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BBE/IEHUE

AKTyaJIbHOCTb paboThl. [ eYeHHus WM BOCCTAHOBJICHUS TOBPEKICHUH, HITH TIe-
PEIOMOB KOCTHOW TKaHH TPUMEHAIOTCA PA3TUYHBIC THITI UMITIAHTATOB, KOTOPHIE B Teue-
HHUE CPOKA CITY»KOBI TIOABEPTatOTCA CTAPEHUIO U KOppo3uu. B3ammoneiictBre uMIiaHTara ¢
KOCTHOM TKaHBIO MOKET TPHBOIUTH K 00pa30BaHHUIO (PMOPO3HOU KAICYIBI, 4TO CIIOCOOCT-
BYET €r0 PaCHIaThIBAHHIO, OTCYTCTBHIO HEOOXOJMMOTO B3aUMOJECHCTBHA C KOCTBIO, a 3TO
PE3KO CHIKAET CPOK CITy’KOBI UMIUIAHTATA, BBI3BIBAET HEOOXOIUMOCTh IOBTOPHOTO OTiepa-
TUBHOTO BMEINATENIbCTBA WU yAOPOKaHWE JieUueHHs B menoM. [losromy, momudummpoBanue
MOBEPXHOCTHBIX CBOMCTB METAIUTMYECKAX MMILIAHTATOB HA OCHOBE THTAHA W €TI0 CIUIABOB
(BT6, NiTi), Hepkaseroment MmeautHckon cramu (12X18H10T), pana apyrux mMaTtepuanos
ABIIAETCS BAKHOW W aKTyaJbHOU 3a7aueli OMOMEIUITHHCKOTO MAaTePHATIOBEICHHA.

CornacHo TUTEpaTYpPHBIM JTaHHBIM CPEIH BCEX M3BECTHBIX B HACTOSMIEE BPEMS MaTe-
puanoB ais (GOPMUPOBAHUSA OMOCOBMECTUMBIX TTOKPHITHIA HA TIOBEPXHOCTH KOCTHBIX METAII-
JIUYECKUX UMITIAHTATOB JIMAUPYIOIIEE MECTO TTPHHAICKHUT H30MOP(HBIM PA3HOBUIHOCTAM
ruapokcuanatata (I'A) [1], KOTOphIH ABIIETCS HAUOOJEE COBMECTHMBIM MO XHMHYECKHUM,
CTPYKTYPHBIM, OHOJIOTHYECKHAM TIapaMeTpaM ¢ MHHEPATBHBIM U OPTAHHYECKHM MATPHKCOM
KOCTHOU TKaHHW. 3HAYHUTEBHBIM HHTEPEC TAKXKE BBI3BIBAECT ['A ¢ YACTHUYHBIM 3aMELICHHEM
PO,” rpynm arnonamu cunnkata (SiO,", SiCA). M3BecTHO, UTO KPEMHHI B CTEKITOKEPAMH-
K€ CYHIECTBEHHO BIMAET HAa 3(PEKTUBHOCTHh OCTCOMHTETPAIMH [2], UTO JOKA3BIBAET TIEp-
CHEKTHUBY HCTIONB30BaHHUA Sil'A TOKPHITHA HA TMOBEPXHOCTH MEAHMIIMHCKHX HMMIUIAHTATOB.
OmHaKo, B HACTOSAINEE BPEMS B JTUTEPATYPE MMEETCS OTPAHHYEHHOE YHCIIO PaboT, B KOTO-
PBIX HUCCIIEAOBAHBI Ppa3IUIHbIe crTOcoOBI ocakaenus ['A wimu Sil'A mokpsiThii ¢ 3apaHee 3a-
JAHHBIMH CBOMCTBAMH C MCITOJIb30BAHUEM METOA BhICOKOYacTOTHOTO (BY) MaraeTpoHHOTO
OCaKIEHUS.

Ou3nyeckre MEXaHU3MBI (POPMHUPOBAHUA OMOCOBMECTUMBIX MATHETPOHHBIX KaJTbIIUH-
dochatupx (KD) moKpeITHI B 3aBUCHMOCTH OT YCIIOBHH OCAXKICHHUS U3yYEHBI HE TTOJTHO. B
HACTOSIIEE BPEMA OTCYTCTBYIOT (PEHOMEHOJOTHYECKHE MOJAETH CTPYKTYPOOOpa3OBaHUS
BY-marnerponssix KO mokpeITHil ¢ pa3IMYHON TEKCTYPOH, YTO HE JOMYCKAET HX IMHUPOKO-
ro KITHHUYECKOTO ipuMeHeHusA. B cimyuae Sil'A mokpeITHS Takke HE UCCIIEI0BAHBI (PU3Ne-
CKHE MEXaHU3MBI BIUSAHUSA KPEMHHA Ha (OPMHUPOBAHHE MUKPOCTPYKTYPHI H TEKCTYPHI TIO-
KpbITUA. B 3701 cBA3HM, M3ydyeHHEe (PU3HUECKUX 3aKOHOMEpPHOCTEH nonyderns KO mneHok ¢
3aJaHHOW MHUKPOCTPYKTYPOH, TEKCTYPOH M CTEXHOMETpHUEH mMeToaoM BU-marHeTpoHHOTO
PACTIBUIEHHUS SBIACTCSA BAKHOM 3a71aved PU3WKHA KOHIECHCHPOBAHHOTO COCTOSHUA M OHOME-
JULMHCKOTO MaTEpUAIOBEICHHU.

Crenenb pa3paboTaAHHOCTH TeMbl Uccaeq0BaHusl. JIia moaydeHuss OHOCOBMECTH-
Moro K@ mokpeITHS K HACTOAIIEMY BPEMEHH pa3pabOTaH PAX MOAXOM0B M CIIOCOOOB, HAH-
00Jee pacTpOCTPAHEHHBIMH M3 KOTOPBIX SABIAIOTCS OHMOMHUMETHYECKHE METOJBI, MHKPOIY-
rOBO€ OKCHIMPOBAHWE, MOHHO-TDIA3MEHHOE HANBLICHHE, 3JIEKTPOdOpes, MEeToH JTa3epHOH
a0TsIIiH, 30ITb-TENb CHHTE3, METO pactbuieHusa ['A MumeHn noHHBIM y4dkoM [3]. [Ipuse-
JCHHBIE METOJBI UMEIOT KaK JOCTOMHCTBA, TaK W OTPAHHUYEHHUSA, OCHOBHBIMH W3 KOTOPBIX
ABIIAIOTCSA HECOATAHCHPOBAHHOCTH 10 XUMHYECKOMY U (ha30BOMY COCTaBY, CIIOKHOCTh KOH-
TPOJA MUKPOCTPYKTYPBI TIOKPBITHS, HEYTOBIETBOPUTEIbHbIE (PU3HUKO-MEXAaHUYECKHE CBOU-
CTBA, YTO HEONATOTIPUATHBIM 00PA30M BIIMAET HA YCIIEX WMIUTAHTHPOBAHHBIX H3JEITHH, OT-
PAHUYUBAET BHIOOP MATEPHAIIOB /IS H3TOTOBICHHUA WUMIUIAHTATOB M 00JIACTh MX MPAKTHYE-
CKOT'O MCIIOJIb30BAHUA.

3HAYUTENFHBIA MPOTPECC B TIOMYUYEHUH M UCCIIEA0OBAHUH TIA3MOHAITBIICHHBIX TTOKPHI-
tuil nocturayT npod. Jlacaukoseim B.H. u ipod. Jlscaukosoit A.B. (CI'TY, r. Caparos),
pasNHYHBIE CITOCOOBI yIIyUlIeHUsT OMOAKTHBHBIX CBOMCTB TOBEPXHOCTH Pa3pabOTaHbBI TAKXKE



4

mpod. Konooosemm 1O.P. (benlV, r. benropox). OgauM M3 caMbIX MEPCTIEKTHBHBIX TIOAX0-
noB g popmupoBanusa ['A mokpeiTui sBiseTcs BU-MaraeTpoHHOE pacmbIIeHHE, KOTOPOE
LOIMPOKO HCHOJB3YETCA B BAKYYMHOW TEXHOJOTHH I OCAXKICHUS TOKPBITHH Ha OCHOBE
Pa3IUYHBIX HEMPOBOJAMX MaTepuanoB [3]. BU-marHeTpOHHbBIE MOKPBITHA, B TOM YHCIIE C
aHTHOAKTEPHATBHBIMH CBOMCTBAMH, pa3paldaTeiBaflOTCA W Hccrmeayrorcs Ha ©Oaze TIIY
(r. Tomck, mpod. [Muayrua B.®) u UOGIIM CO PAH (r. Tomck, mpod. FO.II. [Hapkees).
3HAYUTETBHBIA BKIIAJ B U3YYE€HHE JAHHOIO BOIPOCA BHECIH TAKKE HAY4YHBIE TPYJbl aKaje-
muka PAH Uesnesa B.M., Koctiouenko A.B., unen-kopp. PAH bapunosa C.M. Uccneno-
BaHUsA OMOCOBMECTUMBIX MarHeTpoHHBIX Ti-(Ca, Zn)-(C,N,O,P), Ti-Cr-B-N, Ti-Si-B-N, Ti-
B-N nokperruit nposogsarcs Take B HUTY «MUCuC» (mpod. J.B. Itanckuii, mpod.
E.A. JleBamos). HecMOTps Ha OTHOCHTENTHHO JOJTOE HCIONB30BaHWE BYU-MarHeTpoHHOTO
PACTIBUIEHHUS JJI OCAXKACHUA OMOAKTUBHBIX | A TTOKPBITHIA, B TOM YHCJIE ¢ KATHOHHBIMH HITH
AHUOHHBIMHU 3aMELIEHUSAMH, 10 CHX NOP OTCYTCTBYIOT PE3YNbTaThl CUCTEMATHYECKHX HC-
CJIEIOBAHUM W HE YCTAHOBJIEHBI 3aKOHOMEPHOCTH MOJYYEHHs MOKPBITHH C 3apaHee 3aaaH-
HBIMH CBOMCTBAMH 32 CUET U3MEHEHUs COCcTaBa pabodeit aTMoc(eprl B BAKYyMHOH KaMepe,
MoInHocTd BU-paspsana, oTpULIATENBHOTO 3MEKTPHUUECKOTO CMEIIECHH HA MOAJIOKKE U TEM-
TEPaTypsl MOBEPXHOCTH POCTa. MalOUCCIIeTOBAHHBIM TAKXKE SBIIIETCS BIIMSHUE 00MOapau-
POBKH HOHAMU U3 1ia3Mbl BU-paspsaaa Ha 3akoHOMepHOCTH opmupoBanus K@ mokpsiTuit
C HEOOXOTUMBIMH CBOMCTBAMH B 3aBHCHMOCTH OT PEKHMOB OCAKIACHHA. TakkKe B HACTOS-
niee BpEMS OTCYTCTBYIOT MOJEBHBIE TIPEACTABICHUS WIH (PEHOMEHOTOTHYECKHE MOJEIH,
OTIPEIENAFOIINE OCHOBHBIE CTPYKTYPHBIE M 3JIEKTPOHHBIE (PAKTOPHI, KOTOPHIE BIHAIOT HA
MEXaHHU3Mbl MEXATOMHOTO B3aUMOACHCTBHA Ha MHTEpdeiice MOMTOKKH ¢ KEPAMHUYECKAM
K® moxkpertrem. Heo0X0aAMMOCTh TEOPETHUIECKUX HCCIIEAOBAHUH C MCIIONB30BAHUEM KOM-
MBIOTEPHOTO MOJIETHPOBAHUA 3AKITIOYAETCS, KAK B TONYYeHHH (PYyHIAMEHTANBHBIX TPEA-
CTaBIIEHUH 00 3JEKTPOHHOW M aTOMHOHM CTPYKTYpE, CBOMCTBAX MHTEP(EHCOB U MOBEPXHO-
CTEH, TAK W CBsI3aHA C Pa3BUTHUEM MEPCHEKTHBHBIX TEXHOJIOTMH MOJyYE€HHUsS HOBBIX MaTe-
PHATIOB ¢ HEOOXOAUMBIMH CBOHCTBAMH.

