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OBOPYIOBAHUE 1J151 ®OPMUPOBAHIA OMUYECKHNX
KOHTAKTOB IOJIYITPOBOIHNKOBbBIX ITPUBOPOB HA

OCHOBE COEJJUHEHUI A B,

Paccmompenvr npunyuner nocmpoenus
mexHonoecuyeckux mooyneu. Iloxazanwi
3HAYEeHUs: KOHMAKMHO20 CONPOMUBTEHUS
NJIEHOK, NOAYYEHHbIX C NOMOUWbIO YCIMAHO-
80K 2JIEKMPOHHO-TIY4€6020 HANbLIEHUs Ce-
puu STE EB u ycmanogok o6vlcmpozo mep-
muueckoeo omawcuza cepuu STE RTA.

CoBpeMeHHbIE TTOTYNPOBOJHUKOBBIE MPUOOPHI Ha
OCHOBE TETEPOCTPYKTYp A, B, ABIISIOTCA NEPCTIEKTUBHOM
AJIEeMEHTHOH 0a30i MHUKpolsekTpoHuku. B Poccum co-
3/1aHKe Ha WX OCHOBe TpaH3uctopoB, CBY mHTErpans-
HBIX CXEM U T. I1. c€iiuac HaXOAUTCs Ha CTalUu 3aBeplia-
IOIINXCST OIBITHO-KOHCTPYKTOPCKUX padoT. 3a mocinen-
HUE JeCATh JIET ObUT PElICH PSiJ CIIOKHBIX TEXHOJOTH-
YEeCKHUX 3a/1a4, B TOM YHCJIE CBSI3aHHBIX C 3TallaMH MOCT-
POCTOBOIO LIMKJIA IUTaHAPHBIX oneparuii. OJJHaKo Bee elie
CYLIECTBYIOT CJIOKHOCTH C peanu3alrei TAKUX BaXKHEH-
X OTIepaIii, Kak (opMHUPOBAHNE OMUIECKIX KOHTaK-
TOB K NpUOOpam Ha OCHOBE TeTEPOCTPYKTYP A, B..

TexHoIorn4ecKuii mporecc GopMUPOBAHUS OMHUYE-
CKOT'0 KOHTAKTa COCTOMT U3 JIByX OCHOBHBIX 3TaIlOB: CO-
3[1aHH€ HENOCPEICTBEHHO KOHTAKTHOM MeTaNTU3aliH 1
ee JanpHeimas TepMuieckas oopadoTka. [lomydeHHbIi
KOHTAKT JIOJDKEH UMETh KaK MOYKHO 00JIe€ BBICOKYFO JJICK-
TPOIPOBOJIHOCTh U TEIUIONPOBOAHOCTH, BHOCUTh KaK
MOKHO MEHBIIIUE MEXaHHYeCKHE HAIPSKEHUS, UMETh
XOPOIYI aATe3UI0 K MOBEPXHOCTH AMUTAKCHAIBHOU
CTPYKTYPBbI, HU3KYIO IEPOXOBATOCTH, OBITH TEXHOIOT Y-
HBIM U BOCIIPOU3BOJUMBIM.

(I)OPMHPOBaHl/le KOHTAKTHOM MeTaJdJIu3anumn

CambIM COBpEMEHHBIM METOZIOM (DOPMHUPOBAHUS KOH-
TAaKTHOW METAJJTU3ALIH SIBJIETCS DJIEKTPOHHO-JIy4eBOE
HambUieHne. Takas TeXHOJOTHS MPE/IIoaracT HI3KHIi
YPOBEHB MPEAONCPAIMOHHOTO TaBlIeHUI — He Ooree
1-1077 T1a u mO3BOJISIET OCAKIATD CBEPXUYUCTHIE METAJ-
JUYECKHEe MOKPHITHS B BBICOKOM M CBEPXBBICOKOM Ba-
KyyMe, 4TO UCKITIOUaeT BIUsiHUE (POHA YCTAaHOBKU Ha XOJ1
TEXHOJIIOTHIECKOTO MPOLIECCa U €T0 Pe3yIBTaThI IS TPH-
0OpOB Ha OCHOBE IIMPOKO30HHBIX M CIIa0O0JIErHpOBaH-
HBIX MOJIyIIPOBOIHUKOB [1].

