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IHJIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Kon
pe3yJabrara

Pe3yabTar o0yuenus
(BBIMYCKHHUK T0JKe€H ObITh TOTOB)

HqubeCCI/lOHaﬂbele KomnemeHyuu

P1

Hcnonb3oBate ¢hynoamenmanvrvie MaTeMaTHUECKHE, €CTECTBEHHO-HAYYHbIE,
COLIMAJIEHO-9KOHOMHYECKUE U TPOPECCUOHATIBHBIC 3HAHUSA 8 001acmu
cneyuanu3ayuu TPYU OCYUIECTBIEHUN U3bICKAHUN U UHHOBAYUOHHBIX TIPOEKTOB
COOPYKCHHSI U PEKOHCTPYKIIMH 00BEKTOB TPUPOI000YCTPOHCTBA U
BOJIOIOJIb30BAHUS

P2

CTaBUTh U pelaTh HAyYHO-UCCIIEI0BATENbCKUE U UHHOBAYUOHHbLE 3aJaUH
MH)KEHEPHBIX M3BICKaHU ISl IPOSKTUPOBAHHUS OOBEKTOB
IPUPOI000YCTPOICTBA U BOJONOIB30BAHUS 8 YCIOGUAX HEONPEOeNeHHOCTU C
HCIOJIb30BAHUEM 21VOOKUX (PYHOAMEHMANbHBIX U CNeYUAIbHbIX SHAHUH

P3

BbInonHATE unHOBaYUOHNbIE TIPOEKTHI, IKCILTYaTUPOBATh OOBEKTHI
MPUPOI000YCTPOICTBA U BOAOIOIB30BAHUS C TPUMEHEHUEM
@yHoamenmanvHvlx 3HAHUN M OPUSUHAIBHBIX METOJIOB JUISL TOCTHIKEHHS HOBbIX
PE3YNbTATOB, 00ECIICUNBAIOLIUX KOHKYPEHMHble NPeuMyujecmaed B yCIOBUIX
JHcecmKux IKOHOMUYECKUX, IKOJIOTHUECKUX, COITUATBHBIX U APYTUX
OTpaHUYCHUN

P4

Paspabamvisams Ha OCHOBE 271Y00KUX U NPUHYUNUATILHBIX 3HAHUHA TPOTPAMMBbI
MOHHUTOPHHTa 00BEKTOB MPUPOIO0OYCTPOICTBA U BOJOIOIb30BAHMUS,
MEPOIPUATHS 110 CHH)KEHUIO HETaTUBHBIX MTOCIIECTBUI aHTPOIIOT€HHOM
NESATEIbHOCTH B YCIOBUSX JHCECMKUX SIKOHOMUUYECKHX, IKOJIOTUYECKHUX,
COIMAIBHBIX U IPYTUX OTPaAaHUYCHUI

PS5

[TnanupoBaTh, OPraHN30BBIBATH U BHIMOIHATE UCCI€0068aHUs AHTPOTIOT€HHOTO
BO3JICUCTBHUS HA KOMIIOHEHTBI IPUPOTHOM CPEJIbl, BKIIIOUAsl KPUMUYECKULL
AHAU3 OAHHBIX U3 MUPOBBIX UHPOPMAYUOHHBIX PECYPCO8, POPMYAUPOBKY
8b1600086 8 YCNI08UAX HEOOHO3HAYHOCMU C TIOMOUIBIO 271YOOKUX U
NPUHYUNUATbHBIX 3HAHUN U OPUTMHAJIBHBIX METOJI0B

P6

HpO(beCCI/IOHa.HI)HO BI>I6I/IpaTB 1 UCIIOJb30BAaTh UHHOBAYUOHHblE METO/bI
I/ICCJ'ICI[OBaHI/II\/'I, COBPCMCHHOC HAYYHOC U TCXHUYICCKOC O60py,HOBaHI/Ie,
IMpOorpaMMHEBIC CPCACTBA IJIA PpCIICHUA HAYYHO-UCCIICA0BATCIIbCKUX 3a1a4 C
Y4C€TOM KOPUIANYCCKUX ACIICKTOB 3allIUThI HHTeHHeKTyaﬂLHOﬁ COOCTBEHHOCTH

YHM6€pCCUZbel€ KomMnemeHyuu

P7

Ucnonw3oBate enydokue 3HaHUS B 00JACTH IPOSKTHOTO MeHeOHCMeHmA,
HaXOJUTh U IPUHUMATD yIPABICHUECKHUE PEIICHUS C COOII0IeHNEM
poeCCUOHAIBPHON ATUKH U HOPM BEICHUS UHHOBAYUOHHOU NHXCHEPHON
JeSITeIbHOCTH C yYETOM IOPUINYECKHUX acTieKTOB B 00JaCTH
MIPUPOT000YCTPOIMCTBA, BOJIOIOIB30BAHUS U OXPAHBI IIPUPOTHON CPEJIBI

P8

AxmugHo e1adems UHOCMPAHHBIM A3bIKOM Ha YPOBHE, IO3BOJISIONIEM paboTaTh
B MHOSI3bIYHOM cpejie, BKIIoUas pa3paboTKy JOKyMEHTAIMH U IPE3EHTALINIO
pE3YJIBTaTOB NPOEKTHON U UHHOBAYUOHHOU AESITENLHOCTH.

P9

D¢ dexTuBHO padboTaTh UHIAUBUIYATHHO U B KAYECTBE PYKOBOOUMENs 2PYNNbl, B
TOM UUCIIE U MeHCOYHAPOOHOIL, COCTOSILEH U3 CIENUATUCTOB Pa3IMUHbIX
HalpaBJIeHUHN U KBATU(PHUKALUNA, IEMOHCTPUPOBATh OMEEMCMEEeHHOCHb 34
pabomy Konnlekmued, TOTOBHOCTb CIIEI0BATh NPO(GECCHOHATBHON ITUKE U
HOpMaM, KOpHOpamusHou Kyibmype OpraHu3alun
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| Cpok cllaul CTY/ICHTOM BBIIIOIHEHHO#H PaGoTHL: ‘ 01.06.2016
TEXHUYECKOE 3AJIAHHUE:
Hcxoanble faHHBbIE K paﬁoTe O0beKT MHccaeaoBaHUA — TCPMAJIBHBIC BOJBI
(HaumeHoBaHUe 00BbEKMA UCCIeO0BAHUS UNU NPOSKMUPOBAHUSL; HPOBHHIIMH H3 STHCHU
NnpoU3E0OUMENbHOCHIL UL HAZPY3KA, PEHCUM PAbOMb )
(Henpepbi8HbILL, NEPUOOUYECKULL, YUKIUYECKUU U M. 0.), U0
CbIPbA UNU MAMEPUAT U30€eNUsi; MPebO8AHUs K NPOOYKMY, Hcxoanbie MaTepHAaIbI _ MaTepuaIbl

u30enUIo U npoyeccy, 0cobvle mpebosanus K 0COOEHHOCMAM
@yHKyuoHUposanus (IKChayamayuu) 06vekma un u3oenus 8
niaxe 6e30nacHOCMU IKCIYAMAayuL, BIUAHUS HA
OKPYIACAIOULYIO Cpedy, SHEP203AMPAMAM, IKOHOMUYECKUTL
ananuz u m. 0.).

THAPOTCOXUMUYECKUX UCCIEIOBAHUH, MOTYYECHHBIC B
pe3yiabTaTe SKCIEeIUINOHHBIX ncciaeaoBanuii 2015 r.

IlepeueHb MoAJIEKAIMX HCCIETOBAHNIO,
NMPOEKTHPOBAHMIO M Pa3padoTKe

BOIIPOCOB

(ananumuyeckuii 0630p no IUMEPAMYPHLIM UCTOUHUKAM C
Yenbio GbIACHEHUsI OOCMUICEH UL MUPOBOT HAYKU MEXHUKU 6
pacemampugaemoti 061acmu, NOCMaHO8KA 3a0aUu
UCCRe008aUs, NPOEKMUPOBAHUSL, KOHCIMPYUDPOGAHUS,
codeparcaniie nPoyedypbl UCCICO0BAHUSL, NPOEKMUPOBAHUS,
KOHCMPYUpo8anus; 00CyicoeHue pesyibmamos GoinOIHEHHOL
pabomol; HaumeHosaHue OONOTHUMENbHBIX PA30e08,
noonedcawux paspabomke; 3aKmouenue no pabome).

1. ITpuponHble ycioBHUsSI palOHOB PacHpOCTPaHEHUs
TepMaJIbHBIX BOJ IPOBUHLMHU LI3sHCH.
2. 'eonornveckne M THAPOTEOIOTUIECKHE YCIOBHUS

3.'eoxumuueckne  OCOOGHHOCTHM  YIJIEKHUCIBIX
TEPMAJIbHBIX BOJ.

4. T'eoxumuyeckue 0COOEHHOCTH a30THBIX
TEPMAJIbHBIX BOJ.

5.Pacuer  paBHOBecHss ~ TepMaIbHBIX BOJ  C
MHHEpaJaMA BOJOBMEIIAOIINX TOPOI.

6. I30TONHBIN COCTaB TepMaIbHBIX BOI.

7. CpaBHUTEIBHBIN aHaIu3 3aKOHOMEPHOCTEN

(GOpMHUPOBAHUS YIIIEKHUCIIBIX U TEPMAIBLHBIX BOJIL.

8. ®uHaHCOBRIN MEHEI>KMEHT,
pecypcoahhekTHBHOCTE U pecypcocOepekeHue;

9. ConasibHast OTBETCTBEHHOCTh




Ilepedyensb rpaguueckoro Marepuasia 1.Kapra-cxema pAaCIIOJIOKEHUS POIHUKOB
(C MOYHBIM YKA3aHUEM 0053aMeNbHbIX Yepmediceli) TEpMaJIbHBIX BOI.

2.T'eomornyeckasi kapTa paiiOHOB PaCIPOCTPAHCHHS
TepMaIbHBIX BOJI.

3. XMMHYECKUH COCTaB YIJICKUCIBIX TEPMaTbHBIX
BOJ.

4. XuMUYECKUH COCTaB a30THBIX TePMaIbHBIX BOJI.
5.PaBHOBecHe yrIEKHUCIBIX TEPMalIbHBIX BOJ C
MHHEpaJaMu BOJAOBMENIAONTUX TOPOJT

6.PaBHOBecMe  a30THBIX  TEpPMAlbHBIX BOA C
MHHEpaJaMHu BOAOBMENIAONTUX TOPOJT

KoHcyabTaHThI 10 pa3iesaM BbIIYCKHON KBAIN(UKALMOHHON padoThl

(¢ ykazanuem pazoenos)

Pazgen

KoncyabTant

M®OuHAHCOBbIII MeHEIKMEHT,
pecypcodppexkTuBHOCTL M
pecypcocoepexenne

Kanaunat skoHomMuueckux Hayk, goueHt kadeapsl JI1P, Ilapgp
Hpuna BanepseBHa

ConuajbHasi
OTBETCTBEHHOCTEL

Accuctent kadeapsl DbX, Hemuosa Onbra AnekcanapoBHa

The thermal waters direct
use

JlokTop (uIonoruyeckux HayK, IOLEHT, JOLEHT KadeIpbl
WATIP, MaTtBeenko Mpuna AnekceeBHa

Ha3Banusi pasienoB, KOTOpble JOLKHbI ObITh HANUCAHBI HA PYCCKOM U HHOCTPAHHOM

A3BbIKAX
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Bsenenne
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5 CoumanpHad OTBETCTBEHHOCTD

3aKIroYeHue

Ha anriamiickoM si3bIKe:
6 The thermal waters direct use
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Pedepar

Brinycknast kBanu@ukanuonHas pabota mpexacraBieHa Ha 101 crpanuue,
coctouT u3 17 pucynkos, 11 tabnuir, 53 UCTOYHHUKOB, 5 TPHIIOKCHUH.

KitoueBbie cioBa: TepMalibHbIE BOJIbI, XUMHUYECKHM, M30TOMHBIN, ra30BbIN
COCTaB, Aa30THBIC TEPMbI, VYTJEKHUCIbIE TEPMbI, B3aUMOJCUCTBHE C TOPHBIMU
MOpoJIaMH, CHUCTEMa BOJA-TIOPOJA, PABHOBECHME C MHHEpPAIaMH BOJIOBMENIAIOIINX
MOPO/I.

OOBEKTOM HCCIACAOBAHUN SBISIOTCS TEpMabHBIC BOJBI MPOBUHITMHU L[3s1HCH
(roro-BocTouHbIi Kurait).

B mnponecce uccnenoBaHuii M3y4eH XWMHUYECKHM M HM30TOMHBIA COCTaB
TePMaJIbHBIX BOJ MPOBUHINU L[35HCH, BBISBICHBI OCHOBHBIC THIPOTCOXUMHUYCCKUEC
3aKOHOMEPHOCTH, PAaCCYMTaHbl PABHOBECUS C MUHEpAJIaMHU BOJOBMEIIAIOIINX TOPOI.

B Oynymem mnnanupyercs Oojee JeTalbHOE H3YUYEHHE XHUMHUYECKOro U
W30TOMHOTO cOCTaBa. M3yueHne MeXaHW3MOB M MPOBECOB B3aWMOICHCTBHUS BOJBI C

I'OPHBIMHU ITOPOJaMMU, 000CHOBaHHME NCTOYHUKOB XUMHYCCKHX DJIEMEHTOB.
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Beenenue

TepmanbpHble BOABI HAa MPOTSKEHUH MHOTHX JIET MPUBJIEKAIOT BHUMaHUE
MHOTHX Y4Y€HBIX Bcero mupa. Oco0oe BHHMMaHHWE B IIOCJICIHEE BPEMS B MHPE
MIPUBJICKAIOT TEPMAaJbHBIE BOJbl PAllOHOB TEKTOHMYECKOW AKTHUBU3ALMH, TIE€ OHHU
3aJieraloT Ha OTHOCUTEIBHO HEOONBINONW TIiayOuMHE, a B MeECTax pasrpy3kd OHHU
BBIXOJSIT HAa MOBEPXHOCTh B BHUJAE MHOTOYHUCIEHHBIX POJHUKOB. AKTyalbHBIMU
SBJIIIOTCSL BOIIPOCHI (DOPMUPOBAHUSI PECYPCOB M XUMHUYECKOTO COCTaBa, MPUPOJA
TEPMAJIbHBIX BOJI, YCJIOBHS HMX (OPMUPOBAHUS, MEXAHU3MbI B3aUMOJICUCTBUSA C
TOPHBIMM TIOpoJiaMu U Jip. TepmasibHbie BOABI palilOHOB TEKTOHUYECKOW aKTHUBU3AIIUU
pacrpocTpaHeHbl MO Bcemy MHpy. lIpuMepamm Takux TEppPUTOPUN SBIAIOTCSA
3abaiikanbckuil kpaih (Poccust), [anpauit Boctok (Poccus), Kammup (Maaus),
rOpHBbIE paiioHbl SMOHWU U, HaKOHEI, MpoBUHLMS L[3sHCH, pacmoyioxKEeHHast B HOro-
BOCTOYHOI yactu Kuras.

Ha rtepputopuun mnpoBuHIMH [[35THCM MIMPOKUM  PpacHpOCTPaHEHHEM
MOJIB3YIOTCSl YIJIEKHUCIIbIE U a30THBIC TepMajibHbIE BOABL. B 3TOM CBA3UM 00BEKTOM
UCCIICIOBAHUM HACTOSIIIIEH palOOThl SIBJISIOTCS YTJEKUCIbIE U a30THBIE TEPMBI
npoBuHUMHU [[35HCH.

OCHOBHOI 11€JTbIO PA0OTHI SBJISIETCS M3YYCHHE T€OXUMHUECKIX 0COOCHHOCTEN
TepM JIaHHOTO pervoHa. JlJis JOCTHXKEHUS TMOCTaBJICHHOW 1€ HEO0O0XOIUMO
pelieHue psja 3aaau:

— U3y4YEeHHUE MNPUPOIHBIX YCIOBHH PalOHOB PACIPOCTPAHEHUS] TEPMAJIbHBIX
BOJI Ha TEPPUTOPUHU NMPOBUHIINH [ [3s1HCH;

— U3y4Y€HUE XUMMHUYECKOT0 U U30TOMHOI0 COCTaBa TEPMaIbHBIX BO/I;

— BBISIBJICHHE CTENEHH HACBIIIEHHOCTH TEPMAJIbHBIX BOJ K OCHOBHBIM
MUHEpaJIaM BOJIOBMEIIAIOIINUX TTOPO/I;

— CpaBHUTEJBHBIA aHAIN3 3aKOHOMEPHOCTEH (POPMUPOBAHUS YTIICKUCIIBIX U

A30THBIX TCPMAJIbHBIX BOJ.



O0630p TuTEpPaATYpPHI

[lepBbie OTPBIBOYHBIE CBEICHUS O TEPMAJIbHBIX Bojaax Kuras mosBuUiIuCh B
autepatype B Hadane XIX Beka. B 1926 r. X. T. Yanr onyOiuKkoBa nepBbid 00630p 0
pacrnpoCcTpaHEHNH TEPMAJIbHBIX BOJ B KurTae, B KOTOPOM NpHBEN CBEICHHS O 512
poanukax. B 1956 r. yxxe 972 pogHuka TepMajabHBIX BOJ ObUIM OXapaKTEPH30BaHbI
Uxan XyH-uwkKao B €ro CBOJAHOM pabore mo TepManbHbIM BojgaM Kwutas. Jlng
OOJBIIMHCTBA POJIHUKOB OBUIM MPEACTAaBJICHBI JIaHHBIC JIUIIb O TEMIEpaType BOJ,
neOuTe, pexe HEIMOJHbIE CBEJIEHUS OO0 OCHOBHBIX KOMIIOHEHTaX XHWMHUYECKOIO
cocrasa [1].

Jlo 50-x romoB TepMalibHbIE BOJIBI KCIIOJIB30BAIUCH JIMID JJISl JIEUEOHBIX
nenei. C  60-Xx TrogoB TepMaldbHbIE BOJABI HAYAIM NPUMEHSATBCS W IS
MPOMBIILICHHBIX HYX]I.

B Hacrosimee Bpems B Kurae BbisiBIeHO Oosiee 2,5 ThICAY pPOAHHUKOB
TepMaibHbIX BoA. B 1979 r. Obul omyOnukoBaH «l MIpOreoIOTMUECKUil atiac
Kuraiickoit Hapoanoii PecryOnukum», B KOTOPOM Cpeau MPOYMX KapT UMEETCS U
KapTa TepManbHbIX BoJ MacmTaba 1:14 000 000. Ha sToit kapTe moka3aHbl pOJIHUKH
TEPMAJIBHBIX ~BOJl B  PAa3JUYHBIX TEMIEPaTypHbIX TIpajalusaX, a TaKxKe
OXapaKTepU30BaHbl XUMUYECKHUIA U ra30BbIi cocTas [1].

3a Havano OoJiee NETaNbHOTO M3YYEHHs] TEPMabHBIX BOJ HENOCPEICTBEHHO
npoBuHIMK [[3sHCHM mpuHAT 1979 1., B koTtopoM JIm Crosnu BHepBblE B CBOUX
paboTax Havajl TOBOPUTh O 3aKOHOMEPHOCTEH pacrpoCTpaHEHUsS TepMalbHBIX
Box [40].

[Tozguee c¢ 1982r. BennOunp UWxoy BbimycTHS paboTy o0 3amacax
reoTepMajIbHOM HSHEPruM, XUMHYECKOTO M HM30TOMHOM COCTaBe TEPMalbHBIX BOJ
paitona Jluapuyans [50]. C 1988 r. mccienoBanus ObUTH MPOIOIKEHBI UKaHBCIOD
Cynp [45]. B pamkax maHHBIX HCCIICJIOBAaHUI OMHCAaH XUMHYCCKHH, Ta30BbIA H

U30TOIHBIM COCTaB TEPMAJIBHBIX BOJ OTACJIBbHBIX paﬁOHOB IMPOBUHIIUA H3$IHCI/I.



HccenenoBannss TepMalbHBIX BOJ Ha TeppuTOpuM NpoBUHUMH [[3aHCHM UYkaHbCIOD
CyHb NPOJ0JKAET U B HACTOSIIIIEE BPEMSI.

B nenom cBeneHus o TepMalibHBIX BOJAaX MUpa MpeacTaBiieHbl B padbore E.A.
backoBa m C.H. CypukoBa [l], rme BuepBble JaHO MOHOTpaUYECKOS OIHMCAHHE
3aKOHOMEPHOCTEH pacrpoCcTpaHeHUs, METANIOHOCHOCTH, YCIOBUN (HOPMHUPOBAHUS U
MPAKTUYECKOI0 MCIOJIb30BaHUSI TEPMaJIbHBIX BOJ 3emin. [lomumo storo B pabote
YCTAHOBJICHBl ~ OCHOBHBIE  THUIBl  TEPMAIbHBIX  BOJl MO  KOMIUIEKCY
TUAPOr€OXUMUYECKUX TOKAa3aTeNel, pacCMOTPEHbl HOHHO-COJIEBOM, Ta30BBbIM U
M30TOIHBIA COCTaB U IPYTHE BOMPOCHL.

Yro kacaercs Poccum, 4Yto HamOONBIIMX HMHTEPEC B  paMKax
paccMaTpuBaeMOW TEMbI MPEACTABIAIOT  pPE3yJbTaTbl  HMCCIEAOBAaHUN  TaKHUX
n3BeCcTHBIX B Poccun yuensix kak JlomonocoB U.C., [lmocann A.M., C.JI. [lIBapues,
3amana JI.B. u npyrue. B ux paborax mnpuBeACHBI PE3yNbTaThl HCCIEIOBAHMM
TepMalbHBIX BOJ 3abaiikanbsi (Poccus), B 4aCTHOCTH, OMUCAHBI MX XHUMHYECKUH,
ra3oBbId M M30TOIHBIM COCTaB, B3aWMOJICMCTBUE TEPMAIBHBIX BOJ C TOPHBIMH
MOpOJaMH, U3y4YeHbl 3aKOHOMEPHOCTH (POPMHUPOBAHUSI COCTaBa TEPMAJIbHBIX BOJ, B

0CcOOEHHOCTH a30THBIX TEPM, M MHOTHE JIpyrue Bompocs [15, 29, 30].



1 IlpupoaHsbie yca10BUsSI PAHOHOB PacpPOCTPAHEHHUS TEPMAJIbHBIX BO/

npoBuHuuu L3saHcH
1.1 I'eorpajuueckoe U AAMUHUCTPATHBHOE MOJIOKEHHUE

[TpoBunLMs L[3s55HCH pacnoiokeHa B FOro-BOCTOUHOM yacTu Kutas, B H0)KHOM
HaIpaBJIeHUU OT camoi Oousibiioil B EBpazum p. SHI3BI, B €€ CpeIHEM U HHKHEM
TE€YCHUH.

O61masi IIOLAAb TEPPUTOPUN TPOBHHIHE cocTaBmsier 1705 Teic. kv’. Ha
BOCTOKE TPAHMYMUT C NMPOBUHLMAMU Wxodm3aH, Dyn3sHb, HA OT€ — C NPOBHHIMUEN
['yannyH, Ha 3amnaje — ¢ npoBuHIMEH XyHaHb, Ha CEBEPE — C MPOBUHIUIMHU Xy0d3ii U
AHbXOU. [IpOTSHKEHHOCTH TEPPUTOPUHU NPOBUHIMH L[355HCH B HanmpaBieHnH ¢ ceBepa
Ha IOT COCTaBJIAET MPHUOIM3UTENBbHO 650 KM, B HaNpaBiIeHUHM C BOCTOKA HA 3amaj —
500 kM [34]. AAIMHHHCTPAaTUBHBIM IICHTPOM siBisseTcss ropon  HanbuyaH,
pacnoyioKeHHbId Ha peke ['aHpL3sH M BOJIM3M KpPyHHEHIIEro o3epa MpOBHUHIIMH
[Tostaxy.

Hacenenune nposunImy, no qanusiM 3a 2014 1., cocrapmisieT okoio 45,42 muH.
YEeJO0BEK, MPU OSTOM IUJIOTHOCTh HACEJIEHHUS CcocTaBisier 272 gen./km’. CaMbIM
I'YCTOHACEJICHHbIM aJIMUHHUCTPATUBHBIM PaliOHOM SIBJISICTCSl pauloH [ aHbuYXkOYy,
PACIIOJNIOKEHHBIM Ha IOre NMPOBHHIMHU, d TAKKE HECKOJBKO €My YCTYIAIOIIUE IO
YUCJICHHOCTU HACEJICHUs PalOHbl CEBEPHOM 4YacCTU IIPOBUHLIMM, PACIIOIOKECHHBIC
okosio 03. [losHxy, a wumenHHo paiionsl [llanxkao (ceBepo-BOCTOYHAS YAaCTh
npoBuHIMNK ), NayHb (ceBepo-3anaaHas yacTh npoBuHIMK) U Hansuan [38].

[[3stHCH sIBNIsIeTCS OAHOW M3 MPOBUHIINN, HA TEPPUTOPUM KOTOPBIX Hambosee
HIMPOKO PACIPOCTPAHEHBI POJHUKH TEPMAIBHBIX BOJA. B mpememax teppuropuu
IIPOBUHIIMH BBISIBIIEHO OKOJIO 96 pOAHMKOB TEPMAIIBHBIX BOJI, IPUYPOUYEHHBIX K TPEM
OCHOBHBIM T€OTEepMabHBIM paiioHaMm. Paiton ['aHp03#1 pacrosioxeH B CEBEpPHOU
yacTU NpOBUHLMM L[3sHCH, palloH I'aHpYWKyH, IPUYPOUYEH K LIEHTPAJIbHOW YacTH,

paiioH l'anpnyHHaHp — K 1Ory nOpoBuHUMH. Kaxzaplii reorepMaibHbIA pPanoH
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BKJIIOYAET B Ce0S HECKOJbKO TMOAPAHOHOB, B YacCTHOCTH, paccMaTpuBaeMble B
HACTOALIEH paboTe, TepMalbHBIE BOJbI IPUYpPOUEHBI K paitoHaMm Jlymane (["aHb05i1),
Maanbnun-JIunbuyans (BocTok ['aHbuxyH), ['aHcanb (3amam ["aHbayHHaHB) |

XeH13uH (BocTok ['aHpyHHaHb) (PUCYHOK 1).
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Pucynok 1 — Kapra-cxema pacronoxeHust TepMalbHbIX ICTOYHUKOB



Tepputopusa mnpoBuHuMu [I[3gHCHM npuypodyeHa K LEHTPAIBHOM 4YacTH
Merannorennoir npoBuHuuu FOxkHoro Kwutas u  sBisieTCSs BecbMa BaKHBIM
METAJUIOTEHHBIM PETHOHOM, MPEICTABICHHBIM TOPHBIMH MOPOJAMH  Pa3JIMYHBIX
BO3PACTOB, XAPAKTEPU3YIOMIMMCS BEChbMA YAaCTOM BYJIKAHWYECKOM AKTUBHOCTBIO U
CIOKHBIMA TEKTOHMYECKHMMH JBWXKEHUSAMHU. bonee Toro, paccMarpuBaeMas
TEPPUTOPUS SABJISIETCSl OJIATONPUSTHOW JJIsi pyA00Opa3oBaHUsi, BCIEIACTBUE YETrO
Oorata  MHHEpaTBbHBIMH  pecypcamMH, a HWMEHHO BOJBb(PpPaMOM, MEIbIO,

PEIKO3eMETbHBIMH JIEMEHTAMHU U IPYTUMHU MeTauiamu [34].

1.2 KiimmaTnyeckue ycJ0BHUs

Kinmar paiioHa mcciaeaoBaHUil BIaXXHBIA CYOTPOIMUYECKUM, C TOCTATOUYHBIM
KOJIMYECTBOM  COJIHEYHOTO  CBETa, H300MJIMEM  OCAJKOB, XapaKTepHU3yeTcs
CE30HHOCTBIO, IPECTABIISIONIEH COO0M YeThIpe OTYETIINBO YEPEAYIOLIUXCSl TIEpUoa:
Teryias ¢ OOWJIBHBIMU OCAJIKaMU BECHA, JKapKO€ M BIIAXKHOE JIETO, MPOXJIAgHAs C
HEOOJIBIITUM KOJIMYECTBOM OCAJIKOB OCEHb, XOJIO/IHAsA U cyxas 3uMma. CpemnHeromaoBas
Temneparypa cocrasisieT okosio 18,8 °C, cpennss temnepaTypa sHBaps BapbUPYET
npubsm3uTenbHo oT 3 10 9 °C, uronsa— 27 no 30 °C [36, 38].

CpennerosoBoe KojJnuecTBO ocajkoB coctariser 1200-1900 mm, B 2014 r.
rOJIOBOE KOJIMYECTBO ocagkoB cocTaBmwio 1751 mm. Ocagku BBIIAOAIOT B BHIE
TOKJIeH, O0JIbIIIast 4aCcTh KOTOPBIX MPUXOJUTCS Ha MEpUO Mai-CeHTsOph, Hanbosee
JOKJIUBBIM W3 KOTOPBIX siBIIseTCS uioib (10 114 mMm). HaumeHnbliiee KOIUYECTBO
OCaJIKOB TPUXOAMUTCS Ha TEPUOJ OKTAOpb-MapT, rAe Haubosee 3acylUTMBBIMU
MecCsIIIaMU  SIBIIIOTCSL JekaOph M stHBapb (pucyHok 2) [36, 38]. B aror mepuon
MOBEPXHOCTHBIM CTOK JIOCTUTAET CBOUX T'OJOBBIX MUHUMYMOB, M JOJISI MHUTAHUS
MOM3EMHBIX BOJA aTMOC(HEpPHBIMH OCaJKaMU 3HAYUTENbHO yMeHbImaeTcs. Kak
MpaBujIo, HaWOOJbIIEe KOJIWYECTBO OCAJKOB MPUXOIUTHCS HAa TOPHBIC PAMOHBI,

IOKHYIO U BOCTOYHYIO YaCTH IIPOBUHIHUH.
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PI/ICYHOK 2 — CpCI[HCMCC?ILIHOC KOJIMYCCTBO aTMOC(l)epHBIX 0CaJKOB N KOJIMYCCTBO

JOXUIMBBIX JHEH B mepuos 2000-2012 r.r [35].

1.3 T'eomoposioruyeckue ycjaoBus

Penved npoBunnum I[3siHCM BechMa pa3HOOOpa3HbBIN, MPENCTABICHHBIN, B
OCHOBHOM, TOPHOM M XOJMHCTOW MECTHOCTBIO. ['0opbl cocTtaBisiroT 36 % Bcei
Teppuropun, 42 % TEPPUTOPHUHN MPUXOIUTCS HA XOJIMUCTYIO MECTHOCTh, OCTABIINECS
22 % COCTaBJIAIOT KypraHbl, pAaBHUHBI ¥ TIOBEPXHOCTHBIC BOABI (prcyHOK 3). FOxkHas
4YacTh NMPOBUHLMK NPEICTaBlIeHa pazHOOOpa3ueM XOJMOB M TOPHBIX LIENEW, B TO
BpeMsl Kak LEHTpajbHas W ceBepHas yacTu Oosiee MOJOrHe ¢ Hambosee HU3KUMU
3HAYEHUSIMH  aOCONIOTHBIX OTMETOK M, TPEUMYIIECTBEHHO, MPEACTABICHBI
PaBHUHHOM MeCTHOCThIO [38].

Hccnegyemast TEppUTOPHSI OKPYKEHA C TPEX CTOPOH T'OPAMM, BIOJIb KOTOPBIX
MPOCTUPAIOTCS TPAHMIBI MPOBUHLIMK. B OCHOBHOM, rOpHas MECTHOCTh JIOCTHTAET

ormecTku 1000 M Hag ypoBHEM MODSI, 38 peaKUM UCKIroueHueM 2200 m.
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Pucynok 3 — Penbed mpoBunimu 1[3sHcH [42]

YkioH penbeda ycTpemieH B HampaBlIeHHWH C [OTa Ha CEBEpP, B CTOPOHY
03. [losiHXy, KOTOpO€ pPacmojioKeHO B Mpejenax TEPPUTOPUM C KpallHE HU3KUMU
aOCOJIIOTHBIMU OTMETKaMH, HAMMEHbIIAsi U3 KOTOPBIX COCTaBIsAET 32 M HaJl ypPOBHEM
mops [42].