Henbro paGoTbl ABISETCS UCCIEAOBAHUE (PU3HUECKUX MEXAaHHU3MOB CTPYKTYpooOpa-
30BaHHA HAHOKOMTIO3UTHBIX K® mokpeiTiii Ha ocHOBEe ['A 1 Sil'A, ocaxxgaeMbIXx METOIOM
BY-MarHeTpOHHOTO pacnblIEHUS] HA TOBEPXHOCTU MAaTEPHANIOB JIJIsl MEAULMHCKUX UMILIAaH-
TaTOB, W pa3paboTka (PEeHOMEHONOTHUYECKOW MOAenu (POPMHPOBAHHA TEKCTYPHPOBAHHBIX
MOKPBITUM B 3aBUCUMOCTH OT YCJIOBHM OCAK/ICHUA HA MMOBEPXHOCTH KOHJIEHCALIUY.

JlocTHKEHHE TTOCTABICHHOH TIENTH MOTPEO0BAIO PEIEHHUS CIEIYIOINUX B3aHMOCBI3aH-
HBIX HAYYHbIX 3aJa4:

1. N3yuuTh MEXaHU3MBI TPAHCIIOPTA PACIIBUIEHHBIX C MOBEPXHOCTU KaTOAA-MHUIICHH K
MOBEPXHOCTH POCTa aTroMoB ¢ocopa W KamblusAd U TOCTPOUTh NMPOPUIH PACIIPEIETCHUSA
PACTIBUIEHHBIX aTOMOB (B TOM YHCJIE TI0 SHEPTHAM) 110 TIOBEPXHOCTH KOH/ICHCALIHH.

2. UccnmenoBath MexaHu3Mbl ocaxkaeHus ['A u Sil’A mokpeithii ¢ pasmumaHon Mopdo-
JIOTHEH, MUKPOCTPYKTYPOH, (ha30BBIM COCTABOM, TEKCTYPOH W BEITUMYHMHOW OCTATOYHBIX
MUKpPOHAMNPSKEHUHA HAa MOBEPXHOCTU POCTAa B 3aBUCUMOCTH OT OCHOBHBIX IApaMeTPOB Oca-
xKaeHuA (TmoTHOCTHh MomTHOCTH BU-paspsama, atmocdepa padoyero rasa: apro, KHCIOPOS,
CMECh aproHa C BOJSHBIMH IapaMH, BPeMs OCAKJIEHUA, OTPULATEIBHOE 3IEKTPUYECKOE
CMEIIEHHE Ha TOJJIOKKE, PACIIONIOKEHHE OOPA3IOB HA TOJIOKKE OTHOCHTEIIBHO 00TacTH
3PO3HUH MUIIEHH, TEMIIEPATYPa TIOBEPXHOCTH POCTA).

3. PazpaboTarp PeHOMEHOTOTHUECKYIO MOAENb pocTa BU-maraeTpoHHbIx KO mokpsI-
THU, TIO3BOJISIIOIIYIO OMHCATh MEXAHH3MBI OCAXKACHUA TMOKPBITHH C PA3IMYHOM MHUKPO-
CTPYKTYpPOH M TEKCTYpPOH B 3aBUCHMOCTH OT YCJIOBHH pocTa Ha MOBEPXHOCTH KOHAECHCALIUH
(oTHOLIEHHE TTOTOKA HOHOB K TIOTOKY aTOMOB, TEMIIEPATYPa TOBEPXHOCTH POCTA, TIIOTHOCTD



MoInHocTd BU-pa3psaaa, 3M1eKTpU4ecKoe CMEIIEHUE Ha MOATI0KKE, ONPEACIIAIOIIEE SHEPTHUIO
MOJIO’KUTEITEHBIX HOHOB).

4. UccnenoBath (PU3HKO-MEXAaHWYECKHE CBOWCTBA OCAKIEHHBIX TOKPBITHH, H3YYHUTDH
BIMSTHUE aTOMHBIX (DAKTOPOB HA 3JEKTPOHHBIE W (PU3UKO-MEXAHUYECKHE CBOMCTBA PEKOH-
crpykimii  mHTEpdeiicoB al'A/rTiO, (amopdusit ['A/mosepxHocts pyTtHima (110)) wm
aSilA/rTiO, (amopdusni Sil’A/moBepxaocTs pytuna (110)): paboTa anre3uu, MEXaHH3MBI
00pa30BaHUS XMMHYECKHX CBA3CH, MHTETPAIbHBIA TEPEHOC 3apsAna, paclpelelieHHe Ba-
JEHTHOM 3apsAJ0BOW MNIOTHOCTH, TNIOTHOCTB SMEKTPOHHBIX COCTOSHUM.

5. UccmenoBate BIUsSHHE MUKPOCTPYKTYpbl K@ MOKpPHITHI Ha BBICBOOOXIECHHE TOK-
CUYHBIX HOHOB N1 U3 MOBEPXHOCTHBIX ¢10eB NiT1 B OKpY:KafOIIyI0 (HPH3HOJOTHIECKYIO Cpe-
ay. IIpoBecTn MeaMKO-OMOTIOTHYECKHE TECTHI MATEPHATIOB C HAHOKOMMIO3UTHBIM K@ mo-
KPBITHEM 71 VilFO H in VIVo.

Hay4Hnast HOoBH3HA.

1. YcraHoBneHo BausiHUE ycinoBuid BU-marHeTpoHHOTrO ocakaeHus Ha cBovcta ['A u
Sil"A TIOKpBITHIH, B YaCTHOCTH, HA MHKPOCTPYKTYPY M TeKCcTypy, oTHomenue Ca/P, kotopsie
3aBHCAT OT TUIOTHOCTH MoITHOCTH BU-paspsana, coctaBa padoueit atmochepsl B BAKYYMHOH
KaMepe, BPEMEHH OCAKJIEHHUA U 3JIEKTPUUYECKOTO CMEIIEHUsA Ha mojjioxke. IIpensapurens-
HBIA HATPEB MOMIOKKH A0 Temnepatypsl 200 °C obecrieunBaeT GOopMUPOBAHUE HA HAYATIh-
HBIX 3Talax OCAKACHHUA HAHOKPHUCTAJUTMIECKOTO WITH KBa3HaMOP(HHOTO OECITOPUCTOTO CITOS
Ha uHTEp(eiice, 0OpazoBaHNE TEKCTYPHUPOBAHHBIX 3epeH <002> ¢ MHUHUMAIIbHON YHEPTHEH
MOBEPXHOCTH | 3epeH <112> m <211>, uro mpUBOIUT K (POPMHUPOBAHUIO TTOTHUKPHUCTAILTH-
YECKOU CTPYKTYPHI ¢ TEKCTYPUPOBAHHBIMY B HanpasieHuH [001] KITMHOBHIHOCTOI0UYATHIMHU
OJoKaMu.

2. YCcTaHOBJIECHBI 3aKOHOMEPHOCTH ()OPMHUPOBAHUS TEKCTYPBI U MHUKPOCTPYKTYpbI BU-
MarHeTpoHHbIX K@ MoOKphITHII B 3aBUCUMOCTH OT COOTHOILIEHUSA MEKIY HOHHBIMH U aTOM-
HBIMH MOTOKAaMH, JOCTUTAIOIIUMHU MOBEPXHOCTH pocTa. POCT TOMIIMHBI NOKPBITHH MPHUBO-
JUT K YBETMUYEHHUIO pa3MepoB 3epeH U OKP, yMeHbIIEHHIO BHYTPEHHUX OCTATOYHBIX MHUK-
POHATPSDKEHUH, YTO 0OECTIEUYMBAET TOTyYeHHE 0O0JIe€ COBEPIIEHHOW MUKPOCTPYKTYPHI TIO-
KPBITHH.

3. YCTaHOBNEHO YMEHBIIEHHE CKOPOCTH POCTA MOKPBHITHA C YBEJIWYEHHUEM OTpPHILA-
TeNbHOTO 3neKkTpudeckoro cmenienus (3.11., 50 B; 100 B) mpu HU3KHX 3HAYEHHUAX TUIOTHO-
¢t momsocTH (0,14 BT/cM®) M yBeTHUeHHE CKOPOCTH OCAKICHHS TTOKPBITHS TIPH BBICOKOH
(1,32 Br/cm?), 4TO CBA3aHO ¢ MPOTEKAHHEM KOHKYPHPYIOIIHX MPOLECCOB OCANKICHIS MaTe-
pHalia Ha TOBEPXHOCTH POCTAa W PACTIBUICHHEM OCAKIAEMOW TICHKHA OOMOapIupyIOINMH
HOHAMH. Y CTaHOBJICH 3(PeKT MPeuMyImecTBEHHOTO paciblieHus atoMoB docdopa B Tpo-
LIECCE POCTA MOKPBITHSL.

