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Ob AKTYAJIBHOCTHU IPUMEHEHUSA HUTEBUIHBIX
KPUCTAJIJIOB B COBPEMEHHOM ITPOU3BOJACTBE

B wmarepuane cratbM B paMKax IPOJOIDKEHHs JMTEPAaTypHOro 0030pa paccMOTPEHbl OCHOBHBIE
HampaBJICHUs NPUMEHEHUS HUTEBUAHBIX KPHUCTAJUIOB B COBPEMEHHOM IIPOM3BOJCTBE, IIOKa3aHa
aKTYaJIbHOCTh JIAJIbHEHIIIEro MPOBEICHNS HayYHbIX UCCIIEIOBAHNI B BOIIPOCAX JAJIbHEHINEro paciimpeHus
CIIEKTpa UCMOJIb30BAaHMUS HUTEBUIHBIX KPUCTAJUIOB B PA3JIUYHBIX OTPACISAX MPOMBIIITICHHOCTH

KiroueBble cjioBa: HUTEBUIHbIE KPUCTAJUIBI, IPOU3BOACTBO, CIEKTP PACIIMPEHHUs, HAlpaBJICHUS
HCTIOJIb30BaHUS

BBenenue. Pa3BuTHE TEXHMKH COBPEMEHHOTO TPOU3BOJCTBA  MPEIbSIBISAECT
NOBBIIICHHBIE TPEeOOBAHUS MPU M3TOTOBJICHUU SJICKTPOU3OJSALMOHHBIX MaTepualoB M
U3JIeTTUN U3 HUX, paOOTAIOIIMX MPU BBICOKUX TEMIIEpaTypax, B XMMUYECKH arpeCCUBHBIX
cpenax.

HoBble Heopranmyeckue BOJOKHAa — TYroOIUIaBKME MOHOKPUCTANIIIBI HAa OCHOBE
OKCHJIOB, HUTPUIOB M KapOMIOB METAJIOB, HA3bIBAIOTCS HUTEBUIHBIMH KPHUCTAJLIAMH.
Bropoe Ha3BaHME KpUCTAJUIOB — YCbI, WJIM BUCKEPHI, OT AHIJIMHCKOIO cioBa «whisker» —
Bosioc. Ha wux ocHOBE B COBPEMEHHOM MPOU3BOJCTBE YCIEIIHO MOJYy4aroT
KOMIIO3UILIMOHHBIE MAaTEPHUAIIBI.

B OpiBmiem CCCP mnpobGiemMa UCHONB30BaHUS HUTEBUJIHBIX KPUCTAUIOB Ha
IPOM3BOJICTBE Hayasa pemarbes eme B 50-x rogax npouuioro cronetus. UMeHHoO nmo3tomy
0CcOOBIi MHTEpEC K BHUCKEpaM IPUXOIUTHCA Ha yKa3aHHbIM nepuoa. B To Bpems Ha
NpOM3BOJCTBE OBUIO TOJMYyYeHO U HccaenaoBaHo Oonee 35 snementoB u Oonee 80
COEMHEHUN HUTEBUIHBIX KPUCTAILIOB [1].

[lo pa3MepaM BHUCKEpBHl BIIOJHE CONOCTABUMBI C HAHOYACTHIAMU — JAUAMETP
HEKOTOpBIX M3 HUX He mpeBblmaeT 100 HM. Ilpu 3TOM HUTEBUHBIE KPUCTAIIIBI JENIAT HA
JIBE OCHOBHBIE TPYINIbl: KPUCTALIbI €CTECTBEHHOTO W KPHUCTAJUIBI HCKYCCTBEHHOT'O
MIPOUCXOXKIEHUS. Y Chl EPBOM IpynIbl GOPMUPYIOTCS HA 3€MIIE YK€ MHOTO ThICSUENETHH,
YIOMHHAHUA O BTOPBIX B HAYYHOM JINTEpaType HaunHaroTcs ¢ 16 Beka [2].

