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peKOHCTPYKU.M», rrporHo3, crroco6bi 3aiiJ;l1Tbi (Ha rrpMMepe KonbcKoro rronyocTPOBa)», 

rrpe,n;cTaBJieHHYIO Ha COl1CKaHMe yqeHOH CTeiieHM )J,OKTOpa reOJIOfO-Ml1HepaTIOfl1qecKl1X 

HayK IIO CIIeQIIaJlbHOCTII 25.00.36 - re03KOJIOfl1R 

HarrpasneHMe TepMO)J,MHaMMqecKoro MO)J,eJIMposaHM» Hl13KOTeMrrepaTypHbiX 

CIICTeM pa3BlfBaeTCR C 60-X rr. IIpOlliJIOfO BeKa B pycJie pellleHMR reOXlfMIIqecKlfX II 

oco6eHHO rll.n;poreoxlfMWiecKHx 3a,n;aq - .n;n» ormcaHlfR B3alfMo,n;eiicTBlfii "Bo,n;a­

rropo)J,a". Ecn11 )1,0 3Toro rrpMMeHeHMe TepMO)J,MHaMMqecKoro MO)J,eJIMposaHMR B 

reOJIOrl1l1 6hiJIO COCpe,n;OTQqeHO B OCHOBHOM Ha 113yqeHI1l1 YCJIOBI1H o6pa30BaHI1R 

rropo.n;oo6pa3yiOIIJ;l1X 11 PY.I1.HbiX MMHepaTioB, KOTOpbie <PopMMpOBaJIMCb rrp11 BbiCOKMX 

TeMrrepaTypax 11 )].aBJieHM»X, To B )].aJihHeifrneM see 6onbrnee 3HaqeHMe HaqaJio 

rrpllo6peTaTb lfCCJie,n;oBaHlfe <Plf3lfKO-XI1MI1qecKlfX MexaHI13MOB rrpou;eccoB, 

IIpOTeKaiOIIJ;l1X Ha IIOBepXHOCTl1 3eMJII1 l1JII1 B IIpi1IIOBepXHOCTHhiX o6cTaHOBKaX. 

TepMO)l;IIHaMIIqecKoe MO,ll;eJIIIpOBaHIIe IIO)l;06HhiX CIICTeM II IIpOU,eCCOB 06Jia)J,aeT CBOeif 

crreu;II<PIIKOH. C O)J,HOH CTOpOHbl, IIOCKOJibKY B IIpiiiiOBepXHOCTHbiX ycJIOBI1RX BapiiaiJ,IIII 

TeMrrepaTypbi HeBeJIIIKII II orrpe)J,eJIRIOTCR JIIIlllb ee Ce30HHbiMII KOJie6aHIIRMII, a 

,n;aBJieHIIe MO)J(HO IIpiiHRTb paBHhiM 1 aTM, B03MO)J(HOCTlf IIOCTPOeHlfR KOJifPieCTBeHHbiX 

MO)J,eneif paclliMp»IOTCR, rrocKOJibKY B xo)J,e MHoroneTHI1X WI13l1KO-XIIMIIqecKIIX 

IICCJie)J,OBaHI1H B JIIITepaType HaKOIIJieHbl CTaH)J,apTHbie TepMO)J,IIHaMI1qecKHe <PYHKIJ,l1l1 

o6pa30BaHIIR 60JihlliOfO qiiCJia Ml1HepaJIOB l1 qaCTI1Q B BO)l;HbiX paCTBOpax. C ,n;pyroif 

CTOpOHbl, 3,I(eCb Ha6JIIO,I(aiOTC.SI llilipOKHe BapHaiJ,Hli XliMHqeCKOfO COCTaBa 

MIIHepanoo6pa3yiOIIJ;lfX cpe.n;, qTo Tpe6yeT rrpllBJieqeHIIR 6onee CJIO)J(Horo arrrrapaTa .IJ:JI» 

OIIIICaHMR TepMO,I(lfHaMlfqecKIIX CBOHCTB paCTBOpOB, CKpyrryJie3HOfO yqeTa 

OKliCJIHTeJibHO-BOCCTaHOBHTeJibHbiX l1 KIICJIOTHO-OCHOBHbiX YCJIOBIIH, rrpou;ecCOB 

KOMIIJieKC006pa30BaHl1R II a,n;cop6U,IIII. 