4. BeiaBneno popMHupOBaHWE HAHOKOMITO3UTHOW TPATUEHTHONH MUKPOCTPYKTYyphl BU-
MaraHeTpoHHBIX Si1['A u ['A TOKpHITHI TPH U3MEHEHUH SHEPTHUH U TUIOTHOCTH TIOTOKA, OOM-
0apAMPYIOIUX TOBEPXHOCTh POCTA MOJIOKUTENBHBIX HOHOB, U YCTAHOBJICHO, YTO J0OABIe-
HHUE MTapOB BOABI B TUIA3MO00pa3yromui ra3 — Ar B ciydae BU-MarHeTpoHHOTO pacibuieHUS
MO3BOJIAET BOCTIOIHUTH AC(PHUIUT THAPOKCHIIBHBIX TPYII B COCTABE MOKPBITHH, YTO 00€CTIe-
YUBAET MOBBIIIEHUE UX CTPYKTYPHOI'O COBEPIICHCTBA.

5. Pazpabortana denomenonorumueckas monend GopmupoBanus KO mokpsitus co
CTpyKTypoi ['’A B 3aBHCHMOCTH OT Pa3iM4YHbIX YCIOBHMA HA MOBEPXHOCTH KOHJEHCALMH, a
HWMEHHO: TEMIIEPATYPHI, SNEKTPUUECKOTO CMEMEHUS, TNOTHOCTH BU-MomHoCTH.

6. YCTaHOBNEHA CTPYKTYpa MOBEPXHOCTH MOKPBITHA, JOMOMHAIONAA U3BECTHBIC 30H-
Hble cTpykTypHBbIe MOoaenH (TopHaToH, Mecke, MoBuan u JlemunmuH, AHaepc u ap.), oopa-
30BaHHE KOTOPOH CBA3aHO C PACHBUIEHUEM OCAKIAEMOrO0 NPH TEMIEPATYPE MOJJIOKKH
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(160 — 200) °C mOKpHITHA, BBI3BAHHOTO OOMOApAMPOBKOM TOBEPXHOCTH POCTA TOIOXKH-
TETHPHBIMU HOHAMHU ¢ dHeprHen nopsiaka 100 3B, BHe 3aBHCHMOCTH OT aTMOChepbl padodero
rasa (aproH, KACJIOPOI).

7. YcraHoBneHO, uTo popmMupoBaHue 0aHO(pA3HBIX ['A TTOKPHITHIA 3aBUCHUT OT BHIOOpA
MaTEPHUATIOB TIOJTIOKKH s ocakacHus. DeKT pacmbuieHns nogumepa (monurerpadro-
patunena, PTFE) — maTepuama-0CHOBBI OKa3bIBA€T CYMIECTBEHHOE BITUSTHAE HA MEXAHU3MBI
¢dbopmupoBanus mokpeiTHA. Hampumep, ['A mokpsiTHE HE OBIIO MOTyYE€HO HU HA TIOBEPXHO-
ctu tutana BT1-0, au Ha mosepxuoctr PTFE, korma 3ti maTepuaasl OTHOBPEMEHHO OBLITH
pasMelieHbl Ha MOANIOKKe B mpouecce BU-marneTrponnoro ocaxaenus. Jlanueie POOC u
PEHTTEHOBCKOHM AU(PAKIHMH, BEIBHIN (popMHUpoBaHHe Kampuui-kapOoHatHoro u CaF, cio-
€B Ha MOBEPXHOCTU OCAKAAEMbIX MaTepUasoB. MneHTHYHBIE PEKUMBI B ClTydyae OJHOBpE-
MEHHOTO OCAKACHHA HA Apyrue (METAUTMYECKHE W/HIM KEPAMHUYECKHE) MATEpHAaJbl TPH
otrcytcTBUM Ha nojnoxke PTFE mpusonar k nonydyenuro ['A moKpbeITHIA.

8. YcTaHOBIIEHO BIMAHME MHUKPOCTPYKTYpPBI HA MeXaHHM3MbI paszpymeHus K@ nokpsl-
tus. Paspyimenue ['A mOKpbITHS B Mpoliecce CKPITY-TECTA MPOUCXOAUT MO KOT€3HOHHOMY
MEXAHU3MY U CBA3AHO C OTCIIOEHHEM MOKPBITUS OT MOJJIOKKH BIOJb HAIpPaBICHUs Laparna-
HUS TIPU BBICOKHMX 3HaYeHUAX Harpys3ku. Paspymenne Sil'A (1,2 at.% nm 4,6 at.%S1) mo-
KPBITUH TPOUCXOJUT TI0 MEXAHHW3MY IUTACTHYeCKOH aedopmanmu. [lomyueHHbIE ¢ TIOMO-
OIBFO TIEPBBIX MPUHIIMIIOB PE3YJIbTATHI UCCIIEA0BAHNN MEXaHU3MOB aJre€3UH Ha HHTEpdeiice
Mexxay THTaHoM U A (wmm Si'A) mokpeiTHeM (3HEPTHA B3aUMOJEUCTBUS, SJIEKTPOHHBIC
CBOMCTBA, MPUPOJA XUMUYECKUX CBA3EH NPH U3MEHEHHH COCTaBa, CTPYKTYpPbl MOBEPXHO-
CTeH Ha TPaHMLE Pa3/Aeiia) KAYECTBEHHO KOPPEIHUPYIOT C Pe3yJbTaTAMH SKCIIEPUMEHTAIb-
HBIX UCCJIEOBAHUM, MOTYYEHHBIX METOJIOM CKIEPOMETPHH.

Teoperuueckasi 3Ha4YMMOCTb paGoThl. B pamkax Teopuu (yHKIMOHANA TIOTHOCTH
(DFT) ¢ moMompi0 KBAaHTOBO-XHMHYECKOTO MOJECIHPOBAHUA ObLIA WUCCIIEAOBAHA MHKPO-
CKOTIMYECKAs MPUPOAa MeK(]Pa30BOT0 B3aUMOACHCTBHA W MEXaHU3MOB (DOPMUPOBAHUS Tpa-
HUIIBI pasaena TuTaHa ¢ kepamudeckuM ['A u Sil"A TOKpsITHEM, YTO TTO3BOHIIO TIOYYHTh
TEOPETUYECKUE JTAHHBIE, KOTOPBIE OMPEIENAOT 3aBUCUMOCTb aAr€3MOHHON MPOYHOCTH IO-
KPBITHS OT COCTaBa M CTPYKTYPHI MOBEPXHOCTH HAa HHTEp(erce.

[lonmy4yeHHBIE TEOPETHUYECKHE M TMPAKTUYECKUE PE3YyJbTATBI HCCIEIOBAHUN HMEIOT
BA)KHOE 3HAYEHHUE /11 UHTEPIPETALMHU JAHHBIX MEXAHUYECKUX HCTBITAHUN TOHKHUX MOKPHI-
THH HA TIOBEPXHOCTH PA3NMYHBIX TOJIOKEK, & TAKXKE TO3BOJAIOT PEHIaTh 3a1aul (PU3UKH
KOHJEHCUPOBAHHOT'O COCTOSIHUS, CBA3AHHBIE C U3YUYEHUEM 3JIEKTPOHHOM M ATOMHOM CTPYK-
TypsI HHTEP(EHCca MEXKAY METAITUTMIECKOW TOBEPXHOCTHIO H KEPAMHUYECKHAM TTOKPHITHEM.

IIpakTnueckasi 3Ha4UMOCTb padoTbl. Pe3ynbTaThl, U3I0KEHHBIE B JTHCCEPTALMOH-
HOM padoTe, BHOCAT 3HAYMTEIHHBIN BKIA B Pa3BUTHE (PU3UKH TIOBEPXHOCTH M TOHKHX TIIE-
HOK, U OMOMETUITHHCKOTO MATEPHAIOBEACHHUSA, 3aKIIOYAIOIUNC B YCTAHOBIIEHHBIX 3aKO-
HOMepHOCTIX ocaxkneHuss BU-marnerpornpix ['A u Sil"A nokpeiThii ¢ onpeaeneHHOW MHK-
POCTPYKTYPOH, TEKCTYPOH, CTEXHOMETPHEN B (PU3NKO-MEXaHHIECKUMHU cBoHcTBaMH. COBO-
KYITHOCTb MOTYYEHHBIX TEOPETHUECKUX PACUETOB U 3KCIIEPUMEHTAIIBHBIX JAHHBIX

- pacmmpsAeT MPEACTABICHUA O MEXaHW3MaxX (POPMHUPOBAHUA MHKPOCTPYKTYPHI, TEK-
cTypsl 1 (pasoBoro coctaBa K@ mokpsituiit Metorom BU-MarHeTpoHHOTO pacIibIieHNS,

- TTOKA3bIBAECT HEOOXOAMMOCTh YUYHUTHIBATH BIMAHUE HOHHOW OOMOApPIHPOBKH TTOBEPX-
HOCTH KOH/EHCALIMU Ha U3MEHEHUE MUKPOCTPYKTYPbI U TeKcTypbl K@ mieHok, a Takxke u3-
MEHEHHE CTEXHOMETPHH BCJIEICTBHE MPEHMYIIECTBEHHOTO PACIIBIIEHUS aToMOB ¢ocdopa
W3 MOKPBITHA B MPOLIECCE OCAKICHHUSA,

- TIO3BOJIIET YCTAHOBUTH (PH3HKO-MEXAHHYECKHE CBOWCTBA W MEXAHH3MBI Pa3pyHICHUSA
HaHOKOMIIO3UTHOT0 K® mokpeITHs;



7

- TIO3BOJIIET OOBACHUTH HA OCHOBE PE3YJbTATOB IEPBONPUHIIMITHBIX PACUETOB BIIHS-
HUE CHJIMKATHBIX AHHOHHBIX TPYIII, 3amemaromux ¢ocdaraeie rpymmbel B cTpykrype ['A
TUICHKH, HA (PU3HYECKHUE MEXAHWU3MBbI M3MECHEHHUS AAT€3HMOHHOW MPOYHOCTH MOKPHITHS Ha
nHTEep(erce MOAT0KKA — TIOKPBITHE.

