOR
skcneauumnu. B 1961 rogy npu MuuscrepcTBe cenbkoro xosafctsa [py3uu cosnana nepsas B
CCCP Cnyxba 6opuObl ¢ rpazoM, 4HeMy NPCAlIECTBOBaNX Hay4yHblE HCCIENOBAaHMA M
mupoKoMaciuTabHble IKCIIEPUMEHTHI, TPOBEUEHHbIE COTpYAHMKamMH WHCTHTYTa reodu3nku.
PaspaGoTka ¥ BHeapeHHe CPEACTB M METOJOB BO3ACHCTBHMS Ha rpagosble mpouecce! B 1969 roay
66111 ormeuens! [ocyaapersennoit npemuedi CCCP no Hayke H TexuuKe. 3Banus iaypeaToB 31O
IIpEMHH, HApARY C ADYTHMH CrieHanucTaMy, 6bLIH  yaocToeHs! npogeccop A.B. Byxunkalupunu
 3aBenyrowmii otaenoM ¢usukn armochepsr A.M. Kapunsanze. B 1985 rony A.M. Kapuusanze
BMECTe C pYTMMH ydeHbIMH ObL1 HarpaxaeH npeMueit Coseta Munncrpos CCCP. Brocnienctauu
AM. Kapuusaase cran coaBTOpoM HayYHOrO OTKDBITHs, KOTOpOE KacaeTcs BONPOCOB aKTWBHOM
KPHCTaNIM3aUUH CUCTEM TTEPEOX X AEHHOH BO/bI.

C 1960 roma MHCTHTYT BeleT MCCIEAOBaHMA TEKTOHHYECKHX NpPOLECCOB B paioliax,
CTPOALUMXCA KPYNHBIX WHXKeHepHbX coopyxcHui. C 1967 rona B MuctutyTe dyHKLMOHMpYeT
OTAEN AMHAMMKH 3€MHOI KOPbI. HbiHe MHrypckuii MexayHapoiHbIbIH reodH3dyeckuil Noaurox,
rie, B CKaIbHOM OCHOBAHWH BBICOTHON MMJIOTHHBI. NPON3BOANTCS HEMPEPHIBHBIA reodu3nyeckuit
MOHHTOPHHI HanpsXXEHHO — AeOPMANHOHHLIX MPOLECCOB TFOPHLIX MOPOA — PYKOBOIMTESD
npogeccop B.I'. Abammnase. Ha ocHoBe 3THX uccaenoBanmii. ¢ 1996 roaa EBpocoseT OCHOBa B
I'py3snu Esponeiicku#t ueHtp «[eoanHamuveckudf PHCK BBICOTHBIX IUIOTHH® — JIMpPEKTOp
npodeccop T.JI. Yenumse. LleHTp npoBOAMT HHTepecHble HCCNEAOBaHWs M [PH3BaH B
MEX1yHapoAHOM MacluTabe BKIIOUNTBCA B HCCICAOBAHHMA TEKYLUHX [PHUPOJHBIX M TEXHOTEHHBIX
PHCKOB.

B 1963 roay npu MHHcturyre cosman Kaekasckuit 3oHanbubiit ueHTp Eamuol cetw
celicMu4eckHx I1abioneHnH, KOTOpbI KOOpAMHHMpYeT cciicMMyeckne HabmoaeHns Ha Kaskase.
Exeronno Boixoaun «Kaska3ckuit ceiicMosiornyeckuit 6ionneTeHby.

B 1964 rony B Hucrutyte 3ageiicrobaia o0cepBaTOpUs 3E€MHBIX TPHIHBOB C YHHKANbHOM
IITONbHEN, B KOTOPOM MpPOM3BOASTCA HENpPEPBIBHbIE HaONIOACHHA HAA  H3MCHCHHMAMH CHIbl
TAXECTH, Hall HaKIoHaMHK K aedopMaunamu nosepxHocty 3emnn. OO6ceppaTopus NpeacTaBnsana
MexayHapoaHblii LEHTP COLMANMCTHYECKHX CTPaH HO YHH(HIIHPOBaHHMIO HaKJIOHOMEPHbIX
HabmoneHH# - pykoBoauTens fokTop Hayk K.3. KapTenuupunu.

B 3tn ke roabl B MHcTHTyTe 6biN MOCTPOCH IKCTEPUMEHTANbHBIA KOMIUIEKC MO (u3uke
armocdepb! — TepMoGapokaMepa, KOTOpast MO CBOEH MOLUHOCTH W BO3MOXHOCTSMH YHHKQIbHAS B
macmtabe GpiBiiero CCCP. B nelt  nmpoBoasATcs McclieaoBaruA no mpobieMe MOAETHPOBAHUS

aTMOC(epHBLIX MPOLECCOB.
B 1967 romy ctpykrypa MHcTuTyTa reodusuku Gbina cneayiowmeii:

1. Otaen 3emHOro MarseTu3ma — pyk. kaua. H. H.A. Kansawsunu

2. Otnen dusnkn 3emnerpacennii — pyk. npod. E.H. Broc

3. Otaen perdoHasHOM ceHCMOSIOrHH ¢ CeThIO CeHCMHYECKHX CTAHUMH — PyK. KaH..
H. A JL. Lxaxas

4. Otaen ceiicMomerpun — pyk. npod. I.K. Teanrsanze

5. Otnen rpasumetpu — pyk. npod. B.K. Banasanze

6. Otaen reoanekTpuyecTsa — pyk. xaua. H. B.B. KeGynanse

7. Otaen panuoMeTpus — pyk. kana, H. LM, Uxerkenu

8. Otaen ¢u3min ropHsix nopon. — pyk. npod. A.C. Yantypuwpuin

9. Otaen du3nkn atmocdepsl - pyk. npod. A.T. Banabyes



10.01aen pu3nKK 06N1AKOB K aKTHBHBIX BO3AEHCTBHUIE — pyK. Kaua. H. AW,
Kapunsanse.

11. Otnen xocMuyecknx nyuedt — pyk. kanz. H. B.K. Kossa

12. lyweTexas reodusuyeckas obcepatopus - pyx. H.3. BoyopnwBuau

13. Anasanckas CTaUMOHapHAs IPOTHBOIPa0BAs Kcnenuus — A.A.OpIKOHHUKUIIE

Obuiee kanuyecTBO COTPYAHHKOB — 230, B ToM 4ucae 119 HayuHsIX Kaapos. 6 — JOKTOPOB
HayK, 34 — KaH[HaTa Hayk.

B 1972-87 rr. impexropom MnctutyTta BHOBb cTan akan b.K. Banasanse.

B 1977 rony B cTpoii BeTynuna ceficmonoruueckas oGeeppatopus « T6HIMCHY.

B 1975 rony non pykosoacteom akan. M.A. Asekcume B MHcTuTyTe 6wln cosnmaH otaen
BBIMMCTUTENBHOR FeOUIUKHU, YTO CTATO TOMYKOM 7S BHEAPEHMA MATEMaTHUYECKHX METOAOB B
reoM3M4eCKHX HCCIENOBAHUSX.

K stomy Bpemenn B WHcTuTyTe 6pn0 yke 13 oTmenos u 8 naGopaTopuil, KOoTOpble B
3aBHCHMOCTH OT reou3Muecknx oTpacineit 6ouin 06bearHeHbl B 7 cektopax. (O6iee KOIMYecTBO
COTPYIHUKOB cocTaBsno 387. B Tom 4uene 158 - HayuHeIX kampos, 4 — DOKTOpa Hayk. 46 —
KaHUaTOB).

L. CexTop reomarneTn3Ma it HoHOCGepBI - pyK. OKT. H. A. I'. XanTanse.

1. Otnen reomarneTH3ma — pyk. kana. H. A.M. UxeTtus.
2. Jlabopatopus noHOcGeps! — pyk. AokT. H. A.I". XanTamze.
3. Jywerckas reopu3snveckas obcepBaropus (oTaen) —pyk. kanz. H. B.C.Maua6epunnze.
II. CexTop anekTpopagroMeTpHi U GH3MKK FOPHBIX TOPOA — PyK. Kaua. H. B.B. Kebynanze.
Ot1nen reoasteKTpUUECTBA U ANEKTPOMETPUH — PYK. Kaul. H. B.B. KeGynamse.
Otnen ¢u3MKK FOPHBIX NOPOA — pyk. AokT. H. T.JI. Yenunasze.
Otaen paanoMerpuu — pyk. kang. H. LLL.M. Uxenkenn.
Jlabopatopus HHKeHepHOIi reodn3uku — pyK. kana. H. JI.A. LIHUALIBUIIN.
I1I. Cexrop rpaBumeTpun — akaa. B.K. Banasanse
Ornen rpaBUMeTpuu- pyk. kaHa. H. K. M. KapTeennuisuny.
JlabopaTopus 3eMHBIX MPHAMBOB- pyK. kaud. H. K.3. KapTeenuwsunu.
JlabopaTopHs MeJUIEHHBIX ABHXEHHI 3eMHOI KODbI- pyK. KaHA.H. B.I'. A6amnase
1V. CexTop ceiicMonoruu u ceficMopa3speaxu — pyk. xaua. H. JI.WU. Cuxapynnmse
Otnen Gu3nky 3emneTpsiceHui- pyk. kaua. H. JL.WU. Cuxapynuase.
Ortaen pernoHabHOl ceficMonorun- pyk. kanm.H. O.J1. ['ouanze.
Otzen npukIagHoN ceHCMONIOrUH — PyK. KaHa. H. [.5. Mypycuase
Otpnen ceficMmomeTpurt — pyk. kana. H. M.C. Hocenunanu.
V. Cexrop ¢uzuku atMmocthepsl — pyk. kaHn. H. A.W. Kapuusaaae.
Ortzen ¢u3uku obnaxos — pyk. kana. H. A.W. KapuuBanze.
Otren muddy3un u 3arpsa3HeHus atMocoeps! — pyk. JOKT. H. A.I". bana6yes.
JlaGopaTopust MOJETMPOBaHHUs aTMOCGhEPHBIX NPOLECCOB — PyK. KaHA. H. A.M. OkymxaBa.
DKCrnepUMeHTaIbHBIH NIONUIoH 1o ¢Hu3nke 061aKOB U aKTHBHBIX Bo3neHcTBHH (1aGopaTopus) —
pyk. kaua. H. b.111. BeputawmBuy.
VI. Cektop kocMOdH3UKH — pyk. Kana. H. M. B. Ananus.
Otzen BapHalUMi KOCMHUYECKHX Jyueli- pyk. kana. H. M.B. Anauus.
2. Jlabopatopus BLICOKHX SHEPrHi KOCMHYeCKUX Nyuyei — pyk. kana. H. JL.X. Ulatawsnnu.
VII. JlabopaTtopus aBTOMaTH3aLUKH H MalIMHHOH# 06paboTKH reodu3HUECKHX AaHHBIX — PYK.

npod. M.A. Anekcuase.
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B 1979 roay ¢ uenblo YCHJIEHHA Hay4HO-HCCIEN0BATENLCKUX paboT No npobneme nporuosa
3eMIeTpACEHHt, 0 IOCTAHOBJIEHHIO NpasuTenscTBa I'py3un, B MHcTHTYTe GbLna coznana OnbiTHO-
MeToanuecKas ceiicMOoNornyeckas napTus (HauyanbHuk kanamaat sayk P.K. Maxapanie). xotopas
B 1982 roay 6nima peoprasu3obaHa B OTBITHO-METOAMHYECKYIO TEO(MIUYECKYIO IKCIIEANLMIO
(OMI'D) - pykosoautens npod. [.111. Illenrenas.



B 1996 roay Ha 6ase OMI'D, no npukasy npesunenta I'py3uu, 6bu1a cosaana Haunounansnan
ciykba efnHo#t ceHcMMuecKOH 3aMThl, KoTopas B 2006 rony nox HasBaHMeM «LlenTp
CeifCMHYEeCKOro MOHMTOPHHIa» pbliaennnacs w3 Mucruryra. lLlenTpy 6bll1a nepenaHa
ceficMuyeckas 06cepBaTopHs H CETh CECMHUYECKHX CTAHUHA.

B ucropun UHcTutyta 1985 roa no KomMHECTBY COTPYAHMKOB CaMblif MHOTOYMCEHHbIH.
O6uiee xonnuecTBo — 635 (B Tom uucne 250 — B OMI3), 14 — noKTOpOB HaykH, B TOM 4ucne 1 ~
AeiCTBUTENBHEIN WieH, 1 — uieH-KOPPECTIOHAEHT, 76 — KaHIHAATOB.

1987 roay obiee coGpaune aupexktopoM MHCTHTYTa M30pano U3BECTHOTO Y4YEHOTO, ujieHa —
koppecnonnenta AH I'py3nu Mepa6a Anexcannposrya AnEKCHA3E.

B 1989 roay mns npoBeacHHS (YHAAMEHTANbHBIX M MPHKNAOHLIX PaboT 3KOJOrHYECKUX
cucteM Gacceiina Uéproro Mops, GbL1 OTKPBIT OTAEN «AMHAMHKH MOPS» - PYKOBOAMTENL Npogd.
A.A. Kopasamse. DTo enuHcTBeHHbI OTAen B KaBkasckoM perHoHe, B KOTOPOM Ha OCHOBE
MaTEeMaTHYECKOrO MOAENHPOBAHHA U C HCIIONB30BAHHEM FKCIIEPHMEHTANIbHBIX JaHHBIX H3y4aloTcs
(H3NYECKHEe N IKONOTHYECKHE NPOLIECCH], NPOTEKAIOILHE B CHCTEME MOpe-cyla-atMocdepa.

B 1992 rony aupektopom MHcTHTyTa H36pan AoKTOp XHM. B ¢H3.-MaT. HaykK, 4i.-kopp. AH
"'py3un, npod. Tama3 Jlykuu Yennaze, KOTOPbIH 3Ty R0KHOCTS 3aHuMan Ao 2006 rona.

B 1992 roay no nocraHosneHuto npaBuTennctsa I'pysun, Uuctutyry reodusnku AH I'pysnn
GbIJI0 NPUCBOEHO MMA  HM3BECTHOTO TIPY3HHCKONO YYEHOro, OCHOBOMONOXHHKA reodM3nIecKon
Haykn B [py3uH, n0KTOpa (H3HMKO-MATEMaTHYeCKWX Hayk, npogeccopa Muxauna 30cuMOBHYA
Honna.

[lo nocraHosnenuto ['pysunckoro npasurenscrea ot 16 mapta 2006 rona 3a Ne58 uncrutyt
HaspiBaeTcs Tak: JOpuanueckoe nuuo obiecTseHHoro npapa MHcTHTYT reodpusnky M. Muxauna
3ocnmosnua Hoama. MHcTuTyT Haxomwtes B BemoMocTH MHHHcTepcTBa 00pa3oBaHHA M HaykKw
['py3nu. Yuénsiii coer u3bpan anpexropom Mucrutyra noxropa Hayx Hyr3apa ['noHTH.

B 2007 roay Ha Gase Kocmuueckoro arenctBa I'pysuw cosnad LleHTp KOCMMYeCKHX
uccnenosauuit — pyxosoautens axal. Jx.Jlomunamse. Bnaromapsa LleHtpy, VHCTHTYT akTHBHO
y4yacTByeT B NpoekTax MHHHCTepcTBa 06pa3oBanHs H HaykH M HaunoHanesoro HayyHoro ¢onma
[py3un: «Kocmuueckas onucces» 0 « ACTPOHOMHSA AN1S WKOJTBD).

HHCTHTYT reodH3Hkn peryaspHO NpOBOMMT Ha TeppHTOPHH [py3uM apxeonornyeckue u
Jkosoruyeckue skcreanuud. Hanpumep: 6binbl nposeselbl reodu3nyeckue MCCNENOBAHHSA Ha
TEPPHTOPHAX, BBUIENEHHBIX WA cTpoutenbctBa Uurypu I'DC, XKuusann I'DC u Xynoun I'3C;
GbUIH H3yYeHBI IeoNoro-reodu3nyeckne yciioBus B 06nacTax GONbWIHKX ONON3HEN H ceneii (yuenbe
p. Jlypymkn M Heckonbko lepeBeHb B AMOponaypckoM paitoHe); GblIO BBISBIEHO MHOXECTBO
CKPBITBIX apX€OIOTHYECKHX MOIIYMEHTOB Ha TEPPUTOPHH ApMasucuuxe; B MapHeynbckom pafioHe
6bLT YCTAHOBJIEH XapakTep 3arpsA3HeHus atmocdepbl TkenniMu MeTainamu; B Bonnucckom
paiione npose/ieHbl NOKCKOBBIE paboThl MO 0OHapYXKEeHUIO BOALI;, UCCIle0BaHbl YCI0BUS KOPPO3HH
Tpy6onposona Asep6aiimkaH-I'py3us; B Ypeku W MNpHIEraowMX TEPPHTOPHAX MNPOBEAEHLI
reOMarHUTHBIE HCCEAOBAHMA, HAa OCHOBE 4ero BBUIBMHYTa HMOTE3a, MO KOTOPOH BapHauHu
MArHMTHOTO MO/ MOTYT MOJIOKMTENbHO BIHATL Ha XHMBBIE OPraHW3MBbI, €CNlH TOJNBKO MM He
COMYTCTBYIOT ~ KOPOTKONCPHOAHbIE  MYNbCAUMM  MIOOAIBHBIX  MArHUTHBIX  YParaHoB M
3NEKTPOMArHHTHBIE H3NYUEHUS OUYEHb HU3KOH YacTOTHI.

3a BpeMs CYLLECTBOBAHHA HHCTHTYTA:

1) HMspano oxono 400 xuur (61 Tom Tpynos MuctutyTa, 72 Monorpaduw, 14 yuebuunxos, 12
cbopuukos crareif, 50 Glonnereneii, 24 ToMa «Kypnana I'pysunckoro TI'eomsuueckoro
ofutecTsa » Ha aHraMiickoM A3bike, Guobubimorpaduu nssecTubix yueHbix MHCTHTYTa, aTiack,
KapThl U T.1.;

2) 3ammwmeno 36 mokropckux W 220 KaHAHOATCKHX AMCcepTaumii; Bnepesie B 2008 romy
3aMeda | auccepTaius Ha COMCKAaHME YYEHOM CTENeHH akaAeMHUYECKOro NOKTOpa thus.-maT.
Hayk.

B 1984 rony B cBa3m ¢ 50 netnem co aHA ocHOBaHMA, UHCTHTYT reodusuky U 22 COTpyAHHKa
6bL1n Harpaxciens: [lovetHsMu rpamoramu [pesnnuyma Bepxosnoro Cosera I'pysunckoit CCP.



B Huctutyre 2 cotpyanuxa nomyunin TFocynapctentbie npeMun CCCP mo Hayke ¥ TEXHHKE;
6 — TocynapcTeenubie npemun [pysuut Mo Hayke W TeXHMKe; 16 COTPYAHHKOB - MPEMHH HM.
akafeMnka M.A. Anekcunse, 9 coTpymHukoB — MononexHbie npeMuH, 9 COTPYAHHKOB OBLTH
HarpaxaeHs! opaeHom Yectu [pysun, a 4 — Menansio  YecTH.

B Hucrutyte ¢ 1994 roga ydpexaeHa npeMus WM. akagemuka M. A. Anexkcuaze H
Mononexuas npemus 3a nyuiune paboTsl 1o reoumKe.

B Teuenne necatxon net B Unctutyre dynkumonuporan Cnennanu3MpoBaHHBIA COBET MO
TIPUCY>XACHUIO IOKTOPCKUMX Y KaHAWAATCKUX AHCCEpTalM.

B npowniom Beke B 3apyGescHble CTpaHbl 15 (POBEEHAR IKCIIEAMLUHOHHBIX DPa3BEAOUHBIX
paboT 65110 KOMaHMPOBAHO OKONO 20 COTPYAHHKOB.

Y HHCTMTYTa TeoQM3NKM HMEIOTCA HayuHble KOHTAKThi (COBMECTHbIE TEMBbI, JKCMEIHLHH,
HTEHHE JICKUMA, HAaydHOE DPYKOBOICTBO, KOHCYTbTAllMM H T.A.) C MHOMMMH 3apyOeHbIMH
HayuHBIMH NeHTpamu (Ppanuus, [epmanus, Anouus, Utanus, Benukobputanus, ['peuns, CLUIA,
bonrapus, Pocens, Ykpauna, Bpasunus).

C 1993 ropa cotpyaHuku MHCTHTYTa y4acTBYIOT BO MHOIMX MEXCIYHAPOIHBIX IPaHTax
(INTAS, NATO, INCO - COPERNICUS, ISTG, IAEA, ISTU) ¥ B HalHOHAILHLIX MPAHTOBBIX
MpOeKTax.

C 2007 roma B crpyktype MHcTuTyTa reodH3nky npeacTaBieHO 7 HAay4yHBIX CEKTOPOB U |
Hay4HbIA LEHTP:

. CexTOp CEHCMONOTMHN H IKCIIEPUMEHTALHOI reodu3uky — pyk. wi.-kopp.T. JI. Uenuaze
2. CexTop IMHAMHKH reodu3HYECKMX MONei U BBIYHCAMTENLHOH TeodU3MKH — pYyK. JOKT.

H.T.H. MauapauiBuiu
3. Cextop Qusukn 3eMau 1 reomMarseTnsma — pyk. AokT. H. K.3. Kapreenuiupunu;\

4. CexTop npuKIanHOH reodu3nky — pyk. 10KT. H. B.K. Ununnaase
5. CeKTOp COJIHEUHO-3EMHBIX CBfi3el — pyK. JOKT. H. A.W.I'senecuann
6
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. Cextop (pu3nxn atMocheps! — pyk. ZOKT. H. A.I'. AMUpaHallIBUIH
. CexTOp MaTeMaTHUECKOr0 MOEIHPOBaHHUS reOPH3UYECKHX MPOLECCOB MOPA U
aTMoctepb! — pyK. ROKT. H. A.A.Kopmsanze

8. LleHTp KOocMHUYeCKHX HcenenoBaHui — pyk. akan. Jix.I'. JlomuHanze.

B BbllleyKa3saHHBIX MOApa3fENEHUAX YCMELUIHO NPOBONATCA HaYYHbIC WCCNENOBAHUA MO
TPaJMUMOHHBIM HAYYHBIM HAamnpaBiCHUAM: ceficMopaloHMpoBaHHE TEppHTOpHH  ['py3um;
HCCIENOBAHME TNPEABECTHMKOB  3EMIETPACEHMH; aKTHBHOE BO3JACHCTBHE Ha  BpEAHbIE
METECOPOJIOTHYECKHE  ABJIEHMS;  YCOBEPIUCHCTBOBAHHE  pPa3BENOYHBIX M HHXKCHEPHBIX
reoQH3NYECKHX METONOB; H3yUeHHE TEPMOAMHAMHYECKMX M 3KOJOIHMYECKHX TMPOLECCOB B
atMochepe ¥ UepHoOM MOpe Ha OCHOBE MAaTe€MAaTH4eCKOr0 MOAECNHMPOBAHMA M HMX IIPOTHO3:
HCCNIe0BAHUE KOCMHYECKOro NMPOCTPAHCTBA H (DM3NKH CONHEYHO-3€MHBIX CBA3EH; 3KOJIOrHYecKas
reodu3nka; apxeoreopusuyeckue HCCIENOBaHHA. YYTEHO HOBOE HalpaBlieHHe — pa3BHTHE
rUApOreoH3nKH.



AKAJEMHK BEHEAUKT BAJIABA/IBE

B nuu 75 - netwero rwoounes HMuctutyra reopusukd um. M.3. Homma BcmomuHaeM Tex
YHEHbIX, KOTOpbIC MpHHsAK 60/1b1I0C yyacTHe B opraiuzaund HucTHTyTa rcodusnkm.

CerojiHs B ¥ 31PABCTBYCT TOJMLKO OXHH W3 HHHUHATOPOB CO3AAHHA MHCTUTYTA — BBLAAIOIHACA
HceenoBaTenl CTPOEHHS 3eMHONM Kopbl akageMuk bewemukt KowucrantHrOBHu banapanse,
KoTopsiji Toraa 6sin acnupartom Celicmonoruueckoro nicruryta AH CCCP.

Benuk Bknan akaacmuka B.K. Banasamse B smeno paipuTs MHOTUX — HanpaBleHWH
reopusudeckoii HaykH B ['pyaud. OH 3acnyXeHHO CYMTaeTCs OAHMM H3 OCHOBOMOJOXHHKOB
KOJIYECTBEHHON  MRTEPNPETAUHH  PCTHONANbHBIX TIPAaBUTALMOHHbIX  aHoManuil. bBereaukr
KOHCTaHTHHOBHY NCPBbIM BHCC B reodu3MuecKyl0 Hayky MOMATHS O HOPMAlbHBIX MOLIHOCTAX
CIIOEB.  COCTABISIOWMX 3eMIYI0O KOPY, BMEPBbIE YCTAHOBWJI XapakTepHble MapameTpbl TaK
1123b1BaeMoli HOPMaibHON 3eMHOM KOpH! U BbIBeN (opMmyny Ans ee asymepHoH mouenn. Popmyna
b.K. banaBaxie naeT BO3MOXKHOCTDL Pasienblio BLIMHCAATH FPaBHTALHOHHbIE I deKTh TPAKUTHOrO
# 6a3anbTOBOrO CNOEB M YCTAHOBHTb WX MOIUHOCTH. OHa YCNEWHO WCIOAb30BaNach B TEYECHHE
MHorux necaThieTuit. Ha ocHope JToii dopMynsl WM ObiIM cOCTaRNeHbl MHOrME NPOQHIH H
paspe3bl CcTpoeHus 3emHoi kopul. [locTpoena cxemMa M3MEHEHHsS MOLUIOCTEl OCANO4HOrO,
TPaHHTHOro H Oajanntosoro crnoce B ['pysuu u compeacnslibix TeppuTophit. Kimaccnueckum
IIPUMEPOM  KHTECPIPETALNN I'PABHTALHOHIIONO 1IONS Clal NPoMMIlL CTPOCHUA 3€MHOM KOPbI OT
Bapuet (bonrapus) no Kapum (Cpeanss A3sns) uyepes UepHoe mope, I'py3nio n AsepGaimkan
npotaxennoctuio B 2100 kM. Briocneacrsun b.K. Baiasanse yuen npoci,6y akan I'.A. [amGypuesa
NpoBEpUTL paHee NPoBeAcHHbIE MM Npoduin ceficMuyeckumu Metonamu B Cpeaneit Asum,
cenepiee Taub-lllans. Pacuetnl. caenannsbie b.K. banasanse croum MeTomoM Ha tux npodusx,
Jlany YAMBHUTENILHOE COBMajienye ¢ pesynbTatamu akad. I A. I'amGypuesa. Metox 6bin npuHsr, a
Bewennkr  Kouctaurumosuu  nostyumn ot Ipuropus  AnckcanipoBrya — 3acHyKEHHYIO
OnarogapHocTb.

B 1957 roay b.K. Banasanie yuacrsosan B paGote ceccuu Accambiied MeXayHapOAHOTO
coio3a reoae3uu H reodusnku B Kanane (TopoHT0). Ha KOTOpOil  10:10%KI1 06 HTOrax Mlydenus
CTPOCHHA 3eMHOM KOPHl Ha TeppHTopun [pysnu. [oxnax u tesucwr B coastopetse ¢ npod. I'.K.
TeantBagse 6uL1u onyGaukoBansl B Tpyaax ceccun (Tynysa, 1959 r.). Pesynstatsl uccnenoBanuit
ABTOPOB HAULTH OTpaXenne B Monorpaduueckux Tpyaax BuaHeiimux yuenwix bero I'yrenGepra
«®u3nka 3emusix veap» (1959 r.) u Taponsaa Joxeddpuca «3emns» (1960 r.).

Mai, konners benenukra KoHcranturoBiya rny6oko GnaronapHsl eMy 3a TO, YTO OH COENAT U
B HayKke, ¥ AnA Hac, OT Bced yWIH Mb! XKeNaeM HalueMy YUHMTeNlo, HacTaBHUKY, CTapLieMy Opyry
30POBbA. 340POBbS ¥ 30POBbA.

Joporo#t Beneankt KoucranruHoBuu! Mbl yBepeHbl B TOM, 4yTo Baw Bekosoit wo6uneit B
6ynyweM rony OyAeT oTNpasfHOBaH C COOTBETCTBYIOWMM Bawmm 3aciayram AOCTOMHCTBOM.
JKuBHTe M 31paBCTBYHTE MIOTHE NETa.



INNO3/1PABJISIEM IOBHJISIPOB HHCTUTYTA FTEO®HU3UKHA
BAXTAHT ABAIIU/3E

B Texymem roay ucnonHunoch 80 neT BUAHOMY TPy3HHCKOMY
yueHoMy-reopHInky — JOKTOpY  (QHU3HKO-MAaTeMAaTHYECKHX  Hayk.
naypeary locynapcTeenHoit npemun ['py3un n npemMHu MM. akaz.
M.A Anexcunse, 3aM. JIMpEKTOpA T6unucckoro LUEHTpa
«l'eonnHamMuueckuit pUCK BBICOTHBIX IUIOTHH» npn  EBpocorose.
r1aBHOMY Hay4HOMY COTpyAaHHKY FIHCTUTyTa reodu3uku M.
M.3.Hoauna npodeccopy Baxtanry [puropbeBuuy Adawmnase. OH
ABAAETCH  OMIMM W3  MEPBLIX  HCCNeNoBaTeNed  COBPEMEHHBIX
TEKTOHHUECKHX H TEXJOTelLIX NpoueccoB Ha 0OLEKTaX CTPOALIMXCA
KPYMHBIX ~ MHXKCIHCPHLIX COOpPYKCHUA Ha Teppuropuu [ pysum.
Ycnewioe pa3BHTHE 3THX HCC/IEI0BAHHH reOPUINHECKUMH METOIAMH
B paiioHe nioTHHbI MHrypekoit ['IC ~ Beeueno ero 3acnyra.

B.I'' AGawnaze poauica 9 cenradps 1928 roga B cene Mceiapu Xaparaynnckoro paiiona. 8
cembe ciyxatuero. B 1947 roiy okonunn Xaparay;ibckyto I My}CKYIO CpeiHIO Wwkoiy, a B 1951
r. - (Qu3snko-MaTreMaTHyeckuit dakynbTeT nmo  cieuManbHocTH  «hu3nkan  TOunmcckoro
rocyaapcTseiiioro neaarorudeckoro uuctutyta uM. A.C. Iywkuna, B 1952 r. okcTepiio okonyun
TOGUAHCCKHI FOCYapCTBEHHDIA YHUBEPCHTET M NOMY4MIT KBanndukaumio «reodpusnkan.

B 1952-1958 rr. B. I AGaumase paGortan Ha kadeape reopusnku pusmyeckoro pakynbrera
T6UIHCCKOro rocynapcTBEHHOTO YHUBEPCHTETa ciayana nadopaHtoM, a ¢ 1954 r. accuctentom. C
1958 roma no ceit gens B.IAGawmnnsze pabotaer B Muctutyre reopusnku um. M.3.Hoama, B
KOTOPOM Npolues MyTb OT MIaJIIero Hay4uHoro COTPYAHHKA JI0 3aBEAyIOLero OTAeNa H J1aBHOTO
Hay4HOro COTPYIHHUKA.

B 1963 r. B.I.AGawnase 3aWuTHA KalianaaTckylo, a B 1995 r. nokropekylo aucceprauun. On
aBTop 150 HayuHblX paboT, M3 KOTOPHIX OBE MOHOrpaduHu, KOTOPhIC KaCaroTCA pe3ynbTaToB
MCCNIEN0BAHUI  HanpshkeHHO-fedopMailtnoHHoro coctosiua Hurypeko#  yuuxaianLHoH  apouHoii
NIOTHHBI M €e CKATbHOr0 OCHOBaNHA.

C 1988 r. B.I AGawua3se paboTacT 10 COBMECTHTCILCTBY Ha Kadeape HIKCHCPINO# reonc3Inn
¥ Mapkwedgepun [Py3MHCKOro TEXHWYECKOro YHUBCPCHTEeTa  aoueHtom, a ¢ 1996 roaa
npogeccopoM M BEAET KYpChl re0¢3M4ECKO rPaBUMETPUN H aCTPOHOMHMH. 3a 3TH FOMIbl OH H3zal
AnA cryneHToB «JlaGopaTOpHLIN MPakTHKYM MO reogeldueckod rpasumerpun» (1999 r.) u
“Kparknii kypc reoaesnueckoii rpasumetpun” (2004 r1.), KOTOpBIE ABAAIOTCA TNCPBLIMH
yuyeGHHKaMH Ha FPY3HHCKOM SA3bIKE I10 3TOH ClEeUHaIbHOCTH.

3acnyru B.I. A6awmaze oTMeueHbl NpaBUTENLCTBEHHbIMM Harpanamu. CoseTckoe
npaBHTENBCTBO B 1984 roay Harpaauno ero [lodetHoit rpamoToii [1pesnanyma Bepxosroro Coreta
I'py3un B cBsizu ¢ 50-netueM KIHCTUTYTa reoy3uKy, a HAUHOHATEHOE NpasuTesbeTBO B 2000 r. —
opaeHoM Yectu.

OtpagHo OTMeTHTSH, 4TO cBoe 80-n€THe OH BCTpeuaeT ¢ OONBLIMMH HAy4YHLIMM [J1aHAMH Ha
6ynywee. HecMoTps Ha npeknoHHblit Bo3pacT, BaxTtaHr I'puropbeBuy ¢ Takoil *e JHEpruei H
3HTY3Ha3MOM IPOROIKAET PYKOBOAUTE MOHHUTOPHHIOM Ae(OpPMalUMOHHBIX NpoueccoB Ha WHrypu
I'3C, xax OH 3TO fenan B MOJIOLOCTH.

Jlupexkuns, yueHbd coBeT M Bechb KomnekTMB MHcTHTyTa reodM3nku kenawoT robunspy
DOJTHX NIET XHU3HH U AEATENLHOCTH Ha Gnaro Haluel poaHHbI.




JABH/ CHXAPYJINIBE

80 neT MCNONHWIOCH BMIHOMY TPY3MHCKOMY YHEHOMY, NOKTOpy
puanxo-matematuueckux Hayk Jlapumy Unbuay Cuxapymuase. C nmenem
npod. J.M. Cuxapynume cBf3aHO JaibHeiiliee pa3BHTHE ONHOH u3
oTpacieit reopusuku - ceficMonoruu Bo BeeM 3akaskasse. ITpod. JLH.
Cuxapysnase 3AI0%HN OCHOBbI, paipaboTan M pasBHI  METOAb!
NOBEPXHOCTHBIX CEHCMHUECKWX BONH, ¢ MOMOLBIO KOTOPBIX H3yyaeTcs
paiHansHoe M JaTepanTbHOC HEONHOPOAHOE CTPOEHHE 3EMHOH KOpbl M
BepXHeil MaHTHM, 4TO SBNISETC COBEPIIEHHO HOBBIM HamNpaBieHHEM B
celicMONOru.

LK. Cuxapynumse poauncs 19 uroxa 1928 roaa B cene Bykucunxe Yoxataypckoro paioHa
ceMbe cnykawero. B 1945 romy oxoHumn cpepmiolo wkony, a B 1950 roay - ¢w3kko-
MaremaTHyeckuit dakynasTeT TOMANCCKOro rocyapcTBEHHOTO YHMBEPCHTETA MO CHELHATLHOCTH
reodusuka.

C 1950 roma A.U. Cuxapynunse — coTpyaHuk otaena cedcmonorud MHCTHTYTa reodH3ukH
M. M.3. Honwa.

B 1960 roay 1.W. Cuxapyinnze B T6GHAMCCKOM rocy1apCTBEHHOM YHHBEPCHUTETE 3alUHTHI
KaHZHAATCKYIO AMCCEPTalnIo Ha Temy «M3yuenue cTpoelia 3eMHON KOpbl MO HaGMOAEHHAM Haa
sonHamy JIana wa Kaskase». Ero nayuHbiM pykoBoautenem Obin nisecTHbIH reod#3uK, un.-Kopp.
AH CCCP npodeccop E.®. Capapenckuit.

B 1965 roxy J1.W. Cuxapynuzase nonyyun yyeHoe 3saHue CTapiiero Hay4Horo coTpyaHUKa no
crieunansiocTH «ceiicMonoruan. B 1970 romy cro w3bupaiot pykosojuteneM oraena Gu3MKu
3emaeTpAceHuit. Ha aTo#t pomkHocTH oH pabotan go 2005 roaa., B KOTOPOM MPOAOIDKHI HayYHbIE
uccnenosanus B obnacth BonHOROW ceficMonornn. B ortmene noa pykosoactsom M.
Cuxapynuise W3y4anuchb: GU3MKa 04aroB 3eMIECTPACEHHHA, CIIEKTPAILHBIA AHANH3 CeHCMHYECKUX
BOJTH, CTPOEHHE CPellbl PacnpoCTPaHCHHA CEACMMYECKHUX BOJIH, BIMsIHAE ryOMHbl H MeXaHH3Ma
0YaroB 3eMMETPACEHHH Ha HOPMUPOBaHHE TIOBEPXHOCTHBIX BOMH , OGBMHbBIE U TIOBEPXHOCTHBIE
BOJHbLI [IA CTPOEHHA JHMTOCOEPHBIX TUMT M 1A ONpeAeNeHHs OPHEHTAUMH WX TpaHmul,
HCCAENOBATACH PA3KbIE THIb MIOBEPXHOCTHBIX BOMH [UIA W3yYeHHS rnyOMHHOTO CTPOEHHA 3eMHOM
KOPbI K BEPXHEl MAHTHH.

B 1979 rony » Mocxkase, B MuctutyTte duaukn 3emnn JLU. Cuxapynumse ¢ 60nbluuM ycnexom
JALUMTHIT ZOKTOPCKYIO IMCCEPTaUMiO Ha TeMy: «CTpoeHHe 3emn no rnoBepxHOCTHBIM BONHam». B
OHCCEPTAUMH 3QN0KEHbI OCHOBE! ¥ Da3BMTHl 1BA HOBBIX HaNpaBlEHHA: BO-NEPBBIX, H3y4YEHHE
rOPH3OHTANLHLIX HEOAHOPOAHOCTEH B 3EMHON KOpe M BepXHel MaHTHM Ha OCHOBE UCCMEeN0BAHUA
OTPOKEHHBIX H [IPEIOMEHHLIX MOBEPXHOCTHBIX BOJIH; BO-BTOPhIX, AETATH3ALMS BEPTHKAJILHOIO
CTPOEHUA 3eMHOI KOPLI M BEPXHE MAHTHY N0 PajHBIM rPyNNaM NOBEPXHOCTHBIX BOJH.

B 1988 rony . M. Cuxapynuase nonyuun yyeHoe 3saHve npodeccopa Mo COEUHANLHOCTH
«reou3nKay..

Tpod. I.1. Cuxapynuaze asrop caiue 100 paGoT, B ToM uucrie yeTbipex MOHorpaduii. [Toa
€ro Hay4HbIM PYKOBOJACTBOM 3allHILEHO OKOJI0 AecaTH aucceprauuit. Ilpod. O.W. Cuxapynunze
MMEET NpaBnTeNbCTBEHHbIE Harpansl. B 2000 rony ou Harpaxae opaenom Yectn ['pysun..

Mpod. I.U. Cuxapynupse B 2006 romy u3-3a 3NOpOBLA NepelleN Ha aKafeMHYECKYIO
CTHIICH/IHIO, HO NPOO/DKAET y4acTROBaTh B paspaboTke TeMaTnky MHcTnTyTA. |

Mpod. Masna HMnemu Cuxapyamase mnpeactasaser coGol0 mpHMep caMOOTBEPXKEHHOIO
cnyxenus mobumomy nmeny. [loxenaem emy RONrMX JIET XKM3HHM, KPENKOro 3A0pOBbA Ui
IanbHERIIEro MOBLINEHHS aBTOPHTETA [PY3HHCKOH reoQH3nUecKoli HaykH.
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Zlflncmumym 2eogpusuxu um. M. Hooua

Baenenne

B konme XX Beka B GONBIIMHCTBE CTPaH MHpa BaXKHEHUIEH COLMAIBHO-IKOHOMHYCCKOH
npo6.ieMoii cTana 3ajaya 3alUMTb! HACENEHUS H HHXKEHEPHBIX OOBEKTOB OT re0/IOrHUYECcKOi CTHXUH
H obecniedeHne yCIOBHIH YCTORYMBOTO OCBOEHHS [€0JIOTHYECKOH CPEaB.

Jlannas npobneMa Haubonee OCTPO MpOABNAETCA B FOPHBIX PErHOHaX, rae M 6e3 Toro B
XPYNKO# reocucreMe, Haxke Maneifliee BO3JEHCTBHE Ha TOMEOCTATUKY TEOJIOTMYECKOH Cpelbl!
BbI3bIBAET DPE3KYI0 AaKTHBH3ALMIO OMAacHbIX CTHXUAHBIX reojoruveckux npoueccos. Cpenu
MHOXeCTBa pasHOXapaKTEpHOM reoorHueckoil CTHXHH CBOeH MacluTaGHOCTBIO K OMACHOCTBIO U
HaCeNeHHA U XO3AHCTBEHHBIX O0BEKTOB BbIAENAIOTCA ONOI3IHEBO-TPABHTALIHOHHbIE ABNEHUA.

OrtpunartensHble NOCHeJCTBUA  ONOI3HEBO-TPaBHTAIIMOHHBIX ABNEHHH 0COBGEHHO OCTpO
NPOSBIAIOTCS B TakOM CJOXHOM perdoHe, kakum spasetcs HOxubifi Kaskas, rae ux
paspyLIHTeNbHbIC TIOCIEACTBHS He pa3 MPHUHOCHIH OTPOMHble GEACTBUA MECTHOMY HACENCHHIO M
HHXEHEPHBIM 06BEKTaM.

HecMoTpss Ha TO, uTO OONblIas 49acTb TEPPUTOPUH APMAHCKOTO Haropbs 3aHATa
BYJKaHUYECKHM penbedoM, Onos3HEBO-rpaBHTALHOHHbIE MPOLECCH! 3aHHMAIOT nnolans 6onee 50
TBIC. I3, MPUYEM Ha YETBEPTH ITOH TEPPUTOPHH (PHKCHPYIOTCA aKTUBHBIC ONOJI3HH B KOJHYECTBE
oxono 3 500, B apeane KOTOpbIX cocpeaoToYeHO 89% HacesneHHbIX NyHKTOB [1, 2].

Ha Ttepputopun Asep6aiimkaHa OMNON3HEBO-IPABHTALMOHHbBIE SBJICHHUA PacnpOCTPaHEHB!
TaKke BecbMa WHpoko. Ux obwman mrowans npessiwaer 500 Toic. ra. B 30He BBICOKOH onacHOCTH
Haxoastcs 6osiee 100 HaceneHHbIX MYHKTOB, B TOM uucie ropox Baxy, rae B 2000 rooy omosnsuu
HaHecnH yuiep6 B pasmepe 50 maH. ronnapos CLIA [3].

Onosn3HeBO-rpaBHTaLHOHHBIMA IPOLECCAMH Pa3HOi HHTEHCHBHOCTH NOABEPXKEHBI Oonee WK
MeHee Bce MOP(OJIOrHUECKHE YPOBHH TEPPUTOpHH ['Dy3HH, B TOM YHCIE M IIOJBOAHBIE CKIIOHDL.
3adukcuposano Gonee 50 ThIC. MX MPOABNEHHMH, CyMMapHas IMIOIIAAbL KOTOPhLIX npesbiuaeT 1.5
MJH. ra, 4To cocTapnser Gonee 20% ot Bced Teppuropuu crpanbl (puc.l). PeanbHas yrposa
cywectByer pia 2 000 HaceneHHbIX nmyHkToB. MHorme ydactku tpy6onposonos baky-T6unmcu-
Toxeitxan v Baky-T6uiaucu-Op3pyMm, apyrde HedTenpopoabl 3anafgHOro HaNpaBlEHHA H
TpaHCKaBKa3CKue ra3onpoBOjbl HAXORATCA NOA OONLLWIMM PHCKOM ONOJ3HEBO-TPaBUTALHOHHEIX
NPOLIECCOB, a Gonee 25% aBTOMOGHIIBHBIX JOPOT NEPHOAHYECKH MOABEPralOTCA 3THM ABICHHSIM.

Ha Tepprtopuu FOxHoro KaBkasa n3-3a reteporeHHBIX ycnoBuii 06pa3oBaHWA ONMON3HEBO-
rPaBHTALUMOHHBIX ABJIEHHH, B X KMHEMATHYECKOM MEXaHA3ME CMELLEHHA M B IMHAMUKE Pa3sBHTHA
BCTPEYAIOTCH BCE M3BECTHbIE B TI'eOJMHAMHUKE PAa3HOBHAHOCTH H TMO3TOMY, OHH SABMIOTCA
YHHKaIbHOH MOZENbIO A/l TOPHBIX peroHoB. Cpenu HUX no o6beMy CMEIUEHHBIX Mace, 1ybune
dedopMauuy M, YTO IJIABHOE, MO BENMYHHE PUCKA AMA HACENCHHA, WHXEHEPHBIX OOBEKTOB K
OKpy)KaroLlei cpeapbl, ONMpeAeAOIMMH ABIAIOTCA CEHCMOreHHbIE OMNOM3HH M obpannl. Bmecte ¢
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3THM, YCTaHOBNeHMe reorpaM4eckMX apeajos paclpOCpPaHEHMs TaKMX KPYMHBIX OMOJ3HERO-
IP4BHTALMOHHBIX 00pa30BaHMil, B ONPEAENIEHHOR Mepe, KOHTPOJHPYET MeCTa BO3ZHMKHOBECHHS
CHJTBHBIX 3eMJIETPACEHHIT 32 Npeensl ypoaHu3NpOBaHHbIX TEPPUTOPHIA.

49° a1

42°

43°

440

450

460

ol

41°

~__ 1 __

J

Hazard zones
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o
<0.01
0.01-0.1
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Puc.1. Kapra cTenenu ononsueBoii onacHoctH Tepputopun ['py3nn

ITo3TOMy, Ha COBPEMEHHOM 3Tale OCBOSHHS T[OPHbIX DPErHOHOB, JIOOblE HOBLIECTBA MO
HCCNICAOBAHHIO OINOJM3HEBO-rPaBUTAHOHHBIX ﬂBHCHHﬁ, CBSA3aHHBIX C CC]‘;ICMOI'CHCPHPY!OLL[HMH
30HAMH, ABJIAIOTCA BECbMa aKTYaTbHBIMH H MOJIYYEHHBIE PE3YJIbLTATbl MOTYT 6BITh HCMOMb3OBAHBI B
KayecTBe 6a30B0ii OCHOBBI /151 APYTHX ATbIMHACKEX FOPHOCKIIANYATHIX 0bnacTeil.

0630p cocronHus mMpoG.reMbI

HecMotps Ha Gonbioi notox HHpopMaLmu, monydeHHON B o6macTh reomopdonoru, moka eure
HE0CTATOYHOE BHMMaHME yIENAETCA POJii 3eMIeTpAceHHit kak penbedoobpasytomero haktopa, a
B CEACMONOTMM — HCMOJB30BAHHIO TIeOMOPOONOTHYECKHX METOJO0B, OCOOEHHO KPYMHBIX
ONON3HEBO-TPaBUTALMOHHBIX ~ ABJEHHH B  YCTAaHOBJEHHM TEKTOHHYECKHUX HapyIIEHWHA ¢
JHarHOCTHKE apeasioB PacnpOCTPaHEHMs CHIBHBIX 3EMNETPACEHHH. Taloke He KO KOHLA MO3HAaHO
BIIMAHHE ceficMor

€HHbIX (AKTOPOB Ha OLEHKY MoKalaTenell MNPOYHOCTH NOPOA, GHOPMHPOBAHHS OCTATOYHLIX
rPaBHTaUMOHHBIX AcQOpMALMA, Ha penakcaluio HaNMpsKEHHA COPHBIX MOPOA W YCTOHYMBOCTH
CKJIOHOB.

He sBnseTca cnOpHBIM, YTO cefiCMHYeCKMe SBJIEHHA HENOCPENCTBEHHO CBA3aHBl C
TEKTOHMYECKHMH IBHXCHHMAMHM, M YTO CamblM OTYETIMBBIM BBIPAXEHHEM COBPEMEHHBIX
TEKTOHHYECKHX NBUXCHUH ABJIAETCA MMEHHO 3emieTpacenue [4). OnHaKo, KakoBa pob CTENEHH
aKTHBHOCTH OTAENBHBIX MOPQOCTPYKTYPHBIX O0KOB, KaKk HOBERUIMX [EOJIOTHYECKUX CTPYKTYp B
¢opmupoBanuu ceficMHYeckuX hexToB, MOKA YTO, elle He IO KOHLA M03HaHa.

Jllna coBpemeHHO# reoaMHamMukn KaBKasckod TrOpHO# CHCTEMBI XapaKTepeHbl YETKHE
B3aMMOCBA3A COBPEMEHHBIX TEKTOHMYECKHX [ABHXKCHHH ¢ MOpPQOCTPYKTypaMH, T.€. MOXHO
FOBOPHTE O  CYLOECTBOBAHHH  CHCTEMBbl  IHHAaMHYECKOrO0  B3auMONEHCTBHA  Mexay
MOPGOCTPYKTYPHBIMM 0COGEHHOCTAMY H COBPEMEHHBIMH TEKTOHUYCCKUMHN XBHIKEHHAMHU. BMecte ¢
ITHM, B MOPDOCTDYKTYPHBIX OCOGEHHOCTAX M COBPEMEHHBIX TEKTOHMYECKHX MBHXKEHHAX
NpPOABAAETCA CNONKHBIHA XapaKTep B3aHMOAEHCTBHS, JUIS KOTOPOTO CBOHCTBEHHBI KaK NpPAMbIE, TaK H
obpaTHble B3aHMOCBA3H.

Hexopsa u3 Toro, 4to MOopdOCTPYKTYpPbl PasHYHOro paHra XapakTEpPU3YKOTCS ONpeNeNCHHOM
NPOCTPaHCTBEHHOH HM3MEHYHBOCTHIO rEOAMHAMHMUYECKOTO PEXHMA. MPHHLUMUINHATLHO BAKHBEIM
AIBNACTCA  YCTAHOBNIEHHE  NOCTOBEPHLIX  KOJMYECTBEHHBIX  TAapaMETPOB  COBPEMEHHBIX
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TEKTOHMYECKHUX JBHXEHHII BO BPEMEHHW M NPOCTPAHCTBE, KaK BaXHEHIUeH cocTaBasiolleil B
TIO3HAHHH apealloB PaCPOCTPAaHERHs 3EMNETPICEHUH H IK30AHHAMHYECKHX ITPOLIECCOB.

HopBeiias cTanns TEKTOHKYECKOTO Pa3BHTHSA, OXBaTLIBAIOLUAA BPEMs OT NO3UHETO capMmata
[0 TrOJI0IlCHA, SABJAETCA MOCJICAHUM 3TalloOM 3BOJIOLUKWK B reoJIoriyeckoi JKH3HH, KakK 114
KaBka3sckoro perHoHa, Tak W A alnblIHACKOro oporeHHoro nosica B uenom. Ilpexnae Bcero, 310
JTan Ka4yeCTBEHHBIX H KOJMYECTBEHHBIX Mpeobpa3oBanuii A0Mmo3[HeaNbNUACKOro penseda,
BO3HHUKHOBEHMS HOBOTO TEKTOHHYECKOTO PEXHMa C MaKCHMaIbHbIM pa3MaxoM BEPTHKAIBHBIX
aBrkeHn#  (3-5 kM), GOPMHPOBAHMA OCHOBHBIX YEPT COBPEMEHHBIX MOP(OCTPYKTYp H
00pa3oBaHHs THNCOMETPHYECKOM M GaTHMETPUYECKOW 30HAIBHOCTEH. B 3TOT ke mnepHoa
HAaYHHAETCS OXHMBJIEHHE TIMaBHbIX TEKTOHMYECKMX HapylleHHiH (ocobeHHO rnyOuHHbBIX pa3nomos,
YHac/lel0BaHHbIX  QOaNbLMUHCKHM OpOreHoM) W 00pa3oBaHMe HOBBIX, [IPEHMYLIECTBEHHO
MOBEPXHOCTHBIX Pa3pblBOB, PA3/OMOB, KPAEBbIX UMCIOKALMil, HaIBMroB, Aed)opMaLKH Teppac.
NeHyaUHOHHBIX MOBEPXHOCTEH M CEHCMOAMCIIOKALIMi, aKTHBH3aUHH cybadpailbHOro ByJIKaHU3Ma,
B TOM YMCJIE TPA3EBLIX BYJIKAHOB M CeficMHUecKuX npouecos (4, 5, 6, 7. 8).

CkopocTH BepTHKanbLHbIX ABHXeHHIT ha KaBkase B anTponorete Gbiny 4-5 pasa Gosblue, 4em
CpenHss MaKcCHMallbHas CKOPOCTh 3a BCKO HEOTEKTOHHYECKYIO CTaAMIO M, BEPOATHO, AHLWL 2-5 pa3
MEHbIIE, HYEM YCTAHOBJICHHBIE TI€0JE3WYECKM MaKCHManNbHble CKOPOCTH  COBPEMEHHbIX
BEPTHKAIBHBIX IBHXEHNI, BapbHPYIOLIMX B npeaenax ot 4-6 xo 8 u naxe 10-15 mm/rona {6].

OTUM ObII0 06YCIIOBNICHO, uUTO B MOPHOCTPYKTYpax TFOPHBIX COODYXEINHUi MPOU30WIH
6JIOKOB0-pa.3HOMHBIe ZlCd)OpMﬂJ.lMH H BO3JbIMaHHue crparnrpa(puqccxu O/IHOro M TOro Ke 610Ka Ha
pa3Hble THNCOMETPUYECKHE YPOBHH C Pa3IMYHBIM TEKTOHHYECKHM PEXXHMOM.

Bonpexn GonbuioMy BO3ABIMaHHIO MOPGOCTPYKTYP TOPHBIX COOPYXEHHH, pedHas ceTb M
TIONIOKEHHE BOJOPA3/IE/iOB HE MpETEpHENN CYIUECTBEHHBIX H3MeHeHMil. Peku, npopesaBume
MOpGhOCTPYKTYpPbl BKPECT IPOCTUPaHHsA, B OCHOBHOM BbIpa0aTbIBAMM I1yGOKO3ANOXKEHHbIE
auTeleseHTHble yllenbs. HecMOTps Ha MHTEHCHBHYIO 3HEPrHiO rTyOHHHOI 3DO3UH, BOCXOAMALIME
ABHXEHUA MOpPQOCTPYKTYP HAMHOrO MpEBOCXOAMIN rny6GuHbl Bpesanus pek. Hepeako
HEPAaBHOMEPHOE M Pa3HOHANPABJCHHOE MEPEMELUEHHE CMEXHbIX GIIOKOB MO XHBBIM palioMam
CONpOBOXAAeTCA TrpabeHOBUOHLIM OMylEHHEM (KOMIIEHCALHOHHOE ONYyCKaHHe), KOTOpoe B
AaibHeH1eM Ob1I0 3aMOIHCHO ANIOBHANLHO-03€PHBIMH H NEAHHKOBBLIMH OTJIOXEHHAMH.

Takne MHOrouHMC/EHHbIE TEOMOP(OIOrHUECKHE HECOOTBETCTBHA YCTAHOBJIEHBl B IOJNHHAX
rnaBHbIX pek Kabkasa: Tepeka, bakcan, Tebepael, Amxapuc-Lkatu, Yopoxw [6, 9, 10].

Hepasnomeprioe  mepemeleHHe  CMEXHBIX  OGJIOKOBO-pa3sNOMHBIX  MOPGOCTPYKTYp
MOP(]OJIOTHYECKH YCTaHABIMBAETCA TakXke MyOHHaMH BPE3KH PEK H MPOAOJBHBLIMH TPOGHIAMH
JHMINA ropHbix gonuH Kaekasa. Yacto rnyOuHbl 3al0KE€HHS [JONHH B BBICOKOMPOYHBIX H
YCTOHYHMBBIX KOMIUIEKCAX MMOPOA Ha NOPAAOK 6osbllie. YeM CJIOXKEHHBIE HEYCTOHYMBLIMH K 3PO3HH
FOPHEIMH MOpPOJAMH. JTO OOCTOATENBCTBO AOCTOBEPHO YKa3blBA€T Ha TO. 4TO MEXIY ITHMH
Pa3HOYCTOMYMBBIMH KOMIIJIEKCAMH MOPOA CYLIECTBYIOT JKMBBIE pa3joMbl, XOTA 3TO 4acTo
re00rHYeCcKH HEMOCPEACTBEHHO He KapTHPYETCH.

MMeHHO coBpeMeHHas CceHCMHYeCKas AaKTHBHOCTb Hanbonee mNpoOsSBNAETCA B 30HAX
HEOJHOPOAHOH CKOPOCTH MNM pa3Hoil HanpaBieHHOCTH MNepeMelieHna  6noKoBO-rIbIG0BRIX
MOP(GOCTPYKTYp TOpPHBIX coopyxenui Kabkasza, koTopas cO CBOEH CTODOHBI CONpPOBOXIAETCA
MHTEHCHBHBIM Da3BHTHEM Da3pbIBHBIX JMCIIOKAUMA M OMNOJI3HEBO-TPABUTALMOHHBIX MPOLECCOB.
XoTs B HEKOTOPHIX pa3pe3ax MONOABIX MOKPOBHbIX OTJIOXKEHWH BCTPEYAIOTCA H HEPA3DLIBHBIE
nedopmanni. MmenHo Takue nedopmaumu ObUTH 3adMKcHpoBaHbl B 1oaHHe p. Tepek Ha yuacTke
JIOKOPCKOTO KPHCTAIHYECKOro ¢pyHnameHTa Jlapanbckoi TECHHHbL, T1€ B BEPXHEMIEHCTCUEHOBRIX
MOTHOCLEMEHTHPOBAHHBIX MOPCHHBIX OTIONEHHSAX, PasApOONEHHBIX MONOALIMHM Ppa3pbiBHBIMA
HapyLICHHAMH, BCTPEYAETCA 3aMELICHHAA MEXAYy HUMH ABYXMETPOBas TOALIA MIOTHBEIX MCCKOB,
nedopMupoBaHHan Ge3 pa3peisa (puc. 2).



Puc.2. Monoble TekTOHHYECKHE nepopmaliu B 1osuHe p. Tepek

3HauMTENbHO CIOXKHBIM MOJOIABIM TEKTOHHYECKHM CTpoeHueM MOpGocTpyKTYp topm
penbeda,  mepecTpoiikod  runporpadMueckoi  CETH M,  UTO  [NaBHOE,  HOBEHIIMM
CKN1a/Ik00Gpa3oBaHHEM H Pa3phIBHBIMH TEKTOHHYECKHMH HapyLICHHAMH XapakTepusyeTcs KOHo-
KaBka3ckasi MEXTropHas ACNPECCHS.

B KonxunckoM nporuGe MOYTH BCE MOJIOAblE CTPYKTYphl MOrpeGeHsl 104 MOLIHBIMH
YETBEPTHUHBIMH OTJOXKEHMAMH M B OOIMKE COBPEMEHHOTO penbeda MOYTH HE BBHIPAKEHDI.
JTluddepeHUHpOBaHHbIE JBHXEHHA H TEKTOHMYECKHE pa3phIBbl YCTAHABJMBAIOTCSA TONBKO JHIIB
6ypOBLIMM CKBLXMHAMU M TeO(H3MUECKMM MpocBeyMBaHHEM. VIMeIoTCs peakue ciyudan, Koria
norpeGenHble MOPHOCTPYKTYPE! MOJ MOLIHEIMH ALTIOBUATBHO-MOPCKUMH OT/IOXEHHAMH B 30HE
aKTHBHOTO pa3oMa BBIXOAAT Ha TOBEPXHOCTH B BHAe BeicTynoB. B mpemenax Konxuacko#t
aKKyMYASTHBHOH paBHMHbI K YMCJly TaKMX MOXHO OTHECTH OKHOOOpasHbl  BLICTYN
BEPXHEMEJIOBbLIX HM3BECTHAKOB M TIJIMHHCTO-TIECUAHUKOBBIX TOPOJA OJNMIOLEH-MHOLIEHA Ha
TIOBEPXHOCTh BTOPOi Teppachl sieBoGepexbs p. UHrypn Ha tepputopun c. Pyxu 3yrmmackoro
paiiona. YcranosneHo [11), uto auddepeHunpoBaHHble OBMXEHMA BCEX COBPEMEHHBIX 6510KkOB
BOCTOYHOM uacT YepHOMOpCKOH BmaauHbl TPOHCXOAST MO pa3fNoMaM, YHAacleJOBAHHBIM C
ronouena. Ha yuactke ['ynayTtckoit 6aHku GypoBBIMH CKBRXXMHaMH BCKPBITbI KOHTIOMEPaThl NOHT-
M30THCa Ha rnybuHe 150 M, a 3T ke oToxenus B [Tuuynackom nporube 1axoastcs Ha rinybune
28.5 M, TOr1a KaK pacCTOfHHE MeXAy HUMHU Bcero 5 km [12].

B nporuBononoxHocTs Konxuackoit aenpeccun, B KypuHcokoit MeXropHoi BnaanHe noyTH
BCE TEKTOHHYECKHE HApYyIIEHHA M TIEOJHHAMHYECKHE OCIOXHEHHs pa3HOXapaKTEPHBIX
MOpdOCTPYKp, OTpaKeHb! B MIACTHKE COBpeMeHHOro penbeda. Monoxsie MopgocTpyktypst Lius-
I'om6opckoro, Carypamo-Slabnoiickoro, KeepHakckoro xpe6tos, Mrosrckuit, OkaMckuii, PyHcknii
TPkl M OpYTHE, @ TAaKXKE JPYrHe pa3HoXapaKTepHble AMCIIOKALMH SABJSIOTCA HaJeXHBIMH
penepaMH Ui OUEHKM TeMnoB noauatai (mo 900-2000 M aGc. BwIcOTH) M XxapakTepa
TEKTOHHYECKOH aKTUBHOCTH B YETBEPTHYHOM NeEPHOJIE.

Kapkasckan ofnacTe XOTS M NPHHAINEXKHT K YMCIY TEPPUTOPHI C JOBOJBHO BBICOKO#
CEHCMHYECKOH aKTHBHOCTBIO, OHAKO, YCTAHOB/IEHHE YETKOl B3aHMO3aBUCHMOCTH MEXY apeasioM
NpOABNCHHA HOBEMIUNX TEKTOHWYECKHX ABMXEHHH, 00pa3oBaHHeM G0KOBEIX MOP(OCTPYKTYP,
CefICMUYECKOH aKTUBHOCTBIO M, YTO [/1aBHOE, BOIHUKHOBEHUEM KDYIHBIX CEAACMOTPABNTALHOHHEBIX
ABNEHHH, NOKa elue TpebyeT pa3HOCTOpOHHLIX HccnefoBanmuil. Tem Gonee, uTo 3¢deKTHBHOCTL
COMOCTaBJIEHHA CCACMHYECKBIX ABIEHNH ¢ OCODEHHOCTIAMHU TEKTOHMYECKOrO CTPOEHHA M HOBeli e
reonioruyeckod .mMcropueit Kasxaza Bo MHOroM ofycnoBieHa TeM OGCTOATENBCTBOM, YTO
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nofapnfowmas 4acTe Kabkasckux 3emMneTpacenuil cBA3ana ¢ ouaramu, JeKalMMH Ha ryOHHax He
Gonee 20 kM, B OCHOBHOM Ha r1y6uHax S5-10 km [6).

Ewe Ha npumepe TaukeHtckoro 1966 r. [13], a nmosumee T6mimcckoro 2002 r. {14]
3eMIIETPACEHMA ObLI0 NOKA3aHO, YTO HEPEAKO, KOrAa o4ar paciojaraercs 6143K0 K MOBEPXHOCTH,
3EMJIETPACCHHE faXe HeOONbLUIONH MarHHUTY/bl MOXET MpPOABUTHCS ¢ GonblLIeH. YeM MO pacyeTHbIM
JIaHHBIM, MHTEHCHUBHOCTBIO. Micxons 3 sToro, cnexyer monarath, 4To 3¢QexT MenkodoKyCHbIX
3EMJIETPACEHUH B BEPXHHX CTPYKTYPHBIX JTaxax Haubojiee CHJLHO peardpyeT Ha [MpoLecc
PENaKCalMy FOPHBIX NOPOA M Pa3BMTHE CKIOHOBBIX FPaBMUTALMOHHBIX ABNEHHMiA. XapaKTepHo, 4TO
peNaKcalls TOPHBIX MNOPOA M ocTaTo4Hble AeddopMallMK MPOMCXOAAT aAake MpH  cnabbix
3EMJICTPACEHHAX, B pe3yJbTaTe, KOTOPbIX MOArOTAaBIMBAIOTCSK YCIOBHA JUIA MOCIEAYHOLIEro
HHTCHCHBHOI'O H LIHPOKOro pa3BUTHA CKJIOHOBO-IrpaBHTALlMOHHBIX MPOLIECCOB. B YaCTHOCTH, B
pe3ynbTaTe 3€METPACEHHH ¢ MHTEHCHBHOCTbIO 4-5 0ai1/10B, NPOMCLIENWHX B AMDKapcKOH
akBaTopuK Y€pHoro mops Ha nobepexbe 06pa3oBaloch MHOXKECTBO OMON3HeH. BeneacTeue 3toro
nehopMupoBanock M paspymunocs 6onee 400 kHARIX 10MOB. HeT COMHEHHS B TOM, 4YTO
Tparuyeckue cobeitus 2002 roga B goauue p. [enanbion (CCBCPHBJ{ OceTHsi), BbI3BaHHLIE
TNAUHATBHO-IE0BBLIMH CEJIEBBIMM 110TOKaMHU B oObeme a0 100 MiaH. M~ (norudno donee 130 yen.),
MPOM30LLIN B pe3ynbTaTe 0Opywenus neaHuka u3 Kasberckoro ropHoro y3na u ObLiH CBS3aHBI C
3EMJIETPACEHMAMH HeOONBIIOH 3HEepreTHyeckol cubl [15].

CyleCTBEHHLIM BKNAZOM B HCC/ENOBAaHHE COBPEMEHHOH rEOAMHAMHUYECKOR 06CTaHOBKH
SIBJISETCS BbIAB/IEHHAS B BEPTUKANBLHBIX IOBHXEHUAX MOPGOCTPYKTYp pa3HOro THTAa M paHra
Kasxasa onpenenenHas KpaTtkonepHoaMyHas pATMHYHOCT B npenenax B 1, 2-3, 5-7, 10-15, 20-25.
35-40, 50-60, 70-80, 100-120 net [S]. Takyloo 3HaKONEpeMEHHYIO PHTMHYHOCTh rOpHas CHCTEMa
Kaskasa B Teuenme XX Beka HcObITana TpH pasa: ase a3kl MOZHATHH M oaHa ¢asa —
npeobnagaiomux onyckaHuH. Ilpi 3Tom. nepuonbl 3HakonepeMeHHbIX ABHXeHHi Boasworo u
Manoro Kapkaza He coBmanatior Bo BpemeHH. Mccnemosannsmu yctanoBrneHo [5], 410 nepuon
pe3koit akTHBM3auMH ceicMHuHocTH OB Kaskasza npuxomutca Ha ¢asy o6WMX HHTEHCHBHBIX
nogustui (1950-1970 rr.).

C yBenHueHHEM BEPTHKAIbHBIX JBHXKEHHWH YBENHYMBAETCA BEPOATHOCTb BO3IHHKHOBEHHA
CeHCMHYECKUX ABJIEHHH H, COOTBETCTBEHHO Pa3BUTHE CKIIOHOBO-TPaBMUTALIHOHHLIX NPOLECCOB.

JIaHHBIH  Te3UC MNpaKTHYeCKH TMONTBEPXKIEH Ha AIMa-ATHMHCKOM [€OIMHAMHYECKOM
NONUroHe, rae Haubosiee BLICOKHE NOJOXHTENbHbIE BEPTHKAIbHbIE ABHXEHH (10 60 MMm/ron)
tduxcnpylorcs nepea OONbUIHMH 3eMIIeTpsAceHHsIMH [16].

Takum o6pazom, MopdoslorHyeckHe ¥ TeOJMHAMHYECKHE HCCEeN0oBaHUs OeccrnopHo
MOATBEPXIAIOT, YTO BCE CHIIbHBIE 3emieTpscenus KaBkasza oOycnoBnelbl 3HaKOMEPEMEHHBIMH
IBHXEHUAMH MOP(OCTPYKTYPHBIX OJIOKOB, NMOMEIIEHHBLIX B 30HaX HOBEHIIMX H OMOJIOKEHHBIX
TEKTOHUUYECKUX Pa3NOMOB, a KPYMHBbIE Nalico- M COBPEMEHHbBIE CEHCMOAMCIOKAIMH H CKIOHOBO-
rPaBHTALHOHHBIE COOBITHA HEMOCPEJCTBEHHO YBA3IBIBAIOTCA C CEHCMOTEKTOHHYECKHMH 30HAaMH H
6onbLIelH YaCThIO COXPAHSIOT ONPEAENEHHYIO CHHXPOHHOCTD.

Hecmotps Ha TO, 4to Mccnenosatenn reomopdonorur Kaskasza B nocnennee Bpems
IHAYMTENBHOE MECTO  YACNAIOT  PAaCCMOTPEHHIO  CEHCMOIMCIOKAUMOHHBIX H  cefcMo-
TPaBUTALMOHHbIX SBJEHHA, OCHOBA M3YYEHHs KOTOphIX Obina 3anoxena B 60-x rogax mpouwioro
cronetus [17, 18, 19], 20 cux nop He pacKphIThl Bee TaitHbl Takux coObrTHi. [Ipn kaxyemcs
u306unMn undopmauun B obnacth MoOppOAMHAMHKH M celicMoTekToHHkH Kaskasa, oHM B
3HaYMTENbHOR CBOEH YacTH NPOTHBOPEYMBBI M HEJOCTATOYHL! AN OGOCHOBaHHMS 3aBMCHMOCTH
MEXIy ceficMMYECKMMH COOBITHAMH M 00pa3oBaHHEM KPYMHBIX ONOI3HEBO-IPABHTALHOHHBIX
sBieHHi. ENWHCTBEHHAaA MNpaKTHYECKas BO3MOXKHOCTb MPOBEPKH TEOPETHYECKHMX MOJENEH
B3aMMO3aBHCMMOCTH ITHX JBYX KPYMHBIX FCONWHAMMYECKHX COOBITHIi, ITO MpoBeneHHE MOAEBHIX
KOMILJIEKCHBIX FE€0I0r0-reOMOp(oNnorHyeckuxX HCC/aea10BaHuA.

PeayanTaThl N0J1€BLIX HCCICA0BAHMEA
YpOBEHb CEroAHALIHAX 3HAHMA JA€T BOIMOXHOCTb TONBKO C ONPEAENEHHOH BEPOSTHOCTLIO
YCTAHOBUTH, TJI€ M C Kakoli CHIIOA MOTYT BOHHKHYTb CHIbHBIE 3eMieTpacenus. [loka 4ro, Mul
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GeccHilbHbI MPEACKa3aTh MX BO BPEMEHH, TaK KaK JUTA JOCTOBEPHOro Hay4HOro 0bOCHOBaHMs
NpPOrHO3a MeCTa, CHJIbl M BPEMCHHM OYAYILero 3eMjieTpAceHHs HEOGXOMHMO BNANETh ACTATbHOH
MH(popMaLKeit O HAMPSKEHHOM COCTOAHHH 3eMHOH KOPbI H ee MexaHuyeckux cBolicrsax. Bmecre ¢
TeM, IIPH 3TOM MOYTH HE NPUHMMACTCA BO BHUMAHHE CYIUIECTBOBAHHE HA HECKOJILKO ITOPSAKOB
GONMbUIEro  KOJMYECTBAa COMYTCTBYIOUWIMX OMON3HEBO-TPABHTALMOHHBIX ABJIEHHA H  APYrHx
MPH3HAKOB OCTATOYHBIX feopMaLHA B AMHLEHTPATBHBIX 30HaX CH/BHBIX 3EMJIETPACEHHUH.

Hcxoms u3 cKa3zaHHOrO, M3y4eHME CeHCMOTpaBMTALMOHHBIX O0Opa3’0BaHMH Ha HOKHOM
YPOBHE M YCTAaHOBJEHHE apeanoB HX TeOrpauueckoro pacnpoCTPaHEHHs JAAET 3HAYHTENBHYIO
HHOOPMALHMIO O CTeNeHH CEHCMMYECKON ONMacHOCTH TeX TEPPHUTOPHH, HA KOTOPLIX HaHHBlE ©
3eMNETPACEHHAX OO CHX nop He umetoTcd. Tem Gonee, 3T0 HEOOXOAMMO NI TAKOTO CIIOXHOIrO
PErHOHa, ¢ TOYKH 3peHHs reoqHHAMMYecKoH o6CTaHOBKH, kakuM ABasercs HOxwHeli Kaskas u, B
4aCTHOCTH, TepPUTOPHS [py3uu.

PesyipTathl  0OOOLUEHHS  CYULIECTBYIOLIMX  MATEPHANOB M MOJEBBIX  TIEONOro-
reoMopQONOTHYEeCKHX M CECMOTEKTOHHYECKHX HMcclenoBaHuil, nposeaeHHbXx B 2007 rogy Ha
OTAENBHBIX Y4acTKax TeppuTOpuM ['py3uH, a TaKXKe BEINOJHEHHBIE B MNPEABUIYLIHE COABI
uccaenosanns [9, 10, 20, 21] B Kaskascko-TToHTHiickoM peruolie, GeccriopHo MmoKasant, 4To Bce
KpynHbie OMOM3HM M 06Banbl, 06pa3oBaHHble B KOPEHHBIX NMOPOAAX, BO BHYTPEHHUX YacTAX
CK/IOHOB (T.H. "BHYTPHCK/IOHOBbIC OIIOI3HHM") NPUYPO4EHBI K TEKTOHWYECKH OCNAbNEHHBIM 30HaM H
BBIBE/ICHBI M3 NPEAETBHOIO PABHOBECHA CEHCMHYECCKUM IPPEKTOM.

CeiicMOreHHble  ONOJ3HEBO-00BANLHBIE  ABJCHHA JOKAIM3YIOTCS B 30HaX I KUBYLUMX
TEKTOHMYCCKMX HapylueHuil pasHoro nopsaaka. [IpyMepoM Takux HapylUEHHit SBISIOTCA: TNABHbIi
perHoHallbHbIA HaIBuT, pasaensommi 300y 'maBHoro xpe6ra ot IOxHolN cknanyaToit cHCTEMBI;
Cypamcko-T'okumrypckuit M Yoxaraypckuil  HajaBMIrH, pasgemsiole Azxapo-TpHaneTcKylo
CKNaJyaTylo TOpHYIO CHCTeMy M MonaccoBylo 30Hy mnorpyxeHus; OpXeBckmit Hanswr,
paszaenstolunit Bocrouno-KaBxasckylo CkIanuaTyil0 CHCTEMY M MMOIUTHOLEHOBBIE CTPYKTYPBI.
Hepenko, B Takux 30Hax KO3(pGULHEHT MOPAXKEHHOCTH OMOJ3HEBO-IPABATALIMOHHBIMH SIBICHHAMH
noxogut 1o 0.5-0.7. OnonsHeBO-rpaBHTALMOHHbIE ABJIEHMA CEHCMOrEHHOro XapakTepa
NpHYPOYEHBI TAKXKe K KpaeBbIM AMCJIOKaUMAM, QJIEKCYpPHBIM meperndaM U MopocTpyKTYpPHBIM
y3taM ¢ Oonblio  aMnIMTYyZOW  BEPTHKATLHBEIX  TOABMXEK  [EPEMEHHOrO  3HaKa.
XapaKTepH3YIoLHXcs 0c060 HaMPSKEHHLIMH CKIOHAMH H ABJAIOLINXCS CEHCMOAKTHBHBIMH.

CeiicMOreHHbIE OMON3HEBO-TPABUTALIMOHHBIE ABNEHHSA MO BPEMEHH HX 00Pa3OBaHUA YCIOBHO
pasfiefieHbl Ha TpH KaTeropuu: reonorHyecCKHi Tnepuon (T.e. TINEACTOUCH), rOJNIELEHOBO-
ucTopuyeckHil u coBpemenHslii (mocneanue 300 ner).

Ha Ttepputopuu I'py3suu onos3HeBo-oOBaNbHbIE SBIEHHS, KOTOpLIE HENOCPEACTBEHHO
CBSA32HBI C 3EMJIETPACCHHUAMH, HACYMTBIBAIOTCA HE MEHEE TBICAYH (PHC. 3).
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Puc.3. Pacnpenenenue ceiicMoreHHbIX ONON3HEBO-00BATILHBIX ABNEHUI Ha
TeppuTOpHH [ py3nn
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Kak npasu1o, Takue sBJEHHA KPYMHbIE ¥ IPAHAMO3HBIE, C rIyOHHO#N AedopMaliHy CKIOHA OT
HECKONBKMX fAecATKOB MeTpoB 10 100-250 M. K wumeny Takux BblLOAIOLUIMXCA —CEHCMO-
rpaBPl‘l‘a.l.lHOHHle cobbITnii oTHOCATCA: Beprakancknii n TMorackuif, o6bemMamu 60nee 50-190 man.
M (HOxHan I'py3ns; rononeHoOBO-HCTOPHUECKHIL), AMTKCJILCKHH - 150 mun. o (6accefin p.
Konopn, 1891 r.); Puuanxuu — B ofveme 100 mnu. M> (6acceiin p. B3bmm, XVIII Bek);
Jlaiinamckuii — 300 mun. M> (Gacceitn p. Puonmn, ronouen HcTopHyeckui); Kpasunckuit H
Bapucaxolickuii — B oGbeme, cooTeTcTBeRHO — 50-100 MaH. M> (Gacceiin p. Aparsu — ronoues-
ucropuueckuit); Yeavrckuit u dypymxuHckuit — ¢ o6bemom 150-450 MaH. M~ (BOCTOYHA® 4acTh
Bonsioro Kapkasa, npuypouennbie k Jlaronexcko-3akaTanbckofi ceiCMOreHHOH 30He — ToJoLeH-
ucropuyeckuit); ['ombopckuit — ruiowansto Gonec 15 KM%, npuypouen k OpXeBCKOMY HaaBHTY
(F'omb60pcknit xpeber — BepxHuil nueicToueH-coBpeMeHHblit); [opacknit — o6veMom se meHee 600
MIH. M°, 06pa3oBaH B BEPXHEMENIOBBIX W3BecTHsKaX B 30He MHuxypu-I'eenckoro pasnoma (HixHee
TedeHHe JONHHBI p. LIXeHHcIKany - ronoueH-coBpeMEHHBIH, puc. 4).

Puc.4. l'opacknii ceficMoreHHsi 06Ban-0N0/13eHb rONOLEHHOr0 BO3pacTa

TNMouxpepckuit obBan ¢ o6beMoM Gonee 1,0 kM’ — 06paioBaH B HMKHEM IUICACTOLIEHE Ha
CeBEpHOM ckiloHe PauuHckoro xpebra B 3oHe IlouxBepcko-XHXaTcKoro pasioMa B BEPXHEM
TEUeHHUH AONKMHbI p. PHoHHM. O6BaI nepekpslT ZOMKHY, H, B pe3yJbTaTe, Ha 1eBOH CTOPOHE pexH, Ha
NIPOTAKEHUH [IPMMEPHO 15 KM HaKONMHAHCh AIIOBHANLHBIE OTIOXEHHA MOUIHOCTHLIO g0 300 M. B
1896 romy o6GBanuBluasics Macca MeNOBbIX U3BECTHAKOB H3 ropel Knaebonsamu (Beicota 2250 M) B
o6seme 150 MuH. M°, nepexpsina ymense p. Kpeapyna (Gacceiin p. PHOHK) M co3iana NOCTOAHHOE
03epo. B cpenneii yacTh nonuusl p. Puonn, Mexay cenamu OpxBH M AnnaHa, Ha MpaBoM CKJIOHE
LONHHEI, B MEJIOBbIX M3BECTHAKAX 06pa3oBaHO TPH KPYMHBIX 06Bata ¢ 06beMamu kaxaoro no 40-
120 M. M’. OGBanamu BPEMEHHO 6bLTO mepekphiTo pycno p. Puonu. Bpems nx obpasosanus
roNoLEeH-COBPEMEHHBIH. BO3HMKHOBEHHE 3THX 06BATOB BEPOATHO CBA3AHO C 3€MIIETPACEHHAMH.

WMeeTcs MHOXECTBO MPHUMEPOB TOTO, 4YTO BO3JAEHCTBHE CEHCMHYECKHX HBICHUA Ha
aKTHBH3aLMIO CKJIOHOBO- rpaamaunonﬂmx ¢axropoB oTpaxkaeTcs ABOHCTBEHHO. B mepsom cnyuae
3eMIIeTpACEHHE NpOABASETCA Kak "cHnoBoil" (akTop H, OOBMYHO, ABMAETCA HENOCPEACTBEHHBIM
MOBOAOM /15 MFHOBEHHOTO BO3HMKHOBEHHS PA3phIBHBIX JMC/IOKAUMA, KPYMHBIX W PaHAMOIHBIX
06Banos, onos3Hei, o6pyLIEHHI FOPHBIX IEAHHKOB, IPOBANOB H T.X., AN KOTOPLIX He TpebyroTCa
XapaKTepHbl€ [MK/Ib] ¥ CTAAUH OArOTOBKH Pa3BUTHSA NPOLECCOB.

Kak npaBuno, Takue cefiCMOrpaBHTAlUMOHHBIE COOBITHA, KOTOPHIE MPOHCXOAUIH KaK B
NpouIOM, TAK H B HacTOAlllee BpeMsA, ABIAIOTCA Haubojgee ONACHLIMM JUIA HACENCHHR H
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HHKEHEpHBIX OOLEKTOB. B kadecTse MpuMcpa MOKHO — MPHBECTH  TpaHChOpMaUHIO
KaTacTpOGHYECKHX TASLMATbHBIX celeif, Bo3Hukumx B Kasberckom ropHom ysne LlenTpansoit
yacTd Bonbimoro Kaekasza B 1776, 1832, 1854, 1902, 1953 u 1962 rr. B pe3yabTaTe HENPEMEHHOIO
BO3AEHCTBHA CEACMHYECKHX TOI4YKOB.

Hcropuyecky NMOA rpoMazHbIMH ofBasiamu MorpeGeHs! HaceneHHble myHkTsl Haoxpe6w,
Llynma, Tmorsu (1088 r., 1283 r.. nonuua p. Kyper), Asanta (1891 r., nonuua p. AmTkeny). ITpu
PaunnckoM 3emieTpiceHdsMH 1991 r. noaHocThio forpebeHsl MOA ONON3HEBO-00BATBHBIMU
obpasosannamu cenehun: XaxuetH (Cauxepckuit p-v), Yopael (Onckuit  p-H), Benotu w
Cauxenucn (Lixuupanbckuii p-H) U MHorue apyrie. OnacHocTb CEHCMOrPaBUTAlMOHHBIX ABACHHH
ycyrybaseTcsa H TeM, 4TO OHM HepeaKo MepeKphIBAlOT FOpHble NOJHHBI M PEKH, MOC/E NpOphIBA
06pa3oBaBlIUXCi 03ep (OPMHPYIOTCA KaTacTpodHueCKHe HABOJHEHHWA W CeneBbie NMOTOKM.
XapaKkTepHbiMM MPEACTABUTENAMH TakuMX CoObITHI sBnsioTcs YxantuHckui obsan 1963 r.
(6accedin p. Komopu), Knmucybauckuii 1972 r. (p. Puneyna, npaseiii nputok p. Puonm),
Jlackanypekuit 1975 r. (p. Jlackanypa, npassiii nputok p. Lixenncukanu), Kenacypckuit 1978 r. (p.
Kenacypu), Crupdasckuit 1963 r. (p. bonbuwoit Jinaxen), I'senckuit 1989 r. (p. Lixenucuxanu),
Lla6nanckuii 1989 r. (p. Cxanra. npaBblii IPHTOK p. A/DKAPHCLKAIH).

Mopdonornueckuii ananu3 KpymHbIX CEHCMOrpaBMTALUMOHHBIX ABJICHHH NOKa3bIBAeT, uTO
nocne WX BO3HHKHOBEHHS HEKOTOPbIe M3 JTHX 06pa3oBalinii nepexonsT B CTabUIbHOE COCTOAHHE
Ha JUITENbHOE BPEMS, a 4aCTb MX HAXOAHUTCA B PaBHOBECHOM COCTOSIHHH M 3aHOBO TIPUXOIMT B
IBHXEHHE BO BPEMA HOBbIX 3emieTpsAceHHil. Ha 3T0 yka3piBaloT MHOro4YHMC/IEHHbIC APYCHO
pacronoxeHHble CTyNeHH cMelteHus (0T 3 mo 19), xotopsle 3adHMKCHPOBAHE! B 30HaX IaBHOTO
Hageura bonboro KaBkasa B npemenax cnaHueBo-raHHACTON cepun HikHeit FOpwi, Cypamo-
[okuwrypekoro U Yoxaraypckoro Hansuros, Axapo-Tpuanerckoro ckiagdatoro # OpxeBcKoro
HalBHMroB, a Takxe B 30Hax Paya-JleuxyMckux kpaeBbix aucnoxauui u Hrxsucu-Hukucckoro
Hagsura [20]. [1aTb ceficMoreHHBIX OMON3HEBBIX 6loKOB onmcaHbl B Oacceitne p.
Conpocukany (paBblit MPUTOK p. ApareH) B 30He AHaHypCKOro pasiioMa. M3 Hux camble npeBHue
OTHECeHb! K [IO3IHEMY TOJIOLEHY, a NocieAH i cBszaH ¢ bapucaxoickuM 3emnetpsicetineM 1992 r.
B npenenax Ynatypckoro miato, Ha jeBOM cKioHe p. bymxa (TeppuToprsa c. Menyuetn) B
CPENHEIOPCKHX  BYJK2HOTEHHO-TEPHTEHHBIX OTJIOXEHHAX H MENOBBIX W3BECTHSNKAX B 30HE
MesnyieTu-Praickoro pasioMa pasBUTHI 4 cefiCMOrpaBHTALMOHHBIX OMOJI3HEBBIX OTOKa, H3
KOTOPBIX CaMblif M010J10H CBs3aH ¢ PaunHckuM 3emuerpsacernem 1991 r.

Bo BTopom cay4ae 3¢ddeKT Bo3neHCTBMA 3emicTpaccHMi paboTaeT kak "B0o36yxaalowmi”
MEXaHH3M 1715 BbiBOJAa rPABMTALHOHHOOIACHOIO CKJIOHA W3 NPEAENHFHOr0 PABHOBECHS, NOCIIE YEro
AOCTaTONHBl JaXe HeOOo/NbLINE JOMONMHUTEAbHbBIE HMIYNbChl JUIA MaccoBOM aKTHBH3aUMH
OMOJI3HEBO-TPABHTALIMOHHBIX MPOLECCOB. 3aciyXHBaeT BHUMAHHUA TO OGCTOATENBCTBO, YTO MOCie
Pauunckoro u Bapucaxoiickoro 3semnerpsacenuit (1991-1992 rr.), oxBaTUBIIMX BCIO TEPPHUTOPHIO
I'py3un u cnpoBOUMPOBABUIMX B yKa3aHHble rogel Gonee 20 000 OMON3HEBO-TPABHUTAIIMOHHBIX
00pasoBaHHii, NOYTH Kax(/blit FON OTMEYAETCA HX AKTHBH3ALMA BbILE CPeHEro (oHa.

W3 Bcero MHOrooGpasna ceCMOTeHHBIX RHMCIOKaUMH 0co60 crefyer ykasaTb Ha 3ddekt
NOKATBLHBIX CECMONEHHBIX pPa3pLIBOB B OMOJ3HEOOpa30BAaHUSAX, KOTAA B pPE3Y/IbTATE CHIBHBIX
3eMJICTPACEHUH Ha NepBBIYHO-YCTOMYMBBIX CKNOHAX, CIOWEHHBIX KODEHHBIMH MOPOIaMH
oBpasyloTcs cBeXHe, YacTO OTKPBHITHIE MOBEPXHOCTHbIE Pa3pbIBb (TPEIUMHKEI), MO KOTOPEIM B
NajibHERIIEM MPOHCXOAAT KPYyMHBIE CMEIUEHMS CTPYKTYDHOro THma. MHOXECTBO TaKMX
CefiCMOreHHbIX pa3peiBoB  Ob10  3adukcupoBaHo mocie Paumuckoro u  Bapucaxoiickoro
3emneTpaceHnii. JUMHa Takux paspeisos konebnercs B npegenax 100-1500 M, a wupnna ot 10 10
100 cM (puc.5). XapakrepHo, uTo BO BpeMs PauMHCKOrO 3eMIETpsiCeHMs B mpegenax



Puc.5. CeiicMorennsiit pasnom B Gacceiine p. Jlackanypa (Jleutexckuil p-H), Narowuii Hayano
BO3HHKHOBEHHIO OTION3HA

PaunncKOro CHHKIMHOPHSA B MaHKONCKUX oTloxeHHusx (c. Byreynu, AmMGponaypckuit p-H) 6e10
3aMKCHPOBAHO KPAaTKOBPEMEHHOE H3MMAHMUE IPA3eBOM MacChl M3 PacKpBITOH Ha TMOBEPXHOCTH
CefICMOreHHOI TPEIHHLI B BUJE MOA0GHOTO "rpsa3eBoro ByikaHa".

KpynHele rpaBUTalMOHHBIE ABJICHUS BO3HHMKAIOT HE TOJBKO B IUIEHCTOCEHCTOBBIX 06macTaX
3eMJIETPACEHHH, HO HMX JHepreTHdeckmit 3(dexT pacnpocTpaHseTcsi TaK)Ke Ha 3HaYHTENbHOe
ynaJjieHde, 3aTparusas Aaxe AMBEpreHHnie MOpOOCTPYKTYpHL. VIMeHHO, TaKOro poaa TPaH3HTHbIE
3eMﬂeTpﬂCeHH${ BBIBCJIH H3 COCTOSAHHA paBHOBeCHﬂ TEKTOrr€HHO-3pPO3HOHHBIC CKJIOHB! BOﬂBlﬂoro
KaBska3a u Amxkapo-Tpuanerckoit ropHo# cucreMsl. B wactHocTu, CnuTakcKuM 3eMNETPACEHHEM
1988 roma cnpoBouMpoBaH B ropHoi Amkapuu IlaGnanckuit obsan (06bem 20 MiH. M3), non
KOTOPBIM norpebeHa 3HauMTeNbHas 4yacTb CelneHHs. Paunmnckoe 3emnerpscende 1991 r. u ero
a)TEpUIOKH BBI3BANM TAKXKE AKTHBM3aWHIO OMOJ3Heil B c. Bapmxanymn (KoGyserckuit p-H) B
obwveme nopsaxa 30 MIH. M, a Ha TeppuTOopuH  c. lanucnapaynu (Xynofickuii p-H) obpa3sosaincs
omnos3eHb rnyOrHo 3axBaTa He meHee 100 M n o6bemMoM Gonee 90 mnH. M. [lpu atom, ¢ 3toro
nepxo/ia yKasaHHbIH OTION3HEBEIH CKIIOH HaXOAUTCA B aKTHBHOM ¢ase (puc. 6, 7).

Puc.6. Janucnapaynckuii ononsenp (Xyno#cknii p-x), chopmupoBaBuiniics B 1991r. nocne
Pa4HHCKOrO 3eMAETpACEHHS



Puc.7. lanucnapaynckuit ononsens (Xynoiickuii p-H), chopmuposasiuuiics B 2007 r.
.

Cuynraetcas, yto ¢ cepeadHbl XX Bexkd (UKCADYETCA  aKTMBM3alUMs HOBOro UMK/
CEiCMHYECKHX SBCHM. YO6eIUTeNnsHBIM MNOATBEPXAEHWEM 3Toro ciyxar 7-10 — 6GanbHble
semnerpscenns: [ereukopckoe (1957 r.), Mamaranckoe (1959 r.), Uxantuuckoe (1963 r.),
3anresypekoe (1968 r.), Harectanckoe u Bopwomckoe (1970 r.), Hmamucckoe (1978 r.),
Crurakckoe (1988 r.), Paunnckoe (1991 r.), bapucaxoiickoe (1992 r.) u Tounucckoe (2002 r.).
BMecTe ¢ 3THM 3HaYHTENBHO YBEJMYEHO Pa3BUTHE CEHCMOTEHHLIX OMON3HEBO-TPABUTALMOHHBIX
sBnennit, loaToMy, Beayliue yd4eHble: ceiicMoiorH M reonord crpad IOxuoro Kaskaza B 2000
roay ohHUMATbHO OGpPaTHIMCh K [PABUTENLCTBAM CBOMX CTPaH € IPH3BIBOM O HEOOGXOAMMOCTH
YAYYIIEHHA CHCTEMbl HOPMATHBHbIX JOKYMEHTOB M MaTepHanbHO-TEXHH4eckofi 0a3bi ¢ uenbio
CHHXKEHHS pHCKa 3eMJIETPACEHMH M COMYTCTBYIOIUMX OMNAcCHBIX CTHUXHMHHBIX TI€ONOTHYECKHX
NPOLCCCOB HAa HALMOHANIBHOM M PETMOHANBHOM YpoBHsX [22].

B 2007 romy koMmnekcHble HCCReJOBaHWS NpOBeAEHbl Ha OCOOEHHO pesieBaHTHBIX
TeppuTOpUAX [py3uH C TOUKH 3pEHHs TEKTOHHM'ECKOH CNOMHOCTH M CefiCMOreoaMHaMHYecKon
0co0eHHOCTH. TakuMH ABAAIOTCS:

1. Kypuucknii HanoxeHHblii nporu®, KOTOPbIH CeKyT pasjiuuHble CTPYKTYphl bonmoro u
Manoro KaBka3a, ¢ WIKpOKHM pa3BUTHEM B OCAJOYHOM YeXJIE NOJIOTHX HAIBHIOB M CTPYKTYp
NOKpOBHOro THna [23].

2. Tpuanerckuit Xpeber — BaxHbI OTpe3ok Amiapo-Tpuanerckoit cxnagyatoift ropro#
CHCTEMBI, XapaKTEPH3YIOILMICA OYEHb HANPSHKEHHOH TEKTOHMKOA M Pa3BUTHEM TEKTOHHYECKOTO
MeJlaHKa, MOKPOBOB H THMMMYHBIX AIMHHOTHYHBIX cknagok [23]. LlenTpanbHaa wacth xpebta
TPHNORHATA M0 Pa3fioMaM U MpeacTaBiseT coboi ropeT-aHTHIIMHANL. B paiione nep. Lixpa-Llkapo
xpeber Hu3kMM ycTynom otgensetca 0T FOxHO-I'pY3MHCKOro By/NIKaHHYECKOr0 Haropbs;
BOCTOYHEE IDaHULA BBIPAXEHA KPYTHIM CKIOHOM, COOTBETCTBYIOIIUM DErHOHAILHOMY HAIBHIY
NaJleoLeHOBOro (Ghikia Ha BYJIKAHOTEHHYIO CBHTY.

Mopdosioruueckas ocobeHHocTb XpeGTa onpenensieTcs TeKTOHMKON, JNMTONOTHUYECKHMH
YCIOBHAMH W IPO3MOHHO-TPaBUTAIMOHHEIMY NIpouieccamy. B 3anannoii yactn xpefta pacnonoxen
pan BHYTpuropHeix koTnoBuH (Iluxucasupckas, bakypuanckas, rsapu-Taaspucckas u ap.),
MMEIOLMX COXHBIA reHE3UC N CBA3aHHBIX TABOBBIMHM MOANPYAAMH, OMON3HAMH M 3posuedt. Ero
CEBEPHBbIH NNMHHBIA CKJIOH B OCHOBHOM pacuneHeH TyGOKHMM MOMepeK MepeceKarolnMU
TEKTOHHYECKHMMU CKIalkaMH ylueneil npasbix MpuTokoB: p. Kyper (Tucenu, Qreapu, Uobucxesu,
Bopxomyna, I'ymxaperncuxanu, [lsama, Tana, Teasamu, Kastypa u np.), 6opThl KOTOPBIX 4acTo
OC/IOXHEHbI ACHY AALIHOHHBIMH CEANMEHTAMH K OTIOJI3HEBO-rPaBUTALHOHHLIMM [IPOLECCAMH.

B npearopHo# 30He CKIIOH OCI0XHEH Pa3sHOBBICOTHBIMH CTyNeHAMH Teppac p. Kypel (110 5
CTyneHei), XOT WX NOPAAKOBaA IOCHCAOBATENSHOCTb HAPYUIEHa MONOABIMH TEKTOHHYECKHMH
ne(OpMaLHAMH H OTION3HEBBIMH NIPOLIECCAMH.
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3. Axajnuxckas IMPOTHO OPHEHTHPOBaHHAA MEKTOpHAA JENPECCHA-TEKTOHUYECKH BXOIHT B
Amkapo-TpHaneTcKyl0 CKIafyaTyl0 CHCTEMY M, ONHOBPDEMEHHO, HBJIAETCA  TEKTOHMYECKH
npeobpasopanHoif yactbio FOxHo-I'py3unckoro BynkaHuuyeckoro Haropbs. Ee TpexcTynerdvaras
MopdonorHUecKad OCOOEHHOCTh Npekae BCero OOYCNOBACHA CNOXKIBIM  TEKTOHUYECKHM
CTPOCHHEM, BecbMa PpasliNYHOH YCTOMYMBOCTBIO TOPHBIX MOPOd H HX TEKTOHMYECKOH
Ppa3apobieHHOCThIO, a B MOAENMPOBKE OCHOBHBIX (opM penbeda rNaBHYIO pPOMb CHINPAIM
3PO3HOHHO-IEHYNAUMOHHBIE M ONOJN3HEBO-rPAaBHTALMOHHBIE MpOLECCH! Ha CyOcTpate camoro
Pa3NUYHOTO IUTOJIOrHYECKOrO COCTABA, @ OTYACTH AEATENBHOCTb YETBEPTHUHOTO OJI€1€HEHHUA.

B pesynbTaTe NpoBENEHHBIX HCCIENOBAHMUI, HA BHILIEOTMEYEHHBIX TEPPHTOPHAX BLISIBJICHDI
[0 TOr0 HEHM3BECTHBIE, COBEPLICHHO MOJOJble TEKTOHHYeCKHe NePOPMALMH KaK B TEppacoBBIX
OTJIOXKEHMSX, TAK H B [IOPOJAX KOPEHHOH OCHOBBI U, CBA3aHHBIE C HUMH CEfICMOT€HHBIE OMOJI3HCBO-
rpaBHTalldOHHBIE 0Opa3oBaHmMs, a B npeaenax BepxHekypuHCKO# MeXTOpHOH HENpecCHH —
naneorpadHYECKHe PEKOHCTPYKUHH PeK H 00pa3oBaHHbIE HA 3HAYMTENHHOH MUIOLIANM MOLIHbIE
03CpHO-AMIOBHANILHBIE OTJIOXKEHHS, BBI3BAHHBIE COBPEMEHHBIMH TEKTOHHYECKHMH [BIDKCHHAMHM.
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KpynHnie ono/i3HeBO-rpaBHTallHOHHbIE AIBJAEHHS, KAK NOATBEPKAAIOLLHI
¢eHoMeH apeaJia BO3MOKHOI0 BOSHHKHOBEHHS CHIBHBIX 3eMJ/IeTPACEHH i
(1a npumepe I0xkHoro KaBka3za)

3. . Ueperean, T.JI. Yeanase, LII.A. Anamua, O.11. Bapazanamsuau, H.C. Heperean
Pedepat
B pabote npencraBnenbl pe3ynbTaThl 0G00WEHHS CYIIECTBYIOUMX MATEPHANIOB | MONEBHIX

reonoro-reomop(bonoruqecxux U CeHCMOTEKTOHHYECKHX HCC/IENOBaHMH Ha OTIEIBbHBIX ydacTKax
TEPPHTOPHH I Py3HH. B pe3ynbTaTte S3THX HCCNEAOBAHM BLIABJIEHB! JO TOrO HEH3BECTHHIE,
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COBEPLUEHHO MOJIOALIE TEKTOHHUYECKHEC IlC(bOpMa].lMH, Kak B TCPpacoBBIX OTNOXCHHWAX, TaK H B

MopoJax KOPEHHOH OCHOBBI W, CBA3aHHBIE C HUMH CEHCMOTEHHBIE OMOJ3HEBO-TPaBUTALHOHHbIE
o6pa3oBaHu1.

The Large Landslide-Gravitational Events, as an Affirmative Phenomenon of
an Area of Possible Occurrence of Strong Earthquakes
(by Example of Southern Caucasus)

E. Tsereteli, T. Chelidze, Sh. Adamia, O. Varazanashvili, N. Tsereteli
Abstract

In work results of generalisation of existing materials and field geologic-geomorphological
and seismotectonic researches on separate sites of territory of Georgia are presented. As a result of
these researches absolutely new tectonic deformations still unknown, both in terraced sediment as

well as in rock and the seismogene landslide-gravitational formations connected with them are re-
vealed.
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HopmansHoe pacnpocTpaHceHHe BosiH Penes n CTOHIM Yepes wenb

Tereuxopn T. UL, Founpuase B. J1., l'oryanse H. T, Isouennase I'. I'., xxe6bupawsnan T.B.
Hucmumym ceopusuxu um. M. Hodua,
Anexcuose 1,0193 Tounucu, [ pysun

Wccnenopannsa NnpoBOAHAHCE HA IBYMEPHOH MOAENW M3 NUCTOB antOMUHKA U oprcTekna. B nucrax
3THX MAaTepHanos TONWMHOK 2 MM W pasmepamu 2,5 mx1,7 M oT pebpa npope3anach weib €
n0CNEN0BATENLHO MEHAEMOI B dKCNepHMeHTax rny6buson — 8, 10, 15, 20 cm. B tabanue | npusenens!
napameTpb! MOAENLHLIX MaTepUanos.

Tabnunua |
Marepuan V, kM/c Vg km/c A MM T MKC
ANIOMUHNUH 5,6 2,84 100 18
OprcTekno 2,3 1,25 30 24

Kak cnegyeT u3 OTHOWEHWS TONUMHBI MOAENH K HCMOMb3YEMbIM ATMHAM BOJH COOIOAATMCH
YCNOBMA AByMEPHOro MoaenupoBarus /1/. [pn GMKCHPOBAHHOM HCTOYHMKE, MPHEMHHUK YIbTPa3Byka
NEpBOHAYaNbHO pacnonarancs 3a wenblo rnybuuod 8 cm. Ha puc. | npusenen npumep ¢
(HKCHPYEMBIMH B 3TOM SKCMEpMMEHTE NPOXOAALLMMH BonHamu Penes. Ha ocunnnorpammax (puc. 1)
BUAHA oOMeHHas BonHa RP B nepBbix BCTynneHusx, Bo3byxnaemas Ha seplumue wWwenn. Benea 3a
npoxonstue Bonkoi Penes HaGnionaetcs creayioulee 3a Hed BCTYMNEHHE, KOTOPOE MOXHO Ha3BaTh
“cpazoit sapepxku ” Rx.
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Puc. 1. Ocuunnorpammel ¢ NPOXOASUIMMU BOJIHAMH Penes

Ha puc. 2 npuBeneHbl COOTBETCTBYIOLIME OCLMANOTPAMMbI MIPOXOAsIIEH BOHbI Penes u
nocnepytowe “daibl sagepxkku”. ['o1orpadel 3THX BOIH 0Ka3aIMCh NapannebHbl APYr Apyry.

DA P

A

Puc. 2. Ocunnnorpammel ¢ npoxoafuumy sonHamu Penes u “gasst 3anepxku Ry’
Ha MOJENH U3 aNlOMHUHUA
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Jins wnentndukaunn “dasbl 3anepkKu” GbITH NPOBEJEHE! JONONHUTENbLHBIE KCHEPUMEHTBI. B
OIIHOM M3 HHMX WMCTOYHHK W TIPHEMHHK CHHXPOHHO, C OLWUHAKOBBIM LIATOM YAANANMCH OT INENH.
Oka3anoch, 4TO NpH 3TOM Pa3HOCTb BO BPEMCHH MPHXOJA MEXALY NpoxoasuteH BonHOH Penes u
nocnexylownm Berynienwem R, octasanfch Henmamenwoii (puc.2). Ha puc. 3 u puc. 4 nokasauel
(opmbl uMnynbcos npoxoasweli BonHbl Penes u daswl R,. IIpum paccmorpennm ocummnorpamm
BHJHO, YTO BUAMMBIN epHOoJ BOJIHBI Rx MeHbplre, 4YeM y npoxop,nmeﬁ BOJTHBI.

/|

-—
50 mxcex

Puc. 3. Umnynsc npamoii Boaues Penes Ha Moaenn U3 amoMHHUsS

-—

¥ T T T T

— =
50 mrcex

Puc. 4. ®opma umnynbca BosHbl Rx
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H3 ceoiicte Bonubt Penes /2/, kax BO/HbI, CMELIEHWE B KOTOPOH 3aKOHOMEPHO MEHSETCH C
yhaneHueM Brnybb ot cBOGOAHOM NOBEPXHOCTH MONYNPOCTPAHCTBA M BOJHLI, PACIPOCTPAHAIOWEHACH
BIOJIb CBOOOAHOH NMOBEPXHOCTH, & TAKKE U3 PHUIMYECKHX COODPAKEHHI MOKHO 3aKNIOUNTh, YTO WEb
B MONYNPOCTPAHCTBE JOMKHa MPOM3BOAMTL (HNLTPALMIO-OTPE3ATh OMPEAE/NEHHbIE 4YacTOTH B
npoxoaawei BoaHe. CieaoBaTenbHO, MOXHO [PEANONOXKTb, UTO (UKCHUpyemoe BCied 3a
npoxoasleit BonHoW Penes BcTynnenne RX 10MKHO GbITL MOBEPXHOCTHOMN BOJHOM oberaollei wWenk
BAONL ee Geperos.

Ha puc. 5 npuBoasTcss HOPMHUPOBaHHbBIE K OJHOMY aMIUIMTYAHOMY YPOBHIO CMEKTPbl NPAMOi u
npoxoaswei Bonubl Penes, 3ahukcuposaHHoii 3a wensto. BuaHo, 4To B cnekTpe Npoxoasuien BONHbL
MMEETCA JOMONHUTENbHbIN, BbICOKOYACTOTHLIH MaKCUMYM, KOTOPbIA AO/IKEH COOTBETCTBOBATL “(ase
3agepxku” Rx. [N OKOHYATENLHOrO BLIABNEHMA MPUPOILI 3TOFO BCTYMIEHHA WeENb NOCTENEHHO
sarny6nanace Ha 10, 15 n 20 cm. Oka3anoch, 4TO pa3HOCTb BO BPEMEHH NMPUXOAA NPOXOAALLEH BOJHbE
1 “dase 3amepxuku” yBENWUMBAETCS B COOTBETCTBWM C yBENUueHWEeM nyTu npobera saon. Geperos
wend. ONHOBpEMEHHO ¢ 3arnyGneHueM Wenu W3MeHANcs cnekTp npoxoasuwei BonHel. Hannyuwnm
obpazom 006e BOAHBI NpochexuBanHCL HauuHas ¢ rayouusl wenu 0,5z, Takum o6pasom
Habmoaatouleecs 3a Npoxoaswei BonHoi Penes BcTynneHue Rx ABASETCA OTCEKaeMO#H M3 MMnynbca
npoxoasilei BOHbI BBICOKOYACTOTHOH BOJIHO# Penes, pacnpocTpaHstouseiica no Geperam wenu, ¥ no
BPEMEHH €€ NPUX0Ja MOXHO ONPENENUTL MYOUHY LEnH.

A/l %

max|

0.5 4

T T T

20 40 f

xu
Puc. 5. CnexTpsl npsAMoii 1 npoxoanLueit Bonu Penes

MBI He CMOMH Ka4€CTBEHHO OUEHHTb 3aBUCUMOCTb aMIIMTY/Ll BTOPUUHOH peneeBCKOi BOJHEI
RX OT raybWHbl Bblpe3a WEAH. OJTY TPYRHOCTb, M0-BHAMMOMY MOXHO OGBACHWTL TeMm
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OGCTOATENLCTBOM, YTO Ha AaMIUIMTY[y BTODMYHOW peneeBCKOd BOJHbI [ACHCTBYET HECKOMNbKO
B3aHMOKONKYpupYylowwux dakropos /3/. Kak nokasaxo B pabote /3/, uem Gonblue rnyGuHa LESH, TeM
6obL1as YacTh IHEPTHH NAABIOLUEH BOJHBI KOHUEHTPHUPYETCS Y OKOHEYHOCTH LUESTH, T. €. TEM MOLIHee
BTOpHYHBIH MCTOUHHK. OfHako, 4yeM riybe uiens. TeM Ha 6onee JaqbHEM PpAacCTOAHMH OT
MOBEPXHOCTH 0Ka3blBAETCA HCTOYHUK KoneGawuii. K ToMy e amninTtyaa BTOPHYHOH penceBckoii
BOJHBI RX 3KCNOHEHLHATBHO YMEHbILIRETCS C YBEHYEHHEM MyGHHBI HCTOYHHKA.

AHaNOruYHbli 3KcnepuMeHT Gbln nposeaeH ana BoaH Ctouau /4/. C 37Ol LENBIO BbILIEYKa3aHHbIE
Mozeny morpyxanuce B 6ak ¢ Bogod. McToyHuk M NpPHEMHHK Kak M MpexXOE pacnonarajiuch Ha
MOBEPXHOCTH aMOMHHUA WAW oprctekna, Kak M3BECTHO B 3TOM ciyuae, BOL KOHTaKTa BOABI H
Marepuana Moienu Gyaer pacrpocTpaHATeCs BoHa CTOHAM, ecnH AJMHBI BONH MEHbLIE MOLIHOCTH
cnoa Boabl. Mnentudukauua BoaH CTOHNHM NpoBOANNACH MO CKOPOCTH €€ PaCNPOCTPAHEHHA, KOTOpas

PaccHMTLIBACTCA N0 HIBECTHO# Gopmye:

- EBE R

A€ ¢ - CKOPOCTH BOAHbLI CTOHMH; @,ff — CKOPOCTH TPOJO/NLHBIX U NOMEPEYHLIX BONH B MaTepuane
MOJIENH, COOTBETCBEHHO; p¢/p — OTHOLIEHNE NIOTHOCTEM MAaTEPHANOB MOAENW W BOABI, @y —CKOPOCTD
MPOJONBLHLIX BOJH B BOJE.

Ipu npoxoxneunu BonHoH CTOHIM TpewinHbl, rMyOHHA KOTOPOIl CpaBHUMa MM GONbIIE ANHHDI
BOMHBI, TaKke HabA0danoCh ABNAEHHE pacllenfeHds WMnynbca najaloweid BOAHBI Ha JBe
COCTaB/IAIOLIME — HH3KOYACTOTHYIO M BLICOKOHACTOTHYIO. [locneqHss BCTynaeT ¢ 3a4epiKKOM, paBHOH
BPEMEHH pacnpoCTPaHeHHs ee BAONL Geperos TpewuH. A noaTeepAeHUA NMPHPOALI 3a4epKaHHOTO
MMMysbca GbUTH MOBTOPEHbI T€ JKe 3KCMEPUMEHTDI, YTO W ¢ BoiHamu Penes. Takum 06pasoM, MOXHO
caenaTb BbIBOA O LENecO06pa3HOCTH W NPAKTHYECKOH MONb3e NPUMEHEHWS MOBEPXHOCTHBIX BOJH ANS

onpeaeneHus rayOuHbI 3aNeraHus TPeLnH.
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Hopmaabshoe pacnpocrpaHenne BoJiH Pesnen u CtoHnin yepes menab
[ereuxopwy T.1I., Founpuase B.JL., loryanse H.T., Jzouennase I'.T'., xe6upawsuau T.B.

Pedepar

Ha nBymepHO#M Mozaeny co Lienbio, Npope3aHHoil oT CBOGOAHON NOBEPXHOCTH MOJIENH, METOAOM
yNBTPa3ByKOBOro CeHCMOMO/JENMPOBAHMUS, HWCCAEA0BAHO TPOXOXAEHWe BOJH Penes uepes oty
JaTepanbHyl0 HEOQHOPOAHOCTh NPH PAcNONOKEHHN MPUEMHUKA 32 LUENbi0. 3apericTpUpoBaHa BOJHA,
BCTynawuas nocse npoxoasiuei BosHbl Penes, T. H. “dasa sagepxxn” - Rx. Mcenenosanb cnekrpel u
BOJIHOBAs KapPTHHA B 06EWX NPOXOAALIMX BONHAX, NPOBEAEHB! FKCTIEDUMEHTDI C 3arnyOneHueM e .
Hoka3saHo, 4yTo “cda3a 3amepxku” Rx — 370 BOHA, M3yyaeMas OKOHEUHOCTBIO WEMH W MO €€ BPEMEHH
3aIEPXKKH MOXHO OnpefenuTb raybuHy wenu. Brnepsbie B CEHCMONOrMYECKON NPaKTHKE ITH ke
3KCMEPUMEHTbI nposedeHsl ans Bonn Crtonnn. Insa nonyuenus Bosnn CTOHNAWM Monenn €O enblo
norpy»anuch 8 BOAY.

In the gole of Reyleigh and Stoneley waves normal sprlading
Gegechkory T., Gotsiridze V., Goguadze N., Dzotcenidze G., Djebirashvili T.
Abstract

On two-dimensional model with slit, cut trough free model surface by method of supersonic
seismomodeling passing of Rayleigh waves through this lateral heterogeneity was investigated when
receiver was located behind the slit. Appeared after passing Rayleigh waves, so called “phase delay” -
Rx wave was registered. Spectrums and wave pattern in two passing waves were investigated,
experiments of slit penetration were carried out. It was established, that “phase delay” Rx - is the wave,
studied by slit boundary, and depth of slit can be defined by time delay. For the first time in
seismological practice these experiments were carried out for the Stoneley waves. The models were
plunged into water to get Stoneley type waves with slit.
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OB OJJHOM CIIOCOBE HAKOILIEHHSA TOMOT'PA®HYECKON CHCTEMBI ITPH EE
PEILIEHUH METOJOM HAMMEHBIIHUX KBAJIPATOB

Mecxus B.IIL., AManarameunu 51.T., CakBapenumse E.A.
[
Llenmp ceticmuneckozo monumopunea, 0177, Towrucu, yn. Hyyybuose, 77, E-mai:l smc@seismo.ge

CeficMuyeckas ~ Tomorpaus  npeactapaseT  coboff  JOCTaTOMHO  YCOBEpLUEHCTBOBAHHbIH
MaTeMaTHYECKHH HHCTPYMEHT A U3YHEHMA W YTOYHEHHA cTpoeHHa 3eman. ONHMM U3 KIHOHEBbIX 3TamnoB,
MpH pellieHHn oOpaTHBIX 3adau CeACMONOrHW,  ABNAETCH BOMPOC c6Opa, HAKOMNEHHS W PpeLIeHHs
TomorpadHueckux cucteM. JlaHHas cTaThf MOCBALLAETCA PELICHHIO HMEHHO 3Toro Bonpoca. Jns aToro,
paccMaTpHBaeMbli perHoH pasbusaeM Ha 6n0KM, KOTOpble NpeAcTaBnftOT coboi Napannenenuneasbl, He
obs3aTenbHO npamoyronbHele. He orpannuvBas oOWHOCTH, NONaraeM, YTC BECb PErMOH COCTOMT M3 Tpex
C/I0€B, KAKAbIH U3 KOTOPBIX COAEPHKHT CTO JEMEHTAPHBIX Napanienenuneaos, 4€CATh NO FOPHU3OHTAIH H
AECATh 10 BEPTHKAAH T.0. Bcero Tpucta Gnokos. Beeaem asoinyto mnaekcaumio. baox (i, j,k)oznaqae-r,
4TO 3TOT 610K HAXOAUTCA B [ -TOM cnoe (NepBbii CNOM CaMbifi BEpXHHIi), €ro HOMEP NO TOPUIOHTAMM J U
Homep no Beptukanu k. C apyrodl CTOpOHbI, NPOBEAEM CIUIOUWIHYIO HyMmepauuio 61okoe ot | mo 300,
¢opmyna nepexoaa OT OAHOR HyMepaumy K ApYroi ciesywoLas: n = (i - 1)* 100 + ( Jj- l)* 10+k, rne n
ofosHavaet crutowHoi Homep. Hanpumep: 6nok (2,5,7) umeer nopsaxoBbiii HoMep (2-1)* 100+(5-1)*
10+7=147 u, naobopot6 6ok c Homepom 268 umeer koopauHarts! (3,7,8). Cnexyer 3aMeTHTs, 4TO ecny 6b1
4HCNO pasGHermit o ropu3IoHTanH Gino 661 p, a Mo BepTukamn ¢, 10 n=(i—1)*p*q+(j-1)*p+k,
To 06paTHbIH NEPexoa OCYLIECTBARETCS MO CEAYIOWUM GOPMYNaM:

i=[ﬁ]+l, j=[@]+1, k=n-(i-1)*p*q-(i-1)p,

A€ KBaapaTHbIC ckoBky oT uucna o6oanayaloT uenyro 4acTb 3TOr0 YHCna.

O6o3naunm uepe3 a,, AnMHy TpaekTopuu nyua B 610Ke ¢ XOOpAHHATAMH (i, j,k), a yepes b, aty xe
BEIM4HHY B TOM Xe 6a0KE NpH CRNOWHONA HyMmepauWu, TOTAa, ANA ONMCAHHA MEPBOi BONHbLI, C OAHOM
CTOPOHbI, HMEEM Habop TpaeKTOpHi Nyueli, onvcbiBaeMbIi TpexmepHon matpuueih 4 =1{a,, , roe i=1..3,
J=1..10, k =1...10, u ¢ apyroii cTOpoHbI, MaTPHLEH cTpokol b, = (b,,b,z..b,_‘m).

[lyctb  m-sonn 3adukcHpoBaHbl AN JAHHOrO PErHOHa, TOrAa ToMorpadMueckas CHcTema
ypaBHeHHH 6yseT UMeThb BUA:

Bx=T (1)
by by bysoe X
b,b,,.. b x
rae B={ WETEO | 4 x=|"? MaTpuua cTonGeu, COCTOAmas W3 npupawenmnit K
L O X300
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tl
L
33ME/LIEHHOCTAM (BENIMUNHAM 0GPATHBIM K CKOPOCTAM) B cOOTBETCTBYIOWMX Oniokax u T =

t

m
HEBA3KM BPEMEH MpPHX01a BOAH Ha COOTBETCTBYHOWME CTaHUWW. CUCTeMa JIMHEHHBIX anreGpanyeckux
ypaBHeHnui (1) nepeonpeieneHa, T. K. KONMYECTBO YPAaBHEHWIl 3HAa4YHTENbHO OosblIe KONMYECTBA
HEH3BECTHBIX, C/IEA0BATENbHO, BOOGLLE FOBOPA MOXET HE UMETb €AMHCTBEHHOrO PELLEHKs, NodToMy Oyaem
WcKaTh pelieHne Haubonee yaorneTsopsiowee cucteme (1), T. e. MeToaom HanmeHblunx ksaapatos (MHK).
Kak n3sectHo, B 3TOM ciiyuae BMecTo cucTembl (1) pelnaetcs cuctema:
B'BX=B'T (2)

rae  B" obosnauaer TPaHCMOHUPOBAHHYIO MaTpuuy k B. Matpuua cuctemel (2) - B"B senserca
KBAApaTHOH W CHUMMeTpHuHOH. [10 Mepe BO3HWMKHOBEHHS HOBBIX 3EMIETPSCEHUMH, YHCIO YPaBHEHHH B
cucreme (1) yBenuuusaercs, v, crenosaTenbHo, MeHAETCA cuctema (2). Mbl mpeanaraeM MeTol. KOTOPbIH
NO3BOASET, HCNONL3YS CHUCTEMY (2), HEMOCPEACTBEHHO MONYYHTL HOBYHO cucTemy 6e3 yuyera BCEH CHCTEMbI
(1).

JleWCTBHTENBHO, MYCTL NOCTYNHIO HOBOE BCTYMsEHWE BOMHBLI, T. €. K cucTeMe (1) npubabutcs Hosoe
ypaBHeHHe:

b

YTO 03HAYAET, 4TO BMECTO CHCTEMB! (1) UMeeM creayolyo:

1 X1 002Xy o+ by 300 X500 = Lt

B T
X = 3
B Lo ®)

érne B = (bmmb,,MIZ ...b",”mo) -MaTpHLa CTPoKa. [TprMeHss K 3TOH CHCTEME METOM HaUMEHBILIMX

KBAJPATOB, MOJTyYaeM CUCTEMY:
BY (B BY (T —\.(B
L D L ¢ I WiH (B’B')"‘ _

B B B Lt B

% _(nTRT |+ T
X=\B'B ¥, OKOHYATENbHO
!

m+l

(BTB+ B’ E)* X =B'T+B"t,,,, uto nokasbleaer, 4TO K IMEMEHTAM MAaTPHLUbI B'B npubasnsiores

3/IEMEHTBI, 3aBHCSLLUE TOJILKO OT 3NEMEHTOB MATPHLUbI B ,» @ UMEHHO!

2
m+ll bunllbn:+ll bunllbuwl.1 anthHUOO
2
E'I'E - bnwlzbmvll bmfIZ bn:~|2bnn|3 m+12%m+1300 1 K NPaBbIM 4acTAM
2
bm+|300bm+ll b"HIJOOanll anI]OObnuIJ anI]OD

anGaBnmmcn BEJIUUYHHbI, HE 3aBHCALLWE OT JTEMEHTOB MaTpHUblI CHCTEMbI (2), AECHCTBHUTENBHO:

b
b

!

m+11"m+1

m+|2,m+|

bnl+|300’r:|+l
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3ra MeToaHKa Obia annNpoGHPOBAHA HA HEKOTOPBIX MOAENBHLIX U NPAKTHYECKHX 3a0a4aX, PE3yNbTaTel
KOTOPBIX Mbl IPHBOZIMM HHXKE.

Ham 3apaHee He H3BECTHbI CKOPOCTH PaCNpEeReNeHHs BOMH B Y3MOBbIX TOYKaX 3aAaHHOW ceTkW. Ham
W3BECTHbI JMILL PacnoNONKEHHE HCTOYHHKOB H MPHEMHHKOB H COOTBETCTBYIOLLHME BpeMeHa rpobera nyya no
MyTH «MCTOYHHK-TIPHEMHHKY. 3a/1a4a COCTOMT B HAXOXIEHHM TAKOro pacripeleNeHHst CKOPOCTeH B y3nax
CETKH, KOTOPOE HaWTy4liuM 06pa3oM YAOBNETBOPAET AaHHYIO KMHEMATHYECKYIO KapTHHY pacrpeaeieHus
BpemeH npobera.

JlaHHas 3apaua 6Gbija  pelueHa BHauwane, AM8 HEKOTOPbIX MOZEMbHbIX 3a4a4 C  PasiUuHBIMM
HEOZHOPOMHOCTAMH, T€ CUMBOJTb! + ABIAIOTCA HCTOUHMKAMY, @ A npuemHHkamu.  [lns Tomorpadmuecknx
PEKOHCTPYKLMA Oblia APUMEHEHA CERYIOMIAR METOA0AOTHA:

JIns 3anaHHOro pacnpeneneHua CKOpPOCTeH B McciedyeMoit 06/1acTH 1 3aJaHHbIX TTONOKEHHH UCTOYHHUK-
NpHEMHHUK OblIH pacCUHTaHbl BCE JTy4EBbIE TPAEKTOPHH C MHHHMANbHBIMH BpeMeHaMH npobera.

3areM MpoBOAMIOCH NpPAMONHHEHHOE ToMorpaduyeckoe obpalenue, MO3BONMBILEE W3 AAHHBIX O
BpemeHax npobera BHOBL MONYYHTHL pacclpenenye CKOPOCTeH, KOTOPOE MOXHO CPaBHHTH NEPBOHAYANBLHO
320aHHLIM.

CxeMa pacnonoXeHHs MCTOYHHK-IPUEMHHMK nokasaHa Ha puc.] w puc.2  kaxagas w3 400 nap
WCTOYHHK-MPUEMHHK COelleHEHa NpAMOli  nuumci. JIBa npumepa peKOHCTPYKUMH, CHENaHHbIX C
HMCTOMbIOBAHHEM CHHTETHYECKHX AaHHbIX, NpHBEAcHb! B Ta6.]1 u 136.2. HMcxoaHoe 3HauenHe ckopocTeit B
6nokax npeanonaranoch Skm/c. 3aTem GbLIM BBEAEHB! HM3KOCKOPOCTHBIE MOJIOCHI, niobpaxatoume
HEOHOPOJHOCTH M HMEIOLLHE CKOPOCTH 4,5KM/C.

Pasymeerca, nonyyeHHbIE PEKOHCTPYKLIHH HECOBEPILIEHHBI, TAK KAaK HE yuTeHa KpUBM3Ha fyueii, a Ha
npakTHKe, 06IYHO, HEROCTATOMHO MONHOE MOKPBITHE OONACTH JIy4aMH BENET K HEKOTOPOMY YXYHILIEHHIO
paspewaiomeii cnocobHocTH. OTMETHM, YTO HECKONBLKO BLIICNIEHHBIX obnacTeeli co ckopocTamM Gonee
Skm/c — 3T0 TUNHYHBIE apTedhakTbi, CBA3aHHBIE C NpeHeOpexeHHeM KPHBH3HOI yueid. [To3ToMy, HekoTOpbIe
HHIKOCKOPOCTHbIE 30HbI KAPTHPYIOTCA HE OYeHb OTUETIHBO. TeM He MeHee OCHOBHBIE OCOOGEHHOCTH

YyCnewHo BOCCTaHaB/IMBAOTCA.

e 2038 020

20 22 20& Xt 08 20 K12 012
18.36
1625

1220

1223




Puc.2

B kauecTBe HEOAHOPOAHOCTE# BbiNa 3a10MKEHA HHIKOCKOPOCTHas 06nacTs (TEMHbIH don) Tabn. |

5.0 5.0 50 5.0 50 5.0 S50 50 50 5.0
50 5.0 50 5.0 50 5.0 50 50 5.0 5.0
50 50 50 50 50 50 5.0 50 50 5.0
50 50 50 45 45 45 45 50 50 50
5.0 50 5.0 45 45 45 45 50 50 50
50 5.0 50 45 45 45 4.5 50 5.0 50
50 50 5.0 45 45 45 45 50 50 50
5.0 50 50 50 50 50 50 50 5.0 5.0
50 5.0 50 50 50 50 5.0 50 5.0 5.0
50 50 50 50 50 50 5.0 50 50 50

Pewias npaMyio 3anady, Mbl pacCuMTanW BpcMeHa mpoGera A BCeX KOMOMHALMA — MCTOYHMK-
npuemunk. [IpuusB MOMy4EHHYIO KHHEMATHYECKYlO KapThHy(pacmpeneneHue BpeméH npoGera BonM) 3a
MCXOMHYIO MHGopMaLHio, Gbina peuseda obpaTHas 3ajaua celicCMHYECKOlH TOMOrpadHHu - BOCCTaHaBCHHE
WCXOAHBIX CKOPOCTEH BONH. AHANH3 NOAYHEHHBIX PE3y/IbTaTOB NOKAILIBAET, YTO CKOPOCTH BOCCTAHOBEHDI
Z10BOAILHO ¢ 60NbLIOH TOYHOCTLIO Tabn.2.

51 50 50 51 50 5.0 50 50 5.0 5.0
49 49 51 49 49 49 49 49 49 49

UMes B Buay, 4To war pasbueHns 2xM., M B MEPCMEKTHBE MOXHO PaccMoOTpeTh Gonee aetanbHyio
NapaMeTPH3aLMIO CPEIbl, MOMKHO 3aKJIIOUNTD, HTO PacCMOTPEHHDIA ANTOPHTM H KOMNbIOTEPHAA NPOrpamMma
MOryT GHITh NPHUMEHEHbI ANA PELIEHHA LWHPOKOro KPYra NPaKTHYECKHX 3aaay reonoruu. Oxa moxkeT Gutb
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none3Ha ANA [IPaKTHKOB FEOAOTOB NPH TOKCKE MONEIHIX WCKOMACMbIX, & TakKe A8 MOHWTOPHHra
reonoruyeckoi cpefibl OCHOBaHMIT KPYIHBIX MTMAPOTEXHHYECKHX COOPYIKEHMH.

PaccmartpuBaeMblit RIrOPHTM M HAyUHO-METOAMUECKHI I1aKET NPOrpaMM Gbiid HMCMIOAB30BAHBI [ANA
M3yYEHHA ¥ MOHUTOPHHIA KPYITHOrO MHPOIHEPreTHYECKOro coopymeHna Hurypu-Ir'oC .

Hamn 6binu npowsseaensl IkcrepUMEHTAIbHBIE CeficMUYecKde HAOMIONEHHA A1 MAcCHBA CKaJIbHOrO
0CHOBaHUA apouHoH mnoTiHsl Murypu-I3C . McTOUHUKH M NpUeMHHKH ObLTH pacriofoxkeHsl BO BTOPOM
ropu3oHTe npasoro Gepera pexu Hurypu.

P
%

A - ceficmorpacdbl
+ - NyHKTHI yAapa
KP 0 + 85,73 — opuenTupsi

Puc.5 Cucrema monnTopuHra celicmuecknx Habatoaennti
Ha yuyacTke wronsH RA-2 u RG-2

Feopusnueckue HccnenosaHus MaccuBa mopox Ha MHIYpCkoil MIOTHHE BLIMOMHANMCH MO METOMY
MHOTOTO4EYHOrO CeHCMMYECKOro NMPOCBEYHBAHHUA LIENHKOB MEXAy pas/niHbLIMH FOPHBIMK BbIPaGOTKaMH B
OCHOBaHHM cOOpYXeHHs. Boibyxnenne ynpyrux Bonn npoussognnocs yaapamu 12kr. monota. TIyHKTbI
yIapa HaXOAMNKMCh Ha paccToAHHH 10M., @ MyHKTBI yaapa OblLIH pacroNoXKeHb! HA PACCTOSHUN SM.

YunTeiBag HEJOCTATOMHO TMONHOE NOKPHLITHE HCCAEAYeMOH oBnacTH Jyuamu, OblaM MOay4eHbl
AOCTATOYHO YAOBIETBOPHTENbHbIE PE3YALTaThI,
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OF OJHOM CITOCOBE HAKOILIEHHSI TOMOTPAGUYECKONA CUCTEMBI
IIPHA EE PEHIEHUU METOAOM HAUMEHBIINX KBAIPATOB
Mecxus B.11. , AManatamsuan 51.T. , Caksapeaunase E.A.
Pedepar
B cratee npeanaraetcs cnoco6 aBTOMaTHYECKOTO HAKOMNEHUA TOMOrPaH4ECKOH CHCTEMbI
ypaBHEHMIi C HUCIONB30BAaHNEM METOAA HAUMEHbLIMX KBAAPaTOB TMPH pelleHWn oGpaTHBIX 3anay

ceiicMuxu. Merton onpo6oBaH Ha HEKOTOPBIX MOAEbHBIX 3ajadaXx H ANA BTOPOrO FOPH3OHTa
npasoro 6epera apo4yHo# M1oTHHb DHrypu '2C.

ABOUT ONE METHOD TO FULL FILL TOMOGRAPHIC SYSTEM FOR SOLVING IT
BY THE LEAST SQUARE METHOD
Meskhia V. Sh., Amanatashvili L.T., Sakvarelidze E.A.
Abstract
The techinique of automatic accumulation tomographic systems of the equations by help of
method of the least squares is offered during the solving of inverse problems of seismicity. The

method is tested on some modeling problems and for the second horizon of the right coast of arch
dam Enguri hydroelectric power station.
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Bobyogm bmgoal agmejobogol 0bLedyhol deedgde, . X, 2008
Transactions of Mikheil Nodia Institute of Geophysics, vol. LX , 2008
Tpyast Muctutyta reodmsucn um. M. Homwa, 1. LX, 2008

OJIMH IPH3HAK EAMHCTBEHHOCTH PELIEHHS OBPATHOM 3AJAYH
TEOPHHU INOTEHHHAJIA

Kananamse [I. B.

o tym 2eo¢h u um. M Hooua, 0193, Téurucu, yn. M. Anexcuose, 1,
E-maill geo@ig-geophyzics.ge

PeweHue ob6paTHOH 3aayd TeopHM MOTEHUMATa UMEET OOJIBLIOE TEOpEeTHYECKoe M
npakTHyecKkoe 3HayeHHe. [IpakTHUeckas BaXHOCTs OOpaTHBIX 3a/ay HACTONBKO 3HAYUTEIILHA,
9TO OHH OKA3aJIHCh CPEelH aKTYAIbHBIX 3ala4 COBPEMEHHOrO MaTeMaTHYECKOro aHaIM3a.

BriepBrie €IMHCTBEHHOCTh €€ pEIEHHs B KJacce 3BE3AHBIX 00/acTeil MOCTOAHHOM
nnotHocTH 6bina fokasada 1. C. HosukoBbiM [1], pe3ynbraThl KOTOPOro pacumMpeHsl B
paborax [2-7].

B a70#t cTaThe nOKa3bIBAETCA EAMHCTBEHHOCTb pellieHMst OOpaTHOM 3amaun s
O/IHOCBA3HBIX KYCOYHO-IMANKMX ofnacTeit, ecnu Ha BHemmHe# rpannue 0Q_(Q=Q UQ,)
CYLIECTBYET IajiKas TO4Ka nepecedeHns KpHBBIX O M 0€. [Ipeanonaraercs, 4To riaagxue
YacTH rpaHHILbl 00J1acTH NPHHAIEKAET KIIaccy C*¥y<a<l, a nnotHOCTS u = const. B
KOHUE 3aMeTKH Jaé€Tcd MEeToA NOKa3aTeNbCTBA MOJY4YEHHBIX pE3yJNbTaTOB B Ciyuae
nnotHoctd e C' (S_),Uf_lz), #(x)>0 xeQ, KoTopad He 3aBMCHT OT OaHOH M3
nepemenHeix. OnpenenuM oObEMHBIE MOTEHUMANbI M NOTEHUMANbl MNPOCTOrO CAOA ANA
OrPaHHYEHHOM KyCOYHO-Inaakoi obnactu Q

Ve(x)= [F( gy, U ()= [T(x, ¥ (y)ds,
Q Q

rae 6Q - rpannua obnactu Q, ge L(Q), we L (2Q)
1
"]
xX—Y
I(x,y)=

1
e

Uepes (2 ofo3nauaeTcss CBA3HAas KOMMOHEHTa nomonHeHms R’ -Q (R’ -Q),

KOTOpasi COofepXHMT GECKOHEUHO yRanéHHylo Todky (o € L2y ).Yepes v, oGosnauaercs

n=2

n=3

A

BHEIHAA HOPMaJlb B INIAAKOH Touke x € 0QQ, (v, ,xz) — Yrojl MeWay Vy H OCH 0x2, — @
nycroe MHOXecTBO, C;  i=1, 2, ... — NOJOXMTENbHbIE TOCTOAHHEIE.

Bseném cnenyroiuee

Onpenenenne 1. [Tycts Q), Q; — rnaakue orpaHHYEHHbIE OAHOCBA3HBIE 06JaCTH Ha
mwiockocTh R:. Mml ckaem, 4To rpannusl 0Q), 6, TNepeceKkaloTcs B TOUYKE, €cid
KacaTesbHbIe NpAMEIE B TOUKe Xg€ 94 N ) HE COBNANAOT.
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CnpaBeuiBa cneayroian
Teopema 1. IIyems ), Q) ~ 2ra0Kxuc 00HOCGAIHbIE O02pAHUHYEHHble obracmu Ha
nnocxocmu R2, Q = QU Q,, Mpednononcum, umo Ha enewmenn 2panuye 08, cywecmeyem
mouka nepecevnus kpuebix 9y, 0Q;). Toeoa nomenyuanst obracmen Uy, Ly He cosnadarom
Ha Qq.
Joka3zarenncrpo. JlonycTHM NPOTHBHOE, T.€. YTO
1 1 , =
I]nl—dy= j—dy, xeR -Q 1)
a PF=Y I alX— .V|
0 U] 0 0
[MycTts x, =(x| ,xz), X, —& <X, <X, +§

o={r:xed |x-x|<e} g <e,

rae £ — NOCTaTOYHO MaJoe Yucio. M3 paseHcTBa (1) uMeeM, 4TO
I ou*®
g %%

dx:j%, peC(o), U’ eC' (D).
Q, ox,

INo popmyse aycca-OcTporpanckoro nosyyaem
IU“’ (x)«:os(vAxz )ds = j‘U“’(x)cos(vA):1 )ds, peClo)
a0, 0,

CnenoBatensHO
fU"’ (x)cos(v"xz)ds=j U*® (x)cos(v"x, )ds - '[ U® (x)cos(v"x, s, )
a 0, 0,-0
rae
] elx) xeoq,
W(X)_{—w(x) x€dQ,.
[lo ycnoBmio TeopeMbl KacaTenbHble mpamsle /), l» B Touke X, € 0Q (10Q, wue
coBmagatoT. be3 yMeHblieHHs OGLUHOCTH MOXHO MNpexnonarath, uto GHCCeKTpHCa yria
lixol, mapannensHa ocH 0X,. Beengm HopMy

[ 1=10 "l o #10 7 mr
Ou4eBHIHO, YTO YpaBHEHUE OKPECTHOCTH HMEET BHA X, = T(x‘), X —£ <x <x -&.

Kpowme Toro
1

cos(v xz)— tm,

acos(v"xZ )
Ox, N

B 4acTHOCTH, paccMOTpUM clieytoime pacnipesenenus [8] (06o6uennyio hyHKUHIO)

s=t——[5,-8,]6,. (6,./0)=r() feclr)

X =n

0 0 0 0
x -6 <x <xX, X<y <+, (x.5n)eo, (n.n)eo.

Hetpyauo BuaeTs, uto
lim {5,cos(v‘x2 )} =,

n->x

=R
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U? (x)cos(v"x, )ds| < o, €))

Suj
Yrrfar)ony-

l
sup f U? (x)cos(v” xz)ds‘<00

el |ad

M3 (2) u (3) nonyvaerca npomaopelme.

TeopeMa naxazana.

Teneps paccMoTpuM Kyco4Ho-rnaaKue obnacty, xo € 6Q) N 0Q;,

Teopema 2. [Tymo Q,, Q) — KycO4HO-2RA0KUE OOHOCBAIHLIE OZPAHUYEHHBIE 0ONACMU HA
nrockocmu R%, Qs = QU . Ilpeononoxcum, ymo na erewnen epanuye 0. cywecmeyem
2radkas moyka xo (08 Q u ;) nepeceunus kpugoix 6, 082;. Tozda nomenyuans: obracmeii
), Q; He coenadarom Ha Q).

Jna nokasareabCTBO TEOPEMbI 2 HaM NOHAZOOHUTHLCH OHA

Jemma. ITlyms p € C(0), 0 = { e-x)< }ﬂaﬂw;w { :|x—xol<§}.

Toz0a

leles <€
20e C,— punumnvie yuxyuu 6 wape u3 kiacca C'(@).
Jlokasareasctso Jemmbt. [ mobo#t pynkumn f e Cy (w) umeer

fo(x) £ (x)ds = ﬁ fo(x)U™ (x)ds = _i [U* (x) o (x)ax

3HayHT
I.fili?ﬂl J'??(x)f (x)ds =""’"[r‘(aj}' <
<C, sup _“U“'g(z)d" =G “UMH{U(N)}
HIH w] stlo ’

Teneps onpenenuM Hopmy
=1 s 00 D + 10l
rae
o, ={x:xedQ, |x-x|se},
o, ={x:xe6§22 |x—x0|sf:}.
Jlns noxasatenscTBa TeopeMsl 2 U3 PaBHECTBA NOTEHIIMANOB HMeeM

IU" )eos(v*x, )ds = I U“’(x)cos(v x, )ds -

-0y

- IU’(x)cos(v”xZ}is

K-
3necs 0, =0,Uo,,
? xeoN&Q,,
‘//(x) ( ) 1
-¢(x) xeocNaQ,.
HetpyzaHo BuaeTs, yTo
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3 (U< Colely

sup |U"(x <C, H(o"{( o]

sup IU (x)cos(v" X, )ds| = .

kel
MBI NPHLIH K IPOTHBEPEYHIO.

Teopema nokasana.

CrnpaBeasnso 0606uenye n0ka3aHHOM TeopeMbl. CHagana BBeaEM

Onpenenenne 2. Ilycte Q,, Q, — xycouno rmamkue obnactd. Mbl ckaxeM, yTO
InafmKas TouKa x, € 0Q dQ, ABaseTcs Toukol nepeceuenus kpusbix dL, (i=1,2) nopsnxa
(nt+1), ecmm xo eJMHCTBEHHas TOYKa KpHBEIX O, (i=1,2) B OKpecTHOCTH
o, ={x:[x-x| <} (¢>0) u xpupas o =0,N0Q, (QR=0Q,UQ,) comepxur uacts
KaxJo# kpuBoii 0Q, (i = 1,2). TycTe nanee, ypaBHeHHe kpuBoit o =g, (10Q, B 1OKaNbHOA
KOOpIUHATHON cucteMe X, =7(x,) ymoBnersopser ycnosusm 7eC™, r¢ClY. (r(”*"
nMeer pasphis B Touke x°,x, = (x0,x! ).

Teopema 3. [Iycmb Q), Qp, — KycouHo-21a0Kue OOHOCES3HbIE 0ZpAHUYERHblEe 06AGCMU
na R’. Kaxcoan znadxas sacmv xkpusoii 9Q,(i =1,2) npunadnexcum xnaccy C"*® u na
00 cywecmeyem mouKa nepeceqHus Kpugbix 60,(1' =12) nopaoxa (n + 1). Tozda
nomenyuans obnacmei 0QQ, (i = l,2) He cosnadaiom na Q,

AHaJIOTHYHOE YTBEP)KACHHE CNpaBeyIMBO B NPOCTPaHCTBE R® ans HbOTOHOBCKHX
nomenunanos (u = const).

Teneps PpacecMOTPHM TIOTHOCTh He C’( ) #(x,x,) = p(x),4(x)>0,
xeQ,0=0UQ,

JlokaxeMm TeopeMy | B ciiydae NIOTHOCTH 4 . Hycrb

j,u ln—ldy Iy(y)ln‘ ‘dy xe R~
Otcroga nMeeM, 4ToO
[l
I U“'ycos(v";c2 )is= I U“’,ucos(v‘xz }is‘
a, o,

CpenaeM NoBOPOT KOOPAMHATHOH CHCTEMBI, TIOCIE KOTOpOTO GHccexTpuca yraa [ixol
6yner napa.nnenbna OCH 0x;. [Tocne 3Toro ZOCTaTO4HO MOBTOPHUTh PAacCyKACHHS TeopeMsl 1.

B caiyuae R® cupaennusa.

Teopema 4. [Tycmp Q,, ;, enadkue 00HOCEA3Nble OZPaNuveHNble obracmu u3 R},
Q=Q,UQ,. Iycmv Oanee, cywecmgyem 2nadkan mouxka x, € 0Q, maxas, mo
KacamenoHble nAOCKOCmuU 8 mouke x, onn 0Q, u 0Q, ne cosnadarom. Toz0a nomernyuanot
obnacmeii Q,, Q,ue cosnadaom va Q. (y = const)

JoxazateabcTso. O603HauMM KacaTenbHBIE MIOCKocTH 4epes P u P,, KoTopsie
co3naloT AByrpasubii yromb Px,P,. Cnenaem juueiinoe npeofpa3oBaHue (BpaluieHue 8
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NPOHCTPAHCTBE) MOC/Ae KOTOpOro GHccekTop ABYrpaHHOro yrma Fx,P, M KOOpIHHATHas
IIOCKOCTD X,0X, _ MapajUielibHble MA0CKOCTH. PACCMOTPHM OKPECTHOCTb TOUKH X, € 0Q,,.
0o ={r:fr—x,| <&, xedQ,}
VpaBHEHHE OKDECTHOCTH &, MMeeT BHA X, = 7(x,,x, ). Kpome Toro
1

cosfyx, )=t e
H::.J +(%’:J

HOI’I)’CTMM NPOTHBHOE, T.€. YTO
=2
alx=y

2

al=i

Otcroaa cnemyer, 4o

[ wpecto)un ec)

CnenoateibHo
I U "(x)cos(v_,“x, )ds = jU W(Jc)(:os(vfx3 )ds.
an R,
OueBHAHO, YTO

lim i[&,cos(v:x.1 ):” =o, §=1

x-x

1
=N

[5.\-, _é‘y, ]X 5:, X 5x1.
nor
_ {0 0 o0 0
X, -(xl VX, X3 ), X <x <y, (x.x5.x5)e0,

Tocne 3oro, ans RoKa3aTenbCTBa TEOPEMbI JOCTOTOYHO HMCIIONB3OBATh PACCYKIEHHS
TeopeMsi 1.

Hetpyano Bupets, uTo Teopema 4 coxpaHseT CHNy B Cy4ac KyCOYHO-TJIAIKHX
onHOCBA3HBIX obnacted ana mnothoctn peC'(Q)  p(xxyx,)= plx,,x,)  u(x)>0,
xeQ,0=Q,UQ,.
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OJUH IMPU3HAK EAUHCTBEHHOCTHU PELIEHUSI OEPATHOM 3AJAYM
TEOPHUH NIOTEHLHAJIA

Kanananze /1. B.
Pedepar

B craTbe N0Ka3LIBAETCA TEOPEMAa €AMHCTBEHHOCTH pelleHHA oOpaTHO# 3ajauu TEOpHH
noTeHUMaNa €ClM Ha BHewHeH rpanuue 0Q, (Q, U Q,) CyLECTBYET TOUKA MEPECEUEHHUs

KpMBBIX 0Q,,0Q, . JlokasanHoe yTBEpXKAEHHE 0000WaeTCs B 1POCTPAHCTBE R.

ON UNIQUESS OF THE INVERSE PROBLEM OF THE POTENTIAL
THEORY

D. Kapanadze

Abstract

The uniqueness of the solution to the inverse problem of the potential theory i sproved
when on the outer boundary 8Q_(Q=Q, UQ,) there exists an intersection point of the
curves 8Q, and 8Q, . The theorem is generalized to the spare R’. Then an analogous result is
obtained for a density u, ueC '(ﬁ), u(x)>0, x e Q, which does not depend on one of the
variables.
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Tpyaw MuctutyTa reodusuky um. M. Hoaua, 7. LX, 2008

O CHUHI'YJISIPHBIX 9KBHBAJIEHTHBIX PACIIPEAEJEHHAAX JIJIAA
NPOU3BOJIbHOI'O MHOT'OYT'OJIbHUKA

Kananaase J.B., Mungeau ILLIL, I'sanuenanse T.A., Ynunnaase B.K., Joxamu T'.T.
BBeaenue

M3BecTHo, uTO eAMHMMMAs Macca B Hauane KOOPAMHATHON CUCTEMBI, E€AMHUYHBIA Kpyr
Q, ={x:,x] <1}c noctosuHoit naoTHocTsio & =1/7 BO BHEwHOH o6nacTn R’ —2, uMeloT pasHble
noTeHUHAb}:

I n— y, x>1. m

yl<|

Kpome Toro, naunc
2
S, ={(x..x,): —+—2<l} ¢l =a’-b?,
a’

C MOCTOAHHOH MNOTHOCTBIO U OTPe3oK (-C,C) C MEPEMEHHOM MNOTHOCTBIO i/, BO BHElWHeil obnacTw
2
R’ - S, umeror pasHble noraputMuueckme noTeHumansl. CaenosaTensHo, DAMNC S, M 0oTpe3oK (-c,c) ¢

TJIOTHOCTHIO (/) TPAaBHMETPHUYCCKH IKBUBAJICHTHbIE TeNa

jln dy I‘*l"(y)ln' | "

Beenem HEKOTOpbIE OﬂpCﬂCﬂBHH’I. l'lycn. Q oanoceazHan KYCO4YHO-rnaaxkas orpaHu4yeHHas obnace Ha

2
nnockocth R°. Ml ckakeM, uTo Ans 06MacTH Q ¢ nnOTHOCTBIO & = CONSI CyIECTBYeT NpaBHIILHOE
CHHIYIAPHOE 3KBHBAIEHTHOE pacnpeaeneHue, eCili BLIMONHAIOTCA Cheaytolue ycnosHs: [1].

) Cywecrsyer komnakt £ C @ , ANs KOTOPOro AByXMepHas mMepa JleGera pasHa Hymton Q — E -

xeR-S,. @)

cBa3aHHOe MHOXecTBO (2 — £ npeacrasaser obnacts).
1D Ha komnakre £ cymec-raye'r oGoﬁmeuuaa Mepa /M Takas, 4To

IJ ln| — |dy jln |d,u(y) xeR*-Q.

(E, p) vassisaetcs npasunbhoe (CBOMCTBO l) CHHTYAPHOE JKBHBAJIEHTHOE pacrpefiesienue (CBOHCTBO
.

Pagenctea (1) v (2) 03HaualoT, 4TO €AMHUYHAS MAcca B LEHTpe KPYra Jif eAMHHYHOTO KpYra ecTh
NpPaBUJILHOE CHHIYNAPHOE dKBUBANEHTHOE pacnpeaenerne (COP), a oTpe3ok (-¢,C) € NNOTHOCTEIO ¥/ €CTh
TIPaBIILHOE CHHIYNAPHOE 3KBHBANIEHTHOE pacnpefenenne Ans dinunca [1].

Tenepb PaccMOTPHM NPOM3IBOMBHEIN MHOFOYFOIBHHK Ha MiockocTH R .

B oaroit crathe paccCMAaTpMBacTCA  CYLIECTBOBAHME CHHIYAADHOTO  SKBHBAIEHTHOTO
pacrpenesieHus Ui MHOTOYTOJIBHHKA.

CchopMynuposaHHyio 3anauy nocrasha B.H.Crtpaxos (1], rae onpenensercs xiacc obaacteit
ﬂ(E N,S,D), 6 =consl- NOCTOAHHMAs NNOTHOCTL Ha MHoroyroabhuke E,, D-oxsocBsa3nas

orpanndenHas obnacte, £, c D, N-konnuecTso cTopon MHoOroyronbHuka E, .

42



OcHnoBnas yacrs

Onpenenum NOrapuTMHUEKHE NOTEHUHANDI 1 OF PAHUYEHHOH, KyCOUHO-r1afkoit obnactu Q

v'(x)= Iln pll )y
HOTEHuMa.rl npocTOoro €j1os UMEET BUA

1
U*(x)= Jyu()ini—ads
%0 e -y
rae 0Q - rpannua obnacti Q, Y - orpaHHueHHas NNOTHOCTb Ha KycouHo-Tiaakoi kpueoi 00 .
Onpegenenne 1. Mbl CkaxeM, 4TO CHHrynspHoe okeusanenTHoe pacnpeaenenne (C3OP) ects

n
perysspHoe, ecan MHoxectso E =Ue,, , TIe e-kycouHo-rnaakas kpusas. Ha E onpeaenena mepa u

k=1
(e,‘ eC”ue C”(ek)).
Onpenenenne 2. Mbi ckakem, uto COP ectb kBasuperynspHoe, ecnu MHoxkecTBO E cocTouT M3
perynspHoro COP 1 KOHEYHOrO YHCIA H30AHPOBAHHbBIX TOUEK.
Onpenenenne 3. Mei ckaxem, uto COP ectb ecrectBenHoe, ecnu nepecedenne £ M OQ cocrour
TONBKO H3 0COOBIX TOYEK BHELIHErO MoTeHuuana V,

V,(x):j&ln;dy, xeR*-Q, (1))
0 |x—y'

rae Qe [[(Ey.0.D).

Onpenenenne 4. Touka x € OQ ects ocobas Touka s Vi, ecau ana Hekotoporo k(k =1,2,3...)
NpOH3IBOAHAA NOTeHUMana V) nopaaka kK B TOYKeE Xo PaBHA GECKOHEYHOCTH (Vl(“(Jn:o )) =
3ameTnm, uTo B C1yuae obnacti Q € [J(Ey,8, D) ocobbte Touxn ans notenumana

v (x)= J.&InLdy, (6 = const),
a -4

x
€CTb TOIbKO HErNaaKHe ToukM O€2, a ANA Maakol TOMKH X, € 0K CyllecTByeT KOHeyHas NPOH3BOAHAA
noboro nopaaka k =1,2,3...

Teopema 1. O6nacts Q € H(EN,E,D) He UMeeT ecTecTBeHHOro perynspHoro CIP. Kpome Toro,

obnacTb 2 HE HMEET, TAKXKE, €CTECTBEHHOro kBasuperyispHoro COP.
Jokazateancro. CHavana paccMoTpuM keasuperyspHoe COP. JlonycTuM, 4To cymecTByeT
ecTecTBEHHOE kBasuperyispHoe CIP, t.e., yto

HF)= I‘*‘(y)dS +Zﬂk s, (F),

b ognF
ree ¥, eC°(e,) , a 6, -Mepa Jlupaka, KOTOpas COCPEAOTOYEHa B TOHKE x,(k=123,...N,).
Hrax

j'l dy= jln |d;l(y) xeR-Q. @

IloBepHeM x0OpAMHATHYIO CHCTEM}' TaK, q‘roﬁu HexoTopas cTopoHa I; MHoroyronsHHka 6bL1a 661
napauiensHoi ocH OX;. U3 pasencrsa (4) nonyyaem:
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J-aV’ (x) ;. 2101; O) gy, £eC(S). ®

Q ox 2 A 2

S={x:R <[x{<R}, Qcfx:x<R}=S8-
TTo opmyne [puna-Taycca u3 (5) nonydaem

I v (x)cos(v,"x,)dS, = Jﬂ/—f(—x)dp(x)=

-1, & axl

I e or - ot

roe

W (x)= _j%"—y)f(y)dy, eCls).

CnenoBaTenbHO

Ny N,
- r
[ v/ (x)eoslv, x,)as, = 3 [W/ (el (xS, + 3 B (x,), ©6)
-1, k=l k=l
NI
rae E=|Je, , e, -rnankad xpusas, x, € E(k =1,2,3,... N,) W30 THPOBAHHbIE TOYKH MHOXECTBA.
1
HHTerpan Ha cropoHe I paBHAETCS Hy/lo, Tak Kak cos(v,'x2)=0, x € [,. PaccmoTpum HexoTopyto
M30JIMPOBAaHHYIO TOYKY X; H 0603Ha4uM ee uepe3 z,. Jomyctum o, ={x: |x —z,| =r}, O<r<e.

Bo3bMeM cpeniHee pacnipenenenue o, Ha kpyre:

v.(8)= 5 oS, = el ),

a

U3 papeHcTBa (5) momyuaem

[ Ty)eosty, x,)as, = 3" JM ¥, (x)ds, +N2ﬂ{—ar("’y ) s, ] yeS. (6
-1, k=l 0ox, P Ox,
e

F(x,y)=ln

x -]
HeTpyano yBuaets, 4To paBeHCTBO (6) BBINOJHAESTCA TAKXKE HA MHOXKECTBE:

[(ﬁ - 11)_ E]U[(SI us)-E].
3HayuT paBeHcTBO (6) crpaBeMIMBO Takxke, ecad BMecTo f € C(S)HanuuieM MIOTHOCTH Y, .
CnenopaTensHo

N, N.
[U* ()eosly, ", S, =3 [W (), ()dS, + 3 B (x,). 7
-1, k=l k=l
Iepeiinem k npeaeny koraa r — 0, nony4aem
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lim IU”" (x)cos(v,"x,dS, <, l,l_I"gl J-W“" (X}, (x)dS, <o,

=0 Janss,

lim " ()= limP ¥ (z,) = .
r—0 r—»0
TIonyuaerca npotusopeune. [Tos1yueHHoe NPOTHBOPEUHE AOKA3LIBAET TEOPEMY.
Taxum o6pa3oM, kBasuperynapHoe COP ne cywectayer.
Teneps nokaxeM, 4To At MHOTOYTONbHIKA Q perynspHoe COP He cylnecTeyeT.
JlonmycTHM NPOTHBHOE, T.€., YTO

1 1
In—dy=[¥()n——dy, xeR-Q. ®)
frp@ = oine =y

AHATOTHYHO TOMY, KaK 3TO GbLIO PAHBIIIE, TIONYYaeM:

[ 7" (c)eosly, "5, )as, = [ (0N, . feC(s). ©)

-1,
PaccMOTpHM Taakylo TO4Ky X, € €, < £ nns kotopoi Ll-’(x,,);e 0. OueBHAHO, YTO TakasA TOYKa

cywectByeT. B npotnsHoM cyuae ¥(x)=0.
U3 pasencrsa (9) nonyyaem

(p0)=cosly,y, )y ca2-1,),

[T y)p(y)as, = !%yl(y)d&, , xe(Q-E)us,. (10)

-1,
SlcHo, yto UY-HenpepbIBHBIW MOTEHUMaN Ha obnacth €, 3Ha4nThb Ha MHOXectBe E[)Q.
Tpeanonoxum, 4to cos(v,” xz)at 0. (B npotuBHOM cnyyae cos(vv,” X, )vt 0).