B HaCTORIIJ;ee BpeM51 OTeqecTBeHHbie (Haii60Jiee 113BeCTHbl 113 KOTOpbiX «CeJieKTOp» 

II Hch), a TaK)J(e MHoroqiicJieHHbie 3apy6e)J(Hbie rrporpaMMbi (HarrpMMep, PHREEQC, 

Geochemist's Workbench II .n;p.) 3apeKoMeH.IJ:OBaJII1 ce651 B KaqecTBe Ha,n;e)J(HOro 

IIHCTPYMeHTa reoxlfMlfqecKHx If rll.n;poreoxiiMIIqecKI1X IICCJie.n;osaHIIH. K qiicny TaKIIX 

Mccne.n;oBaHMif rrpMHa.n;Jie)J(I1T 11 ,n;lfccepTau;IIOHHa51 pa6oTa C.l1.Ma3yXMHoif, 

IIOCB51IIJ;eHHa51 H3yqeHIIIO rrpou,eCCOB <PopMHpOBaHH51 XHMlJqecKOfO COCTaBa IIpi1p0)1.HbiX 

BO.IJ: KoJibCKoro rronyocTPoBa B ecTeCTBeHHbiX ycnoBlfRX If c yqeTOM TexHoreHHoro 

B03,I(eHCTBI1R. 

TeMa ,n;IIccepTaiJ,IIII rrpe.n;cTaBJI51eTC51 aKzyaJibHOH KaK c TOqKH 3peHM51 ou,eHKH H 

IIpOrH03lipOBaHHR 3KOJIOflJqecKOfO COCT051Hl151 IIOBepXHOCTHbiX H IIO,I(3eMHbiX BO)J,, TaK II 

C II03l1IJ,l1H pa3Bl1Tl151 MeTO,ll;OB KOJIMqeCTBeHHOfO TepMO)J,IIHaMIIqeCKOfO MO)l;eJII1pOBaHl151 

reoxHMifqecKHX rrpou,eccos. 
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Hayquan HOBH3Ha .n;HccepTaiJ,HOHHoii pa6oTni 3aKJnotiaeTc.H B cne.n;yiOIIJ,eM: 

Ha OCHOBe pe3yJinTaTOB KOJIHl!eCTBeHHOfO TepMO)l;HHaMHl!eCKOfO MO)l;eJIHpOBamrn 

Bbi.HBJieHbl <!Jmcropnl, OIIpe.n;eJI.HIOIIJ,He <!JopMHpOBaHHe XHMHl!eCKOfO COCTaBa 

IIOBepXHOCTHbiX If IIO)l;3eMHbiX BO)l; B rrpe.n;eJiaX XH6HHCK0f0 IIJ,eJIOl!HOfO MaCCHBa; 

.n;aHa KOJIHlleCTBeHHM OIJ,eHKa 3BOJIIOIJ,IUf TeXHOfeHHOH CMCTeMbl M BJIH.HHH.H 

XBOCTOB o6orameHH51 arraTHT-He<l_}eJIHHOBbiX py,n; Ha OKpy)l(aJOIIJ,YIO cpe.n;y; 

TeopenilleCKM 060CHOBaHa l1 3KCIIepi1MeHTaJibHO IIO,llTBep)l(,lleHa B03MO)I(HOCTb I1 

3<l_}<l_}eKTHBHOCTb Ol!HCTKH CTOl!HbiX BO)l; C O)l;HOBpeMeHHbiM CeJieKTHBHbiM OCa)l()l;eHHeM 

IJ,BeTHbiX MeTaJIJIOB H )l(eJie3a XBOCTOB o6oraiiJ,eHH.H Me)l;HO-HHKeJieBbiX py.n; Ha 

reOXHMHl!eCKMX 6apnepax pa3H0f0 TMIIa; 

IIOKa3aHa YCTOHl!HBOCTb pa3pa60TaHHbiX MO)l;eJieif: B pe)l(HMe Heorrpe.n;eneHHOCTH 

(rrorpeliiHOCTH), liTO IIO)l;TBep)l()l;aeT rrpaBHJibHOCTb pactieTOB If OCHOBaHHbiX Ha HHX 

3aKJIJOqeHHH M peKOMeH)l;aiJ,HH. 

TeopeyuqecKan JHaquMOCTb pa6oTni orrpenen.HeTc.H 

MeTO)l;OJIOflfqecKOH OCHOBbl )l;Jl.H pellleHH.H 3a.n;aq IIpOfH03HpOBaHH51 <l_)opMI1pOBaHH51 

XHMHqeCKOfO COCTaBa BO)l;, H3MeHeHH51 CBOHCTB OTXO)l;OB ropHopy.n;HOH 

rrpOMblliiJieHHOCTH B IIpOIJ,ecce HX xpaHeHH.H l1 3alll,l1Tbl BO.ll B ycJIOBH.HX TeXHOfeHHOH 

Harpy3KM. 

C npaKTUqecKOH TOqKH 3peHHH IIOJiyqeHHbie pe3yJinTaTbl MOfYT CJIY)l(HTb 

OCHOBOH ,llJI.H OIJ,eHKM COBpeMeHHOfO COCTO.HHH.H IIpHpO,llHhlX BO)l; H rrporH03a 

OT}JHIJ,aTeJibHOfO B03)l;eHCTBH51 CTOqHbiX BO)l; XBOCTOXpaHHJIHIIJ, Ha OKpy)l(aJOIIJ,yiO cpe.n;y. 