Cnenyer OTMETHTH TOT (DaKT, YTO BHUCKEpPhl MHOTMX TYIOIUIaBKMX COEIMHEHMI
(kapOuja KpeMHHUs, OKUCH aJTIOMUHUS, HUTPUJA KPEMHHUS U Jp.) BBIITYCKAIOTCSI CETOJIHS B
MPOMBIIUIEHHBIX MaciuTtabax. Takxke ceromHs IOCTaTOYHO U3BECTHBI CAMOPOJHBIE
BOJIOKHUCTBIE HUTEBHAHBIX KpuctauioB Au, Ag, Cu, Sn, Pb, S, pazau4apix OKHUCIIOB U
cunukaToB. Hutu, Hanpumep, camopoaHoro cepedpa aocturator anunel B 0,5 M. Hacto
MPUPOJHBIE HUTEBUIHBIE KPUCTAUIBI BCTPEYAOTCS U B BHUJIC BKIIOUYECHUN BHYTPHU JIPYTHUX
MUHEpaJIOB (HampuUMep, WIJIbl pyTWIa B MNPUPOJHBIX KpHUCTalax pyOuHa, KBapua).
@pannysckuil creneonor [le Kacrepe, Hanpumep, B [3] omuchiBal TOHYAWIIME HHUTHU
KapOOHaTa KaJlbllUg M THUIICA, CBUCABIIME C IOTOJKAa W CTEH W OOJaJaBIIME TaKOM
rUOKOCTBIO, YTO UX MOXKHO OBLIIO 00€pTHIBATH BOKPYT MaJblia U JJaXKe 3aBA3BIBAThH B y3€Il.

Cnenyer OTMETUTBH, YTO B IOCJIEAHHE TOJbI JOCTATOYHO YCHEIIHO B Pa3IUYHBIX
CTpaHax MPOBOASTCS pabOTHI O CO3/TAHUIO0 KOMIIO3UIIMOHHBIX MaTepUajoB C 0COOBIMU
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CBOMCTBaMH Ha OCHOBE MMEHHO HUTEBHJHBIX KPHUCTAJIOB, UTO TPeOYET, B CBOIO OUYEpEb,
pa3pabOTKM HOBBIX W HOBBIX TEXHOJOTHYHBIX METOJIOB TMOJTYYEHHUS BBICOKOMPOYHBIX
HUTEBUIHBIX KPUCTAIIOB B JOCTATOYHO OOJBIINX KOJTMYECTBAX.

HeocmopuM TOT ¢akt, 4TO CErofgHs HUTEBUIHBIC KPHUCTAIIBI HAXOAST IIMPOKUU
CHEKTp KaK MPAaKTUYECKUX, TaK U HAyYHBIX MPUMEHEHUI. B psiae HayyHbIX UCCIeI0BaHUI
OHM TMPAKTUYECKH HE3aMEHHMMBI, HO Ha MPOU3BOJCTBE MX HIMPOKOE NMPUMEHEHUE IOKa
JOCTaTOYHO TTPOOJIEMAaTHYIHO.

AHaju3 wuccjaeqoBaHMH W nyOaukanuid. B wmarepuane ngaHHOM cTaThM, Ha
OCHOBaHWUW TIPOBEJCHHOTO JHUTEpaTypHOro o030opa [1-18], moOKka3aHBl OCHOBHBIC
HaIpaBJIEHUs] MCIOJIb30BaHUSI HUTEBHUIHBIX KPHUCTAJJIOB HA MPOU3BOJCTBE B PA3IMYHBIX
MPAKTUYECKUX CIEKTpax MPUMEHEHUs, 0co00€ BHUMAHUE TIPU OTOM  yJIEJEHO
MCIIOJIb30BAHUIO HUTEBUIHBIX KPUCTAIJIOB KaK KOMIIO3UIIMOHHOI'O MaTepHaa.