OTtpaboransl crmocoOsr BU-marneTponnoro ocaxkaenusa ['A wmm Sil’A mokpsiThii ¢
pazmuuabiM otHOIIEHHEM Ca/P u Ca/(P+S1), 3axmouatoniyiecs B MEXaHOXHUMHUYECKOM CHH-
Te3e MOpPOomKOB-TIPeKypcopoB coctaBa Cajp(POy)s(S104)(OH), (x=0; 0,5; 1,72); moaro-
TOBKE KEPAMHYECKUAX MHIIEHEH IS pacmblieHus U popMupoBannu BU-MarHeTpoHHBIX 110-
KpbiTui. [IpennokeHHble B IMCCEPTALIMOHHOM HCCIENOBAHWUM ITOAXOMBI, BBIABICHHBIC 3a-
KOHOMEPHOCTH, a TAKKE YCTAHOBIICHHOE BIIMAHUE MOHHO-CTUMYIHMPOBAHHOTO OCAXKICHMS,
MO3BOJITIOT (popMHUpOBaTh OHOcOBMecTUMBIE KD MOKPHITHA C OTpeIeIEHHBIMU 3apaHee 3a-
JaHHBIMH CBOHCTBAMH WU MOTYT 3((EKTUBHO HCIIOIb30BATHCS 111 BU-MarHeTpoHHOTO Ha-
MBUIEHUA APYTHX BUAOB MOKPBITHH.

buomornueckue uccnenoBaHus in Vitro MO3BOIMINA OLCHATh OMOCOBMecTUMOCTh BU-
MarHeTpOHHBIX K@ MOKPHITHH, a TAKKE UX COOTBETCTBHUE TOKCUKOJIOTHYECKUM W CaHUTAp-
HO-XUMHYECKAM TPEOOBAHUAM, MPEIBABIAECMBIM K U3JETHAM OHOMEIUIIMHCKOTO Ha3HAYe-
HUSA. Y CTAHOBJICHO, YTO TIOKPBITHS CIIOCOOCTBYIOT anaresuu, npormdepanmu u auddepen-
LIUPOBKH KJIIETOK B OCTEOT€HHOM HAIIPABIICHUH B YCIOBHAX 71 VIVO.

IHonoxeHnusi, BLIHOCMMbIE HA 3aLLUTY:

1. YBenuuenne otHomeHuss Ca/P 3aBUCUT OT MOBBIIMIEHUS OTPHIATEFHOTO JJICKTPH-
YECKOT0 CMEHIEHUA Ha MOJJIOXKKE, IPHUBOJAIIETO K YBEIIMYECHUIO TUIOTHOCTH ITOTOKA ITOJIO-
JKUTETBHBIX HOHOB W3 TUIA3MBI, PACIBUITIONINX MTpeuMymecTBeHHO pochop u3 dhopmupye-
Moro K@ nokpsrtus.

2. ®opMHpOBaHUE MUKPOCTPYKTYPHI B ['A MOKPBITHH: «HUTEBUIHOW» MUKPOCTPYKTY-
PBI CO CMEMAHHOW TeKCTypoHu <112>+<002> unu KIMHOBHUAHO-CTONOYATON MHUKPOCTPYK-
TYPBI ¢ BBIpAKEHHOU TekcTypor <002> mmm <300> 3aBUCHT OT HarpeBa MOBEPXHOCTH KOH-
JaeHcanuH riasmon BU-paspsana v BpeMeHnu ocakIeHHA. BBeieHue BOAIHOTO mapa B COCTaB
padoUero rasa CHIKAET CTENECHb AETUAPOKCHUIIAIIMN TIOKPBITHS M yIy4YlIaeT COBEPIIEHCTBO
€ro CTPYKTYPBI.

3. Ctpykrypa noepxHocTd K@ MOKpeITHA, OCAXKAAEMOTO IPH TEMIEPATYPE MOATI0K-
ku (160 — 200) °C, uTo CymEecTBEHHO HHKE TEMIEPATypHl TUIaBIeHUs ['A, mOTOnHAET W3-
BECTHBIE 30HHBIE MOJIETH CTPYKTYPHI IOKPHITHHA U ONIPEAEIIAETCS HOHHOM 00MOapAUpOBKON
MOBEPXHOCTH KOHACHCALMH IOJOKUTEIIbHBIMA HOHAMH ¢ SHeprueu nopsanka 100 3B, mpu-
BOJAINEH K PACTIBUIEHUIO TTOKPBITHS B MPOLIECCE POCTA, MIPEUMYIIECTBEHHOMY BBITPABIINBA-
HUIO KBAa3MaMOP(HOW WM HAHOKPUCTATUTHIECKOH (ha3bl MOKPHITHA U K (OPMHUPOBAHHIO HA
MTOBEPXHOCTH TOJIMKPUCTAJUTHYECKUX 3€PEH 0€3 BBIPAXKEHHON TEKCTYPHI pOCTa.

4. MeHOMEHOIOTHYECKAS MOJIETTh POCTA H MUKPOCTPYKTYPHBIX TIPe0Opa3oBaHU 00b-
SCHAET OCOOCHHOCTH CTPYKTYpPHI ocakgaemoro BU-maraerponHoro K@ mokpeITHS, 3aKITIO-
YaroImuecs B 00pa30BaHMM HA HAYAIBHBIX 3TANaX OCAXKACHUA KBa3MaMOP(HON WM HAHOK-
pUCTAITHYECKOU (Pa3bl ¢ mocmeayromuM (GOPMHUPOBAHUEM KITMHOBHIHOCTOIOYATOW MHKPO-
CTPYKTYPBI C POCTOM TOJIIHMHBI MOKPBITHA M YBEJIWYEHUEM IONEPEYHOrO Pa3Mepa 3€peH.
IIpm 5TOM yBeNMYEHHE COOTHOINEHHS MEKAY MOHHBIM H QTOMHBIM IOTOKAMH, JOCTHIaO-
IMUMH MMOBEPXHOCTH KOHACHCALMH, TPUBOAUT K IIPEUMYIIECTBEHHOMY PACHbUICHUIO aTOM-
HbIX TTockocTed (001) mOKpeITHA 1O CpaBHEHHIO ¢ TuIOoCKOoCTAMH (100).

5. YMeHpIIeHUE pasMepa 3€PEH U CHIDKEHHE aT€3HOHHOM ITPOYHOCTH ONPEAETAIOTCS
YBEIUYECHHUEM COJEPKaHUA KPEMHUS B I'A MOKPHITHUH WK MJIOTHOCTH MOTOKA MOJIOKUTETb-
HBIX MOHOB M3 IUIa3Mbl B HAMPABJICHUU MOBEPXHOCTH KOHJAECHCALIMH, KOTOPBIE MPUBOIAT K
YBEIIMYEHHIO OCTATOYHBIX BHYTPEHHUX MUKPOHANPKEHUM.



JloCTOBEPHOCTb TIOTYUYEHHBIX PE3YIBTATOB HCCIEAOBAHWH W HOBH3HA HAYYHBIX TIO-
JOKEHHH TIOATBEPKAACTCA 000CHOBAHHOW MOCTAHOBKOW LIETH M 33]1a4 JTHUCCEPTALMOHHOTO
WCCIIEJOBAHUSA, UCTIOIH30BAHUEM COBPEMEHHBIX YKCIIEPUMEHTANBHBIX H TEOPETHUECKHAX Me-
TOJIOB, HEOOXOJUMBIM U JOCTATOYHBIM O00BEMOM TOTYYCHHBIX TEOPETHIYECCKHUX M IKCIIEPH-
MEHTATBHBIX PE3YIBTATOB PAOOTHI, TITyOWHON UX IPOPAOOTKH B COMTOCTABICHHEM C U3BECT-
HBIMHU B JIATEPATYPE.

JluunbIii BKIaa aBTopa. Pe3ynbTaTel TEOPEeTHUECKHUX W SKCTIEPUMEHTAIBHBIX HUCCIIE-
IOBaHWH, KOTOPBIE TPUBEIEHBI B TAHHOHW JTHUCCEPTALMOHHON padoTe, TIOTYUICHBI TIPH aKTHB-
HOM Y4aCTHH aBTOPA, IO €r0 PYKOBOJCTBOM HIIM MM JIMYHO, B YACTHOCTH, TTOCTAHOBKA IIE-
JM ¥ 33724, BEIOOP CITOCOOOB M CPEJCTB UX JOCTHKECHHUS, OOCYKIACHUE, aHATH3 U HHTEPIIPE-
TaIys TOTYYCHHBIX HAYYHBIX PE3YIIBTATOB TEOPETHUECKUX M SKCIIEPUMEHTATBHBIX HCCIIE-
JTOBAHUM.

AnpoGauust paGoTbl. OCHOBHBIE PE3YIbTAThl AUCCEPTALMOHHOTO HUCCIEAOBAHUA T0K-
JABIBATUCH W OOCYKIAITUCH HA CIEAYIOMUX KOH(pEepeHImaxX U cummno3uymax: Workshop
«Prevention of microbial contamination of biomaterials for tissue regeneration and wound
healing» (Jlaakactep, 2018); Workshop on «Smartmaterials and technologies» (Tomck,
2017); iPlasma Nano-VIII (ArTBepnen, 2017); 20th International Vacuum Congress (Pusan,
2016); 8th Conference of the Scandinavian Society for Biomaterials (Riga, 2015); 14th In-
ternational Conference on Plasma Surface Engineering (Garmisch-Partenkirchen, 2014);
16th International Conference of Thin Film (Dubrovnik, 2014); International Conference on
Processing and Manufacturing of Advanced Materials (Las Vegas, 2013); 19th International
Vacuum Congress (Paris, 2013); I Beepoccmiickoit Mmomonéxuon koHpepeHIH «DyHK-
UOHAITBHBIE HAHOMATEPHAJIBI M BRICOKOUMCTHIE BeniecTBay (Mocksa, 2012); XI MexayHa-
POIHON HAYYHOH KOH(EPEHIHMH «XHUMHS TBEPAOTO TENNa: HAHOMATEPHAIIBI, HAHOTEXHOIIO-
rum» (CtaBponons, 2012); 24th European Conference on Biomaterials (Dublin, 2011); Bce-
poccutickoi koHpepeHmu 1o HaHomatepuanam «HAHO-2011» (Mocksa, 2011); Beepoc-
CHICKOW HAyYHO-TIPAaKTH4YEeCKON KOoH(pepeHmH “HoBble TEXHOIOTHH CO3JaHUS W TIPUMEHE-
HUS OMOKEpaMHKH B BocctaHoBUTENbHOU Meammmue” (Tomck, 2010); The second Interna-
tional Symposium on Plasma Nanoscience (iPlasmaNano-II) (Sydney, 2010); The third in-
ternational conference on plasma medicine (ICPM-3) (Greifswald, 2010); MexxxyHapogHoH
koH(bpepentmu «l[lepcnexTuBbl pazButus (pyHaameHTanbHbIX Hayk» (Tomck, 2008, 2009,
2010); MexxayHapoaHOH Hay4yHO-TIpakTHYeckor KoH(pepeHmHn «COBpeMEHHBIE TEXHUKA H
texHonorumw» (Tomck, 2008, 2009, 2010); The 8th World Biomaterials Congress (Amster-
dam, 2008); The 9th International Conference on Modification of Materials with Particle
Beams and Plasma Flows (Tomsk, 2008); International Symposium “Biomaterials and
Biomechanics® (Essen, 2008, 2009); XIII - XIV MexayHapoaHOH HAYYHO-TIPAKTHIECKOH
koH(pepeHmu «CoBpeMeHHbIe TexHHKa U TexHomoruw» (Tomck, 2007, 2008); Beepoccuid-
CKOM HAayYHO-TIPAKTHYECKOH KOoH(pepeHImH “HoBble TEXHONOTHH CO3TAHHUA W TPUMEHEHHUS
onokepamMuku B BoccTaHoBHTenbHOU Meamuuue” (Tomck, 2007); IV MmexmyHapomHo# Ha-
y4HOH KoH(epeHmnHu “PammammonHo—Tepmudeckue 3PQeKxTs B mMpoIecchl B HEOPTraHUYe-
ckux marepuanax’ (Tomck, 2004); Beepoccuiickolt mkone-cemurape “HoBbie MaTepHaItbl.
“Cosznanme, cTpykrypa, cBoiictBa” (Tomck, 2004, 2007); MexmyHapoaHoW KoH(epeHIMH
«Pamnarmonnas ¢pusnka U XuMus HeopraHuueckux marepuanon» (Tomck, 2003) u 1.1,