PaccMoTpuM criefyioliiee BepaxeRHe Mis notesunna U™

. euvlr .. oU¥| .
l‘LrE} aXz /:'_lxl-»T ox, |« =2M(XD)COS(V"” XZ). an
Jns noresunana ¥V? nmeem
. ou(x)|r .. au’(x)|
- =0. 12
lim =57, im~5, (12

H3 (10), (11), u (12) nosryuyaem npotusopeune. [lonyuyeHHoe MPOTHBOPEUHE OKA3bIBAET TEOPEMY.

Cnpasenmso caenyrouiee 06061eHne Teopemsl 1.

Teopema 2. Ilycte Qe C®-orpanudenHas o6nactb. [IpeAmonioxuM, YTo rpaHuua oQ
CONEPXHT OTPE3OK NpAMOH, Toraa Mia 2 He CYIIECTBYET €CTECTBEHHOTO pEryssipHOro M
€CTeCTBEHHOTO KBasuperyiapHoro COP.

Teopema 3. [TycTh  NpOM3BO/BHEIA MHOTOTPaHHHK M3 R’, Torma ans Q He cymecTByeT
€CTeCTBEHHOE PETYMPHOE H eCTECTBEHHOE KBasnperympHoe COP.

JlokasaHHoe yTBepXHEHHe CIIpaBefaMBO A Jo0o# orpaHmyeHHoH obnacr Qe C”, ecim
rpanina 6 CONEPXKHT YacTb HEKOTOPOH ILTOCKOCTH.

Jlns nokaszaTensCTBa HCMOMB3YIOTCA HBIOTOHOBCKHE MOTEHUHANbL.
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3AKHOYEHHME

I. [In% nNpOM3BOBHOrO MHOrOYrOMbHHKA C MOCTOSHHOH MNAOTHOCTBIO HE CYLIECTBYET kak
€CTECTBEHHOTO PEry/IAPHOTO, TaK M ecTecTBeHHOro kBasuperyaapuoro COP.

2. YTeepxaeHHas Teopema oboGuieHa anA M0G0l OMHOCBA3ZHON KyCOHHO-TIAAKOMH obnactn Q, ecnn
rpasnua obnactu 80 COEPHMUT HEKOTOPBIA OTPE3OK MPAMO.

3. B TpexpMepHOM Cily4ae HCONb3YIOTCA HBIOTOHOBCKHE MOTEHLMANbI M AAA M0GOro MHOrorpaHHuka
C MOCTOAHHON NNOTHOCTBIO AOKA3IBAETCA, YTO HE CYLIECTBYIOT HH €CTECTBEHHOE PETYNAPHOE H HH

ecTecTBeHHOe kasuperynapHoe COP.
4. YTBepkaeHHas Tcopema 06oblieHa B TpeXMEPHOM NPOCTPAHCTBE AAf J0OOH OAHOCBA3HOM

KycouHo-rnaakoi obnact Q , ecnu rpanMua ofnacth OC) COAEPKHT HEKOTOPYK YacTh
NAOCKOCTH.
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0 CHHIYAAPHBLIX 3KBUBAJEHTHbIX pacnpeaejieHunX
AJIA NPOH3BOJILHOI'O MHOTI'0yrojibHHKa

. B. Kananaase, ILILL. Muuaesnn, T.A. Tpanueaanse, B.K. Ynuunanse, I'.TI". Joxamu

Pegepar

PaccmarpuBaeTcs 3a4a4a 0 CHHIYNAPHLIX KBHBATEHTHBIX pacripenencHuax (COP) ans Npou3BONLHOTO
MHOTOYrO/IbHHKa.

Jloka3biBaeTca, uTO QI%  MHOrOYTONbLHHWKA ECTECTBEHHOE perynspHoe C3OP ne cyuwecTsyer.
YCTaHaB/IMBaETCA TRKKE, UTO €CTECTBEHHOE kBasuperynspHoe COP He cywecTsyerT.

JHoxa3sanHoe yTeepxcieHne o6obuaercs ans obnactu Q ecnu rpanuua 80 coaepXKHT OTpeloK MpAMON

JIHHAU.
B 3akmouenue NOJIYYEHHbIC pE3YNbTaTbl oGobwatorcs B TPEXMEPHOM NPOCTPAHCTBE 418 HBIOTOHOBCKHX

NOTEHUHANOB.

On singular equivalent distributios for an arbitrary poligon
D.V. Kapanadze, P.Sh. Mindeli, T.A. Gvantseladze, V. K. Chichinadze, G.G. Jashi
Abstract

The problem on singular equivalent distributions (SED) for arbitrary polygon posed by V.N. Strakhov

[1] is considered
It is proved that for a polygon natural regular SED does not exist. It is also established that the natural

quasi-regular SED does not exist.
The last assertion is generalized for any simply connected piece-wise smooth Q, if the boundary oQ

contains a segment of a straight line.
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TPAHC®OPMAIIMA AHOMAJILHOI'O TPABUTALIMOHHOT O IOJIAA TEPPUTOPHI
I'PY3HHU U EE CBA3b C ITYBUHHBIM CTPOEHUEM

Muuaean ILIL, Fonranze C.A., [Banuenanse T.A., Ynunnanze B.K., Txammn I'.T'., Kupna
J.K., Kanananse /I.B.

Bonpocam pa3paoTkH METOAOB TpaHCHOPMAUMHM MOTEHLUMAIbHBIX MOJEH M MPaKTHYECKOTO
HCTIONIb30BAHHS NOJYHEHHbIX Pe3ybTaToB 60MbIIOE BHUMAHKE YAENANOCH B Cepuu NyGankauui [ 1-4].

AHaNu3 rpaBUTaLMOHHOrO MOAA C KAKOH-Obl LEBIO OH HE NpOBOAMACH, TPeOYeT pasfieNleHHZ €ero no
ManbiM MK BOABIIMM COCTAaBHBIM YACTAM, COCPEAOTOUEHHBIM Ha MNOLWAAM MO COBOKYMHOCTH OAHOPOLHBIX
npuiHakoB. JTO OAHO M3 HEOOXOAHMBLIX YCNOBHH ANA PacKpbiTHA (HINKO-TEONOrMYECKOl MPUpPOabI
nabmopaembix noneit. BmecTe ¢ Tem, pasmepnl aHOManWu N0 NAOIMAAM PACNPOCTPAHEHUA HAXOAATCA B
NpAMOii KOpPENALIHOHHOR 3aBHCHMOCTH OT NMPOCTPAHCTBEHHOrO MONOKEHHA aHOManooOpasylolWux Ten M
Cr0 B@KHO pA3NEJMTL Ha [NaBHbIE KOMMNOHEHTH, KOTOPble COOTBETCTBOBAIH Obl  BIMAHHMIO
aHOManoobpasyIoLHX Mace, PaCMONOKEHHBIX MO ITKAM B KOPE H BEPXHEH MaHTHH.

OguuM U3 METOZIOB, NO3BOMAIOUIMX DEWMTb MOCTAaBAEHHYIO 33faqy, ABMAETCH aHAIMTUYECKOE
MPOAOMKEHHE aHOMATMK B BEPXHEE HITH HIXKHEE NOYNPOCTPAHCTBO W TPAaHC(HOPMaLKMs aHOMANIHY B ApYTHe
3/IEMEHThI NONA (BBIYMCAEHHE BLICIUMX NPOH3BOAHBIX H Ap.). TpaHcdhopMHpoBaHHe HabalOAEHHOH aHOMANHH
B BbiCIUME MPOHM3BOAHbIE MOTEHLHANa MNO3BONAET PEIUWTb TaKOH WMPOKMI KPYr MpPaKTHYECKUX M
TEOPETHYECKHX BKHBIX 33[a4, KAK: HCKJIIOUEHHE PErHOHANBHOTO (OHA W BhILENEHHE NOKAILHBLIX MOneit;
pasaenenne 3¢dexTa OT ONUHAKOTO PACTIONOKEHHBIX MACC W pelleHHe OGpaTHON 3aJaun reopH3MKH;
H3yueHHe CTPOEHHA 3eMHON KOpbI M BepXHei ManThm 1 ap.[5-10].

TlporpaMMMpOBanHe NPHBEACHHOM Bbllle OCHOBLI TPaHCHOPMHPOBAHHMA MOTEHUMOHANLHBIX MNoONed
OCYUIECTBNEHO HAMM W C 3THM 1pOrpaMMHbIM ofecneyeHHeM MONLIOBATMCL MPH  WHTEPMPETaLMUH
rpaBUMarHHTHeIX none. [lporpamMma no3BosiseT co3naHWe MHOTOBAapPHEHTHOMH CHCTeMbl TpaHChOpMaHToB?
HECYU(HX Pa3IHYHYIO FEONOTMYECKYHO HHBOPMALHIO.

Mb1 nepebpanu Heckonbko apnaHTOB TpaHC(hOPMaLUMH NONEH, OTBEYAIOLMM HALINMM 32/124aM, KOTOpbIE
3aKNIOHAKOTCA B CEAYHOLWEM: onpeaeneHHe rnyGUHHOrO CTPOEHHA H3YYaeMOro PeruoHa ¢ BblAETEHHEM
KPYTMHBIX rEONOrHYECKHX TEM; reosoruueckoe paHoHUpoBaH1e U ap.

Huxe sxpaTue naetcs KopoTkoe OnKcanWe rpaBMTAUMOHHOTO NONA Tepputopuu [py3uM, koTopas
ABNACTCA OCHOBOH 1A XAPaKTEPHCTHKH PErMOHANLHBIX OCOBEHHOCTEH CTpOEHMA 3eMHOIl KOpbl M
nutocdepb.

B ucxonHom none Ag (Ha nnockocti HabmioneHuit) Ha doHe OGLIMPHON rPaBUTAUMOHHON AEMpPEcCHH
ansnuickoro noaca (¢ KaBkazckMMM 3NHUEHTPAMM HM3KOrO ¥ 3KCTPEMALHOrO HH3KOrO MOAca),
HabmonaeTca cepus NOKaNbHBIX, IMHEIHDBIX, €AA60 rPYNAMPYIOILNXCA B TMHEHHBIE NOACA AHOMATHHA.

OCHOBHbIE YepThl pacripefefleHnsi aHOMaTMH CWbl TSKECTH B [UIaHE KPYMHBIX MO MAOWEAK W
cB0E0OPa3IHOCTH MOP(HOCTPYKTYPEI, @ TAKXKE HHTEHCHBHOCTH C Y4ETOM JaHHBIX MOrPaHHUYHBIX TEPPHTODHI,
TaKoBbl:

Annepo ~ Cyxymckas ¥ AHanckas aHOMQTHH CONEPKAT TEPPHTOPHIO CEBEPHOTO M IOXNHOIO CKIOHa
Bonbworo Kaskasa. Ona ¢ cesepa u ¢ 10ra OrpaHHueHa MoJ0XHTENbHLIMM aHOMATHAMH, JOCTHTAIOLUMMN
3Havenus +100 m[an. C npearopuit, ¢ obeux cTopoH oT xpebTa, none ymeHblIaeTca, k CEBEPY NEPEXOAHT B
OTpHUATENbHbIE 3HAUCHHA HEGOMBILOM HHTEHCHBHOCTH, a K 10Ty, K MOPIO M0J1€ BHOBb NOBbILIAETCS.

Ine6pycckoe aHOMANBHOE FPABUTALMOHHOE MOE HMEET 0BAbHYIO OPMY, 3aHHMaeT nnowans 6400km’
, OXBaThiBaeT 7 caMblX BBICOKHX BEpWIMH, CywecTBytowmux Ha bBonbwom Kaexasze. HHTeHcHBHOCTB
aHoManuu B uentpe (-120 + -140) mlan. Tlpu nepecuere BBepx Ha (20-30) KM MHTEHCHBHOCTb aHOMATHH
nocthraer 100 M[an c coxpaHeHWEM HapyXHOH KOH(UIypaUMH H TMIOWAAH ANA NEPECHUTAHHbLIX
TpaHcopmanToB. Ee HapyxHbiii KOHTYp onpenenseTca uoaunueit ~90 mIan. Ctpoiinan rnaaxas cucrema
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JTOW aHOMATMM HAapyWEHa OTAENbHLIMH OTKIOHEHWAMH CBA3aHHLIMW C Mopdonorueil penseda u
reoflorHueckoi 06cTaHOBKOM pertoHa.

Kapraniicko-KaxeTnHckas aHomaius BocTouHee J3HpYabCKOro BeICTyna ¢yHaamenTa 06ycloBIMBaET
OTHOCHTENbHBIA MakCHMyM HaGmroaeHioro nons. TeppuropHanbHo oHa oxBaTtbiBaeT Llluna-Kapranckyio
KaxeTnHckyto aenpeccuio, AnnHa kotopoi 200 kM, a wnpuHa 50 kM.

KaxeTnHckan rpaBuTauMoHHas aHOMANMA XapaKTepHIyeTca oTpyuaTensbHsiM noneM. Ha otpuuarensiom
¢oHe BBIAENAOTCA OTAENbLHBIE aHOMANHH, KOTOPbIE MO HX MHTEHCMBHOCTH M IUIOIWMAAW PacnpOCTPaHEHHA
MOXHO Ppa3fieIuTb Ha PErHOHAIbHYIO W NOKAIbHYO. TEpPHTOPHS MO Xapakrepy HaNpsHKEHHOCTH
FPAaBHTALMOHHOrO MOAA pa3feNAeTcA Ha [Be 4YacTH, npu 3Tom Buewwxe - KaxeruHckas naenpeccus
xapaktepusyetcs 6onee CNOXHBIM PaBUTAUMOHHBLIM MOJEM, a 4acTb ANa3aHCKOM JOJKHBI HMeeT
CPaBHHUTENBHO cnoko#Hoe mnone. Tlo Bcell TEPPUTOPUN TPanHMEHT TrPaBUTALUHOHHOTO (1018 HOCHT
nepeMeHHbIA XapakTep M konebnerca 8 npenenax ot 0,5 no 2,5 mMlan na lkm. [o rpasumerpuyeckum
AaHHbIM Brewne—-KaxeTiHekan aenpeccus xapaktepusyerca Gonee C:10XHON TEKTOHMKOM, yem AnasaHckas
Aenpeccus.

JIxaBaxeTckaa OTpMUATENLHAA AaHOMANMA MONHOCTLIO OXBaThiBaeT J[kaBaxeTcKkoe IUIaTo — Harophe W
XapakTepusyercs Ayroo6pa3HbIMM MHHHMYMaMH, AOCTHras 3HaueHHA — 145 mCan. AHomanus OXBaThiBaeT
AxankanakH, ¢ 10ro-3anafHeIMH BO3BBILIEHHOCTAMH H 4acTb APMAHCKOrO Haropbs.

Crnenyrowmas aHOMAMA PACNONIONKEHA B aKBATOPHH YepHOro MOpA, B TEPPHTOPHANBHBIX BoAax [py3uH.
Batymcko — Kobynerckuii nonoxutensHelii MakCHMYM 3aHHMaeT NIOLWAAbL KaK HA MOpE, TaK W Ha cylie B
npeGpeskHoii 4acTH AkapuH. UepHOMOPCKHI MAKCHMYM TPaBHTAUMOHHOIO MONA XapaKTepH3yeTcs
CnoXHOH MOpGOCTPYKTYpOii, 3aHMMaeT 060COBNEHHOE MECTO M OTPaXKaeT BAMAHME FNYBHHHOTO CTPOEHMS
CEAMMEHTHOTO CJIOf, MPOLIEALIETO CIOXKHBIE FEOAHHAMUYECKHE MPOLIECCH! Pa3BUTHSI.

Jina oueHkn Bknaja aHomanooGpasyiowwmx macc B HabmoaenHoe none Tepputopun [py3un, Hamu
BbITIOJIHEHA TPaHCHOPMALINA IPABUTAUHOHHOTO NOJIA MyTEM ero NepecHeTa B BEPXHEE NONYNPOCTPAHCTBO HA
HecKonbKUX BbicoTax (5,10,20 u 30) km. Tpu BeicoTe nepecuera 5 kM-0B (puc.l) aHOManMa cunbl
TAKECTH, N0 CPABHEHHIO C HCXO/IHBIM, CIIKHBAETCA OCTATOMHO ¢1a6o, KaK Ha MOPCKOIi aKBaTOPHH, Tak U
Ha cywe. BeanunHa yMeHbIIEHHSA 3HAUEHHH aHOMANHY OYTH BE3AE OIMHAKOBA U HAXOAMTCA B npeaenax 20
mlan. B cBA3u c 3TM, pazymeeTcsi, Ha ITOM YPOBHE COXPRHWIHCh BCE IJIaBHblE NONOXKHTE/NbHBIE W
OTPHLATENbHBIC AHOMANIMH, @ TAKKE 30HANbHLIE AHOMAJTUN CO 3HAYMTENLHBIM FOPU3OHTANLHBIM [PAAHEHTOM
CHITbI TAXKECTH.

J70 06CTOATENBCTBO YKA3bIBAET HA TO, YTO MPABUTALMOHHBIN ID(EKT AKe CPaBHUTENBHO HEGONBLLMX
CTPYKTYPHBIX 3IEMEHTOB MPHCYTCTBYET B MEPECYHTAHHOM MNOJAE W, HAKNAAbIBAACL HA oGwmi o, urpaer
onpefeneHHy10 ponb. Pe3ko BbIpRKEHHbIE AHOManbHbIE LEHTPbl CO3AAIOTCA MaccaMH HernyGokoro
3an0XeHuA. COBEPLIEHHO OHEBWAHO, YTO 3TO HE OTHOCHTCA K TAKMM KPYMHBLIM aHOMATHAM, KOTOpbie
pacnoioxkeHs! B paMKax BbICOKOTOPHbIX obuacteit 6onbioro Kaskasa.

TakuM 06pa3oM, Ha BLICOTE 5 KM BIMAHHE FTYyGHHHBIX MACcC COBEPLIEHHO HE BbIAENEHO; AOMHHHPYIOT, B
OCHOBHOM, BJIMaHHA AHOMA/IBHBIX MACC MOBEPXHOCTHOrO H CPEAHEKOPOBOTO PAaCNONOXKEHHS.

Mo HaweMy MHeHHI0, u3 TpaHcdopMaHTOB HanoBonee ONTHMANIBHLIMH OKA3aAHCh MIEPECHETEI BBEPX Ha
10 kM M cooTBeTCTBYlOWlEE WM OCTaTouHoe none (puc.2). 3dech, BauAHHE CynepriyOunnbix dakxTopos
HEYETKO BLIABIEHO, H BCE BBILIEYKA3AHHHIE AHOMANbHBIE LEHTPLI OCTAIOTCA NOYTH B HEAE(POPMHPOBAHHOM
Buae. ITO ABHOE CBUAETENBCTBO TOTO, YTO AHOMAIbHBIE MACChl ABNAIOTCA 3HAYMTENBHBIMH, U BO3MOXHO
HaxXOJATCA B COMMIACHOM 3aneraHuu ¢ nosepxHocTamu Koupana mw, no-suanumomy, otpaxaior sdiekt
rPaBUTHPYIOLIMX MacC CPEAHHX ry6uH, T. €. FyOHH 3aleraHus CpeaHero CTPYKTYPHOTO spyca.

Ipu nepecuete aHOManMW CHibl TAXECTH BBEPX HAa 20 kM (pHC.3) yKasaHHBIE BbillE€ aHOMANbLHbLIE
LEHTPLI W 30HAIbHblE aHOMANTUH B 3HAYEHHAX yMeHbLUHAWCHL Ha (20-30) mI'an v kapTHHa pacnpeneneHus
NONA cTana raaxe, HO OCHOBHLIE KOHTYPbl aHOMalMH, B NPHHUMNE, COXpaHunucb. Takum obpalom, npu
nepecuere BBepx Bblwe 10 kM H3IMEHeHHe Ag HMAET MEANEHHO, a Ha 20 KM IKCTPEMANbHLIC 3HAYCHHA H

KOH(HIYpalHs aHOMAIbHBIX UEHTPOB Mal0 OTJMHAETCA OT TpaHCHOPMaHTEI C BLICOTOH nepecuera 10 kM.
3TO NOATBEPHAAET, YTO 3TH KPYMHblE AHOMAIMM OOYCNOBNEHbI rNyBMHHBIMM Maccamu UIMPOKOTO
PacnpoCTPaHeHHA, KOTOPbIE BCE XKE AOMKHBI NEXATh B MPEE/IaX BEPXHErO 3TaXa 36MHOH KOpbI.

CKasaHHoOe M03BOJIAET CAENaTh BbIBOA, YTO OOPA30BaHHOE MOCNE nepecyeTa Ha BbicoTax 10 kM 1 20 kM,
OCTATOYHOE TPABHTALHOHHOE MONE MOXKHO CUHTATh ONTHMANBLHBIM C UENBIO MOMYHEHHA MHOPMALHK O
CTPYKTYPHOM CTPOEHHH KOHCONHAMPOBAHHOMN KOPbI.

Ha Buicote 30 kM (puc.4) Bce NOKaNbHbIE MPaBHTALHOHHBIE RHOMATHH TEPPHTOPHH ['py3uH HCHEUTH H
OCTANOCh HECKONBKO HEGOMbIUWX AHOMANBHLIX LIEHTPOB, KOTOpLlE, N0 BCEH BEPOSTHOCTH, OOYCTOBNEHBI
HEOJHOPOJHOCTAMH HH30B 3EMHOM KOpbI.
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OQHOMM W3  NEPCNIEKTHBHBLIX  HAMPABAEHWH  rpaBMpa3BeAkH ARISETCA  TPaHCHOPMMPOBaHHe
HabnIoNeHHON aHOManuMK B BbICLUHE MNPOH3BOAHLIE MOTEHLHANA CH/Abl TAXECTH, MO3BOJIAIOLIKE pellaTh
TakoH WHPOKKIA KPyr MPaKTMYECKHX M TEOPETHYECKMX BAkHBIX 3a[ay, KaK: HCKIIIOYEHHE PerHOHaNbHOro
$oHa 1 BbIAENCHUA
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NokanbHeiX noseid; pasnenenmne dbdexTa oT 6AN3KO PaCNONOKEHHbIX Mace M pelleHua obpaTHOlH 3ajaaun
FPaBHMETPHH; H3yYEHHe CKNANMATLIX CTPYKTYP BEpPXHE#H YaCTH OCALOHHOIO YeXa.
Hamu ke pacemarpupaetca Bonpoc MCNONb3oBaHMA TPaHCGHOPMHUPOBAHHOTO IPABHTALIMOHHOTO nons

(BbiclKe NpPOM3BOAHLIE) NPH M3yMEHHM CKIAaMaTol CTPYKTYpH ocagouHoro 4exna [lputbunuccko —
Kaxemnnckoro peruona [10].



CTpyKTypHas KapTHHa reojlorMyeckux Ten (PasphiBHbIX, CKIAAYaThiX CTPYKTYp) B PaBUTALHOKHOM
none W ero TpaHc(opmaHTax OTOGPaKAlOTCA B pa3nuuliod (OPME HHTEHCUBHOCTH W KOHGbMrypauuu
u3onuHKiA. KapTuHa cknanuaTeix CTPyKTyp B aHoManbHom monme Ag MoxeT GbiTh fana npoexuMed Ha
INIOCKOCTH  HaBNlofieHHs B BHAE KOHTYPOB MNOBBLILIEHHONW W MOHWKEHHOW HMHTEHCMBHOCTel. B
TpaHC(OPMHPOBaHHOM mnone Ag CTPYKTYpbl BBIAENAKOTCA OTHOCHTENbHO anddepenumposanto. Ha

Ag

TpaHC(OPMAHTAX — NepecyUTaHHOTO BBEPX Ag W BTOporo npowussoaHoro Ag ( ), CTPYKTYpHbIM

NOAHATHAM COOTBETCTBYIOT MNONIOKUTENLHBIE WX 3IHAYCHMA, @ MOrpyXeHwsaMm — orpuuarenshsie. [pu
OMHAKOBBIX aMIIMTYAAX TPaBHTAUHOHHBLINA JddexT, obycnosaeHHuii UMM, OyneT OIWHAKOBLIH, B
NPOTUBHOM CNy4ae — pa3HO WHTEHCHBHLIM B 3aBUCHMMOCTH OT TOrO, KaKOW THN (AHTHKAHHANL WK
CHHKJIHHANTb) CTPYKTYpbI NpeoGnanaer.

Jina yCTaHOBNEHHMS CKIIAAMATBIX CTPYKTYp ¥3 TpaHchOPMaHTOB Haubolsiee ONMTMMAIbHbIMM OKA3anuCh
BbiLUEHa3BaHHbIe TpaHChopManThL. [leppas TpanchopmaHTa ycranasivaaeT o6LMil MOAbEM W MOrpyXeHHE
CTPYKTYP, CTPYNNHPOBAHHLIX B BUAE AKTUKIIMHOPHIA U cCHHKIMHOPHIA. BTopas — Gonee anddepenumnpoaHtHo
NPECTaBNACT CTPYKTYPHYIO KapTHHY MPHIOBEPXHOCTHOTO ocagouHoro cios. [fockonbky Ha TEppHTOpHM
IMput6nancckoro — KaxeTMHCKOro perHoHa WMEeT MECTO BLICTYN Ha JIHEBHYIO NOBEPXHOCTb, TO Ha
yKa3aHHBIX TpaHclOPMaHTaxX ClefyeT OTOOPaKEHWE Pa3NMHHBIX CTPYKTYPHBIX 3Taxeil, B 4aCTHOCTH B
TMpurbunucckom pafioHe - cpeanmii 3Tadc (cpeamuii JoueH-naneoueH), B FapekaxeTHHCKOM - BepxXHuii
CTPYKTYPHBIi 3TaX (MHOMAKOLEH), B ANIa3aHCKON JENPEecCHH CPeaHNi CTPYKTYPHbIH T (HIKHWUA Men-
BEPXHAA 10Pa).

CocrasneHtan kapTa pacnpeaefieHis cknanuateix cTpykryp Ilputbunuccko-KaxeTuuckoro peruona no
rPaBUMETPHYECKHUM RaHHBIM MpPEACTaBAseT coboH pacnpeneneHHe aHOMATMM BTOPOH MPOW3BOAHON CHIbI
TAKECTH CO 3HAKOMEPEMEHHBIMH 3HaYeHUAMM (pucC.S). [TONOKHUTENLHBIM 3HAYEHHAM CWIbl THKECTH
COOTBETCTBYIOT IPaBHUTHPYIOLUHE MACChl, MPHNOAHATbIE K AHEBHOW MOBEPXHOCTH B BEPXaxX OCALOMHOrO
CNOA, WK MX YIUIOTHEHHS NO JaTepa, a OTPHLATENLHbIM — MOrPYKEHHE MM Pa3yNIOTHEHHE Mace no
TOMY JK€ HanpaBieHHio. [lpoM3BefieHO CONOCTOBAEGHHE KapThi C CECMOJIOrHYECKOH M reonoro-
TEKTOHHYECKOH KapTamu.
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CTpyKTykHble OCH, HabniofaeMble Ha JHEBHOI NOBepXHOCTH [1pUTOUIHCCKON TEPPUTOPHH, Ha4YUHas OT
Muxets po Capreivanel, PHKCHPYIOTCS Ha rpaBUMETPUUECKON KapTe 6e3 HCIOYEHNA.

Ha kapre MOpoCTpYKTYpHas kapTWHa BTOpOM NMpoM3BOAHOH Ag W pacnpefiencHue oceidl CKnaaok
JAOTCA N0 KX 3KCTPEMAIbHbLIM 3HA4YEHMAM; HAHECEHbl TAKKE OCH CKJIAA4aThiX CTPYKTYp, YCTAHOBNEHHBIX
FE€OKapTHPOBAHHEM, W OCH CKJIANIOK M3 CTPYKTYPHOI KapThl CPEAHEFO JOLEHA.

YcTaHOBNEHHE CBA3H CTPYKTYPHOH [IPHNOBEPXHOCTHON TEKTOHMKH C TNyOHHHBLIM aHOMAbHBIM
CTpPOCHHEM - 3ajlaya HenmpocTad, Tem Gonee, KOraa COMOCTABHMBLIE CTYKTYpb! AAlOTCS B Pazfnu4HbIX

2

rpadHyecKHX H300paxeHnaX. 31eck NMeeTca B BHAY COMOCTOBNEHHE KapT € CEHCMONOTHYECKHMH

oz’
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paspe3aMy, NeEPEceKaloLUMMH HCCIERYIOMYIO Hamu niowab. Hanbonee XapakTepHLIM H HHTEPECHBIM Nno
KauecTBY MaTepuaion ssaseTca npoduas Texanu-Aprana (puc.5). Celicmonornyeckuii paspes no sromy
npodumo cocTagned Hamu no MatepuanaM KMIIB, MOI'T u rnyGokoro GypeHua c waubonbiuesi
nopmatueHoctsio [10]. 37or paspes npeacrasnser coboit G10koBO-CKIIAAMATYIO CTPYKTYpY. Bepxuss
YaCTL MOWHOCTHLIO (4-5) KM  3aHUMAeT nNaleorcH-HeoreHosple 06pa30BaHMA C  OMpeAeNeHHOM

CKJ1a4aTOCThIO.
2

Ha kapre P B HaNpaBAEHHH NPHBEACHHOTO 3/1ECh Paspe3a 060IHAYEHHDIA NapaMeTp HIMEHsETCs ¢
4

OMNpeaeneHHOM MOCEN0BATENLHOCTbIO H 3aKOHOMEPHOCTBIO.

B 3akniodeHHe cieayer OTMETHTb, YTO AHOMANbHOE rPaBUTALMOHHOE MOJ€ M €ro TPaHC(HOPMAHTHI
AOBOMLHO @IEKBATHO OTPAKAIOT CTPYKTYPHYIO KaPTHHY OCAJ04YHOr0 uexna v (yHAaMeHTa HCCIeayeMOro
HaMH pervona.
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TPAHC®OPMAIUA AHOMAJIBHOI'O 'PABUTAHMOHHOT O I10JI TEPPUTOPHH
I'PY3MH " EE CBSI3b C I'N'1YSBHHHBIM CTPOEHHEM

Mungean ILIL, I'ouranie C.A., [Banuenanse T.A., Ynunnanze B.K., Jokawu I'.T., Kupna
K., Kananagze [.B.

Pedepar

Llenbto TpaHchopMalmn noTeHUHANbHLIX MOnel ABnAETCA paaeneque Habnonaemoii aHoManuH na
TaKHE KOMIOHEHTHI, KOTOPBIE COOTBETCTBOBANM 6bl aHOMANOOGPa3yIOWHM MaccaM, PacnoNOXEHHbIX Ha
pa3HbIX y6HHaX 3eMHO# KOpbI.

Jina  TpanchOpMaUMK  NAHHBIX AHOMAIMHW CHUNbLI  TAXKECTH TeppuTopud [pysuu cocTasieHa
COOTBETCTBYIOWIAA MNpOrpaMMa M C €€ [OMOLIbIO OCYIIECTBAEH MepecyeT aHOMAIMH B BepXHee
nonynpoctpaicTso Ha (5, 10, 20, 30) km. CocTaBaeHb! kKapThl BTOPO#i NPOM3BOAHON CHIIbI TAXKECTH.

C noMowpi0 HabMIOACHHOrO aHOMAILHOTO TPABHTALMOHHOTO NOMA W UX TPAHC(OPMAHTOB MPOBENEHO
reOTEeKTOHHYECKOE DPAHOHMPOBAHHE TEPPHTOPHH M H3YueHBl CiknaadaThie CTPYKTyphl [lputOHauccko-
KaxeTnHCckoro pernona.

THE TRANSFORMATION OF THE ANOMALOUS GRAVITY FIELD OF THE
TERRITORY OF GEORGIA AND ITS RELATIONSHIP WITH DEEP STRUCTURE

Mindeli P.,Ghongadze S., Gvantseladze T., Chichinadze V., Djashi G., Kiria J., Kapanadze J.
Abstract

The goal of the transformation of potential fields is a division of the observed anomalies in the
components that would be correspondent with mass anomalies located on varios depth of the earth crust.

The corresponding program was constructed for the transformation of the given gravity anomalies for
the territory of Georgia. Using this program the anomalies of the upper space on the (5, 10, 20,30) km are

Recalculated. The maps of the gravity second derivation are constructed.

The geotectonic zonnation of the territory are made by the observed anomasies gravitational field. The
folded structure of Tbilisi-Kakheti region are studied.
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Transactions of Mikheil Nodia Institute of Geophysics, vol. LX , 2008
Tpyas Hucturyta reodusuxu M. M. Hoaua, 1. LX, 2008

PE3VJIbTATbI JE®OPMOIPAGUYECKHX HABJIIOJEHUH B 30HE
MPABOBEPEXKHOT O PA3JIOMA HA TEPPUTOPUH APOYHOM
IIVIOTHHBI HHI'YPCKOM I'C

'A6amnaze B. I'., 'Yeanaze T. JL., lIlarypml T. A., 'Kobaxnmze T. B., z‘-lnaypenu Ir.T.

! Hnemumym 2eoghususcu um. Muxauna Hodua, 0193, Téunucu, ya. M. Anexcuose, 1, geolaiig-geophysics.ge
Ipysunckuii mexnuneckuii epcumem, 0175, T6: yn. M. Kocmaaa, 77, webl@giu.ge

Cornacno TexkToHH4eckoMy aenenuto [pysun, pation crpourensctea Murypckoit I3C pacnionoxen
8 npeaenax [arpa-/DxaBckod 30HbI cknapuatod cucrembl HOxHoro crxiona Bonsworo Kaskaza [1].
[eonoruueckoe cTpoeHHe paioHa ronoBHOro coopyxenus Murypckod DC O0CTaTOHHO MOMHO H3yHeHO
M3IBECTHBIMH YYEHBIMH W CMELMaNMCTaMH Halled pecny6ankd WM MOCKOBCKOrO roOCYAapCTBEHHOrO
yHuBepcuTeTa [2, 3]

KpynHeiwHm TEKTOHHYECKHM 3NIEMEHTOM PaiiOHa pa3pbIBHOrO XapakTepa ABjifeTcA MHrupuwckui
pa3ioM THNa B36POCO-CABHIa, NPOCNEHHBAIOIHIACA JaNAAHEE YHACTKA MIOTHHB B I0XKE BOAOXPAHHIHLIA H
Hmelownii CyOMepHaHOHANbHOE npocTHpaHHe. MHrMpMIICKWA pa3noM CONpoBOMNAAETCA OMEPAIOWIMME
HapYWEHHAMH MEHbLIETO NOPAAKA, H3 KOTOPLIX OCHOBHLIM ABIAETCA 30Ha PA3PLIBHOIO HAPYIUEHUA TOFO XKe
THMA, HENOCPEACTBEHHO NPOXOAAlMas NOA NPaBbiM KPbLLIOM MAOTHHL. Paznom npocTupaercs nouTH
napauiensio p. HHrypu u nanaer B ctopoHy npasoGepexHoro cknona noa yrioM 75-80°. AMnautyna ero
CMELLEHHA M0 BEpPTHKANK cocrasaser B cpeaHem 100 M, a no ropusonranu — 80 m. 3ona cmecturens
MOLUHOCTBIO 2-9 M NpeAcTaBneHa YNIOTHEHHBIM IOJOMHTOBbIM NECKOM C KATbLMTOM.

Tpaso6epexHas BIGPOCO-CABUrOBas 30HA AEMT BECb MACCHB OCHOBAHHS MUIOTHHBI HA 1BA KDY ITHBIX
CTPYKTYPHBIX 6710Ka BLICOKOrO MOPAAKAa — BHELHWH, NpeacTaBAAOLMHA coboil B3GpolweHHoe Kpbllo, W
BHYTPEHHHUI — onyuieHHoe KpbLio. Kpome Toro, KpynHele TPeLMHBl AeNAT 3TH 610KKH Ha GIOKH MEHbLUErO
nops/iKa, 0HaKO, CAMOCTOATE/ILHOIO CTPYKTYPHOIO 3Ha4€HHA 3TH O10KM He HMEIoT.

MHoroneTHumH KOMILIEKCHBIMH reonoro-CTpyKTYpPHbIMH " reoMopdhonoruueckuMu
MCCNIEN0BAHKAMH GbINO YCTAHOBAEHO, HTO, €CNIH Ha MEPBOM 3Tane pa3BUTHA paiioHa Habmojanuck
MHTEHCHBHbIE AM(epeHLMPOBAHHEIC ABHKEHHSA, TO BO BTOPOH dase BocXoaslume ABMKEHHA ocnabesany B
cBA3M ¢ obuwiel koHconuaaune# 6nokos. CBOA cTan NoaHHMMAThCA Kak eauHoe tenoe [4,5).

O710T BLIBOA Obl 4PEIBLIYAHHO BAXKEH AN HMHKEHEPHO-IEONOTMYECKOH OLEHKM OCHOBaHMS
TUIOTHHBI, T.K. €€ IPaBoe NPUMBIKAHHE PACNIONOraeTCA Ha ABYX Pa3pbiBHbIX CTPYKTYPHbIX Gnokax. [Toatomy,
OT NpaBUILHOM OUEHKH TEKTOHWYECKOH aKTUBHOCTH PalioMa, BO3MOXKHO aKTHBM3MPOBaHHOM B npouecce
CTPOHTE/ILCTBA NJOTHHEI, HAMONHEHHA BOJOXPAHWIHMWA M €ro IKCIUyaTaluM, BO MHOFOM 34BHUCHT
YCTOHYMBOCTD 3TOTO YHHKAILHOTO COOPYXeHHsA. MMeHHO 3T 06CTOATENRLCTBO 06YCAOBIIO HEOBXOAUMOCTD
MPOBEACHHS HAa 3TOM Y4acTKe AONTOBPEMEHHBIX MPEUM3HOHHBIX HHCTPYMEHTANbHBIX HAKNOHOMEPHBIX M
nedopmorpaduueckux nabnronennii Unctutyrom reoduanku no sakasy “Téunrunponpoexta” [6].

B naunoit paGoTe npeactabnenbl pesynsTaThi MHOrofeTHux Aedopmorpaduueckux HabnioneHHii,
MpOBEAEHHBIX B 30HE paanoma. Keapueseiii aedopmorpad (akcterzomerp) 6bin ycTanosnen B 1974 rogy B
HixHem Gbede mioTnnbl B npasoGepexcHoii wTonsHe Ne3413, nepecexaoweii panom. Jedopmorpad
ANHHOM 22.5 M NpPONOXEH BKPECT NpOCTHpaHuA padnoma. OQMH KOHEL KBapUEBOH LUTAHFH 3aKpenyicH B
TIOCTAMEHTE, B CKabHBIX NOpoRax BHeuwlHero Gnoka. Jlpyroif, cBoGOAHBIA KOHEU LITAHTH MOKOWUTCA Ha
nocTaMeHTe, YCTPOEHHOM Ha BHYTPEHHeM G0Ke (Ha CTOpOHE pekH), r€ M MPOUCXOAMT (OTOONTHUYECKAS
PErHCTpaLKa ropH3OHTATLHBIX cMelueHHH 6nokoB (puc.1). UyscTautenbHocTs nedpopmorpada sbicokasn. Ero
ysenudende pasHo 6000, T.e. NMpu OTHOCHTENBHOM CMeleHHH 6M0KoB Ha | MKM cBeToBoH Jyy
nepemetuaerca Ha Gorobymare Ha 6 MM.
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Ha puc.2 npencrasnesst rpadmku OTHOCHTE/bHbIX CMeLeHHH NpaBoGepexHbIX PalioMHbIX 6rokoB
¢ 1974 r no 2007 r ¥ U3MEHEHUS YPOBHS BOJbI B BOAOXPAHMHIILE NOCHE HAYANA €0 3aNONHEHHA.

Puc.]
O6ummii BuA KBapuesoro aeopmorpada, yCTaHOBIEHHOTO HEpe3 PafioM B HikHeM 6bede MIOTUHBI B
npaso6epesxHoi WwronbHe No3413.

Kak BuaHO W3 npeactaBnenHoro rpaguka, 610ku npasobepeXxHOro pasnoma UCTIBITHIBAIOT MAIblE
OTHOCHTENbHbIE CMelleHHs. MHTepecHO 3aMeTHTb, 4TO ecv A0 Hayana 3anofHEHMA BOJAOXPaHWIMLLA HA
pas/ioMe B OCHOBHOM Npeobnajano pacTAruBalollee cMeleHHe 6[0KOB, TO MOCAE HAaYana 3anoNHEHUA W
pery/MpoBaHKa BOAbI B BOAOXPAaHUWHILE 3TOT npouecc 3amMeanuncs. M3 npeacrasnentoro rpadguka MoxHO
NOYYHTD YUCIIEHHBIE 3HAYEHHA CMELEHHA GNIOKOB Ha pasnome. JIo Havana UMKITHYECKOTO PEry/IHPOBAHUS
BOAOXpaHHAULLA, T.€. 3a 1974-1984 roawl cpeaneroauuHoe cmewexne 6nokos pasusnocs 0.23 mm/rog,
Toraa Kax 3a 1985-2007 roasl 3Ta BenuuuHa coctasuna 0.14 mm/rog, a 8 cpeatem 3a 1974-2007 roas — 0.2
mm/ron. Kak Buaum, 3a 1985-2007 roabi CMELLEHHA Ha Pa3ioMe YMEHbLIMIKUC.
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Puc.2
I'pacmky cyMMapHBIX OTHOCHTENbHBIX FOPHIOHTANbHBIX CMELEHNH GIOKOB NpaBoGepexHOro paioMa o
naHHbIM KBapLeBoro aeopmorpada 3a 1974-2007 rr n uameHeHus yposHs Boast B HHrypckom
BOJIOXPaHHIIHLLE,
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Yrobbl HAFTAAHO MPECTaBUTL, KaK BAMSET PErylMpoBalie BoAbl B BONOXPAHHIMLIC HA NOBEAEHHE
610koB npaBobepexHoro pavioma, Ha puc.3 Gonec B kpynmHoM MacwTaGe CONoOCTaBAeHbl rpaduku
cMeltenHs GNOKOB M PEryNHPOBaHNA YPOBHS BOIbI B BonoxpanHnwte 3a 2000-2007 roas. Kax suano u3
NPEJICTABNEHHOTO PHCYHKA, NPH MOJBEME BOAbI B BOJOXPAHHIHLIE, HA pasioMe OokK COaMKAIOTCA, a npy
CHImiEHMH BOjbl HaoBopoT, pacxoastca. [lpuuuHa 3TOr0, MO HaWEMY MHEHMIO, 3aKTIOYaeTCs B
KOHQHrypauMy pasoMHbIX GNOKOB 104 OCHOBaHHEM MAOTHHBI M BOJOXpaHHHwWA. Kak H3BecTHO, pasnom
nagaeT B CTOpPOHY NpaBoBEepexHOro CKIOHa pekH noa yrnom 75-80° v BHLIXOAMT NOA NpaBoe KPbLIo
naoTHHE Ha oTmeTke 400 M. B cBA3M C 3THM, OCHOBHaA Harpyska BOJAOXPAHWJMINA MONAJAET Ha
BHYTPEHHHIA, NpupeyHtblii 610k. B cBA3M ¢ paznnyuHO# Harpy3koi Ha ONOKM OT BOAOXPaHHIIMILG PAdTHYHA U
AKTHBHOCTb CMellleHUs 3ThX 6s10kos. [Ipupeunsiii 6nok Gonee noapwien. Bo spems cpaboTku Boabi
BOAOXPAHKAHLUE OMOPONHAETCH, YTO B Harpy3skax Buipaxkaercs 8 500-800 muninoH ToHH u Gonee. B cuny
3T0r0, NpHpeYHbii 610K Gonblue BO3ALIMAETCA BBEPX, YEM BHYTPEHHUH, 3apasiomMHbIit 610k, Kak BuaHO u3
pHc.3, B Takux Cly4asx Ha pa3nome HaGMmomaeTcs pacxopsutee cmeiueHne Gaokos. Ilpu Hanonvenuw
BOAOXPaHHAHLLA, HAOGOPOT, GTOKH OCEAAIOT C PA3NHYHON HHTEHCHBHOCTBIO K MPOUCXOAWT UX CONMKEHHE.
B Teuenue rona pacxoxaeHue 610KoB Bcerna npesbiaeT ux cOanxerne. OcraTouHas neopmaums 8 Buae
pacxoxaeHus GMokoB OBYCNORMHBAETCA TeM, YTO HAMOJHEHWE BOLOXPAHW/IMILA NPOUCXOAMT ropasgo
GuicTpee, uem ero cpabotka. K ToMy e ciefyer OTMETHTDb, YTO MOCAE HANONHEHHS BOAOXPaHWIMILA H
CTOAHHA BOALI NOA HAMOPOM, PACXOXKAEHHH ONOKOB MPOAO/DKAIOT PAcTH, AHANOTHYHO TOMY, Kak B
No06HBIX City4anx, NO NOKA3aHHAM OTBECOB, BO3PACTAIOT FOPH3OHTATbHLIE CMELUEHHUA Tena MOTHHL [7].

Wrak, ociosHbie 0COGEHIIOCTH peakuHH pasnoMa Ha M3MEHEHHC Harpy3ku OT BOAOXPAHWIMILA

TaKoBbI:
1. obbiuio MakcuMmym nedopMaunH pacxoxaeHus O6nokoB 3anasabisaeT Ha 1.5-2 mecaua
OTHOCHTENbHO Ha4ana NoAbeMa BOABI, T.€. PACXOMAEHUE NpoaomkaeTcs 1.5-2 mecAua nocne
Hayana NoBbILLEHHS YPOBHA BOJbI.
2. ¢asa pacxoxaeHHA 6J10KOB NprMepHO 3 pasa aonblue hass! CONMKEHMS.
3. pacxox/erue NPOOJDKAETCA NaXKe NPH NOCTOAHHOM YPOBHE BOABI Kak B (paze MHHUMYMA, TaK U
B (hase MaKCHMYyMa.
4. pacxoxnenne npeobnanaer M HakannWBaeTcA, T.e. HabniogaeTcs CTallMOHAPHbIH KPHIT.
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Puc.3
I'padHKK OTHOCHTENBHBIX TOPHIOHTATBHBIX CMELLEHHHA 6,10K0B NPaBOGEPEIHOIO PasnoMa i UIMEHEHHA
ypoBHS BOABI B Bof0XpaHuuuLe 3a 2000-2007 rr s 6onee kpynHom maciutaGe.

Bee 3t daxTsl CBMAETENLCTBYIOT O TOM, YTO peakuus GIOKOBOH CTPYKTYphl Ha Harpysky He
ABAETCA IMHERHO-YNIPYTO H, YTO 3Ta CHCTEMA ABAETCA 1IeHHEHHOM: NoNHaA NedopMaLIHS, CKOopee BCero,
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cofepXHT B cebe Kak ynpyrue, TaKk M BAIKME W MII2CTHHECKME IEMEHTH (B PEONOrHM TaKyld CHCTEMY
unentuduumupyror ¢ tenom bioprepea).

®u3nueckue MexaHu3Mbl, BHAMMO, TaKOBbI:

1. naacTHueckas KOMMOHEHTA (HAKOMNEHNE PACXOMACHHA) CBA3AHA C JIECTBMEM TEKTOHHYECKHX
cun.

2. HecTauMOHapHa# KOMIMOHEHTA W acHMMeETPHA NedOpMaUM ANS HArpy3KW U pasrpy3kd MOXKET
6BITb CBA3aHA C MOPOYNPYTOCTLIO reosioriueckoi cpeabl. [1pH Harpyske HMeeT MECTO CHITOBOE
BLITECHEHWE MOPOBOro (ionna. 310 OTHOCHTENbHO OuicTpLid npouecc. [lpu pasrpyske
NopoBbie GIOHLI HAYHHAIOT ONATH 3AMOHATL MOPOBOE NMPOCTPAHCTBO, HO MOCKOJLKY CHIOBOE
neHCTBHE Mano, XHMAKOCTb BO3BPAWAETCA B MOPbI MPEHMYWIECTBEHHO MYTEM KOHBEKTHBHOM
anddysnn. Jinpdy3HoHHbIH Mpouece SBAJETCA JOCTATOYHO MEANEHHBIM W MHEPUMOHHBIM, 3TO
¥ MOXeET BbITb NPUYHHOH aCHMMETPHH AedOPMALMH MPH Harpy3Ke W pasrpy3ke.

Hcexons m3 rpaduyeckux NaHHbIX, B HHWXKEMPUBEJEHHOW TabnWue AaHbl YHCNEHHBIE 3HAYEHHA
OTHOCHTENbHBIX FOPH3OHTAIbHBIX PACXOKACHWH W cONMXKeHUH pasnoMHbIx GNOKOB fpH perynupoBaHHK
BOAbI B BoAoxpanunuue. Kak BuaHo 13 tabauusl, 3a 2000-2007 roast octatouHoe cMeuieHHe 610KOB B BHAE
pacxoxaeHua coctaBaser 1.3 MM, a B uesoM 3a 1974-2007 roabl gocturaer 5-6 MM (puc.2). C Hauei Toukn
3peHHS, C ITOM BEIHUHUHOMN C/IEAYET CHUTATLCR U HALIO CTAPATLCA €€ YMEHBLUNTS.

Tabauua
JIMHaMHKa OTHOCHTENbHbIX FOPH3OHTANbHBIX CMELCHHH 610KOB npaBoGepexHoro
pa3snoma 3a 2000-2007 rr no naHHbIM kBapuesoro aedopmorpada B CBA3K
C pery/iMpoBaHHEM BOAbI B BONOXPAHWIHILE
[ Tonw HimeHeHue ypoBHa Bpewms, mpn Cpennne Pacxoxae- OcrartouHoe
Habnioae- BOAbI KOTOpOM CKOPOCTH HHe cMeLieHune
Hui B fIPOUCXOANNO apu “ Gnrokos
(rr) BOAOXPaHHHINE HIMEHEHHE NOAHATHH W | cOnMKeHHe B BUAE
(M) YPOBHS BOAbI cpaboTke 610k08 pacxonaeHna
max-min-max max-min min-max BOJbI (Mm) (MM)
(cyTkun, mecau) | (m/B cyTku)
2000-2001 | 509.61-»400.00—510.28 | 217(7.2) 137(4.1) | 0.51 0.80 | 0.215 [ 0.045 0.170
2001-2002 | 510.28—412.15-510.31 | 261(8.7) 123(4.1) | 0.38 0.80 | 0.200 | 0.050 0.150
2002-2003 | 510.315410.04-—>508.90 | 222(7.4) 166(5.3) | 045 060 | 0.192 | 0.058 0.134
2003-2004 | 508.90—410.12—510.61 | 170(5.6) 168(5.6) | 0.58 0.59 | 0.194 | 0.074 0.120
2004-2005 | 510.61-—»410.39-509.78 | 228(7.6) 172(5.7) | 0.48 0.58 | 0.271 | 0.045 0.226
2005-2006 | 509.78—389.23—5510.84 | 229(7.6) 105(3.5) | 0.53 1.16 | 0.275 | 0.058 0.217
2006-2007 | 510.84—>414.72-5510,41 | 246(8.2) 155(5.2) | 0.39 0.62 | 0324 | 0.09 0.234
2000-2007 z1.251

Jlna  yMEHbLIEHWA PACTArMBAIOWIErO AEHCTBHA pPasnoMHbiX GJIOKOB NpH  peryiHpOBaHHH
BOJIOXPaHWJIHLIA BO MEPBBIX, HE A0MKHA ObITy GOMbLIAA PasHWLIA MEXY BPEMEHAMHM NOABEMA M CPabOTKH
BOAB! B BOZOXPAHWNULIC, BO-BTOPAIX, CNEAYeT COKPATUTh PA3HOCTbL NEPENana MeXLy MakCHManbHbIMH H
MUHUMQIBHBIMM YPOBHSAMM TaK, 4TOObI HE yMeHbMWiach 8bipaGoTka snekTposHeprud. Hcxoma w3
NPOBEAEHHBIX HAMH MHOrONeTHMX Habmonewud cuuraem, uyto mwin Hurypckoro sogoxpanunua
ONTHMaNbHAA PasHOCTb Mepenana ypoBHe# He NomkHa npesbiwats $10-440 M. B Takom cnyuae ropaspo
MeHbLIe GyaeT ¥ aMNInTyAa CMeLLeHus Tena NAoTHHeI (8, 9].

B 3aK/II04EHHE TaKOKE OTMETHM, YTO A0 HACTOALLETO BPEMEHH HE NOCTABNEHDLI NIPAMbIE HabMIONEHHS,
YTO6bI BBIACHNTL HACKONBKO CTabMIbLHO moBeneHuHe 3THX jke GnokoB BAoaL pasnoma. Beab u3sectHo, uTo
aMIVINTY1a CMEILeHHA GIOKOB B0/ Pa3ioMa no reoMopONOrHYECKHM AaHHLIM paBHsnacsk 30 M [2].

B 2000 r B koM 6noke painoma 6bl1H yCTaHOBNEHbI OGPaTHEIE OTBECH, KOTOpble GUKCHPYIOT
a6CONMIOTHBIE, HO HE OTHOCHTE/IbHBIE CMELUEHHs 6I0KOB. IHTEPECHO OTMETHTD, YTO H MO MOKAIAHHAM ITHX
OTBecOB npupeuHbifi Gnok Gofee MOABIKEH NPH PErYAHPOBAHMH BOAOXPAHHIMILA, YEM 3apadnoOMHbIMA
6nok[10]. 310 OGCTOATENLCTBO MOATBEPIKNAET HAL BLIBOA O HEOOXONMMOCTH MOHWTODHHIE panoMa H
MPUHATHS MEP 1A MOBBILUEHUA CTAGHABHOCTH (hyHAAMEHTa NAOTHHBI.
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B Gynywem, ecnn Gyner nosaepkka co CTOPOHbI Avpekunu Hurypu I'3C, met niannpyem
nposeieHHe HaGNIONEHNIT C MOMOLLBIO 1a3PHOrO IKCTEHIOMETPa A HKCALHH NOBENEHHA GlOKOB BROML

pasioma.
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PE3YJIbTATBI JE®OPMOIPAGUUYECKUX HABJIOAEHN B 30HE
TMPABOBEPEXHOI'O PA3JIOMA HA TEPPUTOPHI APOUHOM IJIOTUHBI
WHT'YPCKOM I'3C.

Abamnnse B. ., Yeanase T. JI., Harypus T. A., Ko6axuaze T. B., UnaypeanT'. T.
Pedepar

[poseaet ananus 30-neTHero doTomatepuana ksapuesoro aedopmorpada (IKCTEH3OMETpa),
YCTaHOBIEHOrO B 30HE NpaBobEpeKHOro passioma, NMPOXOAALWEro noa ocHOBaHWeM nnoTuHbl HMHrypekoii
I'3C. YcTaHOBNEHO, YTO BKPECT NPOCTHPAHWR Pa3noMa GAOKM MCMbITHIBAKOT NOCTORHHOE OTHOCHTENLHOE
cmewieHne. Ecni 10 cO37aHMA BOMOXpaHWIMING Ha passiomMe Npeobiafanc Manoe, HO pacTArHBaroilee
CMELlEHHe, Mocsie 3TOT NPOUEce 3ameanuncs HO B Teuenwe 30 ner sce xe aoctur 5-6 MMm. B pabore
BbICKA3aHO MHEHHWE, UYTO 3TY BEMHYMHY MOXHO YMEHbLLUWTb €Cd COKpaTHTb GOMbLIYK pasHHMLY MEXIy
BpeMeHaMH MOALEMA M CpaboTku BOALI B BOAOXPAHHIMLLE Y YMEHbLUMTbL PA3HOCTb Mepenaaa BLICOT oT 510
M 10 440 M TaK ,4To6bl HE yMEHBLIMACK BEIPAGOTKA 3NIEKTPOIHEPTHM.

RESULTS OF STRAINMETER OBSERVATION OF THE RIGHT-BANK FAULT ZONE
ON THE TERRITORY OF ENGURI ARCH DAM.

Abashidze V., Chelidze T., Tsaguria T., Kobakhidze T., Chiaureli G.
Abstract

Analysis of 30-year photographic materials obtained by quartz strainmeter mounted on the fault zone
under Enguri dam is made. It’s established that blocks undergo constant relative displacements
perpendicularly to the spread of fault. Before the reservoir creation small stretching displacements were
mostly recorded, but afterwards this process became slower; during 30 years the total extension is 5-6 mm.
There is an opinion expressed in the paper that it can be possible to reduce this value if the difference
between the periods of reservoir filling and discharge is reduced; also the levels’ difference should be
decreased from 510 m to 440 m so that the generation of electricity should not be lessened.
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MO/JIHOHLIHPOBAHHBIA METOJ to

Kurosauu /.1, PesaznmBuau AJIL
Hucmumym 2eodusuxu un M. Hooua Téurucu, 0193, yr. M. Anexcuosze 1.

Hayuenne rny6HHHOTO cTpoeHHA 3eMnn — BakHas 3aa4a npu pasBelke Ha HeTb, ra3, pyabi npr
THAPOrEONOrMYECKHX H PErHOHaNbHbIX Hccnedosanuax. [Ipn 3ToM H3yualoTca (H3MYECKHE CBOHCTBE
pa3HbIX [PaHHU, BbIABAAIOTCA KOHTAKTBI, TEKTOHWYECKME HapyWeEHHR, DYAHbIE TeNa, ONpeAeNAloTCs
rAyGHHbI 327€raHKs CYILECTBYIOUIMX rPaHHLL B MOLUHOCTb 30HbI BLIBETPUBAHHA.

JInA peweHHs Bcex 3THX 3a4ay MPHMEHAIOTCA Pa3niyHble CEHCMMUECKHE METOAbI: OTPAKEHHBIX
BoaH (MOB), obwei raybuntoi Touku (MOIT), koppensunoHHbii MeToa npenomaénnbix sort (KMIIB),
obmeHnbIX npoxoaswux sonH (MOIIB), ray6unHoro ceficMuueckoro 3oHaupoaus (I'C3).

Hanbonee neranbhnie W TouHble ceficMHueckue meronst MOB u MOIT B page cny4aes he
NOIBOSAIOT HARENIIO Pa3BeNaTh OTPAXKANOLLYIO TPaHHLY W3-3a XapaKTepa 3To# camoi rpaHuubl. Jaxke B
cyu4ac HantKHOM PErHCTpauMy OTPaXEHHBIX BONH M3y4aeTcs TONBKO reoMeTpua rpaHHu. I'C3 noasonser
M3y4aTb FNYOHHHBIE CAOM W CKOPOCTH B HMX C OUEHb MAIOW CTENEHBIO AETANLHOCTH M TOYHOCTH, UTO
06yCNOBNEHO HCMO/IB3OBAHHEM HUIKWX HACTOT ¥ MAIOH ACTANBHOCTBLIO CHCTEM HabnoaeHu.

Metonom, HauGonee nosHo ofecneunBaOUNM ONpPeaesicHHe NPENOMIAIOWMX TPaHULL H CKOPOCTEH
PacnpoCTPRHEHHA BONH B HKX, ABageTcA KMITB, Ho npu 3TOM pelaroTca He BCE W3 NEPEYHCIEHHBIX BhilUE
38484 M HE BCIOAY C NOCTaTOMHOH TOYHOCTLIO. JTO BBI3BAHO ABYMA MpHUMHAMW: 1) HEAOCTaTOMHaR
pa3paboTaHHOCTh QHUINUECKHUX OCHOB METOfA; 2) B CONHBIX peavedHBIX YCROBUSX He BCeraa yaaéTca
MONY4aTh NOAEBbIE JAHHBIE BBICOKOrO KAYECTBA.

CywecTsyloT padiHuHple NO CTENEHH  CAOKHOCTH W TOMHOCTM CNOCOBH!  MOCTPOSHUA

npenomamiowmx rparuu. OnHuM 13 cnocobos onpesenenus NPEROMIIAIOWNX TpaHuL sBnReTcr cnocob to.
OTOT ¢noco6 NO3BONAET C JOCTATOMHO BHICOKOH HAGEKHOCTHLIO W TOUHOCTHIO BHISBHTL NPENOMAAIOLIHE
rPAHHLLI i BLIYHCITHTE CKOPOCTH PacnpoCTpaHCHHA BOAH B HuX. Ho ana atoro criocofa Tpebyrotea obe
BeTBH rogorpagos (pAmoii H oGpaTHbIi), yBA3aHHbIX Mexay coGoil 8o B3auMHO#M Touke T.
B nannoii Touke Mbt XOTHM NOKa3aTh, YTO MPENOMARIOULYIO [PAHUIY MOKHO ONpPenenuTh C
ROCTATOYHON HAAEKHOCTBIO H TOMHOCTBIO, €CIM HMEETCA TONbKO OAWH MOAHBIH roporpad, a BCTpeuHbit
TOAOTPAt HEMOAHBIN, HO MO HEMy YABETCA BBIMHCIHTB KaXKYLLYIOCH CKOPOCTS.
Tycts umeerca nByxcnoiivan cpema. CKOPOCTb PacpOCTpaHeHMS YNPYIHX BONH B BEPXHEM Cnoe
obo3taunm Vi, a B HikHem V,. Yron HaknoHa rpaHHusbl padsena cioés obosnauum wepes V. [Mpamoi
obpaThbtit rogorpadsl nycTh GYAyT t 1, 3 KaXyWIMECA CKOPOCTH, ONPEAETEHHBIE IO HHM, COOTBETCTBEHHO
V' 1 V. huh - 570 ryGuHL 3aneraHus NpenoMASIOILER FPaHULbI MO MyHkTamu B3puisa O u Oy, C
TIOMOLLBIO ITHX BEJTHYHH BBIYHCIHM oy, toy M .

to=2hcosi/V,

h,=h+xsin¥; V' =V, /sin(i+¥);, V=V, /sin(i-¥),

te=2(h+xsin¥)cosi/V, =2hcosi/V, + 2xcosisin ¥/ V, =t +x/Vy(2 cosisin¥)

Sty +X/V[sin(i+¥)-sin(i-¥)) =ty +x/V' -x/V =t-x/V"
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AHanoruwyHo ty = t-x/V-

A Tenepb BLIYHCINM 1.
t=t=x/Vy =ty +X/V"-x/V, = Zhcosi/ Vi + x sin(1 + ¥} / Vy =x(V" + V)/ (V" - V) = 2hcosi/ V, +

xsin(l + W)/ V, - xsinicos ¥/ V, = = 2hcosi/ V, + x sin ¥cos i/ V,

BBIXO/IHT, 4TO to= 2hcosi/ V| + x sin WYcos i / V; = (to + t2) / 2

A
T T
t
v
v
~
- ~
t | N
| >~
| ~~
| _,_._.-—-"‘> to2
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i — —_ e ———— -
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! /
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Tomyunnn cneayiowuii pe3ynsTar: eclii HMEIOTCA NosHble rogorpads! (npsmoii U 06parTHeIi), TO
IJIA HAXOXAEHHA to. npaMoii roporpad (f) o6pabaThiBaeTca KaKyweiica cKOPOCTbIO, BLIYMCNEHHOI C
noMowsio obpatoro (1) rogorpada (ckopocts V') # HaoGopor, ofparHsiii ronorpad obpaGatsisaetca
CKOpOCTBIO V*, KOTOpBIH BbIMHCASETCA MpAMBIM ( 1) ronorpadom. to NOAyYaeM YCpEAHEHHEM BETUUMH Lo,
Hip,Te to=(+tn)/2

Ecniu e uMeeTcs TObKO OAMH MOMHbIH roforpad, a ¢ NoMoLILI0 BTOporo ronorpada (Henonxoro)
YRAa€TCA HAXOXKAEHHE KKYLIEACH CKOPOCTH, TO H B 3TOM C/y4ae MOXHO HAN&KHO BHINENUTHL
NPEOMJIAIOLLYIO FPAHHLYY M BBIYHCIHTL CKOPOCTh B FPAHHYHOM Chloe.

3TOT pe3aynsTaT HaM NPEACTABAAETCA OCOGEHHO BaXHBIM ANA TakoH cTpaubl kak 'py3us, kotopas
XAPAKTEPUIYETCA CIOKHBIM Pebe)oM H  BLICOKOH MAOTHOCTLIO CENbXO3YrOMH, 4YTO He BCeraa
CMOCOGCTBYET MONYUEHHIO KAUECTBEHHOrO NOJIEBOTO MaTepHana.
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MOAUOHIIUPOBAHHBIN METOX t,

Kurosann /L1 , Pepasumeuian A.JL
Pedepar
B cratbe paccMaTpHBaeTcs MOAMGHLHPOBAHHBIN BapHAHT M3BECTHOTO METOAa to. [lokasaHo, 4TO
€C/H CYWECTBYET OAMH MONHLIH roporpad, a BCTpeuHbli ronorpad HENONHLIA, HO ¢ €r0 NOMOLUBIO MOMXHO

BBIYHCIHTb KXYLLYIOCA CKOPOCTb, TO B ITOM Cly4ae MOXHO C [AOCTATOMHOM TOYHOCTBIO MOCTPOMTD
NPENOMASIOLLLYIO IPaHHLLY ¥ OTIPEAE/THTb €€ NapaMeTpbl.

Modified variant of method of ¢,

Kitovani D.Sh., Revazishvili A.L.
Abstract
In the article is considered the modified variant of well-known method of to. Is shown that if
exists one complete hodograph, and oncoming hodograph is not complete, but with it help can be

calculated apparent speed, that in this case it is possible with adequate accuracy build refractive
border and to determine its parameters.
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HHTEPIIPETALMS FEQJIOT O-TEO®H3NYECKUAX JAHHBIX METOAOM
CEMCMOCTPATUI'PAOUH

Joxamu I'.T"., F'amkpeannze H.P., Tonrame C.A., Ynuunamse B.K., Mungeman ILIII,
Kupna JLK.

B npeacTaeneHHOH cTaTbe pacCMOTPEHbI BOMPOCH! HHTEPNPETAUNH FeOPUIMUECKHUX NaHHBIX METOAOM
ceiicMocTpaTurpadm, KOTOpbIH OBOMBHO YBEPEHHO MOKA3bIBAET MPOCTPAHCTBEHHYIO OPHEHTALMIO
0caflouHbix  QOpPMaLIMii, KCTOPHIO [EONOTHHECKOTO pa3BUTHA W, B pAAE Cly4aes, KOPPENfuMio
TEPPHTOPHANTBHO- Pa3obLUIEHHbIX pa3pesos [3].

HcnonbsoBaHne ceHcMOCTpaTHTpathH4ECKOTO METONa BO3MOXKHO MpPW COMOCTABAEHWHM pe3ynbTaToB
COBMECTHOM WHTEPMpETaUMH AaHHbiX OTpakeHHbiX BoJH (OB) u ofiweit rayGunnod Touxu (OI'T) ¢
JI@HHBIMH T€ONOrHYECKHX CKBKHH. [IpUHLIMN ceficMocTpaTHrpady OCHOBAH Ha Tex OGCTOSTENLCTBAX, YTO
metoabl OB 1 OI'T xapakTepu3yiOT NOCNEAOBATENBHOCTb FEOXPOHONOTHH, FA€ OTAENbHbIE TEONOrHiecKue
FOPH3OHTBI OCEAATH B ONPEAENEHHBIE HHTEPBA/ILI BPEMEHN.

[pocnexuBanne pa3nuyHbIX MOPGOCTPYKTYPHBIX FOPU3OHTOB H, COOTBETCTBEHHO, X XPOHONOrHYECKOE
CTpaTHPUUHPOBAHHE  CTAHOBMTCA  BO3MOMNHBIM  Ha  onpeaeneHHod  nnowaauw. Kak  npasurno,
CTpaTHrpaMHECKHE EIMHWUDbI BBIACAAIOTCA B [ABYX pPasMEpPHOCTAX — BEPTHKAILHOM (MOILHOCTL) H
FOPH3OHTANbHOM (NJIOWANL panpocTpaHeHua). Metonom ceiicMocTpaTHHKaLuKH Gonee YeTKO BBIAENAIOTCA
ue OTASARHLIE FOPWIOHTD], 3 0CAJIOYHBIE KOMIUIEKCHI.

Mo COBOKYNHOCTH NapaMeTpoB CECMHYECKHX BOJH (CKOPOCTb, ITHHA BOJIHbI, XapaKTEp OTPOKECHHA)
BBIAENAIOTCH CeHCMHUUecKue GatmansHbie eMHULbL, H NO 3TANOHHLIM 06pa3liam yCTaHABAHBAIOTCA MPaHHLIbI
MX PacnpocTpaHeHHsl, a TaKKe YCNOBMA CEAMMEHTAUWH B pa3nnuHblX paspesax. C 3Toi TOuKH 3peHus
ceficMocTpaTHrpadHs, B  ONpPEOESEHHOM  CMBIC/E,  aHANOTHYHA  CTPaTHrpadud, NPOBEAECHHOH
NAICOHTONONMYECKHMH METOAAMH, A€ YCTAHOBNEHME XPOHOJOTHW TPOW3BOAKTCA MO PyKOBOASLULMM
HCKOMaeMbiM.

CelicMocTpaTrrpadis NPOM3BOAMT, MO AaHHLIM [EONOTHYECKHX CKBAKHH, BbIAENEHWE peaNbHO
CyLECTBYIOLUX FEONOTHYECKMX CTPYKTYp, apean ero pacnpocTPaHeHWA W CTPaTH(HLHPOBAHHSA € yUeTOM
METO0B CEHCMOTOMOrpaHH H CEACMOCTPAaTHIPaduH CYLIECTBEHHO YTOUHAETCA reonoro-reorpaduueckan
MOfENb CTPOEHH 3EMHON KOPbl W BEPXHEH MaHTMM, NPOM3BOAATCA YCTAHOBACHWS CTPaTHrpadHuecKHX
NO3UUMI CEHCMHYECKHX ONOPHLIX W MAPKUPYIOWMX TFOPH3OHTOB M HX MJIOUIAAHOE PACNpOCTPaHEHHE .
Ucxopa w3 3Toro, cedicmocTpatvrpadisa NaeT BO3MOXKHOCTb YTOUHEHHA CKPBITHIX TEONOTHYECKHX
CTPYKTYPHBIX €AHHHLL H TEKTOHO-T€00rHYECKHX MPOLIECCOB.

Ha ceroiHAWIHAA A€Hb COMOCTaBNEHHEM, NPOBEAEHHBIX Ha TEPPUTOPHHM [PYIUH rEONOTHYECKHX H
reopH3NHECKUX HCCICAOBaHMii W HX WHTEpnpeTaudeil HOBEHUMMM METOQAMH, COCTaBJIEHBI CEHCMO-
reooruyeckMe paspesbl, MPOBEACHHbIE BIOAL M MOMEPEK reosorudeckux CcTpyxTyp Kaskasckoro
MPOCTHpPaHHs, KOTOPbIE AAIOT KAPTHHY OCanKo-HaKoMLIeHHA B Gaccefite ceaumenTauny [1-7].

Jins peuleHHs BOMPOCOB, CTONb XapaKTEPHbIX ANA TEPPMTOPUH I'py3uH, NOKPOBHO-LIAPAKHOM
TEKTOHHKH, XOPOWO paciMpOBaHHBIE CTPYKTYPbl MCIONB3OBaHBI VIS PaciuMpoBKH MeHee AETATLHO
H3ydeHHBIX CTPYKTYP.

[MocTpoeHue ceHCMOMOTHHECKHX Pa3pe3oB H HX WHTEPNpPETalMA NPOBENEHa METOAAMH, KOTOphie B
KOHKPETHBIX YCOBHAX Gonee HHpOpMaTHBHbI. B 4acTHOCTH, GNH3KHE K NOBEPXHOCTH rOPH3OHTHI (BKIIOYAA
OCajikM 30LIEHOBOTO BO3PacTa) B OCHOBHOM BbiaeneHbl no Merogam OB u OIT, a rnybxe nexawmne
FOPH3OHTBI- KOPPENALIOMHHBIM METOAOM NpenomMaextbix BoaH (KMIIB) (2, 4-7).

WHTepnpeTauns npoBefeHa B PE3yJbTaTe KOMIIEKCHOTO MOCTPOGHWA BPEMEHHBIX M [AYGHHHbIX
paspe3oB. BmecTe ¢ TeM, is yBeJMHEHHA, OCTOBEPHOCTH HHTEPNPETALIHH CEACMOreONOrH1ECKHX pa3pe3os
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BAOAL CEHCMOreoNormMeciinx NPOQit. YNTEHL RAPIKTCP HIMCHCHHA AHOMAILHLIX HOJCH: MarHUTHOro,

PABHTALMOHHOTO H ECTECTBEHHOIO 3, 1CKTPHUELCKOIO.

Jns  ceAcMocTpaTurpaduy  OCODEHHO  BLIJOIHD  KOMILICKCD!
X4PAKTEpHBIMM  YCTOBMAMM CEIMMEHTALMM W, WCXOJS M3 7TOrO, JIOCTYMHBL ANS  reogmsmudeckux
Mccnenopanmhi ¢ aerko pacwmudpupyeMbiM BOsHOBLM noneM. B wactiocty, 8 ceficMocTpaturpadmy c
YCTIEXOM MOAKET GWTb HCNOL30BaH KOMILIEKC OC3AKOB, CBA3AHHLIX C OC3fIKaAMK CAPMATCKOro BO3pacTa.
JTOT KOMILIEKC XBPAKTEpHIYETCs GOJLWMM PacripocTpaHeHHeM B JENpeccHoHHol nosnoce Boctounois
Tpvsut M, B OCHOBHOM, [PEACTABACH [HHACTO-NIECHANHCTLIMY OTNOKEHUAMH, XOPOLIO BblACASIOWMMICA
meronamu OB u oTnmuaoummucs ocobernoit mopdocTpykTypofi. Komiuieke oTnoxennli cpeasero soueta
8 JOuHOH Kaxeru saneiaer riyboKo H ero BbLAEIEHHE OT HUMHEIOUEHOBLIX H NATCOLICHOBbIX OTIOKEHHH H
XZPaKTEPACTHKZ 110 BONHOBOMY MO0 HEOAHV3HAYHA. OQINOXKEHHI MEOBOTO BO3PACTa B MEKTOPHOH
AENPEecCHU pacnonoieHsl 10BOTbHO ryGOKO M UX MPOCIEKHBAHME METOAAMH CEHCMOPA3BEAKH OBOJILHO
3aTpy.aHMTENbHO. CYLUIECTBOBAHME 3TANOHHBIX 00PA3LOB, NONE3HLIX A1 CEHCMOCTPATHIPAPHH, OTMEYEHO B
Kaprauickoli 1enpeccun. 410 C ONpeacieHHbIMA NONPaBkaMH MOMYT ObiTh HCMO/IB30BaHBl W Muia
Kaxernuckoro peruona. Ha repputopun Kaxern noppupurosas ceura 6atiocca no meroaam OI'T u KMIIB
0/HO3HAYHO HHTAE HE BbAENAETCA, NOCKONLKY, PACMIPOCTPAHEHHBIE TaM OCAAKH XapaKTEPH3YHOTCA BLICOKHM
k03P Tam Norno H, MOJTOMY, NpenOMACHHbIE BONHLI He obpalyilorcs. Boisenenue
nophuputoBoit CcBHTH bafiocca NPOH3BORATCS KOMILIEKCHBIMM METONaMH, FAe OCHOBHLIM SBIAETCA

maruuTopassenxa [1-5, 7).

B npeaenax Kaxerw 413 ceficMOCTPaTHIPaQMH 3TANOHHON MOXHO CYMTaTh CkBaxkuHy Xupca 1, rae
J0BOIBLHO XOPOLIO YCTAHOB/EHL! MOLUHOCTH OCaO4HBIX GOpMauHil 1 UX DH3HYECKHE napaMeTpbl.

llo nauubM cxkBa¥MHL XMpca-], BHINENSIOTCA TPH XOPOWO CTPaTHGHLMPOBAHHBIX KOMIUTexTa: |
axvarun-anuwepoHcknii T.H. Anasauckas cepua, 2 MHoT-noHT (LLInpakckas cBuTa), 3 KOMILIEKC pHPOreHHBIX
M3BECTHAKOB HIXKHEro Mena W epxued topbi [3]. o ceoeo6pasvoii koHPurypauuu B ckBaxuHe XHpca-|
BbienseTcA  ceficMocTpaturpaduyeckuii  KOMMIEKC PHOOreHHBIX H3BECTHAKOB, XapaKTepH3YHLIWXCA
OTHOCHTEJBHO  32BLIEHHBIMY  3Ha4eHnaMH  Guinueckux napametpos. Kommiexc  matmposam
QiayHICTHYECKH, 0CaAKOHAKOMIEHHE NPOMCXOAWNIO B kpoBie nopdupHTOBOi cauThl Galocca B Gacceiite
narynuoro Tina. OTMeueHHbie pudoreHHbIE HIBECTHAKM CHUTAIOTCS XapaKTEPHbIM OMOPHBIM FOPH3OHTOM
s Beeh Kaxern.

HarnsgubiM NpuMepOM HCNOLIOBAHHA CEHCMOCTPATHrPadHUECKOrO METONA, AIA CTPATHHHULIMPOBAHHA
CelCMO-TEOIONMYECKOro Paspe3a, ABAAETCA CKBAKMHA Xupca-1, kOTOpas HCMOABIOBAHA NAA pPeLIEHHs
BOMIPOCa HAEHTHOHUKALMK BLISBNCHHBIX PHGTOBLIX HIBECTHAKOB Ha FNYGHHE 2.5 KM, H MONOMLIX OTIOKEHHi
puTOBLIX  M3BECTHAKOB, T.H. ,KPacHOKO/NONCKHX,, M3BECTHAKOB B 3OHE BOCTOYHOTO MOrPYXEHHS
Hnerombopekoro xpebra. Bompock: npoucxoxaenna , KpacHOKONOACKHX ,, MIBECTHAKOB, YCTAHOBIEHHE
MECTa B CTPaTHIPadHYECKOM paipe3e NO0BOLHO AETANbHO paccMoTpeHo B paGote [3]. C TOYKH 3PeHHS
reOTeXTOHHKH M eOMOPPONOrMM CYLUECTBOBAHHE MOUIHBIX CKOMNEHWH PHOOrEHHLIX W3BECTHAKOB
cuutaeTca napaaokcoM. B paGote [3] ormeueno, uro ,Kpacwokonoackue” wIBeCTHAKW ABIMOTCA
TEpeAHAMH MUHHATIODHOrO pasMepa, BO3PACT HX NEPBOHAYANLHOrO MPOUCXOKICHHA — IOPCKHHA, B
CTPaTHrpaduueckoM palpese HbiHelHee MONIOKEHHE AB/AETCA Pe3yALTATOM AMANHPHUUECKHUX MPOLIECCOB,
BO3AEACTBHA TEKTOHHUYECKHX M MPaBUTALIMOHHBIX CHII 06YCNIOBACHO BITMHHBAHMEM B 0CAAKAX MHOT-TIOHTA.

OCaliKOB, KOTOPLIE OTAHYAIOTCH
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Ha puc. 1. npeacTasneH CEACMOTEONOTHYECKHIA Pa3pes MEXAY CKBakunamy Kywucxesu u Xupca, rae
M0Ka3aHo, 4To 3ananHee ,,KpaCHOKONOCKHX,, UIBECTHAKOB PacipoOCTpaHenye BEPXIEIOPCKUX H3BECTHAKOB
orpaHudeHo ry6uHHbM patoMoM. Ero peanbHocTe n0Ka3aHa nposenexnuiy g Kywucxesn u Cabatno
reogpusnveckumu npopunamu [3]. )

puc. 2.

Ha puc. 2. noxasaHa 6110k-1MarpaMma BEPXHEIOPCKHX M HHXHEMEIOBBIX OTNOXEHHH, KOTOpad 3aHHMaeT
ofwmpHyto nnowans. [lokasaHa Mopdonorus MowHo# nautel (2100 km?), kotopas yka3biBaeT, 4To
OCHOBaHHE MJIMTBI PACHIONOKEHO Ha NEHEMTU3HPOBAHHOM MOPEM TFOPHIOHTe (KpoMe MOAHATHA Ha (50-150)
M B rOXHOH uactH). Ha 6a0okanarpaMMme yOeqHTeNbHO BbLOENSETCS PENMKT NAneOTEKTOHHYECKOH 30HbI —
BOCTO4HOE npopomkeHue I'arpa-JbxaBckoi 30HbI.

To AaHHBIM ceicMO M MarHNUTOPa3BeaKH Nog ,,KpacHOKONOACKUMH™ H3BeCTHAKaMM Ha rnyGuHe (2.0-2.5)
KM YCTaHOBNEHO CyulecTBOBaHWE WX aHanora. Ewe Gonee rny6oko nox stumu ocankamm npencrasneqa
nop¢uputosas ceuta Gaiiocca — BOCTO4HOE npoaoxeHre arpa-JlxaBckoii 30Hel.

B ceiicMoreosiornyeckoM pa3pese MO  XapakTepy BOJHOBOTO MONA MOXHO 3aK/IOMHTh, YTO
,,KpacHOKoM0aCKHE” H3BECTHAKM W PAaCNONOKEHHbIE B CkBaXKMHE XHpca-1 u3BecTHAku (d=1750M) sansioTes
aHAIOrMYHBIMH  OpMaLMAMH M CTPaTWUrpauuecKoe NaTHpOBaHue (l0pa) AOMKHO MPOH3IBOAMTBCSA
aHanornyHo. [o pacnpoCTPaHEHWIO CEHCMMYECKMX BOMH W XapakTepy OCaAKoB MOXHO OTMETHTb, UTO
pacnpocTpaHeHHbie B KaxeTH pHOreHHble HIBECTHAKH aHANOTHYHbLI W3BeCcTHAKAM Paua-OceTH, a 310 naeT
BO3MOXHOCTb ~ YCTAHOBJIEHHA  HMX  BO3pacTa M YyKas3blBa€T HAa  LUMPOKHE  BO3IMOXHOCTH
ceficMocTpaTHrpaduueckoro METOAA.

C HMCroNb30BaHMEM CEHCMOCTPAaTHrPaU4ECKOro METOAAa COCTaB/EH CelicMOreonoruyeckuii paspes no
npodumo Jlucu-Aywern. Paspes noctpoen no matepuanam KMIIB u OI'T.

B ceiicMoreonornueckom paspese Jlucu-[lywery anTodaumanbHOe CTPOSHHE M BOIPACTHBIE YPOBHH, B
OCHOBHOM, YCTaHOBJIEHBI NO [AAaHHLIM T€ONOTHYECKMX CKBaxMH Jlucu-1 u Buumunga-1. OtMeueHHble
CKBXKMHBl OTHOCHTEAbLHO HErny6okue, pacCTOAHUA MEXAY HHMH HOBOALHO GONMbIUME M HE AAWOT MOMHYIO
KapTHHY FeONIOrMYECKOro CTPOSHHS 0CaJOuHbIX (IOPMALMii B CEHCMOreonornyeckom paspese. BHyTpeutas
TEKCTypa CTPaTMrpaM4ecKHX CBHT B MOJIOCE MEXFOPHOW [AENPECCHM HMAEHTHYHO OTPAKAETCA B
nposenennblx HMapaensckoii ¢upmoii UKX-97 uccnenosaunax. B uactHoctv nHa npopmune MKX-97-10,
NPOXOAAILEM BO/b MEXTOPHOH AEMPECCHOHHOH YacTH H CTPATHUrPaHHECKH MPUBA3AHOM K AOBOJILHO
rny6uHHBIM  reonorndecknM  cksakuiam Ilunaucn-1 m  Kuumuck-1, wuHTepnperaums nposeneHa
cTpaturpapuueckum MeTonoM. Co CBOEH CTOPOHBI, HCMOb30BaHWE CTpaTHrpadHueckoro Meroaa ams
npodwneit Jlucu-Iywern u MKX-97-10 onpasnana, T.k. B NONOCE MCKIOPHOW AENpPECCHH XapakTep
OTpakeHHbIX BOJIH Ha 3THX NPodPHNAX WaeHTHYEH (puc.3)
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HHTEPIPETAIIMA 'EOJIOIO-T'EO®HU3HYECKHUX JAHHBIX METOAOM
CENCMOCTPATUTPA®HH

Joxaum I'.T'., Famkpenunase H.P., Fouragze C.A., Ununnanze B.K., Munpenn ILLLI,
Kupna LK.

Pedepar

B npeanoxeHHOM cCTaThe BHMMAHHWE 3a0CTPEHO HAa CPAaBHHTENBHO HOBOM B TreO(pHIMYECKHUX
MCCNEAOBAHHAX-CENCMOCTPATHIPAPUUECKOM METOZE, YTO [aeT BO3MOXHOCTb M0BOJLHO Y6eauTenLHO
OnpeAeNATs OPHEHTALUIO OCANOUHBIX (POpMaLIHii.

B npenenax KaxeTu, misa ceHcMocTpaTH(MKALIMH, 3TATOHHON CKBaRXHHOM CuHTaeTca ckBaxkHHa XHpca-
1, 110 JaHHBIM KOTOPO# M NPOBeEHO CTPATHHHUHPOBaHHE ,,KpacHOK0I0ACKHX H3BECTHAKOB.

poeenetHbIMM UCCIEAC B palpese, NO BHAYy CEHCMHYECKHX BOJIH, YCTaHOBMEHO, YTO
,»KpacHokononckue” wW3BecTHAKM M pacnpocTpaHenHbie B Paua-OceT  M3BECTHAKM  SBARIOTCS
aHANOTHYHBIMH  (OPMALMAMM OQHOrO BO3PaCTa, 4YTO YKa3LIBA€T HA BOIMOXKHOCTb MPHUMEHEHHA
celcMOCTpaTUrpadHUEcKoro MeToa B LHPOKOM MacLuTabe.

INTERPRETATION OF GEOLOGIC-GEOPHYSICAL DATA BY THE
SEISMOSTRATIGRAPHIC METHOD

Jashi G., Ghamkrelidze N., Ghongadze S., Chichinadze V., Mindeli P., Kiria J.
Abstract

Comparatively new geophysical investigation is underline in the presented paper. This method -
seismostratigraphic give us possibility to determine orientation of lithologic associations rather convincingly.

Holding investigation along seismic section show that , Krasnokolodski” limestone and Racha-Oseti
limestone form the same structure of the same age. This indicates to the possibility of application the
seismostratigraphic method in the wide range.
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dobgog bopasl agogobogols 0blGodgHelb Ahmdgdo, @. LX, 2008
Transactions of Mikheil Nodia Institute of Geophysics, vol. LX , 2008
Tpyasl HUncTutyTa reodusukk um. M. Hoawa, 7. LX, 2008

FJTIYBUHHOE 'EQJIOr O-rEO®HU3NYECKOE CTPOEHHE ITPO®UJIA JIUCH-
JYIETH 10 TAHHBIM KOMILIEKCHBIX TEO®U3UYECKHX HCCJIENOBAHU

Tamkpennnsze H.P., Yeannse T.JL., Fonragse C.A., Ynunnagse B.K., Joxamu I'.T"., Munaenn
ILIIL., Kupua J.K., I'sannenanze T.A.

TMpodunb Jlncu-[ywern npoxoaut Baons neeoro Gepera p. Aparsu, oxpaTbiBaeT ydacTk Jlucw,
Bawnunxsapu, Jluromu, 3areca, Carypamo, buumunna, Mucakuuenu, Xuusanu.

CelicMOreoNorH4eckuii paspe3 NOCTPOEH NO MaTepHaiaM MPOBEACHHBIX Pa3Beno4HbIX pabor no
KOppeNsLUHOHHOMY MeToay npenomieHHbix BonH KMIIB (Tpect Ipysunedrereodusnka) u metony obuiei
rnyGunnodt Touku — OI'T (U3paensckas ¢wupma HKX-97). Kpome Toro, npu uHTepnperaund Obiiu
HMCMO/Ib30BAHbI MATEPHATLI A3POMATHHTHBLIX CbeMOK MacwiTaGos 1:50 000, 1:200 000, 1:2 500 000, a Taioke
rpaBuMeTpryeckoi cbeMku 1:50 000 maciutaba. CeiicMoreonoruyeckuit paspes, MOCTPOEHHbIR 10 AaAHHbIM
KMIIB, yTouHeH NaRHbIMH reonoruueckux ckpaxkuH JIncu-1 n buumMuHaa-1, Fy6HHbI KOTOPLIX HEBEIHKH K
HE BBIXOJAT 33 Mpenenbl CPEAHEIOUEHOBbIX OCaAKoB. PaccTofHMe Mexay CKBaXHHAMM CPaBHHTENLHO
60nbL0e H, CNEN0BATENLHO, HHHOPMALIMY O F€0NOTHYECKOM CTPOEHHH MEXTOPHOH JENPECCHOHHOH MONOCH!
Her.

Jing ycTaHOBNEHHA CEACMOre0NOrH4eCcKoro palpela AEMPECCHOHHOM YacTh npoduns Jincu-Iywerw
Obin ucnonblosaxsl npoponsHele (MKX-97 - 09,10,11 u 17) u nonepeunbie (MKX-97-12,13,14,15,16)
npouiH, KOTOpble CTpaTHrpaduiecky NpuBA3aHbl K ckBaxkuHam LUuHauck-1 n Knunucn-1 (puc.l). Yuer
AaHHLIX 3THX CKBXHH HEOOXO0AMM 1A YCTAHOBNEHHA FYGHHHOTO CTPOEHHA NPOGHAS, T.K. ITH CKBRXKMHbI
XapaKTHPH3YIOT CTpaTHrpatHuecKuil pa3pes OT COBPEMEHHBIX A0 NaneoLeHOBbIX OTIMKeHUH [1,4,5].

Ha npodune Jlucu-JlyweTn nHTONOro-dauMantbHOE pacronokeHHe OCafodHbix  opmaumit
CXEMATH4ECKH MOXKHO NpPEACTaBHTL B ClElyloleM BHAE: | MNMHbLI, NECUAHUCTBIE [IMHBI, 2 YepeoBaHHe
NECKOB M [IMH; 3 MECYaHuKu W KOHrnomepaTel,; 4 KOHrIOMepaThl? CLEMEHTHPOBAHHBIE FHHUCTHIM
MaTepHaoM; 5 TOTHbIE W3BECTHAKM M KOHIJIOMEpATh C BIJIOYCHWAMM BYNKaHHTOB;, 6 Tydb,
Tydonecuanuku, Tydpobpexunu, nopgupHTLI; 7 MEPreinu, CAAHUEBATDIE FIKHBI, MEPreNUCTbie HIBECTHAKH; 8
H3BECTHAKH C PEAKHMH NMPOCNOAMH Meprenei W aprenuTos; 9 nnothbie nenuToMopdHble uipecthaky; 10
OUEHD TUIOTHbIE MPaMOPOBH/IHbIE H3BECTHAKH; 1 1. MarMaToreHHble MeTaMOp(HbIE NOPOABI.

Mowroctd u ¢usndeckue mapametpel (CKOPOCTb, MAOTHOCTb, MArHWTHas BOCIPHUMYHBOCTD,
YAENbHOE 3MEKTPHYECKOE COMPOTHBACHHE) B pape3e bonmee TOYHO YCTAHOBNEHBI 00 MANEOreHOBBIX
OT/IOKEHHIA.

[y ———) 1




Bo3pacTHble ypOBHH, BbIAENEHHBIX B CEHCMOreOOrMYECKOM pa3pe3e FOPHIOHTOB, B OCHOBHOM,
onpedesieHbl N0  NaHHLIM  CKBaXHMH Buumunpa w  JlucH, a Taloke C  MCMOML30BaHUEM
cefiCMOCTPaTHT paHUECKOTO METONA, HCNONL3YA CKBaXKHHHBIE faHHble LLInHaucH U Knunuen.
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Ha puc. 2. npencrasnen ceficMoreonoruteckuit paspes no npopumo Jiuck-Hywern.

MOWHOCTH COBPEMEHHBIX OTAOKEHHH BAOAL MPOQHAA MEHAIOTCH B AOBO/LHO GonblinX npenenax.
MMoa coBpeMeHHBIMH OTJOKEHHAMH B ckBaxkHHe JIMCH BCKPLITHI rEONOTHYECKH XOpOLIO AaTHPOBaHHbIE
CaMble MONOMbBIE OTMOXEHHS, MPEACTABICHHbIE MECUaHHCTBIMM TIUHAMH, C1aGOCLEMEHTHPOBAHHEIMH
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KOHFIOMEPATAMH, YEPEAOBAHHEM MECYAHWUKOB M IiHH. [10 NanHbIM CkpaxHHbI bAUMKHIA MOWHOCTS 3THX
oTNOXKEHMH 350M. M CpeaHas ckOpoCTb B HHMX (2.5-3.5) kM/cex. MHHUMYM COOTBETCTBYET daudecy rauu,
pacTer ¢ riyBHHOI M ROCTHraeT MaxCUMyMa B KOHrnoMepatax. CBUTA Ha4MHAETCA Ha CeBEPE, B IBYX-Tpex
KM oT Muxeta, koH4aeTcs y )KUHBAH, AaTHPYETCA MHOT-NIOHTOM H U3BECTEHA NMOA Ha3BaHHEM IlymeTcxou
CBMTBI.

B cxBaxuHe BuumuHasi, moa dyuwieTckod CBMTOH BbIAENAIOT uepe]OBAHHE NECUAHHKOB, TIMH ¢
KOHIIOMEPATOoB C MOWHOCTLIO 1o 1000 M, v=(2.8-3.6)km/cex, naTupoBatHas BepxHHM capmaTom (N, $%. Co
CBOEHi CTOPOHbI OHa NEPEXPLIBAET CBUTY, CKOPOCTb B KOTOpOW MeHaercs ot (3.2-3.5)km/cexk mo (3.6-
3.8)km/cex, NpPEACTABAEHHAA  YEPENOBAHWEM  HEOJHOPOAHbBIX KpYTNOIEPHHCTLIX  NECAHHKOD U
KOHFIOMEPATOB. Cpenmm MOLUHOCTb ITHX OTAONEHHH (cpenHuii capmat N;S2) - (100-500) m. Otnoxenun
Hiknero capmata (N;S') 0THUAIOTCA KOMNAKTHOCTBIO M METaMOpdH3MOM. CPEaHAA MOLUHOCTL OTOKEHHIT
500 m.

C TOYKH 3peHHs CEFICMUYHOCTH, OTHONEHHA capMaTa NpEACTABAAOT Tena OCOOOH KOrepeHTHOCTH,
OT/IHYAKOTCA BLICOKOH YacTOTOMH CEHCMMYECKHX BOH C YAUTHHEHHBIMH (a3amK, 1aIOT XOPOLLIO OTpaXKalowne
ropusonTbl, OHM XOpOWO PacuNEHAIOTCA M BLIAENAIOTCA MO MApaMeTpam, YTO N4ET BO3MOXHOCTH
cTpaTHrpaHyeckoro npocnexusanus [1-5].

Ha nauanshoit yactu npoduna(1/3 uacts) Jiucu-Aywern suinensercs yepeaoBaHHe MATKHX NECYAHUKOB
H FTMHACTBIX KOHOMEPATOB. 3TO MHBEPCHOHHBIH Cnok (PH3nUYecKHe NapameTpbl-CKOPOCTb W MAOTHOCTB
3aHWKeHb O =2.25r/cm’, v=(2.2-2.3)km/ceK). OTH OTNOKEHHA W3BECTHbl NOJ HA3BaHMEM MAHKOMCKOH
ceuThl ( Py + N,’).

Mo reodu3n4ecKUM AaHHBIM OTNOXKEHMA ManeorcHa OQHO3HAYHO He BblaensioTca. OTNOXKeHHs
BEPXHEr0 30UEHA B CKBAXHHE JIMCH BCKPBITBI MO OTNOKEHHAMW MaHKONa, MOLWHOCTE KOTOPbIX
npubausntenbio 600 M W npeacTanneHbl CAabOCLEMEHTHPOBAHHBIMM TOHKOCIOMUCTLIMH [SIHHHCTBIMH
CnaHuamM, MECHaHMKaMH, ToacTocnoficThiMU TydobpekuuaMu, peako aprunuramu. B nutodauuanmbHoM
paspceae, Noy4EHHOM No ceAcMoToMOrpaduH, BuIaeNAETCA €10/ ¢ v=(3.2-3.5) kM/cek (cpeaHHit 30ueH PzZ )
MOLUHOCTL koToporo 450 m. B cksaxuHe Jlucu Ha rnybuxe 1700M BCKpbITa CBHTAa BYJIKAHOT@HHbIX
obpa3oBanuif, npeacTaBneHHbIXx Tydamu, TyonecuaHukamu, TyGobpekdHaMH, PEAKO APrHAHTAMH H
nopupuTamh (v=4.9 km/cek). MOWHOCTb CBUTBI IO MATHUTHBIM AaHHBIM 1000M.

B ceficMoreonoruueckom paspese NHTOGaUHANBHOE CTPOEHHE W (M3NYECKHE NApaMETPbl OTIOKEHHIt
TaNeoreHOBOTO W HHXKHEIOLIEHOBOTO BO3PacTa YCTAHOBNEHbI HeTOuHO. HibkHWi JoueH RomkeH 6biTh
NPEACTAaBNEH “EPELOBAHHEM TOHKOCIONCTBIX MECYAHHKOB M CNaHLEBbIX [VIHH, a MANEOLEH — YepeOBAHHEM
MEpreneh n H3BECTHAKOB.

B ceiicMoreonornueckom paspese npoduns Jlucn — Jlyweru, no Metony NpefoMIEHHBIX BOAH,
BbIJENEHbI OTNIOKEHHA, KOTOPbIE N0 CKOPOCTHLIM MAapaMeTPaM AENATCA HA JBE HACTH: BEpXHIOW v=(5.36-
5.4) xm/cex n HIKHIOO v=5.63km/cex. Paiaenetne oT0XKEHHI MO CKOPOCTHLIM MapaMeTpaM PaBHOLEHHO
cTpaturpaduyeckomMy painenenuio. B wactHocTw, BepxHWi Men, B OCHOBHOM MOCTPOEH H3BECTHAKAMM,
MEPrensaMi, PeAKO apruiHTaMH M XapaKTHPH3yeTCA MeTaMopguiMom. Ha 10kHOM cxioHe BepxHmii mMen
TIPEACTABNEH TOHKO M TONCTOCAOHCTLIMH (ULIEBLIMH OT/IOXKEHMAMH, KOTOPLIE XOPOLWO BBIAEANIOTCA MO
OF'T ¥ XapaKTHpU3yKOTCA MHBEPCHOMHBIMH (HIHHECKMMH napameTpamu (0 =(2.4-2.45) r/cm’, v=(2.6-2.8)
Km/cex).

TMon ornoxennamn menosoro Bospacta (d=2km) ocTasiuee N0 yHAAMEHTa NMPOCTPAHCTBO AOMKHbI
JANONHHTL HOPCKME OTNOXKEHHA — MAOTHbIE [IHHHCTbIE CNAHLbI, NECUAHHCTblE M3BECTHAKH, BblAeseHHE
kotopsix no KMIIB satpyautentHo. HX BbiaeneHne BO3MOXHO METOAaMM MAarHWTOPasBEAkH, T.K.
nopupuTosas cBuTa Gafiocca o6nanaeT BHICOKHMH MAarHHTHBIMH CBOMCTBAaMH. [loBepxHOCTH oTpakeHH#
OTJIOKEHHH HWXKHEFO Mena nNo BCEH ANMHe TNYOMHHOTO paspesa TPAHCIPECCHBHO 3aleratloT Haa
pacnonoMeHHbIMH NOL HUMH OTPAKAIOLUAMY MOPOAAMH — HA BYIKAHOTEHHBIX OTIOXKEHMAX Baiiocca.

Mpodunb Jlucu-Jlywern oxsartsiBacT TpH reoMOPONOTHHECKHE EAMHMUBL 30HBI  AJDKapa-
Tpuanerckylo, Mexropiiod AenpeccHu h loxHoro cknoHa bonpmoro Kaekasa. IMpogune npoxomut B
yTeCHEHHOI MONOCe ITHX KOJLTH3HOHHBIX 30H. Ero Hayano oxsatbiBaeT BOCTOHHOE OKOHHaHWE Ajkapa-
TpHaneTckol UEHTPaNbHOM NOA30HEI, B KOTOPYIO MOTPYIKAIOTCA AHTHKIMHAPHbIE CTPYKTypbl JlucH #
Muxeta H pacnonoXenHble MEX(IY HHMHM CHHKAHHApHLIE CTPYKTYpb!. Ha ceBepe okono Muxera npoxomuT
HaBHr (FA€ OTME4EHa rpaHuua mMexay Amkapa-TpHaneTCKoR H MEeXropHOH AEMpECCMOHHBIMW 30HAMH).
Eiue cesepHee TekToHMueckas kapTuHa He coBceM AcHa {1]. popeaeHwe rpaHHLL MEXAY TEKTOHHYECKHMH
30HAMH NpoBNEMaTHUHO, XOTH BLIAENEHHE TEKTOHMYECKHX 30H € Y4eTOM ceHcmocTpatHrpaduu H
ceficMoToMorpaduu BoaMOXkHO. Ha mpodune CyliecTBoBaHHE BEPTHKAIbHLIX Pa3pbiBHLIX HapyLICHHA He
OTMEHEHO.
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i paspe3 npobuns ﬂucu-ﬂymem (macwrtab 1:50000), rae

Moctpoen ceiicMoToMorpaguuecky

H, KOTOpLIE B ONPEACNICHHOH MEpE

XOPOIUO BbIAENAIOTCA KOHTYPBI pacrpefeneHHs OCalOuHbIX hopMauM

OTPAXKAKOT KaPTHHY TEKTOHHYECKOro CTPOEHHA BAOb npo¢mm H XOpOLUO COrnacyroTCa C NpeaCTaBJICHHbIM

ceiicMoreosIoruueckuM paspesom. (puc. 3)

B craTbe paccMoTpeHbl BOMPOChI, NpeaycMoTpeHsie npoextoM rpanta NGNS/ST-06/S-069.
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IIYBUHHOE T'EQJIOTO-TEO®U3HYECKOE CTPOEHHE PO JIMCH-
AYUWETH IO JAHHBIM KOMIUIEKCHBIX TEO®PH3HYECKHX MCCJIEAOBAHUH

I'amkpeanase H.P,, Fonranze C.A,, Ununnamse B.K., Jxawn I'.I'., Mungean ILII.,
Kupua A K., 'Banuenanse T. A.

Pedepar

Moctpoen ceficmoreonornyeckui  paspes npoduns Jlven-[lywerd, rie BO3pacTHbie YPOBHH
BbIEEHHbIX FOPU3OHTOB, B OCHOBHOM, OMpEAENcHbl N0 AaHHbIM ckBaxkMH JlMcu n Buumunpa. Paspes
ceHcMoCTpaTHrpaduyeckn npueA3aH K ckBakuam LLunancu u Kuuncu.

[MocTpoen ceficmoromorpadmueckuit paipes npodmna Jlucu-Jlywern, B KOTOPOM ACHO BLIAENAIOTCS
MOWHOCTH M KOHTYPbl pacnpefeNeHus OCanoyHbix (OpMaUMii,  4TO XOpowo corjacyerca ¢©
celicMOreonornuecknM paspesoM.
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DEEP GEOLOGICAL-GEOPHYSICAL STRUCTURE OF LISI-DUSHETI BY THE DATA
OF COMPLEX GEOPHYSICAL RESEARCH

Gamkrelidze N., Ghongadze S., Chichinadze V., Jashi G., Mindeli P., Kiria J.,
Gvantseladze T.

Abstract

It is constructed seismogeological profile of Lisi-Dusheyi where age levels of the allocated horizons,
basically are estimated according to chinks Lisi and Bicminda. The profile is adhered to chinks Shindisi and
Kicnisi seismostratigraphicaly.

It is constructed seismostratigraphic section of profile Lisi-Dusheti in which capacities and contours of
sediment phrarmacy distribution are clearly allocated and it will well be coordinated seismogeological
section.
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Transactions of Mikheil Nodia Institute of Geophysics, vol. LX , 2008
Tpyas MuctuTyTa reodusukn uM. M. Honwa, 1. LX, 2008

HHTEPOPETALIMSA 3JEKTPOMETPHYECKUX NCCJIEOBAHHH,
NIPOBE/JEHHBIX B PAHOHE C.TOHEBUCKAPH

Joxamn I, T., Ognaasanse 1. T., 3apaanumsnan T.O., AmMunaxsapu 3.J1., Fenagze I'. I,
Peazumsuan A.JL.
Hucmumym I'eogpusuxu um. M. Hooua,

Anexcudse 1,0193 Téunucu, I'pysus

Mo 3akasy ,,[eomarunsecta ,, Ha Teppuropuu c. ['oHeGuckapn O3sypretckoro paHona 6Gbum
NpoBEAEHb! 3/IEKTPOMETPHYECKME WCCNENOBAHMA C LENbIO YCTAaHOBNEHHWS  PACTPOCTPaHEHMA apeana
KAOJMHOBBIX ITHH M WX (H3nYecknx napameTpos. HHTepec K H3yyeHnto OTMEUEeHHbIX FHH 0GycoBeH
TeM, 4TO C KaOJHHOBLIMH IMIHHAMH CBA3aHbI MECTOPOXKAEHHA PAcChINTHOrO THMA, 4acTO KOHAWUHOHHbIE,
ZIParoLieHHbIE H PEAKHE METANHYECKHE MECTOPOXKAEHNUA (TU1aTHHa, BobdpaM, TaHTan H T.0.).

B npupose pacnpocTpaHeHbi ITHHbI Pa3’HOTO THMA, CPEAH KOTOPBIX OCOGEHHO MPHBAEKATENbHbI
KAaoONHHOBbie THHLI. HX npoucxomaenne oGycnoBaeHO BbIBETPUBAHHWEM OCHOBHBIX NOPOA, X
BTOPHUYHBIM 3aMELLEHHEM, YTO , 0COGEHHO B KHCIO#i Cpefie, Bbi3biBaeT NOABAEHHE IMAPOOKHCIIOB XKene3a
¥ MpOLECC KAOMUHW3UMK. KaonnHOBbIE MIMHBI WMEIOT pasHble LBETOBbIE OTTEHKH: KHPMHYHOTO,
KPacHOro, TEMHO4EPHUYHOTO, CHPEHEBOrO M APYTHE, YTO 3aBUCHT OT XHMHYECKOrO COCTaBa OCHOBHbIX
NOpPOA W CTEMeHH BTOPUYHOrO 3aMellleHuA. KaoNKHOBbIE MIHHbI B OCHOBHOM NNACTHHECKHE IJIHHBI,
KOTOpble BO BA&XHOM Cpele Yepecuyp BOAOHACHIWIEHBI M BCIEACTBHE MEXAHWYECKOrO NEHCTBHA
npHHAMatOT Nobyo dopmy.

Tepputopua c. ToneGuckapu oporpadMyeckd AOBONLHO CNOXKHAA, B HAacCTHOCTH, Pa3HOCTb
TUNCOMETPHYECKHX YPOBHeH Ha 1,5kM., Ha yuacTke reoguauueckux pabor cocrasnsier  80M.
[eoTexTonMYECKM pPacnNpoCTpaHEHHBIE MOPOAB! HA OTMEYEHHOI TEPPUTOPHH MPHHALJIEXAT K BepXHEH
vact [ypuiickoli CBMTBI, B KOTOPOH BBIZENAOT CREAylOUIME FOPHIOHTHI: |.BbIBETpEHHBIE TYdbI,
AHAEINTHI, TPAXUTHI H HX [JIMHHCTBIE NPOHCXOKAECHHA. 2. HEHIMEHEHHBIE Ty(bl, aHAE3NTBI U TPAXHUTHI,
3.nuTonoruuecku HepacuneHéxnuble nopogs! [1,2,3,4].

Beneacreue nposengnnbix reodpusnueckux pabot yctaHoBneHo, 4TO AnddepeHuMaLa OTMEUEHHBIX
NOPOA NO YAENLHOMY JEKTPHHECKOMY COMPOTHBIIEHHIO JOCTATOYHO KOHTPACTHasi, YTO W OmpeaenseT
3 pekTUBHOCTL reoH3nuECKHX (INEKTPOMETPHUECKHX) UccneaoBaHmi. B pyann reodmusuyeckumu, B
YACTHOCTH, 3NEKTPOMETPHYECKMMH, paboTamMi TpOBEAEHBI 3HAYMTENbHBIE WCCNEROBAHWA M B
COOTBETCTBHH C KOHKDETHBLIMH H3bICKATENbHBLIMH 331a4aMKM YCTaHOBIEHbI: NHTOMOrMYECKHH COCTaB
pacnpeaenéHHbIX Nopoa Ha 06beKTe ¥ NPOXONALIHE B HHX IT30AMHaMHKu4eckue npoueccs [1,2,3 ]

C uenbio ompeneneHus nuTonoruyeckodl audbdepenumaunu M onpeneneHHs MOILHOCTH
PACMpPOCTPAHEHHBIX CBHT Ha TEPPUTOPHK C. [oHebHckapn ObitM ucnons3oBanbl reodusMyecKHe
UCCIIEN0BAHHA METOlAaMH  COMPOTHBJIEHHS MOCTOAHHOMY TOKY, B YacTHOCTH, BEPTHKAlbHEIE
INeKTpHuecKHe 30HAUPOBaHHS (BI3) 1 cHMMeTpHUHbIE nexTpuyeckne npodunrposanus (CII1).

[To manHeIM npoBenEHHBIX HcCneAC # Gbu1 cOCTaBNieH reoaneKTpHyeckuii paspes B mactutabe
1:10000 (pwc.1a). Io nonestim paGotam GbutH NOCTPOEHBI TPEXCAOTiHBIE KpHBbIE BD3 ( B 0cHOBHOM Q H
H tunos). Mo npopea&HubiM B myHirax 1-7 B33 —am  nonyueHsl Tpéxcnolinbie kpuBbie THMa Q, rie
MOLHOCTh nepBoro cnos  (p=800-1000 omm) B BocTouHOM Hanpasnenum or BD3-1 mocrenenno
ymenbiiaercs ¥y B33-7 nonocyercs B reoanexTpuueckoM paspese B TOpUIOHT C yMeNbHBIM
conpotuanennem 200-3000MM , pacIpOCTPAHAETCA N0 BCEMY TOPHIOHTY ¢ MAKCHMATHHOH MOLIHOCTHIO
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20mM. TFlo nawel HHTEpNpETaUMM OHAa COOTBETCTBYET pacnpocTpaHenuio Tydos. B  Havane
reoanekTpuieckoro paspesa (B33 1-7) u 8 konue (B33 10-17) 3Tn nocneanne nepexpuiThl ropH3oHTOM
BBLICOKOTO 3/IEKTPHYECKOrO CONpoTHBAEHHA (cooTeeTcTaenHO 800-10000mm 1 2000-30000MM.), koTopbie
AOMKHBI COOTBETCTBOBATH PACPOCTPAHEHHIO AHAEIMTOBOTO H TPAXHTOBOrO NOKPOBAOB

TFeo3neKTpUyecKUi paspes 'y
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Puc.1a,6,8. ['eoanexrpuyeckuii paspes 8 macwraGe 1:10000 (puc.la).

Brnonb Bcero paspesa, noutu Ge3 npepbiBaHMA PACNPOCTPAHAETCH FOPHOHT C  YAENbHBIM
aneKTpuueckuM conpoTubieHneM 40-50 omm ¢ MakcumanbHoW MowHocTIO 20M.,  KoTopas
COOTBETCTBYET KAOJWHOBBIM TNMuHaM. B kpusbix B33-ax 3TMx nocnesHux AoCTaTOMHO yGeaMTENbHO
BbIFIAAHT CPEAa BLICOKOTO COMPOTHBEHHA, IOCPEACTBOM BTOPHYHOTO 3aMELUEHMA  (KAONHHHIAUUK)
KOTOPOro NPOW30LLNK Ka0NHHOBbIE ruHbi. Ha puc. 16, nokazansl THNHuHbIE kpuBble BD3-0B , koTOpLIE
HaXO/ATCA B COMJIACHH C Fe0/IEKTPHUECKHM Pa3pesoM.

Puc. 1B noka3siBaeT pe3ynbTaTsl CHMMETPHYHOrO reoaeKTpHueckoro npoduanposanua (AB/2=25 M.
n AB/2=90 M. BIOJB TEO3NEKTPUYECKOTO Pa3pPe3a,KOHPUIypaLMs KPUBBIX NPOGHIUPOBaHUA
CrNIAXEHA M XOPOLLO OTBEYAET NPEACTABIEHHOMY I€03NEKTPHUECKOMY pa3pesy.

Ha ocHoBe npoBenéHHBIX reodu3MuecKHX uCCNeNoBaHMii Ha TeppHTOpHH c. [onebuckapu no
yHEeNbHOMY 3/1EKTPHYECKOMY CONPOTHBIIEHHIO CTAaNO BO3MOXHLIM YyCTaHOBIeHHE AHddepeHLHaumuu
0Cajlo4YHBIX CJOEB M YCTAHOBNEHME MOLLHOCTH OC3NOMHOro cnos. B reoanexTpHueckoM pa3spese
CPaBHHUTE/BHO CXeMATHYEeCKH MpEACTAB/IEHa MOP(ONOrUA OCHOBHBIX MOPOA B OCHOBAHHH KAOAMHOBBIX
FHH.

HHTepnperauna nonesbiX NaHHbLIX MPOM3BEAEHA KAK CTAHAApPTHbIM MAIETO4MBIM METOAOM/2.5/,

pe3ynbTaTsl KOTOPbIX YTO4HEHbl MPOrpaMMHbiM obecnevyeHHeM ,.capdep-6,, Tak M MPOrpPaMMHBIM
obecnevennem utepnperaunu B33 ,ipi2win” .
[Mo B33-aM MpOMHTEPNPETHPOBAHHBIM MONETOUHBIM CNOCOGOM M C HCMONB3OBAHHEM MPOrPAMMHOrO
obecneuenus ,,Capdep-6", Gbinu NOCTPoeHbI reodnekTpHYeckHe paspesbl (puc.2a.6.8.). KapTuhbl
reo3NEKTPHYECKMX Pa3pe30s, MOKA3aHHbIX Ha OTMEMEHHDBIX YEPTEXNax, B OCHOBHOM MIEHTHUHbI, OLHAKO
OHM PaINMUYAIOTCA APYr OT APYra MHTEPBANOM MNPOBEAEHHA HW300M, YTO OMNpEAenser  CTeneHb
paspewiatownedi CNOCOGHOCTH NP HHTEPNPETALIHH.
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Puc. 2a.

KoHdurypauus H300MOB YAENLHOTO 3MEKTPHYECKOrO COMPOTHBIEHHS HA MNPEACTABIECHHOM
re03NeKTPHUECKOM pa3pe3e pHc.2a MNOoKa3biBaeT , 4TO B Hayane npoduIs y AHEBHOMH

NOBEPXHOCTH
BbICOKOOMHas 00/1acTb OKOHTYpEHa NHHHeH H300M-7500MM. B LeHTpaIbROM HaCTH reo3neKTPHUECKOro
paspe3a BbIAENAETCR 30HA, OKOHTYPEHHas |S00M.M UIOAKHKEH, @ B KOHLE NPODHIIA 30Ha ,0KOHTYPEHHAs
3000-40000mm .

&
B DL
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Puc. 26.

Puc2.6. noka3eiBaeT, 4TO kapTUHA PAcPOCTAHEHHA BBICOKOOMHBIX TOPOA MO riyGHHE He ACHA, ONHAKO B

UCHTPANLHOR YACTH re03IEKTPHYECKOTO Pa3pela y AHEBHOW NOBEPXHOCTH TEHACHUHMA MX MPHOAHKCHHSA
3aMevaeTca.
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Puc. 28.

INocpeacTBoM npuUMeHeHHs mporpaMMHoro obecnedeHus ,,ipi2win”, koTopoe cnocofHO peLnTb
npsMylo W obpaTHyto 3anavy (mpobnemy) 1D, ans BepTHKANbHOIO NEKTPHHECKOTO 30HAMPOBAHHA Obinu
npou3seaeHsl nocTpoerns B33 u ux uutepnperauns. OBpaTHad 3alaya pelLaeTcAa C WCMONb3OBaAHHEM
BapMaHTa anroputva HbIOTOHZ ANA HaMMEHBLIEro 4HCNa CNOEB  HMANK MHHWUMH3AUMER anropuTMa
FOAIHOCTH YMOPAJOYEHHs, HCNONb3ys npubnxeHie THXOHOBA MPU PELIEHHH HEKOPPEKTHOM 3anaud.
MOXHO HMCMOAB30BaTh alpHOPHYK HHGOPMaUHIO O INYOHHE M YAEIbHOM COMPOTHBEHHH CNOEB A4
MHHHMHW3aLUHKHH IFOPHTMA FOAHOCTH ynopagoueHus. ObpaTHas 3afava pelnaeTcs ANA Kax0H KpHBOH
B33 cenapatho. Kpueas B33 cTpoutca B HHTEpBase 3a1aHHON TOYHOCTH H Pa3iiiHE OT TEOPETHHECKO#H
KPHBOH NaéTCs YHC/IOM, ONPELENiOUMM MOTPEWHOCTb, KOTOpad HaxoanTca B TpebyeMom “HCiieHHOM
HHTEpBAE.

Ha puc3a. ana B33-1 na seprukansHOH ocu B norapupmH4YeckoM Macilitabe HaHeceHbl 3HAYEHMA
YACABLHOrO 3MEKTPHYECKOrO CONPOTHBIEHHA, a MO rOPU3OHTAILHON OCH - NOJIOBHHA Pa3HOCA 3NIEKTPOAOB
(AB/2), T.e. pa3senounas rny6nHa MPOHHKHOBEHHS B TOrapudpmuyeckom macurrabe.

1 o 4 af

Puc. 3a.6.



Ha puc.3a.6.8.r. HaHeceHb! HHTEPTIpeTHPOBaHHbIe KpHibie BD3 (HenpepbiBHas nunus ) u TeopeTudeckas,
C KOTOPbIMM M IPOHCXOAHT cpaBHeHue HabnoagHHolt kpuok BO3 (senpeprisHan nuuus). Ha ueprexe
JIOMaHHOM JIKHWEHN BLIAENEHO KOJIMYECTBO MHUHHMATbHbBIX FOPHIOHTANbHBIX CJAOEB W OMPEAE/EHbl HX
MOLLHOCTH.

Puc. 3b.r.

TMocpencTsom pa3paBoTku aaHHBIX NPOrPAMMHBIMK NPOLENYPAMH CIPOMTCA [EOINEKTPHUECKHEl pa3pes
cootaercTBytowero npoduns. Ha puc .4 no nepssiv 1-7 BD3-am npeacTasien nceBao3neKTpHYecKkHii
Pa3pe3 KAKYLUErocs CONPOTHBIEHMA.
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Puc. 4 [lceBnoaneKTpHyeckuii pa3pes KKYLIEroCs COMPOTHBNEHHS.

Ha puc.4 no seprukanshoii ocu otoxeH (AB/2), a no rop3oHTaNILHOI OCK MecTa pacnionoxenus BO3.
Ha puc.4. pacnonoxenue W30MMHMIA NOKa3bLIBAET pACMpPEENeHHE KAKYLUErOCH CONPOTMBIEHHS MO
rnybuue. Paspes noctpoen ot nepsoro B33-a no ropuloHTantHoMy HaripaBieHuio A0 425M., rae
passenoyHan rnybuna konebnerca mexay 60-100M. Ilo oTmeueHHOMy Bbllle NPOrpaMMHOMY
obecneuekHio nocTpoeHue kpuBoii B3, nx uHTepnperauna u cocTasneHue reoaneKTPUUECKOro pa3pesa
8 Uncturyre reodmsnku Gbino npousseneqo snepebie. PesynbTaThl, nonydeHHble MO KJIACCHYECKON
(naneto4Holt) MHTepnpeTaunH [S] K C MCMONL3OBAHWEM NPOrPaMMHOrO OGECNeYeHUs, HaXomaTcs B
JOCTaTO4HO XOpoileM coriacki.B aanbHelimx anekTpoMerpuyeckux paboTax HKenaTenbHO BHEAPHTD W
MCNIOAL30BATL JAHHOE NPOrpaMMHOe obecneuenve.
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HHTEPNIPETALIUSI 3JIEKTPOMETPUYECKUX UCCJAEIOBAHUM,
MPOBEJEHHBIX B PAHOHE C. TOHEBUCKAPH

Toxawn I'. T., Oannasanie 1.T.,3apaannwsuan T.O, Amunaxsapu 3J1.,Tenanzel T'.,
Pesasumsuan AJL

Pedepar

Ha Tepputopun c.loneSuckapu O3ypretckoro paidoHa Gbiiv NPOBEACHBI INEKTPOMETPUHECKHE
MCCIEAO0BAHHA C LEMBIO YCTAHOBNEHHS PAcnpOCTPaHeHWs apeana KAONHHOBLIX MIHH M MX QHIMUECKHX

napamMeTpoB.
PesynbTatbl, nOMyHYeHHbIE NO KIACHYECKOH (NATETOYHOM) WHTEPNIpETaUMM W C HCMOML30BAHHEM

nporpamHoro ofecnedeHus ,,ipi2win” u ,,capdep-6,, HaXOAATCH B JOCTATOYHO XOPOLEM COTIACHH. B
DIbHENIKX INEKTPOMETPUYECKMX paGoTax  JKENaTeNbHO BHEAPUTh W MCMONb30BaTh  [aHHOE
nporpamMmHoe obecrieyerme.
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Interpretation of electrometric research in the area of the village GonebisKari

Jashi G.G., Odilavadze D.T., Zardashvili T.O., Amilaxvari Z.L., Geladze G.G.,
Revazishvili A.L.

Abstract

It has been carried out electrometric research in order to get information on the area of spreading
caolinic clays and their physical parameters in the village GonebisKari of the district Ozurgeti. The
results have shown, that the classic (paletic) interpretation of VEZ is in good coincidence with the
interpretation got via the computer programs ipi2win and Surfer 6.0 of the same data. It is good if there
will be used the mentioned computer programs in further works.
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dobgom bmmasl ggmgabagoel 0blFodGol dGmagdo, §. LX, 2008
Transactions of Mikheil Nodia Institute of Geophysics, vol. LX , 2008
Tpyae HuctutyTa reopusrku um. M. Hoawa, 7. LX, 2008

UCCJENOBAHUE BO3MOYXHOM CBSA3U MEXAY U3MEHEHUSIMU
SJEKTPOTEJJYPHYECKOI'O MIOJII U AKTUBANMENR
CEIICMOTEKTOHUYECKHUX [IPOLIECCOB C HCIIOJIb30BAHUEM
HNPHHIOHUIIA MAKCHUMAJIBHOI'O ITPABAONIOAOBUSA

Opnunnapanse JI.T., Amanarawsuau U.T., Tyr6epuase H.II.

Hucmumym Ieogpusuxu um. M. Hooua, Anexcudse 1,0193 Tounucu, Ipysua

AKTYaJbHOCTB NP00./1eMbl H HOBH3HA HCCJ/IE0BAHKSA

BuisiBieHHe BO3MOXHON CBA3H MEXAY H3MEHEHHAMH 3NEKTPOTENNYPUUECKOro MONA C MIMEHEHHAMH
cecMOTeKTOHHYeckuX npoueccos /1 ,2.3,4/ W Ha 5TOM OCHOBaHWM BbIAA4a MPEANONOKUTENBHOH
pekOMEHIaLuY Yepe3BoIYAHHO BaXKHO NPH BLIGOPE BPEMEHH M MPOAOMHKUTENLHOCTH YKPENHTENLHBIX PaGoT
34a1MH H CTPOEHHH.

B TIpysun, [ywertckoii reodbusnuyeckord nabopatopueii Hicturyta reodusuku 6bin  nposeneH
KpYr/I0CYTOMHBIH, MHOroNeTHUH MOHWTOPHHT JNIEKTPOTENNYpHUECcKoro nons /1/.

Hamu HCCegoBanach 3aBMCHMMOCTb  CBS3M  W3MEHEHWA BO BPEMEHH BEJNMYWHbI  WHTEBCHBHOCTH
3/IEKTPOTE/TYPUUECKOIO NOJIS C BENMYUHAMN MAIHHTYA Hecnabbix semneTpaceHui ana 1982 rona. [lsyx
TPEXMEPHOE BPEMEHHO-MPOCTPAHCTBEHHOE MpeacTaBneHHe MX (QyHKUMA M MCNONb30BaHME NpHHUMOA
MaKCMMaTBHOrO NMPaBAONOA06Us BbISBUIO HX BO3MONHYIO B3aHMOCBAIDb.

Ins nonoGpauHoii Hamu Tepputopuu [pysun, B kpyre or [ywern ¢  paauycom 150km.
NPOCTPAHCTBEHHOE MPEACTaBEHHE JaHHbIX 3IEKTPOTEUTYPHUECKOTO MOMA W NAHHBIX MArHHTYA BXHO ANA
OLIEHKH WX BH3YaJlbHO —KAYECCTBEHHOI CBA3N.

[paduyeckoe M aHATUTHYECKOE TNpeaCTaBleHHe BPEMEHHOH 3aBUCHMOCTH (yHKUMIA, ONHCBIBAIOIIKX
BEJTHYHHB! HHTEHCHBHOCTEH 9/IEKTPOTENTYPHUECKOTO MOA M MarHMTY/l 3eMJIETPACEHHI B COOTBETCTBHU C
NPHHLUHMIIOM MaKCHMaNbLHOTO MPaBAONOAOGHSA, BAXKHO JUIA METOAA CTCTHCTHYECKOH OLEHKH X CBA3H.

3HaHHE CBA3N M3MEHEHHA BENHYMHDI JNEKTPOTENNYPHYECKOTO NOA C MIMEHEHHEM BENHYMH MarHUTyA
He cnabbiX 3eMNETpPACEHWHt BaXHO AN YMEHBIUCHWA HEraTHBHbIX MOCHEACTBHI  BO3MOXHBIX
CeHCMOTEKTOHHYECKHX npoueccos /3/.

Llennlo uccnenoBaHHA ABAAETCSA
YCTaHOBJ/IEHHE BO3MOXKHOM CBA3H MEMNLY M3MEHEHHEM BEAHYMH WHTEHCHMBHOCTH 3NIEKTPOTENYPHYECKOTO
NOJISi MHOFONIETHUX MEPHO0B M H3MEHEHHEM BEMMYMH MarHUTYQ Hecnadbix lemnerpscennii /1,2.3/.

Huxe npeactasnensl MaTepuaiibl, rpadHuYecKM W aHaNMTHUYECKH  oToOpakaiowme pe3yntarsi
MCCNeN0BaHH, A8 HUX OLEHKA MPOBEAEHa C MCMOMb3OBAHHEM MPHHUMNA MAKCHMATLHOrO NpaBaonoaobus.

Hywerckoit reodusnueckoit obcepsatopuedi Muctutyra reodusukn AH [pysun /8 nocneactsru
HHctuTyT vMeHn Muxauna Hoaua / c1948rogpa no kowven 1980-biXx  MpoOBOAMNCA MOHWTOPHHT
3NEKTPOTENNYPHHECKOrO Nons , B (GOpMe exevacHbIX 3anucedl JaHHBLIX Ha Teanyporpamme. [anHbie
BENIMYHHb] HHTEHCUBHOCTEH LUMPOTHBIX U MEPMANOHAIBHBIX COCTAB/AIOIINX INEKTPOTELTYPHUECKOrO Nons
TI0 COOTBETCTBYIOLEMY UMCAY H MeCALY OGOPMAATHCH Ha CNELMANbHBIX GnaHkax.

BeanuuHa WHTEHCHBHOCTH COCTABIIAIOIIMX 3NEKTPOTENNYPHYECKOrO MOAs, H3MEPEHHBIX C MOMOLLLIO
B3aUMHO MEPMNEHIUKYNAPHO PACTIONOXKEHHBIX MPUEMHBIX 3INEKTPONOB, H3MEpANach B MB/KM, C
MOrpeLtHOChIO, He npeBbiaowei 0.3MB/kM.

BbiH Henonb30BaHbl MaTepHaibl, XapakTepH3yloLHue 3neKTpeTentypuyeckoe none 1982 ropa/l/.
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W3 xatanora semnerpacesnii Kaskasa 1982r. Gbinu B3ATh NaHHBIE 3HAYEHWA BENMUMH MarHHTYR
6oabiue eauumnpl ( M>1 ).

OCHOBHBIE NAPaMeTPhl MCCMEAYEMBIX  3EMIETPACEHHH  BBHIYMCNAIMCH, PaspaGOTaHHBIM  Hamu
nporpavmueiM naketom (HYPO-GM).

M nanHoro katanora noao6pany 3emieTpsceHms, Npouclueaiune 8 o6nacTu kpyra ¢ panuycom 150km
ot Jymetckoii reopusnveckoit o6cepsatopuy. Hamu Gbink BIATHI BENHHMHBI MArHMTYA C YHCNEHHbIM
3Hauennem M>2. [aniibie 2NeKTPOTENNYPHHECKOrO NOMS U MarHUTYA 3eMneTpacennii 6binu o6pabotans ¢
ucnonb3osanueM - Surfer(Win32) Version6.02-Jun1996.Surface Mapping System u  Microsoft Excel 97
.Microsoft Map Program.

Jannsie ans obpabotkn /6oneel 7000/ 6binn BseaeHbl B komnbioTep H 06paGoTaHbl KOMMBIOTEPHBIMK
nporpamMmamu Surfer u Excel.

Mporpammoit Surfer Gb1LAM NONYHEHbI EXEMECAHHBIE BPEMEHHO-1IPOCTPAHCTBEHHBIE ABYX M TPEXMEpHbIE
KOMNbIOTEPHbIE PAatUKK PacnpeencHiA BPEMEHHO-NPOCTPAHCTBEHHbIX OCOGEHOCTEH HMHTEHCHBHOCTH
InekTpoTeanypuyeckoro noaa (Puc.1,2,3,4.).

flporpammoit Excel  nocrpoeHel  rpagukW  3aBUCMMOCTH  MHTEHCHBHOCTH  COCTaBAIOINX
3/IEKTPOTENIYPHUHECKOrO NOS OT BPEMEHH AN KAXKAOrO 4aca AaHHOro roja. bulik nosyueHsl nonHHOMHbe
(yHKUHH ,ONKCHIBAOLLME COOTBETCTBYIOWME rpadukd, WX AoBepseMOcTs no oueHke R-squared values
HaxozHTcs B npeaenax 0.4 ao 0.56.( Puc.7,8).

M3 katanora semnerpsceHnit KaBkasa nporpammoit Surfer 6ban ob6paGoTannsl ans 1982 roga naunbie
MarHuTyA 3emneTpacesni Gonblue eanHuUbl (M>1), Gblnn nonyyeHvl ABYX M TPEXMEpHble rpaduku ( He
NpHBOAATCA) .

INporpammoii Excel 6binn noTpoensl rpaduky 3aBucMMOcTH Kaskasckux semnerpscennii ¢ M>1 ot
BPEMEHH [NS KDKAOrO Yaca NaHHOrO rofa. buinu nonyueHsl nonuHomHbie GyHKUMM, ONMMCbIBaKOLLME
COOTBETCTBYIOILHE FPpadHKK, MX A0BEPAEMOCTb no oueHke R-squared values HaxoauTtcs 3a mpeaenom
TBICAYHOrO MOPAAKA.

IMo Toit e MeTonoNOrMH 06paboTaHbl 3eMIETPACEHHSA, NPOUCLUEALIME B Kpyre ¢ paanycoM |50km. oT
Nywetn v marnuryno#i M>2. [lporpammoit Surfer ans HWX GbliM NOCTPOEHbI ABYX H  TPEXMEPHbIE
KOMNbIOTEPHbIE rpadukK ( NpHBeaeHb TPEXMepHbIe rpadku Puc.5,6) .

Mporpammo# Excel 6binn nocTpoeHsl rpadku 3aBUCHMOCTH 3emneTpsiceHuii ¢ M>2 oT Bpemetu aia
kakaoro 4aca 1982 ropa. Buina nonyueHa nonMHOMHas (yHKuMs —COOTBETCTBYIOWEro rpadmuka , ¢
ZIOBEPAEMOCTDHIO NO OteHke R-squared values ve menee 0.33.

AHanu3 3THX HeTHIPEX NepeMeHHbIX ( ABYX COCTaBAAIOWMX 3NEKTPOTE/TYPUHECKOTO MOAA W ABYX
Maruutya npy M>1 nna scero Kaskaza u M>2 ana 150 kM kpyra ¢ uentpom B [lyweTtn) nan Ham
BO3IMOXKHOCTb 3aKNIOYNTh, YTO M3MEHEHHE COCTABNAIOLIMX INEKTPOTENTYPHUECKOTO NMONA M HIMEHEHHE
MarHuTyn  Jemiaerpacenuai ¢ (M>2) soxpyr  Jlywern Ha pacctosHun 150KM. B 3aBHCHMOCTH OT
BPEMEHH ONMCLIBAIOTCA OJHOTHMHLIMK NOAHHOMHLIMM YPABHEHHAMH WECTOrO MOPAAKA , ANS KOTOPbIX
3Hauenns R-squared values naxoastcs 8 mpenenax ot 0.33 no 0.55. A 3TO HaxOAMTCA B COOTBETCTEBMH C
NPHHUHMNOM MAKCHMALHOIO NPaBAoNoA0OHS, YKa3bIBAET HA HX BLICOKYIO A0BEPAEMOCTh, OQHAKO (hyHKUMUS,
onuchiBalowan 3emnetpaceHus Bcero Kaekasa , KOTOpas  TakKe MONMHOM LUECTOrO MOPAAKA,
XapaKTepu3yeTca R-squared values  TbicAuHOro nOpAAKa, YTO B COOTBETCTBMM C MNPHHUMIIOM
MaKCHMaIbHOTO NPaBAONOA06HA yKa3biBAET HA HHIKYIO 10BEPAEMOCTS,

Io HPBACTHMCHHOﬁ Bbllll€ METOAHKE NONYHEHO ClIERYIOWLIEE:

flo 1982 roay, menuty €XevaCHbIMH HIMEHEHHWAMH HMHTCHCHBHOCTH B3AHMHO NEPNEHAMKYAAPHBIX
COCTARNAIOWMHX INEKTPOTEMNTYPUHECKOTO NMONA M WIMEHEHHEM MArHWTYA Hecnabuix 3emneTpacenwii,
npouciseawumu B 150xm. kpyre ¢ LeHTPOM B JIyLueTH CYLIECTBYET BO3MOXKHAA CBA3b.

W3 awanu3a rpaduka Tpenaa dyHxumi no naHHLIM 1982 rona seiTekaer ,4TO rpagMK 3aBUCUMOCTH OT
BPEMEHH TPEHAa NEPHOAMYECKOTO HW3IMEHeHHA AN QYHKUMH  WHTEHCHBHOCTH CEBEPO-IOKHOIO
HaTpaBpieHHs COCTaBMAIOWIEro 3NeKTpoTennypuyeckoro noas (Puc.7) npubnusnTensHo Ha OAMH MeCAL
onepexact rpaMK TpeHaa H3MEHEHHS BO BpEMEHY MArHHTYA He cnabbix 3emaerpacetinii (Puc.9).
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MuHHMyMbL rpadyka TpeHaa GyHKUHH WHTEHCHBHOCTH COCTABARIOILEH NO HANPABIEHHUIO BOCTOK-3aMnan

anexTpoTennypuieckoro nons (Puc.8) B onpesenéHHbIX OTpe3kax BpeMeHH COBMAAAOT C MHHUMYMaMH
rpaduka TPeH0B PYHKUMHA HIMEHEHHA MarHHTYA Hecnabbix 3emaeTpaceHuit( Puc.9).

Hcxopa u3 ananwsa rpaduka Tpewaa QyHKuMM H3IMeHEHMA MarHWTYA Hecnabbix 3emneTpsceHuil Mo

1982 rogy MOXHO cka3aTh , uTo 6bIN0 Gkl UeNecOOBPa3HO NPOBOAHTL PeabUAUTALIMOHHO-YKPeNUTENbHEIE
paboThI 3aanui B anpesie M Mae MecaLe.

E mv.km N-S Apr.1982

E mv.hom

Puc. | HurencupHocTs 3nexTpoTennypuueckoro nons 8 Hanpasnenwn Cesep-tOr, Anens, 1982r.

1982 May N-S E mv.km

8
8
4
2
o
-2
-4
-6
-8

Puc 2. UHTHCHBHOCTb 31€KTPOTENTYPHYECKOro nona B Hanpasaetnu Cesep-1Or, Maii, 1982r.
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1982 Apr E-W E mv.km

E mv.km

Phc.3 MHTHCHBHOCTb 2NEKTPOTENYPHHECKOTO NOAA B HanpasneHnn BocTok-3anan, Anpens, 1982r

1982 May E-W Emv.km

E mv.km

Puc.4 HnTHCuBHOCTL anexTpoTennypHyeckoro nons B Hanpaenenuu Boctok-3anan, Maiil982r.
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1982 Apr. Magn . 150 km. Magn.

Magn.

Puc.5 Marnutaza necna6sx (M>2) semnerpscenuii B Anpene 1982r. ot [lywern B panuyce
1501cm.

Magn.May.1982

3.6
13.2
28
24
2

1.6
1.2
-10.8

Puc.6 Maruntyna e cnabeix (M>2) semnerpacenni B Anpene 1982r. ot Rywern B panuyce 150 km.
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NS | 1E-200 - 2E-16¢ + 26126 - SE-09 - 2E-06¢ + 001x + 23 945
R?= 03716
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Puc.7 UHTeHCHBHOCTD 3neKTpoTentypuueckoro nons B Hanpasnednn Cesep-FOr,no kaxaomy yacy cyTok
s 1982r.

E-W
y = 3E-20¢ - 7E-16x° + 6E-12x* - 3E-08x + 6E-05¢ - 0 0642x +

100 39.712

80 R? = 05591
E
g Seri
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1011
1516
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4546
5051
5556
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6566
7071
7576
8081

Puc.8 UHTEHCHBHOCTB IA€KTPOTENNYPHUECKOro NOAA B HanpasaeHun BocTok-3anaa no kaxaoMmy 4acy
cyrok ana 1982r.

y = -3E-22¢ + 8E-18x° - 1E-13%* + SE-100C - 1E-06xC +
0.0005x + 3 251

§ i e e R2 2 03251
4 N .
——303130302931323331
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1 33313129 30 30)
oL L . " . ) ) ! i " e
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hour

Puc.9 . Mariutyaa ne cnabbix (M>2) semnerpacennii B 1982r. ot dywertu B paauyce 150km.
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HccnenoBanue BO3IMOKHOH CBSI3H MEXAY HIMEHEHHAMH
IEKTPOTEJIyPHYECKOTO NOJISI H aKTHBalHel celicMOTEKTOHHYECKHX
NPOLECCOB ¢ HCNOJb30BaHHEM MPHHUHMIIA MAKCHMAJIbHOTO NPaBAONoA00HS

Onuaapanse A.T, Amanaramsuau N.T., Tyr6epuaze H.I1
Pecgepat

TlpoBeaeHo MccneaoBaHue BO3MOXHOW CBA3M MEIRY HIMEHEHHAMM SNEKTPOTENNYPUHECKOTO Mo ¢
aKTHBauMel  CEMCMOTEKTOHWYECKUX MpPOUECCOB € HCMOML3OBAHMEM MNPHHUMNA  MAaKCHUMANbHOro

npasLonoaobus.
o 1982 roay Mexay €KeyaCHbIMH W3IMEHEHHESAMH WHTEHCHBHOCTH B3aHMHO NEPIIEHANKYAPHBIX

COCTAB/AIOUINX MEKTPOTENNYPHECKOTO MONS W M3MEHEHWEM MAFHHTYN HecnabbiX 3JemieTpsceHHi,
TNPOUCILEAUINMH B Kpyre C paiHycoM 150kM. U ¢ ueHTpoM B JlylieTH CyLUecTBYeT BOIMOXKHAS CBA3b.
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Investigation for detection possible relationship between variation of electrotel-
luric field and seismotectonic procesis activation with using principle of maximal
likelihood was carry out

Odilavadze D.T., Amanatashvili 1.T., Tutberidze N.P.
Abstract

Investigation for detection possible relationship between variation of electrotelluric fild and seismotec-
tonic procesis activation with using principle of maximal likelihood was carry out.

In 1982 year possible relationship between hourly variation of intensity perpendicular components of
electrotelluric fild and variation magnitude of rather earthquakes which was occur in 150 km circle with
center in Dusheti has existing.
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JIABOPATOPHASI MOJEJIb TEOJIEKTPUUECKOI'O IN'TYBUHHOI'O
PA3PE3A IO INPO®UJIIO BOJI'OMPAJY - HAXUYEBAHL

. T. Ienanze

Yacthio obiieli NpoGneMbl Hccne0BaHNS GUIHUECKUX CBOHCTB FOPHBIX MOPOX B PasiMUHBIX
TEPMOAMHAMHYECKHUX YCJIOBUAX (MONETHDYIOLIMX TNyOHHHOE COCTOSHME) ABJACTCA HM3ydYeHHe
9MICKTPUYECKUX CBOHCTB B IUMPOKOM MHTEpBAIE TEMIEPATYp B MEPEMEHHbLIX MOJAX, Pe3y.bTaThl
KOTOpOTO, B  YaCTHOCTH, MOryT OBITb UCMONB30BaHbLl MpPH  HMHTEPIpETalMH  JaHHBIX
3JIeKTPOMArHHUTHBIX reopuznyecknx meronos (MT3, MBII).

Ilpn HccnenoBaHMM INEKTPHUYECKHMX CBOMCTB OCOGEHHOE 3HAYCHUE MPUAAETCA MCKIIOYCHHIO
BCEBO3MOXHBIX IEKTPOIHBIX HCKAXEHHH. JINg KOPPEKTHOCTH MOCTABNEHHOTO 3KCTIEPUMEHTA HAMH
OBUTH MCMO/L30BAHbI NNIATHHOBBIE EKTPO/bI, HAHECEHHBIE Ha 06Pa3Lbl FOPHBIX MOPOA METOIOM
KaTOAHOTO PacnbiieHHs B BaKyyMe, U3BECTHBIM KaK HOHHO-UOHHAA IMHUCCHA.

[ToctpoenHbIi HaMM reo3neKTpUYecKHil paspe3 no nepeceuenrto [asHoro Kaskasckoro
xpebTa, cBaA3aHHbi ¢ mnpodunem Bonrorpan - Haxuuesaws (puc. 1), OCHOBaH Ha
3KCTIEPHMEHTANBHO MONYHEHHbIX 3aBUCHMOCTAX YAENBHOTO 3MEKTPUYECKOr0 COMPOTHBEHHS P OT
Temneparypsl, B uuTepsane 100+1000°C u yacrote BHewnero nons 0,7 kI'u, Anst npeaBapuTeNsHO
BBICYIIEHHBIX 00pa3’LOB TrOpHbIX MOpOA (rpaHMTBI, THeEMCbl, AAUWTHl, AMabasbl, Ga3anbThl,
noneputhbl, rab6po — aMpUGOMUTHI, MOPOUPHTEI, KCEHOMHMTHL, JKIOTUTHL, rapubyprutel). JTH
3HAYEHHs INEKTPOCONPOTHBJIEHUS IMONHOCTBIO XapaKTEPU3YIOT MPOBOAMMOCTb HAa MOCTOSAHHOM
TOKe, 10O HM3KO4YaCTOTHAA AUCIIEPCHS P Mana.

Puc. 1. 3aBUCHMOCTb Y€NbHOTO 3IEKTPOCONPOTHBIEHNS P OT TIyGUHBI (TeMiepaTypsl)

Ilpn  NOCTpOEHHH  TeONEKTPHYECKOro  paspe3a OblIM  MCTIONB3OBAHBI  M3BECTHBLIE
reoTepMuyecKkue U cedcMUYeckue AaHHble [1].

B 3kcnepUMeHTaNbHBIE 3HAYEHHA P MPH Pa3HbIX TeMrepaTypax ObLl BBEAEH MOMpPABOMHbIH
koo duuMeHT Ha nasnenue. Jlns H3MeHeHUs NaBleHHs C IyOHHON Mbl MpHHHManH rpanuext 0,3
K6p/xM.
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CpasuuBas “naGopaTOpHBIH” Te03/EKTPUYECKHH paspe3 ¢ MaTepuaamu MT3, MOXHO B
6GynyiueM nompo6oBaTb YCTRHOBMTh, Kakas M3 MpelaraeMbix MOAened BEUICCTBA KOPbI Gonee
npuemneMa s AaHHOTO PETHOHA: “CyXas”, aHAIOrMyHas HALUMM 3KCNEPHMEHTAIBHEIM NaHHEIM,
WK “BraxcHan”.

eoanexTpuueckne paspessl Kophl Kabkasa, nocTpoeHHsIE MO HAIUHM JaHHBIM, [OKa3atH, YyTo
Ha 3aBHCHMOCTb 3]EKTPOCONPOTHBIEHHS OT rayGuHbl 3aneraus ropasao 6Gonbie BiaMser
TeMIepaTypa, 4eM BeLIeCTBEHHbIH COCTaB MOPOJ, MO KOTOPbIM CTPOMIIHCH ITH Pa3pesbl.

CrleyeT OTMETHTB, YTO 3HAUEHMs NMPOBOAMMOCTH oA I'naBHbIM JlaBkasckuM XpeGTOM, B Tak
HasbiBaeMoOM “‘6a3anbToBOM” CllO€, Ha MOPAAOK Bhille, HA OAHOM M TOH e TriIyOHHE, yeM B
HU3UHHBIX pailoHaXx, MPUIEralouMx K xpeoTy.

Jlureparypa

1. Tny6uHHbI Tennosoii notok eponeiickoil yacth CCCP. ITon pea. Cy66otuna C.H.,
Kyraca P.Y. — K.: “Haykosa nymka”, 1974, 206 c.
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JIABOPATOPHASI MOJEJIb TEO3JIEKTPUYECKOI'O I''TYBHHHOI'O
PA3PE3A 110 TPO®NIIO BOJI'OIPAT - HAXUYEBAHD

I'.I'.Tenamie
Pestome

JlaGopaTopHas MOZENs [e03NEKTPHYECKOTO pa3pe3a, MOCTPOEHHas HAMH, OCHOBaHa Ha
H3MEPEHHH 3/EKTPOCOMPOTHBICHHS TOPHbIX MOpPOJ B 3ABUCHMOCTH OT TEMIIEpaTyphl.
JNeKTPOCONPOTHBIEHNE ¢ FTyGHHOM JUIA 3eMHOi KOpHI “CyX0ii” MOZienH ropasno B Gonblueit Mepe
3aBUCHT OT TEMIICPATYPHI, YEM OT BEIECTBEHHOrO COCTABA MOPOJ.

OTMeTHM, YTO 3HAYEHMA SMEKTPONpoBoAHOCTH mosi I'maBHbiM KaBkasckum xpeGToM, B Tak
Ha3blBaEMOM “6a3anbTOBOM” C0€, HA OAHOHW M TO# e TIyOMHEe, Ha MOPALOK BHILIE, YEM B
HH3MHHBIX palOHaX, IPUNETAIOILMX Kk XpelTy.
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THE LABORATORY MODEL OF GEOELECTRIC DEPTH SECTION IN
THE PROFILE OF VOLGOGRAD-NAKHICHEVAN

G. Geladze
Abstract

The “laboratory” geoelectric profile for the Earth’s crust is constructed based on the experimen-
tal data of the temperature dependence of the electrical resistance of rocks, which indicates that the
decisive role in the dynamics of the dependence of resistance on the depth belongs to the tempera-
ture but not to the material composition of rocks for the depths considered in this work.

It is noteworthy that at the same depths the value of the electric conductivity under the Caucasus

Crest or in the so-called “basalt” laycr is one order higher than that in the plains adjacent to the
Crest.
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MOJEJMPOBAHHUE TEIJIOBOT'O 110J1A1 HA IPUMEPE JINCH-
CABYPTAJIMHCKOI'O YYACTKA PAHOHA TBHJINCCKHUX TEPMAJIBHBIX BOJ{

'Caknapenmue E.A, T nouTH JLE., "Meanxanse I'.H., 'Ko6aes I'.H.

'Llenmp ceiicmuueckozo monumopunza, 0177, Tounucu, ya. Hywybuose 77, E-mail www.seismo.ge
"Hncmumym 2udpozeonozuu u unvicenepnoii zeonozuu, 0160, npocnexm Pycmasenu 31, E-mail www.acnet.ge

“3}"{8""6 (I]OpMMpOBaHHﬁ H NEPCTIEKTHB 3KONOrHYECKH npanManoﬁ JKCNnnyaTauHH MECTOPOXKACHHS
TEPMANbHBIX BOA — CNOXHaf H MHOTMOCTOPOHHSAA 3ajauva, Tpeﬁyrou.\an aHanu3za 6GonbLIOro KosnuecTsa
B3aMMOCBA3AHHBLIX MPUPOAHBIX (palcropo& OnHH M3 acCNEKTOB 3TOM 3aa4d — CO3[aHHE MOMEIH TENJIOBOTO

NO/IA MECTOPONIEHHS.
[pencrabnennas pabora kacaeTcs OAHOrO W3 Tpex Y4acTKOB TGHAMCCKOrO MECTOPOXKAECHHS

TepmanbHbiX BoA — Jlucu-Cabypranunckoro. B cBoge JIncckodt aHTHKIHHANM CKBaXHMHAMH NIyOHHON
or 1867 no 3702 M M3 BYJKAaHOreHOB HHXKHErO M CpPEAHEro 3oLeHa Obula nosyyeHa Bojaa
Temnepatypoii 52-74°C, uto 0OycnoOBNTMBAaET MHTEPEC K TEMIEPaTyPHOMY PEXHMY ITHX
FOPH3OHTOB. B paboTe McnoapioBaHbl Kak yxe MMelOLHecA NaHHbIE, TaK W Pe3ynbTaTbl MOHHTOpHHra?
NpoBOAALLErOCH Ha 10 ckBaXkuHax 3TOro Yy4acTka, KOTOpbI€ W ABHJIHCE OMOPHLIMH NPH CO3JIAHUH MOAETH

(puc.1).

Puc. |

Cxema pacnonoxenns ckpaxuH Jlncn-CabypranuHckoro yyacrka

C uenbio onpeaeneHHs TEPMHUECKIX NAapaMeTPoB, HEOOXOAMMBIX NS YCTAHOBIEHUA 3aKOHOMEPHOCTEH
pacrpeaeneHua TeMnepaTyp o rpaHHuaM BOAOHACHILIEHHBIX ropH3oHTOB JIncu-CabypranuHckoro yuacTka
Tounucckoro paiioHa TepMasIbHBIX BOA H CO3AaHHA 6a3bl NaHHBIX /1A MOCTPOSHWUA LM(POBONH TpexmepHo#
MOJIE/IH TeMNOBOTo Nong 6uinn cobpaubl: nanHele GoHAOBLIX MaTepHanoB (aGCONIOTHBIE OTMETKH CKBAXKHH,
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CTpaTHrpaMuecKHe XapaKTEPHCTHKH BCKPLITLIX TFOPM3OHTOB, FNYGUHBI 3aNEraHMs M MOWHOCTH
COPU3OHTOB, HHTEPBanbi OTOOPa KEPHOB W NHTONOTMYECKHE XAPAaKTEPHCTMKM IIOPOA MO  KEpHY,
reoTepMHYECKHe KpuBble, FAYOHHLI 3JaMEPEHHLIX TEMNEPATYpP); NaHHLIE 3HAYEHHI  KoahdHUHeHTa
TEIUIONPOBOAHOCTH ~ TOPOA, AHANOIWUHbIX BCKPbITHIM CKBAXKMHAMM NO AMTONOFHUECKOMY COCTaBy H
3aMepeHHbIX pasHbIMU aBTOpamu Ha Tepputopuy [pyauu [11, [2]. [3], [4], (5]); nnaHerapHble cpeaHue
3HauYCHHA TEMONPOBOAHOCTH AAA aHANOrMutbiX  nopod (6). B paGorte wucnoabiopaubt pesyabratsl
u3MepeHURt Ko3hPuUHeHTa TennonpoBoAHOCTH 0o6pasuos TOMMMCCKOTO paiioHa METONOM MMMYMLCHOrO
HCTOYHHKA, METOAMKA KOTOPOro noapobHO uinoxexa 8 pabore [S).

Monyuennsie 4 papuaHTa cpeaHnx W Ko3(pMUMEHTA TENNONPOBOLHOCTH AN CIIOEE HHKHErO
MHOLICHa, OMHrouena, BEPXHEro, CPENHETO W HWKHEro 3oueHa ans yaoberea wanomexus OGynem B
nanbHefleM 0603HauaTh COOTBCTCTBEHHO: | BapHaHT - 3HAYEHMA TEMJOMPOBOAHOCTH Ana TGHAHCCKHMX
CKBaXHMH «HedTAHOTO yuacTka» [1]; H BapuauT - 3Hauenus KOIQMMUMEHTE TENAONPOBOAHOCTH AAR
aHanornyneix nopoa TxuGynn-Tkeapuensckoro yuactka [2]; 11l BapMawT - ycpeaHeHMbie 3HauEHHA
K03(PHLMEHTa TENNONPOBOAHOCTH COOTBETCTBYOWKMX 1opos o Tpyaun ; [V sapuanT - obuiennaHeTapHbie
CPEAHHE 3HAYEHUA A NUTONOTHYECKH NOAOOHBIX MOPOA. ITH ke 06o3HaueHks OyayT NpUMEHEHbI HHUXKE
MPYH ONHCAKHK PaCTIPENENEHUs TEMNEPATYP MO NOAOIUBAM ITHX CNOER.

Bemna npousseaena copTvpoBka 3HaueHmii ko3pduuuenTa TENNONPOBOAHOCTH B COOTBETCTBHH C
NIHTONOTHYECKHM pa3pe3oM KaxaoH cksaxuHbl (Tabn.l, cksawmuubt 1-T, 3-T — 8-T umeoT opuHaKoBbIH
JIMTONOTHYECKHHA pa3pe3).

Tabn. |
Cpeatine 3HaueHus k03 GHUUHEHTA TENONPOBOAHOCTH M0 CAOAM TUTONOrMYECKUX Pa3PEIOB CKBANHH
(B1/m°C)
1-T,3-T-8-T 9-T 10-T Ca6ypranol
Onur. | Bepx. | Cpea. | Hux. | Bepx. | Cpen. | Hux. | Hux. | Bepx. | Cpen. Onwir Bepx.
J0UEH | J0UEH | J0ueH | 30ueH | J0ueH | J0ueH | MHOW. | JoueH | 30ueH " | Jouen

1 1.13 1.66 1.61 1.89 1.66 1.61 1.89 1.68 1.55 1.66 1.13 1.6)

11 1.38 2.08 1.99 247 1.66 1.52 1.68 1.48 1.38 2.40 1.38 1.99

-} 1.26 1.53 2.18 1.90 1.37 1.80 1.77 1.24 1.18 1.35 1.26 2.25

V| 158 1.64 1.86 1.78 1.64 1.86 1.78 1.64 1.64 1.86 1.58 1.86

B cllyyae FOpH3OHTANbHO 3aN€ratoliux OAHOPOAHLIX NMOPOA PacCUMTLIBATOCH CPEAHEE 3HAYEHHE

Ko2(hHLUHEHTa TENNONPOBORHOCTH ANA KDKAOH CKBAKHHBI PACCHHTBIBANOCH NO hopmyne:

A:ZZ'
M
)

roe A - cpefHee 3HaueHHe KOIDPHUMEHTA TENNONPOBOAHOCTH NOPOR ANA CKBAXHHLI, M, — MOLIHOCTH
i -oro cnos, 4,- TennonpoBOAHOCTL Nopoa i-oro cnos (tabn.2).

