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Beaymel opranusatnun ®I'EOY BO "Mockorckuii FOCYyIapCTBEHHBIN YHUBEPCUTET UMEHH
M.B.JlomonocoBa"o muccepraumonHoii pabote [Moutaps AneHsr AHAaTONLEBHBI Ha TemMy
"HcenenoBanne npoctpaHcTBeHHOI HEOZHOPOAHOCTH XMMHYECKOr0 COCTaBa TBEPBIX
HEOPraHMiecK1X BEIIECTB M MATEPUATIOB CTEXHOrpaduyeckum MeTo10M AuddepeHurpyowero
PacTBOpeHHs ", NPEACTABICHHON HA COUCKAHNE YYEHOM CTENMEHU KaH1aTa XUMHYECKHIX HayK

no cnequanbHocty 02.00.02 - ananuTHYeCKas XuMus

Hucceprauys A.A.Tlouraps nocesiuena paspabotke meTozna auddepeHumpyomero
PACTBOPEHHL, TIO3BOIAIOLLETO MCCIEI0BATE TPOCTPAHCTBEHHBIC HEOAHOPOJHOCTH COCTaBa
TBEP/ILIX TETEPOreHHBIX 0OBEKTOB HA MUKPO- U HAHOYPOBHE U OMpPEZENATh CTEXMOMETPHYECKHUIA
COCTaB OTAC/IBHBIX (a3. MHOrHe COBpeMeHHbIe KOHCTPYKUMOHHbIE U (DYHKIIMOHATTbHBIE
MAaTCpHaJIbl ABJISIOTCS FeTePOreHHBIMU, HEOHOPOAHOCTh COCTABA - HeoOXoUMoe ycioBUe s
AOCTIKEHHA UX JKEIATENBHBIX CBOHCTB. C APYroif CTOPOHBI, BOSHHKHOBEHUE HEOJHOPOAHOCTEMH
TaKNX MaTepuanos BC/IEICTBHE HEKOHTPOIMPYEMBIX MPOLIECCOB NIPUBOMIUT K NMOTEPE UX
NOTPeOUTENBCKUX CBOHCTB. Takum o06pa3zom, pazpaboTka u NIPUMEHEHUE METOAOB MCCIIE0BAHMUS
HEOAHOPOHOCTEH TBEP/IBIX TE€TEPOTEHHBIX MATEPHAIIOB - 331444 aKTyasbHasl KaK ¢ TOYKH
3PEHUs CO3IaHNs TaKUX MaTEPHaJIOB, TAK U C TOYKH 3PEHUSI KOHTPOJISI UX KAYeCTRa.

Tpapuumonno s usyuenus HEOIHOPOIHOCTH rETEPOreHHbIX MaTEPHAOB MPUMEHSIOT
TJIaBHBIM 00pa3soM (hU3MYECKHE METObI HCCJICI0BaHKs, TAKUE, KaAK PEHTTEHOAMUCCHOHHAS H
PEHTreHOIM(PPaKIMOHHAs CHEKTPOCKOMHUS (peHTrenodasoBblii anams) u Pa3jIMYHbIE BAPHAHTEI
SJIEKTPOHHOH MUKpOCKONUH. OHAKO KaX/Iblii W3 3THX METO/10B UMEET CBOM OTPaHUYCHHSI.
Pentrenosmuccuonnas CHNEKTPOCKONHS 1 3NEKTPOHHAS MUKPOCKONUS TIPUMEHUMBI IABHbIM