MetopnoJsiorusi U MeToabl UCC/eN0BaHUsI. B muccepTalmOHHOM WCCIIEIOBAHUU HC-
MOJTE30BAIIACH CIIEAYIOIHE SKCIIEPUMEHTAITBHBIE METOBI I U3yUYEHHUS CBOHCTB OCAKICH-
HbIX BY-marnerponnsix K@ mokpeITHH: CHEKTpaiabHAsA SJUIMIICOMETPHA, PacTPOBas 3JICK-
TpoHHass MuKpockormus (POM), mpocBeumBaromas 3neKkTpoHHas Mukpockomwsa (I[1OM),
pentreHo¢azoBbii aHamms (PDA), peHTreHOBCKas pedieKTOMETpHs, PEHTTeHOBCKass (OTO-
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snekrporHas criekrpockonus (POIC). Pacuersr mpoduiist paciipeaenieHUs (B TOM YHCIIE TIO
SHEPTHAM) OCAKICHHBIX HA TIOBEPXHOCTH TOJI0KKH aTOMOB OBUTH BBITOJTHEHBI C HCIIOJb-
30BaHHEM MeToga MonTe-Kapino. OHU3HKO-MEXaHHYECKHE CBOMCTBA MTOKPBITHH UCCIEA0BA-
JWCHh C TIOMOINBI0 METOJ0OB AUHAMHYECKOTO HAHOWHACHTHPOBAHHS (HAHOTBEPIOCTH, MO-
ayns FOHTa) W cknepoMerpuu (aare3nOHHAs MPOYHOCTH). McciemoBaHue aare3wn OHOCO-
BMecTUMOTO K@ mokpbeiTus k moBepxHocTH TUTaHA BT1-0 OBLIO BBITOIHEHO C TTOMOTIBIO
MOJCITHPOBAHHS Ha OCHOBE NEPBBIX (ab initio) mpHHIMIOB (TeopHs (PyHKIHOHAJIA IIOTHO-
ctu (T®II)) B numeH3nonHoM niakere Vienna Ab-initio Simulation Package (VASP 4.6). Bee
pacyeThl S3HEPTUU B3aUMOJEHUCTBUA U 3JEKTPOHHON CTPYKTYpPbI PACCMATPUBAEMBIX CHCTEM
OBLTH TIPOBEIEHBI C TIOMOIIBIO METO/IA TIPOCKIIHOHHBIX MPUCOEAMHEHHBIX BOTH (PAW) nipu
WCIIOJTb30BAHUH  O00OOIMEHHOTO TPAJAMEHTHOTO TpUOMMmKeHuss PBE jams  0OMEHHO-
KOPPEAIMOHHOTO (pyHKIMOHANA. J[McTiepCHOHHBIE TTOTPABKHU OblTA yuTeHbl B VASP ¢ mo-
Moltubto Metoaa DF7-D3. TlocTpoeHHe ONTUMHU3UPOBAHHBIX B VASP 31eMeHTapHbIX penié-
TOK PACUYETHBIX MTOBEPXHOCTEH OCYIIECTBIBIIOCH B porpaMMHOM makete ADF (Amsterdam
Density Functional). IlepcrieKTHBHBIE PEKOHCTPYKIMH HHTEp(]EHcoB u amopduzanms mo-
BEPXHOCTEH, WCIOJIb30BAHHBIX JJI1 MEPBONMPUHLMITHBIX PACYETOB, BBIIOJHAINCH B MAKETE
ReaxFF. AToMHBIE CTPYKTYPBI OBIITH BU3yaTH3UPOBAHBI C TIOMOIIBIO TIporpamMmel VESTA-3.
buonornueckne uccnenosanua in vitro KO NOKpPHITHH NPOBOJWINCH ¢ UCTIOJIB30BAHHEM
CTaHZApTHBIX TecToB (M), a WccnemoBaHUs in Vivo TIPOBOAMIIUCH B COOTBETCTBHH CO
CTaHJAPTHBIMH STHUYECKAMHU TPEOOBAHUIMHU.

Cssi3p padotel ¢ I'ocynapcrBennbivMu nporpammamvu 1 HUP. PabGora Bemonss-
Jach B PaMKax HAyYHBIX MIPOEKTOB M mporpamm: roc3ananue «Hayka» Nel1.1233.2017/4.6
«HMccnenoBanne pU3MIECKUX MEXAHU3MOB TOJTYYCHHS HOBBIX THITOB KOMIIO3HTHBIX CK3(-
($oA0B ¢ MBE303IEKTPUIECKAM (P(PEKTOM M TIOBEPXHOCTHBIM TIOTEHIMATIOM I pETEHEPa-
TUBHOU MemuuuHbD (2017 1.), Ne11.7293.2017/8.9 «HccnenoBanue CTPYKTYPHBIX H3MEHE-
HUH U (PU3MUECKAX MEXAHU3MOB KOPPO3HUH MOBEPXHOCTH PE30POMPYEMBIX CIIIABOB MAarHUS
B pe3yJbTaTe MOHHO-TUIA3MEHHOTO Bo3aewcteus» (2017 r.); mpoekr PH® 14-13-00274
«KoucTpyuposanue (yHKIIMOHATBHO-MOAU(PHUIIMPOBAHBIX TPATUEHTHBIX OMOKEPAMHIECKUX
MOKPBITHHA /JI1 HAMPAaBJICHHOTO PETYIUPOBAHUA CKOPOCTH pe3opOmmm» (2014-2016 rr.);
roczaganue «Hayka» Nel359 «MccnemoBanue cTPpyKTYPHBIX H3MEHEHUH U (PH3HUYECKUX Me-
XaHU3MOB KOPPO3UH TMOBEPXHOCTH PE30POUPYEMBIX CIJIABOB MATHHS B PE3yJbTaTe HOHHO-
TTa3MEHHOTO BO3aeUcTBUs» (2014-2016 rT.).

My6nuxauun. Pe3ynpTaTel AUCCEPTAIMOHHOTO WCCIIEAOBAHHUA OIMyOJMKOBAHBI B
150 Hay4HBIX Tpymax, u3 KOTOPBIX 15 B pedepupyeMpIx kypHaIax, PeKOMEHIOBAHHBIX
BAK Poccun, 100 B maTepuanax KoOH(pEPEHIIHI Pa3TUIHOTO YPOBHA, 35 cTaTel B 3apyOeK-
HBIX M3/JaHUAX, HHAEKcHpyeMbIX B Scopus m Web of Science, momyueno 2 matenta PO Ha
n300peTEHHE.

CrpykTypa u o6beM auccepTalMoHHONH paGoTbl. luccepranys cCOCTOMT U3 BBEJE-
HUA, [IECTH TJIaB, BBIBOJOB, 3aKIIIOYEHUS, CIHUCKA UCMOIb3YEMBIX HCTOYHHUKOB, BKITIOYAIO-
niero 318 maumenoBanui. [lomHerii 00beM auccepraiu — 299 CTpaHHI[ MATTHHOTIHCHOTO
TeKCTa, B TOM uucne 136 pucynkos u 40 Tadmmil,

Bo BBegeHun mpuBeaeHBI 00OCHOBAHHE AKTYaTBHOCTH TEMBI HCCIECIOBAHHMA U CTE-
MEHb €€ Pa3padO0TAHHOCTH, MMOCTABIICHBI ETb U 33Ja4H JUCCEPTAMUOHHOTO HCCIIETOBAHUS,
copMmynupoBaHa HAyYHAs HOBH3HA MOYYECHHBIX PE3YIbTATOB, UX TCOPETHUYECKAS M TIPAK-
TUYECKas 3HAYMMOCTb, IIPUBEJEHBI OCHOBHBIE MOJIOXKEHUS, BBIHOCUMbBIE HA 3allUTYy, ONHUCA-
HBI OCHOBHBIE METO/bI MCCTIETOBAHMS, YKa3aHbI CBEACHUA 00 ampoOaimu pe3yibTaToB pa-
OOTBI, MyOJIMKAUAX, IPUBEIEHA CTPYKTYPa TUCCEPTALIHH.
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B nepBoii riiaBe MpPUBEACHBI PE3YNHTATH JIUTEPATYPHOTO 0030pa O MPUMEHEHHUIO
OMoOMaTepHaiOB B MEIUIIUHE, MPEACTABIICH KPATKUH 0030p OCHOBHBIX METOIOB TOTyUEHUS
K® nokpbITHii Ha TIOBEPXHOCTH MEAUIIMHCKUX UMIUTAHTaTOB. OnMcaHbl (PU3HYECKUE TIPHH-
unsl BU-MarHeTpoOHHOT0 pacnbUICHUS.

Bo BTOpOIi r1aBe onucaHbl METOABI U PEKUMBI OCAKJICHUA MOKPBITUN, JaHA Xapak-
TEPUCTUKA UCXOJHBIX MATEPHUATIOB U TEOMETPHUH UX PACIIONOKEHUA HA MOIOKKE B MIPOLIEC-
C€ OCAKIECHUA, PACCMOTPEHBI METOJMKH 3KCIIEPUMEHTAIIBHBIX U TEOPETHYECKUX HCCIIEN0-
BaHUM, BKIIIOYAas METOIbl aHAIN3a CBOMCTB MOKPBITUNA. ABTOMATH3UPOBAHHAS YCTAHOBKA
BU-marnerponnoro pacmeuieHus (dacrtora 5,28 u 13,56 MI'n) ucnonms3oBanace B padoTe
s ocakaeHus K@ mokpeitwid. PexxuMbl 0CaXIeHHS TIOKPHITHIA PUBECHBI B Ta0mHIie 1.