Ha BocTOKE M ceBepO-BOCTOKE, BAOJb TPAHUL] MEXAY NpoBuHLMEN [[3sHCH 1
npoBUHIMAMU Dy135Hb 1 YKOL35H, COOTBETCTBEHHO IIPOCTUPAIOTCS FOPLI Y UILIaHb,
SBJISTIOIIMECS 00BEKTOM BceMHpHOro KyIbTypHOTO Hacleus, U Topbl XyaltonIaHsb,
M3BECTHBIC CBOMMH KPYIHEHIIMMHM 3amacaMy Meu. B I0KHOM 4acTh IO TIpaHMIE
Mexay mnpoBuHuMsAMH [[3ssHcm w ['yannyH mnpoctupatorcsi ropsl Jlatoiliane u
[[3tongHplIaHb, KOTOPHIE M3BECTHBI TaKXkKe Kak «croymia Boib(ppamar. C 3amana

paccMaTpuBacMasd MMPOBUHIMA OI'paHWYCHA I'OPHBIMHU LCIIIMUA HOCHOIHEIHB, KOTOpPbIC
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OTMeYeHbl HauOoyiee BBICOKOW ropoil ll[3unran. B ceBepo-zamagHOli 4YacTu Ha
rpaHuie Mexxay npoBuHIMsAME L[3sHCH 1 Xy031i mpocTupatotcs ropsl Mydymians u
[[3tonuHIIaHb, YacTh WX, BBICTyHAlOIIAass B BOCTOYHOM HAalpaBlIEeHUH, oOpasyer

3HaMeHUTYIo ropy Jlymans [38].

1.4 I'uaposioruyeckue ycJa0BUsA

[IpoBuniust [I3ssHCM BechMa OoraTa BOJHBIMH pecypcamu. B mpenenax
TeppuTOpUM NMpoBUHLMU L[3s1HCH TIpoTekaeT okojo 2400 OONBIIMX U MalbIX PEK, U3
KoTopbix 160 He mnepecbixatoT B TeueHHe roaa. OOmas MPOTSHKEHHOCTh pPEK
cocraBisieT okosno 18 400 kM. BonbIIMHCTBO peKk MNpPUYypOUYEHO K BOJIOCOOPHOMY
Oaccetiny 03. [Tosuaxy [37, 38].

O3zepo IlosiHXy sIBIETCS CaMbIM KPYIHBIM MPECHBIM 03€pOM MPOBUHIUU
[[3sHCH, KOTOpOE OTHOCHUTCS K OacceiHy p. SIHI3BI U MMEEeT BaXKHOE XO3AHCTBEHHO
3HaueHue M HaceneHus. Ilmomans BogocOOpHOro OacceilHa o3epa COCTABIISIET
162 220 kM [43],  CcpemHErogoBOH  CTOK  KOTOPOrO  JOCTHraeT  MOpsiIKa
149 400 mua. M° [32]. Bosbuas uactb CPEIHEroJIOBOTO CTOKA MPUXOJIUTCS Ha
HaumOoJiee KpymHble peku mnpoBuHIMU [[3sHCH: p.p. [anbipsH, dyxs, CUHBIBESH,
Cromry#t u J)Kaoxn, XapaKTepuCTUKH KOTOPBIX IpUBEACHBI B Ta0mIe 1.

Tabnuna 1 XapakrepucTuku HanOoJee KPYIMHbIX pek npoBuHImH [[3sHCH [43]

Hazanue | ' mgposnornueckas [Lnomane I'onoBo# CTOK,
. JnvHa pexu, KM 8 3
peKu CTaHIUA OacceiiHa, Km? 10" m
["aHbI3sH Baitwxkoy 80948 751 678,9
Dyxd JInzsny 15811 349 126,2
CUHBIBSIH Meiirau 15535 312 177,5
Cromyit [{ro13uH 9914 148 88,4
XKaoxn XylaHb 6374 313 70,8

Pexu OepyT Hayano B ropax 3amaJHON, FOKHOW M BOCTOYHOW  yacTen
MIPOBUHIIAN, TUJIPABINYECKUN TPAAUEHT CHUKACTCS IO HAIPABJICHUIO TEUEHHUS PEK

OT TOPHBIX PAaHOHOB K paBHUHAM, TJI€ pacroyiokeHo 03. [Tosuxy [51].
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Kpynreimen u3 pek, nuraromux 03. [loguxy, u nposunnnu L{3aHcH B nemom,
aBigeTcs p. ['aHbL3H, TPOTKEHHOCTh KOTOpoi gocturaeT 751 km. CpeHero1oBoi
3
CTOK M ILIOWIAJb BOJOCOOpA PEKU COCTABIAIOT, COOTBETCTBEHHO, 678 900 MutH. M~ 1
2 . .
80 948 xM", uto cooTBeTCTBYET O0KOJIO 60 % OT 001IIEH BOIOCOOPHO TUIOIIAAH 03epa

(Tabmnmma 1).
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Pucynox 4 — I'maporpadsl Hanbosee KpynHbIX peKk npoBuHLUMHU L[3s1HCH

B cBsi3u ¢ 0COOEHHOCTSIMU KJIMMaTa paccMaTpUBaE€MOUM TEPPUTOPUH, CTOK PEK
B TEUCHHWE ToOja paclpelesieH HepaBHOMEpHO (pucyHok 4). Tak, mo JaHHBIM
HaOmroennit [43] Ha TPOTSHKEHUM JIOKJTUBOTO CE30HA CTOK JOCTHUTAET CBOMX
MaKCUMaJIbHBIX 3HAYCHHWH, cocTaBistomux mnopsiaka 70 % oT romoBoro oObeMa
cToKa. MUHMMaJIbHBIE PacXObl BOJIBI B PEKaxX MPUXOATCS Ha MEPUOJI C aBrycTa Mo
deBpans. BeneacTBue 3Toro, ypoBeHb BOAbI B 03. [losiHXy B TeueHue roja Takxe
BeJIeT ce0s HeOHO3HAUYHO M MEHSeTCs B auanaszone ot 9,8 no 15,4 M, cocrapisis ipu

3TOM B cpenHeM 12,9 m [50].
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1.5 I'eosrornyeckue ycJaoBHA

[IpoBunnms  LI3dHCM  pacronokeHa B Mpenesiax JIBYX  OCHOBHBIX
TEKTOHUYECKNX KOMIUIEKCOB. (CeBepHas 4YacTh MNPOBUHLIMM MpUHAIIEKUT HOro-
Bocrounoit okpanHe SHIBBIHCKOW MapariatgopMbl, IIEHTpajdbHas U I0YKHAS YacTH
npuypoueHbl K KOXHON KuTalckoi ckiaauaToi cucreme [34].

JIns  paccMarpuBaeMoOul TEPPUTOPUU XAPAKTEPHBI MHOTOYPOBHEBBIE U
reTeporeHHble NIyOMHHbIE CTPYKTYpbl. Cpeir TITyOUHHBIX CTPYKTYP BBIACISIETCS TpU
OCHOBHBIX THIIA: 30HAa MOJHATUS BEpPXHEH MaHTUM, 30HA YTIyOJICHUS BEpXHEH
MaHTHU U TIEPEXO0IHAs 30HA NIyOMHHOU CTPYKTYpHI [52]. [ToMumo 3TOTO, B TIpeaenax
IPOBUHIIMN IIUPOKO PACIPOCTPAHEHBI T'€OJIOTUUECKUE PA3JIOMBI, KOTOPHIE, B CBOKO
ouepeqlb, MOAPA3JEIAIOTCS Ha CIENYIOIIME TPYIIbl: T[IyOWHHBIC, KPYMHBIE W
OOBIKHOBEHHBIC pa3jiombl [34].

TepMasibHble BOABI IPOBUHUMU L[3s5HCM mNpUypoOYeHBI B OCHOBHOM K
NTyOMHHBIM pa3jioMaM, KOTOPbIe Hauajlu pa3BUBATHCS Ha MO3IHEHN CTaAuu OCHOBHOTO
dbopMHUpOBaHUS CKJIAMYaTOCTH, W pacClajiCh HA COBPEMEHHbIC TpemmHbl WHmo-
Kuraiickoii w SHbIIaHbCKOW 53n0X. JlaHHBIE pas3noOMbl ABISIOTCA HE TOJIBKO
peryaaTopaMy BYJIKAHUYECKOM M MarMaTHU4YE€CKOM AEATEIbHOCTEW, HO U BJIMSAOT HA
PAacCIoNIOKEHUE POJTHUKOB TEPMATBHBIX BOJ M T€OTEPMaIbHBIX pexum [52].

['myOuHHBIE pa3’IOMbl TEPPUTOPUU MPOBUHIIMKA BEChMa XOPOIIO H3YUCHBI.
Jluauu paszioMa 3a4acTyio MPUYPOYEHBI K CTPYKTYPHBIM OOJACTSAM Pa3IUYHOIO
nopsiaka. CamMu pa3iioMbl XapaKTepU3YIOTCS BeChbMa MAaCIHITAaOHBIMH pa3Mepami,
JOCTUTAIOIIUMU HECKOJIBKMX COTE€H KHUJIOMETPOB BJOJb JIMHUU MOPOCTUPAHUS.
[ToMuMO 3TOrO0, pa3yioMbl CIOKEHB OCHOBHBIMHU WJIA YJIBTPAOCHOBHBIMU ITOPOJAMHU,
OKa3bIBAIOT CYIIECTBEHHOE BIIUSHUE HA OOJIMK PETHOHAJBHBIX OCAJOYHBIX MOPOA U
KJIacCU(DUITMPOBAHBI HA YETHIPE OCHOBHBIC TPYIIIIHI:

1) T'nyOuHHBIE pa3aOMbl IIMPOTHOTO MPOCTHPAHHS, B HANPABICHHU C

BOCTOKA Ha 3ariaji, IpuypoUY€eHbl, B OCHOBHOM, K SIHII3BIHCKOW maparaTdopme.
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2) I'nyOuHHBIE pa3jIoOMBl, MPOCTHPAIONIMECS C CEBEPO-BOCTOKA B
HAIpaBJICHUM BOCTOYHEE CEBEPO-BOCTOKA, TIJIABHBIM 00pa3oM OTHOCSIIUECS K
LICHTPAJIbHOM U FO)KHOU 4acTsAM NPOBUHLMU L[3s1HCH.

3) T'iyOuWHHBIC pa3IOMBI CEBEPO-CEBEPO-BOCTOYHOIO W MEPHIMAHHOTO
MIPOCTUPAHUS, PACIOJIOKEHHBIE, NPEUMYIIECCTBEHHO, B LIEHTPAJIBHOW M FOKHOU
YacTsAX NPOBUHLINH.

4) T'myOWHHBIC pPA3JIOMBI CEBEPO-3aMaJHOTO TMPOCTUPAHUS, TIIABHBIM
o0pa3oM pacroJIO)KEHHbIE Ha CEBEPO-BOCTOKE, HAa IOre IEHTPaJbHOM YacTu
npoBuHImy [3sHCH [52].

TepmanbHble BOABI MNPOBUHIMHU [[3sTHCHM, Kak OBUIO YNOMSIHYTO BBIIIIE,
pacrpoCcTpaHEHbl OBCEMECTHO U MPUYPOUEHBI K TPEM OCHOBHBIM I€OTEPMaIbHbBIM
paiioHam (paiions! ['anp03it, ['aHbwkyH U ['aHByHHAHB), KOTOPBIE B T€OJIOTHYECKOM
OTHOIIECHUU MPEACTaBICHbl MHOTOOOpa3ueM TOPHBIX MOPOJI Pa3IMYHOTO Bo3pacta. B
3TOM CBS3HU, 1EJIECO00PA3HO PACCMOTPETh O0JEE JETAbHO I'E€0JOTHYECKOE CTPOCHHE
HEIMOCPEJICTBEHHO YYAacTKOB JIOKAJIM3AllMM HCCIEAYEMBIX B HacTosleld padoTe
POJHUKOB TEPMAJIBHBIX BOJ U MIPEACTABICHHBIX B IPUJIOKEHUH A.

Tepputopuu pailOHOB MPEACTABICHB WHTPY3WBHBIMH TOPOJIAMH, a TaKXKe
TOPHBIMU ITOPOJAAMHU MATIE030MCKON, ME3030MCKON U KAMHO30UCKOU 3II0X.

['opHble MOpPOABI KAMHO30MCKOM JIOXW MPEACTABIEHBl CYIJIMHKAMH,
[JIMHAMU, TIECKOM, apTHWUIMTaMH U aJeBPOJIUTAMU YETBEPTUYHOI'O, HEOTEHOBOTO U
[IaJIEOTEHOBOr0 MEPHUOJOB. B OCHOBHOM IOpPOABI 3TOM 3MOXM COCPEAOTOYEHBI HA
ceBepe MPOBUHIINM, BOM3U 03. [TosHXy.

Me3030UCKHME  TOPHBIE TMOPOJABI  PACHPOCTPAHUIIUCH  TMOBCEMECTHO U
MpEACTAaBICHBl B OCHOBHOM KPAacCHOIBETHBIMM TIE€CYAHUKAMU, aJEBPOJIMTaMHU,
aprUWITUTaMH, KPaCHOIIBETHBIMM TECUYAHHUCTBIMU KOHTJIOMEpPAaTaMH, M3BECTKOBBIMHU
nopoaamu, OazalbTaMu U TypamMu MEJIOBOTO, IOPCKOTO M TPUACOBOTO BO3PACTOB.
Takke cienyeT OTMETUTh B BEpPXHEM OTHAENEe Tpuaca HalW4Yue MPOCIOEK

YIJIEPOACOIEPKAIIUX APTUIUIUTOB U YIJIEH.
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Onoxa Imaneo3os MMpCACTaBJICHA HW3BCCTHAKAMHU, CJIAHIOAMH, JOJIOMHUTAMU,
KOHTJIOMCpaTaMH, MCPICIISIMU, TY(I)(I)I/ITaMI/I BCEMH BO3MOXKHBIMH OJIA 9TOM 3IOXU
BO3paCTaMU. I[Tomumo 9TOro, 34CCh TAKXKC BbIABJICHBI YIJICHOCHBIC TOJIIH, B
YaCTHOCTU YIJICPOAOCOACPIKAIIUC CJIaHIIbI. r OpHBIC IIOPOAbI JAHHOI'O BO3pacTa
PaCclpoCTpaHUINCh ITOBCEMCCTHO, OJHAKO B OoJIBIIICH CTETICHU COCPCOOTOYUYCHBI B

FO)KHOM 4acTH ITPOBHUHIINH.

1.6 I'uaporeosioruyecKkue ycJaoBusi

IIpoBuHmms  L[3sgHCM, pacnmonaraerca B npefenax  SHIBBIHCKOTO
TUAPOTE€OJIOTMYECKOTO palloHa M 3aHUMAET HEMOCPEACTBEHHO €ro BOCTOYHYIO
cTopoHy. Tepputopuss IDAaHHOrO THMAPOTEOJIOTHYECKOTO palioHa pasfeneHa Ha
MHOKECTBO apTE3MAHCKUX 0acCceHOB, HO K MpoBUHIMU L[3sHCH OTHOIIIEHUE UMEIOT
ToJbK0 BocTouHO-XnHbsiHCKUM, Tomylickuii, Hanpuanckuii, Cpenne-I" aHbLBIHCKUM,
Bocrouno-Hanpuanckuid, CronnssHckuid M BepxHe-I'aHbBL3SHCKMN apTe3HMaHCKHE
OaccelHbl.

[TonzemHuble BOJABI BO BHEIIHUX OOJACTAX TMEPEUUCICHHBIX 0acCeiiHOB
dbopMHpYIOTCS B 30HE HK30T€HHOM TPEUIMHOBATOCTH TOPOJ U 30HAX Pa3pPhIBHBIX
HapyiieHui. BpICOKO BOJOHOCHBIMHU BO BHEITHUX OOJIACTSIX MUTAHUS SBIISIOTCS 30HBI
KOHTAKTOB OCaJ0YHO-METaMOP(PUUYECKUX U MHTPY3UBHBIX OOpa3oBaHUM, T/E B
MPOTEPO30MCKUX CJaHIaX, MPOPBAHHBIX TPAHUTAMH, HA 3HAYUTEIHHOW TIyOUHE
BCTPEUCHBl HAMOPHBIE CaMOU3JIMBAIOIIMECS BOJABL. Takxke HauOosee BOJIOHOCHBIMU
BO BHENIHUX OO0JlacTSIX mNHUTaHUA OacCeHOB SBISIOTCS 3aKapCTOBAHHBIC W
TPEIIMHOBATHIC TMAJCO30MCKUE W TPHACOBBIE M3BECTHSAKU. B HEKOTOPBIX MecTax
NeOUThl POJHUKOB, BBIXOMSIIMX M3 KAPCTOBBIX IEIIEP W TPEIIUH, JOCTUTAIOT
200 n/c [4].

OTHOCHUTENIBHO BOJOOOMIBHOCTH IOPCKUX, MEJIOBBIX U TaJ€OT€HOBBIX
oOpa3oBaHU BHEIIHUX OOJacTel NUTaHUS OacCeHOB CBEICHUN BEChbMa MaJo.

Cpe;[H YCTBCPTUYIHLIX OTJIOKEHUI Hauboee BOJOHOCHBIMH ABJIAOTCA

15



aJTIOBUAJIbHBIE OOpa30BaHMs PEYHBIX JAOJHH, AKKyMYJHPYIOIIME 3HAYUTEIbHBIC
peCypChl OJ3EMHBIX BOJI.

Bo BHyTpeHHUX 007aCTsSIX TUTaHUSI BOJbI PACTIPOCTPAHEHBI B TOJIIIIE [TECYAHO-
TJIMHUCTBHIX U 3(QPY3UBHBIX MOPOJ ME3030MCKOr0, MajieoreHOBOTO, a B HEKOTOPBIX
MecTaX M HEOr€HOBOTO BO3pacTa, B KOTOPBIX, BEPOSATHO, (OPMUPYIOT DSl
OTHOCHUTEJILHO BBIJIEP’KaHHBIX HAIIOPHBIX BOJOHOCHBIX ropn30HTOB. B Hanbuanckom
apTe3MaHCcKOM OacceiiHe MOIIHOCTh ME3030MCKUX M KaWHO30MCKUX 00pa3oBaHHi
JTOCTHTaeT HECKOJIbKUX KUIOMETPOB [4].

UYeTBepTUUHBIE OTJIOKEHUS BHYTPEHHUX oOJacTeil mnuTaHus OaccelHOB
XapaKTEPU3YIOTCS HEBBIIEP)KAHHOCTBIO COCTABa B pa3pe3e U MO NPOCTUPAHUIO, YTO U
o0ycNnaBiIMBaeT MX HEPABHOMEPHYIO BOJOHOCHOCTh U HaJlMYUMe Ha PpsAAy C
TPYHTOBBIMHU BOJIaMH, HATIOPHBIX [4].

BocnonHstotes pecypebl HOJ3€MHBIX BOJ apTE3MaHCKUX 0acCEHHOB IJIaBHBIM
o0pa3oM 3a cYeT MHPWIbTpPAMK aTMOC(EPHBIX OCAJKOB U IMOBEPXHOCTHOIO CTOKA.
Tak Kak Ha HEKOTOPBIX PEKax, OrpakICHHbIX namOaMu (p. SAHL3BI U JIp.), YPOBEHb
BOJBI MIOCTOSSHHO HAaXOJUTCS BBILIE OKPYKAKOIIEH MECTHOCTH, MUTAHUE MOA3EMHBIX
BOJ MTOBEPXHOCTHBIMHU MPOMCXOAUT HE TOJBKO B MEPUOJ MaBOJKOB, HO U BO BCE
ce30Hbl Toaa. Takum oOpa3oM, JOJS y4yacTHsl MOBEPXHOCTHBIX BOJA B IHUTaHUU
MOJI3€MHBIX, OYEBUAHO, IOCTATOUHO Oosbiiasi. Pasrpyxkatorcs riy0okue noa3eMHble
BOAbl 0acCeiiHOB, B YAaCTHOCTHM TEPMaJIbHbIE BOJBI, TIO 30HAM pa3JIOMOB M uepe3
JUTOJIOTHYECKHE OKHA. Ilon3eMHble BOABI aKTMBHOTO M YacTUYHO 3aMEJJIEHHOIO
BOJJOOOMEHA pa3rpykKarTcs MpU IOMOIIM PEUYHOM W o3epHOM ceTu. B menom
paccMaTpuBaeMyl0 TEPPUTOPUIO MOKHO Ha3BaTh BBICOKOOOECIIEUEHHON MPECHBIMU

NOJ3eMHBIMH  BOJAMH, MOIIHOCTh KOTOpbIX He Menee 400-500m [4].
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2 Metoabl npoBeieHUsT UCCIeT0BAHUI

2.1 IloneBble padoThI

['unporeoxummudeckoe onpoOOBaHWE TEPMaIbHBIX BOJ HpoBHHIMH I[3sHCH
ocyuiecTBisuioch B OkTa0pe 2015r. Tepmbl ompoboBaHbl B OCHOBHOM U3
OJIarOYCTPOCHHBIX CKBAXKHH ¥ KOJIOAIEB, B HEKOTOPBIX CiIydas IJOCTHTAIOIIHE
riyounsl 450 M. OOmee KOJIMYEeCTBO TOYEK OTOOpa MpoO TepMajbHBIX BOJ 3a
yKa3aHHbIA niepuoj; coctaBmwio 12. KoopauHaTel M BBICOTHBIE OTMETKH POJHUKOB
TepM (ukcupoBanmuch ¢ mnomompio ycrporictBa GPS. Tlonoxenme Touek
onpoOOBaHMs TEPMAIbHBIX BOJ MOKa3aHO Ha pucyHke 1. Bcero Obu10 oTOOpano 24
poObl Ha OOUIMIT XMMUYECKUI aHalIu3, 24 Ha aHAJIM3 MUKPOKOMIIOHEHTHOT'O COCTaBa
U 24 ipoOBI 7151 aHAIM3a U30TOITHOTO COCTaBa BOJIBI.

Jiist mpoBeieHust 0011IeT0 XUMUYECKOT0 aHalIu3a, @ UMEHHO JJIs ONpeIeNIeHuUs
KOHIICHTPAIIUH OCHOBHBIX KOMITOHEHTOB XHUMHUecKoro coctaBa BojbI(HCOg3, SO42',
Cl, Na*, K*, Ca*", I\/Ig2+), a Taxxke koHueHtpanuii CO, orOupanm 2 MIacTUKOBBIC
oyreuiku mo 0,5 1. Ilepen otOopoM npoObl OYTBUIKM TPHXKIbl MPOMBIBAIN
ucciaenyemoir Boaou. Ha wMecte mnpoGooTObopa ¢ MOMOIIBIO MOPTATHBHOTO
MyJIbTHIIapaMeTpoBoro aHamu3artopa Water Tester (Hanna Instruments, USA)
U3MEPSUTA OBICTPO M3MEHSIIONTUECS TOKAa3aTeIu. YIASIbHYIO 3JEKTPOTPOBOINMOCTD
(VOII), Temmeparypy (T °C), pH u munepammzamuio. Ilepen kaxapiM 3amMepom
€MKOCTb aHAJIM3aTOPa MPOMBIBAJIM UCCIIEYEMON BOJOM.

JIist ompenelieHuss KOHIICHTPAlMid MHUKPOKOMITOHEHTOB OTOWpalH IO JBE
poObl TepMaIbHBIX BOJ B CTEPWJIbHBIE IUIACTUKOBBIC MPOOUPKU oOBeMOM SOMi.
IpeBapUTENHLHO MPOOBI HE (PUITBTPOBAIIH.

JIist U3yueHus U30TOITHOTO COCTaBa BOIbI TepM (OD u 8'°0) oTo6panb! IPOOE

B TJIACTUKOBBIE CTEPUIILHBIE HE MPO3pavHble eMKocTH 00bemoMm 100 M.
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2.2 JlabopaTopHbie padoThl

UccnegoBanue TepMaiabHBIX BOJA Ha OOUMH XMMHYECKUH aHalW3 U Ha
MUKPOKOMIIOHEHTHBI COCTaB MPOBOAWIUCH B akkpeauToBaHHOM I[IpobmemHoi
Hay4YHO-HCCJIEI0BATEIbCKON nabopaTopuu TUAPOr€OXUMHUHU Hayuno-
oOpazoBarensHOro neHTpa «Boma» (HMHCTUTYT npupomnbix pecypcoB, Tomckuii
NOJINTEXHUYECKUH yHuBepcureT). OOmMNH XMMHYECKHM aHaau3 MpPOBOAWIICA
METOJAaMHU TUTPOBAHMS, KOHAYKTOMETPUHU, NOTEHUUOMETPUHU, CIEKTPOMETPUH
(poromerpun), miaameHHOW (POTOMETPUH, TPABUMETPUU, BBICOKOTEMIIEPATYPHOIO
KATAJIMTUYECKOTO  OKHCIICHHS, HMHBEPCHOHHOM  BOJbTAMETPUM U  ATOMHO-
abcopOLMOHHOMN CIIEKTPOMETPHH. Jlis OINpEeIECICHUS KOHLICHTpauuu
MUKPOKOMIIOHEHTOB TMPUMEHEH COBPEMEHHBI BBICOKOUYBCTBUTEIBHBI METOH —
Macc-CIIEKTPOMETPUSL C MHAYKTUBHO-CBSI3aHHOM mia3moi. IlomMumo 3toro oOmmii
XUMUYECKUI aHAM3 TepM NpoBogwics B LleHTpe XHMMHUYECKOro aHanu3a Hu
dbuznyecknx ucnblTaHui BOCTOUHOrO0 KUTAaHCKOTrO TEXHOJOTUYECKOTO YHUBEPCUTETA
(r. Hanpuan). IlpubGopnas 6a3za u MeTOAbl aHalW3a KOMIIOHEHTOB XHWMHYECKOTO
COCTaBa TepMaJIbHBIX BOJ MpuBeeHbI B Tabnuie b.1 npunoxenus b.

AHanu3 HM30TOIHOTO COCTaBa TEPMAJIBHBIX BOJ ocymecTBisuics B LleHTpe
XUMUYECKOTO aHaimm3a # (DU3MYECKUX HCTbITaHui BocTOYHOrO KHUTaicKOro
TEXHOJIOTUYECKOTO YHUBEPCUTETA C IMOMOIIBIO M30TOIHOIO MAacC-CIEKTPOMETpPA C
ananusatopom snementoB TC/EA-IRMS (Finnigan MAT 253, Thermo Scientific,
CIIA). TlorpemHocTs MeTOJAa COCTaBISICT MEHbBIIE WIM paBHO 2 %o s 0D, u
MEHBIIIE WJIA PaBHO 2%o N5 5t80.

[lo pesynbraTam aHaiv3a COAEPKAHUS H30TONOB BBIPAXKEHBI Yepe3 O B

MPOMUJIJIE OTHOCUTENBHO MUPOBBIX CTAHAAPTOB U ONMPEIEISIOTCS M0 YpaBHEHUIO 3.1:
,(2.0)

rae Resp 1 Ry — m3oronnele otHomenus D/H, B0/%0 ma obpa3na u craHgapTa
COOTBETCTBEHHO. 3HaueHus dD, 8'°O MpHUBEIEHB OTHOCHTEIBHO cTaHzapTa SMOW
(Standard Mean Oceanic Water).
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2.3 KamepaJibHble padoThl

B pamkax paHHOro wucclieloBaHUs Haubojee TPYJOEMKUMU SIBISIIOTCA
KaMmepaibHble padoThl. K KamepanbHbIM padoTaM OTHOCATCA:

— MOATrOTOBKA KapTorpaduueckoro mMarepuarna;

— 00paboTKa pe3yJIbTaTOB MOJIEBBIX U JTA0OPATOPHBIX UCCIIEIOBAHUI;

— pacyeT paBHOBECHUW TepMalbHBIX BOJA C BEAyINIMMH MHHEpajaMu
BOJIOBMEIIAIOIINX TTOPO/I.

Kapra mns omudpoBku mnpenocraBieHa Yxanbciod CyHb W COCTaBIICHA
corpynHukamMu bropo reosoropasBenku U pa3pabOTKHM MHHEPAIBHBIX PECYpPCOB
npoBuHimy [[3sHCH [34]. OumdpoBka KapThl, @ TAaKKE COCTABICHUE KAPTHI-CXEMBI U
MOJATOTOBKA KapTorpaduyeckoro Marepuia i [e4aTH OCYIIECTBIUIMCH C
TIOMOIIIBIO TiporpaMMHBIX TipoaykToB ArcGIS 9.3 u Corel DRAW X8.

O6paboTka pe3ynbTaTOB Ja0OPATOPHBIX HCCIEIOBaHMI OCHOBBIBaJach Ha
CTaTUCTUYECKOM  aHanmu3e JaHHbIX. CraTucTHdeckas 00paboTKa  JaHHBIX
ocymiecTBisutach B mporpammuoM mipoaykre STATISTICA. Onpenenenue cpeaHux
3HAUCHUN KOHIICHTPAIIM KOMIIOHEHTOB XHWMHMYECKOTO COCTaBa MPOBOJUIIOCH C
y4eTOM 3aKoHa pacrmpezeneHus. JlaHHbIE TPOBEPSIUCH HA  COOTBETCTBHE
HOpPMaJIbHOMY/JIOTHOPMAJILHOMY 3aKOHY pactpeaeneHus no kputepusm [llammpo-
VYunka. Ilo pe3ynbraram MpOBEpPKH yCTAHOBIEHO, YTO KOMIIOHEHTHI XHMUYECKOTO
COOTBETCTBYIOT JIOTHOPMAJILHOMY 3aKOHY pAacIlpeleieHus, 4TO CcoryiacHo [22],
SIBIISIETCSl XapaKTePHOW YepTOH I MOAABIISIONIETO OOJBITUHCTBA MPHUPOIHBIX BOJ.
B 3701 cBA3M 3a cpeHee 3HaUECHUE MPUHATO CUUTATh CPEIHEE TEOMETPUUYECKOE.

OYHKIIMOHABHBIC  3aBHCHMOCTH  MEXKIYy TIOBEJICHHEM  KOMITOHEHTOB
XUMHUYECKOTO COCTaBa OMHUCHIBAINCH HA OCHOBE Pacue€TOB PaHTOBOTO Kod(hduimeHTa
koppemsinuu  CiupMmeHa Tpu 3aJaHHOM ypoBHe 3HauuMoctu P<0,05. 3naueHue
kod(ddurmenTa Koppensuu u3MeHsietcss or MuHyc | 1o 1 (paBeHCTBO HYJIIO

YKa3bIBa€T Ha OTCYTCTBUE KOPPEIISILIIN).
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Pacuer paBHOBecHWiI TEpPMaNIbHBIX BOJ OCYIICCTBIUICS C TOMOIIBIO
ONpENICNICHUs]  CTEMEHW  HACBIIIEHHOCTH TE€PM K OCHOBHBIM  MHUHEpajiam
BOJOBMENIAIONIMX Topoa. i pacueToB HCMOIB30BaH MapameTp HACBIIEHHOCTH
(WM MHAEKC HACBHIIIEHHUS ), KOTOPBIN PaBeH:

L =1g Q/K,
rae Q — kBoTaHT peakiuu; K — KoHcTaHTa peakiuu.

[lo Mepe HachlIEHUsT PacTBOpPa OTHOCHUTENIBHO KaKOro-JImbo MUHEepaa
WHJICKC HACBHIIICHUS yBEIMYMBAETCS 10 Hyls (coctosinue paBHoBecus). Ilpu ero
MEPECHIIIEHUN 3HAYCHUS CTAHOBSTCS TIOJOKHATEIbHBIMU. Pacder mapameTpa
MPOBOAWIICS TIO M3BECTHBIM METOAMKAM, pa3pabOTaHHBIM Ha 0a3e TEPMOJAMHAMMKU
THIPOTCOXUMHUCCKUX  MporeccoB [3] ¢ HUCMONB30BaHUEM  KOMITBIOTEPHOM
nporpammbl HydroGeo [2], paspaborannoit M.b.bykater (TITV).

Busyannzanus pacueTHBIX JaHHBIX OCYIIECTBIIsIach B mporpamme MS Excel
MyTeM HAHECEHHUs JaHHBIX MO0 XMMHYECKOMY COCTaBY TEPMAJbHBIX BOJ MPOBHUHIIMU
[[3stHCM HaA aUarpaMMbl MOJIEH YCTOWYMBOCTH ATIOMOCHIIMKATHBIX M KapOOHATHBIX

MHUHEPAJIOB.
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3 'eoxumuyeckne 0cO0EHHOCTH TEPMAJIBHBIX BOJ NpoBUHIUM L[31HCcH

TepmanpHbIM BoaM MPOBUHIMM L[3HCH MOCBSIIEHO HE Maloe KOJIUYECTBO
pabor. bornee peranpHOMY HM3yYEHHIO TEPM pacCMaTpUBAEMOM TEPPUTOPHH
nocayxuiia padotel JIu Crosmu (1979 1.) [41], no3nnee, ¢ 1988 r. uccnenoBaHus
ObuH TIpooIDKeHbl Yxkanbctod CyHb [46], KOTOpBIE OCYIIECTBIIAIOTCS MO HACTOSIICE
Bpems. B pamkax JaHHBIX MCCIENOBAaHUM W3YYEH XWMHUYECKUW, Ta30BbIM H
M30TOIHBIA COCTAB.