B wacTHOCTH, TTpOBENEHHBIN 0030p MOKa3aj, YTO B Pa3BUTHH PEHICHHUS MPOOIEMbI
MPOYHOCTH KOMIO3UIIMOHHBIX MaTEepUaNOB OOJbINOE 3HaYeHHWE uMenu pabotel A.B.
CremaHoBa, KOTOpBIH eme B S0-X ToJax MPOILIOTO CTOJETHS pa3paboTan (U3HUECKYIO
TEOPUIO Pa3pylICHUs NEPUOJMYECKH HEOJHOPOAHBIX aHU30TPONHBIX cped. [lpu sTom
KOMITO3UIIMOHHBIE MaTepHaibl Ha OCHOBE METAJUIMUYECKUX W KEPAMUYECKHX BOJIOKOH
NOMUMO BBICOKOW YJIEJIbHOM TIPOYHOCTH HUMEIOT €lle U OOJbIIOE COMPOTUBICHHE
PaCIPOCTPAHEHUIO TPEIIUH, BHICOKYI0 XMMUYECKYIO CTOMKOCTh. [I0aTOMY B COBpeMEHHOM
MPOU3BOJICTBE CIEKTP MNPUMEHEHUS TAaKUX KOMIIO3UIIMOHHBIX MAaTepUAIOB IMOCTOSHHO
pacrer [4].

JleficTBUTENIbHO Hanbosee Ba)KHOE CBOMCTBO HUTEBUJIHBIX KPUCTANIOB — YHUKAIbHO
BBICOKAsl MPOYHOCTb, B HECKOJIBKO pa3 MPEeBOCXOAIIAs NPOYHOCTh MAaCCUBHBIX MOHO- U
HOJUKPUCTAIIIOB. BhICOKast MPOYHOCTH YCOB OOBSACHSAETCS COBEPLIEHCTBOM UX CTPYKTYpHI
U 3HAUWUTEIbHO MEHBUIMM, YEM Y MACCHBHBIX KPHUCTAJUIOB, KOJIUYECTBOM OOBEMHBIX U
HOBEPXHOCTHBIX JI€(DEKTOB.

dopmupoBaHue uejeili W 3aga4y. B wmarepuane AaHHOW CTaTbM B paMKax
OPOJODKEHHST JUTEPAaTypHOro o030pa Mo MHpodieMe HCCIENOBaHUS PaccMaTpPUBAIOTCS
BOMPOCHI UCIIOJIb30BAaHUSI HUTEBUIHBIX KPUCTAJUIOB B COBPEMEHHOM MPOU3BO/ICTBE.

JlureparypHsbiii  0030p. /locTaTOYHO BaXXHBIM HAIPABJICHUEM COBPEMEHHOM
IPOU3BOJICTBEHHON M  OMNBITHO-KOHCTPYKTOPCKOW  NIEATENbHOCTH, CBA3AHHOM C
UCIIOJIb30BAHUEM BHCKEPOB, SABISETCS pa3pabOTKa HOBOIO IMOKOJEHHS TKaHEBBIX
AIEKTPOJHBIX MAaTEPUAJIOB JJI1 BTOPUYHBIX HCTOYHUKOB TOKA.

Nx co3pmanue TpeOyeT MOCTMXKEHUS ONMpPEACTICHHOM OOMEHHOW €MKOCTH, BBICOKOM
MTOABUKHOCTH HOHOB, J3JIEKTPOHHOW NPOBOJMMOCTH, A TaKKe >XUBYYECTH, TO €CTh
NOJITOBEYHOTO  MCHOJB30BaHUA B  IUKIAX  «paspsAlaka-zapsanka». BelpameHHbie
MUHEPAJIbHbIE HUTH UMEIOT MOYTH HJCAIBHO MOIXOMISILYI0 CTPYKTYpPY, a HapaMeTpbl UX
KPUCTAJNTMYECKON PEIIETKH U3MEHSIOTCA TaKUM 00pa3oM, 4TO €€ CHKaThe M PacTsHKEHHE
MIPOUCXOJIUT TOMEPEK, a HE BAOJIb HUTEH, UTO MO3BOJSET U30erath UX pPacTPEeCKUBAHUS.
Takke MOMUMO YIUBUTEIBHBIX HOHHO-OOMEHHBIX CBOWCTB, BHCKEpaM IpHCyIIa
YHHUKaJbHasi THOKOCTb.