Ta6auna 1 — Pexxumbr ocaxnenust ['A u Sil’A nmokpeiTuii. PaccTosiHue MeXITy MUIIEHBIO W MOA-
JOXKOH 4 cM; naBneHue pabodero rasa (apros, Ar+10%H,0; cooTHOLIeHHE MapIHaIbHBIX JaBJe-
Huit Ar/H,O nessite x omHOMy), kucnopon) — 0,1; 0,4 Ila; pacnonoxenue oOpa3LoB B mporecce
ocaxxneHus1 «B obnactu spo3uny (Obmacte 1) u «BHE 00nacTu 3po3un» MumueHu (O6macts 2).

IInoTHOCTH OTtpuuarenbHoe Bpewms ocax- TeMnepatrypHble peKUMBI HaIbLIE-
MOIIHOCTH, CMeEITEHHUE Ha JICHUSI, MUH. HUS
Br/cm? NoIOKKe, B
0,14; 0,3; 3.1'[.1, 50, 100 15, 30, 60, | Harpes usnyuenuemM BYU-mnasmbl g0

0,76; 1,32 120", 180, | 160 (200 mmwm 310 °C), wnu npensa-
240, 300, 480 | purenbublii Harpes 1o 200 °C

1 "
IUTSL CPABHHUTENBHBIX UCCIIENOBAHUN MOKPBITHS OCaKOanuch B atMocdepe aprona (100 %) u xu-
cnopoxa (100 %). 3.I1. — cnyvaii 3a3eMJIeHHON TTOIJIOMKKH.

JIis momyYeHuss paBHOMEPHOTO IO TOJIIIUHE TTOKPBITHS HA BCEH TTOBEPXHOCTH TIO-
JOKKH, HCIOJb30BajlaCh CHUCTEMA €€ MPOCTPAHCTBEHHOIO MEPEMEIICHHA, COBEpIIAOINAS
OBnacrs 1 O6nacrs 2 OBnacrs 1 BpAIlEHHE TOMJIOKKH OTHOCH-

— TEJTBHO CBOEW OCH H TEpEMEIIe-
HHUE TIO JyT€ OTHOCHUTEBHO LEH-
TpaJIbHOM OCH MarHeTpoHa. Pac-
MOJIOKEHUE  SKCTIEPUMEHTATIb-
HBIX O00pasmoB HA TIOMJIOKKE
MPUBEICHO Ha cxeme (puc. 1).
Jna nomydenns K@ moxpeitvit
OBUTH WCTIONB30BAHBI MAaTEpHa-

Puc. 1 — CrpykTypHas cxema reomerpuu cuctembl BU-  JIPL, KOTODBIC HAaHOoJIee YacTo
MarHeTpoHHOTrO ocaxneHus K® mnokperruii: [/ — karon-  HUPUMEHAIOTCA B KJIHHHYECKON
MUIIIeHb, 2 — MarHUTONPOBOA, 3 — 00MacTh 5po3un Muine-  [PAKTHKE. HEPXKABEIOIIAsA CTajlb
HU, 4 — MOMJIOKKOEPKATEND, KOTOPbIA miu 3a3emien, win  12X18H10T u NiTi (temmepa-
HAXOJIUTCSI TOJ NIEKTPUIECKUM CMELIEHUEM; Rip, Re, U Ry Typel  (ha30BBIX  MEPEXOJ0B
— BHYTPEHHHH, LHEHTPAJIbHBIN U BHEUTHUHN paguychl obyac- Mp:16,4 °Cu Ap:21’5 °C), Tex-
TH SPO3UH KaTOAA-MHIIEHH, COOTBETCTBEHHO HHYECKH YMCThId THTan BT1-0

(99,58 Bec.% Ti; 0,08 Bec.% Si;
0,15 Bec.% Fe; 0,1 Bec.% O; 0,04 Bec.% N; 0,05 Bec.% C). B kauecTBe MOIETBHBIX MaTe-
PHATIOB MCTIONB30BAIMCh MOHOKpHcTauTel kpemuuns (111), KBr, AZ31 u AZ91, kepamuka
Al,O3-Z1O, umu PTFE (AO "HIIK "Oxodmon", Poccus). [Ipensapurensras oOpadoTka 00-
PasIoB 3aKII0Yanach B MIH(OBAHUHN TTOBEPXHOCTH, XHMHYECKOM TPABIICHUH H B PsIJIe CITy-
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yaeB B 00paboTke UMITyITbCHBIM 31eKTpoHHBIM myukoMm (MCO CO PAH, r. Tomck). IToaro-
TOBKAa SKCIEPUMEHTANBHBIX 00pa3noB mepen BYU-marHeTpOHHBIM OCAKICHHEM TMPOBOIH-
nacpk kursrueHreM B CCly; mpoMbIBaHHEM B ALIETOHE M STHIIOBOM CITUPTE.

TpeTbsi r1aBa NOCBAIIEHA PE3YIbTAM HCCIEA0OBAHMM COCTaBA MULIEHEHN A pacibli-
JIEHUA, CKOPOCTH POCTa MOKPBITHM, cocTaBa ImasMmel BU-paspsaga, a tarxke TpaHcmopTa
aTOMOB B aHOJATHOM TEMHOM IPOCTPAHCTBE U UX SHEPrETUYECKOTO PACTIPEACIICHUA.

JUIi W3TOTOBNCHWA MUIICHEHW 1A pacmbUieHus, HaHOocTpykrypHbie [I'A m Sil['A
(1,2 u 4,6 macc. % Si) HAHOTIOPOTIIKK OBLTH CHHTE3HPOBAHBI METOJOM MEXAHOXHMHUYECKOTO
cuare3a (MXC) B MHcTuTyTe XMMum TBepaoro tema W Mexanoxumun CO PAH (mpod.
Yaiikmaa M.B., r. HoBocuOupck). Bce Mumenn ObUTH TIOMyYEHBI 1O KEPAMHYECKOH
TEXHOJIOTUH, T.€. MPECCOBAHUEM M CIIEKAHHUEM MOPOIIKOB-ipekypcoposB npu 1100 °C Ha
Bo3ayxe. JloOaBneHWe KpPeMHHS CIIOCOOCTBYET CHHIKCHHIO TEPMHUYECKOH YCTOHYHBOCTH
SiIF'A m Ttemmeparypel  [(-a-mepexoma TK®. Marepuan ['A wumenn saBisercs
KPUCTAJUTMYECKUM OgHO(]a3HBIM cTtexuomeTpuiueckuM ['A, B To Bpems kak Sil’A mMumieHn
I pacubUieHuA SABIA0TCS MHOTO(MasHpMu: o-TK®, B-TK® u T'A, npuyem oObemHas
nons I'A ¢as3sr yMeHbIaeTcss ¢ poCTOM cOAEPKaHHUA KPEMHHS B TIOPOIIKE-TIPEKYPCOPE.

Hcenmenosannsa CEKTPAIIbHOTO cOCTaBa U3ny4deHus BU-muiasmer METOOOM ONTHYECKON
smuccuoHHOU cniekTpockoruu (ODC) MOKa3BIBAIOT, YTO HAPSIAY C TUHUAMH H3ITyUEHHS aTo-
MapHBIX HOHOB M BO30YKICHHBIX ATOMOB, NPHUCYTCTBYIOT TaKK€ JHHHHA HW3TYYCHHS
cnemyronmux mMoJekysipabrx woHoB: CaOll (356,4; 375,3; 422,2 um), PO (404,08; 336,6;
485,7; 398,78 um), PHO (487,9 um). MuaTencuBHOCTS NMuHMM padouero rasza (Arl m Arll)
WMEET MaKCHMaJbHOE 3HauYeHHWEe B MHTEpBane A=(670-860) um. YacTp nWHWUN H3Ty4YeHUSA
HOHOB (hocaTHBIX TPYII COOTBETCTBYET MOJIEKYJAPHBIM OTPULATENbHBIM (pocdaT-moHAM
(PO,") wnn monoxwurensHeM (ocdar-nonam (PO3’), (OPMHpOBAHHE KOTOPHIX MOXKET
TIPOMCXOIUTH B pe3yisrate motepd PO, MOHAMH OZHOTO CIA00 CBS3AHHOTO KHCTOPOJIA.
Konwuuectso muanit unydenns (CaO’, PO,”, Ca’, Ar’ u ap.) cOXpaHSeTcs U HE 3aBHCHT OT
nmapaMeTpoB masMel BU-paspsana. B cmyuae mnasmsr kucmopoaa (100 %) oOHapykeHBI Bce
JUHUM U3ITyYEHUS, XapaKTEPHbIE AJI1 PaclbUIAEMOr0 MaTepuasia, Kak U B IJIa3ME aprosa,
OJTHAKO, CYIIECTBEHHO OTIMYAIOIINECS M0 MHTEHCUBHOCTH. Y CTAHOBJIEHO, YTO YBEIUYEHUE
OTPHLIATENIBHOTO JNEKTPUYECKOTO cMmemenusa A0 100 B mpuBOOUT K  yBETWYEHUIO
WHTCHCUBHOCTH JIMHHUM HM3Jy4Y€HUA NpPU 3aJaHHOM 3HayeHun BY-momuoctu. Hapsaoy c
W3MEPEHUAMH IIJIOTHOCTH MOHHOTO TOKAa M3 IUIa3Mbl HA TOJJIOKKY YCTaHOBJIEHO
YBEIUYECHHE IUIOTHOCTH MOTOKA MOHOB B HANPABIECHUU MOBEPXHOCTH KOHAECHCALMH, YTO
XapaKTEPHO IS BCEX UCTIOIB30BAHHBIX B PA00TE PEIKUMOB OCAIKICHHUS.