TipaKTJ1qeCKa.H 3Hal!HMOCTb pa60Tbl IIO)l;TBep)K.n;aeTC.H O<l_}HIJ,HaJibHbiMH )l;OKyMeHTaMH 06 

Hcrronn30BaHHH ee pe3yJinTaToB B AO «ArraTHT», MHHHCTepcTBe rrpHpo.n;HniX pecypcos 

l1 3Konorl1M MypMaHcKoif o6nacTH, a TaK)I(e rraTeHTOM Ha H3o6peTeHHe crroco6a 

reOTeXHOJIOflfqecKOH rrepepa60TKI1 HeKOH)l;lfll,HOHHOfO cynn<l_}H)l;HOfO py.n;HOfO 

MaTepHana, co.n;ep)l(amero IJ,BeTHnie MeTanJini M )l(eJie3o. 

,il;HCCepTaiJ,H.H COCTOHT H3 6 rJiaB, CO.n;ep)l(HT 283 crpaHHIJ,bl, B TOM qlfCJie 62 
pHCYHKa, 49 Ta6JIMIJ,, CIIHCOK JIHTepaTypnl lf3 375 HaHMeHOBaHHH H IIpHJIO)l(eHHe. 

llepBaH r JJaBa IIOCB.HIIJ,eHa OIIHCaHHIO HeKOTOpniX 06IIJ,HX BOIIpOCOB 

TepMO)l;HHaMMqecKOfO MO,lleJIHpOBaHH51 If OC06eHHOCT51M ero peanH3aiJ,HH B 

rrporpaMMHOM KOMIIJieKCe «CeneKTOp». 0xapaKTepH30BaHbl OCHOBHbie 3a.n;aqM, o6IIJ,Me 

MeTO)l;OJIOfMqecKMe BOIIpOCbl, TepMO)l;HHaMlfqeCKHH If MaTeMaTHqecKHH anropHTMbl 

MO)l;eJIHpOBaHH.H, a TaK)I(e HeKOTOpbie KOHKpeTHbie IIpOIJ,eCCbi, KOTOpbie )l;OJIJKHbl 

yqlfTbiBaTbC51 MO)l;eJiniO, peanH3yeMOH B .n;aHHOH )l;HCCepTaiJ,HOHHOH pa60Te, HaiipHMep, 

rrpouecchi nerpanaUHH opraHHqecKoro selll,eCTBa B rrpHpo.n;HhiX so.n;ax. 

B KaqecTBe 3aMeqaHHH K 3TOH rnaBe MO)I(HO OTMeTHTb ,llBa MOMeHTa. 

Bo-rrepBbiX, IIpH 063ope pa60T, IIOCB.HIIJ,eHHbiX TepMO)l;HHaMHqecKOMY 

MO,LJ;eJIHpOBaHMIO reOXHMlfqecKHX IIpOIJ,eCCOB aBTOp CCbiJiaeTC.H, rJiaBHbiM o6pa30M, Ha 

rry6JIHKaiJ,Hlf OTeqeCTBeHHbiX aBTOpOB, y.n;eJI.H.H He3aCJiy)l(eHHO MaJIO BHHMaHH.H 

MHOfOqHCJieHHbiM COBpeMeHHbiM 3apy6e)I(HbiM MO,lleJI.HM H rrporpaMMaM. Pa3yMeeTC51, 
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Hellb351 06b51Th He06b51THOe, HO BCe )l(e CTOIInO XOT51 6bi YIIOM51HYTb Ha116onee 113BeCTHbie 

11 umpoKo Hcrrono3yeMnie H3 HHX, TeM 6onee, qTo ecTn xopoume o63opoi Ha :ny TeMy, 

HarrpHMep, Nordstrom D.K. , Campbell K.M (2014) Modeling Low-Temperature 
Geochemical Processes. In J.l Drever (ed) Treatise on Geochemistry. Vol. 7. Surface 
And Groundwater, Weathering and Soils, Amsterdam Elsevier Pergamon, 27-68, HJIH 

MOHorpa<)?IDI Bethke C.M (2008) Geochemical and biogeochemical Reaction Modeling. 
Cambridge University press, 543 p. 

Bo-BTOpbiX, yqHTbiBa51, qTo TepMO,ll;HHaMHqecKoe Mo,n:enHpoaaHHe - ocHoBHoil 

HHCTPYMeHT aaTopa B .UHCcepTauwoHHoii pa6oTe, cnwiiiKOM KpaTKoii rrpe.ucTaBmreTcsr 

HH<)_)OpMaUH51 0 TepMO.UHHaMHqeCKHX .UaHHbiX, IIOJIO)KeHHbiX B OCHOBY MO.UeJIHpOBaHIDI. 

