OYHAAMEHTAJIBHBIE ACIIEKTbBI
COBPEMEHHBIX TEXHOJIOT U

YK 548.31

C. P. APTEMBEB, xanj. TeXH.HayK, J0L., HallmoHanbHBIA YHUBEPCUTET
rpaXXAaHCKOM 3aIUThl Y KpauHbl, XapbKOB

Ob AKTYAJIBHOCTHU IPUMEHEHUWA HUTEBU/IHBIX
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B wmarepuane crathi B paMKax MPOAOJDKEHMS JIUTEPAaTypHOro 0030pa paccMOTPEHbI OCHOBHBIE
HampaBJIeHUs NPUMEHEHUS HUTEBUIHBIX KPUCTAJUIOB B COBPEMEHHOM IIPOM3BOJICTBE, IIOKa3aHa
aKTYaJIbHOCTh JTJIbHEHINero NMpoBeeHNs] HayYHBIX HCCIEOBAaHUI B BOIPOCaX JaJbHEHIIEro paclIupeHHs
CIIEKTpa UCIOJIb30BAaHMSI HUTEBUIHBIX KPUCTAIIOB B PA3JIMUHBIX OTPACISIX MPOMBIIUIEHHOCTH
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UCIIOJIb30BaHUS

BBenenme. Pa3ButHe TEXHMKA COBPEMEHHOTO TMPOU3BOJACTBA  MPEIbIBISET
MOBBINIIEHHBIE TPEOOBaHUS TMPHU H3TOTOBICHUU DJIEKTPOU3OIALNUOHHBIX MAaTEepPHAIIOB H
U3JIEU U3 HUX, pabOTalOIMMX MPH BBICOKUX TEMIIEpaTypaxX, B XUMUUYECKH arpeCCUBHBIX
cpenax.

HoBble Heopranmyeckue BOJOKHA — TYrOIUIaBKME MOHOKPHUCTAUIbl Ha OCHOBE
OKCHJIOB, HUTPUJIOB U KapOWUJIOB METAJJIOB, HA3BIBAIOTCS HUTCBUIAHBIMU KPUCTAJLIAMHU.
Bropoe Ha3BaHWE KpHUCTAUIOB — YCBI, WJIM BUCKEPHI, OT aHTJIMHCKOTO cioBa «whisker» —
Bojoc. Ha w©X oOCHOBE B COBpPEMEHHOM THIPOM3BOJCTBE YCIEIIHO MOJYyYaroT
KOMITO3UIIMOHHBIE MaTEPHUAIIbI.

B oOwpiBmem CCCP mpobnema HCHONB30BaHMS HUTEBUIHBIX KpPHUCTAUIOB Ha
MPOU3BOJICTBE HaUajia pemarhes eme B S0-X rogax npouuioro croneTust. IMeHHo mosTomy
0COOBIi MHTEpEC K BHCKEpaM MPUXOJUTHCS HA yKa3aHHBIM mepuoa. B To Bpems Ha
MPOU3BOJICTBE OBLIO TOMYyYE€HO M HccheaoBaHo Oonee 35 amemeHTOoB M Oonee 80
COEIMHECHUI HUTEBUIHBIX KpUCTAILIOB [1].

[lo pa3mepaM BHCKEphl BIOJHE COMNOCTABUMBI C HAHOYACTHUIAMHU — JHAMETP
HEKOTOpHIX U3 HUX He mpeBbimaeT 100 uM. Ilpu »ToM HUTEBHAHBIE KPUCTAIIBI IEISAT Ha
JIBE€ OCHOBHBIE TpPYMIbl: KPUCTAIJIbI ECTECTBEHHOIO M KPUCTAJJIBI HCKYCCTBEHHOIO
MIPOUCXOXKJCHUS. Y CBI MIEPBOM TPYNIIBI (POPMHUPYIOTCS HA 3eMJI€ YK€ MHOTO TBHICSTUETIETHH,
YIOMHUHAHUA O BTOPBIX B HAYYHOU JINTepaType HaunHaroTcs ¢ 16 Beka [2].