Tabn. 2
Cpennue 3HaueHHA K03pUUHEHTA TENNONPOBOAHOCTH NO CkBaxkHHaM (BT/mM°C)
Ne CKBXKHHBI
BapHaHTa I-T 3-T 4-T 5-T 6-T 7-T 8-T 9-T 10-T | Cab.1
1 1.36 135 1.39 1.63 1.46 1.66 1.44 1.70 1.58 1.31
1 1.68 1.67 1.71 2.05 1.81 2.1 1.79 2.14 1.43 1.68
m 1.47 141 1.55 1.75 1.59 1.75 1.58 1.81 1.20 1.42
v 1.66 1.2 229 1.73 1.69 1.79 1.85 175 1.65 1.64

3HaueHun FpanveHTa TeMnepatyp AnA Kaxnpoi CKBA)XHHbI, uMmelouLei TEpMOrpammy, BbIHHCIANUCH
npaMeM cnocoGom 06paboTKH TEPMOrpamMM: HA TEPMOrPAMME BIAENRINCH NPAMBIC YHaCTKH? A1A KOTOPbIX
X0f TeMNepPaTyp 3an1ChIBAICA B BUAE:
6=t +4hgradT,
oTKyna
gradT=(1,- 1,)/4h,
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rAe (1 1) —pa3HOCTb TEMIEPATYP MeXAy ABYMA TOukamu, Ah - pasHOCTb rYGHH 3aNeraHHs ITHX TOYEK.
[MonyueHHble TakuM 0OpasoM 3HaueHus gradl ycpeQHsauCb NO BCeMy pa3spe3y CkpakMHbL CpenHue
reoTepMuyeckue rpaiMeHThl AnA 3THX ckeaxwuu - |-T - 2.9 10° °C/m; 3-T - 2.7-10° °Clwm;
4-T-2.510°°C/m; 5-T - 2.0-107 °C/m.

Jlna cKBaXHH, He MMEIOLHX TepMorpamm (ckBaxkubl 6-T - Cabypranol), Gpanoch cpeaHee 3HaueHHUi
gradT Bcex CKBKHH, BbIMHCIEHHbIX BbilieykasaHHbIM cnocobom - 2.5-1 02°C/m.

Tennosoi NOTOK AN KOKROH CKBOKMHBI BLIYUCIANCA NO dopMyne:

q=A*gradT

Tak 6ban  paccuuTaHst 4  BapuawTa

BBILLENEPEYUCIIEHHBIMH 3HAUEHHAMH A).

3HaYeHHi  TENNOBOrO MNOTOKa (B COOTBETCTBMH C

Tabn. 3
Cpeanue 3HaueHHs TENNOBOTO NOTOKa N0 ckeawiuam (10” Br/m’)
No CKBXHHbBI
BapuaHTa I-T 3T 4-T 5-T 6-T 7-T 8-T 9-T 10-T Ca6.1
! 40 37 35 33 37 42 37 43 40 33
1l 49 45 43 42 46 53 45 54 36 43
111 43 38 39 36 40 45 40 46 30 36
Y 48 23 43 35 43 45 47 44 42 42

Mocne 3Toro anA Kaxao# CKBAKMHLI PACCUHTHLIBUINCH 3IHAYEHUA TEMINEPATYP MO MOMOLIBAM
MPUCYTCTBYIOWHNX B Pa3pele CKBAKHHbI CNOEB (ONHroLEHa, BEPXHETO, CPEAHEr0 H HHXKHETO J0UEHA), a

TaKKe TEMNEPATypa AHA CKpaxkiHbL. PacueT TemnepaTyp nposoauncs no dopmye:

Tv=Tn.+ I/iN-qHN,

rae Ty — Temnepatypa Ha nogowse N-oro caost, Ty., - TeMnepaTypa Ha nogowse N-/-oro cios, Ay —
3HadeHHe KoaddHLMEHTa TennonpoBoaHocTH nopoa N-oro cnos, a Hy — mowHocts N-oro cios, g-
3HaYEHHE TEMIOBOrO MOTOKA B AAHHOMH CKBAXHHE.

[Mockonbky abconiOTHbIE OTMETKHM YCThEB BCEX CKBAXKMH OTHOCHTENbHO HEBENWKH M HE3HAYMTENbHO

OT/IMYAIOTCA APYF OT Jpyra, TO TeMnepaTypa «He#TpanbHoro» cnos (T.e.Tp) nonaranace pasHoii 10°C, a

rnybuna ero 3aneranus — 25M.
Ta6n. 4

3Hauenns Temneparyp no nogouiBaM crpaturpaduqeckux crnoes (°C)

a) ckBakHHa |-T

Crpaturpadus Mouwrocts Ne BapuaHTa
cnos cnos, M | 11 1l v
Onurouex 1480 61.8 62.3 60.5 554
Bepxu.3ouen 1095 88.0 88.0 91.2 87.7
Cpenn.3ouen 666 104.3 104.3 104.3 105.0
6) ckBaxuna 3-T
Crpaturpadus MouHocTs Ne BapuaHTa
cnos CNoR, M 1 11 111 1\%
Onurouex 1565 60.7 61.2 57.5 32.6
BepxH.30ueH 1510 93.9 93.9 95 53.6
Cpenn.ouex 211 98.7 98.7 98.7 56.2
B) ckBanHa 4-T
Crparurpadus MouwnocTs Ne BapHanTa
cnos crnos, M [ ] 11 I 111 ] v
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OnuroueH 1472 55.6 56.0 55.7 50.6
BepxH.aoueH 1007 76.8 76.8 814 713
Cpenn.souen 1216 103.2 103.2 103.2 105.7

r) ckBakuHa 5-T
CrpatHrpadus MouHocTs Ne Bapuanta
cios clnosi, M 1 11l 111 1\

Onurouex 120 13.5 13.6 134 12.7
Bepxit.30ueH 966 329 329 35.8 334
CpeaH.JoueH 792 49.2 49.5 48.8 484
HuxH.30LeH 377 55.8 55.8 55.8 55.8

1) ckBaxuna 6-T
Crpaturpadms MoltuHocTb Ne papuaHTa
cnos Cnos, M I 11 111 1\

Onurouex 880 39.0 39.4 383 34.0
BepxH.30UeH 1035 62.2 62.4 65.6 61.0
Cpenn.30ueH 850 818 82.1 814 80.6
HukH.30ueH 269 87.1 87.1 87.1 87.1

e) ckaxkuHa 7-T
Crparurpadus MolinHocTs Ne papuaHTa
cnos cnos, M i 11 [ v
OnuroueH 356 233 23.8 22.6 20.3
BepxH.20ueH 941 47.2 479 50.0 46.4
Cpenn.aouen 821 68.7 69.9 66.8 67.3
HuxH.50leH 1584 104.1 104.1 104.1 107.8
%) ckBaxuHa 8-T
Crparturpadus MouwHocTe Ne papuaHTa
cnos cJios, M I 11 111 v
Onurouen 817 36.5 36.9 36.1 344
BepxH.30ueH 923 56.9 57.0 60.2 60.9
CpenH.3oueH 789 74.9 75.0 74.7 81.8
Huxn.o00eH 109 77.0 71.0 71.0 84.7
3) ckBakHHa 9-T
Crparurpadus MousHocTs Ne papHaHTa
cnost cnos, M 1 11 Il 1\Y%
BepxH.30ueH 1135 39.5 39.7 44.1 40.8
Cpenn.oleH 1019 66.9 67.6 65.7 66.2
HuxH.30UEH 845 86.2 86.2 86.2 87.3
) ckBaxuta 10-T
Crparurpadus MouwtHocTb Ne papHaHTa
cnos cnosi, M ] 11 111 v
HHxH.MHOUEH 522 22.5 229 22.9 234
OnuroueH 2351 83.2 84.9 83.5 83.5
BepxH.ooueu 187 87.8 87.8 87.8 87.8
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K) cksaxnHa Cabyprano |

Crparurpagua MouxocTs Ne sapmanta
cnos cnof, M 1 1 il v
OnuroueH 1724 60.7 63.5 524 55.5
BepxH.30ueH 1126 84.9 84.5 87.4 84.0
Cpenn.aoueH 522 95.7 95.7 95.7 95.7

3HaveHHs TemnepaTyp MO NOAOWIBAM /IUTONOTHYECKMX C/OEB ONA BCEX CKBAKHH, PACCYHTaHHbie
BLILLIEYKA3AHHBIM METOAOM (T26:1.4), XOPOLIO CONOCTaBUMSI C TEPMOTPaMMaMH, HMEIOILIMMHCA [T YETBIPEX
ckpaxuH (2-T, 3-T, 4-T, 5-T), uTo cBHAETEALCTBYET O NpaBHIbHOM noabope napameTpoB.

Ha ocHoBe aaHHBIX 9 ckBaxcuil ¢ noMoutbio nporpammsbl Feflow 5.3 Gbina peanniosaHa TpexmepHas
mozens Tennosoro nons Jincu-CabypranuHckoro yyactka. JleMoHcTpauHOHHOe H306paXeHHe Nosy4eHo ¢
nomowpto Feflow Explorer 2.0 (puc.2).

Puc.2

TpexmepHas Mozens Tenaosoro nons Jlucu-CaGypranunckoro yuactka

Co3panHas Monenb TENNOBOTO NONS NO3BOJIAET ONPENEAHTL TEMNEPATYPY B M0G0 KOHKPETHOI Touke
3a[aHHOTO paiioHa BNOTL A0 FYOMH 3aneraHMA NOMOLIBLI HIDKHETO J0LEHA, YTO NPH YCTAHOBIEHHH
FMAPOJMHAMHYECKHX YCIOBHH 1aeT BO3IMOKHOCTb OLCHKHM 3alacoB TEpMalbHOH BOABI H BhIOOpa
3KOJIOTHYECKH MMPaBHJIBHOTO PEXMMa 3KCIUTyaTallM Y4acTKa.
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MOJEJUPOBAHME TEILUIOBOI'O MOJIsI HA IIPUMEPE JIUCH-
CABYPTAJIMHCKOI'O YYACTKA PAUOHA TBHJIMCCKHUX TEPMAJIBHBIX BOJ

Caxsapeanase E.A, IN'nontn JLLE., Meankanse I'.H., Ko63es I'.H.
Pedepar
[MocunTaHb! YeTbipe BapHaHTa pacrpeie/NieHHs TEMNEpaTyp Mo MOJOLIBAM BOAOHOCHBIX FOPH3OHTOB B 10
OMOpHBIX CKBaXWHax Jlucu-CabypranuHckoro yuacrka. Jina pacuera Temnepatyp ObliM MCMoOb30OBaHbl
pe3yNLTaThl U3MEPEHWH TEMNOBbLIX NAapaMETPOB, MPOBOAMMLIX Pa3nH4HbIMM aBTopamu. Ha Mx ocHoBe C

nomowsto nporpammst Feflow 5.3 6bina peanusosaHa TpexmepHas Moaenb TennoBoro nons JIMcu-
CabypTallHHCKOTO yu4acTKa.

HEAT FIELD MODELING ON THE EXAMPLE OF LISI-SABURTALO AREA OF
TBILISI THERMAL WATERS

Sakvarclidze E, Glonti L, Melikadze G, Kobzev G.
Abstract
Four variants of temperature distribution on the foots of water-bearing horizons in 10 Lisi-Saburtalo
supporting bores the were calculated. For calculations of temperature were used results of temperature

parameters measurements, held by various authors. Based on them with the help of Feflow 5.3 program was
realized the three-dimensional model of heat field of Lisi-Saburtalo area.
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OCOBEHHOCTH JIOKAJLHON MATHUTHOM AHOMAJIMH
NKAJIMUHIA-YPEKA

H.C. XBeaeaunnse, 3.A. Kepeceannse, I.I". Bepumsnan, M.I". I'nopranse
TlocBsimaercs namaTu npodeccopa Muxanna 3ocumonya Hoana

Ha Bceii TeppuTOpun [Py3uH CYLLECTBYHOT aHOMANHK Fr€OMAarHMTHOro nons. B roxHok I'py3uu, ¢ BocToka
Ha 3anaj, pacroNoMeHbl TPH PETMOHANbHbIC TrEOMarHHWTHble aHoMmanun: KaxeTWHckas, J[iaBaxetckas H
Anxapo-['ypuiickag. [TocneHIO aHOMaJMI0 HHOTZA NPEACTABARIOT KaK COCTOALLYIO U3 ABYX HE3aBMCHMbIX
awomanuii: Typuitckoli u Amkapckofi. OnHaKo 3TH JBE aHOMANWKW MPOCTPAHCTBEHHO CTO/b HE3HAUHTENLHO
pasHeceHBl, 4TO, MO BCeil BUAMMOCTH, HX HCTOYHHKOM ABNfeTcs OAHo Teno. Ilodtomy MX pasaenbHoe
YNOMHHAHHE HKMEET LB TOMOHUMHMYECKOE COAEPXKaHHE, YTOYHSIOWEE MPOCTPaHCTBEHHOE BOCIPHATHE
pasnuyHeIX 30H Apkapo-Iypuiickoro peruona. Takoe AeneHue GyneT MCMONB30OBATLCA W B HIDKECHedyroleH
cTathe.

JlanHble Ha3eMHBIX IKCNEAWLMH, a Takxe ajPOMArHWTHBIX CBHEMOK, MPOBEAECHHBIX B 60-70-x roaax
NpOLIEALIEro CTONETHA CBUAETENBCTBYIOT, YTO IS TEPPUTOPHH HOXKHON [py3uu xapakTepHa nonoxuTeNbHas
MarHuTHas aHoManus abcontoTHo# BennuuHel nons  AT=1000 y. AHomanbHbie 06nacTH B ceBepHOH I'py3uH,
2R KOTOpPbIX XapaKTepHOH AB/IAETCA OTpHuaTensHan seanunna  AT=S500 y, GonbLiei HacTbio pacnonoXKeHb! y
I0XKHbIX npearopuit Kaskasa. M3 Bcex perMoHanbHbIX aHOManuii Ha3eMHOH MarHMTHOH pa3Beakoi
OTHOCHTENLHO MOAPOGHO HccnenoBaHsl [Dkasaxerckas M KaxeTuHckasm, XOTS OTAefbHbIE H3IMEPEHHA
npoBoAHAHCH Taloke B [ypun n Anxapud. OQHaKo N0 HACTOALUErO BPEMEHH HAWMEHEE M3Y4EHHOMN OCTaeTcA
ropHas 4acTb I'ypHHCKOH aHOManuM, XOTA WMEHHO TaM paboTana nepsas rpy3MHCKas reOMarHWTHaA
skcneanums. Ewe B 1934r. oTpaaoM MarHuTonoros moa pykosoactsom npod. M.3. Hoana Gwian uccnenosamst
HekoTopeie TeppHTOpHH B JlaHuxyTckom H OsypreTckom paioHax. JlanHHas aKcneaMuus B NOCNELYIOLUEM
npoaomkuna paboTy B ceBepo-3ananHoi uacTH Aaxapo-T'ypuiicKOH aHomanuu, npumbikaiowei k YepHomy
mopto. OCHOBHas UENb 3KCNEAMUMM 3aK/ovanach B MarHWTHOW pa3Befike NEPCEKTHBHON, MO MHEHMIO
reonoros, 30kel OMnapeTckoro HedTAHOro pesepsyapa. [103ToMy, B TeuyeHne nosesbix cezonos 1936-1938 r.r.
1OCTaTOYHO MoApobHO Gbina HccnenoBaka npubpexnas nonoca Mexay KoGynern u p. Cynca, Bkmiovatowan
TeppuTopuu cenenudt Cynca, Ypeks, Ukanumunga u Omnapetu. B 3tom paiioHe Gbinu BbIIBNEHLI JBE
NOKaNbHbE MarHuTHbie anomanuu: Omnaperckas W LlkanumuHaa-Ypekckas. B obaacru 3tux anomanuit
AuHeRnbie MaciuTabbl HEOAHOPOJHOCTH MarHHTHOrO MONS OKA3ANKCh OYEHb MANIEHEKMMH, uTO Gonee UK MeHee
XapaKTEPHO A/1A BCEX NOKANbHbIX MArHUTHBIX aHOMaNHH Ha TeppHTOpUn  T'py3un.

HMHcTpymenToM ans n3MepeHHH B NEPBBLIX FEOMarHUTHLIX JKCNEAMUHAX Ha UepHoMopckom nobepexybe
CAYKMIM T.H. OTHOCHTENbHbIE MarHWTHbie Bechl KOHCTpYKUMW O.llIMuara, u3mepmowye HIMEHEHUS
BEpTHKaNbHOH (Z) cocTamnaowledi reomarkuthoro nons. B skcneauumn 1940 roma mepunn Takke AH-
BENHYHMHBI FOPH3OHTANBHOM cocTaBnsioller nona. [lepea kakabiM NonesbiM ce3oHOM kanu6poska npuGoOpoB M
onpefieNieHHe UX MOrpelHoCTed NPoBOAKAAC, B MarHUTHOW obcepBaTopun Boelikoso, 3atem B [{ylweTckoi
obceppatopun (H=42°005'041", Eo=44°042'011"), rae BenHCb HENpepbiBHbIE H3MEPEHHA OCHOBHbIX 3EMEHTOB
reoMarHuTHoro nons. flyTeM conocTaBieHHA AaHHbIX AGCONIOTHBIX H OTHOCHTENbHBIX MarHUTHbIX HW3MEPEHHIA,
HENpepbIBHO NPOBOAUMBIX B 06cepsatopusax, HCKIOHATHCh IPDEKTbl MArHUTHLIX Oypb, BBI3LIBAIOLIMX
CNOpannyecKie BOMYILEHHA rEOMarHHTHOTO NONIA, @ TAKXKE €€ PEryNspHbIC CYTOUHLIE W CE30HHbIE BapHaLMH,
BLI3bIBaEMble BHEIEMHLIMH HCTOUHWKaMH. TakuM 06paloM, NoseBas reoMarHuTHas IKCNeAKUMA Ha nobepexbe
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3anannoil Tpy3uM B KauecTBe penepHOro 3HaueHHs TEOMAarHUTHORO MOMA MOFa MMEThb CPEAHErOAHYHbIE
BENH4HHbl Z U H B Jlywern, OTHOCHTENLHO KOTOPBIX MOXHO Gbino onpenenats AZ u AH B paiione
Habmonenni. ONHaKo, NPU M3MEPEHUM OTHOCHTENBHBIX MIMEHEHHH NONA, METOAHUYECKH GONee KOPPEKTHBIM
ABAKETCA WUCMONBIOBAHWE XAPAKTEPHOW BENHUMHBI PErHOHANBHOrO MOJA, HEMPEPbIBHO H3MepAEMOro BOAH3H
nofuroHa HabniogeHuit. BuinosHeHHe Takoro ycnosus, TpeGyiowero nuwb BsIGOP MOAXOASLIErO ONOPHOrO
NYHKTA, XOTh M HE SBAETCA OBA3ATENLHbIM, HO 3HAUMTENLHO YNPOLIAET aHANN3 ABHHBIX.

TlorpelHOCTs MarHHTHBIX BECOB XOTb W GbiNa 3HAUMTENLHOMN, TeM HE MEHEe, ee MOXKHO GbiIo CUUTaTh
YROBAETBOPHTE/ILHOH HE TONBKO [NA (UKCAUMM NOCTATOMHO CHIbHBIX, HO W Cnabbix  aHomanuii, ¢
XapaKTEPHbIMM OTKIIOHEHHAMH OT HOPMANLHOTO IHAUEHWS FEOMATHUTHOrO NOAS B HECKONLKO cOT Y. MoaTomy,
HE MOTYT CylIeCTBOBATL COMHEHUA B PE3YNbTaTaX NEPBbIX IKCNEAULME Ha UepHOMOPCKOM noGepexbe No 4acTu
NOCTOBEPHOCTH WX PpE3yNbTaToB H NPHGAWINTENbHOH NPOCTPAHCTBEHHON JIOKANW3AUMM NYHKTOB C
IKCTPEMANLHBIMH 3HAYEHHAMH MarHUTHOH aHomanud. Ho, npn 3ToM, cnepyet NOMHHUTL, YTO CTapble AaHHble 06
abCOMOTHBIX 3HAYEHMAX BapHaLUUH KOMIOHEHTOB IEOMArHMUTHONO MNOAA HENbIS CYMTATh  AOCTATOMHO
LNOCTOBEPHBIMH, HE TOJbKO H3-3a  BLICOKOH MOFPEUHOCTH CTapblX MAarHMUTOMETPOB, HO W MO NpPH4HHE
OTCYTCTBHSA BO3MOXHOCTH NOBTOPOB H3MEPEHHH, XOTH Obl B HECKONBKHX HAAEKHO OMpPEAENEHHBIX TYHKTAX, N0
KOTOPbIM CTPOUHCH MPOGUIH NEPBLIX IKCNEAULUHE,

Hasemnas MarunTHas passeqka, NpOBeAeHHAs Ha YEPHOMOPCKOM noGepexbe NOA pyKOBOACTBOM Mpod.
Hoaua, npusena x cnepyiowum pesynbratam [1-3]:

1.8 ceBepo-3anagHoili vacti ['ypuickoii pernonanbHON aHOMAaUM YETKO BBLIAEAHAHCHL [BE, AOCTATOYHO
CHJIbHbIE, B OCHOBHOM MOJNIOXHTENbHbIE, JIOKATbHbIE MAaPHUTHbIE AHOMANWKU: NepBas-va Gepery Mops, B 30He
LlkanumuHaa-YpekH; sropas - OmMnaperckas aHoManus.

2.Ha  WCCNENOBAHHOW TEPPHTOPUH MArHUTHOE MOJiE OKA3aNOCh HACTONBKO HEOAHOPOAHBIM, YTO
BbIAENEHUE HOPMATLHOTO PErHOHANBHOTO FEOMATHHTHOTO MOAA, @ TAKKE TEOPETMUYECKAA WHTEpNpeTauus
IKCMEPUMEHTATbHLIX NAHHbIX, HEOOXOAUMAs AR ONpeAeneHns FayOHHHOIM CTPYKTYPbI MATHHTHLIX aHOMANWi,
oKasanach HEBO3MOXHOM.

3.MarHuTHas BOCNPHHUMYHBOCTbL NeEcka BClOMy B npubpexhoii 3ome, ot Kobynetw no [puroserw,
0Ka3anach JOCTATOYHO BBICOKOM, YTO YKa3bIBANO HA HANHUYKK B Necke GeppoMarHHTHBIX MPHMECEH.

B ¢BA34 C MOCNEAHHM MYHKTOM, B BbIWENPHUBEACHHBIX 3aKIOUCHNAX CASAYET CACNATb AONONHUTENbHOE
noncuenue. [To Bceii Buaumoctu, npod. M.Hoaua cuuTan, uto MpoMcXOKAEHHE AOKANbHBIX AHOMANMH Ha
Gepery MOpA CBA3AHO CO, CPABHUTENLHO TNYOHHHBIM, TEONOMMUECKHM CTPOEHHEM H, YTO “‘MArHUTHBIE TIECKH”
MOTYT JIHLLL KOPPEKTUPOBaTh POHOBbIE 3HAUEHWS FEOMArHUTHOTO NMoNs. B TO bpeMA yxe 6biN0 HIBECTHO, YTO B
ropuoii vactn Akapo-I'ypuiickoro pernona B CNOH TEPPHIEHHOTO NPOMCXOXKAEHHA BKIAMHEHbI OCKONKH
HaMarHUYeHHLIX BYNKAHMYECKMX J1aB, MOROGHBIX TeM, KOTOpbiE MOMHOCTBIO NOKPLIBAIOT COCEAHHH
IxaBaxeTckuii peruon [4]. B nocnenytoluue roabl AeTanbHbie KOMMIEKCHbIE FEOMHUIMYECKHE HCCIIEN0BAHHA, B
TOM 4YHCNEe W MarHMUTOpa3BeAOYHbIE, MPOBOAMAMCL MMEHHO Ha  J[kaBaXeTCkOM MOJUrOHE, 3aTeM H B
AmxapckoM pervoHe [S-7). Onunako, b ['ypuHCKOM perHoHe MarHWUTOpasgefoyHble paboTbl HE NPOBOAHAMCH
Bnnote 10 1991 ropa, Korma nocne ANMTENLHOTO TEpEpbiBa, BAONL 4EPHOMOpCKOro nobepexbs Obina
OpraHu3oBaHa reoMarHuTHas skcneanuns Huctutyra reopusnkn AH I'pysuu. Jlo 3TOro npoBOAMACH TONbKO
1abopaTopHbIA aHaN3 MarHWTHBIX KayecTB W cCOCTaBa MNpUMeced B necke C MAasxa nepea CaHaTtopHeM
,,Mero6po6a” B Ypeky, AeHCTBOBaBILEM NOCAE BTOPOH MHPOBOH BOHHBI BNAOTL A0 HACTOALLErO BPEMEHH.

Ocobbie uenebHbie kauecTsa KypopTa YpekH, N0 MHEHHIO MEANKOB, CBA3aHbl TONLKO C ,,MArHHTHBIMH
neckamu*. CHMTAETCH, YTO HaMarHWYEHHbil Necok ocoBeHHO 6NaroTBOPHO BAMAET Ha AETEH, CTPAAAIOUIHX
3260N1eBaHMAMU CEPAEUHO-COCYANCTBIX W ABHTaTenbHbiX cucteM [8]. Ho neckn BcTpeyalorcs Takke H BO
MHOTHX APYruX MecTax Ha UepHOMOpPckoM nobepekbe I'py3nn, B yCTbAX KPYNHBIX pek, Texywnx ¢ KaBkasckux
rop. MarHuTHble KauecTBa ITHX NECKOB, ABAAIOWMXCA PE3Y/bTaTOM pa3MbiBAHHA HAMArHHYEHHBIX FOPHbLIX
nopoa, Ao/wkHbt GbITh 60IEe HAKM MEHEE ONNHAKOBLIMM, Ha YTO yKalbiban B CBOE Bpema npod. Hoawa. [Tostomy,
KpoMe MefnKo-6HONOrnyeckoro, CyLUECTBOBAN TaKxe W OYEBMAHbIH (M3UYECKWA PE30H AA MPOAOJIKEHHUS
MoneBbIX FEOMATHHUTHBIX W3MepeHuil Ha nobepexse YepHoro mopsa. OaHaxo B 1991r. HoBas reoMarHWTHas
skeneauunss MHcTHTYTa reodmsuku paGotana ToMbko Ha TeppuTOpusx musxed B Llkanumanaa-Ypexu w
Cyxymu. KpaTkocpouHOCTb 3TOH 3KCNeAMUNH Oblna BbI3BaHA C NPOUCXOASIUMMH B TO BPEMSA MOJHTHYECKHMH
konnusnamu. [103TOMy, yHanoch 3aHOBO 3aMKCHPOBATb JHIUL FPaHHUbI NOKANLHOH MarHHTHOR AHOMATHH
L{xanumunna-Ypeku, a Taioke NPOBECTH CPAaBHMTENLHBI aHANIM3 MarHWTHBIX KauecTs NECKOB C NAasked
VYpeku, [puronets, Anaxknus u Kenacypu. Kak nokaizanu HoBble naGopaTopHsle MCCNeaoBaHWA, ANS BCex
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06pasiiop necka ITOT napameTp Meanca B wHtepsane  y = (1,5-2,5)- 107 cgsm. Tem caMbim, Gbino
nonTBepxaeHo mpeanonokenue npod. M.Hoaua o Tom, 4to Ha YepHomopckom noGepexwube I'pysuu,
TIOBCEMECTHO, MATHHTHAs BOCNPHHMYHBOCTb NeckoB 6onee uin MEHee OHHAKOBA.

Hapagy ¢ npubpexHoii 30HO# 0cobblif HHTEPEC NPEACTABNAET rOpHAA 4acTb Fypuiickodi perHoHanbHOM
MAarHUTHOH aHOMAITHH, YTO BHIIHO 1O PE3y/bTaTaM NEPBbIX FKCUEANLHF M A9POMArHUTHBIX CbeMOK. Pesysbrarel
noceaRel 1aI0T JOCTAaTONHBI MaTepHan Ans KaUeCTBEHHOTO U KOJUUYECTBEHHOrO aHAH3a KpyMHOMAacluTaGHol
KapTHHbI PErHOHANbHOR aHoMaliu. Ho yTOYHEHHE 3THX AaHHBIX, MOYYEHHBIX B macurabe 1:1000000,
BO3MOXHO JIHLLL NPY NOMOILM Goee MoapobHOM, YeM BO3AYWHAA, HaleMHOii MarHuTHOH passeakd. Cnenyer
TaKKe OTMETHTh, YTO N0 MONUTHHECKHUM MPHUHHAM, CYLIECTBOBABIUHM Mexly COBETCKHM COHO30M H €ro
cocenom Typumeil, B CBOe BpeMsi aPOMarHMTHag pa3Belka HE CMOrNia OXBATUTh JOCTATOMHO KPYNHYIO
TEPPHTOPHIO 3anagHoi [py3uu, BRIOUIOWYIO MOPCKYIO BEperosyo JIMHNK.

B 2000r. MarHuTopasBeo4Hble WCCAenOBaHHA B 30He Ypeku-Llkanumunaa-Omnapetn Gbtav  BHOBB
BO30GHOBNIEHB!, U C TEX NOP W3MEpeHHA BeayTcs exeroano. OfHaKO, H3-33 CKyAHOTrO GPUHAHCHPOBAHHUS, 10 CHX
nop He yaanoch pasBepHyTb NnoseBble paboThl B HYXHOM 06bEME, NOITOMY HEMCCNIENOBAHHBIMM OCTAKOTCS HE
MEHEe HHTEPECHbIE, 4YEM NOGCPEKbE MOPA, FOPHBIE 30HbI FYpHICKOH aHoManuH, wanpumep, ywense p. Cynca,
T.e. HanpasneHue B CTOPOHY Anxkapo-[ypudickoro xpebTa, rle 4YacTHYHO YX€ NPOBOAHNHCH
MarHuTopa3seao4Hble HecaeaoBaua B 80-X ronax mpolwuaoro CToneTus.-

32 roabl, nMpolleawHe NOCNE NepBbIX rEOMarHUTHbIX 3KcneauunH, UYepromopckoe nobepexbe
MOBCEMECTHO NMOABEPrIOCH 3HAYMTENbHON ypGAHM3aAUMHK, Pe3ynbTaThl KOTOPOH OCOOGEHHO 3aMeTHbl B 30HE
Ypekn-LkanuMrHaa-OmnapeTn. MUMeHHo no 3TOH NpuuHHE TOYHOE BOCCTAHOBJCHHE Pa3BENOUHbIX MpoduaeH
npo¢. Hoxna seasetcs HeBo3mMoXHbIM, Jlake nx npubAM3HTENbROE ONpeaeicHUE ABISETCA OYEHb CAOXHOM
3aj1a4ei, H3-32 OTCYTCTBHA HYKHOTO KOMHYECTBA HAJCHKHBIX OPUEHTHPOB, COXPAHHBUIHXCA C MPOLLNBIX BPEMEH.
TeM He MeHee, HaM YNanoch TOYHO 3aHKCHPOBATb TOUKY MakcuMyma LikanumMuHza-Ypekckod aHOMaiwH,
pacnonoxeHHoli Ha Gepery mopa. OcHOBHAas 4acTb JTOH JIOKAJIbHOH aHOMAMM HbIHE HAXOAUTCA BHYTPH
orpaxaeHHoi TeppuTopun “Hmennc kanaxu”. Ilo Bcelt BUAWMOCTM, C  Takoi e TOHHOCTBIO yAanoch
onpenenuTb OCHOBHOR NyHKT OMNapeTcKoi NoKanbHOM aHoMalMK. MakcHMyM NEpBON aHOMAaNUH HaXOAMTCA B
Toyke ¢ koopauHatamMn N=42° 00' 536", Eo=41° 45' 451", sropoii - B TO4Ke N=42° 01' 281", E0o=41° 47"
488"

JInA OUEHKH BENWUMHBLI aHOMaNbHbIX 3HaueHui AT, HeoBXOAWMO MMETh pEnepHOe 3HaueHHe
HOPMAIbHOrO rEOMarHUTHOrO N0/, ONPEAENEHHOE NO BO3MOXHOCTH G/IW3KO OT NOKaibHbIX aHoMankii. B
HanpaBfeHHK OT Mop#, Ha nuowanax cenewuii Cynca u ['pmarene, rae oTCYTCTBYET C/OW HaMarHHYEHHOrO
NecKa, TEM He MEHEE, MarHHTHOE MOAe BCIOLY MMEET 3HAYWTEAbHbIE MPAaAMEHTbI, YTO 3aTPY/HSET BblaeleHUE
HopmanbHoro nons. Tem He menee, npod. M.Hoaua Bce xe BbiGpan perepHbIM NYHKTOM OAHO NOABOPbE B
c.Cynca, rae, no TOrA2UHKM U3MEPEHHAM, KOMMOHEHTb! FEOMArHMUTHOTO MOMA NO BENHYHHE CPABHUTENLHO
Mano OTAHYANHCh OT WX 3HaveHuu B Jlywern (N=42° 05'41", Eo=44° 42' 11"), ecrecTBeHHO B Npeaenax
norpewHocty npubopos. B kauyecTse Hynesbix BeNMuMH Obinu npunatel Z=40480 y w  H=24025 7,
OTHOCHTE/ILHO KOTOPbIX OTCYHTBIBAAMCL M3MEHEHUA B mpodpuabHbX nynkTax. CnenosartenbHo, penepHoit
ABnanach seauuuHa 7=47070 y, koropas Gbiia BecbMa rpyGoiM XapakTEpHbIM 3HAYEHHEM HOPMANbHOrO
TE€OMarHHTHOro NOAA ANA TOH 3N0XK Ha WipoTe JlyweTn. HanGonbuine OTKNOHEHKA OT HOPMANBHOTO 3HA4YEHHE
nons, no uimepenusm M.3.Hoaua, cocraennu ans Z:-364 y u +436 y, ana H:-273 y u +289 y. Hosbie
M3MEpeHHs AanK 3HaunTenbHo Gonee wHpokuit Ananalon wsmenennii T. [loatomy, cpasHerne abCOMOTHBIX
BENHYHH CTApbiX M HOBbIX WIMEHEHHH TEOMarHWTHOrO nons sBenAfetcs GecnonesnniM, TeM Gosee uTo B
HacTosuee peMa GuiIBILIMA OnopHEIH NYHKT Kcnenuuny npo. M. Hoana cHoBa 3aukcHpoBaTh He yaaeTcA.
OnHako W B HacTOsUlee BpeMs CYUIECTBYET BMOJIHE NpUEMAeMas AnbTEPHATHBA ANA AHAIH3A AAHHBIX
OTHOCHTENILHO PENEPHOro 3HAYEHHA, BLIGPAHHOTO Ha CaMOM NOMHrOHe W3MmepeHWil. B wacTHocTH, Ha
NPOCTOPHOM, niowansly Gonee [BYX rekTapos, MOYTH  POBHOM TMAMKe Meped OGbIBUIAM CAHATOPHEM
»Mero6po6a” (uentp “Hmennc kanaku™) reoMarHMTHOE NoNe HACTONLKO OLHOPOAHO, YTO MOMTH BCIOAY €€
n3MeHeHns He npesocxonat 100 v, npu cpenneti abconotHoi Bennunte T=48700 y. [ins cpaBHeHHs euwe pa3
OTMETHM, 4YTO B MarkuTHOR oGcepBatopuyn [lyweru, HaxonsuieHicA nNpHOAMINTENBHO HA 4eTBEPTh rpagyca
ceBepHee Ypeku, Ha PaccTOAHUWM OKONO 240 kM MO NPAMOH AWHHK, 3a MOCNEAHHE rOAbl CPEeAHErofoBas
BENHYMHA HOPMATLHOMO MONA MeHseTcs BOAM3K 3HaueHns T=48 800 y.
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Takum o6pasom, BoccTaHoBiieHre MaplpyTHBIX Npoduneli paHHHX IKCTEAMUMIA CErofHA BOMONHO
TONBKO JIHIIbL N0 HAMpaBACHHIO, HO HE MO CTapbiM MyHKTaM W3MepeHHil, pacCTOSHWE MEXAy KOTOPbIMH, Kak
TNPaBHNIO, MEHANIOCL OT AECATH METPOB RO kMnomeTpa. TeM He MeHee, KPHUTHYECKOE CpaBHEHHWE BCE XKe
MO3BONAET CYAWTL O AOCTATOYHO HAAEKHOM KAYECTBEHHOM  COMNIaCHH MEXAY CTapbiMM W HOBBIMH
TONOJOrUYECKUMH CXEMaMM  NOKANbHbIX MAarHWTHbIX aHoManuii llkanumunaa-Ypeku u Owmnaperu. Hano
NOAYEPKHYTb, npod. Hoana NpoBOAWA MApIIPyTHbIE MarHWTHble NPOMHAM, Mbl Xe NPOBENH NAOLLAAHYHO
MarHUTHYIO CbEMKY, YTO A0 BO3MOXHOCTb OKOHTYPUTb aHOMannH.

Ha puc.l nokasaubt fokanbHble MarHuTHbie aHoManuk Llkanumunaa-Ypexku u Omnapetu. HUpHbIMK
NYHKTHPHBIMH JIMHHAMH HAHECEHbl OTPE3KH MPOAO/BbHLIX W MonepeuHbix npoduied okcneanuun 1936-1938
F.T., KPECTHKAMH OTMEYEHbI NMYHKTbI, B KOTOPbIX OTHOCHTENbHbIE M3MeHeHHA nons AZ u AH okaszanvch
MaKCHManbHbIMH OTHOCHTENLHO HYNEBOro nyHkTa. JINs HarfAsgHOCTH, HA KapTe TaKkKe NPUBEAEHBI
XapaKTEPHbIC 3HAYEHHS, @ TAKXKE rPaHHYHbIE 3KCTpEManbHble 3HaUeHHA T. OYeBUOHO, YTO CPaBHEHHE CTApPbIX U
HOBBIX 3HAYeHWH MATHUTHOTO MOMA NHILEHO CMbICNA, T.K. B NO3AHMX IKCHEAMLMAX Mcnonb3osaics Gonee
TOYHbIH, 4eM MarHuTHble Becbl LlIMuaTa, uamepsioumnii aGCOMOTHYIO BENHYHHY reoMarHuTHoro moms T
Maruutomerp MIII-203. Kpome Toro, Mo3aAHWE M3MEPEHHS MPOBOAMAMCH LLIANOM, He npesbiwiaiouwuM 20 M,
KOTOpbIH B HEKOTOPLIX CilydasXx yMmeHblanca A0 5 M. [Mo3ToMy HOBele NpoduaH, OTMEUEHHDbIE CIIOWHBIMH
NIMHHAMH, HE MOTYT NOJHOCTLIO NOMKHMTLCA HA paHHHUX Npodunsax. Tem He MeHee, OTpe3ok cTaporo npoduns Ha
N0Ka YTO MMEIOUIEM MEPBO3AAHHBIA BUA Muiske, Mexay GuiBiwinm “Merobpoba” n “KeMnuHrom”, MOXHO
CUMTaTb NOYTH COBNAAAIOIKM C OIHHM W3 HOBBIX MPOAONLHLIX Npoduneii. TyT NOKaNU30BaHa OCHOBHAA 30HA
LxanuMunna-Ypekckoii aHoManui, NO3TOMYy HaMW Obiiu MpoOBEAeHB! Talke W MONEpedHbie NpOdUM, €
MHHHMMAJIbHLIM LIATOM 5 M, KOTOPbIH 6bin HeO6XOAUM H3-3a KpaiiHel HEOAHOPOAHOCTH FEOMArHHTHOrO MONS.
Kax BHAHO, OCHOBHbIE HEOAHOPOAHOCTH LlkanumuHaa-YPekckod aHOMAJIMK HAXOAATCA B JOHE MOMEPEYHSHIX
,»X0/IMOO6Pa3HbIX” HAHOCOB NECKA, HAYHHAIOWHXCS Heaaneko oT “Kemnuura”, npubnusntensHo s 20 MeTpax ot
6eperoBoif THHMH MOpPA, B HANpaBiCeHHH C 3anafa Ha BOCTOK. OueBMAHO, 3TH “XONMbLI” COBMAnalOT C T.H.
,»BOJIHOOOpa3HbIMK NeckamMu”, oTMeueHHbIMH npod. Hoaua, kak 06nacTb 0COGEHHO 3HAYUTENbHBIX FPAANEHTOB
nons [2]. Buaumo, 3a npoweaine roasl TOMNONOTHA “XOAMOB”, BO3BBLILIAIOWMXCH HAL YPOBHEM MOpS
NpUGAH3UTENLHO Ha 3 M, NOYTH HE W3MEHMNACh. DTO O3HAYAET, YTO OTHOCHTENILHO KPYNHble HEOAHOPORHOCTH
ABNAIOTCH CTabMNbHBIMU 00pa30BaHMAMY, NPHYHHA FEHE3NCA KOTOPHIX HE COBCEM NOHATHA. Beab ecan 3to
ABNIAETCA CNEJCTBHEM AEHCTBHA MOpPCKOro npH6os unn BeTpa, To “XOAMbI” AOMKHbI 6biaW 06pa3oeaThcA H B
ApYrux Mecrax. OfHaKo, Ha OCTanbHON 06nacT mexcay GbiBuIMM caHaTopuem ,,Mero6po6a” u ,,Kemnuurom”,
KpOMe H30/MPOBAaHHOM rpynnbl “XOAMOB”, MOBCEMECTHO NPUCYTCTBYIOT TOJNBKO MECOYHbIE XONMMKH,
co3jatollie BU3yanbHbid 3(deKT BONH. X0IMKKH OTCYTCTBYIOT JKLUL B y3Kko# Oeperosoii monoce, a Taioke Ha
nasxe nepea ,,Mero6po6a” (HbIHEIHH UEHTP ,,IMeanc kanaku™), UMEIOLEM NOUTH TAKYHO HKE WHPHHY, YTO H
nAsK B 00/1aCTH NOKANbHOW MAarHUTHOW AHOMANMW. 34echb reOMarHWTHOE NOAE ABAAETCA CTaGHAbHBIM
T=(48600-48800)y. CpaBHUM: CPEeAHETOAOBbIE 3HAUYEHHA HOPMAIILHOTO reOMarHHTHOro nons s 2000-2003 r.r. B
Hywetn cocraasnu npubansntensHo T=48800y. [Toatomy, W3meHeHHs AT MOXHO onpeaenstb He TONbKO
oTHocHTenbHO JlylieTckoii o6cepBaToOpUH, HO W OTHOCHTENbHO XaPaKTEPHOrO CMOKOWHOrO 3HaueHHs Nnons B
HEeMOCPEACTBEHHOH GIH30CTH OT aHOMAITHH.

Bonpoc, Moxer nu ObiTb Bbi3BAHA AHOMANHA MarHUTHOrO NOAS HEOAHOPOAHOCTHIO HAHOCOB
HaMaruMyeHHoro necka B Geperosod nosoce Llkanumuupa-Ypekd, npod. M.Hoawa, a Taioke Apyrumu
uccnenosatensMu, He obcyxnancs. BHAMMO, cywecTBOBanW ONpPENENEHHLIE COMHEHHA,  CBA3AHHbIE C
HEONHO3HAYHOCTbIO OTBETA Ha TaKOH BONPOC MO CAEAYIOLWHM MPHYHHAM, BbIABNEHHBIM HamH W, BO3MOXHO,
M3BECTHBIM Taloke U npodeccopy M.Hoaua:

1.HaxonsuACS Ha paccTOSHUM NPUBAU3NTENBHO 1,5 kKM OT ToukH MakchMyma Likanumuuaa-Ypekckoi
aHOMAIMH, MaKCUMYM aHoManuu OMnapeTH, KOTOpbIH BO3BbIlIAETCA = HA 20 M Haj ypoBHEM MOPSi, HAXOAHTCA
Ha cnabo nepeceveHHol, NOYTH NAOCKOH TEPPHTOPHH 63 0COOBIX BO3BbILIEHHH;

2.Ha nasxke, K 1Ory oT ,Mmeauc xanaku™, Ha rpaHuue mexay Ypeku n lllekseTunn, B myHkre c
koopanHatamu: N=41° 57' 987", Eoc=41° 46' 404", HaxoIMTCA OOMHOKM, KPYNHbIW XONIM MeEcka, UMetoLni
NPUMEPHO TY e BHICOTY, 4TO H NecouHble ,,xonMb1”. OHAaKO, 3NECh NONE HE ABNACTCA aHOMabHbIM T~48900-
49000 ¥, T.c. OHO WMEET XapaKTEPHYIO BENHYUHY, KOTOPaA MAiO OTJHYAETCA OT abCOMOTHBIX 3Ha4CHHHA
FEOMarHHTHOrO MOAA NO BCEMY MAAXY nepel UEHTpoM ,,Mennc kanakn”;

3.Ha paccTosHuu ~10 M OT Gepera Mops, B61M3M TexHHUeCKOH Ga3bl HeTaHoro Tepmunana Cynca, rae
fofie He WMEET 3HAYMTENbHbIX FPAAHEHTOB M MOYTH BCIOAY GAH3KO NO BESHUHHE K HCRONBL3YEMOMY HAMH
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penepHoMy WHTEpBANY 3HaueHuA oA Nepea UeHTPOM “MMEANC Kanakn™, Ha COBEPIIEHHO NAOCKOM MECTE ¢
xoopaunatamu: N=42° 01' 876" u Eo=41° 44' 461" umeem 749350 y. T.k. B 3TOM MeECTE HE NPOCMATPHBAIOTCA
cneabt XOIRACTBEHHOH AEATENLHOCTH, TO MOXHO MPEANONOKHTL, YTO AaHHAad MHUKpOaHOManus, Noxo6Ho
PYTHM, HMEET NPHPORHOE NPOHCXONKAEHHE.

ITUX apryMEHTOB BNOAHE NOCTATOMHO AAA TOrO, 4TOOb MOATBEPAMTb HEOAHO3HAYHOCTb OTBETA Ha
BONPOC NpOHCXOKAEHHA Likanumuiaa-Ypekckoii aHOManHH: BEI3BAHbI M OHH HEOAHOPOMHOCTHIO penbeda b
npHEpexHOA nofoce MAM ke, KaK M aHOMAnWK B ropHoi wact [ypufickoro peruona, rAyGHHHBIMH
TeoIOTHYECKHMH CTPYKTypami. Bo3mMoxHo, oTBeT Ha 3T0T Bonpoc Gyaer nonyuen B Gauxkaiiwem Gyaywem,
KOra BCE HEOMHOPOAHOCTH Ha CTPOHTENbHON MuoLWanke KypopTHoro kommnexca “Umeauc kanaxu™ 6ynyr
sbipoBHeHbl. B nio6om cayuae, kak 310 otmedan npo¢. Hoawa, ssnserca HeoGxoaumoii npubmusntensas
TEOpETHYECKas OLUEHKA BOIMOXKIOrO MAarHHTHOrO 3¢gexTa ,,x0AMOB”, Kakoii 6b1 rpyboii ona He Gbina u3-3a
HenpaBuAbHOH GopMbl HaHOCOB necka. [isi TOro NepBOHAYANLHO OUSHUM MArHHTHBIH 3(dexT BepTHKANLHO
OAHOPOAHO HAMarHH4YEHHONW GECKOHEUHON NAOCKOCTH NeCka, ABNAIOWEACA MaKCHMAIbHO  YMPOLUEHHOH
moaensto nasmka. [10 aHanorMM € JNEKTPHYECKMM NOAEM Hall PABHOMEPHO 3apfKEHHOR NAOCKOH
NOBEPXHOCTHIO, HAA HAMarHH4YeHHOH OGeckoHeyHOH nNOCKOCTbio OyAeT CylUeCTBOBATH TORALKO NHUIL
BEPTHKA/IbHAA COCTABARIOLLIAA MATHHTHOTO NONA, BENWYHIIA KOTOPOH paBHa

Zo=2n) CGSM m

CornacHo nabopaTOpHBIM ~ WIMEPCHWAM, XapaKTepHas BENMYHHA HAMArHUYEHHOCTH MECKOB B
npu6pexcHoil nonoce Mops J=10 CGSM. CrenosatenbHo, NOMy4uM XapaKTephyro Benuunny Zo=6-107 I'c
Uk, B cucreme Sl = 600 y, 4TO creayeT CYMTaTL BEPXHUM MPENCIOM BETHYHHBI aHOMANHH, MOPOXAAEMBIX
HaMarHH4YEHHbIM NECKOM.

Jinz  paneHeitinero, Menee rpyboro MoaenHpOBaHMA, YEM GECKOHEHHOH NOCKOCTHIO, ClEAyeT
annpoOKCHMHPOBATL  ,,XONMBI" (IHG0 OTAENbHBIE XONMHUKH NECKa), KaKHM -THG0 rEOMETPHHECKHM TENOM, HIH
e, aHcamMbneM Ten, pacnonokeHHbIX HAL PABHOMEPHO HAMArHHYEHHOH NJIOCKOCTbIO. TakuMHu TenaMH MOTyT
6bITh: rOPH3IOHTANBLHAA MNACTHHA, HGO FOPHUIOHTANBHLIA UHAHKIP, HAMArHUYEHHOCTL KOTOPLIX, 6e3 ocoboro
yuwiepba AnA NPHONH3HTENbHBIX YHCNEHHBIX OUEHOK, KaK M AN GEecKOHeWHON MIOCKOCTH, MOXHO CHHTATh
BEPTHKANbHOH.

Hanpaeum ocb Y  npamoyronbHoii cuctembl XOY, ¢ UEHTPOM B cepeauHe noAyOGecKOHE4HOM
FOPH3OHTAILHOR NNOCKOCTH CPEAHHHOTO CEYEHHA MNAaCTHHbI, aNNPOKCHMHUPYIOLLEH NECOYHbIH *“‘xonM”™.
BeprukansHas coctasnfiowan MarHUTHOTO NOAS HaA NNACTHIIKOH onpeaenseTca U3 bipakenns [9 ]

B +b-x?
Z =4-JbH 2
' [A +(x +b)*)[A? +(x - b)?] @

rae b-nonywnpnxa nnacTHbl (,XonMa™), oTMepeHHan oAb X, h-BbIcOTa Hal NAOCKOCTbIO CPEANHHOTO
CEYEHUA NIacTHHBbI, H-ee TonwwmHa,

XapaktepHas nonyuinpxa ,,x0nMoB” b=5:10%cwM, Beicora H=3-10%cmM. [lpn Takux napametpax Ans
XapaKTepHOH BENHYHHBI MATHHTHOrO MOJA, 33 KOTOPYIO GyAEM CUMTATL ee BENHYHHY HAA UECHTPAIBHOR OChIO
(x=0) nnacTHHbl Ha BbicoTe NpuGAMIHTENEHO =107 cM, T.e. Ans h=2,5-10? cM, monyuum Z1=200 y. U3 (2) suaHo,
4to ana X>b Zi Gyaer HMeTb OTpPHUATENbHbIE 3HA4EHHA. OTMETHM, YTO MOXHO TalOKE OLUEHHTb BETHYHHY
FOPH3OHTANBHOA KOMMOHEHTh FEOMArHWTHOrO MONA H3 COOTBETCTBYIOILETO aHANHTHYECKOro BblpaxkeHHs [9].
T.x. ata komnoHenta npu x=0 Gyner paBHa Hyno, BAOMb OCH Y xapakTepHas BeM4uHA abCOMOTHOrO
3HAYCHHSA NOAA GyAeT cOBNAAATL CO 3HAHEHHEM €r0 BEPTHKANLHOM KOMNOHEHTSI.

Teneps, He MEHAR CHCTEMBI KOOPAWHAT, BOCNONb3YeMCs BbIPAKEHHEM A1 BEPTHKANBHOH COCTABAAIOLIEH
MarHHTHOrO NONA HaJ HAMATHHYEHHLIM FOPH3OHTANBHLIM UHAHHAPOM, OCb CHMMETPHH KOTOPOro HanpasieHa
BIOMbY. PaaMyc ITOro UMNMHApPA, MONENHPYIOWErO CErMEHT “XONMa” Mexay ABYMS COCEAHHMH
BonHooGpasubiMu BnaauHamMu R=b. Cornacuo (10}

n-x?

s A n)y 3

Z,=2.J.
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TA€ S-NIoWAaAb MONEPEHHOrO CCHEHUS LMANHAPA.

Mpu R=5-10%cm, h=6-10%cm, xoraa x=0, u3 (3) nonyuum: Z2=450 y, T.e. BENHuHHY, AOCTATOMHO
OT/IHHAIOWYIOCA OT Z1, 4TO CBAIAHO C Pa3HLIMKM NO BEHYHHE NHHEHHbIMA NAPAMETPAMH LMAKHIPA W NNOCKO#
TIaCTHHBI, HCMOL3OBANHLIMH IS YUCNEHHOH OUeHKH. O4eBHAHO, YTO 3TH reoMeTprHYecKie GHIYpbl ABAAIOTCH
Hanbonee NOAXOAAUIMMH TAKHKE H ANA MOACAHPOBAHHR MAHUTHOTO IPPEKTA BHILEYROMAHYTOTO OAHHOYHOIO
cronba necka Ha rpaHnue mexcty LLlekBeTnan u Ypeku, Haj KOTOPLIM flofie  OTAHYAETCA OT CPEAHErO NONA Ha
nnaxe nepes “HMmeanc xanaku™ nuwsb Ha 200y .

Ha puc.2 otaenbho BbineneHa o6nacth “Xpe6TOB”, T.e. UENTPaNbHAA 30Ha NOKANBHOW MATHUTHOM
avomanuu  LlkanumuHna-Ypeku, TONOAOrHIO XOTOpOW u3obpaxaloT nioauxambl warom 200-500 v,
NOCTPOEHHbIE NO JAHHLIM NMO3AHKX IKCNEAHUHH. ECIM HCXOAHTL M3 3TOro nNpeAcTaBneHns, BIMOJHE JIOTHYHO
CynTaTh 06CYXKAaEMYI0 aHOMaNWIO aHCaMBneM HeckolbKHX MUKpo-asomanuit. C BOCTOKA, 3@ OFOPOKEHHOM
TeppuTopHed “Mmennc xanak” 3HauMTENbHbIE HEOAHOPOLHOCTH FEOMArHHTHOTO MOAA He OBGHapYXHBAKOTCA,
YTO MOATBEPKAAET NOKaNbLHbIA XapakTep 3To# aHomanuu. OLHAKO, CylWeCTBYeT FuMMOTe3a, CBA3aHHas C
BO3MOXHOCTBIO MPOACJDKEHNA NaHHON IOKANbHON aHOMaNMH B CTOPOHY 3anaua, T.e. mopa [8]. B Takom cnyuae,
BMOJIHE BEPOATHO, BKAIOUYEHHE MIA addekra, Bo3HMKAIOWETrO B  3)EKTPONPOBOASWIEN KHAKOCTH,
ABHXYWEACA OTHOCHTENBHO BHELWIHEro MarHWTHOTO nons. M3-ia atoro addexta 8 Mopckoil cpeae MoryT
FEHEPHPOBATLCA KOPOTKONEPHOAHLIE NYNbCAUMH MArHMTHOTO MONS, NOAOGHLIE PEryAAPHLIM FEOMArHHTHBIM
nynscauuam Pcl n Pc2. CornacHo TeopeTHYECKHM OUEHKaM, eCTH NPHHATL BO BHHMAHWE BHXPeobpasHylo
CTPYKTYpy npuGpexHoro TeyeHus BGausan genbtel p. Cynca, nepuoanl MOPCKMX MarHWTHbIX MyAbCaunh
HAXOAATCA B MIITEPBane NEPHONOB GHONOrMYECKHX PHTMOB YENOBEYECKOro opraHuima. CnenoBaTenbHo, ITH
MynbCauumn, NoAoGHO PErynApHLIM rEOMArHHTHBIM MYJLCAUKAM, MOTYT OKa3hiBaTh CTUMYAHPYIOLLEE BAUAHHE
Ha XUBON OPraHW3M H, CNEA0BATENLHO, CNOCOBCTBOBATDL €M HCUENEHHIO
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Tygomfdobes — 9Mgg0l mogsmato 353bodgtho sbmdsgool
n5gobydydgdgdo

6. bggregmodg b. ggdglgmodg, 3. 3g@oBgogmo, 3. yomMysdy
tgboygdy

Fogo  brgob  Labadodmby  SbmIsgrnde  agmdsphodgde  ggmoel  dggmo s sbagno
360336gemmdgdol  Bgmotigdol  dobbom  Rsdodgdymes  JGme. A bmeosh  1936-38  Fangdol
35360896-bodogdm gJbdgmaiogdel Agmgagdobs ws 2000-2005 Fargddo agmgabogol obbdodadob
Laggemg-bagdbdgreogom  @obdol  8ogd  Bowgdmmo  Ambsydgdol  Yymodgdomo  shogmabo.
2o8mgmgomos  agmool  Ggaombyme  aymdaghodgmo  sbmBsgwool Fgdopagbgeno  gengdgbBgdo-
odgehgools  ©s  TyomTanbpo-geiggol  megsmado  obmdsgmogde.  Bgbmgangdgenns  oF
sbmBsgnogdols godmmdoma 3spbodamo a8 @ JMbGgdoMgds. mgm@ogmop Fggebgdgmos
Lsbodotm  bmgnBo  goborsglgdae  Fyo§dobro-ghggol sbmdsmosdo @sdsybodgdagma  Jgool
205g6mgotmgabo  Fodmdmbaddbgdol,  Jypgdols @ gomggamro  dmAggdels  sGligdmdom
3230V ggammo Fgbadmer Iopbodgto 959dHo- swboTbgeno mejoma@o dsabodaco sbmasgrogdol
2°bbognmAgdgmar  SGaghmagedmgsbe, (geomdshdgodmgsbo  byenHgts  80s6036gdl  Bom
3°3306%g Low@dgm agmmmaog® bHGIIGGId06.

OcobGennocTu 0KaabHOMH MarHuTHo#H aHoManun lkanumunaa- Ypexkn

H. Xseneaunnse, 3. Kepeceannse, I'. Bepumuan, M. 'eopraase
Pedepar

C uenbio CpaBHEHUA CTapbiX H HOBbIX NAHHLIX AHOMATLHOrO reOMarHUTHOrO nona Ha YepHomMoOpcKoM
nobepexbe NPOBEACH CPaBHUTENbHLIA aHANH3 NaHHBIX MATHHTO-MOHCKOBBIX 3kcneanuuii npod. M. Hoaua B
1936-38 rr. u  HHctuTyTa reodusnku B 200-2005 rr. Bl I COC 1e ol [ypuiickoit
PeruoHanbHON reoMarHUTHOH aHOManyH, fokanbHble aHoMaTHH OMnapety H Llkanumnnga-Ypexu. [posenena
NJOWAAHAA MArHMTHAaA CbeMKa M OKOHTYpHBaHHE rpaHull 3THx aHoManui. JlaHa TeopeTHueckas oueHka
BO3MOXHOrO MarHWTHOTO 3¢QekTa HEONHOPOAHbLIX 06PaloBaHMA HAMArHHYEHHOro necka TMNa xpe6Tos n
OTAC/AbHLIX XONMOB H2 TEPpUTOPHH JNokanbHO# aHomanuu Llxanumunpa-Ypekn. Heoanopoawas,
MeAKoMacwTabHas CTPYKTYpa, yKa3aHHbIX BbIlLe NOKANbHBEIX MATHUTHBIX AHOMANKHA, NOKA3LIBAET HA WX CBA3b C
rRyGHHHBIMH FE0NOTHYECKHMH CTPYKTYpaMH.
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Peculiarities of Local Magnetic Anomaly of Tskaltsminda —Ureki

N. Khvedelidze, Z. Kereselidze, G. Berishvili, M. Giorgadze
Abstract

A comparative analysis of the results of 1936-1938 magnetic-exploration expedition of M. Nodia and the
results received in 2000-2005 by a field-expedition party of Institute of Geophysics has been carried out with the
purpose of comparing old and modern values of anomalous geomagnetic field at the Black Sea shore.
Constitutive elements of regional geomagnetic anomaly of Guria ~ local anomalies of Ompareti and
Tskaltsminda-Ureki, have been revealed. A magnetic survey and outlining of the anomalies’ area has been
carried out. A possible magnetic effect caused by existence of nonuniform formations, as well as ridges and
separate hills of magnetized sand has been theoretically estimated in Tskaltsminda-Ureki anomaly located along
the coastline. A particularly nonuniform, small-scale structure of the above-mentioned local magnetic anomalies
points out at their relation with abyssal geological structures.
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Transactions of Mikheil Nodia Institute of Geophysics, vol. LX , 2008
Tpyaw Huctutyra reodusmnkn um. M. Hoama, T. LX, 2008

MOJEJb HEOJHOPOJHOM MOJISAPH3ALIMH
BEPTUKAJBHOI'O J3JIEKTPOIPOBOJSIIEIO IIJIACTA

'Xaurame AT, 'Kepecenume 3.A., 'Tenanse I'T., 2T'abuconun U.A.

'MuctutyT reodusuxu um. M.3.Homus- www.qgs org.ge
2 CyxyMcKHii FOC. YHUBEPCHTET-WWW.S0U. g€

W3ectHo, 4TO rpakTH4eCkH BCE 3eMHbIE TOPHblE NOpOAbl 06MAfalOT OMPENENEHHEMH
TNONAPH3ALUHOKHBIMM  KauecTBaMM. Hampumep, pe3ynbTaThl Teo3IeKTPHUECKOW  pasBenKy
TEPPUTOPHH MHKPO aHOManuH Ha Gepery YepHoro Mops (“Hmeauc xanaku™), sBnsioweics yacTeio
NOKanbHOA reoMarHuTHOR anomanuu llkanuMumpa-Ypexu, NoKa3piBaloT, YTO 31€Ch, BEPOATHO,
HMEET MECTO BITHAHHE MONAPHIAUHOHHBIX I((EKTOB, CBA3AHHBIX C (H3MUYECKHMH KauyecTBaMH
cpemsl.  CnoXHOCT KOMNEHCAlMH 3EMHOTO MArHMTHOrO TMOJA BO BPEMA TECTHPOBAHHUS
3/ICKTPONPOBOAHOCTH  3EMHBIX MJIACTOB METOAOM BEPTHKAILHOTO 30HAHPOBAHMS B ITOM MECTE.
BOIMOXHO, BbI3BAHA HECTALMOHAPHOCTBIO IYyOHHHON I'€0ENEKTPHYECKOH KAPTHHBI, BbI3BaHHOM
nojApHlaumedi B MHKPOTPEUIMHAX, PACMONOralommMxc B TNyOMHe HaMarHHYeHLIX Ten H
BBI3LIBAIOLLHX NTOBEPXHOCTHYO T€OMATHATHYIO @HOMAIHIO.

B nonspuiyemoit cpene CpaBEANMBEL CAETYIOUINE BLIPAKEHHA ANA BEKTOPOB IKTPHUECKOH
NONAPH3ALHH H MArHHTHOH HHAYKUHH

D=¢ E+P, B=pu,H+M, )]
Ine  E-HanpmkenHOCTb  3MeKTpHueckoro  nons, P -anekTpuueckas  noaspusauus, H -
HanMpAXEHHOCT MArHMTHOrO MoJis, M -HaMarHW4EHHOCTh (MarHWTHas MOJAPH3AUMA), EgH Ho-

NOCTOSHHBIE BaKyyMa.
Cuctema ypapHenu# MaxcBenna HMeeT BHO

- ~ M QE 0P
rolB:yo(J+rot#—0+eg—ér-+5),
ror E=28. o)
at
div B=0,

div E=—1- (p -divf’),
£y

I'ne, J -Makpockonnyeckas MIOTHOCTH TOKa.
Takum 06pa3oM, B HaMarHWYEHHOH Cpelie B JIOTIOMHEHHE K MIOTHOCTH CBOGOHBIX 3aPA/IOB [

[OSBAAETCA  NJIOTHOCT  CBA3AHHBIX  (TONAPH3AUMOHHBIX)  3apaaoB =-divP a K
u
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MaKPOCKOHH'{CCKOﬁ [LTOTHOCTH TOKOB - MNJOTHOCTh CBA3AHHLIX MHKPOCKONMYECKMX TOKOB

- M B
F=rot ==+ 22 13,
Hy O
Ecny k MepBoMy YDaBHEHMIO CHCTeMb! (2) MPHMEHMTL OmEpauMio divH BOCNOAB3OBATHCH
10CNI€AHHM YPAaBHCHHEM Mai(caenna, Nony4yvM ypaBHCHHE JIA NMJIOTHOCTH TOKA

~_0
iv J=— R
div a’ p 3)

B KOTOPOM NPHUCYTCTBYET NEPEMEeHHas MUIOTHOCThL CBOOOAHBIX 3apanoB. YpasHeHue (3) ABnAeTCA
CrpaBeJIMBLIM BCIOAY, B [IPOCTPAHCTBE H B TOUKAX HAXOKACHUSA HCTOUHMKOB TOKA BKITIOYATENBHO.

B TeopeTHueckMX 3aayax reo0dCTPOMETPHH OOBIMHO HCHOMB3YETCH ypaBHEHHE MUlA
MEKTPUYECKOr0 MOTEHNHana ¢, KOTOpoe monyyaercs W3 ypasHens (1) npu ycnoBHm

d
—a—r~p=0. CJICHOB&TCHBHO, NnpH CTPOroM pacCyXICHHH, B HECTALHOHApHOM Ciydae CcCleayeT

KOMNOHEHTY 3/CKTPHYECKOTO MOMfl, CBA3AHHYKX C CKAIAPHBIM TIOTEHUHANOM,  AOMONHMTDL
KOMIIOHEHTOH, TOSBAMOLIEACS H3-32 HMIMEHEHHA BEKTOP-NOTEHUMANA MArHHTHOTO MOAA BO
ppemenn. OnHako, €CH TNPEANONOXMHTb, YTO MNOTHOCTH 3APANOB MeHAeTcH ObicTpee, ueM
MarHMTHOE [MOJIE, W3-332 3aBHCHMOCTH CKOPOCTH 3NICKTPOMATHHTHOH MHAYKUHH OT KauecTha
NIEKTPHYECKOR NPOBOXHMOCTH CPEIbl, MOXHO BOCIIO/Nb30OBAThCA MOCTYJIATOM O CTALHOHAPHOCTH
BEKTOP-MOTEHIMANA MArHMTHOrO nonf. OuYeBHAHO, YTO TaKoe NOMYUIEHHE ABJACTCA BIOAHE
CTpaBeIMBLIM [I1S CPell C N0CTATOYHO GOMBIINM YACTEHBIM CONPOTHBICHHEM.

ilenbio maxHOM PaBOTHI ABAACTCA OUCHKA IPYEKTA NONSPH3ALMOHHEIX 3aPA0B Ha NpHMEpe
MOAM(HUKAIMH MOAENH HOTEHLUMANAa TIIOCKOrO 3MEKTPONPOBOMAWIEr0 miacTa. PaccMoTpuM
BEPTHKAIbHBIA paspe3 3emian, cosnagalommii ¢ miockoctsio XOZ. Ock Z  nanpasieHa
BEPTHKANLHO BBEpX, X- B FOPM3OHTAILHOM HANpAaBICHHH, BAONL HEDKHeH KpoMmku miacra. B
HAMPABJICHHN OCH Y NUIACT CYNTACTCA OXHOPOAHBIM, CIEAOBATENBHO, PACCMATPHBACTCA TLTOCKHHA
ciydaii. 3eMHOH [OBEPXHOCTH COOTBETCTBYeT z=h,  Ecnu Bocmons3osarhes 3akoHom Oma

J=0E=0gradyp , u3 (3) nony4uM ypaBHEHHE 1% HNEKTPHUECKOTO NOTEHUHANa

P 9 130dp 13
7,00, 2R _"%2 @
o' &' ocozoz oo

AHanuTH4eckoe pelleHne ypaBHeHHs (4) B oblueM BHAE ABNAETCA CNOWHOHW MaTeMaTHYECKOR
3ajayedl nake B OLHOPOAHOM npuOMMkenun. JInA Takoro cnyuad, oGBIYHO HCIONB3yeTCA
HHAAHAPHYECKas CHCTEMa KOOPAWHAT, NOCTYIMPYETCA 3aBHCHMOCT O TOJNBKO OT BHICOTH M
DNORYCKAaeTCA ajMMyTaibHas cHMMeTpus (2], MMeHHO npH Takux YNpOWAIOWMX YCHOBUAX
NOJyYEHO PEIiCHUE YDABHEHHA MOTEHHHANA JUIA Clyyas, KOTHA JMCKTPUYECKasn MPOBOAHMOCTH
MeHSeTCA M0 IKCIIOHEHIMATHHOMY 3aKOHY OTHOCHTENBHO KoopauHathl z [3]. Cnemys 31oii cxeme
OpH pEleHUM HEONHOPOAHOTO ypaBHenHa (4) Mbl TPEATONOTaEM, YTO 10 TOMY XK€
IKCIIOHEHIMATHEHOMY 3aKOHY O =0, e ¥ MeHSeTcs 3NeKTpHueckan NPOBOAMMOCTb M B Haleh

3agave (k u o, -nocrosHHEIe). [locne MOACTaHOBKY ITOr0 BEIPAKEHUS B [IPABYIO YACTh YPaBHEHUS

(4) nonyuum
2o 2o o0 10 o
ot ot ? oot
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Ina pemenns ypasHeHMs (5) BOCHOJB3YeMCS MOJENBHBIM  MNPEACTABIEHHEM Mpoduia
3/IeKTPHYECKOro NOTeHLNaNa niacta [3]

p=a(x—be™ -cosmx), 6

rae au bnocrosHuble, onpeaenseMble U3 TPaHHYHBIX YCIOBHHA, nH m -YHuCha.

Ipencrabnenne (6) ABNAETCA AOCTaTOYHO IPQEKTHBHBIM U MOIENMPOBAHMA XapaKTepa
H3MEHEHUA IOTEeHLMaNa, XOTA COOTBETCTBYET BIIOJIHE PETYNIAPHOMY pacnpeleNieHHIO MHOXECTBa
HCTOYHHKOB 3EKTpHuecKoro nois. OnHako, B ONHOPOJHOM NPHOTMKEHHH U3 ypaBHEHHA (5) He
BHIHO, YTO NPHYHHONH H3MEHEHHA MOTEHLMaNa, HanpuMep, NORoO6HO  BhIpaxkeHHIO (6), MoryT
SBNATLCA JIMIIL PACHOJIOXKEHHbIE B ONpPEAe/EHHOM MOPANKE CBA3AHHBIE JIEKTPHUECKUE 3apaasl. B
3TOM Cly4ae [IOTHOCT 3THX 3apANOB BAONL X JOMKHA MEHATBCA COrNIAaCHO 3aKOHY
cosmx .CnenoparenbHo, 1A Belpaxkerua (6) (QHU3MUECKH ONMpaBAaHO CYMTaTh €€ CIEACTBHEM
H3MEHEHHs [MJOTHOCTH 3apAloB, KOTOPY:® MOXHO INpPEACTaBUTb B BHIE IPOM3BENCHHS
p(x,z,t) =Pp (r)cas mx"®*"% Tlocne I0ICTAHOBKH 3TOTO BRIPOXKEHUS, & TAKXKE MPEICTaBIEHHS (6)
B ypaBHEHHE (5), MOTYYMM ClEIYIOlUee XapaKTePUCTHYECKOE YPAaBHEHME, ONpENEIAIouIee CBA3b
napaMmerpoB a,b,m, k u o, ¢ napameTpom n

n2+kn—(m? +c)=0, ™

P iy
rge c=—=a"b" .o, .
o 0

Jlns nocnenylomux paccyxacHHi HeoGXOAMMO MOACHHTE (H3UUYECKHH CMBICI MapaMeTpoB
a,bu m, xotopele, Hapsny ¢ k, ONPENENSOT XapaKTeEpP H3MEHEHHs INCKTPUIECKOH TPOBOAUMOCTH.

CornacHo (6), CyLWECTBYIOT AB€ KOMIIOHEHTBI HANPsXKEHHOCTH 3JIEKTPHYECKOTO 0N, KOTOpbIE
CBSA3aHbI TOCIEIHUM ypaBHEHHEM CHCTEMBI (2)

E = _%D = —a(] +bme™ sin mxl ®

x

E = 99 _abncos mx, . &)
oz

Kak BHIHO M3 3THX BbIpaXeHWH, a=-FE, -XapakrepHas BeJUYMHA HANpPAKEHHOCTH

SNIEKTPHYECKOTO MOMA, b-XapakTepHblii JIMHEMHBbII MacwTal HEOMHOPOMHOCTH MJIOTHOCTH
JNEKTPHYECKHX 3apafoB. JTH MApaMETpsl MOXKHO CYHTATh 3aJ@HHBIMM MO YCJIOBHAM 3aJayM.
Janee, npu noMoIy NPOXONBLHOrO NTMHEHHOro MaciuTaba L 3/eKTPONpOBOAALIETO MJIACTA  MOXKHO

2
onpeAcinT MHHHMAQJIbHOC XapaKTCpPHOC 3HA4YCHUE BOJIHOBOrO 4YHCIa m = —Z— IInoTHOCTB
3apsn0B, U3MEHCHHE KOTOPOro HapyluacT CTalHOHAPHYIO KapTHHY 3JICKTPHUYECKOro NMOTEeHLHANa,
MOXHO CYHTaTh CBOOOIHBIM NapameTpoM 3ajauu. Ee xapakTepHas Be/MUYHMHA p, TAKKE MOXKET
65ITh onpeaesieHa npuﬁnmmenbﬂo, €CJIH BBECTH T, - XapaKTepHOE BpeMs M3MEHEHHA MUIOTHOCTH

TIONAPH3AUNMOHHBIX 3apSJIOB, 2 TaKXKE XapaKTEpPHYIO BENMUYHMHY IUIOTHOCTH 31EKTPUYECKOrO TOKA
J . B pesynsrate, u3 ypaBHeHu (3) NOJYYHM XapAKTEPHCTHYECKOE COOTHOLIEHHE

P (10)
Ty

=~ |~

BnusBue nepeMeHHOro nons MOMSPH3alMH HAa IUIOTHOCTH 3EKTPHYECKOTO TOKA CBOAMTCH K
H3MEHEHHIO €T0 HHTEHCKBHOCTH, YTO 3KBHBAICHTHO H3MEHEHHIO IIOTHOCTH CBOGOAHBIX 3apANO0B B
PHTMe Nonspu3aiii. B npupone cymecTByIoT padiMyuHble THIBI NONAPH3ALINN, XapaKTEPHOE BpeMsl
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KOTOPBIX MEHAETCA OT BPEMEHH AAEPHOTO B3aUMOAECHCTBHA OO HECKONbKMX cekyHa. K nanbonee
ME[UICHHO CMaJialolMM THNAaM TMONAPH3AlMH OTHOCATCA, HanpuMep, ¢uibTpauxMoHHas H
KOHUEHTpaUXOHHO-11(dY3noRHAaA, XapaKTepHbie I THAPATH3MPOBAHHBIX MnacToB 3emnu [4]. B
paccMaTpHBAaEMOM HaMM HHM3KOYACTOTHOM NPHONMKEHUM MIOTHOCTh NOJSPH3ALIOHHEX 3aPALOB B
IOBEPXHOCTHOM C/10€ 3eMJIH MOXET TAK)KE M3MEeHSETCS, HalpUMEp, U3-32 HHIYKTHBHOIO BIHAHUA
KOPOTKONEPHOIHBIX My/NbCAUMH T€OMarHHTHOTO MONA, @ TaKke aTMOCHEpPHOro 3NEKTPHYECKOTO
T0M4, BapHALKMK KOTOPOro MOTyT BhI3BaTb Onyxaatomue Toku. CrefoBaTenbHO, B KAYecTBe T,
MOXKHO BOCTIONB30BAaTbCA NEPHOAOM HaHGoee KOPOTKON reoMarHUTHOM nynscaunu Pcl, KOTOpBIi
baKTHYECKH COBMANAET C XApAKTEPHBIM BpeMeHeM Haubonee MENNIEHHBIX THIIOB IOAPHIALMH.
[Mocne onpepenenus ee XapakTepHOH BENNYMHE! O, TIPY NoMowWH Beipaxerus (10), HeoOXomHMO

MOACIHPOBATE IIO Kaxomy-nnﬁo 3aKOHY H3MEHCHHE TUIOTHOCTH 3apAAOB BO BpEMEHH. MoxHo

- . .t
BOCIIONIb30BATACS, HANPHMEP, KBA3HCTALMOHAPHOH Nepuonuueckoil Monemsto p, (t) = p, sin— 7,
Ty

" 4 !
nM6O HECTAUHOHAPHBIMH MOAENSMM numeimoro Tvna: p,(f)=p,—  p.(1)=po|1-—
To [}
OueBH/IHO, UTO BTOPas M3 ITHX MOJENEH ABAAETCA (MIUYECKH OTPABIAHHOHW ANA HMHTEpBAna
BPEMEHH [ = [0 + r0].
Takum 06pa3oM, MOXHO ONPEZIENHUTL XapaKTepHYIO BEHYHHY NapaMeTpa A, KOTOpbIA COTNacHo
(7) paBex

n=—§+,}§+(m2+c) (11)

(3HaK + nepen KBanpaTHbIM KOPHEM BbIOpaH H3 GpH3HYeCKHX coobpaxeHun).

SBJIAIOIIMICA  NorapuMU4ECKAM AEKpeMeNTOM YOBIBaHHA 3MEKTPHUYECKOH MPOBOMMOCTH C
BBLICOTOH IUIacTa, B OTJIMYHE OT CTAUMOHADHOTO Ciy4as, B 3aBHCHMOCTH OT 3HaKa M3MEHECHHA
IUIOTHOCTH 3apAL0B, MOXeT GBITh HE TONLKO PeabHOH, HO M KOMIUIEKCHOH BETHYHHOI.

CornacHO Halle# MOAENH, 3NMEKTPUYECKHH TOK 3ambikaetcs B miockocth XOZ. Ilostomy,
MHIYUMPOBAHHOE 3THM TOKOM MArHHTHOE MoONE, BO3MYLUIAIOLIEE EOMArHUTHOE MoONe M, TeM
CaMBbIM, OCNIOXHAIOLIEE TOJNHYK 3IEKTPOMarHUTHYIO KapTHHY NJIOCKOro BEPTHKANBHOrO MnacTa,
GyaeT MMeTs MWb ONHY K, cocTapnsowtyio. Eciit npenebpeds addekToM HaMArHHYEHHUs OO,

COCTaBAAIOUINX MJacT, BEJMYHHY HABEJEHHOTO MArHWTHOTO MOJA MOXHO ONPEAENHTs M3
YNPOLIEHHOTO YpaBHeHUA MakcBena

L roth=7 (12)
Ho
OTKyHa, €C/IH BOCIONb30BaThCA 3akoHoM OMa J =0 E , Gyaem HMeTh Ba ypaBHEHHA
oh oh
= = o )E (2.x) — = #ol2)E. (2,%), a3)

“ —k:
no6oe M3 KOTOPBIX IPH IToMoLuk BeipaxkeHuit (8) u (9), a Taxe o = 0ye ~ OMPEACIACT BETUIHHY
BO3MYLUCHHA TEOMArHUTHOrO NoJA A, .

Jina npubnM3uTeNBHON KONMHYECTBEHON oueHKM 3ddexta noispuzalnH  BEPTHKAIBHOIO
3IeKTPONpPOBOJAIIEr0 MNacTa IO BbllUenpuBeJeHHON aHaMMTHYECKOH Mozenu Heobxommmo
BOCIO/Nb30BATECA XapaKTEPHBIMH NapaMeTpaMs Kakoro-nu6o rmyGMHHOrO paspesa, HMEIOLIETO
CXOACTBO C 0nacToM. TakuM HCXOAHBLIM MATEpHANOM MOXCT CJYXHTb, Hanpumep,
reoaNeKTpHYECKas KapTHHa MEHTPanbHOl YacTM  MHKPO-reoMarHHTHOH aHomanun “MMemnc
Kalaxu”, COCTaBJeHHe KOTOPOH OKa3anoch KpaiiHe COXHOW 3amayedl 3-32 MOCTOSAHHBIX NIOMEX,
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C031aBacMbIX 6Hy)l(£lalOH1HMH TOKaMH H, BE€POATHO, 1HONApHU3allHOHHBIMH 3apsaJaMH.

I'lpennonoxmm, YTO H3MEHEHHE TNJIOTHOCTH MONAPHU3AIIMOHHBIX 3apANOB ITPOHUCXO/IHT COrjlacCHO

t
mozenu p, (t)= p, — . TlapaMeTpbl, BXOISLUME B AHANMTHYECKHE BHIDAXEHHS, ONpeneNsioLIe

0
du3nyecKHe XapaKTepHCTHKM MOZENBLHOIO TJacTa, COOTBETCTBYIOT YKa3aHHOW IeOMarHHTHOH
2

avomamvn: k=10"', £ =107 Bu~',0,=10" Om~' m”', 5=10m, m:T, rae L=107 m.
Py Jo _0oE,
CnenoBatensHo, u3 (10) Oyzem umets ——:7= P OTKYJa MONYYHM XapaKTEpHYIO
z'0

BEJIMYHHY pc,=10'6 Kam> Takum obpasom, Bce BenHuMHBbI, BXoasiuue B (11) sABsIOTCH

H3BeCcTHBIMH. B pe3yabpTaTre noJaydnM Xap&KTCpHle BECJIMYHHY, OIpEACIAIOIYI0 H3MCHEHHEC
JMeKTPHYECKHX XApPAaKTEPHCTHK  BEPTHKANbHOro Iacta ¢ yuetoM 3(dexTa nospu3altuy;
n~8-102. Tlpn oTcyrcTeuum mnonspuiaumMonHoro o¢pdexta n=3-107, Te. HMeeTca
CyIIecTBEHHOE KONHMYECTBEHOE OTIMYME OT mnpedslaywero ciydas. IlosToMy, Ha naHHo#
TEpPPUTOPHH NOJSPH3ALHOHHBIA 3PdEeKT B 3HAYUTENBHOM CTENEHH MOXET HM3MEHHMTh KapTHHY
97EKTPHYECKOT0  NOTEHLMana M YCHIMTh  HaNpsXKEHHOCTb  3JIEKTPHYECKOTO INois B
3]IEKTPONOPOBOAALIIEM MJIacTe, 0COOEHHO, €€ BEPTHKAIBHYIO KOMIOHEHTY. O4YeBHAHO. YTO 3TO
ABJIEHHE JOJXKHO ObITH HCCTaHHOHaPHbIM H MOXET oOKa3aTbCsa le{'-ll‘[HOFl OCJIO)I(HCHHﬁ,
BO3HHKAIOLIHX B rpouecce KOMIIEHCAUHH €CTECTBEHHO HAaBEAECHHOIO M0JIs NOJIApU3alUnH.
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Mopean HeO}IHOpOﬂHOﬁ NOJSIpH3alHH BEPTHKAJBHOIO
JJIEKTPONpoOBOAALILEro NJacTa

XanTanze AT, Kepeceaunse 3.A., lenanze I'.I'., Fa6uconus U.A.

Pedepar

Paccmatpusaetcs momndduuMpoBanHas MOENb BEPTHKAILHONO OJIEKTPONPOBOAALIErO
M1acTa, y4yuThiBaowas >GGexT NonspH3alMOHHBIX 3apsnoB. J{ns ciydas IKCMOHEHLUMANbHOM
3aBMCHMOCTH 3JIEKTPHYECKOA NPOBOJMMOCTH H IUIOTHOCTH 3apAL0B OT BEPTHKAILHON KOOPAMHATB!
TNOJTYYECHO aHANHTUYECKOE PELIEHHE XaPaKTEPHCTHYECKOTO ypaBlieH s CBA3N 1apaMeTPOB 3EMHOI0
Crost, ONpEAENSIOMX MpOQHUL 3MEKTPHYECKOro Ill0TeHuMana niacta. Ha npumepe Mukpo-
recaHoManuu  “MMenyc Kkanaku” TIpOBEACHa KOJMYECTBEHHas OLEHKA,  [OAKPEUIAIOLIas
NPEAMNOIOKEHHE, COTIACHO KOTOPOMY CJIOXHOCTb KOMIIEHCALlMH eCTECTBEHHOTO 3/eKTPHYECKOro
TOJIS BO BPEMSA U3MEPEHHH B 3TOH MECTHOCTH MOXKET ObITh BbI3BaHA BIMSHHEM MOJSPH3HLMOHHBIX
3apA/I0B.

MODEL OF HETEROGENEUS POLARIZATION OF VERTICAL ELECTRO-
CONDUCTIVE STRATUM

Chantadze A.G., Kereselidze Z.A., Geladze G.G., Gabisonia LA.
Abstract

A modified model of vertical electro-conductive stratum considering the effects of
polarization charges has been discussed. For the case of exponential dependence of electric
conductivity and charge density on vertical coordinate an analytical solution of a characteristic
equation of relation among the Earth’s layer parameters has been received. These parameters
determine the profile of electric potential of the stratum. A quantitative estimation has been made
given the example of a micro-geo anomaly “Imedis Kalaki”. It strengthens assumption according to
which the complexity of natural electric field compensation during measurements in the given
locality might be caused by impact of polarization charges.
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HCCJIEAOBAHME JU®®YIMOHHBIX TPOLECCOB B HOHOC®EPE

I'seaccuanu A. H., XanTtagse A. I'., Ixxanauepu I'. B.

1. Beenenne
B Hactoswem o63ope kpaTko OyayT mMoka3zaHbl BaXKHEHlWHWe ISTanbt B pPa3BUTUH TEOPHH

¢opMHpOBaHHA HOHOC(EPHBIX COEB, NO XONy 0OCYXKIEeHb HEKOTOPbIE PE3YMLTATHl IKCNEPHMEHTAILHBIX
uccneioBaHHii HOHOCdEpBI, 3aTEM PaccMOTpPeHbI COGCTBEHHBIE TeopeTUYeckHe paboThbl aBTOpOB.

[pouecchl, NpoTeKaloWMHE B CpeaHer W BepxHeli aTMocgepe, MOryT ObiTh MoapasaeneHbi Ha: a)
doToxumuyeckue, Biouaomme ddexTbl HOHM3ALHK OT conHewHoH Y®-paanauuH, KOpMyCKYMSpHbIX
NOTOKOB, MOTEPH B pe3ynbTaTe AMCCOLMATHBHOH PEKOMOMHAUMH N HOHHO-MONEKYNAPHBIX peakuui; 6)
nepeHoca, BJOHalowne AWDOYINIO (aMOUNonApHyto), BETPbl M Apeidbl, MOTOKH MIa3Mbl, TErIOBOE
pacuupenue 1 oxarue arMocdepbl M IIa3Mel. 3aaya COCTOUT B TOM, YTOObI CBA3aTL HabNOaEMble MOTOKH
WITy4EHWA M MOTOKM IHEPTHYHBIX YAaCTHLL C HabnlONaeMbIM PAacnpeNeseHHEM 3JIEKTPOHHO-HOHHOM
KOHLEHTPALIMH.

DKCrepUMEHTaNbHbIE M TEOPETHUYECKMEe HCCNEeNoBaHUA AMGdY3MOHHBIX MPOLECCOB, NpPOLECCOB
TENJ0- U Macco-riepeHoca B 0cobelHoCTH B TypOYNeHTHOH npoBosauleit aTMocepe U 6onee HUIKHUX COSX
HaXOAMTCA B LEHTPE BHUMaHUA cncumanictos. Jnd ueneit sddekTHBHOR paanoCBA3H HEOOXOAUMO 3HaHHE
NPOCTPAaHCTBEHHO-BPEMEHHOI'O  pacnpeaenCHHUA 3NCKTPOHHO-HOHHOrO ra3a W CocCTaBa aTMOCdJepr npu
NIeHCTBHH NPOUECCOB HOHM3AUMH, peKOMOHHAUHK K Anddy3nn. OcHOBbLI KOPPEKTHOH TEOPHH BBLICOTHOIO
pacnpeneneHHs HOHH3aUHH Ha HOHOCGEPHLIX ypoBHsaX GbinK faHbl B paboTax YenmeHa u ®eppapo (1, 2]. C
Pa3BUTHEM CITYTHHKOBOH, PAKETHOH M HaseMHOH TexHHKW HabMOAEHHH OGHapYXKHBAIOTCA HOBBIC JETaNH B
HEOIHOPOAHOH  CTPYKTYpe 3JIEKTPOMArHMTHbIX napaMeTpoB HoHocepsl [3-13], B uacTHocTH,
TMIOATBEPXKAARIOLLHE OCHOBHLIE TEOPETHYECKHE BbIBObI aBTOPOB 0630pa.

2. Moaeab HeBo3MymEnHOI HOHOCPEPLI, HOHHIANWOHHO-PEKOMOHHALIMOHHO-
nuddysnonnbie npouecchl. JIuneiiHan Treopus.

2.1. Heckonbko neCATHRETHI NPOLINO NOCNE 4ETIMEHOBCKOH paboThbl, Kak SKCNEPUMEHTANBLHO CTANH
MCCIIEN0BaTh CYTOYHbIA XOA pacfipefiefieHHs 3eKTPOHHOM koHueHTpauuu (OK) Ha ypoBHAX HWkHel
HoHocephl.

Honocdepa HecTabunbHa, €€ mapameTphl NpeTepneBaloT PeryaspHbIE H3IMEHEHHs B 3aCHBUMOCTH OT
BPEMEHH CYTOK M YPOBHA COJIHEYHOH aKTMBHOCTH, @ TAlOKE H3MEHEHWS B NEepHOAbl MOHOCGEPHBIX
BO3MYLLEHHH W HeperyapHbIX (uitokTyaumii. Hanbonee TouHo namepatoTcs 3HaueHus MakcumansHoi K
(MeTofIoM  MMMYNLCHOTO  BEPTHKANBHOrO  30HAWMpOBaHuA). Jlpyrue mnapameTpul, XapaKTepusyloluue
pacnpeacnenne DK M0 BLICOTE, HE MOrYT GbiTb MOJY4eHbI HENOCPEACTBEHHO M3 WOHOrPaMMbl. OHu
OMPEAENAOTCA PACHETHLIM NYTEM NPH HEKOTOPLIX YNPOLaoWHX AonyweHnax. Hakonnenueit o6wmnpHbii
IKCMEPUMEHTANLHBIA MaTepHan MO3BOAMN YNOBNETBOPHTENbHO MNPEACTaBHTb BapHAUMM B 106aNbHOM
macwtabe ¥ NaKe CHCTEMATHYECKH WX MporHosupoeats. o dopMe BepTHKaNbHBIE NPOPHIH OCPEAHEHHBIX

napametpos  OK ooTeercrsylor mnpoctomy cnoto UYenmena: N=N, exp[(l-z—exp(-2))/2], rne
z=(h-h,)/H, N,, h,u H- cOOTBETCTBEHHO MAKCHMAIbHOE 3HAYEHHE KOHUEHTPAUWH, BHICOTA

MaKCMMyMa KOHUEHTPaUMH W BLICOTA ONHOPOAHON aTMOC(EPbl HA ypOBHE MaKCHMyMa KOHLIEHTPALMH.
Ykakem Ha cneunduxy mesochepbl M HuiHed Tepmochepbl: B CpeaHeidi akTMocdepe B OCHOBHOM
GHUrypHpYIOT HOHBI OKHCH a30Ta, MONEKYNAPHOTO KWCIOPOA2 W a30Ta NoA BO3NEHCTBHEM KOCMUMECKHX
Jy4ei H PEHTrEHOBCKOTO H3NyyYeHus; B TepMoctepe 106aBOHHO MOABAKIOTCA HOHBI ATOMAPHOr0 KMCIOpOAa,

112



a30Ta, BOAOPOJA, MarHua W kanmus. Bonee noapobubie ceesenus o pacnpesenennd 3K B UIMPOKOM
A1Hana3oHe BBICOT JaHbl B MOAENAX HOROCEPLI ANA pa3nHuHbIX YpoBHeil akTuBrocTH ConHua.

2.2. IlpocTan Teopua a-cnos Yenmena noatsepiaaerca skcnepumenTamu dnnnbtoHa ¥ HavicMuta
ona E- u Fl-cnogés. Onnako, nns Gonee BLICOKMX CNOEB HOHOCGEpPbI OHA HenmpuroaHa (nawe ¢ yuETOM
3AMENAIOWIETO BAMSHUA TeoMarhnTHro nons). ®eppapo, obcyknas TPYAHOCTH, BCTPETHBLUWECS NEPBbIM
uccnenosarensm WoHocepsl [14, 15], ycTpaHseT npHuMHbl HEnpepbiBHOro Bo3pacTaHua DK ¢ BLICOTOM,
OTCYTCBHA €€ MakcuMyma. OH paccMaTprBaeT HOHOCHEpPHYO Cpely Kak KBa3MHEHTPalIbHYIO
TPEXKOMIMOHEHTHYIO CHCTEMY, B KOTOPOM MOXHO CYHTaTb HOHbl M INEKTPOHbI KaK OAHY KOMIMOMEHTY.
@eppapo An% ckopocTH Auddy3nn (YNOPAAOUEHHOTO ABHXKEHHA) 3/EKTPOHHO-HOHHOIO ra3a MCHONb3yeT
u3pecTHylo dopmyny Kaynuura, nonaras, uto HoHocdepa W30TepMUUHA, INEKTPHYECKOE MOE PABHO HYJHO
Y Ha 4aCTHUbI AeficTByeT cuna TsokecTH. HCXOHBIMU ypaBHEHHAMH SBARIOTCA:

oN I - D Nm
—=qg-aN’ -div(\W) V= radN—— 1
a ' & kT M

rae N — KOHUEHTPaUMa 3NEKTPOHOB, § — CKOPOCTL 0GPa30BAHHS HOHOB Y INEKTPOHOB B EAHHMUE O0OBLEMA B
€WHHLY BPEMEHH, & — KOIPOHHUHEHT PEKOMOHHALIMK HOHOB M 3EKTPOHOB, V — CKOPOCTL aMBHNONAPHO#
andy3nn nnaMel (ABMKEHUA, 0OYCNOBAEHHOTO AKDhy3uel nnasmbl), NV — notok nnasmsl, g — BekTop

YCKOPEHUS CHIIbI TAXKECTH,
B pa3BépHyTOM BHze uMeeM u3BecTHOE ypasHeHue Auddysnn Peppapo:

%—N—q -aN’+D

6N 1 1 JoN N

| ot @
ot \uH, |on "HH,

rae D=b(T)/n- xoapdunment auddysum, b(T) - dyukuns Temneparyps (=107cm™s™), n-
KOHUEHTpauus HedTpansHoro rasa, H,=2kT/mg,H, =kT/mg- cooTsercrBenHo, lWKanbl BBICOT

371EKTPOHHO-HOHHOIO M HEHTPATLHOTO Fa30B.

2.3. JletanbHo 311 Bonpock ofcyxaanuce B page pabor [2, 16-27), rae yrounenni 3navenns b(T)~
10"%cm's”', HauGonee nonbiii aeTanbHbiii 0630p TEOPETHHECKHX MCCACROBAHMIA CPEIHEIIMPOTHOMN ¥
3KBATOPHabHONH HOHOCepL! AaH B MOHOTPaduu [27]. BuifcHAETCA, YTO B BLICOKHMX CNOAX aTMOCEpDI, rae
JTapMOpPOBCKas 4acTOTa OKa3blBaeTCA GOMbIIE YACTOTbI CTONKHOBEHHIT HOHOB U 3NIEKTPOHOB C
HEHTPanbHBIMHU YacTHUAMH, AHbdY3HA NPOHCXOAHT BAOAL CHNOBBIX ANHHI MarHUTHOrC nona (ycnoswe
3aMarHHYeHHOCTH Mnasmbl). ECn B ypaBHEHHMH BbICOTE EAHHCTBEHHAA NEPEMEHHAA, TO NOCTE YMHOKEHHSA
xo3dHunenTa anddysum Ha sin’ ] HeT HeOBXOAMMOCTH HHTErPHPOBAHHS BAOMb CHNOBOH THHHMM
reomarsuTHoro noas. B [18] o6cyxnaetcs BONpoc o NOHHKEHHH €108 HOHW3aLKHK, 06pa3oBaHHOrO B
HoHocdepe B pesynbTaTe XxpoMocdepHoit Benbilwky Ha ConHue (B KOHUE 3aTMenus). Ina obnactu F2 B
ypaeHeHuH (2) Ferraro He y4nTbIBaeT peKOMOHHALMOHHDIN HIeH W HAXOAHT AHATUTHUYECKOE PEILEHHE.
PaccuutaHHble UM 3Ha4eHHs JK okazanHch AOCTATOYHO 6AM3KUMMU K HabnoaeHHbIM. OT Taloke nokasan,
yTO npeHebperats pekoMGHHaLMEH MOXHO Bbilue ypoBHA MakcuMyma DK npumepro Ha 150 kM. Ha
YPOBHAX k€ MaKCHMyMa KOHLEHTpaunH A, F2 npenebperats pekoMGuHaLnel Henb3s.

Pan u3mepenuii, NpoBenEHHBIX Ha BbICOTaXx OT 250 ao 350 kM ANA HOuHBIX ycnosuH, Aan
Bo3moxkHocTb [Ratcliffe et al., 1956] nokasars, Yyro HCue3HOBEHHME SNEKTPOHOB CIEAYET JIMHEAHOMY 3aKOHY
L=pN=10"exp[(300-z)/S0]N cm?s™'. Tunotesa Bpeabepu 06 ofuieM HCTOUHMKE HOHM3aUHM,
obpasyiomem caon F1 u F2, BHOBb BO3poaunack B ykaszauHoii pabore [28]. [puuém, aBTopsi nonarany, 4ro
ypPOBEHb MakCHMyMa WOHOOGpaloBanMA pacnononen 86ausn yposus Fl. Cnoi F2 oGpasyerca na Gonee
BBICOKOM YPOBHe, 61aronapsa 3KCMOHEHLUHANBHOMY YMEHBLUEHHIO C BbICOTOM KOI(POHLHENTA UCHEIHOBEHHS
anextponos P. Kpome Toro, B Bbicoxux cnoax F-obnactu anddyius aomKHa CTaTh KOHTPOAUPYIOWMM
daxropom. deppapo Ha3biBaeT PaTiinda nepsooTkpbibatenem storo aBnequa [[17; 18]. Onxako, patee
He3aBHCHMO OT Hero MoHea3asa [29] BnepBble OTMETHA NPOTHBOPEUHE MEXIY BBIBOAOM (POTOXHMHUECKOI
TEOpHH O HEOrPaHHHECHHOM yBennueHHn DK M peantHhiM €€ yMeHbluenvem Boiwe f F2 O obbacHHn
370 HeyuéTom npouecca ambunonspHofi anddysun. B paGote [17], B uacTHOCTH, nOKa3aHO, YTO, MpH
oTcyTcTBUH Anddy3uH M JIHHEHHOM 3aKOHE MPUIMNAHWA 3MICKTPOHOB, MOHM3AUMA AOMKHA BO3PACTATD,
NpHGNMXKAACH K MOCTOAHHOMY 3HAYEHHIO. 3TO NOMKHO MMETh MECTO, TaK KaK CKOPOCTH 0Gpas’oBaHHA W
MCUYEIHOBEHMA Maphbl HOH-3NEKTPOH MEHAIOTCA IKCTIOHEHUHANBHO MO BLICOTE, @ Ha GOMBIUMX BHICOTAX HX
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OTHOWeHHe 6MH3KO K NOCTOAHHOMY 3HaueHuio. CormacHo [26] KOHUEHTpauMs MOHOB &TOMapHOTO
kucaopona O ¢ eeicoToil Gyner BoapacTaTh. C ydETOM YBCAMMMBAKOWEHCA C BLICOTOH auddysumn
BepTHKaNbHbI NPOdKAL KoHueHTpauun O NpUOIHKAETCA K PEATBHOMY, 8 HMEHHO, OBPa3yeTCs MaKCHMYM
N_. Bume ypoBHa Makcumyma N,  koHueHTpauna O meaneHHo yGoibaer, npubmmkasco K

m "
6apoMeTpHHECKOMY pacrIpeENeHHIO.

B 57O ¢BA3M CTAaBMTCA 3aa¥a: PacCUUTaTh BEPTHKANLHOE pacnpeaencHue Honu3auwuk B F-o6nactu
npx HaH4HH AU Y3HM ¥ NPOLIECCa HCHEIHOBEHHSA NEKTPOHOB.

Ilns nuHeiHOro 3aKkOHa pekoMOHHALMK pelliaeTc ypaBHeHHe BHAa (2, 16]:

2
ﬂ:q—ﬂN+D a—};£+—3—%+ Nz
ot on* 2H oh 2H

3)

3neck deppapo ycTpanun owmuboyHoe nonyuieHHe Xanb6apTa o pasexctse B (2) wkan Bbicot (H,=H,).
OH 3aMeHtn ero npasuabHbIM cooTHowehnem H =2H  (Tak kax m,~m, a cpeaHsas macca napbl MOH-

IMEKTPOK pasHa m, /2).

Onycxas MaTemaTHyeckde BLIKIAAKH, OyleM paccMaTpuBaTh (MIUHECKHE CIIEACTBHA W3 TEOPHH.
Cornacno deppapo # 33porany [17] ang NOCTOAHHOrO B HOULIO, KOTAA OTCYTCTBYET HCTOYHMK HOHH3AUHH
W feficTByeT 1ndy3HOHHO-PEKOMOMHALIMOHHBIH MOTOK, ypoBEHb MakcuMyMa f F2 noxmkaercs. Jluém, ¢
NOJKIIOYEHHEM HMCTOYHMKA HOHHM3ALMM, 3TOT YPOBEHb BO3BPALUAETCA HA MPEXHIOW BHICOTY. Taknm
06pa3oM, HOHH3IAUMOHHO-PEKOMOWHALMOHHLIA NOTOK NpPEBaNUpyeT Hald TNOCTOSHHO AEHCTBYIOLWUM
nngPy3HOHHO-peKOMOHHALMORHBIM noTokoM. Deppapo n D3a0raH  NOKas’aiM, YTO KOHLEHTPauMs
3/IEKTPOHOB H HOHOB B HOHOC(HEPE ONUCHIBAETCA pacrpeeieHHEM THIa YENMEHOBCKOrO, HO He COBrlalaeT ¢
Hum. Ecnu 661 anddysua MrHOpHpoBanach NONHOCTbIO, TO (OPMa W BLICOTA CAOA OKa3anuchk Okt
NOCTOAHHBIMK, HECMOTPA Ha TO, YTO pekoMOWHauMs KoMmeHcuposana Obl Monusauuio. Tak kak
pacripeieneHHe Bolllie MAKCHMYMa CTPEMHTCSA K AH((Y3HOHHOMY PaBHOBECHIO, TO MOTOK BHU3 CTAHOBHTCA
Gostee CylUeCTBEHHBIM, M NO3TOMY CJIOW AOMKEH OMyckaTbcA. PacxoxaeHWe Teopuu ¢ HaGnioaeHHAMH
aBTOpel OOBACHAIOT TeM, YTO NMGO BIATbIE MMH 3Ha4eHUA KodpduunenTa auddysun senuku, anbo
anQQy3ns ypaBHOBCIUWBAETCA ApYruMH (DaKTOpaMM, HanpuMep, HanuuveM B HOHoctepe apefidor
HoHH3aunu. OBcyxnaercs Taloke SMnHpuyeckan popmyna Patitndda (28], npuseaéHnas suiie, B koTopoi
koauument 107 BnseTcs Heckonbko 3ashieHHbIM LA BbicoT h < 300 km. deppapo s Gonee noawei
pabote [20] 3aHoBO BbiBOAMT ypaBHeHwe auddy3uu nnasmbl. OH wcnonbsyer dopmyny Yenmexa ans

Pynkunn nonwsaunu  q=q,F(z, y)=q, exp[l -z -sec yexp(-z)l,rne g,=aNZ, epema t BoipaxeHo
4EPe3 I0NFOTY (P B PaQHAHAX, U NONYHAET ypaBHEHHE:

v AN 2 7) H,\év H
o—=F-0'+fe’| —+|1+-—L |—+-=-2]|, 4
o Pl o H )or H, @

rne v=N/N,, B=b/(n,H:aN,), a 3HaueHHe KOHUEHTPALMH HEHTPANBHBIX MOJEKY] HA ypOBHE
MaKCMMyMa HOHOOOpa3OBaHMS I TNOAyAHa n, =n exp(-hy/H,), o '=1.37-10"(aq,)"’.
®eppapo MweT pewenue (4) B BHAE aCHMITOTHYECKOTO PasioxKeHHss L= U, + By, +f0,+...,
npuyém, yenosue v=v,(npn B=0) naér: odv,/d¢p=F-v}; A4 U, NIPUPABHHBAA WIEHH C
0, 300 b,
&' 20 2

OrpaHHYHBACTCS TNEpBbIM NpuOIHXKeHneM (U=uv,+Bv,), YHCIECHHO HAXOMUT BEPTHKAILHOE

pacnpezenenne JK, a Taloke CYTOYHBIC BapHAUNH €€ MaKCHMATBHON KOHUEHTpauMM ANA MepHoaa
PaBHOACHCTBHSA.

Hamepenna nnotHocTH HelfTpaibHbix yacThu B o6nacTh F, nokasanm, 4to Teoperuueckue ouenku Ha
HECKO/IbKO MOPAAKOB NPEBOCXOAHNH ACHCTBHTENBHBIE 3HAUEHHA. Mcnonb3ya skcnepuMeHTanLHsIE AaHHbIE,
Janxu (30} nepenpoeepun enustmue aMbunonapHoit Andiyun 3neKTPOHOB H HOHOB Ha NOBENEHHE
HouHoro F-cnoa. Moneasasa [29, 31] npuiwén k 3aknio4eHnIo 0 NHHeliHOM 3aBUCKMOCTH CKOPOCTH

ondHakoBbM S B (4), aBTOp moONyuaeT: o’?+2000,=e' ®eppapo
(4
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MCYE3HOBEHHSA JNIEKTPOHOB OT WX KoHUeHTpaunu (L =N , rae 5 nponopunoHanbHo NAOTHOCTH
MOJIEKYNIAPHOTO KKeiopona). OH pelinn ypasHerwne GanaHca HOHM3ALMK NIPH MIOCTORHHOM 3Hauelink L. B
4aCTHOCTH, U1 HOUHO# F-061acTH OH NONy4HN ONYCKAIOWHFACA HEUIMEHHOH GOPMbI YEMTMEHOBCKHI
npouis K. B pabote [30] awsku pewnn Gonee oburyio 3ajiaqy A1 H30TEpMUUecKoii HouHol F-obnacTy,
npu 3nauenuax L=Lfe N u L ~ N?, c yugtom sepruxanshoro apeiica. Haiinennas um gopMa npogiia
3K okasbiBaetcq nonoGHoM yenmeHobckoi. McxoaHoe ypaBHeHne HMENO BHA:

oN - woN 2bd| ,(6N N
O ey WON 200 (N N 5
ot B Jrs Haze(az 2) )
C FPaHHYHBbIMH YCITOBHAMH
ﬂ E = 9 22 _
(62 + > J:=,,, =0 uwm P (Ne ):_m =0, ©

Pelenune YPaBHEHHA OCYUIECTBAACTCA NPH AONYLIEHWH HKCNIOHEHUUANBHO yMCHbU.IalOlllCﬁCH BO BpEMEHH

4,

-
KOHUEHTPALHMH ¢ AHCKPETHLIMH 3HAUEHWUAMH fieKpemMenTa 3aTyxaHna A, : N = ZA"e‘ "'y, (x).roe A,—

n=0
NOCTOAHHAR, OMNpPENENAEMAN  HA4AILHBIM  PACTIPEAENEHHEM  JNEKTPOHOB, X= |w|2b exp(—z/2)u

y=(N/ p)exp(wx? /2|w|) . Hasxun nonyunn pemenve B noanxomax Jlareppa miap=1(mpup=0uw =0,

KaK YacTHeIA chiyvaii, nosyyaerca pewenue [29]). UucneHuble pacuérst mokasanm, 4to Ans mwboro
YENMEHOBCKOrO CNofA CKOpocTh AU(GYIHH MNasMbl HE 3aBMCHT OT BbICOTbI, OHA YPaBHOBELUHBAETCH
BOCXOIALMM JBHXXEHHEM ¢noA co ckopocTeio w. Ilpy p = 0 U w > 0 npeaenbHoe pelweHne — He
omyckatowuiics ¢ Bbicotoii  cnoit Yenmena (korna b, =w). [pu p > 0 CpaBHUTENLHO CHAIbHAA NOTEPA

HOHH3alIMH Y OCHOBAHHA CJIOS MPHBOANT K BOCXOASALIEMY ABHXEHHIO CNOA, KOTOPOE MOXET YPaBHOBECHTHCA
OHGODY3HOHHBIM HUCXOMALMM ABHMKEHHEM, a Takke ApedoM. B Takom cryuae dopma ¥ BbicOTa Cnos
coxpanstorcs. [lna p = 2 (6onee ToUHO OTREuatOUIEMY peanbHOl aTMOChEpe) OH MPUMEHSAET BapHALMOHHBII
meToa. PesynsTaTbl pacyéToB AOBOBHO XOPOLIO COFNACYOTCA ¢ AaHHLIMM HaGmonewwii Patknndda [32)
IUIA HWXKHEH yacTh npoduns KoHueHTpauuH. ONHAKO, B BEPXHER 4ACTH NpOQUIN MMEETCA pacxoXaeHHe
(3aBblllieHHe) ¢ HAGMIOAEHHAMH aTMOCGHEPHOTO KHCIOPOAa.

Meroaom Jarxu (¢ nomoutbio nonuHomos Jlareppa) Heckoabko Gonee npocTyio 3agauy (w =0, p =
1) paccmatpusaet Yembepnen [33]. INonyueHHoe UM pelienne npencrasnseT coboi GeckoneuHylo cymMmy
0606LWEHHBIX pacnpeaeneHuit HeNMEeHOBCKOro THNa.

2.4. 3apaua, noctaneHnas [awxu (1956) [30], ®eppapo u I3poravom (1958) [17] 6Gbina
uccnemoaHa B aByx paborax [nupnona [34, 35]. IMosgxee 3apaua LlTypma-JInyBuans, BbIYHCIEHHA
COOCTBEHHBIX 3HauCHMit W coBCTBEHHBIX (yHKUMiT Anddy3MOHHOrO ypaBHEHHS, paccMaTpHBanach B psae
pa6or [34-39, 33, 40-42]. [IpumepHO B 3T0 ke BpeMa HaubGonee nomHo Gbina pelueHa cTauHOHapHas 3ajaua
B pabore [43].

TnuanoH [34), nponomkas uccneaosanue deppapo ¥ JsgoraHa [17], UCXOAMT M3 YCTAaHOBNEHHOIO
IKCNEPUMEHTANbHO B [28] IKCMOHEHUMANLHOrO YMEHbLIEHHA C BBICOTOH KO3(hdHUMEHTa MCHEIHOBEHHS
3MIEKTPOHOB, NPONOPLHOHANBLHOrO JIOKATLHONH MONEKYNSPHOR MAOTHOCTH kWcnopoaa O,, a Taloke M3
skcnepumeHToB belitca 1 Meccu (cm. [34, 35]), pewaer ypasHeHue (3) ®eppapo [2]. Haércs uucto
MaTeMaTHuYeCcKoe pelleHHe 3aaaun (C nomowsio napabonuueckux ¢yukuui, D,_,,,(x)). dokassisaeTca

CXOAMMOCTb M E4HHCTBEHHOCTb HAWAEHHOTO PELIEHHs, YIOBAETBOPSAIOLLErO BhIOPaHHLIM TPAHHYHLIM
ycnosuam. Takum obpasom, [anpnon snepesie peinnn noctasaeduyro Jawxku [30] obuwyro 3apauy
BEpTHKaNbHOH AnQQy3uM HOHOB NOM AEHACTBHEM CHABI TAKECTH, CKOPOCTH MOTEPH 3EKTPOHOB,
IKCMOHEHLHANLHO YMEHBLUAIOWETCR ¢ BLICOTOM. [loayuenHoe um pelende Ang p = | UMeeT NPHUMEPHO
oauHakoBblii BUA ¢ pewennem [30]. Oanako, cornacue ¢ HaGmoneHuamu y deppapo (pakeTHBIE JaHHbIE)
ny4iwee, Yem y [IMaaoHa no CIyTHHKOBBLIM AaHHBIM (CMYTHHKOBbLIE 3HAUEHHA MONEKYNAPHON MAOTHOCTH
HEHTPaNTbHOM aTMOC(EPBI HA NMOPANOK NPEBOCXOANITN PAKETIbIE).

Bo stopoii pabote [35] ana F2-o6nactu pewaetca 3aga4a AMQQPYIMH IMEKTPOHHO-HOHHOrO rasa
Metonom ¢yHkuuu IpuHa A0 CiydaeB NOCTOSHHOTO M MEPEMEHHOrO MO BbicoTe KO3(pHUHEHTA
pekoMbuHauni. B nepsoM ciyuae [auamoH, ucnonb3ys WHTErpan owubok, MNony4vaeT BbIPOKEHHE,
aHAIOrH4HOE peleHHIo (Tuna dyHkunn Yenmena), nonyyeHHomy B pabote [17]. Ono Taioke cornacyerca ¢
BoiBozamu pabort [30, 33]. O6wee pewenne ans N copepxut criekTp 0606WEHHbIX dyHKunii YenmeHa. Bo
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BTOPOM Cilyuae (nmepemenHero Kkosbduuuenta pekombunauwn) [aummown crpout dyrkumo I'puna ¢
nomoubto napaonuueckoit dyHkumn D, (X)W noauHomMos DpMHTAa n MOy4aeT peuweHHe B Buae
moaugHumpoBarHoit GyHkuMK YenmeHa. Jlanbuedias MaTemaTnyeckan 3anaua [IMAL0HA COCTOANA B TOM,
4T06bI MOKA3aTh WAGHTHUHOCTL NOYYEHHOrO UM PELIEHWA ANS MEPEMEHHOTO MO BbICOTE KO3(duumeHTa
PEeKOMGHHALMH C peleHHeM, MONYHUEHHBIM MM HHLIM METOIOM B NepBOii paGoTe [34].

TMonyuennbie MNHATOHOM PeLEHHS WHPOKO HCMoNL3YloTCa B pabotax [36-39], passuTas um Teopus
CpaBHUBaeTCs C peanbHoii HoHoctepoid. Tlepsas u3 aTux pabor {36] nponomxkaer uccnenosaHue, Hauatoe
[17] ans yenosu#i 3xsatopa npu T = const u [ =const . ABTopbl NPUMEHHIIH TeOpHIO K wupoTam 30, 60

n75° a5 PABHOAEHCTBUA M CONHUECTOAHMA. Bbiln BLITONHEHBl YHCAEHHBIE PACHETHI MPH AOMYLUEHHSAX:
BICOTa HOHOOGpa3oBaHHa z = 300 km +0.25H,, nnotHocTs Bosayxa p = 107 g/cm’ 10"*r/e, T = 1400K,
wxana BeicoT Hy = 54 kM. OcHoBHOl BhIBOA M3 paGoT [36-39] cocTouT B TOM, 4To Anddy3us asasercs
BaXHBIM ynpaBisioliM aktopom B F2-06nacti noxocdepsl.

B pa6ore [39] caenano panbHeiiwee oboblieHHe paHee HaWAEHHOrO NEPHOAMYECKOrO pPELIEHHA
YPaBHEHHS, OMWCHIBAIOLLErO BEPTHKANbHYIO Anddy3uto HOHM3auuu B F2-061aCTH, BKIKOUAS MOCTOSHHYIO
BEPTHKANbHYIO Apeiosylo ckopocTs. BbipaxeHue ana K B3ATO B BHAE ONpPEENEHHOrO MHTErpana u
apasercs Qynkuueli pekomBuHaunW, anddysmn u apeiigosoii ckopocth. B pabore obcymaaercs
TIPUMEHHMOCTb NONYYEHHbIX PEWEHHH 1A 0GBACHEHHUS CyTOuHbIX BapHaumii Makcumyma DK, yposha h, 8
CPEAHHX WHPOTaxX, HaMHuuA cnos F1 B sksaTopHanbHod HoHocdepe M BAMAHUA dPPEKTOB 3aTMEHMR U
COJIHEuHbIX Berbillek Ha F2-06nacThb B cpeaHelwHpoTHOH Holocdepe.

2.5. PaGora [40] ssnseTtca npogonmkeHuem paGort [2, 30, 36, 33, 44], kacaloLLHXCA AHLTHTHYECKOTO
MCCIEIOBAHHA CPEAHEWHPOTHOH OAHOPORHO CTPaTUHLMPOBAHHOH MO TrOPH3OHTATIH HOHOChEpS!,
cBo6onHol ot 3ddexToB reomarnuTHOro nons. B 3tux pabortax, ucktouas [44], ypaBHeHHe auddy3un
pelaeTca MpuBAWKEHHO, npuuéM, Goabluan 4acTb M3 HUX KacaeTCs aHanusa MOBEACHHA CTaUHOHapHOro
cnos F. ABTOpBI CYHTalOT, 4TO pa3spyLieHHe CNOA MPOUCXOAMT 3KCMOHEHUWANbHO BO BPEMEHHM, HO C
coxpatenHeM hopmbl pacnpeaenenua K. Ha camom xe aene yposes h, F'2 noqHumaercs seepx, a popma
pacnpenenenus JK nocne 3axona ConHua HeEMpepbiBHO MEHAETCS [0 AOCTHXEHHA CTalLMOHAapHOro
COCTOSIHMA. YuuTbiBas 310 obcrostenscTso, TioeH [40] npeanpuHAn MONBITKY METOAOM TEOPHH
BO3MYLICHHH HalTH TOYHOE AHAMTHYECKOE pEelIeHHE HeCTaLMOHApHOro ypasHeHWs aAuddysuu. TouHoe
BbIipaxkeHHe Ans npoduas JK He ToNbKO N03BONSET ONKCaTh pasnuuHble dusnueckue 3pdexTsi. TioeH vileT
npoctoit MeToa ans onpeaenckua npoduna 3K B 11060 MOMEHT BpEMEHH, KOT/1a B KAKOW-TO HayalbHbIi
MOMEHT BpemeHu W3BecTHO pacnipenenerne SK. Ypasnenne HepaspbiBHOCTH, paccmatpusaemoe B [40],
MMEET BHI:

0z 3H

rae p — GaKTop WIKaNbl BLICOT, MEHSIOUMICA MEXAY 3HAYEHWAMHM, COOTBETCTBYIOWMMH MONHOMY
nepemewnsanuio  (p=1) n  anddysmonHomy pasHosecmo (p=2). Ilpu D, =D, exp(z/H),

x=aexp(-z/H), a=2H.[§,D, . Mipencrasnan pewenne b suge N =x""*u(x)T(t), Troen ceomut (7) k
ypastennio Llitypma-Jlnysunnn:

oN 0 oN N -pL
A 9 p| &L L) H
. n( ) BoNe H %)

w lu 1 dT
i —xu= , Z_=_AT, (A>0),
(xu') 16x+wu 4xu xf(x)u " AT, (A>0)

e 0=AH/2\/4,D)), [f(x)=[(x/a)""'-11/4. Pewenne N(z,t)=i:a,,Z,,(x)t:xp(—,l,,!),l,I
=0

BLIPXKAETCA uepes cobcTBeHHble 3HaueHus @, =A H /(2V‘ﬂnDo), koaduuvenTs a, onpenensiorcs ¢

TIOMOLUBIO HAYANLHOTO pacnpeaecieHus.
[permywectso ceenéuus ypasnenna amGunonspvoii anddysnu k 3apaue Llitypma-Jlnysnuns
coctouT B ToM, yTo IK c BO3pacTaHuem n GhICTPO 3aTyxaeT M AOCTHraeT OCHOBHOrO CTAUMOHAPHOIO

pacnpenenenus (cootserctytoutero A, ). N03TOMy MpaKTHHECKH MOXHO OFPAHHUHMTLCH NEPBLIMH TPEMA
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uneHaMH pasnoxeHua N(z, t). Pewenne, naiineHHoe ¢ nomoLbio TEOPHH BO3IMYLUEHHA 1JIA NepBOro uneHa,
HUMEET BUA:
Zy(z)=n"""*exp[~z/2H +(@/2)exp(~z/ H))] L) -Wr /Y ' FOw) |,
n=|
rac

\ UDD 1 -
1,,:—‘267 l+ﬁ a "l"(p+%)—l'[l+%} R

F(o)(p)= F(n+l) 1 al_"r(n—p)r(p+1/2) F(n-1)I'3/2)
" C(n+1/2) n! C(-p) ren

C yBenuuennem p, no Mepe NPHUGAMHKEHHA K COCTORHUIO AH(DY3HOHHOTO paBHOBECHA (p = 2), MOCTONHHas

pacnapa A, yMenbwaetcs. ClenoBaTeNbHO, YBEAHUMBAETCA BPEMS XKHIHU CTAUMOHAPHORO PAacNpEneNeHus.
HetpyaHo Biaets, 4To npu p = 1 peueHue A% CTAUMOHAPHOTO COCTOSHMA CBOAHTCA K NPOCTOH dyHKUMH
YENMEHOBCKOro THNa, a npu OGonee BbICOKMX COGCTBEHHLIX 3HAaueHHAX A, pelueHuem ABAAIOTCA

NPOH3BENECHHA HENMEHOBCKOH (yHKUMW Ha nonuHoMmbl Jlareppa n-ro nopaaka nepemeHHoil x. Jlna
CpaBHCHHA ¢ 3kcnepHMenToM Tioen noabupaer HauanbHoe pacnipeaenciue K B8 MOMEHT t = ty, HCNOBL3YA B
KayecTBe TecTa HahaeHHoe pewende. [pu 3ToM OcHOBHBIMM napamerpamu noabopa sensiotca H w p.
ConocTasnas cBOH pe3yNbTaThl ¢ IKCAEPUMEHTANbHBIMM AatibiMK, Tioen ana H = 80 kM nonyuaer p = 1.4.
Jliobeie npyrue 3uavenus a1a H u p naann nubo 6au3koe coBnaneHHe PacuETOB C IKCTIEPUMEHTOM B
MOMEHT t = 1y, 2 B NIOC/IENYIOUINE MOMEHTBI BPEMEHH — CHALHOE PACXOXKACHHE, NHEO HE NaBanK COBNAAEHHS
HH B KaKO/ MOMEHT BPEMEHH Nax3e Npu t = to.

Taxkum 06pazoM, TeOpHA BO3MYILUEHWH NaéT TOYHOE aHANUTHYecKoe peweHne npd p = | u
JOCTATOYHO BBLICOKYIO TOUHOCTb MPH P = 2 H NPOMEXYTOUYHBIX 3HAYEHHA p. DTOT METOA TAKXKE CTPOro
YCTaHABAHBAET CTALMOHAPHOE pacrpeleNieHue, aBanioLeecs COOCTBEHHON QYHKUHEN OCHOBHOTO COCTOAHUS
ypasHeHus auddy3un. 3aciyra TioeHa B TOM, 4TO OH Haweén oblLee peleHwe AR NPOH3BOBHOIO P, OTKYAA
KaK YacTHbIC ClTy4aH  Mony4atoTcs u3secTHble pewenus dawikum (p = 1), Yembepnena (p = 2), deppapo u
Osporana (p = 0); npuuéM, 31ech BO BCeX NPUOMMIKEHWAX BBILENAETCA pacnpeneneHue YEMEHOBCKOro
THNA.

TMepexona k ananu3y paGor Monensasei [29, 31, 45-50], HaukéM c ero pauued pabotel o aMdQy3un
3/EKTPOHHO-MOHHOIO ra3a B HOYHbIX ycnosuax F2-o6nacti. B pabote [31] noxaszano, uyro anddysus He
MeHsieT GpopMbl pacnpeneneiia DK, W BbI3bIBAET NHLUL MOHIKEHHE YPOBHA MaKCHMANIbHOH KOHLIEHTPALUH.
He3aBucumo ot ¢opMbl HadanbHoro AHeBHoro pacnpeseneHus OK, nocsie 3axoma ConHua ¢ TeHeHHEM
BpeMeny hopma cos F2 npubnmkaerca k uenmeHosckoi. Tak xe, kak u deppapo [2, 16], Howensasa [31),
BBHIY OTCYTCTBHA OKCMEPUMEHTANbHbIX AaHHbIX, KOCBEHHO OMpEAEASET BO3MOXKHYIO HAUMEHbLUYIO
KOHLEHTpaLwio ~ (5 - 10° cm™ ) MonekynApHOI KOMMOHEHTbI Ha yposHe F2-cnos. [pumepHO B 3TH e roabl
PELUEHHE YPABHEHHA HEMPEPLIBHOCTH ANA HOYHOW F2-06nacTu npu Hanuumm cunsl TaxecTH, AMOOY3HH W
NPUIHNaHKA SNEKTPOHOB Gbino Haiimeno Jlynkawom [S1], koTopwiii kak u HMowensasa [31], npuweén
BbIBOLY, Y4TO 4ENMMEHOBCKAA HopMa C/I0A B TEUEHHE HOUM N0JKHA WIMEHATLCA. B camom nene, npu 3tom
NPOUCXOANT peKoMOHHaumuA (C 3PeKTUBHBLIM 3HAYEHHEM, COOTBETCTBYIOIMM 3HaueHuIo ko3ddHuuHeHTa
NpuIMnaHus Ha yposHe Makcumyma F2-cnos) n apeiid B vanpasaennn yposus pasnosecus (z = 0).

Bnarogapa AeicTBHIO 3TUX TNpPOLECCOB, B CAOE MPONIBOALHOH (OPMbI MPOMCXOAAT Takue
M3IMEHEHUs, KOTOpble MpUGIMKAIOT pacnpedeneHne K HeNMEHOBCKOMY C LEHTpoM Ha seicote z = 0, [31].
Ecnu cnoii, AOCTUrLUHI PaBHOBECHA TOA AENCTBHEM YKa3aHHbLIX (HakTOpoB (CHibl TAMECTH, AHDDY3IHH K
pexoMGuHauHK), NOABEPraeTCA, HANpHMep, BOIMYILAIOWIEMY NACTBHIO IPHIMBHLIX CHJI, TO B LENOM CIOH
NPHUXOAMT B JBHXKEHHME, MOka MPOTHBOAEHCTBYIOLME €My CHJbl HE OCTaHOBAT ero. B pabotax (29, 28]
BNEpBblE YYTEHO WCUYE3HOBEHHE SJIEKTPOHOB H3-33 JMCCOLMATHBHOW PEKOMOMHAUMH C MONEKYNAPHBIMHU
MOHaMH KHCIOpoaa, a MOTOMY COOTBETCTBYIOLIMI UieH B YPABHEHHH HEPa3pbiBHOCTH MPOTMOPLHOHANEH
MepBOfi CTeNeHH KOHUEHTPAUMH 3mekTpoHoB N (z). Oto 6bin HOBLIH KpyNHbIA ar B PasBHTHHM
HOHOCdEPHBIX TEOPETHUECKHX HccnenosaHi. CTano ACHO, YTO (MO HOBOW MOJENH) B HIXKHEH YaCTH CJOA
F2 pacnpenenenve DK ¢ BbICOTON Onpeaensiercs pekoMGHHALMOHHBIM NpoueccoM (B HouHo# HoHochepe), a
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B BepxHeii uact cnioa F2 — onpenensercs audysnedl 31eKTPOHHO-HOHHOIC raza B rPaBUTALMOHHOM None

3eMiH.
B crenyroweit pabote [45] aBTOp BHOBb OCTAHABNHBAETCA Ha BAXKHOCTH AMPQY3NH INEKTPOHHO-

MOHHOTO ra3a B rPaBHTALMOHHOM fl0jle ANA NOHUMAHMA MeXaHuiMa 06pa3oBaHua rJIaBHOroO MakcHMyMa F-
obnacti HoHocephi. PeweHa crauvoHapHas 3agava pacnpenenekua N (z) aas AHeBHCH HoHocdepe.
TMpuseném xon paccyxaenuit Honenzaset. Ecnu B pesynbrate COBMECTHOTO AGHCTBHA INEKTPHYECKOrO M
MArHHTHOTrO Mofieii B BepXHeR atmocdepe NEKTPOHbI U HOHbI MPHOOPETAIOT ABMKEHUE B BEPTHKANBHOM
HanpasneHuH, To pacnpenenenue N (z) HenpepbiHo MeHAeTcA. ONHAKO, eCiiv CKOPOCTb Apefida 3n1eKTPoHoB
M HOHOB OCTA&TCS NOCTOAHHON BO BPCMEHH, TO, PaHO HIH N03AHO, AOCTHraeTCA CTallMOHAPHOE COCTORHHE.
Buipaxenne ana N (z) B CTauMoHapHOM COCTOAHHH MOXET ObiTh NOMYYEHO aHANMTHYECKH NnpH
MCNOMB30BAHHK METOAA BO3MYLICHHH, €CIH NPAAUEHT TeMNepaTypbl B BEpXHeil arMocepe HeIHauUTeNeH 1
BEPTUKILHAA CKOPOCTb Apetidha HE 3aBUCHT OT BLICOTHI U BpeMeHH. PacuCTel 3aBHcuMmocTH N(z) ot
HanpasfieHHR H BEAHMYHHBI BEPTHKANLHOTO Apeida, npoBeaéHHbie B paGoTe [45], NOKa3bIBAIOT YBENHUYEHHE
KOHUEHTPALUMH H NOABEM BLICOTbI MAaKCHMYyMa KOHUEHTPAUMH NPH HaNpaBE€HHOM BBEPX BEPTHKAIbHOM
npeiide. B vacTHocTH, cpaBHuBAA KOHUeHTpauuu AR w=+12.5m/sw w = 0, nonyuaem, 4TO npH
1TONOKHTENBHOM W KOHLIEHTPALHA BO3PAacTaeT B [1Ba Pa3a U ypOBEHb MAKCHMYMa OKa3biBA€TCA CABHHYTbIM
BBepx Ha 50 km (Ha oawy wkany BbICOT), a NPH OTPHUATENLHOM HanpasneHwu (BHHU3) KOHUEHTPaUHA
yMeHbLUaeTCA B 1.5 pa3a, 1 ypoBeHb MaKCHMYMa KOHUEHTpauun onyckaercs Ha 25 km. [lanee Honensasa

pewuaet Gonee CNOXHYIO 3aavy:

oN o[ (N NO] o
LANSIYANC Y, (SR | IV 8
a ! 62[ (afwﬂ 2 ®

rae

L= exp[-m(z-2z,)/ H], m =2, ucuesHopenne 3neKTPOHOB NPOHCXOAWT B COOTBETCTBHH C aTOMHO-
MOHHOH peakuueld M  auccounarnsHoil  pexombunaumeit: 0 +0,—-0;+0, O;+e—>0+0,
O'+N,>NO"+N, Nyi+esN+N; g=q,exp[l-(z-z,)/ H-sec yexp(—(z-z,)/ H)],
D=bn;" exp[(z-z,)/ Hlsin’ I, w=w,exp[(z—z,)/ H]; H = 60 km, z,=200 km, n,=5-10° cm™,
B, =3-10757", g,=250em™s™', b=10"cm™'s™

OKCNOHEHUHANBHBIA BHI BEPTHKANbHON CKOPOCTH Apeiida obnervaeT peuwleHne 3afauu M, KpoMe
TOro, Tako# BbIGOP ONpaBaaH Tem, YTO KIPPHLUMEHT KHHEMATHYECKON BA3KOCTH CYLIECTBEHHO YMEHBLIAETCA
npy nogbéme Beepx. CTaunoHapHOE pelweHue ypaBHEHH IH(DY3INH HAXOANTCH B cneUHaNbHbIX QYHKUUAX
(pynxumnsx bBeccens or muumoro aprymeuta). [lopuépkusaercs ponb ambunonspHoii auddyuu
3/eKTPOHHO-HOHHOrO rasa B obpalzosauuu F2-cnos. O IMPOTHOM pacnpefeneHH KOHUEHTpalHH —

BO3pacTaHuu ypoeHa A, F'2 e HanpasneHun oT nomoca K IKsaTOpy — peyb MAET B nocreayowmx paborax

Honensassi.
Toapo6uee paccmoTpum paGoTy [47]. ABTOph HCMONB3YIOT YpaBHeHHe HepaspbieHocTH ais OK B
obnactu F2, cneays [52]:

ﬂ_q..L.*.z D a_N+N[_1_a_T+L] s
ot 0z 0z T oz 2H

rae H=Hy+y(z~2), D=Dy(H/H,)"**""sin’ I, L=(Bn,, +pyny In,. =pN . Mockonsky ny

H3MenseTca ¢ BbicoTol nponopuronansHo (Hy/H)'*Y'” | npumepo Taike u Ay, , TO ANIA HE CAMIIKOM

Gonvmux peicot f=F,(Hy/ H)'**'", rae ¥ - noctoaunsiii rpanment wxanst seicor; D, — kosdpduument
am6unonaproii auddryIum na nekoTopoii avicote ann [=90° (no (Ferraro, 1945] D,=2.31-10°cm*s™"). B
HwkHed yactn obnact F pexomGuHauns onuceisaetca peakuwamn: O°+0, -0 +0, 05 +e=0+0, a

B BepxHeli yacTu obnactu F - peakunamu: 0" +N, > NO*+N, NO' +e>N+0O, B u B, - cxopocth
peakuuii aTOMHO-HOHHOrO 06MeHa. MapTuH [53] cunTaer, yTo L nponopuuoHansHo He Tonbko N, HO H
KOHUEHTPALMH OCHOBHBIX HEATPaNbHLIX KOMMOHeHT atmocdepst. Torna f=8,(H,/H)'*''" . Honensana
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HAaXOMT OUYEHb CAOKHbBIC AHATHTHYECKHE CTALMOHAPHDIE PELLICHHS YPABHEHNS HEPa3pLIBHOCTH. PeaybTarsl
pacuéros OK ans pasnuumbIX 3HaueHuii ¥ u ) M ux cpaBHeHHe ¢ IaHHLIMK HaGMIOACHHI, IPOBEAEHHBIX B

Cretgopae, Noka3bIBalOT, 4TO BLIGOP MANbIX 3HaueHHii [, NPUBOINT K yMeHbineunio N, 1 yBenuueHuto
h,, 2 310 npotuBopeunT Habmonenuam. CornacHo pacuétam, B Clyuae M3IOTEPMHMHECKOH aTMOCGHEPHI

(7=0), npu coBnanenuu reomarHuTHON M reorpaduueckoit KOOpAWHAT, wKpoTHbIit xoa N, uh, ans

NONYAHA TAKOB: OT MOMIOCOB K IKBATOPY 00€ 3TH BENHYHHBI BO3PACTAIOT; BbIUCIEHHBIHA C0M OKa3biBaeTCH
TOHbLe cnos YenmeHa; sheKTHsHbIN KOIDDHUNEHT peKOMEGHHALMH GBICTPO yMEHBLIAETCS C BLICOTOMH Ha
MEHBILMX BBICOTAX, HO Ha GOMbUIMX BBLICOTAX CTAHOBMTCA MOCTOAHHbIM. C yBEAMUEHHEM LUMPOTHI 3Ta
NOCTOAHHAsA BO3PacTaeT.

CpashuBas TeopeTuueckue 3HaueHnsa N /N, c NaHHBIMM 3KCNepUMeEHTANbHBIX HabniofeHHi,
Viowemiana [48] MiweT BOSMOKHOCTb NPHMEHEHMA PA3BMTOH MM Teopuu. CpaBHEHHE C NaHHBLIMH
nabmonenni [appuotTa [54] naér xopowee cornacke nuwb Ao h = 400 km. Yaennuenue S, He HaMHOro

y/nydwiaer coenajgelMe pesynstaToB. Ecnm 6wl onpepenenme B 6bIN0  yAOBNETBOPUTENbHBIM, TO
TEOPETHYECKH MOXKHO GBIO 6bI: 1OCTATOUHO XOpOWO BocnNpouseecTh pacnpeaeneHe 3K no ewicot Ha 100

km Bbie 4, F2, nats ouenky nossnenmto cnoa Fl, o6bacHnTs reomaruutoe Biuanne Ha cioi F2 (1.k. N
ABHO CONEPXHT MarHHTHOE HAKJIOHEHHE), KAYECTBEHHO OGBACHNTDL WMpoTHBIA xoa N, F2. Mpeanaraemas
TEOPHA HENDHMEHHMA K 3KBATOPHANLHOR OBNACTH W He MOXET OOBLACHWTL IKBATOPHANLHYIO AHOMAHIO
OnnnbToHa [55].

Hpnen pabor [31, 29, 45, 28] pa3supatorca nanee B cratbe [56], rae paccmaTpusaeTca CTaUMOHapHas
nueeHaa F-obnacts npu rpausnente y=dH/dh= const, KOHUEHTpauwW HeHTPaNbHLIX MONEKYN
n~exp[-(1+y)z], ¢ynkuuu  voumsaumn  g=gq, expl(l+ 7)(] -z-e""sec 1)], koaduumenTe
pexombunaunn f= L, exp[—(k+y)z], rne k= H/H, (ana asora N, ecnuunna k=1.75, ans kucaopona
O, nMeem k =2). ABTOpbI peLaoT CTauHoHapHyto 3anady npu ¥ =0. 310 ynpotueHre onpapaIBacTca TeM,
yto uned ON/OfuacTo oka3biBaeTcAi Ha NOPAJOK M 6Gonee MeHblie APYrUX WIEHOB YpPaBHEHWS
ambunonspHoii audduy3un. Ha cpeatnx wMpoTax BLICOTa MAKCHMYMa C/OSt M CaMa KOHLIEHTPAUMA MOYTH

HE MEHAIOTCA B TEYEHHE HECKONbKHX 4acoB. YpaBHCHHE pELIAETCA YHCNEHHBIMH MeToAaMH Aas
MOCTOSHHBIX CKOPOCTEH BEPTHKANBHOTO Apeitha nnasmbl:

(d’N 3dN N) wdN
| =t |
dz 2dz 2) Hdz
npu N(+0)=0, N(-x)=0.
Moacranoskoit N =yx, x=exp(-z/2) nmeem:

Be ™ +q, exp[l-z—e"']:O, )

d’yidx® —2V{(xdy/dx+y)-4Lx* y+4Pxe"" =0, (%2)

rne P=qd,, L=pf,/d,, V=wld,H), dy=D,/H®. Uncnennsie 3HaueHus HCNONLIOBAHHBIX
napameTpos TakoBbl: My= 180 km, q(,=10000m"s‘l , L=100, 250; H,=40km, d°=10"s",
n,=2-10"cm™, B,=107s", P=4.10"cm™, k=1, 2. Pacuérsl nokasanu, 4To ¢ ysennuchuem kot 1
10 2 KOHUEHTPAUMA 3EKTPOHOB BO3PaCTaeT MPUMCPHO B 5 pa3, MNpuuéM, YpPOBEHb MaKCHMAanbHOH
KOHLEHTPALKMH OCTAETCA HEM3MEHHbIM. TIpH NpounX (PUKCHPOBAHHBIX NAPaMETPaX C H3MEHEHHEM CKOPOCTH
apeiida w or 0 g0 +20 m/s koHueHTpauna N npu w = + 20 m/s yBeH4MBaETCA NOYTH B 3.5 pa3, BEICOTA
MAKCHMyMa KOLEHTpaudH — B 1.5 pas no cpasHeHnio co 3HaueHuamu npu w = 0; a npu w = -20 m/s
KOHLIEHTPalUs COOTBETCTBEHHO yMeHblaeTca 1.3 pa3a, a ypoBeHb MaKCHMyMa KOLIEHTPALWWH ONyCKAeTcs Ha
BbicoTy B 1.4 pa3 menbuuyio, yem npu w = 0. C yBeNHYEHHEM W opMa KPHBOA He MEHAETCH 3aMETHO, ¢
yBenuuenneM e k npopuis cyxaerca. MOXHO cKa3aTe, 4TO HanpaslieHHbili BBepX Apefidp cTpemuTca
MEPEHECTH HOMM3ALMIO OT HavanbHOrO YPOBHA K YPOBHIO C MEHbMlEH CKOPOCTBIO HCUEIHOBEHHEM

3aPAKEHHBIX  YACTHL, BCNEACTBWE 4YEro CPEAHAA MPOJOMXKHTENLHOCTh  CYLIECTBOBAHHA  HOHOB
yBenuuusaerca, a Makcumym OK BolpacTaeT. ABTOpbl [ENAIOT MNPHKMAOYHBIE OUEHKH BPEMEHH

119



YCTRHORNEHHS PABHOBECHOTO pacpeaeneHus. [IpH MocTosHNbIX g, B 1 W B HHUIKHHX CNOAX HOHOCDEPLL, e
anddystielt MOKHO NpeHebpeb, BpeMa peaKcalny T ANA KQKAOr0 ypoBHA NOPAANA T ~ 1/p.
Cornacto [57) Bble MakcuMyMa KOHUeHTpauuu mnasmsl N, , rae npeoGnazaer augdysus,

nnddy3HOHHOE DPABHOBECHOE pPacnpeie/icHHE YCTAHABAMBAETCR 32 BpeMa T = 1/d(h,)=1/ B(h,)~

10% 5 [45, 58, 59]. Cpeayn paccMOTPEHHBIX paboT, KacalOIMXCA CTALMOHAPHBIX PELICHUHA ypaBHEeHH

am6unonapuoii xuddyaun mo 1960 r., omHoli u3 Hauboyiee BAXKHBIX sensercs paGora [S56].
TNonyuenxoe UMM ypaBHeHue GyfeT He pa3 MCronb3oBaThCA APYTHMH aBTopamH. B oG3ope [60] PuwbGer,
NOABOAA HTOTH PE3YNLTATOB IKCMEPHMEHTANLHBIX H TEOPETHYECKUX HCCNENOBAHHHA, HILLET XapaKTEPHbIE AnA
2

ycnosuit F-06/1aCTH NOCTOAHHBIE, COCTABJIEHHbIE U3 NapaMeTpoB HoHocdepet q, a, pu D/ H*. Paannunnie

o 3 X 3THX NapaMeTpoB OOBACHAIOTCA SKCMEPUMEHTAILHBIMH TPYAHOCTAMH X
onpesienenus. PULIGET CYUTAET, YTO TOMHOCTbL 3HAYHTENLHO BO3PACTAET MPH PaCCMOTPEHHH OTHOLIEHHI:
qla, q/B, r=F/\Jaq,H?/D, nossonsiowHx onHcaTh OCOBEHHOCTH PacclOEHHA NEPEXOAHOH
obnactn mexay cnoamu F1 u F2 (ans cnyuaes r |, 2 u 3). [lepBbie TpH COOTHOWIEHKS HE HE3aBUCHMbI, H
1103TOMY HEAOCTATO4HbI ANA OMpedeneHns NapamerpoB g, @, B, HO nojydyeHHble 61arogapa UM AaHHbie,
xopowo cornacyrorcs Mexay coboii. Bonee noapobHbie cBeaeHWs MokHo HaitH B [60, 48, 61].
3aBHCHMOCTb HOPMHPOBaHHO# 3MEKTPOHHOH koHueHTpauwn N/ N, oT BbICOTH (Z—Z, ), NOCTPOEHHAA B

[56] 1 ucnonb3yemMas MHOrMMH YNIOMAHYTBIMH BbllE aBTOPAaMH, MOKA3bIBAET, YTO BbIlE YPOBHA MAKCHMYMa
z> z, OK yenmeHoBckoe pacnpesieneHue 4pe3sbiuaiino 6n13ko k pacnpeaenenmio [S6] npu k= 1.1, anpu z

<z, cxoncteo obecneunsaerca npH k = 2. Takum o6pa3om, B [56] nonyueHsl pe3ynbTaTsl, COrIACyOKECA
C TeopeTHueckWMH BhiBofamu [45]. Ho B omnnume or nocneanero (o6macHsiomero ¢opmupoBaHiue
Makcumyma F2-cnos inddysueit) nonyuena 6onee obwan ceass mexay nmapamerpamn IK: h, F2uN,_ F2.

ChnenanHeli B 3THx paGotax BeiBoa o 3aBucumocth A, F2u N, F2o0T BenwuuHbl U HanpasneHus

BEPTHUKILHON CKOPOCTH Apelidha ANS CTALUMOHAPHOTO COCTOAHHSA KaYECTBEHHO MOXET ObITh NPHMEHEH H K
HecTauyioHapHoMy cayusaio. Onmako, TeopHs apefida OKa3biBAaETCA HENOCTATOMHOM ANA OOBACHEHHA
nosefieHun cnos F2 Bo BpemA MarHWTHBIX Oypb, Koraa pesko BbipakeHHoe YyMeHsuieHHe IK
CONpPOBOXKAAETCA YBENHIEHHEeM BbICOTbl cnos F2.

B pa6otax [62, 63] uncnenHo pelaetcs ypaBHeHne amGunonspxoii anbdysun. B nepsoit pabote
aBTOpbI, Cieaya [56], paccMaTpHBAIOT MOAHOE ypaBHEllME HEPa3pbIBHOCTH AJIA 3NEKTPOHOB B YCIOBHAX
HO4HOH HoHOcdepbl. PaccuuTana ckopocTh BepTHKaibHOrO Apeiida, W, f0Ka3aHO, 4TO MPH BBICOKOM
MarHUTHOH aKTMBHOCTH 3HaueHHe W 0OMblIE, YEM B MarHUTOCMOKO#HblE AHW. BbisBneHsl 1WHPOTHaA
3aBUCUMOCTb W Ce30HHbie Bapuauun OK. Camas cunbHas 3aBMCHMOCTh oOHapyena oT BbiGopa
ko3 duurenta auddysnn. KoadphuuueHT pekoMGuHaunn B HecylecTBeHHO nponsaseT ceGa Ha CpeaHHX U
BBICOKMX LUMPOTax. ABTOPbI OTMEYAIOT, YTO YYET MIMEHEHWS TEMIEPaTypbl M COCTaBa aTMocdepbl Npw
MarHuTHbIX Gypax aan 6kl Gonee GAU3KHE K peanbHbIM 3HaYeHHA W (TaKOE KXKe 3aKTIOYEHHHE BCTPEYaeTea H
8 pabore [48]). [Mokasaubt MeTOAHUECKHE BOIMOMHOCTH MCMONb3OBAHMA YPAaBHEHHA HEPa3phIBHOCTH C
MPUMEHEHHEM [AHHBIX IKCNIEPHUMEHTaNbHbIX mnpoduneii N(h) nns  pacuéra (oueHkH) ckopocTed
BepTHKanbHoro apeiida. B uacTHOCTH, NOKa3aHO, 4TO CKOPOCTb BepTHKANLHOrO Apeiidha, yBenHuHBasch
nocne 3axona ConHua, AOCTHIAET MAKCHMYMa B CEPEAHHE HOYH U 3aTeM MeaneHHo yOripaeT. Habmiogaerca
JIHHEHHBIH pOCT CKOpPOCTH B WHTepBaiie BbicoT h = 310-320 km, oHa noctoanna a0 h = 370 km, 3ateM B
uHTepBane sbicoT h = 380-410 km BHoBs Habntogaetca nuHelinbiii poct. C yBenHyeHHEM reOMarHHTHON
wupotel (15— 60°) cpeansa ckopocTs Mensetca ot 5 10 30 m/s. CornacHo Habniogenuam 6-7 wions 1958
T., HHTEPBA1 U3MEHEHHA W B MarHWTOCMOKO/HbIE HOUM cocTapnan 0-45 m/s, a B MarHHTOBO3MYLIEHHbIE
Houn 35-65 m/s. Jna  BepTHKanbHOro Apefidha HOHW3HPOBAHHOW  KOMMOHEHTBI, BBLI3BAHHOIO
ropu3oHTanLHeIMK BeTpamu U B HHxHel voHoctepe, ucnonmb3yetcs dopmynaw=Usinlcos/, otkyna

ABCTBYET, 4TO B CPEAHHMX WHMPOTAX 3Ta CKOPOCTL MAKCHMATbHA NPH MarHUTHOM HaknoHennn [=45"wn
CTPEMHTCA K Hy/IO K NOMoCy u 3ksaTopy. B pacuérax [62] kpubas 3apucumoct w= f([), He MeHsas 3HaKa

kpusu3tbl, B F2-06nacty pactér ot 0 a0 60° erinyinoctsio k ock | . OnHako Heckonbko MHas 3aBHCHMOCTb
nony4aercs ana BEPTHKAIBHOIO apeiida B F2-o6nactu, HalineHHas B [64]):
w,=(E, /B)cosi+Usinlcosl, 3nece w,03HauaeT BepTHKabHbIl Apeiid, 06YCNOBNEHHbIA BAMAKHEM
Apyrux 3(QeKToB, OTAMYHLIX OT Anuddy3un. JlorepTn Naér BhipaKeHHe /IS YPaBHEHWA aMOMNONAPHOH
anddynu
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oN 0 . a1 1(2k&TN)
—=g-L-—(N i O B it
a7 62( ") +sin oz|v,\m &z +Ng} ' (19

rAe m,, V, — COOTBECTBEHHO, MACCa M YaCTOTa CTO/IKHOBEHHA HOHOB C HERTPAILHBLIMK MoNeKynamu, k —
nocrosnHas Bonsumana, 24T /my,=D. [inn ebiuncnenns w, neobXxoaumo 3wamue E, n U. Norepmn

Aenaet ynpoulehue, nonaras U = 0. Toraa asrkenne Yactuul 06y 0BReHO aHddyIHeli U IMeKTPUHECKHM
nonewm. [peanonaraetcs, 4To HelTPanbHEI BOIAYX HE MOXKET ABUraThCA BEPTHKANLHO BBEPX, HO Graronaps
CTOJIKHOBEHHAM C 3apAEHHBIMH YaCTHLAMHM, YCKOPAETCR B TOPU3OHTaNbHOM HanpasieHun. Ilpu

OTCYTCTBMM  FOPH3OHTANbHGLIX  cui  nonydeso, uto  u=U=-(E /B)cosec! —(eE,/my,)cigl,
E,=(2k/Ne)o(TN)/0z+m,g/e; Torna w,,=—(e/m,v,)Epcosz I, w=~(e/my,)E,. Takum obpatom,
Jorept ynanock u3GaBHTLCA OT MHOXHTENs Sin’ [ B ypaBHenuu (10) v ceecTH ero k Buay:

oN L+ 0| 12k 3(TN)

- oz

—= Ng i|.
o oz|v, g an

(

370 ypaBHEHHE OZHHAKOBO NPUTOHO B Cly4ae BEPTHKAILHOIO MArHUTHOTO MOJIR WK 6€3 Hero.

B psane pabor no AMHaMHMKE BETPOB NOKA3aHO, YTO K3-33 3aBHCHMOCTH KOHLEHTPAaUMH HOHOB OT BLICOTSI,
3 dEKT TOPMOXKEHHA MOHOB MPHBOAHT K W3MEHEHMIO CKOPOCTH MOHOB C BBICOTOW, M 3TO AOMKHO 6bITH
OTP&XEHO B ypaBHEHHH HenpepbisHOcTH. Ecnu caenannbie lorepth nonyuieHns sepHbl, To Mopdonorus F-
obnacth He obbAcHAeTCA Teopueit auHamo. [lostomy JlorepTu npeanonaraer, YTO MMEKOTCS M ApPYrHe
OPHYHHLI TOPH3OHTANBHBIX ABHIKEHHH HEHTPaibHOrO BO3AyXa, KaK, HarnpHMep, MPHINBHBIE H TEMJIOBbIE
cunbl. [Toka 3T cunbl He HeenenoBaHsbl, ypasHerue (10) He ABNAETCA NOAHbIM.

B Teopetuueckor pabGore ILlmenosckoro [63] nonaraetca. 4TO ypaBHeHHe aMGunONAPHOH
nubdysun npuMennmo k obaactu Beicot ot 300 a0 1500 km, kak eanHoii uenoi Pacnpenenenue K B 310
obnactn onpenenseTcA BAMAHHEM (POTOMOHM3RUMH, PEKOMOWHAUMH H AH(QYINH. ABTOP HCXOAMT H3
CTaLMoHapHoro ypaBHeHns addysun (9a), nonyyennoro B pabore [56], 6e3 yuéra apercosoro unena, u
YPaBHEHHMA D15 HO4HOH pexoMOWHauuu. CHavana MccnenyeTcs acHMNTOTHHECKOE MOBENEHHE YPABHEHMA
IS OMPEACSICHHA XOAA TEMMEpaTypbl NAa3Mbl H HEHTPAILHONO rasa; NpH4EM, I8 KOHEYHBIX BLICOT
OTJIHYHE OKa3bIBaETCA  HE3HauuTenbHbIM. [lpuMenstoTca ananuTuyeckue (8 ¢yukunax beccena ¢
KOMIIEKCHBIM aPryMEHTOM) H YHCNIEHHBIE METOAbI PCLUCHKA 3aAa4H.

LLIMenoBCKHit aHANNM3UPYeT Ciyuvaii W3OTEPMUUECKOW W HEH3OTEPMHHECKOH HOHOChEpbl W
NOKa3blBaeT, HA OCHOBE PAacYETOB NO NAHHLIM WIMEPEHHH NapameTpoB HoHOChEpHI, YTO Temneparypa
MNa3Mbl MOXKET B MONTOPA Pa3a NPEeBOCXOAUTL TeMneparypy HedTpanbHoro rasa. Ipu 3ToM CyuecTBEHHbI!
CE30HHBIE PaliHuNA Mexcay HUMH. Ananusupys (9a), Puwber n Bappon [56] nokasanmn, 4Tto Ha MaibixX
BbICOTAX BaXKHA TEMNEpaTypa HEHTPanbHOro rasa, a Ha GONbLWIMX BLICOTAX — TEMNEPATYpa MNa3Mbl.
Llimenosckuit, caeayer ykasanusam [S56], ana nepecuéra z Ha h, CTPOMT CXxeMaTHYecKyl0 Moaenb
pacnpeaencHHa TEMNEPATYpbl, MCNOML3YA AaHHbie Habnioaenuid. Mcnonmesyiotcs cneaylouwye 3Ha4deHus
HOHOCGEepHbIX napameTpos: H = 80 km, @_ =0.75-10" cm™* (xpanToslii

no1'0K),0'=10‘"cm2,g,,=0.34-10'acm'3s" - oflee YHCAO DNEKTPOHOB Ha YPOBHE MaKCHMyMma

dotovonusauun, n=1.25-10"cm™,  h,=200km, nD=0.75-10"cm™'s™", d0=0.95-10"s",
B,=2-107s", k=1.6, — ana nocTpoenms BepTHkanbHbix npoduneii DK. KavecTaeHHbie Hccnenosaus
TIOKa3aNH, YTO (OpMa C/OA MaN0 MEHAeTCA BILIOTh 1O 3eHHTHoro yrma ~70°; nootomy pasHoBechyio

KOHUEHTPALKIO aBTOP COOTHOCHT K MONyAeHHOMY F2-C/10t0, a KOHLEHTPALHIO, NONYHEHHYIO 118 YKcToi 10-
4acoBo#i pekOMGMHAUMH — K NIOIYHOUHOMY. JI0BOMbHO GITHIKMMH OKa3aNMCh PacuETHBIE 3HAYEHHUA MONHOrO

17 -2 17 -2
cOnepXaHHA NexTpoHOB Ao Bbicotsl 900 kM (mnesnoro 4.8:10"m™mu wouworo 1.5-10'm™) u
- 17, -2
3KCMEPUMEHTANbHbIE (AHEBHOTO 4.7-10" m™u wouroro 1.85-10"m™). Amanus nokaswisaer, uto B
TeopeTHueckoil MOZENH BenuuuHa A, F"23anukeHa, a pekoMOMHaUMA B NEHCTBUTENLHOCTH yObiBACT

6Gbictpee Teoperuueckod, U BMecto f=2exp(—1.6z) cnenyer Gpate f=5exp(-2z). Mo pacuéram, or
3UMHEro MONYWAPHA K NIETHEMY W OT NETHEro K 3HMHEMY, HANPaBEHb! MOTOKH MNa3Mbl, COOTBETCTBEHHO
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paBHble 1.9-10°x 4.5-10°cm™s™'. B cpensem pesynbTHpyIOWMA NOTOK, HalpaB/IEHHbIA OT JIETHEro

cm2s™'. Jlns npueengHHBIX Bblle CYTOUHBIX KoneGamii obwero

-2 -1
cms™.

nonywapus K 3MMHeMy G=26-10°

- 8
conepxanus 31ekTpoHoB B 900 kM cTonbe HeobXx0anM NOTYAEHHbIHA MOTOK NOpAaKa 7-8-10
Onnako, XeHcoHy [65] kaxeTcs ManoBEPOATHBIM, YTOObI NEPEHOC HOHU3ALIMH MEXLY MONYLIAPHAMH
+
MOT CHNbHO MOBJHMAT, Ha BenuuuHy DK B6au3n Makcumyma cnos F2. OH cuuTaet, YTO MOHbI O (u3-3a
KYJIOHOBCKMX CHMN OTTA&IKMBaHMA) B BEPXHeH u4acTH obnactu F ABAAIOTCA AOBONBHO 3HAYWTENbHBIM
Gapsepom AnA NOTOKOB npoToHos H*, BXOASWMX B MPOTOHOCHEPY M BBIXOASWIMX M3 HeE. XeHcoH [65]
Take OTMedan, uto ans ofecnedeHus HabaOAaeMOll aHomatuu TpeGyeTcs MOTOK HOHOB MOpsAAka
5-108cm™s™", neiicTeuTenbHbIl sk MOTOK OKa3anca Ha nopaaok 6obwe. [lonHbii TOTOK BBEPX B NETHEM
7 =2 -1

nonywapHy He JomkeH npessiwars 2.5:10 ¢cm s
Kon [66] pacmaTtpuBaet 3Ty npobaemy ¢ apyrofi ctopoHsl. OH OUEHHBAET BPEMEHHOW MHTEpBas,
HeOBXOAHMBIfi ANA YCTAHOBAEHHA aHOManuu. Bonpoc cocToMT B TOM, cnNocobeH M 31EKTPOHHO-HOHHBIIH
MOTOK, BO3HMKAKOLWKI B MOMEHT BOCX0fa CONHUA B IETHEM NOJYLIapHH, B TEYEHHE HECKOJbKHX 4acoB
JOCTaBHTb [OCTATOYHOE KOJNMHYECTBO 3apPWKEHHBIX YacTHU B MakcWMym cnos F cesepHoro nonywapus.