B mpepenax teppuropum npoBuHiMu L[3sHCHM  BbIABIEHO 96 pOIHUKOB
TEPMAJIbHBIX BOJl, PA3JIUYHBIX IO Ta30BOMY U XHUMHUYECKOMY cocTaBy. l[lIupokum
pacrpoCTPaHEHUEM MOJIb3YIOTCA YIJIEKUCIIBIE U A30THBIE TEPMBI.

B ocHOBy HacTrosimieil paOOThl MOJOKEHBI PE3YJbTaThl AKCIEIULIHOHHBIX
UCCJIEIOBAHUM, MPOBEACHHBIX B OKTAOpe 2015 r. mpu HENOCPEeICTBEHHOM YYacTHH
aBTopa, mnox pykoogcteoM IlIBapueBa C.JI.  co croponel  Tomckoro
MTOJIMTEXHUYECKOTO YHUBEPCUTETA M NOJA PYKOBOACTBOM Wxkanbcrod CyHB €O
CTOPOHBbI BOCTOYHOrO KHTalCKOTrO TEXHOJIOTUYECKOTO YyHUBEpcuTeTa. B xoxme
JTAHHBIX MCCIIEOBAaHUH, C LEbI0 00Jiee NeTaJbHOTO N3YYEHUsI XUMUYECKOTO COCTaBa
TE€PM, UX TEOXUMHUYECKUX OCOOEHHOCTEH M MEXaHU3MOB (hOPMHUPOBAHUS, OTOOPAHBI
poObl TEpMaANBHBIX BOJI HA XMMUYECKHM, Ta30BbIM W M30TOMHBINA cocTaB. [lomumo

3TOT0, B pabOTy BKIIIOUYCHBI PEe3yJIbTaThl 00JICe paHHUX HCCieoBaHui [45].

3.1 XuMHuYecKHil COCTAB YIJIEKUCIBIX TEPMAJBHBIX BOJ

VYriekucnple TepMalbHBIC BOJBI MpoBUHIMK [[3sHCH 007amar0T BecbMa
NEeCcTpOo MHHEpajau3alued U HU3MEHSAIOTCS OoT ymepeHHo mnpecHbix (M ot 0,2 mo
0,51/m) no ymepenno comoHoBaThix (M ot 3 mo 10r/m). Benuuuna oOmiei
MUHEpanu3auyu BapbupyeT oT 287 mo 3869 wmr/m, cpeaHee 3HAYEHHE COCTABIISICT

913 mr/n (tabiuua 2). KucnoTHo-1e109HbIe CBORCTBA U3MEHSIOTCS OT CIA00KHUCITBIX
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(pH ot 5,0 mo 6,5) no HewTpanpHBIX (PH oT 6,5 10 7,5). 3HaueHus PH koaeOIIOTCS OT
5,70 mo 7,77 1 B cpeHEM COCTABIISIOT 6,82.

Ta6J'II/IHa 2 — XUMUYeCKHUI COCTaB YIJICKHUCIIBIX TCPMAJIBHBIX BOI IIPOBUHIIUN L[BSIHCI/I

N LTIPH| M CO,HCO5150,%| CI" |[Na*| Ca** [Mg* | K* [SiO; F | Xummaecknit
- |°C MI/1 THII
1 [73[7,30{299 | 1,1 | 106 | 17 85|71 | 9,9 | 0,09 | 3,1 |81 |16 HCOsNa
2 |71|570| 351|106 | 146 | 23 | 6,4 71124 |0,05| 2,7 |77 [11,7] HCOs-Na
3 |72]7,53| 364|158 | 146 | 26 | 7,1[71]12,2]0,07 | 3,7 | 83 |14,3] HCOs-Na
4 |4816,77(2770| 31,6 | 1428|300 35,1/711/107,8| 6,74 | 43,2 [135| 3,2 | HCO;-Na
5 |55(6,78]3129|195,4|1820 | 25735,5/703| 90,0 | 6,10 [ 59,2 |151| 7,2 | HCOs-Na
6 |25(6,52|3331) 63,9 | 1886 | 325|81,2{699|138,5/15,37| 84,6 | 99 | 2,9 | HCOs-Na
7 |27]6,50|3869| 75,9 | 2253 |350|50,7|970|106,9|10,42| 82,0 | 43 | 3,6 | HCOs-Na
8 |37]6,74/459 | 5,7 | 217 | 27 [85[94 29,1 0,09 | 44 | 78|17 |HCOs;-Na-Ca
9 136/6,30]1263|245,0| 744 | 43 |10,8/132]130,0/15,50{102,2| 80 | 4,9 | HCOs-Ca-Na
10 |41(6,91]287 | 19,4 | 127 |38 (27| 9 |51,0[3,00| 6,0 [45|47| HCOsCa
11 |48|6,67|2815| 26,2 | 1004 | 765|70,2|679|117,1|10,95| 71,8 | 94 | 2,9 HCO3-SO,-Na
12 |44|6,63| 718 | 8,6 | 277 |115|28,7|154| 52,3 0,33 | 6,8 | 82 | 1,9 Hcl\%i'g’f“'
13 |53|7,64| 346 | 17,6 | 140 | 50 [ 2,1 [ 12 | 61,8 | 2,89 | 15,2 | 57 | 4,6 |[HCO4-SO,-Ca
14 |58|7,77|987 | 158 | 98 |465]16,9/221] 39,0 | 0,15 | 19,5 118/ 9,6 | SO,-Na-Ca
15 |43[6,86] 521 | 38,7 [ 250 | 25 [5,0[91 | 245[0,50 | 8,3 [107]| 94| HCOsNa
Cpen |47(6,82| 913 | 23,5 | 380 | 90 |14,1|148| 47,7 | 1,14 | 16,5 |84 | 45
Mun 255,70/ 287 | 1,1 | 98 |17 |21] 9 [ 99 |0,05] 2,7 [43|1,6 | HCOsNa
Maxe | 737,77 |3869|245,0| 2253 | 765 |81,2|970{138,5/15,50|102,2|151|14,3

3aBUCUMOCTh MEXIY COJICHOCTBbIO YTJEKUCIBIX TepMalibHbIX Boj W pH
nmpociexuBaeTcs c¢i1abo, O YeM TOBOPUT HH3KOE 3HaueHue Kod(pduineHTa
Koppensinuu  (Tabiuia 3),  PacCUMTAHHOTO IS BBISABICHUSA (DYHKIIMOHATHHOU
3aBUCUMOCTH. BO3MOXKHO, CTOJIBL ciabast CBA3b MEXKIy MUHEpanu3aiueit u pH Moxet
OBITh OOBsICHEHA Majioil BBIOOpPKOHM psiga HaOmoaeHui. OIHAKO CIIeTyeT OTMETHUTh,
9T0 KOA((PHUIMEHT KOPPEISIIUK, MPUHUMAIOIINNA OTPUIIATSILHOE 3HAYCHHE, XOTS U
HE YJOBJICTBOPSIONINN TPEIeTy 3HAYUMOCTH, TTO3BOJISICT MPEON0XKHUTH 00 00paTHO
MIPOITOPIIMOHAIIEHON 3aBUCUMOCTH cosieHocTH TepMm oT ux PH. Ilociaemnee moxer
ObITh 00OCHOBAHO HATMYUEM B TEpPMaX YTIEKHUCIOTHI, KOTOpPasi, B3aUMOJCUCTBYSI C
ruapokcunabHoi Tpynmoit OH™ mo peakmuun OH+CO,=HCO3, BeAeT K yBeIMUECHUIO
kucinoTHocTu cpensl [10, 26]. [TomuMo 3TOro, COJICHOCTh pacCMaTPUBAEMBIX TEPM

- + . 2 2+
pacteT B ocHoBHOM 3a cueT HCO3;u Na', B menswineit crenenu 3a cuer SO, u Ca“ .
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Tabnuna 3 — KoadduimenTs Koppesiiuu Jyisi MaKpOKOMHOHEHTOB

Crann. |+ \r | b |HCOs [S0.2| CF | Na* | ca?* |Mg?| K* |sio,
OTKJIOH.

T 0,14 11,00

M 0,43 |-0,54|1,00

pH | 0,03 ]0,32|-0,26] 1,00

HCOs| 0,51 |-0,62]|0,93(-0,42| 1,00

so,”| 0,57 [-0,36]0,86|0,01] 0,66 | 1,00

cl | 0550 |-0,41/0,89-0,28] 0,79 | 0,82 1,00

Na* | 0,63 |-0,35|0,91|-0,29| 0,82 | 0,76 | 0,95 | 1,00

ca” | 0,40 [-0,71]/0,80[-0,19] 0,79 |0,74]0,58]0,51|1,00

Mg®*| 0,96 [-0,65]/0,73-0,19] 0,79 | 0,60 0,46 0,42 0,93 | 1,00
K" | 059 [-0,60|0,90|-0,16| 0,85 | 0,77 0,67 | 0,68 0,92 (0,90 | 1,00

Si0, | 0,16 |0,27|0,36 /0,07 0,24 /0,31/0,40]0,51{0,06 |-0,03] 0,20 | 1,00

*XKUPHBIM KYPCUBOM BBIJIEJIEHBI 3HAYMMbIE KO3(PPUIUEHTHI KOPPEISILINU

Temmeparypa yriaekucisix TepM kojeosaercs oT 25 no 73 °C. B cooTBeTcTBUI
¢ kinaccudukanuerr H.U. Tonctuxmua (1970 r.) [10], xoTopas sBaseTcs Hamboliee
MIOJTHOM Kitaccu(uKaIme moa3eMHBIX BOJ TTO TEMIIEPAType, paCCMaTPHUBACMbIE BOJIBI
OTHOCATCA K Trpymnme nojoxureabHo temmeparypasix Boa (T 0-100 °C) k paspsay
Teribix (26-37 °C) u ropsuux tepm (6ombiae 37 °C).

[To XUMHYECKOMY COCTaBY YTIJICKHCIIbIE TEPMBI B OCHOBHOM OTHOCSTCS K
rUApOKapOOHATHOMY HATPUEBOMY THITY, OJHAKO, CJIEAyeT OTMETHTh, UTO
COOTHONICHHE MEXIy DJJIEMEHTaMH B PAa3JIMYHBIX POJAHUKAX HE OJWHAKOBO.
[Tocnennee moaTBep KAAECTCS MPUHAMICKHOCTHIO paccMaTpuBaeMbix Boa kK SO4-Na-
Ca tuny, a takke k npomexyroddbiM Tumam (Mexay HCOz-Na u SO4-Na-Ca):
HCO3;-Na-Ca, HCO;-Ca-Na, HCO3-Ca, HCO5-S0O,-Na, HCO3-SO,-Na-Ca u HCOs-
SO4-Ca.

AHHOHHBIM COCTaB XapakTepusyercs NnpeobiagaHueM THIpPOKapOOHAT-UOHA,
uHoTa cyibdar-uoHa. Tak, konuentparuu HCO;3 BapeupyroT B mpenenax ot 98 1o
2253 mr/n, B cpenHem coctaBisas 380 mr/n.  KonueHTpauuu SO42' HECKOJILKO
MEHBbIIIE, TEM HE MEHEE, OCTAIOTCSl BHICOKUMH M KoJIeOtoTcs oT 17 no 765 mr/n npu

cpensem 3HaueHun 200 mr/n. B 3HauMTENbHO MEHbBIIEH CTENEHU B YIVIEKHCIBIX
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TEPMaJIbHBIX BoAax cojaepkurcs xiopua woHa. Konnenrpamuu Cl° mamenstorcs B
nuanasone 2,1-81,2 mr/n, B cpennem coctasisis 26,0 mr/im.

KaTnonHbIil cocTaB YIIEKHCIBIX TEPM XapaKTEPHU3YeTCS JTOMHUHUPOBAHHEM
nona Hatpus. Comepxkanus Na' BapeupyloT oT 9 10 970 MI/m U B cpemHeM
cocTaBisaloT 328 wmr/n. IlomuMo HaTpusi, B YIVICKHCIBIX TepMaxX OTMEUYECHBI
MOBBIIIIEHHBIE KOHIEHTpaluu Kanblusa. CojaepkaHus Ca* B CpeaHEM COCTaBJISIOT
okosio 68,4 mMr/m m wm3MeHsroTcs B umHTepBaie oT 9,9 mo 138,5 mr/n. Cpennee
CoJIep)KaHue K" cocraBnsier 36,03 mMr/i1, B OTJCIBHBIX CIIy4asx, KOHIIEHTpaIluy Kaaus
nocturaoT ot 43,2 no 84,6 mr/n, unorna 102,2 mr/n. Beicokue conepxkanus K
MPUYPOUYEHBI K TOYKaM OMpOOOBaHMUsI, PACIOJIOKEHHBIM B T€OTEPMAJIbHBIX palioHax
IanpwkyH u anbayHans. puunnoii Takux kornentpamuii K B pogaukax Ne 5, 9 u
13, BO3MOXHO SBIISCTCS AaHTPONOTCHHBIH (PaKkTOp, TaKk KaK JaHHBIC POJTHHUKHU
OTBEJIEHBI MOJI OOIleCTBEHHOE TMoJib30BaHue. B pomuukax Ne 4, 6, 7, 11 u 14
HMCTOYHHMKY BBICOKOTO COJICp)KaHUS Kajdusi MOXHO OTHECTH TOPHBIE MOPOJIBLI C €ro
MOBBIIIIEHHBIM cojiepkaHueM. Hapsiny ¢ BBICOKUMU KOHIEHTpaIlUsIMHU Ca® u K,
comepxkanust noHa MQ®" HesHauMTENBHBI M HE HPeBBIMANOT 15,37 MI/i, cpeaHee
3HA4YEHHME cocTaBisgeT 5,13 mr/m.

CpenHue 3HAYCHHS KATHOHOB W AHMOHOB YIJICKUCIIBIX TEPMaJIbHBIX BOJ
npoBUHIMKM [[3HCHM CXOXM CO CPEAHUMH 3HAYCHUSIMH I CIIA0OKHMCIIBIX
TUAPOKApPOOHATHBIX YTJIEKHUCIBIX THAPOTEPM JPYTUX PETMOHOB MHUpPA, M3YYEHHBIX
panee E.A. backoBbiM [1].

CornacHO pHUCYHKY 5 W pacCUUTaHHBIM KO3(PQPULHUEHTaM KOpPpEIsSIuu
(tTabnuma 3), ¢ POCTOM MHMHEpalIM3alMi B IEJIOM PACTyT KOHIIEHTPAIMA BCEX
AHUOHOB U KaTUOHOB. OJTHAKO CJIelyeT OTMETUTh, UTO POCT KOHUEHTPALIUA Ca” uK'
Opyu MHUHepanu3auuu 2,75 T/ W BbIIIE HECKOJbKO 3aMEMIAeTCS, YTO BO3MOKHO
CBUJIETEJIbCTBYET O HAIMYKME PABHOBECHUSI C MUHEpaIaMu Ca”" u K* BomoBMemarommx
opo.

CrnenyeT OTMETUTb BEChbMa BBICOKHME KOHIICHTpAIlMM KpPEMHUS, KOTOpPBIC

BapeupyIOT oT 43 1o 151 mr/n (cpennee 3HaueHue 87 MT/i), U HU3KUE COIEPIKAHUS
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dTopa, 3a UCKIOUEHWEM POMHUKOB Ne 2 m 3, pacmoJIOKEHHBIX Ha PACCTOSHUH,
npubnusutenbHo, S0 M Ipyr OT Apyra, riae KoHieHTpanuu F gocturatror 11,7 u
14,3 mr/n cooTBeTCTBEHHO. Takue 3KCTpeMalibHble 3Ha4YeHUs (Topa, CKOpee BCEro,
CBS3aHBI C €r0 TIOBBIMIEHHBIM COJEP)KAHUEM B TPAHUTHBIX IOPOJAX, KOTOPHIC

HIMPOKO PACTIPOCTPAHEHBI B MPEEIIaxX paccMaTpUBaeMO TEPPUTOPHH.

25 r a) 10 r A 6)
A HCOjy A 09 L A N
20 F © SO,* 08 | ¢ Ca*
A +
E o cr A _orf oM 4 aa
= = o K*
£ 15 | ;; 06 |
2 A S
£ g 05
g =
g 10 f A E 04
= £
A 04 § 03 r
05 | . o2 A
<& <
BA o 69 01 8 S so 8
0.0 %jjﬁ_ﬁ_ﬁ . . @ g8 .o 0,0 &-g_é o . é_aﬂ o
025 075 125 1,75 225 275 325 375 025 0,75 125 175 225 2,75 325 3,75
Munepanuzauus, 1/ Munepanu3anus, r/J1

PucyHok 5 — 3aBUCHUMOCTh KOHIIEHTPAILIMl OCHOBHBIX aHMOHOB (a) U KaTUOHOB (0) OT
COJICHOCTH

SBHO BBIpaKEHA CBS3b MEXKAY COJICHOCTBIO VYIJIGKUCIBIX TEPM U HX
temneparypbl. Tak, € pOCTOM TeMIEpPaTypbl COJEHOCTh VYTJIEKUCIBIX TEpM
yMeHbIaercsi (pucyHok 6a). B To ke Bpems, cBs3b PH TepM M MX Temmeparyphl
MMEET O0OpaTHO HAMpaBJICHHBIM XapakTep, T.€. MO Mepe poCTa TEMIEPATYpPhI
YIJIEKHCABIX  TepMm  yBenuumBaercss wux PH  (pucyHok 606). 3aBUCHMOCTb
MUHEpau3aluu U PH yriIeKuciasiX TepMaabHBIX BOJ OT UX TEMIIEPATYPhI MTO3BOJISIET
KOCBEHHO IOJTBEPJUTh OOpaTHBIA XapaKTep KOPPESIUU MEXKIYy HUMHU, O KOTOpPOM

ObLIO YITOMSIHYTO BBILIE.
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Pucynox 6 — 3aBucumocTs MuHepam3aiuu (a) u PH (0) yriIekuciasix TepM OT UX
TeMrepaTypbl

MUKPOKOMITIOHEHTHBI COCTaB  YIJVIEKUCIBIX TEPMalbHbIX BOJ BEChMA
pa3HoO0Opa3eH W NPEJCTaBIEH B MPWIOXKEHUH B, KOHLIEHTpauu MHUKPO3JIEMEHTOB
CONOCTABJIEHbl C MX CPEOHUM COJCPKAHMEM B TMOJA3EMHBIX BOJIaX 30HBI
rurniepredesa [28]. B 3To# ¢BsA3M, yCTaHOBIEHO, YTO MO OTHOIICHHUIO K BOJAM 30HBI
THIIepreHe3a B pacCMaTpPUBAEMbIX BOJIaX B HAUOOJIBIICH cTenenn coaepxurcs Li, Be,
Rb, Sr, Mo, Cs, Ba. IlpeBblllicHre CpeAHMX 3HAYEHUH TAHHBIX KOMIIOHEHTOB
VTJIEKUCTBIX TepM MPOBUHIMU L[3siHCH Ham UX CPEIHUMHU COJEpKAHUAMH B BOJAX
30HBI TUIIEPreHe3a MPEeICTaBICHO Ha PUCYHKE /.

BecbMma BbicOkMe KOHIleHTpalMu Li, OTHOCHTENILHO BOJ 30HBI THIIEPreHE3a,
XapakTepHbl JUIsl YIJIEKUCTBIX TepMalbHbIX BoA. IlocinenHee mnoaTBepkAaeTcs
JAHHBIMK O cojep)kaHuu LI B paccMaTpuBaeMbIX BOJAaX IPYTHX PETHOHOB MHpA,
Hanpumep Hcmanauu, ‘Anonuu, Ilepy u np., rae KOHLEHTpPALMUU JIUTUS JTOCTUTAOT
MOPsIIKa HECKOJIBKUX JIecSITKOB MI/1 [1]. B yriekucneix Tepmax npoBuHiuu L3sHcu
KoHieHTpauuu Li Bapeupytor ot 31,1 mo 1256,7 mkr/n. CpemHee coaepkaHHe
coctaBisier 224,8 MKr/n u B 17 pa3 Bblllle CPEAHErO 3HAYCHUS JJIS BOJ[ 30HBI

rUIepreHesa.
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PI/ICYHOK 7 — OTHOIICHHE KOHI_IGHTpaHI/If/'I MHUKPOI3JICMCHTOB B YIJICKHUCIIBIX

tepmax (C,;) K UX CpeHEMY COJICpPIKaHUI0 B Bojax 30HbI runieprenesa (Csrr)

beprinii B OCHOBHOM MPUYPOUYEH K TEPMaJbHBIM BOJIAM C KHCIJIOW CpPEIIOH,
YTO TOATBEPKAAJIOCh MHOTHMMHU VYYEHBIMH U OOBSACHSIIOCH, KakK pe3yjibTaT
KHCJIOTHOTO BBIILIETAYMBAHUsl OCpHILIMIICOIEpKAIINX CUIIMKATOB. B crmaboKucibix u
HICJIOYHBIX TepMax Be oOHapykuBaeTCsi 3HaYUTENBHO peXxe, ModTOMY 3HadeHus pH
7,5-8 sBiseTcs mpeaenoM KHCIOTHO-IIEIOYHBIX CBOMCTB CPEbl, BhIIIe KOTOporo Be
BoisiBIIsieTcst penko [1]. TlocnenHee moaTBepmaeTcsi OOpaTHBIM XapaKTEpPOM CBSI3H
(r = -0,36) mexny Be u pH B yrimekucnpix TepmMax paccMaTpuBacMoOro panioHa, rjie
ero colepkaHus HaxoasTcs B auanazoHe oT 0,24 no 24,48 MKI/a mpu cperHeM
3HaueHuu 1,47 MKT/JI, 4TO MPEBBIIIACT CPEIHEE 3HAUCHHE JIJIS1 BOJ] 30HBI THIIEpreHe3a
Ha BOCEMb MOPSIIKOB.

Cpennee comepkanue pyoOuaus B YIIEKHCIBIX TEPMalbHBIX  BOJAX
npoBuHIMK [[3sHCH cocTaBisier 62,75 MKT/i, TpU OSTOM €ro KOHIEHTPAINH
BapbUpyrOT OT 16,1 10 586,7 Mkr/n. Ilo cpaBHEHUIO ¢ BOJaMU 30HBI THUIIEpreHe3a, B
paccmarpuBaeMbix Bogax Rb B 34 pasa Gombine. Ero KoHIIGHTpalui HaXOMSATCS Ha

XapaKTEPHOM JIsl YIJIEKUCIBIX TEPM THIPOKAPOOHATHOTO HATPUEBOIO COCTaBA C
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MOBBIIIEHHBIM COAEPKAHUEM KPEMHUS JIPYTUX PErMOHOB MUpa, Hanpumep Mcnanauu
(150 mxr/m) [1].

OTHOCHUTENIBHO 11€3Us YCTAHOBJIIEHO MaKCHUMAaJIbHOE IPEBBIIICHUE CPETHETO
3HAYEHHUA JJIs1 BOJ TMIIEpPreHe3a, COCTaBIIoNIee OKoJIo 65 pa3. CpenHee colepkaHue
Cs cocrapnser 116,86 Mkr/n, koHueHTpanuu usMeHstorcs ot 3,1 mo 80,28 mkr/m.
Cornacno [1], takue copepxkanus CS Takxe SBISIOTCS XapaKTEPHBIMH JIS BOJ
JAHHOTO THIIA.

HemHoOro BbIllIe CpelHUX 3HAYEHUM i1 TPUPOAHBIX BOJ COACPKUTCS
cTpoHuus U 6apus. [IpeBbiienne nocieqHux coctasiseT 1,4 u 1,8 COOTBETCTBEHHO.
Tak, cpemHee 3HaueHuWe SrP cocTaBiseT mopsaka 264,03 MKI/a, KOHIEHTPAIUH
BappUpYyIOT OT 67,5 mo 1476,6 Mxr/n. Takue BBICOKHUE COAEpX aHUS SI SBISIOTCS
BECbMa XapaKTEPHBIMHU, OJHAKO HECKOJbKO HHWXKE KOHIEHTPALMA B YTIEKHCIBIX
THAPOKApOOHATHBIX TepMax JIPYTUX PErMOHOB Mupa, Hanpumep Kypuio-
Kamuarckoro permona (3800 wmxr/m) [1]. Kounenrpaumu Ba, B cBow ouepens,
U3MEHAIOTCS B mHTepBaie 3,7-210,2 Mkr/a mipu cpenHem 3HaueHUU 32,2 MKI/II, 4TO
TaK)KE€ HECKOJIbKO [UIs aHAJIOTMYHBIX BOJ, HampuMmep paiona baiikama [1]
(MakcumanbHble KoHLleHTparuu 1100 MKr/i).

Cpennee cojaep)kaHue MOJMOJEHA, COCTaBISOIIee 3,75 MKI/J, TakXke HeE
3HaUUTENbHO (2,1 pa3a) mpeBbIIAIOT CpeAHEee IS BOJ 30HBI rurepreHe3a. Ero
KOHLEHTpauuu BapbupytioT ot 0,5 g0 24,6 MKI/JI, KOTOpbIE TOXE SBISIOTCS
XapakTepHBIMUA 1Jis1 BoJ naHHoro tuma. CojepkaHue B TepMalbHBIX Bojgax MO
HAXOJUTCS B IPOMOPLIMOHATILHON 3aBUCUMOCTH OT KPEMHE3EMa, YTO ObLJIO BBISIBJICHO
ydyeHbIMU [1], U moaTBepxkAaeTcs, MyCTh U HE OYEHb YOEAMTENIbHBIM H3-3a Majoro
psina gaHHbBIX, Koddduimentom koppemsuuu (r=0,29). Tak, mo Mepe pocta
KOHIICHTpAIIUU KPEMHHUS B BOJIaX, YBEIMUUBAIOTCS coaepkanust Mo.

Opnnum u3 Hanbosee c1aboN3ydYeHHBIX 2JIEMEHTOB, KaK B MPUPOIHBIX, TAK U B
TepMaIbHBIX BOJAX, SBISICTCS CKaHIUN. B 11e710M 17151 yTIIEKUCIIBIX TEPM XapaKTePHBI
BeCbMa HU3KHE KOHUEHTpaluu SC, OJHAKO KOTOpble B 12 pa3 MpeBBIIAIOT CpeaHee

coJiep)KaHue BOJ 30HBI runepredesa. Ckanauid cimabo koppenupyer ¢ pH (r=-0,38),
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OJTHAKO, CBS3b TAKOBA, YTO B KUCJIBIX T€PMaxX SC COMEPIKHUTCS 3HAYUTEIIHHO OOJIbIIE,
YeM B IIEJOYHBIX. B yriIeKucasIX TepMax HCCIIeIyeMOro paiioHa KOHIIGHTpAIuu SC
u3MeHsrTea B uaTepBajie 0,5-1,6 MKI/mi, npu cpeaHeM 3HadyeHuu nopsiaka 0,9 MKr/.

Hapsiny ¢ BblllenepeyuciIeHHbIMH 3J€MEHTaMHu, oO0pallaloT Ha cels
BHUMAaHHE OTHOCHUTEJIBHO BBICOKHE KOHIICHTpAllMM BOJb(paMa, HM3MEHSIOmUEcs B
BechMa mupokom auanaszone 0,09-72,57 mkr/n. Hanuuue Bonbdpama B TEpMaIbHBIX
BOJaX OOOCHOBBIBAETCS €r0 MPUCYTCTBHEM B MHHEpAJbHBIX oOpa3zoBaHusax. Kak
OBLJIO YMOMSIHYTO paHee, B IOKHOW YacTH MCCIIEIYyeMOr0 PErvoHa BbISBIICHA Tak
HaszbpIBaeMas BOJb(GpaMoOBas MPOBUHINS, TJE PACIOJIOKEHBI HEKOTOPHIC POTHUKH
YTIEKHUCITBIX TePMaIbHBIX BOJI.

YcTaHOBICHHBIE COAEPKAaHUA OCTaIbHBIX MHUKpodsemenTos (B, Al, P, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Zr, Nb, Ag, Cd, Sn, Sh, I, La, Hg, Pb, Th
u U) B yIrIeKucibIX TepMalbHBIX BOJAX MPOBHHIWHU L[3s5HCH BecbMa Majbl U HE
MPEBBIMIAIOT KOHIICHTPAIIMA, XapaKTEPHBIX JIs BOJ 30HBI THUIIEPTeHe3a U B IEIOM

JUISL BOJ, JAHHOTO THUIIA IPYTUX PETHOHOB MUPA.

3.2 XuMHUYeCKHii COCTAB A30THBIX TEPMAJIbHBIX BOJI

A30THBIE TepMajbHBbIE BOJABI MPOBUHIMK [[3ssHCH 005amaroT BechMa HU3KOU
MUHEpanu3auuend u sBIAOTCS ymepeHHo npecHsiMu (M ot 0,2 mo 0,5 r/m). B
CPEIHEM COJICHOCTh TEPM COCTaBIIACT 379 MI/JI, IpH 2TOM €€ 3HAYCHUS] U3MCHSIOTCS
B quana3zone 100 mMr/m u BapbupyroT ot 324 a0 421 mr/n (tadbmuna 4). Ilpu cronb
HU3KOW  MUHEpaJu3allMyd  KUCJIOTHO-IIEOYHBIE CBOWCTBA BCErja  OCTAKOTCS
menounbivu (PH 8,5-10). Bennuuna pH B cpeanem cocrarnser 8,69 u BapbUpyeT B
nuamna3one 8,50-9,25.

A30THBIE TepMajbHBIE BOJBI, B COOTBETCTBUU C Kiaccudukanuen
H.N. TonctuxuHa, OTHOCATCSA K pa3psiay ropsaunx tepm. Temneparypa u3MEHsIETCSA OT

38 o 83 °C, B cpenneM pocrturas 62 °C.
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[To XUMHUYECKOMY COCTaBy a30THBIE€ TEPMbI, AHAJIOTHYHO YTJICKHUCIIBIM,
SBJITFOTCS TUAPOKApOOHATHOTO HATPHEBOTO THIIA, OJHAKO OTMEUEHBI POJHUKH
HCO;-SO,-Na cocTtasa.

Tabmuma 4 — XuMudeckuil cocTaB a30THBIX TEPMAaJIbHBIX BOJ MpoBHHIIMU [[3sHCH

T|pH | M |HCO;|COs*|SO,%|ClI'[Na*|Ca?* IMg**| K" |SiO,| F | Xumuueckuit
°C MTI/IT THII

16 |38(8,70|324| 127 | 12,2 | 17 |6,2| 72 |3,80|0,02 (1,98| 68 |156| HCO5-Na
17 |69(8,61|377| 174 | 8,0 | 13 [5,0| 89 |2,10/0,15[1,70| 70 |14,0] HCOs-Na
18 |82(8,50|376| 131 | 6,9 | 18 |4,3| 76 |4,20| 0,05 |5,09| 116 |14,6| HCO5-Na
19 [65/8,78/407| 174 |11,0| 13 [5,1| 96 |2,71/0,69| - | 90 [15,0] HCO,-Na
20 |65|8,62/408| 186 | 8,3 | 11 |5,4|110(1,88 - | - | 70 |150| HCOs-Na
21 |71(8,60(421| 186 | 8,6 | 14 |55/110(1,72| - | - | 80 |15,0] HCOs;-Na
22 |41]9,25|356| 67 |305| 56 |6,0| 66 (2,39/0,03[3,06| 110 |14,6 | HCO5-SO,-Na
23 |83(8,50|375| 94 | 18,3 | 44 [3,9|59 (6,40 0,14 [4,49| 134 |10,3|HCO4-SO,-Na
Cpen [62(8,69|379| 135 |11,4| 20 |5,1| 83 |2,86|0,09|2,98| 89 [14,2
Mun [38(8,50(324| 67 | 6,9 | 11 |3,9] 59 |1,72]0,02|1,70| 68 |10,3| HCOs-Na
Makc |839,25(421| 186 | 30,5 | 56 |6,2/110(6,40|0,69 |5,09| 134 [15,6

Ne

AHAJTOTHYHO YTACKUCIBIM TepMajbHBIM BOJIaM, aHHOHHBIA COCTaB a30THBIX
TEPM  XapaKTepU3yeTcsl JOMHHHMpPOBaHMEM  rujapokapOoHar-uoHa.  Cpeassis
KOHIICHTpAIMsl MocjaeaHero coctapisger 135 mr/m, B menom coxepkanre HCOj3
BapbUpyeT OT 67 mo 186 mMr/m. B 3Ha4nTENsHO MEHBIINX KOJIWYECTBAX COHCPKHUTCS
8042', KOHIICHTPAIIMK KOTOPOTO cocTaBistoT 20 Mr/m u u3MmeHsrores ot 11 mo 56
mr/n. Cogepxxanus Cl” He nmpeBbImaroT 6,5 Mr/i npu cpeHeM 3HadeHuu 5,1 Mr/o.