o0pa3om 1s uccaenoBanus MOBEPXHOCTHOM, a He 06BEMHOI, HCOAHOPOIHOCTH.
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Pentrenodasopkiit aHamu3 s HafeKHON MACHTHDUKALIN U TeM GoJlee orpeesieHus
KpUCTATMYECKUX (a3 TpeOyeT MPUMEHEHHs! COOTBETCTBYIOIUUX OBPAa3LOB CPABHEHNUS, a B
OTHOLLEHHH aMOPpQHbIX (a3 ero BO3MOKHOCTH BOOGLIE OCTATOUHO OTPAHUYEHDI.
Ilpumenenneiii B pabote Metoa auddepeHuupyomero PacTBOPEHUS OCHOBAH Ha XMMUUYECKHX
CBOMCTBAX BELECTB, UCTOYHUKOM MH(POPMAIlMK B HEM CJ1y)KaT KHHETMYECKHE JaHHbIE 06
3JICMEHTHOM COCTaBe PacTBOpa, 00Pa3yioIErocs B Npolecce pacTBOPEHHs TBEPBIX YaCTHIL
uceaepyemoro matepuana. Ipu aToM coctap u TemMneparypa pacTBOPUTENS H3MEHSIIOTCA MO
3apanee 3a1aBaeMOH MPOrpaMme UITH HEMOCPEACTBEHHO 7 il B COOTBETCTBUM C XOA0M
npowecca pacTBOpeHHs (CTeXHorpapuieckoe THTPOBaHKE). ITOT METOJ BO MHOTOM CBOGO/EH OT
YNOMSAHYTBIX OrPAHHYCHHH, TaK KaK, ¢ OAHOH CTOPOHBI, IPOLECC PACTBOPEHMS 3aTPArHBAET BECh
o0beM BELECTBA, a C APYroi, 31eMEeHTHBIH COCTAB PACTBOPA 3aBUCHT TONbKO OT COCTABA
pacTeopstiomeiics (asbl, a He OT €€ CTPYKTYpPbL. ITO MO3BOIUIO ABTOPY 0XapaKkTepu30oBaTh
MPUMEHAEMBIH METOJ KaK "Ge3dTaNOHHBII"( T.e. aGCOMOTHBII) B TOM CMBICIE, UTO I
YCTaHOBJICHHUs COCTAaBA W OMPECTICHMS KOJIMYECTB OTACNbHbIX (has He TpeSyloTes
COOTBETCTBYIOMIME (asbl Kak 06pa3Lbl CpaBHEHHs (XOTS 15 HENOCPEICTBEHHOIO ONpeaeneHHs
3JIEMEHTHOTO COCTaBa pacTBOPA UCMOJIL30BAHHBIM B pal0oTe METOAOM aTOMHO-3M UCCHOHHOM
CICKTPOCKOMHH, PAa3yMeeTCsl, 00pasLibl CpaBHEHHUS HYIKHBI).,

HayuHast HOBM3Ha pabOTHI MMEET Kak TEOPETHYECKyIO, TaK 9KCMEPHMEHTATBHYIO
COCTAaB/AIOLLYI0. TeopeTniecKas HOBU3HA COCTOMT B IOCTPOCHHH MaTeMATHUECKUX MO
U pepeHIUPYIONIEro pacTBOPEHHs B AHHAMUUECKOM PEIKUME NI FeTEPOTeHHBIX OOBEKTOB
Pa3sHOOOPA3HOrO CTPOEHHUS, B TOM HHCIIE C (aszami, MHKAIICYTMPOBAHHBLIMH B MATPHLIE,
PasIMiHON IMCNEPCHOCTH U AP. DTO MOACNMPOBAHUE NO3BONMIIO BBIIBUTD BIHSHHE COCTABA
PacTBOPHTE/IA Ha CECKTUBHOCTh M 5(DEKTUBHOCTL pasaeneHns ¢as, BLIOPATh ONTUMAbHbIE
PEAHUMBL TPOrpaMMHUpPOBaHKA €ro coctasa. PaspaGoTan HOBBIH MeTOA cTeXMOTrpaduyecKux
pacueToB cocTaBa (a3, BKIOUYEHHEIX B 06beM MaTpuiibl. [IpuMerente 3Toro crnoco6a pacuera
Npu UccneaoBaHuH AUbHEPEHLIMPYIOLIEro pacTBOPEHHS KaTalu3aTopOB NEPOBCKUTOBOTO psijja
Ha OCHOBE KYMNpAaTOB JAHTaHa MO3BOMMIIO BNEPBbIE NACHTH(PULMPOBATE B UX COCTABE HOBYIO
MeTacTadniibHYIO a3y, He 0BGHAPYIKEHHYIO paHee TPaAHLHOHHBIMU METOaMH
pentreHodasoporo ananusa. C skcnepuMEHTaNbHON TOUKH 3pEHHUs1 HOBU3HA pabOThbl COCTOMT B
[IONyHCHUM MHOMKECTBA HOBBIX JAHHLIX O (Da30BOM COCTABE pa3HOOGPA3HLIX r€TEPOTeHHBIX
MAaTepHAJIOB - KATAIU3aTOPOB (BaHAIMEBLIX, JKEJIE30-KOOATbTOBBIX, YIMOMSHYTHIX paHee
KyNpaToB JlaHTaHa), rpaeHONOAOGHRIX HAHOHACTHLL AUCYb(U/a Monub/ieHa,
ATIOMOCH/TMKATHBIX CTEKNOBOIOKHUCTBIX MATePHANIOB, CENEHUAAX THTUA-HHIMA. Y CTAHOBIEHD]
MHOTOYMC/ICHHBIE KOPPENSIUMY MEX/Y (Da30BbIM COCTABOM MATEpPUANOB U YCIIOBUAMU HX