XoTeJIOCb 6ni BH.UeTh CaMH 3HaqeHH51 TepMO,ll;HHaMJfqecKHX ,n:aHHbiX, HCIIOJin3yeMnie IIpH 

pacqeTaX ( CTaH,n:apTHbie TepMO,ll;HHaMHqeCKHe <)?yHKIJ;HH o6pa30BaHIDI MHHepaJIOB If 

qaCTHU B paCTBOpax, HJIH IIpOH3Be,n:eHH51 paCTBOpHMOCTH TBep,ll;biX <}?a3, KOHCTaHTbl 

YCTOifqlfBOCTH KOMIIJieKCOB B paCTBOpax, HX TeMrrepaTypHbie 3aBHCHMOCTH If T.,n:.) , a 

TaK)Ke HCTOqHifKH 3THX ,n:aHHbiX. 3TO MO)KHO 6niJIO, HaiipllMep, BbiHeCTI1 B IIp11JIO)I(eHI1e. 

TIOCKOJibKY pacqeTbl BbiiiOJIH51IOTC5J. ,ll;JI5J. CI1CTeM C yqaCTHeM paCTBOpOB, 6oiJIO 6oi 

)KenaTenbHO rrpHBeCTH ypaaHeHHe .unsr pacqeTa K03<}?<}?Hu;HeHTOB aKTHBHOCTH. B pa6oTe 

Ha 3TY TeMy eCTb TOJibKO <)_)pa3a Ha C.56 "I1H)l;HBH)l;yaJibHbie K03<}?<}?HUHeHTbl aKTHBHOCTH 

HOHOB If HeiiTpaJibHbiX KOMIIOHeHTOB BO,ll;HOfO paCTBOpa 3JieKTpOJIHTa paccqlfTbiBaiOTC51 

no Mo,n:m]mu;HpoaaHHOMY ypaaHeHHIO ,D:e6asr-XIOKKen51" . He51CHO, ,n:nsr KaKoro ,n:Hana3oHa 

KOHUeHTPaUHii rrpHMeHHMO 3TO ypaBHeHHe? KaK HMeHHO paccqHTbiBaiOTcsr 

K03q>q>wu;HeHTbl aKTHBHOCTH HeifTPaJihHbiX KOMIIOHeHTOB - yqlfTbiBasr, qTo B OCHOBe 

TeopHH ,D:e6asr-XI0KKensr ne)KHT 3JieKTpOCTaTHqecKoe rrpH6JIH)KeHHe? 

Bo BTopoii r Jiase paccMaTPHBaiOTcsr rrpoueccni <J?opMHpoBaHHsr rrpHpo,n:HhiX BO.U 

Hccne,n:yeMoii TeppHTOpHH B ecTeCTBeHHbiX ycnoaHsrx. B HaqaJie rnaBbi rrpHBe,n:eH 

KpaTKHii <l>H3HKo-reorpaqmqecKHii oqepK, oxapaKTepH30BaHni reonorHqecKHe 

oco6eHHOCTI1 11 r11,n:poreonor11qecK11e ycnoBI1H. Pe3ynoTaTI>I, rrpHBe,n:eHHI>Ie B 3Toii rnaae, 

ccpopMynwpoBaHbl B 3aiUHI.UaeMbiX IIOJIO)KeHIDIX IIO.U HOMepOM 1: "Y CJIOBIDI 

q>opMHpOBaHI151 COCTaBa IIp11pO,ll;HbiX BO.U C yqeTOM ,ll;I1CIIpOIIOpUHOHHpOBaHH51, 

K03<}?<}?11U11eHTOB M11rpaiJ;I111, CTeiieHH B3aHMO,n:eifCTBH51 B CHCTeMe BO,n:a-rropo,n:a, BJII151HI15J. 

JieTyqHX KOMIIOHeHTOB, OIIpe,n:eJI51IOIUHe IIplfqlfHbl HeKOH.UHUHOHHOCTif BO.U XH6HHCK0f0 

MaCCI1Ba". 

TipoueCCbl <PopM11pOBaHIDI IIOBepXHOCTHbiX ll IIO)l;3eMHbiX BO.U paCCMOTPeHbl B 

paMKax CI1CTeMbi «Bo,n:a - rropo,n:a - aTMocq>epa - yrnepo,n:». B KaqecTBe HCXO.UHbiX 

.UaHHbiX .UJI51 MO.UeJI11pOBaHIDI HCIIOJlb30BaHbl XHMJfqeCKHe COCTaBbl IIOpO.U XH6HHCKOfO 

MaCCHBa If XHMifqecKHe aHaJIH3hi aTMoc<PepHbiX H noaepxHOCTHhiX ao.u. CorrocTaaneHHe 

pe3yJioTaTOB MO,ll;eJI11pOBaHH5J. C ,n:aHHbiMif MOHHTOpHHfa IIOBepXHOCTHbiX If IIO)l;3eMHbiX 

BO.U B UeJIOM IIO.UTBep)I(.LJ:aeT 11X XOpOIIIYIO COfJlaCOBaHHOCTh, qTO CBH,ll;eTeJihCTByeT 06 

a,n:eKBaTHOCTH rrpHMeHsreMoii Mo,n:enH peanhHhiM reoxHMHqecKHM rrpoueccaM. B TO )Ke 

BpeMsr, CJie,n:yeT OTMeTI1Th, qTo 3TO COIIOCTaBJieHI1e He oqeHb y,n:o6HO )l;Jl51 BOCIIpiDITIDI. 