KatnoHHslil cocTaB XxapakTepu3yercs sSBHbIM IpeoOsiajaHueM HOHOB HaTPHs
HaJ{ MIOHAMHU KaJblus, MarHus u kaaus. Tak, B a30THBIX TepMax KoHueHTparuu Na*
HU3MEHAIOTCA B MHTEpBajie oT 59 no 110 mr/a, rae cpenHee coliep)KaHue COCTABIISET
83 mr/n. B 3HaUUTENTLHO MEHBINEH CTENEHU C PACCMATPUBAEMBIX BOJAX COMCPKUTCS
Ca®*, K* 1 Mg®*, KOHIIEHTpAIHHK KOTOPBIX HEe MPEBBIMIAIOT 6,5 Mr/m, 5,1 Mr/1 u 1 Mr/n
COOTBETCTBEHHO.

[ToMuMO BbINIE MEPEUHCIECHHBIX AHHOHOB, OoOpalalTcs Ha ce0s BHUMaHHUE
BECbMa BBICOKHE KOHIEHTpaluu propa, koTopbie uaMeHstoTes ot 10,3 no 15,6 mr/m,
rae cpeaHee 3HadeHue coctaBiser 14,2 mr/n. Takuwe BBICOKHE COIEpIKaHUS

XapaKTCPHbI JI1 a30THBIX TCPMAJIbHBIX BOJ, 4YTO Ha6JIIOI[aHOCB paHec B BOAaX
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JAHHOrO Tuma Jpyrux peruoHoB wmwupa: Aigaxo (CIIA), Kammvup (Uugus),
Kapnatsl, CeBepHast Monronust, Tsub-11lans (Kutait) [1, 10], Poccus [1, 3, 4, 5, 6, 7]
u np. [Ipupona Takux BBICOKMX KOHIEHTpPALM O CHX MOp HE BbIsABICHA. [laHHBIM
BOMPOC 0OCYXAAETCS C CEPEANHBI MPOIIJIOTO BeKa, HO OTBETHI Ha HErO J0 CHX TMOp
He mnosydeHbl. OJHU UCCIENOBATENU MPHUACPKUBAIOTCS TEOPUU O PpacTBOpax
MarMaTU4ecKOro TeHe3uca (FIOBEHWJIbHBIX BOJI) KaK HMCTOYHMKA (TOpa B a30THBIX
tepMax [12], npyrue npuaepKUBAIOTCS TEOPHH O BMEIIAIONINX MOPOJaX B KaueCTBE
HCTOYHUKOB (Topa. bosee nmoapoOHO JaHHBIN BONPOC OyIEeT pacCMOTPEH B pasjere
3.3, 34ech K€ XOTeJNOCh OBl TOMYEPKHYTh, UYTO, TNPUACPKHUBASICH TEOPHUH O
pPaBHOBECTHO-HEPABHOBECTHOM COCTOSTHMHM CHCTEMBI BOJA-TIOPOJa, K UCTOYHUKaM F
OTHOCHM BOJJOBMEILAIOIIUE OPO/Ibl U B3AUMOAECUCTBHE C HUMH a30THBIX TEPM.

Hapsiny ¢ BeicokuM coaepkanueM F, a30THBIE TepMbI 000TaIeHbl KPEMHUEM.
CpenHee coiepkaHUE IOCIETHETO COCTAaBISIET 89 MI/J, KOHLIEHTpPAIMU BapbUPYIOT
ot 68 110 134 mr/m.

CpenHue 3HAYeHHS KAaTHOHOB W AaHHMOHOB Aa30THBIX TEpMaJbHBIX BOJ
npoBUHIMK  [I[3IHCHM CXO0XHM €O CpPeIHMMH 3HAYEHUSMUA JUISl  IEJTOYHBIX
T'HIPOKapOOHATHBIX A30THBIX THAPOTEPM APYTUX PETMOHOB MHpA, B TOM YHCIIE U
Poccun, nzyuennsix panee [1, 10, 15, 8, 12].

PaccunTtanHble IS a30THBIX TepM KO3 PHIMEHTH Koppessiuu (Tadauma 5)
MO3BOJIAIOT TPENOJIOKUTh O HATMYUU HEKOTOPBIX CBS3€H MEXAy KOMIIOHEHTAMHU
COCTaBa TEPM.

CBsi3b MEXIY COJICHOCTBIO TepM U ux PH mpociexuBaercs ciabo, o 4em
CBUJICTEJIbCTBYET HHU3KOE 3HA4YeHHE KOA(DPHUIIMEHTa KOPPEJNSIUHU, OJHAKO oOIas
TEHJICHIMSI TaKOBA, YTO TI0 MEPE POCTa MHUHEPATU3AIMK A30THBIX TEPMAJIbHBIX BOJI
ux pH ymeHsbIiaercs (pucyHok § a).

3aBUCHUMOCTH OOLIeH MUHEpaAIU3aIMK a30THBIX TEPM OT TEMIIEPAaTypbl, UMEET
OJTHOHAIIPaBJICHHBIN XapakTep. Tak, ¢ yBelIUYEHHUEM TeMIIEpaTyphl COJICHOCTh TEPM,
XOTSl U HE 3HAYUTENbHO, HO pacteT (pucyHok 8 0). Takas cBsi3b OOBACHSETCS TEM,

YTO BBICOKaAs TCMIICpATypa CBUACTCILCTBYCT O IPOHUKHOBCHUHU I/IH(i)I/IHBTpaLII/IOHHBIX

31



BOJ Ha OOJBIIYI0 TIyOWHY, BCJCACTBHE YEro BpeMsl B3aMMOCHCTBUSA BOIBI C
BMEIIIAIONMMH TOPHBIMU TIOPOJaMH YBEIMYMBAETCSA, YTO MPHBOAMT K POCTY HX
coneHoctu [15, 48].

Tabmuna 5 — KoadduimenTs! Koppensiiun Jisi MaKpOKOMHOHEHTOB

O(T:;'I T | M | pH HCO,]CO:#80,%] CI" | Na* [Ca* |Mg* | K* [Si0,| F
T [0,13/1,00

M 10,04/0,68/1,00
pH (0,01/-0,73|-0,28/1,00
HCO;(0,16/0,39|0,60 |-0,57| 1,00
CO5~ 0,22]-0,51]-0,43/0,74[-0,88| 1,00
S0,~ [0,26-0,23-0,43/0,49[-0,97| 0,89 1,00
Cl" 10,07 |-0,85/-0,26|0,65| 0,02 | 0,19 |-0,141,00
Na® /0,10/0,22|0,73]-0,21] 0,88 |-0,67 -0,84/0,29| 1,00
Ca”* |0,20/0,16-0,48]-0,30/-0,50| 0,27 |0,49}-0,62-0,80| 1,00
Mg** 47,25/0,19]0,65 |-0,22| 0,54 |-0,38]-0,44/0,22]0,76 |-0,63| 1,00
K" 152,030,21|0,81/-0,09| 0,67 |-0,360,580,21|0,85 |-0,60| 0,75 |1,00
Sio, |0,11)0,35/-0,02| 0,07 |-0,67| 0,48 |0,75-0,64-0,66/ 0,65 |-0,42-0,37/1,00
F 10,06]-0,49/0,00]/0,32] 0,39 |-0,34-0,550,78|0,57 |-0,66| 0,27 |0,361-0,651,00

*XUPHBIM KYPCUBOM BbIJI€JIEHbI 3HAYMMbIE KO3(PPUIUEHTHI KOPPEISILIUU

pH
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Pucynok 8 — 3aBucUMOCTh MUHEpaAIU3aIuu a30THBIX TepM OT ux PH (a) u
TemriepaTypsl (0)
KapOonatHasi cocrtaBisitomias BOJ  pacTeT MO  Mepe  YBEIWYEHUS
MUHEpaJIM3alliy, a, ClieloBaTesibHO, U TeMmieparyphl (pucyHok 9). CynbdaTHas xe

qaCTb MOHOB BCACT ce0s1 HECKOJILKO MHaye: C pPOCTOM MHUHCPpAIU3ALUNA COACPKAHUA
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SO,* BemyT cebst He 0qHO3HAYHO (PHCYHOK 9). B 9TOil CBS3M, MOXKHO CHENATh BBIBOL,
9TO O0OOTalleHre a30THBIX TEpPM KapOOHATHBIMH U CYIb(GAaTHEIMH HOHAMH
MPOUCXOUT U3 pa3HbIX UCTOYHUKOB. [locnemHee oOBSICHSETCS T€M, YTO Ha BCEM
NyTH JABWXKEHUS TEPM KapOOHATHBIE COJIM SIBIISIOTCS PE3YJIBTAaTOM THIPOJIU3a
ATIOMOCWJIMKATOB, a CyJb(aTHbIE COJU OO0pa3yloTCs TOJIBKO TNPU HAITUYUU
cynbdunoB u cB0O60HOTO Oy, KOTOPHIN MOSBISETCA B BOJE B 00JaCTIX pa3rpy3KH.
[losToMy, Takue pasHble KOHueHTparmu SO,” MPH OTHOCUTENBHO OJUHAKOBOIL
MUHEpaIU3allMi CBUICTEIbCTBYIOT O PAa3HBIX KOJIMYECTBAX CYIb(PUIO0B, a UMEHHO
CaMOPOJIHOM CEpbl, B3aUMOJICUCTBYIOIIUX CO CBOOOAHBIM O, MO MPUHLHUITY: YEM
OoJibilie Cynb(UI0OB COCUHSIETCS C OKUCIUTENIEM, B IAHHOM ClIy4ae KUCJIOPOAOM, B
MecCTax pa3rpy3ku, TeM 0oJiblie B Bojiax oOpasyercs cyibhaToB. Takas 0COOEHHOCTb
a30THBIX TEPM BBISABIIEHA U B Oojee paHHUX padoTax, mpojenaHHbix 3amaHa JI.B.,
IBapuessiv C.JI., [TmrocaunsiM A.M., Tokapenko O.I'. u ap [15], kpome Toro, 31O

HE pa3 ObUTO YIIOMSHYTO U B Hamux pabdorax [48].

45 r Al
40 r 02
35
3,0

2,5

2,0

HCO;+CO;%* u SO, Mr-3KB/a

15 r
10 r o

05 r

8 o
0’0 1 1 1 1 1

0,32 0,34 0,36 0,38 0,40 0,42
Munepanuzaumsi, 1/

Pucynox 9 — 3aBucumocts kapboHatHbix (1) u cynbdaTHbIX (2) HOHOB B a30THBIX
TEpPMax OT UX MUHEPATU3aIIU

Uro KkacaeTcs KaTHOHOB, TO MEXKIYy HWOHAMH KaJblldsi, MArHus W

. o ~a2

MUHepaIu3alyeli IpociekupaeTcs ooparHas cBssb. Tak, cymma koHnenTpauuii Ca”"
2+

u Mg~ yMeHbllaercs no Mepe yBenudeHus cosieHoctu (pucyHok 10 a).

. . 2
AHaNorvuHeli XxapakTep Koppelasuuu HabmojaeTcs Mexay cymmoii moHos Ca”™" u
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2+ - 2- o

Mg~ m HCO3;+CO3;”, tme ¢ pocToM KOHIEHTpanuii KapOOHATHBIX HWOHOB,
2+ 2+

yMeHbInatotcsa coaepxkanuss Ca” m Md™ (pucynok 10 6). JlaHHbie 3aBHCHUMOCTH

MO3BOJIAIOT MPENAINOJIOKUTh, YTO a30THBIE TEPMbl PABHOBECHBI C KapOOHATHBIMU

MUHCpAJIaMH1 U, KaK CIICACTBUC, O BBIIAJICHUN 3THUX 3JICMCHTOB U3 PaCTBOPA.

r=-043 a) r=-0,56 0)

= 040 = 040 r
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? 035 N 5 035 f

S 5 A

.- 030 f .- 030 |

‘?Em S
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020 4 A 020 |
015 015 |
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0,00 : : : 0,00 : ‘ ‘
0,30 0,35 0,40 0,45 2,0 2,5 3,0 3,5
Munepaausanmsi, r/J1 HCO;+COz*, mr-3kB/a

Pucyrok 10 — 3aBrcumocts comepxannst Ca’*+Mg> ot conenocri (a) 1
HCO3+CO5” (6) (I — K03 HIHEHT KOPPEIISIIIIL)

MUKpPOKOMITOHEHTHBIH COCTaB a30THBIX TEPMATBHBIX HECKOJIBKO OTIIMYACTCSI
OT YIJICKUCIIBIX U TIPEJICTABIICH B MPWJIOKEHUU B, aHAJOTHYHO YTIIEKUCIIBIM TEpPMaM,
KOHIICHTPAIMd MHUKPODJIEMEHTOB COIOCTaBJIEHBI C WX CPEIHUM COJCpXKAHUEM B
MOJ3EMHBIX BOJAAX 30HBI runeprenesa [28]. B 3Toit cBs3M, yCTaHOBIEHO, YTO IO
OTHOIIIECHUIO K BOJIaM 30HBI TUIIEPTeHE3a B pacCCMaTPUBAEMBIX BOJaX B HaWOOJbIICH
crenenu coxepkutcs Li, Be, B, Sc, Ga, As, Rb, Mo, Cd u Cs. [IpeBbliieHue cpeaHux
3HAYCHWH JTaHHBIX KOMITOHCHTOB YTJICKHCIBIX TEpM NPOBUHIMH [[3sHCH Ham ux

CpPEIHUMHU COAEP>KaHUSIMHU B BOJIaX 30HBI TUIIEpPreHe3a npeacTaBieHo Ha pucyHke 11.
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Pucynox 11 — OTHOIIEHHE KOHIICHTPAIUA MHUKPO3JIEMEHTOB B a30THBIX TepMax (C,;)

K UX CpPEeTHEMY COJICPIKaHUI0 B Bojax 30HbI runieprenesa (Csrr)

Conepxanust 60pa ¥ KaJIMHUsI HaXOJATCS MPAKTUYECKU HAa YPOBHE CPEIHETO
I BOJA 30HBI THUIEPreHe3a, TeM HE MEHee, HE3HAYUTEIhLHOE MPEBBIIICHUE
cocrasisieT 1,1 u 1,3 paza coorBerctBeHHO. Conepkanust B u Cd B a30THBIX TepMmax
U3y4eHbl BechbMa Ciab0, TOITOMY CIOXHO CKa3aTh O XapakTEPHBIX HX
KOHIIGHTpaIusAx s JaHdHoro Ttuna Boja. CpeaHee 3HaueHwe Oopa B
paccMaTpHBaeMbIX BOJaX cCOCTaBiseT 82,8 MKI/J, NMPU ITOM €ro COACPKaHUS
HU3MEHSIOTCS B MHTEpBaje oT 54,8 no 127,6 Mkr/m.

Kak roopuiioch paHee, Oepwuil penko OOHAPYKHBAETCS B IIECTOYHBIX
tepmax. g a30THBIX THUAPOKAPOOHATHBIX HATPUEBBIX TEPMAIBHBIX BOJ JIPYTHUX
peruoHoB Mupa cojepxkanue Be ne mpesbimaer 6,5 Mxr/ia. Cpegnee 3HaueHue Be B
a30THBIX TepMmax paccmarpuBaemoro peruona (0,48 Mxr/m) B 2,5 pa3a npeBbllliacT
cpeaHee 3Hau€HUE ISl BOJA 30HBI runepreHesa. Konmentpaiuu Be wuccnemyeMbix
Bogax u3meHsroTces ot 0,24 no 0,88 MKr/JI.

Cpennee coaepkanue MbIbsika (6,06 MKI/iI) TPEBBIIIAET €ro CpeaHee
3Ha4YCHHUE /IS BOJ 30HBI TUIepreHesa B 4,2 pasa. MuHUMallbHasi 1 MaKCUMaJbHas

KOHIOCHTPpAaIuH AS B a30THBIX TEpMaAx pacCMaATpUBACMOI0 pEruoHa COCTaBJIAIOT 3,9 )41
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12,0 MKI/T COOTBETCTBEHHO, YTO 3HAYUTENBHO HIKE €ro COAEpKaHUU B
MaJIOMHHEPAJIM30BAHHBIX a30THBIX TepMax 3abaiikaibs, JansHero Bocroka n qpyrux
peruonoB (He 6osee 100 mxr/im) [1].

JIns a30THBIX TEPM XapaKTEPHBIX COACPXKAaHUS rajus B KoiaudecTtBe 10-
30 mxr/n [1]. Cpennee 3Hayenme (Ga B a30THBIX  TEPMaJbHBIX  BOJAX
paccMaTpuBaeMOro peruoHa cocTtaBisieT 3,2 MKI/i, 4To B 8,7 pa3a MpeBBIIIAET
cpenHee /it 30HbI TUeprene3a. Konnenrpanuu n3menstores ot 1,6 1o 6,0 Mxr/.

OTHOCHUTENIBHO BOJ 30HBI THUIEPreHe3a, BEChbMa BBICOKUMH SIBISIIOTCS
KOHIeHTpanuu Li, mpeseimenne KOTOpeIX cocraBiusger 19,5 pas. Cpemnee
colepkanue cocraBisieT 224,8 Mkr/i, konneHntpanuu Li BapeupyroT ot 210,6 10
339,2 Mkr/m. JIns a30THBIX TepM APYTHX pPEerHoHOB Mmupa (3abaiikanbe u ap.) [1]
koHneHntpanuu Li ve npessimarot 200-300 MKr/m.

BBuy HH3KOW CTENEHM HM3YYEHHOCTM CKaHIWS W B IPUPOJHBIX, U B
TepMaJbHBIX BOJAX, JJIS A30THBIX TEPM XapaKTepHbl HU3KUE KOHIIEHTpauuu SC,
u3MeHswonmecs B auanazoHe 0,5-1 Mxr/m u B 11,7 pa3 npeBbllIalONIUEe CpeaHee
COJIEp>KaHM€E BOJI 30HbI THIIEPTEHE3A.

Cpenuee coaepkanue mMosn0jeHa, coctapistomee 23,13 mxr/m, B 13,2 paza
MPEBBIIAIOT CPEAHEE JIJIS1 BOJ 30HBI ruriepreHes3a. Ero KOHIIEHTpaluu BapbuPYyIOT OT
18,3 no 33,9 mxr/n. [Ins BOJ MaHHOTO TWUIA B JIPYTUX PETHMOHAX MHpa XapaKTEpHBI
KoHIeHTparuu Mo B muTepBasie ot 9 10 20 [1], 9TO HECKOJIBKO HHMXKE COACpIKaHHM
MOJIOJIEHA B a30THBIX TepMax MpoBUHIMY [[3sgHCH.

Cpennee conepkaHue pyouaus B a30THBIX TE€PMalbHBIX BOAAX MPOBUHIUU
[[3stHCH cocTaBisieT 26,87 MKI/i, IpU 3TOM €ro KOHILIEHTpaluu BapbupyroT ot 14,7
no 37,76 mxr/n. Ilo cpaBHeHHMIO ¢ BOJaMH 30HBI THIEPreHe3a, B PACCMaTPUBAEMBIX
Bonax Rb B 14,4 pa3za Gombire. Ero KOHIIEHTpaIlluM HAXOASTCSA HA XapaKTEPHOM IS
a30THBIX TEPM THAPOKAPOOHATHOIO HATPUEBOIO COCTaBa JAPYTHMX PETHOHOB Mupa (110
100 mxr/m) [1].

OTHOCHUTENIBHO 11€3Us YCTAHOBJIIEHO MaKCHMAaJIbHOE TPEBBIIIEHUE CPEIHETO

3HAYEHUS ISl BOJ TUIIEpreHe3a, cocTapisroniee okoio 136,5. Cpennee comepikanme
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Cs cocraBnser 35,5 MKI/N, KOHIICHTpAIlMM H3MEHSIOTCS OT 26,6 mo 63,6 Mkr/m.
Pacnipenenenne CS B MaToOMHHEPATN30BAHHBIX a30THBIX TEPMAJBHBIX BOJAX ILIOXO
W3Y4YCHO, OJIHAKO, MMCIOIIHMECS JaHHBIC M0 HEKOTOphIM peruoHam ObiBiiero CCCP
MOKa3bIBAIOT, YTO B OOJBIIMHCTBE Ciy4daeB conepkanus CS He NPEBBIMIAIOT
100 mxr/m [1].

Hapsimy ¢ BBIIICIEpEYUCICHHBIME  JJICMEHTAMH, OOpamiarT Ha ceds
BHHMAaHHE BEChbMa BBHICOKHE KOHIIEHTPAITUHU BOJIb(Ppama, N3MEHSIONINECS B TUANa30He
29,93-95,63 Mkr/n. Hanmnuue Bosbdpama B TepMaIbHBIX BOJaX 0OOCHOBBIBAETCS €r0
MPUCYTCTBHEM B MHHEPATBHBIX 0Opa3oBaHusX. Kak ObLIO ymOMSHYTO paHee, B
IOKHOM YacTH HMCCIIEMyeMOTO PETHOHA BBISBIICHA TaK Has3biBaeMasl BOJb(paMoBas
IIPOBUHITHS, TJIC PACIIOIO0KEHBI POAHUKN a30THBIX TePMaIbHBIX BOJI.

YcTaHoBIIEHHBIC CoiepKaHMsl OcTaabHBIX MukpodiaemenToB (Al, P, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Se, Br, Zr, Nb, Ag, Sn, Sb, I, La, Ba, Hg, Pb, Th u U) B
a30THBIX TEPMaJIbHBIX BOJAX MPOBUHIMHU [[3sSHCHM BecbMa Majibl M HE IPEBBIIIAIOT

KOHIICHTPAIMH, XapaKTEPHBIX IS BOJ 30HBI TUIIEPTEHESA.

3.3 PaBHOBecHe TEPMAJbHBIX BO/J ¢ BEAYIIMMHA MUHEPAaJIaMi BMEIIAI0IITUX

noposa

N3ydenune paBHOBECHS TePMaJbHBIX BOA MPOBUHIIUU [[3sTHCH, TpOUCXOSIIIIMX
B CHUCTEME «TE€PMAJIbHbIE BOJbI — MOPOJa» MO3BOJSET ONPEAEIUTh HE TOJIBKO 3Tal
ABOJIIOIIMOHHOTO Pa3BUTHUSI JTAaHHOM CHUCTEMbl, HO M HUCTOYHUKH XUMHUYECKUX
AJIEMEHTOB B T€pMax, a TaK)Ke MIPOTHO3UPOBATH U3MEHEHUE COCTaBA.

Pe3ynbTaThl pacuera CTENEHN HACBIIIEHHOCTH TEPMAJIbHBIX BOJ K OCHOBHBIM
MUHEpaJIaM BOJOBMEIIAIOIIUX IOPOJI TOKa3bIBAOT, YTO YTJEKHUCIBIE TEPMBbI
PaBHOBECHBI C KaIbIUTOM (pucyHOK 12 a). [Ipu M3y4eHHn paBHOBECHS YIIIEKHCIIBIX
TEPM C KaJIBIIUTOM, OJJHA TOYKa PE3KO BBIOMBAETCS M3 OOIIETO psna, JJisi KOTOpOi

xapakTepHbl HU3Kasgs MuHepanm3anus (M 351 mr/i) u ciiaboKUCbIA XapakTep Cpeabl
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(pH 5,70), a xak m3BecTHO [28] TakMx YyCIOBHI HE JOCTATOYHO IS JTOCTHIKEHUS

PABHOBECUU C KAJIBIIUTOM.

:2-2,0 - 2 1 ® Vrekucibie &-20r )
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Pucynok 12 — PaBHOBecHe yriaeKHUCIIbIX TEPMAIbHBIX BOJ C KAJIBLIUTOM (@) U

dbmooputom (6) ripu 25 °C u 100 °C

Hapsimy ¢ kanpIiuTOoM, BOABI HEKOTOPBIX POIHUKOB YTJIACKHUCIBIX TEPM
HAXOJIATCA B PABHOBECHOM WJIM OKOJIO PAaBHOBECHOM COCTOSIHHUHM C (DIIFOOpUTOM
(pucyHoxk 12 6).

[To OTHOMICHWIO K aTIOMOCHJIMKATHBIM MHUHEpaaaM, KOTOPBIC SIBIISFOTCS
JTOMUHUPYIOIIMMHU B BOJJOBMEIIAIONIUX TTOPOJIaX, YIVIEKUCIIbIE TEPMbl PABHOBECHHI C
MOHTMOPHWJUIOHUTOM, aJlbOUTOM, JIOMOHTHTOM, MHUKPOKJIMHOM H MYCKOBHTOM. B
CAVMHUYHBIX CIIy4asX TEPMbl pPaBHOBECHBI C TJIAYyKO(aHOM W KAOJIHMHHTOM
(pucyHnok 13). B TO e BpeMms, YIJIEKHCIbIE TEPMaIbHbBIE BOJBI JaJ€KH OT
paBHOBeCHsI C THOOCHUTOM, IMAPAarOHUTOM, aHAJILIIMMOM, aHOPTHUTOM, JIABCOHUTOM,
XJIOpUTOM, (hopcTepuUTOM, OUOTUTOM H JIP.

PaBHOBecHE yTAEKHUCIBIX TEPM C OJHUMH MUHEpaJIaMH BOJOBMEIIAFOIINX
MopoJ, M OJHOBPEMEHHOE PACTBOPCHHE JPYTUX HAXOIUTCS B COOTBETCTBUU C
MOCTYJIATOM O PaBHOBECHO-HEPABHOBECHOM COCTOSTHMHU cucTeMbl Boja-mopoaa C.JI.
[IBapueBa [27]. TlocnemHee MO3BOJSET CIENaTh BBIBOJ O TOM, 4YTO CHUCTEMa

YIJICKUCIIBIC TEPMAJIbHBIC BOAbI — TOPHBIC IIOPOALI HOCHUT PAaBHOBCCHO-
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HepaBHOBeCHBIﬁ XapaKTep, a 3HAYUT TC MHHCPAJIbl, C KOTOPBIMU JaHHAsA CHUCTCMa

paBHOBECHa, OHa OPMUPYET, a C KOTOPHIMH HEPAaBHOBECHA — PACTBOPSIET.
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Pucynok 13 — PaBHOBecHe YITIEKHCIIBIX TEPMAJbHBIX BOJ C aTOMOCHIMKATHBIMH
muHepaiamu (a) — cuctema HCl- H,O-Al,05—Ca0-SiO, npu 60 °C; (6) — cucrema
HCI-H,0-Al,03-Na,0-SiO, npu 100 °C; (B) — cucrema SiO,—Al,0;-K20-CO,—
H,0 npu 100 °C; (1) — cucrema HCI-H,O-Al,05-MgO-SiO, mpu 100 °C

HecmoTps Ha BecbMa HU3KYIO U IPAKTUYECKU HE U3MEHSIOLIYIOCS COJIEHOCTh
a30THBIX TEPMAaJbHBIX BOJ PACCMAaTPUBAEMOIO PErMOHA, OHM, KAaK U YTJIEKUCIIbIE
TEPMBI, SBISIOTCS PABHOBECHBIMM C KapOOHATHBIMU MHUHEpAJlaMHU, a HMEHHO C
KaJIbLUTOM (pucyHOK 14 a). Hapsiay ¢ KanbIIMTOM, a30THBIE T€PMbl PABHOBECHBI C

¢drooputoM (pucyHok 14 06).
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Pucynok 14 — PaBHOBecCHE yTJIEKUCIIBIX TEPMAIIbHBIX BOJ C KAJbIIUTOM (a) U

dbmooputom (6) ripu 25 °C u 100 °C

PaBHOBecue a30THBIX TepM C (IOOPUTOM MO3BOJSET OOBSICHUTH CTOJb
BBICOKHE KOHIIGHTpanmu F B Bogax W NpUHAT, B KAadyecTBE €ro MCTOYHHKA
BOJIOBMEUIAIONIME MOpoAbl. Jleno B TOM, YTO MO MEpe a30THBIX TEPM C TOPHBIMHU
nopogamu Ca®" MOCTOSIHHO BBIBOJWTCS M3 PACTBOPA, B KOTOPOM HAKAILIMBACTCS B
00JBIINX KOJMMYECTBaxX F~ 3a cueT pacTBOpEHUs MOPO/J] C BBICOKUM €r0 COAEPKAHUEM,
HanpuMep, 0a3aabTOB WM IPaHUTOB. Bee 00BsCHSAETCS BpeMEHEM B3aWMOJEWUCTBUS
a30THBIX TEPM C TOPHBIMH TIOPOAAMH, C TEUCHHEM KOTOpOro comepkanms Ca’’ B
pacTBope yMeHbIlIatoTcs, a F pactyT. JlaHHAst CBSI3b OJITBEPKIAETCS paCCUUTAHHBIM
KO3 (PUIIMEHTOM KOPPENALHNH, TOKA3bIBAIOIIUM 00pPaTHO MPONOPLIUOHAIBHYIO CBSI3b
mexay Ca”* u F, u xotopslit paBer muHyc 0,66 (tabmuma 5). Tlocae TOCTIKEHHS
paBHOBecHsI ¢ PTOPCOAEPKAIIMMHU MUHEpajaMH, B JaHHOM cliydae ¢ (iaroopurom, F
NepecTaeT HaKaITBAaThCS B PACTBOPE U CBS3BIBACTCS BTOPUYHBIMA MHUHEpaaMH, TO
eCTb IOCJI€ JIOCTHI)KEHUS pPaBHOBECHUS HAuMWHAETCs (POPMHUPOBAHUE BTOPHUHBIX
MUHEpAJIOB, B 4YacTHOCTH (Quirooputa. B Takom Kirode HCTOYHHMKH (Topa ObuH
paccMoOTpeHbl HaMHOTO panbine [8, 12, 30, 29].

Yrto kacaeTcsi alIOMOCUIMKATHBIX MUHEPAJIOB, TO Ha AUarpaMMe paBHOBECHS
HATPUEBBIX MUHEPAJoOB (PUCYHOK 15 a) BHIHO, UTO a30THBIE TEPMbI PAaBHOBECHHI C

aJ'II)6I/ITOM, H JAJICKH OT paBHOBECHS C IMaparOHUTOM M aHAJIbIINUMOM.
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Pucynok 15 — PaBHOBecHME€ a30THBIX TEPMAJIBHBIX BOJ C AIOMOCHIMKATHBIMU

muHepanamu (a) — cuctema HClI-H,0-Al,03-Na,0-SiO, npu 100 °C; (0) — cuctema
HCI- H20—A|203—Cao—8i02 IIpu 60 OC; (B) — CHUCTEMAa SiOz—AIgOg—KZO—COz—Hzo
npu 100 °C; (1) — cucrema HCI-H,O-Al,05—-MgO-SiO, npu 100 °C

OTHOCUTENIBHO KaJblUM  COJAEpIKAIMX aFOMOCHJIMKATOB JOCTUTAaeTCs
paBHOBECHE C JIOMOHTHUTOM (PUCYHOK 15 0), OTHOBPEMEHHO a30THBIE TEPMBI JaJICKH
OT paBHOBECHUS C AaHOPTUTOM, JJABCOHUTOM U JIPYTUMH.

Ha numarpamme paBHOBeCHS KaJMEBBIX ATIOMOCHIIMKATOB (PUCYHOK 15 B)
a30THBIE TEPMbl TPOBUHIUU [[3HCH PACTIONIOKUIUCH B TMOJAX YCTOWYHMBOCTH

MYCKOBHUTAa U MUKPOKIJIMHA.
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N3 npencraBuTeneid  MarHMEBBIX — AJTIOMOCHIIMKATOB  (pUCYHOK 15 T)
paBHOBECHE JOCTUTAETCS C TIayKo(aHoM.

Takolt xapakTep paBHOBECHUS SIBJISETCS CXOXKHM C PaBHOBECHEM a30THBIX
TEPMaJIbHBIX BOJ C OCHOBHBIMH MHHEpAJIaMH BOJOBMEIIAIONINX TIOPOJI B JIPYTHX
peruoHax Mupa, B 4acTHOCTH B 3abaiikanbe [30].

PaBHOBecHe a30THBIX TEPM C OJTHUMH MUHEPAJIAMU U OTCYTCTBUE PABHOBECHS
C IPYTMMH TOBOPUT O TOM, YTO CHUCTEMa a30THBIC TEPMaJbHBIE BOJLI — TOPHBIC
MOpOJbl HaXOJUTCA B PaBHOBECHO-HEPABHOBECHOM COCTOSIHMM. DBOJIOIUS JAHHOU
CHUCTEMBI TIPOTEKACT B YCIOBUSA TOCTOSHHOTO 3aMMCTBOBAHUS XHUMHUYECKHUX
AJIEMEHTOB M3 BOJIOBMEIMIAIONMINX TIOPOJA, KOTOPBIE HEMPEPHIBHO CBS3BIBAIOTCS
BTOPUYHBIMU MHUHEpaiamMu. B pesynpTaTe STOr0 yCTaHABIMBAETCA pPaBHOBECHE
MEXIy KOJMYECTBOM 3JIEMEHTOB, IMMOCTYIAOIINX B PACTBOP M BHIAJAIONTUX U3 HETO,
4YTO O0ECneuYrBaeT CTAaOMIBHOCTh MX COCTaBa M HE BEJET K POCTY COJCHOCTH, HE

CMOTpSI Ha TO, YTO B3aUMOJICHCTBHE BOJIBI C TIOpoaMu npoaosnkaercs [30].