Motok cuntaercs paphbiM  4.5-10°cm™s™, uTo 3HAauMTENbHO NPEBOCXOAMT 3HaueHHe, NaBaeMoe

Xencoom. TTo rpy6bim oLieHKaM, BPEMS NEPEXofia NPOTOHA K3 NeTHero nonyttapus B 3umnee (ot S0°N no
50°S) no ypoeus 600 km (rme HauuHaercs nepesapagxa: H'+O —> O +H) nopaaxa 3 u. Kon

paccmarpusaet audipy3uio wactunt HoHoB O Mekay ABYMA CONPAXEHHLIMM TOMKAMH JIETHETO H KOXKHOTO
nonywapuii.Cornaco pac4éram, Ha MEpPeKauKy nna3Mbl U3 NETHEro NOJyLUIapuA B 3UMHee TpebyeTca He
MmeHee 8 uaco. CpaBHeHwe ¢ faHHbIMM HabmoseHuHt (MeToaoM [56]) NpUBOAMT K MPOTHBOPEUMBLIM
pe3ynbTaTaM OTHOCHTENLHO BPEMEHH BOBHMKHOBEHMA W HANpaBlieHWA NOTOKA HOHOB B NETHEM NOAYLWIAPHH
M BpEMEH noABneHHa Makcumyma F2 8 3umuem nonywapun. Kon npuxoaur k 3aitiodennto, uto anddysns
MEXAY CONPANEHHLIMH TOYKAMH HE MOXET OOGBACHWUTb CE30HHYIO aHOMAaNHIO. AHaNW3 pacuéToB
NOKa3biBaeT, uTo nomyudenHsie Konom u XeHcoHOM pe3ynbTaThl CTaBAT MNOA COMHEHHE MPaBHAbHOCTD
runotesbl Porsenna-1LIMenoBckoro o npHuMHax BO3HMKHOBEHHA CE30HHOW aHOManHH B F-cnoe noHocdepsi.

JleTanbHeili aHanU3 CTAUMOHAPHLIX PeleHHH ypaBHerna aMGunonspHoii anddysun aaH B ctaTbax
Boyxunna (67, 43]. IlosnHee onu noapoGHo pasobpaHbl B paborax [68, 25, 26]. Boyxuan [67)
npeanonaraet, uto: 1) HoHocdepHas nnama obpasyercs 3a CUET HOTOMOHM3ALNH ATOMAPHOTO KHCIOpOaa

(O+hv—>0"+e), toraa QyHkuma wuonusaumn =g exXp(—a,z); 2) pexoMGMHAUMA HOHOB
O ocywectensercs Ha HeATpanbHeIX Monekynax THna XY, u S=f,exp(-a,z), a,#a,; 3) koadduumuent

ambunonspHoit Anddy3un 3aBHCHT OT KOHUEHTPALMH MOJIEKYN HEHTpaibHON aTMocgepbl W paBeH
D=D;exp(a;z); 4) KOHLEHTPAUMUA HOHOB KHCJIOPOAE M COOTBETCTBYIOLUMX MM 3MEKTPOHOB MPH YCIIOBHAX

Auddy3MOHHOro paBHOBECHS paBHa N =n, €Xp(-a,z); snecs @, =2a,, a,=1/H,, a,=1/H,,, a,=1/H,,
a,=1/H . Ilpu caenanHbIX JOMYILIEHHAX ypaBHeHHe 6anaHca HOHH3aUMH B OBLLEM Clyyae MMEET BHA:
oN N

—=g-pfN+D|
o s1P o

oN
+(a3+a4)E+a,a4N . (12)

BaxHoe 3Hauenne umeloT sepxHee (Hucxoaawmi notok nnasmet G=D(N'+a,N), rae N'=0N/dz)
nuxree (N ~exp[(a,-a,)z] >0, z—> -, T. k. npakTUYeCKH BO BCeX cryuasx d, >a,) rpaHudHbie
yenous. Tak kak B oueHb GLICTPO YMEHLLIAETCA C BLICOTOM, TO 3HAYMTENbHAA HACThb HOHOB KMCROPOJA,
obpasylowwuxcs Ha 6onbLMX BbICOTAX, AWPPYHAUPYET BHH3 ¢ 06pa30BAHHEM HHUCXOAAIIErO NOTOKA BO BCEH
atmocdepe, [Mockonbky Bce HOHbI BOCCTAHABIHBAIOTCA 3a CHET (GOTOMOHM3ALMM ATOMAPHOrO KHCAOPOJA,
HHCXOJIALHIA NOTOK AOMKEH CTPEMUTLCA K HY/I0 Ha GECKOHEUHOCTH, e KOHLEHTPAUMA aTOMOB KHCIOpoaa
mana. 310 flaér nepsoe rpaHHuHoe ycosue G = 0; OHO IKBUBANIEHTHO TOMY, YTO 3NEKTPOHHAA MIOTHOCTD
Ha GonbluMx BbicOTax BeAET ceGa kak exp(—a,z). Bropoe (HWkKHee) rpaHMuHOE YCNIOBHE BLIBOAMTCA
(aKTHYECKH U3 TOTO, YTO MIPH Z —> —o0 [IOCAEAHME [BA UNeHa ypaBHeHHA (12) B HIDKHUX COAX HoHocdepbt

CTaHOBATCA 3HAYMTENbHO Gonbe nepbix TpéX. Jlia manlocTpauun ocobeHHOCTel pelleHHs GbutH
paccMOTpeHbl YeTblpe THNa Mosienedl aTMocdepul, B CBETE PACCMOTPEHHS KOTOPBIX KiaccupuumMpyloTcs
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M3BECTHbIE WCCnenoBanmna [31, 29, 45, 56]. OTMETUM. YTO IKCMOHEHUMATBHOE WIMCHEIIHE NapaMeTpoB
uoHocdepel, npuHsToe 8 paGoTe Boyxuana, NOLTBEPKAACTCA HIMEPEHMAMM ONTHUECKOM TOMLMHBI
yAs1padHoneToBoro uanyuenus Xuutepperepom [69).

TMo3nnee uccnenosanna Boyxunna 6euu passursl B paGotax (68, 25, rae 60 NOKa3aHO, uYTO
nonyveHHas B paGOTax Eoyxuﬂ.na Gnuaocn TOYKH MaKCHMyMa CN0A W TOYKH NEPECEYCHHA KPHBLIX
pacnpeaeneHHa KouelTpauHu A Clly4as (OTOXHMHUECKOrO paBHOBECHA W Clydas, KOraa AeHCTBYIOT
HOHH3aUMA, HefiTpanuiauva v anddysus, ve apagercs cnywaiinoii. [loaskoe cuutaer, uto npu cnaboi
HHTEHCHBHOCTH HCTOYHHKOB MAKCUMYM KBa3HPaBHOBECHOTO AW((PY3IHOHHOro CMOA CTPEMUTCA K YPOBHIO
¢oroxummueckoro pasHoBecns (@ = L). OH cpaBHMBaeT pe3ynbTarel CBOMX pPAcHETOB C AAHHBIMH
SKCMEPMMEHTANLHLIX H3MepeHHii N(h) no noHorpammam, pakeTHbLIM WIMEPEHMAM, U3MEPEHHAM METOAOM
HeKorepeHTHoro paccesnus. [lonyuns xopoluee cosnaseHue pelyibTaToB pPacyéToB C  AaHHBIMM
Hab/IIOAEHNi, OH 3aKNIOHAET, YTO PE3yAbTaThl PA3THUHBIX IKCNEPHMEHTOB BNONHE conocTasumbl. Ha pabot
[68, 25] cnenyet, 4To B CTaUMOHAPHBIX YCNOBHAX BepTWkanbHoe pacnpenenesue DK B6au3M MakcuMyma
cn0s F2 B nkHel ero 4acTy u Bo Beedl 06nacTy Buiwe MakcuMyMa 61M3Ko No GopMe K KBA3HPABHOBECHOMY
anddysnonHomy pacnpeaenenuto. HoHusaunonHo-pekOMGHHaUMOHHbIE npouecchl cnafo BAMAOT Ha
(opMy 3TOro Cnosi, ynpaeifs NONOKEHNEM ero MAKCHMYMa Ha YPOBHE DOTOXHMHUHECKOrO PABHOBECHS.

Cpean o63opHbix paboT, BaxHoe MecTo 3aHuMaioT paboter [70, 72, 48, 68, 71, 50,]. B nepsoii
pa6ote [70] ocHOBHOE BHUMaHHE YACNAETCA BOMPOCAM BAHAHHMA Ha CBOHCTBA HOHOChEPLI Pa3fHHHOrO poaa
BO3MOXHBIX B HOHOcdepe ABHXEHWH nnasmbl. Bo BTOopoi pabote [72] aeTanbHO aHaNM3HMPYIOTCH
napaMeTpsl MOHOC(EpbI, PAcKpbIBAETCA PONb  PalMUHbIX (PU3MHECKMX MpOUEccOB, 06CYKAAIOTCH
npo6nemusie Bonpockl. B paGote [48] MOABITOXMBAOTCA PE3yNbTaTsl IKCMEPHMEHTANBHBIX W CBOMX
TEOPETHYECKHX MCCNEAOBAHHA. YTOUHAIOTCA napameTpst WOHW3auWH, pekoMOHHauWd, AHbdY3MH B
Pa3NM4HLIX CROAX HOHOCEpbl Ha ocHoBe Mmopaens armocdephi CIRA-1965. B o63ope Ilonsxosa [68]
JOBOILHO MOAPOGHO pacCMAaTPUBAIOTCA TEOPETHUYECKHE BbIKJIAAKN OCHOBHbIX paboT, KaCAlOUMXCA H3YUEHHA
F2-06nacti noHodeps!, ¢ NpUBIEUEHHEM IKCMEPUMEHTANLHOrO Matepuana. B Gonbuioit 0630pHoO# cTaTbe
Honemana [50], Hcnonbaysn M3BecTHele CBENIEHHs O MApaMeTpax MOHOC(EPs! M HEHTPaNbHOH aTMOChEpbI,
NONyYeHHbIE ANOHCKHMK HCCNENOBATENAMH, pellaeT ypaBHeHne ambunonspHoii aAndpysnu HonochepHoi
MNa3Mbl ¥ CPaBHMBAET pe3yNbTaThl CBOMX PacyéTOB € Pe3y/ibTaTaMHM APYTHX aBTOPOB, B YaCTHOCTH, C
paborof [71].

Ocoboe MecTo 3aHHMatOT paboThl, B KOTOPLIX PELIAETCA ypaBHEHNE aMOMNONAPHOH andQy3nu npx
HE/IMHENHOM 3aKOHe 3apA000MEHa W JMCCOUMATHBHOM pekoMGHHauuK. 1o, maBHbIM 06pa3om, paGoThi
[73, 74, 75, 28, 76]. ABTOpbI, aHATH3ZMPYA IKCTIEPUMEHTANbHbIE AAHHbIE, CUHTAIOT, YTO HOHOChEpa ABNIAETCA
CYLLECTBEHHO HecTaunoHapHoi. Jina ofcyxnenus eé NMHaMHU4ECKOl CTPYKTYpbl B ZETansx, HeoOXOAMMo
3ajaTh MpPAaBUNbHBIM BHA 4JEHA HCUYEIHOBEHWA 3NeKTPOHOB L B ypaBHeHHH Hepa3pbIBHOCTH A
3MEKTPOHHON KoHUeHTpauni. LUnMansakn [76] oTMeuaeT, 4To Nomy4eHHble UM Pe3y/LTaThl MOTYT GbITh
MCMONb30BaHbl B TEOPETHUECKMX HccneaoBaHuax F-o6nactH voHocdepsl, B HaCTHOCTH, MOTYT NOMOYb
M3Y4YEHHIO BpeMeHHbIx BapHauMii npoduned OK. OpHako, npumeHenwe npocToi  ¢opmbl  uneHa
HCUYE3HOBEHHUS IEKTPOHOB AIA HWXKHER HacTH F-06nacTu He ABAseTCA BEPHBIM.

MpencTasnaeT uHTepec TeopeTuveckas pabota [73], B KOTOpOH M3y4aeTCs BAMAHHE HENHHERHOH

pexombuHauMn Ha pacnan HouHol F-obnactn L=af, exp(=2z) N’[aN + fyexp(-22)]"', a unenst
auddy3nu v apeiida BbiGupaloTes B ux npocTeiilei Gopme. OH NOnb3yeTca YpaBHEHHEM HEPa3PbIBHOCTH

=2z A12
ON__afe™ N’ 3 doe;(aﬂ+ﬂ] LY ON a3)

— +— -,
o aN+pe™ & oz 2 H oz

rae w= const> 0, T.e. ckopocTb Apeiida Hanpasnena ceepxy Bhu3. Pewenne ypasieHus orpaHH4eHo, ecm
NOTOK MOHM3ALMM MPH Z—>0O CTPEMHMTCA K HYMIO M PasyMHO BbiGpan npodunb vouwsauuu mpu t = 0.
Bpomatca obossauenus ¢ =exp(-z/2), t=ft, c=w/2B,H, y=p,/aN,, Ny— ynoOuui
HOpMHpYIOUIMi napameTp, ypoBeHb z = 0 BbibupaeTcA TakuM 06pasoM, 4TOGbl BBINONHANOCH yCnoBHe
d,/48,=1; N/Ny=x{ " exp(ex’v/4), rne x=-1g¢ .

B pesyneTate npeoGpasoBaHuii ypasHenue (13) 3anMchiBaeTca B KaHOHMuecko# ¢opme, ynoGHol ana
YHUCJ/IEHHOr0 UHTErPUPOBaHHA:
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v _ ., 8% 1-2c-c’x” x*
290 ; (14
or ° o’ 4 1+ exp(-cx’/4)

gﬂ_§=0 npu { =1.[lapameTp Yy XapakTepusyer ctenexs

og
- -2 -

HeMUHelHOCTH (B JaHHOM cilydae nopaaka 107, 4To COOTBETCTBYET Cyualo yMEPEHHO!H HennHeiHOCTH).
Kosdpouuuent N, npencrasnser coboif makcumym OK 8 npopune N(z).OTvetnM, uro eciu
v=0({,7,y) aBnseTca pewenem ypasHewus (l4), To peuweHHem odToro ypasHewus Oymer Takoke
av=v({,7,a,7). Kak suaum, pelerue MOMET GbiTb HeoaHO3HauHbiM. Tatoke npou3soneH W BuiGop
HayansHoro npoduas K, HO peleHHE 3aBUCHT OT Hero. Pe3ynbTaThl YHCNEHHbIX PAaCHETOB MPEACTaB/CHb!
JUIA YeTBIPEX TMNOB Mopenei MOHOChEpb!, KOTOPBIE NOKA3ATH, YTO BAHAHHE HENHHEHHbIX 3PdeKToB Ha
BAPHALMIO MAKCHMANBIIOH KOHUEHTPALUHH HE OYEHb 3AMETHO. ACHMNTOTHYECKAaR CKOPOCTh Pa3pyLU€HHA
MaKCHMYMa KOHUEHTPaLMH He YyBCTBHTENbHA K BbIGOpY HAauanbHOrO pacnpefciieHus, W PacxoxAeHHe
MEKAY OUEHKAMM N0 JIMHEHOA W HenuHe#HOH MonenaM He mpesbiwaer 15 %. Bapuauun Bbicor
MaKCHMaNbHON KOHLIEHTPaUMM Z,, 3aBUCAT TMaBHbIM o0paiom ot napamerpa apeiigpa ¢. Ilpy ¢ = 0
pasnuumMe BHICOT MaKCHMyMa KOHUEHTpauuH Haxoantca B npeaenax 10 %. Ha mansix BbicoTax 3HaueHue

KOHLIEHTPaUHit B HENVHEHHOM MOAeNH, 6onblue, YEM B THHEHHOH.
WUTaK, u3 cpaBHeHWs NHHElHOM M HenuHeHHON Teopui obmactm F MmoxHo caenats cnenyiowue

BbIBOABI: 1) CKOPOCTb Mafi€HHA KOHLEHTPALMM B MaKCHMYME CIOA MO HENWHeHHOH Teopuu Ha 10-15 %
MPOMCXOAMT ME/JICHHEe, 4eM No nuHeliHoH, a z, pacnonoxen Huwxe Ha 10 %; 2) npoduan cnos
3HAYUTENLHO OTIMHAKOTCS OT W3BECTHBIX MO NMHEHHOH Teopun. M3 3TUX nByX BbIBONOB HauGonee BaskkeH
BTOPOM. XOTA AeTalH TPYAHO COMOCTaBUMBI C AaHHBIMK HaONIOAEHHH, TEM HE MeHee, 3Ta TEOPUA CNocobHa
OOBACHHTL HATHYHE HOHM3alUMH Mexay E- u Hukued F-obnactamu. DNEKTPOHHAs KOHUEHTpauus
pacLUHpAIOUIENCA XBOCTOBOH 4aCTH 0COGEHHO YyBCTBHTENLHA K APeHdOBO#H CKOPOCTH.

2.6. AHaNNMTHYECKHE METOABI PELLIEHHS ypaBHEHHA aMBHNOAspHOH AudDY3uK

¢ rpannunbiMu ycnosuamu: U=0 npn {'=0,

H 2
ON_De['N (5+1)_+5N BN la(Nw)

Rk Ha TIE0. (15)

nocne BbILIEPAaCCMOTPEHHEIX paboT, nmonyuwnu AanbHeiiwee pa3sutue B paae paboT HccienoBaTeneit
apyrux ctpau {77, 78, 79, 41, 42, 80, 81, 82-93, 27].

B pabotax [77, 78] ypasHehue (1) pelnaetcs A1 CleAylowmx cny4aes:

1) unctas audpdysua:
t‘iN/ar:e:[éZN/iiz2 +(6+1)6N/62+6NJ, r=Dol/Hf; (15a)

2) HEOAHOPORHOE YPaBHEHHE C HATH4HEM q M be3 yuéTa pexoMBHHaumK:
ON /91— [N 1827 +(8 +1)aN 12+ 6N | =g (z.7), (15b)

npH HawaneHoM ycnosuu N(z,0)=ny(z), w npu HanuuMu ucTOuHMKA Ha GECKOHEYHOCTH, C KOHEUHOH

BEJIHYHHON CO3AaBaEMOro UM MOTOKa, MEHAIOLEroca BO BPEMEHH.

TNonyuenHble pesynbTathl MOryT GbiTh BepHbI Bbille YpoBHA 260 KM, rae xapakTepHoe BpeMa
AnddysuH MeHble BpeMeHH pekoMGMHauud. B npocTefiwem cnyuae npoueccsl peKOMGHHALMH
YUYHTBIBAIOTCSA 3a/laHHEM HYJIEBOrO MPAHUYHOrO YCNOBMS Ha HWXHEH HkcHposaHHoi sbicoTe (z = 0), rae
MIPOHCXOMT HCYE3HOBEHHE 3apAA0B BCEX HACTHL, MPHHOCHMBIX Ctoaa AW(Y3UOHHBIM NOTOKOM.

Metonom paspeneHus nepemeHHuix GbLIO MONYYEHO yacTHoOe pewenne (15a) B UHTerpanbHoi
dopme uepes unrerpan @ypoe-beccens ot HavanbHOro pacnpenenenua ny(z)= &(z—z,). ¢ nomowsio

koToporo ctpoutcs dyukuus I'puna. Onyckan AeTanm, BuinulieM peweye ypastenus (15a):

N(z,t)= Ino(zo)G*(z,r;zo)dzo. (16)
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B paccMOTPEHHOM Crlydae acuMITTOTHUECKHE BbIpaXkeHua anx Qynkunit Tpuna G,
5+1 : -x-e¢ " exp(—xd—e™*
G(z,7,0)=exp —(—++K)z—-l—(e'+l) LG =SRx—e ) o _epxd-e) g
2 2 T 'T(v+1]) ')

rae x=z+ln1, B TOYHOCTH AB/AKOTCA HEMMEHOBCKHMM cnosmu. Bo BPEMEHH — 3TO ONYCKAKLIHECH MO

newctaHeM cunsi TaxecTn cnou: G, — ¢ yOuiBaoweii amnnutynoi, a G_— ¢ noctosnHoii. PeweHns, B

KOTOpbIX ucnionb3yerca G, , ONpeAensioT pacripefeneHus KOHLEHTPAUMH, CO3aBaEMbIE MOTOKOM Ha
GeckoneunocTi. Tlpouecchl yCTAHOBNEHHA M Pa3sBHTHA BOIMYLIEHMH B HMOHOCHEpE OMMCHLIBAIOTCA
peLlieHUMH, B KOTOpbIX Heronbsyerca G_. B nepsom cnywae (G, ) nonHoe uucno wacTvu B cronbe

aTMoCc(ephl C eAMHHYHBIM CeveHHeM yGbiBaeT BO Bpemeny, a B nocneaHeM (G_) OCTAa&Tcs NOCTOAHHBIM.
[NoToku 3apsikeHHbIX YacTHU Ha GeckoneunocTv 1A G, KOlleuHb! (CHaYana BO3pacTaloT, a 3aTeM y6biBatoT),
a nn G. noTok Ha BecKOHEWHOCTH CTpeMHTes K Hymo. TpefoBaHMe KOHEWHOCTM NOTOKa Ha

Geckoneurnoctn B cnyyae G, npu yGbiaiowedl KOHUEHTPALUMM NPUBORMT K HEOrPaHH4EHHOMY pOCTY
CKOPOCTH, UTO JHLWeEHO (H3Hueckoro cMbicha. Jlio6oe ske OrpaHMYEHHe CKOPOCTH O3HA4AeT CTPEM/EHHE
NoTOoKa YacTHU Ha BeckoHeuHocTH k Hynto (cnyuain G_ ).

B cayuae HeopHopoanoro ypasHenns auddpy3nn (15b) cHayana paccMaTpHBatOTCR NPOCTbIE CIY4aH
sapanna §=8(z-2,)6(r-1,), N(z,0)=ny(z), npn HanHuHK HCTOUHMKE HA GECKOHEHHOCTH, C KOHEUHO
BETHYHMHO# CO31aBaEMOTrO MM MOTOKA, MEHSAIOWErocA BO BpeMeHH. COOTBETCTBYIOLUHE HM PELIEHHA MOXHO
BBIPA3UTH C OMOULbIO Tex ke QyHkunii I'puHa u MonudHuUMpoBaHHbIX dyHKunH Beccens sroporo poaa. B
CNy4ae NPOH3BOMBHOTO MOTOKA PELIEHHS HAXOAATCA OTEPALMOHHBIMH METOAAMH MOCPEACTBOM (YHKLHH
Yutrekepa.

B paborax [79, 41, 42] aHanuTHueckue pelieHHA ypasHeHus (15) GblmM MPUMEHEHDB! K PeanbHBIM
npoueccaM. B nepsoit paore paccmarpupaeTcs Ta ke 3alaua, HO C YYETOM HWCUE3IHOBEHHS HaCTHL H
OJHOPOAHOrO BEPTHKanbHOro BeTpa WM apefida. B cayuae uuctod anddysuu uMeroT MecTo
OMyCKAIOIIHEC B MONE CHIbl THXKECTH XapaKTEPHbIE CNOM YEMMEHOBCKOro Tuna 6e3 aanbHeiliero
nepepacnpefenexHs B HUX KOHUeHTPauHH, Kak cnexyer u3 aaHHo#H paboThbl, yuéT pekoMEHHALKMK NPUBOINT
K TOMY, 4TO onyckaiowui ciod, cthopmuposaHHbii npoueccoM Auddy3un, ycTaHasiuBaeTca Ha
omnpeaenéHHOM YPOBHE C HECKONbKO HHOM opmoii npoduas DK. Astopel paboTel [79] pewaioT ypasHeHnHe
An(pdy3HH NPH EAMHCTBEHHOM OrpaHH4EHHH, OHH nonaratoT p = 1. OAHAKO 3TO He ABNAETCA NOMEXOH AnA
0BBACHEHHS PO/M OJHOPOAHOrO BETPa MK Apeiida B NoanepKaHun HouHo# F-obnactu nonocdeper. Kak n
paHee, oflliee pelleHHe MLUETCA METOAOM pa3fieNieHHA NMEPEMEHHLIX B Buae paaos no 0606LEHHBIM
nonuHomam Jlareppa. B nanHoM cayuae, aHanornuno (17), Taioke noayuenst HarnsaHbie W yaobHele ana
aHa/IM3a ACHMMNTOTHHECKHUE BBIPWKEHWS, MOKA3bIBAIOIME KAK NPH HANHUUM peKOMOUHAUMK B HIDKHER
HoHocepe, onyckaHde CNOS 3aMeAnAeTcA. 3atem cnofi ocTanasnusaercd, a ¢opma ero, mocie HOBOH
NEPECTPOMKH, OCTAETCA HEHIMEHHOT:

G+=expl—z—(,[7/2—c/4a}"J s G_zexp[—&z—(/}/Z—cMa)e“'J, 18)

rae a=D,/4H?, c=w/2H,, B=(c"/4a’ +B,/a)"*.

Kak BHMAMM, KBasMHENMEHOBCKas (OpMa pacnpeaeseHus KOHLEHTPALMH 3apSKEHHLIX YacTHL B
voHocdepe (HO C APyrHM MHOXHMTEAEM MIpM BTOPOH 3IKCMOHEHTE) ABMAETCH EAMHCTBEHHO BOIMOKHON
dopMoii cnos Ge3 HCTOMHUKOB. DTOT UIEH UIPaET PoMib B HIXKHMX CNOAX HOHOCGEPHI, TAe peKoMGHHALMA
senuka. B pesyabTare Kak 6bl MPOHCXOAUT TIEPEMELLEHHUE CJIOR, KaK LEaoro, BBEpPX € YMEHBbUICHHEM
KOHLEHTPALIHH, HO C COXPaHEHUEM YENMEHOBCKOMH opMbI.

ABTopbl, Ha OCHOBE CTaUMOHApPHbIX peuJeHuFl, ewe pa3 OCTaHaBNHUBAIOTCA Ha BbLIBOAAX O NOTOKAX H
CKOpOCTAX HOHHM3aUUH Ha GonblMX BLICOTAX. Cﬂe,uye‘r CTPOro pa3inuyaTte HE HMEIOLHE ¢H3H‘I€CKOI‘0
0BOCHOBAHMA pElIEHHs C KOHEHHbIMM MoTokamu Ha Geckoweuroctn (G_) M pewleHua ¢ HyneBbIMH

notoxkamu Ha Geckoneurnoctu (G,), uto Gbino nokasawo 8 pabotax [30, 26). Octarorca B cue

npeacTaBneHHs O AMPPYINOHHBIX MOTOKAX Ha KOHEHHBIX BbICOTAX: CTALMOHAPHbIC COCTOAHHA BOIMOXHDI
fMWb NPH HANHYMM MCTOYHHKOB HOHM3auuu B atmocdepe. Ilo 3Tol nprHumHe aBTOPBHI KPHTHKYIOT
ucenenosateneii [95], NPOBOAHBLUMX Pa3HOrO Pojia OLEHKH MOTOKOB Ha GECKOHEYHOCTH W WX BapHaLMi,
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UCXOAA M3 CTalUHOHApHBIX pel.l.leHHﬁ. ﬂﬂﬂ BPEMEHH KH3IHU HOYHOro cnof W ypOBHeﬁ MaxkCHMyMOB
pacnpeacaeHus KOHLICHTPaLHH 3apAXKEHHbIX 4acTHL noJsy4eHbl NpOCTbIE ¢OpMyﬂLl:
-1
12 N
: ; /2-cl4a
w w - -
T,,=z " — | -—| .z =In(/2-cl4a)=z, +Ind, zm=ln-'BT
S|\ T,T, H, H,

Ha OCHOBE KOTOPBIX CIEAaHb! BILIENPHBEAEHHBIE BbIBOALI. Buinonnennsie pacuétsl ana p = 1, oaxako,
LIO/KHBI PACCMaTPHBATLCA Kak NPUEIWKENHBIE, T.K. Gi1Ke K AeHCTBHTENLHOCTH 3HayeHue p = 1.75. Tem ne
MEHee, OCHOBHYI) AHATUTHYECKYK 3afady OMNpPeNeNeHHS B JHHEHHOM MPHUOTHKEHHH AMHAMMYECKHX
CBOWCTB HOHOC(EpHI B OGLUMX HEPTAX ABTOPbI CYHTAKOT PELUEHHON.

B nocnenyiowux paborax [41, 42] aBTOpbl HCXOAAT M3 AHANOTHH MEXAY YPaBHEHHEM
ambunonaproii auddysnn u ypasHenuem LlipeanHrepa ans KBaHTOBOTO OCUMINATOPa M CBOAAT 3ajauy
nuHamuku F-cnos k sapave Ltypma-JlnyBunis. Bnepsbie 3anucas ypaBHeHHe ambunonspHoii anddysum »
MaTpH4HOl QopMe, OHK HCNOMBL3YIOT ero A NanbHelllero aHanWTHUECKOro ucciefoBaHus. Ha ocHose
3TOH aHalorM¥ aBTOpbl MPUXOAST K BbLIBOAY O HAIHYMH B NIaHETapHOH HoHocdepe noaobus
MOTEHUHANBbHOM AMbI C KPYTbIMHM KpasMM, B KOTOpOH AOMKHA GbITb COCPENOTOHEHAa OCHOBHAA Macca
3apMKEHHBIX YacTHL WoHocepsbi. I1pu 3ToM dopma BoicoTHbIX npoduneit N(h) MOXKET KOHTPONHpPOBATLCH
AWIB AHHAMHYECKUMH MPOLIECCAMH B CPaBHHTE/ILHO Y3KOM HHTEpBase BLICOT. Hinknan yacTs HoHocdepHoii
MOTEHUHANbHON AMbl OMPEAENAETCA IIaBHbIM 00pa3oM pexkoMOHHaLMEH, a BEPXHAA — B OCHOBHOM
andoysneit ¥ rpaBuTaUMOHHBIM noneM. Cama “AMa” B COOTBETCTBHH C HM3MEHEHHAMH TEMMEPATYpbl
3apMKEHHBIX YaCTHLL M KOHLEHTPALIMK HEHTPaTbHbIX YaCTHL, M0 BbIPAKEHHUIO aBTOPOB, “NINaBaeT” B BEPXHEH
aTtMocdepe.

C 3THX HOBBIX MO3IULHIA BIHOBL PacCMaTPHBAIOTCA pa3HuHbie YacTHble cnyuqau 78, 30, 34, 35, 79]:
Nw=0, £,=0,2)8=1/2,k=0,w#0, £,#0,p=1;3)p# |, k # 0 (3zecb aBTopbI, kak paree TioeH [40],
NIPUMEHAIOT TEOPHIO BO3MylEHHi); 4) p = 1 (noapo6Ho usyyen B [79]). Beuny orpaHnyeHHOCTH MecTa Mbl
HE MOXMEM NMoApoOHO OCTaHAaBAHBATLCA Ha YKalaHHbIX paborax [41, 42], Auiub OTMETHM, 4TO B OT/IHYHE OT
Gonee pannnx Hccnenosanmit (Hanpumep, [30, 40]) maTemaTnueckue BbipaXeHHs B HOBOM (POPMYITHPOBKE
nony4unyu riy6okoe GuU3HYECKOE CONEPKAHHE, PACKPLITBI HOBbIE BO3IMOXKHOCTH AHANMTHYECKHX METOAOB
PELIEHHA ypaBHEHHA aMOHNONAPHO#H Anddy3HuK INEKTPOHHO-HOHHONO ra3a B rpaBUTaUHOHHOM nosne 3emnu.

2.7. OcTaHOBMMCA Ha APYTUX AHANHTHYECKHX PELLIEHHAX YPaBHEHNA aMGUNonapHoi anddysnn
[95, 80, 81, 96, 83, 87, 93], ony6nHKOBaHHbIX B CRELHANbHBIX BbIMYCKaX.

B pa6ote [80] pewaercs HecTaUMOHApHOE ypaBHeHHE HENPEPLIBHOCTH A1 3/1EKTPOHHO-HOHHOrO rasa
(3NEKTPOHBI H HOHbI ATOMAPHOTO KHCOPOAA) MPUMEHHTENLHO K HOYHOM F2-06nacTu uoHocdeps! ¢ yuétoM
pekombuHauMu M AH(dYIHMH 3apseHHbIX UaCTHU. ABTOPbI NPMBOAST YpaBHEHWE HENPEpLIBHOCTH K
6e3pa3MepHOt, MO OTHOWEHHIO K NMPOCTPAHCTBEHHOW M BPEMEHHOW MepeMeHHbIM, (opme, BbIGHpas
HayanbHOE pacnpeaencHye B suae dyHkumit UYenmeHa u 3a1aBas NOCTOSHHLIE 3HAYEHHS KOHLEHTPALHH Ha
rpanHuax obnacru F2:

(19

_ON &N 3N [1 3)

e —= +o—t == N,
or 822 20z 2

N(z0)=N,, expla(l-z-e7)|, N(z,0=N,, N(zp,)=N,, (20)-21)

rac

z=(h-h, )/ H, 7=ﬂm"H2/Dmsin21, r=IDm“sin21/H’, 6=1/2 - GeapasmepHbie BENHYMHBL,

BLIPKEHHDBIE YEPE3 3HAUEHUA NapaMeTPOB HOHOC(IEPLI Ha YPOBHE MAKCHMYMAa KOHLICHTPALMH 3apPAXKEHHBIX
uactHu. Pewenne ypasuenna (19) npeacrasnser coboit cymmy pewenus ypasuenus (19) ¢ HyneBbiMH
TPAHHYHBLIMH YCNOBHAMK M HauanbHbiM ycnoskem (20) W petueHus cTaudoHapHoro ypasHeHua (19) c
rpanHnuHbIMK ycnoBuamun (21). Tleppoe peuleHne HaXOAMTCA METOAOM Pa3fENeHUs NEpPEMEHHBIX B BHAE
PAAOB C IKCMOHEHUHATLHO YObIBAIOWIEH BO BpeMEHW aMIUIMTYIOM (e"lr ), BTOpoEe —B CMEUHANBHbIX
¢ynxunax Beccens u Maknonanbaa. M3 ananusa peleHus cneayer, uTo uib B HAYAIbHBIE MOMEHTBI
BpeMenH cymectse cnan K no sKCMOHEHTE: HaYHHAA C HEKOTOPOro MOMeHTa BpemeHH, K cTpeMuTcs k
NOCTOSHOHOMY 3HaueHHt0. ABTOPE! HAXOAAT NPOCTOE MPHUONIKEHHOE BbIPAKEHHE IS BHICOTH MaKCHMyMa
KOHUEHTPAUHH, COOTBETCTBYIOWEE GONbLINM BpemMeHaM — (aKTHYECKH CTALMOHAapHOMY PacnpeieneHuIo
KOHUCHTPALIHH, W MPOCTOE. BhIPAXKEHHE A NOTOKA NPOAOJbHON amMbunonapHod auddy3un Ha sepxHeit

126



rpanuue ciod. Ipuuém, nocTanoska 1anauu u eé peweHue MOryT GuiTh 0GO6IIEHbI Ha Cyyait 3anaHus HA
BepxHed rpanuue obnactu F2 mocTosHHoro Bo BpemeHM noToka uactuu. [loayueHHbie pelynbTars fio
cneumbu-mofTM TPaHHYHBIX YCNOBHH MOryT ObITb CpaBHeHbl CO CTAaUMOHapHbLIM peweHneM (98] B
aHAMTOrMYHOH 32/1a4€; NPH CTPEMEHKH KOHUEHTPAUMH NNAIMBI HA HUACHEH IPaHUUE K HYNIO, 3TH PEllieHUs
COBNAjaloT. HHTepeceH BeBOA aBTOPOB 06 ©CAHOIHAYHOCTH HAXOAUIEHHS BBLIPWKEHMN [ANA BbICOTHI
MakcuMyMa cnos A, F'2 B ciydae HeCTauMOHApHO# 3a1auM, KOTNa 3a0aHO HA4ANbHOE YCIOBHE (B TO BpEMS

kak u3secTHo [100], uyTo 8 cTauMonapHOM ciiyMae HeNs3n M3IGABMTLCA OT HEOAHOIHAYHOCTH PELIEHUS, M
NpUXOANTCA npuberath x HopmuposaHHoH 3anucu). B pabote [96] » obwem Bune u Gonee aetanbHo
06Cy>KIaeTcs BONPOC OAHOIHAYHOCTH PELUEHUS YPABHEHHA aMOUIONAPHONH AHQdYIMM U aHaTUIUpYyIOTCA
Haubornee BaxHbIE TEOPETHUECKHE PAGOTHI C TOYKH 3PEHHA KOPPEKTHOCTH BBIGOPA HAYATLHOMO M FPAHHUHBIX
ycnosuii. CpasHenne pelynsTaToB pasnuuHbiX PacyETOB 3aTPyAHEHO BBHLY OTCYTCTBHA OGAENPHHATOrO
noaxoaa K BOMPOCY O IPaHUMHBLIX YCNOBHAX B Teopun obnactu F2. lNpuseaém HexoTOpbie pe3ynbTaThi
pabotet [100], B KOTOpOH UMCAEHHBIMM METOZaMH pewanoch ypasHeHWe amGunonspHoit andeysun npn
PaVIMMHBIX 3HAYEHUAX KOHUEHTpaUMHM Ha BepxHeil rpanuue obnactu F2. B uactHocTH, ecau Ha BeicoTe
BepxHed rpaHuubl obmacth h = 600 km KoHUeHTpaUMA NAAIMBI  (IPHHHMAET  3HAYEHUs

4 PR
1.3:10'+5.4.10" cm™, 70 MakcumanbHoe 3Mauenue KOHUEHTPaUMM MeHseTcA B npeaenax
s s -3

5.74-10°+7.69-10° cm™, Bwcota Makcumyma cnos h, F2 wmenserca B npenenax 265+280 km
(nanpumep, npn N (600 km) = 3-10° cm™, h,F2= 270 km, N, ~6.43-10° cm™). Kax suaum,
HIMEHEHHA NapaMeTPOB HE CHALHO 3aBHCAT OT H3MEHEHHA KOHLEHTPAUWH Ha BEpXHel rpasuue obnacTu.

B pa6otax [81, 82] uccnenyercsa sausuue nHa pacnpenenenne K 8 HouHol F-o6nacTh nonocteps
NOTOKA NNa3Mbl CBEPXY BHH3, HA BCpXHeH e€ rpanuue. PewaloTcs cTaumoHapHan 1 HECTaUHOHAPHAs 3akauu
Anst uucToit Auddy3un u ans coBMecTHOrO fAeicTBUA Anddy3un u pekoMGuHaLMH.

B paGore [100] u3yuaiotcs ycnosus o6pasoBaHus rnaBHOro Makcumyma F-obnactu HouHo#
noHocepbl U BaunAHKe pasnuuHbiX GakTopoB Ha pacnpeaeneHne DK Ha OCHOBe pelseHWA CTaUHOHAPHOrO
ypaBHeHus aubdy3nun

% Doe:/“(%N_M%] - " N=0, s (—w<z<m)  (22)
limN(z)=0.

2=>t®

PelieHHe HaXOAMTCA C TMOMOLWMLIO CreuuanbHsix (yHkuit (¢pyHkuui Makaonanbaa). IlocTpoeHnbie
npodunu KoHueHTpauuu N(z) ABNAIOTCA THMMYHBIMH YEMMEHOBCKHMH ClOAMH. M3 3aBucumocTedl BbICOT
MaKCHMYMOB KOHLEHTpauud oTd, NpH (PUKCHPOBAHHbIX 3HAYEHHAX P, CIIEAYET, HTO C YBETHYEHHEM
BEJHYMHBl p MaKCHMYM CIIOf ONYCKaeTcs. JTO OOBACHAETCA TEM, WTO YBENHWEHHE p NPHUBOAMT K
YMEHBLLEHHIO HCTIONbIYeMoro kodbduuuenta pekombunaunu suna f=f,exp(-pz/ H). Kpome Toro, ¢
yBenudeHueM p pacTér grad B, a 3TO MPHBOAMT K Cy>KeHHIO OBJACTH BICOT, rae MoryT o6pasoBaTbes
MakcuMyMmbl cios. Bausnue D, B, T (TemnepaTypbl) Ha BbICOTY MaKCHMYMa CBA32HO C M3MEHEHHEM BPEMEHH
anddy3un U pekomOUHaLmK: T,,~-I-{2 /D, Ty~1/B. Npn ymerbieHunH T wacTuub! pekOMGHHUPYIOT Ha

6oNbLWHX BLICOTAX H MaKCHMYM COOTBETCTBEHHO MOAHWMAETCA BBEPX. HaOﬁOpOT, npH yBEJAWYEHHH Tp

4acTHUB! POHHKAIOT Ha GoNnee HMIKHE YPOBHH M MaKCHMyM ONYCKAeTes BHH3. Mamenenne T}, npHeoaut K
npotusononoxtomy 3hdexty. B nwinedt norocdepe (h < 130 km) Taroke paccMaTpHBaeTca CTauMoHapHas
anddyIus nnasMel ¢ HenuHeRHoW pekomGunaumed. [lonyuensl npUGANKEHHBIE BBIPDKEHUS AR Z, H
MOKA3HO, YTO BbILIE YPOBHA MAKCHMYMa KOHLIEHTPALHK HE MMEET 3HaUeHHs MPHPOAa PEKOMOMHALIHK, OHa
CYLIECTBEHHA JIHLLb HIKE ITOTO YPOBHS.

B pabore [82] ans MoAynpOCTPaHCTBA METOAOM Pa3NeNieHHf NMEPEMEHHBIX TONYHEHO pelleHHe
HECTALMOHAPHOTO YpaBHEHUA YHCTOH Auddy3nn b Bune pasnoxenus no dyHkuuam beccens,

) . Dyl
N ()= | Ny+ 3 cpdolitoe™ ™ Yexp —ﬁ‘{%r , 23)
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rae N, - 3HaueHHe KOHUEHTPAUMH HA HWKHEH rpaHnue obnacTn, M, — KOPHHM ypaBHEHHs Jo(1)=0, a
C,— k03(hHUMEHTBI, OnpelenseMpie K3 HauanbHblX ycnosdi. TpyaHocTp pacuéra no IOl opmyne

BO3HMKAeT MNpM Manbix t, MO3TOMY aBTOpbl pEWANM 3ajady 4HCAeHHO. PacuéThl noxasanu, uto
copmuposaswmiica npopuas K omyckaerca kak uenoe, 6e3 uamenenna dopmbl. Hs gopmyan (23)
crefyeT, UTO PaBHOBECHOE 3HAYEHHE OCTHTAETCA NPH [—»00, OHAKO YMCIIEHHBIC PACUETHI MOKA3BIBAIOT,

4TO 3TO BPEMA KOHEYHO /LNR N106O#H BHICOTHI.
JIna GeckoHeuHOro MPOCTPAHCTBA MONYHAETCA MPOCTOE YaCTHOE PELLIEHHE 3aaauH ans moboro &:

N(z,)=N,(1+&e " )e @ z=0, H*/D,=1.

D70 peleHHe UMeeT UHTEPECHYIO 0COBEHHOCTb: NOTOK NnasMbl G = Nv Ha NaHHOH BBICOTE MOCTOSHEH BO
spemetn (G=N, H exp(-&/H)). B paccMoTpeHHOH 3aaye ANA NOYNPOCTPAHCTBA MOTOK CO BPEMEHEM
yMeHbLAeTCA (B CBAIM C HANMYMEM KOHEUHOrO YCTOMYMBOrO COCTOSHMA B npouecce nepecTpoiiku). Jins
TAXENBIX ra30B MOTOK MeHLILE, YeM ANs JErkux, HO BO BCEX Ciyuyasx MOTOK obpallaercd B Hyib Ha
6eckoHeunocTH. CkopocTs andy3nn v = H/(e"”” +&). [Ipu Gonbuwimx z ckopoctb HacTuu v = H/8t He

3aBHCHUT OT BbICOTDLI, T.€. BCE HaCTHUL! ABHXXYTCH C OIMHAKOBOH CKOpOCTBIO.
I[a.nee aBTOPbl BLIYHCAAIOT CKOPOCTb PpacfipOCTPAHCHKHA BO3IMYLUCHHA KOHUEHTPaUHH (I'IO BHOOTC)Z

G .
R=a— Indz , rne n=nyexp(—z/H) - xouuenTpauus ocHosHOii cocTaBasiowei. Oka3biBaeTcs, YTO
it
z
R=const=n,H , 1.e. Bo3amylenne B aTMOCPEpE PacpOCTPaHAETCA ¢ MOCTOAHHOM W BNONHE ONPEAENEHHOI
ckopoctbio. Y3 seipaxcenuii Dy =b(T,m)/n,, H=kT /mg suno, uro R ecte dyrkuna (T, m).
3neck e aBTOPbI AAIOT €WE NBa pelueHn ypasHeHna Anddysnn. [Nepsoe pewenue B 3aBUCHMOCTH
ot koMGunaumn x=texp(z/h), (0 < x < ), npn H*/ D, =1, anserca orpannuesHbIM Bo Beeit oGnacT:

N(z,))=Nyt"exp[-z/H—-t"exp(-z/H)], - Te. cnoii TMma YeNMEHOBCKOFO, HenpepbiBHO
omyckaouwmica co ckopoctsto v = H/t n coxpansiowuit popmy [77, 78]. Jlerko paccuutath BEAHUMHY
R=nyH , 1.e. n B 310M cnyuae cnoit onyckaetes ¢ Toii e ckopocTbio. BTopoe peluenue, nonyuexHoe ans 8
= 1/2 npu Hanuuuu notoka G, sknouaeT QyHKuuo owwnbok [aycca, ucnbiTbiBaeT Gonee 6GsicTpoe

MpPOCTPAHCTBEHHOE JaTyXaHHe.
B pabore [101] MeTOOOM KOHE4HbIX Pa3HOCTEH, pElAETCSs HECTAUMOHAPHOE ypaBHEHWE

ambunonapHoit anddy3nn ¢ yuétom pexomGuHaLmMK AnA 06BACHEHHA HOYHOrO Benilecka N M Ha ypoBHe
h, cnon F2 wuoHocdepsl. Ha HikHedl rpaHuue obnactH 3amaérca NOCTOAHHas KoHueHTpaums N, Ha
BEPXHEH — M3MEHSIOLIMIACA BO BPEMEHH MOTOK (C HCMONb30BAHHEM IKCMIEPHMEHTATLHBIX AAHHBIX). AHATH3
pe3ynbTaToB pacuéToB npoduieit OK nokasan cunpHylo MX 3aBMCHMMOCTb OT BHAA NOTOKa Ha BepXHel
rpauuue. Hanpumep, aMnauTyna u3MeHeHWs H, W MOMEHT HACTYM/IEHMS MaKCHMANbHOrO 3HaYeHHA

h,, ceazanbl O ckopocTbio pocta notoka G(t). Bapuaunu N Taioke oTpaxaloT uMenenne notoka. Hecnenys
noBeJieHHE NOTOKOB, WHepuWoHHOCTL nNpoduneir DK, ckopocts nepemewenns Bo3mylueHuii, aBTOp
MPHXOAMT K BbIBOAY, YTO YUYET HIMEHAIOWErOCA BO BPEMEHH NOTOKA 32PSHKEHHBIX YaCTHu U3 Ik30chepbi B
ofnacTb F naét npuHumMnuansHyio BOIMOXHOCTL 0GBACHHTL HaBNIOAaeMbIit HOuHOT Benneck N v A, .

Paora [81] senserca npomomKeHHeM MccnenoBaHMA PONM NOTOKOB 3apsKEHHBLIX YACTHL Ha
BepxHeii rpannue B AMHaMuKe 06acTH F. AHaNN3 NaHHBIX KOCBEHHBIX W HENOCPEACTBEHHBIX HabmoaeHHi
YKa3bIBaET Ha CYLIECTBOBAHHE MOTOKOB Niasmel G U3 npoToHocdepbt B MoHocdepy (Ha BepxHeii rpaHuue
obnactu F, Ha sbicore 600700 kM, G =1+5-10° cm™’s™"). Hcnonb3ys 310, oHn msyuaioT 3¢exT,
BbI3bIBAEMbIA HaNpPaBJIcHHbIM BHU3 NoTokom Auddy3nn B HouHol nonocdepe. Takum obpasom, petuaercs
HECTAUHOHAPHOE ypaBHEHHE

a oz

ﬂ:D i e“"(ﬂ*.l
0z 2H

) BN, (24)
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TIPY HA4YATbHOM H FPaHUYMHOM YCNOBHAX

N(0)= /(). (a—’“ N j G w<asa),
oz 2H/,, Dyexp(z,/H) ’
I'A¢ Ha4ansHoe pacnpenenenue f(z) npeacrasnser c060ﬁ HOYHOM CTauMOHapHbIR cnoii F, noaaepxnsaembii
rPaHUYHBIM NOTOkOM M1asMbi G, (CO CTyreHuaTo MeHsommumes xapaktepom ot G, 1o Gy, ).
AHanu3 peaynbTaToB YUCIIEHHBIX PacyEToB MO3BOAMN CAENaTh cieayloue BaXHele BbiBOabL: 1) B
Bapuaumax A, HaBNOAeTCA OTHETIUBO BbIPAKEHHBI MaKCKMyM: 2) aMniuTyaa usMeHeHus A, npamo, a

BpeMA penakcauvu o6paTHO NponouMoHanbibl WaMeHennio notoka G, ; 3) peinekune ypasHenus (24) MOXKHO
NpeacTaBuTb B BUAE CyMMbI JOHOBOTO CTAUHOHAPHOIO HAYANLHOFO Pacnipesiefienus f{z) n ONyCKAIOWErocH
cnos  [82]. Mocnenxee cneactsne Nerko 0GBACHAET NEPBOE. ABTOPbI CUMTAIOT, YTO NOBBILLIEHHE YPOBHS
h, coa3ano ¢ noTokamu AMdQY3nM Ha BepxHel rpaHuLe (YMCTO AMHAMUUECKH I(EKT) M HE CBAIAHO C
npoueccoM pekomMOGuHaumu. Mocneannii BbIBOA OueHb BaxeH. OH NO3BONSET 3HAYMTENBHO YNPOCTHTL
3agayy H NOAYUUTL aHATUTUYECKOe BbIpDKEHHUE I ONHCAHUA p8CCM()TpCHIIOﬁ BbilIC KAPTHHbI. B kavectse
fIPHMEpa pewaeTcs HECTaUHOHapHasn 3aaaua YUCTON AnddyIun NpH HYNEBOM HAYaNbHOM PacnpeneneHuy.
C nomowsto obosHauenwi: N = ux, x = exp (-z2H), E=x-x,, x,=exp(-z,/2H), ypapnenne (24)
CBOAMTCA K BUAY OOBIYHOIO YpaBHEHUA TEMIONPOBOAHOCTH AIA NONYNpocTpancTsa. B cooteercTaun ¢ 3-um
BBIBOAOM OKOHYATEALHO MOXKHO 3armnucaTh

2a~/_

2HG"’ x(x—x)[1-dW)]- T 25)

N(x,H)=f(x)+—2%

rae D(y)- dynxuna owmbox, u/=(x—x,)/2a\ﬁ.

CpaBHEHHE NaHHOTO PEIEHHA C YHCNEHHBIM NAET KAa4eCTBEHHOE COBNafeHue, 0COGEHHO Xopouiee Bhilue
MaKCHMYMa Cios, rae pekomOuHaumel MOXHO npenebpeus. M3 (25) BHAHO, 4TO OnycKaloWMACR caok

nporopunonanen notoky G,,. [103TOMy C€NOii HauWHaeT (BbIE W PaHbLE) BLIAENATLCA Ha QoHe

HAYANBHOTO f{Z)-pacnpeneneHun, A, paHblie NOCTUIAET CBOErO MAKCHMANLHOTO 3HAUEHHS.

'
3ti Bonpockl GbinM pasBuTbl U o6cykaeHb! AeTanbHo B paborax (61, 97). AsTopLl OCHOBLIBAIOTCA
Ha pa3BUTON MMH HECTaLMOHAPHOM aHanuTHyeckoi Moaenu F-06nacTv M OLEHHBAIOT POIb MOTOKOB MIa3MbI
¥ MEPHAMOHAIIbHBIX BETPOB (1, ) B CYTOMHBIX BADHAUMAX HOHW3ALMH W e€ pacripeaesieHun B F-obnactu ua
CPenHHX M HU3KWX wnpoTax. Pacnpeaenenne DK B F-cioe B ofuiem cnyuae, npu y4€Te JHlb rNaBHbIX
KOMMNOHEHTOB ABYKEHHS W 3NEeKTPUYECKOr0 N0, aBTopbl [97] ONHChIBaIOT cneayoumMM o6pasom:

‘35+3(Nw) g-L+2(sin? 1+ % |p [ NN 26)
o 2 ¢) & H

rae w = u_sin [ cos | + v cosl, v,=cE /B, (z= r-r,= h=h)/. Havano otcuéra naxonurcs na

r

paccTosHMu M, OT NnoBEepXHOCTH 3eMIM, Fy— PaccToskWe OT LeHTpa 3eMiH, &, ~ OTHOUIEHHE HacTOTbl
coyaapeHuii MOHOB C HEHTPalbHBLIMK YaCTHUAMH K MOJHOH YacTOTe COYAApeHHHt WOHOB, ¢, — OTHOLLEHHE
FHDOUACTOTH ~ MOMOB K  TMONHOH  uactoTe  coyaapewuit  wowos,  L=pf exp(-z/H)N,
H=H,/2,D,=D,exp(z/ H), w=consl (z); npnz=0: f, = D,/4H* ,D,=D,(sin* I +a, /q}).

Js pyvkunu [puHa nosmyyeHo Bbipaxerue,

«/x chlw/— /sh(t/ty) w
’ .z ALE —Z(x+ /
G(z,2',t)= IR @ (x X) (x xXy)cth(t!zy) |,

rae x=exp(~z/ H), 2 =1+w (4B,D,), 1,=y/H* (16 D;) .

129



Ecan N(z,0)=N,(z), ¢=¢(2,!) n uMeeTcs NOTOK NiaIMel CBEPXY BHU3 P, =— P, 70 peiieHne ypaBHeHUR

(26) nmeer Bun:
N(z,o:M(z)+sz'[A'o(z')—N. (G2 2.0+ [dr [a1q(z, ) +¢,(2,D)G(z, 21 -7), @D)
0 0 0

rae
N,(2)=-2PHD;'e™"" | g,(2)=2PHD;"(B,e"" ~wH"" )

3aech xe 06o6maeTca pewuenne (27) Ana 3aBUCALIENO OT BPEMEHH NOTOKa naasmw P = P(t):

N(z,0)=N,(2)+ [dzINy(2)-N,(Z',01G(z,2,1) +
0

+J‘drj‘dz{ (2", 1) +q,(2'\ 1)~ (2, 7):!(?(2,2’,t—r). (28)

ABTOpbI OTMEHAIOT CAMOE BaXXHOE CNEICTBHE, BbiTeKaloulee U3 (28): ckopocTb M3MEHEHHA KOHUEHTPaLWH
AN / 8T MOXKHO B HEKOTOPbIX C/Ty4asX paccMaTpHBaTh Kak HCTOYHMK HOHK3aLK (cM. Tatoke [17]).
Jlns nepuoamnyeckux q(z, t) u P(t)

N(z,H)=N,(z)+ ]'dr Idz'[q(z',l—r)+q, (z',r—r)i]‘—’%i'—’)]c(z, Z,1). 29
0 o

Jins MHTErpMpOBaHMA AAHHOTO BbIPKEHHS ABTOPbI 3aMKMCHLIBAIOT (PYHKLMIO MOHM3aLKH B (opme, BAN3KO#H K
Habnioaaemoii:

g=qxexp(-Ax), x=exp(-z/H)=exp[-(h-h)/H], q,=q,,expll-(h—h,)].

A=sec yexp[-(h, —h,)], sec” y=sin&cosf—cosdsinfcoswt ,

q=q.,exp{l —(h*hqo)/H—sec,zexp[—(h—hqu)]}= goxexp(~Ax).

INonyyennoe nocne uHrerpuposanua (29) no KOOPAHHATE X BLIPDKEHHE MO3BONAET NHLIbL OLUEHHTD BbICOTY
MaKCHMYyMa CTaLlHOHAPHOrO €10A W ANnA GONBILIMX BLICOT HANTH aCHMNTOTHUYECKOE NpeacTaBieHue. [1oaToMy

NpOBeAeHO YUCNeHHoe uHTerpupoBatue (29). ITpu ycnoeusx h =180 km, H=50 km, q,,=1700cm™"'s s,
Dn(180)=5-1090mzs" , B(80)=5-10's"", P =10cm’s”", a, /q‘ =0.0056bt1n  Haiigews:: 1)
nonyueHHsie 3Havenus N,, A, 1A paznuuHbix WHPOT npu P = 0 u 2) cytounsie Bapuauuu N, , h, ana

PAIHYHLIX WHpOT NpH w = 0.
B nepsoM cnyuae aHanu3 pe3yNbTaToB Pacu€éTOB NOKA3bIBAET, YTO BETPhbl, AYIOIUHE K MOJIHOCY,

NPUBOAAT K yMeHblueHuio /1, u N, . ®usnueckoe 06LACHEHHE ITOTO SBJACHHMS B TOM, YTO B ITOM Clyuae

MEPHAHOHANBHLIE BETPh! BbI3LIBAIOT HANPABIEHHBIA BHW3 MEPEHOC WOHM3WPOBAHHOW KOMIIOHEHTHI, B TO
BpeMA Kak MpH BETPE, HANpPABIEHHOM K IOy, Ha0GOPOT, HMEET MECTO NEPEHOC HOHM3ALMM BEPTHKATLHO

sBepx. Ha sksatope 3T uimMeHeHMA BbipakeHbl Gonee cuibho. Kpuebie N, ([)w h,(I/)npu setpe,

AyIOLEM C NOACOTHEYHOH CTOPOHb!, CMELIAIOTCA K 3TOM TOYKe (NPUMEPHO Ha 3%. Berep, aytowwii uepea
3KBaTOp, BLI3bIBAET cmewende nuka N, (/) npumepwo wa 10°B cTOpOHY, NpPOTHBOMONOXHYIO

HanpaBneHuio BeTpa. Ha ocHOBE 3THMX BLIBOJOB C MOMOLUBIO MEPUAHOHANBHON UMPKYIAUHH (B HUXKHHX
cnoax — cnoi E — perep HanpasneH k nomocy, a B BepxHHX — F-cnoii — k 3ksaropy) ofwacHseTcs,
K@4€CTBEHHO U KOJMYECTBEHHO, IKBATOpUANbHAs aHOManua. B To ke BpemMs oroeapueaeTca cnocoGHOCTB
BETPOBOM TEOPHH KOHKYPHPOBATb € NEKTPOAHHAMHYCCKO#H Teopueit. [ToToku auddy3nn npu npubanxeHun
K 3KBaropy ObICTPO CMajaloT, 4TO NPHBOAMT K HEOAHHAKOBOMY MOAbEMY cnos BOGAM3M WHMpPOT C
Hawonennem [ = = 20°. Ha ymepenHbix wupoTax ofpasyerca  “ayropGeiii npoduns” N,(Dc

MuHMuMYMOM npu [ = 0, Ha GonbuMx BbICOTax “omHoropbeiii mpoduns” ¢ makcumymoMm npu I = 0.
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OneKTPoAMHaMHUYECKHiT apeiid nepemewaer “asyropbywo” kpupyio N, (I)Ha Gonblume BBICOTHI €
OAHOBPEMEHHbIM YBEHUEHHEM XapaKTEPHBIX Pa3MEPOB “NONOHHbI”.

Bo BTOpOM ciiyyae norok ]’(l)=1},[a+cos((ul +(p)](t = 0 — noANOUL), UCTOMHUK BrMOUanca B 6.00
LT v soiwitouancs B 18.00 LT . PesynsraTel pacuéToB coraacyloTcs ¢ KCHEPUMEHTANLHLIMH [aHHBIMH:
HOUBIO h,, Bhie, aN, MeHble, ueM aHEM, notok nnasmel P=10cm™s™'. Vwmenbuenne N, B
NpelyTpeHHHe 4ackl nepef Bocxogom ConHua OBGBLACHAETCA MANOil MHTEHCHBHOCTBIO q W P, spems
penakcaumuu nopsaka 4 uacos. Iloka3ana 3aBUCHMOCTb KpuBbIX H, u N, 0T da3el noToka AHEM ¥ HOUBIO M
CKOPOCTH W3MEHEHHA N0TOKA BO BPEMEHH (NPH MabiX () BIUAHWE NOCAEAHelH Mano). XapaKkTepHoe BpeMs

CTaHOBNEHHA CNOK T, :,{rﬂr,) (7, =47,,npn z = 0) (cM.[77]). [TonyuenHoe aBTOPaMy “AHEBHOE™ 3HadeHUE
makcumyma kouuentpaunn N, ~0.7q, /0, wa seicote, rne fB,~1.5D,/H>, cpasuusactca ¢ e
3HaueHuAMH 110 [56): N, =0.75q,,/ B, na sucote, rae B, =(0.6+1.0)D,, / H*. [ina Hounoit uoHocdepht

COOTEeTCTBeHHO NonyyeHb! hipaxenus: N, =1.6FH /Dy w fB,=(1/24)D, / H® . Astopsl 3aKitouator,

4TO MOCTPOEHHAA HECTAHAAPTHAA MOAENL F2-c10S MOHOCGHEPBI NO3BONAET NPOBOAKTE MONTYKONHYECTBEHHbIE
OUEHKHM BIMAHMA Pa3sNUUMbIX AMHAMHYeCKMX (AKTOPOB Ha MPOCTPAHCTBEHHO-BPEMEHHBIE BAapHALMH
napametpos cnos F2.

3. CoGcTBeHHbIE HCCNEAOBANKA
3.1. Kak Mbl BUACAH BbILIE, MONYHHTD B O6LUEM BHAE TOYHOE HECTALMOHAPHOE peLeHHe YPaBHEHHS
amGunonapxoii anddysnun
2
QIX:D(z,I)[g+(5+l)ﬂ+bN]—L(z,t)+q(z,l) (30)
ot (74 oz
e yaaérca. [103ToMy OHO yNPOLUAETCA UK MPUMEHSIOTCH MPUEAIKEHHBIC W YNCACHHBIC METOMIbI PELICHUS
[25, 81,97, 99, 80].

B pabore [83] B (30) He y4MTBIBAIOTCH NOCNEAHHE NBA YJICHA, H NPH MOCTOAHHOM 3HAYEHHH
koaddpuunenta auddy3nd, 0CpeaHEHHOM BO BPEMEHU M MPOCTPAHCTBE, HAXOAUTCA TOUMHOE AHANHTHYECKOE
pewsenmne. 3a0a4a HECTAaUMOHApHOW YuCTOR AuGdysnn Ana nonynpocTpaHcTea Gbina peuwiena B pabote
[102]. B manbHeiiem 3Ta 3agaya Gbina oGobuueHa ANA HECTAUHOHAPHOrO Clly4as, KOFAA OHOBPEMEHHO
OeHCTBYIOT npouecchl aMGUnonspHoi Anddy3nH, pekoMGHuHaUMH, ApeHtOBLIX BEPTHKAIBHBIX ABHKEHHH H
1oHooGpasosaHusa [103, 87]. Pewaetca ypasHenue amGunonapHoit anddysnn:

ON _ D ’N
ot oz

MIPH CIIEAYIOUHX HAYANIbHBIX H TPAHHYHBIX YCIOBUAX!

w N
= N+ O )
(c5+l) +b7v}+ﬂ H & q(z,1)
N(z,0)=f(z)=ce™, N(0,1))=0, N(o,1)=0.
Peuienne nmeer BHJ CyMMbL.
N(z,0)=f(2)+p(z,0)+ F(z2,0)

anech @(z,!) yAOBNETBOPAET ORHOPOAHOMY ypaBHenwio Avbdy3nn Ges npasoil uacTH W npenenbHbiM
YCNOBHAM:

9(2,0)=0, p(0,N=-c, p(x,1)=0,

ce™ z b
o(z,1)=— [etfc(ﬁ+—2~\/—) erfc( ﬂ 2 J:l
rae

a=(1+6 -b), b=o[(1+8) ~48, , 6,=6+w/H,D , §=5-p/D.
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¢ynkuus I'puna

N ! 7t 1+8, DY’
Gemn= [ ~gpr+ 51 )
0
2 148, Db, ) zdr
=4 t-1
XCXP( 4D(t-7) 2 ‘ 4( )}47ID\/1(t—r)J

1 (z-n)? _(1+6), _ _D_b’]
2«/@“‘{ 4Dt 5 M=

u F(z, 1) HAXOAUTCA € NOMOLIBIO HHTerpaia
F(z0)=[dr [q(n,5)G(z,n,1-7)dn.
0 ]

OTCIona, KaK YacTHbIE Cy4an, NoyyaloTea pesynstatsl [25, 83). Ilpu t — o 3nexTpoHHO-HOHHOrO raza N
CTPEMHTCS K CTAaLMOHapHOMY PacrpeAeiieHHto, T.c. 06Oe KOHeuHOe OTKIOHEHHE koHueHTpaund N ot

CTalHOHAPHOrO 3HAYEHUA C TEHEHHEM BPEMEHH HCHE3ACT. BpeMﬂ penakcaurHt MpH 3TOM paBHO:

. 0.36 :

R——— T,
(1+4,)" -49,

rae 7, ~40 H? /(D,sin® I)— spems penakcauuu ans unctoil Aucdysun. [TonpaBouHbIi MHOXHTENS NMpH

7, B puBeaEHHON popMyne 0BycnoBaeH pekoMOEHHaLHEl H BEPTHKAILHLIM ApeH(OM, COOTHOLIEHHE MEX/Y

KOTOPBIMH, KaK CIIEAYET U3 GOPMYbI, MOKET CYIIECTBEHHO MEHATH BENUUHHY BpeMeHN penakcauuy T. [Tpy
q —0 1 t —c0 nonyuaem 0606WEHHYIO GopMyny ANA CTAUHOHAPHOrO pacnpeaeneHus

—-a:z ~bs
N, =Ne=(1-¢™),
rae a ¥ b yuntoisaior anddysuio, pekoMbKHauuIO, BEpTHKANLHbIfH apekid; 0Tcloaa BUAHA POb YKa3aHHBIX
¢axTOpoB B pacnpeaeneHnn KOHUEHTPALUHH 3NEKTPOHHO-HOHHOTO rasa.
Tlpu manbix spemenax N=Ngyerf\z/2+/ Dl). Tak kak ana Mansix z, Nz, ¢) = 0, a ana Gonbuwmx

N(z,t)=N, erfc(z/Z\/DI), TO MpH Manoil TO/NMUMHE BO3MYIWIEHHOMO CNOA MAPOMCXOAWT pe3Koe
NPOCTPaHCTBEHHOE NafieHHe KOHUEHTPALMM [0 Hy/ls, a B BO3MYLUEHHBIX CNOSX GONBLIWOA TOALMHBI
M3MEHEHHE KOHUEHTpAaUKM B MPOCTPAHCTBE MPOMCXOMIUT 3HAYWTENSHO MeaneHHee. JIns CTaUHOHApHLIX
3HaueHuit N, # z, nonyuetb hopMmynbl, 0606Latolre peaynbTarsl [25]:

N, =Ne*=bla+b)=N,e™“*"b/a, z,=b" In(1+b/a);

ANA HECTAUHMOHAapHOro <z, , HaxoXACHHE KOTOPOro aHANHTHYECKH CBAIAHO 6onsuuMu TPYAHOCTAMH,

BhIBE/ICHA IMNHpHYeckas dopmyna: z,, ~0.65 /(JD!+0.3).

Pacuérnl nokazanu, 4to yuér Apeiia W pekOMGMHALMH TIPMBOAHT K YMEHBLIEHHIO BpEMEHH
penakcauny. BeprukaneHeiit npodune N(h) B HikHel yacTh npubnikaercs k YeMMEHOBCKOMY, 4 B BEpXHE#
MMEETCA PacXoXAeHHe C YEMMEHOBCKOH KpHBOH. OHa NPOXOIHT HKE paccMaTpPHBAEMOMN KPUBOH, TaK KaK ,
B HTOTE, PeKOMOHHALtHA ¥ BEpTHKANBHLIN Apeiid NPUBOLAT K BO3IPACTAHUIO KOHLEHTPAUMK. Pacuérsi T no
npuBeagHHON Bbllwe dopmyne AR Makcumyma F-coa (z =z,,), npu THIMYHBIX 3HAaYEHWAX MapamMeTpoB

HOHOCEPE], OKA3BIBAIOT, YTO AIA NONOKHTENLHOTO Apedida BpeMs peNakcaunu CUIBHO yMEHbLIAeTCs OT 4
10 1 4 ¥ MeHeg, B TO BpeMs KaK NpH OTPHUATENLHOM Apelide OHO MOXKET CHIbHO BO3pacTH 1o 8 u u Gosee.
[Monyuenne siBHoro Buipaskenna Ana F(z, t) BOBMOKHO ANS KOHKPETHOro Buaa BYHKUMH HOHH3ALHMM
q(z 1), B 4acTHOCTH, B BUAE 8-QYHKUMHM MK NEPHOAHYECKOH BYHKUMM BPEMEHM, HITH NPOCTOM IKCTIOHEHTSI
no z. B pabore {87] onpenenserca HecTaumoHapHOe peleHne ypaBHeHHs ambunonapHoi auddysun npH
HEOAHOPOAHLIX TPAHHYHLIX YCNOBHAX, 3a4aHHBIX B BHAE MPOHIBONLHBIX GYHKUWA OT BpeMEHu:

N(z,0)=N(2), N(0,)=N, (1), N(,/)=N_(1).
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Janee Oynet BUAHO, YTO NPAKTHUECKM TE KE FPAHUUMBIE YCTIOBHA BBINONHAIOTCA H NPH KOHEHHOM
Tonumte AUPQYIHOHHLIX C0EB, Aake He cauwkom Gonvwmx. Koddduuments D, B, 8, w Gepyrca
OCPeAHEHHBIMH B POCTPAHCTBE H BO BPEMEHH M CHUTAIOTCA NOCTOSAHHBIMU. 3TO YNPOLUAET PELEHHE 3a1a4H
W NO3BONAET BLIACHWTL pOJib napamerpoB Honocgepsl. C nomoubto oGosHaueuuiit ® = N-N |

Q(z,1)=q(2,1)~0N,, /0t + D6,N , nony4aem Hynesoe rpanMuHOe YCI0BMC Ha GeckoHeuHocTH, dopma
YPaBHEHHA OCTAa€TCs HEMIMEHHOHW. YpaBHeHWE pewaeTcs MeToaoM, aanHsiM B [102, 103). Beuay He
HarnAgHOW QOpMbI ypaBueHua u camoi Qymkuuu ['puma, npumensetcs npeobpazosanue Jflannaca.
YuuThiBaA, YTO MOABINTErPAIbHLIE BLIPAKEHWS NPEACTaBANOT cobOW CBEPTKY ABYX dyHKuMit, nocne
HaxXOXWACHUA opHriHana, Ana yHkumu I'prna u pewenun O(z, t) nonyyensi BpIpaXeHHA:

Glan.iy= exp[(l+5.)(2r]—;l;’/2— Db*14] [e_(:_q,,,“,, R ,4,,,]’

] 2
O(z,0)= _[(Do(r)exp[——_——vﬁ—z—-—(t—r)

exp(-Db’t/4)

T . 1+6, i 2
. D () exp| — 0 (7 -y [ 4 _ et ram g
2\/—7Dl_,3|. () Pl: 3 (z ’1)][ e Pﬂ

+ Jdr fon,0G (z.n,0-1)dn.
0 0

3anaBasi KOHKPETHbIE HA4YATbHbIE H PAHHYHBIE YCNOBHS, JIEFKO MOXKHO MPOM3IBECTH PaCcHEThI KOHLIEHTPALUH
N(z, ) ¥ NOAYHHUTB INs Manbix H GONbLUKX Z W { MPUGAKNEHHBIE pelleHns N(z, ).
PaccMOTpEHb! HacTHBIE Cy4au:

a) ®°(z)=ce™™, c = const, N, = const, g=q,=const, N,, =—q/ D&, oTkyna nonyuaetcs oSobuenue
HajiIEHHOro aBTOpaMH paHee peLleHHS; MOyYeHo (C TOMHOCTBIO 1O 5%) Bbip@keHMe Anf TONLWMHBI
auddysnonnoro cnos: h—hy =zl /a.
b) B y3KOM HHTepBane BhICOT YHKUMIO HOHM3AUMK MOXKHO NPEACTABMTL MOCPEACTBOM S-PyHKuUMY B BUfE:
q(z,0)=q,8(z—n)8(t-7).

Torna pewexne HeOAHOPOAHOTO YPaBHEHHA C HYJEBLIMH NMPENENbHLIMU YCIOBHAMW COBMAAAET C
¢dynkuueit ['puna:

Nzt)=4, exp[(1+6,)(7—z2)/2- Db (1 -1)/ 4] exp( (z-n)? ]_exp( (z+7) ] '

2AnD(t-7)] 4D(1-1) 4D(t-1)

Onpepenenue Bennuutbt N(z, 1) H aHaNU3 pe3ynbTaToB PacuEéTOB MOKA3bIBAET, YyTO NP W > 0 (CKOPOCTL
npeda HanpasieHa BBepX) H C BO3pAcTaHHEM €& BETHUHHBI BPEMA PEAKCaUNK yMeHbLuaeTcs oT 1.5 4 no 50
mun (cp. [102, 103]), a wicneHHOe 3HaUYeHWEe KOHLUEHTPAuUWK nnaiMel Bodpactaer. [lpn w < 0 Bpems
penaKcauuu € yBENMYEHWEM BENHHMHbI CKOPOCTH pacTéT oT 1.5 n0 3 4, a KOHUCHTpauus niasMbl
yMeHbLiaeTcs. B oboux cayyasx ponb pekoMGuHaumuM cyulecTBeHHa. Tak, HanpHUMep, BPEMs peslakCalmH,
PACCUNTAHHOE ANA YMCTON AWddY3uM (T ~ 4 1) yMEeHblIAaeTCa H3-3a pekoMOuHaumu 8 2.5 paza. Ina f=0 n
W = ( KOHUEHTpaLuaA W TONIUMHA AHGY3HOHHOTO CNOA MeHblue MX 3HadeHuH npu B 0 m w #0. Ilpn
Hanpas/leHHOM BBepX Apefide ¥ KOHUEHTpaUMa, U ToNKHa Anddy3HOHHOrO CoA Bo3pacTaroT. 3HaueHHs
e 3THX BEMuMH ApK W < 0 Nexat HWKe 3Hauenni ¢ w > 0. Yposeus z, ans B# 0 u w > 0 omyckaercs Ha

10 KM BHM3 MO cpaBHEHHIO CO CiyuaeM uncTod aubdysnn, a npu w < 0 ypoBEeHb MaKCHMaNbHOH
KOHLEHTpaUuH noaHumMaeTca Ha 20 kM.

B 37Toii paGoTe NpeacTasnen Takke WHPOTHDIH X0 KOHUEHTPAUWH, KOTOPbIH NPaBHUALHO OTpaXKaeT
peansuyio kapruHy. [TokalaHo, uto ofpajosanHe NpuIKBaTOpPHAbHORO ‘“ceana” pacnpepenenus K
3aBMCHT OT COOTHOLUIEHHA MEXIY KOHUEHTPAUHAMH Ha HWKHEH W BEPXHel rpaHHLax paccMaTpHBaeMoro
cnos HoHocdepsl. Mayueno noseacHue nocTpoeHtoi GyHkunn IpuHa ana paanuukbIX 3Ha4EHHI CKOPOCTH
npeiia W MomenTos Bpemend. [lpu maneix BpemeHax dyHkuma IpuHa umeeT pesknii MakcHMyM,
yMeHbLIaloWKitca B 3.5 pasa npH Bo3pacTahuk npomexyTka spemeny B 10 pas. 3nauenns dyukuuu [puna
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NPaKTHUYECKH HE MEHAIOTCA TIPH YHETE PEKOMOHHAUNK H apetida. Ito obbACHAETCS, no—sun:momy, TeM, 4To
A8 Manbix Bpemén pacnpenenetne IK B noHocdepe B ocHoBHOM onpenesaeTca Aupdysuei.

3.2. B paore [84) pewaeTcs crauvonapHoe ypastennc amGunonspHoii andoysun (npn yuére
PEKOMBHHALIMM C TIOCTOSHHBIM 3Ha4eHWeM kodddHunenTa pekomGuHaLMu £ ) ¢ HyneBbIMH FPaHNYHbIMH
YCNOBUAMH B NPOCTPaHCTBe (— o, ). [TonyuenHoe aneMeHTapHOE petleHHe,

N=Aexp(1—%-2,/ﬂ/00 ey,

CXOIHO € KnaccHyeckuM pewwetvem YenmeHa ans (yHXUMH HOHooGpasoeanns. Ewié pas craHoBHTca
OYEBMAHLIM, N4TO COBMECTHOE AEHCTBYE MexaHWIMOB Auddy3u W pekoMOMHALMK MPHUBOAMT K
pacnpesenenuto  OK  uenmenosckoro Tuna. Ponb  aHanora  ONTHYECKOH  TOMIUMHBI  Urpaer

2\B/D,exp(-h/2H). MoxHO, He Hccneays Ha SKCTPEMyM BbIpaXeHHE s N, clefoBaTh IToi
awanoruu u waimu oipaxenns aia b, uN,: h,=2HIn2+2HIn\JB/D, , N,=AD,/B/2. Ecnu

N, — 3Hauenne koHLeHTpauny Ha seicote Ay, rae f=D,, 10 h,=2HIn2, A=2N,,

h- h-h
N=N, cxp[l——ﬁ—,/ﬂlbo exp(— 2H0 )jI

Zna nuddy3notHo-pekombuHaumonnoro notoka umeem G=G, exp[—+/ B/ D, exp(-z/2H)), rae G, -

3HaueHMe N0TOKa Ha GeckomeuHOCTH, z=H~Hy; ckopocTs notoka U=/ fd, e”'*"
[106). Torna koHuenTpauus snexTponHo-uonHoro raza N=nG, rae n,=nyexp(-z/2H). 3pecs MoxtHo
NpOBECTH AHANOTHIO C pacnpefeneHHeM (YHKUWH HOHOOOpa3oBaHMA M NOTOKOM ynbTpadmonerosoro
HANyyYeHHs J B CTpaTHULMPOBaHHON aTMocepe: q=nJ, n=mexp(-z/H),
J=J,_exp[-rexp(-z/H)]. Takum oGpaiom, HouHoii npodunb koHueHtpauum N B F-o6macrn
HoHochepel dopmupyetca AnddY3HOHHO-pekoMOMHALHOHHBIM noTokoM G. HetpynHo Bupers, uto ¢
YBEIHHEHHEM BLICOTLI MOTOK BO3PACTAET, CKOPOCTH B OOLLEM Cyyae A0/kHa yObIBaTh. YuceHHbIE pacuéTsl
G n v, nposengHHblE MO 3THM (OPMYNaM [UIA PasMuYHON CONHEYHON aKTMBHOCTH, MOATBEPAMIM 3TH
BBIBOZbI K2K KAHECTBEHHO BEpHbIE.

B pa6ore [90] 6bina peliena HecTaunoHapHas 3anaqa amMGunonspHoll Auddysuu npu HaMHun
pekomGHHaLMKM W 3aaanuK noToka Auddy3nu Ha BepxHeil rpaHuue F-o6aacTn. O6061maloTCA pe3ynsTaTsl
pa6otel [82]. Auanus nonyuenHbix pesynstatos nposeagH B paGote [92]. IMpu pacuérax N(z, t) 6binm

HCIIO/B30BaKbI CNIEAYIOLLME 3HAYEHHA NapaMeTpos uokocdeps: : 2,/ 2H = 5.8, nput=0, G,=10°cm™s™;

anaz=0, hy=120km, D,=10"s"", H =50 km. Ecan nepuoas koneGanmii T manbi, To BOIMyLLEHHE,
nepeMeLlianch BHU3, HE HIMEHACT CPEAHErO PacApedeNeHUA KOHUCHTPAaUMM, NPUYEM, B 061acTH Bbille
MakcumyMma N, rpaHeHT KOHUEHTPAUMH YBENMYMBAETCA C BHICOTOH, 3 HMKE MAKCHMYMa — OCTaéTcA
NOCT M. C ysenn nepuona konebanuii Bosmyulennii rpaanent ON/Oz ans BepxHel BeTBH

BbicoTHOro npoduia 3K Taioke CTPEMUTCA K NOCTOSHHOMY 3Hauenwuio. Iny6una npoHnUKHOBEHUA (CBEPXY
BHU3) BOIMYLeHHs ana T = 10 min goxoaut o yposta 80 km u npu T = 24 u goxoaut no yposHsa 280 km,

He NpoHMKan Huxke. CpeHAN CKOPOCTb OMyCKaHHA BbICOTHI 4, ymeHbluaetca (V=600 —4 ms™'). Orciona

CNIEAYeT, YTO, 3Had YACTOTHbIH CREKTP MEPEeMELIAIOLUHXCA BO3MYLICHHH, MOXHO 3apaHee Mpeacka3aTb, Ha
KAKHX BbICOTAX H YPOBHAX KaKOrO PORa BOIMYLUECHMA MOXCHO peructTpuposathb. Jns ¢a3oBoii CKOPOCTH H
ZTMHBL BOMYLUEHHA aBTOPbI HAXOAAT GOPMynbL:

172 172

2
| 2edy | ok 140

- 2
V”" ,Bz—d)z—ﬂ ’ﬂ2+m2_ﬂ €

Jins T, menmowerocs ot | 4 o 10 mun (B=0, 107, 107 5! ), 3HaueHHA v, nexar mexkay 70 u

120 ms™ » 2 3Ha4eHHa A — mexxay 70 u 140 km. [puuém, yem Gonvblue ray6uHa NPOHUKHOBEHHUA, TEM
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MEHbIUE MUIHHA BOJTHBI BOSMYLUEHMS, C YMCHBLIEHHEM e neproaa Auddy3nOHHOI BONHBI yBEAHUMBAETCA
FPAMEHT CMaa JANUHbI BOMHbI.

3.3. B pa6ore [88] pewsatoTca COOTBETCTBEHHO HCCTAUMOHAPHAsS CTaunoHapHas 3anauu auddysum
3NEKTPOHHO-HOHHOTO ra3a B AHEBHO# YaCTH MOHOCHEPDI. PELICHNA, NONYYEHHBIE B NPEAENE AIA HHKHEN U
BepxHeil F-obnactn (cnoés Flu F2), MOXKHO NpPeACTaBHTL B BHAE NPOMIBENEHHS KOHLIEHTPaUMM

HEHTPaNbHBIX (N) U 3apAKEHHBIX (72, ) 4aCTUL HA NOTOK H3nyuekns § n anddy3noHHo-pekoMOUHaLHOHHBIA
notok G: Ny=nJw N,~nG, rne J=J_ exp[-ryexp(-h/H))], G=G_exp[-r,exp(-h/2H)].
AHamua 5THX GOPMyn WM uMcneHHble pacuéThl MOKa3bIBAIOT, 4TO 10 BhICOTBl ~ 150 km npeo6nanaer
HanpaBieHHblH BBEPX HOHU3AUMOHHO-PEKOMOMHAUMOHHLIA NOTOK, a Bble HeE — AUdDYIHOHHO-
peKOMOMHAUMOHHBIH NOTOK, HAMpaBfeHHbIA CcBEPXY BHW3. B pesynbrate nonyuyaercs paccroeHHbId
BbICOTHbIA npodunb DK ¢ meyms (Flu F2) cnoamu, nepseiit M3 koTopbix dopMupyeTcs notokom Y®-
H3yUEHHA, BTOPOit — NoTOkOM anddyzuu.

IpuBeném, a1z dusnueckoli ACHOCTH, nomyyeHHsle B [88] pesynkrathl B HanGonee obiueii hopme

N(h0)=q,(h)- [a;(hT)dT + [q,(h,T)dT+ fg,(hT)dT . Gn
0 0 0
rae

q,(h)=qq, exp{l~(h—hy, )/ 2H —cosec  exp[—(h—hy, )/ 2H}},
0, (h)=qo exp{l—(h—hy,)/ H ~cosec I exp[-(h~hy,)/ H]},
as(h)=qo, exp{l-(h—hy,)/ H —cosec I exp[~(h-hy)/ H1},
q,(h)=gq, exp{l—(h—hy,)/ H - sec y exp[—(h—hy,)/ H1},
gu=AyDy/4Bcosecl, hy,=h,—2HIn\/D,/4f cosec !,

qm:AJD‘,ng]:%a%—:ﬂcosecl, hy,=hy— HIn[Dy(t-T)cosecl],

9 =ByDy/ 7

-p-T
CLMJ—;_B_%—Hcosecl, hy=hy,,

exp[- B -T)]

T = D -T)sec g

Ortciopa BHAHO, 4To ofwee pewieHde N(h, t) ReHCTBMTENLHO BhIPOXAETCA Yepe3 MoAMGDHUHPOBaHHLIC
bynkuun Yenmewna g,, g,, g5, ¢,. [1pn 31oM ana sec y = const ¥ B obwmem cnyuae aAna Gonbwmnx BpEMEH

cosec/, hyy=hy + HIn[1+ Dy(t—T)sec ].

unTerpan ot g,(h,t) ponken komnencuposath g,(h), uTOBb! BAMAHHE HAYANBHLIX YCTOBWA MCelno, a
MHTErpans! 0T ¢, 4 g, ¢ TEUEHHEM BPEMEHH NOMKHBI HOPMUPOBATH CTAUMOHAPHLIW peryaspubii cioi F.
HexkoTopble TouHble peuleHua paccMoTpeHbt B paGotax [104, 105]. Ipeanaratotcs kputepuu noaobus ana
amGunonApHoii auddysun B noHocepe: Fe= ,BOH,: /dy, Ch=q,H; | Nyd,,
Fo=d,T,/ H} nRe=w,H, / d,(naspannbie cootsercTeenno kputepuamu ®eppapo, Yenmena, dypoe u
Peitnonsaca) npumenntensto k F1 u F2 cnoam nonocgepst.

4. Ipu6anxénnbie MeTObI PeIeHHA ypaBHeHHA aMOunoasnproi Jupdyun

Jlo cux mop peub L1a O TOYHBIX AHANUTHYECKHX PELEHHSX ypaBHEHHA aMOunonapHol auddysun
nnasms! B F-cnoe HoHocdepsl. X0TA ¥ AeNaiHCh HEKOTOPBIE YIIPOIMEHHS, PELUEHHE NOMYy4aloCh WIH B BHAE
MHTErpaioB, He CBOAAUIMXCA K TabMUMHLIM, MM B BHAE PANOB W CrieuMansHbix ¢yHkuuii (npu yuére,
HanpuMep, Hanuuus B HOHocdepe MoMeKyn aloTa, 3anava He MoxeT GbiTh cBeneHa aawe k GecceneBomy
Tuny). [lostomy npobnema npubammEHHOro pelweHns obuwiero ypaBHEHHMs HENPEPLIBHOCTH A
3NEKTPOHHO-HOHHOIO a3 ¢ Y4ETOM BCeX OCHOBHBIX (PHIMHECKHX NMPOLIECCOB, NPOTEKAIOUIMX B HOHOCHEPE,
npencrasnsercs Gonee pauvoHanshoii. Huxe paccmarpnsalorcs pa6oThi, B KOTOPbIX ANS PelleHHA
ypasHeHHs ambunonapHo# nuddysmn np YTCA MPUOAMIKEHHDBIE METOAS.
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4.1. B pabore [91] npumenén wmeton BKB (Bentuens-Kpamepca-bpunioena) k pewenuo
CTAUMOHAPHOTO YPaBHEHHMA HEPA3PLIBHOCTH AIA MNa3Mbl HOUHOA HOHOCGEPbI MPH NEPEMEHHOMA 110 BbICOTE
PEKOMEMHALIKH W HyJIEBbIX FPAHUMHBIX YCNOBHAX Ha BeckoreuHocTH N(—w0)=0u N(0)=0:

d N N
—1d(z +6— N=0.
dz[d( ’[)[ = H H A exP( PH )

3necy d(z,/)=d,exp(2&/H)sin’/. B cnyvae NpoM3BOAbHbIX © W p YpaBHEHME He pelaeTcs
x=exp(-&/H),

aHanuTHYeckd. B HyNnesoM ﬂpH6J‘lM)KeHHM ¢ NOMOLUbIO noumaHoaox:Nzwr.

k=p/26, a=2H./B/d, , - okonuatensHo ana N nonydum:

N=Aexp{]—6—g—%,/H1ﬂ0/do exp[—(p+25)z/2H]}

NpH YCROBHH ,/cx""l<<lax“|4 310 HepaBeHCTBO B F-061aCTH MOHOC(EPhI MMEET MECTO [0 YPOBHA

MaKCHMyMa KOHLEHTPALHH, OJHAKO Bbillle MAKCUMYMa GyHKLHMA u MeHAeTcs meaneHHo. CpaBHeHue ¢
pe3yibTaTaMi YHCIEHHOTO WHTETPHPOBAHHA NOK23aN0, YTO OHM OAH3KM ApYr K Apyry npd p =l. Dro
TIO3BOJIAET OTPAHHYMTLCA C AOCTAaTOYHOM TOYHOCTBIO HyseBbiM npubaviennem. Pacnipenenenns N(z) ans
PAAIMUYHBIX P MMEIOT ONMHAKOBbIH XapaKTep, MEHAIOTCA MPH 3TOM JIHLIb BLICOTA MAaKCHMYMa H TOMLIMHA
cnos F : ¢ ysenuuenuem p (ot 0 10 2) BLICOTa MAKCHMYMa ONYCKAETCA, @ TOJIUMHA CIIOA  YMEHBLUAETCA.

UYncnennoe peuteHHe HECTALMOHAPHOrO YPaBHCHWA T10KA3bIBAET, YTO, HE3ABUCHMO OT CTEMEHH
akTueHocTH ConHua, HIMEHEHHE P CYLIECTBEHHO CKa3biBAETCA Ha BpeMeHHOM xoe Kpusbix DK (He mMeHsa
UX xapakTepa). M3 pacuéTos noTokoB NnasMbl BUAHO, YTO OHM HANpaBeHbl CBEPXY BHHU3, yBENHYHBAIOTCA
10 MaKCHMYMa, @ 3aTEM YMEHBILAIOTCA M MCHE3AIOT Ha BbicoTe npuMepHo 200 kM.

Jns ycnosuit nHeBHOH HMoHoctepel 3Ta 3ajaua Gbuia o6obweHa 8 pabore [89]. C nomoutbio

YPaBHCHHUA HEpPA3PbLIBHOCTH B CTALHOHAPHOM cliy4ae

%‘:do(z’])[%Jra%HSinz I-5, exP(‘P%JN*‘% explil—%—ro exp(—%)] =0

NpH HyNeBbIX TPaHUYHBIX YCNOBHMIX, 3aMeHOH nepemenubix, N=ux, x=exp(-&/H), k=p/25,

a=2H./B/dyw Q,=(q,eH’ /5°d,)cosec’] , o6biunsiii veron BKB s Hynesoro npubarxeHns naér:

u(x) =0, (x) ~[p, ()@ (D] [0S ~0,(x) [£($)dS -0 0) [£:($)
0 0 0

- a . a N
f Qo C J exp("oglldimgk Ij, D2 exp[imx" IJ-

[ocnenytowue npuﬁnm«euuu Ha Pe3yNbTaT BUAIOT HEIHAUHTENLHO W HAXOAATCA METOIOM UTEpaLHii.
JIns HoYHOI HOHOCEPBI CKOPOCTL nnd)d:ymn v(z) ¥ AP Py3HoHHBIH noTok G(z) COOTBETCTBEHHO PaBHbI:

Vd(2) B(2) Ae —
u(z)=__%6ﬂ_z_, G(2)=G, exp{ S5 f25 exp[—(p+26)ﬁ}},Go=—§—;—\/doﬂ° sin/.

Orcroaa BUAHO, 4TO CKOPOCTh AN(QY3UH 3aBHCHT OT KHHETHHECKHX NapaMeTPOB HOHOCHEPDI, a NOTOK NpH
p # 0 nocruraer HanGonbuero sHayeHuA Ha ypoBHe Makcumyma F2-cnos, obpawascs B Hysb Ha oo .

Jina nuesHo# uoHocheps npu p = 0 U5 =1/2 npubAHKEHHOE PELIEHHE COBNALAET C TOUHbIM [84].
Mpup=1ud =1/2 B Boipakennn Ans u uuTerpansi GepyTcs Nerko u

z B, 2z Q 2r,+a a -3
N(z)=Aexp[1-—- |[“Le "’cosecl D x|1- [0 J —Ze M |-
(@) p{ 2H \D j{ 4Aae\/2r(,+a: { 2r,—a erf[ fo 2 ¢

0

- cxp(ae_’.’;]erfc[,/rﬁ%e—#’ J] . (32)

Orcroga ans Manbix BLICOT Takoke nosyuyaercs B-pacnpeaenexne Yenmena
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2 W

N(zy=-To_expl1-Z 17 |,
B(z) H

a ans BonbUIMX BbICOT, KaK H paHbllie, MOoAy4aeTca 4YenMeHOBCKOE pacnpeaencHue, 06)’CJ’IOBJ'ICHHOC

An(Qy3HOHHO-PEKOMOMHALIMOHHBIM MEXaHH3MOM.

TocTpoeHtble BEICOTHbIE npoduan KonuenTpauni N(h) npu B=107e""'" p =1, B = const =
| $ . -3 - a -

10757, 4=510°cm™, H=5-10°cm, d,=2.5-10°cm’s™", g,=5-10cm™s™, 1,=15, h,=180km
NOKa3bIBAIOT, YTO Y4ET nepemeHHOCTH f naér Gonee peanbHylo kapTuHy. Pewenne e ana f = const
NPEACTABAAET HHTEPEC, B CHAY €10 TOUHOCTH, M TEM, YTO B OOLLMX YEPTAX MPaBHIILHO ONKMCHIBAET BHICOTHDIN
xon N(h).

Taxum ofpasom, HalineHHOe peuleHME MOXKHO CHHTAThb YMPOWEHHON TEOPETHHYECKOH MOAENHIO
nHeBHOM (q # 0) 1 HouHoil (q = 0) obsiacTeii F.

3agaua cTauMoHapHoi HouHoil ofnactn F B cnoe xoHeuHoii TonumnHbl [80] B paGote [107) Gbina
pewena metosiom BKB, rae 0606wéHHOe BbipaxeHHe AN KOHUEHTPAUMA HMEET BUA:

N()=N, exp[ 25 S(h-h,) 26 exp( p+28 h-h, ﬂ
p-28 H p-20 2 H

Pacuérbl noKasbiBaloT, 4TO 3aaaHne DK Ha HHXHElH rpanHLE CNOA NOYTH HE BANAET Ha BbICOTHbIH npodune
KOHUEHTPALMH, M MO3TOMY BCEraa MOXHO Ge3 Gonbwol norpewHocTH Nob30BaThCs PEAYLMPOBAHHLIM
rpaHHuHbIM ycnosuem N(—o0)=0. 310 NaéT BOIMONKHOCTL H3GABHTLCA OT BTOPOrO PELIEHNA, HIPAIOIIEro
BTOPOCTENEHHYIO pofib B (hopMHpoBaHHH cnod. Kpome TOro, cyuiecTBeHHO oOnerdaercs nojy4eHne
AHATHTHYECKHX peLeHnii B 3aMkHYTOH dopme. Takoii BbIBOA MOKHO 66110 NMPENBHAETL M 3apaHee, HMEs B
BHlY NPEBAHPYIOLLYIO PONb PEKOMOMHALIMK HAZL NPOUECCaMK NEpeHoca BONN3N HIKHEH rpaHmust cnoa. Ha
BepXHell rpaHHLE MPEeBATHPYIOT MPOLECCH NEPEHOCA, W MOITOMY 3alaHWE YCNIOBHH Ha BEPXHeiH rpaHuue
DO/DKHO CHJIBHO BJIHATDL HA PELUEHHE B WWWPOKOM AHAMAIOHE BBICOT.

42. B paGorax [92, 105] Ana OrpaHMYeHHOro NpPOCTPaHCTBA W ANA  NOAYRPOCTPAHCTBA
COOTBETCTBEHHO HCIO/B3YETCA NPHONWKEHHBIR METOA pEWeHHN ypaBHeHWs amGunoaapHoi auddysnu,
aHaNIOrMuHbIl MeTody TeopuH BoO3MylueHuii. B nepsoi paGoTe uiyuanoce noeeneHne Hounoro cnos F
HOHOC(EpDI, B KOTOPOH PaCNPOCTPAHAIOTCA BOTHOBLIE BO3MYLLEHHA:

%:%[doe””(a]v +iﬂsin2 1—§(Nv;)—ﬂN ,

oz 2H
NPH rPaHMUHBIX YCIOBHAX

n, N ) =G,  N(,)=0,

d(Z)[a—Z +Eﬁ‘

H Hi 2
e v, =vee’ " (1+£Ae”’”), d(z)=dye”’" sin’ I . [ nofyuenus pelieHns B 3neMEHTapHBIX PYHKUMAX B
BLIDAKEHHH AN V, NPOCTPAHCTBEHBIM H3MEHEHHEM (habl npeHeGperaloT. 3aech @ — 4acToTa, € — Mablit
napaMeTp, A — OTHOLIEHHE aMMIMTYbI BOMHBI K CKOPOCTH peiida. Pewuerue nmeet sua

N=_GL(4AEimw'__l_]exp[—i—aR(e"'”H _e-:AIZH)}_
z, @ a 2H

- 4_‘7;(;"12 exp[ 2;1 —kR(e'”ZH —e ! )]sin[wt—¢—1R(e‘”z” —e""’z”)], (33)
V@ k +

e a=(1+\1+ 5 )2, B=Bl@,, T=0lay, kl={@,B), R=2vH Idysin’ I .

UkcnenHble  pacuéTsi  npu  3Haveumax  napamerpos: 4, =500km,G, =10%cm™s™ , hy=200/m,

D,=10*cm’s™, v,=2-10"cms™, v =10’cms™, 1=60", @=1/74-10"s", f=10"*5""' noxazanu, uro
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BonHO06pasHoe BoaMyutenue ¢ mepnosoM T = | u Bbi3biBaeT kozeGanue A, F2, Bbicotel MakcHmyma

KoHuUenTpauuu naasmbl N, ¢ ammintyaol o 20 kM. KoneGanue e koHuenTpauuu N CyLIECTBEHHO Ha
YPOBHE MaKCHMyMa KOHLEHTPAUHK W YMEHBLIAETCA MO Mepe yAaneHus OT Heé BBEpX u BHM3. Bo BTOpoii
pafote LA NEPHOMMUECKH MEHSIOUIMXCA BO BPEMEHH MNapaMETPOB HOHOCQEpb! pelueHHe yPaBHEHHA
AN Y3HH BEIPDKAETCH B EMEHTAPHBIX PYHKLMAX.

4.3. Tpesae ueM MepefiTH K TMOABLITOXHUBAHHIO HACTOAWMX PE3YNBTATOB B BHAE YMPOLIEHHOH
Mozienn HouHO#M F-061acT HoHocdepLl, paccCMOTPUM HOBbIH Hanbonee o6wHi METOA pELIEHHA ypaBHEHHA
am6unonapHoit oHocdepbl. Bo BceX paccMOTPeHHbIX BbILIE M3BECTHbIX paboTax ANA NOAYHEHHs
AHANATHYECKHX PELLEHUIT NONL3YIOTCA 3apaHee 3aMaHHBIMH KOHKPETHBIMH MOAENAMH AnA ko3ddHuMenToB
anbddy3nn, pekombunaumu v 1A BepTHKATLHOrO Apeiida. CnenosaTesbHO, C CAMOro Ha4ana Ha peleHne
HAKNAALIBAIOTCA ONPEAENEHHbIE OrpaHuycHHs, 00yCN0BNeHH e BbIGOPOM Moaenu. [To3ToMy npeacTaBaser
HHTEPEC MOMYYHUTL AHAIUTHHMECKOE BBIPDKEHHE ANA BbicOTHOro npoguns 3K, B KoTOpoe mnpouecch
MepeHoca W HCYE3HOBEHWS 3apXKEHHbIX YaCTHL BOHAYT B BHAE MPOM3BOMBHBIX (YHKUMH CBOMX
apryMeHTOB.

Ha ocHoBe pa3BHTOro Huxe METOAa, AOBOJBHO MPOCTHIM AHATHTHHYECKHM MyTEM, MOKa3aHO, YTO
topma BbicotHoro mpoduns 3K B Hounod F-o6nacTu uoHOChEpbl HE 3aBMCHT OT KOHKPETHOTO BHAa
KO3 (HLMEHTOB NEPEHOCa H HCUE3HOBEHHA YacTHLL H 06ycnoBeHa UL cTpaTHd HKalmei atMocdepl.

Jna npocToTel OrpaHHYHMCA paccMOTpeHHeM ypaBHeHHs (34), YNOBNETBOPAIOIIErO FPaHHYHBIM

ycnosuam (35)

[d( )(d—N+5N):| B(z)N=0, G4)
N(=)=0, (‘;—’;’w%] =-df’;*). 49)

2=z,

BriGop rpaHuuHbIX ycnosui B BHAe (35) He orpaHHuMBaeT OGLUHOCTH MONYYEHHBIX HIKE PE3Y/LTaTOB.
3nech d(z)=d,sin’ I f(z), B(z)= Byp(2), f(2)n @(z)- npoussonshbie GyHKUMH BHICOTBLKOTOpbIE He

OyneM noka KOHKPETHIUPOBATS.
Bseaém notok anddy3nn

G(z)——d(z)(dN sy ] (36)

u noncranosky N=(x+x)u(x), rae x=e & —g &'y x =" Y3 ypasuenuit (34) w (36)

TONY4HM CNERYIOULYIO CHCTeMY IH(D(dEPEHLIMATTLHLIX YPABHEHUH NEPBOrO NOPAAKE OTHOCHTELHO ¥ 1 G:

dG du
I—a(x)u. ;—a(x)G, (€1))
rae
HpX) -7
o= A g Gy @8
Bseaennem HoBoM pyHKUHK
y(x)=u(x)/G(x) (39

13 cucremel (37) nonyunm ypastenne PukkaTn s onpeaenenus y(x):
dy 2
—+0o(x)y"=a(x). 40
& (x)y*=a(x) (40)

Iocne Toro, kak u3 ypasenus (40) waimeno Y(x). dyHkuus u nerko onpenensercs KBaapaTypoii u3
BTOPOro YpaBHEHHs cucTeMb! (37):
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1

u(x)=u(0)exp Ia(x)dx ) 1)
o y(x)

rae u(0) — 3navenne u(x)s Touke x = 0. Haiian u(0)m dopmyan (39) u ucnonbsys (41), ans 3K,
AudhY3MOHHOrO NOTOKA 1 CKOPOCTH AN(YIUH NONYHHM CACAYIOLIME BLIPDKEHHA:

N(x)=G(0)y(0)(x+x,)exp J-%dx . (42) G(x):G(O)%exp(]afx;dx . (43)
0 Lo JX

Vp(x) L T (a4
X+Xx

M3 (42) crenyer, uto pacnpenencine DK C BLICOTON MMeeT CTPOro HenMeHOBCKYlo (opmy (T.e.
MpeACTaBASET CoGOl Npou3BeNEHHE NPOCTON IKCMOHEHTHI Ha ABONHYIO). IMpuuém uenmenosckas dopma
CNOA C XapaKTepHbIM MaKCHMYMOM OGYCOBNEHAa HCKIIOUHMTENBHO cTpaTuduKkauued aTMocdepbl M
COBEpIUEHHO He 3aBMCHT OT MPOUECCOB MEPEHOCA W HCYE3HOBEHWS 4acTuU. M3MeHeHWa ¢ BbICOTOI
ko3 duumentos mudidy3uu W pekoMGHHAUWMM OTPAKAIOTCA NHWDL HA NOKA3ATENE ABOMHON IKCNOHEHTHI
yepe3 pynkunn y(x)m a(x).

Heiictaurenso, ana onxopoauoro (H — ) nonynpoctpanctsa (0 < h < o), ans koTOpOro, npu

. 2 .

d(x)=const=d,sin" I, P=p,, HenocpencreenHoe WHTErpHpOBaHHE ypaBHeHWA (34) ¢ FPAHHUHLIMM
yenosuamu N(0)=N,, N(0)=0 naér rpupnanshuii pesynetar: N(z)=N, exp(—cosecl,fﬁu/d0 z).
T.e. B onnoponuoii cpene 3K noa neiicteyem Auddy3un 1 pexoMGUHALMK [IOMKHA BLIPAaBHHBATHCA KAK
npocTas 3KkcnoHeHTa Ge3a oOpa’oBaHHA CNOA C XapaKTEPHbIM MAKCHMYMOM Ha OTPENENEHHOW BLICOTE.
AHaNOruYHLIA pe3ynbTaT NONYHAETCA U NPH 32IaHHOM Ha BEPXHel rpaHuue 00NaCTH NOTOKe NNa3MbI.

®opmyna (44) packpbibaeT ¢usnyecknit cmbicn dyHkunn y(x). C TounocTsio no HespaamepHoro
YHCNOBOTO MHOXWTENS (X+X, ) obpaTHas BenuunHa y(X) cOBnanaeT co ckopocTolo AHdy3uW; npu
OTCYTCTBHH cTpaTHdHKaunu (M — o, x+x, — 1) coBnagenne GyaeT TOUHbIM.

Hrak, Bonpoc onpeneneHHs KOHUEHTPAUHH, NOTOKA W ckopocTH Anddy3nH nnasmbl HAM yAATIOCH
CBECTH K PELIEHHIO ypaBHeHUsi PUKKaTH OTHOCHTENbHO Y(X), KOTOPOE HMEET PAA NPEHMYLIECTB fiepen
nepBoHa4anbHbiM ypasHeHueM (34). Beeaetne @ynkumn y(x) mno dopmyne (39) aaér BOIMOKHOCTD, C
OIHOH CTOPOHbI, 3AMEHHTL rpaHHYHOEe ycnoBue BTOporo poaa (35) B Touke X = 0 rpaHKYHLIM YCNOBHEM
nepeoro poaa. TeM cambiM CyuleCTBEHHO 00IEruaeTca NocTpoeHue GyHKUMH [PUHA H HAXOWAEHHE TOYHbIX
aHAIUTHYECKMX peLueHnii. C Apyroit CTOPOHbI, Tak Kak cooTHoweHue y(x,) =u(x,)/ G(x,)

BBIMONHACTCA BO BCEM WHTEPBANE W3IMEHEHHA X , rae Xy — nobas BHYTPCHHAA TOYKa pacCMaTpHBaEMOro

MHTEpRaNa, TO €& C CaMoro Hayana MOXHO BbiGpaTh B MakcHMyMe cnos F. Jlns Houmoro npopuns IK
XOPOLIO WIBECTHBI OCHOBHbIE KCNIEPHMEHTANbHBIE 3HAYEHHA NAPaMETPOB.

Monmxkaercs nopaaok aMddepeHUHanTLHOro YpaBHeHHA, HTO NO3BONAET AR YpPaBHEHHA Pukkatn
HCNONB30BATh /ML HWXKHEE FPaHHYHOE YCOBHE, KOTOpoe AA HowHOW F-obnactu uoHocdepw! Bcerna
MOXHO BbiGpath 6osiee WM MeHee KOpPpeKTHO.

Kpome H3BeCTHBIX TOMHBIX PELIEHNH, KOTOPbIE MOXHO HCMONL3OBATh B FOTOBOM BHIE, YPaBHEHHE
PuKKaTH XOpOWO MOAJAETCA METOAY MOCNENoBaTenbHIX Npubamienuii (vetoa BKDB, meton cnoés
Xopaana, METOA CBEREHHS K HHTErpaibHOMY YPaBHEHMIO W T.A.), HTO M03BONAET C nwboi Hanepéa
3a/aHHOH CTEMEHBLIO TOYHOCTH HAIITH QHANMTHHECKOE BBIPKEHHE AN NPHUOGAMKEHHOTO PEILEHHA
ypaeuenus (34). lina ypasHenna Pukxati nonpobHo paspaGoTaHbl YHCAEHHBIE METOAB! , MO3BOJSIOUIHE, B
NpHHUMNE, peLuaTh 3a1a4K A% WMPOKOro KNacca nmexcHua GyHkunin o(x) w a(x).

Onp y(X) uncnenHsiMn MeToamMu, cornacHo (42)-(44), nolsoanet oaHospemenHo HaxoauTs JK,
nuddy3HOHHEI NOTOK M ckopocTs muddy3rH, B TO BPEMA Kak HHCHEHHOE HHTErpupoBanHe ypasHeHus (34)
onpenenser auus K.

4.4, B KayecTBe MIIIOCTPALMM METOAA PacCMOTPHM HECKONBKO HacTHbIX ciyuaes, obobuiarowuux

M3BECTHDBIE TOYHBIE U NPUOHKEHHBIE BHATHTHUYECKHE peLUeHNA ypaBHEeHHA (34).

1. Tlyets A(2)=const=p,, d(z)=d,sin’1e**'", torna B npoctpanctse x kosdpduuMeHTE!

a(x)=a,=H /Mosinzl, o(x)=0y,=PyH /8 nocroannsl u obee pewenue ypabHenna (40) oA
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onHopoaHoro noaynpoctpanctea (0Sx<oo) umeer BHR Yy =—+Q /0, =-1/4Bd, sin’] . 3pecs
BbIGpaH 3HAK MMHYC, TaKk Kak cornacko (42) xonuentpaumus N(x)momkna ucuedaTs npu X — oo
Y, MOCTORIHHA BO BCEM MPOCTPaHCTBE, OHA Gyner mocToAHHOM U B Touke x = 0, u u3 (39) nonyunm: y,=
1, (G(0)-G,).

Hnterpupya (42) n nepexons k MPeXHAM NEPeMEHHBIM, NETKO HaiAEM TO4HOE pelueHNe ypaBHEeHHs (34)
4S8 MoBoro HIMEHeHHs napaMeTpa o:

N(Z)z(.r‘h_cose_clexp[]_&/ H- 'B"ZHZ cosecl(e""” —e'&"’”)} . 5)
\/_,6070 e L o'd,
IMpud=":n z, — o pewenne (45) o606waeT TouHoe peenne [84].

2. Myers P(z)=pf,exp(-pz/ H), d(z)=d,sin’ [e**'", rne p — napamerp, yunthiBatowmii
MoneKyaspHbIH coctag atMocdepbi. [Ipumensns k ypasnenno Pukkatu (40) meron BKb u orpannunsancs,

-pl2é 02
BAR NpoCTOTH, Hynesbim  npHGawkenmem, nmeem:  po(x)=(x+x,) "'* /| Byd,sin’ I, vorna

Y,(0) =x,_"/u /| Bydysin® 1 . TMonctasnas >tu 3wavenus y(x)s Buipakewue (42) W HHTErpupys,
nonyuaem HaizenHoe B pabote [89] npuGnwxEHHOe pewerne ypasHeHna (34) 4is noObIX 3HaYEHHUH p 1

- P2l 2
N(Z):M—Ie— li & 1 BH cosecl(e-(lnzé'):/ﬁ_e—(pfz&h)/ZH)}. (46)

Vbudy e H p+2s

H p+28\ 6%,
Ipu p = 0 o710 pelene nepexoauT B TouHoe peiueHue (45), npu p = | u § =1/2 oHo cosmajaer ¢
aCHMNTOTHYECKHM petlieknem [33], a npu p =2 u & =1/2 — ¢ acuMnToTHYECKHM pelueHHeMm [30].
U3 (43) n (44) coorseTcTeeRHO ANs AHDDY3HOHHOIO NOTOKA M CKOPOCTH AUPPYIUH HMeeM:

G(z2)=G, exp —E[—Z—_ij_ : ﬂ‘ozH. cosecl|e " g e (L ag)
2\H H) pv2s\ 54,

vp(2)=yB(2)d(z) . (48)

®opmyna (47) nokaskiBaet, 4T0 AHPPY3HOHHBIN NOTOK HMEET MAKCHMYM BOIM3H MakcUMyma obnacti F2 u
MCHYE3a€T BbILUE MAKCHMYMa Kak MPOCTas IKCTOHEHTA, a e MaKCHMYMa — Kak JBOWHAsA JKCMoHeNTa, H3
cootHoweHHA (48) ceayet, 4To ckopocTh Audiy3HH 3aBHCHT NHLLL OT KHHETHYECKMX NApaMeTpoB cpedbl,
a XapaKTep OfYCKaHMA CN0A ~ OT MPOCTPaHCTBEHHOro pacnpeaencHus kodpduumentos audpdyvn u
pekombunaunn. B wacthoctn, npu p = | u 6 =1/2 onyckanue cnoa npoucxoaut Ge3 yckopewus c

NOCTOAHHOMN CkopocTbio anddysum v, =,/ B, d,sin[ .

3. Mycte awanurnuecknii Bun koddduumentos F(z)u  d(z)wewssecren. Haiiném pewenue
ypasHenua Pukkatu no cnosam (meroa Xopnawa), cuutas, uro koadduunentsr a(x) U o(x) kycouHo-
nocTosHHble GyHKuMM B kaaom cnoe [108, 109). B atom cayuae ypasnenue Pukkatu (41) pewaerca
AHANHTHYECKH.

Paccmotpum cnoit x, | <x<x,,, Hymepauus cnoés sengrca cuusy ssepx H o(x)=0,, a(x)=a,,, T0 Ha

rpauuue cnoa Y(x=x,)=y, . Obwee pelenue ypapHerus (40) umeer BuA:

—p Yk Ym¥
yw)=ya,io, Ty < fa,lo, . 49)

e T _cel* ’
M3 xpaesoro ycnosus onpesenum BenuumHy c:
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Czym +ya,lao, oYt
Y _;am /o-m

TMoncTasnns HafigesHyto noctosnuyto B (49) i BeoAs Gelpaimepuyio senmuuny Z\")=Y") o /a, w

m=-1

o6o3nauenve 2y, x=& , nonyuaem ynoGHylo AN PacuETOB PeKyppEeHTHYIO GopMymTy:

Zm __ (1-zZ)-q +Z",)e“5" -6
T (-Z,)+(142,) "

Taxum 06pasoM, 3Has Ha KAKOM-TO YPOBHE 3HAUEHUSA BENHYHH O, , Q,, , Y, » MOXKHO BbIMMCAHTS

(50)

Y-y » NEPECUNTAB ero no dopmyne (50) yepes cnoi Ha NOBEPXHOCTH X=X, _, ¥ T.A. [Ipn yBenuyennu uucna

CNOEB M YMEHBIIEHHH UX TOMLIMHBI (X,,_) —X,, ) MOXHO, B NPUHLMNE, NONYYHTB J1I00YIO HANEPEN IANAHHYIO

crenext npubaiwkenns. Moacrasnan pewenns (50) B Bripaxenue (42), nerko HalTH AOCTATOUHO TMAAKOE
pacnpenenetne 3K no cnosm, asnstoueecs NPUGIMKEHHLIM aHATMTHYECKHM pElLEHHEM ypasHeHus (34)
ANA NPOU3BONbHBIX kKo3(drunenTos auddy3nu n pekombunauun. O6obwieHHe NONYUEHHBIX Pe3yNbTATOB C
Y4ETOM HECTAUMOHAPHOCTH M BEPTUKAILHOrO Apekida ANA HOUHBIX M AHEBHBIX YCNOBWH HE NpeACTaBAAeT
NPHHUHNHANBHBIX TPYAHOCTEH.

MNoaBenEM UTOrH Pe3yNLTaTOB TEOPETHUECKHX HccaeaoBatnii F-o6nactu woxocdepst. Jina pacuéra
TEOPETHUECKHM MYTEM OCHOBHbIX XapaKTEPHCTHK W HanGonee saxkHbix BenuynH F-o6nactn nonocdepn: npn

3a/1aHHBIX M3 3KCTIEPHMEHTA 3Ha4YeHHAX MakcuMabHol DK, N, , BLICOTH MakcuMyMa cios A, , HykHeil 1
sepxneii nonyromuun Ah,u Ah, cnon F, koabpduunentos amGunonspHoii auddysmu D, (wm

pexombunatu 8, ) B MakcuMyMe C/los, npeanaratotea caeaylouue dopmyns [27, 94, 110]:

BbICOTa OAHOPO/IHO# aTMOchepsl

H= ’LZ‘SA_”«.
2 27

npodHAL IMEKTPOHHOM KOHLEHTPaLHH
-h,
N(h)=N,, exp 26 l—h_,j"’—e LA
p+26 H

BeicoTa hy, rae addexTl auddysuu u pekombHUHaUMHM OAHOTO NOpAAKa,
cosec] H 2H

hy=h,—Hln

’

] T p+28’
Bepxuss rpatmua F-061acT 1 BEpXHAA NONYTONUMHA CIOA
26107
h=h +H'In——, Ah_=h—h,;
pem p+26 roh

rpaHHYHbIHA NOTOK

8D Nsin'l | 25 (| pdh,

€XP| - "
H p+26| 26 H

BBICOTHBI Npornb AU bY3MOHHOTO NOTOKA, NOANEPHHBAIOWHMH HOUHOH F-CoH,

G,=

26 ( ph-h, L= e
p+26\ 26 H'

G(h)=G, exp
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BbICOTA MakcHMyMa AH(DDY3HOHHOrO MOTOKa

h,‘""=hm+H'ln-2—5;
P

ckopocTb Audipy3MOHHOTO NOTOKA

v(h)= G(h-h,) .
N(h-h,)
nonHas ronwuHa F-cnos
Ah=bh,+Ah,,;
NOJIHOE YHCO YaCTHLL

n

25

=2HN,,, F( 25 e;’-:’;,
p+28 \ p+26

rae

o %, h=hy
[‘[ 2ia)= Ix’”“ e “dx- ramma-Qynkuus OJiinepa, x=e¢ * |, & = H/H, p =H/'H,, H,
pt 0

H v H_ - wikansl BLICOT A1 aTOMapHO#, MONEKYNIAPHOH H HOHH30BAHHOK KOMNOHEHT HOHOC(EPDI.

Haiigennbie ¢yHKUMOHANbHBIE 3BHCMMOCTH MEXIY NapaMeTpaMM HOHOC(EPbl MOTYT 3HAUMTENBHO
00neryuTh pacuéTHbie OMepauyH Kak 1IpY MONENHPOBAHHMH HOHOCIEPHBIX NPOLIECCOB, TaK W rpH
NOCTPOEHNH HOHOCHEPHBIX MOAENEN.
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TMpunoxenve |

Bapuaut 06061uénHoit aHanuThueckoi Moaenn HouHol obnactu F nonocdepet (94, 110].
Hcxonxoe ypasHeHne amGunonspHoii anddysun

L

dN
- |:D(z,1)(-3+ &Nﬂ- pexp(-pz)N=0,

C rpaHuUHbIMH yenoBuams N(—o0)=0, N(+0)=0 wam

N(~=)=0, D(z,l)(%\{ﬂwj =-G,.
4

h

rae D(z,1)=D,exp(2&)sin*I,8=H/H,,p=H/H,
npuMeHeHua npeobpasosanuit N=ux, x=aexp(-&), a=2(B,D,)"'? n metona BKEG B Hynesom

NpHGIHKEHHH MONYUHM:
BeptukanbHoe pacnpeaenenve OK:

H, H, w H, - wisecTHele 0603HaueHHs. [locne

o

_pr28,
N(z):Acxp[l—&—r,,e 2 :l,

< Goooseel P n | p o2 1P cosect;
el B,D, 2 p+20\ D,

b PY3HOHHBIN NOTOK HOHOCGhEPHOH Na3Msl:

G(z)=_cbexp{_M_,p[e g H

rae

2

ckopocTb AH(DY3HOHHOTO NOTOKA:

v(z,)==[B(z)D(z) =~ B, D, sinlexp(zaz_pz];

HIKHAS noayTonwmta F2-cnos (8 napabonuyeckom npubamiennn):

Yn =28(p+26);

BEPXHAA rpaHuua obnactu F:

7]
2=y, ;2—6111(1021,,);

ypoBeHb MakchMankHo#H OK:
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) p+26J
= l N
A PO "(Tﬁ 2

BHewHnaa Tonwmua obnactu F:

Y=V —i——ln 2-10? s ;
Vp+26 p+28

MakcumansHeii auddy3nonnsiii notok:

+28 -plp+26)
G,=A4eH | p,D, sin][er,, p_.._] ;
p

YPOBEHB MakcuMyMa AHdY3IHOHHOrO moToKa:

Z=y 2 Inl z p+20 )
"M\ p+26 rp )

cMelleHne aBCoMmoTHBIX BbICOT MakciMyMOB DK 1 andidy3uoHHOro NOTOKa APYT OTHOCHTENBHO Apyra:

h;:_hm=ymH ilng;
p+28  p

CreneHb aCHMMETPHYHOCTH BEpTHKaabHOro npoduns IK:

P BN PR
Yo VP+20 p+26

HHTErpanbHOE COAEPIKAHHMC JICKTPOHOB B ctonbe HOHOCC])ePbI €AHHHYHOTO CEYCHHUA:

ta
ea 1
n=N, g2 {1},
S a
OTHOCHTETbHOE CO}ICP)KaHHe 3NIEKTPOHOB BbILWE U HUXE MaKCMMyMa 3K:

zzr(L,L).r-.[L), L=rw(lj,r~l(l);
n a a a n a (24

HHTErpanbHas CKOpOCTb HCUE3HOBEHHA 3IEKTPOHOB B cronbe HOHOCq)epr C€AUHHUMHOrO CEHCHHA:

ellaal/h—l [1 1 o
1=G,=N g H % {1 Lowe-)
s =NoBu 3 '

rae a=(p+26)/26, b=ad/(p+5).
Monyuennbie popmynbl nossonsior, 3as N, , z, u B, , npon3secTH pacuérsi OCHOBHBIX

xapakrepucTHk o6nacth F noHocdepel.
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UCCIEAOBAHHUE [P PY3UOHHLIX ITIPOLUECCOB B MOHOC®EPE
I'senecnann A. W., Xanraase A. I'., lxkanauepu I'. B,
Pedepar

[poBoauTcs ananu3 M OOCYXKIEHHE pPe3yNbTaTOB PA3NHYHbIX AHATMTHYECKMX HCCE10BaHHIH
0co6EHHOCTE MPOLIECCOB MEPEHOCA M BLICOTHOTO pacrlpeeneH!s 3NEKTPOHHO-HOHHKOTO ra3a B HHMXHEH H
BepXHeil CpeRHELIMPOTHOM HoHOChepe, HauuHas ¢ nepsbix paboT 30-40 rr. Yenmena, Xanb6apta, Geppapo
A0 HacToAwero epemeHd. Bnocneactenn B 60-80 rr HauGonee HHTEHCHBHO BENHUCH TEOPETHHECKHE
HCCIEA0BAHMA NPOLIECCOB, npoTekatowmx B F-o06nactu wonocdepul. B HacToAllee BpeMA TPyAHO Ha3BaTh
paboty, koTopas Morna Gl OGBLACHUTL OCHOBHbLIE CBOHCTBA F-061acTH HOHOCHEPL!, AMHAMHYECKHH PEXHM
M MHOMECTBO NpOTEKaIOWMX B Held aBaenni. B cTatbe HanGonee NojiHO NokaszaH BKNAA TEOPETHKOB Pa3HbIX
cTpaH B Teoputo ambunonspHoi aumcpdyuu nnambl B F-o0nactu wonocepui. B cobeTsenmbix
HCCnenoBaHUAX ypaBHeHue ambunonapHoii anddysnu pewaercs B Hanbonee obuieit popme. INokasano, uro
BEPTHKAIBHOE pacrnpeseneHHe anekTpoHos B F-o6nacT nonoctepst — uenmenoBekoro THna. B otnuume or
M3BECTHOTO K/IACCHYECKOrO YENMEHOBCKOro CloR, pacnpeaenetue snextpoHos B F-o6nactu perynupyerca
nuddy3noHHo-pekomGrHaLHOHHbIMKM  Tipoueccami.  [Ipeanoxken obwwii METOA pewieHMs yPaBHEHHA
ambunonspHoit AnddyInu ana HouHoli noHocdepst. lata npocTas aHanuTH4ecKas paGoyas MOAETb HOYHOH
noHocdepbl. CnefyetT 0TMETHTH, YTO OCHOBHLIE TEOPETHYECKHE BLIBOALI aBTOPOB MOATBEPXKAAIOTCA B pAiC
3KCNEPHUMEHTANLHBIX PaboT MOCEAHUX NIET.
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INVESTIGATION OF DIFFUSION PROCESSES IN THE IONOSPHERE
Gvelesiani A., Khantadze A., Jandieri G.
Abstract

This review paper is devoted to the analyses and discussion of different analytical investigations of
both transfer processes features and electron-ion gaze altitude distribution in lower and upper middle-latitude
jonosphere starting with original papers (by Chapman, Hulburt, Ferraro, 30-40 years) till now. Later at 60-80
years theoretical investigations of processes were mostly intensively carried out in the F-region of an
ionosphere. It is impossible to note any paper explaining basic features of the F-region of an ionosphere,
dynamical regime and set of processes proceeding in it. This paper mainly is devoted to the theory of the
ambipolar diffusion in the F-region of an ionosphere and presents the results of theorists from different
countries. Ambipolar diffusion equation is solved in most general form by authors of this paper. It is shown
that the electrons aititudinal distribution is Chapmen-type in the F-region of an ionosphere. Unlike well-
known classical Chapmen layer, electrons distribution in this region is regulated by diffusion-recombination
processes. The general method of the ambipolar diffusion equation solution and simple analytical model are
suggested for nightly ionosphere. It is necessary to note that the main theoretical results obtained by authors

have been confirmed experimentally.
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KHUHEMATHUKA MHUI'PAIIMH FEOMATHUTHBIX IMOJIOCOB HA
HOBEPXHOCTH 3EMJIY, 3A NMMOCJEJAHHUE 400 JIET

"Yxerun A.M., *Cosnoramsuin Mx 3., 'Foroqypn A.B.

'UHeTnTyT reopusnku um. Muxanna Hoana, 0193 T6unuck, yn. M.Anexcunse 1,I'py3us
. E- Mail:www.ggs.org.ge.
“Yuusepcutet uM. Jlasuna Armaweneean [pyun 0179 T6uancn,
npocnext H.Yasuasanse 25, Ipy3ns.

H3BecTHO, UTO P reoPH3NIECKHX ABICHHIH, Kak HaNpUMeEp MOSAPHEIE CUAHUA, FeOMarHble
6ypu,Dopbyim-3pPexThi KOCMHYECKHMX Jiy4ed, HOHOC(EpHble BO3MYILUEHHS M T.II. 3aBUCAT OT
F€OMarHHTHBIX KOOPAWHATOB AaHHOM TO4kHM 3eminH. ['€OMarHHTHbIE KOOPAMHATHI JAHHOH TOUKH
3eM/IH 3aBMCAT OT reorpagHyecKMx KOOPIAMHAT [EOMarHHTHOIO IMOJIOCA W BBIYHCIAIOTCA MO
dopMynam coepuyeckoii TpuroHoMeTpuy. 1o HaBMIOAENHAM YCTAHOBIIEHO, YTO MECTOHAXOMNAEHUH
MOMOCOB MArHUTHOTO MOJA 3eMIM MEHSIOTCS BO BPEMEHH. VI3MEHEHHs KOOPIMHAT MOJIOCOB
F€OMarHUTHOTO [MOJIi CBS38HbI ¢ MCTOYHMKAMH MArHUTHOTO [0/, PAacnoNOXOHHBIMH BHYTPH
3eMM HA rpaHMLE AOPO-MaHTHA, T.C. C MEXAHHU3MOM JEHCTBHs «TrHAPONWHAMHYECKOTO JMHAMON.
CrienoBatenbHo, UCCNEN0OBAHHE KMHEMATHKH MHMIPALMH MATHHTHBIX TIOMIOCOB 3eMi¥ HMeeT Kak
HayyHOe, TaK ¥ IpaKTHYecKoe 3HauyeHue. B paboTe HCMONB3OBAaHBI HaHHBIE reorpadHyeckHx
KOODAMHAT CEBEPHOrO M I0XKHOrO MAarHUTHBIX NomocoB 3emind 1o tabnuue Bb.M.Sluwosckoro 3a
nepuon 1600-1900 roaer [1], a 3a nmepuox 1900-2000 roas! GBLIM OTCYUTAHBI MO rpaduky
nepeMenieHus nomocos no M.JleiGosy [2]. [lepemelernne MarHUTHBIX [OJIIOCOB HAa MOBEPXHOCTH
3emnu ObUTO ompeneneHo: a) no Kapre, 6) no gopmyne chepuyeckor TPHTOHOMETPHH —

cos A S*= sing, sing; + cos@) cos@; cos (A — A1)

rae @) M ¥ @2 Az WIMPOTA M [0JIrOTa COOTBETCTBEHHO ABYX PasHBIX TOYEK MOBEPXHOCTH 3eMIH.
Paccrosnne mexay TouKkamMu MepeBEfEHO H3 YIJIOBbIX [PalycoB B KHJIOMETPbl C YyYeTOM
MECTOHaXOXAEHHSA (IUMPOThI M IONTOThI) TO4EK HAOMIOACHHUH.

VenosHo Hazosem ceBepHbiM momocoM (N) nomroc, Haxoaswmiica B ApkTuke ( XOTH, B
JNEeHCTBUTENLHOCTH, OH SBJSETCA IOKHBIM MOMIOCOM), @  KMOKHBIM [OJI0cOM - momoc (S),
HaXONAINUIACH B AHTAPKTHIE.

Ha puc.] npencraBneHa MArpalys MarHHTHBIX NOMIOCOB 3eMJIH - CEBEPHOro B APKTHKE H
10)KHOTO B AHTapKkTHae 3a 1600-2000 rozs:.
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AHZH3UDYS PHC. 1, MOXHO caenarh CliefyloLiHe BEIBOAE |
1. MHMIpalMs CeBEPHOro MarHHTHOTO MONOCA B APKTHKE BMeeT Golee CloXHBIL  Xapakiep,
4EM MHTPallKs KXKHOTO B AHTapKTHIE;

2. ceBepHbIH MarHMTHBIA Mosoc “Buitwen” w3 Ipennanaun (@,= 78° 42'N, 4,= 59° 00'W) n
OMYCTHNCA Ha HM3KHME WHPOTHl (¢ ~ 66° N) , ONHCAN CAOKEYIO TPAaeKTOPHIO, a MOTOM ONSATh
BEPHYNCS Ha BhicOxMe wWHPOTsl (@, =80° 48'N, A,= 109°48' W ) u yTonyn B CepepHOM
JIEAOBUTOM OKeaHe. B TO ke BpeMs HOKHBI MArHUTHBIA NOMOC ¢ BhicWieH wupot (.= 81°16'S,
A,=169°30 S) nocTenenHo crycTHiCA Ha HH3KkMe LIMPOTH (@,= 64° 42N, A,= 138" 23'E),
nepemMecTHICA Ha 3anan Ha 1150 kM v yTonyn B UHauickoM okeane;

3. niMHA TPaeKTOPHii B CKOPOCTh NEPEMELICHHA CEBEPHOr0 MArHHTHOro mnomioca 3a 400 net
T104TH 11BA Pa3a MPeBOCXOAUT BEJIMYHHY MYTH H CKOPOCTH I0XKHOT0 MarHUTHOTO fooca

Sn/S=5100 km/2350 km ~2.2 n  Vn/V=12.8 km/T /5.9 km/r =2.2

4. Tlo TpaeKTOpHM MHIpPaLHH MarHHTHBIX MONKOCOB 3€MJN BBIAENAIOTCA 3aMKHYTbIE YH4acTKH,
T.e. Yepe3 Onpe/ieNieHHOe BPEMA HAMEHAETCA NEPHOAMUHOCTE B IBHXXEHUH (pHC.2.).

o °
Potvy Pots)
75 75 1770
73 74 1885
—1891
1819
YARE & 73 1 72
1829
9 72 1900
67 7
65 . P o A a0 . . . 1A°
250 260 270 280 145 150 155

puc.2. [lepuoAHUHOCTD ABHXEHHS CEBEPHOTO M HXKHOTO MAarHUTHbIX
noJrocoB 3emiiH 3a 1600-2000 roas!.

Puc.2  nokassiBaer, YTO BO BpeMs [BWXKEHHA MArHMTHBIX [OJIOCOB HabmoaaeTcs
MEePHOINYHOCTD , T.€. YEpe3 ONpENENeHHOE BpeMs MOMIOC BO3BPALIAETCA B PaHHEE MPOXOAMMYIO
TOYKy. B CeBepHOM MONYII3PHH BBILAENSIOTCS TPH 3aMKHYThIE NeT/H (T.e. nepHoauHocts) Ti=131
ner (1734-1865 rr), To=153 mer (1740-1893 rr), T3 =105 ner (1810-1915 rr) a B 10KHOM

nonywapu oguH T, =72 ner (1819-1891 rr).
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Ha puc.3 npeacTaBneHo M3MeHEHHE CKODOCTH MEPEMELUEHHS CEBEPHOro H FOXHOro
MarHMTHBIX nomocoB 3emiu 3a 1600-2000 roast.

Vuxm/rox

N . ” — N teaaas
1600 1650 1700 1750 1800 1ESD 1900 1925 1950 1975 200
roabl

Vskm/rog,
30

20
10

4
1600 1650 1700

" L bt 2 aaa e s

1750 1800 1850 1900 1925 1950 1975 . 2000
roAbi

Puc.3 . U3MeHeHHe CKOPOCTH NEPEMELLEHUSA CEBEPHOrO M F0XKHOTO
MarHMTHBIX nosmocos 3eMin 3a 1600-2000 roasl.

AHanu3upys puc.3 MOXHO CAEenarTh cle/yloue BbIBOALL:

1. H3MEHEHHE CKOPOCTH MEpEMeELLEHUs CEBEPHOr0 MarHUTHOro nomoca 6ojee CI0XKHOro
XapaKTepa, 4eM CKOPOCTh NEPEMELLCHHA FOXHOTO;

2. B TeyeHne 1600-2000 yneT ABMXXKEHHE CEBEPHOTO MarHMTHOTO IOMIOCA HEPABHOMEPHO-
YCKOpEHHOe , a MepeMellieHHe [0XKHOrO MarHuTHoro mnomoca 3a 1600-1850 romel moyTH
poBHOMEpHoE, a 3a1900-2000 rozs! - HEpaBHOMEPHO YCKOPEHHOE;

3. CKOpPOCTb MNEpeMeleHHs CEeBEePHOr0 MarHMTHOrO nomoca 3eMIH 3HAYUTEIBHO
Bo3pacTaert 3a neproz 1965-2000 roast. [is 9T0TO NMeprona CKOPOCTh HEPABHOMEPHO YCKOPEHHOrO
JIBHEXEHUA MATEMATHYECKH MOXHO apOKCHMHPOBAThL KBaIpaTHOR QyHKIMeH:

v="7.1+0.04309 (t - to) + 0.02397 (t - to)’ , 0

rlie t — BpeMs B roaax, KOTopoe OTCYHTBIBaeTcsa oT tg=1965r .
4, yCTaHOBNEHMEM 3aBHCHMOCTH CKOPOCTH OT BpeMEHH, mo ¢opmyine (1) MOXHO
OMPENENHTD H YCKOPEHHE:

a=dv/dt=0.04309 + 0.04794 (t - to) , @
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Ha puc. 4 npeactabnenbl KpUBbIE CKOPOCTH M YCKOPEHHsS TEPEMEILEHHMS CEBEPHOrO
MArHHTHOTO nojoca 3emi 32 {965-2000 roasl.

V xm/rog,

50
40
30

20
10

refTr ey risvyld

1 & + 4 'l A I e .. Y

t
1960 1980 2000 roabl

2.0
1.6
1.2

0.8
0.4

TTTT VRT3V TV

o0 tFOJlbl

Prc. 4. Cxopocts (V) ¥ yckopeHHe (a) nepeMellleHHA CEBEPHOrO MarHUTHOTO
nomoca 3emiu 3a 1965-2000 roasl.

W3 puc.4 suano, uro ¢1965 r. mo 2000 r. ckopocTe NEPEMELICHHA CEBEPHOTO MarHKTHOIO
nomoca Bepocna ot 7,1 kM/r o 38 km/T, a yckopenue ot 0,01 «M/e o 1,72 x/r? (na pucyHKe
NYHKTHPHO#M JIMHMeEN NpeACTaB/IeHB! IPOTHO3HBIE 3HAYEHHA CKOPOCTH M ycKoperHs 1o 2005 roza -
v~47.2 kM/T, a=2.0 KM/I‘Z).

Tonyyennsle HaMy 3Ha4YeHHs CKOPOCTH 32a mepHoR 1970-2000 rr. XopolLIo cornacywTes ¢
nannemMu J1.P Hesura u ap [3].

Ha puc.5 npencrabneHbl BpeMEHHBIE pacnpefie/ieHHss reorpagHyecKuX KoopauHat (o -
IIMPOTBI ¥ A ~ HONATOTBI) CeBEPHOro - N 1 I0%HOro — S MAarHMTHbIX NOMOCOB 3eMK 32 NepHOA
1600-2000 roasi.
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8ok ﬂ’8,N (E)

75\ 300
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Puc 5. Bpemennoe pacnpesenesne reorpapHyecKkux KOOpAHHAT
(o— WHMPOTEI U ) - HOATOTBI) CEBEPHOTO - N H 10XHOFO — S
MarHHTHbIX nomocos 3emnu 3a 1600-2000 roaer.

AHanu3upys puc.5 MOXHO cenaTh CleAyHIUME BbIBOABI:

1. pacnpeneneHus BO BpeMeHM reorpaM4eckuX KOOPAHHAT (g, Ag) CEBEPHOrO M KOXKHOIO
MarHHMTHBIX 10JIIOCOB 3HAYMTENBHO OTAMYAOTCA APYr OT pyra: 2. BO BpeMs aHanu3a psaja
reorpadMYECKHX ABNEHHH , B JAHHOH Touke 3eMiM (@, A) BaXHO ONpPEAENHTH r€OMarHHTHbIE
koop/uHatel (O, A). DTy 3a1ayy MOXHO PEIUMTD C MOMOLLBIO CIEAYIOWHMX GopMyn chepudecKoi
TpuroHoMetpuu [1]-

sin @ = sing@o sin@ + cos@g cos@ cos (A - Ag)
cosA = cos¢ sin (A - &) / cos® “)

C 3T0i HeNBlO KpHUBBIE BPEMEHHOTO pacrpenenetns reorpadpu4eckix KOOpAMHAT MarHUTHbIX
nomocos 3eMi (o, Ao) 3a mepuoa (1600-2000) roasl MOTYT 6BITh OUEHB MONEIHEL.
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PesybTaThl  NpOBENCHHBIX  MCCENOBANMIE — KHHEMATHKH  MHIPauMy

TeOMATHUTHBIX MNOJIOCOB HA MNOBEPXHOCTH 3eMiH 3a mochennue 400 JeT cBOASTCH K
caeayIomemy:

1. TPaeKTOpMs MHUIPaUMH CEBCPHOrO MOJKCA B ADKTHKE MMEET ropaifo Gojee CIOXHYIO
(opMy, 4EM IOXKHOTO MArHUTHOTO MONKOCA B AHTAPKTHAE,

2. IIMHA TYTH TEPEMEILEHHs CEBEPHOrO MarHUTHOTO MOJIOCA H COOTBETCTBEHHO CKOPOCTh
IBWXEHHS NIOYTH B JIBa Pa3a MPEBRILIAET T A€ BEJIMYHHEL I0)KHOTO MarHHTHOTO MOTKCA;

3. BO BpeMs NBMXEHMH MATHHTHBIX NOMIOCOB HabMIONaeTCA TNEPHOJMYHOCTh , T.€. Yepes
OnpeNeNeHHOE BPEMA IOJIIOC BO3BPAlllacTa B paHHEE NPOXOAMMYIO TOUKY. B cesepHOM monylwiapHu
BBIIENAIOTCA TPH 3aMKHYThle NeTiH (T.e. nepuoanyocts) T;=131ner (1734-1865rr.), T,=153 ner
(1740 — 1893 rr.), T3 =105 ner (1810 - 1915 rr.) a B OXHOM NoNymapuu -ompa T, =72 ner
(1819-1891rr.);

4. U3MEHEHHs CKOPOCTH MNepeMelleHHs CeBEPHOTO MArHMTHOTO momoca - 6osee CIOXKHOro
XapaKTepa, 4eM I0HOro. Tak, HanpuMep, nepeMellleHHe CEBEPHOTO MArHHTHOTrO MOMCca 3a
nepuoa 1600-2000 roant HEPABHOMEPHO YCKOPEHHOE, @ MEPEMEIIEHHE 10IKHOTO MOMOCA 32 NEPUON
1600-1850 roab1 mouty paBHOMepHoE, a 3a neproa 1900-2000 roasl — HEPABHOMEPHO YCKOPEHHOE;

5. CKOpOCTb MEPEMELICHHA CEeBEPHOro MarHMTHOro momoca 3emnu 3a nepuox 1965-2000
roibl 3HAYMTENLHO BO3pacTaeT. JINA 3TOro nepuoaa CKOpOCTb M YCKOPEHHME MnepeMeLleHuA
CEBEPHOTO MNOJOCca 3eMNIM MAaTEMaTHYECKH MOJXXKHO allPOKCHMHPOBATh ClleAyonMK GopMynamu:

v="7.1+0.04309 (t - tg) + 0.02397 (t - tg) xm/r,

a = 0.04309 + 0.04794 (t - to)i/r?,

rie- t - BpeMs B rojax, KOTopoe OTCUMTHIBAeTCH OT t=1965r.

6. BpeMEHHBIE paclpeeNieHus reorpadpuyeckux KOOPAMHAT CEBEPHOTO H KOXHOI0 MarHHTHBIX
nomocoB 3eMitH (Qp , ho) 32 nepuoa (1600-2000 rr.) MoryT 6bIT HCMOIL30BAHB! IS BEIMHCIIEHHS
reoMarHUTHBIX koopauHat (@, A ) NaHHON TOUKH NOBEPXHOCTH 3EMIIH.
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KHHEMATHUKA MUTPALIMA TEOMATHHUTHBIX NNIOJIIOCOB HA
NOBEPXHOCTHU 3EMJIN 3A MMOCJIEJAHBIE 400 JET

YUxerua A.M., Coaoramsuan Ix.3., lorouypn J1.B.
Pedepar

Ha ocHoBe aHami3a KHHEMATHKH MHMIPaly F€OMarHHTHLIX MONKOCOB HA 1IOBEPXHOCTH 3eMuM 32
1600-2000 roap! MpUXOAUM K BBIBOAY, YTO OCHOBHOH HCTOMHHUK MAarHMTHOrO nofs 3emiu
(“I'mapoMarHUTHOE AMHAMO” BHYTpH 3eM/IM HA FPaHHLIE BHEILIHETO AAPA -MAHTHA) paboTaeT ABHO
B HECTALMOHAPHOM PEXHME.

THE KINEMATICS MIGRATION OF THE GEOMAGNETIC POLES ALONG
THE EARTH SURFACE FOR THE LAST 400 YEARS

Chkhetia A.M,, Sologashvili J.Z., Gogochuri D.B.
Abstract

Analysies of the kinematics migration of the geomagnetic poles along the Earth surface, for the
1600-2000 years, we came to the conclusion that the spring of the Earth magnetic field (locations
our planet inside near the boundary of the external nucleus and robe “hydrogenic dynamo system™)
obvious works in the unstationary regime.
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JPEN® NMPOEKIYY TEOMATHUTHO¥ OCH — BOJIb 3EMHOM
IMOBEPXHOCTH, B MEPUJIHOHAJIBHOM U SKBATOPHAJIbHON
IJIOCKOCTSX 3EMJIU 3A IOCJEAHUE 400 JIET

Yxerna A.M., Torouypu JI.B.

HHeTuTyT reodusuiu uMm. Muxauna Hoaua, 0193 T6unucu, yn. M.Anekcuase 1,[py3us
E- Mail:www.ggs.org.ge.

B Hacrosiliee BpeMs XOpoLIO H3BECTHO, YTO HaOMOJaeMOe HAa  [OBEPXHOCTH 3eMIH
MarHuTHoe mnone (T) SBNAETCA CIIEACTBHEM HANOXKEHHS MarHHTHBIX MOJIeH, CO34aBaeMBIX
PasINYHBIMH UCTOYHUKAMH U MOXET ObITb IPeICTAaBNEHO B BUIE CIEAYIOLIEH BEKTOPHOR CyMMBI:

T I T R e =
T=To+Tm+Ta+Te+ Tv+T, (1)

roe To - nome OZHOPOAHOrO HaMarHH4eHHs 3eMHOro wapa (AunonbHoe none); Tm - mose,
BEI3BaHHOE HEOJHOPOJNHOCTBIO ITyOOKHX CNOEB 3EMHOro liapa (HEAHNONBHOE MM MAaTepPHKOBOE
mojie, €ro TAaKKe Ha3bIBAalOT II0/eM MHpPOBBIX aHoManuil); Ta - none, ofycioBneHHoe
HAMarHW4eHHOCTBIO BEpXHHX 4YacTel 3eMnn (aHomanbHoe mone); Te - none, CBA3aHHOE C
BHELIHHMH TIPHYHHAMH [B OCHOBHOM, 3TO TOKOBBIE CHCTEMBI, HaxofslHecs Ha MarHuTonayse
(DCF), B paanaunonsom nosice (DR) u B voHocdepe (I), npuynHEl reHepalny KOTOPLIX CBA3AHBI C
nesitensHocTio Comuual; Tv - mone Bapuauuu TokoBeix cucteM-DCF, DR, 1 (cBsizaHHBIX C
COJIHEYHOH aKTHBHOCTBIO, HECTALMOHAPHEIMH npoueccami Ha ConHue); To- nokanbHble 6bICTpBIE
A3MEHEHHS OIS, CBSI3aHHBIE C YNPYTHMM HaNpsHXeHUAMH Ha He6oMbLIoH rnybuHe - B KOpe HIH B
BepxHeii MaHTud. Cymmy noneit aunonssoro (To) n HeaumonsHoro (Tm) Ha3bIBAlOT IJIABHBIM
MarHMTHBIM moneM 3emnu. B nose, HabnroaaeMOM Ha NOBEPXHOCTH 3€MIIH, BKJIAJ IJIaBHOTO DOJS
COCTaBNfEeT B cpeaHeM okono 95%, nputoM npuMepHo 90% NpHXOAKTCS Ha AHMOIbLHOE NONE, a
5% Ha - HEAMTIONBHOE.

Llens paGoThl - BHECTH Halll CKPOMHBIH BKJaj B AENO YTOYHEHHS BONPOCA NEPEMELICHHS
HCTOYHMK2 (MIM MCTOYHHKOB) MAarHMTHOrO MONSA 3eMJM BHYIPH 3eMHoro wapa. B npouecce
HCCIIeN0BAHUS BbITH HCIOMB30BaHbl reorpaduyeckue KOOPAMHATLI MArHHTHBIX NOMIOCOB 3eMIlH 3a
nocneauue 400 net [1,2).

Ha puc.] npUBOAATCA NpPOEKUMH Ha MOBEPXHOCTH 3€MIM - OCH TEOMarHHTHOro
LIEHTPaLHOr0 MarHUTHOTO N0 (IOCTPOEHHOTO Ha OcHoBe MaHHBIX E.Bectuna [3]) u peansuoit
- (bu3mMyecKoi 3eMHON MarHuTHO# ock ( no aauubM M.Jleii6osa [2]), 3a 1942 roa.
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Puc.1.ITpoeKumH Ha TOBEPXHOCTH 3EMIH — OCH TEOMATHUTHOTO LIEHTPATBHOTO MATHUTHOTO
aunors [3] v peasbHOM Gu3nuecKoi 3eMHOM MarHUTHOMH OCH.

W3 puc.1 BUAHO, 4TO:

1. pu3udeckas MarHUTHaK OCh 3€MIIM YKIOHAETCH OT OCH FEOMArHMTHOTO JAMMOJA;

2. pacyHTaHHbiH BecTHHBIM CEBEpHbIit TeOMarHUTHBIN MOMIOC PaclosIoNeH Ha 4 ceBepHee
¥ Ha 30° BOCTOYHEE MATHHTHOTO MOJIIOCA, a KOXKHBIH reOMarHUTHbIA NOJIIOC - Ha 10° soxnee u Ha
15° 3anaznee.

3. reOMarHMTHas OCh IEPECEKAET MATHHTHYIO OCh B TOUKE ¢ KOOpAMHATaMHM: ¢p=20° (0)HOM
wmpotst 1 A=170° 3anannoi foarotsl.

OcHOBHaft  NpUYMHA PaCXOMKACHWUSA (UIUYECKOrO MArHMUTHOrO NONS OT MOJNA ANIONA
HECOMHEHHO CBfi3aHAa C MHPOBBIMH MAarHHTHBIMH aHOMaIHAMH. M3 BBILIEH3NI0XKEHHOTO,
€CTECTBEHHO, CIEdyeT, 4TO (M3MYECKoe MarHUTHOE MOJIC AOKHO TPOABHTHCA Ha KapTax
FEOMAarHUTHOTO MONs - H30JAMHAMKH MHPOBBLIX aHOMAIMH IEOMarHMTHOTO MOJA M H30MOpaMu
BEKOBBIX F€OMarHHTHBIX BapHaLUi.

Ha puc. 2 npuBomATCs KapThl BEPTHKANBLHON COCTABNAIOWIEH IeOMarHUTHOTO 110N - M30MOP
BEKOBBIX TEOMArHMTHBIX BapHaumii (puc.2a [4]) W H304MH MMpPOBBIX aHoManwit (puc.26 [5]) ans
snox# 1942 roma. 3HaueHHs H30MOp  NpHBEAECHBl B H.Tec./roA. [lyHKTHpHble H30MOPBI -
OTpHUATENbHBIE 3HAYEHHA, CIUIOLIHBIE-NONOXKHUTENbHBIE. Ha kapTe M30OMH MHMpOBLIX AHOMATHA
(puc.26) cTpenkaMM  TokasaHa TOPH3OHTAllbHast COCTaBsiolas. BeKTopbl ropH3OHTANBHOM
COCTaB/IAIOWIEA HATIPABIEHBI K LEHTPY aHOMANHi Z KOMIIOHEHTB! HIIM OT LEHTpa. DTO YKa3slBaeT
Ha TO, YTO LEHTPajbHAd 4acTb OOJACTH WM3ONMHHIA ABNAETCH MCTOYHMKOM CHJIOBBIX JIMHHHA,
KoTopele NMOO BXOAAT Tyna, 1u6a BeIX0oAsT oTTyAa. Ha xapre M30AMH 3HadeHHs NPUBEIACHHI B
MMIUTUIPCTENAX, OTPUUATENBHEIM 3HAYEHUSAM COOTBETCTBYIOT IyHKTUPHEIE H3OAHHBL.

3a Tor we mepuun (1942 r.) Ha kaprax BecruHa m gp. (pHc.2) MPUBOAATCA NPOEKIMH
¢u3nyeckoi 3eMHON MarHUTHOM OCH Ha TOBEPXHOCTH 3eMiTH.
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Puc. 2(a,6). KapTel pepTUKaIbHOK COCTaBIIsIOWIEH IEOMAarHUTHOrO noas - M30mop
BEKOBBIX [COMATHUTHBIX Bapuaumii (a [4]) ¥ wsoaun MupoBex aHomanui (6 [S]) mis
smoxu 1942 r. Ha Kkaprax TakKe NpMBOAATCA MNPOCKUHH (UIHYECKOH 3eMHOM
MarHMTHOM OCH Ha MOBEPXHOCTH 3eMin.
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AHanu3upys puc.2, IPHXOIHM K C/IENYIOLIMM BBIBOJIAM:

1. TOTMYHO COTNACHTBCA ¢ MHEHMeM SIHOBCKOro {1], UTO KapThl BEPTHKAILHOH COCTABMAIOLIEH

reOMarHUTHOTO MOJIA - M30AMH MMPOBBIX AHOMAIHH IEOMarHHTHOIO NOJIA M H30MOpP BEKOBBIX
FEOMarHMTHLIX BapHalyi B OGLIHX YepTax NOKasbIBAIOT ONPELEIEHHYIO CBA3b;

2. Ha KapTax - M30110p BEKOBBIX I€OMArHHUTHRIX BapHaLMit H H30/IMH MMPOBBIX aHOMAJIHI,
MpOeKUMs MACHUTHOH OCH 3eMJIM BHONb 3€MHO/i TNOBEPXHOCTH pacrofiaraeTcsi B MONOCE
HHTEHCHBHBIX OTpULATENbHBIX okycoB - MHaoHesmiickoro (1), ArnanrHueckoro (4) u Kak 6bt
pa3fienseT MHTEHCHBHbIE NoNoXHTeNbHbIE (okychl - MpaHckuit k rory ot Kacnufickoro mops (2) u
ot KOxHo-agpHKkaHckoro (3).

HccnenoBanua xapT H30M0p BEKOBBIX MeOMarHHTHBIX Bapuauuit no Bectuny u ap. [6], kapt
H30IMH MHPOBBIX aHOMaIHH MariuTHOro noas 1o Byanapay u ap. [7] u reomarHuTHOro moss no
apXeoMarHuTHeIM OaHubiM 10 FOxutaku [8)], Bypnauxoir u ap. [9] BbIABMIM, YTO raaBHLBIC
CTPYKTYPHEIE 3IEMEHTHI FeOMarHHTHOro noss ApeihytoT Ha 3anaa co ckopocTsto 0,18 rpai/ron u
K ceBepy (CKOPOCTh CMEIUCHHS KOTOPOTO MEHBILE H MOXHO PaccMOTpPeTh, KaK SBJIEHHE BTOPOTro
nopska Ha dore 3anagHoro npeida [1]).

M3 Bcero BBILIEHINOXEHHOTO JIOTHYHO BO3HMKaeT BOMPOC - KaKoBa AWMHAMMKA
TnepeMeleH s, T.e. Kakop Jpeih MPOeKLHH MarHUTHOM ocU 3eMii BAO/Ib 3€MHON TIOBEPXHOCTH 3a
nocneauue 400 ner.

Ha puc.3 npHBoasaTcs MpoexiM: Ha NMOBEPXHOCTH 3emin GH3HYECKOH 3eMHON MarHMTHOH
OoCM and pasHeIX smox -1-1600r.,2-1700r., 3-1800 r., 4-1900r.,

5-1950 r., 6-2000 r. (3Be3104KaMU - * 06O3IHAYEHDI LEHTPH! MATHUTHBIX OCCit).

