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2UOPUPOBAHUS, HINO OONNHCHO YUUINBIBAMbCS NPU 8b100pe KOHCMPYKYUY peakmopa. Paccmompenst npumepol
UCNONb308AHUSI PEAKMOPO8 CO CHIAYUOHAPHBIMU, CYCHEHOUPOBAHHBIMU U MOHOTUMHBIMU KAMAIUZAMOPAMU,
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BBenenune

Yenenrnoe pa3BUTHE BOJOPOJHON SHEPTETUKH BO
MHOTOM 3aBHCHT OT pa3paboTku 3pPEKTUBHBIX U 0e3-
OIACHBIX TEXHOJIOTHM XpaHEHUS U TPAHCIOPTUPOBKHU
OOoNBIIMX 00BEMOB BOLOpoAa.” MeToasl XpaHeH s BOJIO-
pona nensarcst Ha pusnyeckue (CxKaThlidi BOIOPOJ, KU~
KU BOIOPO[), PU3MKO-XUMHYECKHUE (acOpOLMOHHBIE,

* Hydrogen scaling up. A sustainable pathway for the global
energy transition. Hydrogen Council. November 2017. // URL:
https://hydrogencouncil.com/wpcontent/uploads/2017/11/
Hydrogen-scaling-up-Hydrogen-Council.pdf

B BHJIC METAJUIOTHIPHIOB) U XUMUYECKUE (B COCTAaBE
COeMHEeHHH ¢ 00JIee BRICOKOM TeMIIepaTypol KHITEHUS,
Hanpumep NH3, MeTaHos, yKCyCHasi KUCIIOTa, MOJIUIIU-
KIIMYECKHE YIIIEBOAOPOLI 1 1p.) [1].

[lepcriekTHBHBIE CUCTEMBI 3aracaHusl BOAOPOIa MO-
TYT UCIOJb30BaTh MPHHIIAI 00PATUMOTO KaTaJIUTH4Ie-
CKOTO THIPUPOBAHUS/IETUAPUPOBAHUS HEHACHIIIIEHHBIX
OpTraHN4YC€CKUX COGHHHCHHﬁ — XKUJIKHUX OPTaHUYCCKUX
Hocutenel Bogopoaa. CUCTEMBI, UCIOJL3YOIIHE KUIKHAES
OpraHUYeCcKUe HOCUTEIH BOJIOPOJIa, CTAIN TPEAMETOM
Hay4YHBIX UCCIIeIOBaHUi HaumHas ¢ 1980-x romos (2, 3].
Pab6otsI B 310#1 00/1aCTH B OCHOBHOM ITOCBSIIICHBI Jlabopa-
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TOPHOMY HCCIIEOBaHUIO 3P ()EKTUBHOCTH MpeIaraeMbIxX
HOCHUTEJIEH BOIOPOa, KAaTalIn3aTOPOB M PEaKIIHOHHBIX
anmaparoB Ui IPOBENEHUS THAPUPOBAHUS U JETUAPH-
pOBaHUA, a TaK)Xe OLIEHKE TEXHUKO-DKOHOMHYECKHX I10-
Kasaresel CHCTeM KOMMepPUECKOH HaIlPaBIeHHOCTH, IPU
9TOM OTIBITHAS U JIEMOHCTPALIMOHHAS OTPa0O0TKa TEXHO-
JIOTHH XpaHEeHUs BOAOPO/IA C HCIIONB30BAaHIEM IKHIKAX
OpPraHWYeCcKUX HOCUTEINEH BOIOpoa peain30BaHa JINIIb
HECKOJIbKMMHU TpYyIaMu uccienonareneit [4-8].

[IpoBeneHne KaTaIUTUYECKOTO IETUAPUPOBAHHUS JKHUI-
KHX OPTaHWYeCKUX HOCUTENIEH BOJOPOIa OCIOKHIETCS,
C OZIHO¥M CTOPOHBI, 3HJOTEPMUIHOCTHIO ATOM peaklnuu U
HEOOXOIMMOCTBIO MMOJIBOJA TEIIa I €€ OCYyIeCTRIIe-
HUS, a C IPYroil — HEeOOXOIMMOCTBIO MTPE0TBPAIEHUS
JIETpaialliil ATHX HOCHUTEJEH MPH BBHICOKUX TEMITEpaTy-
pax. ONTUMaTbHBIM PEIIEHUEM MIPEICTaBIAETCS HU3KO-
TEMIIEPaTypHOE JIETUAPUPOBAHNE KUIKUX OPTaHUIECKUX
Hocutenel Bopopoaa [9], moaxoasl K OCYIIECTBICHUIO
KOTOPOTO MOTYT 3aKJII0YaThCs: a) B CHIDKEHUH 00IIero
JIABJICHUS TIPH JCTUAPUPOBAHUH (00JIee IPEATIOUTHTEIb-
HBIN 1MOJIX0M); 0) B CHM)KEHUU MApLUAIBHOTO JaBICHUS
BOJIOpOJa pa3daBlieHUEM WHEPTHBIM I'a30M (OCHOBHOE
BO3HUKAIOIIEE 3aTPYJHEHHE — IOCIEAYIOIIee pasere-
HHE BOJOPOIa M MHEPTHOTO Ta3a); B) B VIAJICHUH JCTH-
JIPUPOBAHHBIX KUAKUX OPTaHUIECKUX HOCUTENEH BOJO-
pola ¢ UCIONb30BaHNEM PEAKIMOHHOMN TUCTHUISILUAM.

Jis meruapupoBaHus HKUAKHX OPraHUIECKUX HOCH-
TeJel BOJopOoAa MOTYT HCMOIB30BATHCS TPAAUIIIOHHBIE
MIPOMBIIUIEHHBIE PEAKTOPBI, TPUMEHIEMbIE B KPYITHOTOH-
HaXHBIX MpOoIleccax IeTHIPUPOBaHHMS 3THIOCH301a 1 JIeT-
KHX aJIKaHOB (PeaKTOPBI CO CTAIIMOHAPHBIM CIIOEM KaTa-
JM3aTopa, IEPHOANIECKOTO M HEMTPEPHIBHOTO ACHCTBHUS U
IIp.); CTPYKTYpHPOBaHHBIE pEaKTOPBI (MEMOpaHHbIE peaK-
TOPBI, B TOM YHCIIE MUKPOCTPYKTYpHUPOBaHHbIE, PEaKTOPbL
C MOHOJIUTHBIMH KaTaJIn3aTOPaMH COTOBOH CTPYKTYPHI),
KOTOpBI€ MO3BOJISIOT TOOUTHCS psifia CYIIeCTBEHHBIX
MPEUMYLIECTB TIPHU MPOBEAEHUN XUMHUYIECKHUX MPOIIEC-
COB, XapaKTePHU3YIOIINXCS KOMIUIEKCHBIMH POOJIeMaMu
Temo- U MaccoobMmena [ 10], a Takke peakTopsl, paboTa-
FOIIUE B peKUME UCTIAPSHHUS/KOHACHCAITNH H PSIT IPYTHUX.

Lens 0630pa — aHanu3 BOZMOXKHOCTEH HHTEHCH(H-
Kallui MIPOIIECCOB JIETHIPUPOBAHUS KUAKUX OpraHuye-
CKUX HOCHUTEJEN BOIOPOAA C UCTIONB30BAaHUEM KOHCTPYK-
IIUOHHBIX OCOOCHHOCTEH PEaKTOPOB NETUAPUPOBAHUS U
cpaBHeHHUE YPHEKTUBHOCTH UX PaOOTEHI.

PeakTops! gernapupoBanHus
€ HeNOABUKHBIM CJIOEM KaTau3aropa

KoHcTpykiuu peakTopoB ¢ HEMOABUKHBIM CI0EM
KaTajau3aropa MIUPOKO HCIOIB3YIOTCS IS MPOBee-
HUS PeakIui ACTHIPUPOBAHMS KUIKAX OPTaHHICCKUX

Maxapsn U. A., Cedos U. B.

HOCHUTeJeH BOIopona, B TOM HMCIE B COCTaBe CyIe-
CTBYIOIUX MWJIOTHBIX U JIEMOHCTPAIIMOHHBIX YCTaHO-
BOK [11]. B wactHOCTH, puMepoM 3P (deKTHBHON pa-
OOTBI PEaKTOPOB AETUAPUPOBAHUS TAKOTO THIIA MOXKET
CIIy>KUTh JEHCTBYIOLIAsl JEMOHCTPALIMOHHAS IMJIOTHAS
ycranoBka cucteMbl SPERA Hydrogen npousBoanTens-
HOCTBI0 50 M3 (H. y.) Ho/u smonckoii kommanuu Chiyoda
Corporation [12, 13]. B peaktope ¢ HEMOIBHUXHBIM CJIOEM
YaCTUYHO CyAbpuINpoBaHHOTO Karamuzaropa Pt/Al,O3
OCYILECTBIISIETCS ACTHIPUPOBAHNE METHIILIUKIOTCKCaHa
npu temmeparype 350-400°C u maBinenun <10 Mlla.
[Ipouecc nporekaeT ¢ KOHBEPCUEN METHIILIMKIIOTEKCaHa
>95%., CEeJIEKTUBHOCTBIO 10 TOIYOIy >99%, BrIXOTaMU
10 BOJOPOAY U Tomyody >95%. JleMOHCTpalnOHHBII
MPOEKT BHITIONHsIICS B niepuoa 2015-2020 rr. B pam-
Kax MeXIyHapoIHOro mpoekta accoruannu Advanced
Hydrogen Energy chain Association for technology
Development.* B HacTosiiee BpeMsi HECKOJIBKO AEMOH-
crpannoHHbIX ycraHoBoK SPERA Hydrogen nmpomomxka-
0T yCIENHO padoTaTh B pa3HbIX MECTaxX JUCIOKAnH. **

Han ynyumennem paboynx XapakTepUCTHK TPaIHULIU-
OHHBIX PEAKTOPOB JACTUAPUPOBAHHUS 38 CUET HHTCHCU(HU-
KallM¥ TPOTEKAIOIUX B HUX TEIUIO- H MacCOOOMEHHBIX
MPOIIECCOB B HACTOSIIEE BpeMsI pabOTarOT TPYIIIBI yae-
HBIX B BEIyIMX cTpaHax Mupa. Hampumep, B kaTanuTu-
YECKOM PEaKTope C HEMOABM)KHBIM CJIOEM KaTalnn3aTopa
aBTOPBI Pa0OTHI [ 14] M3ydanu BIUSIHIE MUKPOBOITHOBOTO
HarpeBaHus Ha JIETUAPUPOBAHNE JIEKAIMHA U TETPaJIHHa,
a ToJIyYeHHbIE Pe3yabTaThl CPABHUBAIM C pe3ybTaTaMU
JETUAPUPOBAHMS B PEAKTOPE C AIEKTPUUECKUM Harpe-
BOM. OTMEUEHO yBeJIMYEHUE KOHBEPCHH TETpaJMHA B
CHUCTEME C MUKPOBOJIHOBBIM HArpeBOM PEaKTOpa, YTO
aBTOPHI OOBSACHSIOT BOSHUKHOBEHHEM OOJIBIIIOTO IpaIu-
€HTa TeMIepaTyp MeXIy MOBEPXHOCTBIO KaTaau3aropa
U pPEaKLUMOHHOM CMECHIO, YTO 00ECIIeUnBaET BBHICOKYIO
CKOPOCTh JeCOPOITHH TPOAYKTOB M CITIOCOOCTBYET yiIyd-
HIEHHIO MaccolepeHoca B CUCTEME, TIPUBOJIS K yBelnde-
HUIO CKOPOCTH JETUAPUPOBAHMSL.

B TpyGuarom peakTope ¢ HEMOABMKHBIM CIIOEM Ka-
TaJau3aTopa MPOBEACHA CEPHsl IKCIEPUMEHTOB 110 U3Y-
YEHUIO IETHAPUPOBAHMS METUIIUKIOTEKCaHa B TIPHU-
CYTCTBUH 00pa3lioB KOMMEPUYECKUX U CHHTE3UPOBAHHBIX
B JIa0OpaTopuH Karanu3aTtopoB [15, 16], a mia Haxox-
J€HUs ONTUMAJBHBIX YCIOBUH IPOBENECHUS MpOLEeC-
ca JIeTUAPUPOBaHUA Oblia pazpaboTaHa crienuaibHas

* The World’s First Global Hydrogen Supply Chain
Demonstration Project. 25 December 2020 // URL: https://
www.chiyodacorp.com/en/service/spera-hydrogen/

** Japanese consortium reports successful demonstration
of hydrogen supply chain system using MCH; semi-
commercialization to begin. 03 February 2021 // URL: https://
www.greencarcongress.com/2021/02/20210203-mch.html
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MaTeMaTtudeckas Mojenb [17]. ABTopamu OBLT Takke
MpeIOKEH MPOTOTHII HOBOW TpyOUaTol peakTopHOI
CUCTEMBI C HETIOABIKHBIM CIIOE€M Karajin3aropa, Impes-
HA3HAYEHHOM /7S MCTIONIb30BAHUS B COCTABE TEXHOIOTUH
3amacaHusi BOIOpoAa Ha OOpPTY TPaHCHOPTHBIX CPEACTB
[18]. OTnuunTensHON 0COOEHHOCTHIO MPEAIOKEHHON
PEaKTOpHOI KOHCTPYKIINH SBISIETCS NCTIOIH30BAaHUE JI0-
MOJTHUTENBHBIX pedep B reOMETPUH TPYOOK, YTO CIIOCO0-
CTBYeT OoJiee JUINTENHHOMY COXPAaHEHHIO aKTHBHOCTH
KaTtanu3aropa. TeMriepaTrypa MmoCcTyaroIero B Takoi pe-
aKTop rasza nmomnepkuBactcs Ha yposHe 600°C, Temmepa-
Typa CIlos KaTam3aropa He JoJDkHa rnpesbimars 450°C, a
KOHBepcHsI npoliecca cocTapiseT He MeHee 90%.

Maremartudeckas MoJIeNb, pa3padoTaHHAs IPYTHMH
aBTOpamu ¢ ucnois3oBanueM Aspen HYSYS v. 9.0 [19],
MTO3BOJIMJIA IETATHHO MU3YYHTh BIMSHUE YCIOBHUI ITPOBE-
JIeHUs IeTHPUPOBAHNS METHIILIUKIIOTEKCaHa B peakTope
C HEMOJBWXHBIM CIIOEM Karanu3aTtopa Ha dpdexTus-
HOCTh U CEJIEKTUBHOCTH Iporecca. MogenpHbIe IKCIIe-
PUMEHTHI TPOBOAVIIN B TPUCYTCTBUH MIECTH PA3IUIHBIX
KaTanu3atopoB B uHTepBaje temneparyp 300—450°C u
nasienuit 0.1-0.3 Mlla. beun onpeneneHsl onTUMalb-
HBIE YCIIOBHS NIPOBEICHUS THAPUPOBAHHSA (TEMITEpaTypa
360°C, masnenne 0.18 Mlla, oTHOIIEHNE BOIOPOI/ME-
Tunmkiorekcad = 0.5) v BBIOpaH ONTAMAIIBHBIA KaTau-
3atop (1 Pt/y-Al,0O3). OCHOBHBIM TOOOYHBIM ITPOYKTOM
Mporiecca Mpy BEICOKOM JaBJIEHIH U HU3KOW TeMIiepary-
pe€ B UCTIONB30BAHHOM peakTope ObLT IIMKIIOTEKCaH, TOTIa
KaK IpU HU3KOM JABIICHUU U BBICOKOH TeMmepaType 3T0
OBLT OEH301.

OTIMYATETLHON YepTOl CUCTEM XPaHCHHS BOITOPO-
J1a, BKJIIOYAIONIUX JKUAKHE OpTaHUYECKHUE HOCHUTEIH,
SIBJIIETCS] BOBMOYXKHOCTh KOHTPOJISL TMHAMHKH ITpoLecca
BBIJICJICHHS] BOAOPO/Ia 32 CUET U3MEHEHHUS JaBJICHUS B
peakTope AeTHapUpOBaHUs. MI3MeHEeHUE TeMITepaTypsl
B TpyO4aToM peakTope, HalPOTHB, MEAJICHHO BIMIET Ha
3TOT HapameTp, 4To ObLIO YCTAHOBICHO NMPH W3yYCHHUN
JMUHAMHKHU BBIJCIICHUS BOJIOPOAA U3 NEPTHAPOIUOSH-
3WJITOINTYOJIa B TPATUIIMOHHOM TpyOdaToMm peaxtope [20].
W3BecTHO, 4TO 3HAOTEpMHUUECKAs PEaKIHs ACTHAPHUPOBaA-
HUS MIpoTeKaeT mpu TeMneparypax Baiire 250°C. Tak kax
peaxTop JeruapupoBanus oonagaeT OoNbLION TeI0BOH
WHEpLYEH, TO MPOoIeypa BEIBOJA XOIOTHOTO peakTopa
Ha paboumil peXUM MOXKET 3aHUMAaTh HECKOIBKO YacOoB.
OpHako 3Ty mpouenypy MOKHO peryiIupoBaTh 3a CHET
M3MEHEHUs TEMIIEpaTypbl U CKOPOCTH MOJaYM MOTOKOB.
Tak, aBTOpHI yKa3aHHOH pabOTHI YCTAHOBHIIH, YTO MOYKHO
MMOYTH MTHOBEHHO MOBBICHTH MOITHOCTH TIpoIiecca OT
2.32 o 2.70 kBT 3a cuer u3MeHEHHS JaBICHUS B MOIYJIE
ouncTku oobemoM 19 am3 ot 0.15 mo 0.11 MIla 3a cuer
PETYIHPOBKH CKOPOCTH TTOJIAYH KHJIKOTO OPraHUIeCKOTO
HOCHTENS B pEaKTOp IETHJIPUPOBAHNS.

Kuneruka neruapuposanus N-atuinkapbazona uc-
ClIeZIOBaHa B TpyO4aToOM peakTope, CMOHTUPOBAaHHOM B
Pa3IMYHBIX HOJIOKEHUSIX (BEPTUKAIIBHOM U TOPU30HTAIIb-
HOM) ¥ UMEIOIIEM COOTBETCTBEHHO pa3HOHAINPABICHHYIO
1oJlauy peaklMOHHBIX TOTOKOB [21]. MeTogamu marema-
TUYECKOTO0 MOAETHPOBAHUS TOKA3aHO, YTO BEPTUKAIb-
Hasi OPUEHTALsl PEaKTOpa CIIOCOOCTBYET IIPOTUBOTOKY
JKUJIKOTO OPTaHUYECKOTO HOCUTEINS M BBIJEIIEMOTO BO-
JIopojia, TIOTOMY KaTayu3atop padoraer Ooinee 3¢ dek-
THUBHO U CTa0HMJIBHO, a TEIIONEpEeaada OCyIEeCTBISEeTCS
3HAUUTEIIBHO JIy4llle, YeM [IPHU FOPU30HTAIBHOM PacIo-
JOKEeHNHU peakTopa. PaspaboTanHas MoaeIs O3BOIMIA
paccunuTarh paBHOBECHYIO CTENEHb AETUAPUPOBAHUS
N-aTunkap6a3ona B 3aBUCUMOCTH OT AABICHUSA U TEM-
[IEpaTyphl B PEAKTOPE.

C 1enpio ONTUMHU3ANNN KaTATUTHYECKOTO JAETHAPH-
pOBaHUS HOCHUTENEH BOAOPOJA U3YUEHO BIMSHUE Mac-
conepenoca (auddy3un B mopax HaHECEHHBIX KaTa-
JMU3aTOPOB) HA OCHOBHBIE MapaMeTpsl mporecca [22].
Bce s3kcniepuMeHThI ¢ JeTUApUPOBaHUEM HEPTUAPO-N-
ITUNKAp0a30J1a OCYIIECTBISUINCH B HEMPEPBHIBHOM pe-
KUME B BEPTUKAJIBHOM TPyO4aToM peakTope JIHHON
7 cM u BHyTpeHHHM nuametrpom 0.8 cm. Juddysus B
Mopax U3yyanach y CTPyKTYPUPOBAaHHBIX KaTaJIN3aTOPOB
Pt/y-Al,O3 Tina sapo—000I104Ka, KOTopble ObLIN MOTyYe-
HBI HAHECEHHUEM CJI0s1 IUTaTHHBI Ha aKTUBHYIO MOPHUCTYIO
o6omouky y-Al,O3 ompeneneHHON TONIUHBI, B CBOIO
ouepe/ib HAHECEHHYI0 Ha MHEPTHYIO0 HEMOPUCTYIO OC-
HOBY U3 0-Al,O3, mpH 3TOM TONIIMHA AKTHUBHBIX CJIOEB
OBLTa Pa3IMYHON ¥ HAXOMWIIACh B HHTEpBae 24—88 mm.
OO6Hapy>Xe€HO, 4TO JaKe IMPU OUYEHBb TOHKUX (24 MM) Ka-
TAJTUTAYECKUX CIOSIX KHHETHYECKHH PEXHM PEaKIHH
orpaHuumnBaercsa temmneparypoil 235°C u He 3aBUCHUT OT
TFeOMETPUUECKHUX XapaKTEPUCTUK PeaKTopa.

PeaKTOpr C CYCIECHAUPOBAHHBIM KaTaJIU3aTOPOM

CycrneH310HHbIE KaTAIUTUYECKUE PEAKTOPHI C Iepe-
MEIIMBAHUEM PEAKIIMOHHOM Cpe/ibl OYeHb pacipocTpaHe-
HBI ¥ BecbMa 3P (QeKTUBHBI TIPH peaIn3aliu MPOLECCOB
ruapupoBanud [23, 24]. OgHako aHAIU3 JUTEPaTypPHBIX
JAHHBIX CBUIETEIBCTBYET O TOM, YTO UX NPUMEHEHHE B
MacmTaOHBIX TPOMBIIUICHHBIX TIpoIieccax JerHIpHPO-
BaHMS OPTaHMYECKUX COEANHEHUH MOKa OrpaHUIEHO.

KunkodazHoe kaTaIUTHUIECKOE JETUAPUPOBAHHUE B
CYCIIEH3UOHHBIX PEaKTOPaxX B IPOMBIIIJICHHBIX MacIITa-
0ax ObUIO peann30BaHO MPH JAETUIPUPOBAHUN BTOPHUY-
HBIX CIIUPTOB (M30IponaHoia u 2-0yTaHosa) B COOTBET-
CTBYIOLIHE KeTOHB DpaHIy3CKUM HHCTHUTYTOM He(TH
(IFP) [25]. B mpouiecce IFP karanutuueckoe aeruapu-
pOBaHKE MPOTEKAET B XKUIKOW (a3e MpH TeMIepaType
150°C 1 arMocepHOM JaBiIeHUH B IPHUCYTCTBUH HUKEIS
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Penes B kauecTBe Karanm3aTopa, KOTOPHIH CYCIICH]IU-
pPOBaH B BBICOKOKHIIAIIEM PAaCTBOPHUTENE C MOMOIIBIO
MEXaHHYeCKOH Memanku uin tepMmocudona. IlogBox
Tera, TpeOyeMoro sl KOMIIEHCAIIUHT SHI0TEPMHYECKO-
ro 3¢ dexra IeruApupoBaHus, 00eCcIeunBaICs BHEITHIM
000TpeBOM peakTopa H MOJOTPEBOM PEareHTOB.

Bo3MoxHOCTS TpOBEICHNS KUAKO(DAZHOTO AETH-
JPUPOBAHHUST METAHOJIA, SBJISIOIIETOCS MOTEHIIUATBHBIM
KUJKAM OPTaHUYECKUM HOCHTEIIEM BOJIOPOJa, B MPHU-
cyrctBuM Meau Penes B cycnensuu 1,2,3,3-teTparuapo-
XWHOJIMHA TIpU AaBieHusx 10 2.75 MIla u temnepary-
pax 300-355°C uccnenoBana B padote [26]. OCHOBHBIM
OPOAYKTOM OBbLIT METHII(OPMHUAT, MPEATOIOKUTEIBHO
00pa30BaHHEIN 32 CUeT quMepu3anuu GopMalIbIeTHIA.
IIpu Temneparypax aerugpuposanus Bsime 325°C Ha-
Omronaach Ae3aKTUBAIMS KaTaau3aropa.

Coo01maeTcst 0 MPOBEICHUHN CPABHUTEIBHOTO JIETH-
JIPUPOBaHUS MYpPaBbUHOUN KUCIOTHI (TIpeniaracMoil B
KaueCTBE JKUIKUTO OPraHMIECKHUOTO HOCUTENSI BOAOPOIA)
C TIOJTyYeHHEM MOJIEKYJISIPHOTO BOIOPOAA B IPHCYTCTBUH
KaTaJn3aTOpPOB Ha OCHOBE YIJIEPOJHBIX MaTepHaoB,
JIOMTUPOBAHHBIX KoOanbeToM u azoroM Co@NC [27].
JerunpupoBanrie MypaBbUHOM KUCIOTBI OBLJIO TIPOTE-
CTHPOBAHO KaK B XHAKO(A3HBIX, TaK U B Ta30()a3HBIX
YCIIOBUSIX M MOKA3aHO, YTO aKTHBHOCTH KaTalln3aropa B
ra3oBoii (aze CyIeCTBEHHO BBIIIE, YEM B YKHUIKOM, UTO
CBs3aHO ¢ AP PEeKTaMH CONBBATHPOBAHNS.

MeMOpaHHBIe peaKTOPbI 1erHIPHPOBAHNS

MeMOpaHHbIE KaTaTUTHUSCKUE PEAKIIHOHHbBIE CHCTe-
MBI, B TOM YHCJIE MUKPOCTPYKTYPUPOBAHHEIE, B KOTOPBIX
UCIOJIb3YIOTCSI MOHOJIUTHBIE (METaIMYeCcKue) U 1o-
pHUCTbIe HEOpPraHWYECKHE (KepaMHKa, yIIIepol, CTEKIIO)
MeMOpaHBI, 00eCTIEYNBAIOT PSII BAXKHBIX MPEUMYIIIECTB
NpU TMPOBEIEHUU NPOIECCOB NETHIAPHUPOBAHUS.
BonopoacenektuBHble MEMOpaHbI TO3BOJISIOT TOTYYaTh
BOJIOPOJI BBICOKOM YHCTOTHI, yCTPaHsisi HEOOXOAUMOCTh
B JIOTIOJTHUTENBHBIX CTAAUSAX €T0 OYMCTKHU, B TOM YHUCIIE
OUYUCTKH OT IpHUMeced, 00pa3yoIuxcs B pe3yibTaTe
JeTpajlallid HOCUTENs BOLOPOJa B pabounX LUKIIAX.

HderuapupoBanue METHILUKIOIEKCaHa B MEMOpaH-
HBIX KaTAIUTHYECKUX PeaKTopax u3y4eHo B padote [28].
bbumn cMonennpoBaHsl YCIOBHSI PaAHaIbHOIO U OCEBO-
rO pacrpeneneHus CKOpoCcTel peakIMOHHBIX TTOTOKOB,
TEMIEePaTyphl PeaKi U KOHIEHTPALIMU PEareHTOB U
Kataju3aTopa. Ha co3gaHHBIX MOIENSX HCCIETOBAHO
BIIMSIHUE TIOPUCTOCTH KaTaJUTUYECKOTO CJIOSI Ha BBIXO[
BOJIOPO/Ia, & TAK)KE YUUTHIBAJIOCH BIUSHIE KOHCTPYKIIHU-
OHHBIX 0COOEHHOCTEW peakTropa ACTHIPUPOBAHHUS, CKO-
POCTH OJa4M METHIILIMKIIOTEKCaHa, MacChl KaTaan3aropa
U JIaBJICHUS Ha IPOHHUIIAEMOCTh BOIOPOJICEICKTUBHON

Maxapsn U. A., Cedos U. B.

MeMmOpansl. TeopeTndeckas onTUMH3ANKS Tpollecca
JIeTUIPUPOBAHNUS TO0Ka3aja BO3MOXXHOCTh YBEJINYEHUS
CKOPOCTH BBIJICIICHUS BOJOPOa B MEMOPaHHOM PEaKTO-
pe B 5 pa3 1o CpaBHEHUIO C TPATUIIHOHHBIM PEAKTOPOM
JIETHPUPOBAHUS TAKOTO JKe 00beMa.

Jlns omucaHus IOPIITHEBOTO PEKUMA ABHKCHIS T10-
TOKOB B U30TE€PMHUYECKUX YCIOBHUSIX NETUAPUPOBAHUS
IUKIJIOTEKCaHa B MAJIAJNEBOM MEMOpPAHHOM PEaKTope
pa3zpaboTaHa MaTeMaTHYecKasi MOIEb, YIUTHIBAIOIIA
KOHIIEHTPALIMIO, TEMIIEPATypy U pacIpeeieHne CKOpo-
CTel TemIoMaccOOOMEHHBIX MOTOKOB M THPaBINYECKUE
conpotusieHus [29]. Moaenb mo3Boiuia U3y4uTh AETHU-
JIPUPOBaHME ITUKIIOTEKCAHA B PEaKTOpaxX C Pa3IUIHBIM
KOJTUYECTBOM TPYOUATHIX MEMOpPAaHHBIX 3JIEMEHTOB U
BBISICHUTH, YTO BBICOKHE TPAJUCHTHI TEMIIEPATyp U KOH-
HEHTpauii GOpMUPYIOTCS B MEeMOPaHHOM PEaKTope Kak
B paJUalIbHBIX, TAK ¥ B aKCHAIIbHBIX HATPABICHUSX, TIPU
9TOM MOJIENbHBIE PACUEThl PEeaKIUu JAETUIPUPOBAHUS
[MKJIOTeKCaHa HaXOASATCS B XOPOILIEM COOTBETCTBUHU C
IKCIIEPUMEHTAIILHBIMU JAHHBIMH.

MoHonuTHBIE MEMOPaHBI Ha OCHOBE MAJUIAINS U €T0
CIUTaBOB 00J1a/Taf0T BHICOKMMH CEJIEKTUBHOCTHIO TIO BO-
JIOPOJLY, TEPMUIECKON CTaOMIBHOCTBIO M MEXaHHYECKOM
MPOYHOCTHIO. [IJ1s1 CHUMKEHUS TONIINHBI BOJOPOJICEICK-
THBHOTO CJIOS KaTATUTHYECKUX MeMOpaH U3 JOpPOTo-
CTOSIIIIETO MeTajlla MPUMEHSIOT MOIJIOKKH Ha OCHOBE
JIPYTHUX Ta30IPOHHUIIAEMBIX MaTepPHAaJIOB (KepamuKa, Me-
TaJUIMYECKNE CETKH), a UCIOIb30BaHUE CO3/1aBaEMOTO
METOAOM XHUMHUYECKOTO OCAXKIACHUS MPOMEKYTOUHOTO
cios Ha ocHOBe okcuymoB MeTamioB (CeOr, ZrO; uimn
Si0;) mo3BosieT n3berary BHYTpUAU(G(HY3HOHHBIX CO-
MpOTHBJICHUH. BakHo, 4T0OBI MaTepuai popMUPYyEeMOro
CJI0S1 TEPMUYECKU COBMEIIANICS € KAXKIBIM U3 KOMIIOHEH-
TOB MeMOpaHHbI (TTOIOXKKA, TIEPETOPOJIKA, CETICKTUBHBIN
cioit). JlureparypHbIe TaHHBIC TI0 U3TOTOBJICHUIO TTajlIa-
JIMEBBIX MeMOpaH (B OCHOBHOM 3a c4eT (POPMUPOBAHHS
KaTaJUTHYECKUX CJIOEB METOJIOM XUMHUYECKOTO OCaXKIe-
HUS) aHATM3UPYIOTCs B 0030pe [30]. ABTOpPHI paccmarpu-
BalOT CO3/[aHNE W IPUMEHEHNEe OMHAPHBIX MaJlIaTUEBBIX
CIUTaBOB JJIS TIPOU3BOJICTBA BBICOKOYHCTOTO BOIOPO/IA,
XapaKTEPUCTUKU KOMMEPUYECKH JIOCTYITHBIX U MOAUDUIIH-
POBaHHBIX HOCHTENEH, 00CYXTAI0T pa3IMIHbBIE CITOCOOBI
MIPUTOTOBRJICHHS TTAJUTAIUEBBIX CIUIABOB U MEPCIIEKTUBEI
pa3BuTHUS pabOT B 3TOM HAIlpaBICHUH.

OcobeHHOoCTH mpoliecca IeTHAPUPOBAHUS METHIIIH-
KIIOTEKCaHa B PEaKTOpe C KBapIleBO MEeMOpaHOU H3y-
gajau B pabote [31] ¢ MOMOIIBIO TOCTPOCHUS MaTeMa-
Traeckoit monenu Ha ocaoBe COMSOL Multiphysics
Software. ABTOopaMu OBUIO MOKa3aHO, YTO:

— YBEJIMUEHUE TEMIIEPaTyphl B KBAPLIEBOM PEAKTOPE
ot 200 1o 280°C npuBOAUT K 3HAYUTEIBHOMY MOBBIIIEC-
HUIO KOHBEPCHHU METWIIIHKIIOTeKcana ot 27 1o 99%, on-
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HAaKO HE BJIMSCT Ha BBIXOJ] BOAOPO/IA, KOTOPBIH OCTaeTCs
cTabnibHBIM (96%);

— yBenmuenue masineHus ot 0.1 mo 0.25 MlIla ne-
3HAYUTEIBHO CHUYKACT KOHBEPCUIO METHJIIIMKIIOTEKCaHA
¢ 51 no 45%, ogHako MOBBIIIAET BBIXOA Boxopoaa ¢ 95
10 98%;

— YBEJIMYEHHE CKOPOCTH MOJauu peareHTos ¢ 1-1076
110 51076 Mosb-c~! BBI3BIBAET CHIMIKEHUE KAK KOHBEPCHU
MeTHIIMKIorekcana ¢ 53 no 39%, Tak u BBIXO/a BO-
nopona ¢ 97 mo 86%, uTo 0OBIICHIETCS YMEHBIICHUEM
BpPEMEHH KOHTaKTa MEXy KaTaTU3aTOPOM U peareHTaMu.

Jyist MeMOpaHHOTO KaTaJMTHYSCKOTO PeakTopa Je-
TUJIPUPOBAHUS OBUTH MPEATIOKESHBI OMMOIaTbHBIC MEM-
Opansbl (karanuzarop/y-Al,Os/a-Aly03), cocrosmue n3
MHKpOTOpucToTo cinosi SiOr, MPOMEKYyTOIHBIX CIOEB
1 OMMOJIaIbHOM KaTaTUTUYCCKON MOMIOKKH (puc. 1).
Nmnpernanus y-Al,O3 B mopuctyro nomnoxky o-Al,O3
MpuBOAMIA K (HOPMUPOBAHUIO OMMOIAIEHON TOPUCTON
CTPYKTYPBI, CoJieprkalliei Makpo- 1 Me3onopsl. 1Ipu aTom
ME30IOPHUCTHIN HOoCcUTENb V-Al,O3 cr1ocoOCTBORAI PaBHO-
MEPHOMY paclpe/leNICHUI0 KaTanu3aTtopa oaaromaaps 3Ha-
YUTEITFHOMY YBEIMYCHUIO TUIOIIAIN TOBEPXHOCTH, UTO
MIPUBOIMIIO K CYIIECTBEHHOMY TOBBIMIEHHUIO aKTUBHOCTH
Y CTa0MJILHOCTH KaTaju3aropa. TeopeTHiecKre pacueThl
Y SKCIICPUMEHTANIBHBIC JIAHHBIC 110 YKa3aHHBIM PEaKTO-
pam Ha IpuMepe JAeTHAPUPOBAHNS aMMHUAKa, [IUKIIOTEK-
caHa M METWIITUKIIOTeKCaHa MPUBOAITCS B padore [32].

MemOpaHHbBIE peakTOPhl AETUIPUPOBAHUS KUTKUX
OpraHMYEeCKUX HOCHUTENEH BOIOPOa CIIOCOOHBI 00ecTIe-
YUTHh BBICOKHI BBIXOJ] CBEPXYHUCTOTO BOAOPOAA U KOM-
MTaKTHBIA TU3alH peakTopa, 9YTO CBUICTEILCTBYET 00
SKOHOMMYECKOH 11EJI€CO00Pa3HOCTH UX KOMMEPUYECKOro
MpUMEeHEeHus. B yacTHOCTH, CPaBHEHHE TEXHUKO-3KOHO-
MUYeCKOW 3PPEKTUBHOCTH MIPOBEASHUS JIETHIPUPOBA-
HUS METHJIIIUKIIOTeKCaHa B MEMOpPaHHOM peakTope U B
peakTope ¢ HETIOABMKHBIM CII0€M KaTaanu3aTopa OCyIIe-
CTBIJIM C TIOMOIIBI0 MaTeMaTHUECKON MOJIeNn mporiecca
B cpene Aspen Plus [33]. AHaiH3 CTOMMOCTH BEIIEICHUS
BOJIOPO/Ia TIPH MOIITHOCTSIX MOJEIEHOTO ITPOU3BOCTBA
30, 100, 300, u 700 m3-u~! B IBYX yKa3aHHBIX TUIIAX pe-
aKTOPOB ITOKA3all, YTO BO BCEX PACCUMTAHHBIX BApUAHTAX
MOIITHOCTEH Mpeodiaana TeXHUKO-3KOHOMIYecKas (-
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Puc. 1. [IpuHOun aeicTBrs OMMOIAIbHBIX MEMOpaH B Ka-
TAIIUTUIECKOM PEaKTOPE JETHIPUPOBAHUSI.

(heKTUBHOCTH MEMOPAHHOT'O PEaKTOpa ACTHIPUPOBAHUSL.
YBenuueHne 3HAYCHUN TeMIIEPaTyphl U BOJOPOAIIPOHH-
[1aeMOCTH MeMOpPaHBbI MPUBOJIIIO K CHHIKEHUIO CTOUMO-
CTH MPOU3BOACTBA (K mpuMepy, Ha 76.7% npu yBemnue-
HuM Temneparypsl ¢ 210 go 270°C). OnHOBpEeMEHHO ¢
STUM OCYIIECTBISIICS CPaBHUTEIBHBIA aHATH3 YIMUCCUU
CO; B peakTope ¢ HETIOABIKHBIM CJIOEM KaTaIu3aropa 1
B MeMOpaHHOM peakTope. B peakrope ¢ HEMmOABHKHBIM
ciioeM obmas smuccust CO, coctasmiia 3.866 xr CO;
Ha 1 kr Hy, Torga xak B MeMOpaHHOM peakTope OHa
OKazaJjiach CyIIeCTBEHHO MEHBIIE U cocTaBmia 3.022 xr
CO; na 1 xr H,. Kpome Toro, moHnx’eHHOE pecypco- U
SHEPronoTpeOICHUE U BBICOKAS YMCTOTA BBIJIEISIEMOTO
BOJIOPOJIa 00ECTIEYNBAIN CHIDKEHHE SKOJIOTHUECKON Ha-
TPY3KH, CBSI3aHHOW C ITPOBENEHUEM ACTHUAPHUPOBAHUS B
MeMOpaHHOM peakTope.

[Tony4yeHsl MHTEPECHBIC PE3YABTATHI IPU UCCIIEIO-
BaHWU MHUKPOCTPYKTYPHUPOBAHHONH MEMOpPaHHOW CUCTe-
MBI, COCTOSIIEN U3 PagHalbHO-TIPOTOYHOTO peaKTopa
JETUAPUPOBAHNSA M CEKIIMM MEMOPaHHOTO pasfiesieHus,
BKJItoyaromeil memOpansl PAAg tommuHoi 5 MM [34].
MUKpOCTPYyKTypUpOBaHHAS CUCTEMa COCTOSIIA U3 He-
CKOJIKAX KPYTOBBIX CEKTOPOB, pa3ielieHHbIX pedpa-
MH U pacIlpeeJeHHBIMHU 110 yIiiaM IIeCTUYTOJIbHHUKA
CTEePIKHSMHU, 3330l MEX/Ty KOTOPhIMU OBLTH 3aITOJTHECHBI
KaranuzaropoM. JKUaKui opraHu4eCcKuii HOCUTENb BO-
JIOpOJia MIOCTYMAET B EHTP U TeUeT paauaibHO HAPYKY,
IJie CMECh MPOIYKTOB COOMPAETCsl B KOJBIIEBOM KaHAJe
0] METAJUTMYCCKUM (PHIIBTPOM, TIPEXKJIC YeM OKHHYTh
peaxTop. YCTaHOBIIEHO, YTO Mociie § 4 padoThl MeMOpaHa
MOXET noTepsTh A0 30% NpoU3BOAUTEIBHOCTH 33 CUET
OTpaBJeHUs MTOOOYHBIMHU MPOTYKTAMHU PEaKIUU JCTH-
JIPUPOBaHUS, OTHAKO dPPEKTUBHOCTH €€ PabOThl MOKHO
IOYTH TMOJIHOCTHIO BOCCTAHOBUTH 00Pa0OTKOM YHCTHIM
BOJIOPOJIOM.

[Ipennoxxena KOHUIEMINSA MHOTOCTYIIEHYATOTO Ka-
TAJIUTHYECKOTO JEeTUAPUPOBAHUS C HCIOJIb30BaHUEM
MUKPOCTPYKTYPUPOBAHHBIX MPOTOYHEIX PEaKTOPOB
C MPOMEXKYTOYHBIM BBIJIEJICHHEM BOJOPOAA 4Yepe3
PdAg-memOpaHsbI, MO3BOJISAIONAS BEIACIAT YACTHIA BO-
JIOPOJI M3 IEPTrUIPOANOEH3NITOTYOA, IPU ATOM PaKTH-
YECKH BECh MOMYUCHHBIN BOIOPOA YAANISETCA U3 CUCTE-
MBI TIOCJIe KaXKJI0¥M peakTopHOU ctyneHu (puc. 2) [35].
Pe3ynprarsel MOAEIUPOBAHUS 3TON CUCTEMBI OKA3aJH,
YTO MPENTIOKEHHBIA MHOTOCTYTICHUATHIN TTOIXOT MOYKET
YBEITUUUTH YPPEKTUBHOCTh U CEIEKTUBHOCTH IIpoliecca
JETUPUPOBAHUSL.

Taxoke pazpaboTaH MUKPOCTPYKTYpPHUPOBAHHEIN MEM-
OpaHHBIN pPEeakTop ISl ACTUAPHUPOBAHUS KUIKHUX Opra-
HUYECKUX HOCHUTEJICH BOIIOPOIa, CHAOKCHHBIH TaKeTaMu
TUTACTHH C MHTETPUPOBAHHBIMU B HUX MAJUIATHUCBBIMU
MeMOpaHaMU, TIOTyYeHHBIMHU 110 METOJIUKE CYCIIeH3HU-
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Puc. 2. Konrenmus MHOrOCTyIIeHYaToro MpoTOYHOTO PeakTopa ACTUAPUPOBAHHUS C IPOMEKYTOUHBIM OTIEICHUEM BOIOPOIa
yepe3 MeMOpaHHBII cermaparop Ul CUCTEM XKUIKHX OPraHU4eCcKUX HocuTenel Bogoposa (1o JaHHeM [35]).

OHHOTO IJIa3MEeHHOTO HamblieHus [36]. OcHOBHBIC TIpe-
uMymiecTBa GOpMUPyEMBbIX TAKUM CIIOCOOOM CBEpX-
KOMIIaKTHBIX MUKPOCTPYKTYPUPOBAHHBIX PEAKTOPOB
3aKIJIIOYAI0TCS B OUEHb OOJBIION TUTOMIAAN TIOBEPXHOCTH
MeMOpaHBI Ha eIMHHUIY 00beMa KaTanu3aTopa (OKOJIOo
103-106 M), MaioM CONMPOTUBICHUH MacCONEPEHOCY
CO CTOPOHBI MEMOpaHbl, KOMIIAKTHOCTH, MaJIOM BEce U
MOJIYJIbHOM HCIIOJTHCHHH.

PeakTops! nerugpupoBanus
€ MOHOJIMTHBIMH KaTAJH3aTOPaAMU

IIpuMepoM CTPYKTypUPOBAaHHBIX PEAKTOPHBIX CH-
CTEM, MO3BOJSIONIUX UHTCHCH(PUIIMPOBATH MPOIECC
JIETUIPUPOBAHHUSI, SBISIOTCSI PEAKTOPHI CO CTPYKTYPH-
POBaHHBIMH MOHOJUTHBIMU KaTalln3aTOpaMH, KOTOPbIE
MIPEICTABIISIOT COO0M CHCTEMBI OJIOKOB C OOJIBIIIAM YHC-
JIOM TMapaJuielibHbIX KaHajoB [37]. B o0beMe MOHOIMT-
HOTO 0JIOKa YaCTHIIBI KaTajiu3aropa paclupeesieHbl B
CTPYKTYPHPOBAHHOU Hacajke (IeHbI, BOJIOKHA, COTOBas
CTPYKTYpa, TEKCTHIIbHBIE TKAHH U JIp.).

Peanusyromuecs B peakropax ¢ MOHOJHTHBIMHU
Karanu3aTopamu TuQGy3UOHHBIE U THIPOIUHAMUYC-
CKHE PEXHUMBI ONMCAHBI, B YACTHOCTH, B 0030pe [38].
XaoTuuecKkue IBUKEHUS PEaKIIMOHHON CPeibl B PEaKTo-
pax ¢ MOHOJIMTHBIM KaTaJIM3aTOPOM CBCICHBI K MUHUMY-
My, TEYEHHE CPElbl JaMUHAPHOE U MOXKET IIPOUCXOIUTH
B JIByX OCHOBHBIX PEXHMaX: INIEHOYHOM PEKUMe U 00-
Jiee pacnpocTpaHeHHOM pexume Teinopa. [neHodnbIi
PEKUM HAOIIONACTCS TPU OTHOCHTEIILHO BBICOKUX CKO-
POCTSIX Ta30BBIX MOTOKOB, a IMIAJAKUE CTEHKH KaHaJOB
MTO3BOJISIFOT KHUIKOCTH JIBUTAThCS C MUHUMAIbHBIM TH-
JIPOJMHAMHYECKHM B3aMOJIEHCTBHEM C Ta30BOH da-
30ii. Pesxxum Telimopa 0OBIYHO XapaKTepHU3yeTCsl CTOJ-
KHOBCHHUAMU PA3HBIX TUAPABINYCCKUX TCHCHHﬁ; 31€Ch
HaAOII0AI0TCSl BHICOKUE CKOPOCTH MaccolepeHoca, 4ro
CIOCOOCTBYET XOpOIIEeMY PaJdallbHOMY U JINMHTHPO-
BaHHOMY OCEBOMY IT€pPEMEITNBAHHIO.

ToHKHME CTEHKH MOHOIUTHBIX PEAKTOPOB U 60J'II)HIa$I
reoMeTpUYecKas MOBEPXHOCTh COCOOCTBYIOT 3 dek-

TUBHOMY TEIUIO- © MaCCOIEPEHOCY U OBICTPOMY OTKIIHUKY
Ha M3MEHEHUs pabovnX YCIIOBHUI MpoIecca, a BBICOKas
MOPUCTOCTH HEKOTOPBIX MOHOIUTHBIX CTPYKTYp obecrtie-
YHBaeT HU3KOE MaJIeHUE JABJIEHUS 110 BCEMY PEaKTopy,
9TO 0c000 BaXKHO IS PEAKIHH, COMPOBOXKIAIOLINXCS
yBenuueHHeM 00beMa, TaKuX Kak JAeruapupoBanue [39,
40]. C umxeHepHOH TOYKH 3PEHUST MOHOJIMTHBIE PEaKTO-
Pl 3 (HEKTUBHBI B IIUPOKOM JIHANAa30HE IPOU3BOTUTENb-
HOCTEH, BKIIFOYasi Majble, 4T0 00CCIEeUNBAET JETKOCTh
MacIITa0UPOBaHMS MPOBOJIMMEIX B HUX IMPOIIECCOB; y
HUX BBICOKHH YPOBEHb O€30TIACHOCTH W OHH JIETKO KOM-
OMHUPYIOTCS CO CTAHIAPTHBIM pa3JeNUTEIbHBIM U Ha-
rpeBaresbHBIM 000pynoBanuem [41].

Jlng mpous3BOACTBa CTPYKTYPHUPOBAHHBIX MeTall-
JTWYEeCKUX PEaKTOPOB HAETHUIPUPOBAHUS KUIKHX Op-
TaHUYEeCKUX HOCHUTEeNIeH BoAgoponaa, paboTaromux ¢
MOHOJIUTHBIMU KaTaJIU3aTopaMH, XOPOUIO MOIXOAT ajl-
JTUTUBHBIE TEXHOJOTHHU C CEJIEKTHUBHBIM IJIaBICHHEM
AIIEKTPOHHBIM ITy4OoM. B 3TOM citydae cTeHkH peakTopa
U ero BHyTpeHHAA 3D-cTpykTrypa (MOHOJHT, IICHA WA
COTBI) QOPMUPYIOTCS OJHOBPEMEHHO, IIPU 3TOM TOJI-
IIMHa 00pa3yeMbIX KaTaJUTUYECKH aKTUBHBIX MOHO-
JIUTHBIX CJIOEB COCTABISIET OT HECKONBKUX 70 500 MKM.
Taxast TexHoNOTHS ObLTa MCTIOIB30BaHA MPU CO3TAHUHT
MeTaInyeckoro 3D-CTpyKTypupOBaHHOTO MOHOJIUT-
HOTO TPyO4YaTOro peakTopa IeTUIPUPOBAHUS MEPrH-
npo-N-3THikap6asona, PyTepoBaHHOTO KaTalln3aTOPOM
Pt/Al;O3 1 IpoTECTUPOBAHHOTO KaK B BUJIC OUHOYHOMN
TpyOBI, TaK ¥ B BUJIE€ CIIENNATIHHON CEKIINU BBIJEIICHUS
BOJIOPOJIa, COCTOSIIECH M3 HAOOpa ECATH MapajuielbHO
CMOHTHPOBAHHBIX peakTopoB [42]. MomHOCTH BbIJE-
JIeHUsl BOAOPOJa B ATOU cexuuu cocrtaBuna 1.75 kBt
(1.12 rg,y - muE-Lrpe 1),

PeakTopsl neruapupoBanusi, QyHKUHOHMPYIOLIHE
B pesKuMe MCIapeHMsl/KOHIeHCAllul PeareHToB

Brigienienrue Boopo/ia B YCIOBHSIX MCIAPCHUS/KOH-
JICHCAIINY TIPH JCTUAPUPOBAHUH KUIKUX [UKIOATKAHOB
(TMKITOTeKCaH, METHIIIIHKITOTEKCAH, JCKAINH) Ha KaTalli-
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3aTOpax, HAHECEHHBIX HA aKTUBUPOBAHHBINA YTOIb (Cyyr),
n3yqanock B pabore [43]. [loBepxHOCTH KaTamuzaTopa
HarpeBaym 10 Temmeparypsl (195-400°C) Brimie Todek
kuneHust peareHToB (80—-197°C), KoTOphie UCTIAPSITUCH
B HayaJie peaKiluy, a 3aTeM OXJIAXKIAIUCH B Acdierma-
TOpE W BO3BpAIIANCh HA IOBEPXHOCTh KaTalnu3aTopa B
BHJIE Kallelb, T. €. BO BpeMs IMPOBEICHHS PEaKlnu 10-
BEPXHOCTh KaTajau3aTopa MePUOUICCKA CMAuynBajach
peareHTamu, U Takoe JMHaMUYHOE ()a30BOC M3MCHEHHUE
0JIaroNpHUATCTBOBAIIO MHTEHCU(HUKAIIUY ST HIPUPOBAHIIS
OpraHUYeCKUX HOCHUTENeH Bogopomna (puc. 3).

OnBITH TTOKA3aJIM, YTO B 3THUX YCJIOBHIX CKOPOCTh
00pa3oBaHus BOIOPO/Ia B CUJIBHON CTETIICHU 3aBUCHUT OT
COOTHOIIIEHUS peareHT/KaTalnu3aTop, TeMIepaTyphl U
MPUPOABI KaTanu3artopa. MakcuManbHasi KOHCTaHTa CKO-
poctu o6pasosanus Bogopona k = 8.0°10-3 mMoib - Mun !
HaOmroanach Npu ASTHAPUPOBAHUU ITUKIOTEKCaHA
Ha karanuzatope Pt/Cyyr mpu 623 K u cooTHOIIEHIHN
3.3 mu peareHra Ha 1 T karanusaropa. Jlo0aBKu BTOpO-
ro meraiuia (Mo, W, Re, Rh, Ir u Pd) k karanuzaropam
Pt/Cxr yBETHUUBAIH CKOPOCTH ICTHIPUPOBAHUS OJaro-
napsi IPOMOTHPOBaHUIo pa3pseiBa cBsi3n C—H n (wnn)
JecopOnry apoOMaTHIECKHUX POTYKTOB.

Karanurnyeckoe neruaIprupoBaHKe JCKaJIuHA B TOH-
KO TIJICHKE HA MOBEPXHOCTU HAHECCHHBIX IUIATUHOBBIX
KaTaJM3aTOPOB MPH OTHOCUTEIFHO HU3KHUX TEMITEPATy-
pax (200°C) B ycITOBHUSIX UCIIAPCHAUE/KOHICHCAINS HCCIIe-

["a3000pa3zHble
TIPOIYKTHI

30Ha
peaxkuuu

Kuakue
MPOAYKThI

Puc. 3. Peakrop neruapupoBanus, GyHKIIMOHUPYIOIIUH B
PEKIMe MCTIapeHHs/KOHACHCAIINN PEareHTOB.

JIOBaJIOCh B pabote [44]. Bpliu 0TMEUYCHBI BHICOKHE 3HA-
YEHHsI CKOPOCTH BBIJIEIIEHUS BOJOPOA U MOKA3aHO, YTO
KaTaMTHYeCKasi KOHBEPCHUS JIEKAINHA B TAKHX YCIOBHAX
MOKET JIETKO MPEO0JI0IeBaTh OTPaHINUCHHS, CBSI3aHHBIC C
PaBHOBECHSIMH MacCCOIIEPEHOCA.

UzyueHo nernapupoBaHue CUCTEMBI JKUIKHX OpraHH-
YECKHUX HOCHTEJIeH BOJOpOAa HAa OCHOBE MEePrHIpPOOEH-
3WITOITyOJIa P YMEPEHHBIX Temreparypax (1mo 200°C)
Onarozmaps MpoBEICHUIO Mpoliecca B AUCTHIUIIIUOHHON
PEaKIMOHHOM KOJIOHHE C HETIOJIBUHBIM CIIOEM KaTaJIH-
3aTopa Mmpu HeOONMBIUX naBiaeHUAX [45]. Huzkue Tem-
neparypbl AerHAPUPOBAHUS TTO3BOJUIN UCIIONbH30BATh
HU3KOMOTCHIUAIBHOE TETI0 CMEKHBIX MPOILIECCOB, YTO
TOBBICHIIO 3(D(PEKTUBHOCTH CHCTEMBI B IICIIOM.

Du3nYeCKUM aHAIOTOM PEeXHMa UCIapeHUs/KOH-
JICHCAIUU SIBIISICTCS UCTIONB30BaHUE UMITYJIBCHOTO pac-
NBUICHHS] peareHTOB Ha MOBEPXHOCTh KaTaln3aTopa.
[IpumepoM MOXKET CITy’)KUTh U3yUCHUE JCTUAPUPOBAHUS
[MUKITHYECKUX YIIIEBOIOPOAOB (LIUKIOTeKCaHa, METHIIIIN-
KJIOTEKCaHa, TETPaIMHA U JIeKaJIHHa) B peaKTOPHOU CH-
CTEME C UMITYJIbCHBIM PACIIBIJICHUEM JKUIKUX OpraHuye-
CKUX HOCHUTEJCH BOJIOpO/Ia Ha TOBEPXHOCTh HAHECEHHBIX
Ha TKaHb U3 aKTUBUPOBAHHOTO YIJIEPOJHOTO BOJOKHA
MIaTHHOBEIX Pt 1 MeTaimomtatuHOBEIX Pt—-Me (Me = Re,
Rh, Pd) karanuzaropoB B padote [46]. CkopocTu BbIjie-
JICHUS BOJIOPO/A B PEAKTOPE C MUMITYJIbCHBIM PACIbLIC-
HUEM OKa3allUCh BBIIIE, YEM B TPAJUIIMOHHOM PEaKTope
JETUAPUPOBAHS IEPUOTUIECKOTO NEHCTBHSI MITH B TIPO-
TOYHOM peakrTope, u gocturand 3800 MMob Tpy ! MuH 1
MpU ACTHAPUPOBAHUN IUKIOTEKCaHa HA TUIATHHOBOM
karanu3arope npu 375°C.

OnTuMu3aIys peakTopa UAPUPOBAHUS C UMITYJIbC-
HBIM paclbUICHHEM B pabote [47] Ha OCHOBE Pe3yJIbTaToOB
MaTeMaTHYeCKOTO MOJACTUPOBaHUS Mpoliecca U aHaIHN3
YYBCTBUTEIHHOCTH MaTEMAaTHIECKON MOJIENN TTO3BOJIIITH
OTIPEICITUTh ONTHUMAJIbHBIC 3HAYCHHSI PACCTOSIHUS PACIIbI-
nutenb—karanm3arop (5 cM) u remneparypsi raza (50°C).

Mopenb KaTaTuTHIECKOTO PeaKTopa IeruApUPOBaHUS
C IMITYJIbCHBIM PacIbUIEHNEM OPTaHMYECKUX HOCHUTeNeH
BOJIOPO/Ia IPUBOIUTCS HA pHC. 4.

B peaxrope ¢ uMmIynasCHBIM pacribuieHueM [48] usy-
YEHO JETUAPUPOBAHUE IIMKJIOTeKCaHa B OCH30M B pHU-
CYTCTBUHU CEpeOpSTHBIX KaTalnu3aTOPOB, HAHECEHHBIX
Ha aKTHBHPOBAHHYIO TKaHb U3 yTIEPOJAHOTO BOJIOKHA.
MaxkcumanbHass CKOPOCTh BBIICIIEHUS BOAOPOAA C HC-
TOJTb30BAHUEM MOHOMETAJLTHNYECKHUX KaTaIH3aTOPOB CO-
craBuiia 6.9 MMoutb Ty MuUH ! ipu comepxkannn Ag
10 mac%. YBenudeHue CKOPOCTH BBIICICHHUS BOAOPOIA
HaO0II01aI0Ch IpU 100aBICHUH HEOOIBIINX KOJIUYECTB
onaropogasix metaioB (1% Pt, Pd u Rh) k 6a3oBeM
KaramuszaropaM Ha ocHoBe Ag. Cuaeprudeckuii dpdexT
B MPUCYTCTBUH J00aBOK Pt MO3BOIMII yBEIIMYUTH KOJIU-
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Puc. 4. Mozenp KaTaJTUTUYECKOTO peakTopa JeruapupoBa-
HUS C UMIYJIbCHBIM PacCIbUICHUEM pearcHTa.

4eCTBO BOJAOpO/a, BelAestomeecs 3a 120 muH, B 2 pasa
10 CPAaBHCHHUIO ¢ MOHOMETAIIIMICCKUM KaTaInu3aToOpoOM
10% Ag.

YHuBepcaabHbIH peakTop
THAPUPOBAHMSA/IErUIPUPOBAHNUS
JKMIKHMX OPraHMYecKHX HOCHTeJIel Bogopoaa

st cHIKeHUsT 00bEMOB U MaccorabapuTHBIX Xapak-
TEPUCTUK 000PYI0BaHUS, HEOOXOAUMOTO JIJIsl 3aracaHus
BOJIOPOZAA U €ro MOCIEAYIOIEero BbIACICHUs, yI00HO
HCIIOJIb30BaTh YHUBEPCANBHBIC PEAKTOPHI, B KOTOPBIX
MOKHO OCYIIECTBIISITh pEaKIUN KaK THIPAPOBAHUS, TaK
U JIETUAPUPOBAHUS KUJKHX OPraHHMYECKUX HOCUTENEH
BoJIOpoAa. Pa3paboTka Takux peakTopoB MOApa3yMeBacT
1 pa3paboTKy KaTajiu3aTopoB, MPOSBISIOLINX BEICOKYIO
aKTUBHOCTP B MPOIIECCaX THAPHPOBAHUSA U AETHAPUPO-
BaHms. Tak, B padote [49] mpomeMoOHCTpUpOBaHA BO3-
MOXHOCTb MPOBEJICHUS] pEeaKUUil THAPUPOBAHUS U Jie-
THIPUPOBAHUS HOCUTENS BOAOPOJA B OJHOM PEAKTOpPE
(aBTOKIJIaB MEPUOAMYECKOTO JCHCTBUS) C UCIIOIH30BA-
HueM Katanmm3atopa 0.3% Pt/Al,O3;. B takom yHuBep-
CaJbHOM PEaKTOpe C YHHBEPCAIbHBIM KaTaau3aTopoM
B TemrieparypHoM uHTepBaie 290-310°C 6buto peann-
30BaHO THAPUPOBAHHE TUOCH3WITOIYOIA U IETHIPHPO-
BaHHME COOTBETCTBYIOLIETO TMEPTHUIPOIUOCH3UITONYO0IIA
IIpH pa3IMuHOM JaBiieHHH B cucteme. [lokazana [50]
BO3MOXKHOCTB OCYIIIECTBIICHU 10 13 mocinenoBarenbHbIX
[HUKJIOB THAPUPOBAHUS/IETUIPUPOBAHUS CyMMapHOH
MPONOIKUTENHHOCTEIO 405 4.

YcraHoBneHo [51], 4TO B OZJHOM peakTope BO3SMOKHO
MIPOBEICHHE LUUKIMYHOTO THAPUPOBAHUS U ETUAPUPO-
BaHUs OPTAaHUYECKUX HOCHUTENEeH BOIOpOIa HA OCHOBE
NEePTrUAPOANOCH3UIITONYONa B IPUCYTCTBUN KaTallU3aTo-
pa Pt/Al,O3. Ilpu usmenenuu aapnenus ot 3 Mlla npu
301°C go 0.1 MlIla npu 291°C cTeneHnp AeTUAPUPOBAHUS

Maxapsn U. A., Cedos U. B.

HOCHTENS BOAOpOJa U3MEHsUIach B uHTepBase 95-30%.
B takoMm pexxrme paboThl TEIUIO PeaKIMy THAPHPOBAHUS
MOKHO HCIIOJIb30BaTh HA MOCIEAYIONIEH CTyIIeH! BbI-
JIEJIEHUS] BOJIOPOAA, YTO MO3BOJISIET B LIEJIOM MOBBICHTH
3¢ (EKTUBHOCTH TEXHOJIOTHH.

PeakTopHbIe cXeMbl JerHAPUMPOBAHUS
HECKOJbKHX KUAKUX OPraHUYeCKUX cOeTUHEeHUI
€ 00IMM KOHTYPOM TEIVIOHOCHTEJIs

Jlst nHTeHCUUKALIMK TeTHAPUPOBAHUS OpraHUYe-
CKUX HOCHUTEJICH BOIOpO/Ia HE TOJILKO SKCIICPUMEHTHUPY-
0T C KOHCTPYKIIHOHHBIMH OCOOCHHOCTSIMH PEaKTOPOB
JIETUAPUPOBAHIISL, HO U JIENAIOT TIOMBITKY COBEPILIEHCTBO-
BaHHS TEXHOJOTHYECKHX CXEM, B KOTOPHIC OHU BKIIIO-
yeHbl. Tak, HapuMep, TPYNIION YUEHBIX IIPEIIOKEHa
KOHIIETIIUS MPOBEACHUS TIpoIecca ASTUIPUPOBAHUS
HECKOJIBKUX OPTaHWYECKHX COCMHEHWUH B WHIWBHUIY-
AJBHBIX PEAKTOPaX € OOIINM KOHTYPOM TETUIOHOCHUTES,
B KOTOPOM TEMIIepaTypa MOCIEAOBATEIHLHO CHIUKACTCS
[52-54]. B aTOM city4yae UCIONB3YETCs Ta JKe cXeMa, 4To
1 B 0a30BOM Mpoliecce NEeTHAPUPOBAHUS, C TOU JIUIIh
Pa3HHLIEH, 9TO 37eCh OOBETUHSIOTCS KaK MUHUMYM JIBa, a
TEOPETHYCCKHU U OOJIBIIIECE KOJIMISCTBO IUKIIOB JACTHIPH-
POBaHUs OPraHUYECKUX HOCHUTENICH BOIOPOAA Pa3IMYHO-
ro coctaa. CyTh KOHIEIIINH TEMIIEPaTypHOTO KacKasa
PEaKToOpOB COCTOHT B TOM, YTO BHEITHUI NCTOYHUK TEIIa
cHauaja 00eCIeYrBacT MOABOJ SHEPTUH IS ICTHAPH-
poBaHus 00Jiee BHICOKOKHUITAIIETO COSAMHCHUS (HAIIPU-
Mep, IEePrUAPOANOYTUIITONYO0JIa), TIOCIIE YeTO OH BCE
ellle MMEET TOCTAaTOYHO BBICOKYIO TEMIepaTypy, YTOObI
00€CIeYNTh SHEPIUEH PEAKIIUIO IETUAPUPOBAHUS HU3KO-
KHIISIIEro coenuuenus (nukiorekcana) [52]. CozmanHast
B IIporpamMMHo# cpezne Aspen Plus maremarnueckas mo-
JIENTb TEMIIEPaTyPHO-KACKaIHOW CXeMBI JeTUAPHUPOBAHUS
MO3BOJIMJIa YCTAHOBUTDH, UTO TAKOW JIM3alH Mpoiiecca
MO3BOJISIET yBennunuTh Ha 18.7% BBIXOJ BBIIEIIEMOTO
BOJIOPOJIa ¥ MOXKET IIOMOYb B CO3J]aHHH IKOHOMUYECKHU
3¢ dEKTUBHON TEXHOJIOTHH XPaHEHUS ¥ TPAHCIIOPTUPOB-
KM BojiopoJia. B kaduecTBe BellecTB-HOCUTENEH BOJOpOIa
B pabote [53] aBTOpBI MCIIOJIB30BAIN YETHIPE COCU-
HEHUSI: aMMUAK, SBTEKTHYECKYIO0 cCMeCh OudeHmI-nu-
¢ennnmerana, N-denunnkap6azon u N-atunkap6azon,
KOTOPBIE METOIOM MaTeMaTHYECKOTO MOJEITUPOBAHUS
(Aspen Plus) pacCUMTBIBAIKUCH B YCIIOBUSX Pa3ieIbHBIX
Y MHTETPUPOBAaHHBIX cucTeM. CpaBHEHHUE MOMYyUECHHBIX
Pe3yIBTaTOB MOKAa3alio, 4TO MPOBEACHUE TeMIIepaTyp-
HO-KacCKaJIHOTO JIETHUIAPHUPOBAHUSA B WHTETPHUPOBAHHOMN
CHUCTEME IOBBIIIACT BBIXOJ] SHEPTUHU Ha CIUHHUILY MACChl
(kBT Kr! KuIKOTO OpraHW9IeCcKOro HOCHTENS BOIOPO-
na) B 1.3-2 pa3a 1o cpaBHEHUIO C HEHHTETPUPOBAHHON
CHCTEMOI.
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IIpo0aembl 3KcILTyaTAlINH
PEaKTOPOB JeruApUpPOBAHUS

OKkcrtyaranusi peakTopoB JeTHIPUPOBAaHUS Opra-
HUYECKUX HOCUTEJCH BOJOPOAa Ha MPAKTUKE MOXKET
COIIPOBOXKIATHCS PSIIOM TEXHUYECKUX OCOOCHHOCTEH,
CBS3aHHBIX C HCIIOJIH30BAaHUEM BBICOKHX TEMIIEPATYP
W JIaBIICHUI; pa3lIOKEHUEM yJacTBYIOIIUX B PEaKuu
YIJIEBOAOPOIOB; BO3MOXKHBIM OXPYMYMBAHUEM B IIPHU-
CYTCTBUH BOJOPOJIa MAaTEPUAJIOB PEaKTOPOB; 1€3aKTHBA-
1MeH, CrieKaHueM W 3aKOKCOBBIBAHHEM KaTaJIN3aTOPOB;
3aKyIOPKOH TpyO YacTUIIaMH KaTaln3aTopa, MPUBOAS-
el K HeoOXOMUMOCTH TUIAHOBOM OCTAHOBKH PEakTopa
Ha pereHepaluio KaTaau3aTopa; CPOYHON BHEIITaTHON
OCTaHOBKOU peakTopa  mp. BapuaHThl mpuduH BO3-
HUKHOBEHWSI aBapHi M MX TIOCTIEICTBUI MPH dKCILTyara-
MU TEXHOJIOTUI XpaHEHHs BOJOPOAA aHAIN3UPYIOTCS
B pabore [55], rae mpuUBOASTCA PE3yNbTaThl KOJIHYE-
CTBEHHBIX PAacyeTOB HAJEKHOCTH XPAHEHHS SHEPTHH
B TaKUX CHCTE€MaXx, MpeJIararoTcsi CnocoObl ycTpaHe-
HUS aBapUHWHBIX CUTyallud M cTparerus oOecTeueHus
HaJeKHOCTH PEaKTOpOB Aeruapuposanusi. CoriacHo
MOJTyYE€HHBIM MOJAEIBHBIM pe3yibTaraM, CpeaHee Bpe-
M Oecrniepe0oitHON paboThl 00OPYAOBAHHS MOXKET CO-
ctaBiaTh oT 4000 mo 60 000 4, OCHOBHBIM OTpaHUYE-
HUEM KOTOPOTO SIBIISIETCS Je3aKTHBALIMS KaTaln3aTopa.
JUTuTeNbHBIA KOHTAKT KaTalu3aropa ¢ AerHIPHPOBaH-
HBIM JHOEH3HUITOIYOJIOM TIPU BHICOKUX TeMIIEpaTypax,
O0COOCHHO B OTCYTCTBHE BOIOPOIIA, IPUBOAUT K MOTEPE
AKTHBHOCTH KaTaJlu3aTopa, YTO CTAHOBHTCS OCOOCH-
HO 3aMETHO Ha CTaAMAX MyCKa U OCTAaHOBKH Ipolecca.
B mpompItieHHOM peakTope JeruapupoBaHus JTH000T0
THIa, paboTaromeM B XeCTKuX yeioBmsx (450-550°C,
0.5-5 MIla), npousBoauTcs 00s3are/bHas 3aMeHa KaTa-
nr3aropa, notepssiiero 10 60% akTUBHOCTH, IPH STOM
CPeIHHMIA CPOK IKCIUTyaTallMH KAaTaIH3aTopa COCTABISET
4000 4.

3akjoueHue

OCo0EeHHOCTh MPOIECCOB NCTHAPUPOBAHHS JKUIAKHX
OpraHMYeCcKUX HOCHTEIeH BOIOPOJIA 3aKITF0UAETCS B TOM,
YTO [EJCBBIM IPOTYKTOM PEAKIUH SBJISIETCS ra3000pas-
HBII BOJIOpO/. [NTaBHBIC TPYIHOCTU MPHU MPAKTUIECKOM
peanu3anuu CTaauu JETHAPUPOBAHUS 00YCIOBICHBI
OONBITUMH 00BEMaMU TEHEPUPYEMOTO BOJOPOIA U He-
00X0IMMOCTBI0 0OecrieueHUs 3G(HEKTHBHOTO MOIBOAA
Teru1a, He0OXOAUMOTO JISi KOMITEHCAIUY SHIAOTePMUYe-
ckoro 3¢ dexra, uTo TpedyeT MPUMEHEHHS OPUTHHAIb-
HBIX KOHCTPYKTOPCKHX PEIICHUH TPU MPOCSKTUPOBAHUN
PEaKTOPOB ISl OCYIIECTBICHUS 3TOTO IpoIiecca.

KoHCTpyKIIMu TpaguIMOHHBIX PEaKTOPOB JAETHAPH-
POBaHHUSA C HETIOJIBUKHBIM CIIOEM KaTaln3aTopa IIHpPOKO
HCIIONIB3YIOTCA JJ1s IPOBEIEHUS peakLni 1ernIpupoBa-
HUSl OPTaHUYECKHUX COENWHEHUH, B TOM YHCJIe B COCTa-
B€ CYIIECTBYIOIINX MUJIOTHBIX U AEMOHCTPAIIHOHHBIX
ycTaHoBOK. COBepIIEHCTBOBaHNE KOHCTPYKLIMU PEaKTO-
POB IETUAPHUPOBAHUS OPTAaHUYECKUX COEIUHEHUN AMs
MOTYYeHHS BOJOPO/a M JopabOTKa MPUMEHIEMBIX B HUX
KaTaJIM3aTOPOB JIENal0T BO3MOXKHBIM TIpOBe/leHHe Ooree
3¢ (HEeKTHBHOTO JACTUIPUPOBAHUS KaK C TEXHOJIOTHYEC-
CKOH, TaK U C 9KOHOMUYECKON TOYKU 3PEHUA.

Hampumep, ucnons3oBaHue peakTopoB ¢ MOHOJUT-
HBIMH KaTaJIA3aTOPaMH ITO3BOJISIET TOOUTHCS YITydIICHUS
TEII000MEHa; CHI)KAET MOTEPH KaTanu3aropa U MpersiT-
CTBHSL IJI1 MacCOOOMEHHBIX TPOIIECCOB; CITOCOOCTBYET
MOBBIIICHNIO 0E30MAaCHOCTH NpU PadoTe B TEIUIOHATIPS-
JKEHHBIX YCIIOBUSX M YBEITMUMBAET CPOK CITYXKOBI KaTajr-
3aropa. [I[puMeHeHre BOTOPOATIPOHHUIIAEMEIX MEMOpaH B
KOHCTPYKIIUHM PEAKTOPa IMO3BOJISET MOBBIMIATh S (EKTHB-
HOCTb JCTHPUPOBAHUS B MEMOPaHHBIX KaTATUTHIECKUX
peakTopax ¥ OTHOBPEMEHHO MOJydaTh BOAOPO Oolee
BBICOKOM UHCTOTHI. MUKPOCTPYKTYPUPOBAHHBIE MEM-
OpaHHBIE PEaKTOPHI, KpOME TOTO, 00JIaJal0T BHICOKOM
KOMIAaKTHOCTBIO, MaJIbIM BECOM H YIOOHBIM MOIYTbHBIM
ucrnoaHeHneM. Kommepueckas 1enecoo0pa3HoCTh UX
MIPUMEHEHNS TSI TIPOBEICHNUS peaKkInid TeruApUPOBaHIUS
B CUCTEMax XpaHEHHUs BOJOPOAA OMPEAETAETCS TakKe U
NperMYIIECTBAMH BOCTPEOOBaHHOTO MaJIOMAacIITaOHOTO
HCITOTTHEHHS, KOT/]a BOJIOPOT JIOJDKEH MOTy4aThCs HEIO-
CPEACTBEHHO B ITYHKTE UCIIOIIb30BAHMUS IIPH OTHOCHUTEIb-
HO HU3KOM naBieHnu (<3 Mlla) u ymepeHHON 4UCTOTE
(MakcumanbHO 99.5%).

[IpenmyiecTsa npoBeaeHNs AETUAPUPOBAHUS KU
KHX [TUKJIOATKAHOB B PEXKUME UCTIAPEHISI/KOHACHCAITUT
3aKJTIOYAIOTCS B CIEAYIOUIEM: CHIKCHHE OTpaHHYEHUN
I dy3un peareHToB K KaTaTUTUIECKUM [IEHTPaM; BbI-
COKasl CKOPOCTb BBIIETIEHHSI BOJOPOAA 110 CPABHEHHIO C
TPaIUIIMOHHBIMU PEaKTOPaMH; BO3MOKHOCTh PabOTHI
KaTaJu3aropa MpH BBICOKOW TeMIiepaType 0e3 morepu
AKTHBHOCTH; OBICTpOE yAaJeHUE BOJOPO/IA U IPOAYKTOB
JETUPUPOBAHUS U3 PEAKLIINOHHON CHCTEMBI.

BonpmmM koMMepYecKHM MOTEHIIMAIOM 00JagaroT
TaK)Xe YHUBEPCAIbHBIE PEaKTOPHI THAPUPOBAHUS/ IETH-
JpUPOBAHUs OPraHUYECKUX HOocuTenel Bopopona. Mx
HCTIONIb30BaHME MOXKET 00eCIIeYUTh CHI)KEHHE KalUTallb-
HBIX 3aTPaT Ha CO3JaHHME KPYyITHOMACIITAOHBIX CUCTEM
XPaHEHHUA 3a CUET YMEHBIICHHUS YHCIa €IUHUI] 000py-
JIOBaHMA M SKOHOMMH JIparMeraiia B COCTaBe €IHHOTO
KaTaJln3aTopa, a TAKXKe MMO3BOJSET YMEHBIIUTD JKCIITya-
TaI[MOHHBIE 3aTPAThI 110 0OCITYKIBAHUEO MTPOMBIILUICHHOMN
YCTaHOBKH 3a CUET CHIDKEHHSI TEeTUIONOTEPD.
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BBenenune

MeTtoa MOJEKyIIpHOTO HaclauBaHUs, pa3pabdo-
TaHHBIN OoJiee MOyBeKa Ha3aJl COBETCKUMH YYEHBIMHU
C. U. KonpioBeiM 1 B. B. AneckoBckuM, B HACTOSIIEES
BpEMsI 3aHMMAET OJHO U3 JUIUPYIOIINX HallpaBICHUH B
00J1acT! HAaHOTEXHOJIOT U1, OCHOBAaHHBIX Ha UCIIOJIb30Ba-
HUU XUMHYECKUX TIPHUEMOB. J{0 cepearHbI CeMUIeCAThIX
rogoB XX BeKa MCCIIEIOBAHUS B YKa3aHHOM HallpaBJie-
HUM pa3BUBAINCH MpakTHueck Tosbko B CCCP: cHavana
B JIeHMHIpaJCKOM TEXHOJOTHUYECKOM HMHCTUTYTE UM.
JlencoBeTa, T1e OBITM U3Y4YEHBI BO3MOKHBIE HAIIPaB-
JIEHUsI XMMHYECKUX MPEBpaLIeHUI TBEPbIX BEIIECTB,

OCHOBBIBAIOIMECS Ha chopMynupoBaHHOW B 1952 1.
B. b. AneckoBCKHM «OCTOBHOU THIoTe3e» [1, 2], a 3a-
TeM B JIeHMHrpascKOM TOCyIapCcTBEHHOM YHUBEPCHUTE-
te uM. A. A. XKnanosa, pekropom koToporo B 1975 r.
o1 Ha3HaueH B. b. AneckoBckuii [3], u kyna Bme-
CTE€ C HUM Iepemnia paboTarh TpyIia COTPYIHUKOB U3
TeXHOIOTHYeCKOro HHCTUTYTA.

Hauunnas ¢ koHIIa ceMuaecaThIXx—Havyaaa BOCbMUIeCs-
TBIX TOJOB IPOLIJIOTO BEKA MOSBUINCH pabOTHI (PMHCKUX
yueHbIX BO rmase ¢ T. CyHrtona [4], npeacraBureneit
Bonrapun (A. Hamsuos u ap.) [5], [P (I. Onpman u
Ip.) [6]. B nanpHelimeM yBeIUUEHHE KOJTUYECTBA IIy-
OnmKaruii B 001aCTH MOJIEKYJISIPHOTO HacJIanBaHMs MPO-
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UCXOAMJIO B TEOMETPUYECKON MPOTPECCUH, U € TOCIE-
Hero aecstuietns XX BeKa MPaKTHYECKH BCE BEIyIIHE
crpansl EBpomnsl, FOro-Boctounoit A3un u AMepuKku
HE TOJBKO BEAYT MUCCIEAOBAHUS, HO U OCYIIECTBIAIOT
KOMMEPLHAIU3aLHUI0 Pe3yIbTaTOB CBOMX pa3padOTOK B
00JTacTH MOJIEKYIISIPHOTO HACTaWBaHUSI.

TepMHUH «METOI MOJIEKYIIIPHOTO HACTanBaHU» TPH-
HAT MEXKAYHApOIAHBIM HayYHBIM cooOmiecTBoM. B psne
paHHUX 3apyOeKHBIX MyOIMKaLWH, HAPUMEp B TIEPBBIX
paborax T. CyHTONa, IpOIIeCcC HA3bIBAJICS «aTOMHO-CIIO-
eBas snutakcus» (Atomic Layer Epitaxy — ALE) [7],
YTO HE COOTBETCTBOBAJIO JIEXKAI[EMy B OCHOBE METOJa
MOJIEKYJISIPHOTO HACJIaMBaHUSI MEXaHU3MY XMMHUYECKHX
IpeBpailleHuid TBepIbIX BemecTB. CeromHs Hanboee 4a-
CTO YHOTpPeONSIOT 3apyOekHOe HAMMEHOBAaHHE TIPoIecca
«aroMHO-cnoeBoe ocaxkaenue» (ACO) (Atomic Layer
Deposition — ALD) [8-11].

Ha onpenenenHom sTane pa3BUTHA HCCIEIOBaHUN B
o0racTé METoa MOJIEKYIISIPHOTO HACIanBaHUs (Hadalo
XXI Beka) 4acTo BO3HUKAJ BOIIPOC 00 MCTOPHU CO3TAHMUS
HOBOHM TEXHOJIOTHH, €€ UCTOKAaX U JUHAMUKE Pa3BUTHS.
B mocnennne 20 net mosiBuiock 6onee 120 0630poB
Ha 3Ty TEeMY, IPUYEM B 3THX 0030pax aHAIU3HPYIOTCS
HE TOJBKO OOINHeE MOIXOIBl M JOCTHKSHHUS METO/Ia MO-
JeKyIsIpHOTO HacianBaHus [9—21], HO U MEPCTIEKTUBEI
pa3BUTHS U IPUMEHEHUs MeToaa [22—26]. PaccmoTpenbt
XUMUYECKHE aCTeKThI OCYIIECTBICHUS MOJIEKYISPHO-
ro HacimamBaHug [27, 28], Bompockl ¢dazoo0pa3oBaHUs
[29], konpopmuocTH [30] U MOJIEKYJISIPHOTO AM3aliHa
HAaHOCHUMBIX MOKpHITUH [31, 32], TeXHOIOTUU HaHEcCe-
HUs okeuaHbIX [33, 34] u HuTpuaHbX (AIN) mokpeITHit
[35], BO3MOXKHOCTH MeToIa TIO POPMHUPOBAHUIO TOHKHIX
MJICHOK Ha BBEICOKOJMCIEPCHBIX MaTepuanax [36—42],
aHaJIM3MpYeTCs IPUMEHEHUE HOBOW TEXHOJIOTHU B pas-
JMYHBIX 00MACTSIX: IPU MPOU3BOACTBE M3IEINH MUKPO-
anekTponukH [8, 43, 44], dororuku [45], ceHCOpUKHU
[46], maTrepuanoB ansTepHaTUBHON 3HEpreTHKH [47-49],
pa3pabotke karanuzaropoB [50, 51] u oprano-ueopra-
HUYECKUX THOPUIHBIX MaTepuanos [52-55]. B pabo-
Tax [56, 57] pacCMOTpPEHBI HEKOTOPBIE UCTOPUUECKUE
ACIIEKTHl Pa3BUTHS HOBOU MPEUU3HMOHHON TEXHOJIOTHH.
ITockosbKy B COBETCKUI IEPUOJ PA3BUTHS METOJA MO-
JEKYISPHOTO HACJIaUBaHUsA, KOTAa HE ObUIO MIMPOKO-
ro oomeHa mHpopmanueld o paboTax OTEYECTBEHHBIX
YYEHBIX C 3apyOeKHBIMU HCCIIEOBATENSIMU, B HAYTHOM
coo0IecTBe CKIIaIbIBAIOCh MHEHHE, YTO CO3JaTelieM
METO/Ia MOJIEKYJISIPHOTO HACJIaUBaHMS ABJIAETCS (PUHCKUI
yueHblii-gusuk T. Cynrona. Tak, B pabote [58] HOBBIE
JIOCTI)KEHHS B MUKPOJJIEKTPOHUKE CBSI3aJU C TIOSIBIIE-
HUEM METOJIa aTOMHO-CJIOEBOTO OCAKACHHUS, CO3IaHHOTO
¢uHCKMMHU yueHbIMU. YueHuKkaMu B. B. AneckoBckoro
u C. 1. KonbioBa 0bU10 HalpaBJIeHO MUCHMO B JKypHAI

Cocnos E. A. u op.

Solid State Technology ¢ ua(opManweii o 6oee paHHHX
paboTax 1o MOJIEKYJISIpHOMY HacjaauBaHuio [59], uto
MTO3BOJIMJIO 3a0CTPUTH BHUMAHHUE CIICIIUATIUCTOB Ha POC-
CUICKOM MPUOPUTETE B CO3JaHUU ITOH TexHonoruu. Ho
yumb B ocienuaue 10 et ¢ mosBneHneM myOnuKaui
00 MCTOpHUH CO3MaHUS MOJEKYISIPHOTO HACIaWBaHUS
3apy0OeKHOE HayqHOE COOOILECTBO MOTYUMIO JOCTOBEP-
HYyH0 HH(pOpMAIUio 00 KCTOKaX HOBOTO CHHTETHYECKOTO
HanpasieHus [57, 60—64]. Y Hago oTaaTe AOIKHOE Ay
3apyOeKHBIX YUEHBIX, OMYOJUKOBABIINUX YTOYHEHHS O
MUOHEPCKUX paboTax 10 MOJICKY/ISIPHOMY HACIaWBaHUIO
[65], paHEee HEKOPPEKTHO MPEACTaBICHHBIX B HX 0030pe
[56].

Lens mepBoit yacTh 0030pa — W3IIOKEHNUE UCTOPHH
co3manus PyHIaMEHTAIbHBIX OCHOB U Pa3BUTHS METOA
MOJICKYJISIPHOTO HacliauBaHUs B XX BEke.

dDyH1aMeHTaJbHbIe 0CHOBBI METO1a
MOJIEKYJISIPHOTO HACJIAMBAHUS

B maTtumecsTsie TOABI MPOMIIOTO CTONETHS
B. b. AneckoBckuii Ha OCHOBE aHajdu3a paboT XUMHU-
koB K. beprone, XK.-JI. [Ipycra, [I. . Meunneneesa,
H. A. IllnnoBa n Apyrux npensoKui CBOM B3MVIAJ Ha
CTpPOEHHUE TBEPBIX BEMIECTB X BO3MOXKHBIE ITyTH UX XU-
MHUYECKUX MpEBpalleHui. B 0CHOBY HOBOro Halpas-
JICHUS TMOJIOKEeHA «OCTOBHAS THIIOTE3a», CHOPMYIH-
poBanHas B. b. AneckoBckum B 1952 1. B TOKTOpCKOH
nmuccepramun [1], CyTh KOTOpO#l JOCTaTOYHO MOAPOOHO
M3JIOKEHA B paborax [2, 66, 67]. CormacHO «0CTOBHOI
rumnoresey [2, 68, 69], B XUMHUYIECKOM CTPOSHHUH JII000TO
TBEPIOTO Tela (KPUCTAIUTHYECKOTO HITH aMOp(HOTO, He-
OPraHMYECKOTO WIIM OPTaHIUYECKOT0) CIEAYET Pa3indyaTh
OCTOB — CBEPXMHOI0aTOMHBIN pajinKall, COCTOSIINMN U3
CTPYKTYPHBIX €IUHHI] A, COCIUHEHHBIX B OTHO IEJI0E
KOBaJICHTHBIMY (MOHHBIMHU, METAJNIMYCCKUMHU ) CBSA3SMH,
u obnekaromue ero (GyHKIIMOHANBHEIE Tpynibl By, Ba,
B; ... ut 1. (puc. 1).

ATOMBI, U3 KOTOPBIX CJIOKEH OCTOB TBEPJOTO Bellle-
CTBa, SBIISIOTCS €r0 CTPYKTYPHBIMHU €IUHUIIAMU: B €r0
COCTaB BXOJISIT aTOMBI TPEX- M YE€THIPEXBAJICHTHBIX dJIe-
MEHTOB, OTIIMYAOIIIECS OY€Hb IPOYHBIMHU CBS3AMHU MEX-
ny coboii (Al, Fe, B, C, Siu np.), Hepeko B COYETaHUU C
aroMamu kucnopoaa (=Si—0O—Si=, =Si—O0—Al=)
WM C JPYTUMH dJieMeHTaMu. OyHKIIMOHAIBHBIE TPYIIITHI
B Ha MOBEPXHOCTH OCTOBA SABJISAIOTCS CTPYKTYPHBIMHU
€IMHUIIAMH, B COCTaB KOTOPBIX MOTYT BXOJIUTh KaK aro-
MBI OJTHO-, JIByX- U TpeXBaleHTHBIX dneMeHToB (H, O, K,
Na, Fe), Tak u maoroaromusie nentpsl (OH, SOH, NH;
u 1p.). Y GyHKIUOHATBHBIX TPYIIT HUMEETCS OTUH OO
MPU3HAK: B OTIUYHE OT CTPYKTYPHBIX €AUHHUIl OHU HE
CBSI3aHBI MEXTy COOOI, & CBA3aHbI TOJIBKO C COOTBETCTBY-
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Puc. 1. Xumnueckas Mmonens TBeporo Bemiectsa 1o B. b. AneckoBckomy.

IOIUMH CTPYKTYPHBIMU €IUHHLIAMHU A CBs3aMU A—B.
Hcxons n3 XMMHYECKON MOJEIN TBEPAOTO BELIECTBA
T000# 0CTOB MpecTaBiseT co0oi MO0 MAKPOPaIHKa,
HanpumMmep, yIiieposa B aiimase, 1100 MOJIUHOH B Cllydae,
HarpuMep, allOMOOKCHIHOTO OCTOBA, IS XUMHYECKUX
CBSI3€H MEXAY CTPYKTYPHBIMU €IMHHIIAMHU KOTOPOTO
XapaKkTepeH MOHHO-KOBaJIEHTHBIN XapakTep.

CornacHo xumuueckoit mogenu B. b. AneckoBckoro
(bopMyiy TBEpPIOTO BEIIECTBA MOXKHO MIPEACTABUTH KaK

[AlaB,

T7Ie @ — CTEXHUOMETPUUECKHIN KOI(DDHUIINESHT, XapaKTepH-
3YIOHII/H71 KOJIMYCCTBO XUMHYCCKHX O9KBHUBAJICHTOB OCTOBA,
MIPUXOJISIINXCS HA OIMH XUMHYCCKUI SKBUBAJICHT (DYHK-
[IMOHATLHBIX TPYIIL.

JIBOWCTBEHHOCTD MPUPOJIbI TBEP/IBIX BEIIECTB — Ha-
nuyue 00beMa U MOBEPXHOCTHU, OTPAKAIONIASACA B UX
OCTOBHO-(I)YHKLII/IOHaJ'II)HOM XUMHUYCCKOM CTPOCHUU,
peaonpeaesseT ABa OCHOBHBIX TUIA UX XUMHUYECKUX
MIPEBpAIIIEHH, B X0JI€ KOTOPBIX PEATH3YIOTCS XUMUIECKHE
BO3MOXHOCTHN (I)yHKIII/IOHaJIOB " CTPYKTYPHBIX €AWHUIL:

1) 3a cuer B3anMoAeUCTBUN (PyHKIMOHAIBHBIX TPYTII
Ha TIOBEPXHOCTH OCTOBA;

2) 3a cyeT U3MEHEHUH, COTPOBOKIAIOIINXCS Pa3py-
IIEHUEM, U3BMEHEHUEM COCTaBa, MEepeCcTPOKOil 0CTOBa
TBECPAOro BEHIECCTBA, YTO O6I)I‘-IHO MMPpUBOAUT K U3MCHEC-
HUSAM XHUMHYECKOTO COCTaBa, CTPYKTYPBI U MAacChl BCETO
MakpooOpa30BaHUS B IEJIOM.

[IpeBparenns nepBoro Tumma — 3TO Peakiuy, B pe-
3yJIbTaTe KOTOPBIX MOJIYYalOT aHAJOTUYHEIE 10 CTPYKTY-
pe, MOJIEKYJIIPHOMY BECY M COCTaBY OCTOBA TBEPABIE BE-
IECTBA, pa3IMYAIONINecs JINIIb HAOOpoM (PyHKIIMOHAIIOB

(dpyHKIMOHANBHBIE WM aHAJIOTUYHBIE MTPEBPALICHHS).
XYMUYECKHUE MTPEeBPAIICHUs] TBEPIBIX BEUIECTB BTOPOTO
THTIA — MaKpPOMOJICKYJISIPHBIE ITPEBPAICHHS, CBI3aHHbIE
CO CTPYKTYPHO-XHUMHYECCKUMHU MPEBPAIICHISIMI OCTOBA.
OgHako HeOOXOAUMO OTMETHTh, YTO OOBIYHO B ITHX
MPEBPAILEHUSIX YIACTBYIOT HE TOIBKO CTPYKTYPHBIC CIIH-
HUIIBI OCTOBA, HO U ()YHKIIMOHAILHBIC TPYIIITHL.