CnexyeT OTMETHTH TOT (DaKT, YTO BHUCKEPHl MHOTHX TYTOIUIABKUX COEJIMHEHUM
(kapOuga KpeMHHs, OKUCH aTIOMUHUS, HUTPUJA KPEMHHUS U JApP.) BBITYCKAIOTCS CETOJIHS B
MPOMBIIIIEHHBIX MaciuTabax. Takxke cerogHss IOCTAaTOYHO M3BECTHBI CaMOPOHBIC
BOJIOKHUCTBIE HUTEBHAHBIX KpucTaioB Au, Ag, Cu, Sn, Pb, S, pazau4apIXx OKHCIIOB U
cwiukaTtoB. Hutu, Hanmpumep, camopoaHoro cepebpa mocturaroT maiuHsl B 0,5 m. Yacto
MPUPOIHBIE HUTEBUIHBIE KPUCTAIUIBI BCTPEUYAIOTCS U B BHUJE BKIIOYCHUN BHYTPH JAPYTUX
MUHEPAJIOB (HAMpUMEp, WIJIBI pPyTHJIa B MPHUPOAHBIX KpHUCTAUIaX pyOHHA, KBapla).
@paniy3ckuil creneonor [le Kactepe, Hanpumep, B [3] ommchIBaJl TOHYAMIINE HUTH
KapOoHaTa KalbllUg W THUIICA, CBUCABIIME C MOTOJKA W CTEH W OOJIaJaBIIME TaKOU
rHOKOCTBIO, YTO UX MOKHO OBLIO 00E€pPTHIBATH BOKPYT MAJIblia U JJAKE 3aBSA3BIBATH B y3€ll.

CnenyeTr OTMETUTh, YTO B MOCIEIHHE TOAbl JOCTATOYHO YCIEIIHO B Pa3JIMYHbBIX
CTpaHax MPOBOAATCS pabOThI MO CO3JaHUI0 KOMITO3UIIMOHHBIX MATEPHAIOB C OCOOBIMHU
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CBOMCTBAMHM Ha OCHOBE MMEHHO HUTEBHUIAHBIX KPUCTAIOB, YTO TPeOYyeT, B CBOIO OUYEpPE/b,
pa3pabOTKU HOBBIX M HOBBIX TEXHOJIOTMYHBIX METOJOB TMOJYYEHHUS BBICOKOTPOUYHBIX
HUTEBHUHBIX KPUCTAJUIOB B JJOCTATOYHO OOJBIINUX KOJTUYECTBAX.

Heocmopum TOT ¢akT, 4TO CEeroJHs HUTCBUIHBIC KPUCTAJUIBI HAXOJAT MIUPOKHIMA
CIIEKTp KaK MPAKTUYECKUX, TAK U HAYYHBIX MPUMEHEHHUI. B psie HaydyHBIX UCCIEIOBAHUI
OHU NPAKTUYECKU HE3aMEHHMMBbI, HO HAa MPOU3BOJCTBE UX IIMPOKOE NMPUMEHEHHE IOKa
JOCTATOYHO MPOOIEMATUYHO.

AHanu3 wuccaeqoBaHMM W nyOaukanmi. B Martepuane maHHOW CTaThbH, HaA
OCHOBAaHMU TIPOBEJICHHOTO JIUTEepaTypHOro o030opa [1-18], moka3zaHbl OCHOBHBIC
HAaIpAaBJIEHUs HUCIOJIb30BAHUS HUTEBUJHBIX KPUCTAJUIOB HA MPOU3BOACTBE B Pa3IUYHBIX
MPaKTUYECKUX CHEKTpax TMPUMEHEHHUs, 0c000e BHUMAaHHE TIPU OTOM YAEJIEHO
HCTIOJIb30BAHUIO0 HUTEBUAHBIX KPUCTAIJIOB KaK KOMIIO3ULIMOHHOTO MaTepHrala.