S - .
v
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Pre. 3. Npoexuny Ha noBepxHOCTH 3eMTH (GH3HHECKOH 3€MHOH MarHUTHOW OCH NS PasHBIX
snox -1- 1600 r., 2-1700r., 3-1800 r., 4-1900r., 5-1950r., 6-2000r. (3Bé3moyxamm - *
0603HaYeHb! UEHTPb! MArHHTHBIX OCE).

AHanu3Epys puc.3, IPHXOMM K CIEAYIOIUM BbIBOJAM:
1. ABHO HabmromaeTcs 3ananHbii Apeii¢-NpoaBHKEHHE IPOEKLUH 3EMHOM MarHUTHON OCH
Ha [TOBEPXHOCTH 3eMJIH K 3aialy C epeMeHHOM CKOpPOCThIO;
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2. B 5KBaTOpHAILHON 06nacTH CpenHAs CKOPOCTh 3aNaRHOTO Apeiida MpOoeKUHH MarHUTHOR
OCH BJIONb 3EMHO# MoBepXxHOCTH paBHa 0,15 rpan/ron (eciu He yuecTs 3amennenue ¢ 1800 no 1900
rr., 70 AMAt=0,175 rpan/ron);

3. JIOrMYHO MOXHO MPEANONOXHTB, YTO 3amafHbN ApeHd-bokycoB BekoBoro xoza [6],
HEJMNOIbHON YaCTH INIaBHOTO MarHUTHOTO MoiA [7], reoMarHHTHOro nons (O apXeoMarHUTHBIM
nanHbiM) [8, 9] M npoexumu MarHMTHOIN OCH 3eMNH BAOML 3€MHOH MOBEPXHOCTH ABIAETCA JMUIL
pa3HbIM MPOSBIEHHEM OJHOIO M TOrO XKe fB/ICHMS-NepeMelleHHs UCTOYHHKA (MM MCTOYHMKOB)
MarHMTHOIO 1mojiA 3eMJIM BHYTPb 3€MHOTO L1apa, ¥ 3TH HCCHENOBAHHMS KaK ObLl JOMOJHAKOT APYr
apyra,

4. HabmonaeTcs 10XKHO-CeBepHBI Jpelid NpPOIABUKEHNS LEHTPA MPOEKUMH 3EMHOM
MarHMTHOM OCH Ha [MOBEPXHOCTH 3eMiM C IOXKHOTrO MONYWAPUA B CEBEPHOE C IepeEMEHHON
CKOPOCTBIO;

5. cpeaHsis CKOPOCThb Apeiida K0XKHO-CEBEPHOW KOMIOHEHTBI LIEHTPa NPOEKLMH MarHUTHOM
ocH Ha nosepxHocTH 3eman papHa 0,10 rpaz/ron H Ha xBa mopaaka Gonblie, 4eM MPH3HAHO B
HAcTosLIee BpeMs.

Ha puc.4 npuBOmATCA NPOEKIHMKH MAarHATHOH OCH 3eMIH - B MEPUAMOHAIBHOM MI0CKOCTH
(mpoxonAme# yepes ['puHBUYeckuit MepuauaH (puc.4a) M 3KBATOPHATBHON MIOCKOCTH 3eMITH
(puc.46) nns pasnsix 3nox (1-1600r., 2-1700 r., 3-1800 r., 4-1900 r., 5-2000 r.).

Puc. 4. [Ipoekuun MarHuTHOM ocH 3eMnM B MepUAMOHANBHOM MIOCKOCTH (NMpoxonsuled yepes
I'puHBHYCKHIA MepHIuaH — (a) U 3KBAaTOpHaNBHOH miockocTd 3emnn (6), ans pasHeix amox (I-
1600r., 2-1700r., 3-1800r., 4-1900r., 5-2000r.). O6o3nayenns: Rp,, - rpaniLa BHEMHOTO Anpa,
R~ BHYTpeHHEE 511p0, [13- nepexonnas 30Ha.

AHaTH3upyA pHC.4 IPUXOJAHM K BBIBOJAM:

1. LUEHTpBl MpPOEKLMH MarHHTHOH OCH B MEPMIMOHANBLHOW MIOCKOCTH 3emin (puc.da) 3a
nepuox 1600-1900 rr. HAXOAMITKCH 3anaiHee oT LeHTpa 3emiu ¥ Obinu cMemmens! Ha (100-200) km.
C 1900 no 2000 ronos, BeNMYHHA CMEIIEHHA W3MEHHNIAa HaNMpaBNeHHE — C 3anafa Ha BOCTOK W
napajuieNsHo nepeMecThnack Ha 1000 xu;

2. UEHTPbI MPOEKUMH MArHMTHOH OCH B JKBATOPHANBLHOM IIOCKOCTH 3eMIH, B CPENHEM,
PacnoNoXeHbl B I0XHO-3aNa/IHOM HanpaBIeHUN (}\/’31500 3. noinr.), ¥ co BpeMeHeM ( VIR pasHBIX
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310x) HabmoaaeTCs OrpyKeHHe ¥ BCIUTbIBAHUE NIPOCKUHH UEHTPa 3eMHOMA MarHHTHO# OCH B 30He
BHELIHETO SAPa U HHXHEH MaHTHH.

[lonyuenHblii  HaMM pe3yNbTAaT HAXOAMTCA B cornacud ¢ pesynbTatom E.Bynnapna,
NOPo6HO aHANM3MPOBABIUEr0 0COG0 MHTEHCHBHBIE BEKOBbIE BAapHallMM OKOMO IOXHOH Adpuxu
[10, 11].

Ha puc.5 npuBOAMTCA BpEMEHHOE (AN PpAa3HBIX JMO0X) NOTPYXXEHHE M BCIUIbIBAHHE
MPOEKUHMH IEHTPA 3eMHOM MarHUTHOR OCH B 30HE BHELLHEro Apa - B o6aacti ot 2400 kM. 1o 3600
KM. OT LIeHTpa 3eMau.

R
Hwxunn
MaHTHA
3400
3000 Bueumee
AOpo
2600
[ N N ToAHL

A

2200 y
1600 1700 1800 1900 2000

puc.5 BpeMeHHOe (4719 pasnbIX 3MOX) MOrpy)KeHHe W BCIUILIBAHME NPOEKLHH LEHTpa
3eMHOA MarHMTHOH OCH B J0HE BHEIUHETO AAApa - B 06nacTu ot 2400 kM a0 3600kM oT
LEeHTpa 3eMITH.

OcHOBHBIE Pe3y/ILTATHI HCCAEA0BAHUA CBOAATCH K ClIEAyoUeMy:

1. BbLABNIENA CKOPOCTB 3aMAfHOrO M CEBEPHOTO Jpelha MPOEKUWH 3EMHOH MAarHUTHOR OCH
Ha 110BEPXHOCTH JeMiy; .

2. YCTAaHOBJ/IEHO, YTO MPOEKLHA MarHUTHOH ocK 3eMJIH Ha NMOBEPXHOCTH 3eMJIN HelpepBIBHO
nepemeLaeTcs K 3amany co cpeiHeid ckopoctbio 0,15 rpag/roa. [MonmyuyeHHslii HamMu pe3ynbTaT
3ananHoro Apefa HaxoaMTCA B COrNAcHM co cpeaHeil ckopoctbio 0,18 rpag/roa, nonydeHHo#H Ans
¢oxycos BexkoBoro xona (Bectun u ap. (6], HeaunonbHo# yacTH rnasHoro noas (Byanapa u ap. [7]
M TEOMarHMTHOTO OIS N0 apXeOMarHUTHIM JaHHbM (FOxuTaku [8], Bypnaukas u ap. [9]);

3. YCTaHOBINEHO,4TO LIEHTP NMPOEKLHH MarHUTHOM OCH Ha MIOBEPXHOCTH 3eM/IH BO BpEMEHH
HCTILITBIBAET MeneHHblil apeiid k cepepy (co cpemueit ckopoctsio 0,1 rpag/ron). [MomyueHHbH
HaMH pe3yNbTaT CEBEPHOTO Apeiida Ha aBa nopsaaxa 6onblue, YeM NPH3HAHO B HACTOALIEE BPEMS;

4. BBIABNIEHO, YTO HMCTOYHHK MAarHHTHOIro nons 3eM/IM HaxXOOUTCH B HOXKHO-3aMaTHOM
HanpasicHUK (A=150°W) Ha rnyOMHe pasjiena BHEIUHETOo sApa - MaHTUH (cpejHee PacCTOSAHHE ~
3000 kM. oT ueHTpa 3eMiH), U CO BpeMeHeM (A4 PasHbIX 3MOX) MCIBITHIBAET BCIJILIBAHUA (MaxX
3600 xM.) 1 norpyxenus (min 2400 km.);

5. M3 BCEro BBILEM3NOKEHHOrO JIOTMYHO NPEANONOKMT, YTO 3anaaHbiii apedd: Ppokyco
BEKOBOrO XOAa, HEJMMOJIbHOH YacTH IJaBHOrO MarHMHTHOrO MOjs, TeOMarHUTHOro Inojs (1o
apXeOMarHUTHBIM [JaHHBIM) W Ipedd nNpOeKUMH MarHWTHOH ocH 3emiiM BIONb 3eMHOM
TIOBEPXHOCTH, B MEPHAHOHANLHOH M IKBaTOPHATLHON INOCKOCTAX SBAAIOTCA JHMIUbL Pa3HbIM
MpOSBICHHEM ONHOTO M TOrO K€ SBIEHMS - NEpeMEIUeHHWs WCTOYHMKA (WIM HCTOYHHMKOB)
MarHUTHOTO NoJIs 3eMJIH BHYTPH 3€MHOIO IIapa, X 3TH HCCIENOBaHUS Kak Obl ZOTIOMHMOT APYT
apyra.
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JPEH® IMPOEKLIMM TEOMATHUTHOM OCH - BAOJIb 3EMHOI
NOBEPXHOCTH, B MEPHMOHAJILHOM U JKBATOPUAJILHOM
IUIOCKOCTSIX 3EMJIH 3A NNOCJEIHHUE 400 JIET

YUxernsn A.M., Forouypn J.b.
Pegepar

IpennoxenHelii HaMH MeTOM — JApefi¢p NPOEKUHMH TEOMAarHHTHOH OCH BIONb 3EMHOH
MOBEPXHOCTH, B MEPHAHOHAIBLHOM M 3KBATOpPHANBHON MaockocTax 3emnu u apeiidp — dokycos
BEKOBOTO XO0/a, HEAWNONbHONW YacTH IJIABHOTO MArHUTHOrO MOJIA, TEOMarHHTHOro noAs (ro
apXEOMarHUTHBIM [JaHHBIM) ABNAETCA UL PAa3HBIM MPOABJIEHHEM OXHOTO M TOTO XK€ ABJICHHA —
ICPEMELIEHHS UCTOYHHKA (MM HCTOYHHKOB) MarHMTHOTrO NoJjs 3eMiIM BHYTPH 3€MHOrO Luapa, H

3TH HCC/IEN0BAHHA KaK Obl JONOMHAIOT APYT Apyra.

THE DRIFT OF THE PROJECTION OF THE GEOMAGNETIC AXIS -
ALONG THE EARTH SURFACE, ON THE MERIDIONEL AND EQUATORIAL
PLANES OF THE EARTH FOR THE LAST 400 YEARS

Chkhetia A.M., Gogochuri D.B.
Abstract

The method offered by us-drift of the projection of geomagnetic axis-along the earth
surface,on the meridionel and equatorial planes of the earth,drifts-focuses of the secular variations,
the main earth’s magnetic field of the undipol part and geomagnetic field (by the archeological
data) representes one and the same phenomenon-location without a break of the spring (or springs)
of the earth magnetic field inside our planet near the boundary division of the external nucleus and
robe.The complax investigation of the drift of the spring of the Earth’s magnetic field by the extent methods
additions each other and lets us to mean fully the interpreted value of the physical nature of the phenomenon.



dobgogm bmasl agmgebogolb 0bbGogmdol Tamiygde, ¢. X, 2008
Transactions of Mikheil Nodia Institute of Geophysics, vol. LX . 2008
Tpyast HMuctutyTa reodusnkun um. M. Hoawa, T. LX, 2008

COJIHEYHO-CYTOYHBIE BAPHAIINM ¥ AHOMAJIBHBINA POCT
JXXECTKOM KOMIIOHEHTbHI KOCMUYECKOI'O M3JIYYEHHS

Xasapamsze H.I',, Bakpanse T.U., Banumsuan I'. K.
Hucmumym zeopusuxu um. Muxauna Hodua, 0193 Téuucu, yn. M. Anexcudsze 1.

B wawmx pannux pabotax [1,2] coofwanock 0 TOM,4TO p-ME30HHAA KOMMNOHEHTa KOCMHYECKHX
ayued (KJI) nposenseT aHOMaintO MpH MNepeceveHHH 3emned HEeMTpabHbIX CI0EB MEXMNIAHETHOro
marHuTHoro nons (MMIT). Mbl gyMaeM. 4To 3Ta aHOManus He Cly4aliHa u CKOpee BCEro CBA3aHa C LEMbio
NPOLECCOB. COMYTCBYIOWHX nepeceyeHnto 3emned HelTpanbHbix cnoes MMIN. Ecan wucxoumts u3
6unonapHoil moaenn obuwiero marHuTHOro nons ConHua, BLITAHYTOTO COJIHEYHBIM BETPOM A0 TPaHHLL
ConHe4YHOW CHUCTeMBI, IEFKO BUAETD, YTO NOJE pa3aeneHo Ha CEBEPHOE W HOXHOE MOAYILAPHS Y MArHHTHOTO
akBatopa. PHIHYECKOH rpaHMLel pasaena ClyHMT HeHTpanbHbIH TOKOBBIH CNOH, KOTOPbIA mepecekaeTcs
3emneili NpUMepHO oAMH pa3 B Heaemo. IlepeceueHne HEHTPAIbHOrO CNOS Ha caMOM Aene O3HavaeT
nepeceyeHnHe rpaHuu cextopop  MMIL Tlpy 3TOM, BO-NEPBBIX, NPOUCXOAHT MOOYEpPENHAA CMeHa
uanpaeneHuit MMII, korna none umeer Hanpasiente ot ConHua Uy HaobopoT, ot 3emnn k Conuiyy; Bo-
BTOpBIX, 3EM/IA MPOXOAMT YEPE3 30HY HEHTPAJIbHOrO €104, FAE OTCYTCTBYET MarHHTHOE NONE W 3aMOTHEHO
ropsvell NnasMo#, B TPETBHX, MPOWUCXOWT [MEPECTPOiKa CHIIOBBIX JHHWH MArHWTHOTO mnonf 3emnu,
CBA3aHHAA CO CMeHoit AHA U Houwu [1,2]. [ToMHMO 3TOro, NOMKEH MPOMCXOAMTL Pa3orpeB BEPXHHX CJIOER
armocepsl 3emnu.

B pabotax [1,2] 6bU1H BblABIEHB! aHOMANBHbIE CYTOYHBIC BAPHAUNH MHTEHCHBHOCTH KOCMHYECKHX
aydeid. TTpH 3TOM, OCHOBHLIM KPHUTEPHEM BLIABNEHHA aHOMANbHBLIX CYTOYHbIX BapHalmii Obina olieHxa

T - ~
OTHOWEHHWA aMnITyn An (BOBpaCTaHMe MUHTEHCHBHOCTH HEHWTPOHHOH KOMMOHCHTbI HA CTaHUHH TOKMO) K

o~ - T N
aMILTUTYAaM AZ’ (BO3pACTAHHE HHTEHCHBHOCTH U-ME3OHHOH KOMMOHEHTBI HA cTaHuuu Harodis): A,/ A
Ecnu B3sTh HasemHble AaHHble Habnonenni KJ1 ¢ ucnpaenenHsiv Ha 6apomeTprueckuii addekr, To
oTHoutenus A /A, (roe A, u A - COOTBETCTBEHHO aMNAMTYbl CYTOMHBIX KoncGaHHit HEHTPOHHON H
KECTKOH KOMMOHEHT ) IO/DKHBI OTJIM4ATLCA B MOMEHTB! fepecedenua 3emneit nertpansHoro cios MMIT or
3HA4YEHUA B APYrHe MOMEHTBI, KOra HeHTpanbHbIH Col He nepecekaeTca 3emneii. Ha puc. npuseneHs!
ocpenHeHHble Kpu-auarpaMmbl  aMnaMTYR MepBOi FaPMOHHKH CONHEYHO-CYTOUHOH aHmM3oTporuK KJI no
AaHHBIM HEATPOHHbIX MOHWTOPOB cTaHumii Kunk (Ay), Tokuno (At) # Me30HHOrO Teneckona craHuun Haros
(An).

s o 5
Days

Puc. Ocpeptennsie Kpu —asarpamMms! aMmunTy s mepeodt rapmonnky CoNHeSHO-CyTOYHOR
aHusorponuu KJI 10 AaHHBIM HEATPOHHBIX MOHHTOPOB CTaHUMH Kunb (A,) Tokmo (At) 1 Me30HHOTO
Teneckona cranuuu Haros (A,).
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AHA1H3 MPOBEAEHHBIX HCCNENOBAHMI M JaHHBIX, MPHBEACHHBIX HA rPadHKe, AAlOT BOIMOXKHOCTL CAENATL,
no KpadHeH mepe, OBA 3aK/IOYCHHA: a) Ha MarHuTocEpHbIE BapHALMH, CBA3aHHBIE C MEPECTPOHKON
CHJIOBBIX JIHHHI 3EMHOTO MArHMTHOTO MOJS MPH CMEHE JHA W HOYH, HAKIAALIBAIOTCS AOMONHUTENbHbIE
BapHALMH, CBA3AHHbIE C MPOXOXAEHHEM 3emneii HeitTpanbHbix cnoes MMII, 3anmonHeHHbiX rosueii
nna3Moii; 6) NOCKONbKY CHCTEMa HEHTPaNbHBIX CAOEB CEKTOPHONH cTpykTypht MMIT Bpawaerca smecte ¢
ConnueM, 10 3dext cexropHoii cTpykTypst MMIT Ha 3emne aomikeH BO3HMKaTL Jaxe B chnyyae
cnoxoitHoro COTHUA M MPOSBAATLCS MPEXAE BCErO B HAHYHH BHAHMA TEMIIEPATYpHOTO 3ddekTa Ha
ME30HHYIO KOMMOHEeHTy MHTecuBHOocTH KJI, M3-32 NpUTOKA JOMONHUTENLHOW IJHEPrUM, BLIIBIBAIOLIEH
Harpes BEPXHHX CIIOEB aTMOChepb.

Henb3s oboriTh BHUMaHueM ¢akT |00%-npoueHTHOro yBENHYEHHA WHTEHCHBHOCTH JKECTKOH
KOMIOHeHTH! B cTpaTocdepe Han Epesanom 3a 30 munyT 80 3emnerpacenua 7 nexabpa 1988 r [3]. Hmenno
B ITOT JeHb YHWIKOKccKas 06cepBaTops 3aperncTpupoBaia nepecedeHue 3emieH HEHTPanbHOro cnoa
MMII. [Mepexoas! 3emnu U3 0AHOrO CEKTOpa B APYroi CKa3bIBAlOTCA Ha KOH(HIypaunH ee MarHMTOCheps! U
4acTO COMPOBONKAAIOTCA MATHHTHBIMU CyOYPAMH, HO BOTIPOC aHOMAJIBHOTO POCTA Ji-ME€30HHOH KOMMOHEHTBI
BBIXOJIMT 32 PAMKH KaK F€O(hH3NKH, TaK H aCTPODHIHKH.

TlocKOMbKY POAMTENAMH [-ME30HOB ABAAIOTCA «7» H «K» ME30HbI, TO A€J10 CBOAUTCA CKOpee BCero,
K B3aHMOOEHCTBMIO, (@ 3aTeM pacrajy) SAEpHO-aKTHBHBIX YaCTHLL BBLICOKHX IHEPrHil C BELIECTBOM.
HMeercs B BHAY B3aHMOAECHCTBHE BBICOKOIHEPrHYHOrO MPOTOHA C AAPAMH 230Ta M KHC/IOPOAA, a 3aTeM
CNOHTAHHBIH pacnan peanbhbiX «*» U «K*»-Me30HOB Ha P*-Me30HBI. ITOT BXKHBIA H CIONKHDBIA BONPOC YXKe
Gonbuie nonBeka HAXOAMTCA B LEHTPE BHHMAHUA (MIUKH BLICOKHX DHEPruH H 3neMeHTapHbIX YacTHl. Ewg
8 1950 rony Jhxopmwk u Jsanc Ha Gonbinx raybunax rpynTa 6000r/cM’, Ha CTaHLMK IOHIOHCKOTO METPO
Xon6opH, 06HapYKHAH aHOMAILHO BBLICOKOE 4HCIO p-Me3oHoB [4]. M3mepeHHa NpoBOAMNHCH Taloke Ha
ry6unax 2000 r/cm’ u 3400 r/cm’ ¢ NOMOWIBIO ANEPHBIX (POTOIMYALCHOHHLIX NETEKTOPOB ABYX THIOB
Hndopa C2 n HUndopa C5. Beuay Toro, 4to Takux ryOHH rpyHTa MOryT AOCTHraTb TOJILKO HacTHUbI C
BLICOKO#H MPOHHKAIOWEH CNOCOGHOCTBIO, KAKMMM HBJAIOTCA  N-ME30Hbl, TO HHKAKHX COMHEHHWH He
0CTaBaNoCh CYHTaTh HX KOCMHYECKHMH.

OnHako, 3TH 3KCNEpHUMeHTaNbHbIE (aKTbl MpoTHROpedaT paspabortanHoi JI.W.JopmaHom metoay
BBENCHHA MONpPAaBOK Ha MeTeoposnoruueckue 3¢ipexTvl, B YaCTHOCTH, Ha TemnepaTypHblii addewr [S].
Cornacho JfopmaHy, ecin p-MeaoHb! 3ddexTnBHo 06pasyioTcs Ha rnybune aTMocepbl COOTBETCTBYIOLLEH
NPHMEPHO 16 KM OT NMOBEPXHOCTH MOPA, TO NPH MOBLILIEHHH TEMNEPATYpbl 3TOT YPOBEHbL MOAHHMACTCA
BBEPX M3-32 PacLIMPeHHs aTMocdephl. B pelysbTaTe 3TOro reoMeTpHUeCkHii MyTb YAAHHAETCA, CTIOHTAHHbIA
pacnaj yCHIIHBAETCA H HHTCHCHBHOCTL MIOOHOB najaeT. [To Hawmm aaHHBIM, koraa 3eMAs NPOXOAHT uepe3
rpaHHUy CeKTopa, HaoGOpOT, MHTEHCHBHOCTb JKECTKOH KOMIMOHeHTbl pacTér. Kak oBBACHWTE 3TO
npoTuBopeyne?

Hauwn oueHkH nokasbiBaroT, YTO POCT HHTEHCHBHOCTH XKECTKON KOMIOHEHTbI NPOUCXOMMT 3a CuéT
060rallieHHS CNEKTPa BLICOKOIHEPTHUYHBIMH POAMTENAMH p-Me30HOB — «m» U «K» Mesonamu. B ceoio
oyepenb, BBICOKOIHEPTHUHBIE «M» M «K» ME30HBI MOTYT BO3HHKATb MPOTOHAMH 30HbI HEHTPATLHOTO CJIOA.

EcnH nomycTHTb, YTO NPH aHHHTHASA UMK TPOTHBOMONOXKHO HANPABIEHHbIX, BMOPOXKEHHBIX B M123MY
CWIOBLIX JIHHHUA MATHHTHOrO MONA, MPOTOHbI YCKOPAIOTCA MNa3MEHHOH TYpGONEHTHOCTBIO MW 3a cueT
Apyroro, ckaxeM, GeTaTpPOHHOro MexaHusMa [0 HeOGXOAWMBIX 3HEPruil, TO MPOTMBOPEYMA CTAHOBATCA
06BACHUMBIMH.

Ecnn wacte aHHHrMNALHOHHOM SHEPrMM PacxXoMyeTCA Ha pasorpeB BEPXHHX COEB aTMOC(epsl, B
Pe3y/LTaTe Yero reOMETPHUECKHH MyTh YATUHAETCS, TOFAa BHICOKOIHEPrHUHBIE POIMTENH MIOOHOB (TL™» M
«K*» Me30HBI YCNEBaloT paclajaTscs , YTO MPHBOAMT K OGOrALIEHHIO NOTOKA MIOOHAMH KK B HIKHHMX
cnosx atMocdepsl Ha ypoBHe Mopd, Tak M noa 3emseii B rpyHTe. O6 3TOM CBHAETENLCTBYIOT BhILUE
npuBeeHHbIe 3kcnepuMenTbl [hkopka U JvaHca, a Takoke pag paboT Apyrux aBTOpOB.
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COJHEYHO-CYTOYHBIE BAPUAIIMM U AHOMAJIbHBINA POCT
XKECTKO¥ KOMMOHEHTBI KOCMHYECKOI'O N3JIYYEHUS

Xa3zapaase H.I'., Bakxpanze T.H., Bannmsnan I'.K.
Pedepar
Ha ocHOBe ananu3a COJIHEYHO-CYTOMHBIX BapHalUMi, CBA3aHHBIX C TpoxoxaeHuem 3emseit
HeTPaNBHBIX COEB MEXMIAHETHOrO MarHuTHoro nona (MMII) paccmaTprBaloTes aHOMaNbHLIE BapHALMH
MeToZIoM cpaBHeHHs OTHoweHuH A /A, (rhe A, 1 A  -COOTBETCTBEHHO aMMIUTY bl HEMTPOHHON H -
ME3IOHHOM KOMMOHEHT) B MOMEHTHI mepeceyeHua 3emied HelTpanbhbix cnoés MMIL, co Bcemnu
OCTaJIBHBIMM C/Ty4asiMM, KOTJa HEHTPanbHbIi C10# He nepecekacTcs. 3emie.

JlaHo kauecTBeHHOE OGBACHEHHE aHOMABHOIO POCTa J1-ME3OHHOW KOMIIOHEHTH! NPH MCPECCUECHHH
HEATPANbLHOTO C/10A.
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SOLAR-DIURNAL-DIURNAL VARIATIONS AND ANOMALOUS GROWTH
OF THE HARD COMPONENT OF COSMIC RADIATION

Khazaradze N.G., Bakradze T.l., Vanishvili G.K.

Abstract

The anomalous variation of cosmic rays are considered by means method of A, /A , ratios comparison

during the crossing the neutral layer of IMF by the Earth on the basis of analysis of solar-diurnal variations
connected with the passage neutral layer of Interplanetary Magnetic Field (IMF) by the Earth (where

A,and A, are the amplitudes of neutron and p-meson intensity correspondingly), when the neutral layer is

not crossed by the Earth.
The qualitative explanation for the anomalous growth of p-meson component is given during crossing of

neutral layer.
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0 BO3MOXXHOCTH U3YYEHHUS COJHEYHO-CYTOYHBIX BAPHALMI C
MOMOUILIO HEUTPOHHOTO CYINIEPMOHHTOPA KOCMO®U3IHYECKOH
OBCEPBATOPHUH um. B. KOMABA

Xa3zapanse H.I',, Torya P.H., I'senecuanu A.U., Bakpamse T.C.,
Bannwsnau I'.K., Tyckns VLY.

Bseneuue

Kak n3pectHo, CONHEYHO-CYTOUHBIE BAPHALMKH WMEIOT HEGONBWYIO aMIAMTYAY - B npeaenax
HECKONbKHX JEeCAThIX Aoneii npoueHTa. Ho oHu 061anaioT BecbMa KOPOTKHM NMEPHOAOM, PaBHBIM OHWM
3€MHBIM CyTKaM , YTO [aeT BO3MOXHOCTb 32 KOPOTKMIi MPOMEXYTOK BpemeHH cobpate Gorarniit
CTATHCTHYECKHH MaTepHan - BOKHBIH 3MEMEHT B AENe H3YHEHUA BapHauni KOCMHYECKUX dy4ei. OnHako,
MOMHMO MaJIo¥ aMIIMTYAbl, CHTYALHA OCJOKHACTCS W TEM, YTO MPOUCXOANT CNOXKHOE HATOKEHHE OAHHX
CYTOMHBIX BapWauuit Ha apyrue. Tak, nHanpumep, 27 nHEeBHaA BapyauMs KOCMHMYECKHX JlyyeH, KOTOpas
NPOABNAETCA HAa BCeX WMpoTax, umea ammautyay (0.7+1.0) %, Moxer HacTonbko Mckazute COAHEUHO-
CYTOYHYIO BONHY, YTO OHa GyaeT OLIMGOMHO NpUHATa 3a JIyHHO-CYTOUYHYIO, HE FOBOPA Yxke O 3Be3HO-
CYTOYHBIX BapHaLHAX, WMEIOWMX elwe Bosee MH3EPHYIO amnauTyay. Bce 3T0 nokasbiBaeT, HACKOABKO
C/IOMEH BOMPOC O CYTO4HBIX BapHaLIUAX.

Tem He MeHee, U3yyeHHE 3THX BapHaUMi NO3BOMAET KOHTPOJIMPOBATHL ANEKTPOMATHHTHOE

cocTosiHe MarHuTocheps! 1 nnasmocdeps! 3emin, a, Cliea0BATENbHO, AaeT BO3MOXKHOCTD PErysapHo,
LIHPOKHM ¢POHTOM NMPOBOAHTH FQHHO-GHOHOFMHCCKHC HUCCNeI0BaHHA, HMEHLIWE »XKH3HCHHO BaXKHOE
3HaA4YeHHE AJIA NCATCAbHOCTH YC/IOBEKA.

Ecnu  JlyHHO-CyTOYHas BapHauMf KOCMHYECKMX JIy4eH BaXHA [NA  HIYHCHHA  (QUINKH
Maruutocdepst, To CONHEYHO-CYTOYHAN BapHaLMA NpPeACTaBiAeT OOMbUION WHTEpPeC A MCCHENOBAHHMA
JNEKTPOMATHUTHBIX YCAOBHH B MEXIUIAHETHOM NPOCTPAHCTBE M, TNPEXJE BCEro, ANA NOAYYeHHs
UHpOpMaLMKH O CTPYKTYpe PerynspHOro MarHWTHOMO MoNf B OKOJo3eEMHOM npoctpaHctee. Euie Gonee
UEHHbIE CBeJeHHA HeceT B cebe n3yueHue 3Be3AHO-CYTOUHO# BapHalLlMK.

Vke HECKONILKO JECATKOB JIET OCTAETCA OTKPbITHIM BONPOC O CYUIECTBOBAHHH HCTHHHBIX BapHaLMi
KOCMHYECKMX Jieueil Mo 3Be3AHOMY BpeMeHH. Pelwende 3TOro BONpoca MOXKET AaTh CBENEHHA O
NPOHCXOMACHHH KOCMHYECKUX JIyuyeH, T.e. 06 HX MCTHHHBLIX MEXAHHIMaX YCKOPEHHS W PacrpOCTPaHEHHA.
3Be3aHas aHH3OTPOMHMA MOXET ObiTb CBA3aHa AHOO C BHEraNaKTHYECKHM MOTOKOM KOCMMYECKMX Jy4ed
(Toraa 3TO pe3yaAbTaT BpalleHHA ranakthku), nubo ¢ auddysuedi KocMMueckux nyded 3a npeaesbi
T1aKTHKH NIPH [ANaKTHYECKOM MX MPOHCXOXACHWH. DPPEKT aHHIOTPONHH MOMET BOIHUKATH TAKOKE MpH
HEPABHOMEPHOM pacnpeneneHd HCTOUHUKOB KOCMHYECKHX nydeii B [anakTuke nam sHe e€. MNostomy ans
YETKOTO pa3fieIeHHs CYTOMHBIX BapHaLMA HYXKHbI TIMATENbHbIE H TOHKHE HCCNEAOBAHHMA C HCNONb3OBAHMEM
GONbLIOTO KONMYECTBA IKCTIEPHMEHTIbHLIX JAHHBLIX C yUeTOM koneGaHui MarHuTHOro nons 3emnu.

MeroaMKka 3KCnepUMEHTA H 0XXHIAEMbIE PE3yIbTATbL,

Vuer BbluenepeuncicHHbIX (akTopoB NPHUBOAHT K HEOOXORMMOCTH MNOMCKA HOBBIX MyTeH W
BO3MOXHOCTEH NPOBENEHNA NPELE3OHHBIX 3MEPEHHI CYTOUHLIX Baphaumii. Heobxoaumocth nposeneHns
NOJOGHBIX W3MEPEHHIi, NpeXIe BCEr0 COMHEYHO-CYTOUHbIX BapuauMii, MPOAMKTOBaHa pAAOM
06CTOATENBCTB.

Umes B Hanuumu coBpeMenusiii 18NM64 Tuna cynepMOHHTOP, CKOPOCTH CdeTa koToporo 33, a
CTATHCTHYECKAd TOYHOCTL B 3 pa’a Bbiule OGLIYHOTO MOHWTOPA C HEGOMBLIUM CTaGHUIBLHLIM MEPTBBLIM
BPEMEHEM, TIO3BONAET HCCNEAOBATH THMBI BapHaLMi KOCMHHYECKMX y4eid CO 3HAUMTENbHO OONBUWIOH
TOYHOCTBIO. 3TO 2T BOIMOXKHOCTb OGHAPYXKHTH TOHKYIO CTPYKTYPY B H3MEHEHHAX WHTEHCHBHOCTH
KOCMMUECKHX JTyuicH, TaK HasbiBaeMbie, MHKpoBapHaumH [1].
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[Momumo TOro, YTo OyneT MPUBAEKATbCA BOIMONHO 60JiblIOE KOJMYECTBO AAaHHLIX MOHHMTODOB
MMpOBOF CETH CTAHUMiL, MbI Mpeaiaraem CROe0GpasHbii , OPUrHHANbHLIH METOA NONYHEHHS  BO3MOXHO

MaKCHMA/IbHbIX aMMAWTYA, KOTOpbl€ AOCTYMHBEL TONbKO CTAaHLHMAMH, KECTKOCTb MEOMArHUTHOroO rnopora

o6pe3anus KoTopbix coctasnser 4+5 s (2].

CoBceM HEIABHO, MarHUTOMeTpHYeckas o6cepsatopus rop. JlywerH, npu TEXHUHECKOM COACHCTBUN
ANOHCKWX Konner, Gbina OCHallleHa COBPEMEHHBIMH UMQPOBBIMH MArHUTOMETPaMK, OTBEHAIOLWMMH
MuposbiM cTanpapTam. [lockonbKy 3Ta ofceppaTopus BXOAMT B cekTop COMHEYHO-3EMHBIX CBA3EH n
pacnonoxena B 45 kM OT HaweH 06CEpBATOPHH, Mbl PELIMAN  PA3MECTHTL Ha HaILIEM CaATe, MaPALIENbHO ¢
AHHBLIMH HEHTPOHHOTO CYNEPMOHHUTOPA, CHHXPOHHYIO 3aNHUCh KONEBAHHIA MAarHUTHOTO MO 3EMTH.

CoBMecTHas paGoTa B CHHXPOHHOM pexume AByX 06CepBaTOpHi MarHMTOMETDPHYECKOH W
KOCMOGHIHHECKOH 0BBEACHHT HAILM YCHITHA ¥ NOMOXET PeliuTh PAA npobaem: kpome
TOr0, YTO NOABHTLA BOIMOXKHOCTL HEMPEPLIBHOTO KOHTPO/HPOBAHHA 3eMHOH MarHuTOoCephi, MO KpaiiHeit
Mepe B MaclwiTabax HAlWEro pPerHoHa, Mbl MONY4aeM BO3IMONKHOCTb OTHOCHTENBHO TOYHO OLIEHHBATh
aMNAHTYAY CONHEYHO-CYTOUHBIX BapHaLHi.

JleicTBHTENBHO, CHIHAN MOCTYNAIOWKMHA H3 MarHHTOMETPHYECKOH 00CEpBaTOPHM Ha Halll CaifT, AacT
BO3MOXHOCTb PAacCUHTLIBATL PeanbHblii MOPOT reoMarHWTHOro obpesanua R. Ans wmpoTsl Haiwed
obcepsaropuu. PaHblue, He MMeS TaKOW BO3IMOXHOCTH, PErHCTPUPYEMbBIE HALUMM CYNEPMOHHTOPOM
K0ne6aHUA CONHEYHO-CYTOYHBIX BAPHALIMIA BLINANANH U3 NONA PACCMOTPEHHUS U u3yyeHus. Teneps, korna R,
cTaHer Gonee peanbHbLIM M AHHAMHYHBIM BO BPEMEHH, Mbl CAENAaEM €€ MEPECHET, a, CIEA0BATENLHO,
epecyeT aMILIUTYAbl COMHEYHO-CYTOYHON BapHaLu A8 KaXKA0r0 MOMEHTa BpeMeHH. Takum o6pazom, Mbi
nony4um ceoeobpasHylo npeaBapuTenbiiytd  GUALTPAUMIO H3MEPAEMbIX BapHauWH OT BHYTPEHHHX
konebaHWii MarHuTHOro nons 3emau.

Ocoboe MecTO B HM3YYEHHH CONHEYHO-CYTOUHbIX BapHalUMi 3aHMMaeT nepeccueHue 3Jemieil
HEHTPAJILHLIX CNOEB MEXKNNAHETHOrO MarHuTHOro nons (MMIT). Ecnu ucxoants u3 GunonspHoi Moaenu
obuiero MarHuTHOro nons ConHua, BLITAHYTOrO COIHEYHbIM BETPOM A0 rpaHuy CONHEYHON CUCTEMBI IETKO
BHIETb, YTO MONE Pa3feNeHO Ha CEBEPHOE M KHKHOE MONYLIAPHA Y MarHWTHOTO 3kBatopa. Pusmueckoit
TPaHHLEH pa3fena CNYXMT HEATPATbHbIA CNOH, KOTOPbIH nepecekaeTca 3emned NPUMEpPHO OAMH pa3 B
Henemo. [TpoxoxkaeHue 3emnei 30Hbl HEHTPATBHOO CNOA 3aHHMAET NPOMEXYTOK BPEMEHH MPUMeEpPHO oT 10
MHHYT [0 24 4acoB, YTO TPHBOAMT K MCKAKEHW!O COMHEYHO-CYTOWHON BOMHL. [leno B TOM, YTO
nepeceyeHHe HEHTPANLHOrO C0A, MPH KOTOPOM, HAa CamMOM JeNie NMPOMCXOAUT nepecedeHHe TpaHuLL
cexkropos MMII, conposoxaaeTcs CloXHbIMH reoHIHYECKHMH Npoueccam, TpeOyIoWHUMH AalbHEHLIMX
JETalbHBIX HCCNEN0BAHUM.

Bo-nepsbix, npoucxoauT cMena nanpasnenuuit MIIII, BO-BTOpbIX, 3€MAs NPOXOAMT Hepe3 30HY
HEHTPAILHOro €10, rA€ OTCYTCTBYET MAarHMTHOE NMONE M 3aMOSHEHO rOpAYEd MNa3MOH, B TPETbHX,
NPOHCXONHT NEPECTPONKa CHNOBBIX NHHHA MATHWTHOrO nons 3eMJIH, CBA3aHHAsA CO CMEHOM AHA U HOYH
[3,4].

Bce 3T0 HeyKOCHHTENbHO NIO/KHO OTPA3HTLCA HA CONEYHO-CYTOYHON BOJIHE W, KAK HAM KaKETCH,
[1aCT HaM BO3MOXHOCTb BbISBUTL HHTEPECHbLIE N€TANH AaHHOH BapHAUMH.
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Mal‘HHTOMeT'pH"ICCKOﬁ OGCEPBHTOPMH r. llyLl.le’TPl, paccMoTpeHa BO3MOXKHOCTL MPOBEAEHUS CHHXPOHHbIX,
NPELH3HOHHBIX Mamepcuuﬁ COJTHEYHO-CYTOUYHBIX Bapuauui OPHrHHabHBIM METOAOM.

ABOUT POSSIBILITY OF INVESTIGATION OF SOLAR-DIURNAL
VARIATIONS BY MEANS OF V. KOYAVA COSMOPHYSICAL
OBSERVATORY NEUTRON SUPERMONITOR

Khazaradze N., Gogua R., Gvelesiani A., Bakradze T., Vanishvili G., Tuskia L.
Abstract
The possibility of carrying out of synchronous, precision measurements of solar-terresttrial variations by

application of original method is considered by means of unification of efforts of V. Koiava Cosmophysical
and Dusheti Magnetometrical observatories.
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3aconénnble NOUBLI PacnoNOXEHBI B HEKOTOPLIX 3acyuwnuebiXx paioHax Boctouwoit I'pysuu. O6was
NoLAaAb TAKMX 3EMEL COCTABAAET 3HAYHTENLHYIO TCPPUTOPHIO - okono 250 Teic. ra [1,2]). 3aconéuHsie
MOYBbI 1PAKTHYECKH HEMPHIOAHBI ANA CENbCKOXO3ANCTBEHHOro Npou3BoAcTBa. OHH XapaKTepH3ytoTCs
BECbMa HH3KOH ypoaiHOCTbio. Takue nouBbl B8 GOABLWIOM KONWUECTBE COAEPKAT TOKCHUHBIE BELLECTBA,
KOTOpbie NOA AECHCTBHEM arpOMENHOPAaTHBHLIX W  METEOPONOrMYECKMX MPOLECCOB PacTBOPAIOTCS,
NPEBPALIAIOTCS B APYTHE COMMH, PUILTPYIOTCA B rNyOb MOUBLI HAY JKE NOXHHMAIOTCA HAa NOBEPXHOCTD IEMIIH
M HaKaMIMBAIOTCA B OMpPENETEHHBIX 4acTaX noussi. [pouecchl akkyMynIsUMH U nepeHoca coneil B nouse
3ABMCAT OT MHOTHX ()aKTOPOB, B TOM 4HC/IE OT KIIMMATHYECKHX YCIOBHI TEPPUTOPHH H arpodHU3INYECKUX U
arpoXMMHYECKHX CBOMCTB nouss!t 3, 4].

B ecTecTBeHHbIX NPHPOAHBIX YCnoBHAX [py3uu, B paioHax ¢ BAXKHBIM KNHMaTOM, 3aCONEHHBIX NOYB
HeT. 3acoNéHHbIE NOUBbI BCTpe4aloTca ToNbko B BocTouHoi 'py3nu, Ha TeppHTOpHSAX KOTOPOH B pesynbTaTe
KalWaapHoro noaséMa COJIRHONO PacTBOPa M MCMAapeHWs BOASHOTrO Mapa, COMb OCaX(IaeTcs B BEPXHEH
4aCTH NO4BbI B BUAE KPHCTANIHUECKHX OTiokeHHH. Ecau arpoduanueckue cBoficTBa mousbl TakoBbl, YTO
npouecc HHGHNLTPaUMKM NpeobnanaeT Hal MPOLUECCOM KaTMIIAPHOIO MOABEMA, COMb AOKHA NEPEHOCHTLCA
B ray0b NOuBbL, M 3ACONEHHOCTb MO4BLI HA TMOBEPXHOCTH AOMKHA yMeHbwathes. IlocneaHee
NPeAnONOXKEHHE UCNONL3YETCA Ha NPaKTHKE ANA pa3lpaboTKH METONO0B PEKYJLTHBALMH 3aCONEHHBIX MOYB
{4, 5]. B HacTosllee BpeMs peKyNTHUBHPOBaHbI OKONO 84 Thic. ra. YpoaHHOCTb 3THX 3eMelb HH3Kas.
MNostomy paspaGoTka HOBLIX METONOB YNYYLUEHHS KauecTBa MO4BbI  MMEET BAXHOE MPAKTHYECKOEe
3HaueHHe.

OnHMM M3 TaKHX METONOB ABJAETCA YMEHBUIEHHE CONEHOCTH CONOHLOBLIX MOYB MYTEM MEXaHH4YECKOro
BHECEHH aKTHBHOTO COpOeHTa M NOCNENYIOLMEero M MEepPHOAHYECKOro opolueHus rnousst | 5). Cxema
NpoLecca YMEHbIUEHHA CONEHOCTH cneayiowas. B sepxuuii 30-40 cM cnoit nousbl BHOCAT aKTHBHbIA
copBeHT, koTopeli cnocoGeTsyet pacnaay NaCl Ha wowbl. TIpH OpOWwEHMM HOHBI HATPHA CBA3BIBAIOTCA C
MOJIEKy1aMH BOAb! H NEPEHOCATCA BMECTE C BOAOH B rNyOHHHbIE 4acTH nousel. B pesysnbrate ymenbulaeTca
conéHocTb B BepxHeH uacTH nousbl. Ilpu 3TOM BaxHO, 4TOGbI reodu3Mueckue CBOWCTBA MOHBLI
obecneunpanu 6bl npeobnanaHve npouecca MHOWIBTPALMK HAA KANMISPHBIM MOABEMOM BOAbl H
PacTBOPEHHOIH COMH.

Ienbto HacToAwweH cTaThi ABNAETCA pa3paboTKa MaTEMaTHUECKOH MOJENH BbILUEONHUCAHHOTO NPOLIECCa.
PaccMaTpHBacTCA aKTHBHBIA CNOM MOUBbLI C TOAWMHO#N 2 M. [10BEPXHOCTb NO4BBI FOPHIOHTANbHA W PHIHKO-
XMMHYECKHE CBOHCTBA NOYBbI OAHOPOAHbLI 110 FOPH3OHTANBHBIM HanpaBieHnusM.Toraa MoXKHO paccMOTpeETh
OHOMEPHYIO 327124y W NPOLECC PaCTBOPEHHA CONH H €€ HHOHILTPALIMIO ONKMCaTh C NOMOLUBIO CREAYIOLISH
CHCTeMbl ypaBHeHui [6, 7, 8 ):

% +afzi) = %[D(w + q)%} s
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% .9 94 croo

o + f(z1) az[D(ww)aJ Cl9-9.u), M
2 ca-qu).
c=1-M+Q

rae !- BpeMA; Z- BEPTHKANbHAA KOOPAWHATA, HAMPABNEHHAR C MOBEPXHOCTH 3eMAU B rnybL noussy;, w-
o6béMHOe coaepkaHHe BOoab B nouse; () - OGBEMHOE COAEPIkKAHHE B NOYBE HEPACTBOPEHHON (pakuMH
conn; ¢ - obbéMHoe conepianue B NouBe pacTBOpéHHOH hpakunu conn;  D- koddduuneHt anddysun
BOAbI H pacTBOPEHHONH dpakunn conn; M - 06béMHOE ConepkaHne HepacTBOPAtOWEHCA 4acTH noussl; C -
CKOPOCTbL PaCTBOPEHMA CONK; @ W [ OMUCHIBAIOT HHOHUALTPALKIO BOALI W PACTBOPEHHOH (paKLHH CONH B
nouse. Hx moxHO npeacTasuTh caeayiowum obpalom:

Ko % , xoraa K, 210° cm/c
a(zt)= N ,
w_OK(w) , xorma K, <10° cm/c
w+q 0Oz
K. %Zq- .korma K, 210° cm/c
Plzt)=
—LM worna K. <10® cm/c
w+q Oz
rae K - koadd T GunbTp 3 ko dHueHTOB PubTPaunH u AHpDY3HH onpeaenstoTcs

C NOMOLIBIO BbipaxkeHnii [7]:

3
K(x)=K . R(x), D(x)=D,  R(x), R=["—”‘i] b
o-x,) Vv

.
3peck x obo3Hauaer w waM ¢g; K., H D, SBAAIOTCA MAKCHMANbHBIMH 3IHAYEHHAMH

k0obdruvenToB GpunbTpaunH U AMGPQPYIHA, COOTBETCTBEHHO; O - NOPHUCTOCTh MOYBLI, x,- 06vEMHOE

coaepaHHe CBAIAHHOM BOABI B NIOYBE; V, - MONEKYAPHAA BAIKOCTL BOLLI H PACTBOPEHHOH CONH.

CKOpOCTb PACTBOPEHHS CONH B BOAE B NEPBOM NPHOAHKEHHH MOXKHO 3aNHcaTh ChEAYIOWHM 06paiom:

c-12,
79,0
rae T=const - BpeMs, 38 KOTOPOE AOCTHIAETCA HACLILEHHOE COCTORHHE; A- NOCTORHHbIH Ko3ddHuMenT.
Jins pewenns cucrembt (1) HCMOMBL3YIOTCA CAEAYIOLWME HAYANLHBIE U TPaHHYHbIE YCAOBMA:

w(0,z)=w,, ¢(0.z)=0, Q(0.z)=Q,(z)., «xorna i=0,
0<1<2x24y,
Wy + (0 - wy)sin 2% | xorza {30x 24w, <1< 32x 24,

w(t,0) = 484 60x24 <1 <62x24u,
w, JUIS OCTANIBHEIX t
aqglz.o) =19(10)/9. koraa z=0, @
ﬂ_—.ﬂ:o, korna z=H.
& o

CHCTeMa ypasHeRHii (1) ¢ yCnoBUAMH (2) PEIAETCR YUCAEHHO C OMOWBIO HEABHON MOHOTOHHOM cxems! [8]
Ha paBHOMEpHOI# ceTke. Mcnonb3yloTes criefyiolnye 3HaueHua napamerpos [4, 5]: H =2wm; T =/ uac;

G =0.35w; y=5x10"" m/c; A=0005 ; v,=v,; w,=007;
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Tabn. 1. 3HaveHHa ruapoYHUIHUECKHX 1aPaMETPOB 104 BbI

[ rny6una MOPHCTOCTH OCTaToK Cyxoi ko3 hpHuHEHT k03¢ PHUHEHT

(cM) NoYBbI CONH, dunbTpaumm, audpdysun,
| Q (r/100r) Ko (eM/c) Diem /)

0-20 l 0.7 045 5% 107 107
2040 06 1.04 1x ]0—4 107
40-60 05 1,32 107 10”7
60-80 0.5 120 107 107
80-100 | 05 I 1.20 107 107

’ 100-200 ’ 05 } 120 J 107 107

UnicnenHoe MogenupoBadse M3y4aeMoro npouecca ocyuectsasnocs 8 Tederue 90 cytok. Cornacxo
¢opmyne (2) B Teuenne 1-2, 31-32 u 61-62 cyrok nousa opowanacs. [pH 3TOM, 3a nNepBbIe 4eTbIipe 4Yaca
conepxaHue BOAb! Ha MOBEPXHOCTH MOYBbI AOCTHUrAI0 MaKCHMANbHOrO 3Ha4eHHs (MOPUCTOCTH NOYBbI) M
OCTaBaNOCL MOCTOAHHbIM B TeyeHWe 40 4acoB, MOCAE YEro, B TEYEHHE HETHLIPEX 4acOB MOCTENEHHO
YMEHBIIANOC 10 MHHWMAIBHOrO 3HaueHWa (06bEMHOro coaepxaHus cBA3aHHOW BOAB). Pesynbrarsl
YHCNEHHOTO MOAENNPOBAHHA HANIOCTPHPYIOTCA Ha pHC. 1- 4.

Ha puc. 1 nokasanel 3mopsl 06bEMHOTO CONEpXaHHA BOABI I/ Pa3tHyHbBIX MOMEHTOB BpeMeHH. M3 puc,
la BuAHO, HTO K KOHLlY MepBbIX CyTOk BEpXHHH 40 cM C/Ol MOYBLI MOAHOCTBIO HAchIleH BoaoH. Boaa B
HHXHHH C0H MouBb! elUE He MpoHHKNA. K KOHLLY BTOPbIX CYTOK Ha MOBEPXHOCTH MOYBbI COACPXKAHHE BOABI
3HAYHTE/bHO YMEHBILEHO U OHO HAYHHAET MOCTENeHHO MPOHUKATh B HIKHUA 40-60 cM cnoii noussl. K 15
CYTKaM NOBEPXHOCTb NOYBbI MONHOCTBIO OCYLIEHA M BOAHOCTb MOYBEI PacTET ¢ rny6uHOR. MakcuManbHoe
BOJIOCO/IEPKAHHE HAXOAWTCA Ha yposue okono 45 cm. Hue 3Toro yposHs BoaHOCTb pe3ko mapaeT. Tak
npogomkaeTca A0 TpHauaTH nepebix CyTok. Hauuwan ¢ 31 cyTku, H3-32 NOBTOPHOrO OpoLeHUs,
OMHCAHHDIH BbiLE NIPOLIECC MOBTOPAETCA C NEPHOAUYHOCTBIO, paBHOMN TpuauaTH cyTkam (Puc. 16). U3 aTux
PHCYHKOB MOXHO 3a8METHTb, YTO HHTECHBHOCTb MH(PHALTPALMH CYLUECTBEHHO 3aBUCHT OT MAKCHMAIbHOO
3HaueHHua kodpdrunerTa dpunbrpaunn. Mockonsky 3navenus Kpay , e yposua 40 cM, Ha oaMH u aBa
NOpAAKa MeHble, YeM 3HayYeHHA Ko, B BEPXHHX CAOAX, TO NMPOHWKHOBEHWE BOAbI B cnoli 40-60 cm
MPOUCXOAHUT 3HRUNTENLHO MEAnEeHHEE, yem B cnon 0-20 cm v 20-40 cm. B uenom nonyueno, uro 3a 90 cytok
B pe3y/bTaTe TPEXPA30BOro OPOLIEHHS, BOAOCOAEPKAHHUE NO4BbI CYLIECTBEHHO MEHACTCA NULLb A0 TNYGHHbI
80 cm. [ay6ke 0TMEHAETCH TONBKO HECYILIECTBEHHOE YBeHYEHHE 00BEMHOrO ConepKatus BOAbI.

a) W(r/100 r)

3
e 18 36 34 72 90 108 126 144 162 180 199

6) W(r/100r)

©.14 .

z
18 36 34 7z 90 108 126 144 162 1680 198

Puc. 1. O6bémuoe conepxanne Boabl B nouse (r/100 r):
a)t=1,2u4 15 cyrok —amopki |, 2 u 3, COOTBETCTBEHHO;
b)1=32,60,75un 90 -smopsi 1, 2,3 u 4, cOOTBETCTBEHHO.
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Ha puc. 2 noka3saHel pacnipefieneHHs B NO4YBE PaCTBOPEHHON BPaKUMH COMH ANA Pa3nH4HbIX MOMEHTOB
spemeHn. M3 puc. 2a BHAHO, YTO M3MEHeHHWe BOAHOCTH MOYBLI BbI3LIBAET COOTBETCTBYOLLEE BIHAHHE HA
COEpKAaHHE B MOYBE PacTBOPEHHOW (pakunM cOnH. B HauaibHBIA MOMEHT BPEMEHH KOHLEHTpALHs
PacTBOPEHHOR COAM B Noyse paBHa Hymo. C OpOWEHHEM 3eMNH U MPOHMKHOBEHHEM BOAbl B TMOYBY
HAUMHAETCA PacTBOPeHHe conn. B TeueHHe NepBHIX CYTOK PacTBOPEHO /MWL MAnOe KONMHYECTBO COJH.
Pacteopennie conu conpoBoxaaetcs €€ uuuaetpauueidi B nousy. [lostomy, mpu t = | cyTkam
KOHUEHTPaUMS PacTBOPEHHON CONKH MakcuManbHa Ha rybune 40 cm. B nocnenyiowme MOMEHTBI BpeMeHH
3HAYHTENBLHO PacTET 06BEMHOE COlEpKaHHE PACTBOPEHHOI COMM, NONOKEHHE €€ MaKCHMYMa TIOCTENEHHO H
MelNeHHO Tiepemenaercs B rmybuuy noussi. K MOMEHTY Bpemenn t = 90 cyTkam MaKCMUMaibHOe
cojiepyansie pacTBopénHoi conu pasHo 0.3 r Ha 100 r nousbI H OHO HaxoaUTCA Ha riybuHe 60 cm.

Ha puc 3a, 36 nokasatbl 3nt0pbl HepacTBOPEHHOH (pakunk coH. K3 pucyHka BUAHO, UTO pacTBopeHHe
NPOMCXOAUT B TEX 4aCTAX MOYBLI, KyAa NOCTyNUna HHQUALTPUPOBAHHAA BOAA. YMeHbllieHne 06BEMHOrO
CONEPXKAHUA HEPACTBOPEHHOH (pakuUMH CONK PaINUUHO HA PalHbIX YPOBHAX nousbl. OHO Gonbluoe B Crioe
20-50 cM. B uenom, 3a nepuon 90 cytok, 8 BepxHem 70 cM cnoe Nouesl NOAYYEHO yMeHbLIEHHe 00bEMHOrO
cofiepXKaHNA HEPACTBOPEHHOH paKuUnK COonH.

Ha puc. 4 noka3zaHbt 3MOpbl CyMMapHOro COAEpXaHHA (PaCTBOPEHHOTO W HEPACTBOPEHHOrO (pakLuii)
COJTH B MOYBE AN Pa3NIMUHLIX MOMEHTOB BpemerH. M3 pucynkos BuaHo, uto 3a 90 cyTok B BepxHem 60 cm
CNoe MOYBbI MOJYYEHO YMEHBIICHHE CYMMapHOro CoaepaHusi cond. Temn uaMeHeHus o6BEMHOrO
colepKaHHA CoMH painuueH. B Hauane mpoiecca OH HECKONBKO MEANCHHBIH, MOCTENEHHO pacTéT Ao
HaCTYNJIEHHs KBA3HMEPHOXMYECKOTO COCTOAHMA. HeomHOpooHO Taloke W H3MEHeHHe O0OBLEMHOro
COACPXKAHUA CONM B 3ABHCUMOCTH OT rnybutbl nousbl. B cnoe 0-20cm o6béMHOE coaepianne comu
ymetbueHo Ha 0.3 (r/100 r). MakcumanbHoe ymeHpIeHue 06bEMHOTO conepxkanus conu 0.5-0.7 (r/100 r)
nonyyeHo B cnoe 20-40 cM. Hixe 60 cM cymmaproe coaepxanue conu B nouse pactér. B cnoe 60-80 cm
06BEMHOE coaepxatue conu yeennyeno Ha 0.07-0.25 (r/100 r), a e cnoe Huxe 8 0 cm -2 M Ha 0.05-0.07
(r/100 r).

a) q(r/100r)

0.0%
0.07
0.04 s
0.02
o 18 3¢ 34 72 %0 100 126 144 162 100 A’:
6) g (/100 )
0.22
0.16
0.11
o.03
o 16 3¢ 34 72 %0 108 126 144 162 180 L:u
Puc. 2.
O6bEMHOE coiepKalne pacTBOpPEHHOI conu B nouse (/100 r):
a)t=1,2u 15 cyrok —a3mtopsl |, 2 1 3, COOTBETCTBEHHO;

b) t=132, 60, 62, 75 n 90 cyrok —aniopst 1,2, 3,4 n 5, coorsercTseHHO.
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a)  Q(r/1007)

108 426 144 162 180 198

18 36 5S4 72 90

by Q (/100 )

1.24
1
0.93
0.62 4
0.31
z
0™ 1a 3¢ 354 72 90 108 126 144 162 180 19%8

Puc. 3.
O6wEMHOE coaepkaHie HepacTBOpEHHOM conn B noyse (/100 r):
a)t=1,2n15cyrok —amops! 1,2 1 3, COOTBETCTBEHHO;
6) t=32, 60, 75 u 90 cytok — aniopwi 1, 2, 3 n 4, COOTBETCTBEHHO.

a) Q+q (r/100r)

z
18 36 54 72 90 108 126 144 162 160 19w

6) Q+q(r/100 1)

18 36 5S4 72 90 108 126 144 162 180 ;93



8) Q+q (r/100T)

1.31 1
0.
98 2

0.66

1
0.33

—
2
1] z

18 36 5S4 72 90 108 126 144 162 180 198

Puc. 4.

O6bémHoe conepxanue cymmapHo# conu B nouse (/100 r):
a)t=0,1,2u15cyrok —smopw 1,2, 3u 4, cooTBETCTBEHHO;
b)t=32,60,75u 90 cytok —3nmopbl 1,2, 3 u 4, cooTBeTCTBENHO.

B) t=0u 90 cyTok —3niopbi 11 2, COOTBETCTBEHHO

Ecnn cpaBHHTL pe3ynbTaTbi MOAESHPOBAHHS C NAHHBIMK 3KCMEPUMEHTANBHBIX M3MEpeHMil npoliecca
pacconenua [2, 4], TO MOXKHO 3aMETHTb, YTO OHM KA4YECTBEHHO BeCbMa GAM3KH. B KONMUECTBEHHOM
OTHOLUEHHWH 3TO Cka3aTb TPYAHO, MOCKObKY peaNbHbI MPOUECC HAMHOIO COXKHEE, YeM NPENTONKEHHAA
Moziesb. Kpome 3Toro, npotexanue Bo BpeMeHH npouecca HHGHALTPaLMM BOAbI M PACTBOPEHHOM hpaKLMK
COMH B NOYBY, M3IMEHEHHE BO BPEMEHH COAEPXKAHUSA CONY B MOUBE NOKA3LIBAET, YTO MaTEMaTHUECKAA MOJENb
B NEPBOM MPHGAKIKEHUH NPABUABLHO OMHCHIBAET PEANbHbIA rEOPUIMUECKHIH M FEOXUMHMUECKHH TPOLLECCHI.
[ToaTomy, MaTemaTHueckas Monefb TpebyeT AanbHEHLIEro YCOBEPLIEHCTBOBAHMA  MyTEM YTOUHEHHA
reoU3MYECKUX M TFeOXMMHYECKMX  (PAKTOPOB: YTOUHEHMS 3HAaueHWH KOI(PQUUMEHTOB (HALTPALMH W
audoyaun, onpeneneHWs CKOPOCTH DacTBOPEHMA COMM M €€  KPUCTANH3auWW, yuéra BAMAHUS
TEMNO(H3HYECKMX CBOHCTB OB W PACTHTEILHOCTH U AP.
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YHUCJEHHOE MOAEJMPOBAHUE YMEHbIUEHNSA
COJIEHOCTH COJIOHIIOBOH [TOYBBI

Cypmaga A. A, Tyrymn H. K., Hlapauamsuan JI. Y., Auuxnpeenan JI. H.,
Kyxanawsnau B. T'.

Pedepar

[lyTeM 4MCIEHHOrO MHTErpupOBaHMA YPaBHEHMA MHOWALTPALMH BOALI M PACTBOPEHHOH conn B
MoYBE YUCEHHO MOAENHPYETCA HCMONbIYeMbIH HA MPAKTHKE METOX YMEHbLICHHA CONEHOCTH B BEPXHEM
cnoe ConoHuoBO# nousbl. [lokazano, uTO MeTOA NpH ONpenenéHHLIX 3HAYEHWAX KOIpPHLIMEHTOR
MHQHUALTPaUKMK M AKdY3HH M TpExpasoBoro opolieHus 3a 90 CyTOK, MOXKET YMEHbLIHTh COMEHOCTb B
BepxHeM 70 cM cnoe nousbl. PacTBOpEHHAa® COMb M3 BEPXHEr0 CNOA MOCTENEHHO BbIMBIBAETCA M
TNEPEHOCHTCS B LTYGHHHBIE CIOW, NPHBOAA K HE3HA4UTENbHOMY YBEHYEHHIO CONEHOCTH NOYBbI Hike 70 cM.

NUMERICAL MODELING OF THE SALINITY DECREASE
OF THE SOLONETZ SOIL

A. Surmava, N. Tugushi, L. Shavliashvili, L. Intskirveli, V. Kukhalashvili

Abstract

By numerical integration of the water and dissolved nitrite infiltration equations in the soil used
on practice the method of reduction of salinity in the top layer of the solonetz ground numerically is
modeled. The numerical investigation shows that the modeled method, at the certain values of
coefficients of the infiltration and diffusion and at a thrice irrigation of the ground for 90 day, can
decrease the salinity in the upper 70 cm layer of soil. The dissolved salt from the upper layer
gradually is washed away and carried in the deep layer, leading an insignificant increase of the
salinity of the ground below 70 cm.
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0 BO3MOXHBIX TPAEKTOPHSIX OBJIAKOB 3ATPAASHEHUS B
ATMOC®EPE KABKA3CKOT'O PETHMOHA

Cypmasga A. A., Ksapanxeauns [. Y., Kyxanamsuan B. T

Hremumym veogusuxu um. Muxauna Hodua. Téunucu, 0193, yn. Anexcudse 1.
aasurmava@-yahoo.com

KaBKa3CKHMil peroH MOXKHO OTHECTH K PErHoHaM C MOBBILUEHHBIM PHCK-(AKTOPOM 38rpAIHEHUR
okpyxatouied cpeani [1, 6]. Penved pernona croxubiit ¥ cneUMPUYECKHi, CRENOBATENbLHO, H MPOLECC
PacnpoCTPaHeHHA 3arpA3HAIOUIETO BEUIECTBA B aTMOCHIepe NOJKEH MIPOKCXOAUTL OCOOBIM, XapaKTepHbIM
Ana pervoda, obpaszom. [loatomy uccnenoBanus BOIMOXKHBIX NyTel  PacnpoCTPAHEHWA BPEIHBIX
BeiGpocoB B atMoctepy Kaskasckoro pernoxa (KP) uMeior BakHoe TeopeTvueckoe W MPaKTHHECKOe
3HayeHue.

B HacTosweli cTaThe, HCNONb3yA METOAbl M MOAE/M Pacuéra NepeHoca 3arps3HeHHs B atmocdepe
[2, 3, 5, 7], noctpoeHa uMCNEHHas MOJENb PErHOHANLHOTO FIEPEHOCA MNACCHMBHOTO 3arpA3HAIOLLETO

sewectsa B armocepe KP? u uccnenomans! HEKOTOPHIE — AKTyanbHbIE BONPOCHI PaccMaTpHBAEMOM
npodnembl.

VpaBHeHHe, oNUChIBalOILEe NPOLECC PaCNPOCTPAHEHHA NACCHBHOM NpHMECH B aTMOC(Epe, MOXHO
3anucarh cneayowUm obpasom:

U +V v—, 1
ox’ 0yz P W

2 2
99,,%4,,%9,300_,[%, 049}, 1 0  0q
gt dx 8y & ph’ 8" B¢

rZie ! - BpeMs; X, ¥ U Z — A€KApPTOBbI KOOPAMHATDI, HANPABEHHLIE HA BOCTOK, CEBEP M BEPTUKANILHO BBEPX.
COOTBETCTBEHHO; § =(z-5)/h- GespaimepHaa BepTHKanbHas koopausata, h=H -5 -tonwmka cnos
atmocdepsl; H(t,x,y)- BeiCOTa Tpomomayssi, O(X,y) - BbicoTa penbeda; g- KOHUEHTPAUMA
3arpAIHAIOLUCIO BEWECTBAa B  arMocepe; u,v.W- COCTABNAKOWME CKOPOCTH BETPA BAO/bL KOOPAHHATHBIX
oceit x,y,5, COOTBETCTBEHHO; O(z) - CTaHAAPTHOE BEPTHKANLHOE PacMpeneneHHe MIOTHOCTH CyXOro
BO3AYXa; M M Vv - K03)QUUMCHTbI TOPU3OHTANBLHOA M BepTHKanbHOW TypOyneHTHoH anddyanu,
COOTBETCTBEHHO. U, V, W, h, 1, V - MEHSIOWIMECS BO BPEMEHH W  TIPOCTPAaHCTBE (YHKLMH, KOTOpblE

PaCcCYMTBLIBAIOTCA C IOMOLUBIO PETHOHANLHON MOJENH Pa3BUTHA aTMOChEPHBIX Mpoueccos Ha Kaskase (8, 9].
HauvanbHbie 1 xpaesbie yCOBHA CreaylowHe:

g=gp(x,y.8) nput=0;
8q/8x=0 npux=0, X, 9g/3y=0 npuy= 01V )
vdq/0c=Avlg npn ¢ =0; 09/9c=0npn ¢=1}.
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.
3necs J, =(u’('l,x.y,0)+ v"(r,x,y,v))/l - CKOpOCTb BETPA HA BEPXHEH rPaHNLIE NPHIEMHOrO CiOR
¢ =0. TlapameTp A - ymeHblwaiowascs no ssicore ynkuns [(8]. X'n Y rpanuLel 061aCcTH PEWEHHA 3a0aun

BAO/b OCEH X U Y, COOTBETCTBEHHO.

YucnenHoe unTerpupoBatue 3amadv (1) - (2) OCyLIECTBIEHO Ha CETKE C  y3/TOBLIMH TOYKaM{
26 x24x17. Hcnonb3osak METOR PacLUenseHus NO KOOPAHHATAM W MOHOTOHHas 4MCNEHHas cxema [4].
Lllark no ropHICHTANLHLIM KOOPAMHATAM paBHbl 50 KM, N0 BEPTHKANLHOH koopAHHaTe - 1/17, no Bpemenu —
I MuH.

TMposeaena cepuss YHCIEHHBIX 3KCTIEPHMEHTOB, KOrAa 06/1aka MPUMECH, ¢ HavanbHLIM OGLEMOM
(150x150x 1,5) kM’ u konuenTpaumeii g = 10 y.e.(yC10BHbIX AMHUL) B HAYATLHbLI MOMEHT BPEMEHH
06pa3oBaHbl B NOrPAHHYHOM CII0E aTMOC(Epb! Y 3aNTaHOM, BOCTOUHO#H, CEBEPHOM H I0XKHO# IPaHHLL perHoHa
M NEPEHOCATCS TeYeHHAMH, KoTopble PopMHpyIoTCA npi obTexanun KP 3anaanbiM, BOCTOYHBIM, CEBEPHBIM
M 10XHBIM (JOHOBBIMH BETPAMH, COOTBETCTBEHHO.

AHanu3 pe3y.ibTaToB MOJENHPOBaHMS NOKA3aN, YTO €CNH B HAaYalbHbIH MOMEHT BpeMeHH obnako
3arpA3HAIOLLero BEWECTBA HAXOAWTCA HAA BOCTOWHOW yacTblo YépHoro Mopa (y 3anajHoi rpaHHLbl
o6nacTn MoaenHpoBaHHA) U GOHOBLIH BeTep 3amafHbIfl, TO B Te4eHWe nepBbix |2 4acoB OHO, Kak eauHas
CHCTeMa, NMEPEMELLIaeTCA B CEBEPO-BOCTOMHOM HanpaBieHWW. B norpaHuuxoM cnoe atmocdepnt obnako
KOHLEHTPHPYETCA B OKPECTHOCTAX CEBEPO-BOCTOYHOW 4acTH YEPHOro Mopsa W 10ro-3anafHoro CkIOHa
[nasnoro Kaekaickoro xpe6Tta (puc. 1). INoa AeiicTeBueM anBEXTHBHOrO W KOHBEKTHBHOTO MEPEHOCOB H
TYpOYNEHTHOrO NepeMelunBaHHA OHO ReOPMHUPYETCA , ONHOBPEMEHHO PacluMpAich B FOPUIOHTANLHOM W
BEPTHKAILHOM HanpasaenusX. I OpU3OHTANLHAS NPOTMKEHHOCTb 061aKa MaKCHMANbHA Ha BLICOTE z ~ 2 KM.
3pect ke MAKCHMANbHA M KOHLEHTpaLWs npuMecH (g = 4,2 y.e.), koTopas ObICTPO yYMEHblIaeTcs OT
uentpa obnaka k nepupepun. CKOPOCTb FOPH3OHTATLHOrO MepeMellierus obnaka 3arps3HeHus He
oauHakosa. OHa yBeNHUHBAETCA NO Mepe YBENHUEHHS BbicoThl. [ToaToMy, ecn 3a 12 4aCOB HWXKHAA 4acTb
ofnaka nepemeteHa nuws Ha 250-300 kM, TO €8 CpeaHAA W BEPXHAS 4acTH 3a 3TOT XKE MPOMEXYTOK
BPEMEHH nepemellieHbl Ha BocTok Ha 500 -700 kM. B cootseTcTBHM C 3THM u3MeHseTca U dopma obnaka. B
HHXHel 4acTH aTMocdepbl 06/12K0 3arpAIHAIOLLErO BEILECTBa HMEET OKpYriylo (GopMy, a B cpeaHew
Tponocgepe — NPoAOATOBATYIO, YEM-TO TOXOXKYIO HR HaKOBANbHIO. B NOC/enylolMe MOMEHTbI BpEMEHN
(opMa ob/aka 3arpA3HEHHA MCTIBITHIBAET 3HAUMTENbHYIO AedopMaumio. K MOMEHTY Bpemenn (= 24 y
HIWKHAA 4acTb obnaka 3azepkusactcAd Hal KONxuackod HM3MEHHOCTBIO M BOCTOWYHOM 4HacThio UépHoro
Mopa. E€ ropuiontanbHoe ceueHne mmeer GopMy kpyra. B cpeameir uactu oBnako paccreneHo Ha
3HAYMTENbHOA TePpUTOPHK Han InasHeiv  » Manbiv Kaskaickumn XpeGramu, a eé ropH3oHTanbHOE
CeueHHe HWMeeT IMMnconaaibHyio gopmy. HeoaHopoaso Taloke W npocTpaHCTBEHHOE pacnpeneneHWe
KOHUEHTpaumii 3arpasHAloulero Beltectsa. Han Boctouwoii Mpysneit €€ MakcuManbHoe 3Ha4eHHE B HIDKHEM
1-2 kM cnoe atMoctepb B 2-2,5 pala MeHblle, YeM MaKCHMANLHOE 3HAYEHHE, MONyUEHHOE Haj 3anaaHod
Ipy3ueii. Ha muicote z = 4 kM MakcHMansHas KOHUEHTpauus NpuOnu3uTensHo pasHa 1,3 y.e. Ha sroii
BbICOTE MAKCHMa/IbHbIE 3HAYEHUA KOHLEHTPAUWH MOMyyeHbl B TPEX 06AACTAX — B OKPECTHOCTAX 3anMagHOM
yactu [nasHoro Kaekasckoro xpe6ra, Jluxckoro xpe6Ta W B LeHTpanbHoi 4acTh Manoro Kaskasckoro
xpe6Ta. KOHBEKTHBHbIH NEPEHOC BLi3bIBAET PacnpocTpaHeHHWe BewwecTBa A0 Gonbwnx (~ 10 KM) BBICOT.
Onnako Bbile 7 KM KOHUEHTPALHA NPUMECH Mana.

[lpn ¢ = 48 4 o6naKo 3arps3HeHWs NEPEMEILEHO Ha BOCTOK HAa 3HAYMTENLHOE PAcCTOAHME H
(aKTHYECKH HauMHaeT BLIXOAWTL u3 KaBKasckoro peruona. B 3TOT MOMEHT BpeMeHm, Kak W B [ = 24 4,
KOHUEHTDALUHA BElMECTBA MAKCHMAIbHA B HWXKHEM 1-3 KM CloE, HO OHa ymeHbleHa No4TH 8 20 pa3s no
CPAaBHEHHIO C €& HAHAILHLIM 3HAUECHUEM.,

Ha pic. 2 nokasansl H30IMHHH KOHUEHTPALNK 3arPA3HAIOUIErO BEWIECTBA g H BEKTOP CKOPOCTH BETPa
B 30HANbHOM MAOCKOCTH X0Z NpH [ = 12 . M3 pucynka BHAHO, 4TO NBa ropHbix xpebTa (JIUXCKHA H
[nasubifi  KaBkasckui), npensTcTBYs pacnpoCTPaHEHMIO 3arps3HAIOUIEro BELIeCTBA,  CMOCOGCTBYHOT
pasfeneHHio LebHOro obnaka u o0pa3oBaHMIO TPEX A4eex BHYTPH Hero. Takoil xaparep nepesanuBaHus
0bnaka 3arpAHAIONIErO BELUECTBA TMONYHEH TOMBKO B PaHOHAaX BHICOKHX XpebTOB, rae BhicoTa xpebta
npesuiaeT 2 kM. B cnywanx Hesbicokux xpeGTos o6nako mepesanuBaeT uepes xpeGer kaK equHOe uenoe
06pasosanye, NPHHUMAR CXOXKYIO C KOMETOH (OpMY.
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Hccnenosaus BO3MOXHbBIX TPaeKTOPHIi NEPEMEILEHNA 3arPA3HAIOLIErO BEWECTBA MOKA3ANM, 4TO
OHM CYLIECTBEHHO 3aBHCAT OT HAYaNBLHOrO MonoxkeHua obnaka. [Ipu cMelWEHHH HAYANBHOTO MOMONEHHA
obnaka Ha cesep Ha 150 KM OTHOCHTE/NBHO BbILIEPACCMOTPEHHOIO NOMOXKEHHS, CYUIECTBEHHO HIMEHACTCH
MyTs ero AankHeliwero pacnpocTpadenus. O6nako 06xoauT 3akapkasbe C CEBEPO-3analHOA CTOPOMLI,
PacnpocTpaHssch B OCHOBHOM BAOMb CEBEPHOTO CKiIOHa [nasHoro Kaskasckoro xpebTa.  Ecnn ke
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HayanbHoe NonoMeHHe obnaka HaxoauTes tokHee Ha 150 KM, TO KapTHHa pacnpOCTPAHEHMA CYWECTBEHHO
wHas. Bepxusa uacTh 3arpssssiolero o6iaxa, KOTOpas HAXOJMTCA Ha BLICOTE Z 24 KM OT MOBEPXHOCTH
3eMnH, NEPEMENIAETCA BAONL OCHOBHOTO TeueHus B CTOpoHy [lonTuiickoro Xpe6Ta H 10ro-3amaiHol HacTn
Manoro Kaskaickoro xpe6ra u B TeueHne 48 wacos BbiHOCHTCS C TeppHTopuu Kaskasa. Hikwss uacrb
o6naka, scneacTaie TypOYNEHTHOrO NepeMELIHBaHUA U HHCXOAALLETO ABHKEHHS B OKPECTHOCTAX CEBEPHOrO
cknona INouTwiickoro xpe6Ta, B TeueHHe 12 4acoB PacNpPOCTPaHSETCA Ha/l 1OT0-BOCTOUHOM HacTsio Y&pHoro
mops. B manbHeiiem, npu f= 24 4, 06naKo OXBATHIBAET MOYTH BCIO BOCTOYHYIO 4acTb YUEpHOro Mopa u
Konxuackylo HuamenHocTs. OHO MOCTENEHHO nepesanuBaer uepe3 Jluxckuh xpeber u pacnpocTpansercs
Hall TepPHTODHAMM, PacnonoeRHuiMM  Broab pekH Kypbl. K MomeHnTy Bpemenn = 48 w4 crenwt
3arpA3HAIOILErO BEUIECTBA OCTAIOTCA B BO3Ayxe Han Komxuackoit HM3MEHHOCTBbIO, APapaTckoi ROAMHOM,
Myramckoit # LlIupBanckoii ctenamu. B uenom, B TeyeHue Bcero npouecca NEpeHOCa, KOHLUCHTPauus
3arpA3HAIOLLErO BELECTBA B NOrPaIHYHOM Coe aTMOcepbl NOUTH HA ABa NOpAIKa GosbIIE, YeM B BEpXHei
4acTH Tponaceepbl.

Tp1 MoaenMpoBaHMH NpOLECCa MEPEHOCA 3arpA3HAIOLIETO BELUECTBA CEBEPHBIM (OHOBLIM BETPOM
nonyyeHo, 4to obnako BewecTsa, obpa3’oBaHHOEe B HaYalbHBIi MOMEHT BpeMeHH Ha ceBepe Kaskasa,
pacmpocTpaHseTca Hal 3akabkasbeM TPeMS OCHOBHbLIMH MyTAMM. Eciu B HauanbHblii MOMEHT BpEMEHH
obnaxko copmMHpOBaHO Ha CeBepo-3anaiHOi YacTbio Kaskaickoro pernoHa, To B MOCNEAYIOLUEE BPEMA OHO
PpacnpocTpaHAeTcA Haj 3akaBkajbeM, B OCHOBHOM OOTeKas H 4aCTHYHO MEPEBATHBAR Hepe3 3aMafHyIo YacTh
'nasoro Kaskasckoro xpe6ta. Ha myTh cBoero pacnpocrpanenus 3arpasHaiollee BEIECTBO 3aePXKHBaETC
TMoHTuiickum xpe6ToM, M B BOIAYXE Hal MpH3eMHbIM croem atmocgephl Komxuackol HUIMEHHOCTH OHO
ocTaérca u nocne 78 4acos, xoraa OCHOBHAs Macca BELIECTBA yike BbILLIA W3 paccMaTpuUBaemoii obnacTu.
KauectseHHO aHanOrHyHas KapTHHA NIEPEHOCA MPUMECH MOMY4EHA W TOrAa, Koraa oblako 3arpa3HAIoILero
BELLECTBA B HAYaNbHLI MOMEHT BPEMEHH HAXONMTCA HaJ CeBepo-BOCTOuHOH HacTbio KaBkaickoro pervoHa.
B 310M Cayuae OHO NEPEHOCHTCA AHTHUNMKIOHHYECKHM BHXpem, obxoaut [nasubiit Kasxasckuii xpeber ¢
CEBEPO-BOCTOHHOH CTOPOHbI, NPOXOAHT Hai KapTnuiickoii paBHUHON H vepe3 LICHTPATBHYIO H I0KHYIO 4acTH
Manoro Kaekaickoro xpeGra Beixoaut u3 pervona. Ecnu B HayansHbIi MOMEHT BpeMeHu obGnako
3arpA3HAIOLLEro BELUECTBa 06pa3oBaHO CeBepHee LEHTPANbHOW 4YacTH KaBKA3CKOrO perdoHa, TOrAa OHO,
npubnuxascy k [nasHomy Kapkaickomy XpeGTy, aenuTca Ha 3anafHoe W BOCTOHHOEe 00/aka, KaKAOE 3
KOTOPbIX NEPeMELIacTCA MO BLILIEONMCAHHOH CXEME.

[Mpouecc pervonanbHOro nepeHoca 3arpA3HSIOLLEro BEluecTsa, 06Pa3oBAHHOr0 Haj HOXKHOW 4acTbio
Kaska3ckoro peruoHa, B cny4ae o6TekaHus penbeda 0xkHbIM (POHOBbLIM BETPOM, CYLIECTBEHHO OTIHYAETCS
OT ONHCAHHOTO BbILLE Mpouecca. B 3ToM cayuae, NepeHOC 3arpA3HAIOLIETO BELLECTBA HA CEBEP NPOMCXOOWT
TONbKO ABYMst NyTamu. Ec/in B HauanbHbIii MOMEHT BpeMeHH 061aKO PACTIONOXKEHO K 3anadly OT CepefMHbI
10)KHO# MPaHULBL PErHOHa, TO OHO 06x0anT Manbiii KaBkaickuii u Inasubifi Kaskascknil xpe6Tbt no yacoBoi
crpenke. Ecan e B HawanbHulii MOMEHT BpeMenH OGNAKO PacnonoEHO B LEHTPE HAH K BOCTOKY OT
CepennHbl IXHOI rPaHULILI PETHOHA, TO OHO PACAPOCTPAHAETCA M0 LeHTPY H 06xoauT Manetii Kaskasckuii u
[nasubiii Kaskasckuii xpe6Ttul  npoTHB uwacopoil cTpenku. B ofoux cnyuasx nonydeHa 3agepika
3arpA3HEHMs HA YPOBHE NpHleMHOro cos atvocdepsl Haa Konxuackodl Hu3MeHHOCTbIO, ApapaTckoi
nonvHold, Kaptnuiickoi pasnuHoi, LLinpeanckoit 1 Myramckoii crenamu.

Oco6eHHOCTbIO BOCTOMHOTO [IEPEHOCA 3ArPA3HAIOMICIO BEECTBA ABAAETCH TO, YTO B HaYane npouecca
o6naka, o6pa3opaktbic Han GonbuieH 4HACTBIO BOCTOMHONM IPAaHUUbI PErHOHA, 3aXOAAT Hal PaBHHHAMH,
pacnonoxenusiMu Mexay Mansiv M InasueiM  Kaskasckumn xpebtamn. B nocnenyiouwee Bpems
3arpa3HAIONiee BEWECTBO NepeHockTcs Baonb Lllnpeanckoi M Myramckoi creneil u yepes KapTauickyto
paBHHHY nonanaer B Konxuuckyro HM3MEHHOCTb., YacTh 3arps3HAIOLIErO BELIECTBA  PACMPOCTPAaHAETCA
Taloke B0/, ApPapaTcKOH J0NMHLI ¥ NpUOMM3MTENLHO yeped uepe3 24 - 48 uvacos, nepeBannBas 4epe3
Maneiii Kaexasckuit xpeGer, nonanaer Ha Tepputopuio Konxunckoii Huamenwoctn. Cpenmee Bpems
nepeHoca 3arpA3HEHHA C BOCTOKA Ha 3amaj B NOTPaHHYHOM coe atMocdepsl coctasnseT okono 90-100
4acoB, a B cpeaneii Tponocdepe - okono 48-70 uacos.

C NoMowWBIO PUC. 3 WINKOCTPHUPYIOTCA OCHOBHBIE HAMPaBNCHHA NEPEHOCA LIEHTPOB 06/1aKOB NpUMecH
8 MOMPAHHYHOM C/loe aTMOCGEPLl B Cy4YanX CYWECTBOBAHMA YCTHIPEX OCHOBHBIX THMOB (HOHOBOrO
ABHXKEHHS. Onu  nocrpoexst nyTéM  0GoGuenns pe3ynbTaTos Pacu€ToB, MOAEAHpYIOWKNX
PacnpoCTPaHEHHE YCAOBHOMO 3arpA3HAIOLIErO BEUIECTBA MPH PasHbIX HaYaNbHbIX NONOXKEHHAX obnaka
3arpA3HEHUA W CKOPOCTAX (oHOBoro BeTpa. Ha puc. 3 cTpenkamu mokalaHbl HanpaBleHHR ABHXKEHWA 30H
MaKCHMaNbHBIX KOHLEHTPALHii BELLECTRA B MOTPaHUYHOM ClIOE aTMOChephbl.
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Puc. 3. Cxembl nepemeluents 304 MaKCHMANbHbIX KOHLIEHTPALMH, MOYHEHHLIX NPH
Pa3NHYHBIX HAUAIbHLIX NONOXKEHUAX 06naKos 3B (TEMHbIe anaunconasl) B
Cilyyasx: a) ~ 3anaaHoro; 6) ~ BOCTOMHOrO; B) ~ IOXKHOTFO; ) ~CEBEPHOro GOHOBOrO
BETPOB (M30AHHWH NOKA3bIBAIOT BLICOTY penbeda).

BuaHo, 4TO TpaeKTOpMH MX NEPEMELUEHHA CYIIECTBEHHO 3aBMCAT OT HAUaILHOrO MONONEHHSA
obnaka. 30HBI MaKCHMANbHBIX KOHLEHTPauMii B OKPECTHOCTSX BbICOKHX OpOrpadMueckux nperpas
nepeMellaloTca B0, 60KOBLIX CKIOHOB XpebTOB. B OkpecTHOCTAX HeBEICOKMX XpeGToB mpeoGnanaer
nepetekaHwe 3arpadHenus uepes xpe6Tbl. JIuxckuii  xpebeT wurpaer BaxHyl0 ponk B npouecce
PacnpoCTPaHEHHUs 3arpA3HEHHs B perdoHe. I1pu ceBepHOM M HOKHOM (DOHOBBIX BETPaX OH NpPENATCTBYET
pacnpocTpaHEHHIO 3arpa3HeHns M3 3anaaoit 'pysuu B BoctouHyio [pysnio u naobopor. B cinyuasx
BOCTOYHOrO M 3anajHoro ()OHOBOro BETPOB B MOTPaHMHHOM CNOE aTMOCQEPBI MEPEHOC 3arpA3HEHMA
OCYLECTBASETCA uepe3 y3Kylo monocy atMocdepel, pacronoxeHHOH Haa PukoTckuMm nepesanom Ha
Jluxckom xpeGrte. B cBoGoaHOW aTMocdepe MEPEHOC 3arpA3HEHHA MPOMCXOAWT BAO/bL HANpasneHus
toHoBoro serpa Ge3 CylIeCTBEHHOrO M3MEHEHHs TPAeKTOpHH ABMKeHuA. [IpnsenéHHas cxema, B obwWIMX
yepTax, CNpaBeIUBa W NpU APYIHX HaNpasieHusaX, GAM3KMX K OCHOBHBIM HanpasieHnaM (OHOBOTO BeTpa,
¥ ¢1a60 3aBUCHT OT BENMHM4YHHBI CKOPOCTH BETpa.
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0 BO3MOJXHBIX TPAEKTOPHUSIX OBJIAKOB 3AI'PSI3HEHHS B
ATMOC®EPE KABKA3CKOI'O PETHOHA

Cypmasa A. A, Ksapauxenns J1. Y., Kyxanamsuin B. T,
Pedepar

IyTeM uMCNEHHOrO WHKTErpHPOBAHMA ypaBHeHus nepeHoca-anddysun npuMecy HCCAEAYIOTCH
BO3MOXHBIE PACMPOCTPAHEHHA MACCHBHOTO 3arpA3HAIOLIErO BEWECTBA B aTMocdiepe NpH  YeThIPEX,
xapakTepHblx s KaBkaickoro perHoHa THnax ()OHOBOro ABHieHHA Bosayxa. HeobGxoaumbie a1
MO/ENUPOBAKHA METEOPONOTHHECKHE NOMIA PACCUHTBLIBAIOTCA C NOMOWBIO PETMOHANLHON MOAENH PAIBHUTHA
a™ocepHbIx npoueccos Ha Kasxase. [lokasaHo, 4To penbedp pervoHa CyWeCTBEHHO BIMAET Ha
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NEpEMELICHHE 3arpA3HAIOIIEro BelecTBa B NOrMPaHHYHOM Cloe aTmoctbepu. CoctaBniena cxema
BO3MOXXHOIro NEPEMELUCHUA 30H MaKCHMaNbHbIX KOHLleHTpaI.lMﬁ fIpUMECH NPpH Pa3NHUYHBIX HAYUATbHLIX
nonoxennsx obnaka 3arpA3HAIOULErO BellecTna.

ABOUT POSSIBLE TRAJECTORIES OF POLLUTING CLOUDS IN THE
ATMOSPHERE OF THE CAUCASIAN REGION

A. Surmava, D. Kvaratskhelia, V. Kukhalashvili
Abstract

By numerical integration of the transfer-diffusion equation the possible distributions of passive
polluting substance in the atmosphere for four types of background air flow characteristic for the Caucasian
Region are investigated. The fields of meteorological elements necessary for modeling are calculated with
the help of regional model of development of atmospheric processes on the Caucasus. It is shown that the
Caucasian Region relief essentially influences on the polluting substance distribution in the atmospheric
boundary layer. The scheme of possible transfer of the maximal concentration zones at various initial
positions of polluting clouds is obtained.



W3MEHYMBOCTb JJEKTPOIIPOBOAHOCTH BO3AYXA KAK
®AKTOPA YHCTOTbI ATMOC®EPH!

'Amupanamnan A.T. 'Matnamsuin T.T., 'Hoxun A.T., *Hoaun X.A.,

'Xapunnana J.®., ' Xynmxya A.E..*Xypomse T.B., "Yuxnamse B.A.

! Hucmumym ceopuzux ww. Muxawna Hodua, 0193, Téunucu, yn. M.Arexcudsze, |, Avio_Amiranashvili@Excite.com

Téunucckuit 2ocydape 1y
 Hucmumym ewuuciumensuoi vamesmamuxu wv. H. Mycxenuwaun, 0193, Téunucu, yn.Axypu, 8

em . M xwcasax

0128, Téurucu, np Y. Yaewaaadse, |.

H3BecTHO, 4TO OAHMM K3 BaKHBIX ACMEKTOB aTMOCHEPHOrO INEKTPHYECTBA ABNRETCA €ro
6uonornueckoe aeficTBuc. B uHAYCTPHANbHLIX paiioHax 310 aeicTBue OOLIYHO NPOMCXOAHT BMeECTe C

HEraTHBHO

BIHAIOUWIHUMH

Ha OpraHuM

4yenoseka

NPOMbILICHHLIMH

sarpssHeqnamu  [1,2). B

MNO3ArPAIHEHHBLIX PAaHOHAX (CENbCKAR MECTHOCTb, KYPOPThI, FOPHBIE PErHOHbBI M [Ip.) NMapameTpbl

aTmoctepHoro

3NEKTPHYECTBA

(31eKTPONpPOBORHOCTb

BO31YyXa,

KOHUEHTpauua JIETKHX  HOHOB,

HAMPAKENHOCTb INEKTPUHECKOTO NOSA) BO MHOTOM OMPEAENRKOT IKONOIHYECKOE COCTOAHHE CPelbl.
Caegenns 0 HOpMax COAepHAHUSA 1ErKHX MOHOB B BO3AyXe ( 3MeKTPONPOBORHOCTH Bo3ayxa JI1B)
M iX (HM3IMONOrHYCCKOM JefiCTBMM Ha OpraHu3M YenoBeKa NpeacTaBieHsbl B Tabn. 1.

Tabn. 1

CaHuTapHble HOPMBLI cOaEpPKaHus erknx Honos B Bo3ayxe (I/1B) n ux dusnonoruueckoe
pefcTBHe Ha OpraHnIm venosexa [ 3-5 ).

Pacuer /1B npon3soAHACA NPH THAUCHMAX CPEAHEH NONBHIKHOCTH NONOKHUTENLHBLIX HOHOB — 1.4
cm'/B cex , W OTpHLATEBHBIX HOHOB — 1.9 cM/B cex [ 6] .

KOoHUEHTpaums Nerkux HOHOB,
&)
cm™ (B ckobkax — JI1B
15 YposeHb DHINONOTHYECKOE peiCTBHE
107"/ oMm'M)
TMonoxurensHble | OTpuuaTEnbHbIE
0 | M | oo e s SeGeee
(9) (18) HeoBXxoMMbIH P LEHTPALIMK OTPULATEIbH
WOHOB HaJl NONOIKHTENBHBIMU
OnTUMH3aUNA KPOBAHOTO NaBEHMUS,
1500-3000 3000-5000 NONOXHKTENLHOE BAMAHME HA TeueHue Gonesnei
(34-67) (91-152) Osmrumansyudi AbIXaTenbHbIX Opranos, 6pOHXHANLHON aCTMBbI,
AHTHCENTHYECKOE AeFicTBHE W NIp.
50000 50000
(120) (1520) MakcumansHotit OtpHuatensHas peakuns OpraHuimMa
Menee Menee M Yeranocts, ocnabneHue BHUMaHHA, 3aMeLNEHHE
enbuie
300 300 Ppeakunii, yxyaAuweHne namaTh, rojosHas 6o,
MHHHMANBHOTO
(7) 9) HaPYLWIEHHE PEXXUMA KPOBAHOIC NABJIEHHA K AD.

B ycnoeuax xopowei NOrofibi B FOPOACKOM BO3AYXE KOHLEHTPAUMA NErkHX HOHOB COCTAR/IAET
npumepro 500 cM™ | a B cenbckoii MecTHocTH — 1000 cM™. Takum 06pazom ¢ GHONOrHYECKOR TOUKH 3peHns
YCNOBHA B TOPOAE H CENbCKOH MECTHOCTH COBEPWEHHO pazniyhbl [7]. OBbIYHO H3MEHEHHE KOHLIEHTPALHH
NErKHX MOHOB ONEPEXKAET N0 BPEMEHN W3MEHEHHE METEOPONOTHUECKHX YenoBuil. CamodyBeTBUE yenoBeka

186



JABHCHT OT COOTHOWCHHA MEKAY KOJHYCCTBOM NOJOKHTCALHBIX W OTPHUATCALHLIX HOHOR B CAMHMIC
obbema BO3ayXa. 3GBO,ﬂCKMt‘ AbIMbI  BbI3bIBAIOT  YMCHLLICIHIHE  KOJIMYECTBA OTPHUATE.IbHBIX  HOHOB.
BeHTUNAUMA B NOMEUIEIIMAX BLIZLIKACT YMCHLUICIHE KOAHUECTBA NOAMKHTELILIX HOIIOB, I YMENbLIas
KOHUEHTPALMIO OTPHLATENbHBIN HOHOB [8].

3HA4YMTENIBHOE CHIKEHUE CYMMapHOH NPOBOAHMOCTH BO3AYXa MHGOPMHDYET OPraHHiM o
BOIMOXHOM (OPMHUPOBAHHU MOTOAHBIX YCNOBHH C THMOKCHYECKMM 3(GEKTOM, NposBAAIOWAMCA B
opraHHMe yrny6neHMeM CHMNTOMOB XPOHMUECKOW KMCIOPOAHON HEROCTATOMHOCTH ( aobhi Ha obutylo
CnabocThb, MOBBLIWEHHYIO YTOMIAEMOCTb, OABILIKY, cepalebHeHHe, CHUKEHWE apTEPHANBHOrO AaBNEHMS,
yxyawenve OyHKunit abixauua M kposooGpaueHns W ap.). Takue H3IMeHeHMa aTMOC(eEpHOro
3MeKTpHUecTBa Hanboec 4acTo HabNIOAAIOTCA NEPEA YCTAHOBAEHHEM LIMKAOHA, MPH NPHEIXEHHH TENNOTO
armocepHoro hpponTa MAK GPOHTA OKKNIIOIMK NO THNTY Tenoro GpoHTa.

o maHHbIM cxopo#i MeauumHckoii momoww r. JlenuHrpana 3a Tpu roja, XapakTepH3yIOLIHXCA
2AHOMANLHBIMH  3HAYEHHAMH aTMOC(EPHOrO INEKTPHYECTBA, GbINO BLISBIEHO, YTO B TOAbI, & TaKxKe
OTAENbHBIE MECALULI C BLICOKHM 3HAYEHWEM TDAJMEHTa NPOTEHUHANA M HHIKAM YPOBHEM CYMMapHOW
3NIEXTPONPOBOAHOCTH BO3AYXA KOJIHMECTBO BLI3OBOB CKOPOIl MEAWUMHCKON NOMOWM, 0COGEHHO NO NOBOAY
undapkTa MHOKapaa, pe3ko BolpacTaeT. B Tex cnywasx, koraa (OPMHPOBAHMIO METCONATHHECKHX
3¢exToB aTmocdepsl NPEMWECTBOBATM 3HAauMUTENbHble KoneGaHus aTMOCHIEPHOrO INEKTPHHECTBa,
OTMEYANHCh HanGoNee BLIPAKEHHBIE NATONOTHIECKHE PEAKLIH, OCOBEHHO y MeTeoNabunbHbIX GonbHbIX [9].

Ot pe3ynbTaThl MOATBEPHAAIOTCH B ONbITAX HA XHBOTHLIX, B KOTOpbIX 6bino YCTaHOBAEHO, YTO
INEKTPHUYECKHE NONIA, AHANOTHYHBIC NONAM, HabGIONABLWIMUMCA NPH rPOIAX, BbIILIBAIOT YPEKEHHE PUTMA
cepaua, CMEWEHHe MKW 3nKBaumio cermenta —T, nedopmaunio 3y6uos T n P, napyweunne npoBoauMocTn
[10].

Takum 0GpaIoM, MOXHO CAENaThb BbIBOA O HEOGXOAUMOCTH YUETa ATMOCGHEPHO-INEKTPHUECKHMX
napameTpoB NpH MEAHLIMHCKOM ITPOrHO3€ NOroAs! . 3T0 BeChMa akTyansHo ana I'py3mu, rae ¢ 1992 rona
NMOMHMO YMEHbIUEHH KONWYECTBA CTAHUMH MO MOHWTOPHHIY 3arpA3HEHHH, YMEHBIIMIIOCL  YHCAO
KOHTPOJIHPYEMBIX HHIPEHEHTOB, OOBEM NAHHBIX WIMEPEHWH, YXYAWWIOCh Ka4yecTBO MHpopMauun ob
YPOBHAX 3arpA3HeHus aTMocgepsi [11], B TOM YHCAE ¥ €0 INEKTPHHECKOrO COCTOAHHA.

B nannoii paGote npencTaBiEHsl Pe3yAbTaThl WUCCAENOBAHWA WIMEHYMBOCTH CPEAHEMECA4HBIX
3HAYEHHI INEKTPOMPOBOAHOCTH BO3AYXA, KaK (aKTOpa YHUCTOTHI aTMOC(EPh! H OLEHKH €€ BIHAHWA Ha
3A0pOBbE NIOACH.

B Tabn.2. npeacraBieHb! CTATHCTHYCCKHE  XAPAKTEPUCTHKH  CP AYHBIX
NONOXHTENLHOH 3NEKTPONpPOBOAHOCTH Bo3ayxa 8 [lywerwn B 1966-1990 rr. Cp (Mean)
JI1B(+) Mmensercs ot 13.5-107" /oMM B dhespane 10 20.9-10"*/om-m B asrycre u centaGpe. BapuaunonHbiii
pasmax (Interv) ot 8.0-10"°/om'M B sHBape 1 despane 10 14.0-10"%/om'm B nione; mennana (Median) ot
13.0-10"/om'm B despane 1o 22.0-10""%/om'M B aBrycTe W ceHTnGpe; CTanmapTHoe oTiioHenue (St Dev),
koadduumnent Bapuaumu (C,) W cTanpaptHas ownbBka (0,) B YKalaHHble MECALbI  BapbHPYIOT
coorsetrcTeeHHo: (1.98-3.4 I)~I0"s/0M-M ;(12.4 -18.1) % 1 (0.40 - 0.70)1 0" /oM M.

KoagduuneHT acummeTpun (As) mensercs ot -0.83 » asrycre no 0.96 B suBape, koaduument
skcuecca (K) — ot —1.23 8 despare a0 0.96 B asrycte. AGCOMIOTHBIE 3IHAYEHHA PACCYHTAHHBIX
KO3 HUMEHTOB ACUMMETPHH W FKCLIECCA MEHLIIE YTPOSHHbIX TEOPETUYECKUX 3HAUEHUH MX CTaHIAAPTHLIX
OTINOHEHHH. COOTBETCTBEHHO B MEHEPANbHOH COBOKYNHOCTH (yHKUWH pacnp p 4HBIX
IHauennii M1B(+) 6GNHU3KK K HOPMANLHBIM .

CrangaprHas owHbka cpeaHemecauHbix —3Havenuit  JIB(+) mMcHserca ot £0.48-10"%/om'M B
nekabpe g0 £2.26:10"%/om'M 8 aBrycre. OtHocurensHas crangapTHan owwbka (0,/Mean) npusumaer
3HaueHus ot 2.5% B nekabpe 10 3.7% B tespane u MapTe.

B 370#i %e Tabnuue NpeACTaBNEeHbI 3HAYEHHA TaPAMETPOB YCTOWYMBOCTH yKa3aHHbIX BPEMEHHbIX
pagos JITB(+) . KospduuneHT nuHeiinoii koppensumn (R) mexay 3uauenuamu JIIB(+)  w ropamu
menserca ot -0.21 B aexabpe 20 -0.83 8 aerycte. 3Hauenns koa(dpuumenTa asTokoppenaumMu (Ra) npu nare
| FOm NONOXHTENbHBI # NPHHHMAIOT 3Hayenns oT 0.03 B ¢espane (Heanauumas sennunHa) ao 0.85 8
aprycre. Takum o6pajom, BO BCEX YKasaHHbIX BpemeHHbIX panax OJIIB(+) HMEIOTCH  IPHIHAKH
HECTy4aiHOCTH H aBTOKOPPEIUPOBAHHOCTH .
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Tabn. 2
CTaTHCTHUECKHE XapaKTEPHCTHKH CPEAHEMECAYHBIX 3HAHEHHH N0I0KHTENBHO 21EKTPONPOBORHOCTH
soanyxa ( 107 /omm ) 8 ywern B 1966-1990 rr v ux cranaapthbie ownbky 6e3 yuera (0,) ¥ € y4eToM
(Oma) BTOKOPPENALMH B pAAAX HABNIONCHHHA.
Vpasnenue perpeccun Buna: OfIB(+) = a-X +b

Epﬂmerp | 2 3 4 5 6 7 8 9 10 11 12

Mean 148 [ 135 | 152 | 17.9 | 187 | 184 | 195 | 209 | 209 | 198 | 182 | 16.0

Min 12 10 10 14 13 13 12 13 15 15 15 12

Max 20 18 20 23 23 23 26 26 28 24 24 21

Interv 8 8 10 9 10 10 14 13 13 9 9 9

Median 14 13 15 19 19 1% 20 22 22 20 i8 16

Mode 13 16 18 19 19 20 20 22 22 22 17 17

St Dev 229 | 242 | 276 | 247 | 298 | 303 | 333 | 3.16 | 341 | 248 | 249 | 198

O 047 | 049 | 056 | 050 | 061 | 062 | 0.68 | 0.65 | 0.70 | 0.51 | 0.51 | 0.40

C. (%) 154 [ 179 | 181 | 13.8 | 159 | 164 [ 7.1 | 151 | 163 | 125 | 13.6 | 124

As 096 | 0.09 | -0.06 | 0.17 | -0.27 | -0.33 | -0.03 | -0.83 | -0.26 | -0.34 | 0.80 | 0.21

K <023 [ -1.23 | -0.81 | -0.76 [ -1.02 | -1.06 | 0.18 | 0.96 | -0.53 [ -0.43 | 0.01 | 0.76

Count 25 25 25 25 25 25 25 25 25 25 25 25

R -0.22 | -0.37 | -0.54 | -0.63 | -0.55 | -0.68 | -0.69 | -0.83 | -0.73 | -0.77 | -0.46 | -0.21

Ra, L=1 | 0.14 [ 003 [ 025 | 0.55 | 034 | 048 | 0.50 | 0.85 [ 0.70 | 0.59 | 0.19 | 0.16

Oma 054 [ 051 [ 073 | 094 | 0.86 | 1.04 | 1.18 | 226 | 1.65 | 0.99 | 0.62 | 0.48

o/ Mean
A 7 A ' . K . . X .
%) 3 3 3.7 28 32 34 35 3.1 33 2.6 2.8 25

Omo/Mean
%) 3.6 38 4.8 52 4.6 5.6 6.0 10.8 7.9 5.0 34 3.0

Ko 22 22 1.9 1.4 174 | 1.76 | 1.67 | 08 124 | 1.86 | 1.88 | 2.36

a -0.067 | -0.123 | -0.202 | -0.212 | -0.221 | -0.280 | -0.312 | -0.355 | -0.338 | -0.261 | -0.156 [ -0.056

68%(+/-) | 0.064 | 0.065 | 0.067 | 0.055 | 0.072 | 0.064 | 0.069 [ 0.051 [ 0.067 | 0.045 | 0.064 | 0.056

b 15.71 | 15.08 | 17.87 | 20.64 | 21.59 | 22.08 | 23.58 | 25.54 | 25.28 | 23.19 | 20.27 | 16.73

68%(+/-) | 0.96 | 0.96 B.99 0.82 | 1.07 LO.‘)S 1.03 | 076 | 1.00 | 0.67 | 0.94 | 0.83

CrannaptHad owmbKka cpeaHeMecAuHbIX 3HaueHnit JlTB(+) ¢ yyeTOM aBTOKOppeNsuUMH B pAAe
naGnionenuit npw nare | ron  menserca or 0.48:10"/omm B nexabpe mo 2.26:10"°/omM 8 asrvere.
OrHocuTenbHan crannapTHan owrbka 3uauenuii AIIB(+) ¢ yuetom asTokoppensunu mensercs ot 3.0% B
nexabpe 1o 108 % 8 asrycre. Takum ofpasom yueT aBTokoppensuun B pspax Habaoaenni 3a
CpeneMECAYHLIMH 3HaUeHHAMU SITB(+) CyLIECTBEHHO paciuMpAET AMANA30H X CTAaHAAPTHOHR OWMOKH .

BpemenHoit xon cpenHemecaunbix 3Havennit Of1B(+) B 1966-1990 rr ynosneTBopuTeNbHO
anpoKCHMHMpYeTCA NHMHEHHBIM ypaBHEHHEM (COOTBETCTBYIOLMME 3HAYEHWS KO3GPUUHEHTOB ypaBHEHHH
JIMHEHHOH perpeccHu u kputepus lapOuua-YorcoHa K, — npeactaeneHsi B TaGn. 2). Kak noxaseiBaeT
AHAIN3, CYLIECTBEHHOM Pa3HHLIb B 3HAYEHUAX H AMHaMUKe usMeHuuBocTH JI1B(+) wn JIIB(-) Her.
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YmeHbuwenre sHauennit I/IB(+) B Jyweru B 1990 r. no cpasHenuto ¢ 1966 r. cocrasuno: B
ausape 10.3 %, B despane — 19.7 %, 8 mapre — 27.4 %, B anpene — 24.9 %, B mac — 24.8 %, 8 uione — 30.8
%, 8 mone —32.2 %, 8 asrycre — 33.8 %, 8 centabpe — 32.5 %, B oxabpe — 27.3 %, 8 HoAbpe — 18.6 Yo u B
nekabpe — 8.1 %. CkopocTb ymenbuwenus B ron 3/IB(+) no oTHOWEHMIO K ee CPEIHEMY 3HAYEHHIO 33
Bech flepHo Habmoaenni coctasset: b auBape 0.45 %, B despane — 0.91 %, B MapTe ~ 1.33 %, B anpene —
1.18 %, B mae — 1.18 %, 8 utone — 1.52 %, 8 uione — 1.60 %, & asrycre — 1.70 %, B centabpe — 1.62 %, B
okTa6pe — 1.32 %, B Hoabpe — 0.86 % u B nexabpe — 0.35 %. Takum 06paiom, HauGonbIIAA CKOPOCTH
ybbIBaHUA NONOXKHTENbHOR 37EKTPONPOBOAHOCTH Bo3nyxa B 1966-1990 rr oTMcuanac, B asrycre, a
HaHMeHbLuan — B Aekabpe.

Jina Bcex MecAuER B MCCAEAYEMbIA NEPHON 3HAYEHHE MOJIOKHTENLHOR 3NEKTPONPOBOAHOCTH
803ayxa ObuIO BblllE MHHHUMAILHO HEOGXOAHMOrO ANA 3A0POBLA YENOBEKA. JTOrO HE CKakewWs ANA
OTPHLRTENLHON NEKTPONPOBOAHOCTH, KOTOPaA ANA 3UMHHX, BECEHHUX W OCEHHHX MECALIEB B GonbIUMHCTBE
cnyuaes 6bina MeHblle MMHHMANLHO HEOGXOMMMOrO AR 3AOPOBLA HENOBEKAa YPOBHA, H CO BPEMEHEM
NPOHCXOANAO YXYIUIEHHE IKONOrHYECKOH CHTyauuu. 310 HarnagHo cheayer W3 Tabn. 3, B KoTOpok
TIPEACTaBNEHBI NAHHbIE 00 HIMEHUHBOCTH CPEAHNX MECAYHBIX H CE30HHbIX 3HaueHuit 1B B 1981-1990 rr
no cpasHeHuio ¢ 1966-1975 rr, a Tawke nosie JIIB, uwke MUHUMAIBHO HEOOXOAMMBLIX ANS 3AOPOBbA
yenoseka (31€Ch M B cneaylowux Tabi. a — ypoBEHb 3HAUMMOCTH, ! — KpuTepuii CTblogenta, R -
K03 PHLHEHT AETEPMUHALIUN).

Kak cnenyer ua stoii Tabn., Bo BTOpOH MEPHOA BPEMEHH, MO CPABHEHHIO C MCPBBLIM, CPEAHAS
NONOXKHTENbHAS 3NEKTPONPOBORHOCTL BO3AYXa HE3HAUHMO W3MEHMMAch MWL B AHBape W aexabpe. [lna
BCEX OCTAIbHLIX MECALEB MPOHM3OLWIO yMeHbleHWe 3/1B(+). To ie caMoe MOXHO CKalaTb W anf
OTPHLATENBLHOM JNEKTPONPOBOAHOCTH, TaK Kak koI@uuueHT yHuUnonapHocTH 6ausok K eauHuue. Ilo
CPEAHECE30HHBIM 1aHHBbIM HEIHAYUMOE YMEHbLUEHHE oTMeuaeTes Nuwb ang 3/1B(-). Jina Bcex ocTalbHbIX
ce30HoB Habmopaetcs yMeHbiwenne OI1B(+) v JI1B(-).

O7a ke TabA. HarRAHO AEMOHCTPUPYET yXyAileHue kauecTsa po3ayxa B Hywerw B 1981-1990 rr
no cpaBHeHHIo ¢ 1966-1975 rr. OcOGEHHO 3TO NPOABARETCA UIA BECEHHHX, IETHUX W OCEHHUX MECALEB.
Tak, B nepBulii NEPUO] BPEMEHH BECHON JONA CpEAHEMECAHHBIX 3HAaYCHHi JITB(-) Hwke MHUHHMaNbHO
HeoGXOAMMBIX ANA 310POBbA Yenoseka cocrasanna 26.7 %, a 8o sropoit nepuoa crana — 73.3 %. Jletom 8
NepBbIi  NEpHOR KauecTBO Bo3Ayxa Mo J[IB(-) GbLI0 HOPMANbHLIM, a BO BTOPOH NEPHOR aons
CpelNHEMECAYHbIX 3HaueHui JITB(-) HHKe MHHHMANLHO HEOOXOOUMBIX ANA 300POBLA venoneka crana 46.7
%. Ocenslo 31a aonsa Bospocna c 3.3 % B nepsoe necatunetde 10 63.3 % - BO BTOpoe. 3umoil KavecTso
BO3/yXa NMPaKTHYECKH HE M3MEHWIOCH, KaK ObiIO MNOXHM, T2K M OCTANOCh (yKa3aHHas NOMA B NEPBbli H
BTOpOH nepHoabl coctasnana 87 % u 90 % cooTBETCTBEHHO).

Ouenum ponb I/1B Kak 3konornyeckoro dakropa b ycnosusax r. Téunucu. B uenom akonornieckoe
coctosiHue armoctepbl r.TGunucu 32 nocneanne 40 ner, cornacho [l - 3, 11 - 14], kpaiine
nebnaronpuatHo.Tak, HanpuMep, B COBETCKOE BpemA, koraa ¢ nonHoH Harpy3koid paGotanu
NpOMBILUNEHHblE NPeanpuaThs 1 TpaHcnopt (1980 — 1990 rr.), cpeanue ronoBble 3HaUEHHA 3arpasHUTENEH
B Bo3ayxe Gbutn: nbun — 0.3 — 0.6 mr/m’, NO; - 0.061 - 0.18 mr/m’,  NO - 0.03 - 0.04 mr/m” , 030Ha —
0.028 mr/m’ (cpeanas cytounan) u 0.038 mr/m’ (no 15-Tu vacoBuiM aanubiv) [1]. Yike B cepemmne 60-x
roaoB KOHUEHTPALMs NErKMX HOHOB B BO3AyXe Obl1a HMKE MMHMMAIBHO HEOOXOAMMOro ypoBHA M
coctansna 150 cm™ [15]. EcTecTBeHHO, 3TO OKa3bIBANO HETaTHBHOE BO3AEHCTBHE Ha 310POBbE YeNOBeKa

OnHako, crieayeT OTMETHTDb, YTO Ha COCTOAHHME 300POBbA JIIOAEH, NOMHMO 3arpA3HEHNi BO3aYyXa,
[neACTBYET LE/bli KOMMIEKC METeo-reodH3nUECKHX (aKTOPoB. BnonHe NOHATHO, YTO NpH GOTOXHMHHECKHX
CMOrax BO3NEHCTBHE 3arpA3HEHHI HA OPraHM3M HEJ0BEKA HMEET SKCTPeManbHbii xapaktep. OnHako, e
MeHee HHTepeceH Bonpoc 3¢ dexTa YpoBHs 3arpA3HEHHOCTH BO3AYXa (B TOM YHCAE W DNEKTPONPOBOAHOCTH
BO3AYyXa) Ha 3ROPOBbE NMo/ETH B O6LIEM, 10 CPABHEHHIO C APYrHMH HEraTHBHBIMH (aKTopamu.

Tabn. 3
HIMEHYMBOCTD CPEIHMX MECAUHBIX W CEIOHHBIX 3HAUEHHI IMEKTPONPOBOAHOCTH BO3YXa B [lyuretn
(10" /om-m ) B 1981-1990 rr no cpapnennio ¢ 1966-1975 rr.

Mecsu, Napamerp Mean StDev Mean StDev ano
Ceaon 1966-1975 | 1966-1975 | 1981-1990 | 1981-1990 | KPUTepHiO!
1 JIIB(+) 15.6 2.46 14.7 2.31 Hesnau.
2 3I1B(+) 14.5 2.17 125 2.59 0.05
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”;" 1B+ 196 2.12 16.1 2.02 0.01
5 | omB+) | 208 204 17 3.20 0.01
6 ATB(+) 21 0.94 16.4 3.27 0.0l
7 311B(+) 2.1 2.02 174 347 0.01
8 AMB(+) 234 1.58 18.1 2.69 0.01
9 3I1B(+) 235 1.90 18 3.16 0.01
10 3I1B(+) 21.9 1.37 17.7 2.00 0.01
11 SIIB(+) 19.7 2.16 173 2.63 0.05
12 3MB(+) 16.4 1.90 15.6 2.50 Heatav.
3uma JI1B(+) 15.5 2.26 14.3 273 0.05
3uma J3I1B(-) 14.5 2.86 139 272 Hesnau.
Becha SI1B(+) 19.1 2.61 15.6 3.02 0.01
BecHa 311B(-) 19.0 282 16.1 3.19 0.01
Jleto JMB(+) 222 1.82 17.3 3.13 0.0!
Jlero 3I1B(-) 224 2.08 17.6 3.1 0.01
OceHb JI1B(+) 21.7 2.38 17.7 2.56 0.01
Ocenb 3I1B(-) 21.5 2.58 17.3 2.57 0.01
Jons cpeAHeMecH4HBIX 3HaueHHi SNEKTPONPOBOAHOCTH BO3AYXa HIDKE MUHHMATBHO HEOGXOAUMBIX
A7 300poBbA Yenoseka (%)
Ceaon Mapamerp 1966-1975 1981-1990
3uma 3I1B(-) 87 90
Becha JIIB(-) 26.7 73.3
Jlero I1B(-) 0 46.7
Ocetb 3I1B(-) 33 633

C uensio NPOBEACHHA TaKOro MCCNeao0BaHua

KOHUEHTPaLuA NPUIEMHOTO 030Ha Ha 15 vac (SOC) .

B 1abn. 4 npescrapnenb! CTATHCTHUECKHE XaPAKTEPHCTHKM YKAlaHHBIX BHINE NApaMETpoB AA
XOAOAHOTO H TEMNOTO NMEPUONOB r0/1a, a TAKKE 3HaYeHNR k0IbHUHEHTOB NKHEIHON KoppenaunH Mexay ¥

w TV, U,3MB(), MSN, MSD, WN, SOC.
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OTHOCHTeNbHas BnaxHocTs Bosayxa (U),

HamH Gbin npoBeseH MHOrOMEpPHLIA NHHEHHbI
KOPPE/ALMONHBI M PETPECCHOHHBII aHANM3 MO CPEAHEMECAUHBIM NAHHBIM O AeKAaAHOH CMEpTHOCTH Ha |
MJH XHUTeneR Hacenenns r. Touaucu (Y) 8 cpaBHenny co crenylommMMu napameTpaMu ana nepuoaa 1980-
1990 rr.: Temnepatypa Bosayxa (I), ckopocth Betpa (V),
OTPHUATE/bHAA 3NEKTPONPOBOAHOCTL BO3AYXA (HaMoMHUM, uTo B TOMANCH 3MEKTPONPOBOAHOCTL BO3AYXa,
KaK W YPOBEHb 3ArPAIHEHHOCTM BO3MYXa), NPOMOPLMOHANbHLI JaHHeM B Jywern [16]), konuuectso
MariuTHLIX  Gypb (MSN), npomomkutensHocts Maruutheix Gyph (MSD), umcna Bonsda (WN),




Tabn. 4

CraTucTiyeckue XapaKTepucTHKiu 3Hauennii T,V, U, 3IB(-), MSN, MSD, WN, SOC u Y B T6unncu B
1980-1990 rr ans XONOAHOrO M TENNOrO NEPHONOB FOAA, A TAKKE 3HAUEHUA KOIPDUUHEHTOB NTHHEHHON
KOpPpENALNH MEXKAY HUMH K Y.,

mape | T | puiex | U G sy | MR ey | €y
MeTp °C % 10" fom-m yac Mkr/m®
Xononxoe nonyroane
Mean 6.8 0.8 68.6 14.8 37 145.0 84.4 28.1 112.7
Min 1 0.1 51 10 0 0 24 3 78.9
Max 15.4 1.9 77 20 9 498 179.2 62 142.0
Interv 144 1.8 26 10 9 498 176.8 59 63.1
St Dev 4.03 043 5.29 2.65 2.05 11041 65.66 13.25 154
Count 47 47 47 47 47 47 47 47 47
R -0.42 0.36 -0.44 -0.63 0.05 0.04 0.27 0.21 1
@HE | 0.001 0.005 0.001 0.001 Hesnaw | meswan | 0.05 0.15
XyKe
Tennoe nonyroave
Mean 19.9 1.0 60.9 17.3 33 121.6 76.1 50.0 944
Min 10.7 0.4 52 13 1 16 11 27 722
Max 26.5 L5 n 24 6 358 196.2 69 131.0
Interv 15.8 1.1 19 11 5 342 195.1 42 58.8
St Dev 4.26 0.30 434 2.89 1.70 87.39 58.39 10.30 13.26
Count 43 43 43 43 43 43 43 43 43
R -0.53 -0.07 0.12 -0.17 0.12 0.17 0.15 0.19 1
a He 0.001 He3Hay HeaHau 0.2 He3Hay 0.2 0.3 0.15
Xyxe

B 1a6n. 5 npencrasnensl ko3()GHUHEHTI YpaBHEHHT MHOXKECTBEHHON NHHeiiHOl perpeccun ¥ = a(i)
-X(i) + b AnA XONOAHOrO M TENAOrO NEPHOAOB rola, a TAlOKE 3HAYCHHA JOAH KOKAOrO B OTAENLHOCTH
napamerpa X(i) 8 u3aMeH4UMBOCTH Y B NpeAenax BapHaUKOHHOTO pa3mMaxa ¥ CTaHA2PTIOTO OTKAOHEHHA NPH
HEH3IMEHHOCTH APYrHX NapaMeTpoB.

Tabn. 5

KoaddprumenTss ypaBHeHHA MHOXKECTBEHHON perpecchi ¥ = a(i) -X(i) + b v 3nauenns 104 KDKIOTO B
OTAeNnsHOCTH napamerpa X(i) B H3MEHUYHBOCTH ¥ B npenenax BapHaliOHHOTO pa3Maxa H CTaHAApTHOre
OTISTOHEHHA MPH HEHIMEHHOCTH APYTHX NapaMeTpos .

M 3HaueHus Hons X(i) 8 JHonn X(i) 8
- ko3pdrun- npenenax npenenax
reouanyec- eHTOB 68% (+/-) | 95% (+/-) papuaLL crang, .
KH€ NnapameTpbl a(i pasmaxa, % %
X() Xonoanoe nonyroane
T -0.89 0.69 1.39 114 6.4
14 -1.74 6.23 12.52 28 13
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U -0.45 0.55 110 104 42
liBi-) -2.63 1.03 2,07 213 123
MSN 0.78 1.35 271 6.2 288
MSD -0.03 0.02 0.05 1S 5.1
WN 0.05 0.03 0.07 12 5.3
soC 0.14 0.19 0.39 7.4 33
b 183.02 41.20 82.77
R a He xyxe 0.41
0.05
X0y Tensoe nonyronne
T -1.94 0.54 1.09 324 17.5
14 -11.79 7.77 15.64 13.7 74
U -0.68 0.55 1.10 13.6 62
JiIBf-) 0.25 0.91 1.83 29 1.6
MSN 1.03 2.17 4.37 55 37
MSD -0.02 0.04 0.08 8.0 4.1
WN 0.07 0.05 0.10 15.4 92
soC 0.14 0.20 0.40 6.2 3.0
b 168.17 43.54 87.68
R, a ne xyxe 038
0.05

He spasasck B noapoGHocTH aHannia 1abn. S oTMeTHM, uTo HauGoNbLYyIO poik B BapHauWax Y B
XONOAHOE MONMYFOAHE WIPatoT BapHaUMH INCKTPONPOBOJAHOCTH BO3AYXa (WIM YMCNa NETKMX HOHOB B
Bo3xyxe) — 23.3%. HeratueHeili Bknan SOC B Bapuaumax CMEpTHOCTH HaceneHna r. TOuaucu B xonoaHoe
nonyromue (7.4%) cousMepuM C BKIAZOM TaKkHX MeTeoreo(HINUEcKMX (AKTOPOB, Kak TeMIICPATYpa
so3ayxa (11.4%), oTHOcuTeNbHan BJA@WKHOCTL Bodayxa (10.4%), KOMMYECTBO W NPOAOMKHTENBHOCTDL
MarHHTHBIX Bype (6.2 % u 11.5% cootsercTeenno), yucna Bonbda (7.2%). Brian sapuaunii ckopocTv
BETPA B M3MEHYHBOCTD ¥ HecywecTBeHeH (2.8%).

B Temnoe nonyroaue BKJIaA BapHaLMil 3IEKTPONPOBOAHOCTH BOIAYXAa B W3IMEHuUMBOCTE Y
HecyutecTreHer (2.9 %). Braaa wimewunnocti SOC B papuauny Y (6.2%) conimepum c Brhanamu
KONMYECTBa ¥ IPOAOMKHTENBHOCTH MarHHHbIX 6ypb (5.5 % 1 8.0% cooteetcTeento). HanGonbwyio pons 8
BapHauusx Y B Tennoe nonyroaue 8 TOUNMCH WIPalOT BapWAUMM TeMnepaTyphl Bo3nyxa (32.4%), qucen
Bonvga (15.4%), CKOPOCTM BeTpa W OTHOCHTENbHONH BraxHocTH Boxyxa (13.7 % wu 13.6%
COOTBETCTBEHHO).

Crepyer obpatuTs BHHUMAaHHE HA TO, 4TO BhIEYKAIaHHbIA aHanha Guin nposea&d A  nepwona,
KOFIa CHCTeMa 3ApaBoOXpaHeHus B cTpaHe GyHKuMoHHpoeana Gonce-meHee 3dderTurno. B vacTosee
BPEMA MEAHUNHCKOE OGCITyKHBaHHe Ans GONMbIIEH YaCTH HACENEHHUA NPAKTHYECKI He CyuiecTByeT. [loatomy
ocofoe BHUMEHHE CAEAYET YIENUTb BOMPOCaM NMPOGHHNAKTHYECKOH MEAHUHHB. B CBA3H € yKa3aHHLIM,
cuvTaeM ueaecoo0pasHbiM MposeacHHe B r. TOWAMCH  npakTHueckuX pabor no  MOHWUTOPHHTY
31EKTPONPOBOAHOCTH BO3AYXa (WIH COAEPHKAHHA B BOINYXE NErKHX MOHOB) COBMECTHO C MOHHTOPHHIOM
OpYrHX, HEraTUBHO BAHAIOUMX HA 370poBbe AtoAcH MeTeo-reoduInueckux GakTopos, W MO NMPOBEACHUIO
NPOdHNAKTHYECKHX MEPOTIPHATHIA MO CHUKEHUIO 11eraTHBHLIX YPGEKTOB ITHX RBCHHH ,
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Pedepar

[poBeneHo MccnenoBaHHE HIMEHUHBOCTH CPEAHEMECAUHBIX 3HAYEHWH IIIEKTPONPOBOAHOCTH
BO3/1yXa kak (aKTopa YHCTOThI ATMOCHEPbI H OLEHEHO €€ BAUSHHE Ha 300POBbE NOAEH.

AIR ELECTRICAL CONDUCTIVITY CHANGEABILITY AS THE FACTOR
OF ATMOSPHERE PURITY

Amiranashvili A., Matiashvili T., Nodia A., Nodia Kh.,
Kharchilava J., Khunjua A., Khurodze T., Chikhladze V.

Abstract

A study of the changeability of the monthly average values of air electrical conductivity as the factor
of the purity of the atmosphere is carried out and its influence on the health of people is evaluated.
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CBsI3b MOYBEHHOI'O PAIOHA UM 9JIEKTPOITIPOBOJHOCTH
BO3AYXA C 3EMUIETPSICEHUSIMU

Amupanampniay A.I'. Matnawsuan T.I'., Hoaus A.T.,
Xynmkya A.E.,Yuxnaagse B.A.

Hucmumym zeodpusuxu um. Muxawra Hodua, 0193, Tourucu, yn. M.Anexcudse, 1, Avto_Amiranashvili@Excite.com

B nannoii pabote paccMoTpeHsl 3dekTbl 3IeMAETPACEHHI B HIMEHYMBOCTH OIHOTO U3 OCHOBHBIX
HCTOYHHKOB HOHM3aUMH BO3/lyXa — MOYBEHHOrO PafioHa, 06yCNOBIMBAIOLIErO €r0 coaepkaHue B atMocdepe,
a TaKke 3MEKTPONPOBOAHOCTH BO3AYXa B yCnoBuax Tpy3nu.

H3BecTHO, uTo OCHOBHOW (OPMOI NepeaBUIKEHHS pagOHa B FMAPO- W AWTOChEpe ABNAETCH
MHrpaums paaoHa B Boje. PacTBOpeHHbIH PajioH SABJAETCA YHHKANbHbIM HHAHKATOPOM FE€OXHMHYECKHX H
r€0JIOrM4ECKHX NMPOLECCOB. 3HAYHUTENLHA PO PaCTBOPEIIHOTO H MOYBEHHONO PafOHA KaK MpeABECTHHKA
3EMJIETPACEHHHA.

HctodHnkoM panona B NOA3EMHbIX BOAAX W NOYBE ABNAIOTCH TOPHbIE MOPOAbI, COAEPHALUHE
P3aAHOAKTHBHbBIC J3JIEMEHThI. l'IoaTomy KOHUEHTpaUHa paaoHa B BOAAX 3aBHCHT OT KOHLEHTpaUHH
MaTEPHHCKHX 3/ICMEHTOB B FOPHBIX MOPOAAX, OMbIBAEMbIX HMH, KO3(h(DHLIMEHTA IMAHHPOBAHHA, MOPHCTOCTH
UM TPEWMHOBATOCTH TFOPHBIX MOPOA W CKOPOCTH NBHXEHMA BoOabl (pacxoaa moToka). Puixibie Hiu
TPEILMHOBATbIE MOPOAbI XAPAKTEPHU3YKOTCA MOBLILEHHON KOHUEHTpAUWel panoHa (30Hbl TEKTOHHYECKHX
HapyLUEHHH, KOpa BLIBETPUBAHUSA H T. A.).

[ToazeMHeIe BOAbI TPELLMHOBATLIX MACCHBOB KHC/bIX KPHCTAHYECKHX NOPOA 06bIYHO OTNHHAIOTCS
Hanbonee BbICOKOM KoHUenTpauuell pagoHa, pocturaiowed 500 Bx/n n Beiwe. 3HauuTensHo HHXKe
KOHUEHTPaliMA pafioHa B BOAAaX OCHOBHbIX HW3BEPXEHHBIX MOPOA. TpeuHHHbIE BOABI HM3BECTHAKOB,
NECYAHHKOB, ChaHuUeB OObIYHO HMMEIOT KOHLEHTpauuio pagoHa B npeaenax 10-100 Bx/n. Opnako B
OTACNbHLIX CAy4asX M B 3THX nopoaax MOr'yT BCTPE4aTbCA MOBLIWEHHbLIE KOHUEHTPAUHH panoHa.
TMonsemHble BOABI B FOPU3OHTaX IPYHTOBLIX BOA HWMEIOT GONEe HU3KYIO KOHLUEHTPALWIO paaoHa,
cocTaBafowlyo o6biyHo mMeHee S0 Bi/n. B noBepXHOCTHBIX BOAAX KOHLEHTPaUWs pajaoHa OObIYHO He
npesbilaer 2-5 br/n, rnaBHbIM 06pa3oM K3-3a TOro, 4TO paoH MMeEeT BpeMs ANS pacnana B Te4eHHe
CYLUECTBOBAHHA BO/bI B MOBEPXHOCTHBIX YCNOBHAX W 3MAHAHWPOBAHHA.

Bosblune BO3MOKHOCTH OTKPBIBAIOTCA MNPH WCMO/B3OBAHHM PalOHa B KAUECTBE MEOXHMHUECKOTO
nokasaresis, YTo CBA3AHO C OCODEHHOCTAMH €ro rMAPOreOXMMHMM, COOTHOLUEHHEM M30TOMOB H YCTIOBHAMM
MHIpauHH. 3TO MO3BOJAET UCNONbL30BaTh PALOH MPH OuUeHKe MacwTabos BOA0OGMEHa, peLieHHH BONPOCOB
B3aHMOAEHCTBHA NOAIEMHBIX M MOBEPXHOCTHBIX BOA, YCTAHOBNEHHA WHTEHCHBHOCTEH HHGHALTPALMOHHOMO
nuTaHua. PanoH MOXET nMoMoub W NpH BLIABNEHUU XapakTepa TPELUMHOBATOCTH, PacrpoCTPaHeHHs
pa3nomoB, rayOuHBl MX 3anoxenus. CylmecTBeHHa poib pajoHa W B KOMILIEKCE MNOKalarenei
npeaBecTHHKOB 3emneTpacedni [1 - 10].

PaccMOTpHM HM3MEHYHBOCTb COIAEPKAHWA PafioHa B MOYBE NpPH 3EMAETPACEHMAX Ha Mpumepe
anpensckoro 3emaerpacenus B TOwincu ( nata — 25 anpens 2002 rona, Bpema no I'puxsuuy — 17 yac 41
MHH, wHpota — 41.74 N, ponrota — 44.84 E, maruuryna — 4.5, rny6una — 5 km). Metoauka n3mepenmii
NOYBEHHOrO PajloHa M MPEABAPHTENLHbIE PE3YNLTAThl AHANW3A ITHX H3MEPEHHH paHee GbLTH NpeaCcTaBneHs!
B [11,12]. BpeMeHHOH XOA COAEPXaHWA TMOYBEHHOrO pajoHa B MATH MyHKTaX M3MEpeHHdA [0 M rnocie
YKa3aHHOTO 3€MJETPACEHMR npencTasned Ha puc.l. Kak cneqyeT M3 ITOro pucylika 3a Heaeao 1o
IEMNIETPACEHHA OTMEM&ICA PEe3KMi  POCT COAepXKaHus nouBeHHoro padoHa. [locne Hemenn ¢
3eMNETPACEHHEM NPOM3OLINO PE3KOE NMANCHHE CONEPHAHHUA PaNOHA B NOYBEHHOM BO3AYXE.
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Puc. |
Bpementoii xon cofiepxkanna NOYBEHHOrO pafioHa B NATH NYHKTaX HIMEPEHHA B YCIOBHbIX
eauHHLax. MakcHMAaNbHbIE 3HAYEHHA COOTBETCTBYIOT 43-¢ii Hellene HaMepeHHs,
BKJTIOYalOLIeH naty ¢ 3emneTpacedneM (¢ 24.04.2002 no 1.05.2002).

K comanennio, AN pasfinuHbIX  MYHKTOB Hauano uiMmepeHuil pasnnuHoe. OAHOBpeMEeHHbie
M3MEPEHHA Ha HUX Obinu HauaTsl 6 deppana 2002 ropa. IMosTomy neTanbhblii CTATHCTHYECKMA aHanu3
yKa3aHHBIX AaHHBIX NpoOBEAeM ANA TOro nepHoaa, korna 6bL1M OAHOBpEMEHHbIE W3Mepenus. Ipu ITOM
OTPaHHYKUMCA OAWHAKOBLIM PAAOM HabNIOAEHHS 10 M nocne Helenu ¢ 3emneTpsceHuem (no 11 Heaenb).

B Tabn. | npeacTaBneHbl CTATHCTHYECKHE XapaKTEPUCTHKM COAEPKAHWA MOYBEHHOTO pajoHa B
pa3HyHbIX MyHKTax Habmoaekus T6unucy 3a 12 Hefenb 10 n nocne Heaenu ¢ 3emneTpaceHdem. JlanHbie ¢
17 mo 24 anpens, npeawecTBylOLIME HEQENE C 3eMNeTpsceHreM, M ¢ | 1o 8 mas , mocneaylowme nocne
HEJIENH C 3EMNETPACEHHEM, UCKITIOYEHBI H3 DPACCMOTDEHMA, TaK Kak B TEYeHWe 3THUX ABYX Hegenb (puc.l)
COOTBETCBEHHO NPOMCXOAMN PE3KUH POCT KM YMEHBUICHHE COACPKAHHA MOYBEHHOTrO pajioHa. B Teuerue
octanbHbix 11 Heaens konebanus coaepKaHHA NOUBEHHOrO PafioHa GbLIH HE3HAUHTENLHBI.

PaccMoTpum BepxHioio uacTe TaGamupl. Kak cneayer M3 npuBeneHHbiX B Hell MaHHBIX 1O
3CMJIETPACEHHA COAepXKaHMe NO4BEHHOrO pajioHa B cpeaneM (Mean) uamensnocs ot 212 (Henucu) no 1247
(Boranmueckuii can) ycnoHbix eannnu, Hesnaunman pasiuua Mexay CpelHUM CONEPIKAKHEM MOYBEHHOIO
panoHa simb AN MyHkToB Mamkona u Baxe. Jlna Bcex oCTaibHbIX Map CTaHLMiA 3Ta pasHULA 3HAUMMAS.
Koadduument sapuaunu (C,) ans Beex nap cranumii Hesbicokmii (oT 4.3 % 10 8.6 %) M CTaTHCTHHECKH
cnabo paankuMMm 11a Beex ITHX Nap. OTHOLIEHHE MAKCHMANLHOTO COAEPXKAHHMA MOYBEHHOTO PaioHa K €ro
CPEOHEMY 3Ha4eHHIO 10 3eMJIETpACEHHA M3Menanock oT 1.4 (Henucn) mo 4.1 — 4.2 ( cOOTBETCTBEHHO
Mounuana u Mamkoaa).

Taxum obpazom, B ycnoBuax TOHAMCH HMeeT MECTO 3HauMTENbHAA NpPOCTPAHCTBEHHAR
HEONHOPOAHOCT COAEPHAHHA NOYBEHHOrO PaoHa. 3TO No Beei BUAUMOCTH 06YCROBIEHO 0COBEHHOCTAMH
PE0NOFHYECKOr0 CTPOCHHA, HATTHYHEM 30H TEKTOHMHECKHX PainomoB W apyrumu dakropamu, obcymaeHue
KOTOPbIX BLIXOJHT 32 PaMKH JaHHOH PaboThi. UyBCTBMTENLHOCTb NOYBEHHOrO PaOHa K 3EMJIETPACEHHAM
AN pajHbIX MYHKTOB Taloke pasnuuia. MakcumansHan — ans nywktos Mamkoma u [lowmuana,
MHHHMaNbHAR — ANA nyHKkTa Jenucu.
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Tabn. |
CTaTHCTHUYECKHE XaPAKTEPHCTHKH MOUBEHHOTO PaaOHa A0 U NOCAE 3eMAeTpacenns B Tounmuck 25
anpens 2002 roga (B yCIOBHBIX €AKHHUAX).

ITyHKT Mamkona | [lonuyana | Henucu | Bor.Caa | Baxe
[ﬁapamm 6 despans — 17 anpens 2002 ropa ( 11 venens)
Mean 831 932 212 1247 795
[4 70.5 80.4 9.1 89.0 67.8
C.% 8.5 8.6 4.3 7.1 8.5
Max/Mean 4.2 4.1 1.4 3.6 2.4
15 mas - 14 monas 2002 roaa ( 1! Henensb)
[Tapametp
Mean 757 532 138 601 451
a 47.5 144.0 23.9 226.3 128.6
C. % 6.3 27.0 17.3 37.6 28.5
Max/Mean 4.6 7.1 22 7.5 42
Hapamemp 24 anpens — | mas 2002 200a
Max 3506 | 3793 ] 300 [ 4482 | 1916

Tenepb paccMOTPUM HHKHIOK 4acTb TabGauupl. [Tocne 3eMIETPACEHUA COAEPKAHHE MOYBEHHOTO
panoHa B cpeAHeM w3meHsnock ot 138 (lenucu) ao 757 (Mamkona) ycnoBHbIx eauHuu. Hesnauumas
pasHMUA MEXIY CPEIHHM CONEPKAHWEM TIOUBEHHOTrO PajoHa B JaHHOM caydae Obina JMIe ANS MyHKTOB
Mounuana n Boranuyeckuii can. Jlna ecex ocTanbHbIX Nap cTaHuMi 3Ta pasHuua 3naudmas. Ha scex
MYHKTAaX MOCJIE 3EMJICTPACCHHA COACPXKAHHC pajoHa B NO4YBE YMEHbLLIWIOCH. an 3TOM, YKalaHHOe
yMEHBLISHHE 1S MyHKTa MaMkoaa coctasuso Beero 9 %, Toraa kak ana nyukra Jlenncu — 35 %, myHkron
Tonnuana u Bake npumepHo no 43 %, a ans nyxkta Boranuueckn can — 52 %. Koaddmumnent papnaumnn
nocne 3eMAETPACEHMA HE W3IMEHMNCA NMWb AN NyHKTa MamKkoaa, ANA BCEX OCTanbHBIX - 3Hauenue C,
Boapocno. Ilpu 370M, ecnu no 3emneTpaceHus KOIQOHUMENT BapuauMM IS BCEX IMYHKTOB O6bin
CTATHCTHYECKH MAIO PadiMuMM , TO Mocne 3emneTpacenus pacnpesencuue C, B nNpocTpaHcTee CTano
HEOXHOPOAHBIM, OTHOLIEHHE MAKCUMALHOTO CONEMKAHHSA NOYBEHHOTO PAfIOHa K €ro CPEAHEMY 3HAUEHHIO
nocsIe 3eMIIETPACEHNA naMeHasock ot 2.2 (Jenuck) no 7.5 ( BotaHuueckuit can).

Takum 0Gpa3oM, nocae 3eMIETPACEHHS OTMEUANOCh CYLIECTBEHHOE (Kpome MyHkTa Mamkona)
YMEHbLUIEHHE COACPXKAHHA MOMBEHHOrO PajloHa, a TakKe HapylUIeHHE NPOCTPAHCTBEHHOH OAHOPOAHOCTH
3HAYEHUH €rO OTHOCHTENLHOH BapHaLIMK.

HakoHeu, nepefiiem Kk pacCMOTPEHHIO BAHAHMA 3EMJIETPACEHHIA HA 3/EKTPOMPOBOAHOCTL BO3AYXa.
JlatHble 0 NnapamMeTpax HEKOTOPbIX CHAbHLIX ( MaruuTyaa > 4,0) 3emaeTpacenmnii Ha Kaskase npeactanneHsl
B Tabn. 2. FpaduKn COOTBETCTBYIOUWNX NPUMEPOB BPEMEHHOTO XOa CYMMApHO#H 31€KTPONpOBOAHOCTH
Bo3ayxa B JlylueTH B TeYeHME HECKONIBKHMX AHEH 0 M NOCie 3emneTpacennii npeacrasnesbl Ha puc.l. B
Tabn. 3 npeAcTaBneHel JaHble O CTaTUCTMYECKUX Xapaktepuctukax JJIB B TeueHHe HeAenn A0 u nocne
OTAE/BHbBIX 3EMIETPACEHHH, OCpeaHeHHbe N0 1| cryqaam. [lpn sToM OTOMpanHCL chyyan, KOrIa B TeueHHe
3TOTO NEPHOAA BPEMEHH APYTHX 3eMNETPACEHHH C yKa3aHHOW MarHMTYI0H He NPOHCXOANNO.

Kak cneayer u3 puc. | n  Tabn.3, Bo Bpems zemnerpscenus npoucxoaut poct I/IB. B psne
cayvaes peskuii poct 3/1B HabatoaaeTca 3a AcHb A0 3eMacTpAcernA. UHoraa 3TOT pocT OTMEUaeTcs B AeHb
¢ 3eMAETPACEHHEM, MK AHeM nodxe. OnHaKo Ana OTAEAbHLIX 3emacTpacenuit poct O/IB 3a AeHb 10 Hero
NPOCNEKHBAETCA OCTATOYHO 4ETKO. JTO XOpowlo BHAHO M3 Tabn. 3 anA ocpenHeHHsIX AaHHbiX. B
cooTeeTcTaHe C kpuTeprem CThionieHTa /78 3a fieHb M B [IeHb C 3EMIETPRCEHHEM Bbllue 3naveqnh J1B Bo
BCE NPEAbIAYLIHE H NOCNEayIOLHE AHH (a He xyxe 0.25).
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TlapaMeTpel HEKOTOPbIX 3eMneTpaceHHit Ha Kaskase

Lnpo | Hoaro Marus Iny6u Paccr.
Toa Mec. JeHb Yac Mun. Ta Ta Ha or
c.uw. B. A. Ty KM Ayuwe
TH KM
1969 05 27 06 44 41.6 44.9 4.2 21 56
1969 06 07 07 08 4245 43.74 4.1 12 89
1969 06 17 23 25 43.26 45.183 5.1 25 137
1969 07 06 15 28 41.95 4161 4.0 10 256
1969 08 19 00 il 41.3 46.9 4.0 9 202
1969 09 10 12 14 39.38 41.466 4.8 25 400
1970 10 07 10 46 43.5 44.3 4.1 18 161
1970 10 12 08 12 40.43 43.333 4.0 10 216
1970 10 20 07 17 4148 44.28 4.0 5 75
1976 04 20 20 18 409 43 4.0 25 193
1976 04 29 22 18 40.88 42.76 5.0 5 210
1977 09 30 16 51 40.08 44.96 54 10 224
1977 12 15 15 08 43.2 45 5.0 25 127
1978 0! 02 06 31 41.44 44.09 5.3 10 87
1978 0l 07 16 49 39.7 43.9 4.0 25 273
1978 07 12 11 52 432 45 44 25 127
1978 08 15 09 04 41.19 43.98 4.6 7 116
1978 08 22 22 48 41.83 44 43 11 64
1981 03 15 08 43 43.6 44.1 44 20 176
1982 05 25 08 06 41.33 439 4.4 10 107
1983 03 16 05 13 42.63 42.45 42 5 195
1987 05 05 10 41 42.35 46.68 4.0 5 166
1988 12 07 07 41 40.9 442 6.9 05 138
1988 12 08 01 16 40.85 44 4.1 15 149
Tabn. 3
CratucTHYeCKHE XapaKTEPHCTHKH CyMMapHOH 3N1EKTPONpOBOAHOCTH BO3AyXa B JlywieTH B TeUeHHE HERENH
110 ¥ nocne 3emneTpacenni (cpeatee no 11 ciy4asm)
13
ji onB 1077 Min Max St. Dev. C %
OM'M
-7 34.7 21 50 9.62 217
-6 32.7 16 46 9.36 28.6
-5 34.2 17 56 10.9 319
-4 35.5 23 49 7.93 223
-3 36.2 25 51 8.28 22.9
-2 343 20 50 10 292
-1 439 27 69 10.7 24.4
3emnetpacetne (0) 41.8 31 63 9.94 23.8
1 36 18 47 9.64 26.3
2 33.6 17 48 10.4 31
3 35.2 21 51 9.79 27.8
4 35.1 19 54 10.5 30
5 343 20 49 8.95 26.1
6 33.9 23 49 8.63 25.5
7 343 27 50 6.66 19.4
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Puc. |
I[IpumMepLl BpeMEHHOTO X0ia CyMMApPHOH 3IEKTPONPOBOAHOCTH BO3yXa B TEYEHHUE HECKOJIBKHX
AHeH A0 ¥ nocne 3eMNETPACEHUH B pa3iuuHLIX perdoHax Kaekasa.
Crpenkoii 0603HaueHb! IHKM C 3EMETPACEHHUAMM,

KauecTBenno usmeHenue /1B [0 W nocie 3CMIICTPACEHHA CXOAHO C HW3MEHEHHEM COAEPIKAHMA
fI04BEHHOrO pafoHa. Jlna npHMepa MOXHO 0OpaTHTLCA K PHC.2 1 3, Ha KOTOPbIX MpeacTaBeHbl 06061eHbIe
JaHHble O BPEMEHHOM XOJIE CPE/IHErO A NATH NMYHKTOB M3MEPEHNH COAEpPXKaHWA MOYBEHHOrO pajoHa B
TOGWIMCH ¥ CyMMAapHOH 3/1eKTPOMpPOBOAHOCTH BO3dyxa ana 11 3emnetpscenunii (ta6n.3). Tlpu 3tom,
NpOBEAEHO HOPMHUPOBAHKE HA MaKCHMANbHbBIE 3HAUYEHHA HCCIEAyeMbIX napameTpos. Kak cneayer u3 puc. 2
colepaHHe MOYBEHHOTO PafioHA BO BPEMS 3EMJIETPACEHHMA, MO CPABHEHWIO C MPEAbIAYLUMM NEPHOLOM,
pacrert no kpatHeit Mepe B 2.5 pa3a. Poct ke OI7B cocTasnser okono 1.25 pasa (puc. 3).

g

60

oTtH. ea., %

40

20

CpegHee coaepraHmne panoHa 8

6 20 6 20 3 17 1 1529 12 26 1024 7 28 11
He, 6 -18 PR 2002 1.

Puc. 2
BpeMeHHO XO/I CPEAHEro A1 MATH MHKTOB UIMEPEHMH COREPHaNKA NOUBEHHOrO PafoHa,
HOPMHMPOBAHHOTO Ha €0 MAKCHMAIbHOE 3HAUEHHE.
Crpenkoit 0603HaeHa AaTa 3eMICTPACEHHS.
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Puc.3
OboSmeinili BPEMEHHOR X0 OCPeIHEAHEHHIX A4 | | 3eMaeTpsaceHHA CyMmmapHoR
AMEXTPONPOBOAHOCTH BO3AYXS, HOPMHPOBaHHOH Ha ee
MAKCHMATLHOC THAYCHHC, B TEHCHHE 7 AHCH 10 H TTOC/IE IEMNETPACEHHS.
Crpeaxo# 0603Ha4CH AcHb C IEMIIETPACEHHEM.

Cegyer oTMETHTS, 9T0 W2 Sapuatnd J/7B 3HAYHTEILHOE BIHAHKE OKAILIBAIOT METEOPO/IOrHYecHe
daxtopu n arpmmennocTh aTvocdepu. Ha coaepmanue NOYBEHHOTO PANOHA METEOPONIOTHYECKHE
daxTopu 2eficTRYIOT B MEHLDEH CTEnCHN, NOJTOMY H pdEeKT POCTa panoHa NpH 3eMieTpACeHHAX suiwe. B
sansuefauem NPEIYCMOTPEHO YrIYOWTL WCCICIOBAHMA B8 ITOM HANpaBReHHW. 314€Ch UL OTMETHM
NEPCICKTIBNOCTS  WCMIOTSIONANHA JAWHMWX O MOMBEHHOM pPAfiOHE W  MapameTpax aTMOC(epHOro
ANCKTPHIECTED, KOTOPRIC JONAIHMICT APYT APYra, B KAUCCTBE BOIMONKHLIX NPEABECTHHKOB IEMNCTPACCHHIA
8 ycaosiax I'pysm.

Mpw 770M, cheayeT MmeTs B BMIy, YTO HIMEPEHHE UEOrO PAAA NApaMeTPOB aTMOCHEPHOro
WCKTPHRCTER (LICKTPONPOSOAHOCTD, COACPRAHHE JETKHX HOHOB, TOKH C OCTPHA H [P.) NPOH3BOAHTL B
PeanbHOM MacUITABC BPECMEHH THAYHTEILHO NPOLIE H TCWICBINE, HOXETH ONPEAENATL COACPIAHHE PALIOHE.
YacTh yKZawwOR annapaTypsl MOKHO ake COIAATH CAMOCTORTENbHO, Ge3 ocobbix 3atpar. Yrobw
MHHHMHGHPOSATE ATHEHHE WETCOPOSOrHYeCKkHX (aKTOpOB Ha NapaMeTphbl aTMOCHEPHOTO MEKTPHYECTRA,
HX MOHWTOPHHI LIENCCOOOPIHO MPOBOINTL B 3AMKHYTHIX NOA3EMHBbIX MomelieHHax. [IpH IToM, noka
IKOHOMHUECKH WET BOTMOXHOCTH MpHOOpeTeHHS HYAHOrO KOJIHYecTBa AOPOrocTosiueH annaparypu,
conepmaHie p PATL NEPHOIHYECKH, 1A KOHTPOJIA.
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Pedepat

PaccmoTpetibl 3hexTb ICMAETPACEHHH B HIMEHUMBOCTH COAEPKAHHA MOUBEHHOIO panoOHa M
3NEKTPONPOBOAHOCTH BO3AYXA B yCNOBHAX [ py3nm.

CONNECTION OF SOIL RADON AND AIR ELECTRICAL
CONDUCTIVITY WITH THE EARTHQUAKES

Amiranashvili A., Matiashvili T., Nodia A.,
Khunjua A., Chikhladze V.

Abstract

The effects of earthquakes in the changeability of the soil radon content and air electrical
conductivity for the conditions of Georgia are examined.
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OLEHKA PEIIPE3EHTATUBHOCTH JAHHBIX PAJAHOJNOKAIMOHHBIX
HABJIFOJEHH 3A T'PAJJOBBIMH OBJAKAMH B KAXETH JJIfi KAPTHPOBAHUS
TEPPUTOPHUH I'PY3UH 11O YPOBHIO I'PATOONNACHOCTH
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B UncrutyTe reodusuxy uM. M. Hoauf nposeaeHo 1 NpoBOAKTCS 3HAUNTENBHOE KOUYECTBO paboT

N0 HMCCNENOBAHHIO PANHONOKAUHOHHLIX XapaKTEPHCTHK KOHBEKTHBHbIX OGNAKOB , B TOM YHCAe U

BO3MOXHOCTH HCTIO/Ib30BAHHA STHX JaHHBIX [U1A KAPTHPOBAHHA TEPPHTOPHH KaxeTH no yposHIO rpo3oBoi u

rpagoBoit onactocTw [1-5]. B wactHocTH, B paboTe [3] ¢ ucnoabloBaHHEM PaNMONOKAUHOHHBIX AaHHBIX 33

neproa ¢ 1972 no 1976 rr npeacraenena noapoGHas kapta (OCpPeAHEHHE MPOBOAMNOCH ANA Maoluaneit 25

KB KM) pacnpee/ieHus BEpOATHOCTH BbinaaeHHa rpana Ny Ha TeppuTopun Kaxern, a Tawke npuseseHs!

XapaKTEPUCTHKH BEPTHKANLHOTO pacnpenenesus N B 3TOM pervoHe. B cBf3sM ¢ BblueykazaHHbIM

TPeACTaBNAET HHTEPEC BOMIPOC OLECHKH PENPEICHTATHBHOCTH AaHHBIX PaJHONOKAUMOHHBIX Habntoneuuit 3a

obsakaMM 14 ONpeaeneHUs YpOBHS TpajooNacHOCTH TeppuTopuit. C ITONH UENbI0 HaMH TNPOBEAEHO

CpaBHEHHE NaHHBIX, NPHBEREHHDIX B paboTe [3). ¢ NaHHBIMU MeTEoposIorHyeckux cTaHuuit [py3un o ukcne
AHe# ¢ rpanoM B Tennsiit nepuoa roaa (Y470).

