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BEIlyIlIel OpraHu3alyy Ha auccepTalioHHyto pabory Hryen Xounr Buer
«Pa3paboTka OCHOB TEXHOJOIMH CUHTE3a HAHOKOMITO3UTA Ag/TIOTHAKPUIOHUTPIIT
npu MK - Harpese», npeACcTaBIEHHYIO Ha COUCKaHUE YYSEHOH CTEIeHH KaHIu1aTa
TEXHUYECKHUX HAyK 10 cnenuansHocti 05.27.06 « Texnonorus u o6opyaoBaHue
11 IPOM3BOCTBA MOyIIPOBOJHUKOB, MaTEPHAJIOB U IPUOOPOB IJIEKTPOHHOH

TCXHHUKHN»

AKTyaJIbHOCTB JUCCEpPTallMM OOYCIOBI€HA TEeM, YTO HAHOKOMIIO3HT
Ag/TIAH couderaer BBIrOJHBIE CBOWCTBa cepebpa, KOTOPOE HMMEET HAMBLICLIUE
3HAYCHUS 3JIEKTPUUYECKOU IIPOBOJIUMOCTH (6=6,25-107 Cwm/m) U
Ternonposogumoctd (A=419 Bt1/(M-K)) cpenu wmeramnioB, W IepcreKTUBHBIE
cBoiicTBa noaumepa (p=1,14 r/eM’; T eren =85+ 90° C, E=5,94 I'Tla). Kpome sToro,
HaHoyacTHLEl Ag 00NaJaloT KaTaJUTUYECKHMMU CBOMCTBAMH U YHUKAJILHBIMU
ONTHYECKUMH CBOMCTBAMM, OOYCIOBIEHHBIMH IMOBEPXHOCTHBIM IUIa3MOHHBIM
PE30HAHCOM, KOTOPBIN UMeeT [IPaKTUYECKOEe NMPUMEHEHHE B HAHOILJIA3MOHHKE H
HaHodoToHMKe. [[1st cuHTe3a HaHOKOMIIO3HTA Ag/TTAH nanbosiee 5KOHOMUYECKH
5(Q(GEKTUBHBIMU SIBJIAIOTCS METOIbI «CHU3Y-BBEPX», OCHOBAHHbIE HA MEXaHU3ME
camoopranuzanvy. OQHUM U3 TaKUX METOJOB MOJyYeHUs] HAHOYACTHUL METAJJIOB B

nonuMepHo#t Matpuiie ssisercs VK - narpes. C nomomsio WK - Harpesa




npohcxonﬂT xummnyeckue npespamienns B [IAH ¢ Beicokoii ckopocTsio Graromaps
cnﬁe’premquKOMy 3(dexTy, YTO mMO3BOJSET OCYMIECTBIATH SKOHOMHYECKU
>QdexTuBHbIN cuHTe3 HaHOKoMmo3uToB Ag/ITAH ¢ momompro HMK-Harpesa.
KoMnosutel, coiepxkalue HaHOYACTUIBI Ag, MO3BOJAIOT IPOU3BOLUTE
CIUIaBJIeHWE TIpM HU3KUX Temmeparypax (<300°C) u oGecrmeumBaTh BEICOKHE
3HAQUEHHMS  DJICKTPONPOBOJHOCTH, TEIUIONPOBOJAHOCTH M  MEXaHMYECKOM
IIPOYHOCTH TIOJIYYCHHOIO CJI0sg CIUIaBicHMsA. B Hacrosmiee Bpems He
pa3paboTaHbl OCHOBBI TEXHOJIOTHH MONy4eHus HanokomiosutoB Ag/TIAH mpu UK
narpese IIAH, d4ro mnpencraBmseTcs akTyansHOM 3ajadyeli B TEXHOJOIUH
HaHOMaTepUaJoB.