B wacTHOCTH, TIpOBEIEHHBIN 0030p MOKa3ad, YTO B PA3BUTUU PEIICHUS MPOOIEMBI
MPOYHOCTH KOMITO3UIIMOHHBIX MaTepHaioB OO0NbIIOE 3HA4YeHHE HUMenn paboTel A.B.
CremanoBa, KOTOpHIH eme B 50-X Tojax IPOIIIOTO CTOJICTHS pa3padoTan (pU3HUECKYIO
TEOPUIO PA3PYLIEHUS] MEPUOAUYECKH HEOJHOPOJHBIX aHM30TPONHBIX cperd. [Ipum sTOom
KOMIIO3UI[MOHHBIE MaTepualibl HAa OCHOBE METAJUIMYECKUX M KEPAMHUYECKUX BOJOKOH
MOMHMO BBICOKOW YyAETBHON MPOYHOCTH HMMEIOT emle MU OOJBIIOe COMPOTHBICHHE
pPacpOCTPAHEHUIO TPEIINH, BBICOKYI0O XMMUUYECKYI0 CTOMKOCTh. [103TOMY B COBpeMEHHOM
MMPOU3BOACTBE CHEKTP NPUMEHEHUA TAaKUX KOMIIO3WIMOHHBIX MAaTE€pPUAIOB MOCTOSHHO
pacrer [4].

JleicTBUTENNbHO Hanbosee BaXKHOE CBOMCTBO HUTEBUIHBIX KPUCTAIIOB — YHUKAIBHO
BBICOKasl TPOYHOCTh, B HECKOJIBKO Pa3 MPEeBOCXOAIIAs NPOYHOCTh MAaCCUBHBIX MOHO- U
MOJIMKPUCTAIIIOB. BhICOKast MPOYHOCTHh YCOB OOBSACHAETCS COBEPIICHCTBOM UX CTPYKTYPHI
¥ 3HAYUTEJIHPHO MEHBIIUM, YEM Y MACCHBHBIX KPHCTAJUIOB, KOJUYECTBOM OOBEMHBIX U
MOBEPXHOCTHBIX J1e(DEKTOB.

dopMmupoBaHue uejed W 3agady. B wmarepmanme AaHHOW CTaTbM B paMKax
MPOJOJKEHUST JTUTEPATYpHOro 0030pa Mo MpobdieMe HCCIETOBaHUS PacCMaTPUBAIOTCS
BOIIPOCHI UCIIOJIb30BAHUS HUTEBUIHBIX KPUCTAJIOB B COBPEMEHHOM ITPOU3BOJICTBE.

JluteparypHublii  0030p. JlocTaTOuHO BaXHBIM HAIMPABJICHUEM COBPEMEHHOMU
MPOU3BOACTBEHHOM W OIIBITHO-KOHCTPYKTOPCKOM  JIEATENBHOCTH, CBSI3aHHOM  C
WCIOJIb30BAHMEM BHUCKEPOB, SBISIETCS pa3pabOTKa HOBOTO MMOKOJCHHS] TKaHEBBIX
AIEKTPOIHBIX MAaTEPUAIIOB JJIsI BTOPUYHBIX HUCTOYHHUKOB TOKA.

Hx co3manme TpeOyeT TOCTIKEHHS OMPEICICHHOW OOMEHHOW €MKOCTH, BBICOKOU
MOJABMKHOCTH HOHOB, JJIEKTPOHHOM NIPOBOAMMOCTH, a TAaKXKE JKUBYYECTH, TO €CTh
JOJITOBEYHOTO  MCIIONB30BaHMS B LUKJIAX  «paspsaka-3apsaka».  BeIpallleHHbIE
MHUHEPAJIbHBIC HAUTH UMEIOT MOYTH HUJICATBHO MOIXOJAIIYI0 CTPYKTYpPY, @ MapamMeTpbl UX
KPUCTAITUYECKON PEIIeTKH M3MEHSIOTCS TaKUM 00pa3oM, 4TO €€ C)KaThe M PACTKEHUE
MPOUCXOIUT TOMEPEK, a HE BJAOJb HUTEH, UTO MO3BOJSET M30€raTh MX PacTPECKUBAHHUS.
Takke TMOMHUMO YIMBUTENBHBIX HOHHO-OOMEHHBIX CBOMCTB, BHCKEpaM MPHUCYIIA
YHHUKaJbHasi THOKOCTb.