Tabn. 1

CraTHcTHYECKHE XaPAKTCPHCTHKH CpesiHero Ans 16 mynkros Kaxetn uncna gueii ¢ rpanom B
nepuon a0 1965r, npuseaeHubIX B cpaBodHuKe [6] g/, W BeposTHOCTH BbINaaeHus rpafa Ny ,
npuBeaeHHON B (3]

IMapametp Min Max Mean o] Cv %
Nyst 1.2 3.7 22 0.69 313
Ne 0.8 44 23 091 39.5

Tabn. 2

CratHCTHYECKHE XapaKTEPHCTHKH cpeaHero Ana 9 nyukTos Kaxetn uncna axeit ¢ rpanom B nepuon
1o 19651, npuseneHnLIx B cnpaBounnke [6] Ny, B 1a6n. 1 pabotbl [7] Nurgy 1 BEPOATHOCTH BhINancHHA

rpapa N , npuseaertoi B [3)

Tapamerp Min Max Mean o C, %
Nig 12 23 2.0 0615 30.9
Nuts 0.86 35 18 0.79 44.1
Ne 0.8 44 23 Ll 48.6

B Tabn. | npuBeseHbl CTATHCTHYECKWE XaPaKTEPUCTMKW cpeaHero ams 16 mywkros Kaxer
(Anasauu, Axwmerta, I'ombopn, 'ypmwaauu, Keapenw, Carapemxo, Tenasu, Unopu, lllupaxu, 3eraauu,
Wxanro, Kapnanaxu, enonnuc ukapo, Hanapeynn, Curnaxu ) wncna aueii ¢ rpagom 8 nepuoa no 1965r,
BIATEIX W3 crpasouHuka [6] ( Ny ), w sepoATHOCTH BhimaneHws rpaga Nz B Tabn. 2 npeacrabnenb!
CTAaTHCTHHYECKHE XapaKTEPHCTHKW cpenHero And 9 mynkros Kaxetun ( Anadanw, Axmera, TomGopw,
T'ypmxaanu, Keapenu, Carapeqko, Tenaeu, Linopx, Lupaku) uncna awedi ¢ rpagom B neproa mo 1965r,
np IX B CrpPasc {6] (Njs ), 1adn. 1 paboter [7] ans nepuoga 1941-1990 rr Nysgg ©
BEPOATHOCTH Bbinagerua rpaga Ny .
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Kak cneayer us taba.l. cpennve no 16 nynxram Kaxetn 3nauenms Nygy w Ny xopowo coBnajalot
ApYT C APYrOM. AHAIM3 K€ AaHHbIX Tabn. 2 MOKa3blBaET, YTO B COOTBETCTBHE C Kputephem CThIONEHTA,
MesKILy Cpeannumy 110 9 nynkTam Kaxetun sennuuHamu Nyoy, Nysyg W Ny Takoke HET 3HaUNMbIX pasiHUHi.

Mexay axauenuamut Ny, , Nyjog v Np Ans oTHenbHBIX MYHKTOB MMEIOTCA AOCTATOYHO XOPOLUIHE
KOPPENALHOHHBIE CBA3M C YPOBHEM 3HAUMMOCTH a He xyxe 0.05. B yacTHocTw, ans ciyyas ¢ 16 myHKTamMu
Habmonennit:

Nig = 0.1 + Nyg (R=0.76)
Jlas cnyyas ¢ 9 myHkTamm HabntoaeHuH
Nir = 1376 Nys) - 0.45 (R=0.76)
Nig = 1.292 Nijyy99p -0.0346 (R=092)
Ny = 0.5885 Nigyjoy +0.967 (R=0.73)

Takum 06pas’om, aHHbie O BEPOATHOCTH BbiMafeHun rpana 8 Kaxeru, nonyuenHsie Ha OCHOBaHUK
PaaMoNOKALHOHHDLIX HabmoaeHuit 3a 061akaMu, ANS KOHKPETHBIX MYHKTOB H3MEPEHHS AOCTAaTOMHO XOPOWO
COBMajaioT APYT ¢ Apyrom. B 3akiovenne paccMOTPHUM BONPOC COrNAacOBaHHOCTH JAHHBIX O BEPOSTHOCTH
BBIMAAICHUA [Pajia C JAHHBIMH O CPCIHCM HA METCOCTAHLMIO Yucae aHel ¢ rpagom. [ins 3Toro nposesem
CpPaBHEHHE BEPTHKANLHOIO PaCMPENENEHHA, OCPENHEHHOTO MO Auanalonam sbicoT YT 8 [pysum, ¢
BEPTUKANbHLIM pacnpeaeneHneM Ny, PacCUHTaHHbIM NO opmyne [3] AnA Tex e ANANaIOHOB BLICOT.

1 6
-5
" !
\ ‘
S Z 3
i 2
E 0
! H

Puc. |

PacuetHoe BEPTHKaNbHOE pacnpeaeneHne oCPEAHEHHOro no BbICOTAM CPEAHErO Ha METEOCTAHLIMIO YHCNA
AHeit ¢ rpanom B [pyaun B 1941-1990 (1), 1941-1965 (2) ,1966-1990 (3), 1972-1976 rr (4) n cpenneit
BEPOATHOCTH BbiNageHHa rpaja 8 Kaxery B 1972-1976 rr no paaHonoKauHoHHuIM fauHbiM  Ni (5) ,
paccuuTanHo#i no ¢opmyne [3] . H Bxm .

COOTBETCTBYIOIIME YPABHEHHS PETPECCHH:

1) Ny = 0.022H + 0.3717F +1.0174H + 02557 (R’ =0.998)

2) Nurasy = -0.0243H’ + 0.5278H +1.2364H + 0.3147 (R’ =0.997)

3) Nigsony = 0.0642K° + 0.2248H +0.7933H + 0.1969 (R =0.995)

4) Npsog = 0.0601H' - 0.737H +1.308H + 0.159 (R’ =0.997)

SYNy=-024H + 4.09H+ 0.15

Ha puic.] npeacTasnenbl pacueTHble BEPTHKANbHbIE PACIIPEAENEHHA OCPEAHEHHONO NO 8 AManasoHam
BricoT (2-100, 101-200, 201-300, 301-500, 501-700, 701-900, 901-1200, 1201-1600 m) cpeanero Ha
mereoctanumo YT B Tpyaun B 1941-1990, 1941-1965, 1966-1990, 1972-1976 n cpenueit BepoATHOCTH
BbinafeHus rpaga B Kaxern Nz B 1972-1976 rr. CoOTBETCTBYIOIUHE YDAaBHEHHA PErpecHH M IHAYEHHA
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k03(HHUNEHTOB AETEPMHHALIMM (R’) npencrasnensl B NOAMMCH K 3TOMY PHCYHKy. Bce naTe  ypasHenuii
perpecHH HMEIOT BHI NOAKHOMa TpeTheii cTenenu. Kpupas ana Npz.zg 6AM3KO pacnonoXeHa OT KpHBo#

N(“.y(” .

N(R)

0 0.5 1 15 2 25

N(72-76)
Puc. 2

CooTHOwWeHHE MexXLy CPEeaHEH BEPOSTHOCTLIO Bbinaaenus rpaaa B Kaxery 1o paaMonokauHoHHbIM AaHHbIM
Ng , paccuntanHoi no gopmyne[3], n ocpeaHEHHBIM MO 8 AMaNa3oHaM BLICOT CPEAHMM HA METEOCTAHLIMIO
4ucnoM AHedt ¢ rpapom B Ipysun B 1972-1976 rr
Np =26 Nppz+ 0121 (R=0.98)

Kax 1 cneposano oxunath, KpuBbie NS CPeaHEro Ha MeTeocTaHUMio Y/]I™ pacrooxeHb! Huxke
KPHBO#i BEPTHKANBHOrO pacnpeaenciia Ny . IT0 8nONHE NOHATHO, TaK KaK B JaHHOM C1y4ae , B OTJIHUYHE OT
Tabn. 1 u 2, penpe3eHTaTHBHOCTb NJIOWAAN Cpeatero Ha MeteocTaHumio YT v BEpOATHOCTH BbINafeHHA
rpana Np painas. TeM He MeHee MeXIy 3HaUEHHAMH Njz.76 W Np ( puc. 2) MMeEeTCs J0CTAaTO4HO BbICOKaA
NHHEHHas KOPPENALHOHHAA CBA3b, KOTOpPas CBHMAETENLCTBYET O XOPOWIEH PenpeIeHTaTHBHOCTH
BepTHKanbHoro pacnpenenenus N B Kaxetun mns Bced Tepputopun I'py3um ( mo kpaiineii mepe B
YKa3aHHOM HANa3oHE BbICOT) .
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OHEHKA PENPE3EHTATUBHOCTH JAHHBIX PAAMOJIOKALTHOHHBIX
HABJIIOJEHHH 3A TPAJOBBIMHY OBJIAKAMH B KAXETHH /151 KAPTUPOBAHUA
TEPPHTOPHH I'PY3HH 110 YPOBHIO T’PAJOOINIACHOCTH

Amupanawsuiu A.X., Bauaxse T.T'., Hoaus A.T., Xypoase T.B.
Pedepar
CpaaHeHue A2HHBIX METEOCTAHUMI O ulcne JIHe# ¢ rpanom ¢ AAHHBLIMH O BEPOATHOCTH BbINagCHHA
rpana B Kaxe'm, MOJIy4EHHbIMH Ha OCHOBAHWHW PaAHONOKAUHOHHbLIX uccncnosauuﬁ OSJIHKOB, noKasanu

BbLICOKYIO PEIIPEICHTATHBHOCTL NOCAEAHHUX AN ONPEACNEHNA cpe,uneﬁ 1'pafoonacHOCTH TEPPHTOPHH pr:wm
AJif PAIUYHBIX IHANIA30HOB BLICOT.

EVALUATION OF THE REPRESENTATIVENESS OF DATA OF RADAR
OBSERVATIONS OF THE HAIL CLOUDS IN KAKHETI FOR MAPPING THE
TERRITORY OF GEORGIA ACCORDING TO THE LEVEL OF DANGER OF HAIL

Amiranashvili A,, Bliadze T., Nodia A., Khuroedze T.
Abstract
The comparison of the data of meteorological stations about the number of days with the hail with
the data about the probability of hailstorm in Kakheti, obtained on the basis of radar studies of clouds,

showed the high representativeness of the latter for determining the mean danger of hail of the territory of
Georgia for different altitude ranges.
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ASPOMOHU3ALIMOHHOE COCTOSIHUE Y PATMAIIMOHHAS
OBCTAHOBKA B IIXAJITYBCKOH NEIIEPE
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B nocnentee Bpems WHTEpEC k pagMauMOHHOW OOCTAaHOBKE OKpYXKAKOLIEH cpelibl B LE/NOM, U MecT
MOCTOSHHOrO MM BPEMEHHOTO OOMTAHWA 4ENO0BEKA B YACTHOCTH, 3HAYMTENbHO Bospoc. B Hekoropoii
CTEMNeHH 3TO KOCHYJIOCH H neuiep. B cBA3M ¢ 3THM cneneonoram, of6C/yXHBAIOLIEMY NEPCOHaTY Neluep,
WCTIONB3YEMBIX B TYPHCTHYECKHX W JleYeGHBIX LENAX, 2 Talke BCeM NMOOWTENAM nellep BecbMa BakHa
nH(OpMaLKA 0 paaHaLHOHHOH 0OCTaHOBKE B HHX.

B 70-x ronax Bo MHOruX kapcToBerx nonoctax CLLA 6bit BbiSBNEH NOBLIIEHHDIH YPOBEHD anbga-
paznaumy, 4yro nobyauno Cnyx6y HaUMOHATBHBIX MaPKOB OCYLIECTBHTL AOATOBPEMEHHYIO CMELHATBHYIO
MpOrpaMMy No H3YHEHHIO H MOHHTOPHHTY MELLEPHO paanaukH. B pesyabTare GLuUTH BLISBNEHBI €€ raaBHble
0COGEHHOCTH NMPOCTPAHCTBEHHOrO M BPEMEHHOro pacmpefeneHus. B uacTHocTH, 6bINO yCTaHOBNEHO, YTO
OCHOBHO# 3aKOHOMEPHOCTLIO MPOCTPAHCTBEHHOTO pacApeaeseHns anbga-panualMH ABAAETCA TO, YTO €€
YPOBEHb, MPH IPOUYHX PAaBHBIX YCIOBHAX, KOHTPOAUPYETCH, TNABHbIM 06pa3oM, 0COGEHHOCTAMH BO3AYLIHOH
uMpKynsuMM B KkapcToBod cucteme. To ecTb anbha-paguauMa cef3aHa C KOMMIEKCOM GaKTOpOB,
onpeaeNsIoWMX MUKPOKIUMAT netepst. Hanbonee obuwteit TeHaenuueli BpeMeHHOH H3MEHUMBOCTH YPOBHA
anbta-paaHaLMK B newepax ABAAETCA €€ NOBLIWEHHE B ETHHR NEPUOL M YMEHbIUEHHE — B 3UMHHIA, YTO
00YCNOBAEHO CE30HHBIM XapaKTEPOM LIMPKYISUUH NEWEpHOro Bo3ayxa [1,2].

BeiacHunocs, uto uacTs 06cneN0BaHHBIX Ha PaLoH MNellep B paqnauMOHHOM OTHOLIEHHHM 0Ka3anach
naneko neGesonackoti (cormacHo [5] ITJIK panona B Bo3ayxe pabounx nomelueHuii cocrasaser 1200
B/’ . [Mpuuem, B nnane pucka Anf 3AO0POBbA HENOBEKA IJIABHYIO OMACHOCTb NPEACTABNAET HE CTOJILKO
CaM PajIOH, CKOALKO €ro AOYEpHUE MPOAYKThI, BABIXaEMbIE YENOBEKOM H ocepaiowine B nerkux. MssectHo,
YTO MOBbILIEHHAA KOHUEHTPAUHMA JOUEPHHX NPOAYKTOB pafOHAa MOBLILIAET PHCK 3a00NEBAHHA PaKoM
nerkux, a Taoxe pakoM kposH. B To ke BpemaA pagoH o6namaer nonesHLIMH TepaneBTUHECKHMH
CBOWCTBAMH, B CBA3H C 4EM BMOJNHE BOIMOXKHO HCNIONb3OBAHME Neulep B JieueOHBIX uensx, UCMONE3YA
COOTBETCTBEHHbIE MEpb! panualHoHHOH GesonacHocTy. TMoBbieHHble KOHUEHTPALUMK pasoHa MPHUBOIAT K
YCHIEHHIO HOHH3aLMK BO3/lYXa M, COOTBETCTBEHHO, K YBEJIHHEHHIO COAEPIKaHHA B NELIEPaX JIETKHX HOHOB,
HMEIOWIHX TAIOKE MO/IEIHOE BO3AEHCTBUE Ha 3A0POBbE YENOBEKaA.

B HacTosiiiee Bpema NieveHHe B MHKPOKIHMATE IPHPOAHBIX MEWED UMEET LHPOKOE NPUMEHEHHE BO
sceM Mupe (CLLIA, [epmanus, Benrpus, Asctpus, lonbwa, Bonrapus, Pymuitus u apyrue ctpansi) [ 3 ].

Panonosas Tepanus 3(dekTiHBHA B OCHOBHOM MpH fieueHHK 3a60neBaHmii ONOPHO-IBHIATENbLHOTO
annapaTta: apTpUThl, apTPO3bl, AEreHepaTHBHLIE W BOCNAAWTENbHbIE 3a00NEBAHMA MOIBOHOYHWKA,
OCTEONOpo3, NOCNEACTBHA CNOPTHBHBIX TpasMm. Taioke panoHoBas Tepanus nokalaHa NpW paguKyjiMTax,
3abonepaHuAX AbIXaTeAbHBIX NyTel, NpH 3a00NEBAaHWAX, CBA3ZAHHBLIX C NOHWKEHHEM WMMYHHTETA.
PajioHOBbIE BAHHBI ¥ WMHIANALMHM OKA3BIBAIOT NONOXKMTENbHIA 3(hEKT NPH HapylueHHH 3HAOKPUHHOM
CHCTEMBbI, 3a60/1EBAHKAX BEN,

Kypcb panoHoBoii Tepanuu nposoasatcs anbo B pasoHOBOW LWITOAbHE — MOA3EMHOM nelepe ¢
€CTECTBEHHO BLICOKOH AKTMBHOCTRIO PAfIOH3 B BO3AYXE MpPH NOBLIWEHHOH TeMMEpaType H BAAKHOCTH —
nubo B npoueaypHoM kabuweTe B BaHHe, COMEPHKALUEH BLICOKOAKTHBHBIF BOAHBIN pacTBOp pafioHa NMpH
Temnepatype okono 34°C. Kak npaBHiO, MHralflHOHHbIE MNpPOLEdYPHl COBMEIMAIOT C BO3AYLIHBIMM
PaJOHOBEIMH BAHHAMM, HX MPOAOMIKHTENLHOCTD HE MPEBbILIAET NOTyYaca.
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Tocne norpyxenns B pagouosyio cpeny (KMAKYIO WK ra3oo0pa3Hyi0), B pe3yabTaTe MONEKYIAPHOH
aupdy3nu 4epe3 KOXKy, paioH NPOHWKAaeT BHYTPh OPraHW3Ma, NOCTHras PaBHOBECHOTO HacbiueHus. B
pe3y/bTaTe eCTECTBEHHOr0 PaaMOaKTHBHOro pacnaja AP0 pailoHa, M3nydas anbga-dactuuy, obpasyer
LEMNoYKY KOPOTKOXKHBYLLMX AOHYEPHHX MPOJYKTOB, KOTOPbIE Takoke NP pacnaje UCIyCKAIOT ele ABE anbda-
4acTHUBI. ANlbda-H3nyyeHHe paioHa U ero JOYEPHHUX NPOAYKTOB, CO3AABas BLICOKYIO MAOTHOCTb HORW3AUMH
MOJEKY/l BHYTPEHHMX OPraHOB NALIMEHTA, CNYXHT HCTOMHHKOM pa3fPaKEHUA HEPBHLIX PELENTOPOB,
MOGHIH3aLMK 3aWnTHBIX QyHKUMI opranusma. [Tocne npekpaiuenus npouedypsl, Yepes 20-30 mun paaoH
Taloke myTeM Auddysud BLIBOAMTCA M3 OpraHM3Ma W uvepe3 3 uaca yAansercs NOAHOCTLIO, NPU 3TOM
pacnafaioTcs NpakTHYECKH BCE €r0 JO4EPHHE NPOAYKTDI.

WHranauun n panoHOBbIE BaHHBI B CHIlY KPATKOBPEMEHHOrO BO3ACHCTBUA COBNAIOT MANO IHAYMMbIE
1036l 06Ny4eHHA MauueHToB. B TO e Bpems B 3aBMCHMOCTH OT TEXHONOIMH MOATOTOBKM PaIOHOBLIX
npoueayp, TexHuueckol obecneueHHocTH ux OesonmacHoro npoeesewus, a Takke cobnloaeHHa
3/IEMEHTAPHBLIX NPaBHN GE30MacHOCTH, 06CNYKHBAIOWNMA NEPCOHAN MOXET ObITh NOABEPHKEH TaKOMY e,
KaK ¥ NAUMEHT, a MHoraa v 6onblueMy, paaHauMoHHOMY Bo3aercTBMtO. OAHAKO, B OTNHYMY OT NAUHEHTOB,
HEKOTOpble PaGOTHHKH CaHAaTOPHO-KYPOPTHBIX KOMINEKCOB MOIBEPralOTCA TAKOMY BO3AEHCTBHIO Ha
NPOTSXEHWH BCEH TPYNOBOH KH3HW. YUHTLIBAA NOMONHUTENHYIO PAAHALWOHHYIO HArpy3Ky Ha nepcoHan,
CBA3AHHYIO C OXMAAEMO BLICOKMUM COAEPKAHWEM YpPaHa B NOPOL00GPA3yIOUIMX FPYHTAaX KyPOPTHOTO
PErHOHA H MOBBIWEHHLIM PAAOHOBLIM (GOHOM B MECTE NPOXHBAHUA, CyMMapHas 403a o6nyyeHus paboTHHKa
MOXET 3IHAYMTENbHO MPEBbILLATL HOPMATHBHbIC 3HAYEHWA, ycTaHoBneHHsle 8 «HopMmax papvaunonHoi
6esomacHoct (HPB-99)» [1,2,5,6].

TpOGhHABKTHHECKOH M FHIHEHHHECKON CUMTAETCA KOHLEHTpaLMA erknx Hoos ot 10" o 10 & oM’
COOTBETCTBYIOWIAA MX CONEPHAHHIO B YMCTOM Boaayxe. Comepkanue oHoB sbiwe 5-10' B cm® HeratuHO
BNMAET Ha 3710pOBbe Yenoseka [ 5,6 ). BausaHHe a3poHOHOB Ha Ye0BEKAa MHOrOCTOPOHHE, OHO 3aBHCHT OT
MOJIAPHOCTH a3pOMOHOB. Hanpumep, mpH HEAOCTATOMHOH K W3OBITOMHOH KOHLUEHTPAUMAX a3POMOHOB OHO
MOXET GbITb HEGNArONPHATHBIM, @ IPH OMTHMATbHbIX KOHUEHTPALUAX HOHOB OTPHLIATENBLHOH NONAPHOCTH -
CTHMYJIHPYIOWHM. 30HaMH, BOCTIDUHMMAIOLLMMK 23POHOHBI B OPraHW3Me, ABIAIOTCH OPraHbl ObIXAaHHA W
KoMa.

OCHOBHBIMH MEXaHM3MaMM OTBETHBIX PeaKuUHi OpraHH3IMa Ha BO3ACHCTBUE aPOMOHOB ABNAIOTCA
HEPBHO-PENEKTOPHBIH, 31EKTPOryMOpaibHbIi, aNaNTaUMOHHBIA H KaTAIH3HPYIOLWHHA.

A3pOHOHB! MO3BOJIAIOT CHWKATh YTOMAAEMOCTb, YCTANOCTb, BOCCTaHAaBAMBATL CHAL. Bce ato
crnocobeTBYET  ynyuwieHuto  paboTocnocoGHOCTH,  YCHAMBAET HMMMYHMTET M DE3KO  COKpaitaeT
3a6oneBaeMocTb. BnaroTROPHOE RAMSHME OKa3biBAIOT a3POMOHBLI KAK HAa PACTYLIWiA, TaK W Ha CTaperouui
OpraHH3M. A3pOHOHBI BMECTE C BABIXACMbIM BO3YXOM NPOHNKAIOT B KPOBb, KOTOPas Pa3HOCHT HX MO BCEMY
opranusmy. Jlaa neuenus HekoTopuix 3abonesaHuit (GpoHxuanbHas acTMa, runepToHus, Gone3Hu KposH,
NerKMX, HepBHOM cucTeMbl M [P.) aJPOMOHbI ABAAIOTCA JOCTATOYHO OEHCTBEHHBIM CPEACTBOM.
HoHM3MpoBaHHbIH BO3aYX ABNAETCA TAIOKE MOLIBIM NPOYHUNAKTHUECKHM H CTUMYNHPYIOLLIMM aKTOPOM.

HOoHM3aUMA YCMEWHO MCMONL3YeTCs NpW JEUCHHH MHOrux 3abonemanuii: GonesHu cepaeuuo-
COCYAMCTOH CHCTEMBI, TMMEPTOHHA, CTEHOKApAWS, GPOHXOMHEBMOHMA, TyGepKynes nerkux, 3abonesanns
BEPXHHMX AbIXATENbHbIX NyTeH (PUHUT, QapUHIUT, NAPUHIHT, TpaxeuT, GPOoHXHUTHI), 3a00neBaHna HepBHOR
CHCTEMBbI, MOSCHHYHO-KPECTLIOBbIA PaAHKYNHT, A3BeHHAR OONE3Hb KENYAKA H IBEHAAUATHNEPCTHOR KHLUKH,
6€CCOHHWLA, MUTPEHH, UyBCTBHTENBLHOCTb K KIHMAaTHYECKHM H CE30HHBIM (axTopam noroasl, 3abonesanns
3HIOKPHHHBIX eNe3, HapyLUEHWs MOJOBOHA (YHKUHH, NapaMeTPuTLl, SHIAOMETPHTLI, GonesHn obmeHa
BEWECTB, annepriuueckue 3aboneBaHusa, OpoHXMaNbHas acTMa, peBMATH3M, riasHele 3aGonesaHus
(kepaTnThl, 61edapuThl, KOHBIOHKTHBHTbI), KoxHbie 3aGonesanun (ypynxynes, kapSyHkynsi, abcuecchl,
3K3€Mbl), A3BbI, OXKOrM, OBICTPaA YTOMAAEMOCTb, Pa3RPKHUTENLHOCTb, MOHHKEHHOE BHHMaHHE.
Honnanposannstii Bo3myx HOPMATHayeT (yHKUMOHANBHOE COCTOAHHE UEHTPansHOM W nepudepuyeckoi
HEPBHOIi CHCTEMDI, a TaKKe COCTAB M (PH3HKO-XHMHYECKHME CBOHCTBA KPOBH. [IpuMeHeHHe OTpHUATEbHBIX
aOPOMOHOB YNYHIUAET NErOYHYIO BEHTHIAUMIO, YBENHYMBACT NOTPeGNEHHE KHCIOPOAA H BBIAENCHHE
YIMEKHCIOT, YCHTHBAET — OKMC/MTEbHO-BOCCTAHOBHTE/IbHBIE  MpOUECCHl B TKaHaX, OTMeueHo
CTHMyAHpYIOlliee JelcTBHE a3POHOHOB HA GeNlKOBbI, YT/ICBONHbIH M BOAHBIH OOMEHDI, CHHTE3 BHTAMHHOB
(ocobenHo rpynnei B), cTabunusupylowee BaMsHWe Ha ypoBeHb Kanbuus W Gocdopa B OpraHuiMe, Ha
KOHUEHTpauuio caxapa B KpoBH. [Ipu a’poHOHM3AUMH HOPMANH3YeTCs apTepHATLHOE NaBNEHHE,
CTHMYAHPYIOTCA 3alUUTHBIE CHAbI OPraHHW3Ma, MOBBLILUAETCA YCTORYMBOCTb K OXNKACHHIO, HEAOCTATKY
kHcaopoaa, vHdekuMamM W annepruaM. [lpucyTcTBHE B BO3NYXE a3POHOHOB YCKOPAET 3KMBIEHUE paH,
ooroB. MoHulaums Bo3pyxa ynywiuaer ofiiee CaMOMYBCTBHE, CHWKEET (HIMMECKYIO H YMCTBEHHYHO
YCTaocTh, OKa3biBaeT ycnokausatowee aeicreue [ 7 1.
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Heenenosanuio niewep s Tpy3uu Beeraa ynenanock ocoboe sHumanne. Ha KOxHom ckioHe Bonbioro

Kaskasa 8 npeaenax 'pysun npocTMpaeTcsi rOPHO-XOJIMHCTas M3BECTHAKOBas nonoca, IHHOH 325 kM,
pacu/ieHeHHan TPaHIUTHLIMU peyHbiMu yuienbamu (B3uibb, Murypn, Lixenucuxam, Texypu, PHonu v 1p.)
Ha 060cobnenHble kapcToBsie Maccubbl (ApaGuka, HO3uiGekmit maccus, Mutrapus, Acxw, PaunHckuil u
1p.). Cpeaw Hux B nocsnenHee Bpems ocoGoe BuuMaue npusnexaet L{xanTybckuit Maccus, pacnonokeHHbIH#
B Mexaypeuse LIxenmcukanu-PHOHW — paiioH MCKITIOYMTENBHO HMHTEHCMBHONO Pa3sBHTHA KapCTOBLIX
ABNEHUA.
LixanTy6ckas neiuepa pacnonoXeHa Ha PacCTORHHM 6 kKM K CEeBEpO-BOCTOKY OT KypopTa LixanTy6o, Ha
soicoTe 140 M Han ypoBtem Mopa. OTkpbiTa 8 1984 rogy skcneAnuHOHHBIM OTpAaoM UHCTHTYT2 reorpadun
nm. Baxywru Barpatnonn 8 coctase Dxuwikapuany . (pykosoautens), Jarpusunu A., Kanananse B.,
KobGynawsunu T., Huwxapanse B. C Tex nop 8 neutepe Obind HayaTel KOMIJIEKCHbLIE CMENEONOTHUYECKHE,
reorpagyo-reosiornieckne, MHKpOKIMMaTHYECKHe, reopusnieckue uccneaosanns. Hauatel Takke paGotel
no 6naroyctpoiicTsy newepsi [ 8 ].

Jlna Hee xapakTepHbl 1ipoctopHble (14-35 m) 1 BeicokHe  (7-25M) NOA3EMHbLIE 3aiIbl, BO3HHKLIHE B
pelynbTaTe palpylHTENbHBIX TOABHMEK, A TAKKE Y3IKHE MEAHLPOBLIC MPOXOAbI, CYXHE H BOAHLIE CH(OHEI,
IBOP3HOHHBIE AMBI.

Mewepa Beipabotana B MaccHBHBIX MiBecTHSKax bappema. Ee BO3HMKHOBEHME M pa3BMTHE TECHO
CBA3AHO C BO3ACHCTBHEM HANMOPHBIX BOA.

B HauanbHOM OTpe3ke newiepel, Kak W B APYTHX YACTAX,
nopoAsl, B TOM YHCNE FHralTCKHe M3BECTHAKOBBIE MIbIOLI, HAa CPENHEM Y4acTKe OTMEYaeTcsA
obHaxeHHe MAOTHLIX ruH. [Ipy 3TOM NpeacTaBeHbl BCE FEHETHYECKME THMbI CY6TEpanbHEIX OCaaKoB.
O6unnem n MHOroo6pa3uemM TOMOrEHHBIX OCAIKOB OHA MOXET MOCMOPUTL CO BCEMHUPHO M3BeCTHON HoBo-
adoHcKo# newepoii.

Ha koHe4HOM yyacTke OCHOBHOH MarMcTpan MpOTeKaeT NOA3EMHAA PeKa ¢ HecTabuNbHbLIM AeOHTOM
(60-8000 n/cex). MocTynnenyne BOOHOrO NOTOKA B MELUEPY NPOMCXOAUT M3 pacnonoxeHHon B 500 M oT Hee
Ha CEBEPO-BOCTOKE, Netlepsl-acTaBens Onuyo,

C nomouteto aksananros Obila NPOM3BENEHA CEMKA PaHEE HEW3BECTHLIX M HAMOMHEHHbIX BOAOW
noasemHsiX kopuaopos: Onuuo (3 800 m), Manana (1 200 m), Juarene (250 m) 1 ap. Ha ceroanswHuii
IeHb CyMMapHas anwuHa obcnenosanHoi Lxanty6ekoit nelwepHoi cuctemsl npessicuna 15 km. B npenenax
cena KyMucTaBH ellle OCTafMCh HEMCCNEAOBAHHBIE MEWEPb, KOTOPble HAXOAATCA B HENOCPEACTBEHHOM
CBA3M C BbILIEOMUCAHHON NELEPHON CUCTEMON.

K coxanennto H3BecTHbIE COObITHA NOCAEAHMX 15 €T B [Py3MKH 3HAUHTENLHO 3aMETHIN TEMI 3THX
uccnenosakuit. MHorMe MCCe10BaHNS M3-3a HEAOCTATKA PUHAHCHPOBAHUS (B TOM YHCE H PafHALHOHHbIE)
MPOBOAKAMCL W NPOBOAATCA 3NM30AMHECKH. TeM He MEHee, K HACTOALUEMY BPEMEHM MNONYHEHbI AAHHbIE,
KOTOPbi€ Aa10T ONpeaeneHHoe NpeacTaBneHHe 06 OCHOBHBIX CTIEIEOIONHYECKHX XapaKTEPHCTHKAX melepbl,
TIOTHOCTHBIX, TIPOYHOCTHBIX, YNPYro-AeOPMAUHOHHBIX CBOACTBAX FOPHLIX NOPOA, MHKPOKIHMATHYECKHUX
napameTpax, ra3oBoM COCTaBe BO3[yXa, GaKTepHOIOTHYECKOM COCTOSHMH MELIEPHOrO BO3AYXa, NMO4BbI H
BOAbI, ECTECTBEHHONH PaNHOAKTHBHOCTH, HOHH3aLUMK 1 Ap. Bo3oGHoBNEHbI paboTe no ocBetIEHHIO, a TaloKe
6naroycTpoicTBy neweps! M npuieralollei K Hei MecTHOCTH (cM. GoTo).

NPUBNEKAOT BHUMAHHE obBanuBlIMecs
TaKXKe

Onun u3 3anos Lixanty6ckoii newueps!

208



Hacroswaa pabora seiseTcs NpPOAOMKEHHEM NPEAbIAYWINX HCCAEAOBAHHA B YacTU W3YUEHHS
PajMaLMOHHBIX CBOMCTB newuepsl. Kamepenns npoeoauauch nerom W secoi 2007-2008 rr. Copepxanue
paaoHa M3MEpPANOCH ¢ momolbio pagnomerpa PPA-0IM-01 “Anbdapan” Poccuiickoro npoussoactea,
raMMa-paauaunoHHeIl (oH onpeaensnca no3umerpom-paaHomerpom tTuia MKC-AT1117M npoussoactsa
BenopycHu, KOHUEHTPaLUKS JIETKKX HOHOB M3MEPAJIACh MOPTATHBHLIM CHETYHKOM aDPOMOHOB NMPOH3BOACTBA
CHIA. Mecra uamepennit npeacrasnensl Ha puc. |. Jlaunbie namepenuit npeacrasneHsl b taba.

xantybckas nciiepa

Bxon

M‘[—%\(

.= owepo

3ane! newepe!
LixanTy6ckui

NasuHHLIR

FAVHAHBIA

3an Mobeap!

BoaonapHtin

3an Pycrasenwn
CranarMuTosbii 3an

3an Qasnpa ArmaweneGenu
3an WUuctutyta reorpacdmn

CENOOEWNS

(Pvumckue uudpb -
IMyHKTLI H3MEpeHnin)

Puc. 1

Ta6n.
KoHueHTpalys pagoHa, raMma-paanalms ¥ COAepXare NETKNX adpPorHOB
8 LIxanTy6ckoit newepe

T
- a X
— Nenynkra | Pamon-222 Tamma Conepx m—ae JIETKMX HOHOB -cm
peHns 3 paauaums, Monoxu Orpuua
WU3MEpeHUs Bx/m
H3B/4ac TenbHblE TebHble
12,08.2007 11 6905 70 70000 65000
23.04.2008 [ 1466 118 40000 42000
- 11 . 3410 78 42000 43000
- 1 2906 58 36000 38000
- 1Y 1814 45 28000 30000
- Y 876 86 23000 23000
- YI 642 107 18000 20000
- Yil 307 133 16000 16000

Kak cneayer Hz Tab., KOHUEHTPALMA pPaioHa B Pa3iHMHBIX 3a1ax newepsl Medserca ot 307 o 6905
Br/M’, raMM&-puMauuongm doH oT 45 no 133 u3s/uac, cyMmapHoe conepxaHue aaponoHos ot 32000 ao
135000 voHoB/cM’. Kak ¥ CNeaoBaio oMAaTh, COAEPHKAHHE paloHa M a3POHOHOB MMCET IHAUHTENbHYIO
NPOCTPaHCTBEHHO-BPEMEHHYIO HEORHOPOAHOCTb. TaK, HaNpUMep, H3MEPEHH B yHKTe Ne 2 nokas3ans, 4To
neroM 2007 roaga koHueHTpauus panoHa Geuta Gonee ueM B 2 pa3a Bblwe, ueM BecHoit 2008 rona.
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CyMmapHoe cofiepxanme a3ponoHos netom 2007 rona B TOM e MyHKTe H3mepeHus 6b110 B 1,59 pa3 sbiiwe,
yem B 2008 r. Yro KacaeTCR ramMMa-paiHauyOHHOro (OHa, TO faHHblE H3MEPEHHA OTIHUYAKOTCH
HesHaynTenbHo (0kono 10 %). Tlo Bceit BMAMMOCTH CylleCTBEHHaA pa3HMLA B COAEPKAHHH PajoHa M
a3POHOHOB B yKalauHble CPOKH HabmoneHuii ofycnopneHa TeM, 4To B NeTHuii nepuoa 2007 roga cremst
newepsl GbLIM 3HAYKTENBHO MEHee BA@KHble, yem BecHOH 2008 ropa. 3ro cnocobCTBOBANO MaHauUMM
panoHa u3 cTeH netlepe. He nciuiodeHa 1 posb WHpKyIALHH BOIAYXa B Neilepe.

KoHueHTpauus nerkux voHOB B newepe cnaGo 3aBUCHT OT raMMa-paaHaLHOHHOTO ¢(oHa K
HaNpAMYKW CBA3aHa € coAacpxaHuem panoHa. Ha puc. 2 npueeaeHa npamas KOppEAALMOHHAs W
PErPECCHOHHAA CBA3b MEXIY KOHUEHTPAUHAMH PafioHa H CYMMapHbIM CONEPIKaHHEM NIEFKUX a3POHOHOB B
newepe. Ha 3TOM e pHCyHKE MpPeACTaBieHbl 3HAYEHHA KOIDGDHUHEHTOB NHHEHHOH KOPPENiUMH H
YPaBHEHHA PETPECCHH MEXAY UCCHIELYEMbIMH NapaMETPaMH.

Coo MeXay PXaHWGM PaaOHA U NOTKUX ‘
aspononos B Lixanty6ckoi newepe i

140000 (- o e
120000 | ¥.5.14,687x + 35107
R=0,81

b3
0
2 100000
§

80000 ;
g i
§ 60000 ;

40000 | -4

*
20000
0 1000 2000 3000 4000 000 6000 7000
BK/ky6 m
Puc. 2

OTMeTHM, YTO MO HALIWM PaHHHM MccnenosaHHxM B HoBoahoHcKko#t nmewtepe KOHLEHTPaLUUA pagoHa
B pauiMuHbIX 3anax koneGanach ot 67 10 3045 Bw/m’, B Lixanty6ckoii ot 555 Ao 3885 Bi/m’ [8,9].
Mamepenna, nposenenHbie Hamu B 2007 roay B netuepe Carannus, MOKasaiM, YTO CONEPKaHWE B Hei
panioHa coctaenaeT 960 Bi/m’.

B GonbuHeTse newep KxHoro Ypana u [Npeaypanss 3adukcHpoBaHHble 3HaueHus ramma-GoHa,
koneGmotes o1 26 0 88 n3p/uac. OGbIUHO OHHM COCTABAAIOT — 44-53 H3B/uac M ABAAIOTCH DOHOBBIMHM And
MECT pacrnofiokeHus camux newep. Mexay Tem B 18-Tu newepax, npuuem He3aBUCHMO OT WX
NPHHALNEKHOCTH K KakoMy-nubo cTpatHrpaduueckoMy MOapa3feneHuio, KapcTOBO-CMeneonoruieckoi
MPOBHHUMHM MK 06NACTH, OTMEUENa NOBLIWEHHAA CTENEHb PaNMOAKTHBHOCTH, A HMeHHO: B 10-TH neluepax
ramma-gou aocturan 132, 8 4-x - 176, B 2-x — 220, B 0aHo# ~ 264 u B newepe Jleaanas-Jlnnosas — 282
H3s/uac. [lpuuem, B nocneaHel NokasaHHA PaaMOMETPa HWrAe He omyckanuch Hwke 220 H3B/yac. JTu
PanHoaKTHBHbIE "aHOMANTHK" CBAIBIBANK CO CKOILIEHHEM B MELLEPax OPraHH4eCKHX OCTATKOB M HAJIMUHEM B
HHX OTHOCHTE/IbHO MOLUHBIX TONUL FNHHHCTLIX OTAOKEHHI. ITetlepbt, B KOTOPBIX OTMEuEHb! "aHoManHu"
raMma-¢oHa, ABNAIOTCA HaWGONEe CTaTHYHLIMH B MUKPOKIHMATMYECKOM OTHOLIEHMM B CPaBHEHWH C
TELIEepamH, B KOTOPbIX 3HaueHHe ramma-oHa He npeBbiLuaeT KopMbl. [1pu 3TOM B pSAOM pacnonaratoLumxes
newepax Gonee Bhicokuil raMMa-OH BCErfa, npu NPOYMX paBHBIX yCnoBMAX, ukcupyercs B Gosee
cTaTHYHbIX neuepax. B newepe [ eoq)HaMHECKax (XpebGer Kyruranrray, TypkMeHHCTaH) KOHLEHTpaUMs
pagoka coctasina 14500-69110 Bi/m>, a yposnu ramma-()oHa COOTBETCTBEHHO Konebanuch B Npejenax ot
150 a0 1311 u3s/uac. ConepxaHue paioHa B pasnuyHbie Ce30HbI rofa B 5 rporax Kyurypcko# nensxo#
netwepsi (Mepmckuit kpait) Bapbupyet oT 234 1o 12280 Bwm®. B pas.nwmblx 3anax Bopouuosckoit neiuepb!
(Coun)  comepxanne pagoHa koneGanock o 20 o 5900 Bi/M’. Cpenmuii paguaumoHHsiii $oH
Bopouuosckoii neweps no nosoctam  coctasnser 35 H3s/uac W koneGnerca oT 26 mo 70 3B/4ac.
Haubonbwwkii gon Habmonaercs B NonocTAX, 3aN0NHEHHBIX OTAOKEHHAMH newwepHoro Tyda (70 n3e/uac),
HauMenbuni (He Gonee 26 H3B/yac ) - B MONOCTAX, BbLUNONKEHHLIX M3BECTHAKOM. B newepax maccusa
Kuipray (Yabexncran) cpefnee conepiatue pazgoda coctaanano 854 Bwm® . B Bonwuwo# Asmtuckoii
neuepe (Cesepbiit Kaska) koHuenTpaums paaona koseGanacs ot 77 ao 1080 bi/m’, a p neluepax Maccupa
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Apabunka (3anapHbii Kasxas) — o 1628 Br/m’. Conepwanne pagona 8 newepe Mpamopuas (Kpsim)
cocTaBifno 155-39300 Bi/m’[1, 2, 10-12].

Takum 06pa3oM AaHHbIE, NOSlyYEHHbIE HAMH, BIOTHE CONOCTABUMbI ¢ AHAIOTHYHLIMH PE3ybTaTaMu
Jpyrux asTOPOB, ¥ NOATBEPKAAOT OOWYI ANA BCEX MNEIMEP 3AKOHOMEPHOCTb CYILECTBEHHBIX
MpOCTPaHCTBEHHO-BPEMEHHBIX HEOAHOPOAHOCTEH COAEPKAHNA B HUX paaoHa. YTo kacaeTca asponuoHOB, TO
paboT ApyrHX aBTOPOB MO 3TOMY BOMPOCY BECbMa Mano.

HecmOTps Ha He3HauUTENbHOE KONMYECTBO M3MEpEeHMii MOXHO CHAENaTh ELIBOA O TOM, YTO
HEOOXOAMM PEryNApHbIH KOHTPONbL (MOHHTOPHHI) PAIHALIMOHION 06CTaHOBKH B NELLEPe, YUUTbIBAA TO, HTO
B OTAENbHbIX €€ 3aNax HabnogaloTea CWECTBEHHO NoBbilennbie (Boiwe T1JIK) koHueHTpauuy kak panoHa,
TaK KW JIEFKUX a3pPOHOHOB.

Pa6ota BuinonueHa npu nonnepxke rpautos STCU N 3992 u GNSF N 074.
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Pedepar

TNpencrasnensr AamwHbie o cofepxannn B LixantyGekoi nelepe paoHa, ferkux a’spoHOHOB M
3JHAYEHUAX raMMa-pafuauMoHHOro GoHa. KOHUEHTPAUHA paaoHa B Pa3nUuHbIX 3anax neilepbl MEHAETCS OT
307 0 6905 Br/m’, ramma-panuaunontbiii dou ot 45 no 133 H3e/uac, cymmapHoe conepaanne aspoHoHoB
oT 32000 20 135000 HoHor/cM’,

AERO- IONIZING STATE AND RADIOLOGICAL SITUATION IN THE
TSKHALTUBO CAVE

Amiranashvili A., Lominadze G.,Melikadze G.,
Tsikarishvili , Chikhladze V.

Abstract

The data about content of radon, small aero- ions and values of gamma-radiation in Tskaltubo
cave are represented. Radon concentration in different halls of cave changes from 307 to 6905
Bq/m’, gamma-radiations from 45 to 133 nSv/h, summary content of aero-ions from 32000 to
135000 ions/cm’,
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NPEJBAPUTEJILHBIE PE3YJIBTATDBI HCCJIIEAOBAHNMA COJEPXKAHUS PAJJOHA B
[TIOYBE U BOJE B PA3JIMYHBIX PANOHAX 3ATIAJHOM I'PY3HH
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HnepThoiii ras panon conposoxaaeT uenoseka ¢ ApesHUX BpemeH. B newepax ero 6etno ropasno
6onbiue, 4eM B COBPEMEHHOM JxHNbe.ONHAKO NHIIL HEJABHO YYEHble YCTAHOBWIW,YTO PAAOH SBAAETCA
Hanbosee BECOMbIM M3 BCEX ECTECTBEHHBIX HCTOHHHKOB HOHWIMPYIOLLEN paaHaLIHH,

3TOT ra3 noCTOAHHO NOCTYMAET B aTMOC(epy W3 IeMHbIX NOPOA: PAIOH - NPH NEAEHHH AP YPaHa-
238, a TOpOH — npu jAeneHuu anep Topua - 232 . IMopon, conepxallMx ypaH W TODHi, B 3eMHOM Kope
JIOBOJILHO MHOTO (HanpuMep, rpanuTsl, pocoputst). [losTomMy y6bUTL PafiOHa IOCTOAHHO KOMMEHCHPYETCA
W B armocdepe CyIECTByeT €ro Hekas PaBHOBECHAR KOHUEHTpauuA. PajoH pactsopsercs B moa3eMHbIX
BOMAX M BMECTE C HHMM Taloke MOXET BBIXOAWTh Ha 3eMHylo MoBepxHocTb. Kpome 3Toro, MOtHbIM
UCTOYHHKOM NOCTYIUIEHHs paZioHa B aTMOChepy SBNAIOTCA IHEPTETHUECKHE NPeanpuaTHs, paboTatowire Ha
OpraHHYECKOM TOMJIHBE - YTAe, CNAHLE, HEBTH.

Bce w3otonsl pagona paauoakTHBHLI ¥ AOBONLHO GLICTPO PAcnanaloTCA: CaMblii yCTOHUHBBIH
H30TON: PafoH-222 (paaoH) HMeeT nepvoa noaypacnana 3.8 cyrok, BTOpoii no ycToiuMBOCTH:  PalloH -
220 (TopoH) — 55.6 cexynabi. Pacnanasch, panoH BLIAENAET TAXeNblE alb(a-4acTHUBI, KOTOpPbIE, NONanan
B OPraHH3M YeNoBeKa, CnocoGHLI HAHECTH €ro 310poBbI0 HenonpasuMblii Bpea. Kpome atoro, pacnan
PazioHa CONpoBOXAAETCA 06pa3oBaHieM PalMOAKTHBHBIX H3OTONOB CBMHLA, BUCMYTA W NONOHHA. [1poaykTs!
pacnana pajoHa —  TBEPAble YACTWUb! (23P0O30AM) HACTONBLKO MENKHE, YTO OHH MOFYT O4EHL AOArO
HaXOUMTLCA BO B3BELIEHHOM COCTOSHHH B BO3AyXe, BMECTE C HUM nomaaas B nerkue. Bo Bcex pasBHTBIX
CTpaHaX MHpa yXe POBEIEHO WM BEJETCs B HacTosllee BPeMs KapTorpagHpoBaHHe TEPPHTOPHH
C LENBIO ONpEAENEHUs 30H C BHICOKHMH KOHLUEHTpauHaMiu panoHa. OBCnemyloTca Takke COTHH
THICAY 34aNHMH, 4TOOB!l BBIABMTH KBApTHPb! H 0MA, B KOTOPBIX COAEPXaHHE PajlOHA NPeBbIIAeT
JIOTYCTHMBIH ypOBEHb.

B I'py3nn umeloTca naBHHE TPAAMUMM HCCIIEAOBAHHA paziona B aTMoc)epHOM BO3AYXE W BOIHBLIX
ucTouHnkax. Tak, BbICOKME KOHUeHTpauun pagoua (2o 4000 Br/m’ ") uabmonatorca B Hoso-Adouckoit u
LixanTy6ckoii kapcroBeix newepax [1,2]. B T6unncckoM MeTpononuTeHe conepkaHne paaoHa 8 yCIOBUAX
paboTel MeTpononuTeHa RocTHrano 90 Bi/m’ [3]. Han TEKTOHHYECKHMM Pa3ioMaMK KOHLIEHTPaLMs pajiona B
NpU3EMHOM CJI0e Bo3ayxa 6uia MouTH B TPH pa3a BbIlUE, YeM BHe pa3noma [4]. 3HaunTenbHOE KONHYECTBO
pabor 6bIN0 NOCBALIEHO W3Y4EHHIO PalloHd B KAuyecTBE NacCHBHOM W aKTHBHOH Manoit cocTaBlowied
aTMocQepbl MPH  MCCENOBAHMAX MUKDOGHMIMUECKMX, AMHAMHYECKMX, (OTOXMMHMHECKHX W ApYrHX
npoueccos, npoTekatowux B obnakax M atmocdepe [5,6]. pensapuTenbHbie oueHkH 06nyueHns panoHOM
HaceneHMA B XknbX aomax Gbinn nposenensi B 7).

Onpenenetve CofepKaHua PaaHOAKTHBHLIX JEMEHTOB B BOIaX HCTounWkoB I'pysun nmposoauTea ¢
1912 rona (raBHbiM 06pa3oM paaKoaKTHBHLIE SNEMEHTBI yPaHOBOIO PANA: YpaH, paiuii h panoH). B nepuoa
nocne Bropo#i MHpoBoii BoiiHbl 3TH paBoThl Haumu cBoe npomomkeHHe B MHcTuTyTe reoduauxn AH
Ipysun [7-9]. KoHueHTpauus paaoHa OMNpPEAENsNach BAKyyMHbIM W UHMPKYJALMOHHbLIM METONAMH.
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OMaHaUMOHHblE HIMEPEHWs npoBoaMaucs dnektpomerpamu CI-IM u CI-2M, wucrions3ys npu
BbIUMCNEHHAX |, 2 M 3-X 4acoBOH HOHH3AUHOHHSIN TOK, MPOBOAA kannGposxy npubopos 3-4 pa3a B Mecau,
Bcero no Tpyaun Ha panon 6wmo wuccnenorano Gonee 7000 uctounnkos. K coxanesuio pesynbtars
M3MepeHHii panioHa B BOJE NPEACTABNEHS! B BHIE CReyiowux rpanaunii: < 148 br/n, < 370 Bx/n, n-370
Br/N ¥ MaKCHManbHas KOHUEHTPAUHA, YTO, YHHTLIBAA TAKOKE YTEPIO BCEro MEpBUYHOTO MaTepHana, CHIbHO
3aTPYRHAET COBPEMEHHYIO HHTEPIIPETALMIO ITHX TAHHBIX.

HoBbiii MOy bC B MCCNENOBAHMWM COACPXKAHHA PanoHa B NOYBE W BOAE, C TOYKH 3pEHUN ero
BAMAHMA HA 300pOBbe JtoaeH, Gbut nonyued Huctutytom reodpmankn um. M.Honmwa B 2007 rony B suge
sbInoNHeHHa nmpoekta YHTLL Ne 3992. B nannof paGote mnpeacTaBneHsl MPeRBapUTENbRbIE PE3YbTaThl
MCCAEAOBAHKIA PaoHa B NoYBe Ha riyGute 80-100 cM M BOAHBIX HCTOYHMKAX (F1aBHbIM 06paloM Konoauax)
B HEKOTOpbIX paitoHax 3anaaHoi ['pysuu (dacte MMepetu, 'ypun, Camerpesno). Mi3mepeHHs npoBOAMAKCH ¢
MOMOLLBLIO HMetoleiics (3MaHomerp “Pagon™) u cospemenHoii annapatypbl PPA-01M“Anvgapan”
(npomssoacteo Poccu) u SISIE (npoussonctso Yexun).

OueHka MoTeHUHaNbHOH PaNlOHOONACHOCTH TEPPUTOPHUH HOPMAM 3aCTPOHKH 861H3N
oficriefyeMoro 3nanna  onpeaensieTca ChemyownMH  GaKkTopamu,  NEpeuMCNEHHbIMH HIDKe B Mopaake
y6biBatua csoeil 3naunmocTi [12] : DxBupanentHas PasnoecHas Obwvemuas AxrusHocTb (OPOA) win
O6bemuas AkTHBHOCTb (OA) W3IOTONOB PafioHa B NPUHAMAEMbBIX B IKCTUTYaTALMIO WIH IKCILTYaTHPYEMBIX
3aHHAX,  PACMOOMEHHBIX HA  JaHHOW  Tepputopum  3actpoiiku; III]1 - NIOTHOCTBIO NOTOKa
(unTencuBHOCTLIO JKkcxansunn) (MB/c'M?) pajiona ¢ nosepxwoctH 3emnn; OA pajoka B MOYBEHHOM
BO3YXe Ha rayGHHE | MeTpa OT NOBEPXHOCTH 3eMJIH; YNENbHOH aKTMUBHOCTBIO paans-226 B  cnosx
NOPOA  FEONOTrHYECKHX Pa3pe3os.

Tpy geixanun yenosex B cyTku nponyckaer okono 20 kybuueckux meTpos Bosayxa. Jlake mpu
HHYTOXXHOM CONEPHAHHH PajOHa B BO3JYXE, B JIETKHX MOXET HAKAINIMBaThCA 3HAYUTENHHOE KOJHYECTBO
PaaHOaKTHBHBIX MPOAYKTOB €ro pacnaia, KOTOpkle CO3AAIOT BHyTpeHHee o0yYeHHe lerkux. 3TO Bbi3bIBAET
Pa3BHTHE PAVTHYHLIX NIErOUHbIX 3a60N1€BaHNH , B YaCTHOCTH, paka. Panou W npoayKTh: €ro pacnazaa cosgaror
BHyTpeHHee obnyuenne. OdeKTHBHbIC SKBHBANEHTHbIC fA03bl, MONY4AEMble MPH 3TOM 4ENOBEKOM,
HEBO3MOXHO HENOCPEACTBEHHO HIMEPHTb. [103TOMY HOpMaTHBHBIE JOKYMEHTbI OFPaHU4MBAIOT MpEAEIbHOE
coaepxaHue paaoHa B BO3AYXE sKMAbIX NoMellennid. B cooTseTcTBHE C AEHCTBYIOLMMH HOPMaTHBHBIMH
IOKYMEHTAMH, B HOBbIX JH/bIX JOMax COLEPKaHHe panoHa He JOMKHO MpeBbiluaTh 100 Bi/m’ , B cTapbix
ZoMax 10MycKaeTca coaepxanue panona 1o 200 Bi/m™ [12].

B cootBetcTBUe C 3TMMH HOpMamH B TabJ. JaHa MNpHONMKEHHAR OLEHKA MOTEHUMATLHOH
PpanoHOONacHOCTH TeppHTOPHH, pa3butoi Ha 3 kateropuu. Jlonyckaercs  MPOM3BOAMTL  OLIEHKY
NOTEHUMANbHOM PaJoHOONACHOCTH TEPPHTOPHM  3aCTPOiKM HA OCHOBE M3BECTHOrO 3HAYEHHA ORHOro
u3  uetbipex (akTopos, npuBefeHHbIX B TaGn. Ecau ussecTHbl 3nauenna asyx u  Gonee ¢akTopos,
npuBeNeHHbX B Tabn., TO NOTEHUMANbHYIO — PaZOHOONACHOCTL TEPPHTOPHH BEAM3IW obcnenyeMoro

30aHUA OLEHWBAIOT NO  3JHAYCHMIO, COOTBETCTBYIOWIEMY  Haubonbluell  CTENEHH  MOTEHUMATbHOM
PaIOHOONACHOCTH.
Tabn.
Kareropus 3P0A4 w3otonos I papona OA panowa B Ynaenbhan
NOTEHUHANLHO# panoHa MBx/c-m? no4se aKTHBHOCTb
PaiOHOONACHOCTH Bi/m’ kB/m® panus-226
TepPPHTOPHH Bi/kr
1 <25 <20 <i0 <100
11 25-100 20 - 80 10 -40 100 — 400
Il >100 >80 >40 >400

B Hactoflee Bpema Taloke BO3POCNA aKTYanbHOCTh MPOGJEMbI W3yueHWA PagMOAKTMBHOCTH B
TIOA3eMHbIX BOAAX. JTO CBA3AHO C BBECHHEM HOBLIX HOPM PAIIMAUMOHHON GE30NACHOCTH U YHKECTOYEHHEM
TpeGoBaHHii K KauecTBy NMHTheBbIX BOA. Ha nepeblit nnaH BeIXOAAT 3KONOrHueckue acnexTbl. Hosble
TpeGOBaHHMA K MHTLEBLIM BOJAAM He NOMYCKAIOT COAepXkaHWe pamoHa Gonee wem 60 Br/n [12]. Onwako
MHOTHE TOIEMHbIE UCTOUYHHKH COAEPXAT BOMbI C Fropasno Gonee BLICOKON KOHUEHTpaumeii panona. [Mpu
HAMYHY ONPEAENeHHON MUHEPAILHOH COCTABNAIOWICH TakHe BOALI MOTYT WCMONb3OBATLCA JUIA JIEUeOHBIX
ueneii. [InA MHHEpAIbHLIX MCTOYHHKOB, MCMOML3YEMBLIX B KavecTse JieueGHBIX BOM, HOPMBI MOTYT GbITh
yCTaHaBNeHbl HA MECTE, B 3ABUCHMOCTH OT CrieLUKH HX NPUMEHEHMS.

214



Huxke NpeicTaBneHbl HEKOTOPbiE Pe3y/bTaThl AHATH3A NONYHEHHBIX HAMW HECKOIbLKMX COTEH
JaHHBIX U3MEPEHNI COAEPIKaHUsA PaROHA B NOYBE W BOAE B yKa3aHHbIX paHonax ['pysun B 2007-2008 rr. Ha
[aHHOM 3Tane WCCAEA0BaHUR KNACCUDUKALMA AAHHBIN MO TUNAM fO4B, YCNOBWAM MOFOAB W Ap. HE
NpOBOAMNACH.

NoBTOPAEMOCTE COASPKBHHA PAAOHA B NOYEE

; 3KCnep. AaKHbIEe

i : —s— Pacueman kpusan

‘ —a— 95% HYXWA ypoBeHD
—x—95 % BEpPXHWH ypOBEHb.
—— 99% HUNHWA YPOBEHDL

—o—99% BepXHWA ypoBeHD *

0O 10 20 30 40 50 60 70 80 90
«61/xy6 M

Puc. 1

[oBTOpPsieMOCTb ConepyanKs MOYBEHHOrO PafOHa B PaXIHUHBIX paiioHax 3anaaHoi I'pysuu.
Y =43.197-exp(-0.0423-X), R*=0.991,a =001

Ha puc. 1 npeacraeneHa NOBTOPAEMOCTb COAEPXKAHWA MOYBEHHOTO PAOHA B HCCIENyeMblX
paifionax. Kak cneayer W3 3Toro pucl. pacueTHOe 3HAYEHHE TNOBTOPAEMOCTH TNOUBEHHOrO pajioHa
YOOBNETBOPHTENLHO OMUCHIBAETCA  IKCMOHEHUHAILHONH 3ABHCHMOCTLIO (COOTBETCTBYIOUIHE 3HAYEHHA
k03)ULHMEHTOB YpPaBHEHHA DErpecCHH, a Taloke KodhOMUMEHTa NETEPMHHALMH H YPOBHA 3HAYHMOCTH
np1BeaeHsl B NOAPHCYHOUHOM noanucH). Ha aTom ke puc. npuBeaeHbl pacqeTHbie 3HaveHus 95% u 99%
NIOBEPUTENbHBIX HHTEPBANOB 1S HKXKHEH W BEPXHEN rpaHHLl ykasaHHo#H noBTopAeMocTH. OTMETHM, YTO MO
AaHHBIM HM3MEPeHHit okono 35% uccnenyeMoil TeppHTOPHH OTHOCHTCA K | KaTeropuu MoTeHUHaNLHOR
PanoHooNnacHocTH, 53% TeppuTOpHM — KO BTOPO#i KaTeropun u 12% - Kk TpeTsel, HauGosee paroHoonacHo#
KaTeropuu (cM. Tabi.).

NoBeTopAeMOCTL CORBPKAHNA PBAOHA B BOAE

« Oxcnep. peniuie
. —s— PecueTan Kpusan
—a— 95% HWKHUIA ypOBEHL
l—x— 95% eepxHUn ypoBe|
—a— 99% HUXHUA ypOBEH!
{24 99% sepwunh yposens |

Puc. 2

INosTOpAEMOCTb COaEPXAHNA PafOHa B BORE B Pa3nuuHbIX paioHax 3anansoi [pysnn.
Y = 65.85-exp(-0.0646-X), R?=0.981,a=0.0]
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R e gy

C €o, pagoHa B no4Yse u BoAe

o 3Kcnep. AanHble i

—s— PacuetHan npAman
—a—95% HIKHWiA YPOBEHD , |

. —»—95% BepxHui yponenb: ;
" _%—99% HVOKHWIA YPOBEHD | |
—e—99% BepXHUil yPOBEHD; |

Bx/n

5 156 25 35 45 55 65 75 85 95 105

I 0 :
;
‘ KBK/KY6 M

Puc. 3

COOTHOIWEHHE MEXULY COAEPIKAHHEM PAIOHA B NOYBE H BOAE B PA3IHYHBIX pafioHax
3anannoii I'pysuu.
Y =0.5733-X +9.507, R=0.41, a=0.0!

Ha puc. 2 npeactamneHa noBTOPAEMOCTb COACPKAHHA PalOHa B BOJAE B YKa3aHHbIX paiioHax
3ananHoii [pysud. Kak u B npeasiayuwieM ciyuae pacdeTHOE 3HaueHHWE MOBTOPAEMOCTH pafoHa B Boae
YAOBNETBOPHTENBHO OMHCHIBAETCA  IKCMOHEHLMATLHOW 33aBUCHMMOCTbIO (COOTBETCTBYIOLUME 3HAYEHHA
PaceTHLIX N1aPaMeTPOB NPUBEACHLI B MOAMMCH K PHCYHKY). B nauHoM cyuae no pesy/nbTaTaM H3MEpeHHH
0Ko110 96% HccnenyeMbIX KOMOILEB COAEPXNAT BOAY C KOHLEHTpauHed paaoHa Mexee 60 Bk/n, u Heckonbko
Gonee 4% - BoAY C KOHUEHTPaUMEl pafoHa NpeBbiLatolLeH YPOBEHb BMELIATENBCTRA.

KoppenauHoHHOE COOTHOWIEHHE MEXKAY COAEPkAHUEM PAZOHA B NOUBE K BOZE MPHBEACHO Ha pHC. 3.
Kak cnenyer u3 3Toro puc., HECMOTPA Ha 3HAuUMTE/bHbIH pasbpoc naHHBIX, MEKTY HCCAeqyeMbIMH
XapaKTepPUCTHKAMH BCE IKE OTMEYAETCA MOMOKHTENLHAA IMHEHHAA KOPPENAUMOHHAs 3aBUCHMOCTbL
(koapduumenT koppenaunn pased 0.41 ¢ yposHem 3HayMmocTH a = 0.01). 310 Tem Gosiee BaxHO, 4YTO
K1accHHKALMA NaHHbIX NO THNAM MNO4B, HX NPOHMUAEMOCTH, BNAKHOCTH, OCOBEHHOCTAM KOHCTPYKLMH
KOJIOALEB H ApP. HE NPOBOAHNACD.

Takum obpazom, B ykazawHbix paiioHax 3anagHoit ['py3suu WMEIOTCS TeppHTOPUH C BBICOKOH
CTeneHbI0 paiOHOONACHOCTH KaK B NOYBEHHOM BO3AYXE, TaK U B BOJE.
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MPEABAPUTEJBHBIE PE3YJILTATHI HCCAEJOBAHUS COAEP)KAHUA PAJIOHA B
MOYBE U BOJE B PA3JINYHBIX PAHIOHAX 3AIIATHOM I'PY3HH

Amupanamsuau A.I'.,, Yeanmse T, Memnkanse I' K., Tpexos H.IO.,
Toaagse MLIIL., Yaukseranze A.ILL., Yeanaze JL.T.

Pedepar

]'Ion'ropuemocn COIEpXaHHA panoHa B TMOYBE H BOAE YAOBJIETBOPHTENLHO OMHCHIBAETCA
3KCNOHEHLHaNLHOH 3aBHCHMOCTBIO. Me)l().'l)’ COACpXaHHEM pajoHa B 1104YBE W BOAE HMMEETCA NpAMas
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KOppeNAUMOHHAs CBA3b. K HamGonee pajoHOONacHOH KaTEropHH OTHOCHTCS 12% wuccneayemon
TeppuTOpHH. Bonee 4% Mccnen0BaHHbIX KONOAUEB COAEPXKAT BOAY C NOBLILIEHHON KOHUEHTpauMel pajoHa.

PRELIMINARY RESULTS OF THE ANALYSIS OF RADON CONTENT IN THE
SOIL AND WATER IN DIFFERENT REGIONS OF WEST GEORGIA

Amiranashvili A., Chelidze T., Melikadze G., Trekov 1.,
Todadze M., Chankvetadze A., Chelidze L.

Abstract

The repetition of radon content in the soil and water is satisfactorily described by
exponential dependence. Between the content of radon in the soil and water is a direct correlation.
To radon dangerous category are placed 12 % the investigated territory. More than 4% investigated
wells contain water with the increased concentration of radon.
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CKOPOCTD POCTA I'PAAMH IIPH PA3JITUYHOM BOTHOCTH H
TEMIIEPATYPE HCKYCCTBEHHOM OBJIAYHOM CPE/bBI

Baunapze T.T.
Hucmumym 2eopusuxu um. Muxauna Hooua, 0193, Téwrucu, yn. M. Anexcudse, |

B pmauuoii paGove npencraeneHb pelynsTaThi MCCNENOBaHWA  CKOPOCTH pOCTa CBOGOAHO
B3BELLEHHLIX FPaiUH NPH Pa3IHYHON TeMMNepaType W BOAHOCTH HCKYCCTBEHHOH 06NauHOM cpeab! .

Ha puc.]l nokasaHbi ocpefHeHHble AaHHbie 00 MIMEHEHMH BO BpEMEHW B TeueHue 15 MMH C
MHTEPBANAMH NO 3 MMH HaMeTpa H Macchl rpaaull B 06NnayHoOH Cpefe NpM CYXOM M MOKPOM pexuMax
pocra. JIas cyxoro pexuma pocta KpUBLIC MOCTPOCHb! AMIA TPEX AHANAIOHOB BOHOCTH: 0820 /M
(cpeanee mo 10 onitam) ; 2.1-3.0 r/m” (cpeanee no 13 onbitam) W 3.1-5.0 r/M’ (cpeanee no 12 onbitam).
Jins MOKpOro pexuma pocTa — OAMH Auanasod BosHocTH: 3.1-5.0 M’ (cpeatiee no 8 onbiTam).
Onpenenenue pexMUMOB pocTa rpana 6b110 NPOBEAEHO B COOTBETCTBHE C MoHorpadmeii [1].

Kak cnepyet u3 3Tux pucyHkoB u TaGn.l, pocT rpalMH BO BPEMEHH XOPOLIO anNPOKCHMUpYeTCa
IKCMOHEHLHANBbHOH dyHKUHel (YPoBeHb 3HAUNMOCTH KOIPDHUHEHTOB NETEPMUHALIMH R’ He xyxe 0.01).

B T1abn.l npeacrarneHbl COOTBETCTBYIOLIME 3HAUCHNA KOIDDULKEHTOB YPABHEHUH PErpecCHH AnA
pocTa OMameTpa M MacChl TpafiMH MPH CYXOM M MOKPOM PeXHMax pocTa. 34ech K€ MNPHBEACHDI
COOTBETCTBYIOLME 3HaueHHA 68% - x noeepurensHbix uuTepBanoe (CONF 68% (+/-)) ana 3HaueHHH
k03(pHUHEHTOB @ v b ypaBHeHWH perpeccuu. Hauanbubie pasmepbi rpanud coctasasuu 15-17 MM no
nunametpy ( coorsercTBenHO Maccht — 1.6-2.2 T). YkajaHHble HauanbHble paIMepbl ObLTH BbIOpaHbl W3
cooOpaxkeHHii, 4TO BbiNajatolMe M3 obnaka rpaauHel avameTpoM 15-17 MM TaoT B atMocdepe o
NPaKTU4ECKH HE JOCTHraloT nosepxHocTH 3emnu. ['paaunbl Gonbmnx pasmepos yxe pocturator ee [1,2].
Tak, Hanpumep, no [1] Beinanatoue 13 obnaka rpaauHel inameTpoM 30 M 35 MM AOCTHFAIOT NOBEPXHOCTH
3EMJIH C JHAMETPAMH COOTBETCTBEHHO 14 1 22 MM .

Puc.| HarnagHoO AEMOHCTPHPYET 3aBUCMMOCTb MPHPOCTA Pa3sMEPOB H MAcChl MPajiUH OT BOAHOCTH
cpenbt, 0CO6EHHO XOPOLIO MPOABAAIOLLYIOCA NIPK CYXOM pexcuMe. YTo KacaeTcs CpaBHEHHS POCTa FPaaHH B
CYXOM H MOKPOM PEXHMaX MpH OJHHAKOBBIX AuanasoHax soaHoctv (3.1-5.0 r/M’), To 3mech ecTh cBOM
HioaHCbl. B Teuerue nepsbix 12 MUH pOCT pa3mMepoB rpafMH NMPOMCXOANT NPHMEPHO OAHHAKOBO, a 3aTeM
POCT pa3sMepoB rpafMH NpH MOKPOM PexHMe OnepexacT 3TOT PocT npu cyxoM. PocT maccul xe rpaauH B
CYXOM PEXKHME BbILIE POCTAa B MOKPOM PEXHME TIPAKTHYECKH IUIA BCErO BPEMEHM 3Kcnepumenta. Hupimu
CIOBaMH NPH 3THX BOAHOCTAX B PEXHME CYXOro W MOKPOro pocTa MAOTHOCTb FPaaMH p, monyvaercs
painHy4Has.

Tak, N0 HawuM oueHKam npu w = 0.8-2.0 r/m’, p. = (0.84 £ 0.016) rlem’ ; w = 2.1-3.0 /M, p-=
(0.81 £ 0.0116) riem’ ; w=3.1-5.0 t/m*, p. = (0.85  0.0115) r/icm® (cyxoii poct); w =3.1-5.0 r/m?, p, =
(0.70 + 0.05) r/cm® (Mokpetii poct nps T= -6 +-7°C) uw =4.4-50 r/M’, p. = (0.86 + 0.08) r/cm’ (Moxpiit
poct npu T = -8 +-10 °C) . Takum o6pa3om npu BHICOKMX TeMNEPaTypax MAOTHOCTh rPA/HH MONyYaeTcH
HIDKe, 4eM npH Hu3kux. [1o Bcell BHAMMOCTH Ny BHICOKMX TEMTEPaTypax 3TO CBA3aHO ¢ Gonee BbicokoH
LIEPOXOBATOCTHIO MOBEPXHOCTH IPaiHH, & TAIOKE HAIHYHEM BLITTYKIIOCTEH M BLICTYNOB, YBEHUUBAIOWNX ee
pasmep. IIpn HU3KKUX TEMNEpaTypax IUIOTHOCTb PafHH NPH MPUMEPHO OAHHAKOBLIX BOAHOCTAX ANIA CYXOrO
1 MOKPOTO PeXHMOB POCTa Manio OTAHYAIOTCA ApYyr OT Apyra.

KoanyectaeHHble XapaKTEPHCTHKM CKOPOCTEH POCTa pPa3MepoB H Macc FPalHH Qs AMAMETPOB
rpanun 20, 25, 30, 35 u 40 MM npeactaBnedb! B Tabn.2. 34ech ke NpuBEAEHbl NAHHBIE O  BPEMEHH,
HEOOXOAMMOM 1A AOCTHKEHHA YKa3aHHBIX Bbillle Pa3MEPOB rPAllMH NPY HX POCTE OT HayalbHOro pasMepa
(15-17 mm). Pacuetsl nposeneHbl B COOTBETCTBHE C NaHHLIMK Tab/1. 1. OTMeTHM, YTO JUIA IHAMETPOB rpaavH
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suiwe 24 MM (BoaHocth 0.8-2.0 t/m*), 27 mm (somHocTh 2.1-3.0 r/M") n 30 mm (sopHocTb 3.1-5.0 I‘/M})
JaHHBIE O CKOPOCTAX POCT2 Pa3MepoB W Macc rpanHi SBAAKOTCH ANMPOKCMMAUMEN MO COOTBETCTBYIOMUMM

dopmynam Tabn. 1.
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Puc.1
H3ameHeHne BO BpeMeHH AHameTpa (BepXHHii rpadvk) ¥ Macchl rpajnH
(HwicHuii rpadHK) B MCKyCCTBEHHON 0ONAYHOI cpese.
1. BomnocTs ot 0.8 10 2.0 r/ M*, (cyxoi pocT)
2. BoauocTs o7 2.1 10 3.0 / M’, (Cyxoii pocT)
3. BonHocTs 0T 3.1 00 5.0 f M',(cyxoit poct)
4. BogHoctb 0T 3.1 10 5.0 / M, (MOKpbI# pocT).
Temnepatypa ot -6 no -7 °C

Kak cnenyet 13 Tabn.2 ¢ pocTOM BOJHOCTH CYLUWECTBEHHO YMEHbLLAETCA BPEMA JOCTHIKEHHS TPavH
OMIHUX M TeX XE Pa3sMepOB, H COOTBETCTBEHHO, YBENH4YUBAETCA CKOPOCTL POCTA AMAMETPa W MAace rpajkH.
Tax, HanpHmep, npu BOZHOCTAX, COOTBETCTBYIOLUHX 0.8-2.0 rim,
2.1-3.0 v/’ 1 3.1-5.0 r/M* rpanuea nocTHraeT Auametpa 30 MM OT HauanbHOTro, pasHoro 15-17 MM, 3a 23,
18 1 15 mun. C yBenuueH1eM pa3MepoB rpajiMHbi PacTeT CKOPOCTb POCTa AMaMeTpa H Macchl rpaauh. Tak, 8
YAaCTHOCTH, NpH BOAHOCTH 3.1-5.0 /M’ Ana rpaaun auamerpom 20, 30 1 40 MM CKOpOCTh POCTa AHaMETpa U
Macchi FPaiMH, COOTBECTBEHHO, cocTasiaer 0.79, 1.19, 1.59 Mm/mMuu 1 0.42, 1.31, 2.94 r/MuH nipu cyxom
pocte, u 095, 142, 1.9 mm/mun u 0.43, 1.19, 2.46 r/mun npn mokpom pocre (Tabn.2). Tlpu Tex xe
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BOAHOCTAX NHAaMCTP rPaauHbl YABUBACTCA MPUMEPHO 3a |7 MHUH NpH CYXOM PocTe U 15 MUH npu MOKpoM
pOCTe, Macca rpafHb! YBENUYHBAETCA B LIECTL Pa3 NMPUMEPHO 3a | 5 MHH MU 06OHX peskumax pocTa.

Tabn.
KoapduuunenTsl ypashenuii perpeccun ans pocta anamerpa (D) u Maccst (M) rpanun
Pesxum w rim’ ] R ‘ a | CONF68% ] b , CONF 68% (+/-)
pocta (+-)
D = a exp(bx)
Cyxoii 0.8-2.0 0.993 15.59 0.227 0.0287 0.0014
Cyxo#t 2.1-3.0 0.994 16.326 0.26 0.0333 0.0015
Cyxoi 3.1-5.0 0.982 16.652 0.564 0.0397 0.0032
Mokpbiit 3.1-5.0 0.996 15.109 0.306 0.0474 0.0018
M= a exp(bx)
Cyxoit 0.8-2.0 0.994 1.609 0.084 0.0895 0.0043
_Cyxoii 2.1-3.0 0.993 1.961 0.129 0.0986 0.0053
Cyxoii 3.1-5.0 0.986 2.238 0.263 0.1117 0.0092
Moxpelii 3.1-5.0 0.996 1.781 0.121 0.1192 0.0053
Tabn. 2

Bpema aocThxkeHNs rpaiMHaMK 3a4aHHbIX Pa3MEPOB M CKOPOCTH POCTa MX
nmnamerpa (D) n macchbl (M) Npu 3THX pa3Mepax B 3aBUCHMOCTH OT YC/I0BHH 3KCNEPHUMEHTa

Pesxxum pocra D, mm Bpems D', MM/MWH M, r/mun
AOCTHKeHUs D,
MHH

Cyxo# 20 8.7 0.57 0.31
w = 25 16.5 0.72 0.63
0.8-2.0 r/v’ 30 2238 0.86 [
35 28.2 1.00 1.79
40 32.8 1.15 2.72
Cyxoii 20 6.1 0.67 0.35
w = 25 12.8 0.83 0.68
2.1-3.0 M’ 30 18.3 1.00 L17
35 229 1.17 1.85
40 269 1.33 2.75
Cyxoit 20 4.6 0.79 0.42
w = 25 10.2 0.99 0.78
3.1-5.0 /M’ 30 14.8 1.19 1.31
35 18.7 1.39 2.02
40 22.1 1.59 2.94
Mokpbiii 20 59 0.95 0.43
w = 25 10.6 1.19 0.75
3.1-5.0 /M’ 30 14.5 1.42 1.19
35 17.7 1.66 1.76
40 20.5 1.90 246

CpaBHeHHe HalMX pe3yJbTaTOB MO CKOPOCTH POCTA MacChl FpavH PpasfnuuHoro pasmepa ¢
AHATIOTMYHBIMK pe3y/bTaTaMH , nonydeHHsimu B BI'U [3], Ho ana 3aKperUICHHBIX MPajwH, roKasbiBaeT
crnegyiowiee. B ycnoBuax Moxporo pocra mpu BOJHOCTH 5 T/M® CKOPOCTb POCTA Macchi 3aKpernneHHOMH
rpaauubl anametpom 20, 25, 30 MM B XHAKOKANENLHOM cpede cOCTapnANa coorsercraeHHo 0.39 r/MHH, 0.45
r/muH, 0,46 r/MuH. B uHawem 3KcriepUMEHTE 3Ta CKOPOCTh IpH MeHbuie# BoaHocTu (3.1-5.0 riv’) ana
TPafuH Tex xe pasmepos cootsercTBoBana 0.43 r/mun, 0.75 r/mun, 1.19 r/muk (Tabn.2).

Takum o6pazom, Ans 3akpenieHHOW W CBOGOAHO B3BELIEHHOW rpanuHLI Ans AuameTpa 20 MM
CKOPOCTH POCTa Macchl rpaHHbl PalIMHalOTCA He3HaunTenbHo. OIHAKO ANA AnaMeTpoB 25 MM H 30 MM 3T0
Pa3nHuKe CYLIECTBEHHOE H COCTaBAseT npumepHo 170% u 260% No OTHOMIEHHIO K CKOPOCTH pOCTa MacChl
3aKperuieHHO# rpanrHbl.
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CKOPOCTb POCTA I'PAJUH ITPH PA3JIHYHON BOAHOCTH H TEMIEPATYPE
HCKYCCTBEHHOW OBJIAYHOM CPE/IbI

Bananze T.I'.

Pedepar

[MpencTaBnensl pe3ynbTaThi HCCNEAOBAHUA CKOPOCTH PoCTa cBOGOAHO B3BELUEHHBIX TPAAMH MPH
PaHuHOit TEMNEPATYPE M BOAHOCTH UCKYCCTBEHHOH 061a4HOM cpeabl
RATE OF GROWTH IN THE HAILSTONES AT DIFFERENT WATER CONTENT AND
TEMPERATURE OF ARTIFICIAL CLOUD MEDIUM
Bliadze T.
Abstract

The results of investigating the rate of growth in the freely weighed hailstones with a different
temperature and the water content of artificial cloud mediuin are represented
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PU3NYECKHE XAPAKTEPUCTUKH I'PAJIUH IIPU PA3JIMMHBIX
PEXXHUMAX X POCTA

Baunanze T.I'.

Hucmumym 2eogpuzurcu um. Muxauna Hooua, 0193, Téunucu, yn. M. Anexcudse, |

H3eecTHo, uTo 'py3us ABNAETCA OAHUM H3 IPALOONACHBIX perHoHos Mupa. [ostomy Hccaenosanns
rpanoBbiX NMPOLIECCOB 31€Ch BCErAa ObUTH aKTyanbHbl M HM YAENIOCH H YAENAETCA NOBBILUEHHOE BHUMAHHE.
Hayuenne rpanobutuii B ['py3nd UMeeT MHOrOBEKOBYIO WCTOPHIO. PerynapHbie e METEOpPONOrHuecKHe
HabnioneHUA 32 3TMM aTMOCEPHBIM ABieHNHeM BeayTcs Yie Gonee 100 ner [1]. Kpome 3toro, B TeueHue
JUIHTENBHOTO NEpHO/a BpEMEHH NpH pa3paboTke CPeacTs H METOAOB BO3AEHCTBHA HA TPaLlOBLIE MPOLUECCH! ,
a 3jaTteM BO Bpems paGoTei mepBoi B MHpe npoTusorpanosoii cny6bel I'pymn 8 Kaxetn w B npyrux
pernoHax Bocrouno# M IOxHoi ['py3un, Hapany ¢ AETalIbHBIM H3yYEHHEM KAMMATONOTHM rpaja B 3THX
paiioHax C MCNOJIb3OBAHHEM IpafOfO0KAEMEPOB, NPOBOAMIHCE HHCTPYMEHTALHBIE HIMEPEHHA KONHYECTBA
TBEPABIX ¥ KHAKHX OCAJKOB, BHINABIUHX W3 rpaaoBbix 06/1aKoB. JIOMONHHTENBHO HIYHATHCH U (HIHUecKHe
XapaKTEPHCTHKH (TIOTHOCTh, pa3Mepsl, CTPYKTYpa v Ap.) OTAenbHeIX rpaaun [2-4]. Bonbuwioe sHuManue
YAENIOCH N YAEIACTCH MCC/IEA0BAHMAM PAAHOOKALMOHHBIX NaPAMETPOB KOHBEKTHBHBIX 00/1aKOB ¢ LE/IbIO
onpejeneHns PaaHOIOKAMOHHBIX KPHTEPHEB HX MPaloONacHOCTH, KapTHPOBaHUIO TeppuTopu Kaxetn no
PACTPENENEHHIO KOHBEKTMBHO#H 06N1a4HOCTH H FPO30 H rPaJIcONacHOCTH C UCTIONIB30BAHHEM 3THX KPHTEPHEB
[5,6]. Baxioe BHMMaHHE yRENANOCH TakKe TEOPETHYECKHM H IKCMEPUMEHTAIbHbIM 1aGopaTOpHbIM
WCCJIEI0BaHHUAM MPOLECCOB POCTA W TasiHUA rpamuH [7).

JaHHan paGoTa ABNAETCA 4aCTBIO NPOBOAMMBIX B I'PY3NH YKa3aHHbIX BblllE MCCNEA0BaHHUHA H NoceAlleHa
IKCTIEPHMEHTAIBHOMY HMCCNEAOBAHUIO (UIHHECKHUX XaPAKTEPHUCTHK PajuH NpPH PA3NHYHBIX PEXUMAX HX
pocra.

B pabore npuBOAATCA ABA THIHMMHBIX CRyyas poOCTAa WCKYCCTBEHHBIX paauH, cBob6oaHo
NOJABEWIEHHBIX B MEPEOXNDKACHHOR 0oOnaunodi cpese. OnucaHWe IKCMEPHUMEHTANbHOH YCTAHOBKH
npeactasneHo B [8]. dusnueckue M NOBEPXHOCTHBIE OCOOEHHOCTH pacTywiMx CBOGOAHO MOABELICHHBIX B
06na4Holl cpefie rpaauH ABARIOTCA OTPKEHHEM TEX YCIOBHM, NPH KOTOPbIX MPOMCXOAUT OTNOKEHHE JibAd
Ha NOBEPXHOCTH Moaenen.

31H ocobeHHocTH Mbl GyaeM XapaKTepu3oBaTh CNEAYIOLWMH NapaMeTpaMu:

1. Temnepatypoi 061a4HOMH CPENbl, COXPaHSAIOLIEHCA TOCTOAHHON B TEHEHHE IKCMEPUMEHTA.

2. AMaMeTpOM M MAcCOH rPaaMH uYepe3 NOCNea0BaTeNbHble TPEXMHHYTHbIE NPOMEXYTKH BPEMEHH
MX POCTa B TeueHHe |5 MHHYT, HAUHHAA C HAYAILHOTO MOMEHTA (BCErO IECTh TOUEK UIMEPEHHS : 0,3,6,9,
12 1 15 mun).

3. CKOpOCTBIO POCTA AHAMETPa M MacChi FPAIMH B Pa3fH4HbIE TIOCNEAOBATENLHbIE TPEXMHHYTHbIE
TPOMEXNCYTKH BPEMEHH HX POCTa B TeueHHe |5 MUHYT (BCero nATh npomMexyTkos pemenn: 0-3, 3-6, 6-9, 9-
12 1 12-15 Mun).

4. BOAHOCTbIO OONAYHOW cCpefbl, COXPaHAIOWEH NOCTOAHHbLIE 3HAYECHMA B YKa3aHHbIC MNATH
TPEXMHHYTHbIE HHTEPBAIbI BPEMEHH.

S. 3HAYEHHAMH HMHTErpanbHOro KoauuUMeHTa 3aXBata 06NauHbIX kaneas, rpaivHaMH B ykasaHHble
NPOMEXCYTKH BPEMEHH.

6. 3HAYEHHAMM KPHTHYECKOH BOAHOCTH, 06YCNOBIMBAIOLIMX PEKHM POCTA FPAAHH.

7. HaTMYHEM Ha TIOBEPXHOCTH MPaHHBbl TUIEHKH BOAbI.

8. LIepOXOBaTOCTLIO. NOBEPXHOCTH MPAAMHbL.
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Pue.1
Dororpauu pacTyen rpanuHbl B onbite 1.
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Puc. 1a

U3sMeHeHKe Bo BpeMeHH AuaMeTpa rpaja (BepxHuii rpaduk), ero macchl (CpeAHHi rpadHK) W BOAHOCTH
UCKYCCTBEHHO#M 06nauHoi cpetbl (HWKHHU# rpadui)
Bonsite Ne 1. Temnepartypa — 6.5 °C.

9. HaIYMEM WM OTCYTCTBHMEM BBINYKIOCTEH, X BbICOTOH W pacnpeAcicHHEM Ha NOBEPXHOCTH.

10. useToM NEASHOrO OTNONKEHHR, KOTOPbIH 3aBUCHT OT HAIMYWA MAK OTCYTCTBHA BO3AYLUHBIX
BIJIIOMEHUH.

11. dopmoii rpaamH.

12. MIOTHOCTBIO OTIIOKEHUS.



Puc. 2
Qotorpacduu pactyiuei rpagHel B OTbITE 2.
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HameHenne Bo BpeMeHH aMaMeTpa rpaja (BepxHuii rpaduk), ero macchl (Cpeanui rpaduk) u
BOQHOCTH MUCKYCCTBEHHO# 061a4HON cpeabl (HIWKHKHA rpaduk)
B onsbite Ne 2 .Temneparypa- 18 °C.

Ha puc. 1, la, 2 1 2a npeactaeneHbl hoTorpadi pasnHuHbIX CTaAHH POCTa H IKCNIEPHMEHTAIbHBIE
JaHHbIC O MOBEPXHOCTHLIX XapaKTEPUCTHKaX CBOGOAHO B3BELIEHHBIX IPAAHH, HIMEHEHHAX WX AHAMETPA M
Macchl BO BpEMEHH, a TAKOKE TEMIEPATYpe H BOAHOCTH HCKYCCTBEHHOH 06nayHOM cpenbl.

Oneit | (puc. 1 u 1a). Temnepatypa obna4Hoii cpeast coctasnsna —6.5 °C. BoaHocTs usMeHanach
cnabo, ot 4.2 mo 4.9 r/m’ (12-15 u 6-9 MuH cooTBeTCTBEHHO, puC. |a). BbiCOKHE 3HaU€HHA BOAHOCTH
06YC/IOBMIN B UENOM 3HAYMTENBHBIF pocT rpaauub. uametp ee (D) yBenuunaca or Havaabhoro 15.5 mm
no xoneuyHoro 31 mM. CootseTcTBeHHO Macca (M) yeenmuumunack or 1.8 r no 11.9 r. Ckopocts pocta
AHaMETPa M MacChl FPaaHHbI B MOC/IEAOBATE/IbHLIE TPEXMHHYTHbIE NPOMEXKYTKH BPEMEHH HAXOAHTCA B
TNONOXHTENBLHON KOPPENALMH H3MEHeHHIO BoAHOCTH. Jlna soaHocreit 4.55, 4.4, 4.9, 4.85 u 42 M’
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COOTETCTBEHHO FHAYEHHA CKOPOCTH pocTa auametpa D’ coctasasior 1.08, 0.58, 0.75, 1.83 u 0.92 mm/mun, a
3HaueHNA CKOPOCTH pocTa Macchl M- 0.39,0.28, 0.50, 1.02 u 1.16 r/mun.

Cpennye 3HaueHns AMAMETPa IPaiiMH B 3TH MPOMEXYTKH BPEMEHHM COOTBETCTBEHHO COCTaBMALNM:
17.1, 19.6, 21.6, 25.5 1 29.6 MM, a 3Ha4eHHA HHTErpanbHoro koddduuMeHTa 3axsata obnauHbIX Kanens
rpagunamu £ - 0.36, 0.20, 0.25, 0.35 1 0.32. To ecTb 8 AaHHOM Cly4ac MMEET MECTO ABA IKCTPEMyMa
3Ha4eHHii HHTErpaTbHOTO KOI(dULIMEHTA 3aXBaTa JUTA CPEIHEr0 AMaMeTpa rpaanH 17.1 n 25.5 MM .

Kputnyeckas BOAHOCTe B TeueHHe IKCMEPUMEHTA  MOCNEAOBATENLHO MEHANACh CEAYIOLHM
obpasom: 2.8, 4.5, 34,22 n 2.2 r/M’. dopMyna Ans oTipeAesieHUs KPHTHHYECKOH BOJAHOCTH Hamu Gbina
WCIIONL30BaHA U3 MOHorpacuu [9].

Takum 06pa3om, NpaKTHHECKH B TEYEHHE BCEr0 IKCMEPHMEHTa POCT rPagHHbI NPOWCXOAWN B
MOKPOM pexume (MCIIONEHHE — BTOPOH MPOMEXYTOK BPEMEHM, [UIS KOTOPOro KpUTHYECKas BOAHOCTh
6nuska K HabmofeHHON K pexxum pocta Gonee 6nuszok k cmewanHomy). Kak cneayer u3  dororpaduii (
pHc.1), MOBEpPXHOCTL IPafMHbI F1aAKad, OAHAKO Ha HEW MMEIOTCA BBITYIGIOCTH BLICOTOH 0 2.5 MM, KOTOpbIe
PaBHOMEPHO pacripefesieHs! Mo Beeti NOBEPXHOCTH. PaBHOMEPHOE pacnipeeNieHHe YKa3bIBaeT Ha CyaiHblii
XapakTep MNOSRIEHHA BLICTYNOB NpH cBOGOAHOM BpalleHWH mozenu B obnayHoit cpene. l'lonepxuom
rpaus! npo3paunas. [nOTHOCT Hapoclero baa B TeueHHE IKCTepHMenTa Gbita npuMepHo 0.9 r/em’.

B caenyiowiem onbite (puc. 2 u 2a) Temnepatypa obnaunoi cpensl 6bina pasHa —18 °C.

BoaHocTe H3MeHanach HesHauuTenbHo, ot 3.05 no 3.6 M’ (12-15 1 6-9 MUH COOTBETCTBEHHO).
Jinametp rpaautbl 32 15 mMuH. n3mennnca ot 14 mm a0 27.8 mm. CoOTBETCTBEHHO MAcCa rpaJHHe! BhIpOCHa
oT 1.22 r 1o 9.57 r. B reuenue 3kcnepumeHTa BOAHOCTL coctaBnana 3.3, 3.3, 3.6, 3.55 u 3.05 M’
3Hayenus D’ cooTercTBeHHO Gbian pasubi: 0.67, 0.33, 1.83, 1.0 n 0.75 mm/mun, a M' - 0.12, 0.21, 0.76,
090 n 0.80 r/mun. Cpeanne 3HaueHus OMaMeTpa rPaguH B YKalaHHbie MPOMEXYTKH BPEMEHH
COOTBETCTBEHHO cocTasnanu: 15.0, 16.5, 19.8, 24.0 1 26.6 MM, a 3Hawenns £ - 0.20, 0.29, 0.63,0.48 n 0.39.
B 3TOM 3KCREpUMeHTe, Kak M B MPeablAYLIEM, C POCTOM AHAMETPA MPaaHH BHawane MpOC/EXKHBACTCA POCT
MHTErpanbHOro ko3¢ HuHelITa 3aXBaTa, 8 3aTeEM — yMEHbLICHHE .

Benuqnuu KPHTHUECKOH BOQHOCTH B YKa3aHHOM 3KCnepUMeHTe cocTasnsanm: 14.6, 9.4, 39,45 u
5.1 /M’ To €cTh B TEuEHHE BCErO IKCMEPUMEHTA POCT rpajiuHbl NPOMCXOAMN B CYXOM DEXHME, 4TO
LOCTaTO4YHO XOPOLIO BHAHO Ha CooTBeTCTBYHOWMX oTorpaduax ( puc.2). [ToBepxHOCTb rpaaHHbl CyXas,
rnajxas, Ge3 kakux-nH60 1wepoxoBaTocTelt W Buimyxnoctedl. Llser — monouno-Genwid, dopma —
cepHueckas, MIOTHOCTL Hapoctero nbaa — 0.85 ricm’.

CpaBHeHHe BbIILEONUCAHHLIX M APYTMX WMCKYCCTBEHHBIX TPafiMH, BBIPOCLUIMX B AHIOTHYHBIX
YC/OBHAX, C ECTECTBEHHBLIMH rPaAHHaMH, BLINABIIMMH B pasHoe BpeMa B KaxeTHHCkoM peruoHe I'py3uu n
3a py6exoM, NoKa3ano, YTO NOBEPXHOCTHbIE CBOWCTBA U ECTECTBEHHBIX M HCKYCCTBEHHO BBIPALLEHHBIX HAMH
cepuueckux rpaun (UBET, LIEPOXOBATOCTb, BLIMYKIOCTb, Pa3Mepbl) AOCTATOYHO YAOBNETBOPHTENBLHO
cornacyiotca Apyr ¢ aApyroM. Taloke yNOBAETBOPHTENBHO COFNACYIOTCH MONYHEHHbIE B IKCMIEPHMEHTAX
AaHHBIE O NIOTHOCTH IEARHOTO HAPOCTA C AHANOMHYHBIMH [UIA €CTECTBEHHBbIX rpaauH [4,9,10].

Taxum o6palom, yCTPOHCTBO AN MOREAMPOBAHNA POCTA CHEPHUECKHX IPAHH B HCKYCCTBEHHOM
obnauHoii cpene [8] BnonHe penpeseHTaTBHO WA NOAOGHOrO Poaa IKCIIEPUMEHTOB.

JluTepatypa

[urunetiweunu B.M. - I'pano6utua B Boctounoii pysuu, JI.,['mapomereounanar, 1960, 123 c.

2. Baruawswnn M.P.,, Baxconwauu M.T", Tasawsunn AT, Feoprmusnan A.I'., Kanananse H.U., Mukanse
B.LL., Caamuusunn H.P. — Hccnenosanne rpanoseix npoueccos B paiionax Bocrounoii I'pysum, Tp.
Bcec. cemun. “AKTHBHBIC BO3ICHCTBHA HA rPajioBble NPOLECCHl H NEPCHEKTHBLI YCOBEPLIEHCTBOBAHMS
NbA006PasyIOIMX PEarcHTOB IS NPaKTHKH aKTHBHBIX BosaeiicTeuii”, Hamvunk, 16-21 oktabps 1989,
M., MO I'nnpometeousnara, 1991, c. 251-260.

3. Bapruwswnu H.T., bapruwsunu I'.C. — XapaxTtepuctuku rpanoburuii u rpaaun., Tp. 3akHUTMH, sbin.
16(22), J1.,I'uppomereonsnar, 1964, c. 80-83.

4. Kapuusanse A.W., Maxapawsnnu [1.U. - HekoTopsle aaHHble 0 GPHIUUECKHX XapAKTEPHCTHKAX rpalHH,
Tp. Mu-ta reopuancu AHI'CCP, . 25, Buin. 1,T6., "Meunuepe6a”, 1967, c. 84-93

5. Amiranashvili A., Amiranashvili V., Doreuli R., Khurodze T., Kolesnikov Yu.-Some Characteristics of
Hail Processes in the Kakheti Region of Georgia, Proc.13th Int. Conf. on Clouds and
Precipitation,Reno,Nevada, USA, August 14-18, vol.2, 2000, pp. 1085-1087.

6. Kapumsanse A.H., Canyksanse T.I'., Jlanunckac B.A. — HekoTopble BONpOcs! METOANKH BOIACHCTBHA

Ha TpajoBeIC NPOLUECCH C HCIONb3OBAHMEM TNPOTHBOrPaaoBoOd CcHcTembt “Anasanu”, Tp. Hk-ta

reopuinks AH 'CCP, 1. 26 , T6., "Meunnepe6a”, 1975, c. 13-27.

228



7. Teenecnann A.H. — O6 oTnoxenun nbaa, pacTyuiero 8 NoTOKe NepeoXJIMKACHHOrO BOAHOTO a3po3ons,
Ha MPOBEPXHOCTAX pasiuuHoi Gopmet, Coobw. AH FCCP, 1. 51, N1, 1968, c. 63-68.
8. Oxymxapa A.M., Bananse T.I'., Jlomunanze J1.P., Canvawsunn T.H. - YCTpoiicTBO AN MORENNPOBAHHS
pocTa 1 TaAHus rpaanH, Tp. Un-ta reodmankn AH I'CCP, 1. 49, T6., "Meunnepeta”, 1982, c. 90-95.
. Xopryaru B.I'. — Mukpo¢m3suka 3apoxaenus u pocra rpaaa, M., Tnapomereousnar, 1984.188 c.
10. Xener P. — ['pan, JI.,I'napomereounsnar, 1966, 106 c.

bIBIZ0L ISAGIRIBOL BOBOIIGO FSLILOSAMIIRIBN SN0 HAROL
LL3ORBLL3S MITNBIBOL KA

dosdg 0.

(‘)"J%n""]ﬂ"_]
oo Lgdygob BodEgmol beol sgamomby  Toddmpygbomos  gJb3gModgbdgdols
Lbga@slbgs 30Gm3gdobsmgols 8mbaigdgde bywadodmym obsbosmgdmgdhy, Jsmo @osdgBols

s Bbol  @ggmomgdsby  EAMTo,  spBgmgy  bgmmgbgdo  Lypdgdme  goGgdmb
0993900 M0bs s Tyrmasbmashy.

OUINMYECKUE XAPAKTEPUCTHKH I'PAJUH ITPH PA3JIUYHBIX
PEXNMAX UX POCTA

Bananze T.I'.
Pedepar
Ha npumepe pocTa AByX rpaavH MPEACTABACHLI THNIHYHLIC ANA PAIAHYHLIX yCJ’IOBHﬁ IKCMEPUMEHTOB

ZIaHHBIE O NOBEPXHOCTHBIX XapaKTCPHCTHKAX, HIMEHCHHAX MX AMAMETPa M Macchl BO BPEMEHH, a Taloke
TeMMepaType ¥ BOAHOCTH 06na4HoOH cpens!.

PHYSICAL CHARACTERISTICS OF HAILSTONES DURING DIFFERENT
CONDITIONS OF THEIR GROWTH

Bliadze T.
Abstract
The typical for the varied conditions for experiments data about the surface characteristics of

hailstones, changes of their diameter and mass with time, and also temperature and water content of cloud
medium based on the example of an increase in two hailstones are represented.
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HCCAEJOBAHUE BJIUAHUSA TEMIIEPATYPBI IPUBEMHOI'O CJIOA BO3IYXA
HA OBIIYIO MHUHEPAJIM3ALIMIO ATMOC®EPHBIX OCAJIKOB BOCTOYHOHU
'PY3UH

Canyksamse T., Xenan J., Canyxsaaze M.
Hucmumym zeogpusuxu um.M. Hoduf, 0193 Téurucu , yn. Anexcudse I. E-mail admin@)ig.acnet.ge

TIpHHATO CYMTATh, YTO OCHOBHAs 4acTh MHHepaioB (Mpuban3utensho 80 %), HaxomALMXCS B
arMoctepHBIX Ocalikax, MONaJaloT B HUX MOC/e Havyala ux Bhinazenus. OTciona clexyerT, 4To Kak
o6nas MHHepaTH3alUMA, Tak H XMMHUYECKHH COCTaB aTMOC(EepHBIX OCAXKOB BO MHOTOM 3aBHCZT OT
MECTHEIX YCIOBHH: METEOPONIOrHYeCKHX, KIHMAaTHYECKHX, TEPPHI€HHBIX, AHTPONOrEHHBIX H
ApYTHX. 3Has pe3ynbTaThl BIHSHHA 3THX (HaKTOPOB Ha MHHEpAIM3aLHIO aTMOC(EPHBIX 0CANKOB,
NPe/ICTaBAETCS BO3MOXHOCTh OLCHHTb HANpaBJeHHe HX U3MEHEHHUS.

BmsHue Ha oOLylo MHHepanusanuioo arMocdepHBIX ocamkoB  (X,)  PasaHYHBIX
METEOPONOrHYECKHX YCIIOBUH, NMPEALUIECTBYOMX HIH CONYTCTBYIOIMX MX BBIIANEHHIO, H3y4Yad
MHOTHE Hccnenoparen [1,2,3,4,5]. Beuto HalimeHo, YTO yBenudyeHHe TeMNeEpaTypsl NPH3EMHOTO
110 BO3yXa BieyeT 3a coboit yBennueHue obLel MUHepaTH3alu1 0CaKOB.

B HacTosiieli pabote npeanpHHUMAETCA MOMBITKA YCTAaHOBHTH SMIHPHYECKYIO 3aBHCHMOCTH
MexRy ofwed MuHepanMialMeit KOHBEKTUBHBIX aTMOC(EPHBIX OCAaZKOB TEMJOro Ce30Ha roga
Boctouno#t I'py3uu oT TemnepaTyps! npu3eMHoOro Bo3ayxa. IToa o6luefl MUHepanu3anueil 0cagKoB
MOIpa3yMeBAeTCA CyMMa 3HayeHUH KOHLEHTpAUMi HOHOB clenyroux xuMmHuyeckux seects Cl,
S04, HCO3, Na, Ca u Mg.

Hns pemenus 3To# 3ajauM Bocromb3oBanMch 6a3oif NaHHBX, KoTopas OOBEAMHSET
HHGOPMALHKIO 0 CYMMAapHO# MMHepalu3aluy atMocdepHbIX 0caakoB, MPobsl KOTOPhIX (Beero 487
npoG) 6butH cobpanbl B BocTouwoit I'pysun B 6 pa3snMuHBIX MecTax 3TOTO  perHoHa H
METEOPONIOTHYECKHX YCIOBUSX, IPEAILECTBYIOUNX HIIH COMPOBOXAAIOLIKX BBINAJCHHUIO OCAIKOB.

IIpo6ur ocankos Gpanuck B cienHanbHO 060PyOBAaHHbIX IyHKTaX, [JIe CTPOro CO6MOATHCH
ycnoBua c6opa M XpaHeHHMA Mpob, NpeAHa3HAYeHHbIX MUIA XHMHYECKOTo aHann3a. XHAMHYECKHH
aHaiu3 npoBoAWNcs Ha Kadeape aHanHTH4eckod XuMmuM TGHIMCCKOrO TOCYAaPCTBEHHOrO
yHUBepcuTeTa noa pykosonactsoM npod. I'. Cynarawsumu. TOYHOCTD XMMMYECKOTO aHAIM3a He
xyxe 10%.

CornacHo NpoBEACHHBIM HCCIENOBAaHMAM, aTMocdepHble ocamku KaxeTHHCKOro persoHa
I'pysuu ortHocaTca Kk cnabokucibIM, Cynb(aTHBIM HAM CyNbhaTHO-rMAPOKAPGOHATHBIM BOAAM
rpynnel Kanbuus. 10 Ka4ecTBY M XMMHHYECKOMY COCTaBy aTMocdepHbie OCaiKHM HCCIELYEMOro
PErHOHa XapakTepHbl 1M1 KOHTHUHEHTANbHBIX PErMOHOB. CpeHSAA BeNMUMHA CyMMbl [JIaBHBIX
MOHOB B 0CajIKax - Z, 110 MYHKTaM U IO roaM MEHsAETCA B fpefenax ot 8,6 mr/n o 21,6 mr/n.

HecMoTps na To, uTO 3HayeHue X, MeHsETCA B IUHPOKOM AMana3oHe, B GONbUIMHCTBE
ciyyaes oHo He mpesbiwaet 20 - 30 mr/1. Tonbko MeHee, 4eM B 1 % oT obuiero uucna npob oHa He
npesbinana 63 mr/n. Obuwiee cpenHee 3HaueHHe I, /UIA JAHHOrO pervoHa paBHseTca 15,4 Mr/m.
A6comoTHoe MHHMMANbHOE 3HaueHne I, = 1,21 mr/n. 3adukcupoBaHHOE Hamu abGCOMOTHOE
MakCHMaibHOe 3HayeHHe I, = 94,82 mr/n. Opmmako, cieayer OTMETHTb, YTO CyMMapHas
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MHHEpANu3allus, TNpeBocXomsman 63 Mr/i, B HaweM ciydae (fpu YuCle MEMEHTOB BEIOOPKH
oxono 500), cornacno npasuay ToMncoHa, ¢ Gonbwoi BepoaTHOCTEIO (0,95) MOXHO OTHECTH K
oumbke (Hanp. 3arps3HeHne Npob OCAAKOB (OCTOPOHHKUMM a3POIONAMHM NPH MX cGope). [Toaromy
MBI CYHTaeM, 4TO (Zy)yaxe= 63.00 creflyeT cuMTaTs MaKCHMyMOM MHHEPATH3ALHH aTMOCHEPHBIX
ocanxoB Bocrounoit I'py3uu.

[lpunuMas BO BHUMAHHE BENHYHHY CPEIHEI0 3HaY€HMs CyMMapHOH MHHEDAJIM3aLHH, JErko
MOXHO M0KAa3aTh, YTO Ha KaXALIA KBAAPATHBI KHIOMETP IUIOLIAAH BOCTOYHOM 'py3uu BMecTe C
aTMochepHbIMK OCAAKAMM B NOUBY 3a roj nonazaot ot 10 fo 20 T MUHEpaIbHBIX cofel, KOTopbie
HrpajoT BKHYIO POJIb B [€0-, THAPO- H arPOXMMHYECKHX NPOLECCAX, MPOTEKAIOMWMX B HEl.

Kax oT™euanocs Bbllle, poCT TeMImepaTypsl BOZAYXA HIKHMX COEB aTMOCHEPE! BHILIBACT
POCT MHHEpATH3aLMK OCATKOB. XapaKTep 3aBUCHMOCTH MUHEPATH3ALIMH OCAIKOB OT TEMIIEPaTyPBI,
B OCHOBHOM, OTIPEJENAETCA XapaKTepoM 3aBHCHMOCTH KOHIICHTPALi HOHOB HCO*, Ca®* n SO4* B
0CaJlkax OT TeMOEPaTypel. ITO MOXHO OGBACHHTH TEM, YTO BECOBOH BKJIAJ YIOMAHYTHIX HOHOB B
oflieAd MHUHEpaTH3alMM 3HAYMTENeH. AHAIOTHYHAs 3aBUCUMOCTb MPOCNEXUBAETCA W IS
KOHLEHTpauii HOHOB APYTMX XMMHYECKHX KOMIIOHEHTOB M CyMMBI rtaBHbIX moHoB (Cl, HCO?,
SO.%, Ca®™, Mg®, Na', u). Ananus >THX 3aBHCHMOCTHi NOKasan, 4YTO TONLKO B NeEPBOM
NPHOTHXEHHN MOXHO CYUTATh UX TMHEHHEIMM.

H3-3a HenuHEHHOCTH 3aBUCHMOCTEH MeM(Iy pPacCMaTpHBAIEMbIMH BEIHYHHAMM, COUWITH
HeOOXOMMMBIM  BBIYMCIATL HE KOIQ(HLMEHT JMHEHHOH KOppeNsuMH, a 3HauYeHHE T.H.
KOPpENALMOHHOTO OTHOWIEHHS 7). Kak nokasany BbIYMCIEHHA, 3HAYEHUA T U BCex
paccMaTpHBaeMbIX HaMM XMMHYECKMX BelleCTB, HAXOAATCHA B mpeaenax Mexay 0,43 u 0,9 (oM.
tabn. 1 ).

Tabn. 1. DBenuunnbl KOPPENALMOHHbLIX  OTHOLICHHH  3aBHCHMOCTEH
KOHLEHTPALUA OCHOBHBIX HOHOB M CYMMapHOH MHHEpanM3alu¥ OT
TEMNepaTyphl MPH3EMHOTO BO3ZYXa () C COOTBETCTBYIOUIMMH CTaHIAPTHBHIMH
olHOKaMH (oy).

Xumnueckwe | Cr | SO | HCOy | Na' | Ca® | Mg" | %,
BELLECTBA

n 043 | 089 | 090 | 085 | 074 | 085 | 063

Oy 003 | 002 | 004 | 004 [ 003 | 004 | 002

Ot QakTel OOBLACHATMCH TeM, UYTO C YBENWYEHWEM TEMMCPATYphI BO3AyXa CBsizaHa
HHTeHCH(MKAUNA KOHBEKTMBHBIX MBYXKEHMH B aTMocdepe, BCNEACTBHE YEro YBEIHYHBAETCA
BEPOATHOCTH [IONAfaHHsA B atMocdepy, M OTTyAa B AOXKAEBble KaliM TEPPUIEHHBIX a3po30iei.
TakuMu HMoHamu sBnsioTcs Ca™ H SO4, Hamuyue KOTOPHIX B aTMOCQEPHBIX OcaaKax
KaxernHckoro pervoHa ['py3uu BEI3BaHO MPHCYTCTBMEM TUINCa B GOIBLIOM KOJMYECTBE B OYBAX
3toro peruoHa[7].

Ha puc. 1. npencraBneHa sKcIepMMeHTalbHAsA KPHBas 3aBUCHMOCTH 0OLIeH MUHepamu3auun
aT™MocdepHpIX ocankos Kaxerunckoro pernoHa I'py3mm OT TeMnepaTypbl NPH3EMHOrO COf
BO3JyXa.
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O6uwan MuHepanuaauma aTMocdepHeIX

8.0 13.0 18.0 23.0 280

TemnepaTypa npuaemHoro 8osayxa °C
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|

Puc. 1. DxcnepuMeHTaIbHAS KPYBas 3aBUCHMOCTH OOLIEH MHHEpanH3aluu
arMoc(epHbix ocanios KaxeTHHckoro pernona I'py3un oT TemiepaTypsl
NPHU3EMHOTO CJI0S BO3JYyXa.

Kak BuaHO H3 3Toro rpaduka 3Ta 3aBUCMMOCTb HE JIMHEHHas M XOPOLIO alpOKCHMHPYETCS

TIOJTMHOMOM 4-0T0 NMOpAAKa CJICAYIOLIETO BUAA:
2.=210"1*-7.6107 - £+ 1.33.10™ £ - 8.64-10'1- t + 10.78

U3 Toro ke rpapmka cnenyer, 4TO YBeJMYEHHE TEMIIEPAaTypbl NPHU3EMHOrO BO3MyXa
BbI3bIBaET POCT 0OIel MHHepatu3auuH ocankoB. OJHAKO 3TOT POCT HHTEHCHBHBIM CTaHOBHMTCS
nocne 18 — 20 °C , uro cosmamaer ¢ MOMeHTOM Hauana HHTEHCH(HKAUHH KOHBEKTHBHEIX
IBIKeHHH B aTMocdepe JUI RAHHOTO PErHOHa.

KoadpuumeHT HaneHOCTH anpoKCHMAaLHK R?2=0.37.

JIuteparypa

1. Tupenko A.X. - HexoTopele 3aKOHOMEPHOCTH B XHMHH Boa atMocdepsi. [HApoxHMUYECKHE MaTEpHANb],
Jlenunrpag, “I'napomerteounsnar”, 1959, 7. 28. c. 57-63.

2. Ierpenyyk O.J1. OkcnepumenTanbHble HCCneAoBaHMA atMocdepHoro asposond. Jlewuwrpan,
“T'nnpomereonznar”, 1979.473 c.

3. Cynarawsunu [.J[. HekoTopbie 3akoHOMEPHOCTH OPMHPOBaHHA XHMHYECKOFO COCTaBa aTMocepHbIX
ocaakos B I'pyaunckoit CCP. Tpynst uuctutyTa OkeaHonoruy, 1973, 1. 63. c. 93-98.

4. Dalal R.C. The effect of some meteorological parameters on the chemical composition of precipitation at
the University Field Station, Trinidad, West Indies. J. Appl. Meteorol., 1978, vol. 17. No. 1. pp. 972-979.

5. AGecanawswiu JLLU., Canyksanse T.I',, Cynarawsunu I'.JI. BiusHue MeTeOpoNOruuecKuX ycnoBHii Ha
XMMHYeCKHA cocTaB aTmocepHeIX ocankoB BocrouHoli [pysun. Mereoponorus W ruaponors,
Jlenwnnrpan, “I'napomereonspar”, 1990, 1. 12. c. 75-80.

6. bggrgmody Vi Lobm3Goggte  BgdgmBmmegos.  mdomolo, “mdomobol  LobgerdGoam
960326 Lgdad0", 1998,. 190 ay.

7.3 l;a?m?i;}n@n a6 Lagodmggmml blé bosmaggdo. godmda. .Agahogdgds”, mdomabo, 1965,

75 33

232



SBIMLBIGINO 65RIITAO0L KdFIAGO 3063MHIT0BIB0IHI JOTOLINAES ISIG0L
6333065GIA0L dS3NIGOL BILT SIS

0. bogmgdandg, g bgmoos, 3. bameadgedy
@aboydy

sdmggmggmos  >@Imbggdymo  bomgdadol o8y dobg@magmobagosty  dofobloda
Jog@ol  §83g@sHmol  ogemgbs.  Fiepgbommas  sbgme a3 orgdammgdal  Maadgbools
3obHmMmads Jgmoby Gagol Jemobmdols Lobom. yodmmgaromos s3GmJLindazool bsadgemdols

3M3B0G0g6H0 @ Jodgmszools obwgjuo.

HCCJIEAOBAHUE BJIMSTHUA TEMIIEPATYPBI IPU3EMHOI'O
CJIOSI BO3YXA HA OBIIYIO MHHEPAJIU3AIUIO
ATMOC®EPHBIX OCAJIKOB BOCTOUYHOI I'PY3NU

Canyxksanse T., Xeaan J., Canyksaaze M.
Pedepar

Uccnenosano BrusHME TeMIepaTypsl NPHU3eMHOrO BO3AyXa Ha OOWIYI0 MHHEPATH3ALHIO
armoceepHbix ocaakos KaxermHckoro pernoHa I'pysum. IlpensnaraeTcs ypaBHeHME perpeccHu 3ToH
3aBHCHMOCTH B BHZE MOJMHOMA 4-TOM cremeHH. Brruncien kosduiMeHT HaleXKHOCTH aNMpPOKCHManUH
M MHJIEKC KOPPealiH.

RESEARCH OF TEMPERATURE INFLUENCE SURFACE LAYER ON
A COMMON MINERALIZATION OF ATMOSPHERIC
PRECIPITATION BY EAST GEORGIA

Salukvadze T., Khelaia E., Salukvadze M.
Abstract
The temperature influence of surface layer on a general mineralization of atmospheric precipitation of

Kakheti region of Georgia is researched. The equation of regression of this dependence as a polynomial of
4-that degree is offered. The reliability coefficient of approximating and index of correlation is calculated.
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HCCJIEAOBAHHUA Z -1 OTHOIIEHHM JJIA KAJAKHX
KOHBEKTHUBHBIX ATMOC®EPHBIX OCAJKOB KAXETHHCKOT'O
PETMOHA I'PY3HN
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YcraHoB/ieHHE CBA3H MCXAY PalHONOKALHOHHON OTPa)KaEMOCTHIO KOHBEKTHBHBIX 0ONaKoB M
WHTEHCHBHOCTHIO aTMOC(EPHbIX OCaJKkoB HMeeT GonblIoe MpaKTHYECKOe 3HAYeHHE B Jiefe
TJTAHAPOBaHHS Pacxo/la 3amacoB NpecHod BoAkl B pernoHe. Ha Gonblnx TeppHTOPHAX B pealsHOC
BpeMA H C BBICOKOH TOYHOCTBIO OHMCTAHLHOHHOE ONpPEAESICHHE HHTEHCHBHOCTH H CYMMBI
aTMOC()EpHBIX OCANKOB, BIONHE BLINONHMMAA 3afa4ya ANA COBPEMEHHOrO METEOPONOTHYECKOro
paauonokaropa. Jiis 3Toro Heo6X0JMMO, HAa OCHOBE COBMECTHOrO aHalu3a 3apaHee HaKOTUIEHHBIX
MaTepUasioB PATHOJIOKALMOHHBIX HabmogeHnd 3a ofnakaMM M pe3yJbTATOB MOHHUTOPHHIA
MHTEHCHUBHOCTH aTMOC(EPHBIX OCAJAKOB B [JaHHOM pErHOHE, YCTAHOBUTb CBA3b MEXIY
PajlH0I0KALHOHHOMH OTPaXaeMOCThIO aTMOC(HEPHBIX 0CaAKOB H HX HHTEHCHBHOCTBIO.

[Tono6Hble 3amaun B pa3HOe BpeMs IS DPasHbIX PErHOHOB peHIanuch MHOTMMH
nccnenonatenamu(1,2,3,4]. Pesysbrarel 3THX MCCeQ0BaHUA YCNELWHO NMPUMEHSIOTCS B HacTosulee
BPEMS I0YTH Ha BCEX KOHTHHEHTAX MUpa.

TouHoCcTh oOnmpenencHHWs CyMMnl aTMOC(EPHBIX 0CaakoB Ha GOMbUWIKMX TEPPUTOPHAX (AJs
OJIHOr0 COBPEMEHHOIO pajifoJiokaTopa oHa paBHAeTcs okoso 160 000 KMZ) He xyxe *10 + 15% ot
H3MEPAEMOH BENMYMHBI, 4YTO COBEPUIEHHO HE MOOCTHXHMMO JUI JOXIEMEPHOH ceTd, ¢
KOHOMHUECKOMA TOYKH 3PEHHS, PEAbHOMH MIOTHOCTBIO NOXKAEMEPOB.

Jlns peleHns 3Toi 3anauy HamMy GbLIM HCIONB30BAHEI MaTepHaIBI MHOTONETHMX (1981 — 1992
IT.) panMONOKALMOHHbIX HaOMOZEHMH 3a KOHBEKTHBHBIMM OONIAKaMM TEMJIOrO BPEMEHH roOJa,
npobefennsix B KaxerunckoM pervose ['py3uu, jarouive Ha MOBEPXHOCTH 3eMIM OCagKH. OHH
COMOCTABJEHE! C Pe3y/IbTaTaMU MOHHTOPHHIA CyMMBbI aTMOC(HEPHBIX OCAZKOB NOXKAEMEPHON CETHIO
T'uapometeoponornyeckoi ciyx6sl ['py3un.

CoBMecTHBI aHaIN3 BBILEYNIOMAHYTHIX MaTEPHAIOB [103BOMHJ HaM YCTAHOBHMTH 3HAYEHHMA
NOCTOAHHBIX KOYGHLUMENTOB A M b ypaBHEHHS CBA3M MEXAY pPaIHONOKALMOHHOM
OTPAKAEMOCTBIO — Z(MM6/M3) M HHTEHCHBHOCTBIO aTMocepHbIX ocankoB I(MM/uac) creayouero
BUIA,;

Z=A1°

Jins nonyyeHHs jkenaeMo#i TOYHOCTH ONPENENEHHS MHTEHCHBHOCTH OCAJKOB C IOMOLIbIO
PaMONOKaTOpa, HEOOXOAUMO 3HAUCHHA KOIPPHIIMEHTOB A H b ONpenennTs WA ABYX AMANa3OHOB
HHTEHCHBHOCTH ocankop (I<5 Mm/yac u [>5 MM/4ac) pasnensHo. M3 mpaktuku u3BecTHO, 4TO €C/IH
N0/Ib30BaThCA NMOCTOAHHBIMM 3HAYEHUAMH A M b JUIA BCero AMana’oHa MHTEHCHBHOCTH OCaJIKOB,
npH cnabbix 0cafKax HHTEHCHBHOCTH MOXET GbITh onpeneneHa ¢ rpyObIME omubKaMH, a TOYHO
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GyfieT ONpefieNieHa MHTCHCHBHOCTE CHMIBHBIX OCafkoB W Haobopor. [lo3ToMy Ha JaHHOM 3Tane
HCCieJOBAaHUA Mbl PACCMATPHBaeM cityyaii, korna I<5 Mm/gac.

Pe3ynbratel uccnenosanus Gasupyiorcs Ha ofyvalonieli BbiGopke B o6beMe 325 cnyuaes,
Korja Ha NyHKTax [oxaeMepHOM ceTd OBUIO M3MEpEHO 3HAYeHHE CYMMBI OCaJKOB, a
PagHONIOKATOPOM Hal TOYKOH pAacTONOKEHHA OOXACMEPa - BEIHYMHA pPAAHONOKAUMOHHON
OTpaXaeMOCTH aaHHoro obnaka Ha BeicoTe 0010 2000 M Han ypoBHEM MOPA.

YHCNO NOXKNEMEDHBIX [YHKTOB, KOTOpHE MNONAJNANHCL BHYTPH 3(QeKTHBHOrO paamuyca
JIeACTBHS1, PaCTIONIOMEHHBIX B BBIIICYKa3aHHOM PETHOHE 4-X METEOPOJIOTHYECKUX PaaHoloKaTopoB
(runa MPJI - 5 CoBetckoro nponseoacTsa), paBHsioch 8.

Criyyan, KOrZa WYHCIO paJMONOKAUMOHHEIX H3MepeHHll OTPaXaeMOCTH OCAagKOB Haj
JOXIEMEPOM He NPEBOCXOAMIIO 6, U3 aHaM3a HCKIoYannch. He aHann3upoBamucs u Takne cnydau,
KOT/la B CTAHAAPTHBIH CPOK H3MEPEHHS CYMMBbI OCaJIKOB 10 PaJHOJIOKaLMOHHBIM HabIIOICHHAM Ha
JnoXaeMepoM (HKCHpPOBATOCH ABa MAH Gonbwie 06GNakoB. 3Has BpeMA HAXOMLEHUS Han
JoXaeMepoM 06/1aka, KOTOpoe naeT 0cajxk (Ha 3TOM yKashlBaeT pajio3xo obnaka, goxoasuiee 10
3€MIIM) H 3HAYEHMS CYMMBbI arMOCQEpHBIX OCAAKOB, HIMEPEHHbIE NOXAEMEPOM B HHTepBale
CTaHIapTHOTO BPEMCHH HAOJIOACHUSA, JIEKO MOXHO MOMYYMTh CPEAHION HMHTCHCHBHOCTH WIS
JaHHOro obnaka.

Pe3ynpTaTel HaMx HCCNEAOBAHWH mpencTaBneHbl rpaduyeckM Ha pPHCYHKE Huke. A
aNNpOKCHMHPYIOLIEE YpaBHEHHEe HMEeT CICAYIOLIHI BHA:

log I =0.5801 log Z - 1.321.
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Puc. 'paduk 3aBUCHMOCTH HHTEHCHBHOCTH aTMOCEPHEIX ocajkop I
(MM/4ac) OT paJIHOIOKALMOHHO OTPaXaeMOCTH Z (MM /M”)

OZHOBPEMEHHO C ONpENENCHHEM 3HAYeHMA MOCTOAHHBIX xoatbq;nuuemon YPaBHEHHA
perpeccyu, onpezensics B ko3ddHureHT HagexHOCTH annpokcuMalmu R° = 0.707, ksaapaTHeri
KopeHb u3 kotoporo (0,84), B JaHHOM ciyyae, paBHAETCA KO3PGOHIMEHTY NHHEHON Koppensiiu
MEXIY ITUMH BeIHIHHAMH.

Takum o6pazoM, npn HATHYKK B I'pysuH XOTA Gbl ABYX COBPEMEHHBIX METEOPONOrHYECKHX
PATHONOKATOPOB, 3JAUHTEPECOBAHHKIE BEAOMCTBA B PealbHOE BPEMs H Ha BCEll TEPPUTOPUK HMENH
6bl B CBOEM pacHOpMKEHWH HHGOPMALMIO O BHIMABIUHX OCAAKAX, KOTOPYIO MOXHO 6buo 6wt
HCIOJIB30BATh AN NPERYNPEXKAEHHA HABOJHEHHH, pacyeTa 3ar1acoB BOABI B BOAOEMAX U T.A.
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UCCJIENOBAHUSA Z - 1 OTHOLUEHUM JJ1s1 KUAKUX
KOHBEKTHUBHBIX ATMOC®EPHbBIX OCAJIKOB KAXETUHCKOI'O
PETUOHA I'PY3HHN

Canyksamse T.I"., Xenan E.M., Kanananse H.M., Canyksanze M.T., Knnanse P. H.

Pedepar

Ha ocHose cratncTHueckn 06€cnEYEHHOM IKCNEPUMEHTANBHOM MaTephane OnpeacneHbl NOCTOAHHBIE
KOI(POHUMEHTLI YPABHEHHH JIMHEAHOM PErpecCHH 3aBHCHMOCTH MEXULy PAaHONOKAUMOHHO# OTPAXKAEMOCTIO
(Z) n nurencusrocTuio (I) aTMocdepHbIX OcaakoB Tennoro BpeMenu roga Ans KaxeTHHCKOro peruona
['py3uy, a Taloke BeIYMCIIEH MOXa3aTeb HaZEKHOCTH ANNPOKCUMALIMH.

RESEARCHES the Z -1 RATIO FOR LIQUID CONVECTIVE
ATMOSPHERIC PRECIPITATION Kakheti region of Georgia
SalukvadZe T. G., Khelaia E. 1., Kapanadze N. L, SalukvadZe M.T., Kiladze R. I.

Abstract

On a basis the statistical provided experimental material the stationary values coefficients of
the equations of linear regression of dependence between radar reflectivity (Z) and intensity (I) of
atmospheric precipitation of a warm season for Kakheti region of Georgia are defined, and also the
metric of reliability of approximating is calculated.

236



dobgoge bomask aamgebogol 0bbhodndel Famagda, &- LX, 2008
Transactions of Mikhei! Nodia [nstitute of Geophysics, vol. LX , 2008
Tpyast UuctutyTa reopusnkn um. M. Hoawa, 7. LX, 2008

PAIHOJIOKAITMOHHBIE XAPAKTEPUCTUKHU OJHOSIYENKOBOI'O
KOHBEKTHBHOI'O OBJIAKA KAXETMHCKOI'O PETHOHA I'PY3UH
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BonpocoM knaccHpuKaunt KOHBEKTHBHBIX O61aKoB MO HX Pa/iMOOKALMOHHON CTPYKTYpe W IMHAMHKE
Pa3’BUTHA 3aHUMATHCh MHOTHE Hccnenosatenu B mupe [1-5]. OaMako. W3-3a pervoHanbHOCTH YCnOBMi
Pa3BHTHA KOHKPETHbIX K1accoB 00/1akoB, (O/bWIOE 3HAYEHHE MMEET M3yuEHHE pa3NHYHBIX YC/OBHit
BOJHMKHOBEHMA M AMCCHNALMK, a Talke PAAMONOKALUMOHHbIX XAPaKTEPUCTHK WX pagvodxo A
ONpeJieNeHHOT0 PerMoHa.

BonbIIMHCTBO  HCCNenOBaTENEN  COTNAIIAIOTCA B TOM, UTO KOHBEKTMBHsle ofnaka no ux
PaaHONIOKALIHOHHONM CTPYKTYpe H JUHAMHKE PA3BHTHA, AENATCA HA TPH OCHOBHBIX KJ1acca: OAHOAYEHKOBbIE,
MHOroS4efKOBbIE U CynepaueKoBbie 06naKa.

Pa3nnuHylo panHONOKAUMOHHYIO CTPYKTYPY M OCOGEHHOCTb [AWHAMHKH Pa3BHUTHA KOHBEKTHBHBIX
061ak0B  O6YC/IOBIMBAIOT CHHOMTHHYECKAA CUTYalMA, TEPMOAMHAMHYECKAA YCTOHYHBOCTL aTMocdepbl,
CKOpOCTb W HANPaBJIEHHE BETPA, H JPyrHe YCIOBHA.

Temnepatypa M BADKHOCTb aTMOCHEPbl M MX BEPTHKAIbHAA CTPaTWHKAUMA BIMAIOT Ha
MHTEHCHBHOCTb KOHBEKTMBHOTO [IBHXEHHA, @ AYEHKOBOE CTPOEHME PAHOIXO KOHBEKTHBHOro ofnaka w
OMHAMWKA WX Pa3BHTHA 3aBMCAT OT CTPYKTYpbl BeTpa Ha pa3HblX YpOBHAX aTMocdepnl, penveda.
MHKPOK/IHMATA JAHHOTO PErHoHa 1 ap.

B HacTosweli paboTe npeANpUHATA MOMbITKA, H3Y4HTb CHHONTHYECKHE, METEOPONOTHUECKHE W ApYrHeE
YCIIOBHA, KOTOpble CMOCOGCTBYIOT ~BO3HMKHOBEHHMIO, pPa3BUTHIO M AUCCHNAUMH  OJHOA4EHKOBOrO
KoHBeKTHBHOro obnaka Kaxerunckoro pernona I'py3uu v onpenenuTs painoNoKaLMOHHbIE XapaKTePHCTHKH
pamrodxo Takux obnakos. B paGoTe npoananuinpoBatbl pesynbTaTel Habmonenui 3a 352 ogHoAvelikoBbIMY
obnakamu.

Onnosueiikosble o6naka B BocTounoi 'py3nn 06pa3osbiBalOTCA B YCAOBHAX CaGo BbIpaXEHHOro
3ananHoro Gapu4eckoro rpaaneHTa au 6e3 rpaiMeHTHOro NOMS AABNEHHA, NPH YMEPEHHOH KOHBEKTHBHOH
HEYCTOMYMBOCTH, 3apOXKAAIOTCS OHM Ha BEPLIHHAX HEBLICOKHX rop (obbiuno Kaxerunckoro u Lus-
TomGopckoro xpe6TOB) WM Ha CKIOHAX nocsie UX Nporpesa conHuem. Pa3pupatoTcs GbICTPO, B Cpetiem 3a
5-20 MuH. JIna pa3suTHa oaHOAuENKoOBOro o6naka He TpeGyeTca BLICOKOTO BNarocoacpiaHus B aTMocdepe.
OHH MOTYT pa3BUTLCA NPH HU3KOM U CPEAHEH BIAKHOCTH.

OnHosuelikosble 06/1aka XapaKTEPH3yIOTCA OAHOPa3OBbIM BbIMAJCHHEM OCAKOB, B HHX HE MPOHCXOAHT
pereHepauus npouecca ocankoobpazopanna. K OCHOBHbLIM NpPUYMHAM  3TOTO  CNEAYET OTHECTH
HEBO3MOXKHOCTh OHOBPEMEHHOTO CYLLECTBOBaHHA B TAKWX ofnakax Kak BOCXOAALUETO, TaK H HHCXOLALIEro
notokoB. Korma MCCAKAET 3Heprua BOCXOIALIETO MOTOKA, Pa3BUBAETCA HHCXONALWUMA MOTOK, KOTOPbIH
NPHBOAMT K AMccHnauvu obnaxka. Tlo 3ToH NpUHMHE MAaKCHMabHAd NPOAOKHTENLHOCTb IKHU3HH
OHOA4EHKOBBIX 061aKOB HeMHOTrMM Gonee oaHOro yaca.

TIponOMKHTENBHOCTE OCANKOB M3 Takux ofnakos konebnerca B npenenax 35-50 muu. Cneayer
OTMETHTb, YTO OAHORYeliKOBble o6naka He Bcerna malT ocanku. Ecan u3 onnosuelikobix ofnakos
BLINAAAIOT OCAAKH, TO B BHAE CNabbiX ¥ CHIIbHBIX JIMBHEBbIX OCAZKOB HIIH rpana claboi WHTEHCHBHOCTH.

Oanosuetikopbie 06/1aka pa3BHBAIOTCA MPH HEBLICOKMX 3HAYEHHAX CKOPOCTH FOCMCACTRBYIOWETO BETPa
(ckopocTs B npeaenax 10 # 22 xm/yac) W NOTOMY CKOPOCTh MX MHrpauMu cocTapnsior 3-16 km/uac, a
Hanpae/IeHHE MHrpalHi cocTagndaeT +(0-11) yrnoBbix rpanycos ¢ HanpasieHHemM rocNOACTBYIOWETO BETPa.
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Tepsoe panHoIX0 OAHOAHYEHKOBLIX 06/1aK0B MOABNAETCA B CPEAHEM Ha BbicOTe 2,8 KM Hal yposHem
mops, npu akctpemymax 1,7 v 5,9 km. B cpeanem 3a 15 mMuH noce 06HapyxeHHs NepBoro paaHo3xo obnako
NOCTHRAET MAaKCHMABHOTO Pa3BMTHA. Uepe3 HECKONbKO MHHYT MOCie JTOro HauyWHaeTCs BbinaneHue
OCAIKOB M BH3YaTbHO HabNIONAIOTCH INEKTPHYECKHE pa3paibl. B MOMEHT MakcuManbHOTo pasBHTHA obnaka
BBICOTA €70 PaAMO3XO NOCTHraeT B CpeaHeM 8,5 KM Hal ypOBHEM MOpA. DKCTpemasibHble 3HAueHus
MaKCHMATBHO BBICOTBI PaIHOIX0 paBHAeTCA 5,5 U 12,4 kM.

B onHoaueiikoBbix 061aKax MakCHMMaibHas PaaMONOKALMOHHAA OTP@KAEMOCTb pacrnonaraerca B
cpeaHem Ha BbicoTe 4,4 KM Hal YPOBHEM MOpf, a BEPTHMKIbHAA MPOTSKEHHOCTH 30Hbl NOBLILEHHOH
oTpaxaeMocTH (o6nacTb B ofinake, Ha KOHTYpe KOTOPOro orpakaeMocts 1 cocrtasnfet 0,1n,) papHserca
1,1 kM. TonbKO OAHA A€CATAA YACTb STOH 30HBI PACIIONArAETCA HUXKE YPOBHSA Hy/1eBOH H30TEPMBI.

MaxcuMaibHbIA nonepe4Hsblil pasMep paauoIxo O4HORYEHKOBOro obnaka konebnercs Mexty 6 u 18 km
u B cpeaem pashserca 10 kM. [opusoHTanbHoe cedeHHe oaHoauelixomoro obnaka uMmeeT opmy,
MPeUMYLLECTBEHHO, Kpyra unM ci1abo BLITAHYTOrO JMMNCa. DMAMIC BLITAHYT NO  HAMpaBieHHIO
rocnoaCcTBYIOLLEro BETpa.

OTHolEHHE MNOWANH CEYCHUS TOM YacTH PaaMo3Xo 06/1aka, 3 KOTOPOH BbIMAAAIOT OcalkH, K obweit
NIOWAAH MAKCHMATILHOTO FOPHIOHTANBHOrO CeYenMus cocTaBnseT okono 0,4.

['pagneHT pagHONOKALUHOHHOH OTP@KAEMOCTH B BEPTHKAILHON NIOCKOCTH PaAHOIXO OAHOSUYEHKOBOrO
obnaka pasHserca 0,77 kv’ as FOPH3OHTANLHOH NOCKOCTH — 2,9 kM,

BeprukanbHblii rpaQHeHT PaaHONOKAaLMOHHOM OTpaXkaeMOCTH C MOMEHTa 00pa3oBaHMA MNEPBOTO
PAJIHO3XO OQHORUEAKOBOrO 061aKa, GBICTPO YMEHBLIAETCA K € 2-2,5 KM - B Haua/lbHbIA MOMEHT, 3a 12-15
MHH [OCTMI8eT CBOEFO NpefebHOro 3Hauena — 0,38 km'. 3TO, B OCHOBHOM, MPOMCXOAMT 3a cyeT
6GbicTporo pacnpocTpaHeHHa PpoHTa yKpynHEHHA 06NauHbIX 3NEMEHTOB B BEPTHKALHOM HAaNpaBeHHH.

Fopu3oHTaNBHbIA MPAaAHEHT PaAMOOKAUMOHHON OTPOXAEMOCTH CBOETO MaKCHMyMa IOCTHraeT eLue
GbicTpee, YeM BEpTHKANbHBIA rpanneHT W Gosiee JIMTeNbHOE BPEMA OCTAETCH MOCTOARHBIM.

Ha puc. Hmxke, npeacTaBneHo cXemaTMYeckoe AMCKPETHOE M300paXKEHHE BEPTHKAILHOMO paspesa
PaaMOIX0 OHOAHEHKOBOrO KOHBEKTHBHOTO 06NaKa.

10

Makcumanbaa BrcoTa pagHosxo Hm

YpoBeus nyneeoit
{30TED MBIl

Bpoicota B KM

5 10
PaccTOsAHHE B KM

10 20 30 40
OTtpakaemocts B Db

0

Puc.
CxemaTnyeckoe H3o0paxkeHHe BEPTHKANLHOTO pa3pe3a paanoIXo ONHOA4EHKOBOro
KoHBekTHBHOrO 06naka (Han— BepxHas rpanuua 30He! NoBbIWEHHOH oTpaXkaemocTH; Hym —
BBIcoTa pacnosnoxeH1a MaKCHManbHON PaiHONOKALIHOHHOH OTPaXKaeMOCTH).

OnHosyelikoBoe 061aKO BLICOKYIO 3MEKTPHHECKYIO aKTHBHOCTb JOCTHraeT B MOMEHT MaKCHMATbHOIO
passuTHa ofnaka. B Takux obnakax, M3-3a UX HH3KOM NNOTHOCTH HA MCCIEAYEMOW TEPPUTOPHMH, paspAabl
Mexay obnakamu Habmoaalotes Kpaiive peako. Kak mpaBuno, oHM pa3paxaloTcs Ha 3emie Hepes BhICOKHE

AepeBbA, IOMA U IPYTHE CTPOEHHSA.
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Tabauua. Obwan xapakTepHCTHKa OJHOR4EHKOBOrO KOHBEKTHBHOTO 06/aka

Onucanue cHTyaumii npouecca passHTH
ofnaka # JHAUEHNS PANHONOKALUMOHHBIX
2 HaumeHOBaHNE CHHONTHYECKHX, A3PONIOTHYECKHUX U APYF XapaKTEePHCTHK ero PamHo 3xa
YCnoBuii pasBUTHA CynepAuedKoBbIX 06nakos H MonansHoe
PaaMONOKAUHOHHbIE XAPAKTEPHCTHKH WX PalMo 3Xa IHadeHue Auanason wamencritn
napametpa 3HayeHHH napamerpa
CnaboBuipaxeHHOE 110N€ AaBIEHHA ¢
1 |YcnoBue passurua o6naxa 3aMaqHbIM MPAIMEHTOM, BHY TPHMACCOBbIE
_nipouecch
KOHBEKTHBHAA HEYCTOMMMBOCTD YMepeHHas
3 |/IiHaMUKa Pa3IBUTHA KOHBEKTHBHBIX AHEEK Pasgurye - 4 - 20 M::;R"ccunawﬂ 10-25
4 3aKOHOMEPHOCTH JaPOXIEHHA U PA3BUTHA KOHBEKTHBHBIX | 3apOXIEHHE - HA BEPLIHHAX HEBHICOKHX TOP
Aveek WIN HA MX CKIIOHAX,
5 _|Bnarocoaepxkanue atMocdepst Hwu3koe 1 cpenxee
6 _[Ipouecc BbiNaneH1s 0canKos. 0JHOpPa3oBbiH.
7 _|TIpoaomKHTENbHOCTb BLINANEHHS OCAAKOB B MHH. 21 | 5-50
8 HHTEHCHBHOCTb H BUA OCAAKOB Bea ocaaxos, cnabhlit KK CUWIbHBIR TUBHEBOR
N0M(1b, TPal CNAGOH HHTEHCHBHOCTH
9 |CkopocTh Murpaunu obnaka B kM/vac 12 3-16
10 |CxopocTs rocnoscTByIOWUIEro BETpa KM/4ac 16 10-22
11 [Cneur Betpa cex” 1,0.10% 1077107
12 Yron mexay Hanp BETPa W Hanp 5 0-11
MHrpauuu o6n1aka B yrioBbiX rpagycax ’
13 |Bpems %H3HU 06naka B MHH. 38 30-70
14 |MakcHManbHas BLICOTa panHo3xa Hy. 8,8 50112
15 |BbicoTa NOABAEHHA NEPBOr0 PaaMo3Xa KM. 3.2 20-50
BpeMl OT NOABJIEHUA NEPBOTO PaaHO3Xa B MHHYTaX:
16 - 10 MAKCHMaJIbHOTO Pa3BUTHS; 15 13-21
- 10 BbINANeHHA OCaRKOB; 14 12-20
- 0 NepBo/ rpo3sl. 17 14 -26
17_|TemnepaTypa B cBoGonHO#A atMocdepe Ha yposHe Hy C'- -24,3 48,1 ~-74
18 |BbicoTa pacnonioKeHHA MaKCUMANILHOH PannoNOKaUMOHHOA 47 23-77
oTpanaeMocTH B o6nake H, , kM. ’ T
19 [Temneparypa B croBowO#M aTMocdepe Ha yposre Hym C°. -4,1 -19.4+-12,0
20 (BepTHKaibHaA TONMMKHA 30HBI MOBLIWEHHOM 22 11-48
panuc YHHO# OTpaxaeMocTH Ha, kM. ' o
21 |Temnepatypa B cBoGonHo# aTMochepe Ha yposHe BepXHeR 99 264 +3.0
0 =7 LR
rpanuunl Hyy C
22 |OTHoweHHWe TonuKMHE! 06naka BLilie YPOBHA HyIeBoH 13 05-32
H30TEpMBI K TONILMHE HUXKE TOro ypoBHs h/h, ! T
23 |MakcuManbHas panuonoKaLMOHHas OTPaKAEMOCTb T CM 1,6.10° 1,0.10" - 1,8.10°
24 |MakcuManbHbIA pa3Mep NONEPeHHOTO CEHEHHs pafHo3Xa 83 6.0-180
D KM.
25 |MakcumanbHblii pasMep NONEPeYHOro Ce4EHHs 30HbI 4.1 50-14.0
NOBbIWEHHO PaHONOKALHOHHOM 0TpaKaeMocTH Dy kM . ! i ’
26 KMME.KCHMMLHHﬁ pasMep NONepeHHOro CE4EHHA Pano3Xa S, 17,0 10,0-93,8
27 |MakcHManbHbIi pa3Mep MONepeYHOro CeHEHHA J0HbI 102 54-424
NOBLILIEHHOM PAIMONOKALHOHHOH OTPANAEMOCTH Syo kM. " : i
28 [Ipanment norapudma MakcnManbHO#H paanoNOKaLMOHHON
OTPaNaeMOCTH :
- B BEPTHKATbHOMN TUIOCKOCTH 0,57 0.38-2,48
-B FOPH3OHTANBLHOMA NJIOCKOCTH 2,90 1.28-341

Perenepauus ORHORYEHKOBLIX OONAKOB HE MPOHCXOAMT, HO OAHOBPEMEHHOC CYLUECTBOBAHHE
HECKO/ILKHX TakHX 06N1aKOB, B pACCMATPHBAEMOM HAMM PETHOHE, BIONHE BOIMONHO. BuiBatoT ciyuaf, koraa
Ha MecTe 0Gpa3loBaHuA ofHoAUelkoBoro obnaka, yepes 30-50 MMH nocse ero pacnana, MOXET BO3HHKHYTh
HOBOE 06,1aK0, HO CHHTaTh Takoe 06/1aKO CIEACTBHEM PEreHEPaLiny NEPBOro, HENb3A.

239



TakuM 08pa3oM, NPUHUMARA BO BHAMAHHE B NPAKTHUECKUX paboTax No HCKYCCTBEHHOMY BO3NEHCTBUIO
Ha KOHBEKTHBHbLIE 00NaKa, BBISRNEHHbIE HAMH PaaMONOKALUUOHHBIE XAPAKTEPHCTHKH ONHOAYEHKOBOTO
KOHBEKTHBHOrO 06N1aka W CHHONTHYECKHE, METEOPONOTHYECKHE Y1 IPYTHe YCNOBMA, CNOCOGCTBYOIKE ero
BOSHHKHOBEHHIO U PA3BUTHIO, MOYKET 3HAYHTENBHO NOBBICHTL IPPEKTHBHOCTL TAKHX MEPOTIPHATHH.
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PAJUOJIOKAL{MIOHHBIE XAPAKTEPUCTHKM OJHOSTYENKOBOIO
KOHBEKTHBHOT'O OBJIAKA KAXETUHCKOI'O PETHOHA I'PY3HH

Canyxsanze T.I'., Xenan E.M., Kunanse P, U.

Pedepar

B paboTe M3y4eHbl CHHONTHYECKHE, METEOPONIOTHYECKHE W APYTHE YCNOBHA, KOTOpbIE CNOCOGCTBYIOT
BO3HMKHOBEHMIO, PA3BUTHIO M JIMCCHTIAUMM OQHOAYEHKOBBIX KOHBEKTHBHLIX o6nakos KaxeruHckoro
peruoxa [py3nn n onpeaesieHbl paaHoNOKAUHOHHBIE XaPaKTEPHCTHKH PafHOIXO TakuX obnaxos. B paGote
MPOAHANM3INPOBaHDl Pe3yALTaThl HaGmoaeHuii 3a 352 oanoAueiKOBLIMM OBnaKkaMu. OHOAUEHKOBbIE 06naka
B HALLIEM PETHOHE B OCHOBHOM Pa3BHBAIOTCA NPH BHYTPHMACCOBBIX MPOLIECCaX.
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3KCTpeMaJ1bele “ MOAQNbHLIE 3HAYEHHA NOKAUMOHHBIX napameTpos ooHOAUENKOBLIX 06nakoB Gan3kn
K COOTBETCTBYIOLUIUM IHAUEHUAM NAPAMETPOB AOKIEBLIX W FPO3OBLIX. obnakos.

THE RADAR CHARACTERISTICS OF SINGLE-CELL CONVECTION CLOUD OF
KAKHETI REGION OF GEORGIA

Salukvadze T. G., Khelaia E. L., Kiladze R. L.
Abstract

The structure Radar echoes and dynamics development of Single-cell convective cloud in Kakhety re-
gion of East Georgia is investigated and are determined the radar parameters of a Radar echo of such clouds.
In operation, the results of overseeing 352 by Single-cell clouds are parsed. Single-cell cloud in our region
develops at air-mass processes.

The extreme and modal meanings of radar parameter Single-cell clouds are close to the appropriate
meanings of parameters of rein and thunderstorm clouds.
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IMIIHPUYECKASI PAITNOJIOKALITNOHHAA MOJIEJIb
CYNEPSAYEHKOBOTO KOHBEKTHBHOI'O OBJIAKA

]Canykaame T.I., "Xenasn 2.1, 'Banasame A.ll., annazue P. 1.
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KoHBekTHBHbIE OOnaka, KpOME YPOBHS CTaQMH WX Da3BHTHA, PasNUuAlOTCA €UIE M BHYTPEHHeH
PaAHOOKALIHOHHOH CTPYKTYpPOH W AHHAMHKOM Pa3BUTHA.

[To MHeHHIO aBTOpOB [1,2] HcyepnbiBatoLas knaccHHKaUHs KyYeBo-10%kIeBblX 06IAKOB MO UX Me30-
CTPYKTYPHBIM 0COGEHHOCTAM, 3NEKTPHHECKOH aKTUBHOCTH, YCIOBHI JOPMHPOBAHHSA, MO BH/Y BbINABLIMX W3
HUX OCa[KOB M T.A., MOKa HE TNpEACTaBNAETCA BOIMOXHBIM  ©3-33 OTCYTCTBHA MaTepuana Hx
(yHIaMEHTAIBHOr0 KCMEPUMEHTANBHOO H3YHEHHA.

B HacTosuiee BpEMA LIMPOKO MCNONbIYETCA KNacCH(HKALMR Ky4yeBO-LOXAEBbIX 00MaKOB TO HX
PaJMONOKALHOHHOR CTPYKType W AuHamuke pa3euTHA[3,4]. Takas knaccHdMKaLMA BbILIEHA3BAHHbIX
obnakos paccmotpena U B (5, 6, 7, 8, 9, 10].

Bo BceM MHpe BCe HCCE0BATENH KYHEBO-10XKAEBBIX 06N12KOB NO WX PafHONOKALMOHHOH CTPYKTYpE H
ZIHHAMMKE Pa3BMTHA AENAT WX Ha TPH KJlacca: OAHOSAYEHKOBbIE, MHOTOAYEMKOBLIE W CynepayeiikoBble
obnaxa. [Mpu Tako# knaccubHkauumn auelikol cunTaetcs onpesefieHHas 4YacTb paauodXa obnaka, koTopas
XapaKTepH3yeTcs JIOKabHbIM MAKCUMYMOM PaHONOKAUHOHHON OTPaXaeMOCTH. Pafino3xo oqHOsUEHKoBOro
KOHBEKTMBHOrO 061aKa MMeeT OAMH JOKANbHbI MaKCHMyM palMoNOKalMOHHON oTpaxkaemocTd. B
MHOTOSUeHKOBBIX 06/1aKax ONHOBPEMEHHO MOXET NPHUCYTCTBOBATL HECKOJLKO Aueek (OT ABYX A0 5 — 6) Ha
paccrosunn 2 — 8 kM apyr oT apyra. OnH BM3yaNbHO OGbEAMHEHbI B OAHO PAAHOIXO, HO MPH €ro
ZETANM3ALKMH B HEM YETKO pasnuuaeTca auekkonan cTpykrypa. CynepsaueikoBoe 061ak0 COCTOMT H3 OAHOH
sueiikn ¢ GonblMM 3HAYEHHEM MONCPEHHBIX H BEPTHKANbLHLIX PAa3MEPOB H TMPHCYTCTBHEM OLHOBPEMEHHO
KaK BOCXOAALIMX, TaK U HUCXOASILMX MOTOKOB.

Pa3nnunyio paaMonokauHoHHylO CTPYKTYpy H [MHAMHMKY Pa3BUTHA Ky4eBO-A0XAEBbIX 001aKoB
00YCNOBAHBAIOT: CHHONTHYECKAA CHTYalUMA, TEPMOAMHAMUYECKOE COCTOSHME aTMOc(eps!, HampaBieHHe H
CTPYKTypa BETPa Ha Pa3NH4HbIX BbICOTAX W ADPYrHE YCMOBHA, MPH KOTOPBIX 3apOXKAAIOTCA M Pa3BHBAIOTCA
3TH obnaka.

Crpatudimkauus TemnepaTypbt M BADKHOCTH, A TAlOKE 3HAYEHWE DJHEPrHH KOHBEKTHBHOM
HEYCTOH4YMBOCTH aTMOChepbl BAHAIOT Ha MOLIHOCTL KOHBEKTHMBHOrO ABIKEHMA, 2 S4EKOBOE CTPOEHHE
061akoe ¥ 0CODEHHOCTH NHHAMMKM HX PAIBUTHA 3ABMCAT, B OCHOBHOM, OT CTPYKTypbl BeTpa, penbeda,
XAPAKTEPHOTO MHKPOK/IHMATa JAHHOTO PErHOHa H APYrHX (GakTOpoB.

[Mepebie dynnameHTanbHele MCCIENOBAHHA B OTOM HanpaBiaewum nposenw [5,6] B Kanage. [Moaxe
aHAJIOTHYHBIE HcCenoBaHHA Gbinu BbinoiHeHbl B Poccuu (Ha CeeepHom Kaskase) [7, 8, 10], B HOxHo#
Adpnke [11], B CLUA [12].

B HacToswei paGoTe npeacTasnieHb! pe3ynbTaThl aHaiM3a AaHHBIX PAAHONOKALMOHHBIX HaboaeHHH
3a 277 cynepauefikosbimu o6nakamu Kaxetnuckoro peruona (I'py3us).

Ha puc. 1 v 2 nokasanbl aHanoroebie W AHCKPETHblE W300paXKeHHA PafMo3xa Ha HMHAMKATOpax
KpyroBoro o63opa (puc.1) u “aanbHOCTb-BbICOTA” (pHC. 2) cTaHUMK MPJI-5.

B paccmatpnBaeMoM peruoHe B Temsioe spema roaa (C anpeas no oktaGpsb) cynepsueiikosbie obnaka
Pa3BUBAIOTCA, KOFAA B aTMOChepe HabmonaeTcs CUbHAA HEYCTOMUMBOCTD H 3HAUMTENbHBIA CABUT BETpa Ha
BBICOTAX, COBNAJAIOWIMX € BEICOTAMH 3aPONUIEHHA TakHX 061aKOB, a TAloKe C BLICOKHM BNArocoAepyaHueM.

Crpykrypa Betpa B cBOGOAHO aTMOC(EpE OKONO Pa3BHBAIOLIETO 06NaKa ONPEAENAET PACTIONONKEHHA B
obnake 30H BOCXOAAUIMX NMOTOKOB W BbINAAeHMs M3 HuWX aTMocdepHbiX ocaakoB. Hecosnamenue 3o
BOCXOJALUMX MOTOKOB W BhIMAN€HHA OCaNKOB, koTOpoe HabnoaaeTcs B CymepAaveikoBbix obnakax (B
OT/IHYME OT OAHOAYEHKOBbLIX O6NAKOB, r€ 3TH 30HbI B MPOCTPAHCTBE COBMANAIOT APYr C APYTOM, HO
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pa3jiencHebl BO BpeMeHH) ofycnoBnnBaeT Gonbilyo NPOAOHKUTENLHOCTL XH3HK TakMX 0ONaKoB, a TaKke
MHOFOKPaTHOCTb MPOLIECCA BBINAJEHUA OCA/IKOB.

PasBHTHIO CynepAuedKkoBbiXx 00NaKOB B HallleM PErHOHE NPEALUECTBYET MPOXOKACHHE XONOAHOTO
aTMocepHOro QpoHTa M 06pasoBaHHEe HECKOJIbKWUX OJHOAYEMKOBBIX OGJIAKOB, KOTOPbie ¢ PaIBHTHEM
cynepaueHikoBuIX 06nakos, 6elcTpo paspywalorca. 1o KakHbIV HawMX HaGMOAEHHI 8 HALIEM PErHOHE B
paaHyce Heckonbkux kunometpos (10 — 30) sokpyr cynepsaueiikoBoro ofnaxa HOYTH HCKNIO4AETCA
CYLIECTBOBAKHE APYTHX CHIbHEIX KOHBEKTHBHEIX f4eeK.

20 kot
S 0 10 20 30 40 50 60DbZ
Macun6

Puc. 1.
AHanorosoe (@) ¥ AMCKpeTHOE (§) N306paKEHHA PaAHOIXO CYNEPAIEKOBOTO KyUeBO-A0XKAEBOTO
obnaka Ha MHaMKaTOpe Kpyroeoro o63opa pasnonokatopa MPJI-5(A=3,2cM.)