Bonokna BuckepoB nociie 00pabOTKH KUCIOTON U MEpPEeBEACHHs B TaK HA3bIBAEMYIO
«H-popmy» cTaHOBATCS aKTUBHBIM COPOCHTOM TSDKENBIX METAJIOB, IOCKOJIBbKY
CTPYKTYPHO CIIOCOOHBI JIETKO OOMEHATh MPOTOHBI HA KATUOHBI C OOJBIINM paanycoM, 0e3
3aTPYJHEHUN pPAaCIIONIAralolIMxcsi B KaHAJIAX KPHUCTALIMYECKOW CTPYKTYpPBI, IMOATOMY
MOT'YT HCHOJIb30BaTbCS MNpPU YTWIM3ALHWH, TEXHOTCHHBIX W PAJAOAKTHBHBIX OTXOJIOB.
OpaHoOM U3 BaXKHEUIIUX MPUYUH MaNION Ae(PEKTHOCTH HUTEBUAHBIX KPUCTAIIJIOB HA
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MIPOU3BOJICTBE SIBIISIIOTCSL X pa3MEPBI, IPU KOTOPBIX BEPOSITHOCTh MPUCYTCTBUS AedeKTa B
KaKJIOM M3 KPUCTAJUIOB HEBEJIMKA. B HUX, B OTJIMYME OT MOJUKPUCTALIMYECKUX BOJOKOH,
HE MOTYT WATH TPOLECCH PEKPUCTAIIU3AINKN, OOBIYHO BBI3BIBAIONINE PE3KOE MaJCHUE
MIPOYHOCTH MPHU BBICOKUX TEMIIEpATypax.

[Ipou3BOACTBO HMOHHBIX TMPOBOJHUKOB, KATOAHBIX MAaTEpUaNiOB, TBEPAO(A3HBIX
AMEKTPOJIUTOB, KaTAIU3aTOPOB, a, BO3MOXHO, M MAaTPUI] AJI1 3aXOPOHEHHUS paIMOaKTHBHBIX
OTXOJIOB, — BOT JIMIIb HEKOTOPHIE W3 BO3MOXKHBIX cdep TPUMEHEHHUS HHUTECBHUIHBIX
KPUCTAJIOB 3TOTO THMA. M BO3MOKHOCTH 3TUX YHUKAIBHBIX OOBEKTOB, KOTOPHIE BOT YXKe
0osee TONyBEKa MHTCHCHUBHO HM3yYarOTCS B BEAYLIUX JIA0OpAaTOpHUSIX MHpA, JO KOHIIA
KOHEYHO HE UCYEPIaHBI.

C Touku 3peHus, Kak QyHIAMEHTATLHON HAYKH, TaK U IPAKTUKHU, BUCKEPHI B JCCATKU
W JaXe COTHH pa3 MpPOYHEe OOBIUHBIX KPHUCTAJIOB, OHU O0JIaAal0T TMOPA3UTEITHHOM
rHOKOCTBIO, KOPPO3MOHHOW CTOMKOCTHIO U KpUCTaiorpaduyueckod aHU30TPOMHEH
cBoMCTB. [losyueHue «ycoB» CBEpXUUCTBIX METAJUIOB U ajiMa3a, HUTEBUIHBIX KPUCTAJIOB
KPEMHHS WM CBEpXIPOBOAAIMX BHCKepoB Bip, Sr;, Ca, Cu,Og cramo kimaccukou
COBPEMEHHON XUMHH (PYHKITMOHATBLHBIX MaTEPUATIOB.