Bonokna BuckepoB mociie 00pabOTKH KUCIOTON U MEPEeBEACHUS B TaK HA3bIBAEMYIO
«H-popmy» CTaHOBSITCS aKTHBHBIM COPOEHTOM TSDKEIBIX METALIOB, ITOCKOJBKY
CTPYKTYPHO CIIOCOOHBI JIETKO OOMEHATh MPOTOHBI HA KATUOHBI C OOJBIIINM paanycoMm, 0e3
3aTPYIHEHUN paCMOJIaraloMXxcs B KaHaIaX KPUCTAUIMYECKOW CTPYKTYpBI, IO3TOMY
MOTYT MCIIOJIb30BaThCA MPHU YTWIN3AWH, TEXHOTCHHBIX W PAAUOAKTHUBHBIX OTXOOB.
OnHO¥ M3 BAXKHEHIIMX MPUYUH MaJION 1e(EeKTHOCTH HUTEBUIHBIX KPUCTAUIOB HA
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POU3BOJICTBE SIBJISIOTCS UX pa3Mephl, IPU KOTOPHIX BEPOSTHOCTh MPUCYTCTBUS AedEKTa B
KaKJIOM M3 KPUCTAVIOB HEBEJIMKA. B HUX, B OTIMYKE OT MOJUKPUCTAIIIMYECKUX BOJIOKOH,
HE MOTYT WATH TPOIECCH PEKPUCTAIM3AINHA, OOBIYHO BBI3BIBAIOIINE PE3KOE TaJCHHE
MPOYHOCTH MPH BBICOKUX TEMIIEpaTypax.

[Ipon3BOACTBO HMOHHBIX TMPOBOJHUKOB, KATOJHBIX MAaTEpUAJOB, TBEPAO(DA3HBIX
AJIEKTPOJIUTOB, KaTAIM3aTOPOB, a, BO3MOKHO, M MATPHUIL IJIs1 3aXOPOHEHUS PaJUOAKTUBHBIX
OTXOJIOB, — BOT JIMIIb HEKOTOPhIE M3 BO3MOXKHBIX C(ep NPUMEHEHHUS HUTEBUIHBIX
KPUCTAJJIOB 3TOTO THMA. M BO3MOKHOCTH 3TUX YHUKAIBHBIX O0BEKTOB, KOTOPBIE BOT yiKE
Oornee TONMyBEeKa MHTCHCHBHO M3y4YalOTCs B BEAYIIMX JA0OpaTOpUAX MHUpA, JO KOHIIA
KOHEYHO HE UCYEPIIaHBbI.

C Touku 3peHus, Kak GyHIaMEHTaIbHOW HAYKH, TaK M TPAKTUKH, BUCKEPHI B IECATKU
U JaXe COTHH pa3 MPOYHEE OOBIYHBIX KPHCTAJUIOB, OHU O0OJAJalOT MOPA3UTEIBHOU
THOKOCTBIO, KOPPO3MOHHOW CTOHMKOCTBIO M KpUCTAIOrpaduyecKoil aHU30TpOIUeH
cBOMCTB. [lomydyeHne «ycoB» CBEPXUMUCTHIX METAJUIOB U alMa3a, HUTEBUIHBIX KPUCTAJIIOB
KpEMHHUSI WJIH CBEPXIPOBOIANINX BHCKEpoB Bip, Srp, Ca, Cu,Og cTamo Kiaccukoi
COBPEMEHHON XUMHH (PYHKITMOHATBLHBIX MaTEPUATIOB.