TaK, B Ta6JI. 2.10 IIpMBe,IleHbl XJtiMJtltieCKHe COCTaBbl 8 IIOBepXHOCTHbiX BO,ll;, a B Ta6n. 
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2.11 - pe3yJihTaThi MO.[(emipOBaHHSI B3aHMO.[(eHCTBHSI «IIOpO.[(a - BO.[(a - aTMOC<jlepa». 

,lJ;anee CKa3aHO (C. 99), qTO "rrpH COIIOCTaBJieHHH pe3yJihTaTOB MO.[(eJIHpOBaHHSI If 

aHaJIHTHlleCKHX .[(aHHhiX MOHHTOpHHfa IIOBepXHOCTHhiX BO.[( MO)I(HO IIpOCJie.[(HTh, qTO 

KOHIJ;eH'IpaiJ;Hlf 3JieMeHTOB (F, Cl, so4-2, HCOf, Na, Ca, Sr, Mg, K), BJIHSIIOUJ,HX Ha 

XHMHIO H 3HalJeHHSI pH BO.[(, BOIIIJIH B HHTepBaJI lf3MeHeHHSI 3THX 3JieMeHTOB, 

IIOJiyl:leHHhiX B pe3yJihTaTe MOHHTOpHHra". TaKOe COIIOCTaBJieHHe Ta6JIHlJHhiX .[(aHHhiX 

He oqeHh HafJISI.[(HO - nyqiiie 6hiJIO IIpOHJIJIIOClpHpOBaTh ero C IIOMOUJ,hiO rpa<jlHKOB, 

HarrpHMep, KaK 3TO c.[(eJiaHo B aBTope<jlepaTe (pH c. 1 ). He6oJiblliOH Borrpoc H K 3TOMY 

pHcyHKy. Ha HeM rrpHBeAeHbi "o6o6I.QeHHbie peJyJibTaTbi MOHHTOpHHra" - qTo 3TO 

3HaqlfT? Y cpe.[(HeHHhie IIO BCeM 8 BO.[(aM? 

0T.[(eJihHhiH rraparpa<jl fJiaBhi 2 IIOCBSIUJ,eH ycTaHOBJieHHIO IIpHqHH Bhi.[(eJieHHSI 

CO.[(hi B UJ,eJIOl:IHhiX rropo.[(ax XH6HHCKoro MaCCHBa. K 3TOMY rraparpa<jly ecTb HeCKOJihKO 

MeJIKHX BOIIpOCOB, KOTOpbiX MO)I(HO 6biJIO 6hi H36e)l(aTh, eCJIH 6bi HH<jlOpMaiJ;HSI ITO 

TepMO.[(HHaMlfqecKOH MO.[(eJIH B rrepBOH rJiaBe 6biJia 6onee IIOJIHOH ( 0 qeM CKa3aHO 

Bhiiiie ). PacTBOpHMOCTh CO.[(hi ( o<jlHIJ;HaJihHO yTBep)l(.[(eHHoe Ha3BaHHe MHHepana 

Na2C03·10H20- Bee )l(e "HalpOH") AOCTaToqHo seJIHKa (rrpH 20°C rropSI.[(Ka 20 Mac.%) H 

oqeHb CHJibHO 3aBHCHT OT TeMrrepaTyphL EI.Qe 6onee pacTBopHM (6onee 30 Mac.%) 

TepMOHaTpHT - Na2C03·H20, KOTOpbiH SIBJISieTCSI CTa6HJibHOH TBep.[(OH <jla30H IIpH 

TeMrreparypax Bhiiiie 30°C. Me)l(.[(y TeM, B 3TOM rraparpa<jle HHqero He rosopHTCSI o 

TeMrrepaType, IIpH KOTOpOH IIpOBO.[(HJIOCb MO.[(eJIHpOBaHHe. lf OCTaeTCSI BCe TOT )l(e 

BOIIpOC C pacqeTOM K03<jl<jlHIJ;HeHTOB aKTHBHOCTH Be.[(b .[(JISI TaKHX 

KOHIJ;eHTPHPOBaHHbiX paCTBOpOB 06biqHO Tpe6yeTCSI 6onee CJIO)I(HOe ypaBHeHHe, lJeM 

.[(JISI pa36aBJieHHbiX. 

