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I'pu6 O.H., acm.
Ooecckuii 20cy0apcmeeH bl 9KOA02UYECKULl YHUBEpCUmen
PACUET CTOKA BOJIbl 1 CMBIBA XUMHWYECKHNX
BEIIECTB C MAJIBIX BOJOCEOPOB B PAMOHE IOI'O-
BOCTOYHOM YACTH T'OPHOI'O KPBIMA

OcHOBHBIE 3a7a4ll HCCJICIOBAaHUS CTOKA BOJIBI M CMbIBA XHUMHUYECKHUX
BEIIECTB MaJIbIMH peKkaMu tora KpbIMCKOTO MOJIyOCTpOBa B MPUOPEKHYIO 30HY
UEpHOoro MOpss U 3arpsA3HEHHE HWMHU PEKPEALMOHHOM 30HBI  SIBIIAKOTCS
UCKIIFOUYUTENbHO aKTyalbHbIMH. (CBeNEHUs, IIOJyYEHHbIE B pPE3yJIbTaTe
UCCIIEIOBaHMM, HEOOXOTUMBI TSl 2PPEKTUBHOTO BEACHUS PA3IUYHBIX OTpaciei
X0351CTBA, @ UMEHHO 30HbI PA3BUTHUS POMBIIUIEHHOCTH U CEIBCKOTO X0351UCTBA
B CTEMHON YacTH U PEKpPEallMOHHBIX 30H Ha mobepexbe. OcCoOEHHO OOMbIIOe
BJIIUSIHAE HA Ka4e€CTBO BOJ MOBEPXHOCTHOTO CTOKA OKAa3bIBAIOT OOIIMPHBIE €ro
IUIOIAAM, 3aHAThIE CaJaMd W BUHOIPAJHUKaMHU. BbIHOCMMBIE OCTaTKH
MPUMEHSIEMbIX B CaJIOBOACTBE YJIOOpEHUNW U SJOXUMUKATOB SIBISIOTCS
UCTOYHUKOM CMbIBa OHMOTEHHBIX BemiecTB. DOpMHUPYEMBI MOBEPXHOCTHBIM
CTOKOM CMBIB XMMHUYECKHX BEIIECTB BIIMSAECT HA SKOJOTMYECKOE COCTOSIHUE
npuOpexHbIX BoA. KOHTpoOJIb 3TOro CTOKa MPEACTAaBISIET HMHTEpPEC IpH
MMPOEKTUPOBAHUY U PEATU3ALNHU BOJIOOXPAHHBIX MEPOIPUATHH.

N3yyeHue cToka XMMHYECKHMX BEIIECTB C IMOBEPXHOCTH BOJOCOOPOB B
OCHOBHOM 0a3MpyeTcsi Ha JaHHBIX HAOJIONECHHA 3a COCTABOM XHMHYECKHUX
BEILIECTB HA CETH PEYHBIX CTBOPOB. K COXAJIEHWIO, 3TH JaHHBIE Ui IOTO-
BOCTOYHOM dYacTh TopHOro KpeIMa B Hay4yHOM JIMTEpaType MNPEICTABICHBI
HEJIOCTATOYHO IIOJIHO, 4YTO CBS3aHO C MajbIM KOJIMYECTBOM M YaCTOTOU
HAONIOICHU HaJ XUMHUYECKUM COCTAaBOM BOJbI HAa CTOKOBBIX CTAHIUSAX H
MOCTax. DTO CBA3AHO C TEM, YTO TMAPOJOTHUYECKUN PEKUM PEK palloHa UMEET
YETKO  BBIPAXKEHHBIM  MABOJOYHBIA  XapakTep, IIO3TOMY M[pUHATas B
THAPOMETCITY)K0€ MeTOANKa 0TOOpa Mpod Ha XUMHUUYECKHI COCTaBa PEYHBIX BOJ
B KOJM4YecTBe 5-7 W3MepeHUW B TOAy, HE IMO3BOJSET B MOJTHOM OOBEME
AHAJIM3UPOBATH TUIPOXUMHUUYECKUM PEXKUM PEK, COCTAB KOTOPBIX U3MEHSETCS B
TEYECHHUH MABOJAKA, & TAKXKE B 3aBUCHUMOCTH OT Iepruoja roaa. CBeIeHHs O CMbIBE
XAMHWYECKUX BEIIECTB, BBIHOCUMBIX MOBEPXHOCTHBIM CTOKOM, UTPAIOT BAXHYIO
pOJIb TIPY MPOEKTUPOBAHUU BOJOOXPAHHBIX MEPOINPHUITAA U COOPYKEHHUM ISt
OTYUCTKH BOJ, IO3TOMY HYXKJAIOTCS B 00JI€e MOJHOM MPEJCTAaBICHUH U MeYaTu
B COOTBETCTBYIOIINX U3/IAHUSX.