0 10 20 30 40 50 60DbzZ

Maciwurad

Puc. 2.
Ananoropoe (a) u auckpetHoe (b) n306paxxeHHa PaaroIXo CyNePAUEKOBOro Ky4eBo-10XKAEBOrO
obnaka Ha uHaMKaTope “JlanbHocTh-BbICOTa “ pagnoaokaTopa MPJI-5 (A=3,2¢cm.)
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Ta6nuua O61as XapaKTepHCTHKA CynepAYEeHikoBOro KOHBEKTUBHOTO 0bnaka
OnucaHue CHTYauui Npouecca pa3BUTHA
o6naka 1 3HaYEHHA PaanoIOKaLUHOHHLIX

HaHMeHOBaHHe CHHONTHYECKHX, a3POOTHIECKUX W APYT. XapaKTEPHCTHK €ro paju 3xa
2 ycnoBuil passuTHs Cyrnepaueiikonbix 06naxos ¥ MonansbHoe Jlnanason uamenexi
PAIHONOKALUNOHHBIC XaPaKTEPHCTUKH HX PaHo 3xa 3Ha4eHne aHaveHuH napameTpa
napamerpa
Xonopmuiit armocdeprbili GppouT, PpouT
1 |Ycnosue passutus obnaxa OKIKJIHO3UH, HATOXKEHHE 3THX NpPOLIECCOB Ha
BHYTPMMACCOBbIE MPOLIECCHI.
2 |KoHBEKTHBHAA HEYCTOMYMBOCTD YMepeHHas 1 cunibHas
PaisuTHe — 15 - 20 MHH., KBa3HCTALHOHAPHOE
3 [[AMHamnKa pa3BHTHA KOHBEKTHUBHbIX fAYeeK cocTtosuKe 15 45 MHH., auccHnauma 18 - 50

MUH.
3aposxzenue - Ha CIUIOHAaX ropHbIX Xpe6ToB U

33KOHOMCPHOC‘I‘M 33apOXACHUA W PA3BUTHA KOHBEKTHBHbIX

4 P rop, AMCCUNALMA - CITYYaliHa BO BPEMEHH, B
1X MECTaX PErHOHa.
5 _[Bnarocogepxanue atMochepsl Bricokoe
6 [Mpouecc BrImaneHuA ¢ MHoropasosbiii.
7 _{TlponomkHTENLHOCTD BbiNaiCHUA OCAAKOB B MHH. 18-90
P HHTEHCHBHOCTL H BHA 0CaaxoB CHnbHbI it NHBHEBOR 0K b, FPaA CUALHON
HHTEHCHBHOCTH.
9 _|CropocTh Murpaitu obnaka B km/4ac 66 27-78
10 |CxopocTh rocnoacTaytolLero BeTpa KM/vac 58 40 - 80
11 [Cnewr setpa cex™ 8,8.10° 107107
p2 [YroA Mexiay Hanp BeTpa H Kanp 38 20-80
MHIPaUnH 06/1aKa B yrioBhIX rpagycax
13 [Bpema xn3Hu obnaka B MHH. 56 44-119
14 |M:i NbHas BbICOTA panuodxa Hp. 10.8 7,8-16,5
15 [BbicoTa nc NepBOro PagHoIXa KM. 49 4,1-9.8
BpeMs 0T NosBJIEHHsA NEPBOro PalHo3Xa B MHHYTax:
16 - 40 MaKCHMaNbHOIO PA3IBHTHA, 15 11-30
- 10 BbIMaJleHHA OCAMKOB; 20 13-30
- 10 nepsoit rposbl. 25 15-32
17_|Temnepatypa B cBo6oaHo# aTMocdepe Ha yposHe Hp [od -51,3 -64,1 =-31,3
18 |BbicoTa pacnonoxkeHna MaKCHMATLHOIN PaaHoNoKaUMOHHOM 67 39-103

oTpaxaeMocTH B o6nake Hym KM.
19 | Temnepatypa B cBofonHoM atMocdepe Ha yposke Hyp C°. -11,8 -52,1 +-2,8
20 (BepTHKaNbHAA TOMLUHHA 30HbI NOBBILIEHHOM

4,7 2,0-85
aIHOJIOKALUMOHHON OTpaxaeMocTh Hy, kM.
21 |Temneparypa B cBoGoaHoM aTMochepe Ha ypoBHe BepXHEH 36,0 62+-86
rpannust Hy, C°
22 |OrHowenKe TONWKMHLI 0GNaka BhILE YPOBHS HyneBofi
2,4 1,5-4,6
W30TEpMBI K Huke 3T0ro yposus hh,
23 [MakcumansHas pans otp T Npcm’” 1,06.107 2,5.1077-6,0.10°
24 LD/lal:;umamuuﬁ PpasMep NONEPEYHOro CE4EeHHA pafHoIXa 14,0 8,0-330
I KM.
25 Makcmanuiuﬁ pa3Mep MONEPEeYHOro CeHeHMA I0HMI 10,0 50-14,0
B pa JHHOH OTp v Dyp KM .
26 r:zncuuanbuuﬁ pa3Mep NONEepevHOro CeHeHNA paauodxa Sy, 59,0 18,0 -470,0
27 |MakchmanbHelit pamep nonepeq:ioro CeUEHHA 30HBI ) 31,0 26,0 - 98,0
NOBBLILIEHHOM PaRHOIC oTp )CTH Spn KM,
28 (I'paavenT norapudma MakcuManbHO#M panyoIOKaLHOHHON
OTP2XaEMOCTH :
- B BEPTHKANLHOR IJIOCKOCTH 0.39 0.09-1.00
B FOPHIOHTANLHOH TUTOCKOCTH 1.40 1.31-2.19

B cynepaueiikoBbix o6nakaX, 3a BpeMs MX CyUECTBOBaHMA, CKOPOCTH BOCXOAALIHX MOTOKOB
NEpHOAHYECKH MOrYT MEHATLCA H A0TOE BPeMA MMETb GoNbLIME IHAUEHHSR, H3-32 YETO NPOACIKHTENBHOCT
KH3IHH TaKHX 06/12KOB HCUHCAACTCA AECATKAMM MUHYT.
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CyluecTBOBaHHE BbILUEYKA3AHHBIX YC/IOBHI CNOCOGCTBYET B Takux ObNakax 3apOXAEHHMIO FPafa M HX
pocTty 10 0c060 KpYMHBIX Pa3MEPOB, CNEOBATENLHO, CHILHOMY H KaTacTpOodHueckoMy rpanobuTHio Ha
NOBEPXHOCTH 3eMAH. K CHaCTBIO, KOANHECTRO TaKKX 06/12KOB B HalieM PerHoHe He
senuko. Cynepsyerkoseie 06/1aka MMEIOT KBA3NCTAUHOHAPHOE COCTORHWE, KOTOPOE B HAWKX YCAOBHAX
MOXET NPOAOJLKATLCA Goslee OXHOro Yaca.

Beiwe npHBoauTCA cBOAHAA TabnuUA, B KOTOPOH OTOGPKEHbI CHHONTHYECKHE, a3POAOTHYHECKUE
ApYyrue YCNOBHA, KOTOPbiE CMOCOGCTBYIOT 8 HALIEM PErvOHE 3aPOXKICHWIO M PA3BUTHIO CYNEPAYEHKOBLIX
0651aKOB, a TaKXKE CPENHHE H IKCTPEMANbHbIE 3HAYCHHUS PAaJHONOKAUHOHHBIX, a3POJIOrMYECKHX W APYIHX
XapaKTEPH3YIOLUMX NapaMeTPOB Tak1X 061aKO0B U UX paaHoIXa.

MakcrManbHas BLICOTa paMO3X0O MOXKET aoctHrate 16,5 kM. Tlpu nepemelennn cynepsueiikosoe
061aK0 OTK/IOHAETCA BNPaBO OT FOCNOACTBYIOWEro BETPA, a Yron MEXAY rocnoACTBYIOWEHM BETPOM H
Hanp nep i1 obnaka mensercs B npeaenax 20 —80 yrnonbix rpaaycos.

Bonblas NpOAOMKHTENLHOCTS JKM3HH Cynepsauefikosbix 086nakoB 0ByC/IOBIMBAETCA €LIE M COIIAHHEM
JIOTIONHHTE/ILHOH BIQKHOCTH B BOCXOAAWMX NOTOKAX HA 3eMile BbINABLIMMH OCAAKAMH.

Knaccudukauna KOHBEKTMBHBIX 0GNAKOB MO MX Pa3BHTHIO W PAAHONOKALMOHHON CTPYKTYpe WMeeT
601bIUOE 3HAYEHHE MPH MPOBEACHHH NCKYCCTBEHHBIX BO3NEHCTBHI Ha rpafosble npouecchl. [Ipu BHECEHHH
a3p0o3015 aKTHBHOFO peareHTa B 06/1ako, HEOOXOAMMO YUHTbIBaTh JWHAMHYECKHE NPOLIECChI, MPoTeKatoLIye
B o6nakax, W MX PaZMONOKALMOHHYIO CTPYKTYPY.

[MpeanoxeHHan HaMM SMNHUPHUECKAA PaAHONOKAUHOHHAA MOAC/L CYNEPAYEHKOBOrO KOHBEKTHBHOIO
obnaka ycnewHo Moxer ObiTb NpHUMEHEHa ANA NOBbilEHHA (BGEKTHBHOCTH NPAKTHYECKUX METOAOB
aKTHBHBIX BO3JIEHCTBYHM Ha 06/1aKa, @ TAKXKE /1A CO3NAHMA H YCOBEPLICHCTBOBAHHA PAa3NHUHBIX YUCIEHHBIX
mozeneii o6nakos.
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SMIIMPHYECKAS PATNOJOKAITHOHHAS MOZIEJIb
CYNIEPAYEHUKOBOI'O KOHBEKTHBHOI'O OBJIAKA

Canyksame T.I',, Xenan 3. ., Banasanse A. 1., Knnanze P. K.
Pedepar

B crathe npoaHanu3MpoBaHel AaHHblE PAIHONOKALMOHHBIX HabNIOAEHHH 3a CynepAuYerKoBoro
KOHBEKTHBHbIMKM 00siakaMH ropHoro peruona [py3nn. PesynbtaToM aHanusa ABMAETCA 3MMIMPHYECKasn
PaAHONOKALMOHHAA MOAENb TaKHX OONakoB B BuAE OOLIMPHON Tabnauus! JaHHBIX O CHHONTHYECKHX,
23POJIOTHYECKHX W APYrHX YCNOBHAX Pa3sBHTHA CyNnepAHEHKOBEIX 061aKoB B YKa3aHHOM PErHoHe, a TakKe
MOJa/bHBIE M IKCTPEMAJIbHBIE 3HAYEHHA PAHONOKALMOHHBIX NapaMETPOB MX PafHO3Xa.

THE EMPIRICAL RADAR MODEL OF SUPERCELL CONVECTION
CLOUDS

Salukvadze T., Khelaia E., Balavadze A., Kiladze R. L.
Abstract
In the article, the dates of radar observations by supercell convection clouds of mountainous region of
Georgia are analyzed. Result of analysis is the empirical radar model of such clouds as the vast data table

about synoptic, aerological and other conditions of progressing of supercell clouds in the indicated region,
and modal and extreme significance is of radar parameters their radar echo.
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OCHOBHBIE CTATUCTUYECKHE XAPAKTEPHCTVIKHA
A3PO30JIBHOW ONTHYECKOU TOJIIY ATMOC®EPH! B I' . TEUWJIMCHU

1. Knpkuraase

HHctutyT reodusuxu um. Muxanna Hoaua, 0193, Téunucu, yn. M. Anekcunze 1,
E-mail geo@ig-geophyzics.ge

B nanHoif paboTe mpemnaraloTcs pe3ynbTaThl Gonee AETaNbHOTO, YeM 3TO ObUIO clenaHo
pauee [1,2,3,4,6,7,11,12,13,14,15], cTaTucTHuecKoro aHanu3a CpPeIHEMECSYHBIX 3HaueHHit AOD
(asposonpHas onruyeckas Tonwa) B TOUIMCH B pasiuynble nepHons! BpeMerH. Jannsie 06 AOD
ana Toumucn umerotcs ¢ 1928 mo 1991 rr. K3 3toro nepuona BpeMEHH B LENAX COOMIOAEHMH
CHMMETpHH GBUTH B3ATEI JaHHBIE M1 mpomexyTka ¢ 1931 no 1990 rr (60 set).

Tabauua 1 CtaTucTHYECKHE XapaKTEpPUCTHKH CPEIHEMECAYHBIX 3HAUEHHH a3PO30ILHON
onTHYecKoi Tonuu atMocdepsl B TOUMHCH B pa3nnyHble NepHOAb! BpeMerH ¢ 1931 mo 1990r

(Hﬂpme 1931- | 1941- | 1951- | 1961- | 1971- | 1981- | 1931- | 1961- | 1931- |
™ 1940 | 1950 | 1960 | 1970 | 1980 | 1990 | 1960 | 1990 | 1990

Mean | 0,045 0,048 ( 0,069 0,091| 0,133| 0,155| 0,054 0,126 0,090

Mi 0,018 0,018 0,033 | 0,043| 0,042 0,047| 0,018 0,042 0,018
n

Max | 0,097| 0,090| 0,113| 0,188| 0,325} 0324 0,113 | 0,325| 0,325

Interv | 0,079| 0,072| 0,080{ 0,145| 0,283} 0,277| 0,095| 0,283 | 0,307

Medi | 0,042| 0,046 | 0,066| 0,084 0,124| 0,151} 0,051} 0,117 | 0,074
an

Mode | 0,028 0,029| 0,047 ] 0,045| 0,138 0,126 | 0,029| 0,072 | 0,045

StDev | 0,018] 0,017 0,019| 0,035]| 0,051 0,060 0,021 | 0,056 0,056

Om 0,002 | 0,002 0,002| 0,003| 0,005| 0,005| 0,001] 0,003 | 0,002

C, (%) | 40,0] 345| 274| 383] 382| 384| 385| 444| 618

A, 0,27| -0,55] -0,81| 0,01 098] -0,11| -046| 0,56 1,55

K 0,89 039| 024| 0,79| 068| 051, 049| 0,82 1,29

Count 120 120 120 120 120 120 360 360 720

B Tabn.] mpecTaBleHbl CTATHCTUYECKHE XApAKTEPHCTHKH CPEAHEMECAYHBIX 3HAYEHHH
AOD ans 9 paanmuHeIX mepuonos BpeMenu (6 mepuonos mo 10 net, 2 nepwosa no 30 et u |
nepeoa 3a 60 ner). Kak cnenyet u3 31oil Tabauupl, CO BpEMEHEM MPOHCXOAHI OLIyTHMBIA pOCT
3nayennii AOD. Ilpn 310M, B cooTBecTBHE ¢ kpuTepreM CThIOAEHTa, 32 HCKIIIOYEHUEM NTEPHONOB
1931-1940 u 1941-1950 rr., BO Bcex moOCHEAYIOWMX AECATHIETMAX, MO CPABHEHHIO C
NpeBLIY MY, TIPOHCXOXMIIO YyBeduuenue 3nauenuii AOD. MHHMManbHOE 3HaueHHE AOD
Menstochk ot 0,018 B 1931-1950 rr mo 0,047 B 1981-1990 rr, MakcuMansHoe — ot 0,090 B 1941-
1950 rr mo 0,325 B 1971-1980 rr, BapuaunoHumii pasmax ot B 0,072 B 1941-1950 rr no 0,283 B
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1971-1980 rr, Mmenuana ot 0,042 B 1931-1940 T 1o 0,151 B 1981-1990 rr, Moxa ot 0,028 8 193]
1940 T 10 0,138 B 1971-1980 rr, cTanmaprHoe oTknonenue ot 0,017 B 1941-1950 rr mo 0,060 B
1981-1990 rr, . craupaprras omndka ot 0,001 g0 0,005 B 3aBHCHMOCTH OT EPHONA OCPENHEHHS,
ko3¢ punuent Bapuauuu ot 27,4% B 1951-1960 rr no 40% 8 1931-1940 rr.

Koapduuuent acummerpuy menserca or 0,01 B 1961-1970 rr go 1,55 B 1931-1990 rr,
ko3¢ uument sxcuecca — ot 0,24 B 1951-1960 rr po 1,29 B 1931-1990 rr. Teopernueckue
IHAYEHHS CTAHAAPTHOrO OTIIOHeHMA KodpduumeHta acummerpun ama 10, 30 n 60 - nmernux
CpeaHEMECTYHBIX PANOB HabmoneHu# cooTseTcTBeRHO coctasnsior 0,22; 0,13 1 0,09. To xe camoe
pikii| Koaq:q’nuuema JKciecca - coorpercraendo 0,45; 0,26 u 0,18. Takum o6pa3zoM, Kak BHIHO H3
Tabn. 1, TeoperMueckue 3HAYCHMA KoIhHUMEHTOB CTaHAAPTHLIX OTIVIOHEHHH IKCHecca H
2CHMMETPHH HU B ONHOM H3 NPOMEXYTKOB BPEMCHH HE MPEBAILIAIOT aGeoToTHRX

" 1931-1940! [ == 1941-1950]
Exper ! i Exper i
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Teor Teix it
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PR T Puc 1. dyukumu pacnpenenenms
i 25 1 f e e l-o—’Ei:;‘m CpeIHEMECAYHEBIX 3HAYEHHH

| ® fg i o 1+1931»mui5 23pO30NbHOM ONTHYECKOH TONIIH
i Do Teor atMoctepel B r. TOuHCH.

; z : ' DKCNEpUMEHTANIBHbIE H PacUETHbIE
, o 01 02 03 o4 3IHaYEHHS.

. - 0D

Puc. 1. 3nauennii Agu K 310 suauur, yro dynxunn pacnpesenenns AOD He ssnstorea
HOPMAIBHBIMH JUISl BCEX YKa3aHHbIX BBILIE 9 MEPHOIOB BPEMEHH.

Mocnennee marmsagHo wmmocTpupyeTcs Ha pHC.l, Ha KOTODOM MpeACTaBJIeHSI
IKCNEPHMEHTANBHLIE B TeopeTHYecKHe KpHBble GyHKumMi pacnpeaenenia AOD s ykazaHHBIX
Bhillle 9 MpoMeXyTKoB BpeMeHH. [l nyuvweli cpasHuMocTH GyHKumii pacnpepenenus AOD, B
pasnMuHbie MPOMEXYTKH BpeMEeHHM 11 Hux Obvmn BeIGpan omuH u ToT *e mar — 0,030.
CoOTBETCTBYIOIINE MaTeMaTHYeCKHe BBID@XCHHS WA 3THX GyHKuMH npuseleHsl B Tabm2 .
CpaBHEHHE HX TEOPETHYECKHX U IKCIIEPUMEHTANbHBIX 3HAYEHUH TIPOBOMMIIOCH C HCTIONB30BAHHEM
KDHTEDHS  COTJIacHs XH-kBagpar. J(OCTOBEPHOCTb COINacHs MeXAy PacyeTHBIMH H
SKCIIEPHMEHTANbHBIMU 3HAYCHHAMH NONY4HIach He Xyxke 75%. 3T0 XOpOLIO BHAHO H3 PHCYHKOB,
Ha KOTOPBIX B GONBIIMHCTBE CllyYaeB TEOPETHYECKHE M IKCIIEPHMEHTAIBHBIE KPHBbIE PAKTHYECKH
CITMBAIOTCS APYT C APYIrOM.

B pasmudHele nepHonel BpeMeHH (YHKLMM PacnpesieNelus CpeAHEMECHHbIX 3HaueHuH
AOD HMeWT OOMH M TOT € BHA — TOJNOXHTENBHO acMMMETpHuHBIf (puc. 1), xoTa
MaTeMaTHYeCKne BBIPOXEHHUA 3TUX (yHkuuit pasnuunbl (1a2). Tax, B 1931-1940, 1941-1950 u
1951-1960 rr 9TH pyHKUMH HMEIOT SKCMOHEHUHATBHEIA BHJ C NOKa3aTeNeM JKCIMOHEHThl B BUIE
foaKHOMa BTopol crenenu dynkuue ¢ makcumymamu AOD, cooTBeTCTBEHHO, N0 AECATHAECTUAM
p auanasodax 0,030-0,060; 0,030-0,060; u 0,060-0,090 . B uenom xe 3a 3TOT NEPHON BPEMEHH
(1931-1961 rr) bynkums pacupenenenus AOD onucbiBaeTcA H3MeHEHHOH ramma-Qynkuuei ¢
makcumMyMom AOD B nuanasone 0,030-0,060.

Tabnuna 2. OyHKUMH pacnpencIeHHA CPEAHEMECAYHBIX 3HAYEHHH a3P030JIbHON ONTHYECKOH
Tommu atMocepsl B TOHAKCH B pasnHuHbie Nepuoas BpemerH ¢ 1931 no 1990 rr. Llar t,= 0,030

Tonwr Jnanason P(a)
®YHKUMA pacnpeaeneHus 1, He Xyxe

1931-1940 |  P(t,) = exp(2,069263 + 96,23741 1,-1159,66 1,°) 0.015-0.105 90%

1941-1950 | P(t,) = exp(1,329293 + 117,34711,-1241,88 7,)) | 0.015-0.105 75%

1951-1960 P(1,) = exp(1,342546 + 82,4549 1, - 664,081,%) 0.045-0.135 90%

1961-1970 P(1,) = (1,71E+08) 1,72 exp(-58,56797 1a) 0.045-0.195 95%

1971-1980 P(1,) = -1190748 7, +859537,11,° -1673671," 0.045-0.315 | 95%
+1028,3575, -115,9497,> + 441,643 1,-13,5109

1981-1990 | P(t,)=61594266 1, — (8 8E+07) 1,5 +51367133 1,° — | 0.045-0.315 | 99%
(1,6E+07 )t,* +2715856 1,° -262539 1,° +13210,07 14-
253,653

1931-1960 P(Tﬂ) = (l L02E+08) 1.3.47 em'82,25756rn) 0.015-0.105 75

1961-1990 P(1,) = -5001143 7,°+5591754 7,° -2502406 7,* 0.045-0315 | 99%
+576481,7 15 -72692,8 1% +4678,202 1,-96,9088

1931-1990 P(1,) = -6458059t,° +7231582 1.’ -3188204 1, 0.015-0.315 | 85%
+697626,2 15 -77601,6 7, +3814,144 1,-34,8868
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B nepuon ¢ 1961 no 1970 rr. ¢yuxums pacnpenenenns AOD Takke omucslBaercs
u3meHeHHol ramma-QyHxumeil ¢ MakcuMyMoM AOD b ananasone 0,060-0,090 . 3arem, B 197].
1980 1 1981-1990 rr., COOTBETCTBEHHO, MOTHHOMAMH LIECTOR U CEZIBMOM CTENEHH C MAKCUMyMaMy
AOD, cootsercTeeHHO, B auanaionax 0,090-0,120 u 0,150-0,180 . B 1961-1990 n 1931-1990 rr
3TH QYHKUMH MMEIOT BH MOJMHOMOB LIECTOMH cTenens ¢ MakciMyMamu AOD cooTBETCTBEHHO B
nuanasonax 0,090-0,120 u 0,030-0,060 . Ot™etum, uro B pabote [12] dyHKuMA pacnpeneneHus
cpenHeMecayHbIX 3HaveHni AOD nas nepuona pemenn ¢ 1966 no 1985 rr Geuta npencrabieHa b
BMJE H3IMEHEHHO! ramma-(pyHKUMH. B renoM 3Ty QyHKLHIO MOXHO HCIONB30BATh U IS BCeX 9
ykasauHbix Bne (puc.l, Tabn.2) npomexyrkos spemenu. OnHako, Kak MoKas’an aHanuy ¢
HCTIONIB30BAHMEM KPHMTEpUA XM-KBaJpar, QYHKIUHMH pacrnpeleNeHHA, NpeAcTaBlIeHHble B Tabn. 2,
JAIOT JIyYlliee COTNACHE C IKCIEPHMEHTATBHBIMH JaHHBIMH.

3HaunTeNbHbIE BPEMEHHBIE M3MEHCHHA YPOBHS 3arps3HeHHocTH atMoctdepbl B TOumucu
CBH/CTENLCTBYIOT O HATHYMM ABTOKOPPETHPOBAHHOCTH B PAAx HaOMOJEHMH 32 adPO30NBHOH
ontyueckolt Tommwed armocdeprl. B mpeaelmymmx MccrenopaHusx noaoOHbIH  aHanu3 He
TMPOBOAMACSA, XOTA 3TH HCCIEAOBAaHHA MMEIOT BaKHOE 3HAUeHHe ANA ONpedefeHHA HaIH4HA
TpeHnoB B pAnax Habmoacumii AOD , yTOYHEHHA HOBEPHUTENLHOTO HHTEpBAIA HMX CPEAHHX
3HAYEHHH C NONPABKO#H Ha aBTOKOPPENALHMIO H Ap.

19311950 19311980 5

08 ——————
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04 ;i+kaExper , | 'if-o—RaExper i"
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L L

1931-1960 19344990
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12345678 !
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— - - R —

Puc.2. AaToxoppenuunouuax GYHKUMA  CDENHETofiOBRIX  3HauYeHMH  a’po3osLHOM
onTHyeckoit Tomuy atMocdepsl BTOMIIMCH B pasiHyHble NEpHOAB! HabmoaeHRH. L—nar B rogax

250



AHanNM3 PAIOB CPEAHErONOBHIX 3HAYEHHIA 23PO30JbHON ONTHYECKOH ToNUIM atMochepsl B
TOunacH pasAHYHON JUIMTENbHOCTH Ha HANMYME B HHX aBTOKOPPEJALMH NoKasan cienyiowmee. B
nepuon ¢ 1931-1945 rr. B psne cpeaHeronoBbix 3HaueHH# AOD aBTOKOppensUMA OTCYTCTBYET.
3atem, B pane Habmonenu#t 1931-1950 rr aBTOKOPPENALHA NOABISETCA M MPHUCYTCTBYET BO BCEX
JaNbHERIINX pAzax no mMepe Bo3pactaHus roaos (1931-1950 rr, 1931-1960 rr, ..., 1931-1990 rr.).
BHYTpM JBaALaTHICTHMX Neproaoe Habmonenuii: 1931-1950, rr. 1951-1970 rr , 1971-1990 rr. -
aBTOKODPEJSIUMA OTCYTCTBYET TONLKO B MocneaHeM u3 Hux (1971-1990 rr ). Ilpumeps! 3THX
aBTOKOPPESIALHOHHLIX (QYHKUHH NpeAcTaBicHbl Ha puc.2. Ha 3TMX ke pucyHKax NpHBEIEHbI
TEOpeTHYECKHE 3HAYEHHS AaBTOKODPEIALHOHHLIX GYHKUME ¢ YpORHeM gocTOBepHOCcTH 95%.
ABTOKOpPENALIMA UMEET MECTO, EC/TH PacyeTHOE 3HaueHHe R, BbILLE TCOPETHYECKH BO3MOMKHOTO.

Kak cnenyer w3 puc.2 mno Mepe pOCTa UIHTENHHOCTH PANA YCHIMBAETCHA M
aBTOKOPPENHPOBAHHOCTL B HUX CPeAHEroNoBbiX 3nauenuii AOD. Tax, ecnn B nepuonsl BpeMeHn
1931-1950 rr. w 1931-1960 rr. asTokoppensuns o6Hapy)XHBajiach TOJLKO B MEPBOM jare (nar
paBeH omHOMY roay), To B 1931-1970 rr, 1931-1980rr. u 1931-1990 rr.. aBTokoppenAuns
COOTBETCTBEHHO OOHapy)MBaIach B NEPBLIX ABYX, YeThipeX M wecTH narax. B nepnon 1951-1970
I'T aBTOKOPpENALMs B psaae HaGniofeHui 3a cpegHeroaoBbiM 3HauyeHneM AOD umenach B nepsom
nare.

Bo Bropom TpuauaTunetHeM paae HabmoneHui 1961-1990 rr. Taike, xak U B page 1931-
1960 rr. aBTOKOppensuns HabGmonanack B nepeoM Jnare. B mecTH mnocnenoBaTenbHBIX
HECATUIETHHX psjax Habmoaenui 3a cpeaHeronoBbiMu 3Hadenuamu AOD aBTokoppensuus nMena
MECTO TOMBKO B neprox 1961-1970 rr (B nepsom nare). PesynsraTbl aHanusa pafoB HabMOAeHHA
Ha aBTOKOPPENMPOBaHHOCTH MO3BOJIMIIK BHECTH NOMPABKU B 3HA4CHHA JOBEPHTENBHBIX HHTEPBANOB
st cpeaHeroaoBbix BenuinH AOD B T6uIHCH B paInuyHble NPOMEXYTKU BpemeHu [ 146 ], naHHbIe
0 KOTOPbIX NpeACTaBJieHb! B Tab. 3.

Ta6n. 3. Cpenuue 3Ha4eHHA a9pO30JIbHOMA ONTHYECKOI Tomiu atMocheps! B TOUnucK 1 Hx
noseputensubie unteppaisl 6e3 yuera (CONF ) n ¢ yuerom (CONF>) arokoppensaunn B psinax

HabmoaeHNH Nns 9 pa3snH4HBIX IEPHOOB BPEMEHH

Tonst Mean St Dev CONEF (+/-) R. CONF(+/-)

95% L=1 95%
1931-1940 0,045 0,0147 0,010 0 0,010
1941-1950 0,048 0,0124 0,008 0 0,008
1951-1960 0,069 0,0099 0,006 0 0,006
1961-1970 0,091 0,0214 0,014 0,72 0,035
1971-1980 0,133 0,0159 0,010 0 0,010
1981-1990 0,155 0,0241 0,016 0 0,016
1931-1960 0,054 0,0163 0,006 0,68 0,013
1961-1990 0,126 0,0338 0,012 0,75 0,032
1931-1990 0,090 0,0451 0,011 0,905 0,051

Kak cnemyer w3 Ttabn.3, HaniMuyde aBTOKOPpelsALUMH B panax HabmonmeHu# oxaseiBaer
CYLECTBEHHOE BNHMAHME Ha 3HAYEHHE JOBEPHTENBHOTO UHTEPBANa U CPEHHX FONOBBIX 3HAYEHUH
AOD. Tak, B 1961-1970 rr noBepuTenbHbli WHTEpBal A CpeAHEroloBoro 3HavyewHa AOD,
pasHoro 0,091, 6e3 yyeta aBToKOppensumu coctaBiser +0,014, a ¢ y4eToB aBTOKOppEAALHMH -
+0,035. Te xe 3HaueHHs, COOTBETCTBEHHo, mna 1931-1960rr., 1961-1990rr. u 1931-1990rr.
cocraensior: 6e3 yyeta aBrokoppensuun 0,054 +0,006, 0,126+0,012 u 0,090+0,011, a ¢ yyeTom
asTokoppenauuu - 0,054 £0,013, 0,126+0,032 u 0,090+0,051.0t™eTnM, 4TO B ciy4ae 99% yposra
JIOCTOBEPHOCTH JMAMa3oH H3IMEHCHHA NOBEPHTENbHBIX MHTEPBANOB CJeAYET yBeqUYHTD B 1,3 pasa.
Takum o6pasoM, IpH H3y4eHMH MONOGHOTO ykasaHHOro Bhbile psaja HabmoneHuil npoBecHHE
aHaTH3a €ro AaBTOKOPPENMPOBAaHHOCTH BecbMa CylecTBEHHO. [lodtoMy B pamsHeduwem
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TIPENYCMOTPEHO MPOJOIDKEHHE ITHX MCCIIENIOBAHHA [UI CPEINHEMECSIHBIX , CPEIHECE3OHHEIX
CPeNHEroNOBEIX PAZOB a3PO30IBHON ONTHYECKOH TOMMHM aTMOCHEPHI KaK Juis TOunucH, Tak u
JApyrix myHkToB [py3un C AnMTENbHBIM oM Habmoneru# 32 AOD (Tenasy, Llanxa, Anaceymm,
Cenaku, CyxymH).

B 3aK/iOueHHE OTMETHM, YTO YCHEHHE aBTOKOPPENHMPOBAHHOCTH B pane HabmoneHui
CpeHerooBbIX 3HayeHuit AOD, Mo Mepe yBelMyeHHs YUCHa JeT, B psie XOPOLIO coryiacyercs ¢
06HapyKeHHEIM patee GaKTOM NHHEHHOro POCTa yPOBHS 3arps3HeHHOCTH atMocdepst B T6umucu
¢ 1928 10 cepeaMHbl IECTHACCATBIX FOAOB H 3aTEM €r0 IKCIIOHEHUHAILHOTO POCTa A0 CEPEMHBI
BOCBMHJIECATBIX FOJIOB NPOILIOro cToNeTHA [2,7 ].
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OcCHOBHbIE CTATHCTHYECKHE XapaKTePHCTHKH a3P030J1LHO oNTHYeCKOi
ToJK atMocgepbl B . ToOnaucu

J. Kupkuranse
Pedepar

B paboTe npemwioxeH AeTaNbHbIH CTATHCTHYCCKHI aHANTN3 CPEIHCMECTIHBIX JHAYEHHH
a3po30bHOI onTHyeckoi Tomuu atMochepsl (AOD) B TOHnucH s pa3THYHBIX NEPHOAOB
BPEMEHH. B pe3ysbTare aHaTH3a MONY4EHO, YTO HH B OHOM W3 MPOMEXYTKOB BpEMEHH
TEOpeTHYECKHE 3HaUYEHHS CTalapTHBIX OTKJIOHEHHH K03 )HUMEHTOB aCHMMETPHH H JKCLECCa He
IpeBBILAOT a0COMIOTHBIX 3HaueHH#t As 1 K 3T0 3HauMT, uTo QyHkuMa pacnpenenedus AOD
He ABNAETCH HOPMANBLHOM JUIS BCEX YKa3aHHBIX 9 NEPHOIOB BpEMEHH.

Toka3saHo, yto ¢pyHkuns pacnpeneneins AOD  onuceipaeTcHs H3IMeHEHHOH ramMMa-
byHkumei.

Main statistical characteristics of optical thickness of the atmospheric aerosols in
Thilisi

D. Kirkitadze
Abstract

Analysis of statistical characteristics of monthly averaged values of optical thickness of the
atmospheric aerosols (AOD) in Thilisi for different time periods is proposed.

Analysis has shown that for all the periods theoretical values of standard inclination of
asymmetry and excess coefficients do not exceed absolute values of A; and K. This means, that
AOD distribution function is abnormal.

It is shown, that AOD distribution function can be described by the modified gamma function.
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BHYTPUI'OJIOBOY XOJ1 ASPO30JIbHOM OINTUUYECKOM TOJILH
ATMOC®EPHI B I TBUWJIUCH

. Kupkuraxe

Hucrutyt reopusnku uM. Muxanna Hoana, 0193, T6unucu, yia. M. Anexcuase 1,
E-mail geo@ig-geophyzics.ge

B panee npoBeACHHBIX HCCIENOBAaHHAX BHYTPHUTOAOBOTO XOJa CPENHEMECAYHBIX M
CE30HHBIX 3HaYeHHi a’3po30/1bHOH onTHyeckoi Toimuu armocdeps! [1,2,3] B yacTHocTH Grlio
noNy4yeHo, 4T0 MakCHMaibHble 3HadeHUs AOD oTMevaloTca B NeTHHH mepuon roma (Hioib), a
MHHHMaIbHEIE — B 3HMHHHA ( ekabpb, sHBaps). [Ipn 3TOM GBLIO NOKA3aHO, YTO BMECTE C POCTOM CO
BPEMEHEM 23PO30/IBHOTO 3arpA3HEHHA aTMOC(ephl, yKasaHHaA 3aKOHOMEPHOCTb COXPAaHSANACh A
Pa3NMYHBIX NEpHOIOB OcpefHeHUs ( B yacTHocTH B pabotax [1,3] ath nepuoas! cocTaBasim 1928-
1950, 1951-1970, 1971-1990). B nanbHeitiieM BO3HHK BOMpPOC HCCIENOBAHHA YCTOWYMBOCTH BO
BpeMeHH BHYTpHronoBoro xoaa AOD H, cOOTBETCTBEHHO, HAXOXICHHA NapaMeTpa YCTOMUHBOCTH,
ecny Takoe 6yaeT HMETh MECTO.
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Puc.1. BHyTpuronosoi xo aspo3onbHol ontrueckodi Tonwu atMocepsl B TGHANCH B pa3nHYHEIE
neproap! BPEMEHH. JKCNEPHMEHTANBHBIE U PACYETHBIE 3HAUCHHUA.
Ha puc.] mpeacrasnes BHYTPHFOAOBOH XON 3KCNEPHMEHTANBHLIX W PACYETHBIX CPEIHEMECAYHBIX

3HauyeHKN a3p030JpHON ONTHYECKOH TonuiH atMochepnl B TOMIMCH, OCpEIHEHHBIA MO IIECTH
JecaTwieTHuM nieprosam ¢ 1931 o 1990 rr., asym TpuanatuneTHaM — 1931-1960 1 1961-1990, a
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Talke INONHOro neposa BpemeHH (1931-1990). B BepxHeit wacTH Tabn. | mpeAcTaBieHbl
cooTBeTCTBYIOWME KO3 HIHEHTE! ypaBHeHHs perpeccun. Kak cneayer us puc. | u Tabn. 1
COBraicHHe IKCIIEPUMEHTANLHBIX U pacyeTHBIX 3Hauenuit AOD nocratoyno xopomee. [ Beex
DEBATH YKa3aHHBIX NEPUONOB BPEMEHH BHYTPHIONOBOH XON CpemHeMecsyHsIX 3Havennit AOD
BMONIHE YNOB/IETBOPHUTENBHO ONMCHIBACTCA INOJIHHOMOM CEALMOM CTeNeHM ¢  BEIMYMHAMH
k03¢ duuHeHToB setepmuHauun ot 0,9706 go 0,9955, HepaanMUMMBIX APYT OT APYTa Ha yPOBHE
sHayuMocTH o = 0,05. Takum o6pasom, BHYTPHronoBO# X011 cpeaHeMecauHbIX 3Hauennit AOD, Bue
3aBUCHMOCTH OT TMEPHONOB OCPENHEHUA, NMEET OMHY M Ty Xe€ 3aKOHOMEPHOCTb, HMEIOLIYI0 BHA
MOJIMHOMA CebMOi CTEMNEHH.
Tabauua 1 KoagdpuunenTsi ypaBHeHun perpecuu 1,1 BHyTPHIOA0BOr0 X012 OCPEHEHHBIX
110 MeCALAM 3HaYeHHil 82po3oabHON onTHYecKoil Toamu aTvochepst 8 Touaucn B
pa3nu4Hble nepHoaLl Bpemenu ¢ 1931 no 1990 rr. X — mecsane, 1...12.

1931- | 1941- | 1951- | 1961- | 1971- | 1981- | 1931- | 1961- | 1931- |
Toxel | 1940 | 1950 | 1960 | 1970 | 1980 | 1990 | 1960 | 1990 | 1990
n=aX +bX’ +cX’+dX' +eX’ + X’ +gX +h

R? 0,9859 | 09859 | 0,9868 09955 | 09707 | 09706 | 0,9863 0,9867 | 0.9866
a 3,14E-07 | -3,50E-07 | -4.85E-07 | -5,04E-07 | -2,70E-06 | 4,96E-07 | -3.83E-07 | -9,03E-07 | -6.43E-07
b 1.38E-05 | 1.54E-05 | Z.13E-05 | 1.B9E-05 | 0.000121 | -2.12E-05 | 1,68E-05 | 3.96E-05 | 2.82E-05
P -0,00024 | -0,00026 | -0,00036 | -0,00027 | -0,00214 | 0,000373 | -0,00029 | -0,00068 | -0,00048
d 0,002034 | 0002253 | 0,003085 | 0,001749 | 0.019027 | -0,00343 | 0,002457 | 0,005782 | 000412
e 0,00927 | -0,01024 | -0,01385 | -0,00589 | -0,08971 | 0017315 | -0,01112 | -0,0261 | -0,01861
f 0.021952 | 0,024115 | 0031891 | 0.012034 | 0218304 | -0.04827 | 0.025986 | 0,060688 | 0,043337
g 001869 |-0.0201 | -0.0247 | 000652 | 02302 | 0.091088 | 002016 | -0.04854 | 003485
h 0,033924 | 0,037564 | 0,051903 | 0.064467 | 0,177791 | 0.047442 | 0,04113 | 0,096567 | 0,068848

To e, HOpMUPOBAHO HA MIONb MECAY

a ~0,00053 | -0.00053 | -0,00051 | -0,0004 | -0.00138 | 0,000247 | -0,00052 | -0,00052 | -0,00052
b 0023487 | 0,023172 | 0,022424 | 0.015064 | 0,062015 | -0,01055 | 0022934 | 0022763 | 0,022813
¢ 0,40366 | -0,39762 | -0,38345 | -0,21181 | -1,09685 | 0,185224 | 0,39313 | -0,38997 | -0,39091
d 3,458413 | 3,398367 | 3,254561 | 1,391748 | 9,737446 | -1,70528 | 3352428 | 3,32096 | 3,330283
e 15,7713 | -15,4449 | -14,6056 | -4,68911 | -45,0094 | 8,605667 | -15,1703 | -14,9888 | -150426
f 37,33358 | 36,37229 | 33,64021 | 9,573208 | 111,7215 | -23,9922 | 3545152 | 3485832 | 3503408
g 31,7834 | 30,3202 | 26,052 | -5.19059 | -117.807 | 4527251 | 28,8714 | -27,8827 | -28,1756
h 57,69429 | 56,65707 | 54,75003 | 51.28613 | 90.98818 | 23.57973 | 56,11228 | 5546621 | 55.65763

Puc.] HarnsnHo NEMOHCTPHPYET MOHOTOHHBIR pocT 3HaueHud AOD ot AnBapsa 40 HionA,
3aTeM yYMEeHbLUEHHE A0 Aekabps. PaccMOTpHM BONpoc pasiHuHs MEXAY CPENHHMH 3HAYEHUAMH
a3p030JILHON OMTHHYECKOH ToMMM aTMochepsl B COCEAHHE MECALbl H CE30HBI roja B palfudHble
nepuoas! BpeMenu. s 3roro oOpatuMes k Tabn.2 u 3, B KOTOPBIX NpEACTaBlEHbl CTATHCTHYECKHE
XapaKTepPUCTHKH CPeNHEMECAYHBIX H CpPeHEeCe30HHbIX 3HayeHuit AOD B Tpu mepHOLa BpeMeHH:
1931-1960, 1961-1990 1 1931-1990 rr.

AHaNu3 JaHHBIX, IPEACTABIEHHBIX B 3THX TabNHLAX, MOKA3BIBAET, YTO AN BCEX YKA3aHHBIX
Bhillle TpeX MEPHOMOB OCpENHEHHA COCENHHME CPEIHECEIOHHbIE 3HaueHMs AOD He paBHBl ApYT
Apyry (ypoBeHp 3HauMMOcTM nO Kputepuio CroloseHta He xyxke 0,1). UYro kacaercs
CPEAHEMECAYHBIX 3HaYeHHN a3pO30NBHON ONTHYECKOH TOMOHM aTMOCOHEpHl, TO IUIA BCEX Tpex
NEPHOAOB OCPEAHEHHA OHHM He paBHbl A CNEAYIOLIMX Nap MeCALEB: sHBapb-(eBpanb, MapT-
anpenb, HIOHb-HIOJb, aBI'YCT-CEHTAOPD, CEHTAGPL-OKTAGPL,0KTAOPL-HOAOPL (YPOBEHE 3HATHMOCTH
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no kputepnio CToionenta He xyxe 0,15) B paBHEI A1 CnefyIOWMX Nap Mecaues: pespalb-Mapr,
anpens-Mail, Maf-HIOHb, HIONb-ABrYCT, HOAOpL-nekalpp, Aekabpb-aHBapb. TakuM oGpasom,
nionbckHit MakcuMym AOD XOpoLUO BBIPaXeH 110 OTHOIIEHHIO K COCEAHHM HIOHBCKMM 3HAYEHHAM
AQD, 1 B TO Xe BpeMst HE3HaYMMO OTJIMYAETCA OT aBrYCTOBCKHX.

Ta6auna 2 CTaTHCTHHECKHE XapAKTEPHCTHKH 23P030aLHON onTH4eckoil TonuM aTMocdepsl
B TO6uancn B pazandusie mecaubl roga B 1931- 1960, 1961-1990 u 1931- 1990 rr

T T2 73 T4 s 16 7 18 9 Jiwo 11 12

1931-1960

0,037 0,046 0,050 0,059 0.065 0,066 0,074 0,069 0,058 0,046 0,038 0,037
Mean

0018 [ 0022 | 0024 | 0,029 | 0032 0,032 | 0036 | 0,033 0,028 0,022 0,019 0,018

Max | 0057 [ 0071 0,077 | 0,091 0,100 | 0,101 0,113 0,106 0,088 0,071 0,058 0,056

Interv [ 0,039 | 0,049 | 0,053 | 0062 | 0068 | 0069 [ 0077 | 0,073 0,060 | 0,049 | 0,039 | 0,038

Medi | 0039 | 0,049 | 0,053 0.063 0,069 | 0,070 0,078 0,073 0,061 0,049 0,040 0,039

Mode | 0,028 | 0,035 | 0039 | 0,047 | 005! 0,052 | 0,058 0,054 0,045 0,036 0,030 0,029

St 0,011 0,014 | 0015 | 0018 | 0020 | 0,020 | 0,022 0,021 0,017 0,014 0,011 0,011

O 0,0021 | 0,0026 | 0,0028 | 0,0033 | 0,0036 | 0,0037 [ 0,0041 | 0,0038 | 0,0032 | 0,0026 | 0,0021 | 0,0020

C, 30,4 30,5 30,5 30,2 30,1 30,2 30,2 30,3 30,1 30,5 30,0 30,2

%
(A,) -004 | 007 | -006 | -004 | -004 | 006 | -006 | -006 | 0,05 | 005 | -005 | -0,06
K [ -4 ] -3 ] -t [ [ -uBs | -2 | -4 | -1,10 | -1,i2 [ <102 | -LI18 | -11§
Count | 30 30 30 30 30 30 30 30 | 30 30 30 30
1961-1990

0.087 [ 0109 [ 0118 | 0,139 [ 0.153 [ 0156 [ 0,174 | 0,162 | 0,135 | 0,109 | 0,090 | 0,087
Mean

0043 | 0,042 | 0061 | 00727 | 0,079 | 0080 | 0,090 | 0,084 | 0,070 | 0,050 | 0,046 | 0043
Min

Max | 0,199 | 0325 | 0316 | 0,324 0,294 0,250 | 0,290 0,244 0,260 | 0,215 0,192 0,197

Interv | 0.156 | 0,283 | 0,255 0.252 0,215 0,170 | 0,200 0,160 0,190 0,165 0,146 0,154

Medi | 0078 | 0092 | 0,109 | 0,133 | 0,152 0,153 0,174 | 0,167 0,128 0,104 0,080 | 0,080

Mode | 0046 | 0056 | 0,061 0,072 | 0,024 | 0,080 | 0,090 | 0,084 | 0,070 | 0,056 | 0,046 | 0,045

St 0,039 } 0,060 | 0058 | 0,051 0,052 | 0,048 | 0,054 0,047 | 0,046 | 0,043 0,039 | 0,039

_6n | 00071 | 00109 | 0,0106 | 0,0094 | 0,0095 { 0,0088 | 0,0098 | 0,0086 | 0,0083 | 0,0078 | 0,0071 | 0,0071

C 447 54,9 49,3 36,9 34,1 30,8 309 289 338 39,5 43,2 45,0

(%)
A 126 | 203 | 212 | 1,53 | 0% [ 023 | 019 | 018 | 058 | 08 | 1,00 | 120

K 1.45 5.07 5,28 4,40 1,21 -0,48 -0,47 -0.94 0,35 0,36 0,49 1,22

Count 30 30 30 30 30 30 30 30 30 30 30 30
1931-1990

0,062 0.078 0,084 0,099 0.109 0,111 0,124 0,116 0,096 0,077 0,064 0,062
Mean

0,018 0,022 0,024 0,029 0,032 0,032 0,036 0,033 0,028 0,022 0,019 0,018
Min

Max 0,199 | 0,325 0,316 0,324 0,294 0,25 0,29 0,244 0,26 0,215 0,192 0,197

Interv | 0,181 0,303 | 0292 [ 0,295 | 0,262 [ 0218 | 0,254 [ 0211 0,232 | 0,193 0,173 | 0,179

Medi | 0,049 | 0,061 | 0,066 | 0,081 0,088 | 0,08 | 0,101 0,094 | 0,075 0,060 | 0,050 | 0,048
an
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Mode | 0028 | 0035 | 0,061 | 0,047 | 0,051 | 0,052 | 0.058 | 0054 | 0,075 | 0,036 | 0,046 | 0043
St 0,038 0,053 0,054 0,056 0,059 0,058 0,065 0,059 0,052 0,045 0,038 0,038
Dev
O 0,0049 | 0,0069 | 0,0070 | 0,0072 | 0,0076 | 0,0075 | 0,0084 | 0.0076 | 0,0067 | 0,0058 0,0049 | 0,0049
C, 61.1 68,7 64,5 55,9 54,1 52,2 523 Sl 53,9 576 60,0 61,4
(%)
A, 1.61 241 2,25 1,40 1,08 0.73 0,72 0,56 0,94 1,24 1,43 1,59
K 2.82 N 6,92 1 3.08 1,07 -0,3% -0.41 -0,91 0,38 1,24 1 ;84 2,65
Count 60 60 60 60 60 ] 60 60 60 ] 60 60 60 60

Ta6auua3 CraTucTH4ecKHe XAPAKTEPHCTHRH a3P0301b110H 0NTHYECKOH To/IH aTMocepb

B T6unucu B pa3iHuHbIe ce30HbI roaa B 1931- 1960, 1961-1990 n 1931- 1990 rr

[ 3uma | Becwa | Jlero | Ocems | Tenn | Xom | Ton
1931- 1960
Mean 0,040 0,058 0,070 0,047 0,065 0,043 0,054
0,019 0,028 0,034 0,023 0,032 0,021 0,026
Min
Max 0,061 0,089 0,107 0,072 0,100 0,065 0,082
Interv 0,042 0,061 0,073 0,049 0,068 0,045 0,056
Medi 0,042 0,061 0,074 0,050 0,069 0,045 0,057
an
Mode 0,031 0,046 0,055 0,037 0,051 0,033 0,042
St Dev 0,012 0,018 0,021 0,014 0,020 0,013 0,016
Om 0,0022 0,0032 0,0039 0,0026 0,0036 0,0024 0,0030
C, (%) 30,4 30,2 30,2 30,2 30,2 30,3 30,2
Ay -0,06 -0,05 -0,06 -0,05 -0,05 -0,06 -0,05
K -1,14 -1,13 -1,12 -1,13 -1,12 -1,14 -1,13
Count 30 30 30 30 30 30 30
1961-1990
Mean 0,094 0,137 0,164 0,111 0,153 0,100 0,126
0,049 0,071 0,085 0,057 0,079 0,052 0,065
Min
Max 0,171 0,294 0,258 0,200 0,213 0,185 0,198
Interv 0,123 0,223 0,173 0,142 0,134 0,134 0,133
Medi 0,090 0,134 0,168 0,104 0,157 0,099 0,128
an
Mode 0,049 0,071 0,085 0,057 0,079 0,052 0,065
St Dev 0,032 0,046 0,044 0,036 0,039 0,031 0,034
Om 0,0059 0,0084 0,0080 0,0066 0,0072 0,0056 0,0062
Cv (%) 34,4 33,5 26,6 324 25,6 31,0 26,7
A 0,76 1,37 -0,11 0,43 -0,36 0,64 -0,12
K 0,33 3,77 -0,21 -0,28 -0,50 0,97 -0,28
Count 30 30 30 30 30 30 30
1931- 1990
Mean 0,067 0,098 0,117 0,079 0,109 0,071 0,090
0,019 0,028 0,034 0,023 0,032 0,021 0,026
Min
Max 0,171 0,294 0,258 0,200 0,213 0,185 0,198
Interv 0,152 0,265 0,224 0,177 0,181 0,165 0,172
Medi 0,055 0,079 0,095 0,063 0,088 0,058 0,073 |
an
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Mode 0,031 | 0046 | 0,055 0,037 | 0,051 0,033 0,042

St Dev 0,037 0,052 0,058 0,042 0,054 0,037 0,045

on 0,0047 0,0068 0,0075 0,0054 0,0070 0,0048 0,0058

C, (%) 54,4 53,8 49,9 53,1 49,4 52,3 50,0
[ A 1,02 1,18 0,50 0,84 0,43 0,84 0,50
K 0,62 2,03 0,84 -0,05 -1,08 0,29 -0,86
Houm 60 60 60 60 60 60 60

AHami3 Ta61.2 W 3 T4KKEe NOKa3bIBAET, YTO IS BHYTPUIOAOBOTO XOAa ad3po30JIBHOM
onTHYeckod Tomm artMocdepbl 3HAueHMA Kod(Q(QHUUEHTOB BapHAlMH CPEAHEMECAYHBIX K
cpennece3onnblX snadennii AOD B mepuoa ¢ 1931 no 1960 rr npaxtuyeckn omnHakossl (Cy
mensercs ot 30,0 % no 30,5 %). B 1961-1990 rr ans BHYTPHTOAOBOrO XO[a CPeIHEMECAUHBIX
3HaYeHHH aIPO30sIbHOI ONTHYECKOH TOMWLM (Tabn. 2) 3HAYMMO OTJIMYAIOTCA APYT OT ApYyra TOJIbKO
senuumna C, B despane (C, = 54,9%) ot seanyun C, B HIOHE, HIONE H aBrycTe (COOTBETCTBEHHO
C, = 30,8 %, 30,9% u 28,9%). Uto kacaercs senuuun C, 11a cpeaHece3onHoro xoga AOD B 1961-
1990 rr (tabn. 3), To uX 3HayeHHs OTIHYAIOTCS APYr OT ApYra He3HauMMO W HaxXoJATCA B
nuanazone ot 25,6% no 34,4%.

HakoHel, comocraBieHMe MA2HHBLIX O BenHYMHax KOI)(GUUHMEHTOB BapHaUMH AIA
CPEHEMECAYHBIX H CPEAHECE30HHbIX 3HAYeHWH a’po30NBHON ONTHYECKOM TOMLM aTMocdephl B
19311960 u 1961-1990 rr noka3ssiBaeT, YTO M1 COOTBETCTBYIOLIMX MECALEB H CE30HOB oA, 3a
HCKIIOYEHHEM ¢eBpalls, pasHHLa MeXOy Kod(dHLMEHTaMH BapHalUWu B YKajaHHbIE MEPHOMIBI
BPEMEHH He3HayuMan. TakuM 00pa3oM, 3Ha4MTENbHBIN POCT YPOBHA a3pO30JBHOTO 3arps3HEHHs
aTMOCGEpEl HE OKa3al CYIECTBEHHOTO BNHAHHMA Ha BENTHYMHBI KO3(QHULUHEHTOB BapHAlUMH LA
COOTBETCTBYIOIIMX CPEAHEMECAYHBIX M CpelHece3oHHBIX 3HadeHuit AOD 1961-1990 rr. mo
cpasHennio ¢ 1931-1960 rr. B 1o xe BpemMs B 1961-1990 rr 6buia HECKOJBKO HapyuleHa
ONHOPOHOCTL BHYTPUromoBoro xona C, s cpenHeMecsayHbIx 3HaueHuii AOD, yero me HMeno
Mecta B nepuoa ¢ 1931 mo 1960 rr..

—e—1931-1940 |
| —a—1941-1950 |
| —a 19511960
11 —m-1961-1970 |

| 19711980 |
| —e—1981-1990

12 3 45 6 7 8 9 10 11 12
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Puc.2. BHYTPHromoBOH Xo0i a3po3ombHOM onTHueckod Tommm armocthepst B TOMIHCH,
HOPMHPOBAHHOH Ha ee 3HAYEHHE B HIONE MecsLle. DKCTIEPHMEHTANBHBIE 3HAYEHHUS.

B 3akmoucHHe paccMOTPHM BONPOC HAXOM/EHHS YCTOHYHBBLIX BO BPEMEHH MapaMETPOB
a3p030JILHOrO  3arpsi3HeHMs atmocdepbl. Bompoc 3akimouaeTcs B TOM, YTO HECMOTpA Ha
3HAYHTENBHYIO H3MEHYMBOCTb BO BPEMEHM KaKOH-NTHGO HCCilelyeMOR XapaKTepHUCTHKH, HacTo
HaxXOIATCA KOHCTAHTBI, OKa3blBAIOUIMMH, B MOCNEAYIOLIEM, BECBMa MOJE3HBLIMU I PA3HYHOTO
poZa aHaIn3a IKCIEPUMEHTAJIbHBIX JaHHbIX. B 4acTHOCTH, 0aHa W3 TakuXx 3ana4 Gbiia pelueHa B [4,
5] , rme ObUIO MOKA3aHO, YTO  BEPTHKANILHOE pacrpejiefieHHe CPEMHErOOBLIX 3HAYCHHH
aJpO30JILHON OMTHYECKOH TOMIM aTMOchephl 4 OTHOCHTENBHO MAajo 3arps3HEHHBIX PaiioHOB
I'py3un , HOpMHpOBaHHEIX Ha 3HaueHHs AOD Ha BbicoTe 100 M Hagx yp. MOpS, UMEET YCTOMUMBEIi
BO BPEMEHH XapakTep, N0 KpaiHeHd Mepe Ans MATHIETHErO MeprHofia ocpedHeHus. B nanbHeimem
3TO MO3BOJIAJIO MOCTPOMTh KapTel pacnpenenedus AOD ans Tepputopuu I'py3sunm mno cemu
IATHIETHEM NlepHogaM BpeMeHH ¢ 1956 mo 1990 rr.

CpaBHenne puc.l ¥ 2 HarJISAHO JEMOHCTPHPYET CYLUECTBEHHYIO Pa3sHHUYy BO BHYTPHIOIOBOM
XOJ€ HOPMHPOBaHHbIX M HEHOPMHPOBAHHBIX CpeAHEMeCA4YHbIX 3HaueHudd AOD. Ecom mma
HeHOpMHpoBaHHbIX 3HaueHuit AOD (puc.l) Ha ¢oHe HenpepeIBHOrO pocTa CO BPEMEHEM YPOBHsA
3arps3HEHHOCTH aTMOC(epbl BO BHYTPHIOJ0BOM XOJ€ SBISETCS YCTOHYNBLIM JIHILIbL BHA MECAYHOTO
Xona (NMOJHHOM CeABMOU CTENeHM) , TO B Ciyyae HOpMHUpOBaHHBIX 3HaueHHid AOD (puc.2)
BHYTPHIOIOBOH X0 a3pO30JILHOMH ONTHYECKOH Tonmu aTMocdephl HMeeT CyllecTBeHHO Gonee
YCTOHYMBBI BO BpDEMEHH XapaKTep.

Boslee feTanbHbIA aHATH3 NAHHBIX, IPUBEAEHHBIX HAa pHC. 2, OKa3bIBaeT cnenyomee. Jns
BCEX IUECTH AECATHIETHHUX NEPHOJOB BPEMEHH HOpPMHpOBaHHble 3HaueHHs AOD ¢ susaps no
anpens , B HIOHE M aBrycTe B COOTBeTCTBHE ¢ KpuTepueM CTbIOJEHTa,  CTAaTHCTHYECKH
Hepas3JMuuMbl 1pyr OT Apyra. HesHauMrenbHble HapyLIEHHs YCTOHUMBOCTH BO BpEMEHH
HOPMHpOBAHHBIX 3HaueHuit AOD oTmeyaiotcs B Mae (HopmupoBaHHoe AOD B 1981-1990 rr Ha
28% 6oxabie, yem AOD B 1971-1980 rr ¢ o = 0,05, 1 AOD 8 1971-1980 rr Ha 15 % MeHblE YeM
AOD B 1951-1960 rr, ¢ o = 0,15; 118 OCTAIBbHBIX MepUONOB 3TH 3HauyeHns AOD paHbl), B
centabpe (HopMu-posanroe AOD B 1981-1990 rr Ha 18% Gonbiie yem AOD B 1971-1980 rrc a =
0,15; ams ocranbHbX mepuonoB 3TH 3Hadenns AOD pasnnuyatotcs HesHauummo ), B OKTAGpe
(nopmuporantoe AOD B 1981-1990 rr Ha 26% Goabime yem AOD B 1971-1980 rrc o = 0,10; ansa
OCTANBHEIX TIEPHOOB 3TH 3Hauenus AOD pasHsl), B HosOpe (HopmupoBantoe AOD B 1981-1990
T Ha 34% 6onbuie yem AOD B 1971-1980 rr ¢ o = 0,05; 1A OCTIBHBIX MEPHOAOB ITH 3HAYCHHA
AOD pasnauaioTcs HesHaunmmo) H B jekaGpe (HopmupoanHoe AOD B 1981-1990 rr na 28%
Gomsme yeM AOD B 1961-1970 rr ¢ o = 0,1; AnA OCTalbHbIX MepHonoB dTH 3HadeHus AOD
paeHbl). Takum 06pa3zoM, B LEJIOM, BHYTPHTOLOBOH# XOZ4 a’pO30NbHON  ONMTUYECKOH TOJNLIM
aTMoctepbl, HOPMHPOBaHHBIH Ha HIONbCKOE 3HaueHue enuund AOD nocTaroyHo YCTOAYMB BO
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BpeMeHM. MateMaTH4eCKH 3TOT XOA , KaK H IS HEHOPMHMPOBAHHBIX 3HayeHust AOD, xopomro
ONHCHIBAETCA NOJIHHOMOM CEBMOIl CTENEHH (HIDKHAS YacTh Tabn. 1).

Yo KacaeTcs OCPEHEHHS 110 TPHALATHACTHHM M LIECTHAECATHIETHAM NEPHOJaM BPEMEHH,
TO B JaHHOM cinydae (puc.2) BHYTPHrOAOBOM X0 HOPMHPOBAHHBIX 3HA4YE€HMH a3pO30/LHOM
ONTHYECKOH TONH aTMOceph! MMeeT BIONHE YCTOH4MBbIA xapaktep. JlaHHbIE OCpeqHEHHs
HAcTONBKO COBMAJAIOT APYr C APYTOM, YTO TPH KPUBBIE HA PHC. 2 MPAKTHYECKH CIIMBAIOTCA B OJHY.
CpasHeHHe e ocpeHeHHbIX 3a niepHoa ¢ 1931-1990 rr HopMHpOBaKHHEIX Ha HIOAb 3HaYeHuH AOD
C TeMH € BENMMYMHAMH, OCPEOHCHHBLIMH MO [UECTH MAECATHICTHMM NEPHOAAM, (10Ka3ano
HC3HAYHMOE pasNMYMe MexAy HHMM [ Bcex MepuoaoB M Mecane. HHbIMM  cnoBamy,
BHYTPHIOroZOBOA X071 HOPMHUPOBAHHOrO Ha HiONb, ocpeuteHHoro 3a mepwox 1931-1990 rr
3HayeHuit AOD ycroiiuuB BO BpeMeHM M, COOTBETCTBEHHO, YAOBJICTBOPHTENBLHO OMHMCHIBAET
BHYTPHIOJOBOH X0l HODMHPOBAHHbIX 3HAYEHHIl a3P0O30/bHON ONTHYECKOH TOMH aTMOCcheps! s
Pa3HbIX NIEPHOJIOB BPEMEHH.

BaXHO OTMETHTb, YTO NP HOPMHPOBaHHH Ha CpeHErofoBble 3HayeHua AOD npakTHyeckn
10J1y4aI0TCA aHANOMMYHEIE pe3ynbTaThl. Hixe, B Tabn.4 npeacTaBneHb! aHHbIE O HOPMHPOBAHHBIX
HAa HIONBCKOE M CPEAHErONOBOC 3HAYEHWs a’PO30JbHOH ONTHUYECKOH TOMM aTMocdeps! Ans
nepuoza 1931-1990 rr.

Tabmuua 4. BryTpuronoBoit xoA ocpeAHeHHbIX 3a mepuox 1931-1990 rr 3sHaueHHH a3po30bHOR
onTHYeckor Tonuu atMocthepsl B TOHITHCH, HOPMHPOBaHHBIX Ha HMIONBCKOE M CPEQHErOA0BOE
sennyuasl AOD

Mecsup Hopmnposano va AOD B uione HopmupoBaHo Ha CpeiHEro10Boe
3gauenue AOD
Mean (%) St Dev Mean ( %) St Dev
1 50,2 42,2 69,1 30,7
2 62,5 59,1 86,0 43,0
3 67,8 60,2 93,2 43,7
4 80,1 61,6 110,2 44,8
5 87,8 65,4 120,9 47,5
6 89,3 64,2 1229 46,7
7 100 71,9 137,6 52,3
8 931 65,5 1282 47,6
9 77,6 57,6 106,8 41,9
10 62,3 49,4 85,7 35,9
11 51,5 425 70,8 30,9
12 49,7 42,0 68,4 30,5

Pesynbratbl, npuBescHHEle B TaGA. 4 MOryT MMeTh MNPaKkTHYECKOE NpPHMEHEHHE A
BOCCTaHOBJIEHWA NPONYIIEHHBIX pAfoB Habmonenui. Tak, HanpuMep, ecin kakuM-nn6o criocobom
(Mcnonb30BaHHME JAHHBIX 3apyOeHBIX CTAHIMA M Ap.) YHAacTCS BOCCTAaHOBHTH CpEeIHETrodOBLIE
sHayenuas AOD B TOunmcn B mepuon ¢ 1992 no 2006 rr, To MoxHO GymeT TaKke c
HCNoNb30BaHHEM JAaHHbIX Taba. 4 BOCCTaHOBHTb M cpeaHeMecAuHble 3HaueHHs AOD. JlaHubie
Tabn. 4 MOXHO TalOKe MCMONB3ORATH JUIA OPHEHTHPOBOYHOM OLEHKH BHYTpUronosoro xoxa AOD,
€CIM OTM  MMEIOTCH JIMLUB U1 HEKOTOPLIX MecaueB i Ap. UTo KacaeTcs aMmupudeckux popmyn
IS pacyeTa BHYTPHIOOBOTO XOia HOPMHPOBAHHBIX W HEHOPMHPOBAHHbIX 3HayeHuii AOD (Tabn.
1), To oHM, Hampumep, MOTyT GbITe BeCchbMa MOMNE3HBl [ANA  BHYTPUMECSYHOM HMHTEPIOJIALMH
BemuunH AOD u np.

Haxonen ofpatumcs k Tabn. 5, B KOTOPO# MpeACTaBCHB! IaHHBIE O COOTHOLIEHUSX MEXIY
CPENHECEIOHHBIMH 1 CPEAHEroIOBBIMH 3HAYEHHAMH a3PO30/BHOM ONTHYECKOH ToMuH aTMOcdepsl
B 1931-1960, 1961-1990 1 1931-1990 rr.

Tabnuua 5. CooTHoweHne Mexay CPEIHECEIOHHEIMM M TOJOBLIMH 3HAYEHUSMH a3pO30MBHOM
ONTHYECKOH TOMLIM aTMOochepbl B TPH Nephoaa BpeMeHH (%)
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Bpems ropa 1931-1960 1961-1990 1931-1990

3uma 74,3 74,8 74,7

| BecHa 107,9 108,5 108,3
Jleto 129,3 130,1 129,8

Ocenp 87,6 88,1 88,0
‘ Tenasi#t nepuon 120,9 121,6 121,4
X0JIOAHEIH nEepHOA 78,7 79,2 79,1
Ton 100 100 100

Kak u puc. 2 118 HOPMHPOBAHHEIX CPeAHEMECAYHEIX BEJMYMH a3pO30JLHON ONMTHYECKOH
TOMUM atMOCGeprl, Tak ¥ Tabn.5 HarjfAgHO AEMOHCTPHPYET MONHYK YCTOHYMBOCTE BO BPEMEHH
COOTHOLUCHUHA MEXy CPENHECE3OHHBIMH M CpEQHErofoBbIMM 3HaucHHAMH AOD, HecmoTps Ha
aBTOKOPPENMPOBAHHOCTE B pAAax HabGMONEHHH NOCKERHHUX.
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BuyTpurozoBoii xoa a3po30abHoil oNTHIECKO# ToMLYM atMocdepsl B r.TOHmHCH
J. Kupxutaae
Pedepar

[poseaeHo HcceqoBaHHE BHYTPHTOAOBOrO XOHA CPEAHEMECAYHBLIX M CE30HHBIX 3HaYeHH}
a3polonblioit onTHyeckod Tomun atMocdepsl (AOD) ans pasnuyHbix nepronos Bpemenu (1931-
1990rr). okasano, YTo BHYTPHIO#OBO# XOR cpeaHeMecA4HHX 3HadeHH#H AOD, BHe 3aBHCHMOCTH
OT NEPHOJI0B OCPCAHCHHA, HMEET OAHY M TY XK€ 3aKOHOMEPHOCTb, HMEIOLLYIO BHA
nonuHoma ceabmofi crepenu. PaccMOTpeH BOMPOC HaXOMAEGHHA  YCTOWYHMBBLIX BO BpEMEHH
napameTpoB BHyTpHrogosoro xoaa AOD u a3po30/bHOT0 3arpA3HeHus aTMOCEpB.

Inter-annual variability of optical thickness of the
atmospheric aerosols in Tbilisi

D. Kirkitadze
Abstract

Inter-annual course of monthly averaged valucs of optical thickness of the atmospheric acrosols
(AOD) in the different time period (1931-1990) is proposed. It has been shown, that monthly
averaged values inter-annual course of AOD, independent from averaging period, is expressed by

7" order polynomial,
At inter-annual course investigation of the stability and the parameters of mentioned stability is

carried out.



dobgom bmosb gamgobogal obbFodgHol Gedgde, §. LX. 2008

Transactions of Mikheil Nodia Institute of Geophysics, vol. LX , 2008
Tpynst Uucrutyra reodusnku um. M. Hoama, T. LX, 2008

MCCJEAOBAHHE U3MEHYHBOCTH KOHLEHTPALIMY IPUSEMHOI'O O30HA
INPYU PA3HBIX NNOI'OJHBIX YCJIOBUSAX B IBYX PA3JIMUYHBIX - IKOJOTHYECKHA
YUCTOMN N 3ATPAIHEHHON TOYKAX I'. TEBLJIMCH

Xapuunaasa Ix.®.
Hucmumym zeogpusuxu um. M. Hooua

Berynaenne

OcHoBHas Macca 030Ha B aTMOCepe COCPeAOTOo4EeHa B CTpaTOCdepe ¢ MaKCUMYMOM Ha BuicoTe 20 — 25
KM Haj, ypoBHeM Mops. B Tponocdepe conepiutces npumepHo 8 — 15 npoueHTOB BCEro 030Ha.
Konuentpauns o3oHa B Tponocdepe MOXET BO3PacTH B pelynLTaTe MPHPOAHBIX MPOUCCCOB: BO BpEMA
TIpOpbIBa TPOTONAY3El; BO BPEMA IPO30BbIX MPOLECCOB; MPH BLIXOAC 030HA U3 NUTOCHEPb! Yepe3 AUHHH
pa3oMOB; NMPH BO3ACHCTBHH COJHEUHOH PaaHaLMK Ha rabl METRHOBOW rpynmnbl (MeTaH, U30npeH, TEPeH H
ap.). PocT koHueHTpauuu 030Ha B Tponocepe MMEET MECTO TakKe NPH (POTOXHMHYECKHX peaKuuax ¢
AHTPONOTEHHBIMH 3ATPAIHEHUAMM,

HHTEeHCHBHOE pa3BMTHE MPOMBLILUINEHHOCTH, TPAHCNOPTA, MUHEPANUIAUNA MOYBhI H T.M., BbI3bIBAHOT
MHTEHCHUBHOE 3arpA3HEHHE Pa3IHUHBIMK ra3aMi W a3po30iaMH. Beé 310 co3aaét ycnosus 4na yMeHblueHHS
cTpatocdepHoro 030Ha M pocta TponocdepHoro. Bo spems cmoroeoit cutyauum B rponocdepe, npu
HATHYWH COJHEUHON paduauKK, KOHUEHTPAUHA 030HAa MOXET AOCTHYL W AKE NPEB3OHTH CTpaTochepHbIH
MaKCHMYM KOHLIEHTpauWn o3oHa. TlpH 3TOM, POCT KOMUEHTPaUHH NpH3EMHOro o30Ha, Gnarogaps ero
OfITHYECKUM CBOWCTBAM, MOXXET BbI3BaTb POCT TeMnepaTypsl B Tponocdepe, Gnaroaaps MoOraoweHHIo
030HOM HH()PAKPacCHOTO H3INYHEHHA W BbIAC/IEHWA TEMNA NPH OKHCAEHHM O3OHOM ra3oB W a3po3oned.
TNonoxuTenbHbIi TPEHA TPonocgepHOro 03oHa ye 3apukcHpoBaH y4EHbIMM B pafle paiioHon Esponsi,
Asun u Amepuku [6, 7, 8), OTMETHBIUMM MNpeanoONaraeMblii BKIIaf TPONOCGHEPHOTO O30HA B (TEMITHYHOM
3 dexren.

Bapuaunu koHueHTpauus npuieMHoro o3oHa (KI1O) cBA3aHbl ¢ pa3nH4HbIMH METEOPONOrHYECKUMHK
napaMeTpaMH. JTOMY BOMPOCY NOCBSALIEH LENbIA PAA TPYLOB 3apyGe:KHBIX y4éHbIX, B TOM WMCIE U B
CTpaHax MOCTCOBETCKOro npocTpaHcTea. B paGore  [9] nokasana TecHas cBase Mexway KIIO w
NOTEHUHAIbHOM TEMNEPATy POl MOKPOro TepMOMETPa, ko3 dHUHeHT koppensunn — 0,95, Cornacho (5], y
KIO camas Bbicokas kOppeNsUHOHHAA CBA3b C COMHEMHOW paaHauMeH, AoXaL M CKOPOCTh BeTpa cnabo
CBA3aHbl C M3MEHYMBOCTBIO O030HA, OJHAKO HANpPAaBNEHME BETPA HMIPacT 3HAYMTENbHYIO pojib B
mmenunsoctn  KI1O. Tlpn sbicokoit saaxdoctn KIMO ymenbmwaercs  [2]. Cesse mexway KIO n
MeTeonapaMeTpaMH MCCea0BanH K apyrue asTopbl (1, 3,4, 10].

IMpenensho pomycrumas konuewtpauns (MIK) 030Ha AR yesnoBeka NPH €AHHOBPEMEHHOM BO3AEHCTBHH
coctannser 125 Mkr/m®, B Teuenne cytok — 28 mkr/m’. Jlna pactennii [11K cocraBnser 60 mKr/m® npu 4
YacoBOM BO3AEHCTBIMH, a 1A HHBOTHBIX — 70 MKI/M’ TaloKe NpH 4 4aCOBOM BO3AEHCTBHH.

Lensto nanHoli paboTbl SBAAETCA MCCAEAOBAHHE W3MEHYMBOCTH KOHLEHTPAUWH NMPU3EMHOTO 030Ha
MpH PasHbIX MOFOAHBIX YC/OBHAX B ABYX PasfM4HbIX — SKOJOTMUYECKH YHCTOH W 3arpa3HEHHOM TOUKax r.
T6uMCH. DKOTOFHUECKH CPABHHTENLHO YHCTBIM paFioom BbiGpaiio JleaucH. HaMepenus nposoanance Ha
TEPPHUTOPHM OTAENa KOCMHM4eckux nywveil HuctntyTa reodmsukm, no aapecy: ynuua Hyuybunse, 77.
CpaBHHTENbHO 3arpA3HEHHOMN OyAeM CHHTATL TEPPHTOPHIO AKAAEMIOpO/Ka, FAC HA AECATOM 3TaXe 3AaHHA
HHcTuTyTa reodManky NpoBOAMANCEH peryaspHuie HimepeHusa. [lapannenbHble M3MEPEHHA MPOBORHIHCH
oaHoBpemeHHo ¢ Hiona 2003 roga no Hos6ps 2005 roaa. Jns usydenns sausnus noroass Ha KIO 6114
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BbILENEHbI CAEAYIOLIHE THBI NOTOMLI: | — NONHOCTLIO WK NpenMyLiecTBeHHO Ge3o6nauoe Hebo, wThas; 2
- NONHOCTBIO MM MPEMMYLUECTBEHHO 3akpbiToe Obnakamu HeGO, WTWAB;, 3 - TMOJHOCTHIO MAM
npeumyLUecTBEHHO GesobnauHoe HeOO, ceBepo-3anaiubiil seTep; 4 - NOIHOCTLIO MK NPEHMYLIECTBEHHO
3aKpbiToe 06RakaMH HeGO, CeBepO-3analHbLIf BeTep; 5 - MPEHMYLIECTBEHHO MM NONHOCTLIO Gelobnaunoe
HeBO, I0r0-BOCTOUHLIH BeTep; 6 - MOAHOCTBIO MM MPEUMYLIECTBEHHO 3aKpbiToe obnakamu HeGo, toro-
BOCTOUHbIH BeTep; 7 — ROXKAL (06NOKHON), 40 Ab, Tyma. [Ipu BriGope 3THX THNOB noroasl 66110 NpHHATO
BO BHHM&HME TO OGCTOATENLCTBO, 4TO B TOUAHMCH rOCMOACTBYIOLUIMMH HANpaB/eHHA BETpPa ABIAOTCA
cesepo-3anafHbId M KOro-socTo4Hbi. Habnwonenns 3a noroxoii n KIO B AkaneMropoake npoBoauHIHCh
exeuacHo, ¢ 10 1o 17 4acoB exeaHeBHO, Kpome CyB60TbI U BOCKpeceHbA, a B JlencH HHOTAA U B 3TH AHH.

Pesyauratsl avanusa wamenunsoctv KITO ans oBoux nyHktos nmpuseaeHbl B Tabnauuax | v 2 u Ha
pucynkax 1 — 3. B nepsom cron6ue Tabnuu ykasaH Homep mpouecca (1 — 7), Bo BTOPOM — BHA npoLiecca
(norozbl), B TpeTbeM cronbue npeacraBneHsl cpeasue 3nauewus KI1O 3a spems Habmoaexus (10 - 17
4acoB), a TAlOKe CPEAHHE, MAKCHMANbHLIE H MUHUMaTbHblE 3Havenus KI1O mna kaxaoro npouecca. Ilon
KaXKbIM CpeIHe4acoBbiM 3HaueHHeM KITO B ckoGkax AaHO KONMYECTBO AHEH HabnoneHHA.

B 0 paar/ud

R g HE TS —1
e -

o ]

R S e o 1 5 " 15 16 17 Vs

Puc. 1. Hamenunsocte KI1O B [lenncH B oTaenbHbIE AHM (CEBR) M CPEHHE 3HAYEHUA MPH PA3HBIX THMAX
norosie! (cnpasa).

1. Mccnenopanme HIMEHYHBOCTH KOHLEHTPALMH NPH3EMHOr0 030HA MPH PA3HLIX NOrOAHBIX
YCIOBHAX B 9KOJIOTHYECKH CPABRHUTE/IbHO YHCTO# To4Yke r. TOMmucH.

B teuenue aus 8 [enucn cambie Huskne anavenus KO HaGmonanuct Bo BpeMs BTOPOTO H ceabMOro
THNOB MOTOABI, & CAMbIE BLICOKHE — BO BPEMSA NOTOAbI TPETHETO W YETBEPTOrO THNOB
(rabnuua 1). U3 Tabanusl 1 Buao Taioke, uto B Jenucu rmasHyto pons B pocte KIO urpaer cesepo-
3ananHulii BeTep. HTO e KacaeTca  1Oro-BOCTOMHOrO BETPa, TO OH Taloke BhisbipaerT poct KIIO, Ho B
MeHblued crenexy. [IpuamMHOR 3TOr0 CuMTaem To, YTO NpH cesepo-3anaaHoM Betpe aTMocdepa B Jenncu
OUYCHb YHCTAf W PACXOA 030Ha, NepeHeCEHHOro u3 ctpatocdepst Gnaroaapa TypOYNEHTHOCTH BO3AyXa,
HeaHauuTeneH. Bo Bpems e 10r0-BOCTOMHOTO BETPA, PACXOA NepeHeCEHHOTO M3 cTpaTocdepsl 030Ha HAET
3HAUNTENbHO MHTencHBHee. B Jlenucu, Bo Bpems morofsl |-ro THna, Gnarogaps 4MCTOTE BO3AyXa,
GOTOXMMHYECKHI O30H Ha MNOBEPXHOCTH 3eMIK He obpasyercs. Bo spems  noroabi 2-ro Tuna,
Anddy3HOHHO nepeHecEHbIN K3 CTPaTOChephl 030H PaCXOLYeTcs M3-3a BBICOKOH BIKHOCTH BO3ayxa. Bo
BpeMA 3-ro U 4-T0 THNOB NMOTO/Ibl, KOIHYECTBO MEPEHECEHHOTO H3 CTPATOC(Epbl BETPOM 030HA NPEBILAET
TO, KOTOPOE PacxOMy€eTcs NMPH NPOXOXKAEHHH 061auHOro cnos. Bo BpeMa 5-ro M 6-ro THNOB NOroabl, 030H
TAKE NEPEHOCHTCA TypOYNCHTHOCTBIO H3 CTPaTOCHEPBI, OAHAKO HOrO-BOCTOUHBIE BETPhl BbI3LIBAIOT
3arpasHeHne atmocdeps! H, ClIeN0BaTeNbHO, YMEHbLEHHE KOHUEHTPALWH 030Ha.

Hamenunsocts KIO 8 [lenvcn BO BpeMs pasfHuHBIX THNOB MOTOAbI, XOPOIIO BHAHA Ha pHc.l, rae
noxasaxa wamenunsocTs KIO B pasnuuubie gnu. Xopowo Buakel Bbicokue 3Hauenus KITO so mpems
noroasl 3-ro ¥ 4-ro THNOB, M HHIKHE 3Ha4YeHMA BO BpeMs noroast 5-ro u 7-ro tunos. Tabauua |
rpadmyeckn npenctasnena Ha puc. 1. Ha puc. 3 npeactamncha nIMeHYMBOCTb CpeHUX, MMHUMANIBHBIX
MakcumanbHbix 3naueHuii KI1O npu pasnuynbix Thnax noropet. Ha pucyHke BuaHO, 4TO BO BpeMs
NpoLIECCOB 3-ro ¥ 4-ro THNOB, CPpEAHHE, MUHHMANBHBIE N MBKCHManbHbIe 3HadeHus KIO npeebiwator MK,
Hmes nporsos morofs!, ¢ NomoLibio rpagukos Ha pHC |, MOXHO NporHoauposath 3Hauenua KIIO ans
uHTepBana Bpemenn 10 — 17 uaco ana paiiona Heancu. C nomouwbio rpadukoB Ha pHC.3, MOMKHO
ONpenentTh B YCAOBHAX AaHHOH MOroAbl CPeAHHE, MHHHMAbHbIC H MakCHUManbHele 3HaueHdA KIIO mns
TeppuTOpHU Jlennch.
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Ta6bnuua 1
H3MeHUYHBOCTH KOHUEHTPALUKUY TipH3eMHOro o3oHa B Tounuck (Jenucu) B yCI0BHAX pa3nnyHOM HOroas!
(ans neprona K0Ab 2003 — Hoa6ps 2005 rr.)

[ N TH noroas! F3MeH4UNBOYTL BO BpEMEHU cpesKero 3HaueHus KO
norost 10 [ 11 12 | 13 114 | 15] 16| 17 {Cp| Mak | Muu
NONHOCTHIO HAK
1 npeumyutecTselno | 8 1 11 14 17 18 | 20 10 14 20 3
6e3obnavHoe He6o, | (34) | (30) | (24) | (22) | (19) | (20) | (19) | (18)
WTHAb
NOJNHOCTBIO HAH
NPEHMYLLECTBEHHO
) sakpbIToe 6 46 8 [ 10 | 1Ll 2 | 8 f | 6
obnakamH Hebo, (38) | (42) | (54) | (49) | (40) | (34) | (42) | (41)
1THAL
TIONHOCTHIO WIH
NpEeUMYLIECTBEHHO
3 6esobnauHoe Hebo, 32 | 34 | 39 | 40 | 4 45 | 4l 39 39 45 32
cenepo-3anazHbIA (anja9y) | En|eEs) | eEn|eEe | o)l @3
BETEp
MONHOCTHIO WITHN
NpENMYILECTBEHHO
4 3aKpbITOE 31 39 | 42 | 44 | 46 | 43 | 43 | 39 41 46 1
obnakamu He6o, | (21) | (23) | (24) | (31) | (32) | (34) [ (38) | (39)
CEBEpO-3anaaHbl i
BeTep
NpErMYLLECTBEHHO
HWIN NOJIHOCTbIO
8 13119 |20 | 23 | 24 | 22 | 2]
5 6e306. 3 19 24
Sobnainoe w00, | &) | ) | (15) | @0) | @5) | @4 | @4 | @28) 8
BETEP
MPEHMYILECTBEHHO
WIH NONTHOCTbIO
12 12 15 14 18 | 22 19 18
6 1 22
Sesobnauwoe kebo, | 10y [ 16) | 21) | 23 | @0) | @29) | @29) | 23) | ' 12
BeTe
7 HOXAb (06N0XHOI), 8 8 9 9 9 14 11 8 10 14 3
AOXIb TyMaH anlanlae|an oy a3 anla9

2. HccorenoBaHue M3BMEHYMBOCTH KOHIEHTPAaUHH NPH3EMHOro 030Ha NIPH Pa3HBIX MOTOAHBIX
YCAOBHAIX CPaBHHUTENbLHO 3arpA3HEHHOTO pafioHa — AKajeMropoaKa.

CornacHo TaGnuue 2, B TeHEHHE XHA B AKaJieMropo/ke, camoe Hu3koe 3HadeHHe KITO nabmonaercs
BO BpeMs MoroAsl 2-ro ¥ 7-ro THMOB, @ ¢amas Bbicokas — BO BpeMms noroapt 1-ro, 3-ro u 5-ro Tvnos. Bo
BpeMs NOrofbl MepBoro THna, atMocdepa AKAaZeMropoJka HacTONbKO 3arpA3HEHa, UTO 3AeCh MAET
o6pasoBanre GpOTOXMMHUECKOrO 030Ha. Bo Bpems noroast 2-ro Trna, ypoBeHb 3arpAIHEHHOCTH aTMOCdephi
BBLICOK, OJHAaKO H3-32 0671a4HOCTH (OTOXMMHYECKHI 030H He obpasyerca, Gonee Toro, 3TO 3arpasHeHHe
BLI3bLIBAET PaCXOA 030Ha, BbiHECEeHHOro Anddysneli 13 sepxHux croés atmocdepsl. Bo Bpema noroast 3-ro
THNa, atMocepa YMCTan W TIEPEHECEHHBIA BETPOM O30H HE PacXoQyeTca W Habmonaercs ero Bbicokasd
KOHUEHTpauus. Bo spema mnoroas 4-ro Tunma o6NAaYHOCTL M BLICOKAA BADKHOCTb BBI3LIBAIOT PacXonl
TNIEPEHECEHHOr0 TYpGYNEHTHOCTBIO 030HA, BCAEACTBHE 4ero HabaK0NaeTCA ero HM3kad KOHueHTpauua. Bo
BpeMs NOrofibl 5-ro THNMa 030H MEPEHOCUTCA HOr0-BOCTOHHBIM BETPOM W3 BEPXHHX C/IOEB H, KPOME TOTO,
obpasyercs npH BO3NEACTBUM Ha 3arpa3HEHHYKO aTMocdepy CONHeuHOl panHauun. Baaronaps o6onM sTHM
npoueccaM BO BpeMA MOrofbl 5-ro TUMa Habmodalotcd Bbicokme 3HaueHus KI1O. Bo spema norogsl 6-ro
THNA O30H, NEPEeHeCEHHBIR TyPOYNEHTHOCTBIO, PacXOAyeTCA W3-3a BLICOKOH BIIKHOCTH BO3AYXE, &
nononHeHHue ero GOTOXMMHYECKHMH PEAKLMAMH HE MPOMCXOAMT M3-33 HEAOCTATKA CONHEMHON paiHalluH.
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a1'Moc¢epe BbLICOKAA BJIAKHOCTh, KOTOpas Bbi3biBacT pacxon 030Ha,

Bo Bpems morogsl 7-ro Tunma B
peeacTBue yero 3Hauerina KO Huskne.

NePeHecEHHOro H3 BEPXHHX cnoks,
Tabauua 2
0CTh KOHUEHTPAUHH [IPH3EMHOTO 030HA B T6unuch (AK3AEMropoaCK) B YCAOBHAX paznnyHoH

Hamenuns
noroakl (a8 neproza wioab 2003 — Hoabps 2005 1)
) S H3MEHUHBOYTb BO cpenHero sHauenna KIMO
noroftst A 0T 1T 12] 13 ] 14 156 ]16] 17 Cp | Mak | Mun

MOAHOCTBIO KK
npenMywecteenso | 19 | 28 [ 26 [ 40 | 44 49 | 43 [ 43 | 4. 49 19
Gesobnaunoe Hebo, | (58) | (90) | (95) | (86) | (719) | (74 | (70) | (51

Wb
NONHOCTBIO HJIH
2 NPeHMYLIECTBEHHO 7 11 9 19 )22 )23 ) 18 | 16 16 23 7
3aKpbITOE 06MakaMHu (59) 1 (92) | (83) | (82) | (72) (60) | (59) | (48)
nebo, WTHAb

[ONHOCTbIO HAH
NMPEHMYILECTBERHO | 44 | 39 42 | 46 | 49 | 50 | 49 47
3 GesoBnaunoe neto, @8) | (14) o (1o { g1 a1 at ©3) 44 50 34
cepepo-dananhuiit = it Hi 0

BETED

NONHOCTBIO WAK a
npenMyWCCTBERHO g | 6 | 3] (35 | 39 | 38 | 38 | 34
4 3akpaiToe obnakamu 32 39 19

4e60, Cenepo- a9 | @ | (52) | 61) | (65) | (72) | (65) | 57
3ananHetit BeTep
PeMMYyULECTBCHHO

WM OMHOCTRIO | 90 | 34 | 43 | 47 | 47 | 49 | 46 | 41

5 GeaoBnauwoe Hebo, 42 49 26
+Or0-BOCTOUHbFT (15) | (34) | (47) | (59) | (65) | (67) ) (70) 67)

BeTep
npeuMyLIECTBEHHO
6 WIH MOJHOCTBIO 16 | 21129 | 31 33 | 34 | 35 | 30 29 35 16
Gesobnaunoe Hebo, | (22) | (49) | (58) | (65) | (70) | (69) | (70) | (66)
10r0-BOCTOYHLI/ BeTe

L
L 5 broxas (obnoxHoR), 4| 8 L9 o100 ]12]1]9 9 12 4
LOXAb TYMBH 28) | (65) | (59) | (49) | (44) | (44) | (46) | (42)

&0 |
pMKr/m3 (
|

S0
=+-05.07.2004

~a-1908.2005 | ¥
—29.04.2004
—19.08.2003
—2006.2005 | 20
——16.08.1005
= 19.05.2005

Puc.2. Mamenuupocts KITO B AkazieMropozke B OTACIbHEIE 1HH (C€Ba) U CpeaHHe 3HAYEHHA NPH Pa3HBIX

THMax foroas (cnpasa)
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Hamenumnsocte KI1O B Bo3tyxe AkaneMropoaxa /Ut OTAENbHBIX AHER NPH Pa3tUYHLIX THNAX NOTOAbI
naHa Ha puc 2. Camas BbICOKas KOHLEHTpauMA 030Ha HaGntofanack BO Bpems norogsl 1-ro Tuma 5 uiona
2004 roza. B 3ToT AeHb aTMOcepa Gbina oueHs 3arpasHEHHOM (cMoroBas cutyaums). Bo spems noroab! 2-
ro THNa, BCNENCTBUE CHIBLHON 3arpA3IHEHHOCTH aTMOCHEPHI, MPOHCXOAUT PACXOA O30HA, MEPEHECEHHOTO
nuddysmnert U3 BepxHux cioés, BcneacTsue yero 3Havenne KIMO nuskoe. Bo spems noroast 3-ro tuna
B03AyX Axamemroposka Gorat 030HOM, MEPEHECEHHBIM TypOYNEHTHOCTBIO (BETPOM), @ pacxod ero
HE3HAYHTENEH BCIENCTBUE YMCTOTHI aTmochepbl. [lpy noroae 4-ro Tuna w3 BepxHHX CNOEB TaKxke
NepeHOCHTCH 030H, OIHAKO OH PaCXOAYeTCs BCNEACTBHE BbICOKOH BADKHOCTH. Bo Bpems noroast 5-ro Tuna
KI1O Bbicokas, BCIEACTBHE COBMECTHOrO AeHCTBHA TypOYIEHTHOrO nepeHoca i HOTOXMMHUECKHUX peakLMil.
Mpu noroge 6-ro TMna ofpalobanHe 030HA BCMEACTBHE OBMAYHOCTH HE MPOHUCXONMT, a MEPEHECEHHBIR
TypOyNIEHTHOCTBIO PACXOAYETCH BCAEACTBHE BLICOKOW BADKHOCTH M 3arpa3HEHHOCTH aTMochepsi. Bo Bpems
MOrofibl 7-ro THNA BAAXHOCTb BO3AYyXa Bhicokas, noatoMy KIMO nuakan.

Henucn AkaneMropoaok

50 1 ps/ad 60 1 puar/uz

45 i
40 5

3s 4§

» |

25 ~J

20 i

15

10| !
s | -
04

Puc.3. 3uayenus KI1O ana passeix THNOB Noroas

Ha puc.2 pamno rpaduueckoe mnpeacrabfieHHe AaHHuX B Tabnuue 2 AHEBHOH M3IMEHUMBOCTH CPEAHHX
3Havenndi KIMO nans tepputopun Akagemropoaka. Ha puc.3 npeacTamneHbl CpefiHHME, MAKCHManbHblE
MHHHUMaNbHBIE 3HayeHHs KIIO mns pasHelx TMnos moroisl. 3Has nporno3 mnoroawl ana r. TOunucw, ¢
nomolsio rpauikos Ha puc.3 i uHTepsana spemeHH 10 — 17 yaco BOIMONKHO MPEACKAILIBATL YPOBEHD
KITO mns Tepputopun AkaaeMropoaka.

3. OcoGeHHOCTH H3MEHYHBOCTH KOHLEHTPALHH MPH3EMHOI0 030HA B YCIOBHAX “MHCTOI
(denucu) u 3arpa3HénHOl (Akagemropoiok) atMocdepsi r. Ténauch.

Cpastenue namenunsocth KIO B ABYyX - 3KOMOrMHYECKH YMCTOM H 3arpf3HEHHOM paHOHax
r.T6unuck (tabn. | u 2; puc. 1 - 6) nokasano ocobeHHocTH HameHuusocTH KI1O Bo B3aumocBAsu c
4HcTOTOH arMoctepbl. B wacTHOCTH, Bo3ayx B JleancH uuiue no CpPaBHEHHIO C AKAAEMIOPOLKOM, NO3TOMY
BO BPEMS MOroap! 1-ro Tuna, koraa B AkaemropoJke npoHcxXoaaT GOTOXMMHUECKHE PEaKLHH 06pa3oBaHuA
CMOr0BOrO 030Ha, B JlenncK 3TOT Mpouece He HabnioaaeTcs, BCNEACTBHE HWIKOH KOHLEHTPALUMH B BO3AYXe
raios, HeoOXOAMMBIX O1% NpoTeKaHWs (OTOXMUMHYecKHx peakumi. Bo Bpems sToporo tunma KIIO B
Akanemropoake Bblwe, uem B JlenucH. Bo3MOXHO B 3TO Bpems, H3-33 BbICOKOrO YPOBHA 3arpa3HEHHOCTH
BO3yXa B AKAEMIrOpOJIKE B CONHEYHbIE WHTEPBAIbLI AHA NPOHUCXOAWUT 00pasoBaHHe 030Ha. AHANOrMyHas
KapTHHA NOHKHA HMETb MECTO H BO BpeMs MOroab 5-ro H 6-ro Tunon. Bo spems noroas 4-ro tuna KI1O s
Jlenucu Gonee Buicokas. Bo Bpems 3toro npouecca B 060kx paioHax 4HCTas aTMocdepa H CMOTOBbLIi 030H
He o6pa3yercs, 0iHako, BBHAY TOTO, 4TO aTMOCdEpa B AKaneMropoake 3HaUUTeNbHO Gonee 3arpA3HeHa, YeM
B Jlenncy, nepeHecéHHbIt BETPOM O30H TaM PacXOAdYETCA HHTEHCHBHee. Bo Bpema moroasl 7-ro Thna, B
060Mx paifoHax NPHMEPHO OZMHAKOBBIC YCIOBUA (BbICOKAA BIMKHOCTL), nostomy KI1O B obownx paiionax
NpHMEPHO OANHAKOBA.

3akmovenne

IMposeagHHbie B 3KONOrH4eckH ynctom (Jlenncu) u 3arpasHEHHOM (Akanemropoiok) panoHax
u3meperns KIO nokasanu, 4TO HU B OAHOM H3 MEPEUMCACHHBIX THINOB MOTOAbI CMOroBbIH 030H 8 Jlenuck
He 06pasyerca. Camas BbICOKAA KOHLEHTPAUMA TMPHIEMHOTO O030Ha HabnojaeTcs BO BpeMa cesepo-
3anmajHoro setpa (Moroasi TUNOB 3 u 4), a camas hu3Kkas - BO Bpema noroasl 7-ro Tna. B Akanemropoake
camas BbICOKas KOHLEHTpauMs O30Ha HaGnoNaeTcs BO BPeMA MOroabl 1-ro W 5-ro TMNOB, KOFAa HMeeT
MecTo 06pasobaHHe cMOroBoro (NpH (DOTOXMMHMUECKHX peaxuusx) oloHa. B Axazemroponke Beicokad

267



KOHLEHTpaLHA 030Ha HabnonaeTca TaKKke BO BpEMA CEBEPO-3aNAAHOro BETpa (ﬂOI‘Oﬂbl 3-ro u 4-ro TMI'IOB), a

HH3Ka8 KOHUEHTPAUMSA - BO BPEMS MOTOALI 7-ro THMA.

TMpoBeaéHHbie HCCIIEAOBAHKA NOKA3&IH, YTO eCnk 6yneT uaBecTeH MporHo3 noroasl s TOHUAHCH, Mbl
CMOXeM NpeaCKalbIBaTH IHAYEHHA KOHLIEHTPALMH NPUIEMHOTO 030HA JUTA PACCMOTPEHHRBIX paiOHOB roposa,
4TO HMeeT 60/bLIOE FHAYEHHE AR 3A0POBbA HaceneHus T. TOWNHCH, T.K. H H3GLITOK H HEJOCTATOK O30Ha

BpeaeH AnA 6uocdepsl.
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HUCCJIEJOBAHHUE U3MEHYUBOCTH KOHUEHTPALIMU TPU3EMHOTIO O30HA
IIPH PA3HBIX IOr'OJHBIX YCJIOBUSAX B IBYX PA3JIMYHBIX — SKOJOI'HYECKH
YUCTON U 3ATPAZHEHHOH TOUKAX I'. TBUJIMCH

Xapunnasa Ix.®.
A6CTpakT

B apyx padtonax r. TGumuck - sxonormuecku uucrom (JlenHcH) M 3arpa3HEHHOM
(AKaneMropojioK) HCCNe0BaHa M3MEHYHBOCTh KOHLUEHTPAUMH mnpusemMHoro ozoHa (KIO) B
YC/IOBHSIX Pa3iM4YHBIX TUMOB MOTOALL YCTAHOBJIEHO, YTO €C/IH M3BECTEH MPOTHO3 MOTOMABI A
T6umucH, To MOXHO npenckazath BenuduHy KIIO mns yxasanHBIX pafioHOB. DT0 MMeeT Gonbluoe
NpaKTHYECKOE 3HAYEHHE, T.K. W M3OBLITOK M HENOCTaTOK 030HZ BpeneH s Guocdepbl u
OKpYKalolleH Cpenbl.

INVESTIGATION OF CHANGING SURFACE OZONE CONCENTRATION UNDER
DIFFERENT WEATHER CONDITIONS IN TWO DIFFERENT - ECOLOGICAL PURE AND
POLLUTED POINTS IN TBILISI.

Kharchilava J.
Abstarct
In two districts in Thilisi — ecological pure (Delisi) and polluted (Akademgorodok) changing
of surface ozone concentration under different weather conditions has been investigated. It was
established, if weather forecast is known for Thilisi it’s possible to predict SOC value for indicated

districts. It’s important, as so redundancy and deficiency in ozone is unhealthy for biosphere and
environment.
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Aobgomn hewasb aamgo'bogel 0bbGaddol VGm3gdo, H. LX, 2008

Transactions of Mikheil Nodia Institute of Geophysics, vol. LX , 2008
Tpyast MUnctutyTa reopusuku uv. M. Hoawa, T. LX, 2008

U3MEHYHBOCTb KOHLUEHTPALUHY TIPU3EMHOIO O30HA B TrOPOACKHX U
CEJbCKHX YCJOBHAX B 3ABUCUMOCTH OT CE30HA U NOTOJHBIX YCJIOBH .
Xapuuaasa Jx.®.

Hucmumym zeogpusuxu um. M.Hooua

CornacHo COBPCMEHHBIM NPEACTaBJIEHHAM, 3EMITA OKPYIKEHA 030HOBLIM CJI0EM, TONLUMHA KOTOPOro
COCTABASET B CPEAHEM OKONO 3 MM (3Ta ToIWMHA cooTeeTcTBYeET TeMneparype 0°C v nasneruio 760 mwm.pr.
cron6a). ToAWHMIa CNOS MOXKET MCHATLCA B Npedenax oT 1.5 10 4.5 MM B 3aBUCHMOCTH OT MECTa, CE30Ha H
METEOPONIOTHYECKHX  ycnonui. KoHIleHTpauds ©030Ha MCHACTCA B  3aBUCHMOCTH OT  LUMPOTHI M
MCTCOPOTOTHUCCKHX YCTIOBHH.

AtMocdepHuii 0300 (O,) BO3HMKAET BCAEACTBHE AWUCCOUHALIMKW MONEKYASpPHOro kucnopoaa (O,
NpH NOFNOIEHHH MM KOPOTKOBOJIHOBOIO W3tydeHus kopode 200 HM M nocnenyrowedt pekoMGHHaLHK ©
aromapHbIM kHeopostoM (O). CooTHOWEHHE MeXRY aTOMPHBIM KHCITIOPOAOM U MOMIEKYNAPHLIM C BLICOTOH
pacTéT W HaMAYHlIME YCNOBMA ANA BOIHHKHOBEHHA 030HA CO3MAIOTCA Ha BhicoTe nopsaka 50 kv Han
nosepxHocTbio 3emnn. ONHOBPEMEHHO C BOSHUKHOBEHHEM, NPOHCXOMT H MPOUECC PAIONEHHS 030HA ~ &
3T0 B OCHOBHOM MPOMCXORHT NPH MNOMOLEHAH O03OHOM TOH 4acTH YNbTPaUONETOBOTO HITYuEHUA
(mMakcumym — 255 HM), KOTOpas He npoHukaeT Huxe ypoBHs 20 kM. O3oH GbICTpO pacxofyerca mpH
B3aHMOAEHCTBHH C apaMM BOALI M aTMOCHEPHLIMH 2)PO30AAMH, B PE3y/IbTaTe Yero Giinke Kk MOBEPXHOCTH
3cmaM  coacpkaHMC 03013 B BO3IAYXE NAJacT M ONTHMANbHAA BLICOTA, HAa KOTOpOH (HKCHpyeTCA
MaKCHMaNbHan KOHLCHTPAIWA 030Ha, cocTasnseT B cpearem 20 — 22 km.

Conepxanne 030Ha B aTMOCEDE, NO CPABHEHHIO C OCHOBHBLIMH ra30BbIMH COCTABAIOLUMAMH, O4EHD
HE3HAYMTENLHO (NPHBENEIHAA TOALLHHA CNOEB a30Ta U KHCJOPOAa COCTABAAET COOTBETCTBEHHO 6200 1 1560
M). HecmoTpa Ha 370, 3HaueHKHe 030HA TPYAHO NepeoieHHTs. B 4acTHOCTH, 030H orpaHH4MBaeT A0CTYN
KOPOTKOBOJIHOBOH uacTH cnexTpa CORHEHHOTO WINYHEHHs K NOBEPXHOCTH 3eMIM U NMOAHOCTLIO MOrNOLAET
ConHeunoe winyuenue kopoue 290 HM, KOTOpOE MO0 MPUBECTH K YHUMTOXEHHMIO BCErO )XMBOTO Ha
nnaxete. Buonornuecku akrueHoe uinyuvenue Connua B auanasone 290 — 330 HM oTdunLTPOBbIBAETCH
030HOM.

O30 Takoke obnanaer cnocobhocTeio NOrnoWaTh H3NYHeHHe B HHdpakpacHon obnacTu cnektpa (¢
MaKCHMyMOM 9.5 MKM), KOTOpoe 6/1HIKO k MakcHMyMy WanyueHns 3emnu. Beneactsue 3Toro, npumepHo
20% wanyyeHHs 3eMAH NOTNOLIAETCA O30HOBLIM CNOEM. JTO ONTHYECKOE CBORCTBO O30Ha M ONpEaenseT
aKTHBHYIO POJib O30HA B PAAHAUMOHHOM GalaHCE W ONPCAC/INET TEILIOBON PEXUM CTPaTOChEPb! Ha BLICOTaX
30-60km [7).

3a MHAMOHBL NET Pa3BKTHA, %KUIHb HA 3EMNE NPHCNOCOBHIIACH K ONpeaeéHHOMY YPOBHIO 030Ha B
atMocdepe. OnHako, BO BTOPOii NOMOBUHE ABAALATOrO Beka 0OHAPYXKHMNOCh, YTO OnpeaenéHHble obnacTH
YENOBEYECKOH NEATENLHOCTH MOryT BbI3BaThb 3arpA3HEHME CTpPaTOochepbl M, BCNEACTBHE 3TOTO,
IHAYHUTENLHOE COKPALLEIIHE CONEPXKAHMA 030HA.

Copepxakue o30Ha B aTMocdepe H €ro BEPTHKANLHOE pacmpefenelive TECHO CBA3aHO C
METEOPOJIONHYECKHMH NapaMeTpamMH. B 4acTHOCTH, MpH BTOPXKEHHH «XONOAHOro» poHTa, NpUGIKEHHH
«CTPYAHOro» TEYEHHS, MPH HWCXOAALIMX NOTOKAX, BO BPEMA CHIbHbIX BETPOB M rpo3 B aTtMocdepe
BOIPACTAET KO/IHYECTBO O30H, @ NPH «TENNLIX» PPOHTAX, NPH BOCXOAAMX NOTOKAX, NPH 3aAEPKHBAIOLINX
CNOAX BEPTHKANLHOrO MEPEMELLEHHA BO3AYXa, 3arPA3HEHUE BOIAYXA aIPO30NAMM BbI3bIBAET YMEHbILIEHHE
KO/IWYECTBA 030Ha B aTMocdepe. ITH AaHHble 06 030HE MOXKHO MPUMEHWTDL M1 TIPOrHO3HPOBAHUA NOroAbl
[1.2.3).
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Kpome BLILIENEPEYHCNCHHLIX NPHYKH, 030H B aTMocdepe ofipazyeTcs M pacnajaercs B pesynbTare
XHMHMHECKHX PeaKlMA MexIy pa3nuyHbiMH MATLIMW Fa3oBbiMi npumecamu. TlosToMy npoueccs ero
obpa3oBaHus W pacnaja ONpeaensioTCA  MX KOHUCHTpauMAmu. Bonbuwioe BausHMe Ha pacnaa o30Ha
0Ka3bIBAIOT PEAKUNH C COEAMHEHHAMH, COAEPXKALIUMH BOBOPOL, a30T U xnop. Ocob0 Hano CTMETHTL TOT
daKt, 4YTO B peynbTaTE JEATENLHOCTH UYENOBEHECTBA, B MNOCNEAHHE AECATHNETHA pPE3KO BOIPOCHO
KOAHYECTBO BbLIGPOCOB B aTMOCHCPY TaKMX BElWECTB, KOTOPIE B GOJNBLIOM KONHHCCTBE COUEPMKAT
BBILICYNIOMAHYTHIE COEAUHEHHA. M3 aHTPONOrEHHBIX BEWICCTB, CAMLIMM OMACHBIMK [/ pacnaja 030HHOTO
€108 ABAAIOTCA OKMCh M ABYOKHCb a30Ta (KOTOpbIC NONAAOT B aTMOC(EpY B pesyibTaTe AeHCTRUA aBHALMH
M NPUMEHEHNA a30THBIX YAOGPEHNH), COEARHEHUA XJIOPA, OCHOBHLIM NOCTABLIMKOM KOTOPOrO ABNAIOTCA
(peoHbl, WHPOKO NPUMEHAIOEMbIE B XONOAHNLHOM /€€ H B A3PO30NLHBIX YNAKOBKAX.

B Tponocdepe KOHUEHTPALIMA 0I0HA HH3KaA U COCTaBNAET NpUMEPHO 8 — 16 % OT obluero copepiaHms
030Ha. HecMoTps Ha 370, M3yueHHe TPONOocepHOro 030Ha NPEACTABARET IHAYMTE/LHLIR NpaKTHUECKHH H
HayuHblii WHTEPEC, T.K. OH MpPEACTABANET COCTABHYK 4acTb TOH CPeabl, B KOTOPOM HMBET 4enoBeK W
pa3BUBAETCsA KH3Hb. COMNACHO COBPEMEHHBIM NAHHBIM, TPONOCHEPHBIH 0I0H B OCHOBHOM NEPETEKAET H3
cTpatoctepe! (rae ol ofpasyerca B pesyssrare posaeiictans Conneunoit paguaumn). Bo bTopoit nonosuHe
MMHYBLUETO BEKA BBIACHMIOCH, YTO B Tponocepe CYLICCTBYIOT TaKke APYrHe WUCTOMHWKH 06pa3oBaHus
030Ha. B 4acTHOCTH, paIBUTHE NPOMBILINEHHOCTH W aBTOTPAHCMOPTa B rOPOAAX  BbI3bIBAET OCOGEHHO
CHABHOE 3arpsA3HeHKe aTMoc(iepbl, B KOTOPOM NPUHHMAET YHACTHE M O30H. YCTaHOBJEHO, YTO B BLIXJIOMHbBIX
rasax npu BO3AEHCTBMHM CONHEUHOTO MITYHYEHHA NPOUCXOAAT Pa3HOOGPa3Hble (HOTOXHMHHECKHE PEakUHH, B
npouecce KOTOpbIX MPOHCXOAHT o6pasoBatie 030Ha. Tlpu onpeaenéHHbIX YCNOBUSX B KPYMHbIX IOpoax
o6pa3yeTcs Tak Ha3blBaeMbli (HOTOXUMHYECKHH CMOT — ryCTOii AbIM, B KOTOPOM KOHLEHTPAIIUA O30Ha NpH
HATHUMH cONHeuHOR paanaunu coctasser | mr/m’ Ecau B 4ucToii aTMochepe npu ApKoi CONHEUHON
NOrofe KOHUEHTPauus npu3eMHoro o3oHa (KMO) coctasnser & cpeatem 30 — 40 Mkr/m® , To Bo Bpems
cMora BenuuuHa KI1O Bospactaetr npumepHo 8 30 pa3, 4To sBaseTcA ONacHOW Ans u3nu. Takan
KOHUEHTPaUMA NOBPENIAET MLIXATEbHBIE OPraHbl W [/lala YenoBeKa, HAHOCHT 3HAUMTENbHLIA Yyiuepo
PACTHTENLHOCTH H XKMBOTHOMY MHPY, OKa3blBAaET BPEHOE BO3NAEHCTBMC Ha NPOMBILIEHHOCTb — BbI3LIBAET
KOppPO3HIO, pa3pyluaeT Pe3WHOBbIE H3AENHA W T.n. Brepeeie Takne cMorn Geinn 3ameuenb 8 CLUA, B Jloc-
AHXeNece, a B HACTOALUEE BPEMA OTMEYAOTCH W BU MHOIMX apyIux ropoaax Espoust u Asuu [4, 5, 6]. B
HOPMaNbHBIX YCJOBHAX CPABHHTE/ILHO BbICOKAA KOHLIEHTPaLHA 030Ha HAa0NIoAaeTCs B HA3EMHbIX C08X, a B
HEHHYCTPHANbHBIX PaHOHAX, MPH OTpeaeIEHHbIX METEOPOAOTHUECKHX YCTIOBHAX (FPO30BasA AEATENBHOCTb,
XOJIOAHbIE MONAPHbIE «DPOHTLI), CHAbHbIE BeTpbl). Taxas BbICOKAS KOHUEHTPAUWR 030HA OTPULIATENBHO
neHCTBYET MOYTH Ha BCE CETbCKOXO3RHCTBEHHbLIE KYJLTYpbl, OCOOEHHO B NEPHOA BETETALWK H BLIILIBACT
peskoe naneune ypoxaitHocTw. K npumepy, so ®nopuae (CLUA) ycraHoBMAHM, 4TO nOBbIWEHHAA
KOHLEHTpauus 030Ha BO BPEMS IPO3OBLIX NPOUECCOB MPHYHHALT 3HAUUTENbHLIN yllep6 cHrapHbIM copTam
Tabaka ¥ NIAHTaUMAM APYrHX KyAbTyp (nuieHnua, Tomathl ¥ T.4.). C uenbio npenoTspauienus yutepba
noabupany Takue copra pacTeHWH, NEPHOA BETETAUWH KOTOPBIX NPHXOAHNCA Ha CPOKH 1O WAH mocne
Ce30Ha rpo3.

JIna KuBbIX OPraHU3MOB BPE/Ha HE TOMBKO BHICOKAA KOHUEHTPALWR 030HA, HO W Hulkas. Jleno B
TOM, 4YTO O030H o6nagaeT BbIPLKEHHBLIMHM Ae3WHPUUMPYIOWKMU CcBOWCTBaMH (yHuuTOXaeT Gakrephh),
No3TOMyY, BO BPEMA HU3KOI €ro KOHUEHTPALUHH B BO3AYyXE, NMPOARIAIOTCA pasiuHlibie 3360, KaK y
AIONEH, TAK M Y PacTeHMHi W >KMBOTHLIX. KOHUEHTpaUMA HHMKE HOPMANBHOI BCTpeyaeTcs B Tporocdepe B
YCNIOBUAX CYLIECTBOBAHMA TEMNEPATYPHOH WHBEPCHH, KOT/IA BEPTHKALHLIE OOMEHHBIE NMPOLIECCH! B BOIAYXE
ocnabneHsl WM MOMHOCTBIO NPEKPAILEHbI. B Takux yCNOBUAX nepeHoc 030Ha M3 CTpaTocdepbl B HIDKHHE
cnon atMocdepbl He NpoHcXoauT. Ero KoHuUeHTpauws peako nagaeT w MHOrAA Aae AOCTHrAeT HyJeBOro
IHAYEHMA.

TMonyyeHne 030Ha MOXKHO M UCKYCCTBEHHLIM NYTEM: NPH NOMOWK NEKTPUUECKHX Pa3pAnos, obnyuernem
YNLTPaHONETOM, JIA3EPHBIM HINYYEHHEM H XHMHUYECKHMH PEaKUHAMH. ICKYCCTBEHHBIN 030H MPUMEHAETCA
B MEQHUMHE, NPOMBILIEHHOCTH (METANNYPryA), B BOAOCHaGHEHHH (A Ae3nHEKUNH NUTLEBOR BOABY), B
CENbCKOM XO3ACTBE (1A COXpaHEHUs NPOAYKTOB) K T.A.

Hsyuenue OTAENLHBIX BOMPOCOB, CBA3aHHBIX C 030HOM, B MHcTuTyrte reo¢pmankn AH I'CCP Havanocs ¢
1964 rona 1 npoaomKaeTcs A0 HACTOALLETO BPEMEHH.

Lienbio naunoi paboTbl ABNSETCA YCTaHOBNEHHE XapakTepa ameHuusocTH KITO B aAByX pafioHax r.
T6unucr (Jlenucu u Axanemropoaok) u B cene Pyncnupn (Tenasckuit pafioH) B pasHbie CE30HbI H B
ycnosuax pasnuuHoli noroasl. Mamepenne KIIO nposoamnnce B Axanemropoake (Ha AECATOM ITaxe
3nakua MucturyTa reodpnsukn), B Jlenncu (Ha wecTom 3Taxe 34aHHA Ha TEPPHTOPHH OTAENA KOCMHHECKHX
Nyued) W B cene PyHcniMpH, Ha TEPPMTOPMH IKCMEPHMEHTANBLHOrO NOAHrosa MHCTHTYTa reodusukn, Ha
BTOpPOM 3Taxke. Mameperns nposoanuck B nepuoa 2003 — 2006 roaos.

271



Ha Tux Tpéx nywktax 6bino nposeseHo uccnenoanue wimenuuBocTH KO B pashbie ce3oMsl W B
YCNOBHAX CEMH THNOB moroasl. Tumst noroast crepytowue: | — NOAHOCTLIO HIH NPEHMYLLECTBEHHO
Ge306aauHOe HEGO, WTUAL] 2 - [0JHOCTBIO HIH NPEUMYLIECTBEHHO 3aKPLITOe obnakaMk HeGO, WTHAbL; 3 -
MOAHOCTLIO MM MpEHMYLIECTBEHHO Ge306auHoe HeGo, ceBepo-3anaiHblii BeTep; 4 - MONHOCTBIO HAH
NpeHMYLLECTBEHHO 3akpuiToe ofnakamu HeGo, ceBepo-janajHbiii BETEP; 5 - MPEMMYLIECTBEHHO HNM
noNHoCThIO 6e3061auHoe HEBO, Koro-BOCTOUHBIH BETEP; 6 - MOJHOCTHIO HAM NPEMMYILECTBEHHO 3aKphiTOe
o6nakamu He6O, 10r0-BOCTOUHBIIH BeTep; 7 — NOAHAA 061a4HOCT, A0KAL (06NOKHOH), TyMaH, CHer,WTuilbL
iy cnabblii BeTopok. Buinn naydenbl uamenenns KIO Bcex TMMOB NOroAb! B pastibie CE30HbI roja (BecHa,
JIETO, OCEHb, 3MMa).

Ha puc. 1 npeactasneso nimenenne KI1O Bo spema Bcex 4eThIPEX CE30HOB A1 BCEX CEMH THUMOB
noroast ans Touauck (Menucn). Kax sugHo M3 3Toro pucytka, Haubomsiwe 3nayenns KIO B Jlenncu
HabNIoAA0TCA BECHOI, @ CaMble HM3KHE 3Ha4YEHNA — OCeHBbIO. K3 3TOro pucyHka BHAHO TaKXKE, YTO BO BpeMA
AcHo#i, 6esobnaunoii moroast, KIMO scerna Bbiue, yeM Bo Bpems o6nautoii noroasl. Haubonewee 3HavyeHne
KO wabnonanock BecHoi BO BpeMs NOroAbl TPETbero TMna. koraa cpeaHee 3nauenuwe KITO nocruraer
peanunnbl 50 Mkr/m’. Camoe Hu3koe 3HaueHue KIIO Habmonanocs 80 Bpemsa MOroAbl BTOPOro THMa W

COCTaBAAET BEMuMHY nopaaka 4 Mir/m’.
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© Puc.| Momenenme KTO ana Tounucn (Jemncn)

Ha puc.2 npeacrasneno usmenenve KI1O B0 Bpems Bcex YeThIpéx CE30HOB ANS BCEX CEMM THIOB MOTOAbI
ans T6unucu (AxkanemMroponok). M3 3toro pucyHka BMOHO, 4TO BO BPEMA BCEX CEMH THIMOB MOTOALI,
Haubonbwee 3uavenve KI1O HabnionaeTcA BeCHOW, a MMHUManbHble 3Ha4YeHWA — OCeHbO. BecHoi
nanbonbee 3nauenue KITO wabGnionaetcA BO BpeMA NMOTOAs! NMEPBOrO THMA M COCTABJAET BENHYHHY
nopaaka 58 Mkr/M’, a HaHMeHblIee IHaueHWe HABNIONAETCA BO BPEMA MOrOAbI CEALMOTO THMA OCEHBLIO H

cocTasner 4 MKr/m’.
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Puc.2 Uamenenue KTTIO ana Tounuch (Axuémropongx)
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Ha puc. 3 npencrasneqo uimenenue KITO Bo Bpema BCeX YETHIPEX CEI0HOB ANA BCEX CEMH THIIOB MOTOAbI
ana cena Pyucniupu. U3 storo pucyHka Taike cieNyer, 4TO ANA BCEX CEMH THMOB MOrOAbl, HanGombiiee
snavenne KITO nabniofaercs BecHoM, a MMHUMANbHbIE 3HAYEHHSA — OCEHBIO. BeCHOM HauBOMbIee 3HAYEHHE
KIIO na6nionaercs BO Bpems fOTOAbI TPETLETO THMA W COCTABNAET BENMuMHy nopaaka 73 Mkr/m’, a
HauUMeHbLIEE 3HaueHHe HabonaeTcs BO BpeMs NOrobl CEALMOrO THIMA OCEHBIO W cOCTaBNseT 24 MKr/M’.

50 pranrin® PYMCI’! npu
” ~*—Beina
o —- Nave
jz - OCeHb
30 ! ——3umn
20 !
10

(U

™mn
1 2 3 <4 s é 7 noroab!
L

Puc.3 Usmenenne KIO ansa cena Pyucnupn

CpasHeHue puc.1 u puc.2 ¢ rpadukaMn Ha puc. 3 Nokas3ano, 4TO BECHOH ANA BCEX CEMH THMOB MOTOMbI,
3nauenne KI1O B Pyucnupu soiwe, uyem 8 T6uancu (4 Jlenucu, v Akaaemropoaok). 31o ob6LACHAETCA TeM,
4To BO3ayX B Pyncnupn nns Bcex cemw THRoB noroasi uuule, yem B TOWUAHCHM M MO3TOMY O30H,
nepeHecéHHbI TypOYNEHTHOCTLIO M3 cTpaTocdepbl M 06pa3oBaBLIMIACA BO BPeMs rPO3OBbLIX MPOLECCOB,
TPaTHTCA 3[1ECH MEHEE HHTEHCHBHO, YeM B ropoae. B Tounuck (AkanemMroponok) B neTHUi CE30H A BCEX
THNOB noroast BennuuHa KMO Gonvwe, yem 8 Mleancu unu Pyucnupu, 4To yka3smiBaeT Ha TO, 4TO B
AkajeMropoake 8 N€THWH NEPHOA MPOMCXOAMT OOpa3oBaHHE O030Ha B Pe3yabTaTe (POTOXHMHMCCKHX
peakumii BBHAY BBICOKOTO ypOBHSA 3arpA3HEHHOCTH BO3AYXa.

Beicokoe 3nauenne KITO B BeceHHuit nepuon B JdenucH u Pyncnupu Habniogaetca BO BpeMa norofsl
TPETBErO THMA, KOrAa 030H WHTEHCHBHO MNepekauuBaeTcs TypOyNeHTHOCTbIO M3 BEPXHHX cnoés. B
Axanemropoike Bbicokoe 3HaueHwe KIIO Habnionaercs BO Bpems noroasl fepBoro THMA, KOrda B
NpU3EMHOM ciloe HabnionaeTca HilTelicBHoe 06pa3oBaHie 030Ha MOCPeACTBOM (POTOXHMHUECKHX PEaKLIH.
Kpome storo, Bectoii B Akagemropoake Habntonaetcs Bbicokoe 3HadeHne KINO Bo Bpems noroabl TpeTbero
Y MATOrO THNOB, KOTAa KOHLEHTPALUWA pacTéT B pe3ynbTate TypOy/NEHTHOrO NepeHoca 030Ha W3 BEPXHHMX
cnoéB. U3 puc. 2 BUAHO, 4TO BO BpeMs MOroAs! Nepeoro U BTOporo THNoB, pasiyua enuuny KIO nosonsHo
3HayMTENbHA, YTO OOYCNOBNEHO TEM, YTO BO BPEMs MOroAbl MEPBOro THNA B AKaJEMropoAKe MPOHCXOAUT
06pajoBaHue 030Ha MOCPEACTBOM (POTOXMMHMUYECKUX PeaKUMid, Toraa, Kak BO BPEMs NMOrOAbLlI BTOPOro THNa
MPOMCXOAUT MHTEHCHBHBIN Pacnaj W3-3a BbICOKOH BIAXHOCTH H BbICOKO 3arpA3HEHHOCTH BO3/yXa.

B netHuii cezod Benuunna KITO B Jenuck ¥ Pyucnupn HaMHOro HHxe, YeM B AKaaemropoake, 4To
o6ycoBneHo kak TypOyneHTHbIM MEPEHOCOM, TaK W (POTOXMMHYECKHMH DEAKUMAMH Ha (OHe BLICOKOR
3arpA3HEHHOCTH BO3AYXa.

Bennunna KI1O B Pyucnnpu oceHbio, MOMTH /A BCEX THMOB NOroAbl Bbille, YeM B AKaaeMropoake M
Jenucy, yto ofycnosneHo Tem, uTo BO3AyX B Pyucnupd HamHoro uuwe, yem B TOuauck W pacxon
NEpeHeCEHHOro TypOYNEHTHOCTBIO 030Ha HaMHOTO MeEHbLue, YeM B fpH3eMHOM cnoe B TOWaucH. B
Tounucu, B AkapeMropoike 030H (OTOXUMHYECKMM MyTEM He 00pasyeTrcA M3-3a HHM3KOTO YPOBHA
ConHeuHoW paanauuy, a B pe3ynbTaTe BLICOKOTO YPOBHA 3arpA3HEHHOCTH BO3AYXa MPOMCXOAWT €ro
WHTEHCHBHBIH pacnan.

B 3umumii nepuon B Tomwnucn (Iemucn, AxaneMropofiok) MOYTH LIS BCEX CEMM THNOB MOrOAbl
Bennuuna KI1O unxke, uem B Pyucnupy, 4ro o6ycnopneHo 6onbiunm ypoBHEM 3arpA3HEHHOCTH BO3AyXa H
HH3KHM YPOBHEM COJTHEUHOH paJHaLHH.
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NOTOAM NOrOaN

Ha puc.4 npeacramncHa wimeHunsocts senuununt KMO 8 T6wmew ([denuch W AxaaeMropoaok) w
PyHCHPH BECHOR AN BCEX CEMM THNOB NOroan. Kak BHAHO W3 ITOr0 pHCYHKa, HawGanbwMA yposeHsb
KOHUCHTPAUHH NPHICMHOND OJOHA AN BACCX CCMH THMOR nNOoroan wabmonaercs 8 Pyucmlpu. a
HanmeHswHR — B Jlenncn. BecHoR TypOyncHTHBII NepeHOC 030HA W3 BLICOKMX CNOES IHBUMTENEH,
Beneacreue Toro, uto somyx 8 Pyucnupw umuie, wem 8 T6Guancw, pacxon o3oHa Tam MeHswe. B
AK_QEMIOpOAKE, BO BpeMA MOroaw Nepsoro THNa, sennuwuna KO npumepHo 8 asa paza Hike, 4eM B
Jeaucu. TIpuunnoft 31010 cunTaem 06palosanne 01018 B peIyIbTETE POTOXHMHUYECKHX peakuni Ha ¢oHe
CMOrOBOTL 3arpalkcHHa Boinyxa. Bo spema noroaw sroporo Tuna, 8 Jlennck u Axanemropoaxe KO
HHIKAR W BEHYKHE HX NMOYTH OAHHEKOBA. B JTO BpeMA, H3-32 HENOCTATOMHOCTH CONHEHHOR panvaLMH,
00palosalne 00HA B peaybraTe POTOXHMHHECKHX peaxunil He npoucxoanT. Bo spema noroast Tpetsero ¥
nsTorv THios seanunta KIMO 8 Akaaemropoake onsts suiwe Gnaroaapa GOTOXHMHYECKOMY O30HY.

JuMoft, RO RpEMA NOFL/LE 1IEPBOTO, TPETLEIO M NaToro ThNos, seanunna KIIO B Axagemroponxe
suiwe, yem 8 Pyncnupu u lenucn. OcuosHoR npuukHofl 3T0TO sansercs obpatosanne GOTOXHMMYECKOIO
oona B Axaaemropoaxe. Beanunna KIMO 8 [leanch namuoro vioe, yem 8 Pyucnupi, Tax xax 8 Jlenucu
npIcMHEA  BO1AYX HAMHOMO Gonee JAIPAIHEH W PACXOA OJOHA TAM MPOMCXOANT MHTCHCHBHEC.
OG6pa3osatne POTOXUMHUCCKOTO 0I0HE 8 JleHCH HE NPOHCXOAHT BBRIY HHIKONO YPOBHS 3ArPA3HEHHOCTH
BOAYXA.

Ocenuio HanGonblan KOHUCHTPaUKS 030Ha HabnonaeTca 8 PYHCTIHDH, T.K. BO3AYX TAM YMLIE, HeM B
Jlennch v AxageMropoake, BCIEACTBHE YETO Pacxol o3oHa Hwxe. Taioke BO BPEMA MOroab TPETHENO H
yersdproro THnos senHunHa KIIO s Jlenucu Buine, 4eM B AKAAEMrOpoaKe, TAK KAK YPOBEHb
JArPAIHEHHOCTH BolnyXa B JlenMcH Wie. ueM 8 Axanemropoaxe, a TeM (OTOXMMHUCCKHA O30H He
ofpatyeTca BBHAY HEAOCTATKA CONHEUHON PAIHAUNWH.

Ha prc 4 npeacTanncha Taioke HIMEHUHBOCTL Beuninl KITO B0 BCex TpEX myHKTAX B 3UMHHG nepHon
ANR BCEX CEMH THNOB Noroaw. Kax BHAHO W3 3T0ro0 pHcytka, Bennunka KITO 8 Jenwcu u Axagemroponxe,
BCIEACTBME BBICOKOMO YPOBHA JAMPAIHEHHE W HEAOCTATOMHONO YPOBHA CONHEMHOR PAAMALIMH, IHAUHTENLHO
NeHble, ven 8 Pyncnupn ana Bcex ceMn THROB NOroasi. AHANOFHYHO OCEHN, IWMOM, BO BPEMA NOromN
TPETLErO K YeTBEPTOro THNOB, Benkynna KO 8 [ennck seilwe, vem B Axanemroponxe.
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H3 pHc.4 BHIHO TRIOKE, YTO 3UMOH H OCEHBLIO 118 NEPBOTO, BTOPOTY, NATONO H WECTOND THNOB MOTOAK
yposeb KIO B Axanemroponke swiute, uem B Jenuc. BoimoxMo, 310 BbIIBAHO obpalosannem
(GOTOXMMKUECKOTO 030HA B AKANEMIOPOIKE, HA POHE BRICOKOMD YPOBHA JarPRIHEHHOCTH BOIAYXA.

U3 paccMOTPEHHS BLILICYKAIAHHBIX PHCYHKOB BHAHO, YTO BO BpeMa AcHON GeroGnaunod noroabt
(nepswifi. TpeTHA W NATHLI THNW noroawt). yposeus KIMO 80 scex TpEX NyMKTAX Bhile, YEM BO BpeMA
obnauHof NOroas (NOrokl BTOPOro, HeTBEPTOrO, WECTOrO H CEALMOTD THNOB).

Hcxons w3 BLILWIECKA3AHHOTO, MOXHO CACNATH CMEAYIOUICE JAKNIOUCHHE:

1. 8 wimcHuneocTH KO rrasubiMm  GAKTOPAMH RBNRIOTCA  YPOBEHB  JArPRIHEHHOCTH
aTMOChEPLI, BARKHOCTL BOILYXA H YPOBCHb CONHEYHON PANHBLNH;

2. W3 PAcCMOTPCHHBIX TPEX I1lYHKTOB CaMbiM JArPAIHEHHBIM ABAACTCA CNOA NpPHIEMNONO
BOIAYXA B AKANIEMIOPOIKE, & CAMBIM YHCTHIM — B Pyncnupu;

3 06pajosanne 030HE POTOXHMHUECKHMH PEAKLMEMH NPOHCXOAHT TOALKO B CNOC MPHIEMHONO
BOIAYXA HA TEPPHTOPHH AKANEMIOPONKA.
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W3MEHYMBOCTb KOHLEHTPAIIUH IPUIEMHOI'O O30HA B TOPOJICKHX H
CEJBCKHX YCJIOBUSIX B 3ABHCHMOCTH OT CE3OHA M ITOT'O/{HBIX YCJIOBHH
Xapuunasa Jx.Q.

Pedepar

INpoBeneHo McCenoBanNe MIMEHYHBOCTH KOHUEHTpaUMK npulemHoro ozoHa (KIIO) B npusemuom
BO3JyXe B FOpPOA€ M B CeNbCKOW MECTHOCTH NPH PasHbIX MOrOAHbIX YCIOBMAX B pPasHble CE30HbI,
YCTaHOBAEHO, YTO OCHOBHbLIMH (aKTOPamMK ABNRIOTCA: YPOBEHb 3arpA3HEHHOCTH aTMOC(eEphl, BAAXHOCTh
BO3YXa W YPOBEHb CONHe4HOW paanaurd. Cambiil 3arpa3sHEHHBIA BO3AYX B AKaieMrOpOAKE, a caMmbli
uncTblif — B Pyncnupn. DoToXMMHHECKHH 030H o6palyeTcs TO/bKO HAa TEPPUTOPHH AKaleMropoaka
TONbKO B BECEHHHMH M NETHHH ce3oHbl. B Pyucnupn cpaBHMTENBHO BLICOKAA KOHLEHTpaUMA O30Ha
Halmonaercs BecHoi ¥ 3MMOH. [IpH 06na4yHOCTH caMmas BbICOKad KOHLEHTpauMA 030Ha nabniojaercs B
PyHcnupH BecHO#, a camas HH3Kas B AKaaeMropoake

CHANGING SURFACE OZONE CONCENTRATION IN CITY AND COUNTRY IN
DEPENDENCE ON SEASON AND WEATHER CONDITIONS

Kharchilava J.
Abstract

Investigation of ground ozone at the surface air in the city and country under different weather conditions
for different seasons has been carried out. It has been established that the main factors are: atmosphere
pollution’s level, air humidity and level of solar radiation. The most polluted air is in Akademgorodok, the
most pure air is in Ruispiri. Photochemical ozone is formed only at the territory of Akademgorodok and only
in spring and summer seasons. In Ruispiri relatively high ozone concentration is watched in spring and
winter. In cloudiness the most high ozone concentration is watched in Ruispiri in spring, but the most low in

Akademgorodok.
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ONPEJEJIEHHE MACCOBOM KOHLIEHTPALIUM TBEPJAOI'O A3P030.I B
MMPU3EMHOM CJIOE ATMOC®EPHI r. TEBJIUCH

Yuabpnmeuu H. T,

Hucmumym eeogusuxu um. Muxauna Hooua 0193 Téunucu ya. M. Anexcudze. ,
Email: admin@ig.acnet.ge

JlanHble Pa3NMuHBIX HMCCNEAOBATENLCKMX UEHTPOB NO AMHAMMKE rN0GanbHOro noTenneHus
MOKa3bIBAIOT, YTO 33 MPOWeE/LIHE CTO NIET TEMNEPATYpa Ha HawelH nnaHeTe NoBbicHNAck. B uenom 3a XX sek
cpeaHsas rao6aneHas TeMnepaTypa NPH3EMHOTo BO3AyXa Ha 3emnie yBenudunack Ha | ’c 1.2]).

B Gonbliux roponax M, B UENOM, Ha 3eMJie NOBBILIEHHE TEMIMEPATYpbl COMJIACYETCA C FHNOTE30M O
HalMYHH NApHHKOBOTO d(ddexTa, OOYCNOBNEHHOTO CYLIECTBEHHBIM  yBenWdeHHeM B atMocepe
KOHUCHTPALIHH TaKMX MApHHKOBbIX ra30B aHTPOMOTEHHOrO MPOMCXONIEHHSA, Kak AHokcHa yrnepoaa (CO;),
monokcua yrnepoaa (CO), meran (CH,), okcua azota (N;0), dropxnopyraeponst (CFCly, CF,Cl) n ap.
[3,4].

Oxa3anock, 4T0 KpOMe NapHUKOBbIX Ta30B B NapHHkoBoM dekTe H hopMupoBaHHii KIMMaTa Ha
3emne (ocobeHHO B 60ABIIMX rOpOAAX, rfAe WMEETCS OrPOMHOE KONHYECTBO aBTOTPAHCMOPTa H Pa3BHTan
JHEPreTHKa), ONpeAcNnEHHYI0 Poiib MrpalOT TakHE KOMMOHEHThI aTMOC(epHOro TBEPAOTrO a’po3ons Kak:
“4EpHBIN yrnepon” — caxka U coeauHeHue cepbl — SO,, CS; u H,S [5,6,7,8].

Llens aaHHOM paboTbl - pa3paboTka METOAMKM JUIS OMPENENEHHA KONMUYECTBEHHOTO CONEPHAHHA
TBEPAOrO a3p0301A, Am B NPH3EMHOM coe aTMocdeps . TouaHCH.

OnpeneneHne KONMYECTBEHHOrO COAEPXKAHWA TBEPAOro ajpo3ons B  arMocdepe MOXKHO
OCYLUECTBJIATb HECKONIbKMMHK criocobamu [6,7]. Obiee ana 3THX cnocoboB ABASETCA TO, YTO aTMOChepHBIH
a3p030Jb MPEABAPHTENbHO cOOMpaeTcs HA MOMIOKKK - GUALTPbl. DuUALTPbl MOryT ObiTh NOPHCTHIE
(HyKJIEnopHble, BOJIOKHHCTbIE-KBAPLEBbIE WM CTEKNAHHbIE) — MPO3PayHbIEC A4 CBETA B TOH MAK HHOM
obnactH cnekTpa.

Jlna c6opa asposons Ha GuAsTp Hamu Obina M3roToeneHa ycraHoeka — portometp. [lpu ero
H3rOTOBJIEHHH GbLNH yuTeHbl Te TPeGOBaHHUA, KOTOPbIE HEOOX0ANMbI i TOro. UTo6LI cHcTema paboTana Ha
JIMHEAHOM Y4acTKe H3IMEPHTENBHOH CHCTEMBI.

B kauectBe $HuAbLTpa MPHMEHANH BONOKHWCTbIA aHAIHTHYECKUH 23p0o30/ibHbIi GuibTp THa ADA-
BI1-20, koTopeift npeaHasHayeH Ans BECOBOTO aHalu3a, Npo3padyeH B BUAMMOH obnacTd crexTpa,
ruapodoGen u koaddUUUEHT 3axBaTta 1A HacTHl pasmepom 0,5 Mxm pashsetca 0,95.

C60p a3p030/1bHBIX MPOG NPOBOAMNCA HA TEPPHTOPHH IKCIEPHMEHTANBHOT 6a3k1 TepMoGapokamepbl
HucruTyTa reodpusnkn um. M. Hoana. Bpema npococa Bo3ayxa pOTOMETPOM, B 3aBHCMMOCTH OT YPOBHA
nouepHeHus GuIbTPa, MeHanock ot 30 a0 90 MUHYT.

MaccoBy10 KOHUEHTpauuio aTMoc(hepHOro TBEPAOTO a3po30s ONPEAEAnH METOAOM B3BELUMBAHHA,
Kak Am=m-m,, rAe M, W M Macca GuALTPa, COOTBETCTBEHHO A0 H nocse c6opa npobet. l1s B3BEWHBAHHA
NpUMEHANM aHaNUTHYeckne Bechl Mapku ADB-200 (uena menewns ontuveckod wkanst 0.1 mr). O6wan
NOrPELLUHOCTE ONPEAENEHHS MacCOBOH KOHLEHTPALIHMH TBEPAOr a3po3ons He npesbituaet 20%.

Haiup npenBapiTenbHble M3MEPEHHA M MX aHAIM3 NOKA3anH, YTO TIPH OMpeAeNeHHH MaccoBof
KOHLEHTPauMn aTMoc()epHOro TBEPAOro a’3po3oas, Am, HEOOXOAHMO y4eCTh TAKHE METEOPOJIOrHyeckHe
dakTopbl, Kak ckopocTh BeTpa, ocankyu M ofpasosaHue cmora Hal roponom. [lpn setpeHoit noroae, koraa
CKOPOCTb BETpa PaBHAIACh 5-8 M/CEK, B 32BUCUMOCTH OT CTENEHH MOuepHEHHS GUILTPA, MPHXOAHNOCH B
2-3 pasa yBenHuMBaTh BpeMA 3Kkcno3uuun ¢unsTpa. [Tpu aToM, No cpasHeHHIO ¢ Ge3BETPEHHON NOrofIoH,
3HayeHHE KOHLIEHTPallMKM aTtMOocEpHOTO TBEPAOro a’po3ofis Am yMeHblwanoch B 2-3 pasa. Takoh e
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adeiT MMeN MeCTO M B TOM CiTyuae, koraa mpo6s a3po3ons Gpainch 10 WIH NOCNE BHINAACHHA XKHIAKHX
ocakos. U Hao6opot, 06pa3osaHHe cMOra Hal roOpOJOM COTPOBOKAANOCH YBETHUEHHEM Am B 1,5-2 pasa.
Bonee unu MeHee ycToiiuMBbie 3HayeHns Am (HKCMpOBANMCh B Cly4asX OTCYTCTBHA BeTpa W

0canxos.
Takum 06pasom, 4na yCTaHOBNEHHA (HOHOBbLIX 3HAHEHHH AM B Clyyae paccMaTpUBaeMbIX MECSLEB,

AHANU3IHPOBAINCH PE3Y/bTaThl MIMEpeHuH, KoTopsie cooTsetcTBoBanM noroae 6e3 setpa u ocankos. [lpu

3ITOM, cpeHee 3Hauenne Am =1,8 mr/kyG.M., a cTaHaapTHOe OTKIOHeHnHe paBHanocy 0,30.
Ha puc. | n 2 npeacraBnebl rpadMkn 3aBUCHMOCTH BO BPEMEHH MacCOBOH KOHUEHTpauHu

TBEPROIO a3p030NA B MPHIEMHOM clloe aTMocteps! T. TOUAKCH.

sg 40 —-
g4 - Yhons 2003r.
£ —&- Apryct 2003,
B
$2.30
F827
9%
50%
gﬁ 20
a8 .
EE Lo . L.
21 23 25 27 29 31
Data Bsarua npob

Puc. 1. VisMenenne B0 BpeMeH) MaccoBO# KOHIIEHTPaUMH TBEPAOTO a3pO30Js.

g 3.5
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;ga \ ) 2 !
26 \ 7 ! /
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Puc. 2. Flamenenne Bo BpeMEHH MaccoBOi KOHLIEHTPALMY TBEPIOTO a3pO30JIA.

M3 aHanu3a npencTaBneHHbIX KPHBBIX CIIENYET, YTO B MIone-asrycre mecauax 2003-2004 rr. kpome
TpeX npol, 3HAHEHHA AM MEHAIOTCA MOHOTOHHO B MHTepBane 1,2 — 2,4 mMr/ky6.m.

Cpenv 3KCNEpHMEHTANbHRIX JaHHBIX MMEIOTCR TPH Npobbl, COOTBETCTBYIOWME AHAM 22 ¥ 23
asrycta 2003 r 1 24 Toro xe Mecaua 2004 ., 3HaueHus Am (4,0; 3.0 1 3,4 Mr/ky6.M ) NPHGAHIUTENBLHO B
1,5-2 pasa NpeebIAIOT MX CPeAHHME 3HaueHHA ANA OCTanbHbiX 37 npob. B Teyenue 3TMx Tpex AHeH

BH3YaNlbHO XOPOLIO NPOCMATPHBANOCH 06pa3oBaHue cMora Haa ropoaoM Tounmuck.
Ha ocxoBauuy anannia 40 npo6 MOXHO 3aKNIOYUTB, YTO B TeHeHHe Hions-aBrycTa 2003-2004 rr. B

NPHIEMHOM Cll0e aTMOCdeprt ropoaa TOHAMCH AN MUHUMATLHORO, MAKCHMAILHOTO M CPEIHEro IHAYEHHMIt
aTMoc(epHOro TBEPAOro a3po3ona Am Gbinu 3aduKCHPOBAHLI  CledyIOWHE BETHYHMHLL: B CAyHae ACHOrO
Heba, Ge3BeTPEHHOR NOro/Ibl, OTCYTCTBMA OCAAKOB W CMOra: AMmin=1,2 Mr/Ky6.M., AMmax=2,4 Mr/ky6.M.,
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Am=1,8 mr/kybm., a mia cnyyas cmora: AMpin=3,0 Mr/ky6.M., AMmay=4,0 mr/ky6mu Am=34
mr/ky6.M.

CrenyeT OTMETHTD, YTO ANA HAEHTH(UKALHK “4EPHOro yraepoaa” — caxu B npobe Heo6XOAMMBI
JONOJHHUTENBHBIE HCCIIEN0BAHHS.

B sakniouenue aBTOp BRIpOXKAET MCKPEHHIOW GnaronapHocTs Amupanatsuny A.L. 3a noMouib K
uHTepec k pabore.

Jluveparypa

1. Hacoync ®.J1., Yurnum T.MJL — TenneHuns rnoGanbHoro notemieHus. B mupe Hayku,
Nel0. M : “Mup”, 1990, cc. 62-70.

2. Ceprees A.- I'nobanrnoe norennenne uid Bricoknii rpanyc nonutuku. Bokpyr cBera, Ne7
(2790). M.: “Bokpyr cseta”, 2006, cc. 56-70.

3. IamkoB A.A. — MHTerpanbHble cnekTpockonuyeckue metoanku onpeaenenns C,0, CO,
CHs, NO: Tlopsnok npoBeseHHs wu3MepeHHit M anroputMm o6paGoTku. Bompockl
uHdpaxpacHoil cnekrpockonuu atMoctepsl. JleHuurpaa, 1986, suin. 496, cc. 23-41.

4. Opmnwapus M.A., Unabpumsnay H.I'., Kananpamse T.M., Knpkutagse .M. — Cnektps
MOTJIOIEHHs aTMochepHbIX napHukoBeix rasos (CHa, N2O, CO). Akapemus Hayk ['pysun,
Tpyne! nucruryta reopusnxy, 1. LVIII, 2003, cc. 192-195.

5. Cundel L.A., Bod R.L., Rosen H., Novakov T. — The relationship between attenuation and
black carbon concentration for ambient and source particles. Sci. Total Envir, vol. 16, N1,
1984, pp. 197-202.

6. Wolff G.T., Climach R.L. — Particulate carbon atmospheric life cycle. Plenum Press, New-
York-London, 1982, pp. 78-81.

7. Kome#ixun B.M. — AHanus coaepxaHus caxd B adposone. KOHTpO/Ib COCTOAHMA
Bo3xywHoro Gacceiina r. Mockssl. AH CCCP, U@A, ITpenpunt Nel, M., 1991, cc. 59-64.

8. Awmmpanawsumu A.T., Amwupanawmsunn B.A., Kupkuramse J.J., Uuabpuwsuin HIT.,
Younmeum K.M. — K Bonpocy o6 ofpa3oBaHui BTOPHYHBIX ajposonell B atMocdepe.
Tpyns! UuctutyTa reopusnkn um. M. Hopwma, 1. LVIIL, 2003, cc. 119-126.

4. 030f20L30 SBAMLEBIGML A0TOLINAS BIEST0 8YSG0O SIGMBMROL
35LAG0 JMBBIEGMIGONL dS6LIHBRIMO

033G0Tgogmo b. 3.
Ggboydg

Fo@dmppagbomos J. mdomoldo s§Imbggeeml dofoblods qghsBo >@lgdgmmo
Igodo  sg@mbmmol  Bobudo  JmbEgbd@sgeol  (Am  dy/g9dd)  gaeggel

2JL39M0dgbH o Bmbaizgdgdo.
6ohggbgd0s, G@I Fgotio SyGmbmmob  oligGo J4M63968®o@oeb  dobodsarg@o

(Ammin), BJLodsgngtio (AMma) ©o> boTdgogeem (E) 3600369 m3gdo  Fglsdsdobos,
Gmsmos: 1,2 83/379.3, 2,4 3p/4790.9. ©o 1,8 33/ 30.9.



OIMPEJAEJEHUE MACCOBOY KOHIIEHTPAIIMHY TBEPJOI'O A3P030J51
B MPU3EMHOM CJIOE ATMOC®EPHI r. TBHLJIUCH

Yuabpumsuau H.I'.
Pedepat

H3noxeHs! 3KkCMepUMEHTAILHBIE JaHHBIE N0 ONpefeeHHIO MacCOBOH KOHLEHTpauMH (Am
Mr/ky6.M) TBEPAOTrO a3p0o30.s B npuaemMHoM cnoe atmocdeps! r. TouncH.

ToxasaHo, 9T0 MHHUMaNbHOE (AMpin), MAKCHMANBHOE (AMmax) U cpenHee (Am ) 3HaYEHHs
MaccoBoil KOHLEHTPALUHH TBEPAOrO a3po30/A COOTBETCTBEHHO PaBHBI; 1,2 Mr /ky6.M., 2,4 Mr /ky6.M
n 1,8 Mr/ky6.m.

DEFINITION OF THE FIRM AEROSOL WEIGHT CONCENTRATION
IN SURFACE AIR LAYER

Chiabrishvili N.

Abstract
Experimental data on research of weight concentration of firm aerosol (Am)in Tbilisi
surface air layer are obtained.
It is shown that minimum (Amp;,), maximum (Amy,,) and average (A—m) values of the firm
aerosol concentrations are equal to: 1.2 mg/m’, 2.4 mg/m?® and 1.8 mg/m’, respectively.
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KOPPEJISINUOHHAS 3ABUCUMOCTh MEXJIY MACCOBOM
KOHIEHTPALMEN TBEPIOT'O A3PO30.JIS
OTHOCHUTEJILHOI BJAXKHOCTBIO BO3IYXA B
MPU3EMHOM CJIOE ATMOC®EPHI r. TBLJIUCH

YUnaopumpuan H. T.

Hucmumym zeogusuicu um. Muxauna Hooua 0193 Téunucu yn. M. Anexcuose. ,
Email: admin@ig acnet.ge

H3BecTHO, 4TO € LENBIO M3YYEHHS CIOMKHBIX METEOPONOTHYECKHX MpolieccoB B aTMocdepe emnn,
CBA3AHHBIX C TNOOATLHBIM NoTenneHueM (yBeNHuEHHEM TeMMepaTypsl Haj cylueli W OKeaHaMH) U
M3MEHEHHEM KJAHMaTa, Ha METEOPOJNOTHYECKHX CTaHUHMAX PadHuHLIX CTpaH MHpa  BEAYTCA
CHCTEMATHYECKHE HAOMIONEHHA 3a TEMMEpaTypo, BAAKHOCTHIO, BETPOM, aTMOCHEPHBIM JaBEHHEM,
O30HHbBIM CNIOEM H PYrMMH napameTpamu aTMocheps!.

B TeueHue nocneaHux AecATHNETHH, B GONbLWIMX ropoaax MWpa, A€ COCPEAOTOMEHO OrpPOMHOE
KOJTHYECTBO aBTOTPAHCIIOPTAa, pa3BUTa NPOMBILIEHHOCTb, CHOpMUpOBANCA OCOOLIM MHKPOKIMMAT,
CYIIECTBEHHO OTAWMAIOLMIACA OT KIMMATa OkpyXatomnx obnacteii. B 6onblunx ropoaax, 0cobeHHO 3UMOIA,
TeMmrnepaTtypa BO3AyXa NPEeBOCXOIMT TEMMEPATYPY OKPYXKAIOLNX oOnacTe B cpenHeM Ha s°C i)

B pa6ote [2] oTMeuanocs, 4TO KpOMe NapHHKOBLIX Fa30B B MapHUKOBOM 3dekTe H GOPMHPOBAHHH
Kn1uMaTa Ha 3emne, “uepHsiii yrnepoa” — caxa (ocTtatouHslit yrinepoa — C) no KONMYECTBEHHOMY
cofiepxanuio (ocobeHHo B 6ONBWMX rOpOAax) ABNAETCA MIaBHBIM KOMMOHEHTOM aTMOC(epHOro TBEpAOro
asposona. Caxka o6pasyerca B pe3ynbraTe cropaHHs MoGOro OpraHM4ECKOro TOMnHBa (HegTenpomyKToB,
NPHPOAHOTO ra3a, KAMEHHOTO YA M T. A1) M MOC/E SMHCCHH C NOBEPXHOCTH 3eMITH nonajacT B aTMochepy.

B nayuHo#l nuTepaType fepBble COOOLICHHA MO M3YHEHNIO CAKH MPHHALIEKAT HCCICAOBATENLCKOM
rpynne HaunonanbHot naGoparopun nm. Jloypenca bepinu CLUIA (non pykosoacrsom T. Hopakosa) ¢ 70-x
rogos npoworo eka {2). B 1974 r ato#i rpynnoii 6b110 N10ka3aHo, YTO B NPHIEMHOM CNOE aTMOCHEPDI H3
oB1wero konuuecTsa a3posoneii 50% NPUXOAKTCA Ha YrIepoACONSPHALUNX YACTHL, & H3 3THX 50% He MeHee
80% cocrasnser caxa. PesynbTaTsl 3KCMEPHMEHTAIbHBIX IaHHBIX, OMyGnHKoBaHHeIX B paGote (2] B
nanbHefilleM NOATBEPAMIHCH B paboTax [3,4].

Cnenyer oTMeTuTb, 4o B 1984 r coTpyanukamu nabopatopun um. Jloypenca bepinin CLUA Gbin
H3rOTOBJEH NpHOOp, MO3BOJIMBILUMI HENOCPEACTBEHHO B MPHIEMHOM CNOe aTMOCHEPLl H3MEPATH
KOHLICHTPALHIO CKEBbIX 4acTHL [5].

Meroauka e3aTus npo6 1 onpeaeneHHe MaCCOBOH KOHUEHTPAUMH TBEPAOrO a’po3oNa B NPH3EMHOM
cnoe armocgeps! r. Tounucu noapobro onncana B pabore [6]. OTMeTHM NHILL TO, YTO OAHOBPEMEHHO €O
B3ATHEM NPOG TBEPAOro a’po30NA BEANCH M3MEPEHUA CKOPOCTH BETpPa, TEMMEPATYpPsl W OTHOCHTENLHO#
BADKHOCTH TNpU3eMHOro Bo3dyxa. B HacTosued cTaThe HMCMONBL30BANMCh TONLKO TaKHE Pe3ynbTaThl
M3MepeHni, KoTopbie cooTseTcTsoBanu noroge ©e3 Betpa, ocankos W cmora (ofwee KONH4ECTBO
NPOaHaNU3MPOBaHHLIX Npo6 okono - 60). Hayuennwe pacnpeneneHus nNIOTHOCTH BEPOATHOCTEH
MCM0/1b30BaHHOM HaMK BbIGOPKH NMOKa3aso, 4TO OHO O4EHb 6TH3KO K CHMMETPHUHOMY.

3aBHCHMOCTD MaccOBO# KOHLIEHTPaUHH TBEPAOro aspo3ons Am OT OTHOCHTENLHOA BAKHOCTH
npu3emMHOro Bo3ayxa f npeAcTaBsieHa Ha PUCYHKe.

TMosyueHHan 3aBUCMMOCTh MEXIY Am U f XOpOINO annNpOKCMMHPYETCA NMONMHOMOM TPETbEH CTEneHk
BHIa:

Am =0.0002 > —0.0286_f2 +1.3674 f -19.564

KoadpduuneHT HanenHOCTH annpokCHMaUnK R?=0.324 (10CTOBEPHOCTb HE XyxKe 99%).
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BhIYHCIEHHOE 3HavENHE HHIeKca KoppensLiuu Mexay Am H f 1as naHHOM cTaTHCTHKK pasHseTca 0.57.

EcrectseHHo, npu  Hannyuu  Oonee 60 npo6 IKCNEPMMEHTAIbHBLIX  AAHHBIX, HANEKHOCTH
annpokcMMalHK Morna 6ui npeocxoauTs 0.324,

M3 ananu3a npeAcTaBneHHON KPUBOI CAeAyeT, NTO AN OTHOCHMTENLHON BADKHOCTH, NMPUMEPHO n0
56%, MaccoBaf KOHLEHTPAUMA TBEPAOTO a3pO30/iA AM NOYTU HE 3aBUCHT OT OTHOCHTENBHOW BAAKHOCTH
npusemHoro Bosdyxa f. YsemudyeHne MaccoBOM KOHLEHTpauMH TBEPAOrO a3pO30NA YKE 3aMETHO NpH
OTHOCHTENBLHOM BraXHOCTH okono 57%. Caeayer o6patnTs BHMMaHHe Ha TO, YTO Bbillle 3HaueHHs f=59%
Am, KaK NpaBWIIO, NPEBOCXOAHT 2 Mr/ky6.M W B cpeamnem paeusercs 2.13 Mr/ky6.M cO CTaHmapTHIM
otiioHennem (.42, TOr/a KaK HHKE YKa3aHHOTO 3HAYEHHS OTHOCHTENLHON BJIAKHOCTH CPENHEe 3HaueHHe

Am=1.80 mr/ky6.m npH ctaHaapTHOM oTkIOHEHHH 0.30.

3.50

8

a’po3ons B mriky6.m

1.50

Maccoean KOHUeHTpauua Teepaoro

OTHocuTenbHan BNaHOCTL % %

Puc. 3aBHCHMOCTE MaccoRO# KOHLEHTPALMH aTMOCEPHOTO TBEPAOTO
a3p030J1st AmM OT OTHOCHTENbHOM BNAXHOCTH MPH3EMHOr0 Bo3xyxa f

B paGoTe [7] B nabopaTopHbIX YCnOBHSX MOLENMpPOBaHHE MpoLEcca ancopOLMH NapoB BOJbI
yacTHUAMH CaxH ObL1a ocyluecTBieHa ABYMS CrocoGaMu: CMEKTPOCKONMeld KOMGHHALMOHHOTO
PacceaHns M NpAMBIM M3yHCHHEM M30TEPM MPH ancopbuuu MapoB BOIBI HAa KCCaeAyeMoM obpa3ie
CaxH.