CHHTE33, a TAK)KE UX CBOHCTBAMH (HANPUMED, OKPACKOH ONTHYECKUX CTEKOJ HA OCHOBE Li;Se -



In;Ses). Taknm 06pasom, paboTa MMeeT MEKIMCUMILTMHAPHBIH XapakTep, BHOCS BKJIA KaK B
AQHATMTHYECKYIO XMMHIO, TaK M B HEOPraHUYECKOe MaTepPUaIOBEICHHUE.

[IpakTryeckas 3Ha4uMOCTL Aucceprauud A.A.ITouTaph COCTOHT B TOM, YTO
TIPeJIOXKEHHBIE B pabOTe HOBBIE NOAXONBI K CTEXHOTPapUUECKUM paciyeTaM [MO3BONSIOT
BBISIBUTE Pa3IMYHbIC TIPOSBIICHUS POCTPAHCTBEHHOH HEOTHOPORHOCTH XMMHUYECKOTO COCTABa
Pa3HOOOpPa3HbIX KOHCTPYKIMOHHBIX U QYHKIHOHAJIBHBIX MaTepHanoB. Pe3yabraThr,
NPHUBEJICHHBIE B padoTe, B Aa/IbHEHIIEM MOTYT BbITh IPUMEHEHBI MPU Pa3paboTKe HOPMATUBHBIX
AOKYMCHTOB, PErJIaMEHTHPYIOMMX [POLECC CHHTE3a M KOHTPOJIb KAYECTBA TAKUX MATEPHAJIOB.

JluccepTaLiis COCTOUT U3 BBEJEHHS, 0030pa JIuTepaTyphl (I71aBa 1), MOCBSIEHHOro
TEOPUHU ¥ IPUMEHEHUIO MeTOa U epeHIMpyoLIero pacTBOPeH s, SKCEPMMEHTATBHOM
4acTy (rnasa 2), B KOTOpOif ONMMCaHbl MaTepuaibl, 060py0BaHUE U OBILAsT METOAOIOTHS
HCCIICTIOBAHMS, TEOPETUUECKON IaBbl 3, B KOTOPOH NPUBEACHBI M 00CYKIEHBI OCHOBHBIE
Pe3YJbTaThl MATEMATUYECKOr0 MOICIMPOBAHHUS THHAMUYECKOro quddepeHLHpyIomero
PacTBOpeHHUs cMecel (a3 u cocobkl pacueTa UX COCTABA, [MIABHI 4 ¢ pe3ybTaTaMu
HCCIIE/I0BAHHUS PeasibHEIX O0BEKTOB, BHIBOJOB, 3AK/IFOYEHUS H CIIUCKA LUTHPYEMOMH JTHTEPATYPbI.
Auncceprauus nznoxena na 127 ctpannuax. Cniucok nmreparypbl coaepskut 106 cebLiok.

I1o Teme mcceprauun omy6iukoBaHo 17 paGoT, B ToM uncie 7 cTaTell B OT€UECTBEHHBIX
JKypHanax, BXOAsmux B nepeueHb BAK, 2 cTaTent B MexIyHApPOIHBIX pelleH3upyeMblX
KypHanax, 8 Te3UCOB JOK/IA/I0B Ha BCEPOCCHIICKMX M MEXKTYHAPOAHBIX HAYYHBIX KOH(EepEeHIHSX.