Pa3spaboTka OCHOB TEXHONOTMM TONy4YeHWs Kommosuta IIAH ¢
HAaHOYACTHI[AMH Ag TO3BOJNUT TOBBICUTH HAIEKHOCTh pabOThI CHIIOBBIX
TIOJTyIPOBOTHUKOBBIX ~ YCTPOMCTB, 3()GEKTUBHOCTE pabOTHl 3HEPrEeTUIECKOro
000pyIOBaHMSI U YCTPAaHHT MMIIOPTHYIO 3aBUCHMOCTH B MaTepuaiax i
CIUIABJICHHUS C BBICOKMMHM 3HAYEHWSIMM MEXAHUYECKON MPOYHOCTH, DJIEKTPO- M
TEIUIONPOBOJHOCTA. B CHIIOBBIX MOIYJSX AN YCTAaHOBKM HMHTETPATBHBIX CXEM
IIMPOKO MCHOJB3yeTcd naika. [lasHHBIE coemUHEHUS SBIAIOTCS OCHOBHEIM
MCTOYHUKOM OTKa30B B YCTPOMCTBaxX, pabOTalONMX B YCIOBHAX IUKIMYECKUX
U3MEHEHUNH Harpy3ku. B COOTBETCTBUM C SMIUPUUECKHM COOTHOIIEHHEM
CTOMKOCTh CHJIOBOTO MOZYJIS K TEPMOLMKIMPOBAHUIO yl;/IeHBIJ.IaeTCSI BIBOE C
poctoM pabodeil TeMnepaTtypsl Ha 20°C. [TosToMy HageKHOCTH pabOTHI MOIIHBIX
MOJIYIIPOBOJAHUKOBBIX YCTPOMCTB 3aBUCUT OT BBICOKOW TEIUIONMPOBOJHOCTUA H
XOpOIIMX TEPMOMEXAHMYECKMX CBOMCTB  MarepHalla, OCYILIECTBIAIOLIETO
COCIMHEHUE CWIOBBIX MOAYyJEH ¢ MOAM0XKKONW. KOMIO3UTHL, colepKalue
HAaHOUYACTUIBI Ag, TO3BOJSIOT TMPOU3BOAUTH CIUIABICHHUE TIPpU  HU3KUX
TeMIeparypax (<300°C) u obecreunBaTh BBICOKHE 3HAYEHUs
3JIEKTPONIPOBOJHOCTH,  TEIUIONPOBOJHOCTM M MEXAHHUYCCKOW  MPOYHOCTU
MIOJIyYCHHOTO CJIOS  CIUIABJICHUS. DTOMY CHOCOOCTBYIOT Takxke (U3HUKO-
xumuaeckue cBoiictBa ITAH, KOTOpble MOTyT H3MEHATHCA B 3aBUCHUMOCTH OT

coCTaBa, crocoba Mmoy4eHus 1 Beibopa MoIuGUIUPYIOIUX J00aBOK.




B Hacrosmiee BpeMs He pa3pabOTaHBl OCHOBBI TEXHOJOTMH IIOJIy4EHHUS
HaHOKommo3uToB Ag/TIAH mpn HK-narpese IIAH, dro mpencraBisercs
éKTyaJILHoﬁ 3aJ1a4eii B TEXHOJIOT'MY HAHOMATEPHAIIOB.

Brepsrie ¢ nOMOIIBIO MOTyIMIUpPUYEcKol pacueTHoi cxemsl MNDO s
ctpyktypsl TIIAH ycranoBneHo, 4to yBenmdenue atomoB N, H u O ymensuiaer
TepMocrabuibHocTh  [IAH.  PesynpTaTel  pacuera | 3KCIIEPHMEHTAIBLHO
MOATBEPXKACHBl C IIOMOIIBIO METOJIOB P®3C, Oxe- u HUK-cnektpockomnuu.
YBenuuenue Ttemmneparypsl HarpeBa IIAH or 600 mo 900°C cmocoGeTByeT
camxennio Cq B mommMepe oT 3 10 1.4 ar.%, COOTBETCTBEHHO.

CTOMT OTMETHTH, 4YTO BIEPBHIC HW3YYEHHl KUHETHKA M MEXaHU3M

ob6pasoBanus npu HMK-HarpeBe Hanouactunr Ag B [TAH, coxepxamem AgNO..
YcraHoBeHO, 4To AgNO, 06pasyeTr KoMILIeKe Ag[CN, INO, npu B3anmonercTeum
C TOIMMEPOM. DKCIEPUMEHTAIbHO OOOCHOBaHHO, YTO MPOIECCH HarpeBa
xomnosuta AgNO /TIAH no 1800C XapaKTepU3yI0TCs npbueCCOM NECTPYKIUU
KOMILJIEKCa Ag[CNz]NO3 C JUMHUTHpYIOIICH KuHeTHueckod cramuennt (E,=94

k/x/mMonp). Ilpu aHanu3e KMHETHMKH M MEXaHM3Ma IeTEPOTEHHBIX IIPOLIECCOB

npespamenuii npu  MK-HarpeBe BrepBbie ONMpeAETICHBI TEXHOIOTHUECKHE

napaMmeTphl cuHTe3a HaHokommosuta Ag/ITAH (SOOC; P=1 Ila; V=50C/MHH, t=60
MHH) ¢ pa3MepOM YacTHIl 0koJio 20 HM.