[Tomo6Hast HeoObIYHAsT (hopMa KPUCTAIJIOB MHTEPECHA HE TOJBKO C TOYKH 3PCHUS
UCCIICIOBaHUSI MEXaHU3Ma ee oOpa3oBaHUs, HO M M3-3a CBOMX CIEIUPUICCKUX (HU3UKO-
XUMUYECKUX XapaKTepUCTHK, YTO JIeJIaeT BEChbMa aKTYaJIbHbIMH JIIOObIE€ HOBBIC
UCCJIE0OBaHUs B 3TOM 00JIacTH.

[IpeacraBnsis coOOW OJHOMEPHYIO KPUCTAJUIMYECKYID CHCTEMY, BHCKEpPHI B
COBPEMEHHOM MPOMU3BOJICTBE HAXOJAT IOCTATOYHO HMIMPOKUNA JUana3oH NPUMEHEHUN — OT
YIPOUHSIIOIIMX BOJIOKOH [0 YCTPOMCTB HAHO3JEKTpOoHUKU. Ho, HecMOTps Ha TO, 4TO
HUTEBUHbIE KPUCTAJIJIbI U3BECTHBI 00JIee MOJYBEKA, BUCKEPBl TEXHUYECKU HCIOIB3YIOTCS
JOCTaTOYHO OJTHOOOKO — B OCHOBHOM, KaK apMUPYIOILIKME BOJIOKHA [5].

Eme B 1958 romy paboTbl B HampaBi€HUW CO3/IaHHS MATE€pPUAJIOB, apMUPOBAHHBIX
UMEHHO HUTEBUIHBIMU KPUCTAJUIAMH, YCIEUIHO HPOBOAMIUCH AMEPUKAHCKUMU U
anrmiickumu  pupmamu. ImenHo Torna B [6-7] ObLIM OTOOpa)KEHBI MpeaABApUTEIIbHBIC
pacyeTbl CBOMCTB THMIOTETUYECKUX KOMIIO3MIMM, KOTOpBIE CO3/1aBaJUCh Ha OCHOBE
MMEHHO HUTEBUIHBIX KPUCTAJIOB.

Kak moka3zano B [8-13] yxe 40-50 neT Ha3ag HUTEBUIHBIE KPUCTAJUIBI YCIIECIIHO
UCIOJIb30BAJIMCh HA MPOU3BOJICTBE KAaK HANOJHUTEIbh B IUIACTUKOBBIX, METAJUNINYECKUX U
Kepamudeckux matpuuax. [lonapmnstomiee OOJBIIMHCTBO U3 HUX B COBPEMEHHBIX YCIOBHUAX
YCIICIIHO MPUMEHSIOTCS JJI1 CO3/1aHUsl KOHCTPYKIMOHHBIX KOMIIO3UTHBIX MaTepHalOB C
yIAyYIIEHHBIMU MEXaHWYECKUMU CBoMcTBaMu (yriiepoanble BojiokHa, SiC, Al,O3), mpu
3TOM 00BEMBI IPOU3BOICTBA JOCTUTAIOT 3HAUUTEIbHBIX BETUYHUH.

B nocnemnme 20-30 neT ycnmemHO pa3BUBAETCS HANPABICHHE, CBSI3aHHOE C
MPAKTUYECKUM HCIIOJIb30BaHUEM KJIACCUYECKMX KPEMHHUEBBIX BHCKEPOB B KauyeCcTBE
OCTPUH U1l aTOMHO-CWJIOBOM, MarHUTO-CUJIOBOM MUKPOCKOIIMH.