[Tomo6Hast HeoObIYHAsT (OpMa KPUCTAIJIOB MHTEPECHA HE TOJBKO C TOYKU 3PECHHS
WCCIIeIOBAaHUs MEeXaHHM3Ma ee¢ o0pa30oBaHHUs, HO M M3-3a CBOMX CIEHU(PUIECKUX (HU3UKO-
XUMHYECKUX XapaKTEepUCTUK, YTO [IeNaeT BeChbMa aKTyalbHBIMH JIIOObIE HOBBIC
MCCIIeIOBAaHUA B ATOM 00IacTu.

[IpeacraBnsas coOoOlf  OJHOMEPHYIO KPHUCTAUIMUECKYID CHCTEMY, BHCKEPHI B
COBPEMEHHOM MPOM3BOJICTBE HAXOIAT JOCTATOYHO IUPOKUN JAMAMA30H MPUMEHEHUH — OT
YOPOYHSIONINX BOJIOKOH JI0 yCTPOMCTB HAHOXJIEKTpOHHKU. Ho, HECMOTps Ha TO, UTO
HUTEBUHBIC KPUCTAILIBI U3BECTHHI 00Jiee MOMyBEKa, BUCKEPHl TEXHUYECKU HCTIOIB3YIOTCS
JO0CTaTOYHO OJTHOOOKO — B OCHOBHOM, KaK apMHPYIOIIHE BOJIOKHA [5].

Eme B 1958 roay paboThl B HampaBJCHHH CO3/JaHUS MAaTEPUATIOB, apMHPOBAHHBIX
WMEHHO HHUTEBUIHBIMU KPHUCTAJUIAMH, YCIEUIHO TMPOBOJAWINCH aMEPUKAHCKUMHU U
anrnuiickumu ¢upmamu. ViMeHHo Torga B [6-7] ObutH OTOOpa)Ke€HBI MpeaBapUTEIbHBIC
pacdeTbl CBOMCTB THMOTETUYECKUX KOMITO3UIIUNA, KOTOpPHIE CO3JaBAINCh Ha OCHOBE
WMEHHO HUTEBHHBIX KPUCTAIIOB.

Kak noxaszano B [8-13] yxke 40-50 ner Hazajg HUTEBUIHBIE KPUCTAUIBI YCIEIIHO
MCIOJIb30BAJIMCh HA MPOU3BOJCTBE KaK HAMOJHUTEIh B IUIACTUKOBBIX, METANIMYECKUX H
Kepamudeckux matpunax. [lonasnstoiiee OOJBITMHCTBO U3 HUX B COBPEMEHHBIX YCIOBHUAX
YCTENIHO MPUMEHSIIOTCS U1 CO3/IaHUs KOHCTPYKIIMOHHBIX KOMIO3UTHBIX MaTEpHAIOB C
YIIy4IIEHHBIMH MEXaHWYeCKUMH CBocTBaMu (yriiepojanbie BojiokHa, SiC, Al,O3), mpu
TOM 00BEMBI IIPOU3BOJICTBA JOCTUTAIOT 3HAUNTEIHHBIX BEJIHYHH.

B mnocnennue 20-30 neT ycmemHO pa3BUBACTCS HANpaBICHHUE, CBA3AHHOE C
MPAKTUYECKUM HCTOJIB30BAHUEM KJIACCMYECKHX KPEMHHUEBBIX BHCKEPOB B KauecTBe
OCTPHH JUIsl aTOMHO-CHJIOBOM, MarHUTO-CHJIOBOY MUKPOCKOITHH.