B pabore wucmonp30BaH KOMIUIGKCHBIA TOAXOA JUIS  JTOCTHIKCHHS
nocraBjieHHoi wHenmu. C MOMOMIIBIO TEPMOAMHAMHYECKOTO MeETOJa pacyeTa
MuHUMuU3anuu sHeprun ['mb6ca m MeromoB PDA, TI'A, JICK, UK-, YO- nu
BAJMMOI  CIIEKTPOCKOIIMM, WM3MEPEHHs  IJIEKTpomnpoBogHOCTH u  COM
IIOATBEPXKACHB! OCHOBHI TEXHOJOTUHU cUHTe3a HaHokoMmmo3uta Ag/ITAH npu 80°C
BOCCTAQHOBJIECHUEM HOHOB Ag+ ¢ nmomompsio Hy m CO, BBAETAIOMMXCSA PHU
necrpykunu [TAH, temMneparypa Hayana JeCTpyKIMU KOTOPOTO YMEHBIIAETCS 10
70°C B npucyrcTBur AgNOs.

HayuyHnasi HoBH3Ha padoThl XapaKTepU3yeTcs psIOM HAayYHBIX pE3yJIbTAaTOB,

Hau0o0Jee BaXXHBIMU U3 KOTOPBIX MOKHO CYHUTATD:




- BIIEPBBIE TEOPETUYECKU U SKCIIEPUMEHTAIBHO 000CHOBAH CIIOCOO CHHTE3a
HaHOYAaCTULl Ag B MONUAKPWIOHUTPUIE C TOMOMIBIO (PU3UKO-XUMUIECKUAX
nporeccoB B kommosure AgNO3/IIAH mnox neiictBuem WK-narpeBa Ha
aBTOMATU3MPOBaHHBIX ycTaHOBKax «®Doton» u «QHC-P610CP» (Hoy-Xay Ne33-
249-2013 OUC);

"

- BIIEPBBIE C MIOMOLIBIO MOJIY3IMIMPUYECKON pacueTHOU cxembl MNDO ms
CTpyKTypsl TepmoobpabotanHoro ITAH (TIIAH) ycranoBieHO, 94TO yBEIUUEHHE
conepxanus atomMoB N, H u O ymensmaer tepmoctabunibHocts [IAH. Brnusaue
atroMoB N m O Ha TepMOCTaOMIIBHOCTH CTPYKTYPHI IMOJUMEpa U Pe3yJbTaThl
pacuera SKCIEPUMEHTAIIBHO NOATBEPKACHBI ¢ MOMOIIBIO MeTOA0B POOC, Oxe- n
UK-cnekTpockonuu;

- BIEPBEIC M3YYCHbI KHHECTHKA U MexaHW3M oOpasosanus mpu MK-narpese

HaHodactun Ag B IIAH, coxmepxamem AgNO,. VcraHoBneHo, 4ro AgNO,
o0pa3zyeT KOMILIEKC Ag[CN]LNO, npu B3auMoOneHCTBAM C  IOIMMEPOM.

Dkcn CPUMCHTAJIBHO o6ocHO BaHHO, qTO PO ECChI Harpe€Ba KOMIIO3UTA

AgNO/TIAH 10 XapakTepusyloTcs MpOIECCOM JECTPYKIMH  KOMILTEKCA
Ag[CN]LNO, ¢ numurupyromeit kunetndeckoit craaueit (E,=94 x/Ix/momns). Ilpu

aHajM3e KUHETUKM M MEXaHW3Ma TeTEPOreHHBIX IMPOIIECCOB IPEBpAILCHUN MpH
HK-narpeBe BIIEpBBIE OINpENEIEeHbl TEXHOJIOTMYECKUE TMapaMeTphl CHUHTE3a
HaHokoMmno3uta Ag/TIAH (SOOC; P=1 ]la; V=50C/M1/1H, t=60 MHH) ¢ pa3mMepoM
4acTUL| OKOJI0 20 HM.

3HaYMMOCTh HAyYHBIX PE3yJbTaTOB HMCCJIEIOBaHMS 3aKIIOYACTCS B TOM, 4TO
TEOPETUYECKUE BBIBOALI U IOJYYEHHBIC SKCIEPUMEHTAIbHBIE JaHHBIE O
HAaHOKOMIIO3UTE Ag/NMOMMAKpUIOHUTPIII MOTYT OBITh HCIOJIB30BaHBEI HE TOJBKO
JUIs1 CUHTE3a HAHOYAcTUI Ag, HO U APYTUX METALIOB.