Pesynbrarel, nomyyennrie B paGore A.A.IToutaps, 061a1a10T BceMu MpU3HaKaMH
Hay4HOH HOBU3HBI, HMCIOT CYLIECTBEHHOE PAKTUIECKOE 3HAYEHHE, OCHOBHBIE BBIBOJbI U
3aKITIOYECHHS! 0OOCHOBaHBI, UX JOCTOBEPHOCTh HE BBI3BIBAET COMHEHHIA. AsTopecepar B 11oaHOM
MEpe OTBEHACT COACPIKAHMIO AUCCEepTALK. JIuccepTalis COOTBETCTBYET MACOPTY
cneuuansHoct 02.00.02 - aHanuTHYecKas XUMUS B I1. 2 - METOIbI XMMHYECKOTO aHAIM3a
(xuMuHeckue, pU3NKo-XMMHUECKHE, AaTOMHAs M MOJIEKYIISpHAS CIIEKTPOCKONHUS, XpomaTtorpadus,
PEHTICHOBCKAsA CMIEKTPOCKOIMS, MaCC-CIEKTPOMETPUS, AePHO-(pU3HUECKHE METOMIBI U 1IP.).

K paboTte rmeeTcst HECKOIBKO 3aMeUaHuiA.

1. B aBTopedepare (c. 7) Tema 0630pa MHTEpaTypHI 3asBlIeHa Kak 060OIMIEHHE U
CHCTEMATH3aLUs CBEJICHUH O MPOABIEHHUSIX HEOHOPOLHOCTH XUMHUECKOTO COCTARA TBEPIbIX
HCOPraHM4CCKMX BELICCTB U MaTepHaloB. Takas Tema NpecTaBseTCs COREPILEHHO
HEOOBATHOH U He peanu3yeMoii B paMkax 0630pa AuccepTauMoHHON paboTsl. ToyHee GbIN0 ObI
CKasaTh O METOAMUECKHX aCNEKTaX U NMPAKTHYCCKOMY NPUMEHEHHUIO uddepeHuupyowero
PAcTBOPEHAA A HCCCA0BAHMS TAKOH HEOJIHOPOIHOCTH, YEMY B ASCTBUTE/ILHOCTH 0630p U

[TOCBAIICH.



2. TaBnuupl, MOCBSIIEHHBIE YCIIOBUAM aHanu3a (Ha c. 69, 77, 89, 99, 101, 104, 108
AMCCEPTALMH), HEAOCTATOYHO KOHKPETHBI M HE NO3BOJISIOT B NOJHOM MEpe BOCTIPOU3BECTH
3KCMEPUMEHT. UTo 03Ha4aIoT, HanpumMep, dpa3st "CocTaB MOTOKA PACTBOPUTENS ILTABHO
usmensiin ot HO — 1,2 M HCI — 3,8 M HF. Temnepatypy pacTsoputens noebimasny ot 20 10
75°C" (c.69)? B kaKue HMEHHO MOMEHTBI H3MEHSLIIM COCTAB U TEMIEPATYPY, C KaKOM CKOPOCTbIO,
KaK COOTHOCATCS BO BpEMEHH 3TH [Ba npouecca Mexay coboif? Takue nanHble cnenoaio Gbi
MO0 PUBECTH HENIOCPE/CTBEHHO B TaBIHIAX, THGO ¢ MOMOLIBIO COOTBETCTBYIOIIAX OTMETOK 1
MOANMMCEH yKa3aTh Ha MOMYYCHHBIX B PE3YJIBTaTe SKCIIEPUMEHTA KUHETHIECKHX KPHUBbIX (B
JaHHOM cily4ae - Ha puc. 23, ¢.70).

3. B mo6bIX METOAX NOKAIBHOIO aHAM3a METPOJIOTHYECKHE ACTIEKTHI COCTABNIAIOT
OYEHb CIIOXKHYIO NPOOJIEMY, YTO CPaBeUIMBO OTMeuaeT aBTop (¢.39-40). Tem He MeHee B
paboTe xoTesn0ch Gbl BUAETH 60NbLIE HHPOPMALIMH OTHOCHTENLHO METPOIOrHYECKON OLEHKH
pe3ybTaToB.

1) ITouemy OBEpUTENBHBIC HHTEPBANIBI PACCUMTAHHBIX 3HAYESHHIA
(CTEXMOMETPUYECKUX OTHOLICHHH, MaCCOBBIX JIONEH ) TPHBEAEHDI JIMLb STIU30MHYECKH B
TEKCTe (Hampumep, Ha ¢.72, 78, 79, 83-86, 91), Ho He B Tabnuuax?