BTopoe rroJIO)I(eHHe, BhiHOCHMoe Ha 3aUJ,HTY - "KonHqecTBeHHaSI oueHKa 

3BOJIIOIJ;HH TeXHOreHHOH CHCTeMhi H BJIHSIHHSI CTOqHbiX BO.[( BbiBe.[(eHHbiX 113 

3KCIIJiyaTaUHH If .[(eHCTBYIOUJ,HX XBOCTOXpaHHJIHUJ, Ha XHMHqeCKHH COCTaB 

IIOBepXHOCTHbiX If II0.[(3eMHbiX BO.[("- C<jlOpMyJIHpOBaHO ITO pe3yJibTaTaM HCCJie.[(OBaHHH, 

H3JIO)I(eHHhiM B TpeTheii rJiase. B 3Toif rnase aBTop .[(eMoHcTpHpyeT B03MO)I(HOCTH 

IIpHMeHeHHSI TepMO.[(HHaMHqeCKOfO MO.[(eJIHpOBaHHSI .[(JISI perneHHSI pa3H006pa3HhiX 

3aAaq: pacqeT COCTaBa IIOpOBbiX BOA BbiBeAeHHbiX lf3 3KCIIJiyaTaiJ;Hlf XBOCTOXpaHHJIHUJ,, 

OIJ;eHKa BJIHSIHHSI CTOqHbiX BOA Ha fHApOXHMlfqe~KHe xapaKTepHCTHKH 03epa lfMaH.[(pa B 

rrepHO,ll;bl pa3JI1fqHOH TeXHOfeHHOH Harpy3KH, pacqeT MHHepaJibHOfO COCTaBa H 

KOHIJ;eHTPaUHH B3Beceif. 3.[(eCb HeO.[(HOKpaTHO IIO.[(qepKHBaeTC51 yqeT MO)l;eJibHOH 

CHCTeMOH IIpHCYTCTBH51 ymepo.[(a If o6pa30BaHH51 opraHHqecKHX COe.[(HHeHHH, qTo oqeHb 

Ba)I(HO IIpH perneHHH ,n:aHHbiX 3a.[(aq B CBSI3lf C IIpHMeHeHHeM opraHHqeCKHX peareHTOB B 

rrpouecce o6oraUJ,eHH». B Ta6nHuax 3.6-3.8 MO)I(HO BH.[(eTb pe3yJihTaTbi pacqeTa 

KOHIJ;eH'IpaUHH HOHHhiX nap KaTHOHOB KaJibl..l;HSI, MafHHSI, RalpHS! C opraHHqeCKHMH 

aHHOHaMH (au;eTaT-HOHaMH), KOTOpbie Ha3BaHhl MeTaCTa6HJibHbiMH COe,ll;HHeHH51MH 

(HaiipHMep, Ha C. 145 .[(HCCepTaUHH, Ha C. 24 aBTOpe<jlepaTa). IJoqeMy aBTOp HCIIOJib3YeT 

3TOT TepMHH HMeHHO .[(JISI TaKHX qaCTHU? ECJIH HMeeTCSI B BH.[(y, qTO OHH rrepeX0.[(51T B 

upyn1e, CTa6HJibHbie <lJopMbl, TO B KaKHe llMeHHO? 
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qeTBepTaSI rJiaBa ITOCB»W:eHa 11CCJleLI,OBamno B03LI,eHCTBIUI rrpOMbiiiiJieHHbiX 

CTOt.IHhiX BOLl. Ha cocTO»HI1e 03epa EonhiiiOH ByJJ.'h»Bp. Ilo pe3ynhTaTaM :noM: maBbi Ha 

3aW:11TY BhiHeCeHO TpeTbe 3aW:11W:aeMOe ITOJ10)KeHI1e " Qu,eHKa BJ111»HI1» CTOl.J:HbiX BOLl, 

rOpHopyLI,HOH ITpOMbliiiJleHHOCTH Ha BOLI,Hble 06'beKTbl B paMKaX CI1CTeMbl «CTOl.J:Hbie 

BOLI,bl - 03epo», o60CHOBhiBaiOW:a51 Kat.IeCTBeHHYIO Kapnmy cpyHKU110HI1pOBaHH» 

BOLI,HOfO 06'beKTa B paMKaX IIOCJleLI,OBaTeJlbHOH CMeHbl C06biTI1H - B ITpocrpaHCTBe 11 B 

peanbHbiX e)1,11HI1IJ,aX BpeMeHI1". Ilo MHeHI1IO OITITOHeHTa, OHO MOfJlO 6hi 6hiTb 

06'beLI,HHeHO CO BTOpbiM, T.K. B 06011X CJlyt.Ia»X pet.Ih 11)l.eT 06 OUeHKe TeXHOfeHHOfO 

B03)1,ei1:CTBH» Ha BOLI,Hhle o6beKTbl. 

B nnToii: rJiase, He6onhiiiOH ITO o6'beMy, paccMorpeHa Ba)KHa» ITpo6neMa 

MO)],eJlHpOBaHH», KOTOprui CB»3aHa C HeTOl.JHOCTbiO HJ1l1 ITOrpeiiiHOCT»MI1 11CXO)l.HOH 

HH<jJOpMaiJ,I111, l.JTO MO)KeT CTaTb IIpHt.IHHOH ITOJlyt.IeHH» HeBepHbiX pe3yJlbTaTOB. 