IIpakTHYeckasi 3HAYMMOCTb PabdoThl ONpeAenseTcss pa3pabOTKO OCHOB
TeXHOJIOTUU cuHTe3a HaHokommosuta Ag/IIAH npu MK-narpeBe xommno3uTa Ha

ocHoBe ITAH m AgNO; ¢ uCHoiap30BaHMEM aBTOMATU3MPOBAHHBIX YCTAHOBOK

«Doton» 1 «QHC-P610CPy.




CunresupoBannbiii npu MK narpese manokommosur Ag/TIAH cnoco6Gen
coenuuate npu 280 °C m P=1 kr/cM’ mmonHbIe, TPUOJHBIE CTPYKTYPHL C
MOJIMONEHOBEIME ~ TepMOKOMIIEHcaTopaMi  (AKT  ONMPUMEHEHHM  CHHTE3a
NOJIMMEPHOI'0 KOMIIO3UTa C HAHOYACTULIAMU cepedpa B TEXHOJOTUU U3TOTOBJICHHUS
MaTepuajia i CIUIaBJI€HHWS KOMIIOHEHTOB JJIEKTPOHHBIX ycTpoicTtB. OAO
«IIpHOKCKHIA 3aBOJ IBETHBIX METALIIOBY).

O00CHOBaHHOCTE H [OCTOBEPHOCTb HAYYHBIX IIOJIOKEHHUN M BHIBOJOB,
MPE/ICTaBICHHEIX B pab0Te, HE BBI3BIBACT COMHEHMIA, IIOCKOJIBKY OHH OCHOBAHBI Ha
MHOTOYMCIIEHHBIX  DKCIEPUMEHTAIBHBIX  JaHHBIX c VICII0JI30BAHUEM
COBPEMEHHOI'0 aHAJTUTUYECKOTO 000py10BaHUS.

Jluccepramys —SBIAETCS XOPOLIO  CTPYKTYPUPOBAHHOM, aBTOpedepar
IpaBUJIBHO ¥ TMOJHO OTpaXkaeT cozaep:kaHue pabotel. Ilo matepmanam
JAWCCEpTalMK OIyOIMKOBaHO 14 Hay4yHBIX pabOT, B TOM 4YHCIE 5 crareil B
KypHajnaX, pekomeHaoBaHHEIX BAK 1o cneunmansHocTH, 8 crareir B cOopHUKaX
MaTepualioB U JOK/IaJ0B MEXKAYHApOAHBIX KOHpepeHumid. [To Teme auccepraium
noiy4eHo 1 Hoy-Xay u akT o npuMeHEeHUN. ’

ITo conepxannio AuccepTaluy CIeayeT yKa3aTh psijl 3aMEeYaHui.

1. Jlna uccnenoBanus BiausHuS conepkanus H, N, O Ha cTaOMIBHOCTH
TITAH O6bl1a BeIOpaHa MoOJ€lb MOJEKYJISIPHOTO KiacTepa W MONyIMIUPUIECKOM
KBaHTOBO-XMMUYECKOH pacyeTHON cxeMbl MOAUGUIIMPOBAHHOTO MPEHEOPEKEHUS
JABYyXaTOMHBIM IiepekpbiBanueM (MNDO). Ho ans goctwxenust neneir paboThl
IpeacTaBisieTcss  6ojee  MOJIE3HBIM  MOJEIMPOBAHUE  TEPMOCTAOMIBHOCTU
CTPYKTYpHI nojiumepa ¢ cogepxkanem AgNOs.

2. Jlna ompeaeneHuss NPEUMYIIECTB MPEJIOKEHHOIO HAHOKOMIIO3HUTA
Ag/TIAH ans coeaMHEHMs] CUJIOBBIX IMOIYIIPOBOJHUKOBHIX NMPHOOPOB U MOAYJIEH
Ha HMX OCHOBE AaBTOpy cleAoBaio Obl yKa3aTh IIOJIYYEHHBIE TEXHMYECKHE
napaMeTphl IpUOOPOB MOCIE CIUIABIIEHUS.

3. ABTOp B JuccepTaIiii UCHOJbB3YEeT A7 ONMCAHUU NPOLECCa CILIaBICHHS
MOHSITHE MAKKKH, KOTOPOE B 3TOM ClIyyae HENPaBUJIFHO OIMCBHIBAECT IpoLECC (CTP.

6). B nguccepramumu BCTpedaroTCsi OMEYaTKM M HETOYHOCTH IIPY  OIMCaHHH
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nporeccoB: 1) komnosuTHas cMech (ctp. 20); 2) MHOFOIIBel'“HOCTB 06pasioB (cTp.
21); 3) Puc 2.4, ctp.46, pa3MepHOCTh BOJIHOBOTO YKCIIa HAIIMCAHA HA AHITIMACKOM
A3BIKE; 5) HE ypaBHEHa ypaBHeHHE peakuuu (3.20), cTp. 65; 6) OIeYaTKd B CIMCKE
autepatypsl (cesliku 11, 46, 47, 51, 60, 90, 101).