NMeHHO celiuac Ha MPOM3BOJACTBE JIOCTATOYHO AaKTyaJbHBIM HAIIPABICHHEM €CTh
CO3JaHUE OJIHO U JIByXKOMIIOHEHTHBIX BUCKEPOB C IMOJYNPOBOJHUKOBBIMU CBONCTBAMU
(GaN, ZnO, InSb). HecomHeHHass MepCrneKTHMBHOCTb 3TOrO HAIpPaBJICHHUS CBsA3aHA C
pa3BUTHEM XMMHMH U (PU3UKH HAHOCHUCTEM, MOCKOJBbKY YHOPSAIOUYEHHBINH aHCaMOJIb TaKUX
HAaHOBUCKEPOB MOXKET paccMaTpUBaTbC B KAueCTBE CHCTEMbl C YHHKAJbHBIMU
ONTUYECKUMH CBOMCTBAMH, B KOTOPBIX MPOSBISAIOTCS KBAHTOBBIE 3(PPEKThI («KBAHTOBBIC
TOYKH», «KBAHTOBBIE HUTH», B PsJ€ CIIy4yaeB TaKW€ CHCTEMbl DPAcCMATPUBAIOTCS B
KOHTEKCTE Ju3aiiHa «()OTOHHBIX KPUCTAIIIIOBY).
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B ToXe BpeMst 10 HETaBHUX MOP MPAKTHUECKH HE CYIIECTBOBAIO BOCIPOU3BOIUMBIX
M OTHOCUTENBHO JEHIEBBIX CIOCOOOB  TOJNYYEHHS BHUCKEPOB C  JKEIAEMBIMH
(YHKIIMOHAIBHBIMUA ~ XapAaKTEPUCTUKAMH — HEJIWHEWHBIMH MArHUTHBIMH U (WJIN)
ANEKTPUUECKUMH CBOWCTBAMH, & TAKXK€ CYMEPUOHHOW MPOBOJMMOCTHIO, UTO, SIBUJIOCH OBI
Ype3BbIYAHHO BaXKHBIM IIIaroM B OOJACTH CO3JaHUSl MPUHIUIHAAILHO HOBBIX THIIOB
KPUCTAIUTMYECKUX MATEPUAIIOB.

B GonbmmHCTBE ciydaeB 3TO CBSA3aHO C TEM, YTO HAa JAHHBIA MOMEHT MPAKTHYECKU
HE CYIIEeCTBYET YHHUBEPCAIbHON, KaueCTBEHHONW METOJMKH BBIPAIIMBAHUS «YCOB)
XMUMHUYECKH CII0KHOTO COCTaBa.

[Iporpecc B mpou3BOACTBE MUKPOIJIEKTPOHUKH, B MEAUIIMHE, YKOJIOTHH BO MHOTOM
OTpeJeNIAeTCd YPOBHEM pa3paboOTOK B 0OJACTH CYNEPUOHHBIX MPOBOJHUKOB. BuCKepHl,
Opyl HAJIWMYUA y HUX O0CO00M KPUCTANIMYECKON CTPYKTYphl, OOYCIIaBIHUBAIOIICH
CMEIIAaHHYIO0 JJIEKTPOHHO-MOHHYIO TPOBOJUMOCTh, MOTYT OBITH HCIIOJIB30BaHBI IS
CO3MaHMs DJICKTPOAHBIX W MEMOpaHHBIX MaTEepHaAIOB HOBOTO IIOKOJCHHS B CHITY
YHUKAJIHHOTO COYETAaHUS BBIJAIOMIMXCA MEXaHWYECKUX CBOMCTB W CYNEPUOHHOM
MIPOBOIUMOCTH.

K nocromHCTBAaM MOTEHIMANBHBIX JJCKTPOJOB W3 HUTEBHIHBIX KPUCTAILIOB
OTHOCSITCSI TAK’K€ BO3MOYKHOCTb JIETKOTO MPUAAHMS UM jKeJlaeMoil (hOpMBI U JielieBru3Ha. B
IIEJIOM, COBOKYIMHOCTH YyKa3aHHBIX TPeOOBaHUN yIOBICTBOPSIOT THOKHE TKAHEBBIC
ANEKTPObI, TMOTYYCHHBIC M3 HEOPTaHMUYECKHX BOJOKOH C TYHHEIHHOW WIIM CIIOUCTOM
CTPYKTYpPOH, COCTOSIIIIAE U3 DJIEMEHTOB, JIETKO U3MEHSIIOIINX CBOIO CTCTICHh OKUCIICHHUS (B
YaCTHOCTH, OKCHJIOB (-2JIEMEHTOB).