[IpeBpamenuss HaIMOIEKYISAPHBIX BEIIECTB 3a CUET
B3aMMOJICHCTBUI (DYHKIIMOHAIBHBIX TPYIII JIEDIA B OC-
HOBY CO3/IaHUSI METO/Ia MOJICKYJISPHOTO HACIauBaHUS
[2, 3, 60, 67, 69—73]. Ha ocHOBE OCTOBHO-(DYHKIIHOHAITH-
Hou Mozemu B. b. Aneckosckum u C. M. KonbioBem
ObLTa TIpeIoKeHa Kiaccu(UKalusl pa3THIHbIX THUTIOB
MOBEPXHOCTHBIX U OCTOBHBIX PEAKIUMU, MPOXOASIIIUX C
y4acTUeM HaJIMOIEKYISPHBIX COSTUHEHHIA W TIPEICTaB-
JIEHHBIX B Pa3BepPHYTOM BHJIE€ B IOKTOPCKOH Amccep-
tauuu C. W. Konbuosa [74], a Takxke B MOHOrpadusax
B. b. Aneckosckoro [2, 73].

[IpennoxkenHas kiaccupuKanus MO3BONIKIA CTPYII-
MMPOBaTh MPOAYKTHI MIPEBPAIICHAN TBEP/BIX BEIIECTB B
(hYHKIIMOHAJIBHBIE U OCTOBHBIE PSiIbI (CM. TaOMHILY), pas-
JTUYAIOIIHECS MOJIEKYISIPHOM Maccoi 0cTOBa (TOMOJIOTH-
YECKHUE PAIBI TBEPABIX COSTUHECHUH ), a P HEU3MEHHO-
CTH OCTOBa — Pa3JIMYHBIM HA0OpOM (YHKIIMOHAITBHBIX
TPYTII Ha TIOBEPXHOCTHU (TICEBAOMOP(O3BI — I'eHETHIE-
CKUE PSIJIbI TBEP/BIX COCAMHEHUH ).

bnaronaps takoMmy noaxomy OoibIioe pasHooOpasue
XUMHYECKUX U CTPYKTYPHBIX U3MEHEHHH B TBEPJIOM
TeJle OTHOCHUTEIFHOTO €T0 HI€aIbHOTO COCTaBa U XH-
MHUYECKOTO CTPOCHHS 00YCIIOBICHO MOJIHATOMHOCTBIO,
OCTOBHO-(DYHKIIHOHAJIBHBIM CTPOCHHEM U MOJIMHAIPAB-
JIEHHOCTBIO TIPEBpAIllEHUI TBEPIOTO BEIIECTBA U MOXKET
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Psp1 TBepABIX BelecTB

DopMyNIbHOE BbIpaXKeHUE

1. Psan ananoros

2. l'enernueckuii psn:
a) 3aMeNIeHUs
0) npucoeIMHEHUS

3. N3onoruueckuii psij

1. Tomonoruueckuii psia:
a) MaKpOMOJIEKYI
0) MaKpopaauKaIoB

2. N3omopduaeckuii psag
3. [omumopduueckuii psiz

4. Pan BHEnpeHUs

[L®yHKkuuOHaNbHBIE PSABI
.. — A (AB)s — A, (AC)s — A;s(AD)s — ...

A s(AB)s— ... — A, (AB)s ((AC)y — ... — A, (AC)s
A s(AB)y— ... — A, f(AB)s (AB ... D)y — ... — A, (AB ... D),
Anfs(AB)s T e T AnfS(AB)Sfx(A')x T e T AnfS(A.)S

II. OctoBHBIE pAAB

e — Ay 2s(AB)y — Ay (AB); — AW(AB); — A, 15(AB) — ...
e — Ay as(A%)s — Ay (A — Ap(A)s — Aprg(AT)s— ...

Ay (AB)s— ... — A, My(AB), ,(MB), — ...
A s(AB)s— ... — A, Ay (AB); (A'B), — ...
Ap(AB)y— ... — A, [N](AB); — ...

N A’n—s(AIB )S

A — CTPYKTypHbIE €IMHHIIBI HCXOAHOTO OCTOBA; A’ — CTPYKTYpHBIE €IUHHULBI TOTO XK€ COCTaBa, HO 0Opa3yIOIIUEe OCTOB
HHOT'O CTPOCHUs; M — CTPYKTYpHBIC SHMHHUIBI HOBOI'O XUMHUYECKOro cocrara; B, C, D — (yHKInOHaNbI, A* — MOBEPXHOCTHBIN

paaukait; [N] — BHEIpEHHBIE B OCTOB aTOM WJIM MOJIEKYJIa.

OBITH OMMCAHO C MOMOIIBIO PEAKIU, MPOTEKAIOMUX
B COOTBETCTBHUU C 3aKOHAMH CTEXHOMETPHUH (puc. 2).
Ba)xHO OTMETHTB, UTO 3TH TIPEBPAIICHHUS CBA3AaHBI B 1M~
HYIO CUCTEMY, TIPEICTABISIEMYIO B BUJIE KOHYCOTIOTOOHO
(buryps! (U1 HOPMaJILHOTO TOMOJIOTHYECKOTO Psija)
(puc. 3). KaxxmoMy 4diieHy TOMONOTHYECKOTO psifia OTBe-
yaeT yactuiia paauyca K;, riae K; — KOJTU4ecTBO CTPYK-
TYPHBIX €IMHULL, COAEPKAIIUXCSA B painyCce TaHHOM 4va-
CTHIIBI, TPUYEM J[BA COCETHUX TOMOJIOTa Pa3IMYaroTCs Ha
BenuuuHy AK = K11 — K; =1, T. €. Ha TOJNILUHY OJTHOTO
MOHOCJIIOSl CTPYKTYPHBIX €IuHUIl. M3 MOI0KEHUH roMo-
JIOTUYECKON TEOPUU CTPYKTYPHO-XMMHYECKUX NPEBpa-
IIICHUH TBEPJIBIX BEIISCTB 00 OPraHUIEeCKON B3aMMOCBSI-

3¢ (PYHKITHOHAILHBIX U OCTOBHBIX PSIOB CICIYET BBIBO]I,
YTO TIPOBEACHHBIE B OMPEIEIEHHON MOCIeI0BaTeIbHOCTH
(YHKIIMOHAIBHBIE PEAKIIH MOTYT OBITH MCTIOIH30BaHBI
IUJTST TIOTYyYEeHUsI Ha MOBEPXHOCTH TBEPJIOTO BEIIECTBA
MOHOMOJIEKYJISIPHOTO CJIOSI CTPYKTYPHBIX €IUHUIL, CBSI-
3aHHOTO C OCTOBOM XUMHUYECKHUMHU CBSI3SIMH.

Peaknmy ¢ yHKIMOHANBHBIME TPYTIIIaMU TBEPIOTO
tena Hadar uzydars C. 1. KonwlloB, mpeacTaBuB mep-
BbIC pe3ybTarhl 1Mo B3auMoeicTBrio CCly ¢ mopucThiM
KpemHe3eMoM B 1963 1. [77], a manee ¢ ranoreHuAaMu
KpemHus1, TuTana [78, 79] u mp.

B 1960-e rons! nmox pykoBoactsom B. b. Aneckos-
ckoro u C. W. KonbiioBa ObUTH BBITOJHEHBI UCCIIE0BA-

A, J(AB),

Peaxuus 3amelleHus

Peakuvu nuccouyalnyu

A, (AB);—A, (AC),

n—s

AH—S(A B)S_)AH—S(A. )S

Peakuus OpUCOCANHECHNA

PeakLyy BKIIIOYEHUS

A, (AB)—A, (AB---C)

An—s(AB)s_)An—s{(AB)s/k[C] } k

Mex(pyHKIINOHANBbHBIE PeaKIIUU
A, (ABC), (AMN),—

OKUCITUTENBLHO-BOCCTAHOBUTENbHBIE
peakiuu

A (ABC) (A BM);

A, (AB™) —A, (ABPIT

Puc. 2. Knaccudukarus ¢pyHKIIMOHATIBHBIX IPEBPALICHUI TBEPIbIX BemecTs [75].*

* [lepeneuarano ¢ pasperienus CII0I'TU (TY) or 31.08.2021. Copyright 1987 CII6I'TU (TY).
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a'— Anfs(A B)Sfx(AC)x
b'— An—s(AB)s—yA;/
¢'— An—S(AB)S—Z(AAB)z

Puc. 3. Cucremaru3anus NpoLyKTOB aHAJIOTMYHBIX IPEBPALICHUH TBEPIBIX BeuecTs [76].*

HUSl, Pa3BUBAIOIIUE W PACIIUPSIONINE PEACTaBICHUS O
CHHTETHYECKHUX 0COOCHHOCTSIX ¥ BO3SMOXKHOCTSIX METOA
MOJICKYJISIPHOTO HACJIAMBAHUS: MOJTYUYEHBl OKCHJIHBIE
ciou (ochopa, KpeMHHUs1, TUTAHA, TEPMaHUSL, JIBYXKOMITO-
HEHTHBIE TUTAH-()OCHOPOKCHIHBIC CTPYKTYpPHI [78—83].
C nomotrpio pa3paboTaHHON METOAWKH HEMPEPBIBHOTO
KOHTPOJIS TIpoIiecca MOJIEKYISIPHOTO HaCJIanBaHUS Tpe-
[U3UOHHBIM HEJIECTPYKTHUBHBIM SIUTHIICOMETPHYECKUM
METOIOM (TI03BOJISIIOIINM OTIPENENSATh TOMINHY CUHTE-
3MUPOBAHHOTO CJIOSI C TOYHOCTBIO JI0 OJTHOTO MOHOCJOS)
MPOJIEMOHCTPHUPOBAHO, YTO TONIIWHA OKCHIHOTO CIIOS
BO3pacTaeT JIMHEWHO ¢ YBEIMICHHEM KOJIMUECTBA IIUKIIOB
peakiuuii MOJNEeKyaspHOTo HacinauBaHus [84, 85].
Amnanu3 nony4yeHHslx B 1960—1970-e ronsl 3kcme-
PUMEHTANBHBIX JAHHBIX CBUIETEIBCTBYET O TOM, UTO
METOJIOM MOJICKYJSIPHOTO HAacJIauBaHHs MOXKHO KaK CHH-
TE3UPOBATh Ha MOBEPXHOCTH TBEPAO(DA3HON MaTpHUIIBI
HaHOCTPYKTYPBI Pa3IMYHOTO XUMUYECKOTO COCTaBa (Mo-
HOCJIOHM, B TOM YHCJIe MHOTOKOMITOHEHTHBIE, pHC. 4, 8),

* [lepeneuarano c¢ paspemenus CII6I'TU (TY) or
31.08.2021. Copyright 1992 CII6I' TU (TV).

TaK M OCYHIECTBIISITh MOATOMHYIO XUMHUYECKYIO COOPKY
MOBEPXHOCTHBIX HAHO-, MUKPO- M MAaKpOCTPYKTYp IIyTeM
MHOTOKPAaTHOTO YepeJOBaHHsI XUMUIECKUX PEAKLHUH 110
3a/1aHHON TporpamMme (puc. 4, a, 6). Heobxomumo 1moxn-
YEepKHYTh, YTO IJIABHBIM TPEOOBAaHHEM TIPH MTPOBEIICHUN
BOCITPOM3BOJUMOTO CHHTE3a METOAOM MOJIEKYIISIPHOTO
HACJIauBaHUS ABJISAETCS OCYILIECTBICHHUE Pa3INUHBIX CTa-
it B3anmogeicTBus peareHToB (ACy4, AB4, NByg, NCy,
MC,4, puc. 4) ¢ pyakunonanbusiMu rpynnamu (OI7)
TBepaoro Tena (B, C, puc. 4) B yCIOBHSIX MAKCHMAIEHOTO
yAaJIeHUs! OT PaBHOBECHSL.

Takum o6pazom, B iepuozn ¢ 1963 mo 1976 r. 6b11H SKC-
MIEPUMEHTANBHO TPOJIEMOHCTPUPOBAHBI IPAKTUIECKH BCE
CHHTETHYECKHE BO3MOKHOCTH METOa MOJIEKYISIPHOT'O Ha-
cranBaHMsl. B kauecTBe MOATokeK B OONIBITMHCTBE PabOT
(mpencTaBieHbI B pacCMaTpUBAEMBbIi TEPHO B )KypHAIaX
Kypnan npuxnagnoit xumun, JKypHas oOImeld XumMuH,
Kypuan pusznueckoit xumun, U3Bectus AxkaieMun HayK
CCCP, Cepus xumuieckas, Heopranmueckue MaTeprabl,
W3BecTus By30B. XUMHUA U XUMHUYECKasi TEXHOJIOTHS)
NPUMEHSITH: 00pa3ibl TOPUCTHIX CUITHKATEIIEH ¢ pa3BUTON
yaeIbHOM OBEpXHOCThIO [78—-82, 86—102], aspocusl
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Cocnos E. A. u op.

DyHKUHOHABHBIE [PY MBI

B BB BB BB BB B//l_[OBerHOCTb TBEPAOTO TeNa

c cccccec e

+AC

VAC,
CmMmech
+(xrAC,HYNCy)
-BC—=AC,
xAC, G c cc
-BC /’,,.//

B BB BB BB BB B

a) Croti 3an1aHHOR TONIIUHbI

6) Cnou ¢ 3aaHHBIM PAcMONOKEHUEM MOHOCIOCB
pPa3IMYHON XMMUUYECKOH NPUPOIbI

B) MHOroKOMIOHEHTHbIE MOHOCIOU 3aAAHHOTO

cocraBa

c cc Ccc cc C

+xNC
FONLLE
0NeTey 80,

ccccccec

Puc. 4. Cxemsl mponiecca XUMH4ECKOM cOOpKM HAHOCTPYKTYP Ha MOBEPXHOCTH TBEPAOTO Tejla METOJOM MOJIEKYIAPHOIO
HacJIauBaHUs.

[103], xBaprieBbie BojokHa [104], cteknocdepst [105];
yIIIepoIHbIe MaTepruansl — caxy [106, 107], anmasbl
[108, 109], yrneponubie BosokHa [106, 110]; momumepsl
[111, 112], a Takxe MIacTUHBI MOJYIPOBOJHUKOBOIO
kpemuus [84, 85, 113], repmanus [113, 114], xkapOuga
kpemuus [113, 115], keapma [116]. McxonHbpIMU pearcH-
TaMH CITY>KWJIH MTPEUMYIIECTBEHHO NMEIOIINE BHICOKYIO
YOPYrOCTh MapoB KUJIKHE XJIOPUIBI U OKCOXJIOPHUIBI
tutana [79, 80, 82, 84, 93, 104, 105, 110, 113, 116],
BaHaaus [97, 98, 103], docdopa [89, 90, 92, 111, 112],
xpoma [96, 115], 6opa (6pomuz 60pa) [99, 100], kpemuus
(paznmuunbie cunanbl) [78, 85-88, 114], amomunus [95,
101], uunka [102], repmanus [80, 81, 91], onosa [94],
yrepozaa [106—109]. B 3aBucuMoCTH OT XUMHUYECKOTO
COCTaBa CHHTE3NPYEMBIX CIIOEB BTOPBIM PeareHTOM ObLTH
napsl MO0 BOABI (IIPU CHHTE3€ OKCHIHBIX CIIOEB), TNOO
amMMHaKa (HUTPUIHBIE CIIOH ), a TIPU TTOTYUYCHHUH YTIIEPOI-
HBIX CJIOEB ITPOBOIMIIH MTOTIEPEMEHHYI0 00pabOTKYy ITOI-
JIOKKH TIapaMH TeTPaxJIOpHUaa yriaepoma u Merana [73].

Hapsiny ¢ peakuusMu 351eKTpOQUIBLHOTO 3aMelie-
HHS NIPOTOHA B COCTaBe (PYHKIIMOHAJIBHBIX TPYIII B

Ipoleccax MOJNEKYIsIpHOTro HacinauBaHus B 1973 . B
mucceprannoHHon padore A. A. Manbiruaa [117] 0bI-
JI1 peanu30BaHbl OKUCIUTENbHO-BOCCTAHOBUTEIbHBIE
B3aUMOJICHCTBUS Ha MOBEPXHOCTH (PHC. 2), B XOJI€ KOTO-
PBIX CUHTE3UPOBAHBl MHOTOKOMIIOHEHTHBIE OKCUJIHBIC
MOHO- ¥ Tronuciou, Bkmouarorue P-Ti-, P-V-, Ti—Cr-,
Cr—V-, Cr-P-cogepikamniie OKCHIHBIC U IPYTHE CTPYK-
Typsr [118-121].

B paccmarpuBaemblIil iepuoj BCe IKCIIEPUMEHTATb-
HbIE UCCJIEIOBAHUS C HUCIOIB30BAHUEM JUCIEPCHBIX U
MTOPUCTBIX MAaTPHI] IPOBOJIIIN Ha TaOOPAaTOPHBIX ycTa-
HOBKaX MEPUOAMIECKOTO JCHCTBHUS IPOTOTHOTO THITA TIPH
arMoc(epHBIX YCIOBUSX, B OCHOBE KOTOPBIX ObLIa CXeMa,
npennoxkeHHas C. U. KonpoBeiM emie B Hawane 1960-x
ronoB [2]. K Hagay 1970-x romoB ObLTH pa3paboTaHbl U
M3TOTOBJICHBI BAKyYyMHBIC YCTAHOBKH TIEPHOIUICCKOTO
JIEUCTBUS NJIsl CHHTE3a HA MOHO- M MOJMKPUCTAJIIHYC-
CKHUX MaTpulax, a B 1977 . co3aaHo nepBoe aBTOMAaTu-
3MPOBAHHOE YCTPOUCTBO JJISl peaTH3aIiy IpoIecca Mo-
JIEKYJISIPHOTO HACTIAMBAHUS TPH MIOHIKEHHOM JTaBICHUN
[56, 122].
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NzyueHne kaTamuTHIeCKUX, COPOIIMOHHBIX, AIEKTPO-
(PM3UIECKIX, 3aAITUTHBIX CBOHCTB MOJTYYEHHBIX METOIOM
MOJIEKYJISIPHOTO HAaCJIaWBaHUS IMPOAYKTOB Pa3IHIHOTO
XMMHYECKOTO COCTaBa M CTPOCHHMS TO3BOJIUIIO BBISIBUTH
PST BAXKHBIX 3aKOHOMEPHOCTEH (CTPYKTYPHO-Pa3MEPHBIX
3(}eKxToB), CBA3aHHBIX C KOTUYECTBOM MPOBOIUMBIX
IIUKJIOB MOJICKYIIIPHOTO HacimamBaHus [3, 25, 73]:

— 3¢ dexT MOHOCIOs, T. €. Pe3KOe M3MEHECHHE
CBOWCTB MaTtepHalia pyu HAHECEHUH CII0eB nocie 1—4 1u-
KJIOB MOJICKYJISIPHOTO HACIIAMBaHUS;

— 3¢ deKT mepeKkprIBAaHUSA MOIIOKKH, KOTOPBIH
XapaKTepu3yeT MOoJHOe (PU3NUECKOe TMEPEKPhIBAHKUE
MOBEPXHOCTH MaTPHUIIBI MTOCIIE TPOBEACHUS HE MEHEe
4—6 NHKIIOB MOJICKYJISIPHOTO HACIIaWBaHUS;

— 3¢ deKT MHOTOKOMIIOHEHTHOM CHCTEMEI;

— 3¢ heKT B3aUMHOIO COIIACOBaHMSI CTPYKTYPHI O-
BEPXHOCTH TMOJIOKKH U HAPAIIIMBAEMOTO CJIOSI.

Takum o6pazom, B nmepuon 1960—1970-x ronos B
CCCP B. b. AneckockuM, C. 1. KonbLOBBIM U HX yye-
HUKaMH ObLTa CO3/aHa MOIIHAsI HAyYHO-IKCIEPUMEH-
TaJibHas 0a3a, BHECIIAs 3aMETHBIN BKJIAJl B Pa3BUTHE
MPEJICTABICHUH O TBEPABIX TelaX U MyTIX X XUMHYC-
CKHX MpeBpalleHn, KOTopas B AaJbHEHIIEeM JIeTiia B
OCHOBY Pa3BHUTHSI IPUKIIAHBIX HCCIIETOBAHUI U KOMMEp-
[UATM3AIMY TPOIECCOB MOJISKYJISIPHOTO HacIauBaHMS.

Pa3zBuTHE MeTOa MOJIEKYJISIPHOTO HACIAUBAHUS
3a pyoesxom

HccnenoBanusi o CHHTE3Y TBEPABIX BEIIECTB METO-
JIOM MOJIEKYJSIPHOTO HaclauBaHUs, M3HAYAIbHO peaju-
3oBaHHbIe UCKIIOUNTETbHO B CCCP B JIeHWHTpacKoM
TEeXHOJOTHYECKOM MHCTUTYTe uM. JleHcoBeTa u
JleHuHIpaaCcKOM rocyJapCTBEHHOM YHUBEPCUTETE UM.
A. A. XKnanoga, ¢ xoHma 1970-x rogoB Ha9aJx IPOBO-
TUTH Takke 3apyOexHbie yueHsble. [logBminocs 3HaUn-
TeIbHOE yucio nyonukanuii He Tonbko B CCCP [123,
124], HO ¥ cTpaHaX COLMAITUCTHYECKOTO Jareps —
Bonrapuwu [5, 125], THAP [6, 123, 126, 127], a Takxe B
Ounnsaany [4]. A ¢ Hagana BOCBMUZAECATHIX To0B [ 128]
YHUCIIO MyOIMKAlWi 10 HOBOMY HAaIpPaBJICHUIO POCIO B
TreOMETPUYECKO# nporpeccuu (puc. 5).

VimeHHO B 3TH 0I5Bl OBUT CYIIECTBEHHO PACLINPEH
HepeyeHb TBEPAO(A3HBIX MATPULL, UCHOJIB3yEMbIX B IIPO-
[eccax MOJIEKYJIApHOro HaciauBaHusa. Hapsany c rano-
TeHUJJaMH HayaJld aKkTUBHO MPUMEHSTH AIEMEHTOPraH!-
YyecKue npexkypcopsl [129], 4to mo3BonuI0 yBEIUIUTh
Ha0O0p 3JI€MEHTOB, COCIUHEHHS KOTOPBIX MOXKHO CUHTE-
3WpOBATh Ha MOBEPXHOCTH. B 3T0 e BpeMs MOSIBIIINCH
paboThl, CBsI3aHHBIE C MPUKIAJAHBIMU HCCIECAOBAHUSIMU
[130, 131], ¢ pa3paboOTKOI TEXHOIOTHYECKOTO 000py-
JOBaHUS A peaju3ally [POoLecca MOJEKYJISIPHOIO

800 =

OIMYECCTBO MyOIHKALMI

400

e T A,

1980 1985 1990 1995 2000 2005 2010
[ox

K

Puc. 5. KonruecTBO HaydHBIX MyOIUKAIHH TTO0 TEXHOJIOTHA
MOJICKYJISIPHOTO HacTIauBaHHMS, ITyOJTMKYeMbIX 3a 1o, ¢ 1980
o 2010 rox [29].*

HacnanBanus [132, 133]; ObuM CO3MaHBI U BHEAPEHBI B
HPOMBILICHHOCTD IIEPBbIC MaTepUallbl, IIOJIyYEHHBIE 110
HOBOW TexHomoruu [134].

B 1983-1984 rr. 3aperucTpupoBaHbl MaTEHTHI
T. CyHTONa C COaBTOpPaMU IO MOIYUYEHHIO CIIOEB CYIIb-
(¢uma nUHKA METOIOM, KOTOPOMY OBLIO IaHO Ha3BaHUE
«aToMHO-cJ0eBoe ocaxaeHue» [4]. B aTtom marente B
otnuune oT mateHta 1977 r. [135], roe cnoit ZnS noiny-
YaJii 110 TEXHOJIOTHH MOJICKYIISIPHO-JTyYeBOM AMUTAKCUH,
OBUIM TIPUBEICHBI PEAKIMU MOIyUYSHHS CIIOA Cyabduaa
LUHKA Ha CTEKISIHHON IOJJIOXKKE IIyTEM €€ MHOTOKpaT-
HOH mornepeMeHHo# 00padotku mapamu ZnCly u HoS ¢
yIaJeHueM TocTe KaKIOW CTaauu U30bITKAa peareHTOB
¥ 00pa30BaBIIMXCS Ta3000pa3HBIX MPOIYKTOB PEaKIINy,
T. €. UCIIOIb30BAHBI MPUHIMITEI METOAA MOJIEKYIISIPHOTO
HaCJIauBaHUS.

B 1983 1. A. Aiinna c coasr. [136] onncanu npuHIU-
Bl aTOMHO-CJIOEBOTO OCAXKACHHSI, KOTOpBIE (pakTHUECKU
JOCIIOBHO TOBTOPSIIOT MPUHIHUIIBI MOJIEKYJISIPHOTO Ha-
CIIauBaHMUs, U3JO0KECHHbIE B JOKTOPCKOM AHMCCepTalun
C. U. Konsrosa [74], a Takxke MpeacTaBieHHbIE B OoJee
20 KaHOUIATCKUX JUCCEePTAlMi U IPyTruX MyOIHKalusIX
3aponro Ao 1983 r., nanpumep [2, 73]. K konmy XX Beka
yuenukamu B. b. Aneckosckoro u C. H. Konbrosa 3amu-
meHo okoo 100 kauauaaTckux U okojo 10 TOKTOpCKux
JUCCEepTalni, CBSI3aHHBIX C METOJOM MOJICKYISPHOTO
HacJlanBaHUsL.

B nomonHeHune k paHee UCIOJIB30BAaHHBIMU MaTpH-
11aM 00BEKTaMH HCCJIENOBAHUIMHU OBIIN CUHTETHYE-
CKHe€ aJIMa3bl, TAaHTAJl, ApCEHH]I TaJUINS, aHOIHBIA OKCHT
ATIOMUHUS U TUTaHA, CHHTETUYECKUE OMaJIbl, TUCTIEP-
TUpPOBaHHBIE CHIONBI, (hoTomroMuHODOPHI, heHomo-
(dhopManbaeruaHbe U NMOKCU(EHOIbHBIE MaTepUabI,
BBICOKOJIMCTIEPCHBIE OKCHJIBI KPEMHHS M IIMHKA, YTIIerpa-
(uToBBIC MaTepuansl [57].

* Tlepeneuarano c¢ paspenieHust AIP Publishing ot
26.07.2021. Copyright 2013 AIP Publishing.
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PesynbraTsl paHee MpoBeCHHBIX (PyHIaMEHTATBEHBIX
Y TIPUKJIaTHBIX UCCIICAOBAHMIA JICTIIH B OCHOBY CO3/IaHUS
¥ OpTraHU3aIiH B CEPEeIUHE BOCBMHUIECATHIX TOJOB MPO-
M3BOJICTBA HOBBIX MPAKTUYECKH MOJIE3HBIX MaTepHAaJIOB.
B CCCP nosiBumnmch nepBble BHEAPEHHBIE B IPOMBIIIIEH-
HOCTB MPOAYKTHI, TOJTYYEHHBIE METOIOM MOJIEKYJISIPHOTO
HacJIauBaHUs: IPOMBINIICHHBIE CHIIMKATeIH, MOTU(H-
UPOBAHHBIE TI0 HOBOW TEXHOJIOTUHU (PochHOpOKCHIHBI-
MU ciosimu (copbent @C-1-3 Ha mapsl BOABI, aMHHOB,
oprannveckux BemiecTB [137—-139]) u Banaauitokcu-
HBIM MOHOCJIOEM (COPOCHT-MHINKATOP HA IMapbl BOIBI
NBC-1 [140-142]). HoBble COpOEHTHI TIOCTABIISIFOTCS U
B HAcCTOsIIE€E BPEMsI Ha MPEANPUATHS U UCTIOIb3YIOTCS
JUTSE CTAOMITM3AI[UH Ta30BOH CPEbl B TEPMETUYHBIX U3-
JIENASX aBHAITPHOOPOCTPOCHHS U APYTUX oTpacieit [13,
143, 144].

Brenpenue B NpOMBIIIIEHHOCTh HOBBIX MaTepHaJIOB,
CO3JIaHHBIX MO TEXHOJOTUU MOJIEKYJISAPHOTO Haclau-
BaHWA, JAJI0 TONYOK K pa3paboTke HE TOIBKO Jabopa-
TOPHBIX, HO ¥ TIPOOOPA30B MPOMBIIIUIEHHBIX YCTAHOBOK
JUTISL peaiu3alliy yKa3zaHHoro mpoiecca [145]. Caexyer
OTMETHTB, YTO OCHOBHOE BHUMAaHHE MPU pa3paboTKe Tex-
HOJIOTHYECKOTO 00OpYyAOBaHUs YAEISIOCh BaKYyMHBIM
YCTaHOBKaM, HCITONB3YIOIIMMCS B CO3MaHUN TOHKOILIE-
HOYHBIX CTPYKTYp B AJIEKTPOHUKE M CMEXHBIX Harpas-
neHusix [146].

OnHaKo TIPH UCTIONIb30BaHUH CHITyYUX MaTepHAalIOB,
KOTJla CyIIeCTBEHHOE BIUSHHE Ha CKOPOCTH MPOIIEeC-
ca OKa3bIBaeT THAPOINHAMUYECKUM PeXKUM B CUCTEME
ra3—TBep/A0e, NMPOoIecC MOJEKYIIpHOTO HacIauBaHU
HEOOXOIMMO PEaTn30BhIBATh B YCTAHOBKAX IMPOTOYHOTO
THTa pu arMochepHoM naBieHnd. Hampumep, cuHTe3
MOYKET OBITh OCYIIIECTBIECH B YCIOBUSAX HEMOABM)KHOTO
WJIN B3BEILIEHHOTO CJIOA.

Cpenu paboT, CBA3aHHBIX C Pa3pabOTKOH TEXHOIIO-
THYECKOTO 00OpYyIOBaHUS Ha pacCMaTprUBaeMOM dTare
Pa3BUTHS METOAA MOJIEKYISIPHOTO HACTIAMBAHUSA, MO)KHO
BbIAENIUTH HccnenoBanus B. E. JIpo3aa no cozganuto Ba-
KyyMHBIX ycTaHoBOK [57]. B 1980-¢ rogst B. I1. Toscteim
C COaBTOpamMu OBUTH CO3JaHBI HOBBIE YCTaHOBKH IIPO-
TOYHOTO THITA JIJIT 00pabOTKHA METOIOM MOJICKYISIPHOTO
HacTanBaHUs KpynmHoradapuTHeIX usfenui [147]. Torma
xe B. @. [lepraueBbiM ¢ coaBTOopamu ObUI pa3paboTaH,
W3TOTOBJICH U UCIBITAH aBTOMAaTU3UPOBAHHBIN MHOTO-
CEKITMOHHBIN ammapar Jyisi o0padOTKH CBHIMTyYHUX MaTe-
pHaoB B peXXHMe B3BemIeHHOTO ciios [148]. B ommune
OT TPAJUIIMOHHBIX CXEM OpraHU3aIMH TEXHOIOTUYECKUX
MIPOIIECCOB B amiaparax MoJyHENPEepPbIBHOTO JIeHCTBUS,
KOTJIa BCE CTaJWH IPOIecca MPOBOIMIA B OTHOM peak-
[IHOHHOM TMPOCTPAHCTBE, MPET0KEHHBIH MHOTOCEK-
IIMOHHBIN anmnapar NMpearnoyiaraeT pasaeacHue ra3zoBbIX
MMOTOKOB Ha OTIENBHBIX CTAIUIX CHHTE3a B COOCTBEH-

Cocnos E. A. u op.

HOM peakTOpHOM Ojoke (puc. 6). 3To oOecrneunBacT
MPOBEJICHHUE MPOIecca B MOJYHETPEPHIBHOM PEXKUME,
CYLIECTBEHHO COKpallasi BpeMs MPOBEleHU CHHTE3a U
WCKITI0Yasi HEOOXOOUMOCTb YIaJICHHs peareHTOB M Ipo-
IYKTOB PEAKLUHU U3 PEAKIHOHHOTO IPOCTPAHCTBA.
HccnenoBaHus B MOCIEIHION 4E€TBEPTh XX BEKa
MO3BOJIMIIN MTPOAEMOHCTPHPOBATH HE TOJIBKO IIUPOKUE
CHHTETUYECKHE BO3MOXKHOCTH METOJa MOJIEKYIAPHOTO
HacJlauBaHUs, HO M PEaTbHOCTb CO3AaHUS C €T0 HCIONb-
30BaHHEM WHHOBAIMOHHBIX MATEPUAaJIOB Pa3IMYHOTO
(YHKIMOHATBHOTO Ha3HaueHus1. bpiin pa3paboTaHbl Tex-
HOJIOTHYECKHE OCHOBBI METOJ]a MOJIEKYJISIPHOTO Haclau-
BaHMs, €T0 anmnaparypHoe o(opMIIeHHE, OCYILECTBICHBI
HIepBbIe BHEAPEHUSI HOBBIX MAaTE€PHUaJIOB B IPOMBIIIIEH-
HOCTb. B 9TH roibl CylIeCTBEHHO paclIupHiiach reorpa-

Puc. 6. Cxema MHOTOCEKIITMOHHOTO XHUMHUYECKOTO PEaAKTO-
pa, HENIPEPHIBHOTO 110 ra30BOM U MOIYHEIPEPHIBHOTO 110
TBepoi (aze.

1 — razopacnpeznenuTenbHas perieTka, 2 — IpoBaJbHO-
H30JIUPYIOIIKHN y3el, 3 — razopacnpelnenuTesbHas napra.
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¢ust monexynsipHoro HacnauBanus (ACO, ALD): paGotsr
B YKa3aHHOM HaIIPaBJICHUH NPOBOAATCS (HaKTHUECKH Ha
BCEX KOHTMHEHTaX B TAKUX CTpaHax, Kak Snonwust, Kurai,
IO0xnas Kopes, B crpanax EBpocorosza, B CILIA, Kanane,
bpaszunuu u ap. [29, 33, 56, 57, 128].

Takum oOpa3om, monmydeHHbIe K Hadady XXI Beka
Pe3yabTaThl NCCIEI0BAHUN B 00IACTH CO3AaHUS TBEPAO-
(ha3HBIX MaTEepUANIOB C UCIIOJIL30BAHUEM HAHOTEXHOJIO-
'MW Ha IPUHLUNAX METOa MOJICKYJSIPHOTO HACTIanBaHUs
HE TOJIBKO MMEIOT ()yHIaMEeHTaJbHOE 3HaYeHHe, HO U
CBHIIETEIBCTBYIOT O NEPCIIEKTUBHOCTH IPUMEHEHHSI HO-
BOTO MPEIM3NOHHOTO MPOIIECcCa B PA3IMUHBIX OTPACIIAX
MPOMBILUIEHHOCTH: MUKPOJJIEKTPOHUKA U CMEKHBIE 00-
JacTv, COPOLMOHHO-KaTATUTHYECKUE MaTepPHUaIbl, KOM-
MO3UTHI, TIOJINMEPHI U IP.

MeTtonbl naeHTH(PUKAIUN POAYKTOB
MOJIEKYJISIPHOTO HACJIAUBAHMS

HecMoTpst Ha TO 4TO B OCHOBE METOAAa MOJIEKYISP-
HOT'O HaclauBaHMS JIeXKaT IPUHIUIGI, FApaHTUPYIOIINE
(hopMuUpOBaHHE HA OBEPXHOCTU TBEPABIX TEI B MPO-
LIECCe CHHTE3a MOHO- M IIOJIMCIIOCB 3aJaHHOIO COCTaBa
Y CTPOEHHUS, a TOJNIIHHA 00Pa3yIoIIerocsi HAHOMOKPBITHS
OTIpENENAETCS HE BpEMEHEM MOJauy PeareHTOB MPH IIPo-
YMX PaBHBIX YCJIOBHSIX, a IIPOU3BEACHUEM IOCTOSHHOR
pocra (yCIOBHO, 3TO TOJNILIMHA IIOKPHITHS IOCIE OAHOTO
LUKJIa MOJIEKYJIIPHOTO HacJIauBaHMs) Ha KOIMIECTBO IH-
KJIOB MOJIEKYJISIPHOTO HaclauBaHUs, HEOOXOMUMAa HICH-
TU(UKALHSI COCTABA U CTPOCHUS LIEIEBOTO NPOAYKTa C
UCTIOJIb30BaHUEM (PU3UKO-XUMHUYECKUX METOHOB.

C momenra nosienerns B 1960-x rogax mepBeix pador
B 00JIACTH HANPABICHHOTO CHHTE3a TBEPIBIX BELIECTB
METO0OM MOJIEKYISIPHOTO HACJIAUBaHUS dKCIIEPUMEH-
TaJbHOE MOATBEPKACHUE (haKTa MPOTEKaHUs Ipolecca
M OILIEHKa cocTaBa (pOPMHUPYIONIUXCA HA TTOBEPXHOCTH
MaTpull QYHKIMOHAJIBHBIX TPYII W TOHKHX MMOKPBITHN
0a3UpOBAIMCH Ha PE3ybTaTaX XUMHKO-aHATUTHIECKHX
[82, 83] nnu rpaBuMerpuueckux [149—151] uccnenona-
Huil. Pa3Butne Teopun 00pabOTKH CIIEKTPATbHBIX JaH-
HBIX ¥ TPOMAJIHBIN CKa4OK CKOPOCTH 00paOOTKH JaHHBIX
C BHEAPEHHUEM JOCTYMHON BBIYMCIUTEIBHON TEXHUKHU
MO3BOJIMJIN /JIs1 OLICHKH TOJILIMHBI U ONTUYECKHUX Xa-
PaKTEPUCTHUK MOKPBITUS HUCIOIb30BATh 3UIUIICOMETPHIO
[84, 85, 152—154]. ®a30BEIit COCTaB U 36pHUCTOCTH T10-
KpBITHSI (B BUZIE pa3MepOB 00IacTell KOrTepeHTHOTo pac-
CEsIHMS1) YAaBaJIOCh OLIEHUTD TOJNBKO MTOCIIE MPOBEACHUS
HECKOJIBKUX IMKJIOB MOJIEKYJISIPHOTO HAaCJIauBaHUA U
dhopmupoBaHUs IO HOBOU (a3bl TOMIIUHOMN, TTPEBHI-
HIaroIel pasMepsl ee 3JEMEHTApHON KpUCTaUINYeCKON
ssaeiiku [80], uTo Xopomro cormacyeTcsa ¢ 3ddhexTom
HepeKpbIBaHus MOMIOKKH. Pacnpenenenue Gpopmupy-

FOIIMXCS HA TIOBEPXHOCTH MAaTpPHUILIBI CTPYKTYP CUHTAIN
paBHOMEpPHBIM, a HaJTH4Ke aMOp(HON COCTaBIAIONIEH B
COCTaBe MOKPBITHS OLIEHUBAIIN 110 U3MEHEHHIO pa3MepoB
oOacTelt KOTEPEHTHOTO pacCesTHUS B X0Je TepMOOoOpa-
00TKH MomuUITMpOBaHHBIX Marepuaiios [101, 113] aumbo
MPOBOJISI KOJTMUECTBEHHBIE PEHTTeHO(A30BbIe H3MEPEHUS
C UCTIOJIb30BaHUEM BHYTpEHHeEro cranaapta [155].

C nosiBIIeHUEM B HayYHBIX J1Ta00OpaTopusix 000pyaoBa-
HUS 30HIOBOH MUKPOCKOIIHH TSI aHAIIA3a CIUIOITHOCTH
U CTPOEHUSI CHHTE3HPYEMOTO B XOJI€ MOJICKYJISIPHOTO
HacJauBaHWS HAHOPA3MEPHOTO CJIOS BCE Yallle IPUMEHsI-
10T aTOMHO-CHJIOBYIO MHUKpockomuio (ACM) [156-167].
ACM 1103BOIISIET pemaTh 3a1a4i UAeHTH(UKAINN TIPO-
TEKaHHs [IPOIIECCOB XUMUUIECKOTO MOIU(DUIINPOBAHIS
MOBEPXHOCTH, a TAKIKE OLEHKH MOP(OIOTUH, TOIIIUHBI
U JIOKaJbHBIX (PU3UKO-XHUMHUYECKUX CBOUCTB (hOpMHU-
PYIOIIETOCs B XO/I€ MOJEKYISPHOTO HACTaMBAHHUS KOH-
(hOpMHOTO HMOKPBITHSE HAHOMETPOBOU TOoNIUHBEL. ACM-
WCCIIeOBaHMsI IPUMEHNMBI KaK K TUIOCKHUM OOBEKTaM C
HEPa3BUTOH MOBEPXHOCTHIO, TAK U K BBICOKOJUCIIEPCHBIM
Y BBICOKOITOPUCTHIM MaTeprajam, 3a HCKIFOUEHHUEM BbI-
COKOIIOPHCTBIX MAaTePHAIOB C HEPETYISIPHOU MOPOBOI
CTPYKTYpO# [168].

HAas oueHKH COPONUMOHHBIX M KaTaJIHUTHYECKUX
CBOMCTB IIPOAYKTOB CHHTE3a (M COOTBETCTBEHHO MPO-
THO3WUPOBaHUS (PYHKITHOHAIBHBIX CBOWCTB MPOTYKTOB
XUMHUYECKoU cOopkwm) emie 1970-X TO0B UCHIONB3YETCS
ANIEKTPOHHASI CIIEKTPOCKOMHS TUPPY3HOTO OTPaKEHHS B
yAsTpadroneToBol U BUAUMON obnactu crekrpa [116,
169, 170]. Pa3paborannas B Cankr-IlerepOyprckom ro-
CYIapCTBEHHOM TEXHOJIOTHYECKOM MHCTUTYTE METOINKA
paszeneHus creKTpoB AU Gy3HOTO OTpaKEHUS Ha KOM-
MOHEHTHI [171] mo3BOASET HE TOABKO KAU€CTBEHHO U KO-
JMYECTBEHHO 0XapaKTePH30BaTh KOOPAMHAIIMOHHOE CO-
CTOSTHHE TIOBEPXHOCTHBIX aTOMOB [172], HO U BBIIBIATH
NPOSIBJICHUE CTPYKTYPHBIX M3MEHEHHI Ha MOBEPXHOCTH
TBepbIX Marepuanos [173, 174].

3ak/ouenue

B niepBoit yactu 0630pa paccMOTpEHBI HCTOPHUYECKUE
ACIEKThI CO3/1aHUs U pa3BUTHA B XX BEKE HAHOTEXHOJIO-
TUW MOJICKYJSIPHOTO HacJIauBaHWsI, 0a3upyIoIIeiics Ha
«octoBHOIY runorese B. b. AneckoBckoro. Ananu3 Ha-
VYHBIX ITyOJIMKAIUi OTEUEeCTBEHHBIX U 3apyOe)KHBIX aB-
TOPOB MOJTBEPKIa€T MPUOPUTET COBETCKO-POCCUMCKON
Hay4YHOM IIKOJIBI IO pykoBoacTBoM B. b. AneckoBckoro
u C. U. Konb1ioBa, pa3paboTaBIINX U SKCIIEPUMEHTATIHHO
000CHOBABIIHX MPUHIUTIIBI TPEIU3HOHHOTO XUMHUECKO-
ro cunTesa. [Ipu s3ToM Ha npotsbkenun 1960—1970-x ro-
JIOB ITyOJTUKAIINK B O0JIACTH MOJICKYJISIPHOTO HacllanBa-
HUS TPUHAIICKATH UCKITIOYUTEIFHO OTCUY€CTBEHHBIM



976

YYEHBIM, U TOJILKO C KOHIIA CEMHUIECATHIX TOJ0B XX BEKa
TTOSIBJISIIOTCS TIEPBBIE 3apyOeKHbIE MyOTUKAIIUU B YKa-
3aHHOM HamnpasiieHud. A K Hagany XXI Beka paOoThI 110
CO3aHUI0 MAaTepPUAIOB C UCIOIB30BAHUEM MOJIEKYIISP-
HOTO HACJIaWBaHUS MPOBOAWIUCH BO BCEX MPOMBIIIJICHHO
Pa3BUTHIX CTpaHaX.

PazButne Bo Bropoi nmosioBuHe XX BeKa TEXHOJIOTHUN
U METOIMK (PU3UKO-XUMHUYECKUX MCCIICIOBAHUN MO3BO-
JUJI0 KOHTPOJIUPOBATh MPOTEKAHUE Mpollecca CUHTE3a
M 0XapaKTepH30BBIBATh COCTaB U (PUINKO-XUMHYECKUE
CBOWCTBAa HAHOCHMBIX TIOKPBITHH, BIIOTH 0 OMMHOYHBIX
MOHOCJIOEB.

Takum 00pa3oM, K KOHITy XX BEKa CIIOKUIOCH JU-
HaMUYHO Pa3BHBAIOIIEECs HAIIpPaBJICHUE B 00NacTH Ha-
HOTEXHOJIOTHH, Oa3zupyloleecs Ha MPUHIIAIIAX METOa
MOJICKYJIIPHOTO HacJIauBaHUS, B paMKax KOTOPOTO CO3-
JIaHBI MPOAYKTHI, BHEIPEHHBIE B PA3TUYHBIX OTPACIIAX
pombIluieHHOCcTH. Hanbosee nepcreKTHBHBIM HalpaB-
JIeHUEeM KOMMEpPIIHaU3aliy TEXHOIOTHH MOJICKYIISIp-
HOTO HACJIAWBAHUS SBJISETCS CO3JaHUE TPOMTYKTOB IS
MUKpPO-/HAHOIJIEKTPOHUKH, AJILTEPHATUBHOMN YHEPIETHKHY,
COpOIIMHY U KaTaaun3a.

@DuHaHCUPOBaHME PA0OTHI
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dhoHIOM (QyHITAMEHTAIBHBIX HCCIEIOBAHUKU (TPaHT
Ne 20-13-50088).

Kondauxr narepecon

A. A. ManpITuH ABISIETCS 3aMECTUTENIEM TJIABHOTO
penakropa XKypHana npukiagHoi xuMun. OcTalbHBIE
ABTOPHI 3aSBIIIOT 00 OTCYTCTBHUH KOH(IINKTa NHTEPECOB,
TPeOYIOIIET0 PaCKPHITHS B JAaHHON CTaThe.

HNudopmanns 00 aBTopax

Cocnos Eecenuii Anexceesuu, K.X.H., JOIICHT,
ORCID: http://orcid.org/0000-0003-1639-9514

Mankoe Anamonuii Anexceeséuu, X.X.H., JOICHT,
ORCID: https://orcid.org/0000-0002-9219-4759

Manvieun Anamonuu Anexceesuu, n.X.H., npod.,
ORCID: http://orcid.org/0000-0002-1818-7761

CnHcok JuTepaTyphl

[1] Aneckosckuii B. 5. OcToBHas TUIIOTE3a U OMBIT MPH-
FOTOBJIEHUSI HEKOTOPBIX AKTUBHBIX TBEPIBIX Te:
ABtoped. nokt. auc. JI., 1952. 39 c.

[2] Aneckosckuti B. b. CTexuoMeTpHsi U CHHTE3 TBEPIBIX
coenunenuit. JI.: Hayka, 1976. 140 c.

Cocnos E. A. u op.

[3] Anecxosckuii B. b. XuMus HaAMOJIEKYISIPHBIX COENIN-
uennii. CI16: CII6I'Y, 1996. 252 c.

[4] Pat. FI 57975 C (Publ. 1980). Menetelmé ja laite
yhdisteohutkalvojen kasvatuksessa — Forfarande och
anordning vid uppbyggande av tuna foreingshinnor;
pat. U. S. 4413022 A (Publ. 1983). Method for
performing growth of compound thin films; ITat. SU
1085510 A3 (omy6a. 1984). Crioco6 monydeHus co-
CTaBHOM MJIEHKH M YCTPOMNCTBO AJISI €70 OCYIIECTB-
JICHUSL.

[5] Damyanov D., Mekhandzhiev D. Preparing metal
oxide layers on a support by a molecular deposition
reaction. I. Deposition of chromium oxide on silica gel
// N3B. mo xumus bear. AH. 1976. T. 9. Ne 2. C. 294—
303.

[6] Onvoman I OxuCIUTENBbHBIN KaTaau3 Ha OKUCHBIX
KaTajn3aTropax, MOJyICHHBIX MOJICKYISIPHBIM HACIIAH-
BaHueM // 13B. mo xumus bear. AH. 1980. T. 18. Ne 1.
C. 48-64.

[7] Suntola T., Hyvarinen J. Atomic Layer Epitaxy //
Annu. Rev. Mater. Sci. 1985. V. 15. N 1. P. 177-195.
https://doi.org/10.1146/annurev.ms.15.080185.001141

[8] Leskeld M., Ritala M. Atomic Layer Deposition
(ALD): From precursors to thin film structures // Thin
Solid Films. 2002. V. 409. N 1. P. 138-146.
https://doi.org/10.1016/S0040-6090(02)00117-7

[9] George S. M. Atomic Layer Deposition: An Overview
// Chem. Rev. 2010. V. 110. N 1. P. 111-131.
https://doi.org/10.1021/cr900056b

[10] Atomic Layer Deposition of Nanostructured Materials
/ Ed. by N. Pinna, M. Knez. Weinheim: Wiley-VCH,
2012. 435 p.

[11] Atomic Layer Deposition (ALD): Fundamentals,
Characteristics and Industrial Applications / Ed. by
J. Valdez. Hauppauge, NY: Nova Sci. Publ., Inc.,
2015. 175 p.

[12] Pakkala A., Putkonen M. Atomic Layer Deposition //
Handbook of Deposition Technologies for Films and
Coatings. William Andrew Publ., 2010. P. 364-391.
https://doi.org/10.1016/B978-0-8155-2031-3.00008-9

[13] Manvieun A. A. Metonm MONEKYISIPHOTO HACTIAaNBaHUS:
0T QyHIaMEHTAILHBIX HCCIIEOBaHUN K KOMMEPIIH-
anmuzanuu // Poc. xum. xypH. 2013. T. LVIIL. Ne 6.
C. 7-20.

[14] Kddridinen T., Cameron D., Kddridinen M.-L.,
Sherman A. Atomic Layer Deposition: Principles,
Characteristics, and Nanotechnology Applications.
Hoboken, NJ: John Wiley & Sons, Inc., Salem, MA:
Scrivener Publ. LLC, 2013. 253 p.

[15] Johnson R. W., Hultqvis A., Bent S. F. A brief review
of Atomic Layer Deposition: From fundamentals to
applications // Mater. Today. 2014. V. 17. N 5. P. 236—
246. https://doi.org/10.1016/j.mattod.2014.04.026

[16] Manvieun A. A. PyHKIHOHATHHBIE HAHOMATEPHAITBI
THUIA «IAPO-000JI04KaY, CHHTE3UPOBAHHBIC METOIOM
MOJIEKYJIIPHOTO HaclauBaHus // Hanomarepuaibl:



Hanomexuonozcus MOILEKYTIAPHOCO HACTIAUBAHUS 6 npouseodcmge Heopeanu4yecKkux u eu6pu0Hb1x mamepuaios...

[20]

[22]

[24]

[26]

(27]

CBOICTBA ¥ MEPCIICKTUBHBIC IpUiIokeHus / OTB. pejl.
A.B. SIpocnasue. M.: Kumxubiii mup, 2014. C. 84-113.
Hu L., Qi W.,, Li Y. Coating strategies for Atomic
Layer Deposition // Nanotechnol. Rev. 2017. V. 6. N 6.
P. 527-547. https://doi.org/10.1515/ntrev-2017-0149
Mackus A.J., Schneider J. R., Maclsaac C.,
Baker J. G., Bent S. F. Synthesis of doped, ternary,
and quaternary materials by Atomic Layer Deposition:
A review // Chem. Mater. 2018. V. 31. N 4. P. 1142—
1183. https://doi.org/10.1021/acs.chemmater.8b02878
Oviroh P. O., Akbarzadeh R., Pan D., Coetzee R. A. M.,
Jen T. C. New development of Atomic Layer
Deposition: Processes, methods and applications //
Sci. Technol. Adv. Mater. 2019. V. 20. N 1. P. 465-
496. https://doi.org/10.1080/14686996.2019.1599694
Cai J., Han X., Wang X., Meng X. Atomic Layer
Deposition of two-dimensional layered materials:
Processes, growth mechanisms, and characteristics //
Matter. 2020. V. 2. N 3. P. 587-630.
https://doi.org/10.1016/j.matt.2019.12.026

Nam T., Kim H. Atomic Layer Deposition for
nonconventional nanomaterials and their applications
//'J. Mater. Res. 2020. V. 35. N 7. P. 656—680.
https://doi.org/10.1557/jmr.2019.347

Parsons G. N., George S. M., Knez M. Progress and
future directions for Atomic Layer Deposition and
ALD-based chemistry // MRS Bull. 2011. V. 36. N 11.
P. 865-871. https://doi.org/10.1557/mrs.2011.238
Poodt P, Cameron D. C., Dickey E., George S. M.,
Kuznetsov V., Parsons G. N., Roozeboom F.,
Sundaram G., Vermeer A. Spatial Atomic Layer
Deposition: A route towards further industrialization
of Atomic Layer Deposition // J. Vac. Sci. Technol. A.
2012. V. 30. N 1. ID 010802.
https://doi.org/10.1116/1.3670745

Shin S., Ham G., Jeon H., Park J., Jang W., Jeon H.
Atomic Layer Deposition: Overview and applications
// Korean J. Mater. Res. 2013. V. 23. N 8. P. 405-422.
https://doi.org/10.3740/MRSK.2013.23.8.405
Manwvieun A. A., Manxos A. A., Cocnog E. A. Ctpyk-
TYpHO-pa3MepHbIC 3PQPEKTH U UX MPUMCHEHUE B CH-
CTeMax «SIIPO-HaHOOOOI0YKa», CHHTE3UPOBAHHBIX
METOJIOM MOJICKYJISIpHOTO HaciauBaHus // V3B. AH.
Cep. xum. 2017. Ne 11. C. 1939-1962 [Malygin A. A.,
Malkov A. A., Sosnov E. A. Structural-dimensional
effects and their application in the «core-nanoshell»
systems synthesized by the molecular layering // Russ.
Chem. Bull. 2017. V. 66. N 11. P. 1939-1962.
https://doi.org/10.1007/s11172-017-1971-9].
Subramanian A., Tiwale N., Nam C. Y. Review of
recent advances in applications of vapor-phase
material infiltration based on Atomic Layer Deposition
// JOM. 2019. V. 71. N 1. P. 185-196.
https://doi.org/10.1007/s11837-018-3141-4

Leskeld M., Ritala M. Atomic Layer Deposition
chemistry: Recent developments and future challenges

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

977

// Angew. Chem. Int. Ed. 2003. V. 42. N 45. P. 5548—
5554. https://doi.org/10.1002/anie.200301652
Ishikawa K., Karahashi K., Honda M., Matsui M.,
Chang J. P, George S. M., Kessels W.M. M., Lee H. J.,
Tinck S., Um J. H., Tatsumi T., Higashi S., Kinoshita K.
Progress and prospects in nanoscale dry processes:
How can we control Atomic Layer Reactions? // Jpn
J. Appl. Phys. 2017. V. 56. ID 06HAO02.
https://doi.org/10.7567/JJAP.56.06HA02
Miikkulainen V., Leskeld M., Ritala M., Puurunen R. L.
Crystallinity of inorganic films grown by Atomic
Layer Deposition: Overview and general trends // J.
Appl. Phys. 2013. V. 113. N 2. ID 021301.
https://doi.org/10.1063/1.4757907

Cremers V., Puurunen R. L., Dendooven J.
Conformality in Atomic Layer Deposition: Current
status overview of analysis and modelling // Appl.
Phys. Rev. 2019. V. 6. N 2. ID 021302.
https://doi.org/10.1063/1.5060967

Mackus A.J. M., Bol A. A., Kessels W.M. M. The use
of atomic layer deposition in advanced nanopatterning
// Nanoscale. 2014. V. 6. N 19. P. 10941-10960.
https://doi.org/10.1039/C4NR01954G

Parsons G. N., Clark R. D. Area-selective deposition:
Fundamentals, applications, and future outlook //
Chem. Mater. 2020. V. 32. N 12. P. 4920-4953.
https://doi.org/10.1021/acs.chemmater.0c00722
Puurunen R. L. Surface chemistry of atomic layer
deposition: A case study for the trimethylaluminum
/ water process // J. Appl. Phys. 2005. V. 97. N 12.
ID 121301. https://doi.org/10.1063/1.1940727
Ponraj J. S., Attolini G., Bosi M. Review on Atomic
Layer Deposition and applications of oxide thin films
// Crit. Rev. Solid State Mater. Sci. 2013. V. 38. N 3.
P. 203-233.
https://doi.org/10.1080/10408436.2012.736886

Yun H.J., Kim H., Choi B.J. Growth of aluminum
nitride thin films by Atomic Layer Deposition and
their applications: A review // Korean J. Mater. Res.
2019. V.29. N 9. P. 567-577.
https://doi.org/10.3740/MRSK.2019.29.9.567

King D. M., Liang X., Weimer A. W. Functionalization
of fine particles using Atomic and Molecular Layer
Deposition // Powder Technol. 2012. V. 221. P. 13-25.
https://doi.org/10.1016/j.powtec.2011.12.020
Adhikari S., Selvaraj S., Kim D.-H. Progress in powder
coating technology using Atomic Layer Deposition //
Adv. Mater. Interfaces. 2018. V. 5. N 16. ID 1800581.
https://doi.org/10.1002/admi.201800581

Van Ommen J. R., Goulas A. Atomic Layer Deposition
on particulate materials // Mater. Today Chem. 2019.
V. 14. 1D 100183.
https://doi.org/10.1016/j.mtchem.2019.08.002
Weimer A. W. Particle Atomic Layer Deposition // J.
Nanopart. Res. 2019. V.21. N 1. ID 9.
https://doi.org/10.1007/s11051-018-4442-9



978

[40] Li Z., Li J., Liu X., Chen R. Progress in Enhanced
Fluidization Process for particle coating via Atomic
Layer Deposition // Chem. Eng. Process. 2020. V. 159.
ID 108234.
https://doi.org/10.1016/j.cep.2020.108234

[41] Cao K., Cai J., Shan B., Chen R. Surface
functionalization on nanoparticles via Atomic Layer
Deposition // Sci. Bull. 2020. V. 65. N 8. P. 678—688.
https://doi.org/10.1016/j.scib.2020.01.016

[42] Hu Y., Lu J., Feng H. Surface modification and
functionalization of powder materials by Atomic
Layer Deposition: A review // RSC Adv. 2021. V. 11.
N 20. P. 11918-11942.
https://doi.org/10.1039/D1RA00326G

[43] Zaera F. The surface chemistry of thin film Atomic
Layer Deposition (ALD) processes for electronic
device manufacturing // J. Mater. Chem. 2008. V. 18.
N 30. P. 3521-3526.
https://doi.org/10.1039/B803832E

[44] Atomic Layer Deposition for Semiconductors / Ed. by
C.S. Hwang. Boston, MA: Springer US, 2014. 263 p.

[45] Yoshimura T. Thin-Film Organic Photonics. Molecular
Layer Deposition and Applications. Taylor & Francis
Group, LLC, 2011. 370 p.

[46] Marichy C., Pinna N. Atomic Layer Deposition to
materials for gas sensing applications // Adv. Mater.
Interfaces. 2016. V. 3. N 21. ID 1600335.
https://doi.org/10.1002/admi.201600335

[47] Atomic Layer Deposition in Energy Conversion
Applications / Ed. by J. Bachmann. Weinheim,
Germany: Wiley-VCH Verlag GmbH & Co KGaA,
2017. 312 p.

[48] Park H. H. Inorganic materials by Atomic Layer
Deposition for perovskite solar cells / Nanomaterials.
2021. V. 11.N 1. ID 88.
https://doi.org/10.3390/nano11010088

[49] Yang Z., Zhang L., Liu J., Adair K., Zhao F.,, Sun Y.,
WuT, Bi X., Amine K., Lu J., Sun X. Atomic/Molecular
Layer Deposition for energy storage and conversion //
Chem. Soc. Rev. 2021. V. 50. N 6. P. 3889-3956.
https://doi.org/10.1039/DOCS00156B

[50] O'Neill B.J., Jackson D. H. K., Lee J., Canlas C.,
Stair P. C., Marshall C. L., Elam J. W., Kuech T F,
Dumesic J. A., Huber G. W. Catalyst design with
Atomic Layer Deposition // ACS Catal. 2015. V. 5.
N 3. P. 1804-1825. https://doi.org/10.1021/cs501862h

[51] LuJ., Elam J. W., Stair P. C. Atomic Layer Deposition -
Sequential self-limiting surface reactions for advanced
catalyst «bottom-up» synthesis // Surf. Sci. Rep. 2016.
V. 71.N 2. P. 410-472.
https://doi.org/10.1016/j.surfrep.2016.03.003

[52] Sundberg P, Karppinen M. Organic and inorganic-
organic thin film structures by Molecular Layer
Deposition: A review // Beilstein J. Nanotechnol.
2014. V.5.N 1. P. 1104-1136.
https://doi.org/10.3762/bjnano.5.123

Cocnos E. A. u op.

[53] Gregorczyk K., Knez M. Hybrid nanomaterials through
Molecular and Atomic Layer Deposition: Top down,
bottom up, and in-between approaches to new
materials // Prog. Mater. Sci. 2016. V. 75. P. 1-37.
https://doi.org/10.1016/j.pmatsci.2015.06.004

[54] Meng X. An overview of Molecular Layer Deposition
for organic and organic—inorganic hybrid materials:
Mechanisms, growth characteristics, and promising
applications // J. Mater. Chem. A. 2017. V. 5. N 35.
P. 18326-18378. https://doi.org/10.1039/C7TA04449F

[55] Ashurbekova K., Ashurbekova K., Botta G.,
Yurkevich O., Knez M. Vapor phase processing:
A novel approach for fabricating functional hybrid
materials // Nanotechnology. 2020. V. 31. N 34.
1D 342001.
https://doi.org/10.1088/1361-6528/ab8edb

[56] Parsons G.N., Elam J. W., George S. M., Haukka S.,
Jeon H., Kessels W. M. M., Leskela M., Poodt P,
Ritala M., Rossnagel S. M. History of Atomic Layer
Deposition and its relationship with the American
Vacuum Society // J. Vac. Sci. Technol. A. 2013. V. 31.
N 5. ID 050818. https://doi.org/10.1116/1.4816548

[57] Malygin A. A., Drozd V. E., Malkov A. A., Smirnov V. M.
From V._B. Aleskovskii's «Framework» Hypothesis
to the Method of Molecular Layering/Atomic Layer
Deposition // Chem. Vap. Deposition. 2015. V. 21.
N 10-12. P. 216-240.
https://doi.org/10.1002/cvde.201502013

[58] Demmin J. C. Assault on ITRS roadblocks led by
Atomic Layer Deposition // Solid State Technol. 2001.
V.44.N 1. P. 70-72.

[59] Malygin A. A., Smirnov V. M. Early work on Atomic
Layer Deposition cited // Solid State Technol. 2002.
V.45.N 3. P. 14.

[60] Ahvenniemi E., Akbashev A. R., Ali S., Bechelany M.,
Berdova M., Boyadjiev S., Cameron D. C.,
Chen R., Chubarov M., Cremers V., Devi A.,
Drozd V., Elnikova L., Gottardi G., Grigoras K.,
Hausmann D. M., Hwang Ch.S., Jen Sh.-H., Kallio T,
Kanervo J., Khmelnitskiy 1., Kim Do Han, Klibanov L.,
Koshtyal Yu., Krause A. O. 1., Kuhs J., Karkkanen I,
Kaariainen M.-L., Kaariainen T., Lamagna L.,
Lapicki A. A., Leskela M., Lipsanen H., Lyytinen J.,
Malkov A., Malygin A., Mennad A., Militzer Ch.,
Molarius J., Norek M., Ozgit-Akgun C., Panov M.,
Pedersen H., Piallat F., Popov G., Puurunen R. L.,
Rampelberg G., Ras R. H. A., Rauwel E.,
Roozeboom F., Sajavaara T., Salami H., Savin H.,
Schneider N., Seidel T. E., Sundgvist J., Suyatin D. B.,
Torndah!l T., van Ommen J. R., Wiemer C.,
Ylivaara O.M.E., Yurkevich O. Review Article:
Recommended reading list of early publications on
Atomic Layer Deposition — Outcome of the «Virtual
Project on the History of ALD» // J. Vac. Sci. Technol.
A.2017.V.35.N 1.ID 010801.
https://doi.org/10.1116/1.4971389



Hanomexnonocust MONEKyIsipHO20 HACIAUBAHUS 8 NPOU3BOOCNEE HEOPSAHUUECKUX U CUDPUOHBIX MAMEPUATIOS. . 979

[61] Aarik J., Akbashev A. R., Bechelany M., Becker J. S.,
Berdova M., Cameron D., Drozd V. E., Dubourdieu C.,
Elam J., Elliott S., Gottardi G., Grigoras K.,
Kanervo J. M., Koshtyal Yu., Kaariainen M.-L.,
Kaariainen T, Lamagra L., Malkov A., Malygin A.,
Molarius J., Nikkola J., Ozgit-Akgun C., Pedersen H.,
Puurunen R. L., Pyymaki Perros A., Ras R. H. A.,
Roozeboom F., Sajavaara T., Savin H., Seidel T. E.,
Sundberg P., Sundqvist J., Tallarida M., van
Ommen J. R., Wiemer C., Ylivaara O. M. E. On the
Early History of ALD: Molecular Layering // 14th
Int. Conf. on Atomic Layer Deposition (ALD 2014).
Kyoto, 2014. P. 169.

[62] Aarik J., Akbashev A. R., Bechelany M., Becker J. S.,
Berdova M., Cameron D., Drozd V. E., Dubourdieu C.,
Elam J., Elliott S., Gottardi G., Grigoras K.,
Kanervo J. M., Koshtyal Yu., Kaariainen M.-L.,
Kaariainen T., Lamagra L., Malkov A., Malygin A.,
Molarius J., Nikkola J., Ozgit-Akgun C., Pedersen H.,
Puurunen R. L., Pyymaki Perros A., Ras R. H. A.,
Roozeboom F., Sajavaara T., Savin H., Seidel T. E.,
Sundberg P., Sundqgvist J., Tallarida M., van
Ommen J. R., Wiemer C., Ylivaara O. M. E. Overview
of Early Publications on Atomic Layer Deposition //
14th Int. Conf. on Atomic Layer Deposition (ALD
2014). Kyoto, 2014. P. 170.

[63] AarikJ., Aav J., Ahvenniemi E., Akbashev A. R., Ali S.,
Bechelany M., Berdova M., Bodalyov 1., Boyadjiev S.,
Cameron D., Chekurov N., Chen R., Chubarov M.,
Cremers V., Devi A., Drozd V. E., Elnikova L.,
Gottardi G., Goulas A., Grigoras K., Hausmann D.,
Hwang Ch. S., Jen Sh.-H., Junige M., Kallio T,
Kanervo J., Khmelnitskiy 1., Kim D. H., Klibanov L.,
Koshtyal Yu., Krause O., Kuhs Ja., Kdirkkdnen 1.,
Kddridinen M.-L., Kddridinen T. O., Lamagna L.,
Ltapicki A., Leskeld M., Lipsanen H., Malkov A.,
Malygin A., Mattelaer F., A Mennad., Militzer Ch.,
Molarius Jy., Norek M., Ozgit-Akgun C., Panov M.,
Pedersen H., Peiia L. F., Piallat F., Popov G.,
Puurunen R. L., Perros A. P., Rampelberg G.,
Ras R. H. A., Rauwel E., Roozeboom F.,, Sajavaara T,
Salami H., Savin H., Schneider N., Seidel Th. E.,
Sundberg P, Sundqvist J., Suyatin D., Tallarida M.,
Torndahl T., Utriainen M., van Ommen J. R.,
Waechtler Th., Weckman T., Wiemer C., Yim J.,
Ylivaara O. M. E., Yurkevich O. Overview of doctoral
theses on Atomic Layer Deposition collected in the
Virtual Project on the History of ALD // EuroCVD
22 — Baltic ALD 16 Conf. Luxembourg, 2019. ID
P. 1-13.

[64] Puurunen R. L. Learnings from an Open Science
Effort: Virtual Project on the History of ALD // ECS
Trans. 2018. V. 86. N 6. P. 3—17.
https://doi.org/10.1149/08606.0003ecst

[65] Parsons G.N., Elam J. W., George S. M., Haukka S.,
Jeon H., Kessels W. M. M., Leskela M., Poodt P,

Ritala M., Rossnagel S. M. Erratum: «History of
Atomic Layer Deposition and its relationship with the
American Vacuum Society» [J. Vac. Soc. Technol. A.
V. 31. ID 050818 (2013)] // J. Vac. Soc. Technol. A.
2020. V. 38. N 3. 1D 037001.
https://doi.org/10.1116/6.0000143

[66] Aneckogckuu B. b. XuMus v TEXHOJOTHUS TBEPABIX
Bemiects // XKIIX. 1974. T. 47. Ne 10. C. 2145-2157.
[Aleskovskii V. B. Chemistry and technology of solids
//'J. Appl. Chem. USSR. 1974. V. 47. N 10. P. 2207-
2217].

[67] Anecrosckuii B. b. XuMudeckasi cOOpKa MarepHaioB
// BectH. AH CCCP. 1975. T. 45. Ne 6. C. 48-52.

[68] Aneckosckuii B. 5. O XUMUYECKOM CTPOSHHH BELIECTB,
o0JIafaroIuX MOIIOTUTEIBHON CIIOCOOHOCTBIO U Ka-
TaIUTHIECKON aKTUBHOCTHIO // BOompock! xuMudeckoi
KWHETHKH, KaTalu3a U PCaKIMOHHON CIIOCOOHOCTH.
M.: Uzn-Bo AH CCCP, 1955. C. 569-587.

[69] Aneckosckuii B. b. Hekotopble 3aKOHOMEPHOCTH pe-
aKLUH BBICOKOMOJIEKYJISIPHBIX COCIUHEHUN C HU3KO-
MOJICKYISIpHbIMU coennHeHusiMu. JI.: JIDTU, 1963.
Bein. 34 (4). 14 c.

[70] Konvyos C. . CuHTE3 «MHOTOCIOWHBIX» HEOPTaHU-
YecKuX noiauMepoB // Hayu.-texH. koH}. JleHUHTpa.
TexHoJ. uH-Ta UM. Jlencosera. JI.: JITU um. Jlen-
coseTta, 1963. C. 27.

[71] Aneckosckuii B. b., Koavyoe C. . HexoTopsele 3aKko-
HOMEPHOCTH peaKkIuii MOJICKY/ISIPHOTO HAaCIauBaHHS
// Hayd.-TeXxH. KOH}. JICHUHTpal. TEXHOJ. UH-TA HM.
Jlencogera. JI.: JITU um. Jlencosera, 1965. C. 67.

[72] Konvyos C. U., Aneckosckuii B. b. Knaccudukanus
XUMHUYECKHX MpeBpallleHuii HeOpraHM4eCKNX BBICO-
KOMOJIEKYJISIPHBIX coequHeHuid // Hayd.-TexH. koH.
Jlenunrpaz. TexHoin. uH-Ta uM. Jlencosera. JI.: JITU
nMm. Jlencosera, 1967. C. 13-15.

[73] Anecroeckuii B. F. Xumus TBepAbIX BemecTB. M.:
Beicmr. mk., 1978. 255 c.

[74] Konvyos C. M. CuHTE3 TBEPABIX BEIIECTB METOJIOM
MOJIEKYJISIPHOTO HaciaauBaHus: ABToped. TOKT. THUC.
JI.,1971. 39 c.

[75] Konvyos C. H. CocTaB 1 XUMHUYECKOE CTPOCHUE TBEP-
ne1x Bemects. JI.: JITU uMm. Jlencosera, 1987. 84 c.

[76] Konvyos C. d. Peakuymu MONEKYISIPHOTO HAaCIaUBaHUSI.
CII6: CII6TH, 1992. 63 c.

[77] Konvyos C. U., Aneckosckuii B. b. Cunukareib, ero
CTpoeHuE U XxuMudeckue cporictna. JI.: l'ocxumuszaar,
1963. 96 c.

[78] Koavyos C. U., Aneckosckuti B. b. Biusaune crerneHn
JeTUJIpaTallii CUIIMKArelsi Ha MEXaHU3M THIIPOJIH3a
Ha HeM Tpuxiyopcunana // KDX. 1967. T .41. Ne 3.
C. 665-666 [Kol'tsov S. 1., Aleskovskii V. B. Effect of
degree of dehydration of silica gel on mechanism of
hydrolysis of trichlorosilane // J. Phys. Chem. USSR.
1967. V. 41. N 3. P. 336-337].

[79] Konwvyos C. U., Aneckosckuti B. b. Bnusaue creneHu
JeTUpaTallii CUIIMKAresi Ha MEXaHU3M THIIPOJIH3a



980

[80]

[81]

[82]

[83]

[84]

[85]

[86]

aJcOpOUPOBAHHOTO YETHIPEXXJIOPUCTOTO TUTAHA //
KDX. 1968. T. 42. Ne 5. C. 1210-1214 [Kol'tsov S. L,
Aleskovskii V. B. Effect of degree of dehydration of
silica gel on mechanism of hydrolysis of adsorbed
titanium tetrachloride // J. Phys. Chem. USSR. 1968.
V.42.N 5. P. 630-632].

Llessxos A. M., Kysneyosa I H., Anecrxosckuii B. b.
B3aumopeiicTBIE TeTPaXIOPUIOB TUTAHA H TEPMAHUS
C THJIPATHPOBAaHHBIM KpeMHe3eMOM // XUMUS BbI-
COKOTeMIlepaTypHbIX MarepuaioB. JI.: Hayka, 1967.
C. 149-155.

Konvyos C. U., Aneckosckuii B. b., Kysneyosa I H.,
Pocnarkosea H. . Peakuus TeTpaxiopuaa repMaHus
¢ cunukaresneM // 3. AH CCCP. Heopran. marepu-
anel. 1967. T. 3. Ne 8. C. 1509-1510 [Ko!'tsov S. L,
Aleskovskii V. B., Kuznetsova G. N., Roslyakova N. G.
Reaction of germanium tetrachloride with silica gel //
Inorg. Mater. 1967. V. 3. N 8. P. 1318-1319].
Konvyos C. . Ilonyuenue u ucciaeoBaHue IpoayKTIoB
B3aUMOJICHCTBUS YETHIPEXXJIOPUCTOTO TUTAHA C CHIIH-
karesnem // JKIIX. 1969. T. 42. Ne 5. C. 1023-1028
[Kol'tsov S. I. Preparation and investigation of the
products of interaction between titanium tetrachloride
and silica gel // J. Appl. Chem. USSR. 1969. V. 42.
N 5. P. 975-979].

Konwvyos C. U., Boakosa A. H., Aneckoéckuii B. b.
[Monyyenue u UccienOBaHHE XUMHYECKOTO COCTaBa
MPOIYKTOB ITOCIICIOBATCIBHON XEMOCOPOIIUH XIOPH-
IIOB THTaHa U (pocdopa Ha MOBEPXHOCTH CHITHKATEIS //
JKIIX. 1969. T. 42. Ne 5. C. 1028-1034 [Kol'tsov S. L,
Volkova A. N., Aleskovskii V. B. Preparation and
investigation of the chemical composition of the
products formed by successive chemisorption of
titanium and phosphorus chlorides on the surface of
silica gel // J. Appl. Chem. USSR. 1969. V. 42. N 5.
P. 980-984].

Ceewnuxosa I B., Konoyos C. U., Anecrxosckuii B. b.
N3ydeHue B3aMMOJEHCTBUS YETHIPEXXJIOPUCTO-
ro THTaHA C TUJAPOKCHIHMPOBAHHONW MOBEPXHOCTHIO
MoHOKpucTaioB kpemuus // XKIIX. 1970. T. 43.
Ne 2. C. 430-431 [Sveshnikova G. V., Kol'tsov S. L,
Aleskovskii V. B. Interaction of titanium tetrachloride
with hydroxylated silicon surfaces // J. Appl. Chem.
USSR. 1970. V. 43. N 2. P. 432-434].

Cesewnuxosa I B., Konoyos C. U., Aneckosckuii B. b.
CuHTE3 CII0s1 IBYOKUCH KPEMHHUS 33IaHHOM TOJIINHBI
Ha TTOBEPXHOCTH KPEMHUS METOJJOM MOJCKYIIPHOTO
nHacnmanBanus // XKIIX. 1970. T. 43. Ne 5. C. 1150-1152
[Sveshnikova G. V., Kol'tsov S. I., Aleskovskii V. B.
Formation of a silica layer of predetermined thickness
on silicon by the molecular-layering method // J. Appl.
Chem. USSR. 1970. V. 43. N 5. P. 1155-1157].
Konvyos C. H. VI3yuenne B3auMOIEHCTBUS TPUXIIOP-
cunana ¢ cumkarenem // JKIIX. 1965. T. 38. Ne 6.
C. 1384 [Kol'tsov S. I. Interaction of trichlorosilane

(87]

(88]

[89]

[90]

[91]

[92]

(93]

[94]

Cocnos E. A. u op.

with silica gel // J. Appl. Chem. USSR. 1965. V. 38.
N 6. P. 1352].

Konvyos C. U., Kysneyosa I'. H., Aneckoecxuii B. b.
CBolicTBa TUOKCOXJIOPCUIAHOBBIX TPYII Ha IMOBEPX-
HocTH KpemHeszema // M3B. AH CCCP. Heopran. ma-
tepuanbl. 1967. T. 3. Ne 5. C. 894-895 [Kol'tsov S. I,
Kuznetsova G. N., Aleskovskii V. B. Properties of
dioxochlorosilane groups on the surface of silica //
Inorg. Mater. 1967. V. 3. N 5. P. 800-801].

Konvyos C. U., Kysneyosa I H., Aneckoeckuii B. b.
H3yyenue cTeXmOMETpPUH NPOAYKTOB pEakIUU
TPUXJIOpCHIIaHA ¢ QYHKIHOHAJIBHBIMU TPYNIIIaMHU
nonukpemMHekuciaoTsl // XKIIX. 1967. T. 40. Ne 12.
C. 2774-2777 [Kol'tsov S. I., Kuznetsova G. N.,
Aleskovskii V. B. Study of the stoichiometry of the
products formed in the reaction of trichlorosilane with
the functional groups of polysilisic acid // J. Appl.
Chem. USSR. 1967. V. 40. N 12. P. 2644-2646].
Boaxosa A.H., Konvyos C.U., Anecxosckuu B.Fb.
HccnepoBanue B3auMOICHCTBHUS TPEXXJIOPUCTO-
ro ¢ocdopa c curukarenem // 3. AH CCCP.
Heopran. marepuansl. 1969. T. 5. Ne 1. C. 178-179
[Volkova A. N., Kol'tsov S. I., Aleskovskii V. B. Study
of the interaction between phosphorus trichloride and
silica gel // Inorg. Mater. 1969. V. 5. N 1. P. 178-179].
Bonkosa A. H., Konvyos C. H., Aneckosckuii B. b.
B3aumoneiictBue Tpexxyiopuctoro docdopa ¢ cHiIu-
kareneMm // 13B. By30B. XUMHS ¥ XHM. TEXHOJIOTHS.
1969. T. 12. Ne 3. C. 247-249.

Konvyos C. U., Anecrosckuii B. b. Tlonmyuyenue u rccie-
JIOBAHUE TIPOTYKTOB B3aMMOJICHCTBHS YETHIPEXXIOPH-
cToro repmanus ¢ cunukarenem // JKIIX. 1969. T. 42.
Ne 9. C. 1950-1956 [Kol'tsov S. I, Aleskovskii V. B.
Preparation and investigation of products formed by
interaction of germanium tetrachloride with silica gel
//'J. Appl. Chem. USSR. 1969. V. 42. N 9. P. 1838-
1842].

Konwvyos C. U., Bonkosa A. H., Anecrxoeckuii B. b.
UccnenoBanue B3aUMOIEHCTBUS TPEXXIOPUCTOTO
(dbocdopa ¢ rHaAPaTHPOBAHHON TTOBEPXHOCTHIO (ocC-
(hopcoaepxamero kpemHesema // V3B. By30B. XuMus
u xuM. Texnomorust. 1969. T. 12. Ne 12. C. 1633-1636.
Konvyoe C. H. I3MeHeHUE CTPYKTYpPhl CUIIUKAres
npu GOPMUPOBAHUU HA €0 TOBEPXHOCTH CIIOS JIBY-
okucu tutana // KIIX. 1970. T. 43. Ne 9. C. 1956—
1959 [Kol'tsov S. I. Changes in the structure of silica
gel during formation of a layer of titanium dioxide on
its surface // J. Appl. Chem. USSR. 1970. V. 43. N 9.
P. 1976-1979].

Pauxoscxuti P. P., Konvyos C. U., Aneckosckuii B. b.
U3zydenne B3anMOACHCTBIS YETHIPEXXIOPUCTOTO OJIO-
Ba ¢ cumkaresieM // JKHX. 1970. T. 15. Ne 11. C. 3158
[Rachkovskii R. R., Kol'tsov S. I., Aleskovskii V. B.
Reaction of tin tetrachloride with silica gel // J. Inorg.
Chem. USSR. 1970. V. 15. N 11. P. 1646-1647].



Hanomexuonozcus MOILEKYTIAPHOCO HACTIAUBAHUS 6 npouseodcmge Heopeanu4yecKkux u eu6pu0Hb1x mamepuaios...

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

Konwsinos B. ., Boaxosa A. H., Konvyos C. U.,
Cmupnos B. M., Anecrxosckuii B. . Bzaumonelictue
XJIOPUCTOTO AIIOMHHUS C cUinKareneM // 13B. By-
30B. X¥MHUA U XUM. TexHojorus. 1972. T. 15. Ne 6.
C. 957-959.

Bonkosa A. H., Manvieun A. A., Cmupuos B. M.,
Konvyoe C. U., Aneckosckuii B. 5. O B3aumoueii-
CTBUHU XJIOPHUCTOTO XpPOMMJIA C CHIHMKareiaem //
KOX. 1972. T. 42. Ne 7. C. 1431-1434 [Volkova
A. N., Malygin A. A., Smirnov V.M., Kol'tsov S. L,
Aleskovskii V. B. Interaction between chromyl
chloride and silica gel // J. Gen. Chem. USSR. 1972.
V.42. N 7. P. 1422-1424].

Konvyos C. U., Manvieun A. A., Bonkosa A. H., Anec-
Koeéckuii B. b. BnusiHue cTeneHy TuApOKCUINPOBAHUS
TIOBEPXHOCTH KpEeMHe3eMa Ha XeMOCOPOIIHMIO XJIOp-
okucHu Ba"agus // JKOX. 1973. T. 47. Ne 4. C. 988~
991 [Kol'tsov S. 1., Malygin A. A., Volkova A. N.,
Aleskovskii V. B. Effect of degree of hydroxylation
of silica chemisorption of vanadyl trichloride // J.
Phys. Chem. USSR. 1973. V. 47. N 4. P. 558-560].
Manvieun A. A., Bonkosa A. H., Konvyos C. U., Anec-
xogckuti B. b. O B3auMOJICHCTBUN OKCUXJIOpUAA Ba-
Hanus (V) ¢ kxpemuaeszemoMm // JKOX. 1973. T. 43.
Ne 11. C. 1436-1440 [Malygin A. A., Volkova A. N.,
Kol'tsov S. I., Aleskovskii V. B. Reaction of vanadyl
trichloride with silica // J. Gen. Chem. USSR. 1973.
V.43.N 11. P. 1426-1429].

Vxoea T. B., Boakosa A. H., Manrvicun A. A., Kono-
yos C. U., Anecrosckuii B. b. ViccrnienoBanne peaxiyun
Opomuia 6opa ¢ kpemHesemoM // KDX. 1974. T. 48.
Ne 6. C. 1565-1566 [Ukhova TV, Malygin A. A.,
Volkova A. N., Kol'tsov S. 1., Aleskovskii V. B.
Reaction of boron bromide with silica // J. Phys.
Chem. USSR. 1974. V. 48. N 6. P. 1565-1566].
Yxoea T. B., Boakosa A. H., Konvyos C. U., Anec-
xosckuti B. b. Bzaumonetictere 6poMmuaa 6opa ¢ cu-
nukaresieM // VI3B. By30B. XUMUSI U XUM. TEXHOJIOTHS.
1974. T. 17. Ne 6. C. 795-797.

Konvyoe C. U., Konvinos B. b., Cmupnog B. M., Anec-
xoeckuti B. 5. CuHTe3 1 UccieIoBaHue aJIOMUHWN-
KHCJIOPOJHBIX CIIOCB Ha TIOBEPXHOCTH KpeMHe3eMa //
JKITX. 1976. T. 49. Ne 3. C. 516-519 [Kol'tsov S. L,
Kopylov V. B., Smirnov V. M., Aleskovskii V. B.
Synthesis and investigation of aluminum-oxygen
layers on the surface of silica // J. Appl. Chem.
USSR. 1976. V. 49. N 3. P. 525-528].

Cmenanosa H. A., Cmupnos B. M., Konvyos C. 1.,
Anecxosckuti B. b. VI3yuenue B3auMOAEHWCTBUS XJI0-
puaa nuHKa ¢ cunmkarenem // XKIIX. 1977. T. 50.
Ne 2. C. 465 [Stepanova N. A., Smirnov V. M.,
Kol'tsov S. L, Aleskovskii V. B. Study of the reaction
between zinc chloride and silica gel // J. Appl. Chem.
USSR. 1977. V. 50. N 2. P. 450].

Ilax B. H. CTpoeH1e IOBEPXHOCTHBIX KOMIIJIEKCOB,
MOJTy4EHHBIX B pe3yiasrare B3aumoneiictsus VOCl3

[104]

[105]

[106]

[107]

[108]

[109]

[110]

981

¢ cuimkareneM u adpocwiom // XKDX. 1976. T. 50.
Ne 6. C. 1404-1407 [Pak V. N. Structure of surface
complexes obtained by reaction of VOCl; with silica
and aerosil // J. Phys. Chem. USSR. 1976. V. 50. N 6.
P. 1404-1407].

Kyxapckas 3. B., Makapckas B. M., [[gemkosa
M. H., Konbyos C. U., Bopourxos M. I. 3amura
CTEKJITHHBIX ¥ KBApPILEBBIX BOJIOKOH TUTAHOKCH]I-
HeIMH nokpeiTusimu // JKIIX. 1980. T. 53. Ne 9.
C. 20862088 [Kukharskaya E. V., Makarskaya V. M.,
Tsvetkova M. N., Koltsov S. 1., Voronkov M. G.
Protection of glass and quartz fibers by titanium
oxide coatings // J. Appl. Chem. USSR. 1980. V. 53.
N 9. P. 1546-1548].

I[semxosa M. H., Manvieun A. A., Koavyos C. Y.
CHHTE3 U HCCIIeTOBAaHUE TUTAHOKCHIHBIX MOKPBITUHI
Ha TIOBEPXHOCTH CTEKILIHHBIX MHUKpochep // XKIIX.
1980. T. 53. Ne 6. C. 1226-1229 [Tsvetkova M. N.,
Malygin A. A., Koltsov S.I. Synthesis and
examination of titanium oxide coatings on glass
microspheres // J. Appl. Chem. USSR. 1980. V. 53.
N 6. P. 952-954].

Koavyos C. U., Manxos A. A., Cmupnos E. II.,
Anecrkosckuii B. b. XuMudyeckasi TOMOT€HHU3a-
1Us oBepxHoctH yriepona // XKIIX. 1976. T. 49.
Ne 6. C. 1242—1244 [Koltsov S. 1., Malkov A. A.,
Smirnov E. P., Aleskovskii V.B. Chemical
homogenization of carbon surfaces // J. Appl. Chem.
USSR. 1976. V. 49. N 6. P. 1277-1280].
Koganvrkos B. U., Cmupnos E. I1., Konvyos C. U.,
Aneckoeckuii B. 5. CUHTE3 NPOTOHOJOHOPHBIX
OH-rpynn Ha NOBEPXHOCTHU BBICOKOAUCIIEPCHO-
ro yrepona // XKOX. 1976. T. 46. Ne 9. C. 2151—
2152 [Koval'kov V. I., Smirnov E. P, Kolt'sov S. I,
Aleskovskii V. B. Synthesis of proton-donor OH-
groups on the surface of highly dispersed carbon // J.
Gen. Chem. USSR. 1976. V. 46. N 9. P. 2069-2070].
Cmupnos E. I1., IT'opoees C. K., Konvyos C. U.,
Aneckogckuii B. b. Cunte3 ranoua-(QyHKIMOHATBHBIX
rpymn Ha noBepxHoctu anmmasa // XKIIX. 1978. T. 51.
Ne 11. C. 2572-2577 [Smirnov E. P, Gordeev S. K.,
Kol'tsov S. 1., Aleskovskii V. B. Synthesis of halide
functional groups on the surface of diamond // J.
Appl. Chem. USSR. 1978. V. 51. N 11. P. 2451-
2455].

Cmupnos E. I1., Topoees C. K., Korvyos C. U.,
Aneckosckuil B. 5. Cunte3 TuapuayHKITHOHATBHBIX
rpymi Ha moBepxHocTH anmMasa // XKIIX. 1979. T. 52.
Ne 1. C. 199-201 [Smirnov E. P., Gordeev S. K.,
Kol'tsov S. I, Aleskovskii V. B. Synthesis of hydride
functional groups on the surface of diamond // J.
Appl. Chem. USSR. 1979. V. 52. N 1. P. 176-178].
Mankos A. A., Konvyos C. U., Heun B. J[., Cmup-
nog E. I1., Aneckoeckuii B. b. Bnusaue monudu-
UPOBAHUsSI TOBEPXHOCTU YIIEPOIHBIX BOJOKOH
TUTAaHOKCUIAHBIMH TPYIIAMH HAa UX PEAKIIMOHHYIO



982

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

criocob6HocTs // XKIIX. 1976. T. 49. Ne 7. C. 1624—
1626 [Malkov A. A., Kol'tsov S. 1., Ivin V. D.,
Smirnov E. P, Aleskovskii V. B. Effect of surface
modification of carbon fibers with titanium oxide
groups on their reactivity // J. Appl. Chem. USSR.
1976. V.49. N 7. P. 1650-1652].

A. c. SU 801538 Al (omy6us. 1980). Crioco6 nomy-
YEHUs! OTHECTOMKOro MeHoIIacTa.

bapcosa B. B., Konvyoe C. H., Manvieun A. A.,
Tpugponos C. A. Bmusiaue dhochopcoaepxaimx ga0-
0aBOK Ha cBoiicTBa meHorutacta Mapku [19H-U //
[Tnact. maccel. 1981. Ne 7. C. 59.

Koavyos C. U., [Ipo3o B. E., Peoposa T. A., Anec-
koseckuti B. b. UccnenoBanue CTpyKTypbl TUTaH-
OKCHUJIHBIX CJIO€B, CHHTE3UPOBAHHBIX METOJIOM
MOJIEKYJISIPHOTO HaclauBaHHUS HA MOBEPXHOCTH
MOHOKpHcTanueckux moanoxek // JAH CCCP.
1977. T. 235. Ne 5. C. 1090-1092 [Ko!'tsov S. L.,
Drozd V. E., Redova T. A., Aleskovskii V. B.
Investigation of the structure of titanium oxide layers
synthesized by molecular stratification on the surface
of single-crystal backings // Dokl. Phys. Chem. 1977.
V. 235. P. 794-796].

Epemeesa M. A., Heuunopenko. A. Il., Kyzneyo-
ea I H., Konvyoe C. U., Aneckoscxkuii B. b.
HccnenoBaHue CBEPXTOHKUX OKHCHBIX ILjIe-
HOK Si0; Ha MOBEPXHOCTH MOHOKpPHUCTAJINYE-
ckoro repmanusg // XKIX. 1974. T. 47. Ne 10. C.
2332-2333 [Eremeeva M. A., Nechiporenko A. P,
Kuznetsova G. N., Kol'tsov S. I., Aleskovskii V. B.
Investigation of ultrathin SiO; films on the surface
of single-crystal germanium // J. Appl. Chem. USSR.
1974. V. 47. N 10. P. 2390-2391].

Konvyos C. U., I'apuun A. I1., Manvieun A. A., Ka-
pacesa M. ViccnenoBanue NpoAyKTOB B3aUMOAEH-
CTBUSI XJIOPUCTOTO XPOMMIIA C KapOUIOM KpeMHHUS //
U3B. By30B. Xumus u xum. Texnonorus. 1978. T. 21.
Ne 2. C.168-171.

Ilax B. H., Beumos H. I., Konvyos C. M. DneKkT-
POHHBIE CHEKTPHI CBEPXTOHKUX THTAaHOKHUCIOPO-
HBIX IJICHOK Ha TOBepXHOCTH KBapiua // TOX. 1974.
T. 10. Ne 5. C. 711-713 [Pak V. N., Ventov N. G.,
Kol'tsov S. I. The electronic spectrum of ultra thin
titanium oxide films on the surface of quartz // Theor.
Exp. Chem. 1974. V. 10. N 5. P. 711-713].
Manvieun A. A. BzaumoneicTBue OKCUXJIOPUIOB
BaHaaWs, XpoMa U pocdopa ¢ cuimmkareiseM — peak-
I MOJIEKYJISIPHOTO HaclIanBaHUS: ABTOped. KaHI.
muc. JI., 1973. 21 c.