B Hacrosmee Bpems, TpyAHO pa3pelIMMOW 3aJa4ed MCCIECIOBAaHUMN I10
JJAHHOM TEeME SIBJISICTCSI OTCYTCTBHUE JIOCTATOYHBIX JAHHBIX O CTOKE U CMBIBE
XUMUYECKUX M 3arps3HSIONIMX BEIIECTB C BOJOCOOPOB IOT0-BOCTOYHOM YaCTH
ropHoro Kpsima.

[lenpio maHHOTO WCCIIENOBaHUS SBIACTCS pa3paboTka MeTona pacdyéra u
aHaJIn3a CTOKA XMMHUYECKUX BEIIECTB M MOJEIUPOBAHUE ITPOLECCOB CMbIBA HA
MAaJIBIX PEKaX U BPEMEHHBIX BOJIOTOKAX B TOPHBIX U MPEATOPHBIX PAlOHAX FOrO-
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BocTouHOM yactu KpbiMa, a Takke ompeneneHue BIusHUA Ha (HOPMHUpPOBaHUE
XUMHUYECKOTO COCTaBa THUAPOMETEOPOJIOTHYECKUX U TeoMOP(HOIOTHIYECKUX
YCIIOBUH TEPPUTOPUMA BOJIOCOOPHBIX OACCEHHOB.

B cratee wuccienyrTcs Maible PEKH FOrO-BOCTOYHOW YacTU TOPHOTO
KpbiMa, a umenHo: Yckyr, Apmnar, Illenen, Bopon u Aii-Cepe3. Pacuér
CYTOUYHBIX JJAHHBIX MO 3TUM pEeKaM MPOBOJAMIICS MO METOAY XPOHOJIOTUYECKOU
WHTEPTOJANUA  MOAYIBHBIX  KO3(PQPUIIMEHTOB KOHIEHTPAIMH  3aJaHHOTO
XMMHUYECKOTO BEIIECTBA, KOTOPBIM MO3BOJSET PACCUUTATh CYTOUYHBIE PACXOJIbI
CTOKa XHMHUYECKHX BEIECTB, BBIHOCUMBIX B NPHUOPEKHYIO 30HY IOTrO-
BocTouHOro Kpeima 3a nepuon ¢ 1965 o 1975rr.

Meron paspaboran Ha Kadeape «[Hmaposkomormm U BOJHBIX
uccienopanuity OI'DKY u mpexacraBnsier coboil peanuzanuio ypaBHEHUS
KyOuueckoro criiaiita (1), mpeacTaBieHHOTO HUXKE:

()