HaKoHeu,, wecTan rJiaBa, KOTopa» Ha3biBaeTc» " feoxi1MI1t.IeCKMe 6apbepbi B 

peiiieHI111 3KOJ10f11t.IeCKI1X 11 TeXHOJlOfHt.IeCKHX 3a)],at.I", ITO CBOeH TeMaTI1Ke OTJlHt.IaeTC» 

OT rrpeLI,hiLJ.YW:HX If Ll,eMOHCTp11pyeT LI,OIIOJ1HI1TeJlhHhie B03MO)KHOCTI1 ITp11MeHeHH» 

TepMOLI,HHaMHt.IeCKOfO MOLI,eJlHpOBaHH» - 3)],eCb 06beKTaMH »BJl»IOTC» He reOJ10fl1t.IeCKHe, 

a TeXHOJ10fl1t.IeCKI1e CI1CTeMbl. !10 ee pe3yJlbTaTaM c<jlopMyJ111pOBaHO qeTBepToe 

3aW:HW:aeMoe ITOJ10)KeHI1e, a 11MeHHO " MeTOLI,OJ10fl1» ITOCJlOHHOrO OtiHW:eHH» 

TexHoreHHhiX BOLl. xsocToxpaHHJlHW:a MeLJ.HO-HHKeneBhiX PYLI. c BhiLI,eneHHeM 

CeJleKTI1BHbiX KOHIJ,eHrpaTOB IJ,BeTHbiX MeTaJlJlOB". fnaBa, B t.IaCTHOCTI1, BKJliOt.IaeT 

COITOCTaBJleHI1e pe3yJlbTaTOB TepMOL1,11HaMI1t.IeCKI1X pact.IeTOB 11 na6opaTOpHbiX 

3KCITep11MeHTOB, MOLI,eJ1HpyiOW:11X B3aHMOLI,eHCTBI1e CMeCI1 cepiTO<jli1Ta 11 Kap6oHaTI1Ta 

(11CKYCCTBeHHOfO reOXI1MJ1qecKOfO 6apbepa) C paCTBOpaMI1 cynh<lJaTa HI1KeJ1» 11 Me)l.M. 

,[(Jl» OITI1CaHI1» MeXaHH3Ma OCa)K)],eHHR HHKeJl» Ha reOXHMJiqeCKOM 6apbepe rrpe.IJ.JIO)I(eHa 

XHMJiqecKa» peaKIJ,H» Ha C. 213, B pe3yJlbTaTe KOTOpOH o6pa3yeTC» " HI1KeJlbCOLI,ep)KaW:11e 

xnop11TOITOLJ.06Hbie <lJa3bi". KaKHe TepMOLJ.I1HaMHqecKHe Ll,aHHhie 11CITOJlb30BaJ111Ch LI.Jl» 

MOLI,eJ111pOBaHI1» o6pa30BaHH» 3THX <jla3 If ITOCrpOeHH» pacqeTHOH KpHBOH 

HI1KenhCOLJ.ep)Kaw:ero xnop11Ta, rrp11BeLI,eHHOH: Ha p11c. 6.1 0? 

MenKI1e 3aMet.IaHI15l 11 BOITpochi ITO TeKcTy JJ.I1CcepTaUM11: 

C. 20. " pact.IeT CJlO)KHbiX XHMJiqeCKHX paBHOBeCHH B H306apHO-H30XOpHqecKHX, 

H30XOpHt.IeCKHX If a)],Ha6aTHt.IeCKI1X YCJ10BI15lX" - Bep05lTHO, He B .11306apHO­

H30XOpHt.IeCKHX, a B H306apHO-H30TepMHqecKHX7 

Ha c. 29 Bhi3hiBaeT BOITpoc <jlpa3a " TaKHM o6pa3oM, ITPH rHLJ.POJ1113e 11LJ.YT 

OKHCJ111TeJlbHO-BOCCTaHOBMTeJlhHbie ITpOU,eCCbi" . Heo65l3aTeJlbHO. 

Hac. 37 He cnHIIIKOM yLJ.aqHhiM ITpe.D:CTaBn»eTc» Bbipa)KeHI1e "3neMeHThi-KaTI10Hbi" 

If " 3JieMeHTbi-aHI10Hbi". Jiyqiiie 6hiJ10 6bi CKa3aTb " KaTI10HOreHHbie 11 aHI10HOreHHbie 

3JieMeHTbi". 