Boaxosa A. H., Manvieun A. A., Koavyos C. U.,
Aneckoeckui B. b. I3yueHue B3auMOIEICTBUS XPOM-
COIEPIKAIIETO CHIMKATEIS C TPEXXJIOPUCTHIM pocdo-
pom // JKOX. 1975. T. 44. Ne 1. C. 3-7 [Volkova A. N.,
Malygin A. A., Kol'tsov S. 1., Aleskovskii V. B.
Interaction of chromium-containing silica gel with

[119]

[120]

[121]

[122]

[123]

[124]

[125]

Cocnos E. A. u op.

phosphorus trichloride // J. Gen. Chem. USSR. 1975.
V.44.N 1. P. 3-7].

Bonkosa A. H., Manwvieun A. A., Koavyos C. U.,
Aneckosckuii B. b. O XMMHYE€CKOM COCTaBe IMpO-
nykToB B3aumogerctus Gocop (1) u dpochop
(V) conepkamux KpeMHE3EMOB C OKCHXJIOPHUIOM
BaHagus // XKHX. 1975. T. 20. Ne 10. C. 2695—
2698 [Volkova A. N., Malygin A. A., Kol'tsov S. L,
Aleskovskii V. B. Chemical composition of reaction
products of silicon-containing phosphorus (III) and
silicon-containing phosphorus (V) with vanadium
oxychloride // J. Inorg. Chem. USSR. 1975. V. 20.
N 10. P. 2695-2698].

Manvieun A. A., Boaxosa A. H., Koasyos C. U.,
Aneckoeckuii B. 5. YI3yueHHe OKUCIUTENbHO-BOC-
CTaHOBHUTEIBHBIX PEAKIHUA TPEXXIOPHUCTOTO
docdopa n okcuxiopuza BaHaausi(V) c BaHa-
mi(V)- u dhochop(Ill)-conepxamumu criimkare-
nmsamu // KOX. 1976. T. 46. Ne 10. C. 2166-2169
[Malygin A. A., Volkova A. N., Kol'tsov S. I.,
Aleskovskii V. B. Oxidation-reduction reactions of
phosphorus trichloride and vanadyl(V) chloride
with vanadium(V)- and phosphorus(III)-containing
silica gels // J. Gen. Chem. USSR. 1976. V. 46. N 10.
P. 2085-2088].

Manvieun A. A., Konvyos C. U., Anecxoeckuii B. b.
O xuMHUYECKOM cocTaBe XpoM-(ochopcoaeprarie-
ro KpeMHe3eMa, CHHTe3UPOBAaHHOTO METOIOM MO-
nekyisipHoro Haciawanus // JKOX. 1980. T. 50.
Ne 12. C. 2633-2636 [Malygin A. A., Kol'tsov S. L,
Aleskovskii V. B. Chemical composition of silica
containing chromium and phosphorus synthesized by
the molecular-stratification method // J. Gen. Chem.
USSR. 1980. V. 50. N 12. P. 2121-2123].
Aneckoeckuil B. B., /[po3o B. E., I'vbatioyniun B. U.,
Pomanviues A. Y. TlonydeHnne TOHKUX TMJIECHOK COE-
JIMHEHUH MOCTOSTHHOTO cocTaa Tuma A2B6 meTomom
xumudeckoit coopku // JAH CCCP. Cep. Xumus.
1986. T. 291. Ne 1. C. 136-139 [Aleskovskii V. B.,
Drozd V. E., Gubaidullin V. 1., Romanichev A. I.
Deposition of AZB6 thin solid films with constant
composition by method of chemical assembly //
Dokl. Akad. Nauk SSSR. Serija: Khimija. 1986.
V.291.N 1. P. 136-139].

Xanugp B. A., Anmexapv E.JI., Kpvinos O. B.,
Onbman I'. TernoTsl acopOIMU KUCIOPOAa HA OKHU-
CH BaHAJWs, HAHECEHHOW Ha a’POCHII METOIOM MO-
JIEKYJISIpHOTO HacianBaHus // KuHeTHKa v Karaius.
1977. T. 18. Ne 4. C. 1055-1059.

Epmaros FO. U., 3axapos B. A., Ky3sneyog b. H.
3aKkperieHHbIC KOMITICKCHI HA OKUCHBIX HOCHUTEIISIX
B Katanmze. HoBocubupck: Hayka, 1980. 245 c.
brususxoe I M., [lempog K. O HEKOTOPHIX MOP(O-
JIOTHYECKUX OCOOEHHOCTSIX IIOKPBITHI, OTyYeHHBIX
peakmueil MOIeKyISIpHOTO HacJIauBaHUS — OIIHO-



Hanomexnonocust MONEKyIsipHO20 HACIAUBAHUS 8 NPOU3BOOCNEE HEOPSAHUUECKUX U CUDPUOHBIX MAMEPUATIOS. . 983

MepHas monenb // Jokn. bear. AH. 1974. T. 27. Ne
3. C.365-368.

[126] Hanke W., Bienert R., Jerschkewitz H.-G.
Untersuchungen an katalytisch aktiven
oberflichenverbindungen. 1. Herstellung und
untersuchung von Vanadinoxid-Phasen auf SiO; //
Z. anorg. allgem. Chem. 1975. Bd 414. N 2. S. 109—
129. https://doi.org/10.1002/zaac.19754140203

[127] Ohlmann G. Oxidische Cluster und
Oberflachenverbindungen des Vanadiums auf SiO;
als heterogene Katalysatoren in Oxidationsreaktionen
/I Z. fur Chemie. 1984. Bd 24. N 5. S. 161-169.
https://doi.org/10.1002/zfch.19840240502

[128] Suntola T. Atomic Layer Epitaxy // Mater. Sci. Rep.
1989. V. 4. N 5. P. 261-312.
https://doi.org/10.1016/S0920-2307(89)80006-4

[129] Putkonen M., Niinisté L. Organometallic precursors
for Atomic Layer Deposition // Precursor
Chemistry of Advanced Materials. CVD, ALD
and Nanoparticles / Ed. by R. A. Fischer. Berlin,
Heidelberg: Springer-Verlag, 2005. P. 125-145.
https://doi.org/10.1007/b136145

[130] Sneh O., Clark-Phelps R. B., Londergan A. R.,
Winkler J., Seidel T. E. Thin film atomic layer
deposition equipment for semiconductor processing
// Thin Solid Films. 2002. V. 402. N 1-2. P. 248-261.
https://doi.org/10.1016/S0040-6090(01)01678-9

[131] Niinistoe L., Paeivaesaari J., Niinistoe J.,
Putkonen M., Nieminen M. Advanced electronic
and optoelectronic materials by Atomic Layer
Deposition: An overview with special emphasis on
recent progress in processing of high-k dielectrics
and other oxide materials // Phys. Status Solidi A.
2004. V. 201. N 7. P. 1443-1452.
https://doi.org/10.1002/pssa.200406798

[132] Ylilammi M. Mass transport in Atomic Layer
Deposition carrier gas reactors // J. Electrochem.
Soc. 1995. V. 142. N 7. P. 2474-2479.
https://doi.org/10.1149/1.2044323

[133] Skarp J. I, Soininen P.J., Soininen P. T. ALE-reactor
for large area depositions // Appl. Surf. Sci. 1997.
V. 112. P. 251-254.
https://doi.org/10.1016/S0169-4332(96)01000-8

[134] Hart J.A., Lenway S.A., Murtha T. A history of
electroluminescent displays. Bloomington, IN:
Indiana Univ., 1999. 19 p.

[135] Pat. FI 52359 C (publ. 1977). Menetelma ja laite
yhdisteohutkalvojen kasvattamiseksi; Pat. U.S.
4058430 A (publ. 1977). Method for producing
compound thin films; ITat. SU 810085 A3 (omy6ur.
1981). Crioco0 mony4eHus: COCTaBHBIX IJIEHOK He-
OpPTaHUYECKHUX COCTIMHCHHH.

[136] Aiiona A. K., Tammux A.-A. A. O HOBOM MeTOHAC H3-
TOTOBJIEHUSI TOHKOTUICHOYHBIX JIEKTPOIIOMUHEC-
LEHTHBIX CTPYKTYyp // YdeH. 3am. Tapryck. yH-Ta.
Beim. 655. Tapry, 1983. C. 120-129.

[137] A.c. SU 997795 Al (omy6m. 1983). Croco6 moiy-
YeHHUs aJIcCOpOCHTa TTApOB BOJIBL.

[138] A.c.SU 1219132 A (omy6i. 1986). Crioco6 nomy-
YeHUs aICOpPOCHTA MapOB BOJHI.

[139] A.c.SU 1344400 A2 (omy6ut. 1987). Crioco6 nosy-
YeHUs aJCOpPOCHTA MTapOB BOIHI.

[140] A.c.SU 1551648 Al (omy6m. 1990). Cioco6 noiy-
YeHUs BaHAAUKUCOEePIKAIETO HHIUKATOPHOTO CHITH-
Kares.

[141] Manvieun A. A. CuHTte3 1 UcClIeI0BaHIE (PH3UKO-XU-
MHUYECKHUX CBOMCTB BaHAIUKCOAEPKAIIETO KPEMHE-
3eMa — WHJUKATOpa BIAXHOCTH // XUMHS U TEX-
Houslorusi HeopraH. marepuaioB. Craspomnonb: PTII
BHUNIJIL, 1982. Brim. 23. C. 24-28.

[142] A.c.SU 1018710 A (omy6s. 1983). Cioco6 nomy-
YCeHUS BaHAIUHCOMEPIKAIIETO CHITHKAreIs.

[143] Jepeaues B. @., Koavyos C. U., Manxos A. A.,
Manvieun A. A. Crabunuzaiysi BHyTPSHHEH Cpelbl
npubopos tuma [1I'-1B // Texnonorus aBuarimoHHO-
ro mpubopo- u arperaroctpoerus. M.: MAII, 1984.
Bem. 2. C. 50-52.

[144] 3opun B. A., Jlywkuna T.JI., Manvieun A. A.,
[llesuenrxo I K. MaTtepuaisl COpPOCHTHI s
CTa0UIM3aINU ra30BOil cpellbl MUKPOCOOPOK //
OnexTpoH. mpoM-cTh. 1992. Ne 3. C. 51-54.

[145] Jlvicyos A. U., LU]epoun H. U. Moaudukanus mo-
BEPXHOCTH TUOKCH]A TUTAHA METOJOM MOJICKYISp-
HOTO HacauBaHus // Jlakokpacod. MaTepuasl U UX
npumenenue. 1982. Ne 6. C. 14-16.

[146] Raaijmakers I.J. Current and future applications of
ALD in micro-electronics / ECS Trans. 2011. V. 41.
N 2. P. 3—-17. https://doi.org/10.1149/1.3633649

[147] A.c.SU 1359261 A1 (omy6n. 1987). YerpoiicTBo
IUTSI CHHTE32 OKCHIHBIX IOKPBITHH.

[148] Konwvyos C. U., Kyuepos C. B., [epecaues B. @.,
Manvieun A. A., [Ipomoovaxonos U. O., One-
ney FO. II. MHOTOCEKIIMOHHBIN KOJIOHHBIN PEaKTop
// XuM. 1 He(pT. MALTMHOCTPOEHHE, Hay4.-TEXH. pe-
¢epar. c6. Brim. 6. M.: MXTI, 1983. C. 1-2.

[149] Toamaues B. A. iccnenmoBanue BO3MOXKHOCTH TPH-
MEHEHHS TPaBUMETPUIECKOTO METOAA [UIST H3yUCHHUS
Iporiecca MOJIEKYIIIPHOTO HACTIAWBAHUS Ha JIHCIIepC-
HBIX KpeMHe3eMHBIX oOpasmax // XKIIX. 1982. T. 55.
Ne 6. C. 1410-1412 [Tolmachev V. A. Possibility of
the use of a gravimetric method for studying the
process of molecular layering in disperse silica
samples // J. Appl. Chem. USSR. 1982. V. 55. N 6.
P. 1298-1299].

[150] Tonmaues B. A., Oxamos M. A. UccaenoBanus mnpo-
1ecca CHHTE3a CBEPXTOHKHUX CIIO€B TUTAHOKCHAA
B IOpUCTOM cTekie / OnT.-mex. mpoM-cThb. 1983.
Ne 2. C. 38-41 [Tolmachev V. A., Okatov M. A.
Investigation of the synthesis process and properties
of titanium-oxide films, formed by molecular
deposition method // Sov. J. Opt. Technol. 1983.
V. 50. N 11. P. 706-708].




984

[151]

[152]

[153]

[154]

[155]

Pomanviues A. . AncopOnnoHHbIE B3aUMOACH-
CTBUS B MIPOIECCE POCTA IIEHOK CYAb(PHUIOB IIMHKA
u kagmust // KITX. 1992. T. 65. Ne 12. C. 2672-2676
[Romanychev A. I. Adsorption interactions in growth
process of films of zinc and cadmium sulfides // Russ.
J. Appl. Chem. 1992. V. 65. N 12. P. 2672-2676].
Konvyos C. U., I[pomos B. K., Anecxoeckuti B. b.
HccnenoBanne METOJA0M UMMEPCHOHHOHN DJLUIHII-
COMETPHUH CUCTEMBI MOHOKPHCTAIITMYECKHI KpeM-
HUN — CBEPXTOHKHH CJION OKCH/IA TUTaHA, CHHTE3H-
POBAHHBIN METOJJOM MOJICKYIIIPHOTO HACTaWBaHU //
OIIAIICOMETPHST — METOJ] NCCIICI0BaHUS IIOBEPXHO-
ctu / OtB. pen. A. B. Pxxanos. HoBocubupck: Hayka,
1983. C. 70-73.

Ipomos B. K., Koavyos C. M. AHOManbpHOE TOBE-
JIEHUE AIUIUIICOMETPUUYECKUX apaMeTpOB CUCTe-
MBI TTOMJIOKKAa — THTAHKUACIOPOMHBIN CIIOW, Ha-
OmroaeMoe B IpoIiecce CHHTE3a CI0S METOIOM
MOJICKYJISIPHOTO HAaCJIaWBaHUS HA MOBEPXHOCTH
JIUAJIEKTPUKOB, MOJYIPOBOAHUKOB, METAJLIOB //
DJIIUICOMETPUsl — METOJI HCCIIEI0BAHUS TOBEPXHO-
ctu / OtB. pen. A. B. Pxxanos. HoBocubupck: Hayka,
1983. C. 73-76.

Konvyos C. U., Axosree A. C., Byxanoeg JI. JI.
CBepXTOHKHE CIOM TUTAHOKCH/IA HA TIOBEPXHOCTH
KPEMHUSI ¥ SJUTUTIICOMETPUIECKOE UCCIIeIOBAHHE TPa-
HULBI CONMPSDKEHUS UX CTPYKTYp // [loBepXHOCTH.
®usuka, xumus, Mexanuka. 1992. Ne 5. C. 75-81.
Kowmsan 10. M., Manxkoe A. A., Manvieun A. A.
Bnmsaue Temnepatypsl Ha OpMHAPOBAaHIE THTAHOK-
CHIIHBIX CTPYKTYpP Ha MEJKOIIOPHCTOM KpeMHE3eMe
// KOX.2011. T. 81. Ne 1. C. 43-50 [Koshtyal Y. M.,
Malkov A. A., Malygin A. A. Temperature influence on
the formation of titanium-oxide structures on finely
porous silica // Russ. J. Gen. Chem. 2011. V. 81. N 1.
P. 41-48.
https://doi.org/10.1134/S1070363211010075].

[156] Hopodghees B.Il., Cocros E. A., Manvieun A. A.

[157]

[158]

[159]

Hccnenosanue merogamu C3M U 2TUNICOMETPUT
HavYaJ bHBIX cTaAui (OPMHUPOBAHUS HAHOIIJICHOK
OKCHJIOB TUTaHa u oyoBa Ha Si/Si0; // [ToBepXHOCTb.
PenTreHoBckue, CHHXpPOTPOHHBIE M HEHTPOHHBIC
nccinenoanus. 2006. Ne 2. C. 55-60.

Marin E., Lanzutti A., Andreatta F., Lekka M.,
Guzman L., Fedrizzi L. Atomic Layer Deposition:
State-of-the-art and research/industrial perspectives
// Corros. Rev. 2009. V. 29. N 5-6. P. 191-208.
https://doi.org/10.1515/CORRREV.2011.010
Kddridinen M.-L., Kddridinen T. O., Cameron D. C.
Titanium dioxide thin films, their structure and its
effect on their photoactivity and photocatalytic
properties // Thin Solid Films. 2009. V. 517. N 24.
P. 6666—6670.
https://doi.org/10.1016/j.ts£.2009.05.001

Lanza M. A review on resistive switching in
high-k dielectrics: A nanoscale point of view using

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

Cocnos E. A. u op.

Conductive Atomic Force Microscope // Materials.
2014.V.7.N 3. P. 2155-2182.
https://doi.org/10.3390/ma7032155].

Liu R., Han L., Huang Zh., Ferrer 1. M.,
Smets A. H. M., Zeman M., Brunschwig B. S.,
Lewis N.S. A low-temperature synthesis of
electrochemical active Pt nanoparticles and thin films
by Atomic Layer Deposition on Si(111) and glassy
carbon surfaces // Thin Solid Films. 2015. V. 586.
P. 28-34. https://doi.org/10.1016/j.ts.2015.04.018
Wang W.-N., Wu F., Myung Y., Niedzwiedzki D. M.,
Im H.S., Park J., Banerjee P., Biswas P. Surface
engineered CuO nanowires with ZnO islands for CO,
photoreduction // ACS Appl. Mater. Interfaces. 2015.
V. 7.N 10. P. 5685-5692.
https://doi.org/10.1021/am508590;

Edy R., Zhao Y., Huang G. S., Shi J.J., Zhang J.,
Solovev A. A., Mei Y. TiO; nanosheets synthesized
by atomic layer deposition for photocatalysis // Prog.
Nat. Sci.: Mater. Int. 2016. V. 26. N 5. P. 493-497.
https://doi.org/10.1016/j.pnsc.2016.08.010

Yersak A.S., Lewis R. J., Tran J., Lee Y.-Ch.
Characterization of thin film dissolution in water
with in situ monitoring of film thickness using
reflectometry // ACS Appl. Mater. Interfaces. 2016.
V. 8. N 27. P. 17622-17630.
https://doi.org/10.1021/acsami.6b03606

Piltaver I K., Peter R., Sari¢ I., Salamon K.,
Badovinac I.J., Koshmak K., Nannarone S.,
Marion L. D., Petravi¢ M. Controlling the grain size
of polycrystalline TiO, films grown by Atomic Layer
Deposition // Appl. Surf. Sci. 2017. V. 419. P. 564—
572. https://doi.org/10.1016/j.apsusc.2017.04.146
Zhuiykov S., Hyde L., Hai Zh., Akbari M. K., Kats E.,
Detavernier Ch., Xue Ch., Xu H. Atomic Layer
Deposition-enabled single layer of tungsten trioxide
across a large area // Appl. Mater. Today. 2017.
V. 6. P. 44-53.
https://doi.org/10.1016/j.apmt.2016.12.004

Huang Y, Liu L., Zhao W., Chen Y. Preparation and
characterization of molybdenum disulfide films
obtained by one-step Atomic Layer Deposition
method // Thin Solid Films. 2017. V. 624. P. 101-
105. https://doi.org/10.1016/j.ts£.2017.01.015

Lee N., Choi H., Park H., Choi Y., Yuk H., Lee J.,
Jeon H. Investigation of the growth of few-layer
SnS; thin films via Atomic Layer Deposition on an
0, plasma-treated substrate // Nanotechnology. 2020.
V. 31. N 26. ID 265604.
https://doi.org/10.1088/1361-6528/ab8041

CocHos E. A., Kouemxosa A. C. Bo3amoxHOCTH
aTOMHO-CUJIOBOM MHKPOCKOIIHY JJIS HCCIEN0Ba-
HUS MPOAYKTOB MOJICKYISIPHOTO HacJIauBaHHS //
IToBepxHOCTH. PEHTreHOBCKHE, CUHXPOTPOHHBIE U
HeWtponnsie uccnegoanusa. 2019. Ne 5. C. 3-16.
https://doi.org/10.1134/S0207352819010189



Hanomexuonozcus MOILEKYTIAPHOCO HACTIAUBAHUS 6 npouseodcmge Heopeanu4yecKkux u eu6pu0Hb1x mamepuaios...

[169]

[170]

[171]

[172]

[Sosnov E. A., Kochetkova A. S. Atomic Force
Microscopy for studies of Molecular Layering
products // J. Surf. Invest.: X-Ray, Synchrotron
Neutron Tech. 2018. V. 12. N 6. P. 1310-1322.
https://doi.org/10.1134/S102745101901018X].
Ilax B. H., Konvyos C. 1., Aneckosckuii B. b. Criektp
T Py3HOTO OTpakeHHST TOBEPXHOCTU TUTAHCO-
nepkamiero kpemHezema // TOX. 1973. T. 9. Ne 4.
C. 567-569 [Pak V. N., Kol'tsov S. I., Aleskovskii
V. B. The diffuse reflection spectrum of the surface
of titanium-containing silica // Theor. Exp. Chem.
1973. V. 9. N 4. P. 567-569].

Ilax B. H. CtpoeHne MOBEPXHOCTHBIX KOMILIEKCOB,
MOJTy4EHHBIX B pe3yasTare Bzaumoneiictus VOCl3
¢ cunukaresieM u aspocuiaamu // XKDX. 1976. T. 50.
Ne 6. C. 1404-1406 [Pak V. N. Structure of surface
complexes formed by the interaction of VOCl; with
silica gel and aerosil // J. Phys. Chem USSR. 1976.
V. 50. N 6. P. 1404-1407].

Cocnos E. A., Manxos A. A., Manwvieun A. A. HoBuii
BapHaHT 00pabOTKH AIEKTPOHHBIX CIIEKTPOB AU(D-
(dy3noro orpaxenus // KDX. 2009. T. 83. Ne 4.
C. 746752 [Sosnov E. A. Malkov A. 4., Malygin A. A.
A new approach to processing Electronic Diffuse
Reflectance Spectra // Russ. J. Phys. Chem. A. 2009.
V. 83. N 4. P. 642—648.
https://doi.org/10.1134/S0036024409040219].
Sosnov E. A., Malkov A. A. Electronic Spectroscopy
of Diffuse Reflection — A promising method for

[173]

[174]

985

quantifying the coordination states of the atoms
in the superficial layer of dispersed materials //
Optical Spectroscopy: Technology, Properties and
Performance / Ed. by N. Tomozeiu. New York, USA:
Nova Sci. Publ., 2014. P.149-171.

Cocnos E. A., Manxkose A. A., Manrvicun A. A.
Crpoenue nponyktoB xemocopbuuu TiCly Ha
MOBEPXHOCTH MOPUCTOTO KPEMHE3eMa B MPOIIeC-
ce napodasHoro rugponusa // XKOX. 2010. T. 80.
Ne 6. C. 1008-1014 [Sosnov E. A., Malkov A. A.,
Malygin A. A. Structure of the products of TiCly
chemisorption on the surface of porous silica in the
process of vapor-phase hydrolysis // Russ. J. Gen.
Chem. 2010. V. 80. N 6. P. 1176-1182.
https://doi.org/10.1134/S10703632100602].
Mankos A. A., Kykywxuna FO. A., Cocnos E. A.,
Manvieun A. A. CuHTE3 THTAHOKCUIHBIX HAHOCTPYK-
TYp METOIOM MOJCKYISIPHOTO HACIAUBAHUS HA I10-
BepxHocTH Y-Al,O3 // Heopran. marepuainst. 2020.
T. 56. Ne 12. C. 1303-1310.
https://doi.org/10.31857/S0002337X2012012X
[Malkov A. A., Kukushkina Yu. A., Sosnov E. A.,
Malygin A. A. Growth of titanium oxide
nanostructures on y-Al;O3 by Atomic Layer
Deposition // Inorg. Mater. 2020. V. 56. N 12.
P. 1234-1241.
https://doi.org/10.1134/S0020168520120122].



986

Kypuan npuxnagnoit xumuu. 2021. T. 94. Beim. 8

Jlawkos A. FO. u Op.

VK 536.461:[546.284'16+546.41'112]

TEIIVIOBASA CTPYKTYPA BOJIHbBI ®UJIBTPAIIMOHHOI'O 'OPEHUS CaH,
B IIOTOKE CMECH SiF4 + H;

© A. 10. JJamkos!, A. JI. Byaanos!:2, O. 1O. Tpomun!-2

1 NuctutyT Xumun BeICOKOUMCTHIX BemiecTB uM. . I, JleBsateix PAH,
603951, r. Hmwxnwuit Hosropoa, bokc-75, yn. Tponununa, 1. 49
2 HanmoHabHbIH MCCIIeN0BaTebCKUit HUKeropoackuit rocy1apCTBEHHBIN YHUBEPCUTET
uM. H. U. JIoGaueBckoro,
603950, . Huwxuuit Hosropon, np. I'arapusna, 1. 23
E-mail: lashkov@ihps-nnov.ru

[Moctymnuna B Penakuuto 19 despans 2021 r.
IMocne nopadotku 21 urons 2021 1.
[MpunsTa k myonukanuu 10 asrycra 2021 1.

IIposedeno uccnedosanue 6cmpeuroll . CRYMHOU 80NH PUIBMPAYUOHHOSO 20PeHUs SUOPUOA Karbyus 8 no-
moke cmecu mempaghmopuoa Kpemuusi U 6000pooa npu maccosotl 0one mempagmopuoa kpemuust 0.8, 0.85,
0.9, 0.98. I[locmpoenvl npocmparncmeertvie nPoQuUIL OIH 2OPEHUS, C NOMOUbIO KOMOPBIX YCMAHOBIEeHA
MENA08AsL CMPYKMYPA CIPEHHOU U CHYMHOU 80IH U ONPEOENIeHA WUPUHA KANCOOU 30HbL 8 BOJIHE 20PeHUs OJIsL
paznuyrHo2o cocmasa 2azoeoll cmecu. [lIupuna 30Hbl peakyuu ¢ pocmom KOHYEHMpayuu 2a3a-peazeHma 6 no-
MoKe 60 CMPEUHOU BOIHE Y8eNUUUBACMCS, A 8 CHYMHOU 80lHe yMeHbuiaemcs:. Cmpykmypa 6CmpeyHoll 60Hbl
coomeemcmeayem nepexooHoll 8oHe 20penUs, d CIMPYKmMypa CHYMHOU 80JHbL — HOPMATIbHOU 80THE 20PEHUSL.

KittoueBrle ciioBa: mensiogas cmpykmypa 60iHbl; WUPUHA 30Hbl PEAKYUU, NPOCMPAHCMEEHHLI NPOpuULL

DOI: 10.31857/S004446182108003X

Teopust GUIBTPAIIIOHHOTO TOPEHUS H3YYaeT BOTHBI
C pa3NU4YHOMN TEIUIOBOH cTpykTypoi [1-5]. B BomHe pe-
aKIIMH BBIJCISIOT TP OCHOBHBIE 30HBI: IIPeITUIAMEHHAs
30Ha, I7Ie B pe3yabsrare Mex(ha3HoTo TerurooOMeHa mpo-
WCXOIUT UHTEHCHBHOE TEIUIOBBIICIICHHE, HO XUMITYECKast
peaxuus ele He UJIET; 30Ha peakliny, B KOTOPOH Mpouc-
XOJTUT B3aUMOJICHCTBHE PEAreHTOB C BBIJCICHUEM TEILIa;
30HAa OCTBIBaHUS MPOAYKTOB PEAKIINH, TI€ XUMHUIECKOE
B3aMIMOJICHCTBUE HE UCT U TeMIlepaTypa cHmxaercs [1].
B HekoTopBIX mpoleccax, NPOTEKAIOUINX B CIIyTHOM
IIOTOKE Ta3a, MEXIY 30HOH peakiuu U 30HOH MPOAYK-
TOB (pOpMUPYETCSA 30HA JOTOpaHUs, rue, Kak U B 30He
peakiuu, uaeT B3auMOJEHCTBHE peareHTOB, HO MEHee
WHTEHCUBHO, U TEIUIOBBIICJICHNE B 30HE JIOTOPAHUS HE
OKa3bIBaeT CYIIECTBEHHOTO BIUSHUA Ha mpouecc. [1o
IIUPUHE 30HA JOTOPAHHS MOXKET IMPEBOCXOAUTH 30HY
peaKIu U MpeAruIaMeHHYo 30HY [2, 3].

ITo pacnonoxeHuo X0JI0IHOM U HArPETOM 30H OTHO-
CHUTEJBHO 30HBI PEAKLUH BOJIHBI TOPEHHUS PA3IeSIOT Ha
JIBa OCHOBHBIX THTIA: HOPMAJIbHASI — POCT TEMITEPaTyPhI
OT Ha4aJIbHOTO 3HAYEHUS JJ0 MAKCHMYyMa ITPOMCXOINT ObI-

CTpee, YeM CHIKEHHE OT MaKCUMyMa JI0 Ha4aJIbHOI'O 3Ha-
YeHUs, IpelIUIaMEeHHas 30Ha U 30Ha PeaKIMU COMoCcTa-
BUMBI 10 pa3MepaM; HHBEPCHAsi — POCT TeMIepaTyphl,
(opMupoBaHKE NPEAINIAMEHHON 30HBI, pa3Mep KOTOPOi
IPEBBIIIAET pa3Mep 30HbI PEAKLUH, U PE3KOE CHIDKEHUE
TeMIeparypsl JI0 HAYaJIbHOTO 3HAYEHUS 110 OKOHYAHHU
peakuuu [3, 4]. Temneparypa B mpenniaMeHHOW 30He
WHBEPCHOH BOJIHBI MOXET OBITh paBHA TeMIIeparype B
30HE PeaKIMu, HO XUMHYECKOE B3aUMOZCHCTBHE 3/1€Ch HE
MIPOMCXOINT, TaK KaK aKTHBHBIH Ta3 TOJIHOCTHIO PacXOy-
eTcd B 30He peakiuy. CyIiecTBYIOT BOJIHBI C IEPEXOIHOM
CTPYKTYpOH, KOTZla HarpeB 10 MAaKCUMYyMa M OCTHIBaHUE
JI0 Ha4aJIbHOTO 3HAUYEHHS IMIPOMCXOIST C IPUMEPHO OIH-
HAaKOBOW CKOPOCTHIO [5].

[Ipouecchl ropeHus! MPOTEKAIOT B Y3KHX M ITUPOKHX
30HaxX peakuuu. [opeHne ¢ y3KMMH 30HAMHU pEakluy,
KOTZla MIMPUHA MPEAIUIaMEHHON 30HBI MHOTO OOJbIIe
IIMPUHBI 30HBI PEAKINH, XapaKTEPHO JJIsl CMECel ra3oB
[6]. Y3Koii Ha3BIBaETCS 30HA PEAKIIMHU, IIHPHHA KOTOPOU
MEHBIIE KOHAYKTUBHOH IIUPHUHBI, TAE TEIJIOMEPEHOC
OCYILECTBIISCTCS TOJNBKO 33 CUET TEIJIONMPOBOIHOCTU
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TBepnoi ¢a3el. [opeHre reTeporeHHBIX COCTABOB TBEP-
J0e—TBEPIOE, TBEPAOE—Ta3 M T. I. TPOTEKAET B ITUPOKOI
30HE peaKIH, IMMPHHA KOTOPOi O0JIbIIe KOHAYKTUBHON
LIMPUHBI U COIIOCTAaBMMA C IIMPUHON NpeNIIaMEHHON
30HBL. TemionepeHoc B MIMPOKOH 30HE peakLUK Hapsy C
TEIUTIOTPOBOTHOCTHIO OCYIIECTBIISIETCS 3a cUeT (puiibTpa-
nnu raza [1, 7, 8]. ABropsl [8] HccnemoBamu mpoCcTpaH-
CTBEHHBIC TIPO(UIHN TOPEHHSI CMECEH MOPOIIKOB METaJ-
noB (Ti, Nb, Ta, Zr, Hf, Mo) ¢ 6opoM U yCcTaHOBHIIH,
YTO TOPEHHE BO BCEX CIIyYasX MPOTEKAET C MIHPOKUMHU
30HaMu peaknuu. B [9, 10] moka3aHo, 9TO BEXyIIHMHU
¢dakTopamMu GOPMHUPOBAHUS IMPOKON 30HBI PEAKIIHH
SIBJISIFOTCS. (PUIIBTPAIMOHHBIN MIEPEHOC TeIlIa U aBTOTOP-
MOYKEHHE PEaKIu TBEP0(a3HBIMU IPOTYKTAMHU.

B3anmogneiicteue SiF4 m CaH; B pexxume dumbTpa-
[MOHHOTO TOPEHHS M3ydajoch B paborax [11-13], Ho
BOIPOC O TEIUIOBOW CTPYKTYPE BOJIHBI TOPEHHSI HE pac-
CMaTpHUBAJICS.

Lems paboTHl — OIpenesieHHe TETUIOBOH CTPYKTYPBI
BOJIHBI prIbTpanoHHoro ropenust CaH; B moToke cMecu
SiF4 + Hy u oTHOCHTEIHHON MIUPUHBI 30HBI PEAKIUH B
3aBHCHMOCTH OT MAacCOBOH JIOJTM Ta3a-pearcHra.

3KCHepHMeHTaJ’[LHaH qacTb

OKCIEPUMEHTHI 110 B3aUMOIICHCTBHUIO Ta3000pa3HO-
ro SiF4 u nopomkoo6paznoro CaH, B pexxume Quiib-
TPallMOHHOTO TOPEHMs IPOBOJIMUIN B MPOTOYHOM pe-
aKTOpe MO MeToJuKe, onucanHod B [11]. B kauecTse
HCXOMHBIX peareHTOB HMcHoib3oBain SiF4, moxydeH-
HEI B UHCTUTYyTE XMMUN BBICOKOYUCTBIX BEIIECTB M.
I'. T. leBareix PAH mo meronuke, onvcanHoi B [14], a
Takxke n3rotoBiaeHHbIN B AO «I1O «OnekrpoxuMuieckni
3aBOMY, cepTuduKar kadectBa 53/5937, m CaH,, momy-
YeHHBIN B IHCTUTYTEe XUMUU BHICOKOYUCTHIX BEIECTB
M. I I. leBsateix PAH no metomuke [15]. B uununapu-
YECKUH peakTop U3 HepKaBerolien cranu JmuHoi 120 cm
1 THaMeTPOM 5 cM, BHYTPH KOTOPOTO KOAKCHaIBFHO pac-
TIOJIO’KEHA CTallbHAs TpyDOa quamMeTpoM 1.4 cM ¢ IecThio
XpPOMEITB-KOTIENIEBBIMHU TEPMOIIapaMH, PACCTOSHUE MEXKITY
kotopbMu 20 cmM, 3aceinanu nopomok CaH, (dbpakuus
0.4-0.6 MM, HachIlHas MIOTHOCTE — 1.3 r'cM3) U B
HallpaBJIeHUU CHU3Y BBEPX MPOIYCKAJIU MOTOK CMECH
razoB (SiF4 — ras-pearent, Hy — ras-nocurens) co
CKOPOCTBIO 320380 Mu-MuH 1. Peakipio HHUIMUPOBAIIH
C MTOMOIIIbIO PE3UCTUBHOM T1€YH, PACIIOI0KEHHON B BEp-
Xy peakTopa B MECTe HaXOXKACHUS XPOMEIb-KOIEIeBOM
tepmomnapsl Ne 5. CurHaiel ¢ TepMornap 00padaThIBaIHUCh
aHasoro-1udpoBeIM mpeodpazoBareaeM ADAM-4520 u
MOCTYTIAJIM B TAMATH KoMIbtoTepa. 11o okoHuannm skcrre-
pPUMEHTa CTPOWIIM TEPMOTPaMMY IMPOIEcca C TIOMOIIIO
nporpammsl OriginPro-7.0 [11].

B3auMoeiicTBiEe peareHTOB MPOTEKAET M0 PeaKluu
(1) cHauana BO BCTpEYHOU BoOJIHE (paclpoCTpaHEHHUE
BOJIHBI TOPEHHUS IIPONUCXOUT HABCTPEUy IOTOKY rasa-pe-
areHTa CBepXy BHH3 B PEaKTOpe), a 3aTeM B CITyTHOM
BOJIHE (BOJIHA TOPEHUS pacpOCTPaHseTCs BBEPX IO pe-
aKTOPY COBMECTHO C IIOTOKOM I'a3000pa3HOro peareHTa).
DKCTIEpUMEHTHI ITPOBOIIIIA TIpH MaccoBo mone SiF4 B
cmecu 0.8, 0.85, 0.9, 0.98.

SiF4 +2CaH,; — SiHg + 2CaF, + 108.1 kkan-mons 1. (1)

3Has IMHEHHYI0 CKOPOCTh PaclpoOCTPaHEHHS BOJIHBI
pEaKINH, PaCCTOSHUE MEXTy COCEITHHIMH TePMOTIapaMH
1 3HAUYEHHE TeMIIepaTyphl B BOJIHE B OIPEICICHHBIH
MOMEHT BPEMEHH, C IOMOIIBI0 iporpaMmsl OriginPro-8
CTPOMJIM MPOCTPAHCTBEHHBIH NPOQHIIb BOTHBI rope-
HUSI — PacHpeeieHue TeMIIepaTyphl B BOJHE TOPEHUS
TI0 JUTMHE PeaKTopa.

O0cyxnenne pe3yJbTaToB

BceTpeunas BoiHa (CM. PUCYHOK, ) COCTOUT U3 TPEX
30H: MpEeAIIaMEHHOW 30HBI, 30HBI PEaKIUU U 30HBI
OCTBhIBaHUS TBepLO(a3HBIX NpoAYKTOB. B mpenmnnamen-
HOU 30HE (CM. PHCYHOK, d, 30Ha /), IIUpUHA KOTOPOi
OrpaHrYeHa MOMEHTOM 3aMETHOTO POCTa TeMIIepaTy-
pot (105-110°C) n HayanpHOM TemmepaTypoil peakluuu
(150°C), mpoucxonuT pa3orpeB TBepIOH (as3bl 3a cUeT
TETIa, IIOCTYTIAIOIIETO U3 30HBI PEaKINH, HO XHMHUYIeCKas
peaxuus eme He UieT.

B 30He peaxiuu (cM. pUCYHOK, @, 30Ha 2) IO TIOCTH-
skeHun 150°C npoucxoauT B3auMOAEHCTBUE PEAareHTOB,
COIIPOBOXKIAOIIEECS] HHTEHCUBHBIM TEIUIOBBIJIEIICHUEM,
B pe3yabTare KOTOPOTO TEMIeparypa JOCTHTaeT MaKCH-
myma 200°C. 30Ha peakiy ComocTaBuMa 1o MUPHUHE C
MpeArIaMeHHOM 30H0# (3 ¢M), B TIOCIIe Hauana peakiuu
He HaOmoJaeTcs Pe3KuX CKauyKOB TEMIIEPaTyphl, 4TO
TOBOPHUT 00 YCTOWYHMBOCTH BOJIHBI TOPEHHSI U MTpOIecca
B 11es1oM. SiF4 ONMHOCTRIO pacxoyeTcs B 30HE peaKivy,
npeBpainasce B MoHocmiiad (SiHy), koTopsiii moTokoM
BOZOPOJA Yepe3 OCTHIBAIOIIYIO TBEPAYIO hazy (CM. pu-
CYHOK, @, 30Ha 3) BBIBOAMTCS U3 peakTopa, a TBepAas
¢a3za octeiBaet. LllupuHa 30HBI peakyy HE 3aBUCUT OT
MacCOBOM JIOJIM peareHTa B IOTOKE CMECH Ta30B (CM. pH-
CYHOK, @), OTHaKo pu MaccoBoi gone SiF4 B cmecu 0.98
HaOroaeTcs 0oJiee Pe3KUil pOCT TEMIIEPATYPhI, U MPeI-
TUIAMEHHAS 30Ha OKa3bIBACTCSl MEHBILIE 110 Pa3Mepy, 4YeM
nipu MaccoBbIX Aomsx SiF4 0.8, 0.85 u 0.9. Benencreue
0oJtee MHTEHCUBHOTO TETIIOBBIJICIIEHHSI PACTET JIMHEHHAs
CKOPOCTH paclpoCTpaHeHUs BOJIHBI peakiui [13], u Bpe-
MEHH Ha pa3orpeB npuieratomux cioes CaH, TpeOyercst
MeHbIIIe, TeMIIepaTypa pacTeT ObICTpee.
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v — HanpaBJICHNE JBIKCHUS IOTOKA CMECH TA30B; Up. — CKOPOCTH PACTIPOCTPAHEHUS BCTPEUHOM BOIHBI; Uy — CKOPOCTH pac-
MPOCTPAHEHHUS CITyTHOH BOJIHBI.
a — BCTpevHasi BojHa (/ — mpeAlIaMeHHas 30Ha, 2 — 30Ha peakiyu, 3 — 30Ha MPOIYKTOB peakiuu), MaccoBasi nois SiFy
B notoke cmecu: [ — 0.8, II— 0.85, Il — 0.9, IV — 0.98; 6 — ciiyTHast BosiHa (/ — mpearjiaMeHHas 30Ha, 2 — 30Ha peakiuu,
3 — 30Ha Jjoropanus, 4 — 30Ha TBEpAO(A3HBIX IPOAYKTOB peakuum), Maccosas nons SiF4 B motoke cmecu: / — 0.8, 11— 0.98;
6 — CIyTHas BoJHA (/ — TpeaIaMeHHas 30Ha, 2 — 30Ha PEeakIiy, 3 — 30Ha JI0TOpaHus, 4 — 30Ha TBepAO(pa3HbIX MTPOIYKTOB
peaxmn), maccoBas goinst SiF4 B motoke cmecu: 11— 0.85, II1— 0.9.

ITociie mpOXOXkAEHUS BCTPEUHON BOJIHBI IIPOUCXO-
JUT «OTpa)kKEHUE» BOJIHBI TOPEHHUS OT TOpPLIa PeaKkTopa,
U B peakTope GOpMHUPYETCS U CaMOpaclpoCTpaHsIeTcs
CITyTHas BOJIHA TOPEHHs (CM. PUCYHOK, 0, 8), KOTOpas
IO CTPYKTYpPE U pa3Mepy 30H OTIMYAETCS OT BCTPEUHOM.
IIpenminaMenHas 30Ha ¥ 30Ha peaKkIUU B CIyTHOM BOJIHE
B 2—4 pa3a Goublie, 4eM BO BCTPEYHOW. Brigemstomeecs
MIPU XUMUYECKOH pPeaKIuy Terio (GUIbTPYIOIIMMCS Ta-
30BBIM ITOTOKOM ITEPEHOCUTCS U3 30HBI peakliy B MpH-
Jieraromue cjaou TBepaoi ¢a3el, HarpeBas ux. [Ipu yBe-
JUYEHUHU COAEPKAHUA ra3a-pearcHra B IOTOKE CMECH

pacTeT JUHEWHas CKOPOCTh BOIHBEI ropenus [13], Te-
TUIOBBIAICTICHHE WHTEHCHU(PHULIMPYETCs, IporpeBas oosee
MIMPOKHUH CIIOH TBepaoi a3kl — MIMpPUHA 30HBI [ (CM.
PHUCYHOK, 0, ) yBennuuBaeTcs. Ho mpu 3ToM HarpeB oT
HayaJIbHOM TeMIepaTypbl peakKUuu 10 MaKCUMaJlbHOMN
MPOUCXOAUT OBICTpee, U C pocToM conepkanust SiFs B
MMOTOKE IIMPUHA 30HBI 2 YMEHBIIIAETCS.

B cryTHO# BONHE K TpeM BBIIIEYNOMSHYTHIM 30HAM
no0arsieTcst 30Ha 4 — 30HA JOTOpPaHMsI, KOTOpask Haxo-
JUTCSI MEXy 30HOH peakUuy U 30HOH TBepaodasHbIX
MPOIYKTOB (CM. PUCYHOK, 6, 8, 30Ha 3) U MO IIUPUHE
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B HECKOJIBKO Pa3 MPEBOCXOAUT 30HBI / U 2. 3aMETHOTO
BIIMSIHUS Ha JTUHEWHYIO CKOPOCTh PAaclpoOCTpaHEHUs
BOJIHBI 3Ta 30Ha HE OKa3bIBA€T, HO BBUIY OOJIBIIOTO
pasMepa U BBICOKOW TeMmIeparypsl B HEH B3aUMOJEH-
CTBYIOT 3HAUUTENbHBIE KOJTMUECTBA UCXOHBIX BEILIECTB.
Brigenstomeecs B 30He JOTOpaHHA TEIUIO MOCTyNAeT B
30HY PEaKlWH, MOBBIIIAs B HEH TeMIepaTypy, IOITOMY
MaKcUMallbHasi TeMIeparypa Bo ppOHTE CITyTHOW BOJIHBI
BBIIIIE, YeM BO ()POHTE BCTPEUHOI.

it Toro 4ToObl ONpeAeanTh, IUPOKONH MU y3KOU
SIBIIAETCA 30Ha PEaKLUU paccMaTpHUBaeMOro Ipouecca,
HEOOXOMIMO OTIPENIENTUTh OTHOCUTEIBHYIO IIUPHHY 30HBI
peakruu [8]:

rne A — oTHOcUTeNbHAs IIUPUHA 30HBI peakuuu, L —
JKCIIepUMEHTabHas MUPUHA 30HBI peaknuu, Ly —
pacdeTHas KOHIYKTHBHAS IIHPHHA 30HBI PEaKIUH,
0, — CpeIHssl TEeMIIepaTypoIIPOBOIHOCTh TBEPAOH (ha-
3Bl, 4 — CKOPOCThH PAacHpOCTPAHEHUS BOJIHBI TOPEHHUS,
0 — TEeMIIepaTypOIPOBOAHOCTh TBEPIOH (hasbl mpu pas-
JTUYHON CKOPOCTHU PAacIPOCTPAaHCHUS BOJHBI TOPCHUS,
| — skciepuMeHTaIbHAS IIMPUHA TPEATIAMEHHOM 30HEI.

Ecnu oTHOCHTEIbHASI IIMPHHA 30HBI PEaKIMU OOJIbIIe
eauHUIIBL — 30Ha mupokas [1, 8]. Bo BcTpeuHoit BoiaHe
HM3MEHEHHUE BETMIUHBI A TIPSIMO TTPOITOPITHOHATBHO H3Me-
HeHuro o SiF4 B cmecu (Tabim. 1), a B CIyTHOM BOJIHE
U3MEHEHUE OTHOCUTEIbHON IMIMPUHBI 30HBI PEAKIUU
00paTHO MPOTOPIIMOHATHFHO KOHIIEHTPAIUU Ta3a-pea-

A= L, (2) renTa (Tabn. 2). Bo BCTpeyHOM BOJNHE BIMAHHE (DUIIb-
Ly TPAllMOHHOTO MEPEHOCA TeIla B 30HY PEAKIUHU PACTET
a ¢ yBenunueHueM conepxkanus SiF4 BBUIY yBeaudeHUS
Ly = ;, (3) ero collepKaHusl B OpeAIUIaMEHHOM 30HE, a B CIIYTHOM
BOJIHE — MAJAET, TaK KaK IMOBBIIIETCA KOHIICHTPaLUsI
o=lu, (4) Teruia B 30HE peakKIMK W BO3PACTAET POJIb KOHIYKTHB-
Taoauna 1
3HaveHus pacueTHBIX U SKCIIEPUMEHTANBHBIX ITapaMeTPOB BCTpeUHOH BoHbI ropenus CaH; B motoke SiF4
[Tapametp 3HaueHue
MaccoBast 107151 Ta3a-peareHTa B CMECH dj 0.8 0.85 0.9 0.98
CKOpOCTh PacpoCTPaHEHHS BOMHbI Topenus u- 102, cm ¢! 1.15 1.27 1.42 1.80
TeMmepaTyponpoBOIHOCTh TBEPIOU (a3bl MPH Pa3IMIHON CKOPOCTH pacmpoctpa- | 3.45 3.81 4.26 1.80
HeHMs BOJIHBI ropenus o102, cm2-¢-!
CpenHsist TeMIIepaTyporpOBOIHOCTh TBEPIOM (assl 0102, cm2-¢! 3.33
OKcleprMeHTaIbHas IMPHHA IPEAITIaMEHHON 30HEI /, CM 3 3 3 1
PacueTHas kOHAYKTHUBHAs IIMPUHA 30HBI peakuu L, cM 2.90 2.62 2.35 1.85
OKclepuMeHTaIbHasl HIUPHHA 30HbBI peakiuu L, cM 3 3 3 3
OTHOCHTENBHAS ITUPHHA 30HBI PEAKITIH A 1.03 1.15 1.28 1.62

Taoauua 2
3HaYCHHUS PACUCTHBIX U DKCIIEPUMEHTAIBHBIX TTapaMETPOB CITyTHOM BoJIHBI TopeHust CaH, B motoke SiF4

[Mapamerp 3HaueHue
MaccoBas 101151 raza-peareHra B CMecu ag 0.8 0.85 09 0.98
CKOpOCTh PacpoCTpaHeHus BOIHbI Toperus u- 102, cm-¢1 1.11 1.20 1.22 1.28
TeMmepaTyponpoBOIHOCTE TBEPAOH (Pa3bl MpH pa3IMIHON CKOPOCTH pacmpocTtpa- | 8.88 7.20 6.10 3.84
HeHMs BOJIHBI ropenust o 102, cm2-¢-!

CpenHsst TEMIIEPaTypOIPOBOIHOCTD TBEPAOM (asel 6102, cm2-¢! 6.51
OKcrnepuMeHTalbHas MIMpUHA MPEAIUIAMEHHOH 30HbI /, cM 8 6 5 3
PacueTHas KOHAYKTHUBHAS IIMPUHA 30HBI peakItuu Li, cM 5.86 543 5.34 5.09
DKcleprMeHTaTbHAs IIUPHHA 30HBI pEakIun L, cM 12 8 7 6

OTHOCHTENIbHAS IIHUpHHAa 30HbI pCaKIIUU A

2.05 1.50 1.31 1.18
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HOTO MeXaHu3Ma Teruonepeaadu. CienyeT OTMETHUTS,
yTO0 1pu MaccoBoit noie SiF4 0.8 mpu pacmpocrpaneHun
BCTPEYHOH BOJHBI MTEPEHOC TeTIa MPaKTUIECKH TOTHO-
CTBIO OCYILECTBIISETCS 3a CUET TEIJIONPOBOIHOCTH HC-
XOIHOH TBepAOi (ha3bl, HO IPH PACTIPOCTPAHEHHUH CITYT-
HOH BOJIHBI BO3PACTaeT Pojib KOHBEKTHUBHOTO IEPEeHOCa
TEIJIa, 4YeM U OOBSICHAETCS CYIIECTBEHHOE yBEIMUCHHE
IIIUPHUHBI 30HBI PEaKIUY B CITyTHON BOJIHE OTHOCHTENHHO
BcTpeuHoi. [Ipu maccoBoit none SiF4 0.98 B moToke ra-
30B poJib GUIBTPALIMU B IEPEHOCE TEIUIA MIPU MEPexoae
OT BCTPEUHOH BOJIHBI K CITyTHOH YMEHBILACTCS B PE3YIIb-
TaTe yBEJIWYCHHS TEIUIONOTEPh B OKPYKAIOUIYIO CPELy.
st onpenenennst CTpYKTYPBI BOJIHBI TOPEHHsI HEO0-
XOIIMMO OTIPEAETNTh BEITMUNHY mapaMerpa o [9]:

_ UrCr

6BC - s (5)
apCo

Son =, (©6)
aoCpliy

1€ Opc, Ocn — O€3pa3MepHbIC apaMeTPhl, OMPEACIsi-
IOIUEe CTPYKTYPY BCTPEUHOH M CIIyTHOH BOJIH COOT-
BeTcTBEHHO (O > 0); U, Ly — Oe3pa3MepHbIe CTEXHO-
MeTpudeckrue kod(hPUIUEeHTHI pacxoja ra3a-pearcHra
1 00pa3oBaHUsl KOHACHCHPOBAHHOTO MPOAYKTa Ha 1 T
MCXOHOTO TBEPAOTO BEIIECTBA; Cr, Co, Cy — YACIbHas
TEIJI0OEMKOCTh UCXOAHON Ia30BOM CMECH, HCXOAHOIO
TBEPJOT0 peareHTa U TBepAO(a3HbIX NPOAYKTOB PEaK-
muu (kan-r1-K-1); ag — MaccoBast mois raza-peareHra
B CMECH.

IIpu 0 <3 <1 ckopocTh QUIBTPALMOHHOTO MEPEHOCa
TEeIUIa MEHbIIE JUHEHHON CKOPOCTU IBUKEHUS BOJIHBI
TOPEHUSI, U BBLICITUBIICECS TETUIO CKAIUTMBACTCS B OCHOB-
HOM 32 BOJIHOH (HOpMaJlbHasl CTPYKTYpa BOJIHBI TOPEHUST),
a pu 6 > 1 cKkopocTh QUIBTPAUU OOJbIIE CKOPOCTH
BOJIHBI, ¥ TETJIO B OCHOBHOM KOHLIEHTPHUPYETCS Mepex
BOJIHOHW (MHBEpPCHAsI CTPYKTypa BOJHBI Toperws). [Ipu
6 = 1 BeIensAONICECS IPU TOPEHUH TETUIO TOITHOCTHIO
KOHIIEHTPHUpPYETCS B 30HE peaknuu [4, 16].

CTpyKTypa BCTPEUHON BOJHBI COOTBETCTBYET WH-
BEPCHOW CTPYKTYpE BOJHBI TOPECHHSI, YTO CIECIYET U3
pacyeTHBIX 3HaUEHHH g (TabM. 3). Ha mpakTuke mupo-
KO TIpeNIIaMEeHHOM 30HBI C TEMIEepaTypoil, OIM3KoH K
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MaKCHMaJIbHOH TeMIiepaType Bo (hpoHTE TOpeHHs U Ipe-
BBILIAIOIIEH IO pa3Mepy 30HY peaklyy, He HaOmogaeTcs.
He mpouncxoaut u pe3Koro OCTHIBAHUS WM 3aKaJIMBaHUS
KOHZCHCHUPOBAaHHBIX MPOAYKTOB PEAKIINH, XapaKTEPHBIX
JUTSL TIPOIIECCOB TOPEHUS C HHBEPCHOW CTPYKTYpOH BOJI-
HBL. DTO CBSI3aHO C TEM, YTO BBIACIIOLIEECS B PEAKLINU
TEIJIO YaCTHUYHO YHOCHUTCSI IIOTOKOM CMECH ras3a-Ho-
cutenst U obpasoBasiuerocsi SiHy. DkcnepuMeHTaIbHO
HaOmomaemMas BCTpedHasl BOJTHA MO CTPYKTYpPE SIBISIETCS
MEPEXOTHOMN.

CrpyKTypa CIIyTHON BOJIHBI KaK II0 PaCYETHBIM, TaK
U TI0 DKCTIEPUMEHTAIBHBIM JIAHHBIM COOTBETCTBYET HOP-
MaJIbHOH CTPYKTYp€E BOJIHBI TOPEHHUSL.

CornacHo pacueTy, ¢ yBEIUYCHUEM J0IU aKTHBHOTO
rasa B IIOTOKE€ CMECH KOHIEHTpAIys TeIUla B 30HE J0-
TOpaHus M pa3Mep STOH 30HBI JOJKHBI YBEITHUHBATHCA.
OpHaKo B OMBITE TaKasi 3aKOHOMEPHOCTH HE MPOCIIEKH-
BaeTcs (CM. PUCYHOK, 0, 6). CorftlacoBaHUe pacyeTHBIX
1 3KCIIEPUMEHTANBHBIX JaHHBIX HAOIIONAETCsl TOIBKO
MIpH TOBBIIMICHNH MacCOBOM o ra3a-pearenra ¢ 0.8
(cM. puCyHOK, 6) 10 0.85 (cM. pucyHoK, g). [Ipu no-
BoimieHNH gomu SiF4 1o 0.9 (cM. pUCyHOK, ) mIUpHUHA
30HBI JOTOpPaHMs HE U3MEHseTCsA. B ToMm ciydae, Kor-
Jla MaccoBasl I0Jisi aKTUBHOTO raza B cmecu paBHa 0.98
(CM. pUCYHOK, 6), yBEIMUMBACTCA KOHLIECHTPALUS TEll-
Jla B 30HE peaKkUuH, IUPHUHA 30HBI TOTOPaHUS U Ipea-
IUTAMEHHOM 30HBI YMEHBIIAETCsI, HO 3aMETHOIO POCTa
MaKCUMAaJIbHOU TeMIlepaTypsl BO ()POHTE peakiiu He
HaOroaeTcest M3-3a poCTa TEIJIONOTEPD B OKPYKaloIIee
MPOCTPAHCTBO.

B pa6ote [13] ObL1H OIMyOIUKOBAHBI PE3YIIETATHI W3-
MEpEHHUs] MaKCUMAIILHOW TeMIiepaTypsl BO (GpoHTE pe-
aKIUH 1 JTUHEHHOH CKOPOCTH PaclpoCTPaHEHUsT BOJTHEI
ropeHus B Auamna3oHe koHneHTpamui SiF4 0.8-0.98.
B cooTBeTcTBHM C 3TUMHU JNaHHBIMH JUIS JOCTHXKEHUS
MaKCHMaJIbHO BO3MOKHOTO Bbixona SiH4 u cTenenu mpe-
Bpamtenust CaH, oTHOcUTeNnbHAasI IMpPUHA 30HBI PEAKIIUN
BO BCTPEYHOW BOJHE JOJDKHA OBITH A = 1, a B CITyTHOH
BormHe — A > 1.5. Ilpu 3TOM CTpyKTYypa BCTPEUIHOI BOII-
HBI Oy/IET CTPEMHTHCS K CTPYKTYpPE WHBEPCHOW BOJHBI
TOpeHHs, a CIIyTHasl BOJIHA OyJeT UIMETh CTPYKTYpY HOp-
MaJIbHOH BOJIHBI TOPEHHS.

Taoauma 3

3HavueHus napamerpa o JUisl BCTpeYHOH u ciyTHOM BonH ropenus CaHj B motoke cmecu SiF4 + Hy ¢ paznuuHoit
MacCOBOW JI0JIEH ra3a-peareHra

Maccosas gons SiF4 B cmecu ¢ Hy

ITapame
pavetp 0.8 0.85 0.9 0.98
BespasmMepHBIil mapaMeTp, OIpeAeISIFOIINI CTPYKTYPY BCTPEUHOM BONHBL, Og 5.57 4.21 2.98 1.32
Bespa3mepHsIil mapameTp, ONpeielIsIonil CTPYKTYPY CIyTHOH BOJIHBI, O¢y 0.21 0.16 0.09 0.05
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BrIiBOABI

Berpeunas BoHa dumsTpartmonaoro ropenus CaH, B
noroke cmecH SiF4 + Hy cocTouT M3 Tpex 30H: mpeia-
MEHHOM 30HBI, 30HBI PEaKLUHN 1 30HBI MIPOAYKTOB Peak-
uud. CryTHasi BOJIHA COCTOUT M3 YETHIPEX 30H: MpeIia-
MEHHOM 30HBI, 30HBI PEaKL1H1, 30HbI IOTOPAHUs U 30HbI
MPOIYKTOB peakiuu. BcTpedyHas BoiiHA UMEET CTPYKTYPY
MEPEXOAHON BOJIHBI TOPEHHUS, a CITyTHAsl BOJIHA UMEET
CTPYKTYPY HOpPMaJIbHOH BOJIHBI TOPEHHSI.

[Ipu yBenmnuennn maccoBoit gomu SiF4 B cMecu ¢ Bo-
nopoaoM B uaTepBaie 0.8—0.98 oTHocuTenpHAS MUpPUHA
30HBI PEaKIIMM BO BCTPEYHOH BOJHE YBEJIWYHMBACTCS OT
1.03 mo 1.62, a B ciryTHO# BonHe yMeHbIaeTcs ot 2.05
1o 1.18. I'operne CaH; B moroke cmecu SiF4 + Hy B
yKa3aHHOM HHTEpBaJie MacCoBBIX fojei SiF4 mporekaer
B IIUPOKHUX 30HaX PEaKIUH KaK BO BCTPEUHOMU, TaK U B
CILyTHOW BOJTHE.
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BJIMSAHUE TEMIIEPATYPBI OCAXKIEHUSA
HA CTPOEHHME TOHKHX IIVIEHOK JUCYJIb®UJIA MOJIMBIEHA,
®OPMUPYEMBIX XUMHUUYECKHUM OCAXKJIEHUEM U3 I'A30BON ®A3bI
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Crou oucynvgpuoa moauboena GopmMuposanu Xumu4eckum ocaxcoenuem U3 eazo8oi (Gasvl 6 cucmeme
Mo(CO)s—H>S 6 unmepsane memnepamyp 250-850°C npu oasnenuu 6 peakmope 67 Ila. /[ns ucciedosarnus
CMPOEHUsL U COCMABA 0CANHCOAEMBIX NPOOYKNO8 NPUMEHSIU PACHPOBYIO INEKMPOHHYIO MUKPOCKONUIO, PEHM-
2eHopa3zosulii aHau3, YOMOI1EKMPOHHYIO CHEKMPOCKONUIO U CNEKMPOCKONUIO KOMOUHAYUOHHO20 PACCEsHUSL
ceema. Yemarnogneno, umo nonyuenuvle Ciou COCMOAm U3 6epMUKALLHO PACHONIONCEHHBIX HAHONENECKO8
MoS), no0 komopvimu Ha nOOJCKe cHopmMUposan eopuzonmanvrwli ciou MoS). Tlogviuenue memnepanypvl
0CadicOenuss nPUBOOUN KaxK K U3MEHEHUIO 2e0MEeMPULECKUX XaPAKMEPUCMUK dNeMeHN08 NIeHKU, MAaK U cyuje-
CMBEHHOMY UBMEHEHUIO CIMPOEHUSL U COCIABA NONYYaeMbIX NPpoOykmos. Ocadicoaembvlil Mamepuai COCIoum
u3 08yx kpucmaniuueckux moougurayuti MoS, (2H u 3R), ¢ nosviuenuem memnepamypsbt 0caxcoenus 00
@asvl 3R pacmem. Crou, ocaxcoennvle 6 unmepeane memnepamyp 400-500°C, umenu cocmas, o6nuskuu K
CMexuoMempuiecKoMmy.

KitroueBsbie ciioBa: xumuueckoe ocasxcoenue uz 2azosoil ghasvl, OUCyrb@uo MonubOeHa, 6epmuKaIbHble HAHO-
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Cpenu pa3iryHBIX XalbKOTEHHIOB TIEPEXOTHBIX Me-
TaiutoB MoS; mpeacTaBisieT 0coObIif HHTEPEC B CBA3U
C TeM, 4TO MOXET OBITh C(HOPMUPOBAH B BUJAE CBEPX-
TOHKUX JBYMEPHBIX CIOUCTBHIX KPHUCTAUITMYECKHUX TLIC-
HOK, 00NaJafolINX YHUKAJIFHBIMH AIIEKTPOPUINIECKU-
MU CcBOiicTBaMHu. M0S) XapaKTepusyeTcsi CTPYKTypOH,
KOTOPYHO MOXKHO OIHCATh KaK YepeayrOIIuecs MaKeThl,
COCTOSIIIUE U3 JIBYX aTOMHBIX IJIOCKOCTEH CEPhI, MEXK Y
KOTOPBIMH HaXOIHUTCS TUIOCKOCTh, 00pa3oBaHHAs aTo-
MaMH MoJIMOAeHa. B MIOCKOCTAX 000MX THUIIOB aTOMBI
pa3MeIIeHbI 10 y3JIaM IJIOCKOM IeKCaroHaJbHOU CETKH.
ATOMBI Cepbl U MONHOJICHA B TAKUX MAKeTaX MPOYHO
CKpETLIEHbI KOBAJIEHTHBIMH CBSI35IMH, 8 B3aUMOJICHCTBIE
MEXITy CAMUMH TTAKETaMH OCYIIECTBIISETCS TTOCPEICTBOM
cnabbix cun Ban-nep-Baanbca [1]. UmenHo Gmaroja-

psl Takol CTpyKType nucynbdun MonubaeHa obnagaer
YHUKaJIbHBIMU (PU3NYECKUMHU U XUMUIECKUMH CBOM-
CTBaMH.

Monocnoun MoS,, cocTosIue U3 OJHOTO ITaKeTa
S—Mo—S, unu cinou, odpazoBaHHBIE HECKOIbKUMH
nmakeramMmm S—Mo—S, UCIIOIB30BaHbI JJIS CO3JaHUS
MOJIEBBIX TPAH3UCTOPOB, XapaKTEPU3YIOIIUXCS BHICO-
KO MOJBMKHOCTBIO HOCHUTENEH 3apsiia, NOCTUrarolei
200 cm2-B-1-¢1 nmpu komuarHO# Temneparype [2], u3ro-
TOBJIEHUS MPUOOPOB HA THOKUX TOJTMMEPHBIX MOTTOKKAX
[3, 4]. Kpome Toro, AByMepHBIE TUICHKH AUCYAb(HIA MO-
aubIeHa IPEeACTABIIOT OONBLION HHTEPEC ISl HCTIONb-
30BaHUS B COJIHEYHBIX 3JIEMEHTax [5, 6], horosnekTpu-
YeCKHX mpeodpazoBareisix [7, 8], TepMOIIEKTPUIECKUX
[9] u anexTpoxpoMHBIX ycTpoiicTBax [10].
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Jlns ucrnonb3oBaHus B MpuOOpax TOHKHE TUICHKHU
MoS; MOMKHBI XapaKTepru30BaTbCs BBICOKOH CTENIEHBIO
YUCTOTHI, UMETHh OJJHOPOJHYIO W COBEPIICHHYIO KPH-
CTAJTIMYECKYIO CTPYKTYpPY, & TaKXK€ XapaKTepHU30BaThCs
PaBHOMEPHBIM paclpeieICHUEM TOJIIIMHEI 10 TLI0MIA !
nouIokKu. K HacrosmeMy BpeMeHHU ¢ OOIbIIUM JTHOO
MEHBIIINM yCIIEXOM T (POPMUPOBAHUS COBEPIIEHHBIX
IeHOK M0S) HaxomsIT MPUMEHEHNE TaKUe METOJIBI, KaK
MexaHndeckas [ 11] wm anexrpoxumrirdeckast [12] sxcdo-
Ay nakeToB S—Mo—S ¢ TOBEpXHOCTH 00BEMHOTO
KpucTaia, mepecyomumanust [13], uMImyibcHOE J1azep-
Hoe HambuieHue [ 14] u Hekoropsie apyrue. OHaKO Hau-
0oJiee BRICOKOKAUECTBEHHBIC TOHKUE TUICHKH AUCYIb(HIa
MOHOIeHa, COCTOSIIIIUE U3 ABYMEPHBIX 3€PEH OOIBIIIOrO
pa3Mepa, MOTYT OBITh ITOTYYEeHBI TEPMOAKTHBHUPOBAHHBIM
XUMHUYECKUM OCaXKJIECHUEM U3 ra30Boil daser [15-18].

s peanuzanuu MpoiiecCOB XUMUYECKOTO OCaXK/Ie-
HUS U3 Ta30BOU (ha3bl MOTYT MCITOJIB30BAaThCS HEOpra-
HUYEeCKHEe MOJIUOACHCOAepKAINE PeareHThl (OKCHIBI
monubaena [19], Tnomonmubmar ammonus [20]), omHAKO,
uMes B BUJy 00Jiee BHICOKYIO HaJIC)KHOCTh KOHTPOJIS
COCTaBa pPeakIMOHHOM ra3oBoi (a3bl B 30HE OCax/Ie-
HUSI, IPEINIOYTCHUE CIEIYET OTAATh MCIMOIH30BAHHIO
METaJIOOPTaHNYECKUX COSIMHEHNH MOJTUOICHA, Cpeau
KOTOpPBIX Hanboinee mmupoko npumensercs Mo(CO)g,
HECMOTPS Ha €r0 HeBBICOKYIO JeTydecTh. Cpenu coenn-
HEHUU Cephl Ta3000pa3HBIN CEPOBOAOPO] HHTEPECEH B
CBSI3U C YJ0OCTBOM M3MEPEHHS M KOHTPOJIS €ro pacxoa,
OJTHAKO BBICOKAsi TOKCUYHOCTh H)S siBisieTcs ocHOBa-
HUEM ]IS TIONCKa BO3MOXKHOCTH HMCIIOJIb30BAHUS TAaKUX
coenuHeHni ceprl, Kak [(t-C4Ho)2S2] [21], (C2Hs)2S
[22]. BMecTe ¢ TeM clienyeT OXKHIaTh CYIIeCTBEHHBIX
3arpsA3HEHUI 0CaXIaeMOro Marepualia pasHooOpa3HbI-
MU YIIIEPOA-BOIOPOICOAEPKAIMUMHU (PparMeHTaMu TPH
WCTIONIb30BAHUN ITHX PEareHTOB.

Hes3aBrucuMo OT CHCTEMBI UCIIOJIB3YEMBIX PEarcHTOB
Hau0oJIee CYIIECTBEHHOE BIIUSHUE HA CTPOCHUE TUICHOK
MoS,, hopMHIpyeMbIX MTPH XUMHUYECKOM OCKICHUH H3
ra3oBO# (ha3bl, OKa3hIBAET TEMIIEPATypa IMOMIOKKH, TaK
KaK OIpeJesieT COOTHOIIEHNE MEX Ty TNIOTHOCTBIO 00-
Pa3yIOUINXCS Ha MOBEPXHOCTH 3apOJIBIIIEH U CKOPOCTHIO
ux paspacrtanus. Hampumep, B pabote [23] noka3zaHo,
YTO ONTUMANBHBIE TEMIEPATYPHI TOMIOKKH AJIS pOCTa
mieHok MoS; B cucteme Mo(CO)e—[(t-C4Hog)2S2], co-
craBisaoT 785-905°C, Tak kak mpu Oojiee HU3KHUX TEM-
nepaTypax pe3ko BOo3pacTaeT IIOTHOCTh 00pa3yrOIIuXCs
LIEHTPOB 3apOXKJICHHUS KPHCTAJUTUTOB, a IPH OoJIee BHICO-
KHX — OCQKIAEMBIN MaTeprai COACPKUT 3HAUNTEIILHbIC
KoJm4decTBa yriepona. [Ipu ocaxxieHnn IIICHOK B Mapax
MoO3 1 S ycTaHOBJICHO, YTO YBEJIMUEHUE TEMIIepaTyphl
nmommokku 10 1000°C momaBisieT mporece 3apoabliie-
00pa3oBaHUs U MPUBOIUT K (POPMHUPOBAHUIO IJICHKH,

Xammab FO. u op.

COCTOSIIEN U3 MOHOKPHCTAIIIMUECKUX JIBYMEPHBIX 3€peH
OoJbIION TUTOIAaIH [24].

Pesynbrare! nccnenoBaHus MpoIecca XUMAYECKOTO
ocakieHus u3 razoBoit gassl B cucreme Mo(CO)g—H»S
[23] cBUIETENBCTBYIOT 00 U3MEHEHUN (HOPMBI 3e€peH
MoS, OT MHOTOYTOJIBHUKOB 10 TPEYyTOIbHUKOB ITPHU
MOBBIIIEHUU TEMIIepaTyphbl carnmpupoBOH MOIITOKKH.
ABTOpBI clieiany MpearnolokKeHUe 0 TOM, YTO B UHTEP-
Basie Temneparyp 650-700°C npouecc TMMUTHPYETCS
MTOBEPXHOCTHBIMH PEAKIMSIMHI, TPUYEM TTOBBIIIIEHUE TEM-
MepaTypbl COMPOBMKIAETCS OBICTPHIM POCTOM pa3MeEpPOB
3epeH, a B obnactu temmepatyp 700—750°C mporuecc
MPOTEKaeT B YCIOBUAX OU(P(PY3HOHHOTO pexumMa, Ipu
KOTOPBIX pa3Mep KPUCTAJLUIUTOB MPAKTUICCKH HE YBEIH-
ymBaetcs. [Ipu Temmeparypax Boite 850°C 3apoxkaeHne
KPHUCTaJUTUTOB 3aTPyIHEHO M3-3a CYIIECTBEHHOU J1ecopO-
UM alaTOMOB PEareHTOB. DTU JAaHHbIE HAXOAATCS B
MIPOTUBOPEUYUH C JaHHBIMU paboThI [25].

Lens paGoThl — HM3yUYEHUE BIHUSHUS TEMIIEPaTyPHI
OCaXIEHUS HA COCTaB, MOP(HOJIOTHIO U CTPOCHNE IIIEHOK
qucyinbhuaa MoruoaeHa, HOPMUPYEMBIX XUMHUECKUM
OCaXICHHEM U3 Tra30BOH (a3bl B CUCTEME PEareHTOB
MO(CO)6~HQS.

3KCHepI/IMeHTaJI]>HaH HacThb

Ocax/eHue MICHOK AUCYIb(puIa MOJUOICHA OCY-
HIECTBIISIOCH B TOPU3OHTAJIBHOM KBapLEBOM peak-
TOpe ¢ TOPAYUMH CTEHKaMH, 00OTpEBaeMBIMH Harpe-
BaTelleM PEe3WCTHBHOTO THIa. B kKadecTBe peareHTOB
HCIIONIb30BANUCE KapOoHMI MonuoaeHa Mo(CO)g (OO0
«[TuBu», TY 6-02-968-74) u cepoBogopon HoS (x.4.,
00O «Monwurtopunry). Ilopomok Mo(CO)s momeranu
B Hcmapurtenb U HarpeBaiau 10 30°C mis 10 CTHXKCHHS
KOHIICHTpAIMK MMapoB KapOOHMIa, o0ecrneyuBaromei
OCaXkJleHHuEe MaTepuaja ¢ MPUEMIIEMBIMH CKOPOCTSAMHU.
st mpenoTBpalieHus KOHACHC AU MapoB KapOoHMIIa
MOHO/IeHa B TA30BOH MarucTpad, MpeaHa3HaYeHHOH
JUISL €TO TOCTAaBKU B PEaKIIMOHHBIA 00bEM, MarucTpaib
HarpeBalid JICHTOUHBIMU HarpesareasiMu ao 150°C.
Apron (BY, OOO «MOHHUTOPHHI») UCIIOJIB30BAJICS B
KadecTBe Taza-Hocureds mapoB Mo(CO)g.

Bo Bcex skcneprMeHTax JaBleHHE B peakTope Mo-
nepxxuBanock Ha ypoBHe 67 [la. Ilepen Hadamom mpo-
IIECCOB OCAXJIEHHUS PEAKTOP BaKyyMHPOBAJICS JI0 STOTO
JTABIICHHSA, 3aTEM TeMIIepaTypa HarpeBaTeIbHOTO YCTPO-
CTBa YBEIUYHMBAJIACh /IO 33JaHHOTO 3HAYEHUS CO CKO-
pOCThIO 25 rpaj MUH | P OIHOBPEMEHHON IPOIYBKE
peakTopa razoM-HocHuTeIeM Ar, Jaliee OCyIIeCTBISIIACh
BBIZIepKKa B TeueHrne 30 muH. Pacxonm raza-mocurens
napoB Mo(CO)g BO Bcex 3KCIEPUMEHTaX COCTaBIIAI
10 mur-Mub~! ¥ U3MEPSIICS HIEKTPOHHBIMU PACXOIOME-
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pamu ¢ TouHocthio 5%. Pacxon H)S monnepxusancs
Ha ypoBHe 10 miumua! ¢ TouHOCTBIO 1%. OcaxneHue
TUIEHOK M0S; OCYIIeCTBISIIN B WHTEPBaJe TeMIIeparyp
250-850°C, TOYHOCTH HOAACPKAHUS TEMIIEPATYPHI CO-
craBisuia 10°C.

B kauecTBe motokKeK UCIOIB30BATUCH MOHOKPH-
CTaJINYECKHE TIIIaCTUHBI KpeMHus Mapku KO®d-4,5
(OAO ITXM3) c opuenTanueii (111), a Takxe KpeMHH-
€BBIC MOMJIOKKH C HAHECEHHBIM ciioeM SiOj TONIIHHOMI
100 uM. Ilepen ocaxaeHrEM MOBEPXHOCTh MOIJIOKEK C
eI TOTIOTHUTEIFHONW OYHCTKH TIOABEPraiach Iocie-
noBaresibHOM 00pabotke B arerone (OI1-2 oc.u. 9-5, AO
«9xoc-1»), atmnoBoM cimpte (X.4., Merck) u npoMbiBke
B IMCTWJLTUPOBAHHO BOJIE (JIBOWHAS IIEPETOHKA B KBap-
[IEBOH ammaparype), Mocie 9ero MOII0KKH OCYIIand B
moToke azota (B.4., OO0 «MOHUTOPHHTY).

Mopdomnoruro u cocTaB OCaxIeHHBIX MJICHOK U3yda-
JIU C TIOMOIIBIO0 PACTPOBON AIEKTPOHHON MHUKPOCKOIIUN
(POM, Supra 55 VP). PearrenoBckast poTOIEKTPOHHAS
cnexrpockomusi (SPECS HAS 3500) Ovinia ucrions3oBana
JUTS BBITIOJTHEHUSI XUMUYECKOTo aHanu3a. [IpucyTcrBue
KPUCTAINIMYECKUX (a3 BBISBISIH C TIOMOIIBIO TH(-
pakuuu peHTreHoBckux nydei [SuperNova, Agilent
Technology, Cuk,, (A = 1.5405 A)]. Jl11s OLleHKH OTHOCH-
TEJNBHOTO coepkaHus Kpuctamtnyeckux ¢asz 3R u 2H
ncnonb3oBanu nporpammy HighScore Plus 3.0, ocHoBan-
HYyIO Ha METOJe YTOUHEHUs] PUTBENB/1a, TTO3BOIIAIONIYIO
paccunTtath (ha3oBBI COCTAB HA OCHOBE COOTHOILICHHS
WHTEHCUBHOCTEH TUPPaKINOHHBIX peduiekcoB. lanHbe
JUTS CTPYKTYPHBIX Mozeneit MoS; mst 2H (P63/mmc) n
3R (R3mH) momndukaruii ObUTH B3ATHI U3 0a3bI JAHHBIX
HeopraHuieckux kpucramios (3amucu 49801 u 38401
i1 MoS;). Bece mapaMeTpsl CTpyKTypBl, KpoMe mapa-
METPOB PEIIeTKH, OCTABATHCH TOCTOSHHBIMA. [Ipodummn
MUKOB OBUTH ONHCAaHBI B paMKax IOAXO0Ja, UCIIONIb3ye-
MOTO IIPU MOJCNTUPOBAHUU NPHUOOPHOH PyHKIMU Asst
T€OMETPUH PACXOISIIErocs Myyka ¢ y4eToM (eHOMEHO-
smorudeckoit monenu CtuBeHca [26].

Criektpsl kKoMOMHaIOHHOTO paccessaus ceeta (KPC)
OBUIN TOJTyYeHBI P KOMHATHOW TeMIieparype Ha MU-
KpopamaHoBckoM criekrpomeTpe Horiba LabRam HR800,
ocHareHHoM CCD-neTekTopoM B reoMeTpur 00paTHOTO
paccessHus. B kagecTBe MCTOUHWKA BO30YKISHUS HC-
TMOJIH30BAJICS TBEPIOTEIBHBIH J1a3ep ¢ JUOIHON HaKauKoi
Y JUTUHOM BOJIHBI u3nyuenus A = 532 um (2.331 3B) B
HETpephIBHOM pekume. Vcronp3oBascs 00bekTuB 20,
IUaMeTp IsITHAa BO30YXKAAOIIETO Ja3epa COCTAaBIISI
~5 £ 0.5 MKM, pa3mep o0acTu MOI0KKH, ¢ KOTOPOH
cobupaJicsi aHaIM3UPyEMBIH CUTHAI, — KBaJApar co CTO-
poHoit 5.5 £+ 0.5 mxM. [I10THOCTH MOLTHOCTH HaKa4uKu
20 MKkBT-MKM 2,

OO0cyxneHue pe3yJbTaToOB

AHanu3 u300pa’keHUi, MOJYYEHHBIX C TOMOUIBIO
pPacTpoBOro 3JIEKTPOHHOIO MHKpockona (puc. 1), mo-
BEPXHOCTH OCAKICHHBIX 00pa3l0B CBUIETEIbCTBYET O
CYIIECTBEHHOM HM3MEHEHUU MOP(OIOTHH IUIEHOK MPHU
IMMOBBIMICHUN TEMIICPATYypPhbl OCAXKACHUA B UHTCPBAJIC
250-850°C. BonpIMHCTBO MOTYYEHHBIX 00pa3LoB CO-
CTOSIT U3 BEPTHKAIBHO PACIIONOKEHHBIX HAHOJICTIECTKOB.
[Inenka, ocaxnennas mpu 250°C, COCTONUT U3 BEPTHUKAIb-
HO PacIOJIOKEHHBIX HAHOJIETIECTKOB, MMEIOIINX HEOOIb-
mme pasmepsl (MeHee 150 HM) B pa3inu4HyIo ClIy4alHyIo
opueHTanmo. Ha nmoBepxHoCTH JenecTKOB B 00pasuax,
IIOIYYEHHBIX [IPU OTHOCUTEIHHO HU3KUX TeMIepaTypax
(10 450°C), nabnromaercsi oOpazoBaHue HEOOJIBIIOTO
pasMepa XJIONbeB 1 00pa30BaHUH, XapaKTePU3YIOIIIXCS
JIEHAPUTHOMN CTPYKTYpOM.

Pesynbrarsl n3ydeHus Mopdosoruu mieHok, 0cax-
JICHHBIX MPH 00Jiee BRICOKUX TeMmmepatypax 550—750°C
(puc. 1, e—e), TakKe CBHIETEIBCTBYIOT O COXpaHECHUH
BEPTUKAJIBHOTO POCTa HAHOJIETIECTKOB, OPUEHTHPOBAH-
HBIX HEePHEHIUKYIIPHO NoAnoxke. CienyeT OTMETHTb,
YTO IMOBBINICHUEC TEMIICPATYPBI HPUBOAUT K YBCIINYC-
HUIO Pa3MepOB U TOJIIMHBI HAHOJETECTKOB, a TaKKe
paccTosHusl MeX1y HUMH. IHTEpeCHO OTMETHUTH U TOT
(haxT, uTO HaHOJENMECTKU oOpasyrorces (puc. 1, o) He
HETOCPEICTBEHHO Ha MMOBEPXHOCTH MOJIOKKH, & Ha TI0-
BEPXHOCTH HEKOTOpOro OydepHoro ciost, popmupyemoro
Ha MOAJIOXKKE, BEPOSITHEE BCETO, B HAUAIBbHBIH MOMEHT.
O06pa3ipl, MOMy4YeHHBIE B TOM HHTEpBaJle TEMIIEpaTyp,
COCTOSUIM U3 JICTIECTKOB C IVIa/IKON IIOBEPXHOCTHIO.

[ToBrimienne Temneparypsl ocaxaeHus a0 850°C
MIPUBOIMIIO K KapAHMHAIBHOMY U3MEHEHHIO MOpdonorun
IIJICHKH, TaK KaK BEPTHKAJIbHBIM POCT HAHOJIETIECTKOB
IIPAKTUYECKU HcUe3all.

BaxHO OTMETUTBH, YTO B SKCIIEPUMEHTAX HCIIOIB30-
BAJIMCH MOJUIOKKH U3 Pa3HBIX MaTepHalioB (B TOM YUCIIE
KBapll, KDEMHUH U OKCHJ KPEMHHUS), OHAKO 3TO HUKAK
HE CKa3bIBaJIOCh HAa MOP(OIOTUHU OCAXKIAEMBIX CIIOEB.

YcraHOBJIEH HEMOHOTOHHBIN XapaKTep 3aBUCHMOCTH
BBICOTHI BEPTHKAJIbHBIX HAHOJICIECTKOB OT TEMIICPATYPhbL
ocaxneHus (puc. 2). Habmronaercs yBennueHne BBICOTH
HAHOJIENIECTKOB C pocToM TeMmepaTypsl 1o 450°C, a
JlaJbHEMIIee yBEIMUEHUE TEMIIEPATYPhl IPUBOIUT K €€
YMCHBIICHHUIO. BCpOHTHCe BCETO, ITPU HU3KUX TCMII€pa-
Typax CO3JAIOTCs OIaroNpuUsTHBIC YCIOBUS IJIsl pOCTa
OOKOBBIX TIOBEpXHOCTEH (pedep) HAaHOJETIECTKOB, TIPHYEM
3TO MPOSABISIETCS U B (OPMHUPOBAHUH HA MX MOBEPX-
HOCTH HEOOJIBIIIOr0 pa3Mepa XJIONbeB U 00pa30BaHUM,
XapaKTePU3YIOIMXCS ICHAPUTHON CTPYKTYPOM, KOTOpHIE
UCYEe3al0T Ipu Temiieparypax Boiie 550°C.



996

Xammab FO. u op.

10-() HM

200 HM

200 HM

Puc. 1. N300paskeHus1, HOMy4YeHHBIE C TOMOIIBIO PACTPOBOTO IEKTPOHHOTO MHKPOCKOIIA, TOBEPXHOCTH IUICHOK, OCAXK/ICH-
HbIX 1pH 250 (a), 350 (6), 450 (), 550 (2), 750 (0), 850°C (e).

Bce BcTaBkM — TOTNEpeUHbIE CeUEHUS MIIEHOK; o — MONEPEeYHOe CeUeHUEe MISHKH, OcaxaeHHOH mpu 750°C.

Ha pentrenorpamme o0pasna, CHHTE3HPOBaHHO-
ro mpu temreparype ocaxaenus 250°C, Habmogancs
LIUPOKHUHA (OH U MOJIHOE OTCYTCTBHE AUPPAKIMOHHBIX
pedIiekcoB, 4TO CBUACTENLCTBYET 00 aMophHOCTH 00-
pasua. Ha penTrenHorpammax o0pasiloB, MOJTYYCHHBIX
ipu 450°C u GoJiee BBICOKUX TeMIleparypax, o0Hapy-
JKUBAJICS CXOKHW CHUTHAI, HO M HAOMIOAAINCH MIHPO-
Kue nupaknoHHbIe pedIeKChl, OTHOCAIINECT K TU-
cynbduay monudaeHa. Hamuune mupokux pediaekcos
Ha pEHTTeHOTrpaMMe CBUAETEIbCTBYET O MPUCYTCTBUU
amopduznpoBaHHOTO MOS, M YacTULl KpUCTaInYe-
ckoro MoS; mainoro pasmepa. PentreHoda3oBslii aHa-

JIU3 TPOJIYKTOB CHHTE3a, MojlydyeHHBIX npu 450°C u
0oJjiee BBICOKHX TeMIIEpaTypax, Mokasal, YTO OHU CO-
CTOSIT U3 CMECH JABYX KPHCTAJNIMYECKUX MOAU(UKAINN
nucynb(umaa MonubaeHa: rekcaroHanpHoi 2H-MoS, n
pombosnpudeckoii 3R-MoS,. Obe 3T MoauduUKaIuu
MOXHO paccMaTpHBaTh KaK MOJIUTHUIIBI, TIOTOMY YTO OHU
Pa3IMyaloTCs MOCIEN0BATEIbHOCTHIO0 aTOMHBIX CJIOEB,
MIEPIIEHANKYISIPHBIX OCH ¢, 1 (a3za 3R-MoS; xapakrepu-
3yercsi 0oJiee HU3KUM YPOBHEM CHMMETPHUH CTPYKTYPHI.
PentreHorpaMmel nccieayeMbIx 00pa3oB, OCaKICHHBIX
mpu 350 n 450°C, xapakTepu30BaIlCh HAJIHYUEM CHIIb-
HOTO JU(PaKIIMOHHOTO pedreKca, pacloIoKEHHOTO Ha
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Puc. 2. 3aBucrUMOCTb BBICOTHI HAHOJIETIECTKOB OT TEMIIEpa-
TYpBI B 30HE OCAXICHHUS.

20 = 14.5° (puc. 3), 00yCIIOBIEHHOTO OTPaXEHHEM OT
wiockoctelt (002) rexcaronanbHoi hazer MoS; (JCPDS
Ne 37-1492), a Takxke pedUIeKCOB C BBICOKOH MHTEH-
CHUBHOCTBIO B oOmactu 20 = 33-34°, 00ycnoBIEHHBIX
oTpaxxkeHusiMu ot rockocteit (100) u (101). Oxrako
B CHJTy TOTO, YTO Ha PEHTTEHOBCKOM AM(paKkToMeTpe
pean30BBIBAIICS METOJ IMOPOIIKA, HAa PEHTTeHOrpaMMe
MOTIJIM TIPUCYTCTBOBATh OTPAKEHUS TOJIBKO OT aTOMHBIX
TUIOCKOCTEH, PacIIoNarafoIIuXes MapajuieIbHO MOII0XK-
Ke, B CBsI3U ¢ ueM orpaxkeHue (002), BeposiTHEE BCETO,
MPOUCXOAMT OT TOPHU3OHTAIBLHOTO cllos MoS,, 00pazyro-
LIErocs Ha HaYaJIbHOW CTaJUK POCTa IJICHKH, & OTpaxKe-
Hus (100) u (101) oTHOCATCS K aTOMHBIM IIOCKOCTSIM B
BEPTUKAIBHBIX HaHoJernecTkaX. [1o00HbIe PEeHTIeHO-
TpaMMBl, TIOJTyYeHHBIE OT TUIEHOK C BEPTHKAIBHO pacIio-
JIO)KEHHBIMH HaHOJIETIECTKAaMU AUCYIb(HIA MOTHOIeHa,
paHee HaOTIOMAIKCE U B Ipyrux padorax [27, 28].

PeHTreHorpaMMsl TUIEHOK, OCAXKISHHBIX IIPH OoJee
BBICOKUX TeMIIepaTypax, CBUACTEIbCTBOBAIN O MOCTE-
MEHHOM YBEJIMYEHUHU I0JIU pOMOO3ApUIECKOr (a3bl ¢
MOBBIIIICHHEM TeMIIEPaTyPhl OCAKICHUSI.

Kax ymomuuanocek panee, orpakenns (00L) xapak-
TEpHBI JUIsl TUICHOK M0S;, Moy3nuTakcuaibHO BIpa-
LIEHHOTO MapajieNIbHO MOBEPXHOCTH MOJIOKKH, TOTAA
kak orpaxkeHus (100) u (101) oTHOCATCS K BEpTHKAIb-
HBIM HaHOJIETIECTKaM. JTa KapTHHA XapaKTepHa JUIs BceX
PEHTTEeHOTPaMM IIEHOK, CPOPMHUPOBAHHBIX MTPU pa3HBIX
TeMIlepaTypax, U CBUIETEILCTBYET O TOM, YTO Ha HAYaJlb-
HOM 3Tarre pocTa 00pa3yrTcs UMEHHO TOPU30HTaIbHbIE
CIIOH, a 3aTEM C KaKOT0-TO MOMEHTa BPEMEHN HaunHAETCsI
BEPTUKAJIbHBINA POCT HaHOJEenecTKOB. [lonyyeHHbIe B X0-
Jie peHTreH0()a30BOro aHaNIN3a Pe3yabTaThl XOPOIIO CO-
IJIaCyrOTCS C pe3yibraTamu anann3a POM-u3o0paxenuit
MTOTIEPEYHBIX CEUeHUH cioeB (puc. 1).

Pesynbrarel peHTreHoAN(PaKIIMOHHOTO aHaJIH3a 10-
3BOJIMJIU TIOJYYUTH JOMOJHUTENbHYI0 HHQOPMAIUIO O
BJIMSTHAW TEMIIEpaTyphbl OCAKICHHUS Ha TapaMeTp perieT-

(%)
(9]
T

[\
W

W
T

MNHTEHCHBHOCTB, OTH. €1.
>
T

10 30 50 70
26, rpan

Puc. 3. PearrenorpamMmma mieHok MoS,, oCaXXJeHHBIX Ha
KpeMHHeBor nojuiokke mpu 350°C.

KU ¢ TeKCaroHaJIbHOM (pa3bl, HCIONB3YS COOTHOIICHUE
bpoarra u nonoxenne nuauu otpaxkenus (002). Kak yna-
JIOCh YCTaHOBUTH (puC. 4, a), BCce 3HAYCHMS MapaMeTpa
peIIeTKA OCaXASHHBIX TUIEHOK MoS, oTiin4aioTcs OT
3HAYEHHUs, XapaKTePHOIro i1 00bEMHOTO Marepuana
(6.16 A, JCPDS 06-0354), 3a UCK/IIO4eHUEM IITIEHOK,
ocaxaeHHbIX pu 450°C, 1151 KOTOPBIX 3HAUYEHUE Mapa-
METpa C COBIAJaeT CO 3HAYCHUEM JIJIsl TeKCaroHaIbHOM
moaudukanuu 2H. C OBbIIIICHHEM TeMIIEpaTyphbl 0CaXkK-
JCHUS TapaMeTp PELIETKN ¢ YMEHbBIIAETCS U IPHOJIHKA-
eTCs K 3HAUEHHIO, XapaKTePHOMY ISl TIOCTOSTHHON pe-
metkn ¢asel 3R (6.11 A, JCPDS 06-0354). [TonyueHHsie
pe3ysbTaThl, BEPOSITHEE BCETO, TAKKE CBUIETEIbCTBYIOT
006 n3meHenun cootnomenust 2H u 3R kpucrammmueckux
Moxudukanuit MoS,. YcraHoBeHa 3aBUCUMOCTE OT TEM-
NepaTypbl OCAXKACHHUS J0JIM KpUcTaIndeckoi das3sl 3R
B CUHTE3UpPYEMOM MaTepuaje, KoTopas BapbUpOoBajach
B Wana3oHe npuMepHo oT 0 Ipu TeMIeparype ocaxie-
Hus1 450°C o 90% npu Temmieparype 750°C (puc. 4, 6).
Beposrhee Bcero, ¢ MOBBIIIICHHEM TEMIIEPATyPhI YBEIIH-
YHMBAETCSl CKOPOCTh 00pa30BaHMsI MPOIYKTOB, YTO MPHBO-
JWT K YBEJIIMYCHUIO UX Ae()EKTHOCTH U COTPOBOXKIACTCS
YBEIMUYEHUEM JIOJIA POMOO3IPHYECKON KPUCTATUTNIECKON
(a3er 3R, ms xoTOpOH XapakTepHa Ooiee HU3Kas CTe-
NIEHb CUMMETPHH.