6h. L 6h h h

3 _t )3 2 ¢ 2 +_
K(t) = mHMm. ujL(Ki_l_%)tih_tJr(Ki_M)t

3mecy t- YHCIIO CYTOK OT Hadaia rojia 0 pacyeTHOTO JHS, a MHAEKC MpU
t MOKa3bIBa€T YHUCIO CYTOK J0 1-To oTOOpa mpoObl WId ONpeneiaeHus
KOHLIEHTpAalUy 33JaHHOTO BEIECTBA; h; - 4YMCIO AHEW Mexay oTOoopoM 1-U u
I-1-1 npo6; a Kj m Kj4 - MOAynIn KOHIEHTpaluy 3aaHHOTO BEIIECTBA IO
npobam Ha 3TH garbl; K(t) - MHTEPHOJMPOBAHHOE 3HAYEHUE MOIYJIBHOTO
K03 puIMeHTa KOHIICHTPAlMM BEILECTBA Ha 3aJlaHHbIE CYTKUA t; m; U mj; -
KO3 (GUIMEHTHl CIUIaiiHa B y371aX MHTEPHOJSAIMOHHON KPUBOM Ha CYTKH,
yKa3aHHbIE HHJEKCAMHU.

MeTon MO3BOJISIET BBIYUCIUTH PACXOJbl HOHHOIO CTOKa 3a BpeMs
JIO’KJIEBBIX MaBOJKOB, a TAKXKE I CTOKA C MOA3EMHBIM TUTAHUEM.

Breruncnenne  ruaporpagoB  BOAHBIX M XMMHUYECKHMX  TaBOJKOB
MIPOM3BOJMIOCH TI0 MOJIEIH CKJIOHOBOTO CTOKa BOABI M XUMHYECKHX BEIICCTB
Ha OBM 1o mnporpamme, KOTOPYHO TAakX€ MOYKHO HCHOJb30BaTh IS
HEU3YUYEHHBIX BOJOCOOPOB.

Jl7is 5TOTO MPUMEHSETCS MOJIENhb KUHEMAaTUYECKOW BOJHBI, YUUTHIBAIOIIAS
(dakTOpbl BBIHOCA 3arpsA3HSAIOINIMX BEIIECTB CO CKIOHOB, a TaKXe PacXOJIbI
CKJIOHOBBIX BOJl, HauyaJbHYIO KOHLIEHTpAllMIO BEIIECTB B IOYBE, UX
pPacTBOPUMOCTD B BOJIE M COPOITMOHHYIO CTIOCOOHOCTb.

31ech BOJ00Opa30BaHue BEIYHUCIAETCS 110 hopMyIie:

hi=ai-(ko+A/t), )

rae h 1 a - COOTBETCTBEHHO, MHTEHCUBHOCTH BOJIOOOPA30BAHUS U AOMKIS
Ha MOMEHT BpEMEHHM t OT ero Havana; ko - yCTaHOBUBIIASICS MHTEHCHUBHOCTb
BIIUTHIBAHUS, MIPU OYEHb OOJILIIOM BpeMeHH t; A u b - mapamerpsl GpopmyIbl,
3aBUCSLIME OT CBOMCTB MOYBBI U €€ BIAXKHOCTHU.
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Hanee unér nuddepeHmaibHOEe ypaBHEHNE CKIIOHOBOTO CTOKA!
(n+ 1) mI"y" dy/dx + dy/dt =h,, (3)

I7Ie y - TIyOnHa CKIOHOBOTO (PMKTHBHOTO (PAaBHOMEPHO pacupeneaéHHOTO
MO MIMPUHE CKJIOHA) MOTOKAa B MOMEHT BPEMEHHM t OT Hayalla €ro JBMKEHUS Ha
paccTosTHUM X OT Bojopasnena; | - yKIIOH MOBEpXHOCTH CKJIOHA; M,U U N -
napaMeTpsl  (QOpMyJIbl CKOPOCTH TEUYEHHS, 3aBUCAIINE OT IIEPOXOBATOCTH
MOBEPXHOCTHU CKJIOHA U €r0 MUKpopelbeda.

B npaBoii yactu ypaBHeHus h ; - ”YHTEHCUBHOCTBH BOJ00Opa30BaHUs, paBHAas
JUTSL IEPUOJIa BBITIAZICHUS TOK/Is pa3HOCTH a ¢ M K . J{7ist mepuona crnana, To ecTh
korna a ¢ = 0, B mpaBoii yactu ypaBHeHHs (3) BMecTO k ; MpUHUMAIOTCS TOTEpU
BOJbI Ha BIMTHIBAHUC B JIHO pydelkoB, paBHble [-Kg, rae ko - koaddummeHt
3aTOIUICHUS, MTOKA3bIBAIOIINI JOJI0 IUIOMIAJKK CKJIOHA, 3aHATYIO py4YeHKaMmu;
B - Ko3(ppumeHT 3aToneHHs.