2) Kak paccuMTaHbl 3TH HHTEPBAIIbI - M3 KAKOTO YHCIa JAHHBIX, U3 OJHOM
CTEXMOrPaMMbl MJTH O Pe3yJibTaTaM Mapajle/bHbIX aHATH30B, IPOBOAMIM JU TaAKUEe
aHaIn3b1?

3) B Tabn. 8 Ha c. 78 ykasaHo conepxanue Fe?* B ognol u3 (a3, paBHoe 26,8%.
MOo:xHO i OTpefeuTh conepxkanne Fe’* ¢ Takoll TOUHOCTEIO ¢ OMOIIBIO
MHTUKATOPHBIX TECT-NI0JIOCOK (C.77)?

OTH 3aMeYanusl He SABJIAIOTCS MPUHUUNUATBLHBIMHA, HE CTABAT M0/l COMHEHHE
JOCTOBEPHOCTL ¥ 0GOCHOBAHHOCTH OCHOBHBIX TOJIOMKEHHIT M BBIBOJIOB MCCEPTALMH U HE
OTpakaroTes Ha ee obuweii ouerke. PaGota A.A.Tloutaps "Uccnenosanue MpocTpaHCTBEHHOM
HEOAHOPOHOCTH XMMHYECKOrO COCTaBa TBEP/bIX HEOPTrAHHYECKHUX BEIIECTB M MaTepPHAIIOB
cTexuorpauseckum MeToAoM AuddepeHLUPyYIOIIEro pacTBOPEHHS™ SBNSETCS HAYIHO-
KBaNU()UKAUMOHHOM paGOTOM, B KOTOPOUH COAEPIKUTCS PEICHUE 3a1a4u orpeeaeHus
CTEXMOMETPHYECKOrO COCTaBa (a3 reTeporeHHbIX MaTepHaIOB, MMEIONIEH CYIECTBEHHOE
3HAYEHHUE JUIA AaHATTHTUYECKOM XMMUM M HEOPraHMYECKOTO MaTepHaIOBEACHHSI,

YTO COOTBETCTBYET TpeGoBanusaMm 11. 3 "Tlonokerns o nopsake IPUCYI)KAEHUS YUEHBIX CcTeneHei",
yrBepxnenHoro Ilocranoenenuem [pasutenscra PO ot 30.01.2002 r. Ne 74 (¢ HU3MEHEHUSMH,
BHECEHHBIMH [locTanoBieHnem [1pasutensctea PO ot 20.06.2011 r. Ne 475), NPEabABIISEMBIM K

AUCCEPTaLMSIM Ha COUCKAHME YIEHOH CTeNeHM KaH/naarta Hayk, a ee astop, [loutaps Anena



AHaTOJH)CBHa, 3acjly>KuBaer NpuCyxxneHusa YYCHOUH crenenu KaHIu1aTa XUMHYECKUX HaykK no

cnenumaneHocTu 02.00.02 - AHAJIUTHYECKAS XUMUS.

OT3bIB nogroToBUN
JIOUCHT KadeApbl AHATUTHYECKOM XuMEy
XHMHUYECKOro (akynbreta MI'Y,
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KaHIMOAT XUMHAYECKUX Hayk / /7 A.B.I'apmau

OT3p1B 3acnyman u YTBEPXKACH Ha 3aceqanuu Kadeapsl aHanuTHUeCK O XUMUH XUMHYECKOro
axynbreTa Mockosckoro TOCYRapCTBEHHOTO YHUBEpCHTETA HMEHH M.B.Jlomonocosa,

HPOTOKON 3acenanus Ne 20 ot 18 HOA6ps 2015 .,

3aBexyrowuit Kadeapoli aHaTuTHYeCKON XHMu Xumuueckoro axynsrera MY umenu

M.B.JIomouocoga
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Cexpetaps 3aceqanus

AOKTOP XUMHYECKHX HAayK WADS >/ T.W.Tuxomuposa

3aMm. nekana Xumuyeckoro bakynsrera MI'Y umenu M.B.JlomonocoBa 1o Hay4yHoii pabore,
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