PesynbraTsl peHTreHoda3zoBoro aHanusa mo3BOJIH-
JY OIEHUTHh M 3HAYEHWS TOJIIIUHBI TOPU30HTAIBHBIX
00pa3yIonuxcsl Ha MEePBBIX dTalax MmpoIecca ocax/ie-
HUS TOHKHX TUIEHOK MoS), OTY4YeHHBIX MPU pa3iny-
HBIX Temreparypax. PacueTr mpoBoauics mo ¢gopmyie
Illeppepa Ay OTpaKeHUM, COOTBETCTBYIOIIMX IUIOCKO-
ctsim (002), pacrionararomyMcst apajuieIbHO TOIIOKKE.
ITonydennsie pe3ynbTarhl (puc. 4, ) CBUACTEILCTBOBAIN
00 yBEINYEHNH TONIIHHBI TOPU30HTATIBLHOTO CJI0S OT 6 110
47 HM IIpH NOBBIICHUU TEMIIEPATYPBI OcaxAeHUsA OT 350
no 750°C, mpuaeM HaOmIoAancs cKadkooOpa3HbIA pOCT
ToMMHEI B oonactu 450°C.
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Puc. 4. 3aBucumocT napameTpa pemeTk ¢ rekcaroHansHou (a3l 2H MoS; (a), nonu pombosnpuueckoit daser 3R (6)
U TOJIIUHBI TOPU30HTAIBHOTO CII0sI, paccuuTaHHoil 1o dopmyie Ileppepa (6), OT TemmepaTypbl OCaXACHHS.

JlaHHBIE CIEKTPOCKONIH KOMOUHAIIMOHHOTO pacces-
HUS1 CBETA MO3BOJISIIOT OLIEHUTH CTENEHb KPUCTAITINYHO-
CTH W COBEpIIEHCTBA CTPYKTYpHl M0S> [29] 1 B 11enom
COTJIACYIOTCS C IPEABIAYIIMMHU JAaHHBIMUA 00 M3MEHEHUHU
CTPYKTYPBI OCaXJaeMbIX 00pa3IoB C TEMIIEpaTypoi
ocaxneHus. Ha Bcex criekTpax (puc. 5) MpUCYTCTBYIOT
JIBE IPKHE XapaKTePHUCTHIECKHE KOIeOaTeIbHbIE MOIBL,
pacnionoxkennsie pu ~382 u 407 cm~!, koTOpBIE MOTYT
OBITh OTHECEHBI K KojebaTenbHbIM MofaM By u A
pemeTkr MoS; COOTBETCTBEHHO (IITMPUHA TTHKA Ha TTOITY-
BBICOTE 11 Eog cOCTaBNsAET 18 cM !, a mmsa A g — OKOJIO
8 cm1). Ha nekortopsix cnekrpax KPC nabmomaercs
OCTphIii UK npu 521 cm~1, oTHOCsIIMIiCS K KostebaTeb-
Hoii Mozie kpeMHueBoi noanoxku (TO-LO) Si. Pa3znas
WHTEHCUBHOCTh 3TO MOJBI MOXET CBUJIETEIbCTBOBAThH
0 HEOAMHAKOBOM TOJNIIHWHE UCCIEAYEMBIX CHHTE3HPO-
BaHHBIX TIEHOK Mo0S;. C mOBBIIEHHEM TEMIIEPaTyphl
OC@XJICHUS] HHTEHCUBHOCTH YKAa3aHHBIX MOJl YBEIMYMBAa-
I0TCsl, a LIMPUHA TUKOB Eog M A |g yMEHBIIAETCS, YTO CBH-
JIETEIILCTBYET O TIOBBIIIICHUH CTETICHH KPUCTAJUTHIHOCTH
U COBEPIICHCTBA IJICHOK. IHTEpECHO OTMETUTD, YTO C
MOBBILICHUEM TEMIIEPATYPhl OCAXKICHUSI HHTEHCUBHOCTh
Mozbl E1g pacTer, uTo XapakTepHO Ui OPTOPOMONYIECKOM
moaudukanuu 3R [29] u moaTBepkAaeT pe3yabTaThI
peHTreHoga3zoBoro aHanusa. bonbias HHTEHCUBHOCTh
KoJe0aTenbHOW MOJIBI, PACcMOJI0KEHHONW Ha 4acTOTe
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Puc. 5. CiekTpbl KOMOWHAIIMOHHOTO paccesHUs 00pas3IoB

IeHOK Mo0Sj, oCa)XIeHHBIX MPH Pa3HbIX TEMIIepaTrypax
OCaKJCHHUS.
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Puc. 6. PenTreHoBckwii (hOTO3ICKTPOHHBIN 0030PHBIN CIIEKTp TUIeHKH MoS,, ocakaenHoi mpu 450°C.

~226 cm! [LA(M)], 1 mpuCyTCTBHE OCHOBHBIX KoJieOa-
TeabHBIX MO Eog 1 A pemnetku MoS; na ciekrpe KPC
obpasma, CHHTe3upOBaHHOTO Mpu Temieparype 250°C,
OTpa)kaeT HAJIMYWE B Marepuaje OIMKHEro mopsaKa,
XapakTepHoro Juist MoS;, oTHaKO TeOMEeTpUUECKHe pa3-
Mepbl chpOpMUPOBAHHBIX HAHOJIETIECKOB SBISIOTCS Ha-
CTOJIBKO MaJIbIMH, YTO Ha PEHTTCHOTPaMMaxX OTPa)KEHUs
OTCYTCTBYIOT.

Ha Bcex crnekTpax NMpUCYTCTBYIOT ABE CHUJIbHBIE Xa-
PaKTEepUCTHYECKUE MO/IbI KOMOMHALIMOHHOTO PAaCCEsHUS
E2g u Ajg, koTOpBIE HAOMORaMCh 1pu 382 u 407 e
(mMpuHa nuKa Ha TMonyBbICOTE I Ezg cocTaBnser
18 em!, a mst Aq g — OKoIIO 8 cm ). AHanus crieKTpoB
KOMOHMHAIIMOHHOTO PacCesiHUS TUIEHOK, OCAXKICHHBIX MPU
pa3HBIX TEMIIEPaTypax, MOKa3bIBAET, YTO C MOBBIIICHH-
€M TeMIlepaTyphl OCaXICHNUI WHTEHCUBHOCTH YKa3aH-
HBIX MOJI yBEIMYMBAIOTCS, @ IMPUHA MUMKOB Eog m Ajg
YMEHBIIAETCA, YTO CBUAETENHCTBYET O MOBBILIEHUHN CTE-
MEHN KPUCTAJUIMYHOCTH U COBEPILIECHCTBA IUIeHOK. C 1mo-
BBIIIICHHNEM TEMIIEPaTypPhl OCAXKACHNS HHTEHCHBHOCTH
monsl Ejg pacTer, uTo XapaKTepHO A7 OpTOpoMOuYe-
cxoit moaudukanuu 3R [29] u moaTBepKIACT pe3yb-
TaThl peHTreHodasosoro ananmmsa. Hammumne mon Epg u
Ajg B CIIEKTPE KOMOWHALIMOHHOTO PAaCCESTHUA aMOP(PHBIX
o0pa3noB, nonyueHHsx npu 250°C, o0yclIOBICHO
HaIWYHEeM B HUX OJFMIKHETO MOpSIIKa B PACIIONOXKEHUU
aTOMOB, XapaKTEpPHOTo ISl JUCYIbduaa MoiIubaeHa,
OJTHaKO TeOMETpHUUYECKHEe pa3Mepbl chOPMHUPOBAHHBIX
HaHOJIETIECKOB SBJSAIOTCS HACTOJBKO MaJIBIMHU, YTO Ha
pEeHTreHorpaMMax OTPakKEHUS! OTCYTCTBYIOT.

g nonyyeHust nHGOPMAMU O COCTaBE, XUMHUYE-
CKOM COCTOSIHMM JIEMEHTOB U CTEXUOMETPHH OCAKAEH-
HBIX MaTepualioB HCIOIb30BANIaCh pEHTTeHOBCKas (oTo-
ANEKTpOHHAs criekTpoMeTpus (puc. 6). BepostHee Bcero,
npucytcreue O u C 00ycioBneHo aacopOuueil OKCuaoB
yIJIepoa Ha IOBEPXHOCTH 00Pa3LOB U3 OKPY>KaoLIeH

arMochepnl. Kakux-1m00 W3MEHEHHUH CIIEKTPOB, CBSI3aH-
HBIX C MOSIBICHUEM HOBBIX MTUKOB MPU WU3MEHEHUH TEM-
neparypsl ocaxzaeHus, He oOHapyxeHo. OngHako Oonee
JeTaJbHbII aHAIU3 MOJyYCHHBIX CIIEKTPOB CBUICTENb-
CTBYET 00 N3MEHEHNHU CTEXHOMETPUIECKOTO OTHOIICHUS
S/Mo B nony4eHHbIX 00pasiax, KOTOpOe YBEIMUHBAIOChH
¢ 1.98 mst 06pasznoB, ocaxaeHHsix mpu 350°C, mo 2.06
Tt 06pa3ioB, moay4yeHHbIX mpu 450°C.

BoiBoabl

Temmeparypa MOMIOKKH OKa3bIBaeT CYIIECTBEHHOE
BIIMSTHUE HA CTPYKTYPY M CTPOCHHUE MPOIYKTOB CHHTE3A,
MOIY49aeMbIX XUMHYECKIM OCaXI€HHEM U3 Ta30BOH (a-
36l B cuctreMe Mo(CO)s—H>S mpu moHmkeHHOM IaBIte-
Huu. Ciion, copMUpOBaHHEBIE B HHTEPBAJIC TEMIIEPATyp
250-750°C, npeacrapnsuii cOOOW MacCHUBBI, COCTOSIIIIUE
Y3 BEPTHKAIBHBIX HAHOJIETIECTKOB TUCYIb(pHIa MOIHOIe-
Ha, BBICOTa KOTOPhIX yBenmmunBaercs ot 200 go 1500 am
¢ poctoM Temmieparypsi 10 450°C, a gansHeliiee yBenu-
YeHHe TeMIepaTypbl OJI0KKY IPUBOAUT K €€ YMEHBIIIe-
HUI0. Bo Bcex cirydasix HaHONENECTKH 00pa30BHIBAIUCH
Ha mIeHke MoS,, hopmMupyeMoli Ha HadaJlbHOM dTare
npoliecca, TONIMHA KOTOPOH yBeIMYHBaJiach OT 6 110
47 HM TIpY TIOBBILIEHUH TEMIIEPATYPhl OCAXKACHHS B UH-
tepBasie 350-750°C. Ocaxnaemplii MaTepuanl COCTOUT
W3 IBYX KpUcTaumdeckux momudukarmit MoS, (2H u
3R), mpuueM ¢ MOBBIIICHUEM TEMIIEPATYPHI OCAXKICHUS
noist ¢asel 3R pacter. Cion, ocaxxaeHHbBIE B UHTEPBa-
ne temmeparyp 400-500°C, umenn cocTaB, OIU3KUN K
crexuomeTpuaeckomy. [lomydeHHbIe CBEIEHUS UMEIOT
Ba)XHOE MPUKJIaTHOE 3HAYCHUE, TAK KaK MMO3BOJISIOT BBI-
OupaTh TeMIepaTypy OCaxACHHs, 00eCTIeYnBaIOIIYI0
(hopmupoBaHue CIOEB ¢ TPeOYEMBIMU TEOMETPHUECKUMHU
1 CTPYKTYPHBIMHU XapaKTePHUCTHKAMU HAHOJIETIECTKOB
micynbduaa MonubieHa.
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Paccmompen npoyecc ommviea 600HBIMU pACMEOPAMU NOBEPXHOCTNHO-AKMuUGHbIX gewecma (I1AB) nedhpmanvix
NIEHOK C NOBEPXHOCHIU MBEPO020 MeNd, CONPOBONCOAIOUUIICS PA3PLIBOM IMUX HAEHOK HA OMOETbHbIE YUaACH-
xu. Ionyueno anarumuueckoe ypasuenue, no36onaioujee pacciumvléams IHEP2U0 aKmueayuu 3mo2o npo-
yecca. Bviasnena xoppenayus oantoii snepeuu ¢ pazmepamu muyenn IIAB @ 600Hbix pacmeopax u 8a3Kk0Cmvio
negpmu. IIpeonosicen mexanusm npopviea HepmAHbIX NIEHOK NPU UX KOHMaKme ¢ 800HbIMU pacmeopamu 11AB.
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DOI: 10.31857/50044461821080053

Morotee neiicTBre BOJHBIX PACTBOPOB IMMOBEPXHOCT-
HO-akTUBHBIX BemiecTB ([IAB) sBiseTcs CIIOXXHBIM MHO-
ro(pakTOpHBIM MPOIECCOM, 3aBUCSIIHM OT CBOMCTB KOH-
TaKTHPYIOLIHMX B 3TOM Mpolecce (a3 (BOJHOro pacTBOpa,
3arpsI3HEHU U OTMBIBAEMON MOBEPXHOCTH), a TaKKe
MEKMOJIEKYISIPHBIX B3aUMOIECHCTBUN Ha MeX(pa3HBIX
rpanunax 3tux (as. M3-3a clIoxHOCTH paccMOTpeHUs
B3aUMOCBSI3U MEKIY BCEMH dTHMHU (aKTOpamMH K HacTO-
SIIEMy BpeMeHH pa3padoTaHbl NI OOIIUE ITOJIOKESHHUS
Hay4HBIX OCHOB MOIOLIEro AeilcTBusa pactBopos [TAB.
B nocnenaue roaer qaHHOE EiCTBHE MTPENMYIIIECTBEHHO
UCCIIeyeTCs JINLIB C ENbI0 Pa3padOTKU HOBBIX MOIOIIIUX
cpenacts. [Ipu 3ToM TeopeTHueckue NpeCTaBICHUS O
MeEXaHU3Max MOIOIEro AeHCcTBUS 3a nocienaue S50 ner
MPAKTHYECKH He MpeTeprenyn U3MEHEHNH, YTO CIeayeT
U3 UX ONMCaHui B pabotax [1-5].

AKTyallbHOCTh U3y4YEHHS IPOI[ecca B3auMO/ICii-
CTBHS BOAHBIX pacTBOpoB [IAB ¢ HedTsaHBIMU TUIEH-
Kamu 00yciIoBJIeHa ucnoiap3oBanneM 11AB Ha HeQTIHBIX

MECTOPOXKAECHUAX, B TOM YUCIE C LEIbIO MOBBIIICHUS
ko3 unuenta u3pnedeHuss Hepru. Paborsr [6—12]
JIEMOHCTPUPYIOT, YTO UHTEpEC K ucnoib3oBaHuio [TAB
I yBeNH4eHUs He(TeoTHaaun coxpaHseTcd BIJIOTh
n0 mocienHux jetT. OnHako QU3UKO-XUMHYECKUE OC-
HOBBI npuMmeHenus [IAB nns sTol nenu ocrawTcs
HEIOCTAaTOYHO TpopaboranHsiMu. [IpuronnocTts I11AB
JUTS TAKOTO IPUMEHEHHUS TPEUMYIIIECTBEHHO OLIEHUBAIOT
0 TEM K€ XapaKTepUCTUKaM, YTO U MOIOIIee JAeicTBuE,
T. €. 10 CIIOCOOHOCTU CHMKATh MeX(pa3sHOe HaTsKe-
HU€ Ha TpaHWIle paslesia BOIHBIA pacTBOp—3arpsa3He-
HUe (Macyo Wik HeTh) U aATe3UI0 YaCTHI] ITHX 3a-
TpA3HEHHUH K MOBEPXHOCTH TBepzoro tena [3-5, 9-11].
Ha sTom ocHOBaHMHU mojaraercs, 4TO U3BJIEUYEHHE
He()TH U3 IJIACTOB B 3HAYUTEIHHON CTETICHH OTPEeIeNisi-
€TCA €e OTMBIBOM, a He THAPOJWHAMHYECKUM BBITEC-
HeHueM [6], mpudem B [7] oTMedaeTcs, 4TO IpoIecc
OTMBIBA HEQTU AOJKEH COMPOBOXKIATHCS MPOPHIBOM MX
TICHOK.
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Opnako mpouecc OTMbIBa HE(TAHBIX MIICHOK pac-
tBopamu [IAB uccnenyercs numpe B HEMHOTOYHCIIECH-
HBEIX paboTtax [5, 8, 13]. 3a HaYaIbHYIO CTAIHMIO TAHHOTO
Mpoliecca, aHAJIOTMYHO OTMBIBY YacTHI] 3arpsA3HEHUH,
MIPUHUMAIOT MOMEHT, KOTJla Ha IIOBEPXHOCTH TBEPAOTO
Teya o0pa3yrTcs OTAeNbHBIE Kaniau HeQTu (Macia).
PaccmoTpenune cramuu pa3pbiBa CIDIONIHOW HEPTIHOMN
IUICHKH Ha OTAEJbHBIE YYacTKH B paboTax OTCYTCTBYET.

B [14] nns uccnenoBanus nmpouecca OTMbIBa He(TsI-
HBIX IJICHOK BOAHBIMH pacTtBopamu IIAB npumenunu
MoJiesiupoBanue MetogamMu MouTte-Kapio u Moseky-
JApHON AMHAMUKHU. BBUIM paccMOTpPEHBI BO3MOXHBIE
Mozeny B3aumozeiictBust pactBopoB [TAB ¢ HedTsiHEIMU
IUIEHKaMH: MUKPOAMYJIbCUOHHAS, IICHOYHAsA U Auddy-
3noHHag. OmHako B [ 14] oTcyTCTBYET BBIBOJ O HanboIee
3¢ (EeKTUBHOM MEXaHHU3ME MOIOIIIETO ASHCTBHS M KaKue
[TAB cnenyet npennodYTUTENLHO UCTIONB30BATh [T yBE-
JTYEHHUA HePTEOTAaYN XUMHUECKUMH METOJaMH.

TakuMm 0Opa3oM, BBISBISIETCS HEOOXOIUMOCTH TPO-
BEJICHHUS JTOCKOHATBHOTO SKCTIEPUMEHTAIILHOTO U TEOpe-
THYECKOTO UCCIIeOBAHMSI IPOLIECCa OTMBIBA HE(PTIHBIX
IJIEHOK BOJHBIMU pacTBopamu [TAB.

Lenp paboThl — dKCTIEPUMEHTAIBHOE UCCIICIOBAHHUE
Ipolecca OTMbIBa HE(TAHBIX IIJICHOK BOIHBIMH PACTBO-
pamu [TAB B mmpokoM WHTEpBaje TEMIEPATyp U yCTa-
HOBJICHUE €TO MEXaHHU3Ma.

3KCHepHMeHTaJH)Haﬂ 4acTb

Moromiee aeiictBue BonHbIX pactBopoB I1IAB no ot-
HOIICHHUIO K HEPTAHBIM IUICHKAM HCCIIETOBAIH C T10-
MOIIIBI0 YCTAHOBKH, pa3paboTaHHON M MOAPOOHO OIH-
caHHOi B [15]. OTa ycTaHOBKa MO3BOJISIET UCCIIEIOBATh
MpOIIecC OTMBIBA HEPTSIHBIX TUICHOK MyTEM OTIpeselie-
HUS CBETONPOIYCKAaHUS ONTHYIECKON KIOBETHI C BOAHBIM
pactBopom ITAB u nmoMenieHHON B HETO CTEKJIAHHOU

TUTACTUHKON ¢ HEe(TSIHOM IJICHKOI Ha IMOBEPXHOCTH. 3a
CTeleHb OTMbIBa TUIeHKH Hedtu ¢ = 100% npuHUManu
CBETONPOIYCKaHUE CUCTEMBI C YHCTOW MIACTUHKOM B
BonHOM pactBope ITAB, 3a ¢ = 0% — npu nepeKkpbITHI
HeTSIHOM IITeHKOH MaIAfoIIero Ha Hee mydka cBeta. [Ipu
UJEHTUYHOCTH MOATOTOBKH MOBEPXHOCTH CTEKISHHBIX
TUIACTHH (IIPOMBIBKA, CYILIKa, 00E€3KUPHUBAHUE STAHOIOM)
¥ BPEMEHU BBIIEP)KKH TUIACTHH B HEPTH KMHETUIECKUE
3aBHCHMOCTH OTMBIBA INIEHOK HeTH pacTBopamu [1AB
Xopo11o BocnpousBoasres [15].

Hedraneie nnenku co3paBalu Ha NOBEPXHOCTHU
UJECHTUYHBIX CTEKJISHHBIX IJIACTUHOK npu 25°C B Te-
genne 30 MHH MPEUMYIIECTBEHHO U3 o0pasma HeQTH
C IUIOTHOCTBIO p = 877 Kr*M 3 M JHHAMHYECKOU BS3-
kocThio L = 36.2 mlla-c mpu 25°C (oOpaszen HehTH
Ne 1 — 3anaano-CanbiMCcKOe MECTOPOXKIEHHE, XaHThI-
Mancuiickuii aBTOHOMHBIW OKpyT). [l1s cpaBHEHHS
MPOBOJIUIN SKCIIEPUMEHTHI C MJIEHKAMH U3 HEPTH C
MEHBIIEH MIOTHOCTHIO M BA3KOCTBIO: p = 849 Kr M3
u u = 8.4 mlla-c mpu 25°C (o6pa3zer; Heptu Ne 2 —
MypaBieHKOBCKOE MecTOpoxkIeHue, SAMano-Henernkuit
ABTOHOMHBII OKPYT).

Hcnonp30oBaHHBIe B paboTe 00pa3mpl MPOMBIILIEHHO
npou3BoauMbiX B Poccuu [TAB (tabmn. 1) Opi1r oToOpa-
HbI Ha OCHOBaHUM MPOBEACHHBIX B [15] uccnenoBanuil.
PactBoprl [IAB rotoBuim Ha TUCTUIMPOBAHHOU BOJIE
C yaeNnbHOM dnekTponpoBoaHocteio 0.24 MCm M1, a
TAKXKE MOJEIAX MUHEPATU30BAaHHOW U MIJIACTOBOU BOJIBI,
KOTOpPBIE MOJyYyaliyd BBEJCHUEM B JUCTUIUIMPOBAHHYIO
Boay conelt (OO0 «Xumust XXI Bex»): MUHEpaIn30BaH-
Has Boma — 1.5 mac% NaCl (x.4.); mnacroBast Boga —
JOTIOJIHUTENIHHBIM BBOJI B MUHEPAJIN30BAHHYIO BBOIY
coneii sxectkoctu: CaCly'2H,0 — 118 mrear! (x.4.) u
MgCly-6Hy0 — 135 mreor ! (w.m.a.).

Oco00eHHOCTHIO BOAHBIX PACTBOPOB MCCIIETOBAHHBIX
B aHHO# pabote [TAB sBisieTcst CHOCOOHOCTD YCKOPSATD

Taoauna 1
Haspanwus, Tumel, GOpMyITbl U IPOU3BOAUTENN UCTIONB30BAaHHBIX B Pa0OTE MOBEPXHOCTHO-aKTUBHBIX BEIIECTB
Tun Hazpanue Dopmyna [IpousBoauTensb
Heunonorenusie Heonon (neonon AD 9-12) (CoH19)CcH4O(C,H40)12H OAO «HmwxkHekaMCKHEPTEXUM)

Cunranon OC-20A

AnnonaktuBHble | Jlaypun (sraypuicynbgar HaTpus)

Jlayper (ntaypercynbdar HaTpus)

Cynbdonon (anKwideH30cyabho-
HaT HATPHsI)

(CyH2,+1)O(CH2CH20)20H;
n=16-18
C12H25$O4Na

C12H5(C2H40),S04Na
(CyH2,+1)C6H4SO3Na;
n=10-14

OAO «3aBoj1 CHHTaHOJIOBY
(HOPKEM)

000 «XuUMANBSIHCY,
3aBox umenu S. M. Cepanosa
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Cemuxuna JI. I1. u op.

Puc. 1. ®ororpadun HeQTIHON TUICHKH U3 BRICOKOBA3KOM HE(TH HA IIOBEPXHOCTH CTECKIITHHOMN IJIACTHHKH, ITOMEIEHHON
B pactBop I1AB (ma mpumepe 0.5 mac%-Horo pacTBopa CyIb(poHOIA Ha MOIEIH IUTACTOBON BOJBI).

dotorpadun BHIIOIHEHBI TOCIIEI0BATEILHO C MOMEHTA OMELICHUS TUTacCTUHKY B pacTBop ITAB: BBepxy — B Teuenue 20 MuH
npu I'= 35°C, Bau3y — B Teuenue 3.5 mut npu 7' = 55°C.

MPOIIECC OTMBIBA HEPTAHBIX TUICHOK ITyTEM UX TPOPHIBA.
[IpopbIBBI B TIICHKE BO3HUKAIOT M0 HCTEYEHUH HEKOTOPO-
ro BpeMeHH T0CIIe ee moMeleHus B pactsop 1IAB, B Ha-
YaJbHBIA IEPUOJT €MUHIYHBI U IMEIOT MAITyIO IUIOMA/b,
HO 3aTe€M UX YHCIIO W TUIOIMIAIh PE3KO YBEITUIHBAIOTCS
¢ TeM OoJbIIei CKOPOCTBIO, YEM BBINIE TeMIIepaTypa
(puc. 1).

PaznenimM yciioBHO mporiecc OTMBIBa HEPTSHOH ITJICH-
KH Ha ctaauu. | cragus sToro mporecca — HHAYKIIHOH-
HBI{ TIEpUOJ, B TEUCHHUE BPEMEHH T KOTOPOTO CTEIEHb
OTMBIBa TJIEHKH ¢ ~ 0 (OTMBIB M MPOPHIB HEPTIHBIX
IUIEHOK oTcyTcTBYeT) (puc. 2). Ha cnenyromeit cragun
Il B mmeHKe He(TH HAYWHAIOT BO3HUKATH MPOPHIBEI —
MOCJIe HEKOTOPOTO IepexoaHoro mepuoaa mpu ¢ = 0—0.1
CTeTleHb OTMBIBA MJICHKU () MPAKTUYECKH JIMHEHHO pac-
TET CO BPEMEHEM £, UTO CBUACTEILCTBYET O BHIIIOIHEHUN
YCIIOBHS

(t—1)/o = const. )]

Hns craguu 11 MmoxHO BBecTH Oe3pa3MepHBIi napa-
METP MOMIIEro AeicTBus M B Buje

M= (t - D/eto, 2

e ¢t — Bpemst (¢); ¢ = 0.1-1; 19 = 1 ¢ — HOpMHUPOBOU-
HBIH K03 dunment nis obecniedenus Oe3pazmMepHOCTH
M; T — MHIYKUNOHHBIN nepron (C), B TEYeHHE KOTOPOro
¢ =0.

TemneparypHasi 3aBHCHMOCTb BBEIGHHOTO TTapamMeTpa
MOIOIIETO AeUCTBUS M SIBiIseTCS JTUHENHON C BLICOKOM
J0CTOBEPHOCTHIO RZ >0.98 Takoil ee anmpoKCHMAIUH

(puc. 3). JINHEHHOCTH aHATOTUIHOW 3aBUCUMOCTH JISI
NUHAMUYECKO# BsA3koCcTH HedTH W Ha puc. 3 cBume-
TEIBCTBYET O €€ COOTBETCTBUU ypaBHEHUIO DpeHKemns
[16]:

E
Inu=—L+4,. 3
ny RT n (3)

N3 momobust TeMmneparypHbIX 3aBHCUMOCTEH 1y InM u
Inp Ha puc. 3 ciemyer, 9To TeMIlepaTypHYyIO 3aBUCHMOCTb

—_—
(e
o

o
<o

B
o

[\-]
<o

Creneus otMbiBa HedTH, %
N
(e

200 400
Bpewms, ¢

Puc. 2. KuneTudyeckrue 3aBUCHMOCTH CTETNEHU OTMBIBA
0.5 mac%-HbIM pacTBOopoM HeoHona AD 9-12 Ha auctui-
JIUPOBAHHOM BOJIE TUIEHOK M3 00pa3noB Hedtr Ne 1 (mioT-
HOCTB p = 877 Kr-M—3, Ba3kocTh [ = 36.2 mIla-c npu 25°C)
(I-3) u Ne 2 (p = 849 xr'm3 u p = 8.4 mlla-c mpu 25°C)
(1*, 2*) mpu temneparypax (°C): 1, 1* — 27; 2, 2* — 35;
3—50.
Touku — dKCTICPUMEHTAJIbHBIC TAaHHbIC, IUHUY — PACUET IPH
snayenuax Ey = Ey = 28.4 £ 0.5 Kk Momb~! 11t KpUBBIX
13nEv=E,=152+02 kJDx-Monb ! s KpuBBIX 1%, 2%,
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= 14

1 1 1 1 1 1 l 3

2.8 3 3.2 3.4

1000/7 [K 1]

Puc. 3. 3aBucuMoCTs AMHAMUYECKOW BA3KOCTH (/) U mapa-

MeTpa Moromlero aeiictus (2) oopasua Hedgtu Ne 1 (TuioT-

HOCTB p = 877 Kr-M3, BA3KOCTh = 36.2 MITa-c mpu 25°C)

OT TeMIIEpaTyphl PU OTMBIBE HE(TSIHBIX TUICHOK U3 3TOTO

oOpasia HeTH pacTBopoM HeoHona AD 9-12 koHIeHTpa-
nmeit 0.5 mac% Ha TUCTUILTHPOBAHHOM BOJIE.

st InM MOXHO MpeAcTaBUTh B MOJOOHOM YpPaBHEHUIO
(3) Bume:
Ey
InM = In[( — 1)/9t0] = — + Am, 4)
RT
rae R = 8.314 I -monp!; Eyu ENp — 9HEpruu akTuBa-
LIUH COOTBETCTBYIOIIUX IPOLIECCOB.

Motomiee nelicTBrue BOOHBIX pacTBopoB IIAB mo-
MHUMO SHEpPIuu akTUBaUWU Enf B IJaHHOH padoTe Takke
MPEIOKEHO OLICHWBATh 110 BEIUYMHE Oe3pa3sMepHOro
KHHETHYECKOro napamerpa Y = t,/t, rae t, — BpeMs oT-
MbIBa TUICHKH HeTH 10 3HaueHus ¢ = 70% Bomoit 06e3
ITAB, t — pactBopom ITAB Ha 31011 Bosie. OT™MeTHM, YTO
MPEeCTaBICHHBIE B Ta0N. 2 3HAYEHHS JaHHOTO IapaMeTpa
HE KOPPEJMPYIOT HU C BEIMYMHOM Mex(a3HOro Hats-
KEHUS G Ha TpaHuIe paznena HegTb—pacTtBop [1AB, H1
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C paccunuTaHHOM 1o ypaBHeHMIO J{ronpe—tOHra sHeprueit
aare3un W,q HedTH K TBepAon momioxkke. Hampumep,
CKOPOCTb OTMbIBA TUIeHKH HeTH 0.5 Mac%-HBIM BOTHBIM
pactBopom OC-20, HecMOTps Ha OOJIBIIKME 3HAYCHUS
6 U Wyq y 3TOTO pacTBOpa, OKa3bIBAE€TCs BBIIIE, YEM Y
cynb(oHOIa ¢ MUHUMATBHOM BETMUNHON G U Wyq cpemu
HCCIIeNOBAaHHBIX pacTBopoB [IAB (tabm. 2).

Jannblii GakT yoenuTensHO CBUICTENLCTBYET O IIPHH-
LUMUAJIBHOM Pa3iIMuNy MEXaHU3MOB OTMBIBA C IIOBEPX-
HOCTH TBEPIOTO Tela CIUIOIIHBIX MJICHOK 3arpsi3HEHUN U
HX OTAENBHBIX 9acTHL. Ilonaraercs, 4To NpUYMHON 3TOr0
ABJISIETCS pa3IMyue ONpeAeAIoNIel CTaAuy MPOIECCOB.
Takoli craguel, 0T KOTOPOM PEUMYIIECTBEHHO 3aBUCUT
CKOPOCTb U CTENIEHb OTMBIBA [IOBEPXHOCTH MOJIOKKHU OT
3arpsi3HEHUH, ITPU OTMBIBE YACTHLL 3arPS3HEHUI SBISIETCS
UX ylaJieHHe ¢ MOBEPXHOCTU TBEPAOTO Tela, a MPH OT-
MBIBE CIUIOIIHBIX IUIEHOK — HX MPOPBIB.

KoppexTtHOCTh BBIBOAA, UTO ONpENENAIONIEN cTanuei
IIPH OTMBIBE IIEHOK SBIISIETCS MX MPOPHIB, CIEAYET U3
aHau3a KHHETHYECKNX 3aBUCUMOCTeH (puc. 2), Ha KOTO-
PBIX TIPOPBIBY INICHOK COOTBETCTBYET 00IACTh TMHEHHOM
3aBUCHMOCTH ( OT BPEMEHHU ¢. JIerko BUAETH, UTO 3TOH
001acT COOTBETCTBYET OCHOBHOM IMAaNa30H M3MEHe-
Hui @ (¢ = 0.2—0.8 s mrenok n3 HedTu Ne 1 1 mpak-
TUYECKHU BECh IMAMA30H @ IS IJICHOK U3 Hedtu Ne 2).

C 1uenplo BBISICHEHUS MEXaHW3Ma IIPOPBIBA CILIOMI-
HBIX HE(TSIHBIX IJICHOK MPH WX KOHTAKTE C BOJHBIMU
pactBopamu [TAB paccMOTpuM BO3MOKXHOCTB €TI0 WH-
TepIpeTanuy Ha OCHOBAaHUH TPEAJIOKCHHBIX B paboTte
[14] mexanu3moB Mmoromiero nevictsust [IAB: mukpo-
9MYNIbCHOHHOTO, IUIEHOYHOTO M AU(Py3uOHHOTO. DTH
MEXaHM3MbI pean3yroTca Ha ctaauu I Moromiero nei-
CTBUS TIOCIIE 3aBEPIIEHUSI 00pa30BaHUs CIUIOIIHOTO a/l-
copOroHHOTro cios u3 Monekyn [TAB Ha moBepxHOCTH
TUTEHKH He(TH.

Taoauna 2
XapaKTepI/ICTI/IKI/I BOJHBIX PACTBOPOB MOBEPXHOCTHO-AKTUBHBIX BCUICCTB (KOHHeHTpaHI/ISI -0.5 MaC%)
MexdazHoe JHeprus anresut HaI/I6oneeu o Ilepuon HavanbHOMI
HEe(TH K TBEPIOH BEPOSITHBII Kunernuecknit
HaTSDKEHHE Ha DHeprus aKTuBaluu craauu (craguu I)
TIOZITOXKKE JHaMeTp . MapamMeTp OTMbIBA
ITAB rpaHulie pasziena MOIOILIETO IEUCTBUS MOIOILIETO
(crexnsiHHAS munemt [TIAB - HEPTSHBIX TUIEHOK o
HEQTH—PacTBOP Ey, xJx-monp! 350C y* JIENCTBUS
[AB 6. MH ! IacTiHa) W, B pacTBOpe npu 35°C Y’ npu 35°C, ¢
’ K- M2 d, aM ’
Heonon 2.77 0.7 1.2 284+03=E, 6.41 152
0C-20 9.27 3.7 10 39.1+04 4.73 130
Jlayper 7.4 2.0 53.0+0.5 4.07 111
CynbdoHon 0.5 0.1 1.2-1.6 54.0+0.5 3.79 210
Jlaypun 2.44 0.3 54.0+0.5 2.85 112

* Y = t,/t, TIIE t, — BpEMS OTMbIBA IUIEHKH He(hTH 10 3HaueHus ¢ = 70% Bomoii 6e3 [IAB, t — pactBopom [TAB Ha 3T0i1 BozE.
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Cragus Il B cmyyae MUKpO3MYJIBCHOHHOTO MEXaHU3-
Ma MOIOIIETO JAeHcTBUS B padbore [14] cooTBeTCTBYET
nepexomy aacoponronHou wieHku [IAB B MUKpO3IMyITh-
CHOHHOE COCTOSTHHE 32 CUET CONIFOOMIN3AIIH MOJIEKYI
Maclia U OTAENICHHIO 00pa30BaBLICHCs MUKPOIMYIbCHU
OT ITOBEPXHOCTH TBEPAOTro Tena. HempurogHocTs 3T0ro0
MeXaHu3Ma AJii pacCMaTpuBaeMbIX B JaHHOH pabore
[TAB o0ycnoBnena ux HecrnocoOHOCTHIO 00Pa30BHIBATH
CTaOMJIBHYI0 MHUKPOSMYJIBCHOHHYIO (ha3y Ha TpaHUILE
pasnena ¢ HeThIO, 4TO TMOKa3aHo Hamu B [17]. Kpome
TorO, B [15] moka3ano, uro pactBopsl [IAB, crrocobHbBIE
00pa30BBIBATh TaKyI0 MUKPOAMYIbCHOHHYIO (ha3y (Ha-
npuMep, BHyTpeHHHE ojieuH Cynb(QOHATHI C YUCIOM
aTOMOB YITIEpo/ia B YIJIEBOAOPOAHON LIEMIOYKE MOJICKYJIbI
n =20-24), obmagaroT cyIecTBeHHO 0oJiee HU3KOM MOIO-
IIeH CIOCOOHOCTHIO IO CPABHEHHUIO C UCCIIETOBAaHHBIMHU
B fanHO# pabote [IAB (tabm. 1 u 2).

ITo npennoxenHoMy B [14] mIeHOUHOMY MEXaHU3MY
moroulero aeiicteus Ha craguu II monekynsl ITAB nocne
CO3JIaHMS CTUTONTHOTO aJCOPOIIMOHHOTO CJIOS Ha MTOBEPX-
HOCTH TUICHKH HEPTH 00pa3yroT BOASHOW KaHAI MOJ
HeTSIHOH IUICHKOW Ha TpaHMIE ee paszesia ¢ TBepAoil
HOJJIOKKON, CHOCOOCTBYSI TEM CaMbIM OTPBIBY ILJICH-
KH OT TBepmoro teia. Ho ananm3 cocrosHui HepTIHOMH
mwieHkH (puc. 1) mo3BOISET cleNaTh BBIBOJ, YTO TaKOM
MEXaHU3M CHOCOOCTBYET YCKOPEHHIO €€ OTMBIBA JIMIIb
Ha Kpasix, a MpU OTMbIBE LEHTPAJIBbHON YacTH CIUIOMNI-
HOU HEe(PTAHON TIJIICHKN OONBIION IUIOMIAT OH MOXET
MIPOSIBIATHCS JIMIIE TIOCTIE €€ pa3pbIBa, HE BIMAS HA CaM
MIPOLIECC pa3phIBa.

Huddy3rnoHHBIT MEXaHN3M MOIOLIETO AeHCTBUS, MO
MHEHHUIO0 aBTOpOB [14], cBoiicTBeH Mosekyimam I[IAB ¢
BBICOKOM pacTBOpUMOCTHIO B Boae. OHaKo cpeny uccie-
noBaHHBIX [TAB 0oJiee BEICOKMM MOIOIIUM IE€MCTBHEM
XapaKkTepHU3yITCs, HA000POT, MEHEee PacTBOPUMBIE B
BoJle HenoHoreHHsie [IAB 1o cpaBHeHUIO ¢ Ooee pacrt-
BOpuMBbIMU aHNOHHBIME [TAB (Tabm. 2).

Takum oOpazoM, mpeuiaraeMble B TUTEpPAType Mexa-
HU3MBI MOIOLIETO JEHCTBUS HE MOTYT UCIOJIB30BaThCS
JUIsL OITUCAHUS MPOLIECCca OTMBIBA CIIJIOMIHBIX HE(TSIHBIX
ruieHoK. HecooTBeTcTBHE BBISBISIETCS MIPH PaccMOTpe-
HUHU Ja)kKe BBEJICHHOM HaMHU BBIIIE HavyaJdbHOM cTaguu I
3TOTO MpoIEecca, Ha KOTOPOIl CTENEeHb OTMBIBA TJIEHKU
¢ = 0. Bpems 1 3TOi cTaauu OTMBIBA IJIEHOK YMEHb-
maeTcsl Kak MPH YBEIHYCHUH TEeMIIEpaTypsl (puc. 2,
KpuBble /—3), TaKk ¥ MPAKTHYECKH MPOIOPIUOHATIBHO
CHIDKEHUIO BA3KOCTH HePTH (puc. 2, KpuBble [*, 2%).
ITockonbKy dopMupoBanue agcopOLMOHHOTO €0 MPH
JaHHOW TeMIIepaType He JOJKHO OBITh HACTONBKO YyB-
CTBHUTENBHO K BSI3KOCTH HE(TH, HA CTaAuU | HE TOIBKO
(dhopmupyeTtcs ajcopOIMOHHBIN clloi u3 Monekyn [TAB
Ha MOBEPXHOCTHU IUICHKH, HO M CO3JAIOTCS yCIOBUS IS

Cemuxuna JI. I1. u op.

ee TaJbHEHIIIero MpopbiBa. DTOT BHIBOJ MOATBEPKIACTCS
TaKKe 3aBUCUMOCTBIO 3HAUYCHUH T OT SHEPTUH aKTUBALN
CIBUIOBBIX fedopmanuii B HepTH £y

T = exp(EW/RT) + A ®)]

3aBHCHMOCTH OT DHEPTMHU aKTUBALMHU Ey JITUTENBHO-
ctu craguu | Motomiero aeiicteus T [ypaBHeHue (5)], a
TaKKe dHepruu aktuBauuu Ey Ha craauu 11 sToro mpo-
mecca (puc. 3) CBUIOETENBCTBYIOT O TOM, 9TO HE(TSIHBIE
TUIEHKH CO CTOPOHBI KOHTAKTUPYIOLNX C HUMHU BOJHBIX
pactBopoB ITAB noaBepratorcsi ciBUroBBIM Jeopma-
uusaM. B obmem ciyqae Ev > Ey, v TeM Oolnblie, 4em
OoupIe pa3Mepbl MPSIMBIX MHUIIEIT B BOAHOM PacTBOPE
mauHoro tuna [TAB. MunuMansHoe 3Haduenne Ey = E“
BBIsIBNIIETCA y HeHMOHoreHHoro [TAB ¢ MuHHManbHBIM
pasmepoM muuemn (HeoHoia AP 9-12). bonee Boicokoe
3HaueHue Eyy y HemoHorenHoro cuaTanona OC-20 mom-
HOCTBIO coryacyeTcsi ¢ OONBIIUMHU pa3MepaMH €ro Mu-
LeJUT 0 cpaBHEHUIO ¢ HeoHonoM AD 9-12, a st Bcex
BOJIHBIX PacCTBOPOB MCCJIEIOBAaHHBIX B JaHHOW padoTe
aHnoHHBIX [TAB ¢ 6mm3kuMu pasMepamu MUTIEIDT (haKTH-
YEeCKH € HKCIIEPUMEHTAIBHOM MOTPEIIHOCTHIO OKa3bIBa-
I0TCS paBHBIMH U 3HaYeHus Eyp (Tabm. 2). BersiBieHnyto
Koppensnuio Ey ¢ pasmepamu munet IIAB B BogHbIX
pacTBOpax MOATBEPIKIAIOT TAK)Ke MTPUBEICHHEIC B Ta0I. 3
JTaHHBIE — B PacTBOpax Ha MUHEPAJIM30BAHHON BoOJE U
MOJIEIH IIJIACTOBOM BOJBI C COISIMU JKECTKOCTH YBETUYH-
BaroTcs Kak pasMeps! muneit ITAB, Tak u 3HaueHus Ey
JUTSL IX MOIOMIETO JeHCTBHS.

OOBSICHUTH HAIMYUE KOPPENSIHH 3HaYeHUH Ey ¢
pasmepamu munerut IIAB B BonHBIX pacTBopax (T. €. mps-
MBIX MUIIEIUT), HA HAIl B3IV, MOYKHO JIUIIb C TTOMOIIBIO
TUTIOTE36l O BOBMOXXHOCTH MPOHUKHOBEHHUS dTUX MHU-
[EeJUT BHYTPh MEX(a3HOTo cJI0sl Ha TPaHuIe ¢ HETHIO.
Ha nepBwIii B3I, JaHHAS TUIOTE3a MPOTUBOPEUUT
CYIIECTBYIOIINM IIPEACTABICHUSIM O MEX(Pa3HBIX CIO-
SIX, COTJIACHO KOTOPBIM 3TH CIIOM COCTOSIT M3 MOJIEKYI
[TAB, a ux MutIeIUTBI HAXOASITCS B 00beMe pacTBopa. Tem
HEe MEHee BBIJBUHYTas TMIIOTE3a COIVIacyeTcs ¢ TOYKOH
3peHus aBTopoB [18], KOTOpBIE yTBEPKAAIOT, UTO MPO-
necc agcopourm ITAB mpaBmibHEe paccMaTpuBaTh Kak
MpOoLIecC CaMOACCOIHAIINH, IPUYEM CIIEACTBHEM ITOTO
npoiiecca sBisgercss GopMUpOBaHUE B aJCOPOLMOHHBIX
CJOSIX JUCKPETHBIX MUIIEILI.

[Ipu HEBO3MOXHOCTH MPOHUKHOBEHHS MPSIMBIX MU-
et ITAB B mexdaszasie ciou (Wi BOSHUKHOBEHHS HX
B 3THX CJIOSX) OBUTH ObI MPUHIMIINAIBLHO HEBO3MOXKHBI
paccMmoTrpeHHbIe B [14] MUKPOSMYIbCHOHHBIN U AU]-
(y3MOHHBIN MEXaHU3MBI MOIOIIIETO JEHCTBHS, B OCHOBE
KOTOPBIX JIEKHUT SBIICHHE COMIOOMIIN3ANHUH MPIMBIMHU
muriesuiamu [TAB xomnonentos Hed . Ho 3ta comodu-
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Taoauua 3
XapaxTepucTtika Mororero aerctsus 0.5 mac%-HbIx pacTBopoB [TAB npu oTMBIBE HEQTSIHBIX IUIEHOK U3 00pa3mna HedTH

Orep s wooners | o et

Heonon A® 9-12 Juctumnsat 28.4*% £0.3 ~1.2

MuHepann3oBaHHas BoJa 52.5+0.5 ~10

Mopens m1acToOBOM BOIBI 51.7+0.5 ~10
CynbgoHnon Juctunnsat 54.0+0.5 ~1.6

Mopens mI1acToOBOM BOIBI 75.8+0.7 ~160
Jlaypetcynbdar HaTpus Juctumst 53.0+0.5 ~1.2

Mozens m1acToOBOM BOIBI 649 +0.6 ~10

* DHeprus aKTHBAIMK CABUIOBBIX Aedopmanuit £,

nu3anys OyieT HeBO3MOXKHA, ECITH afICOPOIIMOHHBINA CIION
OKa)ETCs IPErpasio, NPErnsTCTBYOENH KOHTAKTY Ipsi-
Mbix Mutiest [TIAB ¢ vedTbio. B cinydyae GonbiinHCTBa
[TAB 5310, N0-BUANMOMY, NEUCTBUTENBHO MPOUCXOIUT,
osToMy He Jo0b1e IIAB criocoOHBI OTMBIBaTh HETS-
HBI€ TUICHKH ITyTEeM UX MPOPHIBA.

Cneuundukoii paccMOTpEHHBIX B JaHHOH padote [1AB
SBIISIETCSA CIOCOOHOCTH OTMBIBaTh HE(TSIHBIC IJICHKH,
HozIBEpras IJIEHKY COBHTOBBIM aedopmarmsaM. OgHako
cleayeT oOpaTuTh BHUMaHUE, YTo u s 3tux [1AB Ha
(opMHpOBaHHE YCIOBHI IS IPOPBIBA HEPTAHBIX TUIE-
HOK HeoOxoanMmo JuuTensHoe Bpems. [lepuoa craguu I
B HEKOTOPBIX CIIydasX OKa3bIBAaCTCs AJIUTEJIbHEE CTa-
nun 11 ormbiBa mieHOK (puc. 2, kpuBble /—3). [Tomaraem,
YTO MECTO MEPBOrO MPOPHIBA MJICHKU CIy4yaiHO, 00y-
CJIOBJICHO MHAMHYECKUM COCTOSIHHUEM aACOpOLUOH-
HOTO MeX(a3HOro Cllos, HaJJU4UeM B HEM OUCIIOEB U
BO3MOXHOCTBIO camoacconuanyu Moiexyn [1AB B auc-
KpeTHbIe MuLeIUIbl. [oce nosBIeHus MPsIMON MULIEILIB
B MeX(a3HOM clloe B HEM HauyMHaeT POpPMHUPOBATHCS
MHKpOYIITyOJIeHHE U3-3a 3aXBaTa 3TON MHULIEIION HEKOTO-
POTO KOMWYeCTBa MOJIEKYIN U3 HEPTSIHOM IIJICHKH 3a CUET
conmroOunu3anuu. Bo3Hukmas npu 3ToMm B MexQazHoM
CJI0€ IECTPYKTYpH3alHs IPUBOIUT K PE3KOMY POCTY Be-
POSITHOCTH BHEAPEHHS B HETO JOIMOJIHUTEILHOTO YHCIIa
HPSAMBIX MULEIUL, IPUUEM B TeM OOJIbILEH CTETIEHH, YEM
OOJIbIIIC MX TaM yXe UMeeTcs. A Onaroaps Conro0nIn3a-
LIUOHHOHM CITOCOOHOCTH 3THX MULEIUT IPOUCXOANT CTPe-
MUTEJIBHOE YBEIUYEHHE BOSHUKIIETO MUKPOYIITyOJIeHUS
KaK I0 TITyOWHE, TaK U IO IO, 00eCIeunBast po-
PBIB HE(DTAHOM TIICHKH.

Taxum 00pa3oM, OCHOBHOW MeXaHM3M OTMBIBa He-
(TAHBIX TUIEHOK BBICOKO3(dexTuBHBIMU [IAB M0OXHO
paccMmarpuBaTh Kak IPOIECC MaccolepeHoca MpsiMbIX
MHIIEIUT BCIIE 32 CMEINAI0IUMCs MeX(a3HBIM CII0eM
He(Tb—BOAA B pe3yibTaTe MOSBICHHS B IUIEHKE MUKPO-

yIIyOneHnii BCIEACTBUE COMIOOMIM3AME MULICIUIAMA
[TAB Monekynn KOMIOHEHTOB HEPTH U TOCIEAYIOIIETO
JABHHOOOPA3HOTO YBEJIMYEHUS 3TUX MUKPOYIITyOIeHHN
1o TTyOuHe, Tomany u uuciy. To, uto nuddy3noHHBIT
MmaccorepeHoc Moiekya [TAB n o06pa3oBaHHBIX U3 HUX
obparapix mutem [IAB u3 mexda3Horo ciost BHyTpb
He(TSIHOM TUICHKH MMEET CyIIECTBEHHO MEHbIIIee 3HaYe-
HHeE, TOJTBEP>KAaeTCSI BOSHUKHOBEHHEM 3THX IPOPHIBOB
U B Clly4yae MPaKTUYECKH HEPacTBOPHMOTO B YIJICBOIO-
ponax cynshonona (puc. 1).

BoiBoabI

HanbGomnee BbICOKast CTENMEHL U CKOPOCTH OTMBI-
Ba He(TSIHBIX IJICHOK C MOBEPXHOCTU TBEPJOTO Teia
obecrieunBaeTcs BOJHBIMU pacTBopamu [TAB, crioco6-
HBIMHU Pa3pbIBaTh 3TU IUVICHKU HA OTJCIbHBIC YYACTKH.
IIpennonaraercs, 4TO TaAKOE MOIOILEE ACHCTBUE OCY-
mectBisercs [IAB, MATIeTIBI KOTOPOTO MOTYT U3 BOI-
HOTO PacTBOpPa BHEAPATHCS B MK (Da3HbIN Cloi He(hTh—
BOJa HIIH (DOPMUPOBATHCA HEIMOCPEICTBEHHO BHYTPHU
3TOTO CJ0s 3a cueT camoacconmanuu. I[logsBuBmmecs
BHYTpH MexdazHoro cios munemis [IAB 3a cuer co-
TFOOMIIM3aIUN MOJIEKYJT KOMIIOHEHTOB HE(TH PUBOZST
K BOBHUKHOBEHHIO B IJICHKE MUKPOYTITyOJICHUH, YUCIIO,
TUTOINAIb ¥ TTyOWHA KOTOPBIX YBEITMIHBAIOTCS CO BpeMe-
HeM, oOecITeunBasi B pe3ysIbTaTe MPOPHIB INICHKH. Takoe
MoOIOIIee ACHCTBUE BOAHBIX pacTBOpoB [IAB sBinsercs
aKTHUBAIMOHHBIM MPOLECCOM, IHEPTUIO aKTUBALUU E\
KOTOPOT'0 MOXKHO OLIEHUBATh [0 TEMIIEPATYPHOU 3aBUCH-
MOCTH CTETIeH! OTMbIBA He(PTsIHOM TuTeHKH. HaiieHHbIe
TaKUM CII0COOOM 3HaueHUs E)f U1 BOTHBIX PaCTBOPOB
HECKOJIBKUX HcciienoBaHHbIX [TAB oka3anuch TeM 00J1b-
me, yeMm Oonbiie pazmepsl mutiet [IAB B pacTBope
Y BBIIIE DHEPTHUS aKTUBAIUU BS3KOTO TEUYECHHs HE(PTH,
HCTIOIB30BAaHHOM TSI OJTy4YeHUs TUIEHOK. YeTkas koppe-
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TISIHSI CTETICHU M CKOPOCTH OTMBIBA HE(TSIHOH TIICHKH C
BEITUYUHON MeX(a3HOTO HATSHKEHUS Ha TpaHuIle He(Th—
pactBop [TAB u sHeprueii aare3uu HeTH K TBEPIOMY
TCIIy OTCYTCTBYCT, UTO NOATBECPIKAACT NPUHIUIIHAIEHOC
pasnuvre MEXaHU3MOB OTMBIBA CIIOUTHBIX IJICHOK 3a-
IPA3HEHUN U UX OTACTbHBIX YACTHII.

Konduukr unrepecos

ABTODBI 3asBIISIIOT 00 OTCYTCTBUU KOH(IIUKTa UHTE-
pecoB, TpeOyIOILEro pacKpbITHs B JAHHOU CTaThe.
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Paszpaboman memoo nonyuenus in Situ KOMRO3UYUOHHO20 MAMEPUANA, COOepICaLe20 OKCUO epaghera ¢
Meobcooepoicaujeli MeMmanlo0peaHuYecKoll KapKacHou cmpykmypotl, nymem g3aumooeticmeus 1,3,5-6eu3on-
MPUKapoOoOHOB0l KUCIOMbL, OKCcUda epaghena u cyrvgpama meou. Ilonyuennvie mamepuanvl Ucciedo8aHbl
Memodamu penmeenosckoll ougparxyuu, UK-cnekmpockonuu, cKanupyroujei 21eKmpoHHOt MUKPOCKONUY U
PEHMEEHOBCKO20 IHEP2OOUCEPCUOHHO20 MUKpoananuza. Komnosum 6vin ucnonvzosan 0ns ussneueHus: op-
2aHUYECKUX Kpacumeinel KOH20 KPACHO20 U MEMUTEH08020 CUHE20 U3 UX BOOHbIX pacmeopos. OOHapyiceHo,
umo ckopocmu aocopoyuu Haubonvuwas 6 oopasyax, cooepocauux 20% oxcuda epagena, a KpUCMaiiudeckas
CMPYKNYypa KoMno3uma e npemepnesaem uzmenenutll 8 xooe copoyuu.

KitoueBbie cnoBa: mpumesunam meou(ll); oxcud epagena; memaniioopeanuieckas KapKacHas Cmpykmypa,

Komnosum, opeanudecKue noaiiomanmal, Cl()COp6l{I/l}l
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JUi METaIoOpraHUYECKUX KapKacHBIX CTPYKTYD,
KOTOpBIE COCTOAT M3 MOHOB MJIM KJIACTEPOB METAJIJIOB
U OpraHuYecKHUX JHUHKEpoB [1, 2], XapakTepHBI Kak
TpexXMepHasl MOpHCcTasi KpUCTaINYECcKasi CTPYyKTypa,
pasHooOpasue CTPYKTYp KapKacoB, MMMPOKUN HAOOp TO-
MOJIOTUH, OONBIION 00BEM MOp, MHOXKECTBO aKTHBHBIX
LEHTPOB, TaK M XOpoLIas TepMUUEcKas cTa0MIbHOCTb,
MarHuTHbIE, ONITUYECKHUE U APYTHE CBOMCTBA [3, 4].

OnHako psili HEIOCTATKOB, TAKMX KaK HHU3Kas BJIAro-
CTOMKOCTB, CTPYKTYPHOE pa3pyIleHHe TP BO3ACHCTBUH
BBICOKOTO JIaBJICHUS U TeMIepaTyphl, HEIOCTAaTOUYHAS
CBETOCTOMKOCTb, a TAK)KE HU3KHE DINEKTPONPOBOIHOCTD
1 MEXaHW4eCKasi IPOYHOCTb, OTPAHMYMBACT UX ILIMPOKOE
ncnoip3oBanue [5, 6]. s pacmmpeHuns mpakTHIeCcKoro
MPUMEHEHUS METAJUIOOPTaHNYECKUX KapKacHBIX CTPYK-

Typ NEPCHEKTUBHBIM MOJIXOAOM SIBISIETCA CO3AaHUE UX
KOMIIO3UTOB C JAPYTMMHU MaTepHUaIaMH, YTO MO3BOJISIET
MOJIy4arh MOJIU(PYHKIIMOHAIBHBIE MAaTePUAIIbI C YIyd-
IIEHHBIMHU TEXHOJIOTHUYECKUMU CBoMcTBamu [7, 8]. Takue
KOMTIO3HUTHI XapaKTEPU3YIOTCS MIOBBIIIEHHON CTa0MITEHO-
CTHIO, YJIYUIIIEHHOU 3JIEKTPONPOBOIHOCTHIO, BHICOKOMH
MEXaHUYECKOW MPOYHOCThIO, XUMUUYECKON U TEpMUYE-
CKOM CTOMKOCTBIO, BOAOCTOMKOCTBIO, AJICKTPOIIPOBOIHO-
CThIO Y IICHHBIMH ME€XaHU4YeCKUMH cBoMcTBamu [9, 10].
Kpome Toro, BaxXxHbIMH MPEUMYIIECTBAMU KOMIIO3UTOB
nepea MeTAIOOPTaHNIECKIUMHU KapKaCHBIMHU CTPYKTY-
pamu SBISIOTCS 00Jiee BHICOKAS TUIONIA/b IIOBEPXHOCTH
u nopucrtocts [11, 12].

ITockonbKy yClIOBUSI CHHTE3a KOMIIO3UTOB MOTYT 3Ha-
YUTEIBHO BIUSITH HA TMIPUPOTY B3aUMOJCHCTBUS MEXK-
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Iy METAJNTIOOPTAaHUYECKUMH KapKAaCHBIMU CTPYKTypa-
MU U OKCHJIOM TpadeHa, a clieqoBaTenbHO, Ha CBOWCTBA
KOMIIO3UTa, OBUTH pa3pa0dOTaHbl pa3IMIHbBIC CTPATETHH
CUHTE3a MOoA00HBIX MaTepuasioB. IIporenypa cunaTesa
in situ MpeNCcTaBIseT COOOM MPUTOTOBICHUE METAJIO-
OPraHUYECKUX KapKACHBIX CTPYKTYpP B MPUCYTCTBUU
okcuja rpadera. HecoMHeHHBIM MTPEUMYIIIECTBOM CHH-
T€3a KOMIIO3UTOB METAJJIOOPTAaHUUECKUX KapKACHBIX
CTPYKTYp M OKcHjaa rpadeHa B COOTBETCTBUH C ITOU
CTpaTeruel sBIseTcs UX MPOCTOe U OBICTpOE MOoTyUe-
aue [13, 14]. Oxucnenasie QyHKIINOHAIHHBIC TPYITITHI
okcuza rpadena JeHCTBYIOT Kak IEHTPBI pOCTa METaIo-
OpraHUYEeCKUX KapKacHBIX CTPYKTYyp. BBeneHnue okcuaa
rpadeHa B METaJNIOOPTaHUIECKUE KapKaCHBIE CTPYKTYPBI
MPUBOIUT K YBEIIMYECHHIO IO IOBEPXHOCTH, [TOPU-
CTOCTH, MOP(OTIOTHH U COPOIIMOHHBIX XapaKTEPUCTHK
MOCJIETHUX.

enp paboThl — CHHTE3 KOMIIO3UTA Ha OCHOBE TPH-
Me3WHaTa MEeIHN U OKCUAa rpadeHa METOJOM in Situ U
W3YYCHHE CBOWCTB MOJIYICHHOTO MaTepuraa.

BKCHepI/IMeHTaJIbHaH 4acTb

B pabote ncmonb30Bani KOMMEPUYECKH JAOCTYITHBIC
peaktuBsl: 1,3,5-0eH301TpHKapOOHOBYIO KKCIOTY (98%,
Acros Organics, kat. Homep 105350500), NaOH (TexHu-
geckuit, AO «Kayctuk»), CuSOq4-5H>0 (99%+, Acros
Organics, kat. Homep 197720050). B kauecTBe pacTBo-
pUTeNel UCIOIb30BAIN 3TAHOM, METAHOJM, TUJIALETAT U
JUXJIOPMETAaH (BCE BBIIICHIEPEIHNCIICHHBIE PEareHThl IPo-
u3BozacTBa OO0 «AO Peaxumy, x.4.). Bce peakTuBbI mmpu-
MeHsM 0e3 MpeaBapUTEIbHON TIOATOTOBKH U OYUCTKH.

B kauecTBe MCXOQHOrO MaTepuayia MCIOJIb30Ba-
nu gemyudareid rpapur C-1 (rexamueckumit, AO
«JlenpeaktuBy ) 6e3 JONOTHUTENHHOIN O4MCTKH. Pasmep
yactun rpadgura — 125-1000 mMkM, cpenuuii pasmep
yactun — 200 mxM. Oxcuz rpadeHa TOTOBHIIM METOIOM
Xammepca [15] B COOTBETCTBUH ¢ pa3paboTaHHON paHee
MeToaukoi [16].

CuHTE3 KOMIIO3UTa COCTOSIT U3 JIBYX 3TanoB. Ha mep-
BOM 3TaIlle Moyly4yajn pacTBopumyto ¢opmy 1,3,5-0en-
30JITPUKapOOHOBON KUCIJIOTHI B BUAE HATPUEBOU COJIH.
K BomgrOMYy pactBOpy, comepxamemy 0.09 MoIb THAPOK-
cuna Harpus (B 50 M1 Boabl), JOOABISIIM NIPU HarpeBa-
Huu 10 80°C 0.03 MOab KUCIOTHI, MPOIECC KOHTPOIIU-
poBanu 1o 3HaueHuto pH pacTBopa, ocyIIecTBiss €ro
B mpenenax 5.5—6.0. Ha BTopom 3Tame K MoydeHHOMY
pacTBOpy TpUME3HHATa HATPHsl JOOABISIIN BOAHYIO CY-
CIIEH3HUIO OKcHJIa rpadeHa u Bogublid pactBop 0.03 Moib
cynbdara Mean. BeimaBmmii ocagok OTQUIBTPOBBIBAIIY,
CYIIMIIA Ha BO3AyXe, 00pabaThIBaIM TTOCIIEIOBATEILHO
B CIIUPTE, 3aT€M B CyXOM ITHJIAIIETATE U TUXJIOPMETaHE,

HKunowcuno B. A. u op.

BBIJICPKHBasi B KAKIOM pacTBoputelne mo 8 4. B koHie
IpoLeayphl 0CaT0K LHEeHTPU(YTUpOBaii, IPOMBIBAIN
CYXHM JUXIIOPMETaHOM U cymiii 10 9 B JTHHAMUYECKOM
Bakyyme nipu 120°C. Oxcua rpadeHa BBOIUIN B COCTaB
koMmmo3ura B konnuectse 5, 10 u 20% ot macchl paccun-
TaHHOTO TpuMe3nHaTa Menau. [locie cuHTe3a Marepuan
TIIATENIEHO OCYIIMBAIM C 3aMEHOW BOJBI B CTPYKTYpE
KOMITO3UTa JUXJIOPMETAHOM U TTOCIEIYIONINM YaIeHHU-
€M pacTBOPHUTEIIS.

PentrenodazoBerit ananns (PMDA) BEITOTHSIN HA TIPU-
6ope Phywe XR 4.0 (Phywe, Cug,, A = 0.15418 um, cxo-
POCTh CKaHUPOBAHUsI — 2 Tpaj MUH |, pa3mep mrara —
0.02°). MudpakpacHble CIEKTPHI ¢ TPeoOpa3oBaHUEM
®ypee (FTIR) nomyganu Ha ciekrpomerpe Perkin Elmer
Spectrum 100 FTIR (Perkin Elmer) ¢ ucnons3oBanueM
TabneTok KBr u nmporpaMMHOro o0ecrieueHus i aHa-
m3a naHHbix Softspectra (Shelton, CT). Ckanupyrolyro
3NIEKTPOHHYI0 MUKpockonuio (COM) npoBonuIv Ha IpH-
oope ZEISS Crossbeam 340 (Carl Zeiss) ¢ ycKopsrommm
HanpspkeHueM 3 kB. JlerekTupoBaHne BTOPUYHBIX AJEK-
TPOHOB MPOBOAMIIOCEH € MOMOIIBIO AeTekTopa Everhart-
Thornley detector (SE2) npu u3meHeHUH KPAaTHOCTH
yBenudenus ot 1.92 no 50 000 pa3. Pacnpenenenue
XUMHYECKUX DIIEMEHTOB Ha MOBEPXHOCTH 00pa3loB
OTIpeAEssIA METOAOM PEHTTEHOBCKOTO dHEPTOANCIIED-
cuoHHoro Mukpoananusza (EDX) na mukpoananuzarope
Oxford X-max 80 (Oxford Instruments) ¢ sHEpTHEH 27ICK-
TpoHHOTO 30HAa <10 K3B.

B kadectBe ajcop0aToB ObUIM BBEIOpaHBI KPACHTETH
METHJICHOBBIM CHHUI U KOHT'O KpacHbI (Sigma-Aldrich,
KaT. Homepa 556416 u B24310.14). Konnenrparus uc-
XOJHOI0 BOIHOTrO pacTBopa cocrasisia 200 mr-oil,
Paboune pacTBOpHI OBUIN MONTyYEHBI IIyTEM pa3dasiie-
HUS UCXOTHOTO PAcTBOpPA KpacUTENs TUCTUILTHPOBAH-
HO#t Bogol (muctriursarop Liston A 1104) mo TpebyeMbIx
pabovnx KOHLEHTpALUH.

st uccnenoBanuii aacopOLMK UCHIOJIB30BANICS MIEPH-
onuueckuii Mmerof [ 17]. ccnenyemslii pacTBOp Kpacure-
1t o6bemMoM 200 MIT TTOMEIaau B CTaKaH, TEPMOCTATH-
posanu nipu 283, 293 u 308 K Ha MarHUTHOI Memanke,
perynupyst CKOpOCTh BpaIIEHUsI TaK, YTOOBI MepeMeIIn-
BaHUe ObLT0 3(p(PEeKTUBHBIM, HO BO3IyX B KHUIKYIO (hazy
HE BTATUBAJICA. B MOMEHT NOCTHXKEHUSI 3aJaHHON TEM-
neparypsl BBoawH copOeHT. Kaxkapie 15 MuH oTOMpamn
10 M1 cycrien3uu copOeHTa B PaCTBOPE KPACHUTEIIS U IICH-
Tpr(yTrupoBaiv; KOHUEHTPALUIO OCTaTOYHOTO KPacuTeNs
ompeAeAId B QIIBTPATE C MTOMOIIBI0 YD-BHIUMOTO
crekrpodoromerpa Cary 50 (Varian) npu Amax = 492
(koHTO KpacHBIN) U 664 HM (METHICHOBBIH CUHUIN) CO-
orBeTrcTBeHHO [18]. Bo Bcex cirydasx ObLTH MOTY4EHBI
BBICOKHE 3HaueHHs Kod(pHUIMEHTa HeTepMUHanun R2
(0.837-0.991).
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Bennuuny ancopOumu paccunTHIBaIH MO CIAESAYIOIIM
YpaBHEHHUSAM:

gt = (co — co)Vim, (1)
ge = (co—ce)Vim, ()

TIIe gt U ¢ — KonuuecTBa (Mr-r!) kpacurens, ancopou-
POBaHHOTO Ha COPOCHTE B MOMEHT BPEMEHH f M B COCTO-
SIHUM PaBHOBECHSI COOTBETCTBEHHO; C(, Ct U Cc — KOHIICH-
TpalWK KpacuTels B pacTBope (Mr-i 1) Ha HayaibHOM
JTare, B MOMEHT BPEMEHH { U B COCTOSIHUU PaBHOBECHUS
COOTBETCTBEHHO; M (T) U V (1) — KonmudecTBO copOeHTa
1 00BEM PacTBOPA KPACHUTEISl COOTBETCTBEHHO.

Crenens aacop6imu 4 (%) (ko3 PUIMEeHT n3Bicye-
HUS ajicopbara) pacCUMTHIBAIIM 110 QPopMyJie

A = (co — ce)/cpx100%. 3)

CBoOonnas sneprust ['mo0ca (AG), crangapTHbIC 3H-
tanenust (AH) u saTponus (AS) ObITM paccYUTaHB U3
M30TEPM aJICOPOIMH NMPH PAa3IMYHBIX TEMIEpaTypax.
Pacder TepMOAMHAMHYECKHX XapaKTEPUCTHK MOXKET
OBITh IPOU3BEACH aHAIIMTUYECKH C UCMOJIb30BAaHUEM
ypaBHEHUI

K,
ln—RTsz
K,
AH= ) 4
I, - T,
AG=AH-TAS, )

rae K| u Ky — KOHCTaHTBI paBHOBECHSI aCOPOLMH pU
TeMreparypax 11 u 7> COOTBETCTBEHHO, R — yHHBeEp-
cajibHasi ra30Bas IOCTOSIHHAS.

10 MEM

é()H MB

g

OO0cyxnenune pe3yJbTaToOB

ConepxaHue 3JI€MEHTOB B TOJYYEHHOM OKCHIIE
rpadeHa, onpeneIeHHOE PEHTITeHOBCKUM YHEPTO/IHC-
MIEPCUOHHBIM aHAJIM30M U METOJIOM CXKUTaHHS, COCTa-
Buio (%): 66.5 = 0.1 (yrepon), 31.8 (xkucmopon) u 1.72
(Bomopom).

Yacruiibl okcuia rpad)eHa npeacTaBisiioT Co0oi arpe-
raThbl B BUJIE CTOMOK MPOTSHKSHHBIX HAHOJIMCTOB TOJIIIIH-
Holt meHee 100 HM, Ha rpaHUIIAX KOTOPBIX BU3YaTU3UPY-
0TCA AeeKThl U CKIanKu (puc. 1, a).

Wnentudukanunio CHHTE3UPOBaHHOTO OKCcHIa rpadeHa
npoBoauaN MeTosoM PDA (puc. 2, a). Judpakrorpamma
oOpa3iia UMeeT OTUETIUBBINA THK B oOnactu 11.4°, coort-
BETCTBYIOIINN OKCUAY T'padeHa, ¢ COOTBETCTBYIOIIUM
oomprmM d-paccrosareM 0.998 HM U yIOBICTBOPHUTEIE-
HO coBmajgaet ¢ onucanueM B [19, 20]. Cormacuo [21],
CUJILHOOKUCIICHHBIN OKCHJ Tpad)eHa XapaKTepU3yeTcs
d-TIpOCTPaHCTBOM OKOJIO | HM, YTO MO3BOJISIET ITPEIITOINO-
JKUTH MTOTyYEHNE B JaHHOW paboTe CHIIBHOOKHCIEHHOTO
okcuyia rpadeHa. Ha peHTreHorpaMmme nmoryueHHOTO OK-
cuya rpadeHa OTMEUCH CIT1a0OBBIPAKEHHBIN MUK ~25.1°,
KOTOPBIA MOXET CBHJICTEIHCTBOBATH O MPUCYTCTBUHU
HEOOJIBIIOTO KOTMYECTBA HEOKUCIIEHHOTO TpaduTa. TH
YaCTHIIBI UMEIOT 0oJiee YHOPSAAOUCHHYIO CTPYKTYpPY U
SIBJISTFOTCS IICHTPAaMU OPHCHTAIIUN HCKAKCHHOTO OKCHJIa
rpadeHa (MUHUMHU3UPYS €r0 MOTEHIIUAIBHYIO SHEPTHIO)
[22, 23]. Ha cmexTpe nomiouieHust okcuaa rpadeHa B
BHJMMOW ¥ yIbTpadHoIeTOBON 00JIaCTH U3 BOJHOU CY-
CHEH3UM B 00sacTu 235 HM MpOSIBAAETCS MUK, KOTO-
PBIii COOTBETCTBYET MT—*-1IepexoiaM MPUCYTCTBYOIIUX
sp2-cesazent C—C (puc. 2, 6).

10 yMrm

(‘, O

Puc. 1. M3o6pakeHne 0O6pa3iioB KOMIIO3UTA U HCXOAHBIX KOMIIOHEHTOB, TIOJTyYeHHOE METOJIOM CKaHHPYIOIICH IEKTPOHHOM
MHKPOCKOIINH.

a — okcujl rpadeHa; 6 — TPUME3NHAT MEAN; 6—0 — KOMITO3UTHI TpuMe3nHara Meau ¢ 5, 10 u 20% oxcuna rpadena cooTser-
CTBEHHO.
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Puc. 2. TudpakrorpamMma (a) v criekTp nonioieHus (6) B YO- u Bunumoii obacti odpasia okcuaa rpadena.

B UK-cnextpe peructpupyercs NuK B o0nacTu
3400 cM!, KOTOPBI MOKET OBITH OTHECEH K BAJICHTHBIM
KOJIeOaHUSIM THIPOKCOTPYII aicOpOMPOBaHHON BOABI;
MHTEHCHBHAs Tosioca B obmactu 1730 cm~! coorBer-
CTBYET KOJIEOaHUSIM KapOOKCHIIBHBIX TPYIII U STIOKCH/I-
HBIX aToMOB yriiepoza. Ilonoca mornomienus: B odnactu
1640 cm! oTHOCHTCS K IehOpMAITHOHHBIM KoJIEOaHHMIM
ruApokcorpyni. WHTEHCUBHBIE TOJIOCHI MOTTIOMECHUS
npu 1222 u 1050 cm! takke MOTYT XapakTepH30BaTh
o0pa3zoBaHue SMOKCUIHBIX TPyNnHUpoBoK. [lomyueHHbIe
JaHHBIC XOPOILIO COMIACYIOTCS C PEe3yJIbTaTaMu Hccie-
JIOBaHMM 1a00OPaTOPHBIX U KOMMEPUYECKHX MpPEernaparoB
okcuja rpadena [19, 20].

KoMmo3uTtsl IMEIOT YHUKaIBHYIO CIIOUCTYIO CTPYKTY-
PY, B KOTOpOH O10KHM OKcHza TpadeHa pasaeistores: Me-
TaJJIoopraHudeckuMu kapkacamu. B MK-cnekTpe npu-
CYTCTBYET MHTEHCHBHAs T10510ca B 06mactu 3400 em 1, uro
CBUJIETEJIbCTBYET O HAIMYUH aJCOPOMPOBAHHON BOIBI.

(V4] i 100

Komno3ut He 00pa3yeT Takoi IIOTHOH CTPYKTYPHI,
KaK MCXOJHBIH KOOPAWHAIMOHHEIN monumep (puc. 1, ),
a MMEET CIIOMCTOE CTPOEHUE HE3aBUCUMO OT KOJIMUYECTBA
BBEIIEHHOTO OKcHia rpadena (puc. 1, 6—0). JIucTe okcu-
Ja rpadeHa HEMOCPEICTBEHHO MPUMBIKAIOT K KpUCTa-
JaM TpUMe3UHaTa Meau, GOpMUpYs EAHHYIO CUCTEMY.
JudpakTorpaMMbl KOMIO3UTOB MMEIOT OJMHAKOBBIN BU,
HE 3aBHCSIIUN OT COAEeprKaHus OKcula rpad)eHa, 1 coBIa-
JIAIOT C paHee OMyONMKOBaHHBIMU pe3ylbraTamu [24].

Bruta uzydeHa cnocoOHOCTb MOIYYEHHOTO KOMIIO-
3uTa, cogepxkamero 5, 10 u 20% okcuga rpadena, k
aZcopOLny OPraHUYEeCKUX KpacuTeleil n3 ux BOIHBIX
pactBopoB. B kauecTBe 00BEKTOB UCCIIEJOBAHHS BBIOpa-
HbI METWICHOBBIN CUHUYI U KOHI'O KPacHbBIN, OTHOCSIIU-
ecqd K aHHOHHBIM M KaTHOHHBIM KPacHUTENSIM COOTBET-
CTBEHHO U SIBJISIFOINNECS 3aTPA3HUTEISIMA TEXHOTEHHOTO
renesa [25]. AncopOrus kpacuTeeil Ha KOMITO3UTE ObI-
CTPO pacTeT B Ha4YaJbHBIM MEpHOA BpeMEHH KOHTAKTa,

[

=6l =60 ey )
- I o < (ld
- -T=283 K T -T=283 K ="
=T=20] K - T=21 K
20 - T=308 K 200 =T=308% K 20
L 1 1 1 1 1 i i 1 1 i i
40 80 120 4 80 120 2 il 100
T, MHH T. MHH T. MHH

V)

=60 =60 H_-'?E”
- o T - =T=243 K = =T=2483 K
283 T ;
:. 210291 K } -I=piK 10 -1-291K
20 —To308 K 20 —T=308 K - T=308 K
200 () 1M} 140 2 [[44] 144 20 ) TEe
T. MHH T. MHH T. MHH

Puc. 3. 3aBucumocTs cTeneHu aacopOLuy KOHIO KpacHOro (a—6) ¥ METUIIEHOBOTO CHHETO (2—€) OT BpeMEHH P Pa3IuUHBIX
TeMITepaTypax KOMIIO3UTOM, COACPKAIlNM TpUMe3nHaT Mean u S (a, 2), 10 (6, 0) u 20% (s, e) okcuna rpadena.
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TepMOJII/IHaMI/IqCCKI/Ie KOHCTAHTHI ITpo1ecca aﬂcop6u1/m KOHT'O KPaCHOT'O U METUJICHOBOI'O CUHETO Ha KOMITO3UTE OKCHUAA

rpadeHa 1 MeTaNI0O0PTaHNICCKOM KapKacHOH CTPYKTYpHI

BHCHUT OT TEMIICPATYPHI, a CIIEA0BATEIHLHO, IPEACTABISIIO
HMHTEpEC U3yUUTh TEPMOAUMHAMUKY JAHHOTO Mpoliecca.
YBenuueHne 3HAUeHUSI YHTPOIUU CBHUIECTEIHCTBY-
€T O CaMOIPOM3BOIBHON ancopOIIH, B TO BpeMs Kak
YBEIWYEHUE PHTAIBIIUN aJICOPOIMN YKAa3bIBACT HA BBI-
HYXJICHHOCTh MPOTEKaHUs npomecca (cM. TadauIy).
[Nocnennee MoxkeT OBITh OOBSICHEHO TEM, YTO MOJIEKYITBI
BOJIBI 3aHAMAIOT OTKPHITHIE YIACTKH METaJIa B apXHUTEK-
Type KOMITO3UTa, CO37IaBasi KOHKYPEHITHIO JUTS aICOPOITNU
ocHoBHBIX Tpym JIprorca [—N(CH3),] B ciaydae meTu-
JIEHOBOTO CHHETO KaK KaTHOHHOTO KpacuTtelnsd. B cuiry
3TOTO aJCOPOIMOHHAS AKTUBHOCTD M0 OTHOIICHHUIO K
KOHTO KPacHOMY BBIIIIE, YeM K METHJICHOBOMY CHHEMY.
AncopOnust KpacuTemnei Ha KOMITO3UTAaX, COAePIKAIINX 5
n 10% oxcuna rpadeHa, CymecTBeHHO 3aBUCHT OT TEM-
reparypsl, B TO BpeMs Kak Ha KOMITO3UTE, COJEPIKaIeM
20% oxcuna rpadeHa, Takas 3aBUCUMOCTD TPOSIBIISIETCS
B MEHbIEH CTeNeHU. 3HAYeHUsT CBOOOIHON 2HEPTHU
I'm60ca yMeHbBIIAIOTCS ¢ POCTOM TEMIIEPATYPBI; 3TO 03-
HAaYaeT, YTO TIOBBIMICHUE TEMIICPATypPhl CIIOCOOCTBYET
CaMOIPOU3BOJIBLHOMY MPOTEKAHUIO MPOIIECca aIcoOpOInu.
OKCIIEPUMEHTAIILHO YCTAHOBJICHHBIC BETUYUHBI AG
TaKXe MOTYT OBITh HCIIOIB30BaHBI [TS OTIPE/IeTICHNS BUIa
anpcop6uuu. I[pu sHauenusax AG 0+—20 k[ -Monb ! Hau-

Conep:xanue okcuza rpagena Coznepxanue okcuza rpadeHa Cozneprxanue okcuza rpadeHa
B koMIio3ute 5% B koMmmozute 10% B koMmmo3ute 20%
Kpacurens T,K
AH, AG, AS, AH, AG, AS, AH, AG, AS,
kJx-Momb ! | kI Mo~ | [k -moms~! | kJIx-Mons~! | kJIx-Mons~! | [k Mons! | kJIk-Momb! | kI Momb! | [l -MombL

Konro 283 —-15.6 -75.5 211.6 -20.4 —89.5 244.2 -253 -102.4 272.4

KPACHbI 291 -17.2 -82.3 220.7 -23.2 -96.7 252.6 -29.6 -115.2 291.1

308 -22.3 -97.2 243.2 -26.6 -107.4 262.3 -343 -128.4 305.0

Metunenossiit | 283 -10.3 —86.7 270.0 -12.4 -98.2 303.2 -17.5 —112.6 336.0

CHHHH 291 -22.4 -92.4 240.5 -29.3 -109.7 276.3 -23.5 -119.4 329.5

308 —66.2 -101.4 114.3 -74.6 -107.4 106.5 -29.2 -120.3 295.8

a 3arem 3amemisiercs (puc. 3). Beictpas nuddysus k I,

BHEIIIHEH MOBEPXHOCTH CONpoBokAaeTcs Audpdys3uei 1200k I3

B TIOPBI MaTPHIIBI CO 3HAYUTENHLHON CKOPOCTHIO, YTO B / _ l

WTOTE MPUBOJUT K OBICTPOMY JOCTHKEHHIO PAaBHOBECHSI. - i

AJcopO1IHs KOHIO KPaCHOTO Ha KOMIIO3UTE BBILIE TI0 21 el

CPaBHEHUIO C METHJICHOBBIM CHHHM. soof \ xl i F,l# |

KoMIt03uT moka3biBaeT yIoBIETBOPUTEIBHYIO COPO- 1 1;]: ' 'ﬂﬂlﬂu' A ko

LMOHHYI0 aKTUBHOCTH 110 OTHOLICHHIO K 00OMM Kpa- - #'}b "".*-‘}.'. I“'.:"-l’;-".'!;w,;

CUTEISAM, OJHAKO CKOPOCTh IPOLECCA CYLIECTBEHHO A ﬁh’*"fﬂn

3aBUCUT OT MacCOBOM JOJIM BBEJICHHOI'O OKCHIA I'pa- 0k

¢ena. CxopocTh ancopOIuy HauOoIbIIas B oOpasmax,

coaeprkamux 20% oxcuna rpadena. [Ipomecc agcopoumu < Nz 45 63 25

KOMIIO3HTa, comepxaiero 5 u 10% oxcuna rpadena, 3a- ’ - ” xrp'u ) '

Puc. 4. IndpakrorpaMMbl HCXOTHOTO KOMITO3UTA, COEP-

xamero TpuMesnHar mean u 10% okcuna rpagena (/), u

KOMIIO3UTa TIOCJIEe KOHTAKTa C PaCTBOPOM KOHTO KPacHOTO
(2) m MeTunIeHOBOTO CHHETO (3).

OoJsiee BepoATHO NpoTeKaHue pu3mueckor aacopouumy,
B TO BpeMs Kak Ipu 3HaueHusx —80+—400 kJ[x-Momnn!
MpPOTEKaeT Mmpolecc Xxemocopouuu. s METHICHOBOTO
CHHETO 0oJiee BRIpakeHa XeMOCOPOIHs, CBsI3aHHAS C
TeM, YTO OKCHJI TpadyeHa, uMest B CTPYKType JIOCTAaTOYHOE
KOJIMYECTBO KapOOKCHIIBHBIX IPYIII, XHMUYECKH CBSI3bI-
BaeT METHJICHOBBIA CHHUH, B TO BpeMs Kak (hu3nveckas
copOms KpacuTens orpaHndeHa [26].

[IpomykT agcopOIii KOMIIO3UTOM COOTBETCTBYIOIIETO
Kpacutest ObLT uccieaoBal MerorioM PDOA. M3menenuit
B KPUCTAJUIMYECKOM CTPYKTYpE KOMIIO3UTa B X0JI€ COpO-
U He HaOIromanocs (puc. 4).

BoiBoabI

PazpaboTaHHbIi OMHOCTAAMHBINA METOM TOTyYCHUS
in sifu KOMIIO3UTOB HA OCHOBE MEJbCOJAEPIKALIEH MeTall-
JIOOpraHNYeCKON KapKacHOW CTPYKTYpBI M OKCHIA rpade-
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HAa SBIIIETCS SKOHOMUYHBLIM M MOKET OBITh UCITOIB30BAH
JUTSL KpyTTHOMAcIITaOHOTO TTPOou3BoACcTBa. KOMITO3HTHI
HMEIOT YHUKAJIBHYIO CIOUCTYIO CTPYKTYpPY, B KOTOPOH
0JI0KH OKcHa rpadeHa pa3nessioTcs MeTalJIOOpraHu-
YeCKUMU Kapkacamu. MccnenoBanue agcopOIMOHHBIX
CBOMCTB MOJyYEHHBIX KOMIIO3UTOB O OTHOLIECHUIO K
OpTraHUYECKUM KPAaCHUTEISIM (KOHTO KPacHBI U METHIIE-
HOBBIN CHHUIT) TIOKA3aJ10, YTO aJCOPOIMS B 3HAUUTEIb-
HOU CTEIECHU 3aBUCUT OT COJICPIKAaHUS OKCUAA TpadeHa
B Kommo3uTax. l[Iporecc amcopOiun He OKa3bIBaeT Cy-
IIECTBEHHOTO BIUSHUS Ha KPUCTAJUTMYECKYIO CTPYKTYPY
HMCXOJHOTO KoMmo3uTa. [lonydyeHHbId KOMIO3UIIUOH-
HBI MaTepuait MOXKET ObITb BOCTpeOOBaH B KaueCTBE
copOeHTa s TBepAO(ha3HON IKCTPAKIIUN OPTaHUIECKUX
KpacuTesen.

Kondaukt narepecon

ABTOPBI 3asBIIAIOT 00 OTCYTCTBUM KOH()IMKTA HHTE-
pecoB, TpeOYIOLIEr0 PAaCKPHITUS B JAHHOM CTaThe.
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H3yueno eruanue nanonnumenell — HaHouacmuy okcuoos memannos (FezQy4 ZnO) — na mepmooxuciumens-
HYIO CHOUKOCIb NOAUINUIEHA, UHSUOUPOBAHHO20 heHonbHbIM anmuokcudanmom upeanoke 1010. Pacnpede-
JleHue HaHOYaCmuY 8 NOAUMEPHOU MAmpuye NPOBOOUNU C NOMOWLIO VIILMPA38YKA, hopmuposatie 0o6pasyoe
0CYWeCmeIANU MemMoOOM MePMULECKO20 NPecco8anusl. TepMoOKUCIUMenbHy0 CmMouKoCms Onpedesiy no
APOOOIACUNENLHOCIIU UHOYKYUOHHO20 NepUooa OKUCTIEHUs NIeHOYHbIX 0bpa3yos. [lokazano, umo oasnenue
npecca npu QopmMuposanul Mamepuand oxa3vleaem CyujeCmeeHHoe GIUIHUe Ha MepMOoOKUCTUMETbHYIO
CMOUKOCMb UHSUOUPOBAHHO20 KOMNO3UMA, KAK HaNOAHeHHo20 Hanouacmuyamu Fe3Oy4 ZnO, max u neua-
nonuenHoz2o. Xapaxmep 6nusHUs KOHYEHMpPayu HAHOHANOTHUMEINS, HA MEPMOOKUCTUMETbHYIO CIOUKOCb
06paszyoe6 3asucum om NPUMeHAEeMO20 OKCUoa memauna. Yeenuuenue konyenmpayuu nanoanumens Fe3Oy
npUBOOUm K COKpaujeHuio mepmooKUCIUmMenbHOU CIOUKOCIU noaumepa, npu uchoavzoganuu ZnO ykasannas
3asucumocms umeem oopammuwili xapakmep. IIpu oxucienuu NOIYYEeHHBIX HAHOKOMNOUNHBIX NAEHOYHbIX
06pa3zy08, choOpMUPOBANHBIX 8 YCOBUSIX BLICOKO20 0ABNIEHUS, BbIABILEHbl CUHepeuYecKue Ighexnovl HaHOHA-
nonHumeneu u aHMUOKCUOAHMO8.

KntoueBwie clioBa: noausmuien, mepmooKucieHue, HaHOHAnoJIHumeib, OKCUO aceinesa, oKkcuoa UuHKa, qbe—
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IIpuMeHeHne HaHOYACTHUILL B KAYE€CTBE HAIIOJIHUTENEH
AJ1d MOJIMMEPHBIX MaTpull MO3BOJISACT MMOJYUYUTH HOBBIC
10 CBOUM 3KCIUTYaTallMOHHBIM XapaKTepUCTUKAM KOM-
MO3UIINOHHBIE MaTepranbl. HaHOKOMITO3UTHI ¢ TTOH-
0JIe()MHOBBIMH MaTPUIIAMHU CKJIOHHBI K TEPMOOKHCIICHHIO
Y MaJOYCTOHYMBHI K JAeQOpMaIUsIM MPH TEPMHUECKOM
BO3JICHCTBUH, TIOPTOMY HEOOXO/IUM KOHTPOJIb TEpPMHUC-
CKUX M TEPMOOKHCIUTEIHLHBIX CBOUCTB TaKUX KOMITO3H-
TOB. TepMUUeCcKkoe OKUCIEHHUE MOJUMEPHON MaTPHUIIbI,
KOTOpPOE HEM30EKHO MPHU DKCILTyaTalluy MaTepuaa,
IIOCTENEHHO MEHSAET CTPYKTYpPY MOJIUMEPA, IPUBOAUT
K CHHPKCHMIO 3HAYEHUI MEXaHUYECKUX U AUIJICKTpHUUe-
CKHX Mokazarenei marepuana [ 1-3]. IsmeHeHue cBOMCTB
0OBSCHSETCS TTOBBIIICHHOH MONSIPU3YEMOCTHIO TIOJTUME-
pa, ABUXKCHUEM €T0 NOJJAPHBIX CETMEHTOB, UTO B CBOIO
ouepenb SBISETCS CIEICTBUEM YBEIMUCHUS KOTUYECTBA

MOJISIPHBIX KapOOHMITEHBIX TPYIIIT B COCTaBE MaKpPOMOJIe-
KyJI, @ TaKXe 1oy aMop(HOH (a3sl B MoIIMMepe.