VYpaBHeHHE CBSI3U TNIYOMHBI Yy CIUIOIIHOTO MOTOKa € KO3 ULHEHTOM
3aToruieHus 3 u cpeagHuM ceueHueMm mukpopenbeda H nokaszano B (4):

y = H((SinnB)/x - B Cosnp)/2. (4)

KoaddunmenT 3arorenus 3 onpenensercs yepe3 y moaoopom us3 (4).

[IpeaBaputenbHO ypaBHeHHE (3) 3amUCBIBAETCS B KOHEYHO-PAa3HOCTHOM
dbopme, U pemraeTcs Mpy NOMOILY UTEPALIMIOHHOTO METOAA.

1o 3HaueHUsSIM IITyOMH CKJIOHOBOT'O MOTOKA y; BBIYUCIISUICS PacXoJl CTOKa (t
C MOJIOCHI CKJIOHA €IMHUYHOM IIMPUHBIL:

ge=m 1"yt ™ (5)

Pacxonpl Bompl, HapsAy C IOKa3aTesIMM HAYaJbHOW KOHLEHTpALMEH
BEILECTB B MOYBE, UX PACTBOPUMOCTHIO B BOJIE U COPOLIMOHHOM CIIOCOOHOCTHIO,
SBIISIIOTCS  OCHOBHBIMHM (paKTOpaMU BBIHOCA 3arpsi3HSIIONIMX BEIIECTB CO
CKJIOHOB. Bce 3Tu (akTopbl yUUTHIBAIOTCS MOJEIbI0 KHHEMATHUYECKON BOJIHBI
JUIS. BBIHOCA 3arpsi3HSIONIMX BELIECTB CKJIOHOBBIM IOTOKOM BoAbl. Popma
3alKiCH ATOW BOJIHBI COOTBETCTBYET ypaBHEHHIO (5). B kadecTBEe OCHOBHOM
NIEPEMEHHON ypaBHEHUS MPUHHUMAETCS KOHLEHTpPAUUsl XHUMHUYECKOrO BEIECTBA
C, a B mpaBoi 4acTH ypaBHEHUS! YUYUTHIBAIOTCA (DYHKIIMM UCTOYHUKOB - CTOKOB
JUIS1 3aIaHHOTO BEILIECTBA!

d(Ch)/dt + d(Cq)/dx = F; + N, (6)

rnie C - KOHIEHTpamusi BBIHOCUMOTO BemiecTtBa, F; - dyHKIus,
YUYUTBHIBAIOWIAS TMOCTYIUIEHUE 3arpsi3HEHUM B BOJBI CKJIIOHOBOIO CTOKAa W3
AKTUBHOT'O TOBEPXHOCTHOTO CJIOSl MOYBHI B (h)OpME pacTBOpa WM CO B3BECSMU
TBEPABIX YACTHUI] B MOTOK, MPH TNIOCKOCTHOM 3PO3MU U B3MYUMBAHUHU MTOTOKA OT
YAAPHOI'O BO3JACUCTBUS Kalleyb JOXKISA, & TAKKE ITPU YMEHBIICHUU 3arpsi3HEHUN
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B BOJIE ¢ (DMIBTPAIMOHHBIMHA TOTEPSIMH BOJBI B JTHO CKJIOHOBBIX PYUYEHKOB,
OCaXJICHUS HAaHOCOB C 3arpsi3HEHUSIMU Ha TIOYBY; N - QyHKIMS npeoOpa3oBaHUs
BEILIECTBA BHYTPU IOBEPXHOCTHOIO CKJIOHOBOTO IIOTOKA TMOJ BJIHMSHUEM
XUMHUUYECKUX PEAKIUi, MOXKET HE YUYUTHIBATHCS B CBA3U C OBICTPOTEYHOCTHIO
Ipolecca CTOKa, KOTOPBIM pa3BUBAETCA B 3aBUCUMOCTH OT MHTEHCHUBHOCTH H
JUIUTEIBHOCTU JOXAS W MPOAOJIKAETCS OT HECKOJIbKMX MHUHYT A0 1-2 4acos.
Takum o6pazom, pynkius F; aBisieTcs OCHOBHOM, ONpeessitonieil NoCTyIUIeHUe
BEIIECTBA 1 U3 MIOYB B BOJAHBINA MMOTOK.
st pacuéra ¢pyHkuuu Fi MOKHO HCIIONB30BATh CIEAYIONIYIO (hOPMYITY:

Fi = ki(Cp,i - Ci) bq, (7)

rae b - mIyOMHaA NEWCTBYIONMIETO CJIOSl, MMPUHUMAaeMas PaBHOW TOJIIMHE
CJIOSI KOHTAKTa IMOBEPXHOCTHBIX BOJ C BOJAMH IOYBEHHOTO PAacTBOpa, OOBIYHO
oepétcs 1cm; q - pacxoll BOJBI C MOJOCHI CKJIOHA €AMHUYHOM IIUPHUHBL; K;
K02 (OUIMEHT copOIMu-1ecopOMK 3a0aHHoro BemecTsa 1; Cpj - paBHOBECHAs
KOHIIEHTpAIHsl.

PaBHOBecHasi KOHIIGHTpAlUsl XUMHUYECKUX BEIIECTB BBIYHUCIACTCS II0
dbopmyre Buja:

Coi=a Cyi/ (di- Cyi), (8)

rae aj u di - 4ucioBbl 3HaYeHUs KOA(Q(UIMEHTOB, yCTaHABIMBAEMbIE B
7a00paTOPHBIX OIBITaX MO JAHHBIM O PAaCTBOPUMOCTH KOHKPETHBIX BEIIECTB,
HanpuMep, Ui azora a; = 0,625, dj =351, a mis pocdopa a; =1,538, d; =7300.

Pacuérel ObUTM BBITOJHEHBI IO JAHHBIM IIABOJKOB Ha TPEX IOCTaX:
c.3eneHoropse, c.IlpuBerHoe, c.BopoH.

Taxoke ObUTH MMOTYYEHBI CPETHAE XaPAKTEPUCTUKN CKIIOHOBOTO CTOKA BOJIBI
Y BEIHOCA XUMUYECKHUX BEMIECTB (CyMMBI HOHOB), B TIEPHO/I ITABOJIKOB.

[Ipu npoBeeHNU aHaM3a CMbIBA BEIIECTB, JJIsl BCEX PEK ObUIM BBISBIICHBI
TaKre 0COOCHHOCTH:

- TMPUMEHEHHWE METO/Ja CIUIAWH-UHTEPHOSAIMNA TO3BOJISET OOOCHOBAaHHO
paccuMTarh OOIIME 3HAYEHUS CMbIBA, a TaKXKe YCTAaHOBUTH JUHAMUKY
poliiecca CMbIBa BO BPEMEHU;

- KOHIIEHTpAIlMU XUMHUYECKHX BEIECTB B I[€JIOM OTPAKAIOT MEPUOJ BOJHOCTH
pPEKH, OAHAKO KOHKPETHOH 3aBUCHMOCTH MEXAY HHUMH M PACXOJaMH BOJIBI
SIBHO HE HaOII01aeTCs;

- JUIS YCTAHOBJICHHS OSTHUX 3aBUCUMOCTEH HEOOXOIMMO MPUMEHSATH OoJiee
qacTele OTOOPHI MPOO I YCTAHOBIICHWS KOHTPOJISI PEYHBIX BOJ Kak B
TEYCHUU OTJCIBHBIX MTABOJKOB, TaK U OMPE/ICICHHBIC TICPUOIBI.