B cnyyae nnotHoctn MmomHOoCcTH 1,32 Br/cm® MIPH OCAYKJCHHUH TTIOKPBITHH B aTMocdepe
Ar pocT OTpHILIATENBHOTO cMelieHus B uHTepBaie oT 3.I1. 1o 50 u 100 B nmpusoaur k yBe-
JTHYCHUIO TIOTHOCTH MOTOKA HOHOB (><1014 ‘{aCTI/IL[/(CMz-C)) 3,02; 8,54 u 11,5, cooTBeTCT-
BeHHO. B ciyyae mimotHocTH MomuHocTH 0,14 Br/cm® POCT OTPHULIATEIIBHOIO CMEINEHUS OT
3II. mo 50 wu 100 B DpUBOAMT K YBEIWYEHHUIO IUIOTHOCTH IIOTOKA HOHOB
(><1014 ‘{aCTI/IL[/(CMz-C)) 0,66; 1,45 u 4,6, coorBeTcTBeHHO. OOHAPYKEHO TAICHUE TTOTCHITHA-
na Ha (35-40) % B 3aBUCUMOCTH OT BEIMYHUHBI CMEIEHUSA, YTO OOYCIIOBICHO TOTIOJTHUTETh-
HBIM TIOTOKOM TOJIOKMTENIbHO 3apsi’KEHHBIX MOHOB K MOJIOKKE, OTHOCUTENBHO ciayyvas 3.11.
Heo0xoauMo OTMETHTD, UTO YCTAHOBIIEHO YMEHBINEHHUE TajeHus nmoTeHmana (1o 10 %) ¢
VBETMUCHUEM BpPEMEHH (POPMHPOBAHMA TUIEHKH B KaKIOM mporecce BU-marneTpoHHOTO
OCAKAEHUS, YTO CBUAETENBCTBYET O TOM, YTO YMEHBINAETCA MIIOTHOCTh MOTOKA U YBETUYH-
BAETCS SHEPTHUA OOMOAPIUPYIOMIMX TMOBEPXHOCTh KOHACHCAIMA WOHOB, YTO CBI3aHO C JTH-
SICKTPUUECKON TIPUPOA0H (POPMHPYIOTIETOCS CITOS.
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Meron mopemmposanus Monrte-Kapno, peanm3oBaHHBIM B paMKax IPOTrPaMMBbI
SIMTRA, acTiomb30BaJICA IS H3YYSHUS PO U OCAKASHHOTO HA TIOJIOKKE TTOKPHITHS, a
TAKKe JUIS TIOCTPOCHUS TTPOHIIS pacpeieIieHUS PACTIBIICHHBIX ATOMOB 1O SHEpPTHsIM. J[Jist
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Puc. 2 — DkcnepumeHTanbHble (d) U MO-
JeJbHbIe KpUBbIe (0) 3aBUCHMOCTH CKOpPO-
CTH OcakieHus1 I'A MOKPBITHSA OT PacIoo-
JKeHUs1 0o0pas3loB Ha TMOMJIOXKKE OTHOCH-
TEIBHO €ro LIEHTPa Ul SKCIIEPUMEHTOB C
Mackoit u 0e3 macku. R, R,, u R— BHyT-
PEHHUH, BHEINHUIN U LEHTPAJIbHBIA PaINyChl
00J1acTH 3PO3UHM MHUIIEHH, COOTBETCTBEHHO,
(8) Koppemsiunonnass nuHEWHas 3aBUCH-
mMocTe oTHomeHust Ca/P or momu pacmbl-
JIEHHOT'O MaTepHaja ¢ MOBEPXHOCTH POCTa B

02 03 04 05 06 07 08
Aq

pe3yibTaTe HOHHOH OoMOapaupoBKU

MPOBEPKH THIOTE3bl O PACIBUICHUH (QopMHu-
PYIOLIETOCS MOKPBITHA B IMPOLIECCE OCAKIEHUSA
OTPHUILIATETFHBIMH WJIM TIOJIO’KATETbHBIMA HOHA-
MU, OBII MPOBEIEH OMBIT MO PACIBUICHUIO JKC-
MEPUMEHTATBHBIX 00pas3loB B armocdepe Ar,
PACHONIOKEHHBIX TOJ CHELHAIBHO H3TOTOBIIECH-
HOM CTaNbHOU IJIACTUHOM ILIONIA/BIO
(100%20) MM>, pa3sMEIIEHHOMN Ha TIOJTOBHHE Pac-
CTOSIHUS MEKIY MUIICHBIO M TOJJIOXKKOH, KOTO-
pas SABIJIACH MACKOW, NMEPEKPBIBAIOIIEH MOTOK
HOHOB OT BU-T1a3MBI K IOJTTOKKE.

[IpuHrMas BO BHUMaHUE yCTAHOBIICHHBIE
(haKThI, YTO CKOPOCTH POCTA TJICHKH MPAMO TPO-
MOPLIMOHANBHA TJIOTHOCTH MOTOKA YacTHIL, Oca-
KIAFOIUXCA B €TUHHUIYY BPEMEHH HA TIOBEPXHO-
CTH MaTepuaaa-oOCHOBBI M, YTO IUIOTHOCTH IMO-
KPBITUS HE 3aBUCUT OT PACIIONIOKEHHUS 00pPa3IoB
HA TOJUI0KKE OTHOCUTENBHO PAaCHbUIIEMOU MU-
TICHHW, TOJTYYEHHBIH MOJENbHBIA MPoduib pac-
MPEAEIEHUs] aTOMOB, HOPMUPOBAHHBIA Ha 3Ha-
YEHUE B LIEHTPE MOMJIOKKH, TI€ 3HAYEHHS CKO-
POCTH POCTa UMEIOT MAKCUMAJIbHOE 3HAYEHME,
MOKHO TIPHHATH KaK (DYHKIHIO PaCIpeeIIeHUS
TEOPETHYECKON CKOPOCTH POCTA TIOKPBITHS (7).
MopaenbHbIi TIpoHNb pacmpepeNeHHs aTOMOB
MOKA3aJ1, YTO B CIIy4ae OTCYTCTBHA HOHHOU OOM-
OapAMPOBKH, HCIOIb30BAHUE MACKH CITOCOOCT-
BYET YMEHBIICHUIO Fyj; HA MOIJIOKKE HAIPOTUB
00MacTH 5pO3WM MHINEHHW B J1Ba pasa (puc. 20),
TOTJa Kak 3KCINEPUMEHTANIbHAs CKOPOCTh OCaXK-
JIeHUA TIOKPBITUH B 3TOH OOJACTH SBIAETCSA HE-
W3MEHHOM JUIA JIByX PacCMaTPHUBAEMBIX CIIy4acB
ocaxkaeHus (puc. 2a). Takum oOpa3om, aHam3
MOJTyYEHHBIX JaHHBIX TTOKA3BIBAET, YTO TPHYH-
HOM pacmbUIEHUs MaTepHala IUJIEHKH MPH €ro
OCAXJCHUW HA TOMJIOKKE HAMPOTHB OONIaCcTH
5PO3MH MUMICHU ABIIETCS OOMOApIUpOBKA TIO-
BEPXHOCTH 00pa3noB uoHamMu. ComocTaBicHHE
SKCIIEPUMEHTAIBHBIX 3aBHCHUMOCTEH CKOPOCTH
OCAKJEHUS TOKPBITUA M PE3yJbTATOB YHUCIIEH-
HBIX PAaCUYETOB, MO3BOJISIET OLEHUTh OTHOCHTEb-
HYIO0 CKOPOCTb PaclblI€HUSA MOKPBITUN B PE3YJib-
TaTe€ HMOHHOW OOMOApIMPOBKH. OKCIIEPUMEH-
TaJabHBIE 3aBUCUMOCTH CKOPOCTH POCTA MOKPBI-
THH W MOJEIbHBIE TPOQUIN PpacCIpeaeIeHus
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atomoB Ca JUIsl KasKJOTO ciyvasl ¢ UCMOIb30BaHUEM nporpammbl SIMTRA, HOpMUPOBAIUCH
Ha 3HAYEHHS CKOPOCTH POCTA MOKPBITHH B LEHTPE TOUIOKKH (pUC. 2), MPUHUMAS JTOTYIE-
HUE, YTO B JAHHOW OOJIACTH PACTIBIJICHHUE TIOKPHITUSA HE MPOUCXOAMT HITH ABISIETCA TIPEHEO-
pexxuMo MaabiM. TakuM 00pa3oM, JOMO0 PACIIBIIIEHHOTO MAaTE€PHalia TUIEHKH B KAKI0H TOUKE
MOAJIOKKH MOXKHO TMOTYYUTh B CIEAYIOIIEM BHJE:
Agq; = (r?im - ren)/r?im (1):

TJ€ Fyim U Fe— TEOPETUYECKAS U IKCIIEPUMEHTANIbHAS CKOPOCTH POCTA MOKPBITHA, COOTBETCT-
BEHHO.

AHanu3 NOJYYEHHBIX JAHHBIX MOKA3bIBACT JIMHEUHYIO 3aBUCUMOCTDh MEXAY OTHOIIE-
Huem Ca/P B mokpeiTusax u Aq; (puc. 2B), 4TO ABIAETCS CBHAETEIHCTBOM NPEUMYIIECTBEH-
HOTO PAcTBUICHHUA aTOMOB P ¢ TIOBEPXHOCTH KOHACHCAIIMH B PE3ybTaTe MOHHOW OoMOap-
JTUPOBKH.