Psan HanOHanoMHUTENEN 1EMOHCTPUPYET HHEPTHOCTD
[0 OTHOIIEHUIO K MPOIIECCY OKUCIICHUS MOIUOIeHUHO-
BOM Marpuubl. OqHAKO OTMEUEHO [4, 5], YTO KOMITO3UT-
Hble onmaTHIeHOBRIe ToieHKH (IIDHII), HamoHeHHBIE
MHEPTHBIMM K IpOIleccaM OKHCIICHUS rpadUTOBBIMHU
HaHOIUIACTMHKAMH WU HaHodacTuiamu MgO, otiu-
YaJIMCh MOBBIMIEHHONW YCTOWYHBOCTHIO K TEPMOOKHUCIIE-
HUIO U XapaKTePU30BAIHACH O0JIee HU3KOU TeMIIepaTypoit
HavaJia TePMOPA3IOKECHUS TI0 CPABHCHHIO C IJICHKAMHU
grcroro nomumepa. K. Chrissafis [6] BrIcKa3as TUIoTesy,
YTO BO3pACTaHHE TEPMOOKHCIUTEILHON yCTONYNBOCTH
MIpU BBEJEHUY WHEPTHBIX HAHOHAIOJIHUTENEH mpouc-
XOJIUT 32 CYET JOTOHUTEIHLHOTO MOBPEKICHUS MaKPO-
MOJICKYJISIPHBIX LIENeH MOTUITUIICHA, KOTOPBIC CHIIKAIOT
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TEPMHUYECKOE HAINpPSHKEHUE BO BPEMs TEPMOOKHUCIICHHUS.
B 1o e BpeMms, o qanusM [1, 7], HAHOYACTHUIBI ITIHHBI,
KapOoHaTa KaJbIHs, KOTOPHIE TaKXKe SBISIOTCS KaTalln-
TUYECKY WHEPTHBIMH K TIPOLIECCY OKHCIICHHUS, HATIPOTUB,
YCKOPSUTH TEPMUYECKOE OKHCICHUE MOJUMEPHON Ma-
TPUIIBI, YTO OCOOCHHO BEIPAXKEHO B CIIy4ae UCIOIbh30Ba-
HUS aHTHOKCHAAaHTOB. CHM)KEHUE TEPMOOKHUCIUTEIHHOM
CTOHKOCTH HAIIOJHEHHBIX COICPIKAIINX aHTHOKCHIAHTBI
MOJIMMEPHBIX MATPHI] B OOJBIIMHCTBE CIy4YaeB MCCIIe-
JIOBaTeNN CBS3BIBAIOT C aJCOPOIMell aHTHOKCHIAaHTa Ha
HarnonHuTene [8, 9]. Biusane HamosHUTENECH Ha TEPMO-
OKHUCIIUTEIIbHYI0 CTOMKOCTh MHTHOUPOBAHHBIX MTOHOJIE-
¢uHOB paccMoTpeHo B 0030pe [10].

CraOunm3anus NOMHATHICHOBBIX MaTPHUI] CTAHOBUTCS
erre OoJee CIIOKHOM 3amauet, eciii MpUMeHsIeMble HaHO-
HAIOJHUTEH ABJISIOTCS KaTaIUTUICCKH aKTUBHBIMH 110
OTHOIIICHHIO K MPOIECCaM OKUCIICHHUS, K TAKMM HAIlOJIHU-
TEJISIM OTHOCSITCS B OCHOBHOM TIEPEXOTHBIE METAILIBI WITH
MeTautbl nepemenHo# BajeHTHocTH (Co, Mn, Cr, Cu, Ni,
Fe, Zn u np.) n ux coegunenns [11]. Karanutuueckoe
BIIMSHUE METAJIOB PEaTu3yeTcsl 4yepe3 MUKITNIECKOe
y4acTHe HOHOB MeTajljia B PEaKIUAX Pa3IOKeHHS THAPO-
MEPEKUCHBIX COCAMHEHM, 00pa3yIONXCs B IEMTHBIX pe-
aKIMSIX OKHUCIIEHUS monroiaehuHoB [12]. HarouacTuIrs
Fe304, ZnO sBRsIOTCS KaTaTUTHYESCKH aKTUBHBIMH CO-
EAMHEHUSMH 110 OTHOIIEHUIO K TIPOIIECCY OKUCIICHUS,
TE€M HE MEHEe OHHM YacCTO MCIOIB3YIOTCS B Ka9eCTBE Ha-
HoHanonHutenei. Hanouactunsl FesO4 mpuBiexamT
uccienoBareneii cBoell TepMUIECKON CcTaOUIBHOCTBIO,
ANEKTPOXUMHUUECKIUMHU, MATHUTHBIMU CBOMCTBaMH, a
Tak)Ke HU3KOW TOKCHYHOCTHIO [13—15]. Harnouactuisr
ZnO B cocTaBe MOJIMMEPHBIX MATPHUIL OBBIIIAIOT MTPOY-
HOCTh, TBEPAOCTD, JUIICKTPHUECKYIO TPOHUIIAEMOCTh
MOJTy4aeMbIX HaHOKOMITO3UTOB, a TaK)Ke MPUIAIOT I10-
JTydaeMbIM MaTepHuajaM aHTHOaKTepHaIbHbIE CBOWCTBA
[16-18]. BBuay akTyaJlbHOCTH MPOOIEMbI CTA0MIU3AIINN
KOMIIO3UIIMOHHBIX MAaTEPUaJIOB C MOJUOJICPUHOBBIMU
MaTpPHIIAMH, a TAKXXE B CBSI3H C JIOCTATOYHO IMUPOKUM
ucrnoap3oBanneM HaHodactuil Fe3Oy4, ZnO B KauecTBe
HaMoJHUTENeH Oblila MOCTaBJIeHA TaHHas paboTa.

Lens paboThl — uUCCIEIOBAaHUE BIMSHHS HaHOPA3-
MepHbIX HanonHurene Fe3O4, ZnO Ha TepMOOKUCTU-
TEJIbHYIO CTOMKOCTh MOJUATHIICHA, MHTHOUPOBAHHOTO
(eHONLHBIM aHTHOKCHIAHTOM Upranokc 1010.

IJKCIEepUMEHTAJNbHAA YaCTh

B nccnenoBanusx UConb30Bajics MOPOIIKOOOpa3HbIN
HECTA0MJIN3UPOBAHHBIN MOJUATHICH HU3KOTO J1aBJe-
Hus (Mapka 277-73, OO0 «CraBposieH»), B KOTOPBIi
BBOJUJIN aHTUOKCHIAHT (I)eHO.HBHOFO TUIla — Hpra-
Hokc 1010 [mentasputpurretpaokcu(3-(3,5-au-mpem-
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Oytui-4-runpokcudennn)nponuonar)] (Ciba Specialty
Chemicals), nanonanomautenu: FezO4 B KpucTamIm-
yeckoil popme marneruta (pasmep gactui 20-30 M,
US Research Nanomaterials) u ZnO (pazMep yacTuig
30 + 10 aM, Aladdin Chemistry Co. Ltd).

[Mopomikn monuATHIEHA, aHTHOKCHAAHTA, OKCH-
Jla MEeTaJula CMEIINBAJIA U J00aBISAIN areToH (4.1.a.,
000 «3OxoxuMTex»), nalbpHelIIee IepeMeIInBaHne
CYCIICH3UHU OCYIIECTBIISIIM HA MAarHUTHOW MeEIIaliKe
(3 mun). CycnieH3uu MoaBEprail BO3ACHCTBHIO YIbTpPa-
3ByKa gactoToid 20 k['11 B Teuenne 3 MuH (ycTaHOBKA
Y3H-2T, HIIII «YxpPocllpubopy). [Tocie ucnape-
HUS aneToHa (CmycTd 1 CcyT) KOMIO3ULHIO €Ile pa3
MEXaHWYECKH MEePEeMEIINBaId U TTOBOJHIIA TepPMHUYE-
ckoe mpeccoBaHue. [{opomkoBEIe cMecH MPecCcoBaH
MEXIY IINTKaMu Tipecca, Harperoro a0 150°C, B aAByx
pexuMax MpPeCcCOBAHUSA: PEKUM HU3KOTO JABJICHUS —
0.35 krc-em 2, wm 0.034 MIIa (npecc nabopaTopHBIit
IIT'TIP 4, CKTb «YU IIpubop»); peskxuM BHICOKOTO JIaB-
nenust — 40 krc-em2, wiu 3.9 MIla (npecc Carver,
Mozesb 3851-9). [IponomKUTENbHOCTD MPECCOBAHMS
00pa3noB coctapisia okoio 30-90 ¢ (MUHHMaNBHOE
BpeMs1, HEOOXOMMOe TSl TTONTyYeHus IUIeHKH). TommuHy
hopMupyembIx mIeHOK 100 MKM KOHTPOJUPOBAIH MH-
KPOMETPOM (MHKPOMETP PhIYAXKHBIN C HAPYKHBIM HHJIH-
katopom MPU-100 75-100 0.01, YensOuHCKMi HHCTPY-
MEHTaJbHBIN 3aBof). [IIeHKr HanmaBIsuIM Ha KPUCTAILTBI
KBr — marepuan npospaunsiii B UK-o6nactu criekrpa.
OkuciieHne 00pa3IoB MOJIMMEPHBIX KOMIIO3UTOB OCY-
MIECTBIISIA B TepMolukadax npu temneparype 150°C.

TepMOOKHUCIUTENBHYI CTOUKOCTh AKCIIEPUMEHTAb-
HBIX 00pa3IoB ONpeAeIsUIH MO MPOJOJDKUTEILHOCTH
UHAYKIHOHHOTO MEPUOAa OKUCIEHU. 3a OKOHYAHHUE
WHYKIIMOHHOTO TeproJia OKUCIeHUs o0pa3lia IpHHHU-
MaJli MOMEHT TEePMOOKHCIICHHUS, B KOTOPBIHA KO3 dHHUIIH-
€HT SKCTUHKIMH HONOCH nonmomenus 1720 cv! (wiu
kapOoHmbHBIA HHIEKC) B UK-cnekTpax oOpasnos 1o-
cTUraji 3HaueHui 3—4 ef. 3HaUeHUE NOKA3aTeNs SKCTUHK-
uu 1720 cM~! paccunThiBaiu Kak OTHOIIEHHE ILIONIA-
I TIMKa moriomnenus B obnactu 1720 cm! (nuanason
1840-1670 cm1) k ruroraau 6a30B0H HOIOCH B 00IACTH
1465 cm! (nuamason 1505-1390 cm~!) u k TonmMHE
wieHok (100 mxm). UK-ciekTpsl perucTpupoBaiu Ha
HK-®ypbe-cnekrpodortomerpe Vertex-70 (Bruker), pac-
YeT TUIOIIAH TUKOB TOTJIONICHUS IIPOBOIMIIM C HCIIOJb-
3oBanueM nakera OPUS 7.5.

OO0cyxneHune pe3yJbTaToOB

PaBHOMEpHOE pacmpenenieHue HAaHOYACTHUIL B TIO-
JTUMEpHOW Marpulle 00ecleunBaeT yIbTPa3ByKOBOE
BO3/ICHCTBUE, HO aHTHOKCUJAHT UMEET MOJICKYJISIPHOE
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CTPOEHHE U XOPOIIO PACIPEENIAETCS B MOTUMEPE AAXKE
IIpH PacTBOPHOM criocobe BBeaeHus. [lo sToi mpuum-
HE JIONOJIHUTEIbHOE YIbTPa3ByKOBOE BO3JCICTBUE HA
MOJIFOTOBJIEHHYIO CYCIIEH3UIO MOPOIIKOB MOJIUMEpa U
AHTHOKCHJIAHTA, HE COAEPIKAIlyI0 HAHOYACTHIIBI OKCH-
Ja MeTajla, IPaKTHYECKH He U3MEHUIIO TePMOOKHCIIH-
TEJIbHYI CTOHKOCTh M3rOTaBINBAEMbIX ITOJIMMEPHBIX
00pa3IoB: MHAYKIIMOHHBIN [TEPUO]] OKUCIICHHS 00pa3IoB
IJICHOK 03 yJAbTPa3ByKOBOTO BO3IEHCTBUS COCTABIISLI
31 4, a pu yABTPa3BYKOBOM BO3ZAEHCTBUH — 32 4 (CM.
PUCYHOK, @).

JomMuHUpyOmUM GakTopoM, OKa3bIBaIOIUM BITHSI-
HUE Ha TEPMOOKUCIUTEIBHYIO CTONKOCTh MOTYyYEHHBIX
HaHOKOMIIO3UTOB, SIBJISIETCS AaBJICHUE, PUIIOKEHHOE
K oOpasuam Ha cTaIuM npeccoBaHus. Pasmuuuns B npo-
JMOJDKUTETBHOCTH HHAYKIHOHHOTO TIEPUO/Ia OKHUCTIe-
HUs 00pasnos, comepxkammx 0.1 Mac% aHTHOKCHIAaHTa
upraHokc 1010, chopMUpPOBAHHBIX B PEKUME HU3KOTO

PexyiM HU3KOTO JaBICHUS

4 8 12 16 20 24 28 32

PexxyuM HU3KOTO OARJIEHUS

Bopobvesa E. B.

NaBJieHus (CM. PUCYHOK, @, KpuBas /), ¥ aHaJIOTUYHBIX
00pa3uoB, CPOPMUPOBAHHBIX B PEKUME BBHICOKOTO JaB-
neHus (CM. PUCYHOK, 0, KpuBasi ), COCTaBISET OKOJIO
30 4. [Ipuaunas! cHIDKEHAS 2GGEKTUBHOCTH (HEHOIBHO-
r0 aHTHOKCHJAHTA NMPHU YBETUUCHUH JaBICHHUS TEPMO-
npeccoBaHus mogpoOHO paccMoTpeHs! B [19]. B pabore
OBLTO MMOKa3aHO, YTO TIPU YBEIMYEHUH JABICHUS OIHO-
BPEMEHHO MPOTEKAIOT JBa Tpoliecca: nudhy3noHHOE
HachIIIEHNE TOJIMMEPa MOJIEKYJIaMU aHTHOKCUIAHTa
(mporecc, NOTEHIIMANBHO MPUBOJAIIMNA K YBETUUEHUIO
TEPMOOKHUCIUTEIEHONW CTOWKOCTH TOJIMMEPA) U pa3pyle-
Hue (HEHONBHBIX TPYIIT aHTHOKCHUIAHTa (IIPOIeCcC, IPH-
BOJISIIMNA K CHUKEHUIO TEPMOOKUCITUTENIBHON CTOMKOCTH
nonumMepa). [Iporece pazpyieHns aHTHOKCUIaHTa SABIIS-
eTcst Oojee BBIPAKEHHBIM, IIO9TOMY MHTHOMPOBAHHBIE
TJICHKH, cOPMHUPOBAHHBIEC B YCIOBHSIX TOBBIIIIEHHOTO
JTABJICHUS, XapaKTEPU3YIOTCSI HU3KOM TEPMOCTONKOCTHIO
(cM. pUCYHOK, 6, KpUBas 0).

Honuatunen + 0.1% upranokca 1010 + 1-10% nanonanonnurens Fe;Oy

- 0
Pexxum BBICOKOIO JTaBICHUS

[Monustuien + 0.1% upranokca 1010 + 1-10% nanonanonuutens ZnO

r Pl
Pexxum BBICOKOIO JTaBICHUS

3aBHCUMOCTE TTOKA3aTelIsl SKCTHHKITMH TON0Ckl Tiortonternst 1720 cv! B UK-criekTpax MoNMMHITHIIEHOBBIX TIEHOK, COJlep-
xanmx 0.1 mac% upranokca 1010 u HanoHanonaUTENb Fe304 (a, 6) mmu ZnO (6, 2) (KOHIIEHTpAIHs OTMEUeHa HA KPHBEIX ),
OT MIPOAOIKUTEIFHOCTH TepMooKucieHus mieHok npu 150°C Ha moamoxkax u3 KBr.

®dopMupoBaHUEe 00pa3L0B MPOBOIMIM MPU UCIIOIB30BAaHUM YIBTPA3ByKa, TEPMOIPECCOBAHUE MPOBOAUIHN B PEXKUME HU3ZKOTO
(a, ) wu BBICOKOTO (6, 2) TaBJICHUS.
IITpuxamMu OTMEYEHA KpHBas, 3apErHCTPUPOBAHHAS Ul MONHATHIEHOBOH IUIeHKH, conepxkaiei 0.1 mac% upranokca 1010,
c(hopMHPOBAaHHO B pe)XKMME HI3KOTO JaBICHHNS, O3 NCIIONB30BAaHMS YIIBTPA3ByKa.
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WNHrnbupoBaHHbIe TONHATUICHOBBIC TUICHKH, Chop-
MHPOBaHHEIE TIPU HU3KOM JIABIICHUH, NP BBEJICHUU
Ha"noHanomHuTEN Fe3O4 cTanmu MeHee yCTOWIUBBIMU
K OKHCIICHHUIO: Ipoiecc o0pa3oBaHusi KapOOHUIBHBIX
IPyNI B HAIIOJTHCHHBIX TUICHKAaX HA4aJiCsl 3HAYUTEIILHO
paHbIlle, MTHAYKINOHHBIN TTEPUOJ] OKUCICHHS SKCIIEPH-
MEHTaJILHBIX TJICHOK COKPATHIICS (CM. PUCYHOK, @, KpH-
BbIe 2—-)5). BBenenmne nanonanomuaurens Fe;O4 npuseno
K YBEJIUYCHUIO UHIAYKIIMOHHOTO MEPUOAa OKUCICHUS
TUICHOK, C(POPMHUPOBAHHBIX B YCIOBHSIX BBICOKOTO JIaB-
JieHusI (CM. PUCYHOK, 6, KpuBbIe 7—1()), OTHOCHUTEIHLHO
MHIYKIIMOHHOTO MEepHoJia OKKUCIIeHUs oOpa3iia 0e3 Ha-
MOJHUTENS (CM. PHUCYHOK, 0, KpUBas 0).

CHIXEHUE TEPMOOKUCIUTENbHON CTOMKOCTH HAIOJ-
HeHHBIX Fe304 HHrnOnpOBaHHBIX TICHOK SIBIISICTCS OXKH-
JIAeMBIM BBHLy U3BECTHOTO (DakTa KaTaJUTUICCKOTO BIIU-
ssaust FezO4 Ha iporiecc okucienus monuoneduHos [11,
20]. AnuTensHOCTh MHAYKIMOHHOTO IEPUOJA OKUCIICHUS
MTOJINMEPHBIX 00pa3oB, CHOPMHUPOBAHHBIX TIPH HA3KOM
JIABJICHUH, ITPEJICTABIIACT COOOH a/yINTUBHBIN PE3yJIbTAT
JICHCTBUSL B IOJIMMEPHOM MaTPUIIE JIBYX MOAU(DUKATOPOB:
AHTUOKCHJAaHTa, HTHOUPYIOIIETO MPOIECC OKUCICHUS
royuMepa (yBEIMICHNE HHTYKITMOHHOTO IePHoIa), U Ha-
HoHamonmuuTeNs Fe304, KaTau3upyromero STOT MpoIecc
(yMeHbIlIeHUEe WHAYKIIMOHHOTO nieproaa). [Ipu ycmoBuu
MOCTOSHHOM KOHIIEHTPALMK aHTHOKCHUJIAHTA BIHSIHUE
KOHIICHTpAIuy HaHoHamoaHutenst FesO4 HA Tpomomn-
KUTEIHLHOCTh MHIYKIIMOHHOTO TIEPUOJIa OKUCIICHUS 00-
pas3loB SABJISCTCS AaHTUOATHBIM: YE€M BBIIIE COACPIKAHUE
HaHoHanoiHuTeNns Fe3O4 B 00pasiie, TeM MEeHBIIIE ero
WHIYKITHOHHBINA TIEPHO OKUCIICHHUS (CM. Ta0uHITy).

VYBellnueHue TEPMOOKHUCIUTEIbHONU CTOMKOCTU B
MPUCYTCTBUU HAHOJUCIIEPCHOTO OKcuAa kene3a Fe3Oy
B MHTHOMPOBAHHBIX MOJIWMEPHEIX IJIEHOYHBIX 00pa3-
1ax, cOpMHUPOBAHHBIX TPHU BEICOKOM JTAaBIICHUH, MOXK-

HO paccMaTpUBaTh KaK CUHEPTU3M aHTHOKCHIAHTA U
HarnoyHATeNnd. Hanbonpmmii Mo mpoaomKuTeNbHOCTH
MHAYKIIMOHHBINA MEePUOa OKUCIEHUS XapaKTepeH s
00pa3loB MIECHOK, COJEPKAUIMX MUHAMAILHOE KO-
YECTBO HAHOHAIOIHUTEIIS, HAPUMED, UHTYKIIMOHHBIH
TIEpUOJ OKHUCIIEHUS TUIEHKH, copeprkaiieit 1 mac%, okoio
12 9 (cM. PUCYHOK, 6, KpuBas 7). YBeInueHHE KOHIICH-
tpanuu Fe304 B TIICHKE CHUXKACT TEPMOOKHUCIUTEIb-
HYI0 CTOWKOCTB ¥ ITPOIOIKUTEIHHOCTh HHIYKIITHOHHOTO
nepuoja OKUciIeHus: o0pasoB (CM. PUCYHOK, 6, KPH-
BeIe 7/—1(), T. €. 00IIas 3aKOHOMEPHOCTh aHTHOATHOTO
BJIUSHUS KOHIIEHTPALIMOHHOTO (haKTOpa HAITOIHUTEIISI
Ha TPOJIOJDKUTEIBHOCTh WHAYKIIMOHHOTO Teproaa 00-
pasioB coxpaHsercs (cM. TabnuIly) Kak A 00pasios,
c(OPMHPOBAHHBIX B PEKHME HU3KOTO JIABJICHUS, TaK U
JUTsl 00pa3ioB, chOPMHUPOBAHHBIX B PEIKUME BHICOKOTO
naieHus. OTMEUEHHBIC 3aKOHOMEPHOCTH MOKA3bIBAIOT,
YTO W3MEHEHHE JABIICHUS MPECCOBAHUS HE U3MEHSIET
katanutuaeckoe Brusiane Fe3O4 Ha mporiecc OKUCIICHHS
MONUATUIEHA. MOXHO IPEANOI0XKHUTh, YTO aKTUBHBII
B OTHOIIICHUY OKUCJICHHS HaHoHanoiHutenb Fe3Oy4 3a-
[IUIIAeT AaHTHOKCUAAHT OT pa3pyIlIeHUs, BRI3BAHHOTO
BBICOKHM JIaBJICHHUEM, B HTOTE IUICHKH, COJEpIKaIINe
AHTUOKCHJIAHT U HAaHOHAIOJHUTEIb, XapaKTEPU3YIOT-
Cs1 OOJBITUMU 3HAYEHUSIMH MHAYKIIMOHHOTO MEepUoIa
OKHCIIeHHUS (CM. PUCYHOK, O, KpuBble 7—I()), 4eM TUICHKH,
cojeprKalIre TOIBKO aHTHOKCHUIIAHT (CM. PUCYHOK, 0,
KpHBas 0). JleTadbHO MEXaHU3M 3alllUThl aHTUOKCHIaHTA
HaHOHAIOIIHUTEIEM CJEyeT U3ydaTh JOMOIHUTEIHHO,
HO MOYKHO CJIeTIaTh BHIBOJ, YTO BBISIBJICHHBIN CHHEPTH-
gecKuit 3QPEKT SBISIETCS CIEACTBHEM HE XUMHUIECKOTO,
a (u3myecKoro mporecca.

[Tpu TepMOOKUCIUTEIBHBIX UCIBITAHUIX 00Pa3I0B
MOJIUATUICHOBBIX MJICHOK, COIEP KAIIUX aHTHOKCH-
nmauT upraHokc 1010 (0.1 mac%) 1 HAaHOHATIOTHUTETh

Brusiaue konnenTpanun HanoHanoiautened (Fe304, ZnO) B cocTaBe HHTHOMPOBAHHBIX TOJMATHIICHOBBIX TUICHOK Ha
MMPOAOJDKUTEIIBHOCTD UX MHAYKIUOHHOTO IEprUoAa OKHUCIICHUA IIPU TepMOBO3ﬂeﬁCTBHH
Tonmna nmaeHok 100 mxM, Temneparypa Tepmookucienus 150°C

Hanonuurens

Pexnm IpeCCOBaHUA
Fe30q4

ZnO

Husxkoe JaBJICHUC

KOHHCHTpaHI/IH HaITOJIHUTCIIA

KOHHCHTpaHI/IH HaIIOJIHUTCIIA

Bricokoe naBienue

>
>

HpO,HOJ'DKI/ITeJ'ILHOCTI) WHAYKIOUOHHOT'O
nepuoga OKMCJICHUA

KOHIJ,eHTpaIJ,I/ISI HaIlOJIHUTCIIA

>
>

IIponomKuTenbHOCTh HHAYKIIMOHHOTO
IIEPUOAA OKUCICHUS

>

>
3>
>

HpOZ[OJ'DKI/ITeJ'II:HOCTB MHAYKIOUOHHOTO
nepuoga OKMCJICHUA

KOHHCHTpaHI/Iﬂ HAaITOJIHUTCIIA

>

[IponomKUTEnbHOCTh HHAYKIIMOHHOIO
IIEPUOAA OKUCICHUS
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ZnO (1-10 mac%), BeIsIBIICHA Apyrask 3aKOHOMEPHOCTh
BIIMSIHUS KOHIIGHTPALMY HAHOHATIOJIHUTENS Ha IPOAOII-
KUTEJIbHOCTh UHIYKIIMOHHOIO IIE€PUOAA OKHCIICHUS:
C POCTOM KOHILIEHTPAIMM HaHOHAanomHuTeNs ZnO uH-
OYKIUOHHBIA MEPHOA OKUCICHHS 00pa3loB YBEIUUH-
BaeTcs (CM. pUCYHOK, 8, KpuBbIe /[—14), ipu 3TOM 3a-
BUCHUMOCTbH JUIUTEIbHOCTH MHAYKIMOHHOTO IEpUoaa
OKHCIIEHUS OT KOHIEHTpALUH HANOJHUTENS SBIAETCS
npsMoit (cM. Tabmuiy). ITa 3aKOHOMEPHOCThH COXpa-
HSIeTCS IPU UCHBITAaHUAX 00pas3oB, cHOPMUPOBAHHBIX
MIPY BHICOKOM JaBJICHUHU (CM. pUCYHOK, 2, KpUBBIE [5—
17; Tabnuny). IlomydeHHBIN 3KCTIEpUMEHTANBHBINA pe-
3yJbTaT 3aKOHOMEPEH MPU yueTe SIBICHUS CUHEpru3Ma
MeXay (eHOJIbHBIM aHTHOKCHAAaHTOM uprasokc 1010
u ZnO. D10 sBIIeHHWEe OnrcaHo B [21, 22] mis KOMITO3H-
TOB, cofepkammx upranokc 1010 u MuKpopasMepHbIit
HanonHuTeNnb ZnO. B pabdote [22] caenaHo mpeanosno-
JKEHHE OTHOCHUTEJIBHO MEXaHU3Ma 3TOTO ABJICHMS, 3a-
KJIIOYAKoLIeecss B pereHepanuy GeHOIbHOIO aHTHOK-
CHIaHTa Ha TIOBEPXHOCTH HamomHuTensl. CoKpalieHue
MHIYKIHOHHOTO MepHoa OKHCIEHHs MJIEHOK, COollep-
KaIIMX HaHOHAMoJHUTENb ZnO U aHTHOKCHAAHT (CM.
PHUCYHOK, 2, KpuBBIE [/—[4), IO CpaBHEHHIO C TUICHKAMH,
COZAEPIKAIIMMU TOJIBKO aHTUOKCUAAHT (CM. PUCYHOK, 4,
KpuBas /), yKa3plBaeT Ha KaTAIUTHYECKyIo poib ZnO B
Ipoliecce OKUCISHMsS OJINMEpa, a MpsiMasi 3aBUCMOCTh
HPOJOKUTENBHOCTH HHAYKLMOHHOTO IIEPHOJa OKHCIIe-
HHSL 00pa310B OT KOHLEHTPALMH HATIOJIHUTEJIS OTPaXkaeT
MIPOTEKAIOIMINI MapaylIeIbHO MPOIeCC B3aMMOIEHCTBHS
HATOJHUTENS U aHTUOKCHUIAHTA, PUBOASAIINI K CHHEp-
THYECKOMY POCTY TEPMOOKUCIUTEIBHON CTOWKOCTH 00-
pasios.

B mienkax, copMHpPOBAHHBIX B PEKMME HU3KOTO
JaBJIeHUS (CM. pUCYHOK, §), KaTAJTUTHUYECCKUE MTPOLIECCHI
OKHCJICHUS Npeo0nagaioT HaJ [poLeccaMu, MPUBOIS-
IIMMH K YBETUYEHUIO TEPMOOKHUCIUTENBLHON CTOMKOCTH,
MIO3TOMY TEPMOOKHCIUTEIbHASI CTOWKOCTh HAIIOTHEHHBIX
00pa310B OKa3bIBACTCs HMXKE, UeM HEHAIlOJTHEHHBIX.
Onnako mpu (GOpMUPOBAHKH TIICHOK B PEKHUME BBICOKOTO
JaBJICHUS Ipecca TePMOOKUCIUTEIbHAs CTOMKOCTD He-
HAITOJIHEHHBIX MTHTHONPOBAHHBIX 00PA3IIOB OKA3bIBAETCS
HACTOJIbKO HU3KOH (CM. PUCYHOK, 6, KpuBas 6; 2, IITPUXO-
Basi KpUBas), 4YTO MPOAOIDKUTENFHOCTh HHAYKLIMOHHOTO
HepHroJia OKUCIICHHS HATIOJIHEHHOTO 00pas1ia MpeBbIIIaeT
WHAYKIMOHHBIA II€PHOJ OKUCIIEHUS HEHAIIOJIHEHHOI'O
(cM. puCyHOK, 2, kpuBast 7).

Ha ocHoBaHuM pe3ynbTaToB MCCIEAOBAHUA MOYKHO
JaTh HEKOTOPbIE TEXHOJIOTMYECKHE PeKoMeHaauuu. Tak,
IpU TEPMOIIPECCOBAHUM KOMIIO3UTOB, COIEPKAIINX Ka-
TaTUTHYECKH aKTUBHBIE HaHOHanoMHUTENH Fe304 nmun
Zn0O, cnemyeT MPOBOANTD KECTKUHA KOHTPOJIH TaBIICHUSI.
B citydae BBICOKOTO 1aBI€HUS TEPMOIPECCOBAHUS HAHO-

Bopobvesa E. B.

HAITOJTHEHHBIX TIOJIMMEPHBIX MTPOIYKTOB WM MaTepPHUAJIOB,
conepxamux (GeHONBHBI aHTHOKCHIAHT, PEKOMEHI0Ba-
HO HCTIONIb30BaHNe HaHOHamomHuTeNs Fe304 B HEBBICO-
KUX KOHIIeHTparusax oT 1 g0 3 mac% s yBETHUCHUS
TEPMOOKHUCIUTENBHONU CTOUKOCTH U pecypca dKCILTyaTa-
MU KOHEYHOTO MpoAykTa. [Ipn momydeHnn KoMITo3uTa,
coepxkamero HaHoHanoJHUTeNb ZnO u GEeHOIbHBIH
AHTHOKCHIAHT, HEOOXOAUMO 00ECIIEUNTh BBICOKOE CO-
nepxkanue (10 mac% u BbIlIC) HAHOHATIOMHUTENS B TIO-
JTUMEPHOU MaTpHIlE.

BriBoabI

[Ipu hopMuUpOBaHUN MOJIUMEPHBIX KOMIIO3UTOB B
peXKUME HU3KOTO ABJICHUSI BBEICHUE HAHOHATIOIHUTES
Fe304 B HHTHOWPOBAaHHBIN MOMATIVICH CYIIECTBEHHO
COKpalaeT TePMOOKHCIUTEIbHYIO CTOMKOCTh MOTyda-
eMbIxX koM1o3uToB, Hanonanonuautens Fe3O4 nipu dhop-
MHPOBaHHUHU OOPa3IOB B YCIIOBUSX BBHICOKOTO JaBIICHUS
CHIDKAeT HeTaTUBHOE BO3/IeHCTBYE (pakTOpa TaBIeHus Ha
TEPMOOKUCITUTENHHYIO CTOMKOCTh 00pa3I[oB, YTO MOXKHO
paccMarpuBarh Kak CHHEPTH3M HaHOHAOMHUTENb Fe304/
aHTHOKcHAaHT upraHokc 1010. C yBenndyeHrnem KOHIIEH-
Tpauuy HaHoHanonHuTeNs Fe3;O4 B MHrHOMpoBaHHOM
MOJIMATUJICHE UHIYKITMOHHBINA TIEPUO OKUCICHHUS MaTe-
pHalia COKpamiaercs, 470 OTMEUCHO JJIsi 000UX PEKUMOB
(hopMHUpPOBaHHS KOMIIO3UTOB.

Brenenne Hanonanonautens ZnO B HHTHOMPOBAH-
HBIA MOJIMATUIICH COKpaIaeT TePMOOKUCITUTEIHHYIO
CTOMKOCTH MOMyYaeMbIX KOMIIO3UTOB IO CPABHEHUIO C
o0Opasiamu, CoIepKalliMU TOJIBKO aHTHOKCHIaHT UpTa-
Hokc 1010. OmHako yBenuieHue KOHIIEHTpaIlnd HaHOHA-
noauTens ZnO CHIKAaeT ero HeraTUBHOE BIUSHUC Ha
TEPMOOKHCIIUTENBHYIO CTOHKOCTb, YTO 00YCIIOBJICHO CH-
HEpru3MoM (PeHOIHFHOTO aHTHOKCHAaHTa upraHoke 1010
u ZnO. Ilpu dhopMupoBaHUH TIICHOYHBIX TOJTHMEPHBIX
00pas3IoB B YCIOBUSX BBICOKOTO JABJIECHUS CHIKACTCS
TEPMOOKHUCIUTENbHAS CTOMKOCTh MaTepuaa, mo3ToMy
IJICHKH, coAepskalue aononnutensno 10 mac% HaHo-
HarorHuTeNs ZnO, oka3bIBaloTCs O0jee CTOMKUMH K
BO3JICMCTBUIO OKHMCIICHUS, YeM TUICHKH, COIepIKaIIue
TOJIBKO aHTHOKCHJIAHT.
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BJIUSIHUE XUMHUYECKOI'O COCTABA SIIOKCHUJIHOM CMOJIBI
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Memooom ougpepenyuanvroll ckanupyroweli Kaiopumempuu Uccied08an nPoyecc OmeepicOeHus memad-
heHuneHOUaMUROM INOKCUOHBIX CMONL Mop2oebix mapox I/-20, IOI-1, K/[A-2, [1D®D-3A4 npu paznom co-
omuowenuu omgepoumensv/cmona. Ilokazano, umo 3nHayenue dHMALLNUN CUIUBANUS TUHEUHO 803paACmaen ¢
pocmom cooeparcanus MemapeHUneHOUAMURA 00 O0CTUICEHUSL CTNEXUOMEMPULECKO20 COOMHOUEHUS MeXHCOY
AMUHHBIMU U SNOKCUOHBIMU SPYRNAMU, NOCTe Ye20 nepecmaem usmeHamocs. Onpedeneno 3uaueHue SHmans-
nUYU 2NeMEHMAPHOU CIAOUU Pearyu Meicoy IMOKCUOHOU U AMUHHOU cpyRnamu. IHMAansnus omeepicoeHus
8 CIexXuUoOMempuieckom U C8epXCmMexuoOMempuieckom CoOmHOUEHUU OMEepOUmMenb/cCmMona nponopyuoHaIbLHa
INOKCUOHOMY HUCTY CMOTIbL, YO MOHCEM OblMb UCHONLI0BAHO OISl €20 OnpedeNeHUsl 8 KOHKPEMHbIX MeXHO-
Jocuyeckux cucmemax. H3syueno enusanue 006asku HaHopasmeprulx Hanonnumeneu: nanovacmuy Fe, FeOy,
Al, Al;O3 — na npoyecc omeepatcoeHuss HaNONHEHHBIX NOTUMEPHBIX INOKCUOHBIX KOMNO3UMOE HA OCHOBE
O/-20. Yemanosneno, umo meniogou d¢h@exm omeepHcoeHus He 3a8UcUum om npucymcmeus 8 KOMno3umax
Hanowacmuy HanoxHumens. B mo sice apems 66edenue Hanowacmuy CHUICAem 3HA4eHUs: MmemMnepamypbl Ha-
Yana, MaKCUMyma U OKOHYAHUSL PeaKyuu OMeepICOeHUsl, M. e. AKMUBU3UPYem Npoyecc Cuudanus. Yckopenue
peakyuu npoucxooum mem 6 Oonvuiell cmeneHu, Yem 8vliie 3Ha4eHue YOenbHol NOGePXHOCIU HAHOYACTUY.

KittoueBble coBa: 9n0KCUOHAS CMONA, KOMNO3UMN, INOKCUOHOE YUCTO,; OUdepeHyuanvHas CKaHupyouast
Kanopumempusi, HaHOYaACmuybl

DOI: 10.31857/S0044461821080089
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B ocHoBe momyueHus SMOKCUIHBIX KOMIIO3UTOB Jie-
KUT XUMHUYECcKasl peakiusl CIIMBaHUSA KUJIKUX OJIUIO-
MEpHBIX CMOJI OTBEPAUTENSIMI AMUHHOW MIJIM KUCJIOT-
HoH mpupoasl. DopmMupoBaHue ceT4aTod NOJUMEPHON
CTPYKTYDbI B IPUCYTCTBUH apMHUPYIOIINX MaTepUaioB U
HAaITOJIHUTENEN, BBOAUMBIX B OJIUTOMEP JI0 €TO OTBEPIKIe-
HUsA, 00ecreunBaeT XOpOoIIyIo aAre3nio K MeTajjaMm,
MEXaHHYECKYI0 IPOYHOCTh, XHMHUYECKYIO CTOUKOCTE,
BBICOKHE AUIIEKTPUIECKUE CBOMCTBA AIOKCUIHBIX KOM-
MTO3UTOB, 00YCIIOBIMBAET BapHaOEIbHOCTh X CBOMCTB U
B KOHEYHOM CHUETE OIpeAessieT IIMPOKoe pa3HooOpasne
o0JacTeit UX MpaKTHIECKOro UCTIONb30BaHus [ 1, 2].

XUMHUYeCKHe peakilny, JeKallrie B OCHOBE Ipoliecca
OTBEPXKACHHUS SMOKCHIHBIX CMOJI, XOPOIIO U3BECTHBI
[3-5]. B 10 ke BpeMsi XUMHUYECKUH COCTAaB MOKCHUTHBIX
CMOJ W OTBEPIUTENICH HENMPEPHIBHO MOIUPUIIUPYET-
s, IPUMEHSIOTCS] HOBBIE apMHUPYIOIINE MaTepHaIbl U
HAITOJTHUTE/IM, HA PHIHOK BBIBOASTCS HOBBIC MPOAYK-
ThL. TO 00YCIOBIMBAECT HEOOXOAUMOCTh UCCIICIOBAHUI
poIIecca CIIMBAaHUS B MIEPCIIEKTUBHBIX KOHKPETHBIX CH-
creMax. OgHuM u3 Hanboree HHHOPMATHBHBIX METOIOB
WCCIICIOBAHUS OTBEPIKICHUS SIIOKCUIHBIX KOMITIO3UTOB
ABJIAETCS MeTo AH(PepeHIINATBLHON CKaHUpYOMeH
kanopumerpuu (JICK) [6]. JlaHHBII MeTOx TO3BOISET
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PETUCTPHUPOBATh KaK O0MIHiA TeTUT0BOH 3(h(eKT peakuuu
CIIMBAaHUA, TAK U KHHETUKY HTOTO IpoIiecca B 3aBUCH-
MocTH oT Temneparypsl. Meton JICK Takke mo3BosseT
XapaKTepr30BaTh pelaKkCalliOHHbIE CBOMCTBA OTBEPXK-
JIEHHBIX KOMIIO3UTOB, B YaCTHOCTU TEMIIEPATypPy CTEKIIO-
BaHUA CLIMTON MOJMMEPHOU MaTpHIbI [6].

B nuTepatype mmeeTcs 3HaYNTENBHOE YHUCIIO pa-
00T, MOCBAIICHHBIX UCCIEAOBAHUIO KHHETHUKH CIIIHABA-
HUS 3TMOKCUIHBIX onuromepoB Mmetogom JJCK [7-11].
[TokazaHo, 4T0 3P PeKT OTBEPKIACHHUSI HOCUT CHIBHO-
9K30TEPMHUUYECKHI XapaKTep, ¥ Ha TEPMOTpaMMe peru-
CTpUPYETCS MUK, MAKCUMYM KOTOPOTO COOTBETCTBYET
MaKCUMyMYy TerioBbiAeneHus. [lonoxxenune 3Toro Mak-
CUMYMa 110 OCH TeMIepaTyp u ero ¢popma o0yCIOBICHBI
KHHETHIECKUMHU 0COOEHHOCTSIMU MPOTEKAHUS PEaKIInu
CIITMBAHUS, HATHINEM U TIPOAODKUTEIFHOCTRIO pa3Ind-
HBIX CTaJui 3TOTO Mpolecca. DHeprus akTUBAILUU pe-
AKIIMU CIIUBAHUS HE SBISACTCS MOCTOSHHON BEIMYMHOM,
a 3aBUCHT OT CTETICHU KOHBEPCHH, YTO CBHJIETEIECTBYET
00 aBTOKAaTaIUTHYECKOM XapakTepe mpouecca. B mu-
TepaType moaApoOHO pa3o0paHbl cmocoObl 00PaboTKU
TEPMOTpPaMM OTBEP>KIICHUS, MO3BOJAIONINE MOTYyYaTh
WHPOPMAITHIO O KHHETHYECKHX 0COOSHHOCTAX IIpoIecca
otBepkaeHUs [12—16].

B uwactHOCTH, B padote [17] meronom JICK Obiia
HCCIEeI0OBAaHA KUHETHKA OTBEPHKACHHUS JMOKCUIHOTO KIIes
U TIpeUIOKeHa TPeXCTaauiiHas KHHETHIECKass MOJIENb
OTBEPIKIEHISI, BKITIOUAOIIas KaK IK30TepMHUYECKHe, TaK
¥ DHJ0TEpMHUYECKHUE nporecchl. KnHeTnueckue 3aKoHOo-
MEpPHOCTH TEIJIOBBIJCICHUS MIPU PEaKLUU OTBEPXKe-
HUSI CMOII HA OCHOBE SITOKCHUIUPOBAHHBIX ITOJIUMEPOB
MIPUPOTHOTO MPOUCXOKACHHS HCCIEAOBAIN B paboTax
[18]. B paborax [19-21] meTomom JICK wnccrnemoBamu
KUHETUKY OTBEPIKICHHS PA3JIMYHBIX XUMUYCCKU MOJIH-
(bMIMpPOBaHHBIX CMOJ, B TOM YHCIIE H HAa OCHOBE CMecel
SMOKCHIHBIX CMOJI C CHHTETHUYECKUMH, TPUPOJHBIMHU
MOJIIMEPaMH, MMPOAYKTAMH BTOPUYHON MepepadoTKH
MOJIMMEPHBIX MaTepUaIOB.

B To ke BpeMs TepMOAMHAMUKA U KHHETHKA OTBEPIK-
JIEHUS STMOKCUTHBIX CMOJ B MPUCYTCTBUHA HAHOYACTHI]
Ppa3IMYHON MIPUPOJIBI UCCIIEI0OBAaHA B MEHbIIIEH CTETICHH.
M3BecTHO, UTO CBOICTBA KOMIIO3UTOB B 3HAUMTEILHOM
CTEINEHHU 3aBUCAT OT pa3Mepa YacTHI] HAMOJIHHUTEIS, U
MIpH TIepexojie K HAaHOPa3MEPHBIM HATIOJHUTEISIM IIPO-
HCXOJUT Pe3KO€ N3MEHEHHE CBOMCTB KOMITO3UIIHOHHOTO
Marepuana [22]. OCHOBHBEIM HaIlpaBICHUEM HCCIIEIO-
BaHMI TaKUX KOMIIO3UTOB SIBJISCTCS aHAIM3 UX MeXa-
HUYECKUX CBOUCTB [23] U TeMmepaTrypbl CTEKIOBAHUS
[24, 25]. YuuTeIBas BIUSHUE, KOTOPOE HAHOPA3MEPHBIC
YaCTHUI[ HAMOJHUTENS OKa3bIBalOT HA MEXaHUYECKHUE U
penaKkcaluoHHbIE CBOMCTBA AMOKCUIHBIX KOMIIO3UTOB,
YMECTHO TIOCTAaBUTh BOTIPOC O BIIUSTHUH Pa3BUTON aKTHB-

Unvunosa K. O. u op.

HOM MOBEPXHOCTH YaCTHUIl HA TEPMOJIMHAMUKY U KUHETH-
Ky TIpOIecca OTBEPXKICHUS HATIOTHEHHBIX ITOKCHIHBIX
KOMITO3UTOB. Bompoc o ToM, B Kakoil MEpE 3TO BIHUSHUE
SIBIISIETCS] YyHUBEPCAJIbHBIM, a B KAKOM Mepe OIpeIessaeTcs
CBOMCTBaMH KOHKPETHBIX CHCTEM, MOYKET OBITH TIPOSICHEH
TOJTBKO HAKOIUICHUEM DKCIEPUMEHTATbHBIX TaHHBIX.
B ocHoBe peakiuu OTBEp)KICHUS JCKUT IK30TEPMHUUC-
CKasl peaklys SIOKCUIHBIX TPYIII CMOJIBI ¢ MOJIEKYJIaMHU
oTBepauTENs. IHTEeHCUBHOCTH TEIUIOBBIACIEHUS B XOJ€
ATOU peakIIuy 3aBUCHUT OT COJIEPKAHUS IMOKCHUIHBIX
TPYIII B COCTaBE CMOJIbI, KOTOPOE XapaKTEPUIYIOT IOK-
CUIHBIM YUCIOM. B CBSI3U C 3TUM B IPUKIIAJHOM aCIEKTE
BJIMSIHUE aKTUBHOM MOBEPXHOCTU YACTUL] MOXKET BBIpa-
’KaThCSl B U3MECHEHHMH STIOKCUIHOTO YHCIIa CMOJIBI.

Llenb paboThl — M3yUEHUE SMOKCUIHBIX KOMIIO3UTOB
Metogom JCK ¢ 1enbio KOIM4ecTBEHHOTO Ompeaese-
HUS SMOKCUHOTO YKCIA B KOMIIO3UTaX HA OCHOBE IPO-
MBIIIJIEHHBIX 3TIOKCUIHBIX CMOJI pa3JIMYHOrO COCTaBa 1
BBISICHEHUE BIMSIHUS HaHOPAa3MEPHBIX HAIOJHUTEICH:
METaJUIMYECKOTO JKeJIe3a U aJIOMUHUS, a TAKXKE MX OKCH-
JIOB — Ha TETIOBBIC PEKTH OTBEPKIICHNS KOMITO3UTOB.

3KCHepI/IMeHTaﬂBHaH 4acTb

OObexkTaMu HCCIeI0BaHUS SBSUIMCH IPOMBIIIIICH-
Hble dMOKCcUIHBIE cMOIBl (DC) clIeayrmux MapokK:
I-20 (AO «Xumake JImmuteny), 13I-1 (AO «Xumake
Jlumureny), KIA-2 (AO «Xumdke Jlmmuteny), [1DD-3a
(OAO «Kazanckuil 3aBog CHHTETHYECKOTO KaydyKay),
XapaKTepU3yIOIKecs Pa3sHbIMU 3HAYCHUAMU 3MIOKCU-
Horo yucna (O4Y). Cmona 3/1-20 sBngercs MpoayKTOM
KOHAEHcalnu oucdeHona A u AMUXIOPTUAPUHA, CMOJIA
JOI'-1 npencraBnser co0O¥ MUTITHIMAMIOBHINA d(Up
JIUATHIIEHTTTAKOIS, cMoJbl KJIA-2 u ITO®-3 A apnsroTes
MonuuupoBaHHbIMU Bapuantamu OJ[-20. B cinyuae
KJA-2 B xauecTBe Monu¢uuupyroueii 100aBku BBe-
neHa cmona JI9OI'-1, a B ciyyae [19®-3A s monudu-
KalliM UCIIOJIb30BaH nonurerparuapodypas. Meronom
KHCIOTHO-0CHOBHOTO THTpoBaHus (I'OCT 12497-78.
[TnacTmacchsl. MeTob! onpeneneHus 3MOKCUIHBIX TPYIII)
ObUIHM OmpeAeNieHbl 3HAUYEHUS 3MOKCUIHOIO YUCia Uc-
TOJTE30BaHHBIX cMOJI (Ta0II. 1). B kauecTBe oTBEpAUTENS
STIOKCUTHOM CMOJIBI MCTIONB30BAIN MeTa)eHUIICHIHAMHH
(M®JJA) (Pharmaffiliates Analytics & Synthetics), on
ya00eH TeM, YTO MpEeACTaBIsIeT COOON MHANBUIYAIBHOE
COEIMHEHHE CTEXHOMETPUUYECKOTO CTPOCHUS U OTBEPIK-
JIEHUE MM DTIOKCHHBIX CMOJI IPOUCXOTUT MPH MOBBI-
HIEHHON TeMIiepaType, 4To yaA0OHO IS MCCieI0BaHMs
metonoMm JICK. Taxke ObLT HCIIONB30BaH IIIACTH(HKA-
top aubytundranar (IbD) (OO0 «VYpanbckuii 3aBon
[TmacTudukaropoBy») IS pacIIUPEeHHS TUana3oHa 3Ha-
YEHUH 3MOKCUHOTO YUCIIA.



Brusnue xumuuecko2o cocmasa 3moKCUOHOU CMOTbL U ee HANOTHEeHUS Haxnovyacmuyamu asiceinesd, aiioOMUHUs U ux OKCUOO8....

1025

Ta6nauua 1
DIOKCHTHOE YHCIIO TIPOMBIIIIJICHHBIX 3MOKCHIIHBIX CMOJI pa3HOTO COCTaBa

. DNOKCUIHOE YUCIIO
Mapka 3MOKCHIHON CMOJBI

110 HOPMATUBHBIM JTOKYMEHTaM, %

DIIOKCUAHOE YHCIIO, IOITyYCHHOE METOJIOM
KHCJIOTHO-OCHOBHOTO TUTPOBaHUs, %o

S71-20 20.0-22.5
JIOT-1 26.0
KJA-2 22.0
I®-3a 6.0-7.5

23.0
25.2
23.6

6.4

B xadecTBe HaNOJIHUTEIIEH SMTOKCHUIHBIX KOMITIO3UTOB
KCIIOJIb30BAJIM HAHOMIOPOIIKK METAJIMUYECKOTO KeJe3a,
AJIFOMHUHUS U UX OKCHUJIOB, CUHTE3UPOBAHHBIE METOAOM
ANEKTPUYECKOTO B3pbIBa. METO 3aKIIOYaeTCsl B UCIIa-
PEHUU OTPE3Ka METAJLTMIECCKON MPOBOIOKH BBEICOKO-
BOJIBTHBIM JJIEKTPUUYECKUM Pa3psiioM C MOCIETyIOeH
KOHJICHCAllMEeW HAHOYACTHI] B KOHTPOJIUPYEMOU Ta30BOM
armocdepe. Mcmonp3oanu Al mpoBomoky mapku A7E
nuameTpoMm 0.4 MM U TIPOBOJIOKY HU3KOYTJIIEPOANCTON
cranu Mapku Ct3 nuamerpom 0.4 mM. KoHKpeTHBIe ieTa-
JI1 METO/Ia TIOJYYCHHS YaCTHI] IIPECTaBIEHBI B paboTax
[26, 27].

Mopdosorndyeckre CBONWCTBA MOPOIIKOB ObLIN HC-
CJIEJOBaHbI METOJIOM JIEKTPOHHOH MHUKPOCKOIIUU Ha
npocBeunBatoiieM Mukpockone JEOL JEM2100 (puc. 1).
OOHapy>keHO, YTO MOPOIIKU COCTOSAT U3 YaCTULI IIPaBUJIIb-
Hol chepuieckoit HOpMbL, 9TO 00YCIOBIEHO YCIOBUSIMH
UX KOHJICHCAILIMH U3 TapoB B IPOIECcCe CHHTE3A.

®Da30BEIi COCTAaB HAHOITOPOIITKOB (Tal. 2) OBLT Ompe-
JIeTICH METOIOM PEHTTeHO(])A30BOro aHaiIn3a ¢ UCIOJIb-
3oBanueM quppakromerpa Bruker D8 DISCOVER B
MEIHOM H3JYyYCHHUHU C TPaGHUTOBBIM MOHOXPOMATOPOM
Ha nudparupoBaHHoM Jdyde. OOpaboTKa BBIOJIHEHA C
rcnonb3oBanueM nporpammsl TOPAS 2.1 ¢ putBenbaos-

100 M

Al,O4

Puc. 1. DnexTpoHHbIe MUKpOQOTOrpadui HAHOYACTHUI] HATTOTHUTEIICH.

Taoauna 2
XapakTepUCTUKU TUCTIEPCHOCTH U (Pa30BOr0 COCTaBa HAHOMOPOIIKOB
S pRe—— VnenbHas HJ'IOI.IIza,Z[LI CpenHeB3BeleHHbIH DasoBkIii COCTAB
TOBEPXHOCTH, M*' T pa3Mmep 4acTul, HM

Fe 9.0 97 a-Fe, kyouueckas: 91.04%, OKP =77 £ 3 um
v-Fe, kybnueckast: 3.36%, OKP =32+ 9 am
Fe304, maruerur: 5.6%, OKP =11 £ 3 um

FeO, 20.0 65 a-FeyO3, pomboanpuueckas: 11.11%, OKP =50 £ 10 am
Fe30y4, xyOmueckas: 88.89%, OKP =90 + 5 am

Al 18.1 109 Al xyomueckas: 100%, OKP = 109 £ 5 am

Al,O3 50.0 22 v-Al,O3, kyouueckas: 20%, OKP =22 + 3 um
5-Al,03, Terparonansras: 80%, OKP =22 + 3 um
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CKUM yTOYHEHHEM ITapaMeTpOB. YAeNbHas MOBEPXHOCTb
HaHOIIOPOIIKOB ObLTa OIpe/ielieHa METOIOM HU3KOTEM-
MepaTypHON COpOIMH a30Ta C WCMOIB30BAHUEM aHAIH-
3atopa Micromeritics TriStar3000.

OKcnepuMeHTalbHblE HCCIEJOBaHUs NpoIec-
COB OTBEPXKJEHHS M CTEKIIOBAHUS SMOKCUIHBIX KOM-
mo3uToB mpoBeneHsl MmeroaoM JICK ¢ ucmons30BaHu-
em kamopumerpa SETARAM DSC-131 (SETARAM
INSTRUMENTATION). [Ipu uccnenoBanuu oTBepxie-
HUSI UCIIOJIL30BAIHM PEKUM JIMHEHHOTO Harpesa otT 25
10 250°C co ckopocthio 2 rpax-mun-l. IIpu onpene-
JIEHUU TeMIIepaTyphl CTEKJIOBaHUS UCIOJIb30BAIU pe-
UM JuHelHoro Harpesa oT 0 1o 250°C co cKopoCThIO
5 rpag-mun L.

s uccnenoBaHus SHTAIBIINN OTBEPKICHHS JTOK-
CHJIHBIX CMOJI C pa3HbIM 3HAYE€HHEM IOKCHIHOTO YHcia
B 3aBHCHUMOCTH OT COOTHOIIEHHMSI C OTBEpAUTENIEM Ha-
BecKky MetadeHmwiiuamuna (~50 Mr) npeaBapUTeIbHO
PaCIUIaBIISUTH HA CTEKIITHHOM ITOIJIOKKE W CMEIINBAIIN
[maTesaeM Ipu KOMHATHOW TeMIepaType ¢ HaBeCKOM
CMOJIBI, B35TOM B cooTHomeHuH DC:MDJIA ot 16:1 mo
3:1.

Jns u3yueHus: BAUSHUS HANOJIHUTEIEH Ha IpoIiece
CIIMBAHUS 3MOKCUIHBIX CMOJI M PETaKCAIlHOHHBIX MPO-
[[ECCOB, MPOTEKAIOIINX B OTBEPKACHHBIX KOMIIO3HUTAX,
UCIIOJB30BaN MOKCUAHYI0 cMoiy OJ1-20, koTopyro
CMEIINBAJIH C OTBEPIUTENEM MeTapeHMITUAMIHOM B CO-
OTHOIIIEHHUH 5:1 110 METOJIUKE, OIIMCAHHOM BBIIIIE, IIOCIIE
4ero B CMOJIy BOIMJIM HaHOIOPOILUKH HarnoinHutenei: Fe,
Al, FeOy,, A,O3 — B cootHomennu 5—40% HaMOIHUTEIIS
OT Macchl cMOJTBL. [IpUTOTOBIEHHYIO CMECh TIIATENbHO
NepeMEeNINBAIN Ha CTEKJISHHON MOAJOXKKE IIMaTeIeM
[IpU KOMHATHOI TemIeparype.

—_—
=
T
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N
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T

Unvunosa K. O. u op.

OO0cyxneHue pe3yJbTaTOB

Jist pa3paOboTKH KOJIMYECTBEHHOW METOAUKY OLICHKH
SMOKCHIHOTO YHCIIa CMOJI Pa3HOTO0 XMMHUYECKOTO COCTa-
Ba U KOMIIO3HTOB Ha uX ocHoBe MeToaoM JICK Oblnn
M3MEPEHBI 3HAUCHUS YHTAJIBITNN OTBEPK/ICHHS HEHa-
MTOJTHEHHBIX AMOKCHUHBIX CMOJ C pa3HbIM 3HAUCHHEM
SMOKCUHOTO YKclia pH pasHOM cooTHomeHun DC/
orBepautenb. Ha TepmorpamMmax oTBepxaeHus (puc. 2)
pErucTpupyercs MUK, OTBEYAOIINNA TPOTEKAHUIO XUMH-
yecKol peakuuu. Peakiiys B 3aMETHOM CTENIEHN HaulHa-
etcst npu 70°C u 3akanumBaercs npu 150°C, makcumym
TemoBelaeneHus npuxogutcs Ha 110°C. [lnomans non
3K30TEPMHUUYECKUM ITHUKOM OTBEYAET SHTAJIBIINU PEAKLIUU
OTBEpIKICHUS. AHAJIOTMYHBIE TEPMOTPAMMBI OBLITH TIOITY-
YeHBI U BceX ¢MOJT U cooTHomeHuin DC/MDJIA.

[Ipu comepxannu MDA menee 0.15 sHTanbnus
OTBEPXKICHUS JIMHCHHO BO3pacTaeT Mo abCOIOTHOM
BEJIMYMHE, a 3aTEM BBIXOJIUT Ha HachlmeHue (puc. 3).
Jannblit a¢ ekt HabmomaeTcs A1 BCeX CMOI, KpoMe
[123®-3a. 3nauenus TemioBoro 3dexra peakuu CLIn-
BaHUs cMoJbl [TO®P-3a ocTaroTcst HA OTHOM YPOBHE He-
3aBHCHMO OT YBEIWYEHHS BECOBOU JJOJIHM OTBEPAMUTEINS.

Ha 3aBucumoctu (puc. 3) Hajauuue oO0Iel HaKJIOH-
HOW JINHUH, MOJIOKEHNE KOTOPOIl HE 3aBHUCHUT OT MapKu
CMOJIBL, CBA3aHO C TEM, YTO BO BCEX CIIy4asix [IPU OTBEPK-
JICHUH MTPOMCXOANT OJHA U Ta KE PEaKIUs MEeXKIY IIOK-
cuaHoi rpynmoit OC u amunHOM Tpynnoil MOIA. Tlpu
MasioM copepkann M®JIA He Bce SMOKCUIHBIE TPYIIbI
BCTYIAIOT B PEAKIIUIO, U UX YUCIIO YBEIIMUUBAETCS 110 ME-
pe yBenmaeHus 1o M@JIA, cie1oBaTesIbHO, SHTANbBIINS
OTBEPIKJIEHUS MPOTIOPLIMOHATBEHO YBEINIHBAETCS.

BenuurHa 3HTaNbNNK PEAKIMK CIIMBAHUS B pacueTe
Ha 1 T 700aBNEHHOTO OTBEpAMTENS OblJIa pacCYMTaHa Ha

Tennora: —449.144 x-r!

Temneparypa makcumyma: 113.419°C
Temneparypa Hauana peakuuu: 94.13°C
TemnepaTypa okoH4aHus peakuuu: 129.562°C

I

<

40 80 120

160

200 240

Temneparypa, °C

Puc. 2. TepmorpaMma oTBepkAeHHS AMOKCUAHON cMoibl J/1-20 ¢ momoIkio MeTadeHUIEHANaMUHA B COOTHOIIEHUH 5:1.

Hp}wbze JAUHUU NOO NUKOM — HUHTCPIIOJIMPOBAHHBIC 3HAYCHU TEMIIEPATYPBI Ha4YaJia 1 OKOHYAHUSA PEAKIINH.
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Puc. 3. DHTanemus OTBEPKIASHUS B pacdere Ha | T cMOITbI
JUIST TPOMBIIUIEHHBIX 3MOKCHIHBIX cmon JJ-20, 10T-1,
KIA-2, [I9d-3A B 3aBUCHMOCTH OT BECOBOW /10NN OTBEP-
JuTeNs — MeTaQeHWICHIMaMUHA 10 OTHOIIICHHIO K CMOJIE.

OCHOBAaHUH ypaBHEHHS JITHEWHOH perpeccuu oomieli Ha-
KJIOHHO# JtnHuu (puc. 3). Ona cocraBmina —3438 [k,
MonbpHOE 3HaU€HUE DHTAIBIIUN OTBEPKACHUSA, PACCUH-
TaHHOE C yuyeToM MoJiapHoil maccel M®DJIA, cocraBu-
70 —371.8 xJIx-Monbs 1 orBepautens. OxHa MojeKyia
MO®OJIA MOXeT B3aUMOJEHCTBOBATH C YEThIPbMS ITOK-
CHUAHBIMH TPyIIaMH, TO3TOMY U3MEHEHHE SHTAJIBINU B
JJIEMEHTAapHOM aKTE PEAKIUH C Y4aCTUEM OTHOW 3IIOK-
CHJIHO# rpymibl coctaBuiao —92.9 k/Ix-Momns~!l. Dra Be-
JMYMHA IPEeCTaBIseT COOOH cpeiHee MONbHOE 3HaYeHHE
SHTAJBINN XUMUYECKON pEAKIIMN MEXy aMUHHON rPyTI-
ot MMDJIA ¥ STIOKCHTHON TPYIITOH CMOJIBL.

B 10 Bpemst kak HaKJIOHHAs JIMHUS, IPECTaBICHHAS
Ha 3aBHCUMOCTH (puc. 3), sBisieTcs o0mIel 1 Bcex
CMOJI, TIOJI0KEHHE TOPU30HTAIBHBIX YYaCTKOB Ha 3TOH
3aBHCHMOCTH pasnuyaercs. VX monoxxeHue 3aBUCHUT OT
KOJIMYECTBA AMOKCUAHBIX TPYII, TPHHUMAIOIINX yIacTHe
B peakuuax. Touka u3noMa KOHUEHTPALlMOHHOW 3aBUCH-
MOCTH OTBEYAET CTEXHMOMETPUUYECKOMY COOTHOIIEHUIO
OC/M®DJIA. Yem MeHbIIe STOKCUIHBIX TPYIIT B CMOJIE,
TEM BBIIIe HAXOAUTCS TOPU3OHTAIBHBIA y9acTOK, TEM
MEHBIIIE CTEXUOMETPHUYECKOE KOJIUYECTBO OTBEPAUTEN,
TpedyeMoe Il peakLuy CIIMBAaHHA.

ITockonbKy MoNoXKeHHE TOPU30HTAIBHOTO y4acTKa
(puc. 3) 3aBUCHUT OT comepKaHUs MOKCHIHBIX TPy,
3HAa4Y€HUE YHTAJBIUY CIINBAHUS Ha 3TOM JTMHUN MOXKHO
CBSA3aTh C €€ SMOKCUIHBIM YHMCIIOM. J[JIs 3TOro Moydyum
3aBUCUMOCTD 3HAQUEHUU SHTAJIBIINKM OTBEP)KICHUSA, OT-
BEYAIOIINUX TOPU30HTAIBHBIM JIMHHASAM, OT SIIOKCHIHOTO
gucia. Jng Tpex uccienoBaHHBIX AMOKCHIHBIX CMOJ
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SMOKCHIHOE YHCIIO cocTapiseT okono 20% (tabn. 1) n
numb qas [I9®P-3A oHo cymiecTBeHHO MeHble. s
pacliupeHusl Auana3oHa 3HaY€HUU SMOKCUIHOTO YHUC-
7a OBIJIO WCCIIEIOBAHO OTBEP)KICHHE MOJICITHHBIX CH-
crem D/1-20/1bD npu conepxkanuu JIbD ot 5 mo 70%.
[Mnactudukarop IbD He yyacTByeT B peakLWH CIIUBA-
HUS ¥ JIWIIE pa30aBIsIeT SIMTOKCHIHYIO CMOJTY, YMEHbIIAs
COZIEpKAHUE AIOKCUIHBIX IPYII U OPONOPLUOHAIBHO
MTOHIKASI STTOKCUIHOE YUCIIO.

OHranbnus orBepxkaeHus cmeceit DJ1-20/J1bD Ovu1a
onpenenena meronom JICK npu conep:kaHuu oTBepAUTE-
11 M®JIA B cootHOMmIEHNH 1:5 IO OTHOIIIEHHUIO K CMECH.
JlaHHO€ COOTHOIIICHHE MTPEBBIIACT CTEXHOMETPUICCKOE,
YTO TFapaHTUPYET MOJHOE YYaCTHUE AMOKCUIHBIX TPYIII
CMOJIBI B peakiuu ¢ aMuHOM. Kak Ju1si IpOMBILIIEHHBIX
CMOJI, TaK U I MOAeIbHBIX cMecer DJ1-20/1bD ¢ me-
PEMEHHBIM 3IIOKCHIHBIM YHCJIOM €T0 3HAUYSHHUS TOIH-
HAIOTCS €IUHOM JUHEUHON 3aBUCUMOCTHU OT DHTAJLIINU
otBepxkaeHus (puc. 4). HakmoH 3To#i mpsiMoii o3BoJsieT
MOJYYUTh YPAaBHEHHUE KOJMYECTBEHHON 3aBUCUMOCTH
SMOKCUAHOTO YHCIIa CMOJIBI OT TETUIOBOTO ddekTa pe-
aKIIMK OTBEPKCHUS ¢ ToMoIbio MDA

DY = -0.0426AH, (1)

e AH — sHTanbnus oTBepxaeHus cMoibl ([l 1).
YpaBuenune (1) B manpHeimeM OBIJIO WCITOIB30BAHO
JUTSL SKCIIEPUMEHTANILHOM OIEHKH STIOKCHIHOTO YHCIIa
B KOMIIO3UTaX, HAIIOJHEHHBIX HAHOYACTHI[AMU METall-
aoB — Fe, Al u ux oxcunos (FeO,, Al,O3). B kagecTse
MOJIMMEPHOI OCHOBBI KOMITO3UTOB HCIIOIB30BaIACh CMO-
na 9J1-20, NOCKONBKY OHA BXOIUT B COCTAB OOJIBIIIMHCTBA
IIPOMBIIIUICHHBIX 3MTOKCUIHBIX CMOJI U KOMIIO3HUTOB.

30
v o DJI-20+bD
v CMoJbl

2 v
g 201
-
(]
o
jas) -
=
=~
2
2 10t
M

—600 —400 —200 0

DHTanbnus oTeepxkaeHus, [k

Puc. 4. KOppeJ'ISH_II/IOHHaSI 3aBHUCHUMOCTD 3IMOKCUJHOTI'O YHCJIa
CMOJIBI OT TCIIJIIOBOTO 3(1)(1)GKTa pCaknun OTBCPIKACHUSA.
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Tepmorpammer JICK nnsa npoiiecca oTBEpxKICHUS
HAMOJIHCHHBIX KOMIIO3UTOB MMEJN BHUJ, aHAJTOTMYHBIHA
MIPEICTaBIICHHOMY Ha pHC. 2 JUIsl HEHAIIOJHEHHOW CMO-
761, UTHTErprupOBaHUEM COOTBETCTBYIOIINX TEPMOTPAMM
ObLIa OMpeielieHa YHTANIBITUS OTBEPKICHHUS KOMITO3UTOB,
conepxkauux ot 5 10 40% HaHOYACTHIL [1O Macce, U pac-
CUHMTAHBI 3HAYCHUS DHTAJBITNN OTBEPKICHUSI B pacueTe
Ha | I DIIOKCUIHON CMOJIBI B COCTaBe KOMIO3HUTa. B TO
BpEMsI KaK SHTAJIBIINS OTBEPIKACHUS KOMIIO3UTA JIMHEHHO
YMEHBIIIAIACh 10 a0COFOTHON BETMYHHE IT0 MEPE YBEIIH-
YeHUS COACPIKAHUS HAIONHHUTENS, pacUeTHOE 3HAUYCHNE
Ha | T STOKCHUIHON CMOJIBI IPAKTUUECKU HE 3aBUCEIO
0T cojep>kanus HamonHuTens. [loaToMy 3HaYeHUS HH-
TalBIIUU OTBEPXKICHUS B pacdyeTe Ha 1 T CMOIBI OBLITH
YCpEIHEHHI I KOMIIO3UTOB C Pa3HBIM CONlEpKaHNEM
HaHOYacTHIL (Tabi. 3).

3HayeHUs SHTAJBIIUU CIIMBAHUS CMOJIBI B COCTaBE
KOMITO3UTOB, coiepkamux Hanodactuisl Fe, FeO,, Al
AlyO3, B ipefiennax MpuBEACHHON TOTPEIIHOCTH COBIIA-
JIAIOT CO 3HAUCHUSIMU SHTAJBIIUU CIIUBAHUS UHIUBUIY-
anbHoi cMonbl D/1-20 (tabn. 3). Takum obpa3oM, mpu-
cyrctBue Hanouactun Fe, FeOy, Al, Al,O3 B cocrase
KOMITO3WUTa HE BIIMSET Ha TEIJIOBOU 3PQPEKT peakiuu
OTBEPKACHUS TOJIUMEPHOU MaTPHUIIBI CMOJIBL. DTO TO-
3BOJISIET CIETaTh BBIBOJ O TOM, UYTO BBEJCHHE B CMOIY
HAaHOYACTHII C PA3BUTON aKTUBHOW MOBEPXHOCTHIO HE
YMEHBIIIAET COMEPKAHUS IMOKCHIHBIX TPYIII, CTIOCO0-
HBbIX y4acTBOBaTh B pPeakiMM ClIMBaHus. B Oosee Ha-
DI AHON (popMe 00 3TOM CBUIETENBCTBYIOT PacUCTHBIC
3HAYEHUS MOKCHIHOTO YMCIIA, TOTy9eHHbIC Ha OCHOBE
M3MEPEHHBIX 3HAUCHUH SHTAJBITHHN CITUBAHUS C UCITOJb-
3oBanueM ypaBHeHus (1) (Tadm. 3).

3HauCHHUS SMTOKCHIHOTO YHCIa CMOJIbI B COCTaBE BCEX
HCCIIEJOBAHHBIX KOMITO3UTOB B IMpeJeiaxX MOrpelrHo-
CTH COBITAJIAIOT CO 3HAYCHHUSIMU STOKCUIHOTO YHCIIA UH-
nuBrayanbHoil cMonbl DJ[-20. PaccuntanHoe cpeqHee
3Hau€HHE MO BCel BBHIOOPKE KOMIIO3UTOB C XOpOIIeH
TOYHOCTBIO PABHO 3HAYCHUIO STIOKCUIHOTO YU CIIA UHAU-
BHIyanbHOU cMobl. TakuMm oOpa3om, HaHo4YacTUIlH Fe,

Unvunosa K. O. u op.

FeO,, Al, Al,O3 He BIMSIOT Ha SIOKCUIHOE YHUCIO CMOJIBI
B cocTaBe komno3uta. [Ipu 3ToM ciemyer OTMETUTh, YTO
JTaHHBIE Ta0M. 3 OTHOCATCS K CMOJIE€ B COCTABE KOMITO3H-
Ta, HO HE K KOMIIO3UTY B 1enoM. CienoBareiabHo, IpU
TEXHOJIOTHYESCKOM PacueTe KOJINYESCTBA OTBEPIUTEIIS ISt
KOMITO3HUTA €r0 SMOKCUIHOE YHCIIO HY)KHO YMEHbINATh
MIPOITOPIIMOHATHFHO MacCOBOH JI0JIe CMOJIBI B KOMITO3HUTE.
[onmyueHHbIC PEe3yNIbTAThI TO3BOJISIOT CHIEIATh BHIBOJ
0 TOM, YTO TEIUIOBOH 3(h(HeKT OTBEPIKIACHUS ISl KOMIIO-
3uTOB, HanmonHeHHbIX Fe, FeO,, Al, Al,0O3, ocraeTcs TeM
e, 9TO | JJI1 MHAUBHUITyaIbHOW CMOJTBI, M HE 3aBUCHT OT
MPUCYTCTBHS B KOMITO3UTaX HAHOYACTHUI] HATTOJTHUTEJIS.
PaccMmoTpuM BivisiHUE HAHOYACTHIL HA KUHETHKY IIPO-
1ecca OTBEepKIeHU Ha OCHOBaHHUH 3HAYCHHUN TeMIiepa-
Typbl Hayayla peakiiiyd OTBEPIKACHHS, €€ OKOHJYAHHUS U
TEMIIEPaTyPbl, OTBEYAIOIIEH MAKCUMYMY TEILUIOBBIJIEIIC-
HUS TIPU CIIMBAHUY HAIIOJHEHHBIX KOMIIO3HUTOB.
BBenieHrie HAHOUACTHII PUBOJNUT K CHIXKEHUIO BCEX
XapakTepHBIX TeMIepaTyp Mpolecca OTBEpPKIACHUS
(puc. 5). HauOomnpIiee BIUSHIE BBEACHHE HAHOTACTHI]
OKa3bIBACT HA TEMIICPATYPy Ha4ajia PEaKI[UK CIIMBAHUS.
Tax, MakcUMaTbHOE TIOHIDKEHUE TEMIIEPaTyphl Hadaia
peakIuu OBLIO 3apETHCTPUPOBAHO IS KOMITO3UTA, CO-
nepskasiiero 40% nanogactui Al,O3, — 0HO cOCTaBUIIO
oko10 60°C. B MeHbIIICH CTEIIEHU MOHU3UIACH TEMIIC-
paTypa MakcuMyMa TEIUTOBBIICIIEHUS — IS TOTO Ke
KOMTIO3WTa OHA YMEHBIIMIACh pronm3uTensHo Ha 20°C.
CoBceM HE3HAYUTETHFHO N3MEHIIIOCH 3HAYCHUE TeMIIepa-
TYPbl OKOHYAHUSI PEAKIMU — JIJIS TOTO YKE KOMITO3UTa OHA
cam3miIack TUb Ha 10°C. DTo moka3pIBaeT, YTO BBEAC-
HUC HAHOYACTHUI] TPUBOAUT K aKTUBAIIMH PEAKITMH CIIH-
BaHWsI, IPUYEM HAMOOJIbIICE BIUSHHUC MPOSIBISICTCS HA
paHHMX, HAYaJIBHBIX CTaIMsIX Mpolecca. JTo, MO-BUIU-
MOMY, MOJKHO TPaKTOBaTh KaK MPOSBICHUE KaTaIUTHIC-
CKOTO JCHCTBYSI HAHOYACTHI] HAa PEAKITHIO OTBEPIKICHUS.
Karanutnueckoe neicTBre KOMIIO3UTOB, COJIEpKa-
IIMX HAHOYACTUIIBI PA3HOU MPHUPOIBI, IO OTHOIICHHUIO K
peaKkIuu CHIMBAHUS SMOKCUIHOTO KOMIIO3UTA YCHUIIHBA-
ercs B psany Fe—Al-FeO,—Al,O3. B aTom e psimy Bo3-

Taoauma 3
3HT3IH)HI/I$[ CHINBAHUSA SITOKCUAHBIX KOMITIO3UTOB U 3HAYCHUS UX SIIOKCUAHBIX YUCECII

Hanonuurens Copneprxanue HaHOYaCTUL, Yo AH, JIxx-T! cMomb DIMOKCHIHOE YHCIIO CMOJIBLI B KOMIIO3UTE
Her 0 -539.4+5.9 23.2+0.3
Fe ot 5 no 40 -526.0 £ 16.1 224+0.7
FeO, ot 5 10 40 —555.6 +28.3 23.7+12
Al ot 5 1o 40 —535.7+£20.7 22.8+0.9
AlLO3 ot 5 no 40 —535.3£33.7 228+ 1.4
Cpennee —539.5+11.2 23.0+0.5
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Puc. 5. Bnusaue cogepkaHusi HAHOYACTHUL B KOMITO3UTE Ha
TEeMITepaTypHbIE MapaMeTphl IPollecca CITNBAHMSL.
a — TeMmIeparypa Hadaja peakiuu, 6 — TeMIepaTypa Mak-
CUMYyMa TCIUIOBBIACJIICHUS, 6 — TEMIIEpATypa OKOHYaHUsA pe-
AKIUH.

pacraer yuenbHas MMOBEPXHOCTh HaHOYACTHIT (Ta0MI. 2).
MoXHO MPEeNonoKUTh, YTO aKTUBUPYIOLIEE AEHCTBUE
HaHOYACTHI[ CBSI3aHO C aJICOPOIIMOHHBIMU TPOIIECCAaMU
Ha WX TIOBEPXHOCTH, KOTOPHIC, BEPOSTHO, TIOHIKAIOT
AKTUBAIIMOHHBIN Oapbep PeaKIuy B3auMOICHCTBHUS JITOK-
CUJHBIX 1 aMUHHBIX I'PYIIII.

BriBoaBI

OTBepKACHNUE MOKCUIHON CMOJTBI C TIOMOIITBIO METa-
(heHUICHIMaMUHA COIIPOBOXKIACTCS PK30TEPMUUYECKUM
TEeTUIOBEIM d(pPekToM B MHTEpBale Temmeparyp 40—
180°C, KOTOpEIit 3aBUCHUT OT COOTHOIIIEHHUS OTBEPANTEIH/
CMOJIa. DHTAIBITHS JIEMEHTAPHOTO aKTa XMMHYECKON pe-
aKIMKU MEXIY SMOKCUIHON CMOJION U aMUHHOW TPyIION
MertaderunienauamMuaa cocrasiseT 92.9 kJ[x-momnb .

Hanouacrutte! Fe, FeOy,, Al, Al,O3, mony4ueHabIe Me-
TOIIOM DJIEKTPUUYECKOTO B3PHIBA MPOBOJIOKU, HE BIUSIOT
Ha TEPMOAMHAMHUKY MPOLIECCa OTBEPKIACHUS, T. €. DH-
TaNbIus OTBEPKACHUS SMOKCUIHOW CMOJBI B COCTaBE
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KOMITO3HTa C HAHOYACTULIAMH HE NU3MEHSETCsI. DTO M03BO-
JISIET MCTIOJB30BATh IS TPAKTUIECKUX TEXHOIOTHIECKHX
pacyeToB pelenTyp 3Ha9YeHNE SMOKCHUIHOTO YUCIIa HHAN-
BUJIyaJIbHOM CMOJIBI C YUETOM TIONPABKHU Ha €€ coJepKa-
HHE B KOMITI03HTE. B TO e BpeMs BBeZleHHE HAaHOUACTHUI]
CHIDKAeT 3HAUSHHsI TEMIIEpaTyphl Hayasla, MaKCHMyMa U
OKOHYAHHUSA PEaKINH OTBEPXKIEHUS, T. €. aKTUBU3UPYET
MPOIECC CHIMBAHUA. YCKOPEHHE PEAaKIIMH TMPOUCXOAUT
TeM B OOJIbIIIEH CTENICHH, YeM BBIIIEC 3HAYCHUE YACTBHON
MTOBEPXHOCTH HAHOYACTHII.
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Hccnedosana 603modcnocmv ucnonb308anus 8 Kauecmee MoOupuyupyiowux 000a6ox 0Jisk NOTUMEPHBIX ap-
MUPOBAHHBIX BOJIOKHOM KOMNO3UMOS8 HA OCHOBE SNOKCUOHOU CMObL U 0A3ANLIMOBO20 POGUH2A Y2llePOOHBIX
Hanompybok mapxu « Taynumy. Beiopano onmumanvhoe cooepicanue Hanompyoox 6 cocmage INOKCUOHOU
KOMRO3UYUU, NPU KOMOPOM Y21epOoOHble HAHOMPYOKU YNPOUHAION dNOKCUOHBIL Komnozum. Paccmompena
B03MOAICHOCTD U ONpedeleHd dPPHeKMmusHOCHb MOOUPDUKAYUU NOBEPXHOCMU HAHOMPYOOK annpemupyouetl
000a8KOU Y-AMUHONPONUIMPUINOKCUCUTIAHOM OISL YBeTUHeHUS A02e3UuLl HAaHOMPYOOK € SNOKCUOHOU CMONOU, 4
maxoice 6auAHUe HA MAKYI0 cucmemy akmueno2o pazoasumensn YII-616. Buuanue HanompyOboK u akmueHo2o
pazbasumens Ha NPoyecc OmeepicOeHUs NOIUMEPA UCCIe008aHO MEPMOMEMPULECKUM MeMOOoOM U Oudge-

PEHYUATILHO-CKAHUPYIOWell Kalopumempuen.

KittoueBsle croBa: anoxcuouas ouanosas cmona, yeiepoonsvie HAaHOMPYOKU, aKMUGHbI pazbagumens, no-
6EPXHOCMHAS (DYHKYUOHANUZAYUSL; 20MO2EHU3AYUS, PUIUKO-MeXAHUUeCKUe CBOLICMBa

DOI: 10.31857/S0044461821080090

ApPMHPOBaHHBIE KOMIIO3UTHI IIUPOKO HCIIONB3YIOTCS
BO MHOXXECTBE OTpaciell MPOMBIIIIEHHOCTH, B CTPO-
UTEIBCTBE, IPOU3BOJCTBE aBTOMOOMIICH, Cyq0CTpoe-
HUH, a3POKOCMHYECKOM CTPOCHUH U T. 1. VX LeHsT 3a
YHHKaJIbHbIE CBOMCTBA, TAKHE KaK BBHICOKAs! IPOYHOCTbD,
MaJIblii BEC, CTOMKOCTh K arpeCCUBHBIM CpellaM U BO3-
MOXHOCTb HAaIPaBICHHO PETYJIHPOBATH XapAKTEPUCTUKU
roToBoro marepuana [1, 2].

K coBpeMeHHBIM KOMITO3UTaM MPEABSBISIOTCS KECT-
KHe TpeOOBaHUs M0 (PU3UKO-XUMHUECKAM M MEXaHU4Ie-
CKHM XapaKTepUCTUKaM, H3MEHEHHE KOTOPHIX HEBO3-
MOXXHO 0€3 IOHUMAaHUS BIMSHUS KaXKJ0T0 KOMIIOHEHTa
MOJMMEPHON CHCTEMBI Ha MPOILECCH CTPYKTYpooOpa-
30BaHUS U CTPYKTYpy komno3zuta [3]. OcHOBHOMU mpo-
OneMoi MpH MOIYIeHHH OJHOHAMIPABICHHBIX apMHPO-
BaHHBIX KOMITIO3UTOB C BBICOKOW MPOYHOCTBIO SIBIISIOTCS
(U3UKO-MEXaHNYEeCKUE XapaKTEPUCTUKN MaTPHLBI, HE
COOTBETCTBYIOIIME HATPY3KaM, IIPUIIaracMbIM B HalpaB-
JieHnu paboTel BookHa. [Ipu sKcIuTyaTanuu o0pasios

APMHUPOBAHHOTO BOJOKHOM KOMIIO3UTa Ha MPECIIbLHON
Harpy3ke B MaTpUIlE MOSBISIOTCS MUKPOTPEITUHEBI U
MIPOMCXOINT OTCIIOEHHE BOJIOKHA OT CBS3YIOIIETO, B Pe-
3yIIBTaTe YeTo MPOUCXOAUT paspylieHue monumepa [4].
Jl1s yBenrueHust IPOYHOCTHBIX XAPaKTEPUCTUK MaTPULIbL
C HEJaBHETO BPEMEHH IIHPOKO HCIOJIB3YIOTCS HAHO-
JIUCIIEPCHBIEC YACTULBI [5, 6], B TOM 4YHKCIE YIIEPOIHbIE
HaHOTPYyOKM [7, 8]. B pe3ynbrare BBeICHUS pa3TUIHBIX
HaHOYAaCTHI B SIIOKCUAHYIO KOMIIO3MIIUIO U3MCHACTCH
CTPYKTYpa ¥ TOBBIIIAETCS MTPOYHOCTH MOTMMEPHON Ma-
TPHIIBI, a TAK)KE YBEITMUMBACTCS are3nss MEXIy MaTpH-
1IeH ¥ BOJIOKHOM, YTO MPEMSATCTBYET PaclpOCTPaHCHHIO
MUKPOTPEIIUH B Ipoliecce aedopmaliuu u odecreurnBa-
€T YIPOYHEHHUE MOKCUAHOTO Komno3uta [5]. ®dusuko-
MEXaHHYECKUE XapaKTEPUCTUKH MOJMMEPHOTO KOMIIO3H-
[IMOHHOTO MaTepraa ¢ JoOaBKaMH HAaHOYACTHII 3aBUCST
OT COZIepXKaHUs B CUCTEME arjioMepaToB HAHOYACTHI],
aJre3uy HATIOJHUTEIIS, XUMUYECKOTO B3aMMOJICHCTBHS
HAHOYACTHI] C MATPHUIIEH.
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Jlns obecriedeHus: ONTUMANIBHON MMPOYHOCTH CHCTE-
MBI MaTpHIla—HAIOHATENh HanboIee epCIeKTHBHBIM
METOZOM MOAH(UKAINY SBISETCA (PYHKIMOHATH3AIHS
MOBEPXHOCTH HaHOpa3MepHoro HamosHuTeds. CyTh
JTAHHOTO METOJIa 3aKJF0YaeTCs B MPUBHUBKE HA IMOBEPX-
HOCTHb HaHOAUCIIEPCHBIX YACTUIl XUMUYECKUX TPy,
CITOCOOHBIX B3aMMOACHCTBOBATH C MaTpHIlEH, 00pa3ys
YCTOWYMBBIC XUMHYECKHE CBs3U. B TO e Bpemst QyHKIH-
OHAJTM3AIHSI CIIOCOOCTBYET HE TOJIBKO YBEIMUYCHUIO ITPOY-
HOCTHBIX XapaKTEPUCTHK YK€ TOTOBOTO KOMITO3UTA, HO
¥ paBHOMEPHOMY paclpeeeHUI0 HAHOYACTHIT BO BpeMs
nporecca romoreHu3aru. OyHKIMOHATU3AIUS MOKET
OBITh IPOBE/ICHA KaK (PU3UUCCKUMHU, TAK U XUMUYCCKUMU
(oOpaboTka kapOOHOBEIMU KHcioTamu [9], cuuianamu
[10], amuaamu [11]) meTogamu. B Hamieit paboTe B Ka-
yecTBe (PYyHKIMOHAIN3UPYIOIMEH T00aBKH BBIOpaH MO-
mudukarop amuHocwiiad Mapku AI'M-9, copeprkaiuii B
CBOEM COCTaBE IPYIIIIBI, CIIOCOOHBIE B3aMMOJIEHCTBOBATh
¢ QYHKITMOHATHHBIMH TPYIIIAMA TIOJTUMEPHON MaTPHIIBI
U yIIICPOIHBIX HAaHOTPYOOK [12].

B kauecTBe apMHUPYIOIIUX BOJOKOH IS TIOTYUYCHHUS
KOHCTPYKIIMOHHBIX MaTepHUaioB HAOOJbIIEE Pacipo-
CTpaHEHHUE TOJYUYHIJIN CTEKJISHHBIE, 0a3aIbTOBBIC U
yIJIepOHbIe BOIOKHA. B mociiennee Bpems 6a3ansToBoe
BOJIOKHO TIPUBJICKAET BCe OOJIbIIIC BHUMAHUS B KAYECTBE
APMUPYIOIIETO HAMTOTHUTES OMHOHATPABICHHBIX ITOJIU-
MEPHBIX KOMIIO3HIIMOHHBIX MarepuaiioB. COBpeMeHHOE
0a3aIBTOBOE BOJIOKHO UMEET CXOXKHE XapaKTePUCTHUKH CO
CTCKJISIHHBIM, a TI0 HEKOTOPBIM TOKa3aTeIsIM JIaxe Tpe-
BOCXOJIUT €ro. Tak, KOMIIO3UTHI HA OCHOBE 0a3aJIbTOBOTO
pOBUHTA XapaKTepU3yOTCcsl Ooliee BEICOKHM IPeIeIoM
MIPOYHOCTH ¥ MOAYJIEM YIIPYTOCTH NIPH PACTSHKEHUH [ 5],
YTO SIBJISICTCS CJICACTBUEM JIydlled MX aAre3uH K I10-
JUMEPHON MaTpulle U 00jee BBICOKHX MPOYHOCTHBIX
XapaKTEPUCTUK CaMOT0 BOJOKHA. ba3anbTOILIaCTHKY 110
CBOWIM XapaKTEPUCTHKAM IPOYHO 3aHUMAIOT JIHIUPYIO-
II[e€ MECTO Ha PBHIHKE MOJUMEPHBIX KOMIIO3UIIHOHHBIX
MaTepHaIoB MO0 COOTHONICHHUIO [IEHa—KaueCTBO, UMES
CPaBHHMYIO CO CTEKJIOIUIACTUKAMU CTOMMOCTH, HO BHI-
WTPBIBas MO MPOYHOCTHBIM XapaKTePUCTHKAM M HE3Ha-
YUTEJBHO YCTyIasi B 3TOM IOoKa3arese yriermiacTuKaM,
HO TP TOM SIBJISISICh 3HAUUTENIBHO OO0JIee JCIICBBIMU.
Takum 00pa3oM, 6a3aNbTOILIACTUKH SBISIOTCS HAau00-
Jiee PUBIICKATENLHBIMUA TSI IIMPOKOTO KOMMEPUYECKOTO
HCTIOTB30BAHMA.

B HacTosiiiee BpeMs CyIIECTBYEeT OOJIBIIOE YUCIO
paboT, CBSI3aHHBIX C U3YYCHHEM BIIMSTHUS MOIUDUIIN-
pyromux 100aBOK Ha CTPYKTYpPY M (PU3NKO-MEeXaHHYe-
CKHE CBOWCTBAa KOMIIO3UTOB Ha OCHOBE 3MOKCHJIHBIX
CMOJI, ApMHUPOBAHHBIX 0a3aJIETOBBIM BOJIOKHOM [ 13, 14].
[Ipoananu3upoBaB 3TH UCCIICOBAHUS, MOXKHO CJIEJIaTh
BBIBOJI, YTO YITPOYHEHHE KOMITO3UTOB 3a CYET IPUBUBKHU

Llepbaxos A. C. u op.

Ha NOBEPXHOCTh HAHOYACTHILL PA3JINYHBIX (DYHKIIMOHAIIb-
HBIX TPy sBisieTcs 3 (HEKTUBHBIM METOIOM, €Ille He
H3y4EHHBIM B IIOJIHOM MEPE.

Lenb paboThl — H3y4YeHHE BIUSHUS BBEICHUS B SIIOK-
CHIHYIO KOMIIO3ULMIO (DyHKIIMOHANN3UPOBaHHBIX CHIa-
HOM HaHOTPYOOK M aKTHBHOTO pa3baBuTens Ha pu3u-
KO-MeXaHW4YeCKHe CBOMCTBA, CTPYKTYPHbIE 0COOEHHOCTH
1 MIPOIIECCHI CTPYKTYpOOOpa3oBaHus OAHOHATIPABICHHO-
r0 apMHUPOBAHHOTO SMOKCHIHOTO KOMIIO3HTA.

3KCI’IepI/IMeHTaI[I>HaH 4acTb

B kagecTBe 00OBEKTOB HCCIEAOBAHUS UCIIOJIB30BaA-
JIICh BAHTOBBIE PACTKKH HA OCHOBE STIOKCHIHON CMOJIBI
mapku J/1-20 (AO «XNUMOBKC Jlumuteny), apMupo-
BaHHBIE 0a3anbToBEIM poBUHTOM (HPB13-1200-KB12,
000 «KameHHBII BEK»), I OTBEPKICHUS SITOKCHITHOTO
CBSI3YIOIIETO MCITOIB30BAJICS OTBEPAUTENH XOJIOTHOTO
oTBepkaeHus nmoiamdTwieHnoauaMu (AO « XUMOBKC
JIumureny).

B kauecTBe aKTMBHOIO pa30aBUTEINSI TPUMEHSIN
YII-616 (AO «XMUMDBKC Jlumuten), mpeacTaBistonTuit
c000H MPOAYKT KOHJCHCAIIH STHUXJIOPTUAPHUHA CO CMe-
CBIO M30MEpOB 0- U n-kpe3ona (60% n-xpeszona + 40%
o-kpe3ona). Beenenne YII-616 npuBOAUT K CHIKCHHIO
BA3KOCTH, YTO CIIOCOOCTBYET JTyUIIeMy pactpeaeeHHIO
HaHOYACTHI], a €r0 HEMOCPEJACTBEHHOE BIMSIHHUE Ha IPO-
LIECC OTBEP:K/ICHNS TO3BOMIACT JOMOTHUTENBHO YBEIUUHUTh
MIPOYHOCTH NOIMMEPHOT0 KOMIIO3UIIMOHHOTO MaTepHara.