3.4 N30TONHBIN COCTAB TEPMAJBbHBIX BO/

M3otomHsiii coctaB H u O BojABI, @ UMEHHO KOPPEJSIMOHHAS 3aBHCUMOCTH
MEXy COAepKaHHEM CTaOMIBHBIX M30TOIOB JCUTEpUs W KUcCIopoja-18 sBisercs
HAJCKHBIM KPHUTEpUEM Il OTpEISICHUS TeHe3nca BOJbI. PesynbpTaThl aHamM3a
n3oTtorHoro cocraBa H u O Bozbl mpuBeIeHBI B Ta0IHUIIE 6.

Koppensinonnass 3aBUCHMOCTh B Paclpe/eICHUH HW30TOTIOB BOJOPOJA M
KHCIIOpOJla B METEOPHBIX Bojax M ycrtaHoBiieHa ['. KpeliromM m BeIpakeHa B BHJC
ypaBHEHUs, Ha3piBaeMoro mpsiMoil Kpelira wmu rio0anbHON JHHUEH METEOPHBIX
Box [31].

Jlns arMocdepHBIX OCAJKOB NPOBUHIMM [[3HCH COOTHOIIIEHHE H30TOIIOB
neiitepust u kucinopona-18 Ow10 oreneHo panee [47, 49, 52, 44, 40] u HECKOJIBKO

OTJIMYACTCA HAa PAa3JIMYHBIX YHAaCTKaxX IMMPOBHUHIUU.
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Tabmuia 6 — M3otomusiil coctaB H u O TepManibHBIX BOA

N | OD |80
~ | Vsmow | Vsmow
3| -60,6 | -6,7
5| -559 | -6,1
9| -53,1 | -6,3

10| -479 | -6,2
13| -550 | -6,1
14| -590 | -6,9
15| -610 | -6,7
16| -57/8 | -7,2
18| -66,2 | -7,3
22| -66,6 | -8,0
23| 596 | -6,5

Tak, myist ceBepHoit yactu npoBuHIMU [[3stHCH (1), 7151 LIEHTpAJIbHOM YacTU—
(2), nns rora nposuHimy — (3) [49]:
0D =7.16 6 180 + 8.88%o, (y = 0.98) (1)
0D =8.316180+11.06%0, (y =0.97) (2)
0 D =8.336180 + 8.52%0, (y =0.98).  (3)

JlaHHBIE M30TOMHOTO COCTaBa IOKA3bIBAIOT, UYTO B YIVICKHUCIBIX TEpMax
sHaueHus 0D u &' °0, COOTBETCTBEHHO, BAPHUPYIOT B mpexenax oT MuHyc 60,6 10
munyc 47,9 %o 1 ot Munyc 7,2 10 Munyc 6,1 %o, B a30THEIX TepMax — oD u §'°0 or
MUHYC 66,6 mo muHYC 59,6 %0 m mMunyc 7,2 mo muHyc 6,1 %0 COOTBETCTBEHHO.
N30TOnHBIN COCTaB TEPMAIBHBIX BOJ, B IIEJIOM, XOTSI M YKa3bIBA€T Ha UX METCOPHOE
MPOUCXOXKJICHWE, HO WX TOYKH PACIHOJIOKHIIUCH JOCTATOYHO JajeKO OT JIMHHH
METEOpHbIX BOA (puCYHOK 16). Touku CABHHYTBI BHU3 M BIPABO OT JIMHUHI
METEOPHBIX BOJ, UYTO OOBSCHACTCS MJIUTEIHHBIM B3aUMOJEHCTBUEM TEPM C
ATFOMOCHJIMKATHBIMM MUHEpaJIaMH, TTOCKOJIBKY TIPH THIPOJIM3E MOCICIHUX PACTBOP

18
oOoram@aercs TSHKEJIbBIMA U30TOHaMu — O.
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Pucynok 16 — I[TonoxxeHne TepMalibHBIX BOJI Ha quarpamme 0D u 580

3.5 CpaBHHMTE/ILHBIN AHAJIU3 3aKOHOMEPHOCTel (OPpMUPOBAHMA YITICKUCIBIX U

TEPMAJIbHBIX B0/

N3ydeHne XUMHYECKOTO COCTaBa YIVIGKUCIBIX W a30THBIX TEPM M HX
PaBHOBECHI C MUHEpaJlaMH BOJIOBMEIIAIOIIMX TTOPO/I TTO3BOJISET BHIIBUTH OCHOBHBIC
OTJIMYUTEIIbHBIC YEPThI MEXKIAY STUMH TUIIAMU TEPMAJIbHBIX BOJI.

Tak, yriaekuciable TEpPMbI SBISIOTCS 00Jiee MHUHEPAIU30BAHHBIMU, YEM
a30THbIC. [Ipu 2TOM YIJIEKUCIBIE TEPMBI SIBISIOTCS CIA0OKUCIIBIMU, WHOT/IA OHH
WU3MEHSIOTCS 10 HEUTpaJbHBIX, OJIHAKO, A30THBIE TEPMbI 00JIaJIal0T UCKIIOYUTEILHO
IEJIOYHBIM XapaKTEPOM CPEIbI.

Paznuuust Mexay JaHHBIMU TUIIAMH BBISIBJIEHBI W B OTHOIICHHH HUX

BSaHMOHCﬁCTBHH C TOPpHBIMH ITIOPOIAMMU. Oco0eHHO SBHO BUJHO OTJIHYHEC B
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PABHOBECUU TEPM C AIIOMOCHUJIMKATaMU. EClIM TOYKHM YTIE€KUCIBIX TEPMaJIbHBIX BOJI
PacHoJIOKWINCh B MOJSAX YCTOWYMBOCTH MOHTMOPUJUIOHUTA, U TOJBKO HEKOTOPHIE
U3 HUX — C JIOMOHTUTOM, albOUTOM, MUKPOKIMHOM U MYCKOBUTOM, TO a30THbBIC
TE€PMBbI MOJIHOCTBIO PACIOJIOKUIUCH B MOJSIX YCTOMYMBOCTH ajabOMTa, JOMOHTHUTA,
riaykoaHna, MUKpOKIMHA U MyCKOBHUTA.

CkazaHHOE BbIIIE OOBIACHIETCS OCOOEHHOCTSIMU 3BOJIOLUU CHCTEMBbI BOJIA-
nopojga B Cly4yae VYIJIEKHCIBIX M a30THBIX TEpMalbHBIX BOA. PaccMorpum
B3aMMOJICUCTBHUE BOJIbI C TOPHBIMU MOPOAAMHU JJIsSI K&KI0T0 KOHKPETHOT'O TUIIA TEPM.

Kak Obulo ynomsiHyTO BbIIIE, TEpMalibHbIE BOJBI MPOBUHIMHU [[3s1HCH
METEOPHOro TreHe3nca. MOIIHOCTh YETBEPTUUHBIX OTJIOKEHH HE3HAYUTEINIbHA,
KpOME TOr0 T€pMaJibHbIE BOJbI IPUYPOUEHBI B OCHOBHOM K TOPHBIM MOpojaam Ooiiee
paHHuX  Bo3pactoB. M3 »TOoro crmemyer, 4ro aTrMocdepHbIE  OCaJKH,
MPOCAYMBAIOIINECS B HEApa, HANPSIMYIO MOMAJAl0T B KOPEHHBIE MOPOJIbI, TIE
HAYMHAIOT C HUMH B3aUMOJAEHCTBOBATh. OCHOBHBIM MEXAHU3MOM B3aMMOJIEHCTBUSA
IpU STOM BBICTYNAET THUAPOJIA3 aAJIOMOCUIIMKATHBIX MHUHEPAIOB, KOTOPBIE B
OOJBIIOM KOJIMYECTBE COJEP)KAaTcsi B PACHPOCTPAHEHHBIX HA HUCCIETyeMOMN
TeppuTopuM rpaHuTax. OOWMKA BUJ peaKIUU TUAPOIM3a MNPEICTABICH B BHUJEC
ypaBHeHusi 4. B mporecce rumaponmsa, Kak HM3BECTHO, 3a CYET XUMHUYECKOTO

pasyioKeHus BOJbI 00pasyeTcs ruapokcuibHas rpymnmna OH [26, 27, 28]:

(4)

II€ N OTHOCUTCS K HEONPEACICHHbIM AaTOMHBIM OTHOIIEHUsM, 0 u 1 —
COOTBETCTBEHHO K OKTadApPUYECKUM M TETPadAPUUECKUM KOOpAUHAIUSAM; M
0003Ha4YaeT METAUIMYECKUE KATHOHBI; TMOCJICIHUM YJeH peaklMu BKIHOYAeT, IO
KpallHeW Mepe, TPU BO3MOXKHBIX BEIIECTBA: TJIMHUCTBIA MHUHEpaJ, LEOJUT W
CHIIMKaTHEIE 00oMKu [26, 27, 28].

Tak kak B pe3yabTare rujiposinza oopasyercs ruapokcuiabHas rpynna OH’, To
PH Boxbr moctosHHO pacteT. OOpasyromasicss MEeN0YHOCTh B TOM WM HMHOW Mepe

HeUTpan3yercsa Kuciaoramu. B kauecTBe Takoro Heiltpanuzaropa Beictynaer CO,. B
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YTIEKHUCIBIX TepMaimbHBIX Bojax CO, HaxomuTcs B JOCTATOYHBIX KOJIWYECTBAX,
KOTOpbIE, COEAWHSSCh C TUApOKcwIbHON rpymmod OH- mo dopmyne 5,
HEUTPAIU3YIOT IIETIOUYHOCTh CPEJbl, CIE0BaTENbHO, MOHIKAIOT PH cpeabl.

()

B cBa3u ¢ noHmwkenueM PH, ycioBusi rUapOreoOXMMHUYECKOW OOCTaHOBKHU
CTAHOBSITCS ~ HEONArompUSITHHIMA  JUIsl  BTOPUYHOTO  MHUHEPATIOOOpa30BaHUA.
OOpaszyromuecss B pe3yibTaTe€ TUAPOJIM3a DBJIEMEHThl B MEHBIIEH CTENEeHU
CBSI3BIBAIOTCSA BTOPUYHBIMU MUHEpaIaMH, HO B OOJIbIIIEH CTENEHN HAKAIIMBAIOTCS, 32
CUET Yero U PacTeT MUHEPAIU3aIs YTIIEKUCIBIX BOI.

3a cuer mpucyrctBus B Bojge CO, mIenoyHOCTh cpeapl HE TMepecTaet
HEUTpaIU30BaThCS, A, CIEJAOBATENIbHO, PJIEMEHTHI HE MEPEecTaloT HaKaruBaTbes. B
KOHEYHOM HWTOTe, C TEUEHHEM BpPEMEHU B3aUMOJICHCTBUS YIJICKUCIBIE TEPMBI
JOCTUTAlOT ~ paBHOBECHS C  MHUHEpaJlaMH  BOJIOBMEHIAIONIUX  TOPOJ, H
MOJTBEPXKICHUEM TOMY CIY>KUT HACBIIICHHE HCCIEAYEMBIX TepM K KaJbLUTY,
GII00PHUTY, MOHTMOPHIUTOHUTY, MUKPOKIMHY W JIpyruM MuHepanaMm. OJHaKO ITHX
YCIIOBUM HE JOCTAaTOYHO, YTOOBI CHCTEMa YTJIEKHCIIBbIE TEPMBI-TOPHBIC IOPOIbI
nepenuia Ha HOBBIM dTal Pa3BUTHS U TIOJTHOCTHIO JOCTHUTIIA PABHOBECHS C ATbOUTOM,
OuoTUTOM, OPCTEPUTOM U JIPYTUMHU MUHEPATAMH.

B azoTHBIX Tepmax HabmromaeTcs HECKOJIBKO WHas kKapTuHa. B mporecce
TUAPOJIM3a AJIOMOCUJIMKATHBIX MHUHEpaJoB 1o ToW ke cxeme (dopmyna 1)
oOpasyromascs IMeJI0YHOCTh HE HEUTpalu3yeTcs, a JUIIb pacteT, mockoyibky CO,
WIM Kakux JHOO NIPYyrux MHUHEPATBbHBIX WM OPraHMYECKHUX KHCJIOT B a30THBIX
TEepMax HE COACPKHUTCA.

YBenuueHue meI0YHOCTH U TEMIIEPATYPHI CIBUTAET PAaBHOBECHUE B CUCTEME B
CTOpPOHY 00pa30BaHMs KapOOHATHBIX MUHEPAJIOB Ja)Ke MPHU HU3KUX KOHIICHTPAIHSIX
Ca, Mg u Fe [30]. B yciioBUSIX MOBBIIIEHHON IIEJIOYHOCTH MPOLECC BTOPUYHOTO
MUHEPAT000pa30BaHus MIPOUCXOANT C JOCTATOUYHO BBICOKOW CKOPOCTHIO. B TedeHme
HEKOTOPOTO BPEMEHHM a30THBIC TEPMbI, JOCTHUTIINE PaBHOBECHs C KapOOHATHBIMU

MHUHCpAJIaMH, OCTAOTCA HC PAaBHOBCCHBIMU C AJIOMOCHUJIMKATaAMH, IIPU 3TOM
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IpOJIoJDKAsl PacTBOPSATH Nocienuue, ooecneunBarot pactsop Si, Na, K, Al, Fe, Ca, F
u T.4. C Te4eHHeM BPEMEHHM B3aUMOJECHCTBUSA C TOPHBIMU MOPOAAMH, HE CMOTpPS Ha
Hu3kue koHueHtpanuu Ca, Mg u Fe, B yciioBusix BBICOKON TeMIEpaTypbl U BBICOKUX
3HaueHU PH, a30THbIE TepMbl HAUYMHAIOT HACBIATHCA AITFOMOCHIMKATHBIMU
MUHEpAJIaMH, YTO BBIBOJAMT CHCTEMY Aa30THBIE TEPMBI-TOPHBIE MOPOJbl Ha HOBBIN
sTan pa3BuTHUs. [loaTBepKaeHUE ITOMY ONSTH K€ SBISETCS PABHOBECHE A30THBIX
TEPM C MOHTMOPHIJIOHUTOM, aTbOUTOM, JOMOHTHTOM, II1ayKO(aHOM.

Pe3tomupysi BbIlIECKa3aHHOE, MOXXHO CJAEJIaTh BBIBOJ, 4YTO IO Mepe
YBEJIMYEHHS] BPEMEHU B3aMMOJECHCTBHUS TEPMAJIbHBIX BOJ C TOPHBIMHU MOPOJAMH,
IPOUCXOAUT THIPOJIN3 ATOMOCHINKATOB. [lociennuil mpouecc pe3Ko yBEIMYHUBAET
LICJIOYHOCTh  Cpenbl. B yruekucibIX  TepMaJIbHBIX — BOJAX  LIEJIOYHOCTH
Helrpanusyercs ¢ momouisto CO,, B pesynbrate uero, pH cpeabl magaer, mons
CBA3BIBAEMBIX BTOPUYHBIMM MMHEpAJaMU 3JIEMEHTOB YMEHBIIAETCS, IIPOLECC
BTOPUYHOIO MHUHEpanooOpa3oBaHUsl 3aMeNJIseTcs, a J0Ji1 HAKaIUIMBAIOIIUXCS B
pPacTBOPE JIEMEHTOB YBEJIIMYUBAETCS, YTO MPUBOJUT K MOBBIIIEHHOW MUHEPATU3ALMH
Y HU3KUM 3HaYeHUSIM PH yrIeKucibIx TepM.

B a30THBIX TepMalIbHBIX BOJAX OTCYTCTBYIOT, HEUTPAIU3YIOIINE HIETOYHOCTD
KHCJIOTBI, IOATOMY C T€YEHHUEM BPEMEHHU B3aUMOJCHCTBHS C TOPHBIMH nopogamu, pH
Cpelbl MOCTOSIHHO pacTeT. [Ipu 3TOM 10515 CBA3BIBAEMBIX BTOPUYHBIMU MUHEPATIAMHU
AJIEMEHTOB  pPACTET, YBEIMYMBAIOTCS CKOPOCTh M MacmTabbl  BTOPUYHOIO
MUHEPANOOOpa3oBaHusl M YMEHbBIIAETCS J0JI HaKaIUIMBAIOUIUXCS B PacTBOpPE
AJIEMEHTOB, YTO MPHUBOAMT K BEChbMa HHU3KOW MHUHEpAIM3alMU a30THBIX TEPM U

MOCTOSIHHO BbICOKOMY PH.
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_ 3AAHME JUISI PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
Crygnenry:
I'pynna DPUO
2BM41 3unna Enena BnanumupoHa
HucturyT HIIP Kadenpa rurs
20.04.02
YpoBenn o6pazoBanus Marucrparypa Hanpasienne/cnemnansnocts | «[Ipupogoo0ycTpoiicTBo
1 BOAOIIOJIB30BaHUC»

Hcxonnbie 1aHHble K pa3aenay « DHHAHCOBBIT
pecypcochepekeHue»:

MEHE/KMEHT, pecypco3(p(PpeKTUBHOCTH U

1. Cmoumocms pecypcos nayunozo uccieoosanus (HH): Pacuem cmoumocmu nonesvix, nabopamopHuix u
MamepuanbHO-MexHU4ecKux, SHepeemuiecKux, KamepanbHvblx — pabom  npu  UCCIEO08AHUU
DUHAHCOBLIX, UHOPMAYUOHHBIX U YE0BEYUECKUX XUMUYECKO20 ~ COCMABad  MEPMAlbHbiX 800

nposunyuu [3ancu

2. Hopmbl u Hopmamuebl pacxo008anus pecypcos CCH-92, Buin.1, Bvin.7

- Uncmpykyus no cocmasienuro npoeKmos u cmem
Ha 2e011020pa36e00YHble pabombl
- CHOP-93, Bun.1

- ChL]-99

3. Hcnonvsyemasn cucmema HAN02000104CeHUSA, CINABKU Hanoroseiii xonekc PO,

HA0208, OMYUCTIeHULl, OUCKOHMUPOBAHUS U KPeOUMOoBaHUs ®3-213 or 24.07.2009 B pemakuuu oT
09.03.2016r. Ne 55-®3

HEPEHEHB BOIIPOCOB, MOAJCKAINUX UCCICAOBAHNIO, IPOCKTUPOBAHUIO U pa3p360TKe:

1. Oyenxa Kommepyeckoeo u UHHOBAYUOHHO20 NOMEHYUANA 1. Pacuem 3ampamoi epemeHL, mpyoa,
HTH mamepuanog,  0bopyodosanusi  ApU  NPOBeOeHUU

Noae8uIxX, 1a00PAMOPHBIX U KAMEPANbHBIX pabom

2. Pacuem sampam na onnamy mpyod OCHOBHbIX
ucnoanumenet pabom

3. Pacuem cmpaxoguix 63HOC08 80 GHEOI0OICEMHbIE
Gonovl

4. Inanuposanue npoyecca ynpaeienus HTU: cmpykmypa u Cocmasnenue  nnama  npogedeHus  NOJEBbIX,
epagux npogederus, OI0AHCem, PUCKU U OP2AHUZAYUSL 1abOPaAMOPHBIX U KAMEPATbHBIX pabOm
3aKYNOK

5. Onpedenenue pecypchoil, punancosotl, IKOHOMUYECKOU Oyenxka  3¢ghexkmusnocmu  meponpusmuii  no
aghgexmusrocmu UBYYEHUIO XUMUYECKO20 COCTNABA MePMATbHBIX 800

Hepeqeﬂb r pac[)nqeacoro MaTEPHUAJIA (c mounvim yrasanuem 0bs3amenbHblx yepmesiceli):

1 . Cmpyxmypa CMEmHOU CMOUMOCU HA npoee()euue pa60m HO U3YYEHUIO XUMUYECKO20 cocmaed mepmalbHblx 600 nposuryuu HSEHCM

| laTa Bbixaum 3axanust [uisi pasjieia 10 JTHHeHHOMY rpaduKy 04.03.2016
3anaHue BbIIAJ KOHCYJIbTAHT:
Jo/KHOCTH [%(0] Yuenas crenens, Moanucey JaTa
3BaHUE
Hom. xad. DITP [Tapp U.B. K.J.H.
3aiaHue NPUHSJ K MCIIOJTHEHUIO CTYAEeHT:
I'pynna DUO Hoamucs Jara
2BM41 3unmna Enena BnagumuposHa
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4 PUHAHCOBBINA MEHEIKMEHT, pecypco3pGeKTHBHOCTH U pecypcochepexenne

B ocHOBy wuccinenoBaHMii TE€OXMMUYECKHX aCIEKTOB TEPMalbHBIX BOJ
npoBUHIMK [[3s1HCH TONOXKEH (pakTUuecKui Marepuall, MOJTYYEHHBIH B pe3yJibTare
AKCIIEIMIIMOHHBIX HCCleoBaHUM. B Xo1e JaHHBIX MccaeaoBaHuil OB OMPOOOBaHbBI
12 pOOHUKOB TEpPMaJIbHBIX BOJI Ha OOMIMM XUMUYECKUU, MUKPOKOMIIOHEHTHBIN U
M30TOMHBIA cOCTaB. B 3T0#l CBA3M 11€51€c000pa3HO PacCUUTATh CTOMMOCTh IOJIEBBIX,
71a00paTOPHBIX U KaMepaJIbHbBIX PadoT.

CMeTHass CTOMMOCTb TPOBEAEHHBIX OKCHEIUIHMOHHBIX HCCIEIOBAaHUMN
paccUMThIBAJIACh  C  HCIOJB30BAHWEM  CIEAYIOIIMX  HOPMATUBHO-IPABOBBIX
JOKYMEHTOB:

e  (COOpHHUK CMETHBIX HOPM Ha reosioropasBeiouHbie paboTel 3a 1992 roa
BoIlTycK Nel, Ne7 (CCH-92, Bpin. 1, Boim.7).

e UHCTpyKuMs IO  COCTaBJICHUIO  NPOEKTOB M CMET  Ha
re0JIOrOpa3BeIOUHbIE PAOOTHI.

e  COOpHUK HOPM OCHOBHBIX PacX0J0B Ha re0JIOropa3Be0uHbIe padoThHI 3a
1993 rox Beimyck Nel (CHOP-93, Bein.1).

e CmnpaBouHHK ©0a30BbIX II€H Ha HHXEHEPHO-TEOJIOTUYECKUE U

WH)KCHEPHO-IKOJIOTHYECKHE U3bICKAHUs JIJIs cTpouTenbeTBa 3a 1999 roa (CBL] -99).

4.1 PacueT CTOMMOCTH MOJIeBBIX padoT

[ToneBbie pabOTHI MPOBOAMINCH B MIpeieaax TEPPUTOPUH NpoBUHIMH L[3sHCH.
B npouecce npoBeneHus MoJeBbIX pabOT MEpeABUKEHUS MEXKIY MyHKTaMHU OTOOpa
npo0 TepMalbHBIX BOJ OCYHIECTBISUIMCh HA MPEAOCTABICHHOM KHUTalCKUMU

KoJuieramu TpaHcropte. IIpoTsskeHHOCTs MapuipyTa 3a 10 gHEH cocTaBHIIa OKOJIO

3000 km.
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B coctaB pacxomoB Ha moJieBbIe pabOTHI BXOMAT: 3aKyIKa HEOOXOIUMOMN IS
otOopa mpob mocy bl mepesnet u3 r. Tomcka B . Hanpuanu u 00paTHO, TPOKUBAHKE,
oTO0p POoO TepMaIbHBIX BOJI.

Pacuer 3arpar Bpemenu (Nj) Mo KaxaoMmy BUAY padOT MPOU3BOAWICS IO
bopmyie:

NFHBp xVi, (6)

rire HB, — Hopma BpeMeHM Ha BBIIOJIHEHHE €AMHULBI 1-r0 BUAA
MIPOCKTUPYEMBIX paboT;Vj— 00beM i-TO BUa padoT.

3aTparsl BpeMeHU Ha nepeasmwxkenue, cormacio CCH-92, Beim. 1, 4. 1, 1. 40,
cocraBuin:0,41*3000/100 km = 12,36p/cm mo goporam | kateropuu (IOpOTH C
YCOBEPIICHCTBOBAHHBIM MOKPHITHEM (ac(aibTOOCTOHHBIC, IEMECHTHO-0CTOHHBIE)).

3aTtparel TpyAa (B 4el.-CMEHaX) MCHOJIHUTENS — HH)KEHEepa-THIPOreoJsora,
BBITIOJTHSIONIETO MEepee3bl HA TPAHCIIOPTHBIX CPEACTBAX, YUCIEHHO PaBHbI HOPMaM
JUTUTEILHOCTH ATOM padoThl 0,41.

B cocraB pabor mo orbopy mnpoO BXOAAT palOOThl, MNPEAYCMOTPEHHBIE
Hopmamu CCH-92 Brim. 1, 4. 4, rmaBa 2: onepanuu, CBSI3aHHBIE C 0OCTYKMBAaHUEM
paboyero MecTa; MbIThe OyTBIJIOK M MPOOOK; TPEXKPATHOE OMOJACKMBAHUE OYTHUIOK
U 1poOOK oTOMpaemMoil BOJOW; HAMOJHEHUE OYTHUJIOK BOJOW; 3aKymopka OyTBhLUIOK
npoOKamMu; 3arofIHEHWE OJTUKETOK M MPUKPEIUIEHWEe MX K OYyThUIKaM; YIaKoBKa
OYTBUIOK.

[IpoOb1 BOABI Ha OOIMMI XWMHUYECKHH OTOMpAINCh B IIACTMACCOBBIC
OyThUIKM eMKOCThO 0,5 11 10 2 OYTHUIKM Ha KaXKAbIH POJIHUK, HA aHAJIU3 U30TOITHOTO
cocTaBa — B CTeKJIsIHHbIE OyThUIKA 100 M1, HA MUKPOKOMIIOHEHTHBIN COCTaB - 1Mo 2
MJIaCTMACCOBBIX TPOoOUpKH eMKocThio 100 My, C KakIoro myHKTa OTOMPanoCh B
oOwielt cnoxHoctu 10 1,4 11 Boasl. Beero Ob110 0TOOpaHo 72 mpoOsl.

Pacuer 3aTpar Bpemenu Ha oTO0p mpob cormacho CCH, Bem. 1, 4. 4, T.
48:0,37*72/10=2,676p/cMm.

3atparel Tpylda (B UeN.-CMEHAaX)  HCIOJHUTENs pabOThl — WHXKEHepa-

THPOTEO0JIOra YMCICHHO PaBHBI HOPMaM JUIMTEIbHOCTU AaHHOUM paboTsl 0,37.
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Tabnuna 7 — Pacuet 3atpat Tpyna u BpeMeHU

Howep 3aTpaThl | 3aTpaThl
En. HOPMBI Hopma | O6bem p P
Buast pabot BPEMEHHU | Tpyla
pabot BPEMEHHM | BpEMEHHU | paboT (Gplew) | (wen/om)
no CCH-92 P
[lepenBuxeHus Ha
BBII. 1, 4.
npeaoctaBiaeHHoM | 100 km 1 1. 40 0,41 30 12,3 0,41
TPaHCIIOPTE >
10 BBIIL 1, 4.
OTt60p TIPOO6 BOABI 1po6 4,148 0,37 7,2 2,67 0,37
BCEI'O: | 14,97 0,78

PacueTsl MaTCPpHUAJIBHBIX 3aTpaT IIPUBCACHEI B Ta6JII/I]_I€ 8

Tabnuna 8 — Pacuet MmaTepualibHBIX 3aTpat

HanMeHOBAHIe En. Kol-Bo Ilena 3a exn., OOGmurue 3aTpathl Ha
U3Mep. pyoO. MaTepHalbl, pyo.

IInacmaccoBas
nocyjaa s nmpoo HITyKa 30 35,00 1050,00
Bojbl 0,5 1
IImacmaccoBas
nmocyjaa s mpoo ITyKa 30 25,00 750,00
Boabl 100 M
CrexiisiHHas ocyaa
JUIA P00 BOMBL KA |\ o 30 100,00 3000,00
aHaJIu3 U30TOITHOTO
coctasa 100 mu

HaunOosnbliee KONMMYECTBO 3aTpaT MPUXOAUTCS HA 3aKyNKy MOCYIbI IS

oTOopa nmpod TepMaTbHBIX BOJ IS aHAJIM3a U30TOMMTHOTO COCTaBa.

OO6mue 3aTpaThl Ha mojeBble PabOThl cocTaBisAlT 693 810,40 pyOneit u

npuBeeHBI B Ta0OmmIE 9.

HaubGonbiiee KOJIUYECTBO

3aTpaT MPUXOJUTCS HA TPAHCIOPTHBIE PACXOBI,

MPUYPOUYCHHBIE K MOJIEBBIM paboTaM Ha TEppUTOpUM MpoBHHLMH L[3sHCH. 3aTpaT B

MEHBIIIEM O00BEME MNPpUXOJUTCA Ha OTUMCICHHUC 3apa60TH0171 IJIaThl COTPYAHHKAM,

MIPOKUBAHUE,

pabor.

3aKYIIKy MAaTCcpHajlOoB MW IMPOBCACHHEC HCIIOCPCACTBCHHO IIOJICBBIX
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Tabnuna 9 — 3aTpaThl Ha IPOBEACHHE MOJIEBBIX PabOT

Euany.
E CMETHast Cwmer.cTounm.
o O0beMm | pacueHka | oObema pador,
HanmMenoBanue paboT u 3aTpaT | u3aMepe
pabort B B TEKYIIUX
HUS
TEK.IIEHaX | IeHax, pyo.
,  Dyo.
1. MaTepuajibHbIE PACX0/bl
[TmacmaccoBas mocyaa aJist mpo6 rTyKa 30 35,00 1050.00
BoabI 0,5 1
[TmacmaccoBas mocyaa aJist mpo6 — 30 2500 750,00
Boabl 100 Mt
CrexisiHHas ocyza aJis mpoo
BOJIbI HA aHAJIM3 U30TOITHOTI'O HITyKa 30 100,00 3000,00
coctaBa 100 mu
2. Pacxoabl HA IPOKUBAHUE oyT 10 8000,00 80000.00
(Ha 4 yenoBeka)
3. TpancnopTHbIE pacxoabl
Buemnuii (aBuanepenetr Tomck- SiLeT 4 45000,00 180000,00
[lexun-Hanbuan-Ilexkun Tomck)
4. OT00p Npod
OT6011 mpo0 TepMallbHbIX BOJ Ha npoba 12 204,70 245640
o0t XUMUYECKUI aHAH3
OT60p Mpo6 TepMaTbHBIX BOJI Ha
MHMKPOKOMITOHEHTHBIN aHAJIN3 npoba 12 204,70 2456,40
(metomom ICP)
OT60p pob TepManbHBIX BOJ Ha npoba 12 204,70 245640
aHaJu3 U30TOMHOTO COCTaBa
Onpenenenne HeyCTOMYMBBIX
XUMHUYECKUX KOMIIOHEHTOB B npoba 12 1290,50 15486,00
BOJIC
5.3apa0doTHas miiara (MHXEHEp- py6iIH 3 41100,00 123300,00
TUAPOre0Iior)
BCEI'O: | 693 810,40

4.2 PacueT CTOMMOCTH JIA0OOPATOPHBIX padoT

JlaGopatopHble HCCleA0BaHUs MPOBEICHB B akKkpeauToBaHHOU [IpoGnemHuoi

HAYYHO-HCCJIEIOBAaTEIbCKOW  THIPOreoXMMHUYecKod  jabopartopum  Tomckoro

nonuTexaudeckoro yauepcutretra HOLL «BOJIA», Ha 6aze KOTOpO# MCCIIeI0BAIHNChH
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IPOOKI TePMaJIbHBIX BOJ Ha o0t XUMUYECKUN u
MHUKPOKOMITIOHEHTHBICOCTAaB. CTOMMOCTh O0IIEro XMMHYECKOTO aHAIHM3a PacCUMTaHa
B cooTBeTcTBUU ¢ 0a3oBbIMU IieHa CBII[-99, mepecunTaHHBIMU TIO WHICKCY IICHHA
IxkBaptan 2016 r. [14]. [IpoBeneHne MHUKPOKOMITIOHEHTHOTO M HU30TOITHOTO COCTaBa
niepeIaHbl CTOPOHHUM OpTaHU3aIUsIM.