Pa3BuTue COBpEMEHHOrO0 MNPOM3BOJCTBA I0KA3aJ0, YTO HHUTEBUAHBIE KPUCTAJIIbI
ABJIAIOTCS] YHUKQJIbHEUIIUM MAaTEpUAIOM JIJIsl U3TOTOBJIEHUS TEH30JaTYUKOB U I0OCTaTOYHO
KOHKPETHBIC JJAHHBIC 110 3TOMY HAIPABJICHUIO TTOKa3aHbl B pabotax [14-17].

B nocratouno momynspHoM HaydHOM wu3gaHuM [18] ommcaHo  ycnemHoe
MCIOJIb30BAHME MATHUTHBIX BUCKEPOB B MATHUTHBIX IJIEHKAX, IUCKaX. 3/1€Ch K€ IMOKa3aHO
YCIIEIIHOE HCIOJB30BAHUE METAJUIMYECKUX YCOB B IIPOLIECCE apMUPOBAHMS CBApPHBIX
IIBOB, AJIEKTPUUYECKUX KOHTAaKTOB, BO BpEMs IMPOU3BOACTBA OECKOHTAKTHBIX KIIIOYEH,
O€3IIETOYHBIX JBUTATENIed IOCTOSIHHOTO TOKa, HMH(PPAKpPACHBIX MOJIIPU3ATOPOB,
TEPMHUUYECKUX MPOBOJHUKOB M MX HUCIIOJIb30BAHUE B KOHTAKTHBIX CXEMaX JUIsl TOJyYEHHUS
U300pakeHUsI.

BeiBoabl. Takum oOpa3oM, B paMKax JIUTEpaTypHOro o0030pa B cTaThe OBbLIO
MOJIOXKEHO Hayajl0 PacCMOTPEHHS BOIPOCOB aKTyaJIbHOCTH MNPHUMEHEHUS HUTEBHIHBIX
KPUCTAJJIOB Ha MPOU3BOJICTBE.

B Hacrosimiee BpemMs B paMKax MPOJOJIKEHHUS JIUTEPaTypHOro 0030pa MHOIO
MIPOBOJUTCS] MOMCK MAaTEHTHOM MHMOpMAIMU MO sy CTpaH, B KOTOPOM PacCMOTPEHBI
YCIIOBUS  BBIPAIIMBAHMS  PA3IMYHBIX HEOPraHMYECKUX HUTEBUJHBIX KPUCTAIIIOB,
QHAIM3UPYIOTCA TpPEUMYIIecTBA M HENOCTaTKM  PAa3IMYHBIX CIIOCOOOB  CHHTE3a
HUTEBUHBIX KPUCTAJJIOB, CUCTEMATU3UPYETCS aHAIN3 JaHHBIX OTHOCHUTEJILHO BOIIPOCOB
MPUMEHEHHUs] BUCKEPOB B pPA3IUYHBIX OTPAC]AX MPOMBILUIEHHOCTH U B OOOPOHHOM
KOMILIEKCE.
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O6 aKTyaJlbHOCTH TPUMEHEHHs] HUTeBHIAHBIX KPHCTAJIOB B COBPEeMEHHOM HNpPOU3BOACTBe /
AprembeB C. P. // Bichuk HTY «XIII». Cepis: Hosi pimeHHst B cydyacHux TexHonorisix. — X: HTVY
«XIII», — 2013. - Ne 56 (1029). — C.204-208 . — biomiorp.: 18 Ha3B.