Jlns ynmpodHeHusI MaTpHUITEl B TAaHHON paboTe ObLIH
BBIOpaHBI YIIIEpOIHbIE HAHOTPYOKH Mapku «TayHHT»
(OO0 «HanotexueHTp») ¢ pazMepaMu MOpsAKa HaHO-
METPOB 1 aHOMAJILHO BBICOKOH YAEIBbHON ITOBEPXHOCTHIO
(6001300 m2-1 1), xapakTepu3yromuecs BHICOKUMH
MPOYHOCTHBIMU XapaKTEPUCTHKAMH, MPEICTABIISIOIINE
co00H KBa3HOAHOMEpPHBIE, HAHOMACIITAOHbIe, HUTEBU/I-
Hble 00pa30BaHMs MOJUKPUCTAUINIECKOTo rpaduTa mpe-
HMYILECTBEHHO LIMIMHAPUYECKON (POPMBI C BHYTPEHHUM
KaHaoM. BHemHU# quamMeTp HaHOTPYOOK COCTaBIISET
20—70 uM nipu BHyTpeHHeM auamerpe 10-20 M, 1imHe
>2 MKM H yA€eIbHOM noBepxHocTH 120130 M2-1-1,

[ToBepXHOCTH yTIEPOTHBIX HAHOTPYOOK (PYHKIIHO-
HaJIM3UPOBAJIM C TIOMOIIBIO Y-aMHHOIPOIMITPUITOKCH-
cwiana (AIT'M-9, OO0 «I1IEHTA-91»). [ns atoro 0.5 T
YIIEPOIHBIX HAHOTPYOOK nucneprupoBanu B 100 ma
pactBopa HyO:AI'M-9 (o6pemMHOE cooTHOIIEHHE 95:5) ¢
MTOMOIIIBIO YABTPA3ByKOBOTO TOMOT€HM3ATOPa B TEUEHUE
10 muH. J{ns noBeimenus pactsopumoctd AI'M-9 B Bone
pH cmecu noBogunu 10 5 mpH MOCTENIEHHOM BBEIECHUH
YKCYCHO# KUCIOTHI (X.4., OO0 «KommnoHeHT-PeakTus),
3aTeM NpoaykT cymwin npu 105°C B Teuenue 5 9 B na-
0opaTopHOH Y.
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B snokcnaHy0 cMOIy BBOOWIIMCH YITIEPOIHBIE HAHO-
TPYOKH B KaueCTBE MOTUPHUIUPYIOIIEH J0OaBKH B KOJIH-
gectre 0.025-0.1 mac. 4. /{7151 TOBEIIEHNST PaBHOMEPHO-
CTH pacrpe/eICHUs] U MPETSTCTBUS arperaiuy 4acTHIl
YIJIEPOAHBIX HAHOTPYOOK NMPUMEHSUIACH YIBTPa3BYKOBas
00paboTKa cocTaBa Ha yIbTPa3ByKOBOM JUCIEpPraTrope
Y3IH-2T (HIIII «YxpPoclIpubopy»). Ilapamerps! yiabT-
Pa3BYKOBOTO BO3A€UCTBHS: yacTtora 22 + 2 kI 11, mpomon-
®UTENBHOCTH 30 MuH (10 UUKIIOB 10 3 MUH), ISl OTBOA
TEIUIa OT CBSI3YIOLIETO HCIOIb30BAJICS KOHTYP BOISHOTO
OXJIAKICHUSI.

ApMUpPOBaHHBIE KOMIIO3UTHI U3TOTABIHMBAJIH IO CIie-
JyIOIIeld TEXHOJIOTHH: POBUHT 0a3ajbTOBBIX BOJOKOH
MPONUTHIBAIIM CMELIAHHOH C OTBEPAMUTENEM SIIOKCHUAHON
KOMIIO3UIIMEH, pABHOMEPHO HaMaThIBAJIM Ha JBE BTYJIKH,
UMEIONIe KaHABKU Ha BHEIIHEH MOBEPXHOCTH, 3aTEM
IPOBOJUIIN CKPYUHUBAHUE HUTEU B KryT. [lonyueHHbIN
KryT pactaruBanu ycunuem 100 H nns paBHOMepHOTO
HaTSDKCHHS BCEX YYaCTKOB U OTBEPKIAIH B TCUEHUE
24 9 ¢ mocneayomneil cTymeH4aTo TepMooOpadoTKoM
90+ 5°C —24,120£5°C —2u.

Omnpenenenue mnpeaesa MPpOYHOCTU NPH pacTsKe-
HHUH U U3rH0€ U COOTBETCTBYIOLINX MOAYJICH yIpyrocTu
npoBoawiH 1o ctanaaptaMm ISO 178:2019 «Plastics —
Determination of flexural properties», ISO 527-2:2012
«Part 2. Test conditions for moulding and extrusion
plastics», ISO 179-1:2010 «Plastics — Determination
of Charpy impact properties. Part 1. Non-instrumented
impact testy mpu KOMHATHOW TeMmIiepaType Ha yHH-
BEpCAJIBHON 3JIEKTPOMEXaHUUECKOH HCIBITATEIbHON
mammae WDW-5E (Time Group Inc.) co ckopocTbio
Harpy3ku 5 MM*MHUH | TIpU UCHBITAHUU HA PACTSHKEHUE
u 10 mm-mun—! npu ucnbitanuu Ha W3rub. s ompe-
JeJICHUS] yOapHOU BA3KOCTH HCIOIb30BAIN MASTHUKO-
Boili koriep LCT-50D (Beijing United Test Co., Ltd).
H3zmeHeHne Macchl, CKOpOCTH M3MEHEHHSI MacChl U Be-
JIMYUH TEIUIOBBIX 3((heKTOB MpH HarpeBe 00pa3LOB H3-
y4ajau METOIOM TEePMOTPaBUMETPHUYECKOTO aHAIH3a C

ucnonb3oBanueM aepusatorpada upmser MOM mapku
Q-1500D, ycnoBus sxcnepuMenTta: HaBecka — 100 mr,
cpema — BO3IyX, mHTepBal HarpeBa — mo 1000°C,
ckopocTh HarpeBa — 10 rpag-mun~!, oTHOCHTEIBHAS
ommOKa He npesbimaet 1%. Mccnenosanne mopdonaoruu
MTOBEPXHOCTH 00OPa3IIOB MPOBOAMIIH C MTOMOIIBIO CKaHHU-
PYIOIIETo IEKTPOHHOTO MUKpockomna Aspex EXplorer
CO BCTPOEHHBIM 3HEPrOAUCIEPCHOHHBIM JETEKTOPOM.
OnpezneneHue TeMeparypsl camopasorpesa oopasua npu
OTBEPKIEHHUH TOKCUIHOW KOMITIO3UIIUU MTPOBOIIIIN T10
meronuke [15]. HMccnemoBanue metomoM muddepeHim-
anbHOM ckaHupytomiei kagopumerpun (CK) npoBonu-
nu ¢ noMoslio npudopa Thermal Analyzer DTAS-1300
nponsBozcTBa CaMapcKoro rocyJapcTBEHHOTO TEXHUYE-
CKOTO YHHBEPCHUTETA C HaBECKOi oOpasia maccoit 20 mr
u uHTEepBajoM Harpesa 10 400°C mpu cKopocTH Harpesa
16 rpaj-MuH !, TEIUIOTY OMpenessin Yepes TEIIoBoi
MTOTOK — MTPOM3BOIHYIO TEIIOTHI BO BpEMEHH. TeIIoBbIe
MIOTOKH OIPENEIBIIN TI0 pa3HHIIe TEMIIEPATYP B IBYX TOU-
KaX U3MEPHUTEIBHON CHCTEMBI B OJUH MOMEHT BPEMEHH.

O0cy:xaeHue pe3yjbTaToB

KitoueBbIM mokazaTenem kKadecTBa OJHOHAIIpaBIICH-
HBIX apMHUPOBAaHHBIX KOMIIO3UIIMOHHBIX MaTEpHaIOB
ABJISIeTCS IPeAe IPOYHOCTU NPH PACTSHKEHUH, BCIIEA-
CTBHE YEro moAdOp KOJIMYECTBA YIIEPOJHBIX HAHOTPY-
00K OCYIIECTBISIICS 110 3TOMY [10Ka3aTeNII0 CBOMCTB.
OnTHMaabHBIM KOJTMYECTBOM, 00€CIICUMBAIOIINM Hau-
Ayqmre GU3NKO-MEXaHUIECKHE XapaKTePUCTUKY, SIBIIS-
ercs 0.05 mac. 4., mpeaen MPOYHOCTH U MOAYIb YIIPY-
TOCTH TPU pacTsKEHUH yBeauuuBaroTcs Ha 20-24%
OTHOCHUTEJIFHO HEHAIIOJHEHHOTO KoMmo3uTa (Tadm. 1).
Bnusinue, oka3piBaeMoe yIIIEpOAHBIMH HaHOTPYOKaMu
Ha MOJAYJb YIIPYTOCTH, HE U3MEHSAETCA B 3aBUCHMOCTH
OT MX KOHIICHTPAIHH.

KoMmo3uTsl ¢ 1y4mmuMu TpOYHOCTHBIMH XapaKTe-
PUCTUKAMH OBUIM MOJIy4€HBI METONAaMH (DyHKIIMOHA-

Taoauma 1
DOU3NKO-MEXaHMYECCKUE CBOMCTBA STIOKCHTHBIX apMHPOBAHHBIX KOMITIO3UTOB*

CocTaB KOMIIO3UIINH, Mac. 4., apMupoBanHoi 300 Mac. 4.

6a3a1bTOBOTO POBHHTA U OTBEPXKAEHHOH 15 Mac.u. MONU3THICHITOIMAMUHA

100 DI1-20
100 DJ1-20 + 0.025 YHT
100 D71-20 + 0.05 YHT
100 H71-20 + 0.075 YHT
100 D1-20 + 0.1 VHT

[Ipenen mpouHocTH Mopnynb yrpyrocta
npu pactskennu, MIla npu pactsixenun, ['Tla
1460 76
1550 88
1810 91
1580 88
1620 86

* OI1-20 — cmona snokcuaHas nuaHosas, YHT — yrepogasie HaHOTPYOKH Mapku « TayHUTY», K03 duineHT Bapranuu

olpezaeneHus napameTpos 4—5%.
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Taoauna 2
q)I/ISI/IKO—MexaHI/I‘-IeCKI/Ie CBOfICTBa SIOKCUIHBIX apMPIpOBaHHBIX KOMHOSI/ITOB*

Cocras KOMHO?'E/I gl(d)l(/)l, Mac. 1., IIpenen npounoctu | Monyns ynpyroctu | IIpenen npounoctu | Moayns ynpyroctu | YaapHas

6 aPMHUPOBAHHOM mac. . . IIpH U3rHoeE, pu u3ruoe, MIPU PaCTSKEHUU, TP PaCTSHKEHUH, | BS3KOCTD,

a3aJIETOBOTO POBHHTA W OTBEPIKICHHON MITa IMa MITa I'a KM

15 mac. 4. HoOIMITUICHIIOIMAMHUHA
100 3/1-20 600 26 1460 75 300
100 3/1-20 + 0.05 YHT 650 27 1810 91 290
100 9/1-20 + 0.05 YHT-AT'M-9 630 29 2000 91 250
100 91-20 + 0.05 YHT + 10 YII-616 680 29 1620 86 240
100 21-20 + 0.05 YHT + 15 VII-616 700 32 2000 96 280
100 5/1-20 + 0.05 YHT + 20 VII-616 630 28 1960 95 260
100 B/1-20 + 0.05 YHT-AI'M-9 + 690 29 1740 88 260
+ 15 VII-616

* OJ1-20 — cmona snokcuaHas auanoBast, YHT — yriepoansie HaHOTpYOKH Mapku « TayHUT», KOG GHULNMEHT BapHaLluK

onpezeneHus napamerpo 4—5%.

JN3alUU ITIOBEPXHOCTH YIIIEPOAHBIX HAHOTPYOOK MK
BBE/ICHUEM B CHCTEMY aKTUBHOIO pa3daButes (Tabi. 2).
[Ipu BBeneHMN (QyHKIMOHATM3UPOBAHHBIX YITEPOIHBIX
HaHOTPYOOK B 3MOKCHIHYIO KOMIO3UIMIO Ha 11% mo-
BBIIIAETCS MPeJeN IPOUYHOCTH IPU PACTSKEHHH AIIOK-
CHUJIHBIX KOMIIO3UTOB, MpeAes MPOYHOCTH MpHU U3rnde
1 MOZYJIH YIPYTrOCTH U3MEHSAIOTCS HE3HAuUTENbHO, a
yaapHas BSI3KOCTb CHMKaeTces Ha 12%.

Brenenne aktuBHOTO pazbasutens YII-616 obecre-
YMBaeT YIIPOUHEHHUE SIIOKCUIHOIO KOMIIO3UTA: Hpeell
MIPOYHOCTH U MOAYJb YNPYTOCTH IPU PacTAKEHUN YBe-
mnuuBarored Ha 11.6 u 5%, npeaen NpoyHOCTH U MOAYIb
YOPYTOCTH Ipu u3rube nossimarorcs Ha 7.5 u 20.9%
COOTBETCTBEHHO, IIPH 3TOM OTMEYEHO HE3HAYUTEIbHOE
CHIDKECHHE YJapHOU BA3KOCTU. B TO ke BpeMs IpuMeHe-
HHUE aKTUBHOTO pa30aBHUTEIISI UMEET TAKOE CYIIECTBEHHOE
MIPEUMYILECTBO, KaK YBEIMUCHHE BPEMEHHU >KU3HECIIO-
COOHOCTHM KOMITO3UIINY ¥ CHIDKEHHIE €€ BA3KOCTH, BCIIEI-
CTBHE 4ero o0JerdaeTcs mpolecc MpOMUTKY BOJIOKHA, a
OTBEPXICHHE POXOINUT B O0Jiee MATKUX YCIOBHSX, YTO
YBEJIMYUBAET IPOYHOCTD HOITY4aEeMOI'0 KOMIIO3UTA.

[TonbITKa HOCTUTHYTh HAMIYULIMX PE3YJIBTAaTOB 32
CYeT COBMEIICHHS B KOMIIO3UIIMU KaK aKTHBHOTO pas3-
0aBuUTENS, TAaK U QYHKIMOHATIU3UPOBAHHBIX CHUIAHOM
YIIIEPOIHBIX HAHOTPYOOK HE Jajia 0)KUAAEMbIX pe3ysbTa-
TOB, TaK KaK HE IPHUBeEJIa K CYIIeCTBEHHBIM H3MEHCHHAM
MIPOYHOCTHBIX XapaKTEPUCTUK apMUPOBAHHBIX STTOKCH/I-
HBIX KOMITO3UTOB, MOIU(UIIUPOBAHHBIX YIIIEPOJHBIMU
HAaHOTPYOKaMH.

B pesynbraTte uccienoBaHus IOBEPXHOCTH HU3JI0Ma
00pa3noB (puc. 1) MEeToroM CKaHUPYIOIIEH MEKTPOHHOMH
MHUKPOCKOIHH OBLJIO YCTaHOBJIEHO, YTO HEMOAUYUIIHPO-
BaHHas 3MOKCHIHAS MaTpUla XapakTepusyercs ciaadoi

anre3vell K BOJOKHY U, KaK CIEACTBUE, MaJbIM KOJIHU-
YECTBOM DITOKCHIHOTO CBSI3YIOMIET0 Ha MOBEPXHOCTH
BOJIOKOH. BBejieHne B cOCTaB KOMITIO3UIINHU YTIIEPOIHBIX
HAHOTPYOOK MPHBEJO K YBEIUUEHHIO aAT€3UN MaTPHUIIBI K
BOJIOKHY, POCTY €€ IIPOYHOCTH U, CJIEI0BATEIBHO, K YBEJH-
YSHHIO KOJIMUECTBA MAaTPHUIIHI HA TIOBEPXHOCTH BOJIOKHA.
JlobapneHne B COCTAaB MaTPUIIbI AKTUBHOTO pa30aBUTEIs
0 XapaKTepy BIHUSHUS Ha CTPYKTYPY KOMITO3UTA CXOXKE
C BO3ACHCTBHEM YIIIEPOIHBIX HAHOTPYOOK, HO IIPU 3TOM
SMOKCUHAS MaTpuIia 60Jiee pAaBHOMEPHO pacIpeiensieT-
s TI0 TIOBEPXHOCTH BOJIOKOH, YTO TIO3BOJISET MONyYUTh
KOMITO3UT C ONITUMAJbHBIMU (PU3UKO-MEXaHUIECKUMHU
XapaKTepucTUKamMu. B ciydae ¢ mpUBHBKOIM Ha TIOBEPX-
HOCTh YIIIEPOAHBIX HaHOTPpyOoK AI'M-9 Ha moBepXHOCTH
BOJIOKHA OCTAETCs TOHKHUH CII0H MaTpHIIBI C KOTE3HOHHBIM
XapaKkTepoM pa3pyLIeHHsI, YTO TOBOPUT 00 yBETHUYEHUHU
aZire3uy MEXIy MaTpULel U BOJIOKHOM, B pe3yJbTare
4ero MPOUCXOAUT YITPOYHEHUE KoMIio3uTa. [loGaBinenue
aKTHBHOTO pa30aBUTENS B CUCTEMY C 00paOOTaHHBIMU
AT'M-9 yrnepogHbIMU HaHOTPYOKaMH MPHUBENIO K U3Me-
HEHHIO XapakTepa pa3pyLICHUs], YaCTULBI MaTPHUIIBI OT-
CJIAaMBAIOTCS M Pa30MBAIOTCS HA MaJIeHbKHE YEIIyHKH. ITO
MOJKET TOBOPUTH 00 M3MEHEHHH CTPYKTYpPbl MaTpPHIIHI,
BCJICJICTBUE YETO MPOUCXOIUT MOBBIIICHHE XPYMKOCTH
MaTPUIII C MOCISYIONMM 00pa30BaHUEeM JAC(PEKTOB U
MHUKPOTpPELINH B MPOLecCce HArPy3KH, YTO MPUBOAMT K
YXYAIICHUIO (U3UKO-MEXaHUUECKUX XapaKTEPUCTHK.

BBenenune yriaeponHbIx HAHOTPYOOK B STOKCHIHYIO
KOMIIO3UIINIO 3aMeMJIIeT MPOLEeCC OTBEPKICHUS, YTO
MOJTBEPKAAETCS YBEIMUYCHHEM MPOAOIKUTEIBHOCTH
nporiecca reneodpasosanus ¢ 37 no 40 MuH 1 Tiporiecca
OoTBepXkaeHus ¢ 74 mo 77 muH (puc. 2), MaKkCUMaabHas
TeMIlepaTypa OTBEpKACHHS MPU 3TOM HE3HAYUTEIbHO
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Puc. 1. M300paskeHnst MOBEpXHOCTH 00OPA3IIOB, MOITYUYEHHBIE METOIOM CKaHUPYIOIIEH AEKTPOHHONH MUKPOCKOIIHH.

a, 6 — SIOKCUHAs AUAHOBAs cMoJia + 0a3abTOBBIN POBUHT + MOJUITHICHIIONNAMUH; 6, 2 — 3IOKCHAHAs JUAHOBas CMoa +
+ 0a3aJbTOBBIM POBUHT + MONUATHICHIOIMAMUH + YIIEPOAHbIE HAHOTPYOKH; 0, e — 3IIOKCHIHAs JUaHOBas cMoia + 0a3aib-
TOBBI POBUHT + IOJMITIICHIIOINAMUH + YIIIEPOJHbIE HAHOTPYOKH, TOBEPXHOCTHO 00paboTaHHbIE Y-aMUHOIPOITMIITPUITOK-
CHCHIIAHOM; ¢, 3 — DBIIOKCUIHAS UAHOBast cMoJia + 0a3abTOBBIA POBUHT + MONUATHIICHIIONHAMUH + aKTHBHBIH pa30aBUTEINb
VII-616 + yrneponHsle HAHOTPYOKH; U, K — SIIOKCHAHAS AUAHOBAs CMOJA + 0a3aJbTOBBIA POBHHT + HMOJM3THIICHIIOINAMIH +
+ akTUBHbIH pa3baButens YII-616 + yrepoaHbie HAHOTPYOKH, TOBEPXHOCTHO 00Pa0OTaHHBIE Y-aMHUHOIPOITHITPUITOKCUCHUIIAHOM.
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Puc. 2. Kunetnueckue KpuBBIE OTBEPKICHUS IITOKCHUIHBIX
COCTaBOB.

1 — snokcuaHas quaHoBasi cMojia + 0a3aJbTOBBIA POBHHT +
+ HONMATHIICHNIONNAMUH; 2 — SIOKCUIHAS AUAaHOBAas CMO-
Ja + 0a3aJIbTOBBIN POBHHT + ITOJUATHIICHIIONIMAMHH + yTIe-
poaHbIe HAHOTPYOKH; 3 — 3MOKCHAHAS THAHOBAs CMOia +
+ 6a3aMBTOBBIN POBUHT + MOMMATHICHIOINAMUH + YIJIIEPOA-
HBIE HAaHOTPYOKH, TOBEPXHOCTHO 00pabOTaHHBIE Y-aMUHOIIPO-
HMUITPUITOKCUCUIIAHOM; 4 — 3IMIOKCU/IHAS TUaHOBasl cMoJa +
+ 0a3a1bTOBBIA POBUHT + IMOJIMITHIICHIIOIUAMHUH + aKTHB-
HBII pa3basurens YII-616 + yrieponHsle HaHOTPYOKM; 5 —
SMOKCHIHAS JUAHOBAs CMoJia + 06a3aIbTOBBIA POBUHT + TO-
JTUATUIICHIIONNAMUH + aKTUBHBINA pazbasutens YII-616 +
+ yrnepoaHele HAHOTPYOKH, TOBEPXHOCTHO 00paboOTaHHBIC
Y-aMHHONIPOIIUITPUITOKCHCHIIAHOM.

Llepbaxos A. C. u op.

cHKaercs (Tadn. 3). Janusle auddepennuanbHo-cKa-
HHUPYIOIIEH KaJOpPUMETPUHU NTOATBEPKAAIOT 0Ty YCHHBIE
pe3ynbrarsl. Tak, 0OTMEUEHO CHU)KEHHE SHTAJIBIINU PEaK-
[IUH U YBEJIIMYEHUE TEMIIEpaTyphl Hauaaa OTBEPKIECHHS C
47 no 60°C (tabm. 4).

DyHKIMOHATN3AUS TOBEPXHOCTHU YITIEPOJHBIX HAHO-
TpyOOK anmpeTupyromieit modaskoit AI' M-9 naUIIIIHpYyeT
HayaJo peaklyy MOIUMEpH3aIiH, YTO MOATBEPKIAETCS
COKpaIlleHHEM MPOAOIDKUTENEHOCTH Tpoliecca reneodpa-
30BaHus ¢ 40 10 35 MUH U CHU)KEHUEM TEMIIEpaTyphl Ha-
gaya oTBepkaeHus ¢ 60 mo 50°C (tabm. 3, 4). [Ipu 3ToM
OTMEYEHO HEe3HAYUTEIHHOE MOBHIIIEHNE MaKCHUMaTbHOMN
TEeMIIEpaTypbl OTBEPIKACHUS U SHTAJBIINU PEaklnHy, a
TaKXe yBEJIWUCHUE CTEHEHU OTBEPKICHUS STOKCHUA-
HOTO KoMmIo3uTa (Tabi.3). DTo MOXKHO CBS3aTh C TEM,
410 (pyHKIIMOHAIBHBIE rpymnbl AI'M-9 Ha MOBEpXHOCTH
YIJIEPOIHBIX HAHOTPYOOK CTaHOBSITCS AOTIOTHUTEIEHBIMU
LEHTPaMHU CLIMBKH ITOJHUMEPA.

Beenenne aktuBHOTO pasbasurtens YII-616 B smok-
CHUJHYIO KOMIO3UIINIO, COEPIKAIIYIO YTIIEPOJHBIE Ha-
HOTPYOKH, MOBBIIIAET TEMIIEpaTypy Hadaja OTBEpXkKJe-
Hug ¢ 60 1o 67°C, yBenHuuBaeT NPOAOJIKUTEIBHOCTh
OTBEpKIACHUS € 77 10 85 MUH, IIPU 3TOM TAKXKE OTMEUCHO
CHIDKCHHE MAaKCUMaJIBHOW TEMIIEpaTypbl OTBEPKACHUS
¢ 83 mo 76°C u sHTanmpnuM peakuuu (Tadn. 3, 4). 9to

Taomuma 3
[Toka3zaresnu OTBEpPKICHHS STIOKCHIHBIX KOMIIO3HIIAN *

CocTaB KOMITO3UIINH, Mac. ., apMUPOBAHHOH IponomxurensHoCTh | TIPOXOIKUATETHLHOCTD MakcumanbHast Crenenn
300 mac. 4. 6a3aIbTOBOTO POBHUHIA M OTBEPXKICH- | TreleoOpa3oBaHus, OTBEPXKIEHHUS, TeMIeparypa OTBEPXKICHHUS,
HOI 15 Mac. 4. TOJIMATHIIEHTIOINaMHAHA MUH MUH otBepxaeHust,°C %

100 5/1-20 37 74 84 98.67
100 311-20 + 0.05 YHT 40 77 83 98.92
100 5/1-20 + 0.05 YHT-AT'M-9 35 77 85 98.86
100 5/1-20 + 0.05 YHT + 15 VII-616 41 85 76 99.19
100 511-20 + 0.05 YHT-AT'M-9 + 15 VII-616 31 76 90 98.16
* JJ1-20 — cMmoma snokcuaHas auaHosasi, YHT — yriepoansie HaHOTpYOKH Mapku « TayHUTY.
Taoauna 4
XapaKTepuCTUKH NPOoIiecca OTBEPIKICHHS STIOKCHIHBIX KOMIO3HIINH*
CocTaB KOMIIO3HUILINH, Mac. 4., apMHUpoBaHHOi 300 Maxkcumym
Mac. 4. 6a3a1bTOBOrO POBUHTA DHTANIBNNS, Hasazo TEILIOBBIICCHUS 3asepucnue Temneparypa
. N OTBEPXKICHHS, OTBEPXIICHHS, | CTEKJIOBAHUS,
Y OTBEPIKICHHOHU 15 Mac. 4. MOMMATHIICHITOIHA- k-1 oC MIpH TeMIIeparype oC oC
MHHA °
100 211-20 282 47 108 188 77
100 9/1-20 + 0.05 YHT 212 60 113 176 87
100 511-20 + 0.05 YHT-AI'M-9 226 50 114 183 81
100 2/1-20 + 0.05 YHT + 15 VII-616 209 67 116 183 92
100 91-20 + 0.05 YHT-AT'M-9 + 15 VII-616 290 53 109 183 81

* JJ1-20 — cmomna snokcuHas auanoBast, Y HT — ymeponnble HaHOTpYOKH Mapku « TayHHT.
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Taoauna 5
[Torepu Macchl 3MOKCHIHON MATPHIIBI IIPY TEMIIeparypax TepMonun3a*

1037

CocTap KOMIIO3UIINH, MAC. 4., APMUPOBAHHOM IToTtepst Macchl AMOKCHAHON MaTpHULBI, %, IPU TEMIIEpaType Tepmoinsa, °C

300 mac. 4. 6a3aIbTOBOTO POBHUHTA M OTBEPKICHHOM

15 mac. 9. HOIUATHIICHIIOIHAMHHA 200 250 300 350 400 450 500 550 600
100 B/1-20 0 0.11 12.95 | 26.47 | 38.92 | 53.75 | 74.09 | 94.78 100
100 5/1-20 + 0.05 YHT 0 0.83 14.33 | 27.15 | 39.16 | 54.70 | 74.15 | 93.82 100
100 9/1-20 + 0.05 YHT-AI'M-9 0 0 1095 | 24.66 | 38.16 | 55.04 | 76.54 | 96.5 100
100 2/1-20 + 0.05 YHT + 15VII-616 0 3.63 18.85 | 31.63 | 46.32 | 66.39 | 82.71 | 98.12 100
100 O/1-20 + 0.05 YHT-AI'M-9 + 15 VII-616 0 330 | 18.41 | 33.49 | 46.41 | 65.71 | 84.66 | 99.46 100

* OJ1-20 — cmomna snokcuHas auanoBast, Y HT — yrmeponnbie HaHOTpYOKH Mapku « TayHHT.

CBHUJICTENBCTBYET O TOM, YTO MPOIECC MOTUMEPH3AINN
MPOXOJUT B OoJiee MITKHX YCJIOBHSX, BCIEICTBUC Ue-
IO BO3pacTaeT YKCJI0 MPOPEarHpPOBABIINX STMOKCHUIHBIX
3BEHBEB, YTO MOATBEPKIACTCS MOBBINICHUEM CTCTICHU
OTBEPXKJICHHS H, CJICIOBATEIIBHO, YBEITUUCHHEM MPOYHO-
CTH TIOJIMMEPHOM MaTpPHIIBL.

CoBMeleHrEe B CHCTEME aKTUBHOTO pa3OaBUTENS
1 QYyHKIMOHATU3UPOBAHHBIX YIJICPOAHBIX HAHOTPY-
00K OKa3bIBaeT CYIIECTBEHHOE BJIHMSHHUE Ha IMPOIleC-
Chl CTPYKTYpOOOpa30BaHUs 3MOKCUIHOTO KOMITO3UTA.
[TpomomKUTENEHOCTE Mpoliecca Teaeo0pa3oBaHus Co-
kpartaercs ¢ 40 1o 31 mMuH, CHIKaeTCst TeMIieparypa Ha-
yana orBepxkaeHus ¢ 60 1o 53°C (tadmn. 3, 4), oTMEYEHO
MOBBIIICHHE TEMIIEPATyPhI CAMOPA30TPEBa KOMITO3HIIAN
1 SHTANbIMU peakuuu ¢ 212 no 290 Jix 1. D10 cBue-
TEIBCTBYET O TOM, YTO MPOIECC MOTUMEPU3AINH TPO-
TEKaeT B 00JIEe JKECTKUX YCIOBHUIX M COMPOBOXKIACTCS
00pa3oBaHrEM BHYTPEHHHX HANPsDKCHUN B KOMITO3UTE,
YTO SABJISCTCS OAHOM M3 MPUYMH CHUYKECHHS TIPOYHOCTHBIX
XapaKTEPUCTHK.

OTMEYCHO MOBBINICHUE TEMIIEPATYPhl CTEKIOBAHUS
(Tabm. 4), 9T0 yKa3bIBaET Ha MOBHIIICHUE TETUIOCTONKO-
CTH 3TOKCUIHOTO kKoMIto3uTa. C BBEICHHUEM aIlIIPETHPO-
BaHHBIX aMUHOCHUJIAHOM YTIIEPOJHBIX HAHOTPYOOK IO-
BBIIIACTCS TEPMOCTAOMILHOCTL KOMIIO3UTA B MHTEPBAJIC
temneparyp 200-350°C (taba. 5).

BriBoabI

BBenenue yriepoHbIX HAHOTPYOOK B SMOKCHIHYIO
KOMITO3MIIMIO OKa3bIBACT BIIMSHUE Ha (DU3UKO-MEXaHU-
YeCKHUE CBOWMCTBA, MPOIECCH CTPYKTYPOOOpa3oBaHus,
MOP(OIOTHIO ¥ TEPMOCTAOUITBHOCTh STIOKCUIHBIX ApMHU-
POBaHHBIX KOMTIO3UTOB. DYHKIIMOHATH3AIUSI TTIOBEPXHO-
CTH YINIEPOJIHBIX HAHOTPYOOK aNmpeTUpPYIOIICH T00aBKO
Y-aMUHOTIPOTHJITPUITOKCUCHIIAHOM, 00CCIIeUNBaIOIIas
XUMHUYECKOE B3aUMOJICHCTBUE HA TPAHUIIC MOJTUMEP-
Hasl MaTPUIIA|HAIOIHUTENb, @ TAKXKE MPEMATCTBYIOIIAS
arperaiyy 4acTUI] YIJICPOIHBIX HAHOTPYOOK, IPUBOIUT

K YIIPOYHEHUIO 3MTOKCUIHBIX KOMITO3UTOB. BBenenue ax-
TUBHOTO pazbasutens YII-616 He Tonbko obecrieunBaet
YIPOYHEHHE SMOKCUIHOTO KOMIIO3UTA, HO U YBEITMYUBAET
BpeMsl JKU3HECTIOCOOHOCTH KOMITO3UIINH, a TAK)KE CHH-
AT BSI3KOCTh, BCIEACTBUE UETO 00JIErdaeTcs: poLece
MIPOIHUTKH BOJIOKHA, a OTBEPXKIECHHE IPOXOJUT B Oomee
MSATKHX YCIIOBUSX, YTO HOJOKUTEIBHO BIMAET HA (PU3H-
KO-MEXaHHYECKIE CBOMCTBA AOKCHIAHOTO KOMITO3UTA.

Brenenve Moaudunupyommx 100aBok (yriaepos-
HBIX HAHOTPYOOK M akTHBHOTO pazbaButens YII-616)
CKa3bIBaeTCsl Ha MOP(OIOruy MOJIMMEPHONH MaTPHIIBI.
Beenenue yrepoaHbIX HAHOTPYOOK YIIPOUHSIET MaTpUILy
U MOBBIIIACT €€ aAre3UI0 K BOJIOKHY, a IOCIeAyoLas
MoauHUKaUs SMOKCUAHOW KOMIIO3UIUU aKTUBHBIM
pazbaButesieM YII-616 obecnieunBaeT XOpoIIyIo cMa-
YUBAaEMOCTh BOJIOKHA W Jy4YIlIee paclpeeIcHe HaHO-
TpyOOK B Marpuiie. BBeeHre B 3MTOKCUIHBI KOMITO3UT
(YyHKIHOHATU3UPOBAHHBIX YTIEPOAHBIX HAHOTPYOOK
U3MEHSET MEXaHU3M Pa3pyIIEHUs] KOMIIO3UTA C aAre3u-
OHHOT'O Ha KOT€3HOHHBIN, YTO OOBACHSIET CyIIECTBEHHOE
€ro ynpouHeHHe.

BBeaenue yriepoIHbIX HAHOTPYOOK M aKTUBHOTO
pasb6asutens YII-616 oka3piBacT BIMsSHUE HA MIPOLECCHI
CTPYKTYpPOOOpa30BaHUs IIOKCUAHOTO KOMIIO3UTA IPU
OTBEPKJICHUH, TIPH 3TOM CHIKAETCSI CKOPOCTH OTBEPIK/Ie-
HUS KOMIIO3UTA, YTO OTPa)XKaeTcsd B yBEIUYEHHUH IPO-
JOJDKUTENBHOCTH Ipolecca reieo0pa3oBaHus U CHU-
JKEHUY DHTAJIBIIMH peaKkuy. BBeneHne B SNOKCHIHYIO
KOMITO3UIMIO (DyHKIIMOHAIN3UPOBAHHBIX YIIIEPOTHBIX
HaHOTPYOOK OKa3bIBaeT BIMSHUE Ha MPOLECCHl CTPYK-
TypooOpa3oBaHHs NPHU OTBEPKACHUH AIOKCHIHOTO IMO-
JMMepa, 4TO MPOABISETCS B HHULIMMPOBAHNU IIpoOLEcca
reneoOpa3oBaHus U oTBepkaeHusL. [Iponieccsl momumepu-
3alUY MPOXOAT B OoJsiee MATKUX YCIIOBHUSIX BCIIEICTBUE
CHIDKEHHUS MaKCUMAaJIbHOM TeMIepaTypbl OTBEPKICHUS
Y DHTAJBIIMH PEAKIINH, BCIECACTBHE YEr0 BO3pacTaeT KO-
JIMYECTBO NTPOPEArHPOBABIINX MOKCHIHBIX 3BCHBEB, UTO
TIOJTBEPIKIAETCS MTOBBILICHUEM CTEIIEHH OTBEPKJICHUSI.
OnucanHble U3MEHEHHUS B MpoLeccax CTPYKTypooOpa-
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30BaHUS IPUBOAT K YBEIIMUECHHUIO IPOYHOCTH ITOTUMED-
HOM MaTpHIIBL, a CIIE0BATEIHHO, M KOMITO3UTA B IIETIOM.
Kpowme Toro, MonudukaIus moamMepHOR MaTpHUITsl 00e-
CIICYHMBACT TIOBBILICHUE TEMIIEPATYPhI CTEKJIOBAHHUS, YTO
CBHUJIETEIILCTBYET O MOBBIIEHUH TETJIOCTOHKOCTH ATIOK-
CHJIHOTO KOMITO3UTA.

Hcnonp3oBanne QyHKIIMOHAIN3UPOBAHHBIX Y-aMH-
HOTPOTIMITPUITOKCUCHIIAHOM YTIIEPOAHBIX HAHOTPYOOK
MTO3BOJIMJIO TIOBBICUTH TEPMOCTAOMIBHOCTH KOMITO3UTA B
uHTepBaie temneparyp 200-350°C.

@DuHaHCHPOBaHME PAGOTHI

HccnenoBanre BBIMMOTHEHO TTPU (YMHAHCOBOM TMOJI-
nepxkke Poccuiickoro gonna GpyHaaMeHTanbHbIX UCCTe-
JIOBaHUH B paMKax Hay4qHoro npoekra Ne 20-33-90247.
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Ha ocnose nponapeunamuna cunme3upogansl Mmopuitsle U mpemuinsle amMuHbl ayemuieHo8020 paoa pas-
auuHo2o cmpoenus (14 coedunenuti). Yemanosnena 603moiCHOCHb CYUeCMEEHHO20 MOPMONCEHUSL IMUMU
sewecmeamu KOppo3uy HU3Koy21epooUCmoll Cmail 8 2oPAYUX PACMEOPAx CONAHOU KUCIOMbL. 3AuumHblil
appexm ayemuneHobIX aMuHO8 YCUTUBAECMCS C YEBETULEHUCM UX COOEPIHCAHUsL 8 AcPeCCUBHOL cpede U npu
nosvluenuu ee memnepamypol. Makcumanvusiii dghpexm 3awumol 0becneuusarom mpemuyHvle aMunbl,
cooeporcawjue 8 kavecmee samecmumens 2,3-9noKcunponua unu 2,3-snumuonponun. Hanuuue 6 cmpykmype
IMUX AYEMUTEHOBLIX COCOUHEHUL XUMUYECKU AKMUBHBIX INOKCU- U INUMUOSPYII CHOCODCMBYEn CIUMYIU-
POBAHUIO NPOYECcCa UX NOTUMEPUIAYUU HA NOBEPXHOCTNU CINATU NOCPEOCNEOM PACKPbIMIUAL MPOUHbIX C8s3ell

C=C, npugoodsujezo K ObICIPOMY POPMUPOBAHUIO HA Hell 3auUMHOU NIeHKU NoaumMepd.

KittoueBble ci10Ba: koppo3us, uHeubUmopsl Koppo3uu, HU3KOY21epooUcmas Cmais, NPONapeUuiLaMuH

DOI: 10.31857/S0044461821080107

ConsiHokHMCcOTHAsT 00paboTKa sBisieTcs YPpPeKTHB-
HBIM METOJIOM BO3JIEHCTBHsI Ha MpH3a00itHyIO 30HY He-
(hTEHOCHBIX M Ta30HOCHBIX IIACTOB C MEJBbI0 MIPUPOCTA
IoOBaH yrieBogopoaHoro ceiphs [1-3]. [IpoBencHue
3TOW TEXHOJOTMYECKON ONepalnu 4acTO HEBO3MOXKHO
0€3 MCIOIb30BaHKS HHTHOUTOPOB KUCIOTHOW KOPPO-
3UH, CBOJSIINX K MUHUMYMY arpecCUBHOE JeHCTBUE
COJISTHOM KUCIIOTHI HA CTaJbHBIE YAaCTH TIOA3EMHOTO 000-
PYIAOBaHUsS CKBaXXHUH U MPUMEHSAEMOM sl 3TOTO CIICII-
Texnuku [4]. Haubonee BaKHbIC TPYIITBI HHTHOUTOPOB

KOpPPO3UH, PEKOMEHIyeMbI€ /IJIS1 3aIIUTHl CTAJIbHBIX KOH-
CTPYKIMI NpH NMPOBEIEHUN TAaKON TEXHOJIOTHYECKOH
omepauuu, oocyxaatoTcs B padore [4]. OHu B cBoeH
OCHOBE IPEACTABICHB COCIMHEHUAMH KJlacca aMUHOB,
YeTBEPTUYHBIX aMMOHHUEBBIX COJIEH, a30METHHOB, N- U
S-coneprkaImx reTepoIKIOB, MEPKAIITAHOB U THOJIOB.
[TonaBnstoniee OONBIIMHCTBO 3TUX COCAMHEHHUH HE B
MIOJIHOM MEpe COOTBETCTBYIOT )KECTKUM TPEOOBAHUAM CO-
BPEMEHHOTO IPOU3BO/ICTBA, TOCKOIBKY BEPXHHH TIPEies
TEMIIEPaTypPHOTo JUana3oHa WX SKCIUTyaTallil OrpaHu-
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yuBaeTcst 60°C [4], npu Gosee BHICOKUX TeMIepaTrypax
OHHM CTaHOBSTCS Hed((EKTUBHBI B 3amIuTe MeTasuia [5].
3TO HE MO3BOJISET NCIOIB30BAThH UX TSI 3aLTUTHI CTAJh-
HBIX KOHCTPYKIUH IPH CONSTHOKHUCIOTHONW 00paboTke
HEQTSHBIX U Ta30BBIX MECTOPOXKICHUH C MOBBIIEHHON
TeMIieparypoi B 3a00e, Korja pacTBOPHI KHCIOTHI MO-
T'YT HarpeBaThCs IO TEMIIEPATypPhI CYIIECTBEHHO BHIIIE
100°C [1-3]. DToro HegocTaTka BO MHOTOM JIMIIICHBI
WHTUOUTOPHI KUCIOTHOM KOPPO3UHU, OTHOCSLIUECS K
rpyIIaM aleTUICHOBBIX coeluHeHui [5, 6]. B ocHoBe
WX MEWCTBUSA JISKHUT YHUKAIbHAS CIIOCOOHOCTH op-
MHPOBaTh Ha MOBEPXHOCTH KOPPOAUPYIOLIETO MeTaIa
CJIOH OpPraHMYECKOTrO MOJIUMepa, KOTOPBIH 3 (EKTHBHO
obecreynBaeT 3alUTy MeTaJljla B TOPSYUX KUCIOTaX.
[Tonapnsromniee OONBITMHCTBO HHTHOUTOPOB KHCJIOT-
HOHM KOPPO3WHU B T€X K€ yCIOBHUSAX 1€COPOUPYIOTCSH C
MMOBEPXHOCTH KOPPOJUPYIOLIEro MeTalia, 4To JejaeT
HEBO3MOXKHBIM 00ECIIEUHUTh €ro HEOOXOAUMYIO 3aIHTY.
Hecmotps Ha 6ombmioe uncio padot [7—11], mocsmien-
HBIX M3YUYEHHIO WHTHOWPYIOIIETO NeHCTBUS MPOU3BO-
JHBIX alleTHIIeHa, CBEJeHHI 00 MCcceIOBaHUN aMHUHOB
alleTWICHOBOTO psiia B JIUTEpaType 3a MOCIEAHUE TISTh
JIET HaMU HE BCTPEUYCHO.

Lenb pabOTBI — CHUHTE3 W U3YUYCHHUE CBOWCTB BTO-
PUYHBIX M TPETUYHBIX AMHHOB IPOMAPTHIIOBOTO Psia C
Pa3INnYHBIMU 3aMECTUTEILIMH.

3KCHepI/lMeHTaJlLHaH 4acTb

Cunmes uccnedyemuvix coedunenuti. UK-cmextpsr
CHHTE3WPOBAHHBIX COCAMHEHHI PETHUCTPUPOBAIIN HA
HUK-Dypre-cnekrpoporomerpe ALPHA FTIR (¢pup-
Mma Bruker) Ha kpucranne ZnSe B Auamna3zoHe BOJIHO-
BeIX yncen 600-4000 cml. Crekrpsr IMP 'H 3amm-
canbl Ha criekrpomerpe Bruker FT-300 (300.13 MI'n).
XuUMHYECKHE CABUTH ONPEAETICHBI OTHOCHTENLHO TETpa-
metmiicrinana (6 = 0.00 M. 11.), B KauecTBe pacTBOPUTEIS
ucnonb3zoBad CDCls.

B pabote ucnonb3oBanu npomnapruiamuH (Sigma-
Aldrich, kat. Ne ALP5090-0, 98%), annmunxmaopun
[Biochem (®panmus), kar. Ne 401310500, 99%], mpo-
napruxiopun (OO0 «Kemuxkan Jlaitay, 99%), srmxiop-
rugpuH (Acros Organics, kat. Ne 11778-0010, 99%), Tpu-
stunamuH (OOO «KommnoneHt-Peaktusy, x.4.), a¢gupar
Tpudropuaa 6opa (Alfa Aesar, xkat. Ne 41796, 46.5%),
nukionenTanueH (Sigma-Aldrich, kar. Ne 45433-8,
96%), axponenn (Fluka, kat. Ne 01680, 97%), runpo-
xuHOH (OO0 «ButaPeakTtuBy, 4.), HUTPHI aKpHUIOBOH
kucnotsl (Sigma-Aldrich, kar. Ne 32013-7, 99+%), THo-
moueBuHy (OO0 «AO Peaxumy, x.4.), MmoueBuHy (OOO
«AO Peaxum», x.4.), anpaoib-o-HadTtmmamuna (OO0
«AO Peaxumy, 4.), runpokcu Hatpus (AO «9KOC-1»,

x.4.), ruapokeun kanus (AO «9KOC-1», x.4.), renraru-
apar cynbegara maraus (AO «JlenPeaktuy, x.4.), kKapOo-
Har kaimst (OO0 «AO Peaxumy, X.4.), COJSIHYIO KHCIOTY
(AO «3OKOC-1», x.4.). B xauecTBe pacTBOpHTENEH OBUTH
ucnonb3oBansl ateToHuTpua (OO0 T «Xummeny, Kart.
Ne KA-BO501109, x.4.), antetod (AO «9KOC-1», x.4.),
metunoBeiid cupt (AO « BEKTOHy, x.4.), aTHnoBEI#i
ciupt (AO «BEKTOH», x.4.), nuaTuinossrii a¢up (Acros
Organics, kat. Ne 176830010, 99+%), nzonponuinoBsiit
crupt (OO0 TH «Xummeny, kat. Ne: 211138, x.4.), To-
ayon (AO «9KOC-1», x.4.), 6enzon (Alfa Aesar, kar.
Ne L 14012, 99%), ouniieHHbIE TIEPETOHKOM.

N-Annurnponapeunamun (I). B peakiimoHHy0 Koaoy
nomemanu 8 r (0.2 MoJib) THAPOKCH A HATPHA, 8 MIT BO-
asl, 11.0 r (0.2 Monp) mponapruiaMyuHa U pH SHEPTUY-
HOM TiepeMemnBaduu nmpukanbBam 3.8 T (0.05 moms)
aimunxnopuaa B reuenue 20 muH. Yepes 2 4 opranuye-
CKHI1 CJIOH OTIENNIN, IEPErOHKON TMOyYHIId COCTIHE-
aue (1) ¢ Ty = 125-126°C (740 MM pr. ct.), np20 1.4485,
d429 0.8350, BeIxox 79%.

AHanorn4abIM criocodom nonmydensl N,N-gunponap-
runamud (1) u N-npomaprumn(2,3-3m0KCUTIPOTHT)-
amuH(111).

N,N-Hunponapeunamun (II), Tyuyn = 175-176°C,
1.4710, 0.8960, BeIxOHm 76%.

N-Ilponapeun(2,3-snoxcunponun)amun (111),
Tiun = 74-75(10)°C, 1.4651, 0.9232, Beixox 70%.

N-Annun-N,N-ounponapeunamun (1V). B xondy ¢ 00-
paTHBIM XoJoAWIbHUKOM momemanu 7.6 r (0.1 monp)
AUTWIIXJIOPH/IA, TP TIepeMENINBaHUY TIPHINBAIH 3.7 T
(0.04 momp) coequuenus (I1) B reuenue 20 MuH mpu
temmneparype 30°C. Cmech oxnaxaanu 10 5—7°C u oopa-
OareiBanu 9.6 r KOH B 8 Mut Bojibl. Opranudeckuii ciioi
AKCTParupoBaiu d3PUPOM H CYIIUIU HaJ O0€3BOJHBIM
MgSO4. 3arem otorHanu 3¢up, 100aBHIN HHTHOUTOP
«OmKpanT» (abJ0Tb-0-HAPTHIAMUHA) ¥ Pa30THAIN B
Bakyyme. [lonyunnu coenunenue (IV) ¢ Ty = 92-93°C
(15 MM prt. cT.), 1.4798, 0.900, BBIXOT 78%.

N-Annun-N-(2,3-snokcunponun)nponapeuramut (V).
a) K 3.8 r (0.04 monp) coenunenus (I) ¢ 1-2 xammsamu
BOJIbI 11O Karutsimu nonasaiu 3.7 T (0.04 mounp) snuxiiop-
rugpuna. [locne 1-2 4 nmepememuBaHus MPUOABIAIU
20 MJI 3THUIIOBOTO CIUPTA U MO KAIUIAM TOaBaId CIUP-
toBoit pactBop KOH B xonmmuectse 2.1 r. [Tocne ¢ub-
TPOBAHUS U OTTOHKHU CIIUPTA BeLAETHIN coeanHenue (V)
¢ Tiun = 92-94°C (9 MM prt. cT.), 1.4718, 0.9513, BBIXOT
43%.

6) K pactBopy 5.2 r (0.055 mons) coenunenus (1)
B 30 MJI M30NMPONMIIOBOTO CIIMPTa B aTMocdepe a3zora
no karursaMm nobaeist 5.1 T (0.055 Monp) snuxiopru-
JIpUHA ¥ ToMemanu Ha jeasayo 6anto (0°C). 3arem
3Ty CMECh MepeMeINBaIH TP KOMHATHON TemIepa-
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Type B TedeHue 24 4 U KOHLECHTPUPOBAJIN NPU TOHHU-
JKEHHOM fAaBlieHnH. OCTaTOK OYHINAIH MPH ITOMOIIH
KOJIOHOYHOM Xpomarorpadun. Mcrons30Baiy CTEKISH-
HyI0 KOJOHKY (utmHa — 300 MM, nuamerp — 10 Mm),
HanonauTenbs — cuukarens KCKI anst xpomarorpadun
(ppakmus 0.125-0.2 mm), SORBIS GROUP, snroent —
oer3ou: quaTIIToBEIH 3¢up = 3:1. [Tomyunmm 6.8 T (88%)
coenunenus (V).

N-(3-Azemuounonun)nponapeunamun (VI). K 5.6 v
(0.05 momb) pactBopa N-niporapru(2,3-3MOKCHITPOTIHI )-
amuna (I11) B 10 M1 cyxoro arnerorutpuia mpu 0°C men-
nerHo pob6asnsm 15.3 r (0.15 Monb) TpusTHIAMHUHA Ha
npotsikeHun 10-20 mun. Peakiimonnyio maccy mepe-
memuBaiu npu 0-5°C eme 30 MuH, fanee HarpeBaiu
maccy npu kunsiuenuu 1-2 4. Ilocne oxnaxaeHus pac-
TBOPHTEJIb YIAJISUIA B BAKYyMe H BBIACISUTH COCANHEHNE
(VD) ¢ Ty = 47-48°C. UK-cniektp, v, em1: 3335 (O—H),
1180 (C—N), 2176, 3295 (=CH). Cuekrp SIMP 1H,
3, M. 1.: 2.38 1 (4H, NCHp, 3J = 10.2 T'n), 2.45 7 (1H,
C=CH, 47 =22 Tn), 3.40 1 (2H, NCHy, 4J = 2.2 T'n),
3.64 M (1H, CHO), 3.80 ¢ (1H, OH).

Haiineno (%): C 64.71, H 8.25, N 12.50.

CsHoNO. Brrancneno (%): C 64.86, H 8.11, N 12.61.

N-Annun-N-(memunen-1,3-ouoxconanun)nponap-
eunamun (VII). K cmecu 8.1 r anerona, copepskamiero
0.1 M1 achupara Tpexdropucroro 60pa, nodapnsum 1.4 T
(0.01 momnp) smroxcunaa (V). Ilpu aTom HabIIOMAIOCH He-
OosbII0e TOBBIIIEHHE Temmeparypsl. [locie cyToyHoro
CTOSIHHS PEaKIMOHHYIO CMECh TIIATENIHO 00padaTeiBain
HachIILIEHHBIM BOAHBIM pacTBopoM KoCO3, otaensnu
OpraHnyecKkuit cioi, cymminu Hag MgSO4 u pa3roHkoit
B BakyyMe BoIenanu 9 r (64%) coenunenus (VII) c
Tun = 116—-117°C (1 mm pT. c1.), 1.4767, 0.990. UK-
criexTp, v, em1: 1640, 3035, 3080 (—HC—CH),), 950
(mmokcoman. ki), 2130, 3275 (C=CH). Cnekrp SIMP
H, 8, m. 1.: 1.33 ¢ (3H, CH3), 1.42 ¢ (3H, CH3), 247 T
(IH, C=CH, 4J = 2.4 T'n), 2.89 x.n (2H, CH;0), 3.10-
3.20 m (2H, NCHy), 3.26 n (2H, NCHj, 4J = 2.4 T'n),
3.35-3.46 m (2H, NCH3), 4.10-4.30 m (1H, OCH),
4.80-5.50 m (2H, CH,=C), 5.60-6.20 m (1H, =CH).

Haiineno (%): C 70.10, H 9.15, N 6.58.

C12H19NO». Beraucneno (%): C 68.90, H 9.09, 6.70.

N-Annun-N-(2,3-snumuonponun) nponapeuiamun
(VIIl). B xonby emkoctho 250 mu 3arpyxanu 3.3 T
(0.024 monb) coenuuenus (V), 6.5 r (0.086 momnb) THO-
Mo4ueBUHBI ¥ 50 MIT aOCOTIOTHOTO METHIIOBOTO CIHPTA.
ConepxuMoe KOJIOBI ITepeMEIHBAIH TIPH TEMITepaType
60—65°C B Teuenne 24 4, 3areM oOpabaTbIBad BOAOH,
9KCTparupoBaiu d3pupom u cymmnu Hag MgSO,. [Tocne
OTTOHKH PacTBOPUTENSI OCTATOK ITEPETOHSIIN B BAaKyyMe

Ulamuposa M. U. u op.

u Beiensuin 4.7 1 (71 %) coenuuenus (VL) ¢ Ty = 77—
78°C (2 MM pT. cT.), 1.5990, 0.9812. UK-criektp, v, cm 1
2170, 3300 (C=CH), 1645, 3085 (—HC=—CH,), 700
(C—S). Cuextp SIMP H, 6, m. a.: 2.16-2.50 m (2H,
CH»S), 2.49 t (1H, C=CH, 4J = 2.4 '), 2.78-3.10 m
(IH, CHS), 3.27 1 (2H, 4/=2.4 Ty, NCH3), 3.31-3.48 m
(2H, NCHy), 5.00-5.30 m (2H, CH,=C), 5.45-5.90 m
(1H, =CH).
Haiineno (%): C64.51,H7.65,N 8.47,519.02.
CoH3NS. Beraucneno (%): C64.67, H7.78, N 8.38,S 19.16.
N-Memunennopboprenun-N-(2,3-snokcunponun)npo-
napaunamur (1X). Cmecsb 3.8 r (0.025 Moip) coemuHeHMS
(V) u 1.6 T (0.025 MOIb) NIUKIIONEHTAANECHA HAIPEBaJIH
B npucyTtctBuM 0.05 r THAPOXHWHOHA B 3alasiHHOU aM-
myne B TedeHne 8—10 g mpu 175-180°C. Tlo okoHuaHUHN
peaKIuu PEakiMOHHYIO MAcCy MOJBEprajid BaKyyMHOMH
pasronke. [Ipu 3TOM OTTOHSUTHCH HENPOPEArHPOBABIINE
HCXOHbIe KOMIIOHEHTHI, a IIeJIEBOH MPOIYKT MOJBEP-
rajgd MOBTOPHOW pa3roHKEe M OTAeHAId anaykT (IX) c
Tiun = 121-122°C (2 MM pT. cT.), 1.5147, 1.0296, BBIXOI
73%. UK-cnekrp, v, cm~1: 2175, 3295 (C=CH), 1658
(HC=CH), 3045, 1255, 940 (onokcu muki). CrexTp
SIMP H, 6, m. x.: 0.53-0.74 m (1H, CH®yy0), 1.17—
1.52 m (2H, CH,7cun, antn g pocTrke), 1.68—1.95 M (1H,
CHO 5i50), 2.15-2.30 m (1H, CH5 B nukie), 2.43 1 (1H,
C=CH, 4J=2.4Tn), 2.48-2.96 m (8H, CH!# B ronose
moctuka, CH,O nu OCH,; B mukine), 3.37 a1 (2H, NCHo,
4J=2.4Tn), 3.43-3.75 m (4H, 2NCH,).
Hatineno (%): C 77.30, H 8.65, N 6.60.
C14H19NO. Beraucneno (%): C 77.42, H 8.76, N 6.45.
N-Memunenoueuoponupanun-N-(2, 3-anoxcunponu)-
nponapeunamun (X). Cmecs 7.5 1 (0.05 momnp) coenune-
Hus (V), 2.8 r (0.05 monp) akponenHa, 10 mi Tomyona
B nmpucytcTBuM (.05 T THIPOXWHOHA HATPEeBak B 3ara-
ssHHOM ammyne npu 175-180°C B teuenne 8 4. [locrme
00paboOTKK U JIByKPaTHON Pa3TOHKHU BBIACISUIA COCIH-
HeHue (X) ¢ Tyun = 125-126°C (1 MM pr. ct.), 1.4834,
1.0668, Beixon 66%. UK-crextp, v, cm~1: 2180, 3285
(C=CH), 1660 (HC=CH), 3060, 1258, 910 (smok-
cu nuki). Cnekrp IMP 'H, 8, m. n.: 2.43 1 (1H,
C=CH, 4J=2.2Tn), 2.50-2.80 m (6H, CH,CH, u CH,0O
B nukie), 2.90-3.15 m (2H, 2CHO), 3.26-3.65 M (6H,
3NCH3), 5.90-6.10 m (2H, CH=CH).
Haiineno (%): C 69.61, H 8.15, N 15.33.
C12H7NO,. Beraucneno (%): C 69.57, H 8.21, N 15.46.
N-(2,3-Onokcunponun)-N,N-ounponapaunamun (XI).
Ananmornyno Meroxy nonyderus (IV) u3 4.6 r coemune-
Hus (II) 1 4.6 T snuXIOPruAprHa MOIYIEHO BEIIECTBO
(XD ¢ Tyun = 111-112°C (4 MM pT. cT.), 1.4935, 1.0289.
HK-criextp, v, cm1: 2185, 3280 (C=CH), 3065, 1260,
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916 (anokcu nukia), 1190 (C—N). Cnexrp SIMP H,
d, M. 1.: 2.30 T (2H, 2C=CH, 4J = 2.4 '), 2.40-2.61
(2H, CH;0), 2.85-3.04 m (1H, CHO), 3.10-3.28 m (4H,
2NCHy), 3.34 n (2H, NCH,).
Hatigeno (%): C 72.30, H 7.25, N 9.52.
C9H11NO. Beraucneno (%): C 72.48, H 7.38, N 9.40.
N,N-Z[unponapeun-2-oxcazoruoon (XII). K pactBo-
py 6 r (0.1 mosp) MmoueBuHBI B 20 MJ1 criupTa J100aB-
asn 15 1 (0.1 monp) coenunenus (XI). Cmecw Harpe-
Banu 22 4 npu 85-90°C, 3aremM neperoHkoil yaaisnu
CITUPT, OCTATOK MEPETOHSIIN B BaKyyMe U 00pabarhl-
Banu d¢upom. BeimaBmuii ocagok oTQUIBTPOBEIBA-
JIM, IPOMBIBaJI 3(UPOM U BhICYIIKMBaiIH. Brixon 56%,
Tun = 75-76°C. UK-cniektp, v, cm1: 3410 (N—H), 1750
(C=0), 932 (C—0—C), 1190 (C—N). 3280, 2175
(=CH). Cnexrp SMP !H, 6, m. n.: 2.39 T (2H,
2C=CH, 4J = 2.5 T'n), 2.75-3.00 m (3H, CHO,
CH3N), 3.10-3.26 m (4H, 2NCHy), 3.34 1 (2H, NCH»,
4J=2.5Tm), 6.92 ¢ (1H, NH).
Haiineno (%): C 62.41, H 6.13, N 14.69.
C10H12N20;. Beraucneno (%): C 62.50, H 6.25, N 14.58.
N-(Huanosmun)-N,N-ounponapeunamun (XIII).
K 4.4 T (0.085 momnp) coequuenus (II) mpn mepemeru-
BaHuu n006apsum 6.7 1 (0.1 MOJIB) cCBEXENeperHaHHOTO
HUTpUJIA aKpUIOBOK KucioTel. [Ipu 3ToM Habmonazoce
MOBBIIIICHUE TEMIIEpaTyphl peaknoHHo# cMmecu. [locme
MIPUJIMBAHUS PACYETHOTO KOJMYECTBA HUTPHJIIA COAEPIKHU-
MoOe KoJIOBI HarpeBaiu 6 4 mpu Temneparype 80-90°C,
3aTeM NoABeprain (ppakurOHUpOBaHUIO. [lomydeHHbIH
mpoayKT umen Tyyun = 120-121°C (3 Mmm pt. cT.), 1.4681,
1.1299. UK-cnektp, v, em1: 2250 (C=N), 2160, 3300
(=CH). Cuextp SIMP H, 8, m. 1.: 2.34 1 (2H, 2C=CH,
4J=2.4Tu),2.40 T (CH,CN, 3J=12.2 T'), 3.25-3.40 m
(4H, 2NCHy), 3.53 1 (2H, NCHy, 3J = 12.2 I'ny).
Haiineno (%): C 73.81, H 6.78, N 19.05.
CoHoN,. Beraucneno (%): C 73.97, H 6.85, N 19.18.
N,N-[unponapauramuHOnponuoHo6as Kucioma
(X1V). B peaknnoHHy0 KOOy, CHAOKEHHYIO MEXaHH-
YEeCKOW Memaakoit M oOpaTHBIM XOJOMMIBHUKOM, TI0-
memanu 8.3 r (0.05 Moib) CBEXENEPETHAHHOTO COe-
nunenus (XIII). 3aTemM k comepKUMOMY KOJOBI Mpu
WHTEHCUBHOM TIEPEMEIINBAHUY TTOPIHSIMH TTPUIIABAITN
6.0 MJT KOHIICHTPUPOBAHHOMW COJTHO#M KHCHIOTHL. [Ipm
3TOM HaOIIONAIOCH Pa30TPEeBaHUE PEAKIIMOHHOW CMECH
u obpaszoBanue conu. Ha cienyrommii 1eHb peakiuyuoH-
HYI0 Maccy nepeMemuBaiy npu temmneparype 50-60°C
B TeueHHe 6—8 4, 3aTeM 00paboTany BOIOH U JOOABHITH
25 mi cepHoro 3¢upa. OTaenuim BOIHBIH CIOH OT Op-
TaHUYECKOT0, U MOCIETHUHA CYIIMIIN HaJl POKaJICHHBIM
cynbarom maraus. [lociie OTTOHKH pacTBOpUTENS U3

OCTaTKa BaKyyMHOM NEPETrOHKOW BBIJIEJIEHO BEIIECTBA
(XIV) ¢ Tiun = 139-140°C (1 mm prt. cT.), 1.4879, 1.2885,
87%. UK-cnektp, v, cm~1: 2175, 3290 (=CH), 1760
(C=0), 3510, 2815 (O—H). Cnekrp SIMP 'H, 5, m. x.:
2.39 1 (2H, 2C=CH, 4J = 2.4 T'n), 3.30 1 (4H, 2NCHp,
4J=2.4Tu), 3.41 1 (2H, NCHy, 3J=11.8 '), 3.50 T
(2H, NCHj, 3/ =11.8 T'y), 10.14 ¢ (1H, COOH).
Haiineno (%): C 65.30, H 6.51, N 8.54.
CoH1NO;. Beraucneno (%): C 65.45, H 6.67, N 8.48.

Kopposuonnvie uccneoosanus. CKOpOCTh KOPPO3UHU
cramm 08km (coctas, mac%: 0.05-0.11 C, mo 0.03 Si,
0.25-0.5 Mn, g0 0.25 Ni, mo 0.04 S, mo 0.035 P, no
0.1 Cr, 10 0.25 Cu, 1o 0.08 As, ocransnoe Fe) B 5 M HC1
npu temneparype T = 20-60°C onpenesnsiu 0o norepe
Macchl 00pasioB pasmepoM 30 X 20 x 1.0 mm. Ilepen
OIBITOM 00pa3IIbl 3aUMIIANIN HLTU(POBATHLHON MAITUHOM,
00€3:KUPUBAIU Al[CTOHOM U OCTAaBIIsUIA B DKCUKATOPE
Ha 24 4. ComepkaHUE MCCIIEJOBAHHBIX HHTUOUTOPOB B
pactBope cocrasisier 0.25-1.0 r- 1,

D¢ heKTUBHOCTHL UHTUOUTOPOB OICHUBAIHU 1O Be-
nuurHaMm koddduirerTa TopMoxkenust y = ko/kyy, T
ko 7 kyy — cKOpOCTh KOppO3ud B (POHOBOM pacTBOpE U
B pacTBOpE ¢ m3ydaemoit mobaskoil. [Ipu obcyxmaeHmun
MPUYMH Pa3IudMsi B 3aIIUTHOM JEHCTBUUA CUHTE3UPO-
BaHHBIX COCJIMHEHUI Pa3HOM CTPYKTYPHI UCTIOL30BaIaCh
BeJIMYWHA THAPO(POOHOCTH MOJIEKYI, XapaKkTepu3yemas
norapudmom koddduiuenTa (D) ux pacupeacicHus B
cucreme okTanol/Boxa rpu pH 0, KoTopblii paccunThIBa-
nu ¢ momoinkio nporpammel ACD/ChemSketch.

O0cy:xneHue pe3yabTaTOB

[TokazaHo, 4TO mpomaprujaMyuH BCTYIIaeT B peak-
LMW MPUCOCAUMHEHUS C aJUIMII-, TPONAaprUIXJIopuIa-
MU M 3MUXJIOPTUAPUHOM, 00pa3ys COOTBETCTBYIOIINE
(hyHKIIMOHATBFHO3aMeIeHHbIe TpomapruiaMuHsl (1)—
(IIT) ¢ Beixogom 70—80%. CunTte3upoBaHHbI N,N-
nunponaprunamumnamut (I1) pearupyer taxxke c an-
aunxaopunoMm, a N-amnunnponapruiamul (I) — ¢
SMUXIOPTHAPUHOM Oaromapsi aktuBHOH N—H-cBs3u
c oOpa3zoBaHWEeM B OJHOW CTaJWU COOTBETCTBCH-
Ho N-amnmun-N,N-gunponaprunauimiamuna (IV) u
N-ammmn-N-(2,3-3nokcunpornin)nponapruiamuaa (V).
ITokazaHo, 9TO CHHTE3UPOBaHHBIN N-mipomaprm(2,3-
snokcunponwi)amut (I1I) Bctymaer B peakuuio ¢ Tpu-
3THJIAMUHOM B CPEJIE CYXOTo alleTOHUTPUIIA XEMOCEIEK-
TUBHO, 00pa3ys N-(3-a3eTHAUHOINI)IPOIapruiIaMiuH
(VD) c Berxogom 64.5% mo cxeme
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Ulamuposa M. U. u op.

H
. e =
o NH, + CICHR — =—" >—R——> X N
(D—(I1I) V)
o
Et;N, MeCN %Cl
L N
2 y
m%<ﬁ—// ©
N N
(VI) s &
V)
R=—CH=—=CH, (), — CH==CH (II),

CrpoeHre CHHTE3UPOBAaHHBIX HEMPEAEIbHBIX aMH-
HoB (I)—(VI) noarBepxaeno nanubimu K- u TIMP-
cnektpoB. B UK-cniekrpax coequnennit (I)—(I11) ve o6-
Hapy>KeHBI JIB€ PE30HAHCHBIE Y3KHeE MOJOCH B 00JIIACTH
3500-3300 cm!, cBoicTBernbie NHp, HO mpu 3TOM 00-
Hapy)keHa ofHa rojoca B oonactu 34503300, xapakTep-
Has uist NH-rpymmbst, 94To JOKa3hIBaeT MPOTEeKaHNE PeaK-
muu 1o N—H-cBsa3u. B UK-cnekrpax coemnnennit (1),
(II) naenTHUIUPOBAHEI TIOIOCHI MOTJIOIICHHUS B 00JIACTH
3445-3320, 3335-3267, 21152190 u 1630-1645 cm1,
XapaKTepHbIE COOTBETCTBEHHO Jisi BTopuuHO N—H-,
C=CH- u HC=CHj-cBsa3eii. B [IMP-cnexrpax coe-
nuaennit (I)—(111) 3agukcupoBaHbl CUTHAIBI CO CIETY-
FOIUMU XUMUYECKUMU CIIBUTAMHU MPOTOHOB (O, M. II.):
1.73 ¢ (NH), 3.28 T (2H, NCH>), 4.84-5.17 (CH,—=CH),
5.64-6.00 m (—CH=), 2.25 1 (1H, C=CH).

o]
KE&K
(CH;),CO
\¥/ N ~  —
(VD)
S (HN),C=S
%

) S
(VII)

N NN
V)

—CH—CH, (Il
S > (1)

Peaxmus HenpenenpHOTO dmtokcuamuna (V) ¢ HykJe-
O(IIBHBIMH PeareHTaMu MO3BOJIICT CUHTE3UPOBATh Pa3-
TUYHBIE (PyHKIIMOHATIBHBIE TIPOU3BOIHBIC HEMIPEAEThHBIX
amuHOB. [Ipn sToM B3ammMogpeiicTBue coenuaenus (V) ¢
alleTOHOM B TIPHCYTCTBHUH dpHpaTa TpexhToprcToro 6opa
MPUBOAUT K 0OpazoBanuio 1,3-nmuokconana (VII) ¢ Beixo-
oM 64.8%. Peakuus ¢ THOMOYEBUHOM MPOTEKAET B Cpe-
e metanoja mpu 60—65°C ¢ 3amMeHoi aToMa KACI0opoaa
OKCHPAHOBOTO KOJIbIIa aToMOM cepbl. [Ipu a3Tom 00pasy-
eTcsL HeTpeneNbHbIN cepoconepxkamuii npoaykt (VIII)
¢ BbixoaoM 71%. Konnencauuu HenpeneabHOro 3MoK-
cuamuHa (V) ¢ mukionentagueHoM (mpu 180-195°C) u
axponenHoM (tipu 175—180°C) mpoTekaroT 1o JBOWHOM
CBSI3U C 00pa3oBaHUEM NPOM3BOJHBIX HOpOOpHEHA U
TMUTHIPONTUPAHA C ATOKCUAHON TPYNIION M TepMUHAIb-
HOM areTmiieHoBo# cBs3bio (1X), (X) ¢ BeIxomoMm 73.6

65.5% COOTBETCTBEHHO.
O
WN
S~ —

(IX)

g
S
0 (X)

%
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CrpoeHHE CUHTE3UPOBAHHBIX HEMPEICIbHBIX aMU-
HOB (VII)—(X) moareepxkaeHo manasiMu UK- u [IMP-
crnexktpoB. B MK-cniekTpax cMHTE3UPOBAaHHBIX COEIU-
Henuit (VII)—(X) umerorcs nonocsl B obnactu 3300 u
2125-2145 cm1, xapakTepHbie 17 TePMUHATIBHOIA arje-
THIIEHOBOM CBs3U. [10J10CHI, CBOICTBEHHBIE STIOKCHIHOMY
KOJIbILYy, OOHapy»xeHbl pu 3065, 1248 u 915 cm 1. B UK-
CIIeKTpax CUHTe3UpoBaHHBIX coenuHeHuit (VII), (VII)
HMMEIOTCS TIOJIOCHI, XapaKTepHBIC JJIs aJUTMIILHOTO (par-
MEHTa, HO TIPH 3TOM ITOJIOCHI, CBOHCTBEHHBIE STIOKCHTHO-
My ITUKITY, He 00HapyxkeHbl. B K-criekTpax coennHeHui
(IX), (X) oTcyTCTBYIOT HOJOCHI MOTIOLIEHHSI, XapaKTep-
HBIC JUIS QJUTHIIBHOTO parmMenTa. M neHTudunupoBanbl
MOJIOCHI, CBOWCTBEHHBIE TEPMUHAIHHON alleTUICHOBOMH
CBSI3M U DIOKCHAHOMY MKy (3065, 1248 u 915 cm1).

B xoze cunresa coenunenus (IX) MoxkHO TIpemnono-
JKUTh 00pa3oBaHUE CMECH 9K30/9HO0-u30MepoB. B Ha-
IeM CiIy4ae peakius IMpoTeKaeT ¢ 00pa3oBaHUEM IIPO-
IyKTa C aH0o-KoHuTypareil. Takoil BEIBOI OCHOBaH Ha
TOM, 4T0 y curHana COHyy,,, HAXOAAIETOCS B CHIILHOM
T0JIe, IMEIOTCS IBE KOHCTAHTBI CITUH-CITMHOBOTO B3aHMO-
neiicteus (KCCB): remunanshas (Jo 6" = 11.3 I'y) 1 Bu-
uuHanbeHasd (J5.6 = 4.3 I'n). CornacHo cripaBOYHBIM J1aH-
HBIM,* B CITydae 9HOO-TIOJIOKCHHUS 3aMECTHUTENS BTOpast
KCCB 0Oyner HaxoauTcs B auanasoHe Js e = 2.5-5.0 I'n,
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4YTO HAONIOACTCS HAMU JJIS MTOJTyYEeHHOTO COCAMHCHUS.
Hnst axzo-nonoxenus 3amectutens KCCB momkHa ObITh
Goinbie mo abcomoTHOM BenuuuHe: Js 6 = 6.0-7.0 I'm.
J1OTIOTHUTENEHBIM TTOATBEPKICHUEM MIPABIIIEHOCTH CTE-
PEOXUMUYECKUX BHIBOJIOB SIBISIETCS BEIMUMHA BUIIMHAb-
Hoit KCCB (J56' =9.0-9.6 I'y) B anaykrax.
Cunre3upoBannbiii amuH (I1) BcTymaer B peakIuio ¢
SMUXJOPTUAPUHOM Oniaromapsi aktusHOM N—H-cBs3u,
npu 3ToM obpaszyercst N-(2,3-amokcunponui)-N,N-
munporaprunamul (XI). B manpHeimem coennHeHUe
(XI) npn HarpeBaHWH ¢ KapOAMHUIOM B STHIIOBOM CITHPTE
MOJIBEPTACTCSI BHYTPUMOJIEKYIISIPHOM TeTePOITUKITU3AITII
3a CUET PACKPBITHSI OKCUPAHOBOTO KOJbI[A C MOCIEAYIO-
IIEM ero 3aMbIKaHHUEM, YTO IPUBOIUT K 00pa30BaHUIO
oxcazonuauHona (XII). st momydeHns: HenpeaenbHbIX
KHCJIOT JMALCTUIICHOBOIO Psijia HaMU Obljia IpUMEHEHa
peakus npucoeauHenuss N,N-qunponapruiajuinjiaMiHa
(II) ¢ akpunonuTpuioM. Peakuus mpoTekaeT B MPUCYT-
CTBUM THAPOKCHJIA KATHS B TE€UCHUE 5 4, MPUBOIS K 00-
pa3oBaHHIO cOOTBeTCTBYIOMEro HuTpmia (XIII) ¢ Bexo-
oM 75.5%. YCTaHOBIIEHO, UTO B CPEJIE CONISTHOM KHUCIOTHI
cunTe3upoBaHHblil HuTpUa (XII) mpeBpamaercsa B He-
IIpeIebHYI0 KUCIIOTY AualeTmieHoBoro psaa (XIV):

NH,),CO ~—
— — (M) > ﬁN
_—/
% Al
<OL _——
4 hig
O
|
N XCN
_4 — » —— N T
(I1)
HOH LCN
0 K (XIIT)
OH
= N%
(XIV)

* Topoon A., @opo P. CnytHuk xumuka. Ousuko-
XUMHYECKHE CBOMCTBA, MeTOAUKH, Oubnuorpadus / Ilep.
c anrn. E. JI. Po3zen6epra u C. U. Konmens. M.: Mup,
1976. C. 297-305 [Gordon A. J., Ford R. A. The Chemist's
Companion: A Handbook of Practical Data, Techniques and
References. New York: John Wiley and Sons, 1972].

B HK-cnexrpax tpetuynbix aMmuaoB (XI1)—(XIV)
HapsAnxy ¢ mpucyTcTBueM moisioc npu 2245 (C—N)
(XIII), 3410, 1140 u 1720 (C=0) (XII), 1760 (C=0) u
2675 cm! (COOH) (XIV) 0OHapyKeHbI TAKXKE MOJOCHI
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nonouieHus B oonactu 2120-2190, 3295-3300 cm!
(C=H) u npu 3060, 1243 u 945 cm!, oTHOCSmIMECS K
C—H-cBs39M METHHOBOW W METHJIEHOBON TPYTIIT 3ITOK-

cugHoro konba (XI).

Ulamuposa M. U. u op.

W3yueHne BIUSHUS CHHTE3UPOBAHHBIX MPOU3BOIHBIX
MpONapruiIaMiHa Ha KOPPO3UIO HU3KOYITIEPOIUCTOH cTa-
1 B pactBope HCl mo3Bomiio BEISIBUTE MIECTH HANOOIEe
MEPCIEKTUBHBIX HTHTHONTOPOB KOPPO3UH, CBOICTBA KOTO-

Cxopoctu koppo3uu cranu 08k B 5 M HCl, coneprkamieit 1o0aBKu 3aMENICHHBIX MTPOIapPTHIAMHHOB

C Temneparypa, Konuentpauus Cropoctp Koadppurment
OCIMHEHUE dopmyna uHrHOUTOPA ° HHTUoUTOPA, KOppO3HuH, TOPMOKEHHUS
! rm 2yl KOppO3HH
20 0 8.3 _
o - 40 0 59 _
60 0 280 _
0.25 2.0 42
20 { 0.5 1.7 4.9
1.0 1.6 52
H 0.25 13.7 43
M | 40 0.5 8.2 72
SN — { 1.0 5.0 12
0.25 15.7 18
60 { 0.5 10.2 27
1.0 5.0 56
0.25 29 29
20 { 0.5 2.25 3.7
0 1.0 1.7 49
0>< 0.25 12.8 4.8
(VID) 40 { 0.5 10.1 58
\_/N% 1.0 8.2 7.2
0.25 28.0 10
60 { 0.5 224 13
1.0 11.5 24
0.25 1.9 4.4
20 { 0.5 1.6 52
1.0 1.5 55
( \/ { 0.25 8.4 7.0
(VI 3 40 0.5 6.1 9.7
AN DN o 3 o
0.25 11.4 25
60 { 0.5 9.0 31
1.0 3.0 93
0.25 34 2.4
20 { 0.5 2.1 4.0
1.0 1.2 6.9
(W 0.25 8.0 7.4
) M — 40 { 0.5 73 8.1
- 1.0 3.9 15
0.25 39.5 7.1
60 { 0.5 6.1 46
1.0 3.1 90
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Tabmuna (npodorxcenue)

Konnenrpanus CxopocTh Koadpdunnent
Coenunenue dopmyna nHrEONTOpA TeMnipCaTypa, HHrUOUTOPA, KOPpO3HH, TOPMOXKCHUS
! rm2gl KOppO3HH

0.25 4.6 1.8

20 0.5 3.1 2.7

KW 1.0 2.0 4.2

0 0.25 11.2 53

X) Nl 40 0.5 7.1 8.3
1.0 42 14
0 0.25 214 13
60 0.5 18.0 16
1.0 9.3 30

0.25 2.1 4.0

20 0.5 1.0 8.3
1.0 0.4 21
0.25 5.4 11
(XI) . o 40 0.5 4.1 14
= — 1.0 2.0 30
0.25 6.4 44
60 0.5 24 120
1.0 2.1 130

PBIX paccMOTpeHbI HiKe (cM. Tabnuiy). Kopposus cranu
08xn B pactBope 5 M HCI yckopsiercst ¢ pocToM Temiie-
parypsl. [loBbienne Temneparypsl Ha 40°C yBennumnBa-
€T CKOPOCTh KOppo3uu ctanm B 34 pasa. B pactsope HCI
B BBHIOpaHHOM JIMaIia30He TEMIIepaTyp BCE UCCIIeNyeMble
n00aBKHM 3aMeANISIIOT KOppo3uio cTtanu. Kak nmpasuio,
3TH COCAMHEHHS IIIOX0 TOPMO3AT pa3pylIeHHe MeTajuia
B pactBopax npu 7' = 20°C. 3anmuTHbIN 2P heKT HHTHOH-
TOPOB YCHIIUBACTCS C YBEJIMYCHUEM HX COICPKAHHS B
KOPPO3HOHHOM cpefie ¥ MPH MOBHIIICHUN TEMIIEPaTyPHl.
Cpenu uccienoBaHHbIX aLleTHICHOBBIX HHTHOUTOPOB
MOYHO BBIICJIUTH BELIECTBA, CoAepKane GparMeHT

D ) DN

9to coeaunenus (1), (VII) u (VIII). Haubonee mpo-
croe coeaunenue (1) cymmecTBEeHHO TOPMO3UT KOPPO3HIO
ctany, 3amenysisa ee npu 1 = 60°C B 56 pa3. Brenenue
B TaKyl0 CTPYKTypy dparMeHTa, COAEPIKAIIETO aToM S
[coenunenue (VIII)], moBEIIIaeT 3alIUTHOE JEHCTBUE
WHTHOUTOpA, TOPMO3S B TEX )K€ YCIOBHUIX KOPPO3UIO B
93 paza. Otot 3¢ deKT XxapakTepeH AJii HHTHOUTOPOB
aIleTHIICHOBOTO Psifia M OTMeUajcs B ureparype [5, 6].
BreneHnue B CTPYKTYpy MOJIEKYIBI (hparMeHTa METH-
neH-1,3-nuokconana [coenunenue (VII)], BepostHee

BCEro, MOBHIIIAET ero ruapododrHocts (IgD = —0.62),
CYLIECTBEHHO CHMKasi pacTBOPUMOCTh B KucioTe. Kak
Ppe3yJIBTaT, 3TO COEAMHEHHE YCTYIAeT B 3alIUTHBIX CBO-
ctBax naxe coeamHenuto (1) (gD = —1.57), 3amemmss
koppo3uto mpu 7' = 60°C tonbko B 24 pasa.

JHpyras rpynna HHTHOUTOPOB CO CXOIHBIM CTPYKTYp-
HBIM (parMeHTOM

npencrasiena coequHenusmu (1X), (X) u (XI). Ux 3a-
IIUTHBIE CBOHCTBA CHUXKAIOTCA M0 MEpe YMEHBIICHHS
HEHACHIIICHHOCTH 3aMecTuTeNs B psmy (XI) > (IX) > (X),
YTO TAaK)Ke XOPOILIO U3BECTHO JJIsl HENPEAETbHBIX COEIH-
HeHuii [5, 6]. Ecnu mns coenqunenus (XI) makcumanbHO
HaOmonaemMoe 3aMeieHue Koppos3uu coctasmio 130 pas,
TO B TeX ke ycioBusax mist coequnenuit (1X) n (X) Ha-
OmromaeMbIe CKOPOCTH KOppo3uu cranu B 1.5 u 4.4 paza
BhIIIIE, yeM y coeaunenus (XI).

WHTEpecHo, YTo cpeliu UCCIIeIOBAHHBIX COSMHEHUN
MaKCHMabHO 3 PEeKTUBHBI HAMOOIIee MPOCTHIE TIO CTPYK-
Type u HeHachlmeHnHsle Bemectna (XI) u (VIII), comep-
JKalIUe B KAYeCTBE 3aMECTUTENEY KpallHe peaKMOHHbIE
(hparMeHTHI — AITOKCHITPOITHII U U THONpori1. O0a 3TH
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3aMECTUTENSI XUMUYECKUA OYeHb aKTUBHBI, UTO, BEPOAT-
Hee BCETO, UTPAeT CYIIECTBEHHYIO POJIb B UX 3aI[UTHOM
JieficTBUU. B OCHOBE 3aIlIUTHOIO AEUCTBUS MHOTUX alle-
TUJICHOBBIX COEIMHEHHH PU KOPPO3UH CTAIH B PaCTBO-
pax HCI nexxut ux cnocoOHOCTh afcopOupoBaTbes Ha
MTOBEPXHOCTH MeTaJllIa U ()OPMHUPOBATH Ha HE ITOTUMep-
HBIH 3aIIATHBIN CIIOH, OIIOKUPYIOIIHA METAJLT OT KpaiiHe
arpeccuBHOU cpepl (aIcopOIHOHHO-TTOTMMEPH3alhOH-
HBII MeXaHu3M) [ 5, 6]. PeakiimoHHOCTIOCOOHBIE ATIOKCH- U
SMUTHOTPYTIITHI AODKHBI HHUIIMUPOBATH U CYIIECTBEHHO
YCKOPSATH MPOIECC MOTUMEpPU3ANUI HEHACHIIEHHBIX
COEJIMHEeHUH, crIocoOCTBYsI ObICTPOMY (OPMHPOBAHUIO
Ha MOBEPXHOCTU CTAJIM 3alIUTHON IJIEHKH U obecre-
YUBas MaKCUMAaIbHYIO 3aIIUTy OT Koppo3uu. Hanbomnee
XOPOIIIO ATOT 3PP EKT AOIDKEH IPOSBIATHCS PH BEICOKHX
Temmneparypax. JedcTBUTENbHO, B IPUCYTCTBUU 3THUX
coenuneHuii kopposus cranu npu 40 u 60°C B pacTBope
KHUCJIOTHI IPOTEKAET MPAKTHUECKU C OIMHAKOBOM CKO-
POCTBIO, UTO MOXKET OBITH TOJIIBKO PE3yIbTaToM (POpPMH-
pOBaHMSI UHTHOUTOPOM Ha MOBEPXHOCTH CTAJH 3aIHT-
HOM TICHKH nmonuMepa. Takum oOpa3zoM, MOTUQHUKAITUS
N,N-gunponaprui- win N-ammun-N-IpolnapruiaMUHOB
XUMHYECKH aKTUBHBIMH SIIOKCH- U SMTUTHOTPYIIIIAMHU
TTO3BOJISIET ITOJTY9IHUTh BRICOKOA((EKTUBHEIC HHTHOUTOPHI
KOPPO3UH HUZKOYIJIEPOJUCTOM CTAJIU B TOpAYEh COISTHOMN
kucinore (7= 60°C). Ilony4eHHBIH pe3ylbTar Mo3BOJISCT
TOBOPUTH O IEPCIIEKTUBHOCTY IPUMEHEHHS STUX COS/IH-
HEHHU B KaU€CTBE HHTHOUTOPOB COITHOKUCIIOTHOM KOP-
po3uu cTajeil Ha MpeAnpuaATUsIX HedTe- U ra30a00bIuH.

BriBoabl

CuHTe3upOoBaHbI HEMpeeIbHbIE aMUHBI TIPOTIAPTUIIO-
BOTO PsiJia C Pa3IMYHBIMH 3aMECTUTEISIMU, N3yUYEeHbI HX
cBoiicTBa. [lomydeHnHsie coearHEeHUs (IIECTh HAUMEHO-
BaHMi1) 00:1a/1a10T BEICOKMM 3allIUTHBIM JIEHCTBHEM MPHU
KOPPO3HU HU3KOYIVIEPOAUCTOM CTallU B paCTBOPAX COJS-
HOM KucNoThl. OmnpeneneHsl K03 QUIUEHTH TOpMOXKe-
HUS KOPPO3UH CTAJIN B IPUCYTCTBUU CUHTE3UPOBAHHBIX
COC)II/IHCHI/Iﬁ M YCTAHOBJICHO, YTO OHU YBCIMYHUBAIOTCIA
IIPY TIOBBIIIEHUH COJIepKaHNA alleTHIEHOBOTO COeNHe-
HUS B KOPPO3UOHHOM Cpeie U €€ TEMIIEPATYPHI.
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© A. . Boakosg, A. O. E¢pemona, E. I'. Toacronsarosa, B. B. KonaparbeB*

Cankr-IlerepOyprekuii rocynapcTBeHHBIN YHUBEPCHUTET,
199034, 1. Cankr-IleTepOypr, YHuBepcuterckas uao., 1. 7/9
* E-mail: vkondratiev(@mail.ru

[Hoctynuna B Pegakuuto 18 urons 2021 1.
ITocne nopabotku 12 aBrycra 2021 r.
[IpunsTa k myonukauuu 24 aBrycra 2021 .

Memoodom anexmpoocasicoenus Ha yenepoonyio bymaey nonydeHsl HieHOYHble NeKmpoobl ¢ OKCUOOM Map-
eanya. C nomowbio Memooa peHmaeHO8CKOU OUPPaKyuu 8biCOKO20 pa3pewiers YCmMaHogieHa cmpykmypa
ocasxcoennozo mamepuana, coomgememsyroujas e-MnQO;. Memooamu Yukauyeckotl 801bmMamnepomMempuy u
3apAOHO-PA3PSAOHBIX KPUBLIX NOLYUEHbI BETUYUNDBL YOCTbHOU eMKOCIU KAMOOH020 MAMEPUALA HA OCHOBE OKCU-
oa mapzanya (110—120 mA-u-z-1) u ux sasucumocmo om nromnocmu moxa. Uzyueno uzmenenue emkoCnHbix
XApaKmepucmux Mamepuana ¢ pocmom YUcaa Yukios npu mHocokpamuom (0o 200 yuxnos) 3apsioe—paspsoe.

KiroueBrnie cioBa: 3ﬂeKmpoxumutteCKuﬁ cunmes, OKCUO Mmapeanya, YUHK-UOHHblE AKKYMYIAMOPbL, yaeﬂbHCl}l

eMKocnb

DOI: 10.31857/50044461821080119

B mocnennue rojpl 00BIIOE BHUMAHUE TPUBICKAIOT
K ceOe pa3pabOoTKH TEXHOJOTHI HOBBIX 0€30MMaCHBIX U
9KOJIOTHYHBIX METaJUI-HOHHBIX aKKyMyJsTopoB [1, 2].
K gnciy nepcrneKTHBHBIX PEeJOKC-CHCTEM I pa3pabda-
THIBAEMBIX METAJI-MOHHBIX aKKYMYJISITOPOB OTHOCSITCS
BOJHbBIC [IMHK-UOHHBIE CUCTEMBI [2—4].

IIuHK Kak aHOI AJI BOAHBIX aKKYMYJIATOPOB BBI3bI-
BaeT OOJIBIION MHTEPEC BCIEACTBHE BHICOKOTO IEepeHa-
NPSOKEHUS] peaKIUK BBIJEICHUST BOJOPOAA, IIUPOKOI
pacnpoCTpaHEHHOCTH IIMHKA B IPUPOJIE, BBICOKOM Teope-
THYECKOM EMKOCTH IIMHKOBOTO 3j1eKTpona 820 MA g1
[3, 5]. PaboTa kaTOmHBIX MaTEepPHAJIOB JJIS METaJll-
UOHHBIX aKKyMYJIATOPOB, TAKUX KaK HAaTpWii-, MATHUN-,
LUUHK-UHTEpKaAJIUPyEeMble MaTepualbl, 0CHOBaHa Ha
MIPUHIIHATIE 0OPATHMOTO BHEAPESHHUSI HOHOB METAJIJIOB B
KPUCTAJUTMIECKUE CTPYKTYphl Marepuana. Cpemau Takux
MaTepHAaJIOB TOCTYITHBIMHU U MEPCIICKTUBHBIMHU SIBJISTIOTCS
OKCHJIbI MapraHia pa3IngyHoON CTPYKTYypHl [7-9], koTo-
PBIM B MTOCIEHEE BPEMS yesieTcss O0NbIIIoe BHIMaHUE
B pa3pabOTKaX MMHK-MOHHBIX CHCTEM C BOITHBIMH DJICK-
TponuTaMu. HTepec K OKcHUIaM MapraHiia CBsi3aH C UX
HU3KOH CTOMMOCTBIO U JIOCTATOYHO OOJBIION TEOPETU-
4eCcKol eMKOCTBIO (308 MA 4 T~1 1S OIHOBJIEKTPOHHOTO

npoiecca nepesapsaxka MnlVIL g popme MnO») [10],
ISl [IMHK-MapraHIeBOl MIMUHEIN TEOPEeTUYECKast eM-
KOCTh cocTaBisieT 224 MA -u-T-1 [11-13]. JlocTurayThie B
Pa3HBIX padoTax BEIUYMHBI YACTBHBIX EMKOCTEH pa3HBIX
dopm MnO; cocrassitor ot 100 10 300 MA-u-r1, mpu
STOM HampsbkeHue siueiiku gqocturaet 1.35 B [3].