B BLINEYNOMAHYTOM OJKCMEPUMEHTE NPU CIEKTPOCKOMHH KOMOWHALMOHHOTO pacCesHHs
HanMuMe KBYX NMHKOB B CHEKTDE, COOTBETCTBYIOWMX [IHHaM BOMH 1347 u 1595 cm’, aBTopamu
06BACHACTCA MPUCYTCTBUEM LUENEBHAHBIX NIOP HA NOBEPXHOCTH YaCTHL| CaXH.

B 3ToM ke O3KCNepHMEHTE NpH H3YYEHHH H30TEPM CAKEBLIX YaCTHU, B KayecTBe
yriiepoacoaepKawero Matepuana 6oi1 BeiGpaH rpagut. COBMECTHBIA aHANN3 M30TEPM CaXEBOK
npo6b! ¥ rpaduTa nokasan, 4To rpadUT XapaKTepH3yeTcs KpailHe HU3KOH ancopbuueii BoApl, TOrAA
KaK IpH NABIEHHH BOJISHOTO Mapa, COOTBETCTBYIOLIETO COCTOSHHUIO HACHILICHHS, KOJIHYECTBO
ancop6upyembix Monexkyn H,O yBenuunpaerca npumepro B 35 pa3. Ha ocHoBe BhlleckasaHHOro
aBTOpBl MPUXOAAT K 3AKIIIOYEHMIO, YTO Ccaka cnocobHa aacopOMpoBaTh MOJNEKYNBH BOAbI B
3HAYMTENBHOM KOJIHYECTBE.

B namem ciyyae yBenn4eHHE MaccoBOH KOHUEHTpaLMK TBEPAOrO a3po30Jiss Am B NPUIEMHOM
cnoe atMocdepbl . TOMAKCH NPH 3HAYEHUAX OTHOCHTENLHON BADKHOCTH Bhie 57%, MOXHO OGBACHHTL B
OCHOBHOM BbICOKOM FHAPOd)HIII:HOCTbIO a'mocq:epuux CaXEBLIX YACTHUU.
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KOPPEJISIIMOHHAS 3ABUCUMOCTb MEXK/J1Y MACCOBO
KOHHEHTPALUUEN TBEPJOT'O A3PO30JISI U
OTHOCHTEJILHOMN BJIAXKHOCTBIO BO3/1YXA B
NMPU3EMHOM CJIOE ATMOC®EPBI r. TBHJIUCH

Yuabpmusnan H. T,
Pedepar
Ha ocHoBe aHanu3a 3KCMEPUMEHTANIBHBIX A3HHBIX YCTAHOBJIEHA aHATHTHYECKan 3aBHCUMOCTD
MEeXJy MaccoBO# KOHUEHTpaLMell TBEDAOro aspo3ois B MPH3EMHOM ciioe atMocteps I. Tonmucu u
OTHOCHTE/IBHOH BAAXHOCTBIO BO3AyXa. Pe3ylbTaThl M3MepeHHH MpeicTaBieHsl B rpadHuecKoM

Bune. Halinensl COOTBETCTBYIOLIHE MOCTOAHHBIE kKOI()HUHMEHTH ypaBHEHMs KDHBOi, BENH4YHHA
HaJIeXKHOCTH aNMPOKCHUMALMU U HHAEKC KOPpENsUHH.
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CORRELATION DEPENDENCE BETWEEN THE MASS
CONCENTRATION OF HARD AEROSOL AND RELATIVE
HUMIDITY OF AIR IN TBILISI SURFACE ARE LAYER

Chiabrishvili N.
Abstract

Basis on the analysis of experimental dates the analytical dependence between the mass
concentration of a hard aerosol and relative humidity of air in the Thbilisi surface air layer is
retrieved. Results of experimental measurement are given in a graphical form. Respective
correlation index and value of approximating reliability are obtained
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OBPABOTKA YIJIEPOJHBIX AICOPEEHTOB METOJA0M MEXAHOXUMHMYECKOM
AKTHUBALMH C LEJIBLIO BO3AENHCTBUA HA TEIUILIE TYMAHBI

Younmeuan K.M.
Huemumym zeogpusuxu um M. Hooua Téunucu, 0193, ya. M. Anexcudse 1.

Yrnepoausle ancopGeHThl, TaK Ha3blBaeMble AKTHBHBIE YIK, HPOKO MPUMEHAIOTCS B PA3NHUHBIX
obnacrax. Haubonee pacrnipocTpaHEHHOE ChIpbé A MX NONYHYEHHS — MCKONAEMBIE YIIH, [NaBHBIM 06pa3oM
HecnekalowMecs W cnabocnekalolMecs, Ha OCHOBE KOTOPBIX MOJAYYAKOT KaK AelléBble 3IepHUCTBIE
afcop6eHThl OIHOPas’oBoOro AeHCTBHA, Tak i Gonee JOPOrHe rPaHYNUPOBAHHLIE AKTUBHEIE YIAW C BLICOKOH
NPOYHOCTHIO M Ppa3BHTOH CHCTeMOH Mukponop. B nocmeanem ciydyae neobxopmmo mobasnenne
NeDHULUHUTHOTO W AOPOTOCTOSIUErQ CBA3YIOLIErO BELIECTBA, YTO B 3HAYHTENbHOH CTENEHH CAePKHBAET
JanbHefee pa3BUTHE NPOH3BOACTBA [PaHyTHPOBAHHbIX a1COPGEHTOB.

Onbit pabotsl cotpynuukoB MITI (Poccus) no rpaHy/NMpoBaHMIO MCKOMaeMbIX Yrfied W ApyrHx
MAaTepHaJIoB, NOCITYXHJI OCHOBOM 1A pa3paGoTKH Mpolecca rpaHyNPOBaHHA CMIEKAIOLMXCA YIieH ¢ Luenblo
noyueHus rpaHyn-ancop6eHtos cdepHueckoi dopmel HeGonkuioro paimepa (0.5-0.4 mm) {1}. Cnenyer
OTMETHTb, YTO Ha ocHose pabor {2, 3} Obwla paspaboTaHa TEXHONOrMA H METOAMKA NOMYYEHMA
MEJIKOAHCIIEPCHOr0 ancopbeHTa i HalKX uene.

Hano oT™eTHTb, 4TO MapaiiensHoO NPoBOAMAack paGoTa ANA HaXOKAeHUA Gonee Merko AOCTYNHLIX
M NewésbiX MatepHanoB. TakoBLIMH OKa3anHCh: TKHOYNbCKHE YI/H, UEONHTDI, AMNTOGHONHTLI, KAMEHHBIE
YOIR pasHbiX Mapok M T.A. CaMbiMM MOAXOAAWMMH ANA HAWKX LENEH OKa3anuch JHUNTOGHONHTHI M
TKHOY/IbCKME Yrin, BCAEACTBHE 4ero Gbino pewseHo W3y4yaTb B MEPBYIO OYEPEdb WX CBOMCTBA, a 3aTem
OCTaJIbHbI€ U3 BHILIENEPEUHCNEHHBIX MHHEPAIOB.

XapaKkTepHCTHKA TKHOYALCKHX yried

MunepanbHOe BELECTBO COCTOMT rNlaBHBIM 06pa30M W3 TOHKOAHCNEPCHO#H MKHBI. BCTpedaloTes Takoke
BIJIIOYEHUS KANBLMTA, CHOEPUTA, NUPHTA, 0GNOMKM kBapua W cmionsl. OCHOBHLIMH METPOrpaHIECKHMH
Tunamn B Tku6ynu-LllaopckoM MeCTOPOXAEHHH ABNAIOTCA KIAPEHOBbIE, AIOPEHOBbIC, KCHIOBUTPEHOBbIE
YI/IH H CMOJNIAHBIE JIMITOGHONHTEI.

Ta6n.1
TexHuuecknii aHanu3, | DneMeHTapHbIii aHann3, [nacromeTpHyeckne
Tun yras % % NOKa3aTCc/H, MM
w? A’ A’ A’ c N (0+S)' X Y
Tuubynuckull rymycosuit | ¢ 5 | 1435 | 3915 | 5.51 | 7925 | 165 | 13.59 54
yroib
Cwonswolt nuntoGHonuT | 55 | g94 | g129 | 833 | 8005 | 186 | 911 - .
(oGor )

DKCNEPUMEHTBL 0 OMpPEAENCHHIO BIHAHHA YCIOBHA H3ME/NbYEHHA Ha XWMHUYECKHe CBOWCTBA
TPOBOJIMIHCE, TIOMMMO IyMyCOBOro yras, n Ha TkuGymbckoM cmonaHoM nuntoGuonute, obnanaioueM
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Gonee BLIPAKEHHOH nonKMMeEpHON CTpykTypoli. B Tafanue | npuBoaaTcs ycpeAHEHHble 3HaueHus
nokasareiei, XapaKTepH3YIOLUHX YIO/lb, HCNONb3YEMbIi B HAWUKX IKCHIEPUMEHTaX.

U3smenbueHHe nNpOBOAHNOCH B MENBHHLAX [ABYX THINOB, pPAa3dIMHAIOWHXCA HHTEHCHBHOCTbIO
namenbueHns. KOHCTPYKLHA MEnbHHU MPeaycMaTpHBAaeT BO3MOKHOCTh MPOBEACHUA HM3MCNBYCHUS B
onpeaenéHHON ra3oBoH cpege, Mojavd 3TOro rasa B 30HY NPOONCHWS HENMOCPEACTBEHHO B Mpouecce
M3MENbUEHHA H PeryHpOBaHHs B 3TOM 30He TemnepaTypsi 8 npedenax 20 — 350°C u pasneHus B npeaenax |
~7amm.

B 0CHOBY NepBoii KOHCTPYKUMH, H300PKEHHOH Ha prC. |, NONIOXEH MPUHIMN LWAPOBOH MENLHHIILI.
KoHeTpykuus  BTopoil  MenbHUUb  (HOXEBOH MenbHMULI) TpenycMaTpuBaeT Gonee MHTEHCHBHOE
W3Mesnb4eHHe, NO3TOMY e€ MCNOMb3OBATH /UM HIYYEHNA PEAKHX MHHEPaOB.

Puc.1. UsmenbuntenbHoe yCTpOCTBO, OCHOBAHHOE HA NPUHLMIE WAPOBOH MEMLHULbE

| - anexTpoaBHrarens; 2 - KOpNyc canbHHka ocH; 3 — 06oiimMa NOAWMNIHKUKOB; 4 — MeAHble TPyObl BOAAHOTO
OXNKACHHS;, 5 ~ OCb; 6 — BHYTPEHHAA OTPaHHYHTENbHAA NEPEropoaKa; 7 — OrpaHUMHTENb; 8 — HapyKHbIH
Kopryc; 9 — wTyuep Ang nopauy rasa; 10 - cansHuk Tepmomerpa; 11 — Tepmometp; 12 — ycTpoiictso
KpenneHus TepMomeTpa; 13 — HapyxkHas Kpbiluka;, 14 — chémHas kpeiluka paboueii kamepel; 15 — paboyas
Kkamepa; 16 — HarpeBaTenbHan ciupanb; 17 — Tennousonsums; |8 — BenTunb Ana BbITycKa rasa; 19 — wityuep
ANIA MOACOEAMHERHA MAHOMETPa K kamepe; 20 — NPHBO/ BpaLlieHWs OCH M KaMepbi; 21 — peaykrop.

B oTaenbHbIX 2KCNEpHMEHTaX HAMKW HCMIONB3OBANHCH Takoke ofbluHas (dhaphoposas) waposas MeALHULA U
cTanapTHas BUGpoMenbHuLa Tna M-10.

Hamenbuénnbiii yronb npeactasnser coboi nonuacnepeHyo cucteMy. Jns xapakrepucTHKH TaKHX
CHUCTEM HCMO/b30BANK BENWUYMHY YNENbHOW MOBEPXHOCTH M pacMpeaeNieHHE 4acTHLL MO HX pa3Mepam
(pynxunto  pacnpenenenus). Onpenenehue  3Tux XapaKTEPUCTUK NPOBOAHMIOCh MHKPOCKOMHUYECKHM
metonoM. [lpumenenne ans 3ToH uenH Apyrux MeTofos (rasosoit ancopSuu, ra3onpoHWLAEMOCTH,
copBumH, CEMMEHTALIMOHHOTO aHanM3a) B HALNEM Ciydae MPHBOAMT K HEOJHO3HAYHOCTH MOMYHECHHBIX
AaHHBIX, TaK KaKk pe3y/lbTaThl M3MEPEHWHt B TakoM ciy4ae OyayT 3aBMCETb OT CTPYKTYpbl M CBOHCTB
MOBEPXHOCTH 3EPEH H3IMENbYEHHOrO Yris, WX GopMbl H CrIOCOGHOCT arperaTMpoBaTbCs, 3aBUCALUHX. B
CBOIO O4EPE/lb, OT YCIOBHH HIMENLYEHHA YINIA W €0 BIKHOCTH.

[Mo nonyyenHoMy pacrnipeneneHnto yronbHLIX YaCTHLL 110 PasMepaM, MOXKHO ONpPeAENHTb YAENbHYIO
nosepxHocTs, [Ipennaraembie pauinyHbIMi aBTOPaMK (OPMY/Ibi NS TAKOrO ONPEENEHHA NPEAnonaraloT
1wapoo6pa3Hyl0 OpMy HaCTHLL TONMAMCNEPCHOH CHMCTEMbI M OTTMMAKOTCS ApYr OT APYra pa3inyHbIMH
METOAaMH YCPEIHEHHA FEOMETPHUYECKHX AnameTpos [4, 5, 6].

[pu noarotoske M3IMENBLYEHHOTO YrAS K MHKPOCKOMUYECKOMY HCCACAOBAHHIO, Mbl MOCTapanuch uibesxars
paspyLUeHus ero oTAeNbHbIX 3EpeH. C 3Tok Lenbio Gbila NpUMEHEHa CliefyIOLan METOANKA: Ha NPeAMETHOE
CTEKNIO HAHOCHTCA Kanis «pacTBOPHTENAY, B KAYECTBE KOTOPOrO MCTIONB30OBANOCh AOBOJILHO BA3KOE
KEIPOBOE Maciio, OGLIHO NPHMEHAEMOE B MMMEPCHOHHON MHMKPOCKOMWM, B KOTOPOE HACHLINAETCH BeChMa
Hebonbluoe KONHYECTBO H3MenbuEHHOro yras. Yepes 20 — 30 cekyHA yrofbHble YacTHUbI C MOBEPXHOCTH
Karuin OMyckaloTcA Ha e€ AHO, NOC/e Yero Ha NPEAMETHOE CTEKIO C Kan/iel HaK1aablBaeTCs BTOpOE CTEKNO
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n oba cTewia NpHXMMaloTes Apyr K Apyry. B pesynsrate npuima v A€rkoro pacTupamud, Kanns
«pacTBOPHTENA», a BMecTe ¢ HeH u npobbl yras, pacnon3aerca M 3aHMMaeT MexIy CTEKIaMH
OnpeneaEHHYI0 06N1acTb, rie SIerko MoxeT GbiTh NOABEprHyTa Mccrefosauio. OrGop Takoi npobul ans
MCCIENIOBAHUA MPOM3BOAMICA MOCIE TLIATEABLHOTO NEPEMELUMBAHMA HECKOJIbKMX, Gonee KpynHbIX
(KOIMYECTBEHHO) Npob, OTOGpaHHEIX B pasHbIX MecTax obluei Maccel  WaMenbuéHuoro yras. [Jas
MCCNea0BAHMS NPUMEHSIICA GHONOrHUeCKHH MUKPOCKON ¢ o61umuM ysenuuerreM x 120. Habnwonenue senoch
B8 NPOXOASIIEM HEMONAPHIOBAHHOM CBETE C NPUMEHEHHEM DNEKTPHUYECKOro OcseTuTes. [ peructpaumu
npuMeHanack MukpodoTtonacanka. C kaxkao# npobel NpoBOAMAOCH NO NATh GOTOCHUMKOB, CYET BEACH NO
K2KIOMY M3 KaapoB, 3aT€M faHHbie yCpeaHanuch. Ha puc.2 npuseneHa ofHa w3 Takux dotorpadwuii,
COOTBETCTBYOLUAA MOPOLLKY YIJIfl, H3MENBUEHHOTO B LIAPOBOH MENLHHLE B TEUeHHE 45 MUHYT B BO3YLUHOH
cpene npu Temnepatype 150 °C. Ha 5ToM e pucyHKe M300paxeéH ITaNoH, KAKOE AENEHUE KOTOPOro
coorBercTByeT 10 MUKpOHAM.

Puc.2 MukpogoTtorpadus npoGs! yrns, HIMEALYEHHOTO B 1WAPOBOH MEAbHULE.

Mo dotorpagmaM NOACHMTHIBANOCH CPEAHEE YUCAO YACTHU, MPHXOAMUECCH HA KAKABIH 13 creayoumx
MHTEpBANIOB pasmepos: 1-5, 5-10, 10-20, 20-35, 35-50, 50-75, 75-100, 100-160 muxpon. [TpuHannexnocTs
K TOMY MM HHOMY MHTEPBajly Pa3MepoB OMpeAEnsnach B COOTBETCTBHE C npeanoxenuem Bypycsamu (7]
10 JIMHEeRHbIM pazMepaM, U3MEPSEMbIM IS BCEX YaCTHLL B OHOM H TOM e HanpaBneHHH. Bosmoxnocts
NONy4eH!s NOCTOBEpHBLIX (yHKUMH pacnpefencHMA MpU OLCHKE PasMEPOB OTAE/LHBIX UYACTHU TAKMM
cnocoboM, nokasava B pabore B.A.Esrpadopa [8]. 3Has cpenHnit 1MaMeTp YacTHL, 3a BEIHYMHY KOTOpOro
NPHHMMAETCS CpefHee apuMETHYECKOe MENUly NOKAlaTeNAMH FPaHHMIL WHTEPBANOB, MOXHO TOACUNTATH
00BbEM KK0M U3 HaCTHL, a 3aTEM PacnpeaciuTh 061U BEC HIMENBYEHHOTO Yrisl NPONOPUHOHANLHO 3THM
ofbéMaM no kaxaoMy MHTepBany. BasB 3TH ke KONM4YECTBa B BHAE NPOUEHTHBIX OTHOWIEHHH, MOXHO
nonyyuts QyHKUMM pacnpeseneHna F= Am/m-Ad B 3aBucMOCTM OT nuameTpa yacTHu. B tabaunue 2
NIPUBOANTCA NPAMEP TAKOTO PacyérTa, COOTBETCTBYIOWIETO AHCNEPCHOIH CHCTEME, NPENCTARNCHHON Ha pHC.2.
DyHKUMA pacnpenenenns TOH CUCTEMbI JaHa Ha puc. 3-6.

Tabanua 2
Tpumep pacuéTa s NOCTPOEHHS (YHKUWH pacnpenenenrus
PaiMep 4acTuL, MKM
1-5 5-10 10-20 20-35 35-50 50-75 75-100
Cpennee 4HCO HacTHL B KAXIOM 1430 139 235 145 20 05 i}
HHTEpBane

Cpeannii anametp 4acThub d 3.0 1.5 15 215 425 62.5 87.5
é&- 10 0.027 | 0421 34 20.7 76.7 244 670

d’n-10° 39 58 80 76.7 152 122 -

Tpouesrioe conepxatine 6.0 8.9 123 | 307 | 234 | 197
KaXKA0# ppakumu, %
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Puc. 3-6. DyHKUMA pacripeaefeHHa HacTHLL Yras, M3MENbYEHHOTO B CIEAYIOIUMX YCNOBHAX: a — BO3AYX,
20°C; 6 - Boaayx, 120 °C; B — Bo3ayx 250°C; r — cyxoit yrons (W*=1.1%), Bo3ayx, 20°C; a — apro, 20°C; e
- aproH, 5 at™, 20°C.

BennuuHa ynensHoi MoBEPXHOCTH (nuzlr) onpeaenserca no dopmysne (1). Tlpu 3ToM npuHuMmaercs, 4To
yIenbHbIe Beca YaCTHLL, OTHOCALUMXCA K PasNHYHBIM (BPaKUMAM, MPUMEPHO OLMHAKOBEI:

S=6mn-Zn;d?/ ©In-d? =6m-EIn;yd?/En;d;

Ine  m - konM4eCTBO yrns B rpaMmax (B Halwem cnyyae m=1);

Y — YAenbHblii BEC Yraa;

N — KOJNHYECTBO YaCTHU B KOKIAOM MHTEpBaNe, OnpenenseMoe HENOCPeACTBEHHO MO ¢oTorpaduam
M3MENLYEHHOTO YA,

d; - cpeaHuit AMaMETp YacTHLL KDKAOro UHTepBaa.

Paszymeertcs, nonyuenHbie No 3Toi Gopmyne BenHuMHbI S He OTPAKAKOT MCTHHHBIX 3HAYEHHi
yAEbHBIX TOBEPXHOCTEH. B aeiicTBUTENbHOCTH, yronbHble 3€pHa 06najalT 3HauMTENbHO Gonbluek
BEJIMUMHOH NOBEPXHOCTH 3a CYET HENpaBWIbHOH (HOPMBI, HAMMYKMA MHKPOTPELUMH M BCKPLIBAEMBIX MPH
npobaernn Mukponop. OaHaKo, NONYYEHHbIE 3HAYEHHA S MOTYT GLITh C YCIIEXOM NPUMEHEHBI [PH H3YHEHHH
M3MENLYAEMOCTH YrNs M 33aBHCMMOCTH €€ OT YCIOBMA M3MENbYEHHA, T.K. OHM HENOCPEACTBEHHO
XapaKTepH3YIOT H3MEHEHHE BETHYHHBI YTONbHbBIX 3EPEH.

Jna XapaxTepUCTHKH NONYYEHHbIX YrONbHbIX TNOPOLIKOB MOTYT ObiTh HCMOJB30BaHBI TAKKE
(aKTOphI hOpMbI YACTHLL HIMENBUEHHOTO YA AN €ro OTAENbHbIX (PAKLUMIA, HO Mbl HE NMPOBOAMIN TAKHX
PacyéToB, OJHaKO MONY4eHHble GpaKUWMK pacnpeieneHHs W APyrHe NaHHble MMKPOCKOTNMWYECKOro
HMCC/IElOBAHHA NO3BONAIOT MOAYYHTL 3HA4eHHA (hakTopoB HOpMbI W B GONBIUKHCTBE U3 YKA3aHHbLIX BbllUE
cayuaes. [InA NPUMEHEHHUA YINA B HALUWUX SKCNEPHMEHTAX rNaBHbIM HaKTOpPOM Okasanock aMenbueHue. OT
3TO# OmepaLyy, CyLIECTBEHHBIM 06Pa3oM, 3aBHCAT CBOICTBA BbIpabaTbiBaeMbiX M3 YIiis npoaykToB. IlyTém
U3MENbYeHNA Yrns W nepeMeilluBaHua oGpalopapluuxcs (pakuuii  NOCTHraeTcA YCpEQHEHME €ro
BELECTBEHHOrO COCTaBa K KaYECTBEHHOMY BLIPABHWBAHHIO LIUXTbI M MOJIyYEHHE Yrin 8 BUAE OAHOPOAHOM
Macchl. M3ameHeHHe CTeNeHH W3MENbYCHUS YrAf HE TONLKO YCPEIHAET MEXaHHYECKHE CBOMCTBA, HO M
3aMETHO BJIMAET Ha PEaKLIHOHHYIO CIOCOGHOCTS, T.K. YBENHUWBAETCA YAe/IbHasA NOBEPXHOCTD.

HasecTHo, uTo MexaHuueckoe BO3NEHCTBHE Ha BLICOKOMONEKYNAPHbIE BELIECTBA MPHBOMHMT K
M3MEHEHHIO MX XWUMWKHECKOH CTPYKTYpbl, MOJEKYNSpHOTO Beca, oOpa3oBaHWIO CBOGOLHbBIX PaaMKaIOB,

288



BLI3bIBACT M3IMEHEHHE KoH(oOpMaumn Monckyn. C Apyroil CTOpOHbI, ApH NMCNEPrHPOBaHWM, Hapsay ¢
YBE/IWYEHHEM HX YAEKBLHOH MOBEPXHOCTH, MPOHCXOAMT amopdulauus, ysenudeHue cBOGOAHON 3Hepruu,
ofpasoBaHie CBOGOAHBIX paauKanos. YCTaHOBAEHO, YTO B MPOUECCE HM3MENbUYEHUS MPOMCXOAMT
HIMEJIBUEHHE NOYTH BCEX (MIMKO-XMMHUECKHX CBOHCTB ITHX BewlecTB. [IpHuMHBI, BLI3bIBAIOLME
MIMEHEHWE CBOHCTB B PE3ynbLTaTe MEXAHHUECKOTO [AMCNEPrupoBaHMA, AENATCS Ha TpW rpynnstl.
VYMeHbLIEHHE Pa3MEPOB YaCTUL, YBEHYEHHE KPUBM3HbI NOBEPXHOCTH, a CENOBATENbLHO, W YBENHYEHHE
MCTHHHO#M YNeNbHOI NOBEPXHOCTH.
2. MexanH4ecKOe HapyWEHHE KPHMCTANTHHYECKOH KPUBHM3IHBI NOBEPXHOCTHBIX CNOEB TBEPILIX TEN M
noBbileHHe CBOOGONHOIM Heprum.
3. OGHaxceHMe HOBBbIX MOBEPXHOCTEH, conpoBoXaatouleecs obpalosannem cBoGOAHLIX paaukanos. Takue
apnenua Gbut oGHapyeHbl NpH BUOPOHIMENLUCHHM BLICOKONONMMEPHBIX BEILECTB: KBapua, rpadHTa,
CaKH M T.AL.

Mexatnuueckas 06paGoTka TBEPABIX Ten MOBBLILAET aKTHBHOCTL HX NOBEPXHOCTH, HTO MPUBOAMT K
BO3PACTAHHIO aICOPOLIMOHHON H PeakLMOHHON cNOCOBHOCTH.
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OBPABOTKA YIJIEPOJHBIX AACOPBEHTOB METOXOM MEXAHOXHMHYECK(j;
AKTHBALIMH C LEJIbIO BO3AEACTBHSA HA TEIUIBIE TYMAHBI

Younmsim K.M.

Pedepar
C ueneto B03AEHCTBHA Ha TEMNbE TyMaHbl, Gblna pa3paGoTaHa TEXHONOrMA H METOAHKA NOTyYenys
MEKOAHCNIEPCHOrO YrAEPOJHOro ancopbenTa ¢ MOMOILBI0 MEXaHOXMMHUUECKONH axTHBauuH. HaMensuenne

NpOBOAHAOCH B MENbHHLAX AIBYX THIIOB; MCTIONb30BANHCH Taloke oObiuHas (paphoposas WapoBas MenbHuia
1 BUGpoMenbH1ua THa M-10.

CARBONIC ADSORBENT PROCESSING BY METHOD OF MECHANIC CHEMICAL
ACTIVATION WITH PURPOSE OF EFFECTING ON WARM FOGS

Chochishvili Q.
Abstract
To effect on warm fogs, technology and methodology of getting of fine-dispersed carbonic adsorbent

have been developed using mechanic chemical activation. Decomposition was carried out in two type mills,
was used usual kaolin sphere mill and vibromil! M-10.
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BAMSIHUE ITPOCTPAHCTBEHHOM CTPYKTYPbI MOJIEKY.JI
OTAJEBBIX KHCJIOT HA UX ANCOPBLIMOHHBIE CBOMCTBA

Younwsuau K. M.

Hucmumym zeogpusuxu um M. Hodua

IMocne H3yyeHH s CTPOEHHA ¥ (PUIUKO-XMMHYECKUX CBOACTB YKA3aHHBIX KHCIOT Ha JepuBatorpade K
aHATH3a NONYHYEHHBIX AAHHBIX TEPMOTPABHMETPHYECKOrO HCCACNOBAlMA, NOSBUNACH HAEA HCMIBITATh ITH
KHCIOTH B KA4ECTBE aACOpOEHTOB MnA BO3NEHCTBUA Ha TENmbie Tymaust. B nepsyto ouepems Obinm
fpOaHANH3HPOBAHEI TEOPETHYECKHE OCHOBLI Bonpoca. CornacHo MonekyaapHoii Teopuk aacopbumy rasos
#a Hecneunguueckux ancopbeHTax, OHa TOMKHA N2BaTk OTBETHI HA BONPOCEI: NOYEMY aHHOE BEWECTAO Ha
omHoM TBEpIOM Tene aacopGupyetres Ayuile (Xyke), HeM Ha IPYroM, M MOYEMy HA OZHOM H TOM Xe
TREPAOM TENE OXHO BELLIECTBO ancopGupyerca cunbhee (cnabee), yem apyroe. OTSET Ha ITH BONPOCH MOXET
1aTh TONLKO TEOPHUS, OCHOBAHHAA HA PacCMOTPEHHHM SNEMEHTAPHOTO aKTa (TEOpHA Ha MONEKYNAPHOM
yposke). ToAbko 3Ta TeopHa aacopbuny cnocobua onucate Te GHIMKO-XMMUUECKHE CBOHCTBA ancoparta K
ancopbeHTa, KOTOpbiE OMPEAENsAloT AaACOpOLMIO M TaKKe MOTYT NaTh YPaBHEHHS, CBA3LIBAIOUlHE
TEPMOSMHAMMHECKHE XAPAKTEPUCTHKM aICOPOLMM C ITHMH PHINKO-XMMUHECKKMH cBoiicTBamy [1, 2, 3].

o HenaBHero BPEMEHHM CYHTanoch, 4T0 fpu  Banpepeaanucosoit  agcopbumu  dHeprus
BOMMOJENCTBUA MEXAY AAHHLIM BEIUECTBOM M aACOPOEHTAMH pPa3HOii NPUPOAbI HE OYEHb PAIHATCA.
[lpeanonaranoch, 4TO XMMHM4YECKas NPUPOLA MOBEPXHOCTH ancopbeHTa ana ¢u3mueckoit agcopbumm ue
CyWwiecTBeHHa, H BENMUMHA aacopOLMKM NaHHOrO BELIECTBA HAa CAMHHMUY NOBEPXHOCTH Jtoboro ancopbenTa
ABASETCA OAHOM M TOH K€,

Oavako, B nocieaytowieM Obin  HakonneH Gonblwod 3KcnepUMeHTANbHLIA  MatepHan [4],
YKAILIBAIOWMA HA TO, YTO UIMEHEHHE XHMH4ECKOH NPHPOALI NOBEPXHOCTH ancopbenTa nyTéM nNposeaeHHs
XMMHYCCKMX peakuuii NPUBOAMT K HM3MCHEHHMIO ancopOUHOHHOR aKkTWBHOCTM BewlecTs. [lostoMy
ECTECTBEHHO, YTO MPH YaCTHYHOM WM NOJHOM 33MELUEHUH MOBEPXHOCTHBIX FHAPOKCHWIBHBIX TPYNM
CHIHKAreNs OPraHUYecKWMH pafMKanamu Wau atomamy ¢Topa, ancopbuus napos kak NOAAPHLIX, TaK W
HEMONSPHBIX BEWIECTB, YMeHbliaetcs. [lonoca cBOGOAHBIX TMAPOKCHILHBIX TPYNN aacopbuMy Ha Takux
MOMM(QHUMPOBAHHLIX ~ BELUECTBAX M3MEHSETCA  TaK, KaKk W npn  ancopbuun  Ha  o6bIuHBIX,
HeMOAMGHLMPOBAHHBIX  CHUAWKarenbHbix aacopbentax. [lpw  moanduuMpOBaHMM  MCNOAB3OBANHCH
PRBNHYHbIE OpraHM4ECKHE W HeopraHuueckue sewectsa. B Hawem cnyyae — Si0;, amopdubiii yrons w
Ipyrue.

YcTaHOBHIN TaKoke, Y4TO Haubonee CHIILHO 3TO YMEHBUICHHE BBIPAXKEHO JUIS NAPOB BOAbI, CRHPTOB H

ApYruX OpraHHUECKHX BELLECTB, UMEIOMNX THAPOKCWIbHLIE TPynnbl.
B cpaan ¢ Tem, uro anextponmas d-ofonouka KpeMHHS He 3aMONHEHa, PACMpEENEHHE IMEKTPOHHOM
TUIOTHOCTH B FMAPOKCHBHBIX [PYNMAaX NOBEPXHOCTH CHIMKAICIA TAKOBA, YTO B HHX OTPHUATENbHBIA 38paA
CHILHO CMEMIEH K aTOMY KHMCIOPOJIa, & TOM BOAOPLAA YaCTHYHO NPOTOHH3IMPOBAH U 06pasyeT npoToHHbLIA
KMCIOTHBI weHTp [S, 6]. To obCroATERbCTBO ofecreunsaeT creunpuueckoe BIaHMONiERCTBHE
MOBEPXHOCTH KPEMHE3EMa CO CBAIMM WMM 3BEHBAMH MOJieKysl, ofnajarolumx COCPEROTOUCHHOH Ha
nepudepun 3MEKTPOHHOI IIOTHOCTHIO.
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HccnenoBakiie B TeueHMe MHOTHMX €T OpraHMyeckux sbaooGpalytownx sewects [7] nano
BOIMOXHOCTS YCTAHOBNIEHHA XApaKTepa BIMSHHSA NPOCTPAHCTBEHHOM CTPYKTYphl MX Moaekyn. ®usuko-
XMMHUECKHE XapaKTEPHCTHKH 9THX GeH3011MkapGOHOBLIX KHCNOT NpHBeAeHS! B TabnuLE:

F K Gopuyna Buewnuii B1a M PactBopuMocTE B rpamMmax Ha 100 mn
HCI0TA
P T/IOTHOCTL Bonpi Otasona
1. Oprodranesas C‘H‘(EDSOH)’ Becuperubre
WiH ¢ranesas 1,2- ™ coon pombuueckue 0‘54“ ]],69”
6enzonaukap6onoBas KPUCTAMIBL H3
KHCNOTA . Boawl; 1,593
2. Meraranesas CcHy(COOH),
unv w3odranesas ./ C0O0H becuseTHbie HrTbI 0013% 0228
1,3- € Y 3 ropAueH Bl r’ i vone pacTBOpHMa
6ex3onamukapGoHoBas s 3 W crupTa OpHeH BOA
KHCII0Ta s, oo
3. Napadranesas unu CG}"-‘C(OEHOOH)Z
Hrapt niu
Tepedrancsas |,4- aMopdHble 0,016 TPYAHOPacTBOPHMA
6GensonauxapboHoBas POH ’
KHCAOTa Lo Kpuctawsl; 1,51

Hamu 6bina npeanpuHATa nonbITKa HM3y4eHHA H3OMEPOB C pPa3fH4HOH MPOCTPAHCTBEHHOH
CHMMETpHeil  pacrofiokenua B Monekynax (QyHKUMOHAILHBIX paaMKanos, cnocoGHBIX 06pa3loBbIBATH
Bozopoawbie cBA3H. bbina npobeaeHa Gonbluas cepuA 3KCNEPHMEHTOB, KOTOpaA A&la MONOMKHTENbHBINA
Pe3ynLTaT: MOJIEKYJIbl, B KOTOPLIX TaKHE PaJMKaNbl pacrionaraloTcs Gonee CHMMeTPHUHO, ABNIOTCA M Gonee
aKTHBHbIMH. JleTanbHo GbIM M3yueHB! H3OMephb! (GTaNeBOH KHCNOTBI, KOTOPHIE PA3IMYAIOTCA CTEMEHBLIO
CHMMETPHH pacnooxenus pannkanos COOH B 6eH301bHOM KOMbLE MONEKYbI.

HHTepecHo To, 4To aKTHBHOCTb BO3pAcTana npH NEpeXofe OT GTaneBoil KUCNOThI k HIO(TANEBOR H
6bina MaxcHManbHOl y TepedTaneBodi kucnoTbl. CpaBHEHHE NOMyYeHHBIX AAHHBIX MOKa3bIBAET, HTO
npoBeAEHHbIE HAMH SKCTIEPHMEHTBI €LIE pa3 MoATBepaHAH npeanonoxenue OyxyTsl U apyrux asTopos {8,
9]. Takoe MOBEREHHE 3THX W3OMEPOB MOCNYKMO NOBOAOM /i WCCNEAOBAHHA C LIEALIO MOSyYEHHA
NONONHUTENbHBIX cBencHui. Tax kaK OCHOBHas 3aja4a [aHHOW paboThI 3aKitoyanach B HM3y4EHHH
ancopOUMOHHOH  CMOCOGHOCTH  M3oMepoB  (hTaneBOM  KHCNOTHl, WMes JaHHble O CTPOEHHH H
TEPMOTPaBUMETPHYECKHX NapaMeTpax 3THX KHC/IOT, PELIMIHW HCMBITHIBATL MX Kak ancopGeHThl MpH
BO3INEHCTBHM Ha TéNble TyMaHsl, Hccnenosanue senock B Manoi ofnauHoii kamepe o6bémom 125 m’, B
ZIBYX HanpaBieHusX — Kak B XHMHMUYECKH YUCTOM, Tak M B MoaudHLUupoBaHHOM BHae. MoaubuumpoBaHue
NPOM3BOAMIOCE Pa3HLIMH XHMHMUYECKHMH BELIECTBaMH. PeareHTsl uccnefoBandcs B MOPOLWIKOOOPa3HOM
BHAE, T.K. OHH HE NOAAABANMCH BO3roHke. COrnacHo JIMTEPATYPHBIM JaHHBIM, OHH pasfnaraloTcd H, Kak
NOKA3A/TH TEOPETHUECKHE PacU€Thi, PH PAINOKEHHH OHYU TIEPEXOAAT B APYyrue BeleCTBA, TEPAA NMPH 3TOM
3HAUMTE/IbHYIO HaCTh CBOETO BECa, 4TO 6110 IKCNEPHMEHTANBHO NOATBEP AeHO Hamu [10].

B nocneanee Bpema MIA MCCNENOBAHHA OPraHHYECKHX M HEOPTaHMYECKMX TBEPABIX BEILECTB, LIMPOKO
MCTIONB3YIOT TEPMOrPaBHMETPHYECKHH METOA C NMpHMeHeHHem nepusatorpada cuctembl ®. Taynuk, Jhk.
[aynue u JI. Dpaeii [11]. On 5aér BOIMONHOCTL NOMYUHTL RONONHUTENbHbIE JAHHBIE [UIS XapaKTEPHCTHKH
BEWECTB NMPH XMMHHECKHX MpeBpaiiennax. Kak ykaisibanoch Bbiwe, Gbimv uccrenosausi o6pa3usi,
NOJIY4eHbl OXKMAAEMble PE3YNTaThi W CHATHI JEPHBATOrpaMMBbI, MpUBEAEHHBIE Ha puc.l( a, 6, B)
COOTBETCTBEHHO. XapaKTep ITHX BELIECTB ONUCHIBAETCA TPEMA KPHUBbIMH:

HATA - nuddeperumansrorepmorpasumetpueckoit, TI' ~ Tepmorpasumerpuyeckoii, T — TemnepatypHoii.
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TIpH paccMOTpEHHH 3THX KPHBBIX BHIHO, YTO MEPEXOA BELECTBA B 23POIONLHYIO HOPMY CONpOBONIAETCS
ABYMS 3HAO3hEKTAMH M MPOTEKAET CTYNEHYATo, HO CleAyeT OTMETHTB, 4TO NMPH Harpepe TepedTaneBoii
KHMCJIOTBI, B OT/IMYKE OT APYTHX KHCNOT, OCHOBHaA Macca — IPUMEpHO 95,5% BO3roHseTcs B OAHY CTaMIo, B
TO BPEMA Kak BO3roHka n3oraneBoii M (ranesoii KMCIOT NPOTEKAaeT B HECKONLKO CTanMii. 3ToT dakT ewd
pa3 MoKasbiBaeT 3aBUCUMOCTb a/ICOPOLMOHHOM COCOOHOCTH OT CTpoeHMs BewlecTsa. Pazuuua B cTpoeHHH
MOJIEKYJT 3THX BELIECTB BHIABANACH HE TONBKO B MX afICOPOLMOHHO# CMIOCOGHOCTH, HO H B HX TepMU4ECKOM
ZHCCOLHALIMM.

Hepuparorpaduyeckuii ananus TepedTanesoii KUCIOTHI NOKA3LIBAET, YTO M0 CBOMM CBOHCTBaM OHa
3HAYUTE/IbHO OTNHYAETCA OT APYHX H3IOMEPOB, YTO HAr/AAHO NPOABNAETCA MPH €€ BO3AEHCTBHN HA TEMBIH
TyMaH.

Ha ocHOBe HaKOMAEHHbIX AAHHBIX O CBA3H a1COPOLHOHHOIN COCOGHOCTH OPraHHYeCKHX BELLECTB C
MX NPYrHMH XapaKTEPUCTHKAMH, MOXKHO CAENaTe BLIBOA, YTO HYXHO OTAATh MPEAMOYTEHHE BEILECTBAM,
MOJIEKY/Ibl KOTOPbIX WMEIOT CHMMETPHYHO PAaCMONOKEHHBIC rPYNMbI aTOMOB C Pa3sHbIMM XHMHYECKUMH
CBA3AMH.

Ha ocHoBe 3Tux pe3ynbTaToB ObinM OTOOpaHbI NOAXOASIIME BEULECTBA M3 Pa3HBIX KIIACCOB
(HEOpraHU4eCKKe, OPraHW4eCKHe, MHHEpPanbl W T.A.), HCMIBITAHME KOTOPBIX NNAaHHpyeTCA B Gnukaiiliee
BpeMS.
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BJHSAHUE IPOCTPAHCTBEHHOM CTPYKTYPBI MOJIEKYJI ®TAJIEBBIX KHCJOT
HA X AICOPELIMIOHHBIE CBOMCTBA

Younmsuan K. M.
Pedepar

Beino nccnenoBano cTpoeHne Monekyn TepedTanesoi KHCIOTbl U €€ M30MEpPoB — OpTOdTaNeBOH H
m30diTaneBoit KHCAOT MIs MonyyeHUs MHGOpMaLnK o Mexanuame aacopbuun ¢ napamu Bombl. HauGonee
aKTHBHOW ARNAETCA TepedTaneBas KMCNOTA, KOTOpas XapakTEPH3YETCA CHMMETPHUYHBIMH MOJEKYJaMH.
JHepupatorpaduueckniit aHanu3 TepeTaneBoi KMCAOThI NOKa3an, YTO MO CBOMM CBOWMCTBaM OHa CHILHO
OT/IM4EETCs OT APYrHX M3oMepoB. [lenaeTcd 3akiItOueHue, YTO AR CO3AaHMA 1bA000pasyoLNX PeareHToB
NpearnouTeHHe HAA0 OTAaBaThb BELUECTBAM, MOJEKYNbl KOTOPbIX MMEIOT CHMMETPHYHO PACMONOXKEHHbIE
aTOMbi WIH IPYMNbI ATOMOB C Pa3HbIMM XHMHYECKHMH CBA3AMH.

INFLUENCE OF MOLECULE’S SPACE STRUCTURE OF PHATALIC ACIDS ON
THEIR ADSORBENT PROPERTIES

Chochishvili Q.

Abstract
To get information about adsorption with water vapor mechanism , molecule structure of terephtalic
acid and their isomers — orthophthalic and isophthalic acieds have been investigated. The most active is a
terephtalic acid, which is characterized by symmetric molecules. Derivatographic analysis of terephtalic acid
has shown that by it differs significantly from other isomers by properties. We came to conclusion for
creation ice-form agents substances with symmetric situated atoms in the molecules with different
chemical connections are more preferred.
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AHAJIN3 U3SMEHYHUBOCTH KOHUEHTPALIMY IPUBEMHOI'O O30HA
B TBUJINCH B 1984-2003 I'T.

YUnxnanze B.A.
HuctutyT reopusnxn um. M. Honna, 0193 T6uaucu, yn. M. Anekcuaze 1.

TponocdepHEli 030H YBETHYKIICA H, B LENOM, TPOJONKAET HENPEPEIBHO YBEIUUUBATLCH B
ONpEACNEHHBIX PErMOHaX MHpa BCIECACTBHC 3MHMCCHH HTPOMOrCHHEIX NPEAMIECTBEHHHKOB 030HA.
Onnako, B pa3’Hble NEPHO/BI BPEMEHH U B Pa3HbIX DEFMOHAX MUpPd CKOPOCTH 3TOrO YBEIHHEHHS
pasnnuHel. Tak, 3HAYMTENBHOE YBENMYEHHE KONMHYECTBAa MPH3EMHOr0 030HAa HAGMIOAANOCH B
Lyrwmnutue (lepmanus) (3000 M n.y.M.), rae poct cocrasnsn 1,5% B roa. OnHako, 3a NepHOX
1970-b1x 1 1980 —b1x ronos, B nepBbie 5 et poct cocrasun 3,06% B roa, Toraa, Kak B HOCIEAHAE 5
JIeT 3TOT pocT cocTaBun Beero 0,63 % B roa. INo pesynbTataM 030HO30HAMPOBAHMA HA CTAHUHMH B
XoaunaiiccenOepre B HIDKHeH M cpeaHeil Tponocdepe Habmomanca poct B TedeHue 1970 —bix
rogoB U B Havyane 1980-p1x romoe, a ¢ cepemuubl 1980 —pix romoe u B 1990-ple romst -
HeaHauHTensHbli pocT. Ha rope VYaiirdedic B wmrate Huto-Hopk, rae cpemnmuii poct o3oma
3apukcupoBan Ha ypoBHe 0,45% B roa, B nocneasee BpeMs HabniojaeTcs He3HauMTETbHOE
yBenuyeHHe. CornacHo JAaHHBIM CTAHUHH MOHHTOPHIITa 030Ha, B HeypOaHM3HPOBAHHBIX palfoHax
CIIA wuabmopaics He3HauuTeNbHbIH TpeHx o3oHa B 1980 — 1995 -bie roawm [12], a
030HO30HIHUPYIOIUHE CTAaHLMH HE IOKA3BIBAIOT yBenM4eHHs o3oHa ¢ 1980 —bix rogos. Bo Beex
OCTaNbHBIX OTAAIEHHBIX Ha3eMHBbIX cTaHUMAX B CeBEpHOM MONylIapuu, KpoMme CTaHuMH MayHa-
Jloa, CaBaiiu, rae npoxomxaeTcs He3HAYHTENBHOE YBENUYeH e, npuMepHoO B 0,35% B ron, ¢ Hayana
1980 —bIx poct He HaGmwonancs. Takoe e He3HaUHTeNbHOE yBenwyeHHe Habmonaercs B IOxHoM
NoJTylIapuy Ha cTaHuMsx MbIc ITofinT B IOxHOM Adpuke u Mbic ['puM B ABcTpanuu, a Ha Camoa
OH OTPHLATEJNEH .

Ha cranuun Apkora KI1O Beipocna c 30 MKI/M (1955r) no 50 mkr/M® (1980 1), T.e. pocT
cocrasun 0,9 Mkr/m® 3a rox um npuMepHO 3,9 % B ron. ITOT TpeHA AaH ¢ BEPOSATHOCThIO P=95%.
HabmonéHHbIH MakcaMyM 3adHKcHpoBaHHLIX 3uavennii KIIO cocrapun >100 mMkr/M® u >160
Mkr/M®  Ha Bcex cranumax. ITo npeanonoxenuto astopa, nosbitneHne KIIO mnpoucxommio
BeniefcTBrE  POTOXMMMYECKOro o0pa3oBaHMA 030Ha B Tponocdepe Ha MeCTe H3-33 HAIHYHA
Gonbuoro konuuectsa CO,, MeTaHa U ApYrux yrjieBOLOPOAOB B MPHCYTCTBHH okHcioB a3ota (NOy
=NO; + NO ), 4TO MO0 MHEHHIO aBTOpA ABNACTCA CIEACTBUEM POCTA AaHTPONOTEHHOTO 3arpA3HEHHA
aTMocdepsl, B IIepByrO ouyepeb aBToTpaicrioptoM [18].

3HauMTeNBHBI POCT TPONOCPHEPHOTro 030HA, paBHOTO 5 — 25 % B AecATHNETHE, HAabmOKANC
B 1970 — 1996 ropax nan Eeponoit (Xoounaitccen6epr, laitepn, YKKI) H pacnpocTpaHAIca 10
ypoBus 300 M6 Han mnosepxHoctbio. boiikoB u ®uoneros [11], npoanannsuposas TpeHI
OTHOCHTENIBHO ~ MECTOIOJIOXKEHUS  TPOMOMNay3bl, NpUUUIA K  BBIBOAY, UTO POCT Han
XoaHnajicceHGeproM 3HaYMTENEH HA BhICOTe | KM Hal Tpomonay3o# ( 34€Ch OH JIOKAlH3YeTCs Ha
ypoBHe Mexay 200 u 250 MG). Jlannsle no SINOHMH MOKa3bIBAIOT HE3HAYHTENLHOE YBEIHYCHHE
o3oHa B 1970 — 1996 ronax na yposHe 5 — 15 % B JECATHIETHE, OCHOBHOI - Ha YPOBHE NPHMEPHO
500 M6, Tonbko Karowuma paér ysennuenue Ha 300 M6, uTO OUEBHAHO CBA3AHO C TEM, YTO OHA
HaXOAMTCA B CYOTpPOMHYECKOM paifoHe. DTO He ABJAETCH OYEBHAHBIM JUIA TAKOIO XE YBEUYEHHA
Han CeBepHoil AMepHKO#t, kak 3T0 npeacTasieHo B BMO [19].
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Ha soctoke CLIIA ( octpoBa Bamioric) poct nocturaet Beero 5% B aecaruinetye. Taioke e
nabmonancs poct B Kanaze B 1970 — 1996 ronax, saece ckopee HAET COKpALICHHE, TEM HE MeHee,
KaHaCKHe NaHHBle OTIHYAIOTCA KayecTBEHHOCTBIO [20]. AHanu3 mpoBenéH TONBKO TS TPEX
CTaHuMi, OTOGPAHHBIX 1O KayecTBy 3amMcH. JlaHHble OBLIH HCTIONB30BaHB! JUIA NPOrPAMMBbI
WOUDC. Tam nabmonalorcs Gonmblude BapHauMM TpeHaa B nepuoa 1980 — 1996 romos, mo
cpasuenuio ¢ nepuogoM 1970 — 1996 ronos B Eppone .  Ha crannmm Yxiuie HET 3HAYHTENBHOrO
Tpenna, ewé MeHbLIMI OTPHLATENbHEIA TpeHa B Xo3nnaliccenGepre B cpenneit Tponocdepe B 1980
- 1996 romax, Tonbko B [ladiepHe uMeeTcs MonOXHMTenbHBLi TpeHa Ao 10% B necaTuierne.
HUMeloTcs NONHbIE 3amucH N0 TponocdepHbM favHbM 1is [Tafiepra B 1980-s1x ronax  [20]. Tpewn
B TOCTIEAHEE BPEMA HE3HAYUTENEH, TaK KaK OCHOBHOM POCT 030Ha IPUXOIMTCA Ha repuon oo 1985
rofia ¥ BEIMYHHA 030HA C TeX MOP 3HAYHTENbHO He NpHOaBMIach . JIpe ANOHCKHUE CTAHLMH UMEIOT
poct 5 — 15 % B AecaTHIIETHE, HO ITO HE ABNAETCA INIaBHBIM, TaK Kak cTaHuMA B TateHo, y KoTopoii
caMbie Ka4eCTBEHHBIE 3allHCH, HE 0Ka3bIBaeT pocTa.

Kananckue cTaHUMH MOKa3HIBAIOT yMeHbIeHHe Ha 2 — 8 % B AecsTuneTue M oHM Gonee
Han&xHb!, yeM pe3ynbTatsl 1970 — 1996 ronos, MOTOMY YTO NEKTPOXMMHUECKHE AYEHKH 30HIOB
Osuin  wcnonb3oaHsl mocne 1980 —ro roga. IlpexHue naHHBle KaHAACKMX CTaHIMH,
HCIO/b30BABIIMX JICKTPOXUMHUYECKHE AYEHKH, TI0Ka3pIBatoT yMeHbiuenue [13; 15; 16]. Cranmus
Ha octpoBe Bannonc 8 CILIA nokasniBaeT He3HaYMTENIBHBIA TOJOXKUTENBHEIH TPer, a B boynnepe
HMEET MeCTO NOHMXeHHe B cpenHeil Tponocdepe c¢ 1980 —x rogos mpumepHo Ha 5% B
Aecatunete. Her 3nauntensoro tpenna 8 Xuno ([asaiin), npumepHo ¢ 1982 rona u B Jlayzepe,
Hosas 3enanaus, c 1984 —ro roga. Oat™manc ¥ ap. [15] oOHapyXunu He3HAYUTETBHbIN TPEHA B
Xosunajiccenbepre, Boynnepe, octpose Bawtonc, B Tateno ¥ Xumo B 1979 — 1995 romax mns
cpenueii Tpomocdepbl H 3TO COOTBETCTBYeT pe3ylbTaTaM APYIHX HCCICIOBAHHH, TOTAa Kak
Bonexep 1 ap [10] ve o6Hapyxunu 3HaunTensHOro Tperaa ans Jlayaepa.

Cornacno nporpammam UNEP/WMO, 6b110 mpoBefeHO Uccae0BaHHE 06 HCTOPHUYECKHX H
COBPEMEHHBIX H3MEPEHMAX 030HA B OTAANEHHBIX paitoHax 3emnu. Tpena TpormocdepHOro 03oHa
MMECT DPErHOHANBHBIH XapakTep M OCOGEHHO XOpOLIO 3TO MPOC/IEXKHUBAETCS HAa OOLIHPHOM
uHbopMau¥n o  konuyectBe O3oHa B Espone. Mapenro u gp. [14] npoanann3mposaiu
WweéHOeHOoBCKHME H3Meperns Bo Ppanuuy, B ITuk a0 Muau ¢ 1874 1o 1909 rozsr. Konnentpanus
030Ha 6bL1a cTabnIBHOM B TeueHHe nepBsix 20 JieT, IpuMepHO Ha yposue 10 pps, MoCe 3TOr0 OHa
pOCiia B TEYEHHE CIERYIOMHKX 15 net npuMepHo Ha 1,6% B roa. IlpuMepHo Takoe xe 3HayeHue B 10
PPB nony4eHs! Ha craHuuu Mouciopu B npuropone Ilapmxka no nanHsmM HabmopeHuii 3a 1876 —
1911 —pie romp xoaMUecTBEHHBIM MeTofioM [17], HecMoTps Ha GonbuIoe pa3jiuuve B BBHICOTAX
(Mux  mo Muau HaxoauTca Ha BeicoTe mopsaka 3000 MeTpoB), TO €CTb OTCYTCTBYET BBICOTHBIN
rpaaueHT. [IpoBend aHauN3 JaHHBIX MO THM NBYM CTaHLMAM, @ TAKXKe NAHHBIX CHOPafHYECKHX
M3MEpEHHIA 0 BLICOKOTOPHBIM CTaHUMAM Eponel 3a nepuon 1933 - 1980 —six rogos, Mapenro n
Ap. [14] ycraHoBmnn, 4TO pocT o3ona B Teuenue 100 neT coctasun B cpenHeM 1,6% B ron.
CoBpeMeHHble M3MepeHHa Ha [IMK m0 Mujm Jand MpHMEPHO MOCTOAHHbIE 3HAYEHMs O30HA B
neproa 1990 — 1993 roaer. Ont™anc 1 ap. [15] cooblwatoT o TpeHze 030Ha B OTAANEHHBIX paoHaX,
HHbOpMAUMA O KONHYECTBE O030HA IOMY4EHA C [OMOLIbID CHEUMATLHO OTOOPAHHBIX
030HOMETPHYECKHX CTAHLHH C NPUMEHEHHEM KaueCTBEHHbIX TEXHONOMHIi H3MEPEHHA.

B I'py3un, kak u B IPyrHX CTpaHax MHUPa, B MOCNEAHHE FObl OTMEYAETCS MONOKHTENBHDIMA
TPEH/ KOHUEHTPAUHH NMPH3IEMHOTO 030Ha. J[BasuaTHNETHHH PAN HempepoiBHBIX HaGMOAeHWMHA 3a
KITO B TGmwmcy nan BosMoxHOCTs nposecTd Gonee meTanbHbN aHanu3 usmeHwnsoctd KI1O B
Toumucy no cpasHeHMIO ¢  paHHMMHM Hccnemomasmu [1; 25 3; 4; 5, 9; 10], a MMeHHO
OCYLIECTBHTh, KaK TO NPHHATO B CTATMCTHHECKUX MCCNENOBAHMAX HECTAMOHAPHBIX MPOLIECCOB,
BbUIE/IEHHE TPEHIOB H CIy4aHBIX COCTaBIAIOMMX M3 pAnoB Habmonenuit 3a KIIO pa3nuumoro
macurraba ocpennenus [7; 8]. Hanuume aBTOKOppenALMH SBNAETCA OAHMM U3 MPH3HAKOB
CylllecTBOBaHHS B psajgax HaOmognenuit TpengoB. Ha pmaHHOM osrame nccneoBaHHE Mbl
OTPAHHYHIIMCh MCCTENOBAHHAMH BPEMEHHOH DErPECCHBHON 3aBUCHMMOCTH IS CPEIHEMECHYHBIX
3nauenuit KIO 8 T6umcu B nepuon ¢ 1984 mo 2003 rr, ¥ aHanM3OM TPeHHOB AN CPEIHMX
CE30HHBIX, MONMYTOAOBBIX M ronoBbix 3HaueHuii KI1O ans Toro se nepuoaa spemeHH.
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B T6unucu B mepuon ¢ 1984 mo 2003 rr (na 15 wac.) mo 1997-1998 rr mpoucxonusm
nenpepeiBHbIA poct KI1O, nocne yero snayenus KIIO cranu seckoapko ymensuiatocs. [logoGHas
H3MEHYHBOCTh CpeaHeMecsuHbIX 3HaueHuit KITO xopowo mpocnexusaeTcs (3a MCKIIOMEHHEM
JIETHUX MECALEB) M HA PHC. | B KAUECTBE MANIOCTPALHH NI0Ka3aHa U3MEHYHBOCTH CPEHEMECTYHBIX
3HAYEHUH KOHIIEHTPALIUH NPH3EMHOro 030Ha B TOHMHCH B 3uMuuii ce30H ¢ 1984 o 2003 rr (ua 15
4acoB), Ha KOTOPbIX M300paxkeHbl KpHBRle BpeMeHHoro xoma KITO ans kaxaoro M3 3MMHHX
MecsAUeB ¢  BAKTHYECKUMH JAHHBIMH M COOTBETCTBYIOIIMMHM MM JIMHHSMH  PErpecCHH.
Ko>¢dpuunenTsl ypaBHeHuii perpeccun, cBassiBaromux cpenHemecaunsie KIIO co BpemeneM,
npeacrapiiedsl B Tabnune 1. B atoll ke Tabnuue npenctaBnenbi 3HaueHus KoddhduumeHTOB
JieTepMHHALMH, MHHHMaIbHAA BEJAMYHHA KOTOPOT0, B COOTBETCTBYE C KpuTepHem Pumiepa, as 20-
JIETHEro pAza HabniofeHwit ¢ ypoBHeM 3HauuMoctH O = 0,05 u o = 0,01, cooTBETCTBEHHO,
cocrasnger 0,197 u 0,315.

N3MeHYNBOCTL CpeaHEeMECAYHbIX 3HAYOHUNW KOHUEeHTPauun
NPU3eMHOro o3oHa B T6GUNUCU B 3UMHUIA Ce30H ¢ 1984 no
2003 rr (Ha 15 yac)
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Tabnuua 1. KoadduuueHTb! ypaBHEHHH PErpecCHi AN BPEMEHHOrO X0Ja CpeaHEMECAIHBIX
3HaYeHUil KOHLEHTPALMHU TIPH3EMHOro 030Ha B Tounucu B 1984-2003 rr (na 15 vac.)
KINO =d*x* + ¢*x*+b*x +a , (x = 1.....20, roanl)

Mecau d C b a R’
SAupaps 0,0044 -0,432 8,1064 1,33 0,457
®despas -0,0325 0,7334 ~1,1857 2,28 0,688
Mapr -0,0497 1,109 -2,1284 32,7 0,757 -
Anpeds -0,0326 0,8313 -3,686 54,26 0,317
Maii -0,0358 1,0867 -8,104 68,64 0,389
Hionn 0,3073 53,5 0,0689
Hroan 0,2761 51,96 0,0223
ABrycr 0,3469 47,58 0,0385
CeHTabpp -0,0051 -0,0083 2,4106 35,2 0,337
OxTaops -0,0332 0,9256 -5,637 39,82 0,474
Hon6pb -0,0216 0,3567 1,9125 9,92 0,65
Jexaépb -0,0138 0,2206 1,52 5,91 0,73

Kak cnenyer u3 310 TaGnuuel, 332 HCKNIOYEHHEM JIETHHX MECAUEB, BPEMEHHOA XOX
cpentemecauHbIx 3Hauenuit KIIO zng ncex ocTanbHbx 9 MecALeB rona b nepron ¢ 1984 no 2003
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IT JI0CTATOYHO YAOBNETBOPHTENLHO (0 He Xyxe 0,01) OnuchIBa€TCS MOJIHHOMOM TPEThEH CTENeHH.
JUia 3THX MeCSLEB B JIHHMAX PErPECCHH XOPOLIO MPOCHEKUBAETCS DPOCT CPeAHEMECAYHBIX
3Havenuit KITO B nepBeie 14-15 ner uccienyemoro nepuofa, a 3aTeM Chan B TeYeHHe 5-6
nocnenyoWux Jet. Yro KacaeTcs JIETHHX MECHLEB, TO B JAHHOM Cl1y4ac BpPeMEHHas 3aBHCHMOCTh
cpenHeMecsiyHbIX 3Ha4enuit KT10 BbipaxeHa jocTaToyHo cnabo.

PaccMoTpuM H3MeHUHBOCTb BHYTpHroaosoro xoaa KITO B TOHRUCH B pasiHyHbIE HEPHOABI
BpeMeHu. Ha puc. 2 u 3 mpeacTaBneHs!  KpUBBIE ITOr0 BHYTPHIOZOBOTO XOAa IS CNEAYIOLUMX
nepuonoB ocpenHenus: 1984-1991 (Bpems cywectBoBaHus Cosetckoro Corosa), 1992-2003 rr
(noctcoserckuil mepuon), 1984-2003 rr (Beck nepuon) — puc. 2; 1984-1988 rr, 1989-1993 rr,
1994-1998 rr, 1984-2003 rr — puc. 3. Kak cneayer u3 athx pucyHkos, Makcimym KIIO B ero
BHYTPHTONIOBOM XOZE C TEYEHHEM BPEMEHH MOCTENEHHO MepeMelaics OT Mas-HIOHA K MapTy i
obpatHo, B 1984-1988 rr makcumym KITO B cpeaneM oTMeuancs B mae-uioHe (54,8 u 55,2 micr/m’
COOTBETCTBEHHO), B 1989- 1993 rT — B Mapre-anpene (60,6 n 60MKr/M® COOTBCTCTBeHHO) B 1994-
1998 rr B Mapte (84 Mkr/M®), B 1999-2003 1T — B anpenc-Mae ( mo 63 Mkr/M® ), 3a Bech nepuon
HabmozeHnit ¢ 1984 no 2003 rr — B anpene (63 MKr/M’), B coBeTCKuit nepuox — 1984-1991 rr — B
uiore (53,4 Mxr/M’), B nocrcomerckuii mepmon — 1992-2003 rr — B Mapre (71,9 MKr/M).
MusMMaTbHblE KOHLEHTPALMH MPH3EMHOTO O030HAa BO BHYTPHIOZOBOM €ro Xole IJs BCex
nepHoI0B ocpeaHeHHs Habmonanuce B nekabpe 1 MeHsHCh B npeaenax ot 11,2 o 32,1 Mxr/m”.

BHyTpPUrogoBon xo4 CpPeAHNUX MECAYHbIX 3HaYeHUW !
KOHUEHTPauun NnpuiemHoro o3oHa B T6unucu B Tpu nepuona
BpemeHn B 1984-2003 rr (va 16 yac)
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OtMmeruM, 4T0 nomobHoe mepemeiicHne Makcumyma KIIO BO BHYTpHrosoBoM Xome
OTMeYaeTeA TaKxe Juis pana Eponeiickux craHumit [6].
Tabnuua 2 Buytpuronosoii xon cpeanemecasnbix suavernit KI1O B Tounucn, ocpenHeHAbl B
ZABa niepuona Bpemeny - 1992-2003 rr u 1984-1991 rr (Mxr/m>)

[Mlep. 1 2 3 4 5 6 7 8 9 10 [ 11 [ 12

1992- | 40,2 | 52,4 | 71,9 | 69,8 | 67,1 | 59,0 | 56,2 | 53,6 | 499 | 45,1 | 40,4 | 28,6
2003

StDev | 13,5 [ 13,1 | 18,1 [ 189 | 76 | 74 9.8 83 | 91 | 11,8119 7,2

1984- | 249 | 29,6 | 41,8 | 52,8 | 51,0 | 53,4 | 52,9 | 476|454 | 33,0 | 23,4 | 14,6
1991

StDev_| 11,9 | 97 | 12,0 | 9,1 | 94 | 4,7 129 1129 94 | 6,7 | 12,9 | 57

Pasuo- | 15,4 | 22,8 | 30,2 | 17,0 | 16,1 5,6 33 6,0 4,5 12,1 { 17,0 | 14,0
CTb

ano | 0,02 0,00 0,00 | 0,02 | 0,00 | 0,05 | Heswau [ 0,3 | 0,35 [ 0,01 { 0,01 | 0,00
01 01 2 UMa 1

KpHT. t

M3 puc.] u 2 Take XOpOIIO MPOC/AEKHMBAETCA AMHAMHKA W3MEHYHBOCTH BHYTPHIOIOBOrO Xoja
KIIO c Teuennem Bpemenn. Haubonpmmit poct KI1O npuxoanTcs Ha 3MMHME, BECEHHHE M OCEHHHE
Mecsusl. JIeTOM 3TOT POCT HE3HAUMTENbHLIA MM He3HaYWMbLA, Jlns npuMepa B Tabnuue 2
npeacTasieHsl AaHHBle o BHyTpuromosom xoge KIIO B TOunmucn B coBerckoe Bpems M B
nocrcoperckuit nepuon. Kak cnemyer u3 sroil Tabmuupl, HaubGonsumii poct KITO npousowen B
mapre H ¢eppate. C miona no centabps poct KIIO HesnauuTenbHbil MM, B COOTBETCTBHE C
kpuTepueM CThIONEHTa , HE3HAYHUMBIH,

Pacemotprm u3meHuMBocTb cpenHux KITO 3a ceson, momyroaus u roa B mepuoa ¢ 1984 no
2003 rr. Ha nanHoM 3Tane HcCnenOBaHHN OrpaHMYMMCH BBIAENCHHEM TPEHAAa M CIydaHHOMN
COCTABJIAIONIEH M3 yKa3aHHLIX PAAOB HaONIOJCHHA B COOTBETCTBHE CO CTAHAAPTHLIMH METOAAMH.
PesyneTaThl 3TOro aHanusa mpeAcTaBieHbl HAa PUC. S ¥ B Tabnuuax 3 u 4. OtMeTuM, yto nogdop
¢dyHkumit a1a Tperga KIIO ocymecTsnsincs myTeM ONHOBPEMEHHOTO aHaH3a ko3ddHuHeHTa
netepMuHanMK R%, ONpEneIoWero 6IHI0CT TON BYHKIMH SMIHPHYECKHM JaHHBIM, H KDHTEDHS
Jap6una-Yorcona Ky AN OCTaTKOB M ONpENCIAIOWIErO CTENeHb CAYYaHHOCTH MOCAECAHHX .
Yrobbl ocTaTku HE NPHHMMAIM OTPHLATENBHBIX 3HAYEHMil, K HMX 3HaueHHAM nobGaBnanach
abCcoNOTHasA BENMYHHA MAKCHMAIBHOTO OTPHIIATENBHOIO 3HA4EHHA OCTAaTKOB. COOTBETCTBEHHO OT
3HAYeHHUH JIMHUA TPEHJa 3Ta BENMYMHA BbIYMTANach. TakuMm 00pa3’oM, MHHHMAIBHOE 3HAYEHHE
OCTaTKOB (MM Chyd4aiiHol coctapisoweii) pasHo Hymo. JIuHus jke TpeHJa CABHHYTa MO OCH
OpOMHAT BHM3 Ha BEJHYHHY abCONIOTHOrO 3HaYeHHs MAKCHUMAIBHON OTPHLATENBHOH BENHYHHEI
0CTaTkoB. B 1enomM cyMMa BeTHYHH OCTaTKOB M JIMHHH TPEHAA B KKIOH Touke Habmonenus naet
u3Mepentoe 3Hauenue KITO.

B peanbHoii aTMOocdepe kpoMe TpeHAa M CiydaHHOM COCTaBIAIOLIEH HMeeTcs elne M
doHOBas cocTaBiAOWak, KOTOpas NOMKHA OBIThb MOCTOAHHOR Bo BpemeHH. K coxaneHmio
BENMYMHA ee NI0Ka Hen3pecTHa. [103TOMY, T2 BeIMYMHA aBTOMATHYECKH BXOAHMT B TPEHH, TaK Kak
MHHMMYM CITy4aiHOH COCTaBAAIOLEH MO HalleMy onpeleNeHHIo paBeH Hymo.TakuM o6pa3oM, B
nanbHeituleM, MOA JuHMeHd TpeHaa 6yAeT MoapasyMeBaThCid CyMMa aHTPONOreHHo# M GOHOBOH
coctasasiomux KI10. To ecTb, B AanbHeiiteM, N8 NpOCTOTHI W3NnoxeHHs OyaeM ynotpebnats
TEPMHHBI - IMHUSA TPEHA- , HIIH - AHTPOTIOTeHHas cocTapnstoman KI10.

Tpennp! cpeannx KITO 3umoi, BECHOH, OCEHBIO, B TEIIOE H XOJIIOAHOE TONYTONMS, U 3a ol
TaK)Ke KaK M JUIS BPEMEHHOTO X0ja cpeaHeMecayHbIX 3HaueHHH KI1O, 3a uckniouenueM neTHero
Ce30Ha, BNOJHE YAOBJETBOPHTENBHO ONHMCHIBAIOTCA NMOIMHOMAMH TPETbeH CTENEHH (tabnuua 3),
YTO HArJAHO BMAHO Ha mnpuMepe pHc. S. [{na Bcex Cily4aeB BLUICNICHHS TPEHIAa HMEETCA
JIOCTATOYHO BBICOKHH K03(PHLUHEHT AeTepMHHAMA (R2 menserca or 0,416 no 0,82 npu
MMHHMILHO 3HAYMMOH BennuHHe pasHoi 0,315 ¢ ypoBrem 3naunMocT @ = 0,01) u xpuTepHil
Ilap6una-YoTrcoHa, yKasbiBaloLIHii OTCYTCTBHE aBTOKOppE/AUMH B ocTatkax ( Kgw Menserca oT
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1,76 mo 2,6 np# ZomycTHMOM € ypoBHeM 3HaunmocTH O = 0,05 ananasoHe, cocTaBasiowem 1,41.
2,6 ). Uto KacaeTcs IETHEro Ce30Ha, TO 3ACh TPEHAA NPAKTHYECKH HET H MOXXHO FOBOPHTH UMD o
crnaboii HesHaunmo# TedaeHund pocta KI10 .
Tabnnua 3
Koaddunmnentsl ypapHeHuit perpeccuu 1 JIMHUIL TPEHAA I BpPEMEHHOTO X012
CPeAHECE30HHBIX, TIOMYTO0BbIX H FOAOBBIX 3HAaY€HHH KOHUEHTpALUK
npu3emHoro o3oxa B Toumucu B 1984-2003 rr (#a 15 yac.)

ITapa 3uma Becna Jlero Ocenp Tenawiis | Xoa0xHbIH Ton
MeTp nepUox nepnoa
R 0,692 0,637 0,064 0,674 0,416 0,82 0,743
Ilpumeyan | MunuManshas ennunHa koadduurenTa netepMunaiuu R ana 20-netHero psna
ue HabmoeHn# ¢ ypoBHeM 3HayuMocTH o = 0,05 coctaenser 0,197
Ko 221 | 260 | 178 | 212 | 1,76 | 224 | 195 |
Mpumeuan | [luanasor usMeneHuss Benudunbl kputepus [apGuna-YorcoHa Kyw ana 20-netnero
He psina HabmoneHHi ¢ ypoBHeM 3HauUMocTH a = 0,05 HaxonuTcs B npexenax 1,41- 2,6,
Ko3¢puunenTs! ypaBHeHus perpeccHs Buia:
KO =d*x’ +c*x* +b*x+a , (x=1.....20, roasi)
d -0,014 -0,038 -0,019 -0,015 -0,024 -0,020
[ 0,164 0,983 0,409 0,383 0,486 0,436
b 2,898 -4,431 0,310 -0,341 -1,710 0,390 -0,692
a 9,78 51,55 51,05 28,29 51,74 18,78 35,46
a- ps 2,17 34,77 35,14 12,84 41,69 7,22 26,50
JHHHH
TpeHaa
JoBepurensHbIii HHTepBaJ A/ KOYG(PHUNEHTOB ypaBHEHHS perpeccHH
CONF 95% (+/-)
d 0,024 0,030 10,019 0,019 0,018 0,016
¢ 0,756 0,963 0,609 0,606 0,590 0,512
b 6,921 8,818 0,588 5,578 5,547 5,399 4,689
a 17,20 21,91 7,04 13,86 13,79 13,42 11,65
Huoxknuii ypoBenb 10BepHTENLHOTO HHTEPBaAa AaA K03 PHUMEHTOB
ypaBuenns perpeccun CONF
d -0,037 -0,069 -0,038 -0,034 -0,043 -0,036
¢ -0,592 0,020 -0,201 -0,223 -0,104 -0,076
b -4,023 -13,248 -0,278 -5919 -7,258 -5,009 -5,381
a -1,42 29,63 44,01 14,43 37,95 5,36 23,81
Bepxuuii ypoBeHb J0BEPHTEILHOI0 HHTEPBaA AAs K03 PHIHEHTOB
ypapuenns perpeccun CONFy
d 0,010 -0,008 0,000 0,004 -0,006 -0,004
c 0,920 1,946 1,018 0,989 1,076 0,948
b 9,820 4,387 0,897 5,237 3,837 5,789 3,997
a 26,98 73,46 58,09 42,15 65,52 32,20 47,12

B xauectse npumepa paccMoTpuM ToapobHee puc. S u 6. Ha puc. 5 npencrasnena nuHus
TPeHja ¥ clyuaiiHoi cocTaBmatoweit cpeanero sHavenns KIO 3a ron. MHHMMYM aHTPONOreHHON
cocrannmomeu KITO nabmopnancs B 1984 T. ¥ cocTaBnan 26,2 Mxr/m®, Makcumym — B 1997 r., -
482 M, aMminTyga - 22 MKr/M, CpeaHsA CKOPOCTb POCTa 3a YKA3aHHBIA 1POMEXYTOK
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BpEMEHH COCTaBHNa l'l]pHMcpHO 1,7 mxr/™® B rog, 8 2003 r. anTponorensas cocrasnsiowas KI1O
cocTtasuna 29,5 Mxr/m”.

Ha puc. 6 mpencrapnexa MMHMs TPEHAa H Cy4alfHOM COCTABNSIONIEH COOTHOLIEHHS MEXTY
cpeannmu 3HaveHdsmu KIIO B Tennoe u xoi04Hoe momyrogue. MHHHMYM aHTPONOreHHON
cOCTaBnAIoIWEH 3TOr0 cOOTHOWEHUA Habmonancs B 1996 r. u coctasnsn 68,8%. B 1984 r. ato
cootHoureHue coctasisiio 208,2 %, a B 2003 r —- 141,8%.

TPeHA CPEeAHETrOAOBOA KOHLE@HTPAUUM NPUIEMHOrO 030Ha B T6uNUcu B
1984-2003 rr (nwa 15 vac)
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Puc. 5. 1 - HabnioneHHble 3HaueHWs, 2 -JIMHMA TpeHnaa , 3 - clyyaifHas ¥ OCLH/ALHOHHAas
cocTaBsomas
TpeHA cCoOTHOWEHNA MeXAY CPeaHen KOHUGHTpauuewn |
I NPU3Ie@MHOro O30Ha B Tennoe n xonogHoe nonyrogue B i
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Puc 6. 1 — cpeanssn KIIO B témnoe nonyroaue, 2 — coorsomenue KIMO, 3 - cpensia KI1O B
XOJIOMHOE MONYTOAHE.

Taknm ofpasom, 3a ucrekunii 20-neTHnii mepuog B mepuon ¢ 1984 no 1996-1998 rr
TPOCXOAH MHTEHCHBHBIH pOCT aHTpomorenHod cocrasmsiomeii KITO mis Bcex ce3oHOB roza
(xpoMe flera), MEPHONOB roAa W 3a rox B uenoM. B nocnenyromue roast 3navennss KI1O cranu
yGbIBaTh. Han6Gonbiuas cKopocTs PocTa aHTponoreHHoi cocrapstomedi KITO oT MHHHManbHBIX
3HayeHHH [0 MaKCHMMAIbHBIX IIPOMCXOOWNIa 3HMOM, BEeCHOM M B XOJNOAHBIA MNEPHON roaa
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(coorsetcTBenHo 2,7; 2,8 u 2,4 MKT/M® B rom). OceHblo, TENbli MEPUOA ro4a M, B LEAOM, 3a rog
CKOpOCTb 3TOFO POCTa HIXE M COOTBETCTBEHHO cocTaBaaia 1,7, 1,1 u 1,7 MKr/™M° Broa.

PasnuuyHas cKOpOCTb pocTa anTponorentoit cocrapnsiomet KI1O B pasnuunbie nepuoss
roga o0ycincsMna yMeHbLIEHHE CO BPEMEHEM COOTHOIIEHHSA MEXAY O3THMH COTABJAIOLIUMM B
TeIIbl ¥ XONOAHbIA NepHoxs! rofia ¢ 208,2 % 8 1984 r 1o 68,8% b 1996 1.

TakuM o6pazom, B pasfIHYHBIX DErHOHaXx M B pa3MYHOE BPEMA CKOPOCTh pocTa
TponocdepHoro (B TOM YHC/IE H MPH3EMHOro) 030Ha pasnHyHa. [0 HAIMM JAaHHBIM, CKODOCTH
pocTa cpefHerogoBoit aHTponorerHoil coctasinmomei KITO mo oTHONIEHHIO K €€ MHHAMAIIBHOMY
3HaveHno B neprox ¢ 1984 no 1997 rr cocrasnsna 6,5 % B rox, a Mo OTHOWIEHUIO K CPEAHEMY —
4,5 % B ron. DTOT PoCT BbIlle, YeM B YKa3saHHBIX Bblllle PETHOHAX, HO U NepHOME! HabmoneHui
pasnuuabL. YYHTBIBAsA, 4TO B NOC/CAHEEe BpeMa MaeT HekoTopsi cnax KITO, o nonrospemeHHex
TEHACHLUSAX ee U3MEHYHBOCTH B TOHITHCH NOKa rOBOPHTB PaHO.

Tabnuua 4. CraTHcTHYECKHE XaPAKTEPHCTHKH OCPEHEHHBIX 33 Pa3/IHYHBIC IPOMEXYTKH
BpEMEHH CPEIHECE30HHBIX, [OYTOAOBBIX M FOAOBbIX 3HAUEHHH KOHUEHTPALMHK PH3EMHOT0 030Ha
B T6unmucn B nepros ¢ 1984 no 2003 rr ( MKI/M’, naHHele Ha 15 yac.). 1 — ©3MepeHHbIE 3HAYEHHs,

2 — anTponoreHHas M GOHOBAs cOCTaBNAOLas, 3 —~ C/lyyaiiHas cocTaBsromas, 4 — 10N
cay4aiiHoit cocTapnstoleH OT u3MepeHHBIX 3HayeHu#H (%).

Xapaxr. Mean St Dev

Ces | TIa | 1984 ] 1989 | 1994 | 1998 | 1984 | 1992 | 1984 | 1984 | 1989 | 1994 | 1998 | 1984 | 1992 | 1984
OH l: 1988 | 1993 | 1998 | 2003 | 1991 | 2003 | 2003 | 1988 | 1993 | 1998 | 2003 | 1991 | 2003 | 2003
3 | 1 | 185 | 373 | 450 | 332 | 23,0 | 404 | 335 | 454 | 107 | 438 [ 10,1 | 7.85 | 9,56 [ 133
mal| 2 | 77 [ 241 [ 323 | 218 | 128 | 273 [ 21,5 | 548 | 45 | 074 [ 735 | 836 | 672 | 104
3 (109 | 133 [ 125 | 11,2 | 103 | 13,1 | 120 | 473 | 899 | 4,50 | 957 | 6,13 | 7,28 | 6,63

4 | 590 | 356 | 27.8 | 33,6 | 44,7 | 323 | 357
Bec | 1 | 483 | 589 | 760 | 61,4 | 485 | 696 | 61,2 | 868 | 145 | 731 | 129 | 7,11 | 116 | 127
Ha 2 | 306|426 [ 577 | 468 | 33,7 | 516 | 444 | 1,28 | 597 | 2.53 | 106 | 4,80 | 855 | 8384
3 [ 178 1ea [ 181 [ 148 | 150 | 180 | 168 | 800 | 105 | 550 | 120 | 801 | 9.24 | 842

4 | 369 | 278 | 238 | 240 | 309 | 258 | 274
Je | 1 | 5235427559 | 546 | 513 | 563 | 543 | 6,72 | 109 | 503 | 7,46 | 8,45 | 6,05 | 822
To 2 [ 361 3767392 [ 407 | 365 | 396 | 384 | 049 | 049 | 0,49 | 049 | 0,76 | 1,12 | 1,03
3 [ 163166 166 | 181 | 1a8 | 166 | 159 | 6,59 | 106 | 448 | 7,22 | 8,46 | 6,18 | 8.00

4 [312]306 297 | 258 | 289 | 295 | 293
Oc | 1 3203997 5241382339451 | 406 | 59 | 6,16 | 565 | 842 | 611 | 9,19 | 7.25
eHb | 2 | 154 | 262 | 342 | 249 [ 186 | 296 | 252 | 2,45 | 3,82 | 0,01 | 7,24 | 491 | 6,28 | 7,09
3 [ 169139 180 | 133 [ 154 [ 155 | 155 | 4,08 | 3,91 | 5,01 | 818 | 4,56 | 6,24 | 3,98

4 | 523 (345343 | 349 | 454 | 343 | 380
Te 1 [ 516543 616 | 556 | 505 | 593 | 558 | 632 | 946 | 585 | 3.89 | 623 | 5.58 | 7,40
ma | 2 | 400 [ 449 [ 51,0 [ 472 [ 41,3 [ 488 | 458 | 051 | 2,38 | 1,07 | 3.99 | 1,92 | 3,20 | 3.53
blil 3 15193 [ 108 ] 86 [ 92 [ 106 | 100 | 6,08 | 7,02 | 522 | 434 ; 624 | 508 | 6.13

mep | 4 [ 23 | 170 [ 175 | 155 | 180 | 180 | 180
Xo | 1 | 240 ] 409 | 531 [381]27.9 [ 46,5 | 390 | 5.17 | 10,1 | 2.64 | 893 | 7.18 | 9.48 | 12.2
Jdox | 2 | 122 (288 | 40,1 [ 282 [ 174 | 34,01 | 27,4 | 4,09 | 5,40 | 130 | 936 | 7,54 | 8,05 | 10.5
mep | 3 | 1147120 | 129 [ 100 [ 104 [ 123 | 116 | 411 | 726 | 1,70 | 7.48 | 5.36 | 5.39 | 5,29

4 | 913294223262 | 375 | 265 | 96
Ton| 1 | 378 | 476 | 573 [ 468 | 392 | 529 | 474 | 543 | 865 | 3.77 | 609 | 488 | 6.85 | 8,67
2 | 283 387 [ 473717392 (313 [ 43,1 | 384 [ 205 | 3,85 | Li3 | 675 | 462 | 567 | 6,50
3 97 | 87 101 [ 74 79 | 97 | 90 [ 4847527 [ 3,12 [ 591 | 455 | 4,73 | 4,58

4 1256 | 183|177 158 [ 203 | 183 | 189
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O6patumca k Tabnuue 4, B KOTOPOH NpeACTaBIeHbl CTATHCTHYECKHME XapaKTEPHCTHKH
OCpPEIHEHHBIX 32 pa3IHyHble NMPOMEXYTKH BPEMEHH CPCAHECE3OHHLIX, [ONYTOAOBLIX M TOAOBBIX
3HaUCHHA H3MEPEHHBIX KOHLEHTPAUMiA NPH3EMHOr0 O030HA, a TAKXKE €€ AHTPONOIEHHOH H
ciyyaiiHo# coctapnsrownx B TOmmucu B nepron ¢ 1984 mo 2003 rr. Cneayer 0TMETHTB, YTO 32
BCE YKa3aHHLIE NEPUOJIB! OCPEHEHNA BapHallNY c1y4aitHol cocrasnstomeit KITO HesHaunTenbHbL.

Tak, B cpeaHeM no nsTUIETKaM, B 3UMHWH CE30H M3MEHUYHMBOCTh C/Iy4aiHOM
cocrasnstomedt KITO mpoucxoaut B nuanasoﬂe 3,3-10.9 mxr/m’ ) Becnoﬁ otl8,! mo 14,8 MKT/M}
neroM B npenenax 16,6- 14I MKr/M®, ocenbto ot 18,0 a0 13,3 MKr/M B TeIioe Noayrogue B
npenenax 11,5-8,6 mMr/M’, B xonoaHoe nonyromue - 12,9-10,0 Mkr/M’, 8 cpennem B rox ot 10,1 no
7,4 MKT/M.

B cpelseM B nepHox C 1984 no 2003 rr cayusafinas cocTaBnAioLan KI10 cocTapna:
3UMOi — 12 MKT/M, Becnoﬁ - 16,8 MKr/M>, neTom — 15,9 MKr/M , 0ceHbio — 15,5 MKr/M’ B Tennoe
nonyroase — 10 MI(!‘/M B XojioAHOe nonyromue — 11,6 MKr/M3 B CpPeHeM B roa — 9 MKI‘/M 3a
3TOT XKe NMepHoa BpCMCHH AHTPONMOreHHan cocrannmoman KITO cocmnmma 3uMoii — 21,1 MKr/M>,
necnou 44,4 mxr/v®, netom — 38,4 mir/M®, ocenblo — 25,2 MKr/M’ | B Tensioe NoAyrolme —45, 8
MKI/M’, B X0NOAHOE nomyroaue — 27,4 Mxr/M’, B cpennem B rog — 38,4 MKT/M,

Ilpn npuMepHO paBHBIX 3Ha4YeHHAX crlyyaiiHoi cocrasasmoweii KITO ee aHTponoreHHas
cocmnnmomaﬂ B 1984-1991 rr u B 1992- 2003 IT., COOTBETCTBEHHO, cocranmma uMol — 12,8 u
27,3 Mkr/M’, Bechod — 33,7 u 51,6 mxr/M’, netom — 14,8 u 16,6  MKr/M (npaicrmlecm He
H3MeHHNach), ocenbio — 18,6 u 29,6 MKI‘/M , B Temnoe nonyroave — 41,3 u 48,8 MKT/M , B
XofozHoe nonyromue — 17,4 1 34,1 Mxr/M>, B cpeneM B ron— 31,3 1 43,1 mxr/m’.

B nepuox ¢ 1984 mo 2003 rr B cpemsem pmonsA ciy4aiuoil coctasasiomedt KIIO or
H3MepeHHBIX 3Ha4eHHi, COOTBETCTBEHHO, COCTaB/a: 3uMoit — 35,7%, BecHoi — 27,4%, netoM —
29,3 %, ocenbio — 38%, B Tennoe nosyroaue — 18%, B xonoaxoe nonyroaue — 29,6%, B cpenreM B
rox — 18,9%. B 1984-1991 rt n B 1992-2003 rT 3TH D0ONH, COOTBETCTBEHHO, COCTABMISAMMN: 3HMOH —
44,7 u 32,3 %, Becnoit — 30,9 u 25,8 %, nerom — 28,9 u 29,5 % (NpaKTHYECKH HEH3IMEHHOCTD),
oceHbto — 45,4 1 34,3%, B Tennoe nonyroaue — 18 u 18 %, B xonoaHoe noayroaue - 37,5 u 26,5%,
B cpenneM B roa — 20,3 n 18,3%.

JTH JaHHEIE HAarJIAXHO JEMOHCTPUPYIOT PoJib POTOXHMHYECKUX MPOLIECCOB B 00pa3oBaHHH
TIPH3EMHOTO 030Ha B TOMIMCH — B TENJI0€ MONyroaue Jofa ciyvaiiHoit cocrapnmomeit KITO ot ee
CYMMapHO! KOHUEHTpALKH 3HAaYHTENbHO HHXE, YeM B XonoaHoe. [Ipu 3TOM HHTEPECHO OTMETHTH,
4TO 3a 1Ba YKa3aHHEIX [IPOMEXYTKA BpeMEHH (COBETCKHIf M NOCTCOBETCKHiA EPHOAEI) B MOC/EAHH
IIEpHOJ 3MMOM, BECHOI, OCEHBIO M B XOJIOAHOE MONYTOAMe NONH caydaiiHoi coctabnaromedi KITO
OT €€ CyMMAapHOro 3HaueHHs 3aMeTHO YMEHbLUMNIHCh. 10 BCel BEPOATHOCTH B MOCTCOBETCKOE
BPEMA B YKa3aHHBIE CE30HBI M MEPHOAL! FOJA B YCIOBUAX ¢ OTHOCHTENLHO HEBLICOKMM YPOBHEM
coNMHEYyHONH pagmanu¥ ¢ cnabbM  TypOyneHTHBIM NEpeEMEIMBaHHEM  BO3pocia  poJib
($OTOXHMHYECKHX TIPOLECCOB B 00pa3oBaHHH 030HA H3-33 €r0 MEHBIIEro pacxoja Ha o6pasoBaHue
BTOPHYHBIX a3p030Jieii M3 OKHMCI/IOB a30Ta H CePbl W OKHCIIEHHA AHTPONOrEHHBIX HaCTHU IMBUTH,
comepaHHe KOTOPhIX B BO3ZyXE YMEHBIIMIOCH B pe3ylbTate CMafa MPOMBIILIEHHOTO
NpOM3BOACTBA. B sieHHH nmepuHoa M B TeMsoe MOAyrogue 3TH MPOUECcChl MOrYT HMBEIHPOBATHCA
NOBBILIEHHOH TYpOyneHTHOCTBbIO, pacceusatouieit o6pasopabmmiics 030H. XoTs Moryr Buitb H
HHbIE NPHYMHBI 3THX 3G(EKTOB, NETanbHLIH aHaIM3 KOTOPBIX - MPEIMET HAlMX JATbHEHIUMX
HaTyPHBIX H MOJEJILHBIX HCCIIEAOBAHMIA.
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AHaJIH3 H3MEHYHBOCTH KOHUEHTPaLUHH NpH3eMHoro o3ona B Touancu B 1984-
2003 r

Yuxnaaaze B.A,
Pedepar
IpoBeneHb! HCCENOBaHHA BPEMEHHON PErpecCHBHON 3aBHCHMOCTH Ul CPEAHEMECAYHBIX

3Hayenuit KI10 B Tommmcu B nepuon ¢ 1984 no 2003 rr, BeineneHs! 1 npoaHaTA3UPOBaHbI TPEHIbI
IUTS CPEHUX CE30HHBIX, MOMYTOAOBLIX U rooBeix 3Hauenuit KITO ans Toro sce nepuosia BpEMEHH.

Investigation of variability of surface ozone concentration in Tbilisi in 1984-2003
V. Chikhladze
Abstract
Temporal regression dependence of monthly mean values of surface ozone concentration (SOC)

in Thilisi,1984-2003, have been carried out. Seasonal, semi annual and annual trends of SOC have
been revealed.
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Tpyas HHctuTyTa reodusnku um. M. Hoawa, 7. LX, 2008

M3MEHYNBOCTb CPEAHET OAOBBIX, HOJYT'OAOBBIX, CE30HHBIX
U MECSTYHBIX 3HAYEHUH KOHIHEHTPAIMY NIPU3EMHOI'O O30HA
B TBUJIHCH B 1984-2003 I'T’

Yuxaagze B.A.

Hucrutyr reodpusuxn um. M. Hoama, 0193 Tonmucu, yn. M. Anexcuase 1

PagoM aBTOpoB paHee ObITM  TpOBedeHBl NOBOJBLHO MOAPOOHBIC MCCIENOBAHHA
JO/ITOBPEMEHHBIX BapHAlHil CPEAHEMECAYHBIX, CE3OHHBIX , MOJYrOAOBBIX H FONOBBIX 3HAYEHUi
KOHUIEHTPallHH NpH3eMHOro o3oHa B TOGumnck (2, 3, 4, 5, 6, 8, 9, 10]. Tem He MeHee, ocTancs
LiebiA PAA 324a4, pelieHHe KOTOPBIX M Ipeiutaraercs Huxe [1, 7, 11].

CeA3b CPeOHEMECAUHBIX CYMOUHBLX OalbiX KOHYEHMPAYUU NPUIEMHO20 030HA C OaHHbLIMU 3a 15
Yacos

B cuny pasHbIX MpHYHH, B OCHOBHOM CBSI3aHHBIX C 9KOHOMHUYECKUMH, B NMOCTCOBETCKMI
NepHOa M3MepeHNs KOHUEHTpauuu 030Ha B TOHIHCH B OCHOBHOM NMPOBOAHJIKCH B paGoure IHH, B
nHeBHble vachkl. [IpM 3ToM HanGosbluee 4ucaO BCeX HAOMIOAEHWH NPHXOAMTCA HA HHTEpBAN
BpemMeHH oT 13 no 16 uacos. [loaToMy npu HccnemoBaHMsX OoaroBpeMeHHBIX BapHauui KITO
BEChMa BaXeH BONPOC DEMPE3CHTATHBHOCTH NAHHBIX 33 JHEBHBIE 4Hachl JUT XapaKTEPHCTHKH
JaHHKBIX 32 IPYTHE IPOMEXYTKY BPEMEHH, H B OCOOEHHOCTH, [JIS1 CYTOYHBIX JaHHBIX.

Jns pewenua 3toro Bompoca ObUIM NPOAHANTH3MPOBaHbl JaHHBIE CPENHEMECAYHBIX
3HaYeHWH MaKCHMANbLHOM KOHUEHTpaLMM [pU3eMHOTO 030HMa 3a 15 yac. M 3a cytku (Bcero 90
MecsLeB, B TOM yKcie 43 3a Temnoe nonyroave, 47 — 3a xononHoe) s nepuoxa ¢ 1980 no 1991
IT,, KOTZA TaKkHe W3MEPEHHA MPOBOJMINCE B OCHOBHOM  KpYyr/oCyToyHo. CTaTHCTHYeCKHE
XapakTepucTHKH 3THX 3Hadennit KITO npexcrasnens! B Tabnuue 1.

Tabnunua 1. CraTucTHyeckHe XapaKTEPHCTHKH CPeAHEMECAYHBIX 3HaYCHHI KOHIEHTPALHH
npH3eMHOTo 030Ha B TOMAMCH, OCpeIHEHHBIX 110 NAaHHBIM 32 15 4acoB M CYTKH, Koypemluuormsle
COOTHOLIEHHA MEXXAY HHMH 3a FOZ, B Tennoe H xonoaHoe nonyronue. KIO — mxr/m”. Pe3ynbTathl
niMepenni 1980-1991 rr.

Iepnon Ton Tenoe noayrogue XoJ101HOE moxyroaue
TlapameTpsi KIIO KIIO Ko KNo KIIo Ko
(154ac) | (cyrku) [ (15 uac.) (cyTkn) (1S uac.) _(cyTxn)
Mean 38,9 29,6 50,0 38,5 28,7 21,5
Min 3 2 27 23 3 2
Max 69 54 69 54 62 51
Interv 66 52 42 31 59 49
Median 40 30 50 39 28 20
Mode 48 38 48 38 31 9
St Dev 16,08 12,51 10,30 8,10 13,44 10,09
O 1,70 1,32 1,57 1,24 1,96 1,47
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C. (%) 41,4 22 20,6 21.0 16,9 46,9
A, 20,18 0,07 0,18 -0,19 0,35 0,63
K 0,78 0,92 0,50 20,55 0,18 0,28
Count 90 90 43 43 47 47
CONF95% (+-) | 33 2.6 31 24 3.8 2,9
CONF, 35,6 27,0 470 36,1 24.8 18,6
CONF, 42,2 32,2 53,1 40,9 32,5 244
CONF 99% (+/-) 44 34 40 32 5,1 38 |
CONF, 34,5 26,2 46,0 353 23,6 17,7
CONF, 433 330 54,1 41,7 33,7 253
KIIO 131 1,30 1,33
(154.)/KIIO(cyT.)

Koaddpuunentsi ypasuennii nuseiinois perpeccHH

KIO(cyTicn) = a*KIIO (15 yac.) + b

R? 0,856 0,705 0,769

R 0,93 0,84 0,88

A 0,72 0,66 0,66

CONF 95% (+/-) 0,06 0,13 0,11
CONF, 0,66 0,53 0,55
CONF, 0,78 0,80 0,77

B 1,64 5,44 2,63

CONF 95% (+/-) 2,63 6,38 3,43
CONF, -0,99 -1,44 -0,79
CONF,, 426 12,32 6,06

Kak cneyer 13 ykasanHoit Tabnuubl, B CpeIHEM 32 rofl, a TAKXKe B TEIJIOE H XOJOAHOE TIOIYTOMHA,
COOTHOIUEHHS MeXy cpeaHeMecayHbiMM KITO 3a 15 yac. ¥ 3a CYyTKH MMEIOT NPaKTUYECKH ORHO U
TO Xe 3HauyeHue, npumepro 1,3. Koapduuueurs! nuueiinoit koppensuun mexay KIIO (15 4.) u
KIIO (cyr.) mocratouno Bbicokn. COOTBETCIBylowMe 3HaYeHHs KOIP(HUUMEHTOB NHHEHHOM
perpeccuu Mexay KITO (15 4.) u KITO (cyt.) npeacraBneHbl B HIOKHER vacTi Tabanusl 1.

Kak cnemyer M3 ykasaHHOR TabGmHubl ¥ pucysxka, pasbpoc NaHHBIX CPEIHEMECSYHBIX
spadennit KI1O (cyt.) ot KIIO (15 4.) B ypaBHEHHSX perpecCHn He O4YEHb 3HAYMTENEH M AJIA
Ko3(¢uuMenTa, A NPH JOBEPUTENLHOM MHTepBane 95%, COOTBETCTREHHO 3a [OM, TEIIOE H
X0JI0AHO0e monyroaue coctasnsor 8,3%, 19,7% u 16,7%.

TakuMm obpasoM, cpensemecsunble narHble KITO 3a 15 yac. BnojHe penpe3cHTaTHBHEL AL
XapaKkTEePUCTHKM CpeJHEMECAYHBIX CyTO4HbIX 3HaueHui KIIO. B nocnemyromiem Bech anain3
CpeHEMECAYHBIX, CE30HHBIX, TIOJYroA0BBIX U rofoBeix 3HadeHud KI10 B nepuon ¢ 1984 mo 2003
IT., IPEACTABNICHHBIH B 9TOJi CTaThe, POBEAEH AN NaHHBIX 3a 15 yacos.

JTunetinoiii KOPPeRAYUOHHBLI AHANU3 OGHHBLX O KOHYEHMPAYUY NPUIEMHO20 030HA PA3NUYHbLX
macuimabos ocpedneHus Opyz ¢ Opy2om

[lpu peueHny pasaMHHOrO poja 3aaay (HalpHMEp, BOCCTAHOB/ICHHE MPONYIIEHHBIX PAIOB
Habmoernit) nMeeT BaXKHOE 3HAYEHHME HCCIIEIOBAHHE XapaKTepa KOPPEIALMOHHBIX CBA3eH MeXIY
H3yYaeMBIMH NApaMETPaMH PasiMyYHOro Maciitaba ocpeaHeHHs (MECAUHBIE, CE30HHbIE H T.A.).
JpanuaTHneTHui psii HaGMnIOAeHNH 32 KOHIEHTPauHel IPU3EMHOrO 030HA YIKE TO3BOJIACT CAENATh
MONOGHBI aHaI¥3 [UIS BBIABIEHHS KOPPENSLHOHHBIX M PErPeCCHOHHBIX CBA3eH Mexay
snayenusmu KI1O, ocpenHeHHBIMH 3@ MECSL, CE30H, NOJYTOHE H IO,

B tafiuue 2 NpencTaBNeHbl 3HayeHHA KOIQOHUHMEHTOB NUHEHHOM KOPPENALMKA MEXITY
CpefHEeMECTYHBIMHE, Ce30HHBIMM, TOIYTONOBbIMAH M TOJOBBLIMH BENHYMHAMH KIIO » TO6umucu B
1984 - 2003. OtMernm, uyro mua 20-NTeTHero  psifia HaOMONEHMH MUHMMANBHO 3IHAYUMEIE (c
HOCTOBEpHOCTBIO 90% m  95%) BenMYMHEL KOI(QHUUMEHTOB KOPPEIUMH  COCTABIAIOT
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cootBerctBenHo 0,38 u 0,44. [Ipu aHaiM3e HaMH NPMHAT HHXKHHI ypoBeHb JOCTOBEpHOCTH 90%
(r.e. R=0,38).

Kax noka3pipaeT aHanu3 1ab. 2, KOPPENAIUHOHHBIE CBA3M MEXIY YKa3aHHBIMH BETHYHHAMH
KIIO npu 3anaHHOM YpOBHE 3HAYHMOCTH 3HAYUMbl MMM GIM3KH K 3HAYMMBIM (HaNpHMEp JUIA nap
KNO(rom) - KIMO(mions), KIO(roa) - KIO(uione) u KIIO(susaps) - KITO(oxTa6ps)) B 125
ciaydasx 3 Bcex 171 map R (umu B 73% caydaen). B uesnom cpennemecsynbie 3Havenns KITO
JIOCTATOYHO HETJIOX0 KOPPEIHPYIOT KaK ApYT ¢ ApyroM (0COOEHHO [J1f COCENHHMX MECAIEB), TaK U
co cpeaHuMH 3HavenuaMu KITO ans 3uMel, BECHBI, JIETA, OCEHH, TEIUIOTO H XOJIOJHOTO [EPHONOB
ro/ia, a Taiue rona. PaccMoTpuM noapoGHee xapaxTep KOppENALHOHHbIX CBA3EH MEXIY CPENHUMH
3HaveHuamu KI1O mis ueHTpanbHbIX MECALEB roja (AHBapk, ampenb, HiOJb, OKTAOPB), CE30HOB,
nepuonos roja u roga co 3HaueHusaMy KITO mis OCTanNBHBIX MECALEB, 2 TAlOKE CE30HOB,

NepHOLOB roAa H roga.
Tabnuua 2

KoppensuuonHas MaTpHLia MeX(Ly CpeaHEMECAYHBIMH, CE30HHBIMH, MOJTYrOI0BBIMH U FOJOBBIMH
3HaYeHHsAMH KOHUEHTPAUHH IPU3EMHOrO 030Ha B TGHmuck B 1984-2003 rro(na 15 yac.)

1 /23|45 /67819 |10/11]12|3|B|J|O0|T X | T

11
20711
3
310, ]0, (1
6] | 83
410, (07)0,] 1
5211 |53
5104060606/ 1
910131

6/0, 00001
2207 |31 ]13]43
710, [0,]00, |00 |1
00 ] 09|21 ]15]05] 20
8100(00]02702]00][0,0(0,7] 1
8111 |3]7]3]s
9lo oo o]0 o001
41 |48 |53 |51 |09 00| 41|44

0,1010,10, /0, (0,70 ]0, [0, |1

1
0136|5268 |61 44133]48]45]62
11o (o ]o o [o[o]|0]0] o001
1]55)64)|78 3114328 /22/16]38] 52
110,10, (0,10, [0, [0 ]0]0 [0/o0 01
2(70 78179 (50 5S1]26]0123(39]s0]7
300101070 ]0 [0 [-0]0 0000/
90 193 |82 6559|1804 |09]|48]|50]/68]|ss
B0, 10101010 [07]0 07000001
65 186188 |8 8 [32]15]22]50]70]63]|73]/83
0. 1-0,10. 10 10, [0 [0 [0 [o]0 [0 o, 0,0 [
111023022 |14|43)|92|86{42|55|27]|19] 08|28
010,010,100, 10 100 00 [0 o0 [0]o, o,]o o |1
55 |68 |83 |56 142 (2743|4076 |86 83|68 70| 76 49
T10.10, 100 [0 [0 [0 0000, 0,{0 [0, [0 [0 |1
49 |54 16580 )61 13960 ]|64]|66|78 46| 52] 57 81 (73|75
X1 01010 (010,00 [0 [0 o, 0,[0 070 [0 [0 o1
7819019416362 (29 16|21 (56|70 83|88 94 |89 |27 |88 68
rio 1o ]o o070 oo 0,10 (0 (0, [0 ]0 [0 0 [0 [0 ][1
L; 7318391175167 (353540 (64|79 |76 81 87|93 |47 |90 | 86| 9
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Muanason usmenenus xosduunenta Koppensumn Mexay 3uaueHuamu KIIO B SHBape M
sesmuuHaMu KIIO nns apyrux Mecsuee, ce30HOB, NEpUONOB rofa u roga coctasnger 0,55 - 0,84
(rabnuua 3.2). IlpoBeneM conocTasienue 3Hadennii K0IDGUUMEHTOB KOPPEALUMM [0 MEPE HX
BO3PACTAHHSA B COOTBETCTBHE ¢ Z KpuTepueMm ®uuepa ¢ yposHem 3Hayumoct o=0,2 . [ns 20-
NeTHero psajga HaOMOJeHMH — BeNMYMHBI YKa3aHHbIX Ko3(hQHMUMEHTOB Koppenduud R Marno
pasnuyaoTes APYr OT APYyra B CIEAYIOWHMX AHala30Hax ux 3nayenuit : 0,35-0,60 ( susaps - anpens,
Mai, ceHTAbps, OKTAOPh, HOAOpPL, OCEHDb, Tennelit nepuox); 0,61-0,80 (sxBap, — deppans, Mapr,
nexabpp,BecHa, XOIOAHBIH neproa, ron) u 0,90 (sHBapb — 3uma). TakuM 06pa3oM, B JaHHOM
Clyyae MMECTCH TPH 3HAYMMBIX [MaNa3loHa IS yKa3aHHBIX 3HaueHMd R npn ux obmem
konnyectBe 14. Yerbipe 3HayeHus R — He3HaumMsl.

Jlnanazon u3meHenus ko3duuKEHTa KOppeniunn Mexay snaueHuamu KITO B anpene u
BenuunHaMi KITO nis apyrux Mccsiues , Ce30HOB, NEPUOJOB roga ¥ roaa  cocrasnser 0,50-0,83.
B cooTBeTcTBHME C yKalaHHbIM BbILIE KPUTEPMEM BENHWYMHBI YKa3aHHBIX Koddpuumenton
KOpPpENsALMHA Malo pasIH4aloTcst APYr OT Apyra B CEAYIOWMX AHana3oHax ux 3uayenii : 0,50-0,75
(anpens — AHBapb, eBpaib, MapT, Mail, CEHTAODH, OKTAOPD,AeKabpb 3MMa, XONOJHOE NONYro/IHe,
ron) ; 0,76-0,85 (anpens — BecHa, Tembli NEPUOA, XOJIOAHBIH mepHoa, roa ) . B nannom ciyuae
UMeeTCs 11Ba 3HAYUMBIX vana3oHa JIf yKa3aHHbIX 3HaYeHMi Kod(¢HLHEHTOB KOPPENALMH NpH
ux obmem konuuectse 13. B nATH ciyyasx — He3HaYHMBbIe BEAMYHHEI R.

Jlnanason n3MeHenws ko3pduumenta Koppensuuu mexay 3sadeHnsmu KI1O B mione u
penuunHamu KITO s apyrux Mecsiuen, ce30HOB, IEPHONOB roja ¥ roga  cocraeaset 0,35-0,92.
Besmunner R mano painuyarorcs Apyr oT Apyra B clenylomux auanasonax : 0,35-0,60 (usonn —
ceHTA6PB,0KTAOPD, OCeHs, Temblii nepuox, roa; 0,61-0,80 (uwone — asrycrt) ¥ 0,92 (Mionib — 1€To) 1
0,97. B atoM cnyyae vMeercs TPH 3HAYMMBIX JMaNa3soHa IS YKa3aHHBIX 3Ha4eHnH R npu obem
ux Konuvectse 7. KouyecTso HeaHaunMbix k03 duuneHToB KOppensaiuuH cocrabnset 11.

Jlmanaszon u3MeHeHus kodpduuneHTa koppenauun mexay 3nadeHusamu KIIO B oktabpe n
pennunHamu KIMO ana apyrux Mecsiues, ce30HOB, NEPHOAOB rofia M roga  cocrasnset 36-0,86.
3HayeHus YKazaHHBIX KOI(PPHULMEHTOB KODPENAUMH MO pa3H4aloTCA ApYr OT Apyra B
CIEYIOMMX qHana3oHax Ux enanuuir: 0,35 - 0,60 (oxta6ps — AHBaps, GpeBpaib, Mait, HIONb, aBrYCT,
Hos0pb, Aekabpb, 3uma, sero); 0,61 - 0,80 (okTabpb — MapT, anpesb, CEHTAOPb, BECHA, TEILIbIi
TIEpHOA, XONOAHBIH mepuon, roa); 0,81 — 0,90 ( okra6ps — oceHb). B maHHOM ciyyae TaKe
HMEETCS TPH 3HAYMMBIX Auana3oHa s R npu obuwem ux xonuyectse 17. Jluie B 0gHOM ciydae
K03 GULUHEHT KOPpensunK HIXXC MHHHMAIBHO 3HaUUMOTO.

JuanazoH u3meHeHus Kod(OHIHEHTA KOPPENSIMY MeXIy CPeOHHMH 3HaveHuamyu KI1O B
3UMHHUH ce3oH u BenuuuHamu KITO mns MecsiueB, ApPYr¥x ce30HOB, MEPUOAOB roja W roja
cocrasnser 0,48 - 0,94. VYkasanHble k03GHUMCHTBEI KOppENALMH Mano pa3fuyaroTcs ApYr oT
Opyra B CNEAYyWOLMX AuanasoHax MX BenuuuH: 0,45 - 0,70 (3uma — anpensb, Maif, ceHTAODS,
OKTAOpb, HOAOPB, oceHb, Teroe noayroxue); 0,71 - 0,85 (3uma ~Mmapr, BecHa); 0,86 — 0,90 (3uma
— siHBapb, nekabps, ron) u 0,91 - 0,95 (3uma — despans, xononHoe nonyroaue). B naHHoM ciyyae
HMeeTcs 4eThIpe 3HAauMMBIX AMamasoHa R mpu ofiuem ux konnuecTse 14. B yeTwlpex ciydasx
KOpPEALHS OTCYTCTBYET.

Jinanazon usmeHenus ko3 pULUHMEHTa KOPpENSLMU MY CpeaHHMMH 3HaueHuamu K10 B
BeceHHHH ce30H u BennuynHamu KIIO ans mecsnes , Apyrux Ce30HOB , TMEPHOJOB roja H rona
coctapnsger 0,50-0,93. 3HaueHHs yKas’aHHBIX KO3((HULMEHTOB KOPpEJALMHM MaNo Pa3jiHyaloTCa
JpYT OT Apyra B CHEAYIOWMX Auana3oHax ux BemuuuH : 0,50 - 0,75 (BecHa—sHBaph, ceHTAOpS,
okTAOpb, HOAOPL, Aexabps); 0,76-0,85 (BecHa —anpenb, Maii, 3uMa, oceHb, TeMIbIH nepuon); 0,86 —
0,90 (ecHa - deBpasis, MapT ,xoNn0AHOe nosyroane) u 0,91-0,95 (secHa - ron). B mannoM cnyuvae
TaKKE WMEETCS YeThIpe 3HAYMMBIX [JMAna3oHa [JIA YKa3aHHBIX 3HaudeHWM R npu obuiem ux
xonuuecTee 14, B ueThipex ciyvasx KOppeailus He3Hayumas.

Jluanasod u3MeHeHHA KOIQdULMEHTA KOPPENALMA MEXY CpeAHUMH 3HaueHuamn KITO B
netHMit cezon ¥ senmuuHamu KI1O nns Mmecsues, ApyrMx Ce30HOB, NEPHOAOB roja H roxa
coctapiser 0,42-0,92. 3uauyeHHs 3THX KOI(PPHUHMEHTOB KOPPENALKMHM MANO PasMHyatoTCs APYr OT
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Zpyra B ceayroumx avanasoax: 0,40 - 0,65 ( 1e10 — HIOHb, CEHTHOPb, OKTAOPB, OCEHb, ron) ;
0,66-0,80 (neTo — TenuTblii nepron, xonoaHkI neproa, ron); 0,81 — 0,90 ( nero — asryct ) u 0,91-
0,95 (neTo - MroaB). B naHHOM ciyyae  uMeeTcs yeThipe 3HAYHMBIX AHAMA30HA JUIA YKa3aHHBIX
3Hayenuid R npu obiem ux xonuuectse 8. B 10 ciiydasx R Hike 3HaYHMBIX BETHYHH.

Juanason u3Menenus Ko3Q(HUMEHTa KOppeNauHy Mexay cpeaHnmy 3aavenuamu KITO s
ocenHuii ce3oH M penuuuHamu KITO s Mecsues, ApyrHX CE30HOB, MEPUONOB rofla H roxa
cocrannser 0,40-0,90. 3HayeHMA yKa3aHHBIX KOIPOHHLIHMEHTOB KOppEIAUMH Majo pa3/nyalorcs
ApYr OT Apyra B ciedytowux Auanasoxax ux seauynH: 0,40- 0,65 (oceHp ~ AHBapb, anpens, Maif,
HIONb, aBryct, nero); 0,66 - 0,80 (oceHr — ¢eBpanb, ceHTAOPs, Aekabpe, 3MMa, BECHA, TemwIoe
nonyrozue); 0,81 ~ 0,90 ( oceHr — MapT, oxTAGPb, HOAGPE, XONOAHBIH NepHoA, roa ) B maHHOM
clyyae  MMeeTcs TPM 3HAUMMBIX JHana’oHa And YKajaHHBIX 3HaueHWH R npu obmeM nx
konuyecrse 17. JIKILb B OXHOM Cllyuae KOPpensLMA OTCYTCTBYET.

Juanason U3MeHeHHs K03 HIUMEHTa KOPPENILHY MeXIy cpeaHHMH 3HadeHuamu KIIO »
Temnoe nomyrogde u BenyuuHamu KI1O s Mecsues, ce30HOB, XOJORHOrO MONYTOOHA H roia
coctapnser 0,39 - 0,86. 3uaueHua koaPUUMEHTOB KOPPENSUMH MANO paslHyaloTCA APYr OT
Zpyra B CIeAyIOLMX Ananasonax ux BemuuuH: 0,35 - 0,60 (Tennoe nonyroaue — sHBaph, GeBpais,
HIOHB, HIOIB, HOAODB, nekabpe, 3uma); 0,61-0,80 (Tennoe nonyroaue — MapT, anpenb, Maif, aBrycr,
ceHTa6pb, oxTAGPH, NeTo, oceHs, xonoanel nepuon); 0,81 — 0,90 ( tensoe momyroane — BecHa,
rox) . B maHHoM cnydac Taike HMeeTCs TPH 3HAYMMBIX AMAa30HA VIS yKa3aHHBIX 3HAYEeHHH R
npu o6eM MaKCHMANLHOM MX Komudectse 18.

Jlnana3on HaMeHeHUA KO3QPHLHEHTA KOPPEIAUNH MeXAy cpeanuMu 3HaveHnamu KIIO B
xononHoe nonyroaue v semuyudamu KITO ana mMecaues, Ce30HOB, TEIJIOrO NMOJYFOANS W roia
coctapager 0,56-0,96. 3HaueHHa ykasaHHBIX KOI(P(DHLMEHTOB KOPPENALMH Maji0 Pa3iMyaloTes
JPYT OT Jipyra B CIefyloUInX qHanasoHax ux sennyus: 0,55 - 0,75 (xononuoe nonyroaue — anpens,
Mait, ceHTa6pb, oxTAGps, Temmoe moayroaxe); 0,76 - 0,85 (xomonHoe momyrogHe —  AHBaps,
Hos6pk); 0,86 — 0,90 ( xomoxHoe monyroame — despanb, Aekabpb, BecHa, oceHb) ¥ 0,91- 0,96
(xomopHoe mosyromMe — MapT, 3MMa, rox). B nanHom ciyuae HMeeTcs HeThIpE 3HAYAMBIX
NMama3oHa A YKasaHHBIX 3HaueHWH R npu obmem nx xomuuectse 14. B dermipex ciywasx
KOppeNALHA He3HAYMMA.

Ta6nuna 3 Koadrpuuuents: ypasHenuii mineitnoll perpeccun cpenHeMecsyHbIX, CE30HHBIX

H MONYrofI0BLIX 3HA4YEHHI KOHLIEHTPAUUH IPH3EMHOrO 030Ha C UX FONOBHIMM 3HAYEHHAMH B
T6unumcu 8 nepyoa ¢ 1984 no 2003 rr o nanHeM Ha 15 vac.

KIIO (roa) = b*KIIO(mecsin, celon, mojiyroaue) + a

Mecsan, b CONF CONF a CONF CONF
CE0H 68 % (+/-) | 95% (+/-) 68 % (+/-) | 95% (+/-)
1 10,448 0,102 0,209 32,06 3,76 7,73
2 0,466 0,074 0,152 27,16 343 7,04
3 0,382 0,041 0,085 24,52 2,63 5,41
4 0,387 0,083 0,170 22,97 5,40 11,08
5 0,535 0,142 0,291 14,95 8,72 17,92
6 0,466 0,296 0,608 20,91 16,93 34,77
7 0,284 0,189 0,388 31,74 10,57 21,71
8 0,336 0,194 0,398 30,17 10,10 20,76
9 0,637 0,179 0,368 16,70 8,77 18,02
10 0,621 0;115 0,236 22,34 4,80 9,87
11 0,465 0,098 0,202 31,72 3,59 7,38
12 0,765 0,135 0,277 29,77 3,35 6,88
3uma 0,642 0,089 0,183 25,87 3,16 6,49
Becua 0,591 0,054 0,111 11,21 3,40 6,99

310




[ Jero 0,569 0,270 0,554 16,46 14,76 30,32
[ Ocens 0,852 0,099 0,204 12,74 4,15 8,52
Tennoe 1,108 0,152 0,311 -14,51 8,53 17,53
1oJIyrojaune
XonoaHoe 0,694 0,051 0,106 20,27 2,10 4,32

nojyroiue

Jlnana3on u3MeHeHNs K03bULHEHTa KOPPENSLME MEXIY CPEAHNUMH 3HaueHusmu KIIO B
rog u senuunnamu KIIO nns Mecsiues, Ce30HOB, TEIUIONO M XOJOAHOTO NOMYTORMA  COCTaBJIAET
0,35-0,96. 3HaueHus ykaszaHHbIX KOIGhGHUUHEHTOB KOPPEAALMH Mallo pa3iHYaloTCs APYT OT Apyra
B CNERYIOIIMX AnanasoHax ux seanuuH: 0,35 - 0,60 (rox — WIOHB, HIONB, aBrycr, neto); 0,61- 0,80
(ron — sHBapk, anpenb, Mad, CEHTAOPD, OKTAOPH, HOAOPE); 0,81 — 0,90 ( roa — despans, nekabpsb,
3MMa, OCeHb, Tkl nepuon) 1 0,91 - 0,96 (ron — MapT, BecHa, xoNoaHbli nepuon). B maHHoM
clydae TakXe MMEeTCS YEThIpe 3HAYMMBbIX Auana3oHa JUIA YKa3aHHbIX 3HaueHud R npu mx
ofmemM MakCUManbHOM KonudecTBe 18.

TaxuM o6pasom, nyuiie Becero Koppenupyot cpeansue 3sHadenusa KITO 3a Tennoe nonyroaue
M 3a roJl CO BCEMH OCTANBHBIMH CPEIHUMH KOHLEHTpALMAMH MPH3EMHOro o3oHa (114 Bcex 18 map
R ero pennynHs! 3HauNMBI). Xyxke Bcero KoppenHpylot cpeatmne 3HadeHns KITO 3a uions u netHuii
Ce30H CO BCEMH OCTAaNbHBIMH CPEIHMMH KOHLEHTPAUHMAMH NPH3EMHOTO 030HAa (COOTBETCTBEHHO
BCEro Jiniub 7 H 8 nap 3HaYUMBbIX Benu4uH R).

B Ttabnuue 3 npencraenens! cooTBeTCTBYIOLIME KOIQPUUMEHTBI YypaBHEHHi JNHHEHHOH
perpeccuM CpeHUX MECAYHBIX, CE30HHBIX K NoayrofoBbix 3HayeHuit KI1O ¢ ux cpeaneronosbiMu
BEJIHYMHAMH. AHATOTHYHbIC PACUETB! HEC/IOXKHO NMPOBECTH H A APYTHX Nap 3Ha4eHHH.

JlauHble Tabnuubsl 3 MOXHO HCMOJIBL30BaTh HJIS NPHUMEPHOH OLEHKH CPEIHEroJoBBIX
3HAYEHUIl KOHLEHTPAlHH NPH3EMHOro O030Ha, ecnu MMetorcs nanusie o KIIO nums ans
OTIENBHBIX MECALIEB HIIM CE30HOB FOMa.
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N3MeH4YHBOCTDb CPEIHEr0XOBBIX, IOJIYI0JO0BbLIX, CE30HHBIX H MeCAUHbIX
3Ha4eHUiH KOHLEHTPaUHM NpH3eMHoro o3oHa B Touaucu B 1984-2003 rr

Yuxaanze B.A.
Pedepar

[Noka3aHo, 4yto cpennemecsiunblie nanubie KI1O 3a 15 yac. BIIONHE penpe3eHTATUBHBI LA
XapaKTEPHCTHKH CPENHEMECAYHBIX cyTo4HBIX 3HauyeHHid KIIO. JInHeHHBI KOppENsLMOHHBIH
aHaNN3 JaHHBIX O KOHLEHTPALMH NPU3EMHOro 030HA Pa3M4HBIX MaclUTaboB OCPEIHEHHs APYT C
ApYroM JaéT BO3MOXHOCTb IPUMEPHO# OLEHKH CpPEIHErofOBbIX 3HA4E€HHH KOHLEHTpaLHH

NPU3EMHOI0 030Ha, €CJIH UMEIOTCS JaHHbIE O KITO nuwb o OTAENBHBIX MECALEB WIIH CE30HOB
rona.

Investigation of seasonal, semi-annual and annual variability of surface ozone
concentration in Thilisi in 1984-2003

V. Chikhladze
Abstract
It was shown that monthly mean values data sets of surface ozone concentration (SOC)
measured at 15.00, are useful to characterize monthly mean daily values of SOC. Linear correlation

analysis of SOC on different scales provides possibility to assess variation of annual values of
SOC, even in case of complete seasonal monthly SOC data.
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HEKOTOPBIE MUKPOKJIHMATHYECKHE XAPAKTEPUCTUKH
KYPOPTA IIXAJITYBO

1'l"apxaH-Moypala.n uAa., lCaalcau.nm.rm H. M., Taﬁumc M.IIL,,
Kakymm H.A,, KBHHnKame n3., Xe.naummm 3. I/I Tapxm«lmnnnn H.B.,
*Amupanamsun AT, ‘Kupknranse A J., *Tapxunmeuan AL, Yuxname B.A.

'H 1y 1P CKUL YeHmp NO Kypo Pu.
u 6romy mypuamy, 0105, Tounucu, yn. B.I' opzaca.nu,9

anmumym 2eogpusuru um. M. Hodua, 0193, Téunucu, yn. M.Anexcuose, 1,
Avto_Amiranashvili@Excite.com

Lixanty6o aBnseTcA OAHMM M3 Crapeiinx 6abHEONOrHYECKHX KYPOPTOB HE TONbKO I'py3uu, HO W
Bcero mupa. KypopT pacnonoxeH B nonune pexd Lixanty6oc-Likann (nesbiit npurok peku ['ymucukanu), Ha
BbicoTe 95 — 150 M Han ypoBHeM Mops. C cesepo-BOCTOKA K ropofly NoAcTynaioT orpord CaMrypanbckoro
xpebra (Cucrema Boneworo KaskacuoHn), a ¢ tora — otkpuitan k YépHomy wmopio Konxmuackas
HH3MEHHOCTb.  PackuHyBluMecs BOKpYr KypopTa XonMbl NOKpbiThl  Goratoit  cy6Tponuueckofi
PACTHTENILHOCTBIO, BEYHO3ENEHBIM KYCTADHHKOM W IHCTBEHHBIM JlecoM (ay6, Gyk, Ba3) [1).

[xanty6o xapakTepusyeTcs  BN@KHbIM CyOTPOMHYECKMM KIMMaToOM. 3MMa  OYEHb MATKaA H
MaIOCHexkHas (CpedHss TeMrniepatypa sHBapsa coctaBiger 5.3 °C ). Jlero oueHb Témnoe (cpemuas
Temnepatypa asrycra coctaenser 23.8 °C). CpeaHerooBas Temneparypa coctasnser 14.6 °C.
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CpenHemecsvHas ynpyrocTh BOASHBIX NapoB B aTMOC(HEPHOM BO3/lyXe MaKCHManbHa B Hione (22.2
m6), a MuHumanbHa — B anBape (6.4 MG). Cpenmeronosas ynpyrocTe BOAAHEIX MapoB B aTMOC(epHOM
Bo3ayxe cocraBaser 12,9 mM6. CpenHemecauHas OTHOCHTENLHAA BAKHOCTb arMocepHOro BO3AyXa Ha
KypopTe LlxanryGo makcumanbia B wione u  asrycre (78 %), munumanrbHa 8 anpene (69 %).
CpenHerogoBas OTHOCHTeNbHAA BKHOCTL arMocdepHOro BO3AyXa COCTaBAfeT
73 % [2, 3]. B xayecTBe wullOCTpauM¥ Ha pHc.l M pUC.2 NpEACTaBieH BHYTPHroAOBOH XOA
- 4YHBIX 3HAYEHUH TEMNepaTyph! H OTHOCHTENBHO BIAKHOCTH Bo3ayxa B Lixanty6o.

Lixanty6o oTnmuaerca Hu3Koi BetpeHocTbio (puc.3). B xomomHsiil nepuoa ropa rocnoactsyioT
CEBEPO-BOCTOYHBIE H BOCTOYHBIE BETDHI, a B TEMNLIA NMepHONd roaa — 3anafHble BeTpbl. YHcio AHed ¢
CHIIbHBIM BETPOM B Te4eHHE roa He npesbiwaer 13. CuabHble BETPbI GbIBAIOT B OCHOBHOM B MapTe H
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anpene [4]. Cpeaneronosoe sHaueHue atMochepHOro nasneHus coctaenter 1008,8 mm pr. cronba. Kypopt
XapaKTepH3yeTCs  HacToH o6na4nocTsio, ocobenHo B despane W mapre. B To e Bpems, Lixanty6o
XapaKTepU3yeTCA MANbIM HHCIOM IAHEMH C TYMaHOM.

POCTH BT B
Urarmyso

wicex

12 3 4 5 6 7 8 9 101 12
Mocny

Puc. 3 Puc. 4

Konunuectso ocankos (puc. 4) B cpeaHem 3a roa coctabnser 1692 MM. Bonbias 4acTh ocamxop
NPUXOAMTCA Ha XonoaHbii nepuon (IX — [11 mecaubi) uacts BecHo# u B Hauane gera (IV — VI mecausr).
MakcuManbHOE KOMHYECTBO OCAJIKOB NPHXOAMTCA Ha HBaph (169 MM), a MuHUMAanbHOE Ha Maii (102 MM). B
XOJO/HbIH MEPHOA TOfa OCAaAKM BLINANAIOT B BHAe cHera. W3 obliero komMuecTBa 0CaakoB (KMIKHE,
TBEPAbIC W CMELUaHHbIE) Ha TBEPAYIO dasy npuxoautes scero 7 %. Beimanenue nepsoro cHera, o6bIyHO,
oxuaaercs B sHBape. CHexxHbiH NOKPOB HEYCTOMUMB U ero TasHue GbiBaeT B depane. TONWMHA CHEXHOTO
NOKpoBa pefiko AoctHraet 10 cm 1 Gonee [3].

e e
BHYTPHIOQ0B80A XOA CPOAHIMOCAYHOR Buy W xoa
8 UxantyGo 3 hexTMBHON TeMNepaTypL BO3AYXA B Uxanry6o

12 3 4 5 6 7 8 9 10 11 12

Mecay ’ ’
Mecay

Puc. 5 Puc. 6

Knumar Lxanty6o oTanuaerca obunHeM conHeuHbiX aHeH (puc. 5). OTCYTCTBHE CONHEUHBbIX AHEH
OObIYHO MMEET MECTO B XOJIOAHbIW NepUOA roaa W B Hauvasne BecHbl. [1pOAOJIKMTENBHOCTb COMHEYHOrO
cusHus B LixanTyGo B TeueHne rona 8 cpeaHem coctasnseT 2032 4acos. AKTHBHOCTb CONHEHHOrO CHAHMA,
KaK B abCO/MIIOTHOM BLIDKEHHMH, TaK W B NPOLEHTAX, MAKCHMANbHA B aBrycTe (COOTBETCTBEHHO 239 uvac. u
11.8 %), a MunumansHa B nexabpe (89 vac. u 4.4 %) [S].

JIng oueHKH 6HOKIIMMaTHYECKHX XapPAKTEPHCTHK MECTHOCTH W B THTHEHHYECKOMH MpPaKTHKE 4acTo
MCMONb3YeTCs METON  OKBMBaNEHTHO-3hdekTHBHBIX Temnepatyp (337). 33T - 310 coueTaHHe
OJIHOBPEMEHHO HabIIIOAAEMbIX TEMMNEPATYpPbi, OTHOCHTENLHOH BIAXHOCTH BO3AYXa M CKOPOCTH BeTpa,
BBIPAXEHHOE YCNOBHbLIM 3HAYEHWEM TEMNepaTypsl, KOTOPOE CO3AAET TO K€ TEMIOoOulylieHHe (TOT ke
TertoBoit 3ddeKT), YT U HeNOABHXKHLIA BO3AYX MpH 100% OTHOCHTENbHOW BAAXHOCTH M OMpENE/eHHOH
Temneparype [6-8].

Cywecteyior ape wkansl 37, OcHOBHaA COOTBETCTBYET TEIUIOOULYUEHHIO OGHAKEHHOrO
YenoBeka, HAXOMAUIEroCA B TEHH M NPHHMMAIOWIErO BO3AYUIHble BaHHeL Hopmanbhas wkana 33T
COOTBETCTBYET TEMJIOOLLYILEHHIO OAETOrO MO Ce30Hy UeNoBeka, coepluatollero HeGonbluke nporynkx. B
COOTBETCTBHE C HOPMATbHO! LUKAIOH, BLIAENAIOTCA NATH OCHOBHBIX rpagaumit 33T
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1-8°C - xonodno, 9-16 °C — ymeperno x0a00uo, 17-22 °C - komgpopmno, 23-27 °C — menno, Gonee 27 °C
— acapro (6-8].

Ha puc. 6 npeacTaeneH BHYTPHroOBOH XOA cpeaHemecauHbIx 3HaucHuit D37 B LixantyGo. Kak
CremyeT M3 3TOrO PHCYHKa, B AHBape, (espane, Mapre, anpene, noabpe W aekabpe cpelHeMeEcAYHbie
3nauens 33T B Lixanry6o cooteercTsyroT rpazauuu xoaoowo. B mae wn oktabpe 3Havwenus 33T
COOTBETCTBYIOT Ipajaluli ymepenHo xon00Ho. C WIOHA No ceHTAOpL camblii GnaronpuaTHbIi ceson - 30T
COOTBETCTBYIOT [Pajai KoM@opmHO.

Mpyu WTHNE W KOPPUTHPYIOLUIHX YCTPOHCTBAX, CHHMAIOIUMX BAMAHHC BETPA, TEIUIOOLLYWEHHE
YenoBeKA MpM TeX JKe TEMMEepaTypax W OTHOCMTENbHOM BAKHOCTH BO3NYXa, BBHIPAKAIOLICECS B
3(heKTHBHLIX TeMMepaTypax, Heckoneko MeHsercs. B zaHHoM caywae 3nauenns 33T B Llxanty6o,
COOTBETCTBYIOLME IPajalMK X0100K0, HabmoaaloTea B aHBape, despane u Aekabpe; rpanauvu ymepenno
X0100HO — B MapTe, anpene, okTAGpe U HOAGpe; rpaflaunu xomgopmmo — ¢ Mas no centabpe. To ects, B
MECTAX C KOPPHTHPYIOUIMMHM YCTPOHCTBaMM, MO CpaBHEHHIO C MecTamu, Fjae €CTh Berep,
TNPOAOKHTENLHOCTD  (KOMOPMHULIX» MECALICB YBENWYHBAETCA C 4eThIpEX N0 MATH, TOrA8 Kak
NPOJC/DKHTENBHOCTh (XONOONBIX) MECALIEB YMEHBIUAETCA ¢ WIECTH QO TPEX 3a CHET POCTa MECALEB C
rpajaUMell ymepenHo XonoONo ¢ NBYX RO 4eTbipeX.  TakuM 00pasoM, BETEpP OKa3bIBaeT [OCTATOMHO
CYIIECTBEHHOE BITHAHHE Ha CTENCHb TEMUIOONLYLUEHHA YenoBeka B ycnosusax Lixanry6o.

B Lixanty6ckom paiioHe WMEIOTCA KapcTOBbie NEUIEPhl, KOTOPHIE MOXHO TNPUMEHATL AMA
cneneorepanuu [9-15). Huxke npusoautces kpatkan GHOKIMMaTHYECKas M PaaMAUMOHHAS XapaKTepPUCTHKa
newep «Terpn Mranme» n «Catannna». MUKPOKIMMAT 3THX NELIEP OT/IMHAET BLIPANKEHHAR CTAOHIBLHOCTD
B TEYEHHE rofia.

Kapcrosas newepa «Terpn Mraume» pacrionoxena B cesepHoii yacTh Lixanty6o, Ha paccrosHuy 1
KM OT LIEHTPa KypOpTa W HAuMHAaeTCA S-MeTposbiM Konoauem. Co aHa k0/OAUA Y3KHMi 51a3 BEIBOAMT B
kopuaop anuxoi 100 M, npu wHpHHe 5 ~ 20 M 1 BbICOTE 3 —~ 5 M.

Temnepatypa Bosayxa B neiuepe konebnerca B Teyewne roga B npepenax (12 ~ 14) °C,
OTHOCHTeNbHas BRaKHOCTL — (98 — 100)%, ynpyrocTs BoasHbIX Mapos B Bosayxe — (13.7 — 16) m6. B
BO3AyXE CONEPXHTCA NOBLILIEHHOE KOAHYECTBO yraekucaoThi (0.4 — 0,7 06.%).

lecoxouucnepcusm TIEWEPHbIii Crieneoa’po3osb conep;lm‘r voHbl Kanblma (0.02 — 0.03 Mr/M’),
marnus (0.06 — 0. 07 Mr/v’) u ruapokap6onata (0.07 - 0.08 mr/m’). JlevbkeHue Bo3ayXa B Neliepe He
owymaerca. B | M’ Boaxyxa obHapyskeHo 10 500 HenaToreHHbIX MHKpOGOB.

BytpH «Tetpn Mreume» IKBHBANEHTHBIE [03bI HOHH3HPYIOLIEH PaAHALMH COCTABAAIOT: raMma-
nanyyenue - (100 — 170) H38/4ac; ramma- u Geta-uanyyennit - (110 ~ 180) n3p/uac; anbda-, Gera- u ramma-
HamydeHui - (130 — 190) u3s/vac.

Kapcrosas newepa «Carannna» o0pa3zopanach B HHKHEMENOBbIX HIBECTHAKAX H pacmonoxexa B 7
kM ot LixantyGo, Ha rope Caneyparuc Cepu. llemepa ropu3oHTaNbHaA W COCTOMT W3 HECKOIbKHX 3a/10B.
Jnuua neweps ¢ oteeTBaeHHAMH — 300 M. Mewtepa ckBo3Han.

CyTouHbIe H CE30HHDBIE HIMEHEHHS TEMMEPATYPbl BO3AYXA OT BX0AA B riiy6b newepsl NOCTeNneHHo
CIIAKHBAOTCA U B UEHTPANbHOW 4acTH HabiI0NaeTca MouTH nocTosHHas Temneparypa (14 - 15) °C, ¢
cyTouHbIMH KonebaHuamu 8 npegenax 0,3 °C — 0,5 °C wu rogoesimu — | °C — 2 °C, HesHaunTensHbIM
KonebaHWeM XapaKTepH3yeTcs W BNRKHOCTb BO3AyXa. YNpyrocT BOAAHOTO napa W OTHOCHTENbHAas
BAKHOCTb ¥ BXOAA 3ABUCAT OT MOTOAHLIX YC/IOBHH Hapy)HOro BO3AyXa, HO 4epe3 HECKONbKO AECATKOB
METPOB, BEHYMHLI ITHX NOKa3aTeNeH CTaHOBATCA NOMTH NOCTOAHHLIMM. OTHOCHTENbHAA BJIAXHOCTb B
LIeHTpanbHOH YacTH neulepsl konebnerca B npenenax 95% - 98%, a ynpyrocTb BOAAHbIX NapoB B BO3LYXE —
16M6 - 16,7 M6.

B newepHom Bonyxe comepxurca 0,2 06.% - 04 06.% yrnekncnorsi. BeicokoaucnepcHbii
CNIENe0a’poasoNb CONEPHHT HOHEI Kanbiua (0,02 Mr/m® — 0,03 mr/M®), maruua (0,04 Mr/m’— 0,06 Mr/M’)
ruapoxapoGonara (0,05 mr/m’— 0,07 mr/m’). B netuepe nouTH Bcerna HabmogaioTcs oens craGhie BETPSI
(0,2 m/cex — 0,3 M/cex). Tlpn clwibHBIX BeTpax CHapyxH, B neliepe cuopom JIBH)KEHHA BO3AYXa NHGO He
MeHAeTes, nH6o ycwinpaetcs HeaHauntensHo (10 0,6 — 0,7 m/cex). B | m® Boanyxa obGHapyxeno g0 800
HenaToreHHbX MHKPOGOB.

BHyTpH newepsl 3KBUBATEHTHbIE 1036l HOHHINPYIOIWLEH PaMALMK COCTABAAIOT: FaMMa-HaTyYeHHe
- (100 — 170) u38/u4ac; ramma- u 6eTa-uanyuennit - (110 — 180) n3s/uac; anvda-, Geta- n ramma-usnyuenuit
- (110 - 190) n3p/4ac.

PaBora Benonsena npu noanepxxe JlenapramenTa o Typusmy I'pysnu.
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HEKOTOPBIE MUKPOKJUMATHYECKHE XAPAKTEPUCTHUKHA
KYPOPTA LIXAJTYBO

Tapxau-Moypasu U.JI., Caakampnau H. M ., Tabnaze M.1L1.,
Kaxyaua H.A., Keunukagze H.3., Xenawsnan 3.H., Tapxunwsnan H.B.,
Amupanamsuin A.I'., Kupknranse I J1., Tapxunmsuan A.T., Unxaame B.A.

Pedepar

IpencraBneHbl AaHHblE O HEKOTOPBIX MHKPOKIHMATHYECKHX XapaKTEPHCTHKaX Kypopra
Lixanry60o (BHYTPHTOZOBOH DEXHM CpENHEMECAYHBIX 3HAYEHHH OCHOBHBIX METEOPOJIOrHYECKHX
NapaMeTpoB, IKBUBANEHTHO-9((EKTHBHON TeMnepaTypsl). [IpuBeaeHb Pe3yIbTAaTEl HCCIIEA0BAHHS
OHOKTHMATHYECKMX H PaIMalMOHHBIX XapaKTePHCTHK neluep «Terpu Mreumen u «Catannua».

SOME MICROCLIMATIC CHARACTERISTIC OF HEALTH RESORT TSKALTUBO

Tarkhan-Mouravi L., Saakashlili N., Tabidze M.,
Kakulia N., Kvinikadze 1., Khelashvili E., Tarkhnishvili N.,
Amiranashvili A., Kirkitadze D., Tarkhnishvili A., Chikhladze V.

Abstract

The data about some microclimatic characteristics of health resort Tskaltubo (intra-annual regime of
the average monthly values of the basic meteorological parameters, equivalent- effective
temperature) are represented. The results of study of bioclimatic and radiation characteristics of
caves " Tetri Mgvime " and " Staplia " are presented.



MNAMATH KOJLJIED
IJEOHOPA AJIEKCAHAPOBHA JKUBJIAA3E

(1928 -2005)
80 nieT MCIOHHMNOCH CO IHS POXEHUS JOKTOpa (H3UKO-
MaTeMaTHYeCKHX Hayk. npocdeccopa 31eoHOpbI
ArnexcannpoBHsl [Dkubiag3e - ClABHOTO  NpeJCTABHTENS

IPy3WHCKOH reoU3NYeCKON LWKOMBI.

3.A. Ixubnanze poaunacs 17 mrous 1928 roma B c.
lanaxne6a Yoxataypckoro pakiona B cembe cayxamero. B
1945 rony ¢ ormrunem oxonuuna Téunncekyro NeS cpenHiow0
JKEHCKYIO IuKoity, a B 1950 roay — du3uko-MareMaTHyecKuit
daxyneTeT TOUIHCCKOTO rOCYAapPCTBEHHOTO YHUBEPCHTETA C
KBanudHUKauuei reodusnka.

2.A. Ixubnamze B 1951-54rr. B UHCTHTYTE reodu3uKH
Npolia Kypc acnHPaHTYphbl MOJ PYKOBOACTBOM H3BECTHOTO
yuenoro un.-xopp. AH CCCP E.®. Casapenckoro u B 1955
rony B Mockee, B Mucrutyre ¢usuxu 3emam um. O.IO.
IImuara AH CCCP  ycnewHo 3alliHTHN@  KaHAMOATCKYIO
IMccepTallio Ha Temy: «CelicMuuHOCTh Bonbiioro Kaskasay.

C 1955 rona 3.A. [[kubnanse — COTpYAHHUK OTAENa PErHOHAIBHOIM ceiicMonorny UHcTuTyTa
reopmsukn AH I'CCP. B Hauyame TpynmoBoro MyTH OHa pyKOBOAMJIAa NEPBUYHOH 06paGoTKOH
celCcMOrpaMM H COCTaB/IEHHEM CBORHOIO GrosneTeHs 3emueTpsceHuit KaBkasckoro peruoHa.

Hayuynele nntepecst 3.A. Jxubnanse pasBHBaIMCh B ABYX HAMpaBieHMAX: KOJIUYECTBEHHas
OLleHKa CEeHCMUYECKOH OMacHOCTH M CefiCMOTEKTOHHYECKUE NBHXeHHA. Ee Tpyabl nernd B OCHOBY
M3y4eHHA CeHCMHYECKOro paHOHHpPOBaHus M ceficMiuecKoi onacHocth Kaskasa. OHa npHHHMana
y4JacTHEe B CO3JaHHM HOBO# METOIMKM CelCMHYeCKOro paifOHHpOBaHMs., OHAa aBTOp KapThl
ceficMMTeCKOro  palfOHHPOBAaHHS TEPPUTOPUM [ py3uH, KoTopas ABISETCA HOPMAaTHBHBIM
JOKYMEHTOM B JeJi€é CTPOHMTENbCTBA TIpaXJaHCKMX M IPOMBILUIEHHBIX OOLEKTOB B Halueii
pecny6iuke.

B 1977 rooy 3.A. JIxubnagse 3aluutvia OUCCEPTALMIO HAa COMCKAHHE y4YEHOH CTEneHH
JoKTOpa (M3MKO-MaTeMaTHYECKMX HayK Ha TeMy: «OHEprHa 3eMIICTPACEHHH, CceHcMHYecKas
OIIaCHOCTh M celicMoTeKkTOHMYeckue nBmieHns Kaskasa». Ona crana nepsoii na Kaskase
XEHIIMHOM — JOKTOpPOM HayK B reodmusmyeckod Hayke. B 1980 romy B Mockse nokTopckas
mucceptauus Obuma w3maHa MoHorpadueif. PenakTopoM MoHorpagHMM M KOHCY/BTAHTOM
JNOKTOPCKOH aucceprauuu Obun Beyaaromuiica ceficmonor un.-kopp. AH CCCP 10.B. Pusnuyenko.

B 1997 roay 3.A. Ixu6nan3e 66110 NpUcBOeHO 3BaHHE npodeccopa.

[Mpod. D.A. Dxubnamse B 1990-1993 rr. 3anumana AOMKHOCTb [JIABHOrO HAay4HOTO
COTpYIHHMKA OTAENa PErHOHATLHOM ceficMonorny, B 1993-1995 ronax 6eiia 3aBefieiOHM ITHM
otmesaoM, B 1995-2005rr. BeAymuM Hay4HBIM COTpyaHHkoM MucTutyTa, ¢ 2005 roaa riaBHeIM
Hay4HBIM KOHCYJIBTAHTOM HIHCTHTYTa reodu3uKu.

Tlpod. D.A. Jxubnamse Gbuta abropom okono 100 Hayuneix paGotr, B TOM uHcne 6
MoHorpadmii. [Ton ee HaydHBIM PYKOBOICTBOM 3alIHIIEHO 6 KAHANIATCKHX JHCCEPTAIHH.

B nocnentee Bpems mpod. J.A. JDxubrajle aKTHBHO y4acTBOBana B M3yHeHHH mpoGie,
BBIIBMHYTBIX MeXIyHapOAHOH CEMCMONOTHYECKOH accolHauued, B 4YacTHOCTH, B OLCHKE
ceficMuueckoii onacHoctH Kaskaszckoro MexyHapoAHOrO NOJIMIoHa.

Tsxkenas Gone3Hb NOAOpBaNa 310POBbE 3TOH CHIBLHOH NYXOM JKEHIIMHBI, HEyTOMHMOM
HecnokoitHoit , o6aaxaoeit orpoMHoit sueprueit muunoctu. [Ipod. D.A. Jxubnan3e ckoHuanach
1 uronsa 2005 rona.

Chernas mamaTh 06 00aATeNIbHOMN, MHTEJUTATEHTHOM, 3a00TIMBOA JKCHIUMHE, NMAaTPHOTKH
cBoeit PoJMHEI, H3BECTHOM Y4eHON HABCET/Ia OCTAHETCA CPEAH TEX, KTO € XOpOLO 3HAT.
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APYHJ MHXAHJIOBHY OKYIKABA
(1928 - 2008)

B 2008 roay ucrionuunocs 80 JieT co JHA POXKIEHHA NOKTOPA Hayk,
pyKOBOAKTENA N1ab0paTopHH MO/ENHPOBAHHMA aTMOCHEPHBIX MpPOLEcCon
WUncturyra reodnsuxkw uMm. M.3. Honma Apuuna Muxaiinopuya
Oxymxasa.

A. M. Okymxasa Obin BEAyIUMM CHEUHATMCTOM B H3y4eHun
atMocdepHbIX sBIeHUH, B Oene pa3paboTKM METONOB HKYCCTREHHOrO
BO3/ICHCTBUA Ha aTMOCHEPHHIE MPOLIECCHI.

A. H. Okymxasa pouuncs 6 ausapa 1928 roaa e r. T6umcH B cempe
u3BecTHOro obuecTBeHHoro gesrens Muxanna OkymxaBa u Bpaya Huwo
Monebanze. A.M. Okynxasa BOCIHTHIBaICA B ceMbe TeTH JIomMHIbI,
TaK kax €ro poantean 6bum penpeccupoBanbl B 1937 rogy. B 1956 rony
OHU MOJIYYHIN peabuanTaLHIo.

A. M. Oxynxapa B 1949 roay oxonuun ¢uamuxo-marematnueckii ¢axyaprer Tonauccioro
rocyzapeTBEHHOTO YHHBEPCHTETA MO CMIeUHANbHOCTH «TeopeTHyeckas ¢usuka». C 1950 rona on
coTpyaHux otaena pusuku atmocdepsl UuctntyTa reodusuxa AH I'pysum.

B 1969 rony A.M.OkymxaBa 3aUMTHI RHCCEPTALHIO HAa COHCKAHHE YYEHOH CTEMEHH
xangugara  ¢uluxo-maremaruyecknx Hayk. C 1971 roma oun 3amenyer nabopatopueit
MOZAeHPOBaHKs aTMOC(HEPHBIX MPOLECCOB.

Hayunsle pabotsi  A.M.OxymikaBa nocestueHbl  1a6OpaTOPHOMY — MOJAEIHMPOBAHHUIO
MHKPO(GH3HUECKHX M INEKTPHYECKHX MPOLECCOB, MPOTEKAIOWMX B KOHBEKTHBHBIX 06faKkax mpu
HX €CTECTBEHHOM paIBHTHH M MCKYCCTBCHHOM Bo3neficTBHH. A.M.OKynkaBa NpPHHAMICKHT
Gonbias 3aciyra B CO3NaHHH ONHOTO M3 3HAYMTENbHBIX NaGopaTopHbIX KoMmekcos MHcTHTyTa
- TepmobapokaMepsl M ee OCHAllleHHS YCTaHOBKAMM, WM3MEPUTEILHBIMH YCTPOHCTBAaMH,
COOTBETCTBYIOLIMMH COBpeMeHHDBIM cTaHAapTaM. A.M.Oxymxkasa GbuT OJHHM H3 pYKOBOAHTENEH
M OCHOBHBIX HMCMONHWTenel wuMkia paGor Huctutyra reodusuku AH T'CCP B ofnactu
MCKYCCTBEHHOTO BO3/IEfiCTBHA Ha obnaka, kotopad B 1969 rony 6bina oTmeueHa ['ocynapcTaenHoi
npemueii CCCP no nayke 1 TexHuKe.

AM. OxymxaBa npoBeneH psd TeOPETHUECKHUX PaboT, cpean KOTOpPBIX GoMbluoe 3HaYeHHe
HMeeT peleHHe HennHeRHoM 3anauu Ctedana ans KOMNO3UTHOM cpenbl. PaspaboTke 3TOH 3ana4u
MOCBAIIEHA €ro KaHmunatckas paGota. A.M.OkymkaBa aBTOp HECKONBKMX [ECATKOB Hay4HbIX
TpyA0B, Tpex n3obpetennit, umeer cepebpannyio Menans BJHX CCCP 3a yyactue B pa3pabortke
Hay4HON TeMaTHkH B obnactu ¢u3uKy 061aKoB.

HeobxoarMo OTMETHTH W NMIOZOTBOPHYIO NMEXAroruyeckylo AestensHocts A.M.Oxymxkasa. C
1980 roxa oH Ben kypc du3nku armocdepst Ha husnyeckom dakyaptete TTY.

AM.Oxymxasa cxonyancs 19 urons 2008 roga.

Ceetnas mamaTe 06 3Toft 3aMeyaTenbHOM NHYHOCTH, YeNOBEKe, MMEIOIEM OnecTauve
CMoco6HOCTH K MaTeMaTMYeCKMM HayKaM, BCECTODOHHE 06pa3oBaHHOM, NpeKpacHOM Apyre
HaBCer/1a OCTAHETCA CPeaH ero Apy3eil u Koner.
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JYJN XARKMOBHY IHATAIBUIN

(1928 -~ 2000)

80 ner wucMOAMMAOCHE €O AMA POXKACHHS ROKTOPA  (PH3IUKO-
MaTeMaTH4eCKuX Hayk, npodeccopa Jlynu Xaiimosuya Lilatawsuan.

Ipodeccop JI.X. Ilaramsuiu Ghin  KpyUHBIM ClELMATHCTOM B
06:12CTH QU3HKH MEKMIAHETHOTO NMPOCTPAHCTBA M KOCMHYECKHX Nyyeil.
EMy npunamnexar  ¢ysnameHTansHele  pafoThl MO TeOpHM
KBa3MMEPUOAMYECKHX BAPHALMA WHTEHCHBHOCTH KOCMHMHYECKHX INyded,
KOTOpBIE NPHBENH K OCO3HAHHIO IOMHHHUDYIOWEH POSM ACCHMETPUYHOTO
COJHEYHOro BETpa B GopMHPOBAHUK 27-HEBHBIX BAPHALMI 3apMKEHHDBIX
YaCTHII KOCMHYECKOr0 H3TY4EHUS.

JLX. Iaramsuny poanncs S asrycra 1928 rona B nocenke Cauxepe B ceMbe CiyXamero.

JLX. Waramsunn B 1947 romy okoHunn 9 cpennioo Myxckywo wxony B r. Toumucu. B 1952
rofly ¢ OT/IH4HeM oKoHYHA (usnueckuit pakynbrer TOGHANCCKOrO rocylapCTBEHHOTO yHHBEPCHTETA
no cneumansHocTH  “usuka” . OAHOBPeMeHHO paboTan B My3bIKANBHOMN LIKONE MENaroromM no
wiaccy doprenuano. C 1952 roaa paGoran Ha cTaHUMK KOCMHYECKUX Ayuel npu ['uapomercayxbe,
koTopas B 1956 rony Geina nepenana MuctutyTy reodusuky.

C 1956 rona no nocnenHux mueit npodeccop JI. X. Ilarawsunu paGortan B Unctutyre
reopusukr uM. M. Honua cHavana mnanmmm, 3aTeM CTapliiM HaydHbIM COTPYAHHKOM, IpoLIeNn
KYpPC acndpaHTypsi d B 1962 rofy 3amuThi KaHAHAATCKYIO QUCCEPTALNIO HA TeMy: “27-nmHeBHbIE
BapHallAK KOCMHYECKMX ayveli” , a B 1977 rofy 3atuTun AOKTOPCKYIO AMCCEPTALHIO Ha TeMy:
“KsasuneproituecKue BAPHALNH HHTEHCHBHOCTH H aHH3POTPOITHH KOCMUYECKHX JTydel”.

B 1971 romy npod. JI. X. llarawsunu Obul HasHaveH pyKoBOAMTeNneM naGopaTopuu
KOCMHYECKHX JIy4eil BLICOKMX 3Hepriii, a ¢ 1997 roga - pyKoOBOAMTCNEM OTAENA KOCMHYECKHX
TyueH.

Tpynst mpodeccopa JI. X. lllarampuny o 27-AHEBHBIX BAPHAUMAX TIPH3HAHLI, KaK KIaCCHYECKHE
M BHECEHbl BO BCE M3BeCTHBIE MOHorpadun. O aBTop 0koi0 200 HaydHHIX TPYAOB, B TOM HHCNE
4eThlpeX MOHOrpaduif.

TpasutenscrroM Ipysun npod. JI.X. llarawsunu 8 1998 rony 611 karpaxuen opaetom Yectn
I'py3uy 3a nHYHBIA BKJTAJ, BHECEHHBIN B OCHOBAHMH IPY3HHCKOH XOCMO(H3NYECKO# WIKOMLI, 32
TIOAOTBOPHYIO HAaY4HYIO NEATELHOCTh H 32 BoMble 3achyrH B PAIBUTHH IPY3UHCKO-EBPEACKHX
OTHOILICHRKIA.

Tlpogeccop JI.X. IlaTamsuny 651 wieHOM MHOTHX npobaeMHbIx cosetoB AH Poccuu, uneHom
reorpaduueckoro obuiectsa CILIA. On neckoneko pas Gbin yuacTHHKOM rpaHToB: Esponefickoro
Mexnynapoauoro, ®u3uyeckoro obmectsa CliIA, Copoca, VHTaca # ap.

Tpodeccop JI.X.Ilatamenny tparnyeckn norn6 » aBToMOGUNBHOI KaTacTpode 6 mapta 2000
roja.

Beunas naMaTh 0 HeM Beerna GyneT :HTb CpesH €ro Apy3eil, COTPYHNKOB, yUCHHKOB.
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