Crenannbie 3aMe4aHys HOCAT YaCTHBIM XapaKTep W He CHIDKAIOT HAyYHOM U
IIPAKTUYECKON 3HAYMMOCTHU PabOTHI.

Jluccepranys COAEPKUT HOBOE peEIICHHE AaKTyalbHOW Hay4HOM 3a1auu
HCTIONB30BAHMSA  HAHOYACTHI Ag JUIs CIUIABICHHS OJICMCHTOB JICKTPOHHBIX
pUOOPOB, MMEIOIIEN CYIIECTBEHHOE 3HAYEHHE /IS TEXHOJOTMH MPOU3BOICTBA
IpUOOPOB IEKTPOHHON TEXHUKH.

Ha ocHoBe Marepmana juccepranuu, apropedepara U CIHMCKa
OIyOIMKOBaHHBIX PabOT, MOXHO CHeNaTh 3aK/II0OYEHHE, YTO MO CBOEH HAay4HOM
HOBHM3HE U MPAKTHYECKON 3HAUUMOCTH JUCCEPTALIUsI COOTBETCTBYET TPeOOBaHUSIM
BAK P® n.24 “IlomoxeHHe O MOpSIKE TPHUCYXKICHUS YYEHBIX cTeneHeir” (B
penakuuu IlocranoBnenus PO or 24.09.2013 Ne842), a ee aBrop Hryen XoHr
Buer, 3aciy:xuBaeT NpUCYKACHUS eMy YUEHOHN CTEeleH:H KaHAuIaTa TEXHHYECKHX
Hayk 1o crnenuaabHocTy 05.27.06 - «Texnomormss u obopynoBaHue s
IIPOM3BOJCTBA IOJYIPOBOJAHUKOB, MaTEepHaOB ¥ NPUOOPOB IIIEKTPOHHOIM
TEXHUKWY.

PaGorta 3aciaymana u oO6CyXJ€Ha Ha 3acelaHMM HAYYHO-TEXHUYECKOTO
coBera AO «HITLI«HUN Muxkponpubopory, npotokosn Ne 25 ot «07 » okra0ps
2015 r.

3amecturens lIpencenarens HTC, 3am. ren. qupekropa

///h)/ | Amntpornos B.IO.

Umoxuna O.A.




CBegeHua o BeayLlen opraHmsauum

lNonHoe MecTto MouToBbI agpec, | CAMCoK OCHOBHbLIX Ny6rukaunin paboTHMKOB BeAyLLEN opraHu3aLummn no Teme guccepraumm B
HavMeHoBaHue U HaXoXAeHUA TenedoH, agpec peLeH3npyeMbixX Hay4YHbIX N34aHusX 3a nocnegHue 5 net (He 6onee 15 nybnukauun) (o
COKpaLleHHoe 3NEeKTPOHHOWN COTPYAHMKAX, KOTOPbIE MOTOBAT OT3bIB BeAyLLEN opraHu3auum)
HanMeHoBaHue noyThbl, agpec

ohuLmanbHoro

canTa B CETU
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AHTponoB Bnagumup KOpbeBuY, KaHOuAaT TEXHUYECKUX  Hayk, nmee
[ocynapcTBeHHble  Harpagbl, asTop 10 HayyHbIX paboT, cemMmn aBTOPCKU
ceuagetenbctB CCCP n wectn nateHtoB P®. AHTtponos B.KO - oavH 13 BegyLliu
cneunanuctoB B obnactu wuccnegoBaHuMs W pa3paboTky  TexHomoruyeckor
obopyaoBaHUs O KOCMUYEecKoro matepuanosegeHus. [log ero pykoBOACTBOM
HENoCpPeACTBEHHOM y4acTuM ObinNy NOATOTOBMEHLI U NMPOBEAEHbI IKCNEPUMEHTbI H
Kocmum4yeckon ctaHuum "Mup", npuHUMaeT aKTUBHOE y4acTue B peanuaauuu npoekT
no cosgaHuio nabopatopHoro mogynsa ansa MKC.

3akoH4YMn MOCKOBCKUIA MHCTUTYT 3NEKTPOHHOW TexHukn (MUIT) B 1986r. n acnupaHTyg
MWU3T-a.

3A0 "Hay4Ho-npousBoacTBeHHbIn UeHTp "HUWN Mukponpubopos", lNepsbli 3amecTuTer
reHeparnbHoro gupekropa.
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