Bonbmioe BHMMaHne B TUTEpaType YAIAI0Ch Ucclie-
JIOBAHHIO SIIEKTPOXUMHYECKOTO BHEPEHHSI HOHOB Zn2" B
PsI U3BECTHBIX MOTUMOPPHBIX hopm MnO;. Paznuynsie
WOHBI MOTYT BCTPaWBaThbCs B TUIMUYHBIC TYHHEIbHBIE
CTPYKTYpBHI, Takue kKak a-MnO; (2 x 2), B-MnO, (1 x 1),
v-MnO; (1 x 1 u 1 x 2), MnO, Tuna rogopokura (3 x 3)
1 MnO; tuna mmnusenu (3D-tynnenu). MoHHsIM paaunyc
ZnZ* cocrasnsier 0.074 HM, TOITOMY €r0 pasMepsbl Mo-
3BOJISTIOT AP PYHANPOBATH B KAHAIBHBIX HITH CIIOUCTBIX
cTpykTypax 6-MnO; (1o ~0.72 HM), 06pa30BaHHBIX OK-
Ttasapamu MnOg [3-6].

Henmocrarku kaTtomoB Ha 0CHOBE OOJIBIIIMHCTBA OKCH-
JTIOB MaprafIia COCTOSIT B HEOOpaTHUMBIX (ha30BBIX IIEPEX0-
Jlax, CTPYKTYPHOM HANPSDKEHUH B PE3YJIbTaTe H3MEHEHHS
o0beMa MaTepHalioB Ha OCHOBE OKCHJAa MapraHia, 4yTo
MOKET IIPUBOJUTH K MOCTEIICHHOMY HAPYIIEHHUIO CTPYK-
TYpHI 2JICKTPOJIOB U CHIDKEHHIO eMKocTh. HecMoTpst Ha
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MHTEHCHUBHBIE UCCIEA0BaHUS MMOCIENHUX JIET, IeTATbHBIN
MEXaHHU3M pa3MEeLIeHUs 3apsaia B OKCHAAX MapraHua B
LUHK-NOHHBIX CHCTEMAaX OCTAeTCs HEBbLICHEHHBIM |10,
14, 15].

Bonbiioe BHMMaHNE B HCCIENOBAHUSAX KaTOJHBIX Ma-
TEepUaJOB Ha OCHOBE OKCHJIOB MapraHua yAeJleHO HX
HaHOCTPYKTypupoBaHuto. OZHAKO NP UCIOJIb30BAHUU
HaHOPa3MEpHBIX YaCTHUI] OKCHUIOB MapraHiia Bo3pacra-
€T U BEPOATHOCTh yXYALIECHUS UX SHEPro3anacaromnmx
CBOMCTB, BBI3BAHHOTO CTPYKTYpHBIMH IIPpeoOpa3oBaHusI-
MU 1 OOJIbILIEH 0 CPAaBHEHUIO ¢ KPYIHBIMH YacTULIAMU
MJIOMIAAbI0 TIOBEPXHOCTH. YBENIMYEHHE TUIOMAIN KOH-
TaKTa MaTepHaa ¢ IEeKTPOIUTOM MPUBOAUT K Oosiee nH-
TeHcUBHOMY BoccTtaHoieHuto Mn(IV) no pactBopumoii
dhopmer Mn(II) [10]. [l momaBiieHUs 3TOH TOOOTHOM
peakiuy U yaydlIeHns: CTaOUILHOCTH CBOWCTB KaTOIOB
OBLTO TpeJIOKEeHO UcTionb3oBaHue coneil mapranua(ll)
B Ka4ecTBe J00ABOK B AJieKTpoiuT [16-25].

Ilens paGoTBl — 3JEKTPOXUMUYECKOE TOIYyUEHUE
OKCH/Ia MapraHiia B BHJAE CJIOS 3JIEKTPOIUTUYECKOTO
ocaJlka Ha TMOBEPXHOCTH YIIICPOAHON Oymaru u mcciie-
JIOBAaHHUE DJIEKTPOXUMHYECKUX CBOHCTB MOJYYEHHBIX
IUICHOYHBIX 3JIEKTPONOB KaK KaTodOB B IIUHK-MOHHBIX
BOJHBIX CUCTEMaX.

3KCHepHM8HTaJ'l]>HaH qacTh

B pabore ncnonap30BaIUCh CIENYIONIUE PEAKTHBBI:
cynbdar muska (4.1.a., 000 «AO Peaxumy), cynbdar
mapranna(ll) (u.a.a., AO «JleaPeakruBy, cynbdar Ha-
Tpus (x.4., AO «JlenPeaxTtus»), nogenuicymnpdar Ha-
Tpus (4., Panreac Quimica SLU), U301IpONmIOBbIi ClIUPT
(x.4., AO «BexTon»), KOTOpBIE IPUMEHSITN 6€3 JOTIOIHH-
TeJIbHOU MOATroTOBKY. [lenonn3oBanHas Boaa (18 MOwm)
MoJIydeHa ¢ WCIoNib30BaHWeM cucteMbl Millipore
Direct-Q UV (Millipore Corp.). B kadectBe 351eKTpO-
JIa-TIO/ITIOKKHU HMCIIONIb30BaIach yriepoaHas Oymara u3
crpeccoBaHHoro rpaguta (99.95%, tommuna 100 MkM,
yaensHbIi Bec 14.5 mr-cm 2, NeoGraf Solutions LLC),
KOTOPYIO Iepe]] UCIOIb30BaHUEM POMBIBAIIN U30TIPO-
MAJIOBBIM COUPTOM W CYIIWIU. B KadecTBe aHOTHOTO
MaTepHalia CIoJIb30Banach IMHKOBas Qobra (99.99%,
tomuHa 80 MkM, Shanghai Metal Corp.).

ONEeKTPOXUMHUYECKHH CHHTE3 3JIEKTPOIHOTO MaTepH-
aja MpoBOAMIIM U3 BOZHOTO pactBopa coctaBa 0.06 M
ZnS0y4, 0.12 M MnSOQy, 0.12 M NaySOy, 0.04 M no-
NenuiIcybdara HATPUs B TPEXIIICKTPOIHOM sUeHKe C
yIIepogHoi Oymaroil B kKauecTBe pabovero 3JeKTposa,
XJIopuacepeOpsHbIM dekTpoaoM cpaBHenus (Ag/AgCl,
NaClyge, X.C.3.) ¥ TNIATHHOBOU (hOJTBTOM B KA4ECTBE BCITO-
MOTaTeNbHOTO M1EKTPoa. DIEKTPOOCAKICHUE TPOBOAU-
JM B TIOTEHIHOCTAaTUYECKOM PEXUME NPU MOTCHLIUAE

1.4 B (x.c.3.). Ilocnie cuHTE3a 31IEKTPOIIBI C OCAKICHHBIM
Ha WX [TOBEPXHOCTHU CII0EM YEPHOTO BEIIECTBA TIPOMBI-
BaJIM JIEMOHU30BAHHOM BOAOM, 3aT€M MPOKAJIUBAIU MPU
300°C B Teuenue 3 4. Maccy ocagka MnO», Ha 371eKTposie
OTIPE/ICIISIN TIPSMBIM B3BeIIMBaHUEM Ha Becax AND
GR-202 (muckpernocts 0.01 mr, A&D Company Ltd).
Tak, mpu BeIOpaHHOM BpeMeHu cuHTe3a 900 ¢ macca
OCaKIEHHOIO MaTepuaia cocrasisia ~1.7 mr-cm 2. J{is
yao0cTBa M3NOKEHUs Aajiee MOMyUYeHHBIE 3JIEKTPOIBI
o6o03HaueHbl kKak Yb/MnQO,. CrneqyeT OTMETHUTB, 9TO
B OTJINYKE OT OONBIIMHCTBA paHee OMyOIMKOBAHHBIX
pe3y/IbTaToOB MO MCCIEAOBAaHUIO OKCHIOB MapraHiia B
Ka4eCTBE KaTOJHBIX MaTrepUalioB B JIAHHOU paboOTe HcC-
CJIEIOBAH DIEKTPOOCAXKACHHBIA OKCHJI MapraHia 0e3
BBEJIEHU:I CBA3YIOIINX M MPOBOAAIINX JOOABOK.

CrpykTypa MojiyueHHOTO BEIeCTBa Ha IOBEPXHOCTH
yIIIepoaHol OyMaru U 3J€KTPOAOB MOCIE IEKTPOXHU-
MHYECKHX AKCIIEPUMEHTOB ObllIa yCTAHOBIIEHA METO-
JIOM PEHTT€HOBCKOH MU(PaKIIHK BEICOKOTO pa3pemieHus
(Bruker-AXS D8 DISCOVER, Cug,, A = 0.15406 um).

ONeKTpOXUMHUYECKUE UCCIIEIOBaHuUS AEKTpoaoB Yb/
MnO; OpoBoaUIN B TPEXIIEKTPOIHBIX sUEHKaX C LIUH-
KOBBIM BCTIOMOTATEIbHBIM 3JIEKTPOJIOM M IIMHKOBBIM
3NEKTPOIOM cpaBHeHHUs. Jlanee B paboTe MOTEHIUATBI
NPHUBOJSITCS. OTHOCHTENBHO d1iekTposa Zn/Zn2*. B kaue-
CTBE JJIEKTPOJIUTA MCIIOIB30BaI CMEIIaHHBIN BOITHBII
anekTponut 2 M ZnSO4 u 0.1 M MnSO4 (pH ~4.5).

CBoiicTBa 31EKTPOJHBIX MaTepHUaNOB HCCIIeI0Ba-
T METOJaMHU ITUKIUYECKON BOJBTAMIIEPOMETPUH U
raJbBaHOCTATHYECKUX 3apATHO-Pa3PATHBIX KPUBBIX.
Huknmdeckre BOIBTaMIIEPOTPAMMBI OBLITH ITOTYYEHBI
C HCIIOJIb30BaHUEM IMOTEHIIMOCTaTa-rajibBaHoCTaTa
Autolab PGSTAT30 (Eco Chemie). 3apsaaHo-pa3psaHbie
KPHUBBIE PETUCTPUPOBAIIH C UCTOJIb30BAHNEM MOTEH-
nuocrara-ragsBanocTara BioLogic (BioLogic Science
Instruments). Toxu 3apsima—pa3spsiaa BApbHPOBATIUCH OT
0.1 02 Ar L.

O6cy:kneHne pe3yJbTaToB

CrpyKkTypa MOIYy4eHHOTO BeIleCTBa Ha MMOBEPXHO-
CTH yTJIIEPOIHON OyMaru OblIa yCTAHOBJICHA METOIOM
PEHTTeHOBCKOW NU(paKIUU BEICOKOTO pa3pericHusl.
PentrenorpammMa Martepuaina MOJJI0KKHU (yIJIepOIHAs
Oymara) rmokasaia COOTBETCTBHE (hasze yriieposa co Cio-
HCTO# TeKcaroHaJbHOM permeTkoil rpadura (puc. 1, a).
ConepxaHue mpuMeceil He3HAUUTEIBHO.

OcHOBHBIE peduieKchl, 3aperUCTPUPOBaHHBIC HA
peHTreHorpaMMax IIEKTPO/Ia TIOCTe OCAKICHUS OKCH/IA
Mapranmna (puc. 1, 6), ObUTH HACHTHGUITIPOBAHBI KaK
cooTBeTcTByOmue (aze muHepana axreHckuT (ICDD
#00-030-0820), xoTOpEIi sABISETCS PA3HOBUAHOCTHIO
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Puc. 1. Pentrenorpammsl 00pa3ioB yriaepoaHoi Oymaru (a), yriepoaHoi OyMaru ¢ 3JeKTPOOCaXICHHBIM OKCUIOM Map-
rasua (6) u yrepoxHoit OyMaru ¢ 31eKTPOOCaXJeHHBIM OKCHJIOM MapraHiia ocje MHOTOKPaTHOU mepe3apsiiku (8).

I — peduekcsl, OTHOCAIINECS K YITIEPOIHOH MOATIOXKKE.

€-MnO; (rexcaroHajbHasi MPOCTPAHCTBEHHAS TpyMIia
P63/mmc). beina npoBeneHa cucreMaTiyeckas IpoBepKa
PEHTTeHOTpaMM MaTepualia Ha COOTBETCTBHE APYTUM
noJTMMOPGHBIM CTPYKTYpaM okcuna Maprania MnO, u
HAa BO3MOXXHOE MPHUCYTCTBUE LUHK-MaPTaHIeBON LITH-
Henu. [IpoBepka mokasanga OTCYTCTBUE COBIAJCHUN CO
CTaHJAPTHBIMU PEHTI€HOBCKMMH KapTaMH ITHUX COEIHU-
Henuit. Takum 06pa3oM, MOXKHO CIIEIaTh OJHO3HAYHEIH
BBIBOJI O MOJIy4eHHH oaHO(a3HO# cuctembl &-MnOs.
Paccuntannoe mis rpanu (100) MexciaoeBoe paccTossHIE
cocrtapisier 0.24 HM, YTO COTIIACYeTCs C IUTEPATyPHBIMHU
JAHHBIMH W JIOCTATOYHO JJIsi BHEAPEHHSI HOHOB Zn2*t
(muametp ~0.15 um) [26].

Ha pentrenorpamMmmax 00pa3noB 3J1€KTPOAOB, HOA-
BEPraBIIMXCS IJIUTEIBHOMY 3apsAHO-Pa3pSIAHOMY
IUKJIMPOBAaHUIO B MHTepBajie noreHnuaios 1.0-1.8 B
(otH. Zn/Zn?") B BogHOM pacTtBope 2 M ZnSO4 1 0.1 M
MnSQy4, HabMIOMAIOTCA 3aMeTHBIE 3MeHeHus (puc. 1, 6):
MOSIBIISIIOTCSL JOMUHUPYIOLIME HHTEHCUBHBIE pediek-
ChI, COOTBETCTBYIONIUE (ase, copepkamied UHK, —
ZnMn307-2H,0 (ICDD #00-047-1825, munepanbHas
tdhopma Bynpydura). CoBnanenue ¢ HaOOpPOM CHUTHAIIOB
JUIs OKCHZA Maprasua (B TOM 4HCJI€ CUHTE3UPOBAHHOTO
W3HAYaIIbHO) WU JIJIsl IUHK-MapraHileBoON [IIUHENN He
HaOmonanocsk. O popmuposanun $hassl Bynpydura TyH-
HenbHOro tuma, ZnMn307-nH,O, ObLI0 Tarkke COOOIEHO
B pabore [27].

Jertanu MexaHu3Ma 3apsKeHHs 3JIEKTPOJOB HA OC-
HOBE OKCH/Ia MapraHiia B BOAHBIX IIMHK-HOHHBIX CHUCTE-
Max JI0 HaCTOSIIETO BPEeMs SIBIISIFOTCS] TUCKY CCHOHHBIMH.
AHOIHBIN IpoliecC B IMHK-HOHHBIX CHCTEMax B Cla-

OokucibIx AnekTponuTax (pH < 6) coctouT B peakuuu
OKHCIICHHS IIMHKA ¢ 00pa30BaHUEM IPEUMYIIECTBEHHO
THIPaTUPOBAHHBIX HOHOB ITMHKA [3—6]:

In <= Zn?* + 2e-,

(1)

CTaH/IapPTHEIH MOTEHIIMAT KOTOpoii paBeH —0.76 (H.B.3.)
uma 0.00 B (Zn/Zn?"). Ha xarone B 001acTu MOTEHIIUA-
7108 0T ~1.53 B (Zn/Zn2") mpoucXoauT BOCCTAaHOBIEHUE
JIMOKCH/Ia MapTaHIia COIIACHO PeaKIuu

MnO, + H* + e~ <= MnOOH. )

CranmapTHBIA MOTEHIHAN E° ISl peIOKC-TIaphl
MnO,/MnOOH cocrasnser 1.16 B (1.B.3.), a paBHOBeC-
HBIA MIOTEHIUAN 9TON PEaKIUK EMnO,/MnOOH 3aBHCHT OT
pH u MOXXeT OBITH BBIpaKeH ypaBHEHHEM

EMno,mnoon = £° — 0.059 pH. (3)

MexaHu3M 3TOH peakiuu B COBPEMEHHOM KOHIIEN-
MU PacCMaTPUBACTCS KaK MHTEPKAJSAIUSA IIPOTOHOB B
TYHHEIBHYIO WJIH CIOUCTYIO CTPYKTYPY OKCHIa Map-
raHIia mpy nepe3apsiike HOHOB MapraHiia B CTPYKType
OKCHIa IIPU TOTeHIMa ax okojio 1.5 B (Zn/Zn2"). Tlpu
OoJice OTpHUIATEIBHBIX MoTeHnuanax 1.2 B (Zn/Zn2")
MPEANnoiaraeTcs NPOTeKaHue Peakiui UHTEPKAISIIUU
WOHOB ITMHKA:

MnO; + xZn?* + 2xe- <= Zn,MnO,,

(4)

CONPOBOKIAEMON MapajIeIbHO KOHBEPCHOHHBIM MPO-
HeccoM 00pa3oBaHMsl OcaKa THAPOKCOCyIb(aTa UHKA!
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3Zn2* + 60H- + ZnSO4 + xH,O ==
<= 27nS04[Zn(OH),]3-xH0. ®)

DONEeKTPOAHBIA MPOIECcC BKIIOYAET HHTEPKAISAIUIO
HMOHOB IIWHKA ¢ popmupoBanueM Zn,MnO; ha3sl 1 BO3-
MOXKHBIM TapaJijiebHbIM 00pa30BaHUEM CIIOKHBIX 10
cocraBy ocankoB IuHKa B Buae Zns(OH)g-SO4-xH,0.
dopmupoBaHHE TAaKUX OCAJKOB B Ka4eCTBE IMOOOYHOTO
MPOAYKTA CBSA3aHO C TEM, YTO MIPH MPOTEKAHHUH ITEPBUY-
HOTO TPOIIeCCa HHTEPKAISIIUY MPOTOHA (KaTOXHBIH MUK,
00BIYHO HabonaeMelii okono 1.4 B) mporcxoaut noHu-
xeHne pH pacTBopa B MIPUIIEKTPOTHOM MPOCTPAHCTBE,
Y HapsAIy C MHTEPKAJSANHeil HOHOB IIMHKAa BO3MOXKHO
00pa3oBaHKE MAJIOPACTBOPHUMBIX XUMHUYECKUX COEIUHE-
HUH — CMEIIIaHHBIX TUAPOKCOCYIb(ATOB IIMHKA, KOTO-
pbie POPMUPYIOT OCAJIKU HA IOBEPXHOCTHU EKTPOJIA U B
nopax okcuaa. Hajgexxusie moka3arenbcTBa 00pa3oBaHUs
KaK MUHK-MHTEPKAINPOBAHHON (ha3bl, TaK U OCATKOB
coneit coctaBa Zng(OH)g-SO4:xH>0O momyueHs! B psije
padoT in situ CTPyKTypHBIMH MeToniamu [3—6, 24, 25].

Huknrieckre BOIBTaMITEpOTpaMMBI (pHC. 2) AIEKTPo-
JIOB Ha OCHOBE 3JIEKTPOOCAKACHHOTO OKCHIa MapraHia
YB/MnO; nociie Ha4aapHOTO MEePBOTO IMKIIA CTA0WIIN-
3UPYIOTCS uepe3 2—3 IUKiIa, HaOFAATCs CIBOCHHBII
MJI0XOPa3pemIeHHbIN MK OKUCIEHUS TPY TOTEHIIuae
okosio 1.65 B 1 1Ba mvika BOCCTaHOBJICHIISI TTPH TTOTCHITH-
anax okono 1.38 u 1.22 B. ITonoxxeHue MUKOB MO IIKaJIe
MOTEHITUAJIOB COTJIACYETCS C paHee IMOTyICHHBIMHU B JIH-
Teparype AaHHBIMH JUJIS APYTUX 1O CTPYKTYPE XUMUYE-
CK{ CHHTE3MPOBAHHBIX OKCHUOB MapraHiia 1 IUHK-Map-

04t Homep uukina

02t

ranneBoi mmuHenu [19, 23]. 3HaueHus] TOTEHIIUATIOB
MTUKOB COOTBETCTBYIOT OKHCIIeHNI0 HOHOB MapraHia(lll)
B COCTaBe JJIEKTPOJa C NEHHTEPKAISINEH HOHOB MIPU
noTeHuuane okojao 1.6 B u BoccTaHOBIEHNIO HOHOB
mapranua(IV) go mapranna(lll) ¢ mocnenoBarensHO Tpo-
TEKAIOIIMMH MPOIIECCaMU AIIEKTPOXUMHUIECKON HHTEPKa-
JISLIMY MOHOB BOJIOPO/Ia U LIMHKA ITPU noTeHiuanax 1.38
u 1.22 B cooTtBeTcTBeHHO [24].

3HayeHne TOKa B MaKCUMyMe Haubosee BBICOKOTO
KaTonHoro nuka rnpu 1.2 B (puc. 2) O6picTpo cHIKaeTcs
C POCTOM YFHCIIa IUKIIOB, @ TOK B MaKCUMyMe KaTOAHO-
ro nuka npu 1.4 B Bo3pactaer. OT0 CBUAECTENBCTBYET
00 M3MEHEHNHU KPUCTAJUIMYECKOW CTPYKTYpPbI IEpBOHA-
YaJIbHOTO CBEXE0Cax/1IeHHOro MnO; B Te4eHHUE NMEPBBIX
HECKOJIBKUX IHUKJIIOB pa3psa—3apsaa, 9TO Ha3bIBAIOT
nporeccoM akTuBauy. Kak OblJI0 MOKa3aHO ¢ IOMOLIBIO
peHTreHo()a30BOro aHaNN3a, IEHCTBUTEIBHO IPOUCXOIUT
TpaHchopMaLysl HCXOAHON CTPYKTYpbI e-MnO; B IIMHK-
COJIEPKAIIYIO CTPYKTYPY, KOTOpast Obliia HACHTHDUITAPO-
BaHa Kak ZnMn307-2H,0.

CrenyeT OTMETUTB, YTO TIOXOXKask popMa BOJIBTaMIIe-
porpamMm ¢ IBYMsI KaTOIHBIMHU ITHKaMH, COOTHOLIIEHUE
TOKOB B MAaKCUMyM€ KOTOPBIX MOYKET U3MEHSTHCS B 3a-
BHUCHMOCTH OT SKCIIEPHMEHTAIBHBIX yCIOBHA, HAOI0/1a-
Jach paHee AJs OONBUIMHCTBA NOTUMOP(QHBIX OKCHAOB
MapraHua pasHou cTpyKTypsl [7, 8, 20]. Takum oOpazom,
HECMOTpS Ha 3aMETHOE pa3linyie B KPHUCTAJUTHIECKOH
CTPYKType OKCHJOB Maprasiia, MOTeHIINAaIbl PeIOKC-
MIPOLECCOB, OTBEYAIOIINX Mepe3apsaaKke HOHOB MapraH-
na(VI/IIL), u3aMeHstoTCs Majo. MOXHO 10J1arath, 4To

1.0 1.2

1.4 1.6 1.8

E, B (oTH. Zn/ZnZ")

Puc. 2. lluknudeckue BOIBTAMIIEPOrPAMMBI AJIEKTPOZIA C OKCHJIOM MapraHIa B cMemaHHoM sjekrponute (2 M ZnSOq4 +
+ 0.1 M MnSOy).

CKOpOCTB Pa3BEPTKHU NNOTCHIHUAIA — 0.1 MB-c! , BEJIMYMHBI TOKOB HOPMHPOBAHBI HA MACCY 3JICKTPOOCAXKICHHOI'O MaT€purasia.



1054

pelaronee BAUSHUE Ha MOTEHIHAI PEIOKC-TPOLIECCOB
OKa3bIBAET OJJHOTUITHOE OKPYXEHHUE y3IIOBBIX HOHOB Map-
TaHIla aTOMaMH KHUCIIOPO/ia B 0a30BBIX CTPYKTYPHBIX €H-
Hunax (okrasipsl MnQOg), KOTOpBIE MOTYT cOOUpAThCS B
pa3HooOpa3HbIe KPUCTATITUUECKUE CTPYKTYPBI LIEITHOTO/
TYHHEJIBHOT0/CIIONCTOTO THHA [5].

Paznuawne B totomaam o epBeM (1.4 B) 1 BTOpBIM
(1.2 B) xaToHBIMH NMHUKaMH MPU BBIOPAHHON CKOpO-
CTH pa3BEPTKH NOTEHLHANIA CBUAETEIBCTBYET O Pa3HOM
BKJIaJIe TIPOIIECCOB MHTEPKAISAINYA NOHOB IIMHKA U BO-
Jopofia. 3aMETHO MEHbBINAsl BRICOTA MTUKA, COOTBETCTBY-
FOIIETO MPOTIECCY MHTEPKAAINYA HOHOB ITHKA (1.2 B),
[0 CPAaBHEHHIO C MHKOM TPU WHTEPKAIALUN HOHOB BO-
nmopona (1.4 B) MoxeT OBITH CBSI3aHA C MEHBIIINM YHC-
JIOM JTOCTYITHBIX JUTS BKITFOUEHHUS HOHOB IIWHKA TTO3UITHH
B CTPYKTyp€ OKCHJa MapraHia. YMEHBIICHHE BBICOTHI
MUKa, OTBEYAIOIIET0 HHTEPKAJSAIUM LIMHKA, MOXKHO TaK-
e OOBSICHUTH B3aMMOJEHCTBHEM KaTHOHOB LIMHKA C
AHWOHAMH KHCIIOpPOJla OKCHIa MapraHiia, 9YTO MOXET
MPUBOJIUTH K HEOOPATHMOCTH MPOIIECCOB, CBI3AHHBIX
¢ UIMMOOMIIM3AIMEN HOHOB Zn2" B CTPYKTYpe PEHICTKH.

W3 xonmudgecTBa 37eKTpHYeCTBa, 3aTPayeHHOTO Ha BOC-
CTaHOBJICHHE, OBUIM PACCUYUTAHBI BETMYNHBI HAdaIbHOM
yIAEIHHON pa3psAaHON eMKOCTH TOJYyUYEHHBIX JIEKTPO-
JIOB, OTHECEHHBIE K Macce OKCHAa MapraHiia, KOTOpbIe
cocraswian 110—-120 MA a1 ipu ckopocTH pasBepTKr
norenirana 0.1 MB-c~!. DTu BeMYUHBI 3aMETHO MEHb-
1€ TeopeTHUecKor Benuauubl 308 MA u-r—! g oxHo-
3NEKTPOHHOTO Mporecca nepesapsaku noHoB Mn(1V/IID)
B oKkcuJe Maprasia [25]. OnHol U3 npuyYuH 3aHUKCHHON
BEJIMYUHBI PA3PATHON €eMKOCTH MOXKET SBIISATHCS HA3KAs
MIPOBOJIUMOCTH IEKTPOXUMHUUECKH CHHTE3UPOBAHHOTO
OKCH/Ia MapraHIa.

[Ipu yBenuueHUM CKOPOCTH Pa3BEPTKH MOTCHIIHAIA
(puc. 3) Hanboee 3aMEeTHO YBETMICHUE BHICOTHI KATOTHO-
ro uka pu 1.4 B, cOOTBETCTBYIOIIETO IIPOIIecCy HHTEP-
KaJISIIIMH [TPOTOHOB. DTO BIOJIHE 0XKUIAEMO, €CIU MIPUHSITH
BO BHUMaHHe, 4TO KO3 PHUIreHTs auddy3uu mpoToHOB
3aMEeTHO BHIIIIE, YeM HOHOB ITMHKA B TBEpAOH (paze okcH-
Jla, U3-3a Pa3HUIIBI B pa3Mepax U 3apsje. 3aBUCUMOCTh
TOKOB JUIsl 00euX map MHUKOB OT CKOPOCTH Pa3BEPTKU
MIOTEHI[ANIA V XOPOIIIO OTHCHIBACTCS YPaBHEHHEM IIpsi-
Mmoii Ig/ = algv + b (Bpe3ka Ha puc. 3). Paccunrannas u3
JIMHEHHBIX 3aBHCHUMOCTEH TOKOB JJIsi O0CHX Map MUKOB
() ot ckopocTH pa3BepTKU MOTEHLKaa (V) BeTUYHHA
TaHIeHca yIiia HakIoHa a coctaBuia 0.6, 4To OIM3KO K
TeopeTHueckoMy 3HadeHuIo 0.5, ykaspIBaroImeMy Ha mpe-
MMYIIeCTBeHHO AU () (Hy3MOHHBIN KOHTPOIIb CKOPOCTH IPO-
[IECCOB MHTEPKAJISILINHU KaK IIPOTOHOB, TaK ¥ HIOHOB ITMHKA.

MeToaoM TanbBaHOCTaTUYECKOTO 3apsana—pas3psiaa
W3yYeHBI AIIEKTPOXUMUIECKHIE CBOMCTBA ANEKTPoa0B Y b/
MnO,. Pa3psinnbie kpusbie (puc. 4) coaepskar 1Ba miaTo

Bonkos A. U. u op.

« I* [a=0.65=0.03]
lely AL /3 14 = 0.61 + 0.08]
gl 71 [a=079£005]
0.6 |15 [a=041+003] s

1.0 ' 1.4 ' 18
E, B (0TH. Zn/Zn%")

Puc. 3. Lluknyeckue BoJBTaMIIEpOrpaMMBbl AIEKTPOJIa C OK-
CHJIOM Maprasiia B cMenranaoM aekrponure (2 M ZnSO4 +
+ 0.1 M MnSQO4) nipu pa3HbIX CKOPOCTSIX Pa3BEPTKH MOTESH-
muana (MB-¢c1): 7 —0.1,2—0.2,3—0.5.
Ha pucynke npuseneH 3-if UK KaKI0N CEpHUH.
Ha BPE3KEC — 3aBUCUMOCTHU TOKOB INHMKOB OT CKOPOCTU pa3s-
BEPTKU IMMOTCHIINATIOB U BEJIMYWHBI TAHT'€HCA YIJIa HAKJIOHA A.

CO CpeTHUMH 3HaYeHUsMH moTeHImana 1.42 n 1.27 B,
YTO COOTBETCTBYET HAJIUYHUIO IBYX IMUKOB BOCCTAHOBJIE-
HUS Ha MUKINYCCKUX BOJIBTaMIIEpOTpaMMax.

I[Tpu wiotHOCTH ToKa 0.1 A 1! HavanbHas BenmMyYrHA
paspsIHONM €MKOCTH COCTaBisia 0Kojao 114 MA-u-1-1
U 3a nepsbie 10 nuKI0B CHUXKanach g0 107 MA a1,
OCHOBHOE YMEHBIIIEHNE Pa3psSAHON EMKOCTH C pOCTOM
YHUCTa IUKIOB MPOUCXOAWIO TIPU MOTEHIIAANIE OKOJIO
1.2 B, T. e. 3a cueT npouecca HHTEPKAISIIN HOHOB IIWH-
Ka, MPUBOAMBILIETO K YACTUYHO HEOOPaTUMOMY BCTpa-
MBaHHIO KATHOHOB Zn%" B KPUCTAIIMYECKYIO PEIIETKY
Matepuana (puc. 4).

Kymonosckas 3¢hhekTHBHOCTE TIEpBOTO MUKJIIA (pHC. 4)
3apsaaa—paspsga cocraBiser Benuuuny ~112%, aro
CBUJICTENBCTBYET O MPOTEKAHUU MOOOYHBIX MPOLIECCOB.
Kak mpaBwuiio, 1711 momqo0HBIX MaTepHAIIOB HAOMIONAETCs
MTOHIKCHHAST KYJTOHOBCKas 3G ()EKTUBHOCTH, KOTOPYIO
OOBIYHO CBSI3BIBAIOT C TPYIHOCTHIO HHTEPKAJSIIIUE HOHOB
nuHKa [ 18], mo6ouHbIMU MpolieccaMu KOPPO3UH U BBIZIC-
JIeHUs1 BOJOpO/ia (CBOMCTBEHHBIMH IMHKOBOMY aHOMY)
[28] mir HEOOXOAMMOCTEIO HAadaIhbHON aKTHBAITIH MaTe-
puana [9]. YBenuueHHYIO KYJIOHOBCKYIO 3)QEeKTHBHOCTD
HAYaJIbHBIX [UKJIOB MOXKHO OTHECTHU K MPOIECCY TPaHC-
(dopmariu Marepualia B HOBYIO aKTHBHYIO ITHHKCOMEP-
xarryto ¢aszy ZnMn3O7-3H,0, obpazoBanne KOTOpOit
OBUIO MOKa3aHO METOJOM PEHTTE€HOBCKOHM MU(PaKIIK
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Puc. 4. 3apsnHo-pa3psaHble KPUBBIE AIEKTPOJA C OKCH-

JIOM Maprasiia B cMemanHoM asexTponute (2 M ZnSO4 +

+ 0.1 M MnSOQy) npu miotHoctu Toka 0.1 A-r-! (npusene-
HBI 10 IEpBBIX ITUKIIOB).

BBICOKOT'O Pa3pelLIeHus] U COIIaCyeTCsl C paHee OmyOiu-
KOBaHHBIMH AaHHBIMH [27]. C poCTOM IIOTHOCTH TOKa
(ot 0.2 A-r! u BbIme) KynoHOBCKAst 3P HEKTHBHOCTD
npubnmwxkaercs k 100%, yto roBoput 00 odparumoctu
NEKTPOXUMHUECKUX IPOLIECCOB MHTEPKASLUY C yda-
CTHEM LIWHKCOepKaien (a3bl U MOBEPXHOCTHOTO CIIOS
MnOOH [9, 18].

C pocrom TOoKOB 3apsia—paspsiaa ot 0.1 go 2 A-r!
(puc. 5) TPOUCXOANT COKpAIICHWE YYaCTKOB ILIATO IT0-
TEHIIMAJIA, YTO TOBOPUT O COKPAILICHUH BETUIUHBI YIIETh-
HOW €MKOCTH dIIEKTPOJHOro Marepuana. Habmonaemoe
YMEHBLICHUE yAETHLHOH eMKOCTH MaTepuaia CBsI3aHO C
KWHETUYECKUMU NTPUINHAMU — HU3KOI CKOPOCTBIO MPO-
[[ECCOB MHTEPKAJSIINU HOHOB, MIPUBOJISINEH K HETIOJIHO-

My 3apsily U COOTBETCTBEHHO pa3psly MpHY MOBBILICHUU
TJIOTHOCTH TOKa. V3 KPUBBIX 3apsima—paspsiia BUIHO,
YTO HanOoJee CHIFHOE COKpAIIEHNE MMPOUCXOIUT C PO-
CTOM TOKa JUIS Pa3psIAHOTO TIATO MPH MTOTSHIIAAIE OKOJIO
1.2 B, uTo comnacyeTcs ¢ BBIIICTPUBEACHHBIMY JTaHHBIMU
[MUKJIAIECKON BOJIBTaMIIEPOMETPHH. DTO CBSI3aHO C Ooee
MEIJIEHHOW HHXEKIIMEH NOHOB IMHKA B CTPYKTYPy Mare-
puraia, 9To MPUBOIUT K MAJICHUIO0 EMKOCTH TIPH BBEICOKHX
tokax. Tak, nmpu 2 AT gocTuraemMas EMKOCTb COCTaB-
JseT unb 8 MA a1,

M3MeHeHne eMKOCTHBIX XapaKTePUCTHK MaTepraia
B TeueHre 10 LUKIIOB 3apsaa—pa3psjia MpU pa3InyHBIX
IJIOTHOCTSAX TOKA TOKa3bIBaeT (puc. 6), 4To mocie BO3-
BpalleHUs K HadalbHOM muioTHocTH Toka (0.1 A-r1)
€MKOCTbh JJIEKTPO/Ia IPAKTHIECKH BOCCTaHABINBAETCS,
YTO MOATBEPKAAET BHIBOJ O KHHETUUECKON MPUPOE
COKPAILECHUS BETMYNH EMKOCTH IIPU BEICOKHX CKOPOCTSIX
3apsga—paspsanga. Jus arekTpoaoB U3 3Toi cepun ObLTH
IOy Y€HBI EMKOCTHBIE XapaKTEPUCTUKH TIPH IITUTEIHHOM
[MKJIMPOBAHUK ITPHU TI0THOCTH Toka 0.1 A-r! (puc. 7).
Crnenyetr OTMETUTh HEMOHOTOHHBIN XapaKTep U3MEHEHUS
yIEeTbHON €MKOCTH B XOJ€ JUIUTEIHHOTO MUKINPOBA-
HUS TTOTEHIMANIa: YMEHBIIIEHHE eMKOCTH Ha Ha9alIbHBIX
nukiax (1o 20 MUKIOB) ¢ MOCIETYIONIIM POCTOM €MKO-
CTU TIPU JJIUTEIHHOM LUKIUpOBaHUH 10 180 1UKIOB.
Takoe moBeAeHHUE AIEKTPOIOB MOKHO OOBSICHUTH CHU-
JKEHWEM JTOJIM aKTUBHOTO yYaCTHUs MUHKCOIEpKamiei
(ha3pl B mpoliecce nepe3apsaaKd Ha HayalbHOM JTare
UUKIUpOBaHUA. B ganpHeilieM, BO3MOXKHO, MaTepH-
aJ aKTUBHPYETCS M3-3a TOCTEIIEHHOU TpaHCchopMaIliu
€ro CTPYKTYpPHI, 00ecTeunBaroieii 00paTuMyIo HHKEK-
IIA0 MOHOB ITMHKA U TIPOTOHOB. JIOMTOIHUTEIHHO B XOZE
JUTATENBHBIX TPOLIECCOB TIEPE3apsAKU Ha TTOBEPXHOCTH
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Puc. 5. 3apsaHO-pa3psaHble KPUBBIE 3ICKTPOJAA C OKCHIOM MapraHiia B CMeImaHHOM iekTponute (2 M ZnSO4 +
+ 0.1 M MnSOy) npu pa3nu4HbIX MIOTHOCTSAX TOKA.

IInotHOCTH TOKA (A T~1) yKa3aHbl Ha PUCYHKe, 3HAYEHHUS] EMKOCTE HOPMHUPOBAHBI HA HAYAIIEHYIO MACCy EKTPOJHOTO MaTepHaa.
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Puc. 6. 3aBucuMOCTb pa3psIHON EMKOCTH 3JIEKTPOAA C OK-
CHJIOM MapraHiia B cMeIaHHoOM 3ekTpornute (2 M ZnSOq4 +
+ 0.1 M MnSQOy4) OT IJIOTHOCTH TOKA.

ITnotHocTH ToKa (AT 1) yKasaHbl Ha PUCYHKE.
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Puc. 7. 3aBUCUMOCTD y[EIbHON Pa3psAIHON EMKOCTH JJIEK-

TPOAa C OKCHAOM MapraHIla B CMEIIAHHOM 3JICKTPOINUTE

(2 M ZnSO4 + 0.1 M MnSQg4) oT HOMEpa LUKJIa [IPH TUIO0T-
Hocth Toka 0.1 A-r1,

3NIEKTPOJIa MPOUCXOIUT COOCAKACHIE OKCHIIA MapraHIa
u3 100aBKH K 31eKTposuTy, conepxamieid 0.1 M MnSOg.
Ha Gonee nozgnux nukiax 3apsaa—paspsaa (mocie
~150-ro 1uKIa) I3MEHEHHE EMKOCTH CTAaHOBUTCS MEHEe
PETYISIPHBIM, YTO MOXKET OBITh CBSI3aHO KaK C HapyIle-
HHEM CTPYKTYpPBI Marepuaa, Tak i C BOSMOXKHBIMH KOH-
LEHTPAIIMOHHBIMU U3MEHEHHUSAMH JIEKTPOJINTA.

BroiBoabl

B moTeHIMoCcTaTHYeCKUX YCIOBUAX IIEKTPOXUMHU-
YECKOr0 CHHTE3a BO3MOXHO MOJTYyYEeHHE OKCHIa Map-
raHIa Ha MOBEPXHOCTH MOJJIOKEK U3 yIIIepOaHOI Oy-
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H3zeneuenue YUHKa, Me()u, HUKesL U KoOanbma U3 CMOYHbIX 600 2Ab8AHUYECKUX np0u3eodcme Memooom 3ﬂeKmp0HaH0qbuﬂbmpauuu

MN3BJIEYEHUE IIUHKA, ME/IU, HUKEJISI 1 KOBAJIBTA
N3 CTOYHbIX BOA T'AJIBBAHUYECKHUX ITPOU3BOACTB
METOAOM 3JIEKTPOHAHO®WJIBTPAIIUU
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Paboma noceawena uzenevenuro yunka, Meou, HUKeas U KoOansma u3z CmouHbiX 600 2a1b8AHUYECKUX NPOU3-
800cme Memooom nekmponanopurvmpayuu. Odvexmamu UCCLe008anUs AIANUCH HAHOPUILIMPAYUOHHBLE
Membparbl omeyecmeerHozo npoussodcmea OIIMH-K, OIIMH-IT (OAO «Bradunop») u MHO2OKOMNOHEHMHbLe
MEXHON02UYECKUEe PACMBOPBL U CMOYHbBLE 600blL 2ALbEAHUYECKUX TUHULL, cooepxcaujue uonst Cu?™, Zn’*, Co?™,
Ni2*. onyuenvl 3a6ucumocmu KOIPHUYUEHMO 3a0ePAHCAHUS KAMUOHOE MEMAILO8 U YOCIbHO20 BLIXOOHO20
NOMOKA OM RPULONCERHO20 asnietus. Onpedenena onmuMaibHdas NIOMHOCHb MOKA 051 NPO8edeHUst NPoyec-
€a NeKMpPOHAHOPUTLMPAYUOHHO2O PA30eNeHUs CINOYHBIX 800 2AIbEAHUYECKUX NPOU3800CmE. Yemanoaneno,
YMo ¢ pocmom MpaHcmMemoOpanno2o 0asienus Kak OCHOGHOU 08UdCYyujell CUubl npoyecca Kosgguyuenm 3a-
Oeporcanus y8enuyusaemcs, d npu 3HA4eHUsX, Npesbluarux nacnopmHuble 3Havenus paboye2o dasienus Ha
25%, xoagpuyuenm 3a0epocanusi HAYUHAem CHUNICAMbCSL 015 00oux munoe memopan. Paccuumanul yucna
nepenoca 07 UCcie0yemMbix Memopan no 3aoepaicugaemvim kamuornam. Ommeueno, 4mo 3a0epircusaronyas
cnocobrocmv memopanvt OIIMH-I1 eviwe, wem y memoparvt OIIMH-K. Yoenvhvlii 661X00HOU NHOMOK ¢ pOCHOM
MPAHCMEMOPAHHO20 0ABNEHUS YEETUUUBAETNCS 3d CHem YBenuteHus: 08UdICYuell CUbl npoyecca 8ciledcmsue
NOBbIUUEHUS CKOPOCU.

KittoueBble cnoBa: anexmpornanopuibmpayus, Kosgouyuenm 3adepicanus, yOenbHblil GbIXOOHOU NOMOK;
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lNanpBaHMUECKOE MTPOU3BOACTBO SABISAETCS OJHUM U3
HauOoJiee OMACHBIX UCTOYHHUKOB 3arpsi3HEHUS] BOAHBIX
pecypcoB, HOCKOJIBKY B rajIbBAHUYECKUX CTOUHBIX BOZAX
colep)Karca MPUMECH TSDKENBIX METaJUIOB, HEOpraHU-
YECKUX KHCJIOT, IeNouel U APYTUX BBICOKOTOKCHUYHBIX
coeanHeHui. Mcnonp3oBanne MEMOpPaHHBIX MPOLIECCOB
paszeneHus B COUETaHUU C TPaIULIMOHHBIMHU METOIaMHU
OYHCTKH CTOYHBIX BOJI TIO3BOJISIET CHU3UThH KOHIIEHTpa-
LU0 TSOHKETIBIX METAJUIOB 10 O€30MacHOro YpOBHSI U MO-
JYYUTh SKOHOMHYECKHUH 3G GEKT IS MpeanpHusITHs 3a
CUET ITOBTOPHOT'O MCIOJIb30BAHUS B TEXHOJIOTUYECKOM
LIUKJIE BOIHBIX PECYPCOB M KOHIIEHTpaTa MeTauioB. J{is
OYHMCTKH CTOYHBIX BOJ I'aJIbBAHUYECKON IPOMBIIIJIEHHO-
CTH IIMPOKOE NMPUMEHEHHE HALUIM HAaHO(UIBTPaLuOH-

Hble MeMOpaHsl [ 1-4], MexaHu3M pazjesieHus] B KOTOPBIX
OCHOBaH Ha CTEPUYECKOM (IPOCEUBAHUE) U DIIEKTPHU-
yeckoM (3¢ dexr JJonnana) addekrax. [IpenmymiecTBo
HAaHO(MIIBTPAIIMOHHOW MEMOpaHBI TEepes] IPYTUMH TH-
naMy{ MeMOpaH TOMHMO HAJIM4YHUsI HeOOJBIINX TTOIYTIPO-
HUIAEMBIX TIOP 3aKJII0YaeTCs B IIOBEPXHOCTHOM 3apsijie
MeMOpaHbI, YTO MTO3BOJISIET 3aPSKEHHBIM PACTBOPEHHBIM
BEIIECTBAaM, KOTOPBIE MEHbIIIE IIOP MEMOpaHsbl, OTTaJI-
KHBaThCSl OT CTEHOK IOp BMecTe ¢ Ooiee KPyMHBIMH
HEHTpaIbHBIMU PACTBOPEHHBIMH BEILIECTBAMH H COJISIMH.

Lenb paboTbl — uccnenoBaHue U3BICUCHUS METAI-
JIOB IIMHKA, MEH, HUKENA M KOOaJlbTa U3 CTOYHBIX BOJ
rajqbBaHMYECKHX MPOU3BOICTB METOAOM JJIEKTPOHAHO-
¢$unpTpanmy.
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3KC]’[epI/IMeHTaJ'IbHaﬂ 4acTb

B kauectBe 00BbEKTOB HCCIIeOBaHMS ObLINA BhIOpa-
HBI OTpa0OTaHHBIE TEXHOJIOTHYECKHUE PACTBOPHI TaibBa-
HUYECKUX JUHUHN mpennpusTuii . TamO6osa (Tabmn. 1),
COJICpIKaIINe UOHBI TSHKEJIBIX METAIOB U HAaHO(HIIb-
tpaunonnsie MemOpansl OIIMH-K u OIIMH-IT (OAO
«Bmagunop»). JlanHble MeMOpaHBI SBJISIOTCS HU3KOHA-
TTOPHBIMH, BEICOKOIIPON3BOIUTENBHBIMI U CEPHITHO BBI-
MYCKAIOTCS JJIs MPOMBINUICHHBIX HYXJ. MUHUMaIbHAs
OPOU3BOAUTEIBLHOCTD MO TEPMEary B HOPMaJbHBIX
YCIIOBHSX COCTaBiseT He MeHee 2.78-10-5 m3-m2-¢ 1.
Koaddurment 3anepxuBanust mo 0.15%-aH0My pacTBopy
NaCl 0.25 u 0.55, BemecTBo aKTUBHOTO CI0SI — ITOJIH-
BUHWIOBBIM cUpT U nunepa3uH y memopan OIIMH-K
u OIIMH-II cooTrBeTcTBEHHO.

Omnpenenenne TPAHCTIOPTHBIX XapaKTEPUCTUK TIOIY-
MPOHHUIIAEMBIX MEMOpaH B Mpolecce MMEKTPOHaHODHITh-
TPAILIOHHOTO Pa3/eICHUS PACTBOPOB M BOJIBT-aMIIEPHBIX
XapaKTePUCTHK CHCTEMEI arnmnapar—MeMOpaHa—pacTBOp
MIPOBOMIIN Ha Ta00paTOPHOH YCTaHOBKE, TNIABHBIM JIIe-
MEHTOM KOTOPOH SBIISIETCS MEeMOpaHHas pa3AeTnTeNbHas
siyelika. MeTorka MpoBeICHUS SKCIIEPUMEHTA MOAPOOHO
omucaHa B padore [5].

3nadenue kod(huIieHTa 3a1epKaHus MeMOpaH pac-
CUHTHIBAJIH TI0 (hopMyIIe

oo A D) (1)

CPICX

TJI€ Crep — KOHLIEHTPALMs PaCTBOPEHHOTO BELIECTBA B
niepmeare (Kr'M3), Cyex — KOHIIEHTpPAIKSE PACTBOPEHHO-
IO BEIECTBA B MCXOIHOM PAacTBOpPE (Kr"M3).

VYrenbHbIH BEIXOIHOW MTOTOK PacCUHUTHIBAJICS 10 (hop-
MyJie

Jlazapes C. U. u op.

J=7 2)

rne ¥ — obwem nepmeara (M3), Fiy — pabouast iomais
MeMOpaH (M2), T — BpeMst IPOBEEHHs OIbITa (C).
bouin omnpeneneHbl KOHLIEHTPALUU HOHOB 10 U IO-
cJie Mpolecca OYUCTKH B UCCIENYEMBIX pacTBOpax U
paccunTaHbl yucia nepenoca ny Memopan OIIMH-IT u
OIIMH-K mo ¢popmyne*
E
LRT, mer
Y262

3)

n,=

rae £ — u3MepsieMast JIIEKTPOABIKYIIAS CUIIA; Y1, V2,
€1, ¢2 — 3HAYCHHS COOTBETCTBEHHO KOA((OHUIIMESHTOB
AKTUBHOCTH M KOHLEHTPAHUN 3JEKTPOIUTA MO0 00enM
cTopoHaM MeMOpaHsl; 7' — aOCONIOTHAS TeMIeparypa;
F — uucno ®apanes; R — yHuUBepcalbHas ra3oBas 1o-
CTOSTHHASI.
Kos¢duuueHT akTHBHOCTH pacCYUTHIBAJICS 1O GOp-
Myne
0521 @
VTN

TIe z — 3apsij UOHOB B pacTBope, / — WOHHAs CHIa
pacrtBopa.

O1neHKa 9KOJIOT0-97KOHOMUYECKONW 3P(PEKTUBHOCTH
OT BHEAPEHUS JIEKTPoOapoMeMOpaHHOTO MOAYJISI B TE€X-
HOJIOTHYECKYIO JIMHUIO OYMCTKU CTOYHBIX BOJ| rajibBa-
HAYECKUX TPOU3BOJICTB BEHITIOIHSIIA IT0 METOIUKE [6].
Dxojorudeckuil 3¢ (HEKT OT BHEAPEHUS MIPOCKTa pac-
CUHTBIBAIIN KaK

* PyKoBOZICTBO K MPAKTHYECKUM paboTaM MO KOJUIOUIHON
xumun / O. H. I'puropos, 1. ®. Kapnosa, 3. I1. Kozmuna u ap.
M.; JI.: Xumus, 1964. C. 211.

Tao6auna 1
XapaKTepuCTHKHU UCCIIEAYEMbIX PACTBOPOB
» Conepxanue ConeprkaHue mocie
C u . Hccnenyemslit .
TOYHBIE BOZBI CXOIHBIN COCTaB B CTOYHBIX BOJAX, [peIBapUTEIbHON
frapamerp mrer! OYHCTKH, MI*J1 !

3aBog OAO «TamOoBIOTUMEPMAITD) CuSOyq4 1030 30

ZnS0Oy Cuz+ 460 24

K4P2O7 7n2+

H;BO;3

NH4Cl
3asog OAO TATAT um. C. . JIusmmia NiSO4 140 8

CoSOyq4 Niz* 120 6

NaCl Co2+

H3BO;3




H3zeneuenue yunka, meou, HUKEIs U KOOAIbMA U3 CMOYHbIX 600 2A/lb8AHUYECKUX NPOUZBOOCIE MEMOOOM JNIeKMPOHAHODUILMPAYUU 1061

0
All = Hof)? — orx, (5)

rIe Hgf,f — IIata 3a BEIOPOCH! MPHU CYIIECTBYIOMIEH
TEXHOJOTUN 04UCTKH (py0.), [lorx — mimaTa 3a BEIOPOCH
MPH BHEAPEHUN MEMOPaHHOM TEXHOJOTHH (Pyo0.).
OKOHOMHUYECKUH 3P(EKT BBIUUCIISIN U3 pacyeTa
CHI)KEHUS DKCIUTYaTallHOHHBIX 3aTpaT Ha 1 T CTOYHBIX
BoJl. OTIEHKY IPOBOIMIIM OTHOCUTENFHO CPEeTHEeH Mecsd-
HOW HOPMBI CTOYHBIX BOJ| XMMUYECKOTO TPEATPUITHS B

6200 .

O6cykneHue pe3yibTaToB

Ha Bonpr-ammepHoii kpuBoit (puc. 1), momydeHHO
B CHUCTEMeE anmnapar—MeMOpaHa—pacTBOpP, BBIIEIAIOT-
cs 4eThIpe ydacTka. [IepBblil JIMHEHHBIA OMHUYECKUN
y4acTOK MO)KHO OXapaKTepu30BaTh Kak CONPOTUBIECHUE
MeMOpaHbl. BTopoii — 1uama3oH nNoTeHInanioB, B KOTO-
POM HaOIOAAETCsl yYaCTOK «IJIaTO» MPeNeIbHOIO TOKA U
3Ha4YE€HNE IIOTHOCTH TOKA IPAKTUYIECKH HE N3MEHSIETCS
NP yBEIMYEHUH TPUKIIAABIBAEMOTO HaMpsKeHUs. OTO
MOXKET CBHJIETEIBCTBOBATh O TOM, YTO KOHIICHTPALIMS
MOHOB MeTajla Ha MexX(a3HOW I'PaHUIIE 3HAUUTEIb-
HO MEHBLIE, YEM B sJpe MOToKa. TpeTuit — nuamna3zoH
MOTEHINAIOB, COOTBETCTBYIOIINN CBEPXIPEACIBHOMY
TOKY, CBA3aHHBI B 3JIEKTPOMEMOpaHHBIX CHCTEMaXx C
Pa3BUTUEM KOHLIEHTPALMOHHON MOJSPU3ALUN U TeHepa-
et nonos HT u OH-, koTophle Takxe BHOCST BKJIA] B
nepeHoc Toka. UeTBepThlii — quana3oH NOTEHIHAJIOB,
IIPY KOTOPBIX MIPOUCXOOUT JIerpajalus akKTUBHOTO CIIOS
MeMOpaHbsl. OITUMATBHONW OblTa BRIOpaHA IIOTHOCTH
ToKa i = 21-36 A-M2, COOTBETCTBYIOLIAs AUATIA30HY
3HAYEeHUH BbIIIE yyacTKa «1w1aTo». [Ipu Takoi minoTHocT!
TOKa MOHBI aKTUBHO MUTPHUPYIOT K TpaHHIlE MeMOpa-
Ha—pacTBOP, HO KOHLIEHTpalus Ha MeMOpaHe elle He

W
<o
T

1

2
3
4

5 15 25 35
U, B

Puc. 1. Bonbr-amrepHble XapakTEPUCTUKH CHCTEMBI all-

napar—MeMOpaHa—pacTBOp, OCHAIIEHHOW MeMOpaHaMu

OIIMH-II (1 — pactBop Zn2* + Cu2*, 2 — pactsop Ni2t +

+ Co?"), OTIIMH-K (3 — pactBop Zn2* + Cu2*, 4 — pacr
Bop Ni2+ + Co2").

JOCTUTAET KPUTHUECKOTO 3HAYCHHS, KOT/Aa o0pasyercs
MIOTPAHUYHBIN CIIOH, B KOTOPOM KOHIIEHTpAIUsl PacTBO-
pEeHHOTO BelecTBa O0IbIIe, YeM B UCXOAHOM PacTBOPE.

Koaddurment 3aaepxanust 1 BCEX UCCISAYEMBbIX
pacTBOpoB U MeMOpaH (puc. 2, a, 6) CHauasia BO3pacTaer,
TaK KakK C IMOBBIIIIEHHEM TPAHCMEMOPAHHOTO JaBIICHUS
YBEJIMYMBAETCS JaBJIE€HUE PACTBOPA HAa aKTUBHBIN CIION
MeMOpaHbl, KOTopasi B pe3ysbTare nedopMaiiy ymioT-
HsieTcs. 3areM Ko3(QUIUEHT 3a7epKaHusl CHUXKAETCS,
YTO CBSI32HO C TIOCTENIEHHBIM BO3PACTaHUEM KOJTMIECTBA
KaTHOHOB MeTaJljIa y TOBEPXHOCTH aKTHBHOTO CIIOS MEM-
OpaHbl U, KaK CJIEICTBHE, POCTOM KOHIIEHTPAIIHOHHOMN
MOJIIpU3alMM ¥ TPOCKAKUBAHUEM HOHOB BMECTE C pac-
TBOPHTEJIEM 32 CUET NPHIIOKEHHOTO TPAHCMEMOPaHHOTO
naBieHus. Takxke cleayeT OTMETUTh, YTO KOO PHUIIMEHT
3a/IepKaHus UL TPUAHOTHBIX MEMOpaH BBIIIIE, YeM JIJIS
MIPUKAaTOAHBIX, TAK KaK 3ajepKuBaeMasi rpyIna HOHOB
HMeeT TOJIOKUTENbHBIN 3apsy (puc. 3).

Bo Bcex nccnenoBaHHBIX CHCTEMaX ¢ POCTOM TpaHC-
MEMOPaHHOTO JABJIEHUS YBEININBACTCS YCIbHBIN BBI-
XOIHOH TOTOK (puc. 2, a, 0), TaK KaK JaBICHUE SIBISCT-
Cs1 OCHOBHOM JIBWXKYIIEH CHIION Ipoliecca pas/esieHusl.
Takoke cieyeT OTMETUTb, YTO B IPOIECCE IEKTPOHAHO-
(bUIBTPAIIIOHHOTO pPa3aesIeH s NCCIIEyeMOTO pacTBOpa,
SIBIISTIOIIETOCS. IPOBOJAHUKOM BTOPOTO poja, Habmrona-
JIOCh MIOBBIIIEHNE TEMIIEPATYPhI pacTBOpaA 3a CUET HAJIO-
YKEHHS DIEKTPUIECKOTO OIS, CIIe0BATEIHHO, IPOUCXO-
JIIT HE TOJBKO MAacCOIEPEHOC, HO M TETUIONEPEHOC Yepe3
MpUKaTOAHBIE U MPHUAaHOAHBIE MeMOpaHbl. Paznuuus B
YUCJICHHBIX 3HAUECHHSAX YAEJIbHOTO BBHIXOAHOTO MOTO-
Ka s HaHo¢unbTpanuoHubix MeMmopan OIIMH-II u
OIIMH-K cBsi3aHBI ¢ UX MMOPUCTON CTPYKTYpPOH U Ha-
JUYNEM Pa3IMYHBIX aMOPQHBIX U KPUCTAIITUYECKIX
oOmacreit (Tabdm. 1).

C pocTOM KOHUEHTpAIMd MOHOB 3HAYEHUS YHCEI
TepeHoca CHkKarwTcs (Tadi. 2), Tak Kak CHHXKAeTCs
MTOIBM)KHOCTHh HOHOB B pacTBope. ClenyeT OTMETHUTH,
yTO 4Mcia nepenoca ans Mmemopansl OIIMH-IT Hike,
yem anst memOpansl OIIMH-K. DTo xopomo koppenu-
PYeT ¢ MoITyYeHHBIMU SKCIIEPUMEHTAIEHBIMA TaHHBIMU
ko3¢ dUIIIEeHTa 3aAepKaHus, COTTIACHO KOTOPBIM 3aep-
JKuBaromas cnocooHocts Mmemopansl OIIMH-IT Bhime
aHaJloruyHoro napamerpa Mmemopanst OIIMH-K.

Ha ocHoBe mpoBeeHHBIX IKCIIEPUMEHTAIBHBIX UC-
CIIEZIOBaHUI MTpeIIO’KeHa TEXHOJIOTHIecKas cxema (puc.
4), KoTOopasi MOXKET OBITh peaau30BaHa I OYUCTKU 00-
LIEr0 CTOKAa rajlbBaHUYECKOI'O MPOM3BOACTBA OT COJNEH
TSOKENBIX MeTaiutoB. [IpuHIMTT 00e3BpeKUBAHUS TAKUX
CTOKOB 3aKJTFOYAETCS B OCAXKJICHUH MOHOB TSDKENBIX Me-
TaJUIOB B BUJE THMAPOKCHIOB M YIaBIMBAHHH OCTATOY-
HBIX KOHIEHTPALUH Ha 3IEKTPOMEMOPaHHBIX MOIYJISX.
[IpennoxkeHHas TEXHONIOTHUYECKAsT CXeMa TTO3BOJIUT pea-
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Puc. 2. 3aBucumocth ko3 unmenta 3anepkalus U yIeIbHOTO BBIXOAHOTO TIOTOKA OT TPAHCMEMOPaHHOTO JaBJICHHS

JUISL TEXHOJIOTHMYECKOTO PAacTBOpa, cozepKaiero karnonel: a) CuZ*, Zn2" (uepusiii — OIIMH-II npu mwioTHOCTH TOKa

i =36 A-M2, cepoiii — OIIMH-K nipu i = 28 A-m2); 6) Co2*, Ni2* (uepupiit — OIIMH-IT npu i = 28 A-M2, cepblii —
OIIMH-K npu i =21 A-m2).

[NK — npuxkaronusie, [IA — npuanogHble MEMOpaHBL.
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Puc. 3. Cxema TpaHCHOpTHOﬁ MUTpAlAU KaTUOHOB U aHUOHOB HUCCIICAYCMBbIX KOMIIOHCHTOB 4Y€pPE3 MPUKATOAHBIC U ITPU-
AHOJHBIC MCM6paHI>I.

JM30BaTh Ha IPEANIPUATHIX CHCTEMY 000POTHOTO BOJIO-
CHaOXXEHMS ¥ BO3BpAILlaTh B TEXHOJIOTHYECKUHN UK /10
80% ouHIIeHHOMH BOJEL.

[Iporecc 04NCTKH OCYIIECTBIAETCS CISAYIONIIM 00-
pa3om (puc. 4). KucnoTHo-memo09asIe CTOTHBIC BOBI,
cozieprKalllie KaTHOHBI METAIJIOB, U3 LieXa rajJbBaHuYe-
CKOTO IIPOM3BOICTBA OCTYNAIOT B HAKOMTUTEIb CTOUHON
BONBL. 3aTeM OHU, POoiias depe3 QribTp rpy0oit ouncT-
KM, 33JIep>KMBAOLIUI YaCTULbI pa3MepoM | MKM U BbI-
1Ie, MOCTYIAIOT B PEaKkTOp, COCTOSIIINA U3 ABYX Kamep,
IJe B 3aBUCUMOCTH OT pH CTOYHBIX BOJ OHM MOJAIOTCS
B niepsyto () nnm Bropyto xamepy (Il) ¢ kuciapiMu uimu
[IEJIOYHBIMH PAaCTBOPAMH COOTBETCTBEHHO. M3 eMKo-
CTel pacTBOPOB HelTpaiuzanuu u oopadoTku 2 u 3 B

KaMephl peakTopa J03UPYyIOTCs pabodre pacTBOPHI pe-
areHTOoB. [IepemermBanue B peakTope 4 0CyIEeCTBISCTCS
3a cuer O6apOoTepa. Jlanee BRICOKOHATIOPHBIM HACOCOM
pasmenseMblii pacTBOp HAMpaBIseTCs Ha TOHKOCIOH-
HBI QUIBTP J, TI€ TPOUCXOANT OTAEJICHUE TBEPIOit
¢a3bl, 00pazoBaBILeiics B pe3yibTare XUMHUECKOU pe-
aKIMK HeHTpanu3anuy B Bue nuiama. [llnam nocrynaer
B €MKOCTh Ui cOopa mnutama 6, OTKyJa BEIBOAUTCS IS
3aKJTIOYUTEILHON TepepaboTku. OCBETICHHBIE BOJIBI
MOCTYIAaIOT B HAKOIIUTENh 7, & OTTYJa BHICOKOHAIOP-
HBIM HAacOCOM IOJIAIOTCS Ha KacKaJ 0apoMeMOpaHHBIX
MOIyNel 8, Tie MPOUCXOAUT pasiesieHue pacTBopa Ha
00eTHEeHHBIH pACTBOPEHHBIMH BEIIECTBAMH IIepMear 1
KOHILIEHTPHUPOBAaHHbIN peTeHTaT. [lepMear HarpaBisieTcst

Taoauma 2
UYwcna nepeHoca KaTHOHOB METAJUIOB uepe3 HaHO(PHIBTPAIIMOHHBIC MEMOPaHBI

Tun MeMOpanb Criex, MOJIB T | Cu?* ZnZ* Ni2* Co2+
OIIMH-IT 102 0.27 0.19 0.31 0.22
101 0.17 0.14 0.21 0.15

OIIMH-K 102 0.31 0.24 0.34 0.27
10! 0.18 0.17 0.16 0.14
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amep:
Il

Puc. 4. TexHomorudyeckas cxeMa OYMCTKHA CTOYHBIX BOJ OT MOHOB TSKEJIbIX MCTAJLJIOB C 060p0TH]>IM BOHOCH36)KGHI/ICM.

1 — HaKOIIUTETh CTOYHBIX BOX; 2, 3 — €MKOCTH PaCTBOPOB-HEUTPATN3ATOPOB; 4 — peakTop ¢ 0apOOTHPYIOMINM YCTPOHCTBOM;
5 — TOHKOCIIOMHEIN 0caguTeh; 6 — eMKOCTh Ui cOOpa MutaMa; /7 — HaKOIIUTENlh OCBETIEHHBIX BOM; § — Kackag OapomeM-
OpaHHBIX MOfyJel; 9 — Kackaj MeKTPOHaHO(UIIBTPALIMOHHBIX MOAYIIeH; /() — HakonuTellb GpuibTpara.

B HaKOMUTENb /() 1 Janee UCTIONb3yeTCs sl TEXHOIOTH-
YeCKUX HyXJ. PereHTar HacocoM BBICOKOTO aBIEHUS
MOAAETCs HA KacKaJ JIEeKTPOHAHO(DUIFTPALMOHHBIX all-
napaToB, TJie MPOUCXOJUT PUHUITHAS OYUCTKA BOIBI
OT OCTAaTOYHOTO CONEPKaHUs TSKEIBIX MeTaoB. [Ipu
HaJIO)KEHUH PA3HOCTH 3JEKTPHUUECKUX MOTEHIHMATIOB
Ha 3JIeKTpoOapoMeMOpaHHBIN KacKay armapaToB 9 mpu
JICHCTBUY TPaJIMEHTa TPAHCMEMOPAHHOTO JaBJICHUS Ha
MeMOpaHe MPOUCXOAUT HHTEHCHUBHOE BBIZICIIEHHE pac-
TBOPHTEJIS Yepe3 MOPHUCTHIE MIEPETOPOIIKH IIPU BKITFOUCH-
HOM HMCTOYHHKE MUTaHUs MOCTOSIHHOTO Toka. Cienyer
OTMETHTb, YTO CpeJia IPUKATOIHOTO ITepMeaTa meIouHasl,
a MPUAaHOAHOTO — KHUCJIOTHAs, MOITOMY 3TH PacTBOPEI
MOYKHO HCTIOJIb30BATh B Ka4eCTBE HEHTPAIN3aTOPOB pU
00paboTKe pa3nesieMbIX PacTBOPOB.

OunrnieHHas BoJa COOTBETCTBYET Kak HopMam [1/IK
1o cOpocy B ropoJCKYIO KaHAIM3aMIo,* Tak U TpeboBa-
HUSIM IIPH OPTaHU3alH 00OPOTHOTO BOZOCHAOKEHUSL. **
[IlmaM 13 eMKOCTH 6 MOXKHO HCIIOIb30BaTh MPH MPOU3-
BOJICTBE OI'HEYIOPHBIX KUPIHUUYCH AJIS FaIbBAHUYECKUX
BaHH WJIM B CTPOUTEIHLHOM ITPOU3BOZACTBE TIPU M3TOTOB-
JIEHUW TOPOKHBIX IJIUTOK U TUTUT MEPEKPHITHS.

[IpoBeneHHas OIIEHKA 3KOJIOT0-3KOHOMHYECKON 3¢-
(eKTUBHOCTH 103BOJIMJIA ONPEIEIIUTh PE3yabTaT BHeE-
JIpEHUS TpeaJiaraeMoil TEXHOJIOTHYECKONW CXEMBI IO
CPaBHEHHIO C TPAIAUIMOHHBIMU CXEMaMH OYHUCTKH.
OsxupaemMble 5KOHOMUYECKUN U SKOJIOTHUECKUH 3 pek-

* CanlluH 1.2.3685-21. 'uruennyeckue HOPMATHBBI U
TpeOOBaHUs K 00eCIeUCHUIO Oe30MacHOCTH U (Min) Oe3Bpe/I-
HOCTH JIJIS YeJIOBeKa (PaKTOPOB Cpebl OOUTaHUS.

**TOCT 9.314-90. Bona myis1 raTbBaHUYECKOTO ITPOM3BOI-
CTBa U CXEMBI IPOMBIBOK.

ThI cocTaBsaT 173 600 u 7200 py0. B nenax 2021 1. coot-
BETCTBEHHO.

BoiBoabl

OnTumanbHas MIOTHOCTh TOKA IS MMPOBEACHUS
mporecca MICKTPOHAHODUIBTPALIMOHHOTO Pa3/ICIICHHS
BOJIHBIX PACTBOPOB TaJbBaHHMUECKUX POU3BOJICTB, CO-
nepxkammx nousl Cu?t, Zn2*, Co?*, Ni%*, cocrasuia
21-36 A-m2. [Ipu Takoi IIIOTHOCTH TOKA HOHbI aKTHBHO
MUTPUPYIOT K TPaHHIIe MeMOpaHa—pacTBOP, HO KOHIICHTPa-
1Sl Ha MEMOpaHe eIlie He JOCTUraeT KPUTHUSCKOTO 3HAYC-
HUSI, TIPY KOTOPOM 00pazyeTcsi KOHIIEHTPAIMOHHBIHN CIIOM.

Kosddumuent 3amepkanus 1Mo U3BICKaeMOMY Be-
IICCTBY YBEIUYHUBACTCS C POCTOM MPHUIOKESHHOTO JaB-
JICHHS 33 CUET YIUIOTHCHHUSI aKTUBHOTO CJIOS MeMOpaHbI
U CHUXAETCS NP MOBBIIIECHUU JaBieHus Ha 25% oT
MacIOPTHOTO 3HAYEHHUS. YIeTbHbIN BBIXOIHOM MOTOK Ye-
pe3 uccaesyeMbie MeMOpPaHbl YBEIMUUBACTCS JIJIs1 000MX
TUTIOB HAHO(PUIIETPAIUOHHBIX MEMOPAH ¢ POCTOM TpaHC-
MEMOpPaHHOTO JIaBIICHHS.

[IpennokeHHas TeXHOJIIOTHYECKAs cxema sl 00e3-
BPE)KMBAaHMS OOIIEro CTOKAa rajibBAHUYECKOIO IPOU3-
BOJICTBA OT COJIEH TSDKEJBIX METaJNIOB, OCHOBaHHAs Ha
ANIEKTPOHAHOPHIIETPAIIMOHHOM METOJIE OYUCTKH PACTBO-
POB, TTO3BOJIUT PEaN30BaTh HA MPEATIPUATHIX CUCTEMY
000pPOTHOTO BOMOCHAOKEHUS W BO3BpAIIaTh B TEXHOJIO-
ruyeckuii Uk 10 80% OUYMIIIEHHOM BOIEL.

Konduukr unrepecon

ABTODBI 3asBISIOT 00 OTCYTCTBUM KOH(IIUKTa HHTE-
pecoB, TPeOYIOIIEro PacKphITHs B JAHHON CTaThe.
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Nudopmanus o BKIage aBTOPOB

C. U. JIazapes, . B. XopoxoprHa OTMpEIeITHITH TIeITh
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HEKOTOPBIE OCOBEHHOCTH BO3JIEHCTBUS HAHOCEKYH/ITHOT'O IIYUYKA
PEJIATUBUCTCKUX JJIEKTPOHOB HA CUHTAKTHYIO IIEHY
C MIOJMMEPHOM OCHOBOM U3 BYTAJJUEH-HUTPUJIBHOI'O KAYYYKA
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C ucnonwv3o6anuem mMemoo08 INeKMPOHHOU MUKPOCKONUU, PEHIM2EeHOBCKOU OUdparyuu u 21eKmpoHHO-ONmu-
uecKoll XpoHozpaguu ¢ HaHOCEKYHOHBIM 8PEMEHHBIM Pa3peuleHIemM UCCcIe008aHbl 3AKOHOMEPHOCMU 8030¢€li-
CMBUS NYUKA PENSIMUBUCIICKUX JNIeKINPOHO8 ycKopumens «Kanvmapy na cunmaxmmuyto neny, oOpaszoeantyro
CMEKSTHHLIMU MUKPOChepamu, pacnpedeieHHbIMU 8 JAACIMUYHOU NOTUMEPHOU Mampuye U3 OmeepiCcOeHHO20
Oymaouen-HumpuibHO20 Kay4yKa, YCULeHHOU 60IOKHAMU Xpu30mui-acoecma. Yemanoeneno, umo npu 8o30eli-
cmauu umnynbcrHo2o (~100 ue) anexmpornoco nyuka mowrocmoto 6.2—7.55 I'Bm u suepeueti 21ekmporoe 0o
310 2B na nosepxnocmu cunmaxma oopasyemcs Kpamep ¢ XapakmepHuiMu ON1aeieHHbIMU BKPANIEHUAMU,
@ HAUATLHASL CKOPOCMb PA3LeMa 2A30N1A3MeHHbIX 00pazosanui docmuzaem 19 km-c1. [Ipodykmel abnayuu
cooepaicam Knacmepul U3 ppasmeHmos cmexiocgep, KOpomxkux 6010KOH XpUOMUL-AcOecma U NOTUMEPHO2O
ceazyiowezo. Ilokazano, umo @ pezynomame Oelicmausi bICOKUX MeMnepamyp 1 0asienull om 6030eliCmeus
NYuKa penamueUCCKUX NeKMPOHO8 NPOUCX0OUM pa3pyuieHue cmekiocgep, a makdice usmeHeHue Qazoeo2o
cocmasa cuHmMakma.

KroueBnle ciioBa: cunmaxmmuas nena, cmemocgbepbl; NY40K peisamueuCmcCcKux 31eKmpoHoe, qbas’oeble nepe-
XO()bl,' nupoaus; paduauuormaﬂ cmouxocms

DOI: 10.31857/S0044461821080132

CuHTakTHBIE TIeHBI (CeporiacTuku) Onarofaps  pPEIsSTUBUCTCKUX AJIEKTPOHOB yckoputens «Kambmapy»
HU3KUM 3HaYeHHUAM IDIOTHOCTH, AMAIIEKTprUeckoii mpo-  (MHcTHTYT atoMHO# sHeprum uM. Kypuarosa) [4] nim
HHUIIAEMOCTH M TETUIONPOBOAHOCTH HAXOMAT IMMHUPOKOE  YIAapHOHM BOJHBI OT 3apsjaa B3PHIBUATOrO BEIMIECTBA
npuMeHenne B TexHuke [1-3]. HegaBHo npoBeneHHble  [5] HA CHHTAKTHBIC MEHBI C MOJTUMEPHON OCHOBOU U3
SKCIEPUMEHTHI TOKa3aJIM, YTO BO3JAEHUCTBHE MydyKa  OJOK-COIOJIMMEpa MONH(PEHUICHICECKBUOKCAHA C TIO-
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JTUIMMETUICUIOKCAHOM MOET COMPOBOXKAATHCA HE
TOJIBKO pa3pylIeHHEeM MHKpOchep U YHOCOM 00mydae-
MOM TTOBEPXHOCTH o0Opasma, HO U GOpPMHUPOBAHNEM Ha
MOBEPXHOCTH Pa3pylICHHBIX MUKpOochep HUTEBUIHBIX
CTpyKTYyp (BUCKepoB) auameTpom oT 500 go 30 HM.
KBasucrarnueckue u ynapHble Harpy3KH C JJIMTEJb-
HOCTBIO (pa3hl CKATHSA ~1 MC BBI3BIBAIOT pa3pylICHUS
MHUKpOC(ep B CHHTaKTHOU IIeHe, HO He MPHUBOJAT K 00-
pPa30BaHMIO HUTEBUAHBIX CTPYKTYp [6].

[uponn3 nonudeHnICHICeCKBUOKCAHOBBIX KayudyKOB
COINIPOBOXKIAETCSI 00Pa30BAHUEM TEPMOCTOMKHUX OKCH-
JIOB, KapOUI0B, OKCUKapOUIOB KpeMHUs [7, 8], KoTopbIe
CTIOCOOHBI KOHJICHCUPOBATHCS HA CTEHKaX pa3pylICHHBIX
yaapHOd BoIHON Mukpocdep. O4eBUIHO, YTO XUMHU-
yecKasi IpupoJa MPUMEHSIEMOro Kaydyka BO MHOTOM
orpenensieT 0COOEHHOCTH U3MEHEHNSI MEXaHUYECKUX U
PEOJIOTMYECKUX CBOMCTB CUHTAKTHOM IEHBI IIPU MOBBI-
LIEHUH TEMIEPATyphl U BETUYUHBI TOITIOIIEHHON 03B,
a TaKkKe ee TEIUIO3alUTHbBIE CBONCTBA.

B cBeTe ckazaHHOTO MpEACTaBIsIET HHTEPEC MU3yUe-
HUE BO3/IEMCTBUS My4Ka PEISITUBUCTCKUX AJIEKTPOHOB
yckoputens «KanpMmap» Ha CHHTaKTHBIE IIEHBI HA OCHOBE
CTEKJITHHBIX MUKpOC(Ep U MOIMMEPHOTO CBA3YIOLIE-
ro U3 KaydyKa, HE COAEpXKallero KOHIEHCHUPOBAaHHBIX
MIPOAYKTOB MHUpoNn3a. byTaaneH-HUTpuiIbHbIE KaydyKd
CKJIOHHBI K TEPMOBYJIKaHH3AUHUU 32 CYET 00Pa30BaHUS
CHCTEMBI COIIPSKEHHBIX CBSI3€H, YTO 3aTPYyIHSET UX Te-
Ky4eCTh IIPHU MOIIOLIEHUH SHEPTUH PEJISITUBUCTCKHUX
3JIEKTPOHOB; KpOME TOTO, IPU MX MUPOJIU3E MPaKTHIe-
CKU HE 00pa3yroTcs KOHACHCUPOBAHHBIE POAYKTHI [9,
10]. IlpoBeneHne SKCIEPUMEHTOB ¢ CHHTAKTHOW TIEHOH
Ha OCHOBE OyTaZneH-HUTPUIBHOIO 3JacTOMEpa M03BO-
JUT TMPOBEPHUTH TUIIOTE3y O pENIaroiiel poau cocTaBa
MPOJAYKTOB MUPOJIN3a MOJIMMEPHOTO CBA3YIOIIETO MPHU
KoJutarice MUKpocdepsl Kak HeoOXOAUMOM CTaIuu 1Jis
00pa30BaHUs HUTEBUIHBIX CTPYKTYP.

Lens paboTsl — H3y4eHHnEe KHHETHKH YHOCA U U3Me-
HeHHs1 (a30BOr0 COCTaBa CHHTAKTHOW MEHBI HA OCHOBE
OyTaaueH-HUTPUIBHOTO KaydyKa, CTCKJISIHHBIX MHUKPO-
chep U XpU30THUI-acOECTOBBIX BOJIOKOH, BBI3BAHHBIX
OTHOKPATHBIM BO3IEHCTBHUEM ITYYKOM PENIITUBUCTCKUX
3JIEKTPOHOB MOIIHOCTHIO 10 7.5 I'BT.

JKcnepuMEHTAIbLHAA YaCTh

B skcnepuMeHTax MCIONB30BaIl 00pa3Ibl CHHTAKT-
HOU MEHBI ¢ MOJTUMEPHOU OCHOBOM U3 OTBEPKAEHHO-
0 HA3KOMOJIEKYISIPHOTO OyTaJAneH-HUTPUIBHOTO Ka-
yayka CKH-10KTP (®I'VII «HUNUCK»), ycunenHoi
TEPMOCTOHUKUM XPU30THII-acOECTOBBIM BOJIOKHOM (AO
«OpenOyprckue MuHepasib») (8 Mac%); CTEKISIHHBIC M-
kpocdepst MC-A9 (OO0 «E3MM») umenu quamerp 30—

Caoosnuuuti /. H. u op.

130 MxM. B kauecTBe cHUCTEMBI OTBEPKJSHUS UCIOJb-
30Basn anokcuanyio cmony 3/1-20 (HIIK «Cuntex»)
u xuHONOBHIH 3dup DX-1 (x.4., OO0 «AHrapa-
peakTuBy). TonmMHa CTEKISHHON CTEHKH MUKpoOChep
2-2.5 MKM. MaccoBas o cTekiocdep cocTaBIsiia
23%. TIIIOTHOCTh CUHTAKTHOM TeHbl — 830 Kr M 3.

OO0pa3ubl CHHTaKTHOW MEHBI H3TOTABIMBAIN O Tpa-
JUIIMOHHOW NI MHOTUX PE3UHOBBIX cMecel Oe3Balib-
HOBOH (B JaHHOM CiIydyae 3aJMBOYHON) TEXHOJIOTUHU
[11]. Ans UCKIIOYEHUST BO3MYLIHON MOPUCTOCTH He-
OTBEPXKACHHYIO MaccCy B Ipecc-(popme BaKyyMHPOBaIH.
OTBeprkIeHNE MTPOBOAMIN B YCIOBUSIX MIOCTOSIHHOTO 00b-
ema npu Temieparype B npecc-¢popme 373 K B Teuenue
7 4 u 433 K B Teuenue 6 4. KauecTBO U3roTOBIECHHBIX
00pa31ioB KOHTPOIMPOBAIN METOAAMHU PACTPOBOI 3JIEK-
TPOHHOW MUKPOCKOIIUH.

OO0pa31pl CHHTaKTHOW MEHBI pa3MepoM 35 X 35 MM u
TONIIMHOM (/) 6.5 MM 00Iy4anu B BaKyyMHUPYEMOH Ka-
Mepe-yckopurene «Kanbmapy» ogMHOYHBIM BO3EHCTBU-
€M ITy4Ka PeIsSTUBHCTCKHUX JIEKTPOHOB. TemmepaTypa
00nyueHns komHaTtHas. OOpa3Lbl yCTaHABIMBAJIN Ha
MOJJ0XKKE M3 OPTaHHMYECKOro CTekaa (TONUIUHOHU
4 MM), 3aKperuieHHo B aHoze u3 cramu 12X18HI10T.
AnHon nMen OOKOBYIO INENb IJIsI HAOMIOACHHUS KUHE-
TUKU a0nsauuu. Ilydyok pensaTUBUCTCKUX 3JIEKTPOHOB
IUINTENFHOCTBIO Ha ModyBbIcoTe oKkoso 100 He dopmu-
poBaJics B AMOAE YCKOPUTENs (OCTaTOYHOE AAaBJICHHE
He xyxe 1072 I1a); HCIONB30BAIKCH KATOABI U3 JIaTyHU
JIC59-1. 3a30p Mexay KaTOIOM U IOBEPXHOCTHIO MUIIIE-
HU cocTaBisul 8—10 MM [12]. OcobeHHOCTH TIPOBENEHUS
9KCIIEPUMEHTOB Ha yckoputene «KaibpMap» 1 TeXHHKa
M3MEPEHUH apaMeTpoB Iy4Ka MOAPOOHO M3II0KEHBI B
pabote [13].

PaguansHOe pacnpenenenue sHEProBKiIaga OT IIy4-
Ka PEJIITUBHCTCKUX DJICKTPOHOB I10 IUIOLIAAN MUIIEHU
OTIPEIEISUIOCH MO0 PEHTTEHOBCKUM (OTOrpadpHsiM, TTOITy-
YEHHBIM C MIOMOILBI0 PEHTTEHOBCKOM KaMephbl 00CKYPHI,
pacmnonokeHHoH 3a o6pasnoM. TunuuHas gopma pac-
IpeneNeHusl YHEProBKIafa B IKCIIEPUMEHTax Onu3Ka
K TayCCOBOH C IUIOCKMM Y4YacTKOM BOJH3HM OCH IydYKa
(puc. 1, BcraBKa 6, kpuBas 3).

PacnpocTpanenue kaTOIHOM M aHOJHOW IIa3MBI
BIOJIb OCcH Auona yckoputens «Kansmapy» uccnenoBanu
METOIOM TEHEBOTO JIa3€PHOTO 30HIUPOBAHMS Ha JINHE
BOTHBI 540 HM. Perucrtpanus TeHEeBbIX M300paxeHUN
MPOBOJMIIACH METOIOM 3JIEKTPOHHO-ONTHYECKON XpO-
Horpaduu ¢ momorrsio kamepsl COOP-6 (OI'YIT «HUN
NwmmynscHOM TexHUKM»). [IppuMeHeHne Takoi Tuarfo-
CTHMKH TTO3BOJIMIIO PETUCTPUPOBATH MEpEMEIIICHHE TPaHHUI]
MJIa3MEHHBIX 00pa30BaHUN KOHLEHTpalKel mopsaka
1018 cm3, a Takke BU3yalM3MPOBATh MPOIOJIBHBIE Ipa-
JTUEHTHI 3JIEKTPOHHOM MJIOTHOCTH.
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OO0pa31pl CHHTaKTHO# MEHBI JI0 U MTOCIIE BO3ACHCTBUS
My4YKa PEeNITHBUACTCKUX 3JEKTPOHOB B3BEIINBATH Ha
aHamutrdeckux Becax BJIP-20 (HIIIT «I'ocmetpy) ¢
abCOIIOTHOM TOTPEHOCThI0 7.5-1075 1.

OKCIIEpUMEHTHI TT0 ONPE/IEICHII0 (a30BOro COCTa-
Ba CHHTaKTHOW TIEHBI JIO0 W TIOCJI€ BO3JEHCTBHS ITyYKa
PESITHBUCTCKUX JIEKTPOHOB MPOBOJIINA B KBAPIIEBON
KIOBETE€ METOJIOM PEHTTCHOBCKON MU(pakuuu Ha aud-
pakromerpe D2 PHASER (Bruker) B nsnyuenun Cug,
¢ nnuHo# BomHEI 0.154 HM. Peructpanmro nudpaxro-
rpaMM IIPOBOAWIN B MHTEpBase yriioB 2—110° ¢ marom
ckanupoBanus 20 = 0.05° u BeigepKKOH B TOuke 1 C.
Pabouee nanpspkenue 30 kB, Tok 10 MA. O6paboTky
T QPaKTOrpaMM BBITIONHSIIH C TOMOIIBIO IPOTPAMMHOTO
ob6ecneuenuss DIFFRAC.EVA (Bruker) u 6a3b1 qaHHBIX
ICCD PDF-2 (2012).

Mopdonornueckue Ucciae0BaHuUs MOBEPXHOCTH pa3-
pyuieHus 00pasoB CHHTAKTHOW TIEHBI TTOCIE BO3JEH-
CTBUS ITyYKa PEIATUBUCTCKUX IIIEKTPOHOB YCKOPHTEIS
«KaynbpMapy BBIMOIHEHBI ¢ UCIIOJIB30BAHUEM PACTPOBO-
ro 2JMeKTpoHHOTO MUKpockomna JSM-6490 (JEOL Ltd).
CrienmanbHOE aHTUCTaTHYECKOE HAITBLUICHUE Ha 00pas3ibl
CHUHTAKTOB HE HAaHOCHITH.
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OcuuuiorpaMMbl HAaIlIPsDKEHUS U TOKA MTy4YKa peltsi-
TUBHUCTCKHX 3JEKTPOHOB, PEAIN30BaHHBIX B SKCIIEPH-
MEHTaxX PEKUMOB PabOThl YCKOPUTEIS, XapaKTEPU3YIOT
COOTBETCTBEHHO pacmpesielieHHs] BO BpEMEHU YHEPTruu
YCKOPEHHBIX 3JICKTPOHOB U MX KOJIMYECTBO B TEKYIIMH
MOMEHT BpeMeHH (puc. 1). MomHOCTh My4yKa pensiTu-
BHCTCKHUX 3JIEKTPOHOB I KaKZOI'O0 MOMEHTA BpeMe-
HU ¢ pacCUMTHIBajach Kak MPOU3BE/IEHINE MTHOBEHHBIX
3HAYEHUH yCKOPAIOLIETo HapspKeHus U(f) M BETMYIMHBI
Toka /(¢) (Tabn. 1). o Havana abnsiuuu na3epHOe H3ITY-
YEeHUEe IPOXOJUT Yepe3 InuoA OecnpensaTcTBeHHo (puc. 1,
JieBasl 4aCTh BCTaBKU 4), @ B JaJIbHEHIIIEM pa3JieTaromia-
sCsl TJ1a3Ma HAauMHAET MOJHOCTHIO MIIM YaCTUYHO TIepe-
KpBIBaTh 30HAMPYEMYIO obmacTh Mexay katonoM (K) u
oOpasmoMm (A) (puc. 1, mpaBast yacte BcTaBku a). [lome
HaOMIOAEHUS HEe 3aXBaTbIBAET JBYXMUIJIMMETPOBYIO 00-
JacTh BOJMM3U 00pasiia.

[Tocne oAMHOYHOTO BO3IEHCTBUS My4YKa PESTHBH-
CTCKHUX 3JIEKTPOHOB B 00pa3lax M3y4aeMOro CUHTAKTa
(hopmupoBancs kparep riryouHoi 1.2—1.25 mm.

Pasner razomnnasMeHHBIX 00pa3oBaHui (a0NsIus)
HauuMHaeTcs He mo3aHee yeM uepe3 50 He mocie Hava-
na GopMupoBaHHs TOKa B AMone yckoputens (puc. 1,

40F
20 F
- 200
< of / "
i 2 i S
- )
ol 240F
3 200F 3
: :
2 fj. 160F
—40 F ~ s - —200
120k, 6
5 10 15 20
. . ) d. MM
0 100 200 300

. HC

Puc. 1. OcummnorpamMmsr Toka (/) n HanpspkeHus (2) Ha auone yckoputens «Kaapmapy», CHHXpOHH3HPOBAaHHAS ¢ TOKOM
3NIEKTPOHHO-ONTHYECKAsl XPOHOTPpadusi TEHEBOTO JIA3EPHOTO 30HANPOBAHUS ITPOCTpaHCTBA MeK Ay KatonoM (K) u anomom
(A) (BcTaBka a).

BcraBka 6 — pagmanbHOe pacnpesesieHne IIIOTHOCTH ITydka JIeKTPoHOB (D) mo auamerpy mydka (d) o JaHHBIM KaMephl 00-
CKYPBI.
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Taoauna 1

[TapameTpsl 3KCIeprMEHTOB Ha yckopuTene «Kanbmapy, TONIIMHA U YHOC MacChl CHHTAKTHOW TIEHBI TTOCJIE BO3EHCTBUS
IIy4YKa pEeIATUBUCTCKUX 3JICKTPOHOB

Caoognuyuii /. H. u op.

IInorHoCcTH
HoToKa SHepMH | MaxcumansHas IInomanp obyyeHust JnutenbHOCTh
eKT OHOE Ha MOMIHOCTE Ha y4JacTKe ITOYTH AMIIIATYRA TOKA Cpennsist o0y4eHns Ha
Omerr | neeit gﬂo A rI[Hln(a PABHOMEPHOT'O TOKa | ITy4Ka JIEKTPOHOB, SHEpPrus TIOJIyBBICOTE VYHocumas
o6 qaeﬁoﬁ 3J1e1<"}rl OHOB Iy4Ka JICKTPOHOB COOTBETCTBYIOI[asl | YJIEKTPOHOB, | AMIUIUTYIHOTO Mmacca, T
HOBG}II)XHOCTH T%T ? (B mepenenax 15%) IIOMWAMH Seq, KA B 3HAUCHHUS TOKA
Tok-om-2 ’ Seq» cM2 10, HC
OP 4 210 7.55 0.13 28.0 250 114 0.1473
OP 5 190 6.45 0.28 23.0 257 134 0.1488
OP 6 190 6.26 0.30 22.4 232 137 0.1376

BcTaBKa a). CpeaHss CKOpOCTh alJIALUH C IOBEPXHOCTH
obpasua cocrasiser 19 km-¢-l. Bonusu nmosepxuoctu
CHHTAaKTa HaOIIOIAI0TCS OCIMIUISIIAA 00pa30BaHus 111a3-
MBI C XapakTepHBIM BPEMEHEM HECKOJIBbKO HAaHOCEKYHII
(puc. 1, BctaBka a). Haubosnee BO3MOXXHON NpUIMHON
Ha0II01aeMoi HEpaBHOMEPHOCTH TUIa3MBbl CIIEAYeT CUH-
TaTh N3MEHEHHE COCTaBa MPOAYKTOB a0JSIIIUK N3ydacMOn
CHUHTAKTHOH MEHBI.