HMenHo ceifuac Ha MPOU3BOJICTBE OCTATOYHO AaKTyaldbHBIM HAINpPABICHHUEM €CTh
CO3/IaHH€ OJTHO M JBYXKOMIIOHEHTHBIX BHCKEPOB C TOIYMPOBOJHUKOBHIMU CBOMCTBAMHU
(GaN, ZnO, InSb). HecomHeHHas TepCIEKTUBHOCTh ATOTO HAINpaBJIEHUS CBsI3aHA C
pa3BUTHEM XUMHUU U (UMK HAHOCUCTEM, MOCKOJIBKY YIMOPSAOYEHHBIN aHCAMOIb TaKuX
HAHOBUCKEPOB MOXKET paccMaTpuUBaThCcsi B KAueCTBE CHUCTEMbl C YHHUKAJIbHBIMU
ONTUYECKUMH CBOMCTBAMHU, B KOTOPBIX MPOSBISIOTCA KBAaHTOBBIE d(D(PEKThl («KBAaHTOBBIC
TOUKH», «KBAaHTOBBIE HHUTH», B PsJ€ CIy4yaeB TaKuW€ CHCTEMBl pPAacCMaTPUBAIOTCS B
KOHTEKCTE Ju3aiiHa «(OTOHHBIX KPUCTAJIIOBY).
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B TOoXe BpeMs 10 HEIaBHUX MOpP MPAKTUUYECKHU HE CYIIECTBOBAJIO BOCIIPOU3BOAUMBIX
U OTHOCUTEJIIBHO JEIIEBBIX CHOCOOOB  IOJyYEHUS BHCKEPOB C  JKEITAEMBIMU
(GYHKIIMOHAIBHBIMUA ~ XapaKTePUCTUKAMU — HEJTUHEHHBIMM MArHUTHBIMA U (WJIH)
AIEKTPUUYECKUMH CBOWCTBAMH, a TAaK)Ke CYIMEPUOHHOU MPOBOJUMOCTHIO, UTO, SIBUIOCH OBI
Ype3BbIYAHHO BaXKHBIM IIaroM B O0JacTH CO3AaHUS TMPUHIMIHATHHO HOBBIX THUIIOB
KPUCTAIINYECKUX MATEPUATIOB.

B GonbImIMHCTBE CIy4aeB ATO CBSI3aHO C TEM, YTO HA JAHHBIH MOMEHT MPAKTHYECKH
HE CYIIECTBYET YHHUBEPCAIbHON, KauyeCTBEHHONW METONUKH BBIPAIIUBAHUS «YCOBY
XMUMHUYECKH CII0KHOTO COCTaBa.

[Iporpecc B Mpou3BOACTBE MUKPODJIEKTPOHUKHU, B MEIAHUIIMHE, SKOJOTHH BO MHOTOM
OTIpesIeNIAeTCS YPOBHEM pa3pabOTOK B 0OJACTH CYNEPUOHHBIX MPOBOTHUKOB. BHCKepHl,
Opy HAIWMYUKA Yy HHUX O0CO00W KPUCTAIIIUYECKOM CTPYKTYpHl, OOycIaBiIuBaromen
CMEIIAHHYIO JJIEKTPOHHO-HOHHYIO MPOBOJUMOCTh, MOTYT OBITh HCIIOJIB30BAHBI IS
CO3MaHMS DJIEKTPOJAHBIX M MEMOpAaHHBIX MAaTEpHUaIOB HOBOTO TIOKOJICHHUS B CHILY
VHUKAJbHOTO COYETAaHUS BBIJAIONINXCA MEXaHWYECKUX CBOMCTB W CYNEPUOHHOU
MIPOBOIUMOCTH.

K jmocTomHCTBaM MOTEHIIMANBHBIX JJEKTPOJOB W3 HUTEBUIHBIX KPHUCTAIIOB
OTHOCSITCSI TAK)KE€ BO3MOXHOCTD JIETKOTO TIPHUIaHUS UM >KeJlaeMoi (pOpMBI U JemieBu3Ha. B
IIEJIOM, COBOKYIMHOCTH YyKa3aHHBIX TPeOOBaHUN YJIOBIETBOPSAIOT THOKHE TKAHEBBIC
ANEKTPObI, TMONTYYCHHBICE M3 HEOPTaHMUYECKHX BOJOKOH C TYHHENbHOW WM CIIOMCTOM
CTPYKTYpPOH, COCTOSIIIINE U3 DJIEMEHTOB, JIETKO U3MEHSIIOIINX CBOIO CTEIEHb OKUCIICHHUS (B
YaCTHOCTHU, OKCUJIOB d-3JIEMEHTOB).