B marepiani crarTi B MeXax NMPOJOBXKEHHS JITEPATypHOIrO OrJSAY 3a MPOOIEMO0 JTOCTIKEHHS
PO3IIIIHYTO OCHOBHI HANpsIMKH 3aCTOCYBaHHS HHUTKOMOAIOHMX KpPUCTAJIB y Cy4aCHOMY BHUPOOHHIITBI,
HaroJIOIIeHO Ha aKTyaJbHICTh MOJAIBLIONO MPOBEIEHHS JOCIIKEHb B MUTAHHSIX PO3LUIMPEHHS CIEKTPY
BHUKOPHUCTAHHS IaHOT'O TUITY KPUCTAIIB y PI3HUX TalIy3sX IPOMHCIOBOCTI

KaiouoBi cjoBa: HUTKOMOAIOHI KpUCTadM, BHUPOOHUITBO, CIEKTP PO3LIMPEHHS, HaNpPSIMKU
BUKOPHCTAaHHS

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

YK 681.5:519.24
M. A. JEMHH, 1-p Texn. Hayk, npod., HTY «XITH»

YIIPABJIEHHUE ITPOLHECCOM BbBIJAYH PACIIJIABA HA
IJIABUWIBHO-3AJIMBOYHOM YUACTKE JIMTEHHOT' O IIEXA

B crarbe ommcana cxema YIIpaBJICHUA HNPOHCCCOM BbIAa4M paciljlaBa U3 IJJICKTPOIICYM Ha JIUTEHHBIN
KOHBeﬁep, XapaKTepHOfI 0COOEHHOCTEIO KOTOpOfI SIBJISICTCS UCIONB30BAaHUE B CUCTEME «I1€Ub — JUTCHHBIN
KOHBeﬁep» ABYXITO3MITUOHHOI'O 3aJIMBOYHOI'O aBToOMarTa nu BCCOOO3UPYHOLICTO YCTPOﬁCTBa,
OGQCH@‘II/IBE{IOHICFO BblJa4y paciuiaBa HIOpOousaIMHU B COOTBCTCTBHUH C OINITUMAJIbHON TEXHOIOIUYEeCKOM
CXEMOH ILJIaBKH. HOKaSaHO, YTO MPUMCHCHUC OIMCAaHHOM CXEMBI YIIpaBJICHUA o0ecIeurBacT BEITTOJTHEHUE
KOMIIPOMHCCHOI'O KpHUTCpUsA OINTUMH3ALUH, YYUTBIBAIOOICTO KakK Tp€6OBaHI/IH 10 MHHHUMMH3ANH
QHCPro3arpar, Tak 1 TpC6OBaHI/I$[ IO MUHHUMHU3AINH ITPOCTOA KOHBeﬁepa.
KarwueBble cj10Ba: cucTema YIipaBJICHUSA, MAaTEMAaTUYCCKasA MOJCIIb, TCXHOJIOTMYCCKasA CXeMa

BBenenmne. CuHTE3 CUCTEMBI YIPABICHHS IPOLECCOM JJIEKTPOIUIABKM Ha HJTame
TEPMOBPEMEHHON 00pabOTKM pacijiaBa JOJDKEH MpeAnoiaratb pealu3aluio TaKux
MpoLeayp, HPUMEHEHHE KOTOPBIX JAET BO3MOXHOCTb ITOCTPOCHHUS ONTHUMAJIBHOIO
ynpasiieHus. Takoe ynpaBlieHHe, B UUCIe IPOYETo, JOHKHO 00eCcTieunBaTh MUHUMHU3ALINIO
(GyHKIIMOHANIA, OMUCHIBAIOLIEIO CYMMAapHBIE 3aTpaThl, CBSI3aHHBIE C TEPEpPacxoioM
TEXHOJIOTMYECKOM JIEKTPOIHEPTUHU 110 TPUUUHE BBIAECPIKKHU B IEUN-MHUKCEPE WIMIITHETO)
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