C. 39. "B reoxHMHH ITOLJ:3eMHhiX BOLl. HMeiOTC» LJ:Be YHHBepcanbHhie ITOTemman-

3a)l.aiOIU11e CI1CTeMbi: 1) Kl1cnopoJJ. 11 cepa; 2) )KeJie3o H opraHHqecKHe Bew:ecTBa, 
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ao.n;opo.n:, a30T [Kpaii:HOB 11 .n;p., 1988]". He coBceM IIOH.HTHa.H <PopMysmpoBKa - Be,ll.b 

CI1CTeMa KI1CJIOpo.n;a 11 CI1CTeMa Cepbl .UBe ornenbHbie YHI1BepcanbHbie 

IIOTeHQ11aJI3a.n;aiOIII;11e CI1CTeMbi, a OCTaJibHbie rrepeqMcJieHHbie B :HOM U11TaTe - qacTHbie 

IIOTeHQMaJI3a,ll.aiOIII;Me CI1CTeMbl (KpatlH08 C.P., mee71 B.M ruopozeoXUMUJl.M: Heopa. 
1992. 463 c.) 

Hac. 86 B ypaaHeHMM peaKUMM He xBaTaeT <l:>Top11.D:-110Ha B rrpaBoif qacTI1. 

B maBe 3 Heo.n.HoKpaTHO (HarrpHMep, Ha c. 153, 156) acrpeqaJOTC51 Bbipa:>KeHI151 

"xMMMqecKoe paBHOBecl1e Bona - noHHhie oca,UK11" 11JIM "Bo.n.a - aTMoc<Pepa". HaaepHoe, 

IIpaBI1JibHee yrrorpe6MTb TepMHH "cpa30Bbie paBHOBeCM51". 

BoiCKa3aHHbie 3aMeqaHI151 He 3arpari1BaiOT cymecTBa .ll.I1CcepTaUMOHHOH pa6oTbi 

C.ll.Ma3yXMHOH, KOTOpa51, ITO MHeHMIO OIIIIOHeHTa, COOTBeTCTByeT Tpe60BaHM51M 

«flono:>KeHI151 o rrop.H.n.Ke rrp11CY)l(.ll.eHM.H yqeHbiX cTerreHeif» (rryHKT 9), yTaep:>K.n;eHHoro 

ITocTaHOBJieHMeM ITpaBMTeJibCTBa P<l> OT 24.09.2013, N2 842, TaK KaK rrpe.n;cTaBJI51eT 

C060if HayqHo-KBaJI11cpHKaQ110HHYIO pa6oTy, B KOTOpofi Ha OCHOBaHMM BbiiiOJIHeHHbiX 

aBTOpOM MCCJie.LJ:OBaHMH Ha IIpHMepe XM6MHCK0f0 MaCC11Ba perneHa HayqHa.H rrpo6JieMa 

KOJII1qecTBeHHOfO MO,ll.eJI11pOBaHI151 3BOJIIOQ1111 IIpHpO,ll.HbiX M TeXHOreHHO M3MeHeHHbiX 

BO.ll.HhiX CMCTeM ApKT11qecKoif 30Hhi PoccMifcKoif <l>e.n.epaQI1M. 

Co.n.ep)l(aHI1e aBTOpe<l:>epaTa COOTBCTCTByeT CO,ll.ep)l(aHI110 ,ll.I1CCepTaQI10HHOH 

pa60Tbi. 0CHOBHbie pe3yJioTaTbi ,UOCTaTOqHo IIOJIHO orry6JIMKOBaHhi B HayqHOH rreqaTM 

(25 cTaTeii B rrepHo.n;MqecKMX M3.LJ:aHM51X M3 rrepeqH51 BAK 11 2 MOHorpa<lJHH). 

Cq11Ta1o, qTo .n.MccepTaUMOHHa.H pa6oTa C.ll.Ma3yxMHOH oTaeqaeT aceM 

rpe60BaHM51M, rrpe,ll.b51BJI51eMbiM K pa6oTaM, rrpe.n;cTaBJieHHbiM Ha COMCKaHMe yqeHOH 

CTeiieHI1 ,ll.OKTOpa reOJIOfO-MI1HepaJIOfMqecKMX HayK ITO CIIeQ11aJibHOCTM 25.00.36 -

remKoJiorM.H, a ee aBTOp Ma3yxMHa CBeTJiaHa llBaHOBHa 3acJiy:~KusaeT npucyJK,LJ.eHH.H 

HCKOMOH CTeUeHH. 

llapoiKOBa MapHHa BaneHTMHOBHa 

,ll.OKTOp reOJIOfO-MMHepaJIOfMqecKI1X HayK, ,ll.OQeHT, 

rrpo<l:>eccop C B03JIO:>KeHHbiMM 06513aHHOCT51MM 3aBe.n.yiOIUeif Ka<l:>e.n.poif reOXMMI111 

llHCTMTyTa HayK 0 3eMJie 

<l>e.n.epanoHoe rocy.n.apcTBeHHoe 6IO.n.:>KeTHoe o6pa3oBaTeJibHOe yqpe:>K.n.eHI1e Bbicwero 

o6pa3oBaHM.H «CaHKT-fleTep6yprcKMH rocy .n:apcTBeHHhiH YHI1Bepc11TeT» 

A.n.pec: 199034, Ca~ a6., 719 , 
va s bulr~~('f•-...~oo;;~~~-~~:::.tt-- ~ 
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