Pa3BuTHe COBpEeMEHHOTO MPOM3BOJCTBA IMOKA3aJl0, YTO HUTEBUJHBIC KPUCTAILIBI
ABIIAIOTCS] YHUKQIBHEUIIIUM MaTEPUATIOM JJIS1 U3TOTOBIICHUS TEH30JaTYUKOB M JIOCTATOYHO
KOHKpETHBIC JAHHBIC 110 3TOMY HAMpaBIEHUIO MOKa3aHbl B padotax [14-17].

B nmocratouHo momynspHOM HaydHOM wu3fgaHuu [18] omumcaHo ycmnemHoe
WCIOJIb30BAaHNE MAarHUTHBIX BUCKEPOB B MArHUTHBIX IJICHKAX, JUCKaX. 37€Ch JK€ MOKa3aHO
YCTEIIHOE HCIOJb30BAHNE METAJUTMUECKHUX YCOB B IMPOIIECCE apMHUPOBAHUS CBApPHBIX
IIIBOB, JJIEKTPHUYECKHUX KOHTAaKTOB, BO BpEMs MPOM3BOJCTBA OCECKOHTAKTHBIX KITIOUEH,
O€3IIETOYHBIX  JBUTATENe IOCTOSIHHOTO TOKa, HH(PPAKPACHBIX MOJISIPU3ATOPOB,
TEPMHYECKUX MPOBOJHUKOB M MX HMCIOIH30BAHNE B KOHTAKTHBIX CXEMaX JUIsl TOTyYeHHUS
M300paKeHUsI.

BoiBoabl. Takum o00pa3oM, B pamKax JHTEpaTypHOTO 0030pa B CTaTbe OBLIO
MOJIOKCHO HAYaj0 PacCMOTPEHHS BOIPOCOB aKTYyaJIbHOCTH NPUMEHEHHS HUTEBHIHBIX
KPHUCTAJUIOB Ha MPOU3BOJICTBE.

B Hacrosimiee BpeMs B pamMKax NpPOJOJDKCHHUS JIUTEpAaTypHOro 0030pa MHOIO
MIPOBOJIUTCS TOMCK MATEHTHOM WHMOpMAIMHU IO PSay CTpaH, B KOTOPOM PacCMOTPECHBI
YCIIOBUS ~ BBIPAIMBAHHMS  PA3IWYHBIX HCOPraHUYECKHMX HUTEBHJHBIX  KPHUCTAJIIOB,
AHAIM3UPYIOTCS TPEUMYINECTBA W HEJOCTATKH  Pa3JIMUHBIX CIOCOOOB  CHHTE3a
HUTEBUIHBIX KPHCTAIIOB, CHCTEMATU3HPYETCS aHAJIU3 JaHHBIX OTHOCHTEIHLHO BOIIPOCOB
MPUMECHCHHS BHCKEPOB B PA3IUYHBIX OTPACIAX IMPOMBIIUICHHOCTH W B OOOPOHHOM
KOMILICKCE.
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OO0 akTyaJIbHOCTH NPHMEHEHHMs] HUTEBHIHBIX KPHCTAJUIOB B COBPeMEHHOM IPOM3BOACTBe /
AprembeB C. P. // Bicauk HTY «XIII». Cepis: HoBi pimenHs B cydacHux TexHoiorisx. — X: HTY
«XIII», — 2013. - Ne 56 (1029). — C.204-208 . — Bibmiorp.: 18 Ha3B.