Ha moBepxHOCTH KpaTepoB, 00pa30BaHHbIX ITyYKOM
PETSTUBUCTCKHUX JICKTPOHOB, HE OOHAPYKEHBI CTEKIIO-
cdepsl WIH UX OCKOJIKH, OTHAKO UMEIOTCS OTIIaBJICHHBIE
00pa3oBaHus HEMpaBUIBLHON (hopMEI (puc. 2, a), a Tak-
e (pparMeHTsI MyYKOB XPU30THII-aCOECTOBBIX BOJIOKOH
(puc. 2, 0).

HeoxunaHHbIM OKa3ayics GakT oceqaHHs Ha KaTo-
Ji€ KJIACTepOB MPOAYKTOB aOJsIIMH CUHTAKTHOM IEHHI,
COCTOSIIINX M3 MTOJTMMEPHON OCHOBBI, OCKOJIKOB CTEKJIO-
cdep u Xpu30THII-acOeCcTOBBIX BOJIOKOH (puc. 3). Panee
B HKCHEPHUMEHTAX 110 BO3ACHCTBHIO HAHOCEKYHIHBIX
MTOTOKOB JIA3€pHOT0 U3TYyUSHHUS MOKAa3aHO, YTO NP a0JIsl-

50 MKEM

WU HOJUMEPHBIX MaTepUajoB 3a GPOHTOM ydapHOH
BOJIHBI (pUKCHpYyeTCS pas3ieT TBEPABIX YAaCTHIl MAJIOTO
pasMmepa [14—17]. OtmetumM, uto B padote [4], roe my-
YOK PENSTUBHCTCKUX JEKTPOHOB BO3JEHCTBOBAN Ha
CHHTAKTHYIO IIEHYy Ha OCHOBE KPEMHHHOPTraHMYECKOTO
MOJIMMEPHOTO CBS3YIOIIEro, MOJOOHBIX 0COOCHHOCTEH
HEe 0OHApPYKCHO.

Muxkpodororpadun o0beMa CHHTAKTHOH IIEHBI MOTY-
YEeHBI METOAAMH PACTPOBOI AEKTPOHHON MUKPOCKOTIMU
IO M3TOTOBJICHHBIM Pa3jioMaM HJIM pa3pe3am, MPOoXo-
JSIIAM Yepe3 HEeHTpalbHy[o obOmacts ob0myuenus. Ha
MUKpodoTorpahusax BUAHBI pa3pylieHus crexiaochep
Ha MHOXXECTBO YacCTel, OJJHAKO 00pa30BaHUsI BUCKEPOB
Ha BHYTPEHHEH MOBEPXHOCTH cTekiochep He oOHapy-
xeHo (puc. 4). Kak u B [4], Ha BHyTpeHHEH MOBEPXHO-
CTH HEKOTOPBIX cTekiochep BcTpedaroTcs OyrpUcThie
CTPYKTYPBI, MOXO)KHE Ha 3aCTBHIBIIUE Kallu, KOTOpbIE
CBUJIETENBCTBYIOT O PEalU3aliH AOCTAaTOYHO BBHICOKON
TEeMIIEpaTypbl IPH KoJrtarce crexiocdepsl. Ha riryOnne
1 MM B o0nacTu IIeHTpa Kparepa pa3pylieHus CTEKIIO-

50 vrM

Puc. 2. Mukpodotorpaduu moBepxHocTH 00pasna B 00IaCTH Kparepa HOCie BO3ACHCTBHS ITyYKa PEITHBACTCKHUX JJICK-
TPOHOB.
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50 MEM

20 MEM

Puc. 4. Mukpodotorpaduu paspesa B cpefHei yactu obpasna Ha ocu (@), nepudepuu (6) u Ha TiryorHe 1 MM B 00IacTH
LIeHTpa Kparepa (8) Mocie OMHOKPATHOTO BO3/ICHCTBHS ITyYKa PENATHBUCTCKUX IEKTPOHOB.
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chep CTONb 3HAYUTEIBHBI, YTO OOHAPYKHUTH QPOPMHU-
pPOBaHME KaKUX-IHOO JOMOJHUTEIbHBIX 00pa30BaHUi
HE TIPEJCTABISETCS BO3MOXKHEBIM (puc. 4, 8). OTMETHM,
4YTO Ha paccrossHuu 6onee 10 MM OT rpaHUILI Kparepa
B 00paslax nocje BO3AEHCTBUS My4Ka PESITUBUCTCKUX
3JIEKTPOHOB pa3pyILlIeHUs CTeKI0chep MPaKTUIeCcKH OT-
CYTCTBOBAJIH.

MeTon0M pEeHTI€HOBCKOHN NH(paKkuy ObUIH MOITY-
YeHbl TU(QPAKTOrPaMMbl HCXOJHOW CHHTaKTHOW TECHBI
MI0CJIE BO3/ICHCTBHS HA HEe MyUKa PENIITHBUCTCKUX JJICK-
TPOHOB, a TaKXe TUPPAKTOTPaMMEBI CTEKIIoChep U XpH-
30THII-acOeCTOBOTO BoJIOKHA (puc. 5). ludpakrorpamma
OyTaaMeH-HUTPUIBHOTO KaydyyKa 00ycllOBIeHA €TO
aMOp(HOH CTPYKTYPOH M XapaKTepU3yeTCs IIHUPOKOH
THAEH ¢ MaKCUMyMoM 1ipH 20 = 20° (MEXITIOCKOCTHOE
paccrostaue 0.454 um) [18]. dudpakrorpamma mzyda-
€MOH CHHTAaKTHOW TIEHBI TPEeICTaBIsIET COO0W HaJOXKe-

~
O
.4, OTH. €. <
[
600
400

200

Caoosnuuuti /. H. u op.

HUE MUPOKHUX AU(PPAKIMOHHBIX MOJIOC, XapaKTEPHBIX
U aMOP(QHBIX CTPYKTYP HOJIMMEPHOTO CBSI3YIOLIETO U
crexnocdep, ¢ pedrekcaMy KPUCTATUTHIECKOH CTPYKTY-
PBI XpH30THI-ac0ECTOBOTO BOJIOKHA, C(HOPMHUPOBAHHOTO
B OCHOBHOM T'HJIPOCHIJINKATOM MarHusi (pupoIHbIN XpH-
3otuin) Mg3SirOs(OH)s. [oyuennsie qudpakrorpaMmsl
OTEUECTBEHHOTO XPU30THII-ac0ECTOBOTO BOJIOKHA JOCTA-
TOYHO XOPOIIO COBIAJAIOT C pe3yJbTaTaMH W3y4eHUS
acOeCTOBBIX BOJIOKOH, M3TOTABINBAEMbIX U3 MUHEPAIb-
Horo cbipbs Utanuu u Kananer [19].

BoszneiicTBue myuka pensiTUBUCTCKUX 3JIEKTPOHOB
(puc. 5) BBI3BIBAET HEKOTOPOE CMEIICHHUE TTOJIOKECHUS
Han0oJee MHTEHCUBHOTO JU(PPAKIHOHHOTO MAaKCUMyMa
XPpHU30THI-acOECTOBOTO BOJIOKHA B CHHTAKTHOM TieHe (10
obmyuenus 0.735 uM, mocine — 0.752 HM), a TakKe He-
OOJIBIIIOE MOBEIIIEHNE paC‘IeTHOfI BCJIMYUHBI COACPIKAHUSA
KpucTanueckoit ¢asel ¢ 20.3 B ucxogHoM o0pasue 10

800

400

400

200

3000

2000

1000

5 50 20, rpan 70

Puc. 5. PentrenoBckue mudpakTorpaMMbl HCXOIHOTO CUHTAKTA (&), IOCIIE BO3ACHCTBUS IMy4Ka PEISTHBHCTCKUX AJIEKTPO-
HOB B CJIo€ Ha TIyOuHe 1 MM ¢ 00iydeHHOH oBepXHOCTH (6), cTekiocdep (8), acbecToBOTO BOJIOKHA (2) U MIPUPOITHOTO
xpuzotuia (0).

Lugput y kpussix — MEKIIIOCKOCTHOE PACCTOSIHUE (HM).
Judpakrorpamma 0 B3sta u3 6a3sl nanasrx I[CCD PDF-2 (2012).
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23.1% nocne obmyuenust. Kpome toro, HabmrogaeTcs uc-
Ye3HOBEHHE «IIieday mpH yriax 20 ~10°, koropoe Taxxke
MIPUCYTCTBYET B AMGpaKTOorpaMme cTekirochep um coot-
BETCTBYET MEXKIIJIOCKOCTHOMY paccTostHuio ~0.87 HM.
OtmeTuM, uTo popMa U MOJOKEHHE MAKCUMYMa APYTHUX
T PaKIMOHHBIX MOJIOC MPAKTHUECKH HE N3MEHSIOTCS.
Hawnbomee nHTEpECHO BHI3BAHHOE BO3IACHCTBUEM ITydKa
PENSTUBUCTCKUX AIIEKTPOHOB MOSIBICHHE Ha Ar(paKTo-
rpaMMe CHHTaKTHOH MEeHbI IMHUH TpH 20 ~43° (MexIuIo-
ckocTHOe paccrosiaue ~0.209 HM).

O0cyxkneHue pe3yJbTaTOB

Hannane B CHHTaKTHOM TIEHE TIOJIBIX cTEeKIIocdep Imo-
HIDKAET €€ IUIOTHOCTh M YBEITMINBACT ITyOUHY MPOHUK-
HOBEHHUS MTyYKa PEIITUBUCTCKUX AIEKTPOHOB. Bompoc
TOYHOTO pacyueTa MmoJiei MOMIOIIEHHBIX 03 MPU BO3ACH-
CTBUU TIyYKa PEISITHBUCTCKUX AIIEKTPOHOB Ha JTUAIIEK-
TpUYECKHE TIOIMMEPHBIE MUIIIEHH OCTAETCS IOCTATOYHO
CJIOKHBIM, B MEPBYIO OYepe/b M3-3a F'eHepaluy BTO-
PUYHBIX 3JIEKTPOMATHUTHBIX TOJIEH, CIOCOOHBIX M3MeE-
HUTbH TIIYOUHY MTPOHUKHOBEHUS BHICOKOOHEPTETUIHBIX
AJIEKTPOHOB W MIPOCTPAHCTBEHHOE pacIipeneIeHue mo-
rmonieHHor 1036l [20, 21]. OnHako s OTHOCHUTEIBHO
MaJlbIX IJIOTHOCTEH MOTOKA PEISITUBUCTCKUX IEKTPO-
HOB, KOTOpPbIE HAMHU PeaJNn30BaHbl B HKCIIEPHUMEHTAX,
BIIMSTHAEM DJIEKTPUYECKOTO IOJIST Ha TIPOOET AIEKTPOHOB
MOXHO npenedpeus [22]. Kpome Toro, paguannoHHO-1H-
TyIUPOBAaHHAS JEKTPOMPOBOJHOCTh CHHTAKTHBIX TICH
OoJiee 4eM Ha JiBa MOPSIIKA BETMYHUHBI TPEBOCXOIUT pa-
TUAITMOHHYO SJIEKTPOIPOBOAHOCTE ITOJIMMEPOB [23], UTO
Oyzet emie OOJIbIIe CHUXKATh YPOBEHb HANPSKEHHOCTH
HAaBEJICHHBIX PEISITUBUCTCKUMHE JICKTPOHAMH DIICKTPHU-
YECKUX MOJIEH.

UrncneHHOEe MOAETUPOBAaHUE TIEPEHOCA PEIISITHBHUCT-
CKHUX DIJIEKTPOHOB B M3yYaeMBbIX 00pa3liax BEHITIOIHEHO
MeronoM MonTe-Kapino (mporpamMuslii kon XRAY) ¢
JETAIBHBIM MPOCICKUBAHHEM OBICTPHIX 3IEKTPOHOB
no sueprun 1 k9B [24]. PaspirpeiBanu 107 ucropuii
MEPBUYHBIX YaCTHUIl. 3a TIIyOMHY mpodera IeKTPOHOB

(L) mpyuHMMAU TOJIIMHY MUILIEHU, HA KOTOPOU My4YOK
PEIATUBUCTCKUX DIEKTPOHOB OCialisieTcsl Ha TpH TO-
psanka. [TormomenHas n03a MEKTPOHHOTO M3ITyYSHUS
Ha OJINH MaJal0IUN 3JEKTPOH My4yka Ha MOBEPXHOCTH
o0pasna obo3HavyeHa Dy, a Ipu JOCTHKEHUH MaKCUMyMa
MOTJIOMEHHON H03bI — Dipax. | TyOMHA CHHTaKTHOH Tie-
HBI, Ha KOTOPOH JTOCTUTAETCsI MAaKCUMyM CKOPOCTH Tep-
MaM3alKy 3IEeKTPOHOB My4Ka, 0003Ha4eHa L, (Tabm. 2,
puc. 6). CkopoCTh TepMaJIHU3AIUU IEKTPOHOB MyUKa
MIPECTABIISET COOOH MPOU3BOIAHYIO IO MTPOCTPAHCTBEH-
HOW KOOpAHMHATE OT TUNIOTHOCTH TOKA ITyYKa B pacueTe Ha
OJIUH EKTPOH (J) M MO3BOJISAET XapaKTepHU30BaTh pac-
npezaesaeHre N30bITOYHOTO0 OOBEMHOTO HJIEKTPUIECKOTO
3apsna [25, 26]. [lpu OIM3KMX 3HAUYEHUSX IUIOTHOCTH
MMaIaf0IIero MOTOKA MYYKa PEeNATHBUCTCKHUX DIIEKTPO-
HOB pacrpezesieHHe MOIOMIEHHOHN 1035l 3JIEeKTPOHHOTO
W3TYYEeHHUs 110 TOJIIMHE CUHTAKTa 3aMETHO pa3iINyaeTcCs
(puc. 6), a MOIIOMIEHHAs 1032 IEKTPOHHOTO U3ITyye-
HHSI Ha MOBEPXHOCTH gocTturaet 56-99 MIp (puc. 6,

250 250

=
o
—dJ/dx, 1/cm3

1
W
o

0.01 002 004 01
X, CM

Puc. 6. Pacnpenenenue nonomeHHo! 10351 SIEKTPOHHOTO
u3nydeHus (/, 2) ¥ CKOpOCTH TepMAaTH3aIMH dJICKTPOHOB B
pacueTe Ha OJIUH AIIEKTPOH ITyuka (/', 2) mpu BO3AeHCTBUH
My4Ka PeNIATUBUCTCKUX AIEKTPOHOB B onbiTax Ol 4 (1, 1)
C IUIOTHOCTBIO TT0TOKA Hepruu 210 [k cm2 u OIS, OIT6
(2, 2") ¢ moTHOCTHIO MOTOKA SHepruu 190 Jhx-cm—2.

Taoauua 2
OrneHKH pacipoCTpaHEeHHs ydYKa PEJISITUBUCTCKUX 3JIEKTPOHOB B CHHTAKTHOM 1eHe
" I'my0Ouna, Ha KOTOpOi Iornomennas nosa MakcumanbHOE 3HaUeHUe
I'myOuna I'my6una, Ha KOTOPOIt o
JIOCTHTAeTCsl MAaKCUMYM Ha IOBEPXHOCTH MOTJIONIEHHO! JI03BI
mpobera JIOCTUTACTCS
OmsiT CKOPOCTH TepMalH3aIun B pacdeTe Ha OfUH B pacdeTe Ha OUH
3NIEKTPOHOB TeMIeparypa N M
JNMEKTPOHOB ITy4Ka, MaJaomuii 3IeKTPOoH MaJaomuii 3IeKTPOH
L, MKkM 1000 K, L7, MkM ) P
Ly, MKM nyuka, MaB-cm? 1 my4ka, MaB-cm? 1
OP 4 890 820 250 2.90 5.95
OP 5 930 810 120 3.28 5.68
OP 6 940 830 140 3.56 5.45
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KkpuBble /, 2). TeM He MeHee yHeCeHHas MpH abisiuun
Macca ciabo 3aBUCUT OT 0COOEHHOCTEH pacipeeieHus
MTOTJIONIEHHON JTO3BI SJIEKTPOHHOTO M3IYYCHHS TIO TIIy-
O6une obpasia.

PaccrosiHue ot 00my4yaeMoii MOBEPXHOCTH, Ha KOTO-
pom pocruraercs temreparypa 1000 K, od6oznaunm Ly
(temmmoemkocth 1550 Ix-kr—1-K-1). B npoBeneHHbIX
IKCTIepUMEHTaX (PaKTHUECKH peai30BaHHbINA SHEPTeTH-
YECKHUH CHEKTP PENSTHBUCTCKUX JIEKTPOHOB HE3HAYH-
TENBHO CKa3bIBaeTCsA Ha BemuunHax L u Ly (B mpenenax
10-12%), Torna KaKk Benn4MHA Ly B ONBITAX M3MEHAETCS
B 2 pasa (Tabim. 2).

[Mockonbky nuponn3 OyTaagueH-HUTPUILHOTO KaydayKa
npu ckopocTH Harpesa 10 rpax-MuH ! HauMHAETCS MPU
temrreparype 600 K [9], B yciioBusax ObICTpOro Harpena
npu temneparype 1000 K cnexyer oxxugars 3aBepIieHus
JECTPYKIHMH TOJIMMEPHOTO CBs3ylolIero. Temmneparypa
TuTaBNeHust crekinocdep onennBaercs B 1600 K mo nan-
HEM [1, 27]. Tepmuaeckoe pasiokeHUE XPU30THII-acOe-
CTa COMPOBOXK/IAETCS peakiueil JernapoKCHINPOBAHUS
npu 933 K ¢ obOpa3zoBannem dopcrepura MgrSiOy4, a
nanee mpu 1043—1073 K oOpasyroTcs TyromiaBKue 3H-
cratut Mgy(Si03); u SiO; [19, 28]. IloBeimenue Tem-
neparypsl oOpasna B cioe Toimuaoi 100 MKkM 3a cuer
MOTYIOIICHUS SHEPTHU MyYKa PENSITUBUCTCKUX dIEKTPO-
HOB yckoputens «Kanemapy npessimaet 4000 K. Takoit
TeMIepaTyphl BIIOJTHE AOCTATOYHO IS TIJIABICHUS U
CyOJIMMAIMX HE TOJILKO MOTMMEPHOW OCHOBBI, HO H HC-
MOJIb30BaHHBIX HATIONMHUTEIICH.

BricTphIil HarpeB oOpasia npu HeM3MEHHOM O0BeMe
BBI3BIBACT MOBBIIICHUE MaBieHns. OmeHKY BOSHHUKAIOIIe-
TO JaBJICHUS B yIapHO# BosHE (P) Mpu H30XOpHUIECKOM
HarpeBe OT BO3JCHCTBUS PENIITUBUCTCKHUX JJIEKTPOHOB
nerko nonyunthb: P = D(0)pol’, roe D(0) — mornomieHHas
J103a Ha MoBepXHOCTH, I' — adpexTuBHBIN KOdDDUTIN-
eHT ['proHalizeHa, KOTOPBIM XapakTepu3yeT MOBBILIEHUE
JaBJICHUS MIPU N30XOPUIECKOM HarpeBe TeTepOreHHBIX
cpen. OTKIIOHEHHE OT M30XOPHUYECKOTO HarpeBa CBs3a-
HO C pa3rpy3Kol y cBOOOIHOW IMTOBEPXHOCTH 00pasIia.
DKcrepUMeHTabHBIE UCCIICIOBAHMSI MTOKA3ald, YTO B
yIapHO CKaTOM CHHTAaKT€ MPOAOJIbHASI CKOPOCTH 3BY-
Ka cocTaBiseT ¢o = 840 m-c~! [29], mosTomy 3a Bpemst
NEHCTBUS MMyYKa PENSATUBUCTCKHAX DIEKTPOHOB aKyCTH-
yeckas pa3rpy3ka OyleT CKa3bIBaThCsl TOIBKO Ha TO-
BEPXHOCTHOM CJIO€ TOJNIIMHON MeHee 15 MKM, 4To 3Ha-
YUTEIHHO MEHbINIEe TITYOUHBI 30HBI SHEPTOBBIJCICHIUS.
DKCIIePUMEHTAIBHO MOTYIEeHO, UTO 3 EKTUBHBINA KOA)-
¢unment [pronaiizeHa B yCIOBHSIX ACHCTBHSA ITy4YKa dJI1eK-
TPOHOB yckoputeds «Kamnpmap» A CHHTAKTHBIX MEH
3aBUCHT OT 0OBEMHOM 10Nu cTeKinochep u i u3ydae-
Moit mens! coctapisiet 0.3 [30]. Torma oreHka JaBICHUS
B onbiTe OIl 4 coctaBut ~20 I'Tla, a B omertax OIl 5 u

Caoosnuuuti /. H. u op.

OIl 6 — ~9 I'TIa. Takoro naBieHUs BIIOJIHE IOCTATOYHO
JuIs1 paspyuienus crekiaocgep [27, 29]. [lepBonayanbaas
BpeMeHHas ¢opMa yaapHOU BOJTHBI OyIeT MpaKTHICCKU
COBIAJATh C TEMIIOM YHEPTOBBIACIICHUS OT BO3ICHCTBUS
My4YKa PeISATUBUCTCKUX 3JICKTPOHOB.,

PacnpocTpaHenue yaapHO-BOJIHOBOIO IMpoliecca B
o0paste compoBoXKIaeTCs GOPMUPOBAHNEM PACTSITH-
BAOIINX HAMPSKEHUH, CITOCOOHBIX BBI3BAaTh OTKOJILHOE
paspyuienue [31, 32]. OTMeTuM, 4TO TIyOMHA Kparepa,
00pa30BaHHOTO MTyYKOM PEISTUBUCTCKHX 3JIESKTPOHOB
B M3y4aeMON CHHTAKTHOMU ITI€HE, IPEBBIIIAET HE TOIBKO
BeMuuHy L7, HO ¥ L. HabmoneHue ¢hparMeHTOB CTEKIIO-
chep 1 XpU30THI-acOSCTOBBIX BOJIOKOH Ha KaTO/IE CBUJIC-
TEJIBCTBYET O TOM, YTO MPU BO3ACUCTBUU IIEKTPOHHOTO
My9Ka UMeJl MECTO MEXaHWYECKUH OTPHIB KIIACTEPOB
OT MOBEPXHOCTH CUHTAKTHOW IMeHbl. OTKOIbHAS MPOY-
HOCTh CUHTAKTHBIX TMEH NPH PACTSHKCHHUH JOCTATOYHO
Maja — Gt < 200 MITa [29, 33]. s OlleHKY BeTUIHHbI
BO3HHUKAIOIIEr0 MEXaHMIECKOTO UMITYIIbCa JaBIICHUS
(/;m) IpH peamn3alyy OTKOJIBHOTO pa3pyLIeHHUs] MOKHO
BOCHOJIB30BATHCS PopMylioit [34]

rm D(m)
=— dm,
2 0 NeZ + T(T + 1)D(m)

I,

e D(m) — QyHKINS SHEPTOBBIJACICHHS B 3aBUCUMOCTH
0T MaccoBoii koopanHaThl (m); I’ — >pPekTuBHBIN KO-
s uuueHT I'proHaii3ena; mr — MaccoBas KOOpAUHATa
BHYTPEHHEH TpaHUIbl OTKOJIOBIIETOCs CIIOS, KOTOpas
onpenensieTcs u3 ypaBaenust [ poD(m) = 20, .

[Ipu omenkax /Iy 3¢pPekTUBHBINH KOIPPHULIU-
eHT I'pronaiizena npunuManu 0.3. IlomyueHo, 4yto
In = 1260 Ia-c B onbiTe OIl 4 u Iy, = 800 [la-c B ombI-
tax OIl 5 u OIl_6. Benuumna my¢ coBmagaer ¢ niryoOu-
HOU mpobera peNsTUBUCTCKUX IEKTPOHOB B CHHTAKTE.
OTtMeTuM, 4TO 3Ha4eHHE [, YMEHBIIAETCS B Mpeaeaax
5% mipu yBeIHUeHUH G 10 2000 MITa. Cuuras, uro amu-
TEJIBHOCTh BO3JEHCTBHSI PACTATMBAIOIIUX HAMPSIKEHUN
COBIIAJIAET C T(, TOJIYYHM BEPXHIOIO OI[EHKY BO3HHKa-
I0ILIero NaBiieHus, kotopoe B onbiTe OIl 4 He mpeBbI-
maet ~10 I'Tla, a onbrtax OIl_5 u OII_6 cocTtaBnseT
~5.9 I'lla. IlomyueHHBIE OIIEHKHM MOYTH B 2 pa3a HUXKE,
YeM OKHJAeTCsl B YCIOBUSAX M30XOPHUYECKOTO Harpena.
Taxum 00pa3oM, OTKOJIBHOE pa3pylIeHHe 00TydaeMon
MOBEPXHOCTH CUHTAKTHOMW IEHBI BIIOJIHE BO3MOXHO Ha
DIyOMHY MTpo0era PeIITUBUCTCKUX MIEKTPOHOB, a YPOB-
HU BO3HHUKAIOIIIETO IABIECHUS IOCTATOYHBI IS pa3pylie-
HUS CTEeKIIoCcdep.

Urak, B yCIIOBUSX BO3ACHUCTBUS ITydYKa PEIATHBUCT-
CKHX JJIEKTPOHOB HAYaJo Mpolecca adianuu cienyeT
CBSI3BIBATH C CYOJIMMAIUEi OJMMEPHOTO CBA3YIOIIETO
CHUHTaKTHOH neHbl. O0pa3oBaHue Kparepa U 0COOCHHO-
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CTH OCEJ]aHMs Ha KaTOJIe KJIACTEPOB B OCHOBHOM CBSI3aHBI
C TIOCJIENYIONUM OTKOJIBHBIM pa3pyIIeHHEM, BBI3BaH-
HBIM TIPEBBIIIEHNEM PACTATHBAIOIINMHU HAPSKEHUSIMHU
YPOBHS MPOYHOCTH CHHTAKTA MPU yJAPHO-BOJHOBBIX
Harpy3kax OT JIEWCTBUS 3JeKTpoHHOro myuka. C yde-
TOM TOTO YTO ITapaMeTPhI OTKOIBHOTO pa3pyLICHHS BBI-
TIONTHSIOTCS YK€ B MIPOIECCE BO3ACHCTBUS PEISITHBHCT-
CKHX DJIEKTPOHOB, KOT/Ia YK€ MPOUCXOIUT CyOImmarus
o0Opasia, NyOuHa Kparepa BIOJIHE MOXKET MPEBHIIIAThH
MaKCHMAIIbHBIN MPOOETr PeIsSTUBUCTCKUX AIIEKTPOHOB.
OcThIBaHWE MTOBEPXHOCTH Kparepa GOpMUPYET OTMeE-
YCHHYIO SKCIIEPUMEHTAIBHO MOP(OIIOTHIO €ro TOBEpPX-
HocTd. OTMeTHM, 4TO OOJIbIIAS 110 CPABHECHHUIO C JIHa-
METPOM JJINHA XPU30TUI-acOECTOBOTO BOJIOKHA OYIET
CITOCOOCTBOBATH HEPABHOMEPHOMY TIPOTPEBY M, CIEI0-
BaTEJIHHO, VAEPKAHUIO YaCTH BOJIOKOH Ha TMTOBEPXHOCTH
Kparepa.

PacnpocTpansromuiicst mo o0pas3iy MexaHHYECKUN
MMITYJIbC JJABIICHUS BHI3BIBAET paszpyllieHne cTeKinochep
U ckaTtre o0pasia. DKCIIEpUMEHTAIBHO MTOKAa3aHO, YTO
npu Kojutarnice crekiochep auamerpom 10 100 MKkM B
MOJIMMEPHOM CBSI3YIOIIEM W3 STIOKCHIHON CMOJIBI, BBI-
3BaHHOM YJIapHO-BOJTHOBBIM BO3JICHICTBHEM C JaBJICHUEM
2 I'Tla, 1OKaIbHOE MTOBBIIICHUE TEMIIEPATYPhI TOCTUTAET

1073

1600 K 3a Bpemst ~300 ue [35]. IIpu ynapHO-BOTHOBOM
cxaruu 1o 5 I'Tla mopucToro nonnyperasa JOCTUTAtOTCS
temnepatypsl 6omee 1700 K, nocrarounsie mis o6paszo-
BaHHA Ta3000pa3HBIX TPOAYKTOB [36]. CorlacHO BBIMOJ-
HEHHBIM OLIEHKaM, YPOBEHb JaBJIECHUS U TEMIIEpaTypsl OT
BO3/IEIICTBUS MyUKa PENATUBUCTCKUX JIEKTPOHOB BIIOJIHE
JOCTaTOYEH JJIsl TEPMUUYECKOTO Pa3JIOKEHHS OIMMEPHON
OCHOBBI BO BCEM 00bEME CHHTAKTHOM IIEHBI.

Oxcua KpeMHUS TIPH BBICOKOM TeMmIepaType CIoco-
OCcH BCTYMaTh B peakiuio ¢ yriepoaom (6onee 1770—
1870 K) nnu CO ¢ obpazoBaHneM KapOuga KpeMHUS
[37]. IlpogykTamu THpOJIH3a XPU3OTHI-acOecTa SIBIISIOT-
cs popereputr MgrSiOy, 3ucTaTHT ME)r(Si03))2 M OKCHT
kpemuns SiO;. [Muponu3 OyTagneH-HUTPUIBLHOTO Kay-
YyKa MepBOHAYAIHHO COMPOBOXKIAETCS 00pa3oBaHUEM
paluKajIoB MPEANOIOXKUTENHHO Y TPETUYHOTO aToOMa
yIepozna, a Takke B oera-nonoxenun k cBsizu C=N [10,
38], KoTophIe CIIOCOOHBI B3aMMO/ICHCTBOBATH C 00pa3yto-
IIUMHUCS TIPOLYKTaMU IHPOJIN3a XPU30THII-acOecTa iIn
OKCHIHOW OCHOBOM CTEKIIA.

AHanu3 npuuuH 00pa3oBaHUA JHHUU Npu 20 ~43°
Ha AudpakTorpaMMax CHHTAKTa MOcie BO3AEHCTBUS
ITy4Ka PEISITUBUCTCKUX 3IEKTPOHOB MPEACTABIIAET COO0M
BEChbMa CIIOXKHYIO 3a71a4y M3-3a IIepEeKPBIBAaHUS XapaKTe-

Taoauna 3
Kpucrannorpadudeckre napaMmeTpbl OTUMOPGHBIX MOTUPHUKALMNA HEOPTaHUYECKUX COSNUHEHHI KPEMHHUS,
o0pa3oBaHUe KOTOPBIX BOBMOXKHO B YCIIOBUSAX YIapHO-BOJHOBOTO U TEMIIEPATYPHOTO BO3JACHCTBUI
HAaHOCEKYH/ITHOTO IIy4YKa PEJIITUBUCTCKHUX DIICKTPOHOB

No Tpyura ITapaMeTpbI SIEMCHTapHON SYCHKH neno Obbem .
HaumenoBanue (hOPMYIBHBIX | 3IEMEHTapHOM
MoaMbHKaLHN CHUMMETpPUH P PR
a, HM b, aMm ¢, HM yroii, rpaju ’
1 Mgy (SiO3)2 Pcab 1.8251 | 0.80814 | 0.5181 — 8 0.83344
opTopoMOuUecKas
2 Mg,SiO4 Pmnb 0.4756 | 1.0195 | 0.5981 4 0.290
opTopoMOuUecKast
3 Mg>SiO4 C2/m 1.033 0.577 0.452 B=90 4 0.26159
MOHOKJIMHHAs
4 SiC (15R) R3m 0.3073 — 3.77 15 0.30832
poMOundeckas
5 SiC (6H) P83mc 0.3073 — 1.508 — 6 0.12333
reKcaroHajbHas
6 a-SiC P63mc 0.3074 — 3.77 15 0.308
TEKCOrOHaIbHAast
7 SiC (4H) P63mc 0.3081 — 1.0061 4 0.08271
FEKCOrOHaIbHAast
8 Si0; kyOmueckas Fd-3m 0.712 — — — 0.36094
SiO; (TpuaumMuT) Aa 0.5006 | 0.8599 | 0.8215 |y=91.502 0.35348
MOHOKJIMHHAs
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Puc. 7. PentreHorpaMmbl HCXOHOI (@) ¥ TIOCIE OJJHOKPATHOTO BO3IEHCTBHS ITyUKa PENSITUBUCTCKHIX DIIEKTPOHOB (6) CHHTAaKT-
HOU IeHbl, 00paboTaHHbIE IO CTAHAAPTHOI IMpoLenype GUIbTpanuy nyMmos nporpaMmmHoro obecnedeHns DIFFRAC.EVA.

Pediexcel nonmuMopHBIX MonuduKanuid HeOPraHNYECKUX COSHMHEHUIH KPEMHUSI IPH PEHTTEHOBCKON TU(PAKIHMHU 110 JaHHBIM

ICCD PDF-2 (2012): 1 — Mg(Si03), opropombuaeckas, 2 — Mg,SiO4 opropombudeckast, 3 — MgrSiO4 MOHOKIIMHHAS, 4 —

SiC (15R) pombuueckasi, 5§ — SiC (6H) rekcaronansHas, 6 — o-SiC rexcaronanbsHas, 7 — SiC (4H) rexcoronanshas, 8§ — SiO,
Kyounueckasi, 9 — SiO; (TpUIUMHUT) MOHOKJIMHHAS.

PUCTHUYECKUX JIMHUHM OPArrOBCKOTO OTpaXkeHHsI aMopg-
HOW YacTH CHHTAaKTa IMpH yriax MeHee 28° W HaTWJIUs
MOJIOC XPU3OTHII-acOecTa B AManazoHe yrioB 34-38°.
UccnenoBanus moBeleHUs CUIIMKATOB, IIABIEHOTO U
nopuctoro SiO; Mpu BO3AEHCTBHN YIApHOI BOJHBI 00-

Hapy>XUBAIOT Psii aHOMAINH IO CPAaBHEHUIO C MOPHU-
CTBIMH METaJlJIaMH M TTOAPOOHO M3II0KEHBI B 0030pe
[39]. dazoBrle MpeBpalIeHUs MPY BHICOKUX JTABICHUIX
OCTalOTCS IPEIMETOM AKTHUBHBIX UCCIIEIOBAaHUH JaKe B
KpucTtajunueckoM kpapue [40, 41].
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Jlunum nipu 20 ~43° Ha audpakTorpaMMax MOTyT CO-
OTBETCTBOBATh KPUCTAJUIMIECKUM CTPYKTypaM psizia Be-
mecTB. Pediekchl HanboIee moaXo s OTMMOP(HBIX
Moau(UKanuii U3 psia BO3MOKHBIX CTPYKTYP MOTY4EHBI
¢ ucrnonp3oBanureM 0a3bl nanHbix [CCD PDF-2 (2012) u
MPEJICTABIICHBI HA PUC. 7, a UX KpUCTaIorpaduyecKue
rmapameTpsl — B TaOII. 3.

Cpenu MHOTOYHMCICHHBIX MOTUMOP(HBIX MOAU-
¢ukauuii SiO, nosiBnenue peduiekcos B obnactu 43°
CIeyeT OXKHUAaTh y KyOndeckol (KprctobaiuT, rpymmna
Fd-3m) u monoxnmHHOW cuHTOHMH (Tpymma Aa) SiO,.
Obpa3zoBanue (a3pl CTUIIOBUTA MIPH YIAPHOM BO3JCH-
CTBHHU BO3MOXKHO IpH 00Jiee BHICOKMX JABICHHUAX U CO-
MIPOBOXIaeTCs MosiBJIeHneM peduiekca mpu 20 ~30° [40].
OtmetnM, 9TO T KyON9eCcKoil 1 MOHOKIIMHHOM CHHTO-
Hult Si0; CBOWMCTBEHHBI 00JIE€ UHTEHCUBHBIC Pe(IeKChI
npu yrax 20 ot 21 mo 25° (puc. 5 u 7), KOTOPBIX B IPO-
BEJICHHBIX DKCTIEPUMEHTAX He 0OHAPYKEHO.

CornacHo aHanu3y MOTUMOP(HEIX MOTUDUKAINNA
KapOuaa kpemHs [42, 43], cnenyer oXuAaTh MOSIBJICHAES
pedaexca mpu yriax okoio 43° (MEXIUIOCKOCTHOE pac-
crostame 0.209 am) B SiC (15R) u SiC (4H), ogHako oc-
HOBHOH pedireke TOIHKeH ObUT ObI OTIETIIMBO IPOSBUTHCS
mipu 20 ~35.6° (MexIuiockocTHOe paccrosinue 0.252 Hm),
e ero HaOMIOEHNE OCIOKHSETCSI HATMYUEM Pa3MBITBIX
JUHUHA MTOTIIONIEHUS HCXOHOTO XPU30THII-acOecTa.

Hawnbonee BeposSTHBIM OOBSICHEHHEM TIOSBIICHHS Ha
nrdpakrorpaMme JTMHUU B o0nactu 20 ~42—43° MoxHO
CUMTATh YaCTUYHOE JETHIPOKCHINPOBAHHUE YUACTKOB
BOJIOKOH XpH30THII-acOecTa ¢ 00pa30BaHHEM MOHOKIIMH-
Hol cuHTOHHMH (popcreputa MgrSi04 (Tpynmna C2/m)
WIH €ro OpTopoMONUYecKoil cuHroHuH (Tpymna Pmnb)
[19] (puc. 7).

HcaesnoBenne Ha mud)pakTorpaMme CHHTAKTHOM ITe-
HBI TTOCTIe BO3ACHCTBUSA MyYKa PETSTUBUCTCKUX JJIEK-
TPOHOB «IUIeYay» npu yriaax 20 ~10°, BO3MOXHO, CBH-
JEeTeIbCTBYET O pa3pylIeHUN Me30(a3HbIX o0nacTeil B
cTeknodaze MUKpochep WiIH pa3pylieHnn Me30]assbl,
c(hOpMHUPOBAHHOM 3a CUECT B3aUMOICHCTBHS IIOBEPXHOCTH
crekiocdep ¢ MOIMMEPHBIM CBS3YIOIIUM.

BriBoaBI

AHanu3 BHITIOJHEHHBIX SKCIIEPUMEHTOB IO BO3ICH-
CTBHIO MyYKa PEISTUBUCTCKUX AIIEKTPOHOB YCKOPUTE-
s «Kanemap» ¢ sHeprueit 1o 310 k3B 1 MOIIHOCTHIO
6.2—7.5 I'BT mokazay BO3BMOXXHOCTh KaK CyOIMManuu
(npu BpemeHHu BozaeiicTBus ~50 HC), TaK U OTKOJIBHOTO
pa3pyleHns] CHHTAaKTHOMU NeHbl. OTKOBHOE pa3pylLIeHne
(hparMeHTOB CHHTAKTA MO3BOIISIET OOBSICHATH HAOMIOA-
€MYIO SKCTIEPUMEHTAIHHO OCIHMIUIALINIO TUIOTHOCTH MPH
pasiere ra3oIuIa3MEeHHBIX 00pa30BaHMil U OCelaHue Ha
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KaTo/ie KJIacTepoB, COAepkKalluX MOJTUMEPHYIO OCHOBY,
¢parmeHTHl cTeKIochep U XpU30THI-acOECTOBBIX BO-
JIOKOH.

DopmMupyeMoe MoJIe SHEPTOBBIICICHUS CO3/IaeT B
COXpaHEHHOH YacT 00pa3iia CHHTAKTHOM MIEHBI BEICOKUE
YPOBHU JaBieHUS yaapHOH BoiHBI — Oosee 5 ['Tla n
temmeparyp — 6osee 1600 K, mpu KOTOPBIX TPOUCXOAUT
paspyIeHue crekiochep u u3MeHeHue pa3zoBoro cocra-
Ba CUHTAaKTHOM TEHBI.

PactpoBrie anekTpoHHBIE MUKpOdOTOrpaduu pas-
JIOMOB U CPE30B CHHTAaKTHOW IEHbI MOKa3alH, YTO HC-
[10JIb30BaHKE IOJIUMEPHOIO CBA3YIOIIETO HA OCHOBE
OyTaMeH-HUTPUIBHOTO Kay4dyKa, HECITOCOOHOTO K 00-
Pa30BaHUIO KOHJEHCUPOBAHHBIX MPOAYKTOB MHUPOJIU3A,
MPEIATCTBYET (POPMUPOBAHUIO HUTEBUIHBIX 00pa3oBa-
HHH (BUCKEPOB) MPH KOJUIAIICE CTEKIOChEp B CHHTAKT-
HOI1 TIEHE.

C ucnons30BaHUEM METOJ]Aa PEHTTEHOBCKOH AU paK-
WY [TOKa3aHa BO3MOXKHOCTb YAaCTHYHOTO JIETUAPOKCH-
JTUPOBAHUS BOJIOKOH XPH30THI-acOecTa ¢ 00pa3oBaHUEM
MOHOKJIMHHOM U OPTOPOMOWYECKON CHHTOHUU (op-
CTepHUTa OT BO3JEHCTBUS HAa M3YyYaeMYyIO0 CHUHTAaKTHYIO
IEHY My4Ka PEeNSATUBUCTCKUX 3JEKTPOHOB YCKOPUTEIS
«Kansmap.

[lenecooOpa3HO OTMETUTH, YTO KOPOTKHUE AJIUTEIb-
HOCTH JICHCTBUS BBHICOKOTO JAaBJICHHS CIIOCOOCTBYIOT
00pa30BaHUIO HAHOPa3MEPHBIX (ha3, KOTOPbIE HE MOTYT
OBITh MACHTU(DHUIUPOBAHBI METOIOM PEHTIC€HOBCKON
T paKInm.

baarogapHocTn
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T'a30iimu TepMOJECTPYKTUBHBIX MPOIIECCOB MeEpepa-
OOTKH TSDKENIOro He(hTSHOTO CHIPhS, B TOM YUCIIE TTOTyYa-
€MBIC Ha YCTaHOBKax BI/IC6peKI/IHFa, HU3KOKAYCCTBCHHBIC
10 CPAaBHCHUIO C IPAMOTOHHBIMU CPEAHECAUCTUILUIATHBIMU
¢bpaximamu. [TapadhuHOBbIC YIIICBOIOPOIBI KPEKHPYIOTCS
¢ 00pa30BaHUEM HU3KOMOJICKYSIPHBIX alKaHOB M aJIKe-
HOB. HadTeHOBBIC M apoMaTHUYECKUE YIIIEBOJOPOIbI, a
TaKXe FeTePOLUKIMUCCKUE CEPO- U a30TCOACpIKALTUE
COCIMHEHUS C JITHHHBIMHU AJTKUIILHBIMH 3aMECTUTEIIAMH
KPEKHUPYIOTCSI TAK, YTO OOKOBBIC IIEMH YKOPAYHBAIOTCS JI0
METHJIBHBIX WM 3TUILHBIX TPYIIL, IPH 3TOM TOMOJIOTH
MOJIMIIMKJI0APEHOB, AuOeH30THO(EeHA, OeH30THO(EHA,
WHJ071a, XHHOJIMHA, Kapba3osa, cojepxKaiiuecs B Ba-
KYYMHBIX ra30MIsx, KOHIICHTPUPYIOTCS B aTMOC(EPHBIX
razoisusax [1]. [Ipu kpekuHTe 00pa3yroTCs 1 roosaepHbIe
COCIMHCHUS apOMaTHYECKOTO XapaKTepa, O YeM CBH/IC-
TCJIBbCTBYCT MOBBIILICHUE OO aTOMOB BOJOpOaa IpHU
aroMax yriaepoja B COCTaBe apoMaTnieckux komuerr [2].

T'ereponukinyeckue cepo- U a30TCOAEPKALLNAE KOM-
MOHEHTHI ra30iis BUCOpEKUHTa, 100aBIIEMOro K Mpsi-
MOTOHHBIM JU3€JIbHBIM (PpakuusiM, TPYAHO MOIBEPIa-
IOTCSI THPOTEHOIIN3Y M0 CPABHEHHIO C HACHIIIEHHBIMH
CEepaopraHuyYecKuMU coenuHeHusIMH [3]. A30THUCTBIC
COEJIMHEHUS MPOMOTHUPYIOT MOJUMEPHU3AIUI0 HETpe-
JENbHBIX YITIEBOAOPOIOB, YCHIMBAIOT CMOJIOO0pa30Ba-
HHE, 1€3aKTUBUPYIOT KUCIOTHBIE IEHTPBI KaTaIN3aTOPOB
TUAPOOYUCTKU. CMOJIBI M MTOJNUIUKIOAPEHBI YCKOPSIIOT
3aKOKCOBBIBaHHME KaTaIU3aTOPOB TUAPOOUUCTKH.

Bcenencreue HOpMaTHBHBIX OTpaHUYEHUH 1O CO-
JEp)KaHUIO B IU3EJIBHOM TOILUIMBE HE TOJIBKO CEpHI,
HO W MOJULHKIOAPEHOB, pa3paboTaHbl JBYCTa M-
HbI€ TIPOLIECCHI: Ha MepBoi craguu Ha Ni—Mo- uiau
Ni—W-karanmuzaropax npu 340-380°C u gaBnenun 50—
70 at™ coxpeprkanue cepnl cHikaeTca 10 30—100 ppm,
a Ha BTOPOHW CTaJAWH B NMPUCYTCTBUHU KaTalau3aTopa Ha
OCHOBe OnaropoHsIx MetamuioB pu 260-300°C u nas-
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nenuu 1o 70 aTM conep)kaHue apeHOB CHMIKAETCS 0
ypoBHa 10 Mac% u cepsl — 10 5—10 ppm [4]. Bo3amoxnO
MOJTy9eHHUE JU3ETHFHOTO TOTUINBA, YAOBIETBOPSIONIETO
TpeboBanusiM EBpo-5* 1 mpu omqHOCTYIEHYaToM Iporiec-
ce, HO TIPH MapameTpax Mpowecca MArkoro TMApPOKPEKHH-
ra — nasieHuu okojio 90 arMm, remmneparype 350-370°C,
00BEMHOM CKOPOCTH MOAA4H ChIpbst 2—2.5 w1 [5].

B T0 %e Bpems HanboIiee TPyAHO yaalsieMble Hexe-
JaTe’bHble KOMIIOHEHTHI AU3EJIHOTO TOIUIMBA, CONEP-
JKAIIIErocs B Ta30iiie BUCOPEKUHTa, TeTePOIIUKITMIECKIE
a30T- ¥ CepaopraHNIeCKHe COSTMHEHHUS apOMATHIECKOTO
XapakTepa, MOIUIUKIOAPEHBI C KOPOTKUMH aJIKHITbHBIMU
3aMECTHTEIISIMU JIerde BCETO IKCTPAarupyroTcs Mosp-
HBIMU CEJIEKTUBHBIMH PACTBOPUTEISIMU, B TOM YHUCIE
N,N-gumetundopmamuaoM [6]. Tak, gaxe mpu OMHOCTY-
neH4aToi sxcrpakiuu npu 20°C U3 MOAETBHBIX CUCTEM
C YH/ICKaHOM TIPH COAep)KaHUH B HUX DKCTPArupyeMOro
koMmioneHTa 10 Mmac% 1 maccoBoMm cooTHomeHu: N,N-
IAMETIIIPOPMaMHUA:ChIpbe = 1:1 CTENeHb W3BICUCHUS
kap0asosa, uHI0Ja, AubeH30THO(EHA, PeHAHTPEHA CO-
crasiisieT 98.8, 96.6, 93.2 u 86.2 Mac% COOTBETCTBEHHO.

B paborte [7] mpuBeaeHb! pe3ynbTaThl SKCTPAKIHOH-
HOM OYHCTKH JIETKOTO T30 YCTAaHOBKH BHCOPEKHIHTA
000 «JIYKOMNJI-HukeropoanehTeopreHHTEs» C CO-
nepxxanrem cepbl 1.853 mac% u azota 465 ppm. ['azoitns
pa3mensui Ha Jerkyr (pakiuio, S3KCTPaKIHOHHYIO
OYHNCTKY KOTOPOW TIPOBOIIIIN (DEHOJIOM C COIepPIKaHUEM
Boael 10 mac%, u Tsoxenyio dpaknuio (>234°C), mus
OUYHMCTKHU KOTOPOM MCIOIB30BAIM N-METUINUPPOIINIOH
¢ 1 mac% Boxpl. Be100p sKCTpareHTOB MPOBOAMIIH C yUe-
TOM OTCYTCTBHSI 0Opa30BaHHUS TOMOT€HHBIX a3€0TPOIIOB
C apoMaTHYECKIMH KOMIIOHEHTaMHU (PPaKIAiA, KOTOPHIE
OCJIOKHUJIM OBl pereHepalfio SKCTpareHToB. B nmerkoi
(pakuuu ra3oiis npeod1agaroT HACHILICHHBIE Cepaop-
TaHUYECKUE COCTUHEHHUS, 0 OTHOIECHHUIO K KOTOPHIM
Hanbonee > dexTuBerH denon [8]. B Tsoxenoit dppax-
IIUU TIpeo0iafatoT 6eH30I0TH THOhEHA U TUPPOIIA, TIPH
9KCTPAKIMU KOTOPHIX O0Jiee CeeKTHBHBI allpOTOHHBIE
pacTBopuTenH, B TOM 4yucie N-METHINUPPOIUIOH.
CMmenieHreM BBIICJICHHBIX PaQHHATOB MOTYyYEHO CHIPhE
JUTSL TTOCJIEAYIOIEro Mpolecca THIPOOIUCTKU C COAEp-
>kanueM cepsl U azota 0.44 mac% u 46 ppm cOOTBeT-
CTBEHHO.

TexHONMOTHYECKas CXeMa SKCTPAKIIMOHHOTO MPOoIecca
C WCTIOJB30BaHUEM JIBYX DKCTPAreHTOB, KOTOpBIC He-
00X0JTMMO pa3/ieIbHO pEereHeprupoBaTh, OUEHb CIIOXKHA.
Panee npennarancs mogoOHBIN IpoLecc 3KCTPaKLH-
OHHOW OYHCTKH C MCTIOIH30BAaHHEM Ha MEpPBOM CTaTuu

* TOCT 32511-2013 (EN 590:2009). Tormmuso nu3einb-
Hoe EBPO. Texaunueckue ycnoBus. Diesel fuel EURO.
Specifications.

Kamewros A. B. u op.

anpOTOHHOTO pacTBopHTENs — Qypdyporna, a Ha BTOpoi
cranuu ¢eHona [9], omHaKO MPUMEHEHHUS B TPOMBIII-
JICHHOCTH OH He noiy4usl. COBMECTHOE K€ HUCIOJIb30-
BaHUE B OJHOCTYTEHYATOM 3KCTPAKLMOHHOM IPOIEcCce
AIPOTOHHOTO pPacTBOpUTEN — N-METWINHPPOIUIOHA U
MIPOTOHOJOHOPHOTO AKCTpareHTa — (eHoa He IPUBO-
JUT K aJAUTUBHOMY 3(Q(EKTy MO CTENEeH! U3BJICUCHUS
THO(EHOBOM ¥ CYIb(QUIHON cepbl 13-32 00pa30BaHHUs BO-
JIOPOTHOM CBSI3U MEXy MOJIEKYIaMH 3KCTpareHToB [10].

Lens paboTHl — YCTaHOBJICHUE CTETICHH U3BJICUCHHUS
Cepo- U a30TCOAEpKAIIUX COCAMHEHHH, Monrapoma-
THYECKHUX YTIEBOJOPOJOB M OJe()PHHOB MpPH SKCTPaK-
IIUOHHOW O4YuCTKe Tra3zoiis BucoOpekunra OO0 «I10
«KupummaereoprcuHTe3) ¢ HCHOJIB30BAHUEM PACTBO-
putens — N,N-numermindopmamuia.

3KCHepI/IMeHTa.Tl]>HaH HacTb

XapakTepUCTHKA UCITOIH30BAHHOTO B Pa0OTE Ta30iIs
BUCOpEKHMHTa MpHBeieHa B Tao. 1.

Coznep:kaHue MOHOAPOMATHUECKUX M TOIHAPOMATH-
YEeCKUX YITIEBOAOPOIOB B Tra3oisie u paduHaTax ompe-
IEJISITH METOJIOM BBICOKOA(D(EKTHBHOM JKUIKOCTHOMN
Xpomarorpapuu ¢ JeTeKTHPOBaHHEM 110 K0d(DDUIIHEHTY
pedpakiuy Ha KHAKOCTHOM Xpomarorpage ProStar 210
(Varian). Conepskanme o0mIell cepbl — METOIOM BOJI-
HOIWCTIEPCHOHHONW PEHTTEHO(IYOPECIIEHTHONW CIEeK-
TPOMETPUH Ha aHanuzarope cepsl Mini-Z (Rigaku).
Conepkanue o0OLIETO a30Ta — METOIOM BBICOKOTEM-
NEepaTypHOTO CKUTAHUS B Cpelie KUCIOPOAa ¢ MOCTeny-
IOLIUM XEMIUTIOMUHECIIEHTHBIM I€TEKTHPOBaHUEM Ha
aHanmuzarope azora Antek 9000 (Antek). dpakunoHHBIH
cocras ra3oiiis Bucopekunra (191-332°C) uccnenosanu
mukpomeronoM ASTM D7345-17** ¢ o6bemMoM npoObI
10 M1 ¢ UCTIONB30BaHUEM aBTOMATU3HPOBAHHOTO AIIa-
pata mukpoaucTwuisnua PMD 110 (Instrumentation
Scientifique de laboratoire).

Leranoseie unaekch (L1) razoiing BucOpekunra
u paduHaTOB paccyuThiBaiN B cooTBeTCTBUU ¢ [OCT
2776888 «TommmBo au3enbHOE. ONpeneneHue meTaHo-
BOTO MHJIEKCA PACUETHBIM METOIOMY 10 (hopMmyIe

LIV = 454.74 — 1641.41p + 774.74p2 — 0.554t50 +
+97.803 (Igtso)2,

rjie p — wIoTHOCTh Tipu 15°C (r-ecm-3), 159 — Temmepa-
Typa Beikunanus 50 06% ¢paxkuun npu arMochepHOM
nasienuu (°C).

** ASTM D7345-17. Standard Test Method for Distillation
of Petroleum Products and Liquid Fuels at Atmospheric
Pressure (Micro Distillation Method).
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Taoauna 1
XapaKkTeprcTHKa Ta30iiiis BUCOpEKUHTa
Iloxa3zarens Meton ucnsiTaHus 3uascnne
HoKasaresist
IToka3zaresb npeaomieHus np20 — 1.4815
[TnotHocts mpu 20°C, Kr-m—3 ASTM D4052-18a «CrangapTHbI METOI ONPEAEIICHUS IIJIOTHO- 856.6
CTH, OTHOCHUTEIBFHOH IJIOTHOCTH U CHJIBI TSHKECTH KUIKOCTEH ¢
MOMOIIIBIO II(POBOTO IIOTHOMEPA»
I'pynmnoBoil yrineBogopoaHsblil cocTas,
Mac%:
H-aJIKaHBbI MBM 11-83 «Metoarka BBIIOIHEHNS U3MEPEHUH MacCOBOM 10U 12.26
WHIUBUTYaTbHBIX TApAQUHOBEIX YTICBOIOPOIOB M UX (DPaKIUiA
B TIOTOKaX M Cpelax TeXHOJIOTHIECKOTO IIPOLeCcCa BBHIACICHHS
H-mapadunoB (ITapekc) xpomarorpadguyecKuM METOTOM»
O6pomHoe uncio, T Bry/100 T ASTM D1159-01 «CranaapTHbIit METOA ONpeAeIeH s OPOMHOTO 31
gucia He(TIHBIX AUCTHILIATOB M TOBAPHBIX ald()aTHICCKUX
0JIe(PMHOB TOTCHINOMETPUIECCKIM TUTPOBAHUEM)

CyMMa apeHoOB, B TOM YHCIIE: I'OCT EN12916 «OmnpeneneHue TUIIOB apOMaTHUECKUX YIIIEBO- 33.8
MOHOapOMaTHYECKUE YIIIEBOIOPOIBI |  JAOPOIOB B CPEIHHUX AUCTHILIATAX. MeTo BBICOKOA(D(HEKTUBHOM 23.8
MTOJTMAPOMATHIECKHE YIIIEBOJOPOABI | - KHIKOCTHON XpOMAaTOrpaiu ¢ IETSKTUPOBAHUEM 10 KO3 hu- 10.0

UCHTY pePpaKIIuiy

Conepxanue cepbl, Mmac% ASTM D4294-16el «CrangapTHbI METOA ONpeAeacHUs Colep- 1.896
JKaHHA cepbl B He(hTH M HEPTEMPOMYKTaX C TOMOIIBIO HEPTO-
JIUCTIEPCUOHHON PEHTTEHOBCKOM JIIOMUHECIIEHTHON CIIEKTPO-
METPUN»

Coneprxanune a3oTa, ppm ASTM D5762-18a «CraHmapTHBII METO OTIPENCTICHNS COIepIKa- 380
HUS a30Ta B )KUAKKUX YIJICBOIOPOAaX, HehTH U HeTEPOLyKTax
C MOMOIIbI0 XEMUIIOMUHECIICHIIUU BBEJICHHOTO Ha JIOJOUYKE
MaTepuana

LleTaHoBBII HHIIEKC T'OCT 27768 «OnpeneneHne 1eTaHOBOTO MHAEKCA PACUETHBIM 37.2
METOJIOM»

N,N-Jumertundpopmamug (x.4., OO0 «Dkpoc-
AHanuTrKa») He 00pa3yeT TOMOTEHHBIX a3€0TPOIIOB C
KOMIIOHEHTaMH T'a30iiIs1 BUCOPEKHHTa apOMaTu4ecKOro
XapakTepa, 4TO MO3BOJIUT MIPOBOAUTH €T0 PETeHEPALIUI0
M3 DKCTPaKTHOH u paduHaTHON (a3 pexTudukamnmeit
[11]. Kpome Toro, N,N-nmumeTuiagopMaMu NposBIseT
JOCTaTOYHO BBICOKHE TPYIIOBYIO CEIEKTUBHOCTH 10
OTHOLICHHIO K apOMaTH4YeCKUM YIJIeBofopoaaM (OTHO-
LIEHUE MIpeeNbHbIX KO3((GUIMEHTOB aKTUBHOCTH T'€K-
cana u Oenzona B N,N-nmumermidopmamuse npu 30°C
coctaBisgeT 11.7); XOpoOIIyt0 pacTBOPSIOILYIO CIIOCO0-
HOCTh (BETMYHMHA, 00paTHas mpefebHOMY Kodhdum-
€HTY akTUBHOCTH OeH3oma B N,N-mumeTundopmamuse,
npu 30°C paBHa 0.690); HEBBICOKYIO CETEKTUBHOCTH
MO0 MOJIEKYJISIPHBIM MaccaM (OTHOIIEHUE MpeAeTbHBIX
K03(($HUINEHTOB aKTUBHOCTH renTana u rekcaHa B N,N-
mumeTmigopmamuae coctasisaeT mpu 30°C 1.237), uro

o3BOIISIET (D (HEKTUBHO SKCTPArupOBaTh KOMIIOHECHTHI U3
(bpakuuii ¢ MIMPOKUMHU MIpeAeTaMy KUTIeHus . *
YeTplpeXxcTyleHuaTy0 TPOTHBOTOYHYIO IKCTPaK-
LUOHHYIO OYUCTKY ra3oilyis BUCOpEKUHTa MIPOBOAMIN
B CHCTEME YEThIPEX TEPMOCTATUPOBAHHBIX JIEIUTEIb-
HBIX BOPOHOK IO KJIACCHYECKOH CXeMe, MOJEIUPYIo-
el paboTy SKCTPaKIIMOHHOW KonmoHHBL, Tipu 40°C [12].
YeThIpeXCTYNeHYaTYI0 SKCTPAKIIMIO B MIEPEKPECTHOM
TOKE IPOBOAMIIN IIPU TOH XK€ TEMIIEPaType ¢ UCIOIb30Ba-
aueM N,N-nmumernindopmamMuia Ha KaXXI0H CTYTICHH TIPU
3aJ]aHHOM MaCCOBOM COOTHOIIIEHHH 3KCTpareHTa 1 ChIpbs.
B kauecTBe mpumMepa mpuBeJeH MarepHaIbHbINA Oa-
JIaHC NMPOTUBOTOYHOHN 3KCTPAKIMH IIPH MACCOBOM CO-

* Gmehling J., Menke J., Schiller M. Activity Coefficients
at Infinite Dilution. Pt 3. C;—Cy. Frankfurt / Main: DECHEMA
(Chemistry Data Series: V. 9), 1994. P. 1001-1003.
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Taoauna 2

MarepuanbHBIA OajaHC YETHIPEXCTYIIEHYaTOH IIPOTHBOTOYHOM SKCTPAKIIMHY Ta30iiIs BUCOPEKUHTa IIPH MacCOBOM
cootHomennu N,N-nmumermndopmamun:ceipbe = 0.4:1

Hcxonnas cuctema Padunarnas dasza OkcrpakTHas dasza
Kommnonent
r mac% r mac% r mac%
Croipbe 70.1 71.38 53.0 90.28 17.1 433
N,N-Aumetundopmamu 28.1 28.62 5.7 9.72 224 56.7
Bcero 98.2 100 58.7 100 39.5 100
Ta0nuna 3

XapakTepucTuKa pa(uHaTOB, MOTYIESHHBIX IPU PA3IMYHBIX MAaCCOBBIX COOTHOIIEHUIX N,N-IuMeTua(hopMaMuI;:ChIphe
YETBIPEXCTYIIEHYATOM SKCTPAaKLUEN B IEPEKPECTHOM TOKE

N,N-Anmeruindopmamua:ceipbe

Hoxasarer 0.4:1 0.5:1 0.75:1

Brixon padunara, mac% 44.8 36.0 33.7
IMoka3zarespb mnpenomieHus npy20 1.4570 1.4570 1.4530
ITnorHocts tipu 20°C, kr-m—3 821.5 821.0 814.9
Coneprxanue cepbl, Mac% 0.691 0.604 0.369
Coneprxanue azoTa, ppm 72 57 27
ConeprkaHne MOHOAPOMATHIECKNX YITIEBOAOPOAOB, Mac%o 12.1 12.0 7.6
ConeprxkaHue MojMapoMaTuyecKux yrieBoJopoaoB, Mac% 2.1 2.2 0.9
Bpomuoe uncio, r Bry/100 ¢ 21.4 23.6 21.0
Crenens u3BieueHus1, Mmac%:

CEPHUCTHIX COeTMHEHUI 83.7 88.5 93.4

A30TUCTBIX COETUHEHUIT 91.5 94.6 97.6

MOHOapOMAaTHUYECKUX yIIIEBONOPOIOB 77.2 81.8 89.2

MOJIMAPOMATHIECKHUX YIIIEBOJOPOIOB 90.6 92.1 97.0

HETIpe/IeIbHBIX YITIEBOIOPOIOB 69.1 72.6 77.2

Taoauuna 4

XapaKTepI/ICTI/IKa OKCTPAKTOB, HOJYUYCHHBIX IMPU PA3JIUNIHBIX MACCOBBIX COOTHOIICHUAX N,N—ILI/IMCTI/IH(l)OpMaMI/IJ_'[ZCI)IpI)e
T-ICTBIIZ)eXCTyrICH'—IaTOI\/’I BKCTpaKHHeﬁ B IEPEKPECTHOM TOKE

N,N-dumeTtnndopmMaMua:ceipbe

Hoxasarers 0.4:1 0.5:1 0.75:1
Brixon skcTpakra, Mac% 55.2 64.0 66.3
[InorHocts mipu 20°C, kr-m—3 885.2 876.7 877.7
Conepxanne cepbl, Mac% 2.87 2.63 2.65
Coneprxanne a3oTa, ppm 630 563 560
CoxepxaHre MOHOAPOMATHYECKHUX YIIIEBOJOPOIOB, Mac%o 33.2 30.5 31.8
CoxepxaHue MoJIuapoMaTHIeCKuX YIieBOA0POI0B, Mac%o 16.5 14.6 14.5
Bpomuoe uncio, T Bry/100 T 38.6 35.0 36.1

orHomeHun N,N-numerundopmamun:ceipbe = 0.4:1
(Tabm. 2). Ynanenue npuMeceil SKcTpareHTa u3 papuHar-
HOU (ha3bl MPOBOMIIN TPEXCTYIIEHYATON PEIKCTPaKIEH
B MIEPEKPECTHOM TOKE JAMCTUIUIMPOBAHHON BOJOH IpH

00BEMHOM COOTHOIICHUH K paduHaTHOU daze 2:1. 13
9KCcTpakTHOH (ha3el N,N-muMeTuahopMaMua OTTOHSITH

OT 3KCTPaAKTa BAKYyMHOU AUCTUILISIIUEH.
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O0cyxxneHue pe3yJbTaTOB

XapaxrepucTrka pad)UHaTOB ¥ SKCTPAKTOB, BbIICIICH-
HBIX B PE3yJIbTaTe dKCIEPUMEHTOB 3KCTPAKIMHU B Iepe-
KpPECTHOM TOKe, TIpeicTaBlieHa B Ta0n. 3, 4. Hanbomee BbI-
COKas CTETICHb U3BJICUCHUS TOCTUTAETCS I a30TUCTBIX
COCIMHCHUH, PEACTABIICHHBIX B Ta30ijie BUCOPEKUHTA
reTepOLUKINYECKUMHI COETMHEHUSIMH apoOMaTH4eCcKoro
XapakTepa, KOTopble 00pa3yloT Hauboiiee cTaduIbHbIC
T-KOMITIIEKCHI ¢ Montekynamu N,N-nmumeTmndopmamua,
a TOMOJIOTH MHJI0JIa U Kapba3oja — emle U BOJIOPOA-
Hble cBsA3U. CTeneHb U3BJICUEHUS MOTUAPOMATHIECKUX
yIeBoJopo10oB npeBbimaeT 90% aaxe mpu MacCcoBOM
cootHomeHnu N,N-mumetundopmamun:ceipse 0.4:1.
Bonee BpicOoKas cTerneHb U3BICUEHHS MOJTMAapOMaTHYe-
CKMX YTJIEBOJIOPOJIOB MO CPAaBHEHHUIO C MOHOApOMaTH-
YECKUMH YTIICBOAOPOAAMHU OOBICHIETCS MOBHIILICHHEM
3NIEKTPOHOJOHOPHON CIOCOOHOCTH APEHOB C YBEIUUECHH-

€M 4nciia apoOMaTHICCKUX LUKIIOB. CreneHp U3BICYCHUS
CEpHUCTHIX COEUHEHHUH HUXKE, YEM NOJIHuapoMaTuye-
CKHUX YTJIEBOJOPOAOB, YTO 00yCIIOBICHO HAIUYHUEM B
ra3oiijyie He TOJIbKO TeTePOIHUKINIECKUX CepaopraHuye-
CKHX COETMHEHUH apOMaTHUeCKOTO XapaKkTepa, KOTopble
3KCTPArupyroTcs Jydlle, YeM apeHbl ¢ TEM K€ YHCIOM
LIMKJIOB, HO U HACBIILIEHHBIX CEPHUCTHIX COCOUHEHUH,
HECITOCOOHBIX K 00pa30BaHHIO T-KOMITIEKCOB ¥ BOIOPO/I-
HBIX CBSI3€H C allpOTOHHBIMH PacTBOPUTENIMU. bpoMHOE
YHCIIo padhMHATOB CHIKACTCA 110 CPABHEHUIO C ra3oiiieM
BUCOpEKHHTa, HO CTENEeHb M3BIEUCHUS HENPEIeTbHBIX
YIJIEBOJOPOAOB, PACCUMTAHHAS IIPH JOITYILIEHUH, YTO OHU
MpeaCTaBJICHbI MOHOOHe(i)I/IHaMI/I, HWXKE, YEM MOHOapoMa-
THYECKHX YIIIEBOIOPOIOB, UTO OOBSCHACTCS HX MEHBILEH
ANIEKTPOHOIOHOPHOM COCOOHOCTHIO M CTA0OMIBHOCTHIO
T-KOMIUIEKCOB ¢ MoneKyiaMu N,N-nmumeTuiadopMaMuia.

HenocratkoM MHOTOCTYIIEHYAaTONW 3KCTPAKLUU B Iie-
PEKpEeCTHOM TOKe, 00eCIEeUNBAIOIIEH BEICOKYIO CTEIICHb

Taoauna 5

XapakTepHucTHKa padhUHATOB M HKCTPAKTOB, TIOJyYCHHBIX IIPU PA3TMIHBIX MACCOBBIX OTHOIICHUSX
N,N-gumMeTunhpopMaMHI:ChIphE YETHIPEXCTYIEHIATON MPOTUBOTOUHON SKCTpaKIUeH

N,N-dumeTtnndopmMamMua:coipbe

[Toxazarens
0.4:1 | 0.5:1 0.75:1
XapakTepuCcTHKa padHHATOB
Beixon padunara, mac% 75.6 73.1 60.9
ITokasarenpb npeaomieHus np20 1.4650 1.4640 1.4625
Inoruocts npu 20°C, Kr-M—3 831.4 828.7 822.2
Conepxanue cepbl, Mmac% 1.31 1.06 0.731
Coneprxanne a3oTa, ppm 90 87 65
CoaepxaHre MOHOAPOMaTHYECKHUX YIIIEBOJOPOIOB, Mac%o 19.1 19.0 15.5
ConepxaHue MoJIuapoMaTnyecKux yrieBoJ0poa0B, Mac%o 4.4 3.7 2.0
Bpomuoe uncno, T Bry/100 T 27.8 27.5 27.3
CreneHp u3BneueHus, Mmac%:
CEPHHUCTHIX COCIMHEHUHN 47.8 59.1 76.5
a30THCTBIX COSTUHECHUI 82.1 83.3 89.6
MOHOapOMaTHYECKHX YITIEBOIOPOIOB 393 41.7 60.3
[IOJIMAPOMATHYECKUX YITICBOLOPOLOB 66.7 73.0 87.8
HETIpe/IeNbHBIX YIIIEBOIOPOAOB 322 352 46.4
LeraHnoBsIii HHAEKC 51.5 52.4 54.8
XapaKTepHuCTHKAa 3KCTPAaKTOB

Brrxon sxcTpakrta, Mac% 24 .4 26.9 39.1
[InotHocTs ipu 20°C, Kr'M—3 935.0 9324 921.3
Conepxanue cepbl, Mmac% 3.70 4.15 3.75
Conepxanue a3oTa, ppm 1280 1180 827
ConeprxaHre MOHOAPOMAaTUYECKHX YTIIIEBOIOPOIOB, Mac%o 38.5 36.8 36.7
CopepxaHue MoJuapoMaTuyeCcKux yriaeBoJgopoaoB, Mac%o 274 27.0 22.7
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Taoauna 6

XapakrepucTrka paduHaTOB, MOJYYSHHBIX OJHOCTYIIEHYaTO!N 3kcTpakiuend N,N-aumerrindopMamMuiom
U 9KCTPaKIIMOHHON cuctemoil N,N-aumernndopmaMua—rentasn

Ilokazarenn

MaccoBoe COOTHOIIEHHE:!
N,N-gumeTrndopMaMuI:CbIpbe
TeTITaH:ChIPbe

Brixox padunara, mac%

TMokazarenp npenomieHus np20

ITnorHocTs tipu 20°C, Kkr'm 3

Conepxanne cepsl, Mac%

Coneprkanue azora, ppm

ConepxaHue MOINapOMAaTHUECKUX YIIIEBOAOPOIOB, Mac%o

Crenenb u3BiIeYeHUs1, Mmac%o:
CEpPHUCTBIX COETUHEHUN
a30TUCTBIX COCTUHEHUN
MOJIMAPOMATHICCKHUX YIIIEBOJOPOIOB

N,N-/Iumerundpopmamus N,N-JIumernnpopmaMui—rentad

0.75:1 0.7:1
— 0.3
79.04 89.0

1.4675 1.4670

841.5 824.7
1.32 1.30
239 192
3.9 6.3
45.0 39.0
50.3 55.0
69.2 44.0

W3BJICUCHHS M3 Ta30MIIsl BUCOPEKHHTA HEXKENATebHBIX
KOMIIOHEHTOB, SIBISETCS HU3KHI BBIXOJ paduHaTa,
BCJIEJICTBHE Y€r0 B MPOMBIIIICHHOCTH MPUMEHSIETCS B
OCHOBHOM ITPOTHUBOTOYHAS SKCTPAKIIUS.

XapakTtepucTuka paduHATOB U IKCTPAKTOB, MOIY-
YEHHBIX MPU YETHIPEXCTYIMEHYATON MPOTHBOTOUHOMN
9KCTPAKIMHK, IPUBeACHA B Tabia. 5. Beixox padunaToB
MIPH TIepeXofie OT HKCTPAKIUU B MEPEKPECTHOM TOKE K
MIPOTHBOTOYHOMY IIporieccy mnoBbimmaercs Ha 30 mac%
u Oosee, OTHAKO KauecTBO padMHATOB, KaK W CIc0Ba-
70 OXHIATh, CHIDKaeTcs. [locienoBaTenbHOCTD TPyl
AKCTParupyeMbIX KOMIIOHEHTOB TI0 CTETICHU M3BIICUCHUS
COXpaHSETCsI TAKOH JKe: a30THCThIE COSTUHEHNS > TTOJH-
apoOMaTHYECKUE YIIIEBOAOPOJIBI > CEPHUCTHIE COCIUHE-
HHS > MOHOQPOMaTHYECKUE YIIIEBOAOPOABI > HEMpPeeib-
HBIE YIJIEBOJOPOIBL.

O CHMXXEHUMU COJIepKaHUsl COCIMHEHUN apoMaThye-
CKOTO XapakTepa B pauHATaX CBUICTENbCTBYIOT ITIOHU-
YKEHHBIE 110 CPAaBHEHHIO C CHIPhEM 3HAUSHUS TIOKa3areen
MPETIOMIICHHS, TFIOTHOCTH.

BaxxHoe mpenMyIiiecTBO mporiecca SKCTPAKIHA TIepe]]
TUAPOOUYUCTKON — 3HAYUTENHHOE YBEIUUYCHUE 11eTa-
HOBOTO MHJIeKca paduHaroB — Ha 14—17.5 neranoBoit
€IMHMIIBI 110 CPAaBHEHHUIO C ra3oiieM BUCOpeKHHTa. ITO
TaKXKe CIIEICTBHIE YIAICHUS MOJUIUKIOAPEHOB, XapaKTe-
PHU3YIOIIUXCS OTPUIIATEIHHBIMHI [IETAHOBBIMH YHCIIAMH,
NpY THIPUPOBAHUN KOTOPHIX LIETAHOBBIE YHCIIA IIUKJIIO-
aJIKaHOB BO3PACTalOT HE3HAYUTENIHHO.

Haxke mpu HU3KOM MaccoOBOM cOoTHoueHun N,N-
nuMmetundopmamuma u razouns sucoOpexmura (0.4—
0.5):1 creneHp U3BIIEYEHUS] CEPHUCTHIX COCAUHEHMI
cocraBnsieT 50-60%. IIpu 3KCTpakIIMOHHON OYHCTKE

MPSIMOTOHHBIX JU3EIbHBIX (GPaKIUN IS JOCTUKCHUS
TaKuX IMOKazaTeiaeld odeccepuBanus TpeOyeTcsi OTHO-
IIIEHUE DKCTPAreHTOB K CHIPBIO B 5—8 pa3 Oojee BBICO-
koe [13]. DTo 00BsicHseTCS peoliIaJaHueM B Ta30iijie
BHCOPEKUHTa TOJOSIEPHBIX CEPAOPTaHUIECKUX COEMIU-
HEHUW apoMaTHYecKOTo XapakTepa (W ¢ KOPOTKHUMH
ANKUJILHBIMHA 3aMECTUTEIISIMH ), KOTOPbIE CPABHUTEIHHO
JIETKO DKCTPATUPYIOTCS, KaK U aHAJIOTHYHBIC TIOJIHUIIH-
KJIOAPEHBI M a30TCOAEPKaIUe TeTePOLUKINYECKHE CO-
eIVHEHUS.

[Ipn 6mm3kux mokaszaTensx obeccepuBaHUS U Je-
a30THPOBAHUS HCIOJIB30BAHNE IKCTPAKIHMOHHON CH-
CTEMBI, BKIIOYAIOIIEH HEMOISIPHBIA pPacTBOPUTEIND,
M03BOJISIET MOBBICUTH BBIXOJ paduHata Ha 10 mac%
(Tabm. 6). I'entan, I0X0 pacTBOpUMBIH B N,N-IHMETHII-
(dopmamuie, KOHIIGHTPUPYETCsl B paduHATHOH (daze
00pa3yeT ¢ HAaCHILEHHBIMU YIJIEBOJOPOIAMH CHCTEMBI,
ONMM3KHe K UCalbHBIM, a C TeTEPOATOMHBIMH KOMIIO-
HEHTaMH — HEeHUJealTbHbIE CHCTEMBI C TTOJIOKUTETEHBIMHI
OTKJIOHEHUsIMU OT 3akoHa Payns. ConmepikaHue Hachl-
HICHHBIX YIIIEBOJOPOIOB B paduHATHOW (a3e MoBbIIIa-
€TCs, @ B OKCTPAKTHOU (pa3e CHUKAETCS, YTO MPUBOTUT
K YBEJIIMYEHHUIO KOA(QPUIINEHTOB pa3esieHns M BBIX0Ja
paduHara.

BoiBoabI

quI)IpeXCTyHCH‘IaTaSI MNpOTHUBOTOYHAA 3KCTpAKIU-
OHHAs OYMCTKA Ta30WJsl BUCOPEKHHTA IPU HEBBICOKUX
MaccoBbIX cooTHoIIeHusX N,N-auMetundpopmamMuia u
ceipbst (0.4-0.5):1 obecreanBaeT CTEICHh W3BJICUCHUS
A30TUCTBIX KOMIIOHCHTOB, IMOJIMAPOMATHYCCKUX YITICBO-
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JIOPOJIOB U CEPHUCTBIX COETUHEHUH Ha ypoBHE 82—83,
67-73 n 48—59 mac% COOTBETCTBEHHO NPH BBIXOAE pa-
¢unara 73—76 mac%. IloBrimenue Beixona paduHara
BO3MOYKHO MPU HCIOIb30BAHUH 3KCTPAKIIMOHHON CHU-
cTeMbl, BKItodaromed kpome N,N-aumeTuiadopmamuga
HENOJSPHBIM PACTBOPHUTENb, HAIIPUMED TEITaH.

Kondaukr narepecon

ABTOPBI CTaThH 3a5BJISIIOT 00 OTCYTCTBHU KOH(IIUKTA
WHTEPECOB, TPEOYIOIIEr0 PACKPBITHS B JAHHOU CTaThe.
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IOBWJIEN

K 90-JIETHIO CO JIHS POKIEHUSA
CTAHUCJIABA UBAHOBHUYA KOJILIIOBA
(1931-2003)

30 aBrycrta 2021 r. ucnoianuiaoch 90 neT co nHA
POXKJIEHHUST TOKTOpa XMMHYECKHX HayK mpodeccopa
CranucnaBa MBanoBuua KonpmoBa — BBITYCKHHKA
JIeHUHTPaACKOTO TEXHOJIOTHYECKOTO HHCTUTYTA UM.
JleHcoBeTa, M3BECTHOTO CBOMMH paboTaMH B 00IacTH
XMMHUH U XUMAYECKHUX TPEBPAIICHIIA TBEP/BIX BEIIECTB,
OJTHOTO M3 IIaBHBIX CO37aTeNel MeTo/1a MOJIEKYIPHOTO
HaCJIauBaHUSI.

Cranucnas VBanoBu4 poauscs 30 aBrycra 1931 rona
B ctanuie [Iponerapckas Poctosckoit obmactu CCCP.
B 1950 r. mocie okoHYaHMs CpelHel IIKOJIBI MOCTY-
w1 B JIeHUHTpaICKuil TEXHOIOTMYECKUN HHCTHTYT HM.
JlencoBera, KOTOpbI OKOHYUI B 1955 . ¢ oTinuunem
C NPUCBOCHMUEM KBaIU(UKAMU HHXKEHEpPa-TEXHOIora
XUMUKA.

Bces mocnenyromnas HaydHas M regarormdeckas Je-
srensHOCTH C. M. KonbrioBa 10 mocnenHux THEH Ku3-
HE ObLTa cBsizaHa ¢ JICHUHIPaJCKUM TEXHOJIOTHYE-
CKUM HMHCTUTYTOM uM. JlencoBeta. Ilociae oxkoHuanus
WHCTUTYTa OH OBLT 3a4MCIIEH acIMPaHTOM Ha Kadeapy
aHAJUTHYECKON XUMUH, a 110 3aBEPIICHUN 00ydeHHUs B
acmupaHType padoTaj Ha 3ToH ke kadeape MIaIIIuM
Hay4HBIM COTpyAHUKOM (1958—1959), crapmum uHxe-
HepoM (1959-1965), cTapmuM HayYHBIM COTPYAHUKOM
(1965—-1970). B 1963 1. oH 3amuTHI KaHIUAATCKYO JIHC-
cepramnuio, B 1971 . — auccepranuio Ha COMCKAHHE
Y4eHOH cTeneHu NoKTopa XxuMuueckux Hayk. C 1974
no 1982 1. CranucnaB MBaHOBUY BO3MIABISLT Kadenpy
XHMHH TBEPJBIX BEIIECTB, CO3JaHHYIO €r0 yIUTEeIeM
B.b. AneckoBckuMm B 1967 1., KoTOpsiid ¢ 1974 1. BO3-
[1aBJIsUT JICHUHIPAJCKUM rOCYIapCTBEHHBIN YHUBEPCUTET
M. A. A. Xnanosa. B 1974-1982 rr. n.x.H. Koabios
C. . 6b11 1eKaHOM CTIEITHATEHOTO (haKyIbTeTa Mo Tepe-
MOJITOTOBKE KaJIPOB IT0 HOBBIM ITEPCIIEKTHBHBIM HAIPaB-
JICHUsIM Hayku U Texauku. C 1982 1. paborai Ha kadeape
B JIOJDKHOCTH Tipodeccopa.

C. U. KoxpioB BHEC OONBIIONH BKIIAJ B Pa3BUTHE
MPEJCTABICHUN O XUMUM U TYTAX NpEeBpaIleHud TBEp-
JIBIX BEIECTB, 0a3UPYIOMIUXCS Ha CPOPMYTHUPOBAHHOM
B.b. AneckoBckuM B 1952 1. «0CTOBHOI» TUNOTE3€ U
MIPEATIOKEHHOM €T0 YUHTeNIeM XUMIYECKON MOJIENH TBep-
noro tema. UM coBmectHo ¢ B. b. AneckoBckum Oblia
paspaboTaHa Ki1accH(QUKAIUS PSJOB TBEPABIX COC/IH-
HEHUH, pa3InyarolnXcsi MOJIEKYJISPHON Maccoi 0CTOBa
(TroMoNOTHYeCKUE PAIBI TBEPIABIX COCAUHEHHN) U, IPU
HEW3MEHHOCTH OCTOBA, pa3NWnYHBIM HabopoMm (pyHKITH-
OHAJILHBIX TPYIII Ha MOBEPXHOCTH (IICEBIOMOP(O3bI —
TEHETUYECKHUE PSIABI TBEPABIX coeauHenuit). Kaxmbri
YJIEH TaKOTO TOMOJIOTMYECKOT0 UM T€HETHYECKOTo psaa
SIBIISIETCS, C TTO3UINI XUMHUH HaIMOJIEKYISIPHBIX COEIN-
HEHUH, HOBBIM BEIECTBOM CO CBOMMH COCTaBOM, CTPO-
€HHEM U CBOMCTBAMHU.

C. . Konp110B Hauand HaAy4YHYIO AEATEIBHOCTH C
M3Y4YeHUS PEaKIUuil XJIOPHUIOB PA3INYHBIX IEMEHTOB

1086



K 90-nemuio co omus posicoenus cmanuciasa ueanosuya konvyosa (1931-2003)

¢ (pyHKUMOHATIBHBIMU TPYNIIAMH TBEPAOTO Teja (TaKoH
CHHTE3 B CE€peHe MIECTHIECATHIX TOI0B IMOIYIHI Ha-
3BaHUE «METOJ MOJIEKYIIIPHOTO HacIanBaHW» ). FIMeHHO
B JKypHasne npuxigagHOW XUMHHU MOSBHINCH MEPBBIE
CTaThH, TOCBSIIEHHBIE ITOMY MeTony. B kanaumarckoi
nuccepranun C. M. Konbnosa nomy4ymin 3KCIEpUMEH-
TaJIbHOE 000CHOBAaHHE TIPEICTABICHHUS 00 «OCTOBHOM
TUIOTE3€ Ha MpUMepe B3aUMOJEHCTBHUS TeTpaxiopuaa
yIJIeposa ¢ CHIIMKareaeM.

3aBeplIAOLIIM 3TAllOM CO3JaHMs HayYHBIX OCHOB
METO/a MOJIEKYIIIPHOTO HACIaWBaHUS SBIJIACH JOKTOP-
ckasa aucceprarus C. . Konbioa («CuHTE3 TBEpABIX
BELIECTB METOAOM MOJICKYJISIPHOTO HacjlauBaHUS»), B
KOTOPO# AaHO omnpeaeseHue pa3paboTaHHOTO MPELH3H-
OHHOTO TTPHUEMa CHHTE3a TBEPBIX BEIIECTB, CHOPMYIH-
POBaHBI €0 MPHUHIUIIBI ¥ SKCTIEPUMEHTAIIFHO TPOUILTIO-
CTPUPOBAHBI CHHTETHUYECKHE BO3ZMOKHOCTH, MPEATIOKEHA
KJIacCU(QUKALMS PeaKHi MOJIEKYIPHOTO HacTauBaHuUs,
MOAPa3ACISIOUINXCSA Ha PAaBHOMEPHBIE, PABHOMEPHO-Ye-
penytomuecs, 3aryxawommue. B paboTe Takxe BHEpBbIE
BBEJICH TEPMUH «XUMHUYECKast COOPKay TBEPABIX BEIIECTB
METOJIOM MOJIEKYJISIPHOTO HacllauBaHUSL.

Ha ocHOBaHWMM JaHHBIX, TIPEACTABICHHBIX B paboTax
C. 1. KonbmoBa, 1 pe3yabTaToB MOCIEAYIOMIX UCCIe-
JTIOBaHM OBLT MPEJIOKEH MPOLECC XUMHUUYECKOH COOpKH
TBEPIBIX BEILECTB METOJOM MOJIEKYJISPHOTO HacIanuBa-
HUS, C TIOMOIIBI0 KOTOPOrO MOKHO CHHTE3UPOBaTh Ha
MMOBEPXHOCTH TBEPAO(a3HONH MaTpHUIIBl HAHOCTPYKTYPBI
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Pa3IUYHOTO XMMHYECKOTO cOcTaBa (MOHOCIIOH, B TOM
YHClie MHOTOKOMIIOHEHTHBIE), a TaKXKE OCYLIECTBISATh
[IOaTOMHYIO0 XUMHUYECKYI0 COOpKY COCTUHEHUH, XUMHU-
YECKH CBA3aHHBIX C MOBEPXHOCTHIO.

CoBMmectHO ¢ yuenukamu C. WM. KobIioB BRISIBIUIT Psizt
Ba)KHBIX 3aKOHOMEPHOCTEH B MPOAYKTaX, MOTyYEHHBIX
METOZIOM MOJIEKYJISIPHOTO HACJIAaUBAaHUS, KOTOPBIE MOITY-
YUITH DKCTIEPUMEHTATBHOE 000CHOBAHKE TPH UCTIONB30-
BaHHU Pa3pa0OTaHHOTO MPOLIECCa B PA3IMIHBIX 00MACTIX
TBepAo¢a3zHoro MarepuaioBeneHus. K HUM OTHOCSTCS:

— 3ddeKkT MOHOCIOS, T. €. pe3Koe CKauKooOpa3Hoe
W3MEHEHUE CBOWCTB Marepualia Mpu HAHECEHWH Ha IMO-
BEPXHOCTh OT OJTHOTO JIO YETHIPEX MOHOCIIOEB Bellle-
cTBa-Moan(uKaropa;

— 3¢ deKT nmepeKkpbIBaHUS MOATOKKH, KOTOPBIH
XapakTepu3yeT MoJHOe (Pu3nueckoe MmepeKphiBaHuE
MMOBEPXHOCTH MATPUIIBI oclie GOPMHUPOBAHUS Ha TI0-
BEPXHOCTHU OT YETHIpEX 10 HIeCTH U Oojiee MOHOCIIOEB
BelIeCTBA-MOUPUKATOPA;

— 3¢ (}eKT MHOTOKOMIIOHEHTHOUM CHCTEMBI (B TOM
YHClIe CHHEPTHYECKUE CTPYKTYPhI) B MPOJYKTAX CHH-
Te3a HAHOMOKPBITHH CIIOHOTO COCTaBa MPH CO3JaHHU
IPaJUeHTHBIX «YMHBIX» MaTE€pHajiOB C HOBBIMH CBOM-
CTBaMU;

— 3¢ dexT B3aMMHOTO COTIIACOBaHUS CTPYKTYPHI TIO-
BEPXHOCTH IO/UIOKKH U HApaIIUBAEMOTO CIIOS, BIHUSIO-
mi Ha (ha30BbIe M XUMHUYECKUE MPEBPAILEHHs TBEPAOTO
Tena.

Komnexrus xadenpsr xumun TBepasix BemecTB JITU um. Jlencosera (1974 ).
Cupnt B nentpe 3aBenyronmnii kadenpoit C. . Konpos.
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['pynmna mMollekynspHOTO HaclauBaHUA Ha kKadeape xumuu TBepAbx BemecTB JITU um. Jlencosera (1973 r.).
Crout tpetuii ciipasa C. M. Konb1os.

PesynbraTsl paHee MpoBeIeHHBIX (PyHIAMEHTATBHBIX
Y MIPUKIIIHBIX UCCIEI0OBaHUH HAIUTA TPUMEHEHHNE TTPU
CO3/IaHUU W OPTaHM3AIMK B CEPEIUHE BOCBMUICCATHIX
TOJIOB TIO/I PYKOBOJICTBOM U ITPH HETIOCPEICTBCHHOM y4a-
ctru C. M. KonbiioBa mpon3BOICTBA HOBBIX MAaTepHAIIOB,
MOJIy4YE€HHBIX METOJOM MOJIEKYJISIPHOTO HAaCIaWBaHUS
Y BHEJPEHHBIX B MPOMBIIIIEHHOCTh. DTO OTHOCHTCS K
o0pa3iaM Ha OCHOBE MPOMBIIIUICHHBIX CUJIMKAreleH,
MOAH(UITIPOBAHHBIX IO HOBOW TexHOJIOTHH (hocdop-
OKCHUITHBIMU cliosiMu (copOenT @C-1-3 Ha mapsl BOIEI,
aMUHOB, OPTAaHUYECKUX BEIIECTB) M BAHAAMHOKCHTHBIM
MOHOCJIOeM (COpOeHT-UHIUKaTop Ha rapbl Bogasl UBC-1).
HoBbie copOCHTHI TOCTABISAIOTCS M B HACTOSIIIEE BPEMsI
Ha TMPOMBITIICHHBIE TIPEATPHUSATHS ¥ UCIIONB3YIOTCS IS
cTaOMIM3aIuy Ta30BOH Cpe/ibl B TEPMETHYHBIX U3/ICTHIX
aBUATIPUOOPOCTPOCHNUS U IPYTHX OTpaciei.

Brenpenue B IpOMBINUIEHHOCT HOBBIX MAaTEPUAJIOB,
CO3/IaHHBIX TI0 TEXHOJOTHU MOJIEKYIISIPHOTO HacllauBa-
HHUSI, CIIOCOOCTBOBAJIO MOCTAHOBKE HMCCIEIOBAHUN I10
pa3paboTKe He TOJIBKO Ta00PaTOPHBIX, HO U IPO0OPa30B
MIPOMBIIIICHHBIX YCTAHOBOK JIJISl pEaM3allii YKa3aHHO-
TO TIpoIriecca.

CranucnaBa MBaHOoBHYa Bceraa OTINYaia CKpOM-
HOCTb, BEICOKasi paboTOCIIOCOOHOCTh, OH OBLI TaJaHT-
JIMBBIM 3KCIICPUMCHTATOPOM. CO3I[aHHbIC UM HAYy4YHbIC
OCHOBBI METO/Ia MOJIEKYJIIPHOTO HAaCIIauBaHWUsI, IIPEJIIO-
JKEHHBIE CXEMBbl CHHTETHYECKUX YCTAaHOBOK JIETIIA B OC-
HOBY CO3/IaHHUS COBPEMEHHOI'O BBICOKOTEXHOJOTHYHOIO

nporiecca, KOTOpbIii HaXOAUT Bce OoJiee MMPOKOe MpUMe-
HEHHE B MUKPOAJIEKTPOHUKE U APYTHX OTPaCIsX.
Pazpaborannsiii C. . KonpioBsiM MeTO MOJIEKY-
JIIPHOTO HAcJIauBaHUS B HACTOALLEE BPEMs SIBISETCS
JTUHAMUYHO Pa3BMBAIOIIMMCS HalpaBlIeHUEM HaHOTEX-
HOJIOTHH. MUPOBBIM HayYHBIM COOOIIECTBOM NPU3HAH
NpUOpUTET poccuiickux ydyeHnslx U C. U. Konbsuosa B
CO3[JaHUN YKA3aHHOI'O MIPELU3NOHHOIO CUHTE3A.
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