Kmo4eBsIMH MeXaHU3MaMH, OTIPEAETSIOIIMMH PACIIBIICHHE (POPMHUPYIOIIETOCA TIO0-
KPBITHS, MOTYT SABIATHCS: OOMOAPIUPOBKA MOBEPXHOCTH OTPULATENFHO 3apsSKEHHBIMH HO-
HAMH KHCJIOPOJa, YCKOPEHHBIMH B OOJACTH KATOJHOTO TEMHOTO MPOCTPAHCTBA, MOJOMKH-
TEBHO 3aPSHKECHHBIMH HOHAMH, YCKOPEHHBIMH B OOJIACTH aHOJAHOTO TEMHOTO MPOCTPAHCT-
Ba, 4 TAKXKE aTOMaMH C 3HEPTHEH, MPEBBIMIAOIIEH TOPOTOBYIO SHEPTHIO pacnbuicHus. [Ipo-
BEJICH CPABHUTEIFHBINA AHAITH3 CTETICHH BIIMAHUSA KAXKIOTO U3 TIEPEUUCIICHHBIX ()aKTOPOB HA
MexaHu3Mbl pacnbuicHUsS K@ nokpeiTusa. B 4acTHOCTH, YCTAHOBJIEHBI CIAEAYIOIIHAE MOPOTO-
BbIC SHEPTUM pacnbuicHus 23,3 3B; 27,6 3B; 15,3 3B; 16,7 3B; 23,34 3B; 23,34 3B nna pas-
JUYHBIX KOMOWHAIIMKA HaNeTaoImuid HoH-pactbuisieMbrii atom: Ar-Ca; Ar-P; O-Ca; O-P;
Ca-Ca; P-P, cooTBercTBeHHO. [IppHMMas BO BHUMaHUE MOTYYEHHBIE PE3YIBTATHI PACUETOB
pacripeieNIeHus PacIbIEHHBIX aTOMOB 10 >Heprud (1o JI. Tommcony) mis 3HaueHHWH Haste-
TAIOIUX MOHOB Pad0Uero rasa (aproHa WM KUCIIOPOAa), CACIAHO 3aKITFOUYEHHE O TOM, UTO
PACTIBUIEHHBIE C TOBEPXHOCTH MHINEHH aTOMBI OONAal0T HEAOCTATOYHOW SHEPrHed i
pacTbuieHUsS (POPMHPYFOIIETOCS TOKPBHITHSA. MaKCHMyM pacripeleeHnus PacIbIICHHbBIX
aTOMOB TIPUXOJUTCS Ha AUAa30H SHeprud (2 — 5) 3B B 3aBUcHMOCTH OT yCIOBHH Ocaxie-
HuA. OUEHKU BKIIaJa PacIblIEHUS MOKPBITUA NPH 3aJaHHBIX YCIOBHUAX OCAXKACHHS 3aps-
YKEHHBIMH HOHAMH CAETIAHBI C YIETOM aHalM3a u3MeHeHus oTHomeHus Ca/P u yBenmnueHus
MJIOTHOCTH MOTOKA 3apsS’KEHHBIX HOHOB B HAIIPABJIEHUU TOJJIOKKH C YBEIUYEHUEM CMEILE-
Hus. OTpHUIIaTeTHHO 3apshKeHHBIE HOHBI (Hampumep, O, , O7), yCKOpPEHHBIE B KATOTHOM TEM-
HOM TMPOCTPAHCTBE, MPHU JBHKEHUU B aHOJAHOM TEMHOM IPOCTPAHCTBE MOMAJAIOT B TOPMO-
3AIIee SIMEKTPHIECKOE TI0JIE, TAKHM 00pa3oM, CTETIEHb WX BIHUAHUA C POCTOM BETMYHHBI OT-
PULATENBHOIO CMEMIEHHA, AOKHA YMEHBINATHCA, YTO JOJDKHO MPOSIBIATHCS B YMEHBIIIE-
HUU 3((EKTUBHOCTH pacmbluieHUs: atoMoB ¢ochopa. OmHAKO, MOTyUYEHHBIE PE3YIbTATHI
CBHJIETENBCTBYIOT O POCTE BeMuunHbl oTHomeHusa Ca/P ¢ yBenmuuennem cmemenus. [Ipuaem
OOHapy’KeHHbIE 3aKOHOMEPHOCTH CTIPABE/JTUBHI /I BCEX MUCTIONB30BAHHBIX B Pa0OTE aTMO-
cdep padouero raza. Takum 00Opa3oM, CpaBHEHUE CTEIICHH BIMSHUS OTPHUIATEIIHHO 3aps-
JKEHHBIX U MOJOKUTENBHBIX HOHOB Ha OCHOBAHUU MPUBEACHHBIX BBIIIEC 3aKOHOMEPHOCTEHN
MO3BOJISIET CHENATh 3aKIOYEHHUE O TOM, YTO MMEHHO MOJIOKUTEIBHO 3apA’KEHHbBIE WOHBI,
YCKOPEHHBIE B AHOAHOM TEMHOM TIPOCTPAHCTBE, OKA3BIBAIOT HAMOOJEe CYHIECTBEHHOE
BIMSHHUE Ha pacTbUICHHE (HOPMHUPYIOIIETOCS TMOKPHITHA. B Tma3Me aproHa STHMH HOHAMHA
spsrorest Ar, Ca', O', a B ciyuae paboudeit armoceps kuciopona — O, Ca’, HHTeHCHB-
HOCTb KOTOPBIX MAKCUMAaJIbHA HA CMIEKTPaX ONTUYECKOM SMUCCUOHHOM CIIEKTPOCKOIHH.

Oddexr pactsinenus dopmupyromerocs KO MOKPHITHA TakkKe JETAIBHO HUCCIEH0-
BaH W YCTaHOBIIEH HAMH B padote [4]. ['A TOKpHITHE B JAHHOM CiTy4ae HE OBLIO MOTYUYEHO
Ha noBepxHOoCcTH THTaHOBBIX BT1-0 mognoxkkax u nosepxnoctu PTFE, korna 3tm matepua-
7B OTHOBPEMEHHO HATBUIAJIUCH B OJHUX PEKHMAX OCAKICHHUS (TPUYEM B KOTOPHIX OBLIH
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moyydeHbl ['A TIOKPBITHA HA METANTHYCCKUX [5] MM KepaMU4eCKUX (IUIIIEKTPHUYCCKUX )
oopasmax [6]). Hamapie POOC u POA, HaoOOpoT, BBIABHIM (POPMHPOBAHHE KaJIbIHH-
kapOoHaTHOTO M CaF, coeB Ha MOBEPXHOCTH OCAKIAAEMBIX MaTepuanoB. Unctoe mo ¢aszo-
BOMY cocTaBy ['A TIOKpBITHE, KaK 3TO OBIJIO OOHAPYKEHO TPHU OAHOBPEMEHHOM OCaXKICHUN
['A nokpeiTuii Ha Apyrue Metamuueckne BT1-0 u kepamudeckue OBEPXHOCTH (HE TIOTH-
mepHuble, kak PTFE), He ObI710 0OHApYKEHO BCIIEACTBHE WHTCHCHBHOM HOHHOUW OOMOapau-
POBKH 3apshKeHHBIME HoHamMH. HauOoee BEpOsATHO, 3T0 CBA3aHO ¢ (OPMHUPOBAHHUEM 3aps-
JKEHHBIX HOHOB (PTOpa B pe3yibTare PacHbUICHUS TOBEPXHOCTH MaTepuana-ocHOBbI PTFE,
YTO TMpenATcTBOBano0 GopmupoBanuio ['A cmosa. HeoOXoauMO OTMETHTH, YTO KAKIBIH W3
PEKUMOB OCAKICHHUS MPUBOAHI K (POPMUPOBAHHUIO 3€JICHOBATOTO HAJETA HA MHILICHH, T.€.
€€ 3arpA3HeHHI0 (PTOPCOAEPKAIMUMHU CO-
enUHeHUsIMU. Takum 00pa3oM, HEOOXo-
TUMO TIOAOHUPATH MATEPHAITBI TTOITIONKEK,
HA KOTOPBIE OJHOBPEMEHHO IIAHUPYET-
e ocaxaarh OmocoBmectuMoe K@ mo-
KpbITHE B OJHOM pexkuMme BU-
MAarHeTPOHHOT'O PacbLIEHUS.

YerBepTasi ri1aBa NoCBAINEHA pPe-
3yJbTaTaM HCCJEIOBAHUHA 3aKOHOMEPHO-
cTet  (QopMHpPOBaHWA, CTPYKTYpBHI |
CBOMCTB OMOCOBMECTUMBIX BU-
MarHeTpoHHBIX K@ mnokpertui. VYcra-
HOBJIEHO, 4TO (pa30BBIH COCTAB, MHUKpPO-
—a o } A ao s cTpykTypa W Teketypa I'A m Sil'A mo-
Puc. 3 — Tonorpadus nosepxuoctu Sil’A I;I(‘)KprTI/Iﬂ KPBITHH OTPEIENIAIOTCSA YCIOBUAMHU OcCa-
tonmuHo# (570+10) HM, OCaX)KIEHHOTO Ha MOMJIOXK- KJACHUA. IIOTHOCTHIO BU-momHOCTH,
Ky, IPEBAPUTENILHO HATPETYIO 10 Temrepatypel 200 TeMIepaTypoi MOBEPXHOCTH KOHJIECHCA-
°C Si no (a) u mocne (6,8,r,n) tpasnenust B HCl. 1um, atmocdepoit pabouero rasa, pac-
(B,r,1) — mukpodororpabun pasauUHbEIX OONACTeH moOKEHHEM O0OPa3LOB OTHOCHTENEHO
TIOBEPXHOCTH 00acTH 3pO3MHM MHULICHH U 3JIEKTpHYE-
CKHUM CMELIEHUEM Ha MOMAJIONKKE.

JUit u3y4eHHus MEKPOCTPYKTYPBI TMOKPBITHH MPOBOJUIIOCH TPaBJIEHHE B CIAOOM pac-
tBope HCI (pH=3). Ha mukpodoTorpadusax ckoroB MOKPHITHIA, OCAKIACHHBIX HA TPEIBAPH-
tenpHO HarpeTou mo 200 °C mommokke, y Mek(pa3sHONW TPaHHIBI C MAaTEPHATIOM-OCHOBOM
HAOIO 7A€ TCA MUKPOCTPYKTYPA U3 TOMEHOB TOMMIHHOMN mopsaaka (120 — 140) HM u cpeaauM
pasmepom (40+10) HM, KOTOpast BHITPABIMBACTCS, KAK HAHOKPUCTAITMYCCKAS WJIH KBa3Wa-
MopdHas (puc. 3, odnacte 1). Ha muxpodororpadusx HadbmogaroTcs cyOMUKpooOpa3oBa-
HUS B BHJIE KOHYCOOOPa3HBIX OJIOKOB, JaTe€pPaNbHbIE Pa3MEPhl KOTOPBIX YBETHYHBAIOTCA C
poctom TommmHbl Sil'A ToKpeITHA. B pamkax OmokoB 0OHapy:KEHBI CTOIOYATHIE KPUCTAII-
JMTHI, CPETHUNA pa3Mep CTOIOLOB U OCHOBAHHUSA KOHYCA Y MOBEPXHOCTH KOTOPBIX COCTABIISA-
eT (50+20) am u (2100+£500) HM, COOTBETCTBEHHO, & MEKOIOUYHOE MTPOCTPAHCTBO 3ATIOTHAET
HaHOpa3MepHas PaBHOOCHAs CTPyKTypa (00macts II).

[ToBEpPXHOCTh MOKPBITUSA, OCAKAEHHOTO NMPH OTPULATEIIBHOM 3JIEKTPHYECKOM CMeE-
mieand (puc. 4), MOKET OBITh OMUCAHA KaK BBICOKOJUCTIEPCHAS 3€PEHHAsA CTPYKTYpa, UTO
OOYyCIIOBIIEHO YBEIHMYEHHEM IUIOTHOCTH HYKJICAWH BCJECICTBHE HMOHHOW OOMOApIupOBKH
MOBEPXHOCTH POCTA. Y BEJIMUEHHUE OTPHLATENBHOrO cMmemeHus a0 100 B caep:xkusaet opu-
€HTHPOBAHHBIN POCT TICHOK BCIIEACTBHE HOHHOM OoMOapaupoBku. bonee Toro, oOHapyke-
HO TiepekpoiThe peduekcos mpu 31,8° (211), 32,2° (112), 32,9° (300), 4r0 MPUBOAMUT K 00-
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