OOmass cromMocTh 3aTpaT Ha JabopaTtopHble pPabOTHl  COCTaBHIIA
131 938,20 py6:eit u mpuBenena B Tabmwuie 10.

Tab6nuna 10 — 3arpaTsl Ha 1abOpaTOpHBIE PAOOTHI

Enunang. cmetHas | CmeT.cTonM. 00beMa
HanmenoBanue Enuz | O6bem
paclLeHKa B padoT, B TEKYLIUX
paboTt u 3arpar M pabot
TeK.IleHax, pyo. 1[eHax, pyo.
Obmuid npoba | 12 2094,85 35938,20
XUM.aHaJIU3 BOJIBI
Onpenenenue
XHUM.DJIEMEHTOB npo0Oa 12 4000,00 48000,00
metosioM [CP
AHann3 U30TONOB
somst D 1 0 npoba 12 4000,00 48000,00
BCETO: 131 938,2

4.3 Pacuet 3aTpaT Ha KamMepaJbHble PadoThI

B cocTtaB xamepanbHBIX pabOT BXOIAT paOOThI MO KaMmepaabHOM 00paboTke
pE3yNbTaTOB J1aO0OPATOPHBIX HCCIIEIOBAHUNM M COCTaBJICHUE TEXHWYECKOTO OTYETA.
Cormacio  CBI-99 r. pacueHku  KaMepaidbHOW  0OpabOTKUPE3YJIbTATOB
7abopaTOpHBIX HccleqoBaHuM cocTaBissioT 20% OT CTOMMOCTH JIaDOpaTOPHBIX
pab6or. CocTaBiaeHHE TEXHHMYECKOIO0 OTdera cocTaBiaser 12 % OT CTOMMOCTH
KaMepalbHbIX paboT.

Hrtorosas cMetrHas croumocth paboT coctaBmwina 1 010 716,29 pyOneit
(rabmuma 11). C yuerom HJIC, cocraBmsromero 18 % oT cMETHOW CTOMMOCTH,

CTOMMOCTB paboT cocrapisieT 1 192 645,22 pyOneii.
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Tabnuna 11. UtoroBas crouMocts paboT

HUtorosas cmeTHas
HaunmenoBanwme 3aTpar CTOMMOCTh B TEK.I[€HAX,
pyo
[ToneBbie pabOTHI 693810,40
JlabopaTopHbie pabOThI 131938,20
KamepanbHbie paboThbl 184967,69
3apaboTHas 1TIaTa 123300,00
Hrorosast cmeTHas crouMocTh padot 6e3 yuera HIIC 1010 716,29
HJIC 18 % 181 928,93
Hrorosas cmetHast ctouMocThb padoT ¢ yuetom HJIC 1192 645,22

CrpykTypa 3aTpaT mOpeAcTaBieHAa Ha puUCYHKe 17 ¢ 1enblo HarjasaHoU
JIEMOHCTpAIlMK pacIpe/ie]IeHus] 3aTpaT Ha KOMIUIEKC paboT B pamMKax H3YYCHHS

TCOXHUMHUUYCCKHUX ACIICKTOB TCPMAJIbHBIX BO/I.

B [ToneBblie paboThI, %o
® 3apabotHas miara, %
m JlaGoparopHble paboTsl, %o

® KamepanbHble paboTsl, %

Pucynoxk 17 — CtpykTypa 3arpar

N3 cTpykTypsl 3aTpaT BHUIHO, YTO HaWOOJIbIIEe KOJWYECTBO JCHEKHBIX
CpPEeACTB MPUXOIUTCA Ha TMOJEBbIe pabOThl, 4TO cocTaBiseT 68,65 % oT obuiero
obbema 3aTpar. B 3HauMTENBHO MEHBIIEM OOBEME COCTaBIAIOT 3aTpaThl Ha
nabopaTtopHbie padboThl (0koi0 18 %). Camble MUHUMAIBHBIC 3aTPAThl MPUXOIATCS
Ha BBIIJIATY 3apa0OTHOM TIUIAThl COTPYJHUKAM W KaMmepaibHble palOOThI, YTO

cooTBeTcTBeHHO coctapiseT 13,05 % u 12,20 %.
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Crygenry:

3AJJAHUE JJIS1 PA3JIEJTA
«COIUAJBHASA OTBETCTBEHHOCTDb»

I'pynna

(0] 4 (0]

2BM41

3unna Enena BnanumupoBHa

HucruryT

HuIrp

Kadenpa rurm

YpoBeHs 00pa3oBanus

MarucTpaTrypa

HanpagsJienne/cnennajbHOCTh 20.04.02
«IIpuponooOycTpoiicTBO
H BOJOIIOJIB30BAHHC»

Hcxonnble naHHbIE K pa3jieny
«ConuajabHasg OTBETCTBEHHOCTD)

TepmanbHble BOJIbI TPOBUHIMY L[355HCH 1 MX
KCIIOJIb30BaHNE B 0ATbHEOJIOTMYECKUX TEIISIX

pa3paboTke:

IlepevyeHnb BONMPOCOB, MOIJIEKAIIMX
HCCJIeI0BAHUIO, TPOEKTHPOBAHUIO U

1. IlpousBoacTBeHHAs1 6€30NIACHOCTH

1.1. AHanu3 BBISBJICHHBIX BPEAHBIX (DAKTOPOB
MIPOEKTUPYEMOI1 Cpebl:

— HEJ0CTaTOYHasl OCBEIIECHHOCTb;

— DJIEKTPOMArHUTHOE U3TyYEHHE.

1.2. AHanu3 BBISBJICHHBIX ONACHBIX (DAKTOPOB
MIPOEKTUPYEMOM CPEIBIL:
—3JIeKTPOOE30MaCHOCTb;

—noXapHas 0€30MacHOCTb.

2. JKoaoruyeckas 6e30MaCHOCThb:

— aHaJIM3 BO3JICUCTBHUS 00BEKTA HAa aTMOchepy;
— aHaJIM3 BO3JICUCTBHUS 00BEKTA HA TUApPOCcheEpy;
— aHaJIM3 BO3JICUCTBUS 00BEKTA HA TUTOCHEDY;

3. be3onacHOCTDH B Ype3BbIYAIHBIX CUTYalUSAX
—aHanu3 Bo3MoxkHbIX UC B paiioHax
pacrnpocTpaHeHUs! TEpMaIbHBIX BOJI;

—IpaBuJIa OBEAEHUS NpH BbIsABIEHHBIX YC.

4. [IpaBoBbI€e 1 OPraHU3aLHMOHHbIE BONPOCHI
o0ecreueHHus 0€30MaACHOCTH:

— crenuanbHbIe (XapaKTepHbIE MPU IKCILUTyaTalluu
00BEKTa UCCIEA0BaHUS, TPOSKTUPYEMOH pabodeit
30HbI) IPABOBBIE HOPMBI TPYAOBOTO
3aKOHOJATEIbCTBA;

OpraHU3aIMOHHBIE MEPOIIPUSATHS MPU KOMIIOHOBKE

paboueii 30HBI.

‘ JlaTa BbIIa4M 3alaHuA AJ1s pa3/esa no JuHeliHoMYy rpadguky 04.03.2016

33}13HI/IQ BbIJ1AJI KOHCYJIbTAHT:

Jo/KHOCTH [%(0] Yuenas crenensn, 3BaHne MMoanucy JaTa
Accucrent kad. 96X Hemmosa O.A.
3aua1me NPUHHAJT K UHCIIOJTHEHUIO CTYACHT:
I'pynna DPUO Hoanucp Jara
2BM41 3unna Enena Bnagumuposna




5 CounajibHast OTBETCTBEHHOCTH

B cootBerctBum co crangaprom HMCO 26000:2010, mox comuanbHOM
OTBETCTBEHHOCTHIO ITOHUMAETCSI OTBETCTBEHHOCTh OpraHU3allMu 3a BO3JCHCTBUE €€
pelIeHni U JesITEIbHOCTH Ha OOIIECTBO U OKPYXKAIOIIYIO CPey Yepe3 Mpo3pavHoe U
TUYHOE NOBEAEHUE, KOTOPOE:

— COJIEWCTBYET  yCTOMYMBOMY  pPa3BUTHIO,  BKJIIOYas  3/0pOBbE U
01arocoCTOsIHUE OOIIECTBA;

— YUHUTBIBAECT OXKUAAHUS 3aMHTEPECOBAHHBIX CTOPOH;

— COOTBETCTBYET NPUMEHSAEMOMY 3aKOHOJATEIBCTBY M COIJIACYETCs C
MEXIYHAapOJIHBIMUA HOPMAaMHU I1IOBEJICHNS;

— HMHTETPUPOBAHO B JICATEIIBHOCTh BCEW OpraHU3allMM U IPUMEHSETCS B €€
B3aMMOOTHOIICHHSIX.

B pabore paccMOTpeHbl T'€OXMMHYECKHE acCHEeKThl TEPMaIbHBIX BOJ
npoBuHIMH [[3aHCcH. OOpaboTKa Pe3yNbTaTOB XUMUYECKOTO U U30TOMHOIO aHAU3a,
WHTEpHpETaLys MMOJTYYEHHBIX PE3YyJIbTaTOB U BBISIBIEHUE OCHOBHBIX I€OXMMHYECKUX
3aKOHOMEPHOCTEN OCYIIECTBISUINCH C UCIOJIb30BAHUEM IIEPCOHAIBHOTO KOMITBIOTEPA
(IIK), B yueOHO#l aymutopun HanMoHaIBbHOTO HCCIEAOBATENBCKOTO TOMCKOIO
NOJINTEXHUYECKOTO YHUBEPCUTETA IPU HAIWYUM HCKYCCTBEHHOIO OCBEUICHUS U
LHEHTPAIU30BAaHHOIO  OTOIUIEHUS, 4YTO  CBUAECTEIBCTBYET O  JOCTaTOYHO
0JIaronpuATHOM MUKPOKJIMMATE MECTa MPOBEICHUS padoT.

HeratuBHoe BO3A€ICTBME Ha 4YEIOBEKA NEPCOHAIBHBIX KOMIIBIOTEPOB
3aKJII0YaeTCs B TOJOBHYIO 00Jib, pe3b B IJla3ax, TSHyUIME 00JIM B MbIIIIAX IIEH, PYK,
cnubbl. Kpome Ttoro, Ha momns3oBatened IIK mocTosHHO AEHCTBYIOT ONIACHBIE U
BpeaHbie pousBoacTBeHHbIE PakTopbl ('OCT 12.0.003-74): NOBBILLIEHHBIN YPOBEHb
CTaTUYECKOTO AIEKTPUYECTBA; HEPBHO-3MOLIMOHATbHAs HaIpPSKEHHOCTb;
HEJOCTaTOYHasi  OCBEIEHHOCTh paboyeil 30HBI; OTKJIOHEHHE MoKa3aTeien

MHUKPOKJIMMATA.
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OcHOBHBIMH BpeAHBIMH (haKTOpamMu pabodero Mecra, XapakTePHU3YIOITUMU
B3aHUMOJECUCTBUE TPYIAIIETOCS C OKPYXKAIOIIEH NPOU3BOACTBEHHOW CpPENOU, CO
CTOPOHBI WX BPEIHBIX NPOSBICHUN SIBISIOTCS OCBEIICHHUE U DJIEKTPOMArHUTHbBIC
MoJsi, @ CO CTOPOHBl MX OMACHBIX MPOSIBICHUM — TMPOSBICHUS DIICKTPUYECKON

IPUPOIBI.

5.1 AHam3 BpeaHbIX GaKTOPOB IPOEKTUPYEMOIi CpeAbl

AHalIM3 BPEIHBIX U OMACHBIX (PAKTOPOB CleAyeT MPOBOAUTH B COOTBETCTBUU
¢ 'OCT 12.00.003-74. K BpenubiM (pakTopaM OTHOCAT UCKYCCTBEHHOE OCBEIIICHHUE,
oOecrieuynBaeTcs dIEKTPUICCKUMUA UCTOYHIUKAMU CBETAa M IPUMEHSIETCS 111 paOOThI B
TEMHOE BpeMsl CYTOK, a JIHEM IpPH HEJOCTATOYHOM €CTECTBEHHOM OCBEIICHUHU.
HcTouyHnKaMu CcBeTa NMPU HCKYCCTBEHHOM OCBEUICHUU SIBISIIOTCS Ta30pa3psiaHbIC
JIaMITbl HU3KOTO W BBICOKOTO AaBJlieHUs W Jiamnbl HakainBaHud. CornacHo CHull 23-
05-95, nand  WCKYCCTBEHHOTO OCBEIICHHS PETJIAMEHTHPOBAaHA  HAMMEHbIIAs
JOTTYCTUMAasi OCBEIIEHHOCTh pab04YMX MECT, COCTaBIIAIONIAsI, C YYETOM IPOBEICHUS
paboT cpenHeit TouHocTH, mopsaka 150 nk. J[Ji1 €CTECTBEHHOTO M COBMEIIEHHOTO
OCBEIIECHUS ompeaenseTcss Kod(pOUIIMEHT, KOTOPBIM MPpeACTaBIIsIeT cOO0H OTHOIIECHUE
OCBEILIEHHOCTH B JJAHHOW TOYKE BHYTPU MOMENICHUS K OJHOBPEMEHHO HU3MEPEHHOM
Hapy>XHOW TOPU30HTATLHON OCBEIIEHHOCTH MOl OTKPHITHIM HEOOM U COCTaBJISIOIIUH,
C y4eTOM 3aJaHHbIX ycnoBui 2,0 %.

ITockonbKky Bce Hamm paboThl MPOBOAATCS C ucnois3oBanueM IIK, 1o B
KauecTBEe BpPEIHOro (pakTopa CIeAyeT PacCMOTPETh JIEKTPOMArHUTHOE H3JIy4YEeHHE.
DNEeKTPOMarHUTHBIE U3IIy4YEHUS OBIBAIOT MSITKOTO PEHTIEHOBCKOTO,
yIbTpaduoIETOBOTO, OJMXKHEr0 HWH(PpaKpacHOTO, paauovYacCTOTHOTO JHaIa3oHa,
CBEpX- U MH(PAHU3KOUACTOTHOTO, DJIEKTPOCTATUUECKHX TTOJICH.

[Ipu pabGote, KoMmbIOTEp OO0pa3yeT BOKPYT ceOsi SIEKTPOMArHUTHOE TIOJIE,
KOTOPOE€ JICMOHU3UPYET OKPYNKAIOIIYIO Cpelly, a MPU HArpeBaHHUM IUIAThl U KOPIYC

MOHHUTOpPA UCIIYCKAalOT B BO3AYyX BpEAHbIC BellecTBa. BCE€ 3TO nenaer BO3MyX OYEHb
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CyXUM, cJad00 HMOHU3UPOBAHHBIM, CO CHEUU(UYECKUM 3alMaxoM U B 00IIEM
"TsoKEMBIM" 711 MbIXaHus. ECTECTBEHHO, YTO TaKO#M BO3IYyX HE MOXKET OBITh TMOJIE3CH
JUIsL OpraHu3Ma M MOXKET MPUBECTU K 3a00JI€BaHUSM aJIEPIrMUECKOro XapakTepa,
OOJIE3HSIM OpraHoOB JbIXaHWSI W JPYTUM paccTpoicTBaM. MOHUTOpP SIBISETCS
CWIbHBIM HCTOYHHUKOM 3JIEKTPOMArHUTHOTO HU3Iy4YEHHs, OCOOEHHO €ro OOKOBbIE U
3aJIHAE CTEHKHU, T.K. OHM HE MMEIOT CIHEIHATbHOr0 3allUTHOTO MOKPBITUS, KOTOPOE
€CTh y JINIIEBOM 4aCTH DKPaHA.

DJIEKTPOMAarHUTHBIE M3JyYECHUS, BO3JCHCTBYS HAa OpPraHU3M YEJIIOBEKa B
J103aX, MPEBBIIAIONINX JAOMYCTUMbIC, MOTYT SIBUTHCS MPUYMHON MHOTHX CEPhE3HBIX
3a00JIeBaHUM, HalpuMEp HApPYIIEHHE PUTMA U 3aMEIJICHHE YaCTOThl CEpAECUHBIX
BpanieHuii. Haumbosiee YyBCTBUTENBHBIMH K JaHHOMY BO3JCHCTBUIO SIBIISIETCS
HEpBHAas U CEepJIEYHO-COCYIUCTas cucrema. VYpoBHH JOITyCTUMOTO
AIEKTPOMArHuTHOro wu3iaydeHuss u pernamentupyrorcs B ['OCT 12.1.006-84 wu
CanlluH 2.2.4.1191-03.

B kauecTBe 3alIUTHBIX MEP OT JICKTPOMATHUTHBIX U3IYyUYCHHN KOMITbIOTEPA,
MOXHO Ha3BaThb PETyJSIPHbIE MPOTYJIKA Ha CBEXEM BO3AYyXE€, IPOBETPUBAHUE
MOMEIICHMS, 3aHATHS CIIOPTOM, COOJIIOICHUE 3JIEMEHTAPHBIX MpaBuil paboTel, padoTa
C XOpOIeH TEXHUKOM, KOTOpas YIOBJIETBOPSAET BCEM CTaHIapTaM O€30MacHOCTH H

CaHUTAPHBIM HOPMAM.

5.2 AHajn3 onacHbIX (PAKTOPOB NMPOEKTUPYEMOI CpeIbl

Uro kacaeTcsi onacHbIX BO3JeHcTBH B ipouecce padotsl ¢ [1K, To TakoBbIMU
SBJITFOTCSL BO3JICUCTBUS DJECKTPUUECKON MpUponabl. B cBS3u ¢ 3TUM, HEOOXOAMMO
o0ecreunTh 3JIEKTPOOE30MaCHOCTh. DJIEKTPOOE30MaCHOCTHIO HAa3bIBACTCS CHUCTEMa
OpPTaHU3alMOHHBIX M TEXHUYECKUX MEPONPHUATAN M CPEACTB, 00ECTICUUBAIONTUX
3aIMATY JIIOJE€A OT BPEJHOTO M ONACHOTO BO3AECHCTBUSA AJIEKTPUYECKOIO TOKA,

SIIEKTPUIECCKON TYTH, SJCKTPHUYECKOTO TOJISl M CTaTHYECKOro djiekTpudecTsa [11].
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OnacHOCTb ~ JJIGKTPONOPAKEHWs  MOSBISAETCA B ClydasX  IpHU
HEIMOCPEICTBEHHOM MPUKOCHOBEHHH C TOKOBEAYIIMMH YacTSIMHU BO BPEMsI PEMOHTA
I[I5BM, mnpu mNOpUKOCHOBEHMH K TOKOBEAYUIMM 4YacTsIM, OKa3aBLIMMCS O]
HaIpsHDKEHUEM, IPU CONPUKOCHOBEHUH C TIOJIOM, CTE€HAMH, OKAa3aBIIMMHUCA O]
HanpspkeHueM. Takke HMMEeeT MeCTO OBIThb OMACHOCTh KOPOTKOTO 3aMbIKaHUs
BBICOKOBOJIBTHBIX OJIOKOB.

B nensax 3amuTel HEOOXOAMMO MPUMEHATH CIEAYIOIIHE MEPHI:

®3aIlUTHOE 3a3€MJICHUE — IPEJHAMEPEHHOE AJIEKTPUUYECKOE COECTUHEHHUE C
3eMJIEH WM €€ OKBUBAJICHTOM  METAUIMYECKUX HETOKOBEIYIIMX  4YacTeu
AIIEKTPOYCTAHOBOK, KOTOPBbIE MOTYT OKa3aTbCAd IOJ HAIpsSHKEHUEM, IMpPU ITOM
CONPOTHUBJICHUE 3a3€MIBIIOLIETO YCTPOMCTBA HE JOJOKHO TmpeBbimate 4 Ow,
3aHyJ€HUE /I YCTPAHEHHSI OINACHOCTH MOPAXKEHUS AIEKTPUUYECKUM TOKOM MpHU
3aMBbIKaHUHU Ha KOPIYC 3JIEKTPOYCTAHOBOK, paboTarouux noj HampsikenueM 10 1000
BB Tpex(}a3HbIX 4eTBIPEXIPOBOJHBIX CETSX C IIYX0-3a3€MJICHHON HEUTpaJIbIo;

®3alIUTHOE OTKIIIOUYEHHE — OBICTPOACHCTBYIONIAs 3alllnTa, 0OecreurnBaronas
ABTOMATHYECKOE OTKJIIOYEHHE AJIEKTPOYCTAHOBKM MpPU BO3HUKHOBEHHM B HEWU
OIACHOCTHU MOPAXEHUSI TOKOM, ITPOUCXOAUT U3MEHEHHE HEKOTOPBIX JIEKTPUUYECKHUX
apamMeTpoOB CETH, KOTOpbIE CIIy)aT CHUTHAJIOM, BbI3BIBAIOLIUM CpadaThIBaHUE
YCTPOMCTBA 3aIUTHOIO OTKJIIOUYEHUS;

Ilepen HayasioM pabOTBI HEOOXOJUMO YAOCTOBEPUTHCS B HAIUYUM U
UCIIPAaBHOCTH 3a3€MJICHUS, 3aT€M BKJIIOYUTh pPYOWJIBHUK M TIOCIIE€ BKIIIOUUTH
AIIEKTPUYECKOE IMHUTAHME KOMIBIOTEPOB, HAa KOTOPBIX IUIAHUPYETCS BBINOJHEHUE
pabor.

JUist  mpenynpexIeHus — DJIEKTpOTpaBMaTU3Ma BO  BpeMs  paboT B
AJIIEKTPOYCTAHOBKAaX OYE€Hb BAaXKHO IMPOBOJUTH COOTBETCTBYIOLIME 3aLIUTHBIC
MEpOTpUATHS, MPUMEHEHHE KOTOPBIX periamentupyercs IlpaBunamu yctpoiicTBa
anekTpoyctaHoBoK (I[1YD) m MexoTpaciieBbiMU IpaBUiiaMU [0 OXpaHE TpyAa MHpH
sKcIuTyaTauu annektpoycraHoBok (ITIOT P M 016-2001; PI1 153-34.0-03.150-00). B

MNCPCUNCIICHHBIX JOKYMCHTax IMPHUBCACHDBI TpC6OBaHI/I$I K IepcoHalny,
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MPOU3BOJISIIEMY pabOTHl B AIEKTPOYCTAHOBKAX, OMPENEICHBI TOPSIOK M YCIOBHUS
MPOU3BOJICTBA  pabOT, PAcCMOTPEHbl  OPraHU3alUOHHBIE UM  TEXHUYECKHUE
MEpOIpHATHS, 00ecreurBaroIre 6e30macHocTh pador [11].

Ananmu3 omacHbIX (pakTopoB mpu padore ¢ IIK gomkeH BkiarodaTh B ceOs
aHanu3 noxkapHoit 6ezonacHocT. B coBpemennbix OBM odeHb BhICOKAS MIIOTHOCTH
pa3MelleHus 3JIEMEHTOB 3JIEKTPOHHBIX cXeM. B HemocpeAacTBEHHOU OIU30CTH JIPYyT
OT JIpyTa pacrojiaraloTcsi COeAMHUTEIbHBIE TPOBO/IA, KOMMYyTallMOHHbBIE Kabenu. [Ipu
MPOTEKAaHUU 1O HUM DJIEKTPUYECKOrO TOKA BBIJIETSETCS 3HAYUTEIBHOE KOJIUYECTBO
TEIUIOThI, YTO MOXKET MPUBECTH K IMOBBIIICHUIO TEMIEPATYPhl OTACIBHBIX Y3JI0B 10
80-100 °C [11]. Ilpu 5TOM BO3MOXHO ILIABJICHHE MW3OJSIUN COCIUHHUTEIBHBIX
MIPOBOJIOB, MX OrOJEHHE U, Kak CJIEACTBUE, KOPOTKOE 3aMbIKAHHE, KOTOPOE
COMPOBOXKJIAETCSI HUCKPEHUEM, BEJIET K HEAOMYCTUMBIM IEperpy3kaMm >JIEMEHTOB
ANEKTPOHHBIX cxeM. [locnennue, neperpeBasich, CropaoT ¢ pa30opbI3TUBAHUEM HCKD.
st oTBoma M30BITOYHOM TermaoThl 0T OBM ciykaT cuCTeMbl BEHTUISILIUU U
KOHJIUIIMOHUPOBAHUS BO3/1yXa.

OKcIuTyaTamus IIK CBs3aHa C HEOOXOAUMOCTBIO IIPOBEACHUSA
00CTy’KMBAIOUINX, PEMOHTHBIX U TpodriiakTHYecKkux padot. Ilpu 3ToM HCnonab3yroT
pa3lIMYHbIE  CMAa304YHbIE  BEIIECTBA,  JIETKOBOCIUIAMEHSIONIMECS  KUIKOCTH,
MPOKJIAJBIBAIOT BPEMEHHBIE SJIEKTPONPOBOAKH, BEAYT MANKYy W YUCTKY OTIEIbHBIX
y3JI0B U JAeTaneil. Bo3HUKaeT JOMOJHUTENbHAS TOXapHas OMAacCHOCTh, TpeOyrolas
MPUHATHUS COOTBETCTBYIOIIUX MepP MoxapHou mpoduiakTuku. [loxxkapHas omacHOCTb
MPOU3BOJICTBEHHBIX  3JIaHUN M TOMENIEHUM OmpeaeNsieTcsi O0COOCHHOCTSIMHU
BBITIOJTHSIEMOT0 B HHUX TEXHOJIOTHYECKOr0 IIpollecca, CBONCTBAMHU MPUMEHIEMBIX
BEIIIECTB U MAaTEpUAIOB. A TakKe YCIOBHAMU WX 00paboTku. [lo B3prIBOMOXKApPHOU U
MOKapHOM OMACHOCTH MOMEIIEHUS U 3[IJaHUs TTOAPA3ACIAIOTCs Ha KaTteropun A, b, B,
I, 1 [11]. Jmst GOnbIIMHCTBA TOMEIIEHUH BBIYMCIUTEIbHBIX IEHTPOB YCTAaHOBJICHA
KaTeropus MoXKapHOU OrmacHocTu B.

TpebGoBaHus 1Mo 00eCTeUEeHUIO MOKAPHOU 0€30MACHOCTH PEraMEeHTUPYIOTCS

['OCT 12.1.004-91. IlomemeHue MOCTOSIHHO AOJDKHO COJEPKAThCSl B YACTOTE U
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CUCTEMAaTHYECKH OYHUINATBCA OT OTXOJOB IPOM3BOACTBA. B 3aBucuMoctH OT
KaTErOpUM YCTAHOBJIEHBI COOTBETCTBYIOIIME HOPMATHBBI 110 OTHECTOMKOCTH
CTPOUTENIBHBIX KOHCTPYKLHH, IUIAHUPOBKE 3JaHUN, 3Ta)KHOCTH, OCHAIICHHOCTH
YCTPOHCTBAaMH  TPOTHUBOINOKApHOW 3ammtel ©u  Ap. Ocobbie  TpeOoBaHUS
MPEABABISIIOTCS K YCTPOUCTBY U pa3MELIEHUIO KaOeIbHbIX KOMMYHUKAIUH.
BriHykJeHHAass 3Bakyaluss Ipd  IOXKape MNpPOTEKaeT B YCIOBHUAX
HApacTaIolIEro JEeHUCTBUSL OMAacHBIX (akTopoB moxapa. IloaTomMy Oe3omacHOCTH
JIOJIe HAXOJUTCS B MPSIMOM 3aBUCHMOCTH OT BPEMEHHU MpEObIBAHMS MX B 3/IaHUU
npu noxape. KparkoBpeMEeHHOCTh MPOLECCa BBIHYKICHHOM 3BaKyallul JOCTUTACTCS
YCTPOMCTBOM 3BaKyallMOHHBIX MYTEH U BBIXOJOB, YHCJIO U Pa3Mepbl KOHCTPYKTUBHO-
IUIAHUPOBOYHBIE PEIICHUs, KOTOPBIX PErjJaMEHTUPOBAHBI. YCIEX JMKBUIALUU
noxkapa Ha MPOU3BOACTBE 3aBUCHUT, MIPEXKAEC BCETO, OT OBICTPOTHI OMOBEIICHUS O €ro

Ha4daJic. I[JBI 9TOI'0 UCIIOJIB3YCTCA CUCTCMA HO)KapHOﬁ CHUI'HaJIM3alluH.

5.3 OxpaHna okpy:xamouiei cpeabl

TepMasibHble BOABI MNPOBUHLMHU [[3fHCM B OCHOBHOM HCHOJIB3YIOTCA B
OAJIbHEOJIOTHYECKUX  IeNsX. POMHUKM TepM  HCHONB3YIOTCS B Mpejenax
0J1IarOyCTPOCHHBIX CAaHUTAPHO-KYPOPTHBIX 30H, KOTOPBIE B CBOIO OYEpEeIb HIUPOKO
pacpOCTPAHEHBI B MpEJIENIaX TEPPUTOPUU MPOBUHLMU. VICMONBb30BaHNE POJTHUKOB B
OAJIbHEOJIOTUYECKUX IIeNIIX B COOTBETCTBUM C YCTAHOBJICEHHBIMH HOPMAaTHBAMH,
CTaHIApTaMd W  JAPYTUMHU  PErJIAMEHTUPYIOIIUMHU  JTAHHYK0  JI€STEJIbHOCTh
JIOKYMEHTAMHU TI03BOJISIET MAKCUMAJIbHO CHHU3UTHh BO3JICMCTBHE HA OKPYNKAIOUIYIO
cpelny, OJTHAKO, TAKOE BO3/CHCTBHE UMEET MECTO OBITh.

[IpumepoM BO3JEHCTBUS HCIOJB30BAaHUSA TEpM Ha TUApPOchHEpy MOKET
MOCITYKUTh MOCTOSIHHBIM M YPE3MEPHBIA BOJIOOTBOJI TEPMAJbHBIX BOJ M3 CKBAXUH
JUI LEeJIEd KypOpTOB, KOTOPBIA MOXET IPHUBECTH K HCTOLICHUIO UX PECYPCOB.
[TosToMy, C LEIBIO HEAOMYIICHUS UCTOLICHUSI POJHUKOB, OYEHb BaKHO MPOBOJAUTH

MMOCTOSIHHBIN MOHHUTOPHHI' 1 OLCHKY 3aI1aCoOB TCPM. I[Tomumo 9TOro, caMm TCPMbI
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MOTYT OKa3bIBaTh BIIMSAHHE HA IMOA3EMHBIE U TIOBEPXHOCTHBIE BOJIbI B 30HE PA3rPy3KH,
OKa3bIBas HAa HUX TEMIEPATYPHOE BO3JAEHUCTBHUE, pa30aBIisisi UX U NPUBHOCS HOBBIE
XUMHYECKUE HIIEMEHTBHI.

Opranuzaiusi KypopTHOTO KOMILJIEKCA, C YYETOM OCOOEHHOCTeH penbeda
npoBuHUMM [[3sHCH, MOXeT BKIOYaTh B ce0s W3MEHeHue JaHamadra s
CTPOUTEIBCTBA.

[lo otHomeHuto kK aTMocdepe, OCHOBHBIMH HMCTOYHHMKAMH 3arps3HEHHUS
BO3JyXa OyIyT SIBIATHCSA CIELMATU3UPOBAHHBIE ISl CTPOUTENIbCTBA MAIIMHBI, B
JaJIbHENIIEM — aBTOMOOWIA 00CITYKMBAIOLIEr0 KypopT MEPCOHAIa U OTABIXAIOIIUX.
Crnegyer OTMETUTD, YTO HAIPSMYIO T€pMajbHblE€ BOABI BO3JAEHCTBUA Ha atMochepy

HC OKa3bIBAIOT.

5.4 be30nacHOCTH B Ype3BbIYAHHBIX CUTYALMAX

B coorBerctBum ¢ ®3 Ne 68 ot 21.12.1994 r., mnox 4pe3BbIYAWHON
CUTyalluel ToJpa3yMeBaeTcsi OOCTaHOBKAa Ha  OMPEIEICHHOW TEPPUTOPUH,
CIIOUBIIASCA B pe3ysbTaTe aBapuu, OMACHOrO MPUPOJHOTO SIBICHHS, KaTacTPOdBbl,
CTUXMMHOTO WJIM MHBIX O€JCTBUM, KOTOPhIE MOTYT TIOBJICUb WJIHM MOBJIEKIN 32 COOOM
YeJIOBEUECKHUE >KEPTBBI, yIIEpO 3/I0pPOBBIO JIIOJEH WM OKPYKAIOIIEH TPUPOTHON
30HE, 3HAUUTEIbHBIC  MaTECpUAIIBHBIE TMOTEPU W  HAPYUICHHE  YCIIOBUU
YKU3HEIESATEIIbHOCTH JIHOJIEU.