B marepiani cTtaTTi B MeXax NPOJOBXKEHHS JITEPAaTypHOTO OIJIsAy 3a MPOOJIEMOIO JOCHIIKEHHS
PO3IJISHYTO OCHOBHI HANpsIMKH 3aCTOCYBAaHHS HMTKOINMOMIOHMX KpHUCTAJIB y Cyd4acHOMY BUPOOHHIITBI,
HaroJIOIIeHO Ha aKTyaJbHICTh MOJAIBLIOrO MPOBEIEHHS JOCIKEHb B MUTAHHIX PO3MIUPEHHS CHEKTPY
BUKOPHUCTAHHS ITaHOTO TUITY KPUCTAIIB y PI3HUX Taly3sX IPOMHUCIOBOCTI

KirouoBi cjioBa: HHUTKOMOAIOHI KpUCTadM, BHUPOOHUITBO, CIEKTP PO3LIMPEHHS, HaNmpSIMKU
BUKOPHCTAHHS

In the material of the article in the framework of the continuation of the literature review discussed
the basic directions of application of whiskers in the modern production, the urgency of further scientific
research in the field of further expansion of spectrum use of thread-like crystals in various industries

Keywords: filamentary crystals, production, range extension, the use of
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YIIPABJIEHUE ITPOLHECCOM BbIJJAYH PACIIJIABA HA
IJIABUJIBHO-3AJIMBOYHOM YUACTKE JIJUTEHHOI'O IIEXA

B crarbe omucaHa cxema yhpaBiieHHsS MPOIECCOM BBIJIAYM paciljlaBa U3 3JIEKTPONEYH Ha JIUTEUHBIN
KOHBelep, XapakTepHOil 0COOEHHOCTHIO KOTOPOM SIBJISIETCSI UCIIOJB30BAHUE B CHCTEME «I1€4b — JIMTEHHBIN
KOHBeWep»  ABYXIO3UIMOHHOIO  3aJMBOYHOIO  aBTOMara UM  BECOJO3UPYIOLLIETO  YCTPOICTBA,
00eCreynBarolero BbIady paciulaBa MOPLHUSIMH B COOTBETCTBHUU C ONTHUMAIBHOW TEXHOJOTHYECKOU
cxeMoif taBku. [loka3aHo, 4To MpUMEHEHNE OMUCAHHON CXEMBbI yIIpaBiIeHUs 00eCIeYnBaET BHIMOIHEHHE
KOMIIPOMHCCHOTO KpPUTEpUs ONTHUMM3AIMHM, YYUTHIBAIONIETO Kak TpeOOBaHHMS 1O MHUHUMHU3ALUU
HHEpPro3arpar, Tak U TpeOOBaHUs IO MUHUMH3AIIUHU NPOCTOsI KOHBEWepa.
KuroueBrble cjioBa: cuctema yrnpaBieHUsl, MAaTEMaTUUECKask MOJEIb, TEXHOJIOTMYECKast CXema

BBenenne. CHHTE3 CHUCTEMBI YMPABICHHUS TPOIECCOM OJICKTPOIJIABKM Ha JTare
TEPMOBPEMEHHON 00pabOTKH pacijiaBa JOJDKEH MpeAnojaratb pealn3aluio TaKux
Mponeayp, NPUMEHEHHE KOTOPhIX MaéT BO3MOXKHOCTh ITOCTPOCHHS ONTHUMAILHOTO
ynpasieHus. Takoe yrnpaBlieHHe, B YUCIe MPOYEro, JOHKHO 00eCcTIieunBaTh MUHIMH3AIIUIO
(GyHKIIMOHANA, OMUCHIBAIOLIETO CYMMAapHBIE 3aTpaThl, CBS3aHHBIE C MEPEPACXOJAOM
TEXHOJIOTHYECKOMN DICKTPOIHEPTUH 110 MPUINHE BHIJCPIKKHU B TTEUN-MHUKCEPE JIUIITHETO)
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