Kak Obutl0 ckazaHo paHee, TepMallbHbIE BOJIBI MPUYPOYEHBI K TITyOHMHHBIM
pasziaoMamM, KOTOPbIE JO CUX MOP OTMEUYEHBI BHICOKOW TEKTOHMYECKON aKTUBHOCTHIO,
YTO SIBIIAETCA NPUYMHOW I BO3HUKHOBECHMUS 3E€MIIETPSCEHUM, OTHOCSIIMMCS K
MPUPOJHOMY T'€OJIOTUYECKOMY TUITY YPE3BbIUANHBIX CUTYaIIH.

HaunGonee wactas mpuurHa 3eMIICTPSCEHUN — TIEPEXOJ HAKOIUIGHHOW Mpu
yapyrux aedopManusx MOPOAbI MOTEHIIUATBLHOM SHEPTUM B KUHETHYECKYIO TMpU
pazpyuieHun (pasjioMe), WHUIHUHUPYIOIMMK CcelicMUYecKkue BOJHBI B TrpyHTE. B

3aBUCUMOCTHU OT FJ'IY6I/IHBI ouara H 3CMJICTPACCHUS ITOAPA3ACIIAOT HaA HOPMAJILHBIC
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(O<H<H300 km). O1ieHKa 3eMJICTPSACEHUS IO BEIUYMHE U MOIIHOCTH O4yara BeJIETCS
[0 BEJIMYMHE MarHuTyAsl (M), moa KOTOpOil MOHMMAIOT O€3pa3MEPHYIO0 BEIUYHUHY,
XapaKTepU3yIOIIyl0 OOIIYI0 SHEPrUi0 BBI3BAHHBIX 3E€MIICTPSICEHUEM YIPYTHX
kojebanmii (0<M). Cuna 3emIiieTpsiCeHUsT UCUUCISAETCS B Oayuiax, mpuyeM OOBIYHO
OPUMEHSIOT JIMOO MIKaly PuxTtepa, HCHOIB3YIONYI0 BEJIWYUHY MAarHUTYbI
(1<M<]J) [13].

[IporHo3upoBaHue 3eMIICTPSICEHUN SBIAECTCS BaXKHEHIIUM MEPOIPHUITHEM B
CUCTEME KOHTpOJsS celicmuueckoil oOcTaHoBkU. K coskaneHuio, u3-3a OTCYTCTBUS
HAJCKHBIX W OTHOCHUTEIBHO HEJOPOTUX METOIWK M amnmapaTrypbl HaJEKHBINA
KpPaTKOCPOUHBII (32 HECKOJIBKO CYTOK) M HENOCPEICTBEHHBIN (3a HECKOJIBKO YacOB)
IPOrHO3 B HAacTosIIee BpeMs mpodiemMaTHueH. B To ke Bpems MO0 U3MEHEHUIO
XapaKTEPHBIX CBOMCTB IMOBEPXHOCTU 3E€MJIM, a TAKXKE HEOOBIYHOMY IIOBEJICHUIO
HEKOTOPBIX JHUBBIX OPTraHU3MOB MEpel 3EMIIETPSICEHUEM (OHM HOCST Ha3BaHME
IPEIBECTHUKOB) CIIELUATIUCTBI CIIOCOOHBI COCTABUTH MPHUOIU3UTENbHBIE MPOTHO3BL.
TakuMu NpeABECTHUKAMM 3EMIIETPACEHUN SIBIIAIOTCS: JAepopMalus 3eMHOU KOpBI,
ornpenensieMas nmyteMm HabmoaeHus u3 Kocmoca; nu3MeHeHHne 3J1eKTpOCONPOTUBIICHUS
TOPHBIX TOPOJ, KoJieOaHNE YPOBHS TPYHTOBBIX BOJ| B CKBa)XMHAX; OBICTPBIA POCT
YaCTOTHI CJa0BIX TOTYKOB; MOBBIIICHUE KOHIICHTPAIIMHU pajioHa B Boje u 1p. [21].

B cnydae, eciin 4ellOBEK OKa3ajCsi CBUAETENIEM 3€MIIETPSICEHHs, HAaXOIsCh
Opyu 3TO B 3JaHUM KOpIyca KYpPOPTHOTO KOMIUIEKCA HEOOXOAMMO CleI0BaTh
ClIeyIoIlel MHCTPYKLIMU: HE MOJ/IaBaThCsl MaHUKE U COXPaHATh CHOKOWCTBUE; MPHU
NEPBBIX TOMYKAX CIEAYyeT MOKUMHYTH 31aHue (B Teuenue 15-20 cexkyHn); BpiOekaB Ha
yIHILy, CIEIyeT cpa3y *Ke€ OTOMTH OT HEro Ha OTKPBITOE MECTO MOJaibIlIe OT
AJIEKTPONPOBOJIOB, KAPHU30B, OATKOHOB; €CJIM OOCTAHOBKA HE MO3BOJISIET MOKUHYTH
3/laHle, TO HEOOXOJIMMO CIPATATHCS MOJA KPEMKUMH CTOJAMH, BCTaThb B JBEPHOM
nmpoemMe, BOJIM3U KaMHUTAIBHBIX CTeH (3TH MecTa HauboJiee MPOYHBI, 37€Ch OOJIbIIe
IIAHCOB OCTAaThCsl HEBPEIMMBIMHU); I€PKAaThCS MOAAIIbIIE OT OKOH, TEIUIONPOBOJIOB;
3aracuTh OrOHb, HE IIOJIb30BAThCS CIMYKAMHU, MOXET OBbITh yT€UKa rasza; JBepu

JOJDKHBI OBITH OTKPBITHIMU (MX MOKET 3aKIMHHUTH M3-3a TIEPEKOCca); MPU BBIXONIC U3
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3IaHUS 3aMpeniaeTcss Moab30BaThCs TUGTOM. CHycKaThCs TO JIECTHHUIE CIEAyeT
OCTOPO’KHO TPOBEpsisl €€ MPOYHOCTh. EaBa 3aKOHYMTCS TepBas CEpUsi TOJYKOB,
3aKpOWTE BOJOMPOBOJHBIC KpPaHbI, OTKIIOUUTE Ta3, SJICKTPOIHEPIHI0 U MOKUHBTE
noMm. Hanboiiee omacHbl nepBble HECKOIBKO YACOB MOCIE 3EMIIETPSCEHHS, B TEUCHHE

2-3 4acoB HeJIb3s BXOJIUTH B 3[jaHue 0e3 HeoOxoaumocth [21].

5.5 IIpaBoBbIe BONPOCHI 00ecnevyeHuss 0€30MacHOCTH

Cornacno cr. 217 TK P®, co3naerca ciyx0a oxpaHbl TpyAa WIH BBOIUTCS
JOJDKHOCTh ~ CIIEHMANINCTA 1O OXpaHe Tpyda, HMEIOIIET0 COOTBETCTBYIOIIYIO
MOJTOTOBKY WJIM OMBIT PabOTHI B 3TOM 00JacCTH, B 1eJAX oOecrieueHus: coO0IeHUs
TpeOOBaHMI OXpaHBI TPyAa, OCYIICCTBICHHUS KOHTPOJS WX BBITOJHCHHS B KaXKIOM
OpraHu3alliyd,  OCYIICCTBIISIONIEH  TPOU3BOJICTBEHHYIO  JEATEIBHOCTh,  C
quciaeHHOCTHIO 60j1ee 100 pabOTHUKOB.

B cooTBeTcTBHU ¢ TPYAOBBIM 3aKOHOAATEIHCTBOM OpPTraHU3aNs 00€CTICUCHHSI
0e3omacHOCTH TpyJa B MOAPA3ICICHUAX BO3JOKEHA Ha WX pykKoBoauTenei. OHu
NPOBOJAT MHCTPYKTAX IO OXpaHe Tpylda Ha pabouunx wmectax. OOmryro
OTBETCTBEHHOCTh 3a OpraHW3alli0 padoT MO OXpaHe TPyAa HECET PYKOBOJIUTEIH
MPEANPUATHS, & B €0 OTCYTCTBHE — TJIaBHBIN HHXKECHED.

B cootBerctBum co ct. 218 TK P®, komuteT (KOMUCCHSI) TIO OXpaHE TpyJa
OpraHU3yeT COBMECTHBIC NIEUCTBUSI paboTojaTeNsl U pabOTHUKOB MO OOECIEYEHUIO
TpeOOBAHMI OXpaHBI TPYJa, MPEAYIPESKICHUIO TPOU3BOJICTBEHHOTO TpaBMaTU3Ma U
npodeccuoHanbHBIX 3a0onieBaHuii. Takke oOpraHm3yeT MPOBEACHUE TPOBEPOK
YCIIOBUM U OXpaHbl TpyJa Ha paboumx MecTax W MH(POpMUPOBAHHE PAOOTHUKOB O
pe3ynbTaTax yKa3aHHBIX MPOBEPOK, COOp MPEenoKEeHUN K pa3feny KOJUIEKTHBHOTO
JIOTOBOPA (CcoTrfamieHus) o0 oxpaHe Tpyaa.

PykoBOACTBYSICh TPYIOBBIM 3aKOHOJIATEILCTBOM, PEKHUM TpyAa M OTHbIXA
NpeIyCMAaTPUBAIOT C YYETOM CHEIU(PHUKK Tpyda BCeX pabOTaIoUIMX, B TEPBYIO

ouepeap O00ECHneuYMBAIOT ONTHUMANbHBIE PEXUMBI PaOOTAIOMIUX, C IOBBIIICHUEM
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($U3MYECKUMU U HEPBHO-3MOIIMOHATFHBIMUA Harpy3KaMu, B YCJIOBHSIX MOHOTOHHOCTHU
U C BO3JICHCTBHEM OIACHBIX U BPEIHBIX TPOU3BOJACTBEHHBIX (PAKTOPOB.

HopManbHast NponoIDKUTENBHOCT pabOYero BPEMEHU COTPYJHUKOB HE
MokeT mnpeBbliaTh 41 4y B Hemento. OCHOBHBIM PEXHUMOM pPabOThI SBISETCS
NATUAHEBHAsE pabouasi Henensl ¢ JBYMsl BBIXOAHBIMU JHAMHU. [Ipu msaTuaHEBHON
paboueil Henene MPOJOJKUTEIBHOCTh  €XKEIHEBHOM pabOThl  OIpenemsieTcs
IpaBWJIaMHd BHYTPEHHEro TPYJOBOIO pacmopsiaka Wik TpadukaMu CMEHHOCTH,
COCTaBJISIEMBIMU C COOJIIOICHUEM YCTAaHOBJIEHHOW MPOJOJDKUTEIBHOCTH pabouero
paboueil HemelnM U YTBEP)KIAEMbIMH QJIMUHUCTpPALUEH 1O COIVIACOBAHUIO C

PO COO3HBIM KOMUTETOM.
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3akio4eHue

TepmanbpHble BOABI MPOBUHIMH [[3SHCH, B3aUMOACHUCTBYS C TOPHBIMU
nopojamMu, O0pa3yloT YHHKAJIbHYI0, TOCTOSHHO Pa3BUBAIOIIYIOCS PABHOBECHO-
HEPAaBHOBECHYIO CHCTeMy. B Xoje wucCCieIoBaHUS TEPMAIbHBIX BOJ H3Y4YCHBI
IPUPOJIHBIC YCIOBUSI pPaliOHOB pacmpocTpaHeHuss TtepM. [lo pesymbraram
XUMHUYECKOTO aHaJW3a YCTAHOBJICHO, YTO TEpPMajbHBIC BOJBI  SIBISIFOTCA,
MPEUMYILECTBEHHO, THAPOKAPOOHATHBIMU HATpUEBBIMHU. (COJEHOCTh YIJIEKUCIbBIX
TEPM BBIIII€ COJICHOCTH a30THBIX, TPU 3TOM PH yTIeKHCIbIX HIKE a30THBIX. BhIcOKast
MUHEpaIH3aIis 1 HU3KWE 3HaUYeHUs PH yTIeKHCIbIX BOJ OOBACHICTCS HAIMYHUEM B
HUX YTJIEKUCIIONW KHCIIOThI, KOTOpasi HEUTPAIU3yeT MIEIOYHOCTh. B a30THBIX Tepmax
TaKOro HEWTpaym3aTopa HET, YTO TO3BOJSIET PH pacTh W yBeIMYHMBACT JOJIIO
AJIEMEHTOB, CBS3BIBAEMBIX BTOPUYHBIMA MHHEpAJIaMUA. 3a CUYET YEro COJEHOCTh
a30THBIX TEPM BEChMa HU3KAas, a CpeJia BCer/ia MeJouHasl.

MaKkpOKOMITOHEHTHBI COCTaB M YIVICKHCIIBIX W a30THBIX TEPMaJIbHBIX BOJI
xapakrepusyercsi joMunuposanueM noHoB Na“, HCOj, Si. Jlns yriekucisix Tepm
XapaKTEPHBI BBICOKHE KOHIIEHTpauu F. MUKpOKOMITOHEHTHBIH COCTaB TEPMaTbHBIX
BOJI 10 CPAaBHEHUIO C BOJAaMHU 30HBI THIIEprenesa BecbMa oorat Li, Be, Rb, Mo, Cs u
W, ogHako ¥ B 3TOM OTHOUIIEHUU €CTh PA3JIMYUs MEXKIAY a30THBIMHU U YTJIEKUCIBIMU
TepmamMu. Ecnm mocienHue, MOMHMO paHEe MEPEYUCICHHBIX MHUKPOJJIEMEHTOB, B
OosbIneii ctenenn odoramieHs! Ba, To asotasie TepMbl — B, Sc, Ga, As, Cd.

Kpome Toro, B xome paOOThl paccuuTaHbl PABHOBECHUSI TEPMaJbHBIX BOJI.
YCTaHOBJICHO, YTO YIJICKHUCIBIE TEPMBbI PABHOBECHBI C KaJLIIUTOM, (IIFOOPUTOM,
MOHTMOPHWJUIOHUTOM, WHOTJIa ¢ MHUKPOKJIMHOM M MYCKOBUTOM. B cBOO ouepenp
a30THBIC TEPMbI PABHOBECHBI C KAOJIMHUTOM, MOHTMOPHJUIOHHUTOM, aJbOUTOM,
JIOMOHTUTOM, MUKPOKJIMHOM, MYCKOBHTOM U JAPYTHMH MUHEPAJIAMHU.

[Tomydyennsie B xoae pabOThI MaTepHaslbl IMO3BOJAT B JaibHEHIIeM Ooliee
JETANbHO HM3ydaTh MEXaHM3Mbl W TIPOIECCHl (OPMHUPOBAHMS TEPMAaTbHBIX BOJI

npoBUHLMH L[3gHCH.
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uccienoBarenbckuii ToMckuit monutexanueckuii yausepeutet. 2015. C. 478-482.
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HammonanbHbiii  HUccienoBaTebCKuil TOMCKUI TOCYJAapCTBEHHBIA YHUBEPCUTET.
2015. C. 44-48.

Geochemical peculiarities of nitric thermal waters in Jiangxi Province (SE-
China) / I0OP Conference Series: Earth and Environmental Science / All-Russian
Scientific Conference with International Participation on Contemporary Issues of
Hydrogeology, Engineering Geology and Hydrogeoecology in Eurasia 23-27
November 2015, Tomsk, Russia. — 6 p

Onpenenenue CTENEHUW HACHIIIEHHOCTH A30THBIX TEPM BOCTOYHOM YacTH
baiikanbckoit pudTOoBOM 30HBI K KaJbUMTY ©  goioMuty. Tpynbr  XIX
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Modeling results of calcium-containing minerals precipitation in the alkaline
hydrotherms of Baikal Rift Zone: calcite and dolomite / IOP Conference Series: Earth

and Environmental Science. XIX International Scientific Symposium in honor of
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IIpunoxenune A
(cmpaBouHOE)

I'eosrornyeckasi kapra oTaAeJIbHbIX pailoHOB NPoBUHIMU LI3s1HCH

['eonoruueckas kapra-cxema OT/ACJIbHBIX PAHOHOB
NMpOoBUHUMHK L[3HCH

036 12 18 24
T

*yCIIOBHBIC 0003HAYCHUSI Ha CIICAYIONICH CTpaHUIIe
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Menosou

tOpa

Tpwac

YersepTudtbiin

YcnoBHble 0003HaYeHus

FonoueH. Cyrnuyku, kb, NECOK, rpasmi.

Mnencrouen. KpacHouBeTHaN KOPA BLIBETPHBAHNA,
rPasui, CYIMUHKN, KDACHOLBETHLIS MMUHGLY, Wb,

- Heorex. Aprunnutsl, anesponursl, NECHaHUKN,
MPOCNOK TMRCa # FOPKYMX CRaHUes

MNaneoren. MNuinesarsia apmNNnuTLl, ANEBPONUTE, NECHAHWKA.
Brpannenua runca, anrmapura, rmaybepura, nupura,

Hepaanenexo

Bepxunit oraen. KpacHouseTHHIE NECHaHUKK, BNe8ponunThl, aprunnuTel,
KPACHOLIBBTHBIE NECYAHNCTEIE KONTNOMEPaTE!, MIBOCTKOBLIE NOPOASL.
- Huxnui otaen. MNecuannikn, anesponiTsl, KDACHOLBETHbIE
APTMNNTHI, M3BECTKOBLIE NOPOALI, BA3aNsThl K Ty ¥ OCHOBAHWS.
- Necuanuxy, anesponnTLl, KPACHOLBETHLIE APIUNNUTE,
NECHANUCTBIE KOHIMOMEPATEI, MENKOIEPHUCTBIE NECHAHMKH, IBBCTKOBbIE NOPOALI

Bepxumn oraen. MNecyannkm, anesponunrsl, aprunnrel,

- Huxnun otgen. Mecsannku, anesponuTsl, 8prunnuTsl
- HepaaneneHHbie 0pckre oTNOXEHUS

BepxHui otaen, KOHIMoMEpaTw, NecuaHukv, anesponTsl,
apMMNNUTLI C NPOCNOAMK YTNEPOACOASPKALMX BPTUNNNTOR U YrNed.

- Cpeaxui oTaen. Aprannutel, anesponuTsl, MENKDIEPHUCTHIE KBAPUEBHIE NECHAHUKN,

Hmxnnn otaen. V38ecTHAKK, N3BECTHAXW, apruNNnuTsLl, A0NOMUTOBRE Dpexkyum,

Bepxunit oraen. Maccusnsbie HIBECTHAKM, KDEMHUCTLIE NOPO/LI.

- HuxHui oTgen. M3IsecTHskg, CNanus, KDEMHUCTHIE KOHKDELMI
W BKDANNEHNUA MUHKCTLIX CNAHUes.

HepacuneHeHHbLIE OTNOXKEHUA NePMK

WHTpy3uBHbIe 06pa3oBaHus

- IparuTbl, NBPHUPHTOBBIE TPAHWTEI, MNETMOrPaHnTL!

- W3BECTKOBSIE APTUNNNTEE ¥ ANeBPONUTS], KOHIMOMEPATHI, NECHAHNCTLIE KOHTMOMEPaTHI,

KapGom
H ’ ‘:

LesoH

=S
{

KemBpuit

Cunuin

Bepxuuit n cpeaune otaensi. JonoMuTHINPOBAHHSLIE WIBECTHAKK,
BRIMOMEHAA KPOMHUCTLIX KOMKDELWA.

HuxHuin orgen. Mendrosme HIBECTHAKK, MBCCHEHLIE WIBECTHAKK,
OPFAHOMNEHHO-OBNOMONHBIE MIBECTHAKK, AONOMUTH, MEDIeny,
YINEHOCHBIE TOMNWW, NECHAHNCTEIE XOHIMOMEPAaTH, ANeSPoNUTLI,
CNanlsl, KBAPUEBLIE NecHaHNM, [IOKansHO PazanTe TYHMhUTE:,

HepacuneHenswe oTnoxesus kapbosa

Bepxrun otaen. Kpapuessie NECUaHNKK, CRanusl,
NECHAHUCTHIE CNAHUL, IBECTKOBLIE CRaHubl, MEPreny,

CpeaHsuit u HuxHUi oTaen, Mecuanwen, KBaPUERLIE KOWTNOMEPATH,
AnepponuTLl, CNadusl, Z0NOMUTHE, JONOMUTHI, Meprenu, TydduTel.

HepacuneHerHbie OTNONEHUA ACAOHA

Cunyp. Nacuarmin, cnasusl, TYQONesHLIe anesponmm,
APTUNNWTHI, XBAPUEBHIE NECYAHMKK, CNAHULI,

Oppoauk. M3pecTHsxm, Meprenn

Hepacunexexsbie oTnoxesun xembpusa u opaosnka

KemOpui. Ymepoacogepaalume Cnasiui, HIBaCTHRKN,
AON0MKTEL TOKANBHAR NUPHTNIALUNR.

Koxrnomepars:, Bpesinn, Necuannm, anesponuisl,
aprnnnmTel, TydidmTel, cnadus,
PEME KPEMHUCTHIE W UIBECTKOBLIE CRAHUbI, NISBCTHAKK 1 TYdbL.

Nporepo3on. TythorexHEIE NECHAHNKY, 3NEBPONUTEI, SPFUNNNTS,
CNIOARKBIE Cnasusl, HUNANTE, POroBUKN, TYOreHHLe CNaHusl,
yhhUThI, NONUMUKTOSHIE KOHIMOMepPaTL.

— CpanWLL NPOBKUHLIK
s [DARKUA MEOTEPMANBHLIX PAAONOB

A A30THHE TepMbl

) Yrnexucneie Tepmsl
= nyGusHLIe PaznoMsl
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Ipusioxenue b

(cpaBo4HoOE)

JlabopaTopHbie MeTOIbI AHAJIN3a XUHMUYECKOT0 COCTABA TEPMAJIBLHBIX BO/I

Tabnuna b.1 - MeToapl aHanmM3a XMMUYECKOTO COCTaBa TEPMAJIbHBIX BOJ

KomitoHeHThI

Meron ananusa

[Tpubop

HpO6JICMHa51 HAaY9HO-HUCCJIICAO0BATCIILCKAAI

abopartopusruaporeoxumun Hayuno-obpaszoBatenbHoro nentpa «Bomga» (r. Tomck)

VYOIl Konnykromerpus Konaykrometp
pH [ToreHuromeTpust
_ — = o AnanuzaTop XUAKoCTH «AHUOH 7051»
HCO;3', COs7, CI', Ca™", OX, Mg TutpoBanue
COxcs) Tutpumerpus -
NO; CrniekTopoMeTpust Cnextpomerp UNICO 2100
C BricokoTemmneparypHoe Anamm3zarop yriepona VarioTOCCUBE
o KaTaTUTHIECKOE OKHCTECHUE (Elementar, I'epmanus)
F [ToreHnmomeTpus Ananu3zarop kuakoctu «AHnoH 7051»

F, CI', Br, NO3, SO, NO,, PO,”, Li",
Na*, K*, NH,*, Mg*, Ca*

HNonnoobmenHasxpomaTorpad

s

Xpomarorpad 1CS-000 «Dionexy (CIIIA)

lo6mr., Mn, Zn, Cd, Pb, Cu

NuBepcroHHas BOJIbTAMETPUS

Amnanuzarop TA-4

Al

ATOMHO-a0cOpOIIMOHHAS

CIIEKTPOMETPHSI

AToMHO-abcopOroHHbIH ciekTpomeTp MTA-915

(Poccus)
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[Tponomxkenue Tadmuibl b.1

Li, Be, B, Na, Mg, Al, Si, P, SO4, ClI, K, Ca, Sc,
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As,
Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag,
Cd, In, Sn, Sb, Te, I, Cs, Ba, La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W,
Re,Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Th, U

Macc-cnekTpomeTpusi ¢
UHIYKTUBHO-CBS3aHHOM

J1a3Mon

Macc-cniekrpomerp NexION 300D (PerkinElmer,
CIIA)

LleHTp XUMHUECKOTO aHaIM3a U PU3NYECKUX UCTIBITaHNI BocTouHOrO KHTaic

KOI'0 TEXHOJOTUYECKOro yHuBepcuteta (r. Hanbuan)

HCO;, CO5* TutpoBanue -
NH.,", Fe**, Fe¥* Si CrniexprooTOMETpHS Crnexprodoromerp UV-5800
ATOMHO- . .
ATomHBIN (QuryopectieHTHBIN criekTpomeTp AFS
As, Hg dayopeciieHTHas
200S
CHEKTPOMETPHUS

S0,%, CI, F,NOs;, NO,,PO*

Nonnas xpomarorpadus

Nonwnsriit xpomarorpad 1CS-1100

K*, Na*, Ca**, Mg, Fe, Cu

ATOMHO-IPMHUCCUOHHAS

CIIEKTPOMETPHS

ATOMHO-3MHCCHUOHHBIN CIEKTPOMETP C

WHIYKTUBHO CBA3aHHOM 1a3zmoit iCAP7400

Cd, Pb, Cr

ATOMHO-a0CcOpOIIMOHHAS

CIIEKTPOMETPHSI

AToMHO0-abcopOIronHbIi ciekrpoMetpiCE3500

Li, Be, B, Al, Se, V, Mn, Co, Ni, Zn, Rb, Sr, Y,
Mo, Cs, Ba, U, Th

Macc-criektpoMeTpus

Macc-cnekTpoMeTp ¢ MHAYKTUBHO CBS3aHHOM

mirasmoit Element 2
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IHpuioxenue B

(cpaBo4HoOe)

Coaep:xaHue MUKPOKOMIIOHEHTOB B TePMAJILHBIX BoAax npoBuHuuu L3saucu

Tabnuma B.1
ConeprkaHre MUKPOKOMIIOHEHTOB B TEPMAIbHBIX BOAAX MPOBHHIIUH 1[3stHCH, MKI/IT
KoMmmnonenr Yriaekuciablie A30THBIE ?ﬁii?;iﬁgfa?’[oz}g]ﬂ

Li 31,06 —1256,72 | 210,56 — 339,20 13.0
224,78 253,60 ’

86 Q%A_B 9240—;13& 0,19

B 4,953;;3;5,59 54,82 E;2%527,5946 77.9
Al ;%,@ 10,2f9T5?él,95 29

Ti M| AR 174

- 0,08 1—2751,560 Q%ﬂ 54,5

o 267 ??6%%30,10 %5_0 481

Co 0,005’62%,201 O’OO%?QB gi0108 0.39

. Q%?Z_lei& %ﬁ 3,58

o o,ooz% = S§,3372 &%& 5,58

Zn 9'062;2%30'% Q’%’ﬂ 44

Ga Q’%'& l%’% 037
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[Tponmomkenue Tabnuipsi B.1

- 024 _ 14.45 241462 )
212 3.46
0.05-8.13 3.92 12.00
As 138 6.06 1,46
0.05_ 239 0.05_ 1.09
Se 021 021 0.72
491 28,08 474633
Br 10.76 5.43 85,2
1614 58674 | 14.69_37.76
Rb 62.75 26,87 1,86
67.35_ 147656 | 24.23_ 132.73
Sr 26403 5343 183
Y 0.01_0.75 0.01_0.02 )
0,03 0,02
001028 | 0.0252_ 00275
ar 0,02 0,0265 1,20
0.002_0150 | 0.009_ 0019
Nb 0,010 0,014 0,45
0.48 2456 | 18.34_ 338511
Mo 3.75 2313 1,75
0.02_023 0.0015 _ 02619
Ag 01 0,0201 0,26
0.01_ 342 0.02 _ 4654
Cd 0.16 0.32 0,24
0.004_ 0092 | 0.005_ 0017
Sn 0.015 0,009 0,39
0.01_ 147 0.005_ 0,075
Sb 0,03 0.025 0,68
05_24 03_12
| o=l e 8,02
31803 26.6 - 63.6
Cs 16.9 355 0,26
3.7_ 2102 25_54
Ba —’—’—32’2 —’—’—4,0 18,3
0.004_ 018 0.005 0,04
La 0,01 0,01 0,67
e 0.00 - 0.254 0.003_ 0,093 )
0,018 0.017
o 0.001_0040 | 0.0053_0.0098 )
0,003 0,0072
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[Tponmomkenue Tabnuipsi B.1

" 0.001-0130 | 0,001-0017 )
0,008 0,007
- 0.002-0028 | 0.002—0004 )
0,004 0,003
o 0.001 _ 0.008 ] )
0,002
iy 0.001_0047 | 0.002—0003 )
0,005 0,003
0.0003 - 0,0119
b 0,0016 - -
oy 0.0007 — 00959 | 0.0027 — 0.0029 )
0,0054 0,0028
» 0.0014 — 0.0235 ] )
0,0043
0.002 — 0.053
Yb 0,009 - -
" 0.001 — 0.008 ) )
0,002
i 0.0009 — 00021 | 0.0005— 0.0012 )
0,0016 0,0007
- 0.004_0031 | 00180040 )
0,01 0,024
W 0097257 | 29.93_ 9564 )
6.62 51.16
0.05 - 050 0.02_0.05
Hg 0.12 0,03 411
0 0.02—2.79 0.02_0.13 )
0.16 0.05
0.01_2.29 0.03_0.07
Pb 0.15 0.05 2,97
o 0.003-0017 | 0.002-0006 )
0,007 0,004
0.001-006 | 0.008_0033
Th 0,006 0,016 0,24
01-96 0.004_0.158
U 05 0,036 1,31
HpI/IMeanI/Ie: B YUCIIUTCIIC ,Z[pO6I/I — MHUHUMAJIBHOC U MaAKCHUMAJIBHOC

COACPIKAaHUEC, B BHAMCHATCJIC — CPCAHEC 3HAUYCHHUC
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Ipunoxenue I

(cpaBo4HoOE)

Yprl'[HeHHaH CMETa HA UCCJIEAOBAHNE XUMHUYIECCKOI'0 1 U30TOITHOIO CoCTaBa TEPMAJILHBIX BO/I IPOBHHIIUHA H?:HHCI/I

Tabnuna B.1 — YkpynHeHHast cMeTa Ha UCCIIeJOBAaHHE XUMUYECKOTO U M30TOMHOTO COCTaBa TEPMAJIBHBIX BOJT

aHaJiM3 n30ToImHoro cocrasa 100 mur

: - ~ P m o
= = \© X~ e < C A
2 ) 2 = S - x <o m s £ 8
o O T gWQ E O — 05355—1»:?51:3&) S:Lgd.)
= < a5 S | O 2 T O Ho|lx S g o o= g .
~ o¥ =~ s IS ) o)) O 0 I 22N o = an) Ol K o, O
HanmenoBanue pabot u 3arpar = = SS| ESE| 282 XI55S 5|55 2] % 2 2 & 2
= 2| 23| E28| 58 |=s2=2&8¢c|f2505 "5 z=2H
2| g g8 a3 588 |TEEg"_e |82
o s S o o ©
= & O 2 = s &
1 2 3 4 5 6 7 8 9
Bcero Ha uccie1oBaHue XMMHYECKOT0 M H30TOIMTHOTO COCTABA TepMaibHbIX BOA: | 1 192 645,22
HIC 18 % | 181 928,93
Bcero Ha uccie10BaHie XMMHYECKOT0 M M30TONMHOI0 COCTaBa TepMaJibHbIX BoA 0e3 yuera HJIC: | 1 010 716,29
1. ITosieBbIE MCCIEIOBAHNS
1.1. Mamepuanwi
[TnacmaccoBast mocyaa Jjist Ipod BOMABI
yAa AU TPOD BN (yvka | 30 | - - - - 35,00 1050,00
0,571
[ImacmaccoBas mocyaa s MpoO BOJBI
A& JUBL HPOD BOAGL| yypvka | 30 | - - - - 25,00 750,00
100 mn
CreksHHAs mocyaa Ui MpoO BOJbI HA
yA& AU TpOD BO mryka | 30 | - - - - 100,00 3000,00
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[Tponomxkenue Tadmauib B.1

1 2 3 4 5 6 7 8 9
1.2. Pacxoovl na npoxcusanue (Ha 4 oyt 10 _ ] ] i 8000.00 80000.00
YeJI0BEKA)
1.3. Tpancnopmuwie pacxoowl - - - -
Buemnunit (aBuamepener  Tomck- Swier | 4 i i i i 45000,00 180000,00
[Nexun-Hanbuan-Ilexkun Tomck)
1.4. Omb6op npood
Otbop mpob TePMAIBHEIX  BOL Ha | |6 | o | CBI-1 60| 5590 44,50 204,70 2456,40
001 XUMHUYECKHI aHAIN3 1999
OT6op mnpod TEpMabHBIX BOJ Ha CBI] -
MHUKPOKOMITOHEHTHBIHN aHanau3 | mpoda | 12 1999 4,60 é 44 50 204,70 2456,40
(metomom ICP)
Otbop mpod Tepmambhbx  BOR WA | 5. | qp | B, 60 | g o 44,50 204,70 | 245640
aHaJIu3 U30TOMHOr0 COCTaBa 1999
Onpezeserye HEYCTOHIHBBIX | |\ oo | 12 | CPLLT 5900 | 348,00 44,50 129050 | 15486,00
XUMHUYECKUX KOMIIOHCHTOB B BOJIC 1999
2. JlabopaTopHbie padoThI
2.1. Obwuii xumuveckuii anaius 600vl | mpoda | 12 CbI - 67,30 807,60 44,50 2994,85 35938,20

1999




[Tponomxkenue Tadmauib B.1

1

2.2. Ycnyeu cmoponHux opeanusayuil

()HpeneneHHe XUMHUUYCCKHUX JJICMCHTOB
metogom ICP(Li, Be, B, Al, Si, P, Sc,
Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, Ge,
As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Ru,
Rh, Pd, Ag, Cd, In, Sn, Sb, Te, I, Cs,
Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb,
Dy, Ho, Er,Tm,
YDb,Lu,Hf, Ta,W,Re,Os,Ir,Pt,Au,Hg,Tl,
Pb, Bi, Th, U)

npoba

12

4000

48000

i
AwHaimu3 U30TOIOB BOJILI D 1 0

npo0a

12

4000,00

48000,00

3. KamepasabHble padoThl

3.1. Kamepanvras oopabomka
PE3YIbMaAmo8 XUMU4ecKko2o aHaiu3d
8000l

%

20

CBII -
1999

20

165149,72

3.2. Cocmasnenue mexnuuecko2o
omuema

OTYCT

CBII -
1999

12%

19817,97

4. 3apadoTHas miara (MHXeHep-
TUAPOTE0JIOr)

pyOmu

41100,00

123300,00




Ipuioxenue /I

(cmpaBouHoOE)

Pasznen 6

The thermal waters direct use

CrygneHr:
I'pynna [0 (0] Hoanucey Jara
2BM41 3unna Enena BnagumupoBHa
KoncynbpTant kadeapsl (ab0peBuatypa kadenpsl)
JIOJIZKHOCTD ()4 (0] Yuenas crenem, Moanuck Jara
3BaHHE
Marseenko Upuna
oi. kad. VIAIIP .(0.H. IOLEHT
Jou. xadp AnekceeBHa A-$-H. zon
KOHCY/IbTaHT — IMHTBUCT KadeIpbl (ab6peBuaTypa Kaeapel)
JIOJIZKHOCTD ()4 (0] Yuenas crenem, Moanuck Jara
3BaHHUE
Marseenko Upuna
oi. kad. VIAIIP .(b.H. IOLIEHT
Jou. xady AnexceeBHa A-¢-1. zon




In Jiangxi province, thermal waters are used, for the past decade, as
geothermal energy sources, involving heat pump technology or the direct use of low
enthalpy geothermal energy for heating and/or cooling, has increased steadily
throughout Jiangxi Province. The development is usually in small units, providing
heat and/or cooling to commercial buildings, local government or university
buildings and some private houses. Due to high cost for electricity and fossil fuel in
the province, the development has proven to be economically attractive. This kind of
use of geothermal energy will be paid more and more attention to by estate
companies and various investors because of the government’s favorable policies such
as reducing or remitting taxation to support the utilization of renewable energy.

Developers continue to be interested in geothermal resources for recreational
and therapeutic use in resorts in the province. Many drilling projects testing for
geothermal waters for these applications have been carried out and more than 10 hot
spring resort hotels have been built in the geothermal areas for the past ten years in
the province. One of the most famous hot spring resorts in the province is the Lushan
Tianmu Hot Spring Resort which is located in the Lushan Hot Spring Area of the
northern Jiangxi Province.

In the hot spring resort, the numerous fascinating hot spas and swimming
ponds have attracted millions of visitors every year from all over China.

Vegetables, flowers and fruits from greenhouses heated by geothermal waters
have become more and more popular in the market of the province. Aquaculture use
of geothermal energy has been also increased for the past decade. Tilapia, salmon,
trout, shrimp or prawns and eels are the most common fish raised in the province.

There are more than 3,000 locations of natural hot springs distributed
throughout various locations in China. Dense hot springs with highest temperatures
are concentrated along two zones. One is from Tibet to the western Yunnan province;
the other is along the south-eastern coastal area, including the Fujian, Guangdong,
Taiwan and Hainan Provinces. In addition, there are about 3,000 geothermal wells

drilled in China distributed in both plain and basin areas.
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As an example of geothermal high temperature convection system the Dagejia
Geyser regularly gushes out steam and hot water to a height of 20 m. In the
Yangbajain geothermal field deep exploration has uncovered temperatures up to
329.8 C. all high temperature convection systems are located in Tibet in the east
section of the global Mediterranean — Himalayan geothermal zone. Due to the most
recent Neo-tectonic movement, intensive, hydrothermal convection happens from
high temperature areas in the vicinity of a magma chamber under thin crust via faults
to the surface. By reconnaissance, 131 high temperature geothermal fields were found
along this zone. Eight of them have a temperature higher than 200 C. The Yangbajain
geothermal field is a typical example of this type of system. The well ZK4001
completed in 1997 yielded 302 tons per hour of steam and hot water.

It’s wellhead temperature was 200 C. The working pressure was 14.7 MPa. Its
single well potential for power generation is 12.58 MW. About 3,000 geothermal
wells have been drilled in China. Most were drilled in large to medium sedimentary
basins. These geothermal resources belong to conductional geothermal systems.
Bedded permeable strata can form porous or karst reservoirs. When situated under an
impermeable “cap rock™ so that heat is preserved within the rock, the reservoir gains
heat through conduction from deeper strata. The highest temperature found in drill
holes is 120 C. But most are less than 90 C, which is classified as low temperature
resources (geothermal water).

A total of 103 geothermal fields have been explored in China and the
exploitable geothermal water resources amount to a total of 333 million m® annually.
Detailed surveys for another 214 geothermal fields have been conducted and the
associated exploitable geothermal water resources are 500 million m® annually. Most
of these geothermal fields are located in sedimentary basins. The sum of the
geothermal resources reserved in the main sedimentary basins has been estimated as
73.61 1020J, equivalent to a total heat of 250 billion tons standard coal. The potential
of exploitable geothermal water resources is 6.845 billion m* annually, equivalent to

32.847 million tons standard coal annually.
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Hot spring water and medium-low temperature geothermal resources has
comprehensively been used as new energy in China since 1970s. It is utilized for
space heating in the winter in addition to agricultural greenhouse heating,
aquaculture, bathing and medical care etc. There has been a great increasing in recent
years to meet the demand of of the modern market economy. Geothermal water can
be effectively used for space heating in winter season especially in northern China
instead of conventional fuel boiler. It diminishes air pollution, so it is in people’s
good graces. The total area of geothermal space heating reached 17 M m? in the
country in 2007. Geothermal greenhouses have substituted the rough cultivation
methods of the past in the countryside of northern China. It produces a variety of
high-ranking vegetables during all season. It has also greatly increased the value of
farm products. There are a total of 0.8 M m? of greenhouse in the country now,
mainly in northern China.

The Southeast Coast Low-Medium Temperature Geothermal Belt - This belt
traverses Fujian, Guangdong, Eastern Jiangxi and Southern Hunan Provinces in the
southeastern part of the country. Over 600 hot springs, mostly with temperatures in
the range 40 — 800 °C, have been discovered. There are 26 systems with temperatures
80 — 950 °C. In 1970 a 286 kW experimental power station, consisting of two units,
was constructed in this area at Dengwu, Guangdong Province. The plant continues in
operation today, although at low efficiency due to the low fluid temperature (910 °C).

The E. Shandong/E. Liaoning Peninsula Geothermal Belt - This belt lies to
the east of Beijing and has about 70 hot springs. Temperatures are in the range 40 —
700 °C, with a few as high as 900 °C. In 1977 a 100 kW experimental power plant
was built on the Liaoning Peninsula at Yingkou. It was shut down several years ago.

The Fen/Wei graben area to the west of Beijing - The pattern of hot springs is
“S” shaped, conforming to the graben. Temperatures in the northern and southern
parts are higher (60 -800 °C); in the middle, lower (40 — 600 °C), probably reflecting
different circulation at depth. In 1971 a 200 kW experimental power plant was built

at Huailai in Hebei Province. It has since been shut down.
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The second type of low-medium temperature geothermal resource is thermal
water associated with conductive systems in large sedimentary basins. Basins are a
prominent feature in China, comprising 36 % of the country. Nine basins in eastern
and central China have been found to have large geothermal resources. They include
Song-Liao, Lower Liaohe, North China, Northern Jiangsu, Feng-Wei, Ordos,
Sichuan, Lei-Qiong and Chuxiong. The recoverable thermal water in these basins is
equivalent to 1.8 billion tons of coal. The recoverable resources in North China and
Northern Jinansu Basins make up 73 % of this total. For this reason, these two areas
are the most promising for development of low-medium temperature geothermal
resources in China. Feng-Wei and Lei-Qiong Basins are small, but are promising for
development because the water quality is good and the flow rate is satisfactory for
exploitation.

Except for Chuxiong Basin, the water quality in the other Mesozioc Age
basins such as Sichuan, Ordos and Song-Liao appears to be poor and not promising
for development. Basins in western China such as Tarim, Chaidamu and Zhungeer
offer little promise because of poor water quality, including high salinity.

Yangbajian — Located 90 km to the northwest of Lhasa City, capital of Tibet.
The field has a total area of about 15 km?, although the accessible part of the upper
reservoir from which hot fluids can be produced covers only about 4 km?. The field is
controlled by a crisscross of fault systems. There are three northeast compression
shear faults and three perpendicular northwest tension shear faults to form the
boundaries of the field. There is dense and hard granite in the basement of
Yangbajian. The faults extend deep into the reservoir and there are basement faults
passing through the reservoir. The hot water flows up along the faults in the basement
to the Quaternary grit layer to form a shallow reservoir.

Exploration of the shallow reservoir was conducted during the years 1976-84.
The electrical generation potential was estimated at 34 kW. Installed capacity has
grown from an initial 1 MW unit in 1977 to 25 MW currently, generated by nine
single flash, double flash and hybrid cycle power plants. Fluid flows from 18 wells
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approximately 200 m deep. The temperature range is 140 — 1600 °C. Yangbajian
provides 41 % of the electrical needs of Lhasa City, 60 % in winter.

Waste thermal water has been used to heat greenhouses with floor space of
50,000 m?. In 1993, the first deep wells were drilled at Yangbajing. A temperature of
3300 °C was recorded in one of the wells at a depth of 2,000 m. The generation
potential of this single well has been estimated at 10 MW (Ren et al, 1995). This
success led to a prediction that Yangbajian capacity would reach 50 -60 MW by 2000
and 120 - 160 MW by 2020.

Langjui — Located in the far western part of Tibet. The field has an explored
area of only 1 km?. In the early 1980s, 13 wells were drilled within this area.
Temperatures were 100 -1050 °C. The initial estimate of capacity was 10 MW,
although this number has probably been reduced because of downward leakage of
cold water which damaged part of the geothermal reservoir. Since 1987 there has
been a 2 MW plant in intermittent operation at Langjui.

Naqu — Located near the town of Naqu, about 300 km north of the capital of
Tibet, at an elevation of 4500 m. Exploratory drilling, beginning in 1984, located a
0.6 km? shallow reservoir with temperatures up to 1700 °C. The area heated by
concealed shallow flows is about 10 km®.

In 1993, the Government of Tibet, with the aid of the UN Development
Program, installed a 1 MW, binary cycle plant, using an Ormat Energy Converter.
Successful operation of this plant over time will serve as a demonstration of this
approach to supplying the electrical needs of numerous towns on the Tibetan Plateau.

Yangyi — Located 45 km southwest of Yangbajian, at an elevation of 4,550
m. Fifteen wells (0.3 - 1.1 km) have been drilled, outlining a small (1.6 km?) up flow
center, probably caused by the intersection of fracture zones. Reservoir temperatures
as high as 2070 °C were measured within this area. At the time, this was the first
instance of a downhole temperature above 2000 °C on mainland China. Surface
manifestations associated with shallow, migrating fluids cover an area of about 11

km?.
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. The water quality is good. The concentration of CO, is relatively low,
despite the significant presence of non-condensable gas in the water. Problems from
CaCO; scaling should be minimal.

Parameters of the geothermal reservoir proved to be stable. Temperature,
pressure and flow rate were stable during almost 900 hours of testing in the early
1990s. The estimated generation capacity is 30 MW. Development of the Yangyi
Field, initially with 10 MW, is a high priority of the Chinese geothermal community.

Rehai — Located 11 km southwest of Tengchong Township in the
westernmost part of Yunnan Province, near the border with Burma. Strong
hydrothermal manifestations, which include boiling springs, fumaroles and steaming
ground, cover an area of about 10 km?.

Geophysical measurements indicate the crustal layer beneath the surface of this
field is only about 7 km thick. Away from the center, the thickness of this layer
gradually increases, taking the shape of an umbrella and providing conditions for the
formation of a geothermal reservoir or a magma chamber. Thirteen shallow test
holes, ranging in depth from 100 to 400 m, were drilled during the period 1976 to
1992. Based on measurements from these and other information, it is possible to say
that Rehai is a hot water system with a magmatic heat source of about 400 to 6000
°C. The reservoir temperature is estimated to be 230 to 2750 °C. The electric
generation potential cannot be estimated accurately due to a lack of adequate drill
holes, but the field may be one of the richest in China.

Lanpu — Located 10 km south of Rehai and usually considered part of Rehai.
The area of the geothermal field is about 4.5 km® The reservoir temperature is
estimated to be in the range 160 to 2200 C.

Ruidian — Located 60 km north of Tengchong township in Yunnan Province.
The field has an area of about 3 km” and an estimated reservoir temperature of
1900 C.

Ruili — Located on the bank of the LiJiang River near Ruili City, which is an

important southwestern commercial and trading port on the border with Burma, about
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100 km south of Tengchong. The field is 12 km® in size. Reservoir temperatures are
in the range, 215 to 2300 C.

This field is also high on the priority list for development, most likely with an
initial plant of 3 -5 MW capacity.

Litang — Several small fields located in western Sichuan Province, near
Litang township. Reservoir temperatures are in the range, 190 to 2200 C. The electric
generation potential is probably less than 10 MW because of the limited reservoir
area.

Qingshui — Located in east Taiwan. Seven productive boreholes have been
made, the deepest about 3,000 m. Downhole temperatures as high as 2300 C have
been recorded. In 1981 anexperimental, single flash power plant, with 3 MW
capacity, was constructed.

Tuchang — Located in east Taiwan. The field lies in a slate formation.
Reservoir temperature, at 445 m, is 1730 C. In 1985 an experimental, binary cycle
power plant, with 0.3 MW capacity, was built.

Tatun — Located in east Taiwan. The field lies in a volcanic region.
Exploration of a deep reservoir (1500 m) has found temperatures up to 2930 C. The
estimated generation capacity is about 100 MW.

China has several problems impacting the prospects for development. Among
these is the uneven distribution of geothermal resources. High temperature resources
are concentrated in Tibet, W. Yunnan, and W. Sichuan Provinces along the
Himalayan Geothermal Belt. Lowmedium temperature resources are widespread in
large scale sedimentary basins. However, thermal water in basins from western China
has little promise because of high salinity. Another problem is a lack of accurate
assessments of geothermal resources for the whole country.

A shortage of indigenous investment capital is also a problem. Exploration
and development of geothermal resources is expensive and bears risks. China does
not have the large amounts of money needed. It would welcome either foreign
investment of formation of joint ventures, in the form of either build-operate-own or

build-operate-transfer. Prelininary analysis has shown that, for a 10 MW geothermal

91



power plant, the time for investment recovery will be more than 5 years in Tibet and
up to 6 years in W. Yunnan

Finally there are technical problems that must be overcome. Corrosion and
scaling are two common issues in the use of geothermal resources. In the Yangbajing
geothermal field, these conditions are especially serious. Better resevoir engineering
is also needed. Reinjection of fluid back into the resevoir is important both for
efficient use of the resource and for environmental reasons. Unfortunately this is not
done in most cases. For direct uses, better heat exchange technology is needed.
Although some research on heat exchangers and heat pumps has been done in China,
it has not been applied to production units.

Chinese planners have identified a need to meet a persistent electric
generation shortfall in remote regions such as the Tibetan Plateau, western Sichuan
and western Yunnan Provinces. Geothermal energy is attractive because there is little
fossil fuel and the national and regional electric grids do not reach these areas.

The geothermal community sees the priority tasks as follows:

* Accelerate the exploration and use of the deep reservoirs at Yangbajing. The
objective would be to meet the electric needs of the Lhasa area.

* Develop the Yangyi Geothermal Field with a modern 10 MW-size power
plant.

* Explore the deep reservoirs in the Naqu Field and expand the existing
installed capacity.

* Establish a 3 - 5 MW pilot project at the Ruili Geothermal Field, followed
by development of the Rehai Field with a 10 MW plant.

* Develop the fields around Litang in western Sichuan.

China is the second largest user of geothermal energy for non-electrical
purposes. Thermal water is used directly for industrial and agricultural processes such
as dyeing, drying of fruits and vegetables, paper and hide processing, air
conditioning, and preheating boiler feed water. Four provinces are the most active in
their use of geothermal resources for direct uses, Hebei, Tianjin, Shandong, and
Tibet.
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Space heating is a common application in North China where over 1.3 million
m? of floor space is heated. The largest project is in Tianjin where about 50 wells
provide thermal water with temperatures up to 970 C to heat a total area of 805,000
m?.

Greenhouses are also major users of geothermal energy. In 1990 China had
about 1.2 million m? of geothermally heated greenhouse space in 17 provinces, with
Hebei Province accounting for the largest share.

Fish farming is another rapidly growing application. There are over 1.6
million m? of fish ponds in 17 provinces. The projects include African carp, eels,
shrimp, turtles and snails.

Medical treatment and tourism are the oldest applictions of termal water. In
recent years the use of hot spring resources for medical treatment and tourism has
developed rapidly. The number of sanatoria in China is over 200. Reportedly there
are about 600 baths and 23 swimming pools.

Space heating projects in Beijing are spread over a large area of the city,
although there are no large central heating systems.

Geothermal aquaculture has experienced a widespread increase in southern
China, in part, due to the high value that they feed some valuable species for export.
There are over 200 aquaculture farms with a total area more than 3 M m? feeding in
the country now, mainly in southern China in the Guangdong and Fujian provinces.

Hot spring bathing is a tradition favoured in by China’s ancient civilization.
There are about 1,600 places of public hot spring bathing houses and swimming
pools in the country. And these account for the largest share of geothermal direct use
in China. In recent years, hot spring paradises or hot spring worlds have evolved
rather quickly, especially in large cities like Beijing, Tianjin and Xi’an, and coastal
areas, such as the Guangdong and Fujian provinces. Medical curing using hot spring
is the similarly favour in China. There are 420 places using geothermal water for
medical treatment. They either utilize existing hot springs or geothermal wells. One
example is the Jiu Hua Spa Resort, located in the Xiaotangshan geothermal field in

the northern suburb of Beijing. It is a modern geothermal recreation and health care
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center. They have hot spring baths, hot springs with medicine baths, mineral mud
baths, hot spring swimming pools and various hot spring physiotherapy facilities.
These are used extensively for recreation and health care, with an annual income over
600 M CNY (1 USD equals about 7 CNY) in 2007. Medium-low temperature
geothermal water are also used for other industrial or agricultural purposes, such as
drying, cooling, washing and irrigation etc.

According to the statistics of the World Geothermal Congress 2005, China is
in first place on the list of top geothermal direct use in the world. It reached 12,603
GWh/a in 2004. In 2007 the number has reached 18,900 GWh.

Hot spring bath and medical treatment have had long historical record over
two thousand years in China. Geothermal as energy resource utilization started
basically in 1970. At that time, world’s first crisis of petroleum price induced that
many country governments started to pay attention to new energy development. Prof.
J.S. Lee, the Minister of Geology called upon to use geothermal energy in China. He
said that geothermal is a new energy in human history, and is a new domain for
geological work. Under the times of planning economy, geothermal exploration in
Beijing gained advice and deepened research from professors and researches;
geothermal comprehensive use in Tianjin also gained such support.

Professors and researches designed and advised geothermal practices. Such
combination among production unit, university and institute created full success.
Seven medium-low temperature geothermal power plants and Tibet Yangbajain high
temperature geothermal power plant all completed in 1970s. Various geothermal
comprehensive utilizations ran successfully in Fujian and Guangdong coastal areas.
But, geothermal at all is a new business. Such initial projects include simplified and
humble assembly and material. There were some shortcoming such as low efficiency,
geothermal corrosion and scaling problems. For above medium-low temperature
geothermal power plants, five of them ran for several years only. They were stopped
by equipment aging. Similar problem caused low tide of geothermal utilization in
1980s.
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In fact, the “icing on the cake” is historical misinterpret. Even at that time, the
Yangbajain geothermal power generation made great contribution for the power
supplying in Lhasa city. Geothermal space heating in Beijing and Tianjin saved a lot
of coal, and reduced air pollution. Geothermal greenhouse planting and aquaculture
feeding all created high economic value and served social demand. Hot spring bath
and medical treatment increased people’s health and improved people’s living
condition. The geothermal used energy in China is the first place in the world.
Chinese geothermal utilization made significant contribution.

The earliest geothermal power generation in China is installed in Dengwo of
Fengshun county, Guangdong province.

Geothermal water with 92°C temperature generated 86 kW electricity at the
beginning. The Minister of Geology sent telegraph as congratulation. At later, a 300
kW geothermal power station had been running there until 2008. In 1970s there were
7 such medium-low temperature geothermal power stations ran successfully. Except
above one, the others are 300 kW Huitang of Ningxiang county in Hunan province,
200 kW Houhaoyao of Huailai county in Hebei province, 300 kwW Tangdongquan of
Zhaoyuan county in Shandong province, 200 kW Xiongyue of Gaixian county in
Liaoning province, 200 kW Reshuicun of Xiangzhou city in Guangxi province and
100 kW Wentang of Yichun county in Jiangxi province. Even though they had only
small installed capacity of total 1.6 MW, however they are Chinese independent
achievement. No exported equipment. No foreign expert. The used flashing method
and binary circulation method are the same technology as in the world.

In addition, high temperature geothermal steam power generation got success
in Yangbajain of Tibet in 1977. The initial installed capacity is 1,000 kW. Then
others 8 units with 3 MW each were installed later. It completed total installed
capacity 25.18 MW in 1991. Geothermal electricity satisfied power supply in Lhasa
city for 40% at the summer and 60% at the winter at that period. Up to date,
Yangbajain power station still run over 6,000 hours and generates about 120 GWh

per year.
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In recent some 20 years, there was almost no increase of geothermal power
generation. Chinese geothermal power generation is listed the 15th position for
installed capacity and the 14th position for annual generated electricity. Why it had
not progress? There was a misplay in Chinese geothermal trade. Even geothermal
experts said that medium-low temperature geothermal power generation was feasible
technically, but infeasible economically. This is a historical bias in fact.

Under present status of promoting renewable energy use, solar PV installation
cost is 100,000 CNY for per kW, but it has been growing in many projects. However,
the installation cost for medium-low temperature geothermal power generation is
10,000 CNY for per kW only. It is never “infeasible economically”. There are richer
high temperature geothermal resources in China. According to exploration and
detailed survey completed in Tibet, high temperature geothermal resources have a
potential of 137.5 MWe installation capacities. The production well ZK4001 in
Yangbajain geothermal field has working pressure 15 bars, working temperature
200°C, two phase flow 302 t/h and including steam flow of 37 t/h, therefore its single
well potential is 12.58 MWe. In addition, by reconnaissance data estimated the
geothermal resources potential is 299 GWe in Tibet. Except these, there are rich
medium-low temperature geothermal resources in China. At least, we can use
medium temperature geothermal resources for power generation as the first step, and
then the used thermal water can be still used again for comprehensive utilization.
This cascade utilization will fully use geothermal energy to bring into further play.

Geothermal power generation will also contribute to the reduction of CO, emission.
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Figure 1 - 1,000 kWe screw-expansion engine installed in Yangbajain geothermal
power station in Sep. 2008

We have had experiences for 30 years in binary circulation method for
medium temperature geothermal power generation. We also developed the
technology on screw-expansion engine application in geothermal power generation.
Such an installation of screw-expansion engine with 1,000 kWe capacity has been
installed in Yangbajain power station by using the discharged waste thermal water of
80°C. It has been taken dynamic debug.

Hot springs distributed in every provinces in China. Geothermal resources
stored in large and medium sedimentary basins in plain regions. Chinese used energy
for medium-low temperature geothermal resources is the first place in the world.
Geothermal direct use includes space heating, greenhouse planting, aquaculture
feeding, industrial and agricultural use, bath and medical treatment, and relaxation
and health health preservation etc. aspects.

Geothermal district heating is the best utilization for low temperature
geothermal resources with little less than 90°C. Geothermal district heating in Tianjin
occupies 70% of the whole country’s geothermal heating. It increased almost 1
million m? per year recently. Geothermal district heating in Xianyang, Shaanxi
province owns the second place. It increased almost 0.5 million m? per year recently.

In addition, the Xiong county (Hebei province) geothermal district heating project,
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which got support by the Asian Development Bank loan, is implementing to increase
1.1 million m? heating. The annual growth of geothermal district heating is about
10%.

Traditional hot spring bath and medical treatment own a half capacity of
geothermal direct use in China. In recent years, hot spring bath has risen into health
care and relaxation progressively. The increased service items and quality have raised
humanism and the culture of hot spring. Various hot spring resort, hot spring
conference center, hot spring health preservation garden and hot spring paradise etc.
new projects debut year by year in Beijing, Tianjin and costal region.

These attracted more consumers to enjoy comfortable life. Proprietors gained
money from the operation. It made a good circulation for further growth. The Chinese
Hot Spring Forum held close by the famous ancient Huaqing Pool hot spring in
Lintong of Xi’an city last winter. Hot spring bath was added new content of hot
spring culture. It made the local hot springs increased higher rank and economic
benefit.

There is not significant increase in geothermal greenhouse planting and
aquaculture feeding. But small growths can be seen in many places. The Asian
Development Bank loan supported the geothermal comprehensive use project in
Ningcheng of Inner Mongolia has been approved. It focused in geothermal district
heating for new 160,000 m®. But the circulated thermal water will be used for
greenhouse and aquaculture. They planned to create hot spring relaxation and tourism
also, in order to enlarge local geothermal economy.

Geothermal still has small utilization in textile and light industries techniques.
Agricultural products can use geothermal drying. And geothermal water also can be
bottled to produce mineral water.

Ground source heat pump (GSHP) is used to extract shallow geothermal
energy for winter space heating and summer cooling, and provide hot water supply to
buildings. This is a new industry with very fast growth in recent some 20 years.

It is also a new domain for geothermal development. It has been recognized

popularly that GSHP could save energy, increase efficiency and reduce CO,
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emission. Such shallow geothermal energy can be used everywhere. Its developing
cost is much lower than conventional geothermal resources. Therefore, both the
GSHP installed capacity and used energy have a significant very fast growth in the
world, especially in U.S., north Europe and west Europe. Since 1995, its average
annual increase has been reaching over 20%.

The world’s authorized experts have predicted the further prospects: It would
keep an annual increase of about 22% until 2020. Then the annual increase rate
would decrease into 10~9% progressively. But its increasing numbers would still
show a steep rising curve. GSHP has a long history for research in China. But actual
application started at the time of entering the 21st century. However, a rapid growth
started in 2004. There was an engineering building area of 7.67 million m* of GSHP
in 2004. It reached into 20.35 million m? in 2006 and 38.00 million m* in 2007. Its
installed capacity equals about 1,900 MWt. This number has entered the top five
countries. The rank is U.S., Sweden, Germany, France and China. Follow the present
speed and programming, China will enter the top three countries soon.

GSHP has proper application condition in the North China. There will be 4
months for winter space heating and 2-3 months for summer cooling. So Beijing has
a bigger application. And Tianjin has a similar situation they used GSHP to heat
circulated conventional geothermal water after heating use. The biggest GSHP
application in China is in Shenyang city. The winter heating there needs for 151 days
but summer cooling needs for about 30 days only. Rely on the promoting by the city
government, it is stipulated that new building has to use GSHP, and old buildings
were planned for reform using GSHP. Due to the very good hydrogeological
conditions in Shenyang, it provided relative lower cost and simpler techniques. Thus
GSHP increased 15 million m? building area in 2007, and has planned a new increase
for 17 million m? in 2008, 2009 and 2010 respectively. In the East China, based on
poor coal resource, increased coal cost and environment pollution problem, plus the
air-conditioner heating at winter was destroyed at all in 2008 spring frozen disaster,

therefore the GSHP has become the best choice now.
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The XXIX Olympic Games held in Beijing 2008. The National Stadium
(Bird’s nest), National Swimming Centre and National Gymnastics Hall etc. and
Olympic Village etc. new buildings, all used GSHP partially for cooling, space
heating, hot water supply and sight water etc. aspects. The GSHP applied energy is
26% of total building energy consumption. GSHP contributed to the “Green

Olympics” which Chinese promised.
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Figure 2 - Beijing Olympic National Stadium (Bird’s nest) used GSHP
partially

The hot dry rock (HDR) is called as engineered geothermal system or
enhanced geothermal system now. The research report named “The future of
geothermal energy” was submitted from the Massachusetts Institute of Technology in
this year. The subtitle of the report is called “Impact of enhanced geothermal system
on the United States in the 21rt century”. In order to face the population increase and
the growth of social electrification, and to consider security of energy supply and
confront the economic instability induced by oil price undulation or supply
breakdown, this report was requested to answer that if geothermal energy could
provide 100 GWe base capacity of power generation in 2050. The research result

showed the EGS is possible to provide such electric power and heat energy. The EGS
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is native land resources. It is not like the hydrothermal type high temperature
geothermal resources which restricted by certain geological condition. This clean
energy will cause smallest environmental impact. It can be invested and developed in
reasonable budget to get superiority of running cost. This technology will be solved
within 10-15 years. The report estimated the EGS resources in US are over 13 million
EJ. The exploitable energy is 200,000 EJ. This equals to 2,000 times of base energy
consumption in 2005. EGS has a research history over 30 years in the world. But it is
limited in US, UK, France, Germany, Japan and Sweden.

A few Chinese research papers discussed this topic before. But no actual
activity carried out. However, Geothermal China Energy Society (GCES) signed a
cooperation contract with Awustralian Petratherm Ltd. in 2007. The cooperation
project i1s named that the research on resources potential of EGS in China”. In 2008
both Chinese and Australian experts have investigated in some potential areas.
Further tests analyses and modeling research has been undertaking. For next year’s
plan, advanced geophysical survey such as MT sounding will be carried out. Then
exploration well will be drilled in 4,000-5,000 m depth. The expected temperature is
predicted as high as over 200°C. The well diameter will reach 874°.

Many hot springs have been used in connection with religious rites in Egypt
and by the Jews of the Middle East. The Greeks, Turks and Romans were famous for
their spa development and use from Persia to England.

The word ““spa” traces its origin to a town near Liege in southern Belgium
near the German border. Here a spring of iron-bearing water was used by an iron
master in 1326 to cure his ailments. He founded a health resort at the spring called
Espa (meaning fountain in the Walloon language).

Today, especially in Europe and Japan, the use of medically supervised spas
has long been accepted. They are used for both treatment and preventive therapy. The
former Soviet Union had 3500 spas and some 5000 reconditioning centers all
administered and run by the state. In the former Czechoslovakia, there are 52 mineral

water health spas and more than 1900 mineral springs, which every year about

101



220,000 citizens are granted free spa treatment for three weeks, paid by the national
health insurance program.

Among the famous ones are Karlbad in the present Czech Republic and
Piestany in Slovakia. Many of these spas are being privatized today, and are
dependent on income of visitors from outside the country. In Rotorua, New Zealand,
the Queen Elizabeth Hospital used various mineral waters and hot springs muds to
help soldiers from the WWII Pacific wars recuperate from battle injuries. In Japan
there are over 1500 spas that are used by over 100 million visitors every year. Some
of these international uses have been documented by Hotta and Ishiguaro (undated)
Lund (1992 and 1996) in “Stories form a Heated Earth” (1999), and the Geo-Heat
Center Quarterly Bullet-in (1993).

The Indians of the Americas considered hot springs as sacred places and
believed in the healing power of the heat and mineral waters. Montezuma, the great
Aztec leader, spent time at a spa, Aqua Hedionda, to recuperate from his strenuous
duties; it was later developed into a fashionable spa by the Spaniards (Salgado-Pareja,
1988). Every major hot spring in the U.S. has some record of use by the Indians,
some for over 10,000 years. These springs were also known as neutral ground, to
which warriors could travel and rest unmolested by other tribes. Here they would

recuperate from battle.
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