Ha urcToTy 0ca)IeHHOTO MOKPBITHST HEOCPE/ICTBEH-
HO BIIMSIET MPOLIECC 3arpy3Ku 00pa3loB B TEXHOJOTH-
YeCKUI MOJTYIIb, @ TAKXKE MPOLIECC MTPEABAPUTEIbHON MO
roTOBKH oOpasma. Tak, HampuMmep, eclii MPOBOIUTH
OYHCTKY 00pa3iia HOHHBIM IIY9IKOM, TO 3TO IIPHUBEAET K
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PACIBUICHHUIO 3arPSI3HEHUH U OKCHIIOB C €TI0 MOBEPXHO-
CTH ¥ K KOHJICHCAIIMU YIAISIEMBIX MPOIYKTOB HA BHYT-
PCHHEW TOBEPXHOCTH KaMephl HAIIBUICHNUS M HA HarpeBa-
eMBIX y3Jax ucrapurens (Ha MuIeHu). B mpomnecce Ha-
TBUICHUSI CIIOSI METaJIa ATH 3aTPSI3HEHUS BCTPOSITCS B
MOTOK BEIIECTBA U, KaK CIIE/ICTBUE, B COCTAB IICHKH.

Jnst ycTpaHeHHs BIUSTHUS IEPEYHCICHHBIX (DAKTOPOB
Ha MPOIIECC OCAXKICHMS IUICHKH MeTalIM3aliK Oblia
Hpe/UI0KEeHa IByXKaMepHast CHCTeMa dJIEKTPOHHO-JTyde-
Boro HambuteHHs. [lepBas kamepa (LUTIO3) TIO CYTH SIB-
JSIeTCsl KaMepO OYUCTKH M MOITOTOBKU 00pasIoB, B
KOTOPOH TIPH HEOOXOAMMOCTH MOXKET OBITh YCTAHOBJICHA
WOHHAs IyIIKa JUIsl OYUCTKH 00pa3moB. 3arpyska o0-
pa3noB B KaMepy HalbUIEHHUs IPOUCXOAUT YEPE3 LIIIO-
30BOI 3aTBOP, YTO MOJHOCTHIO HCKIIIOYAET 3arps3HeHNe
KaMephl 10 Havyajia mpoliecca HalbUICHHs, BO BpeMs 3a-
Ipy3KH U OYHCTKU 00pasia, a TAK)Ke MOCIIC HAITBUICHHS,
IIpU NOCIIEYIONIEH iepe3arpyske. B kamepe HanbUieHUs
TaKKe MOXKET ObITh YCTAHOBJICHO JOTIOJHUTEIBHOE aHa-
JTUTHYECKOE 000PyIOBaHHE.

DTOT NPUHINT pa3eTICHUs] KaMephI Ha JIBE JIET B 0C-
HOBY cO3J1aHUs BblmyckaeMbIx Komrnanueit 3A0 «HTO»
YCTaHOBOK JIEKTPOHHO-TTy4eBOro HambuieHws cepun STE
EB. HaunGosee coBepieHHON W3 HUX SBISETCS ABYXKa-
mepHast ycranoBka STE EB 71 (puc. 1), mo3Bosstroniast
pacrionararb HOHHYIO ITYILIKY B Kamepe HOAroToBKH. KoH-
CTPYKIIUS KaMephbl HAMBLUICHUST 00SCIIEYNBACT YPOBCHb
npenonepanronHoro aapienus o 10~ IMa. YcranoBka
CHa0KEeHA AIIEKTPOHHO-ITyIeBBIM HCIIAPUTEIEM MOIITHOC-
ThIO 6 KBT ¥ BapbupyeMbIM HA00OPOM stueeK (710 7) oObe-
MoM OT 7 110 15 cm?. PaccTostHue Mex Ty UCTIapUTENEM 1

Puc. 1. YcTraHoBKa 3J€KTPOHHO-JIy4€BOIO HallblIEHUS
STEEB 71
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00pabaTeIBaeMbIMU 00pa3aMU U3MEHSIETCS B IMATIA30HE
200—400 mm. MoxxHO 00pabaTeIBaTh 00pa3Ilbl AHAMET-
pom 10 150 MM M HECKOJIBKO 00Pa3I[0B MEHBIIINX U~
aMeTpPOB Ha IUIOCKOM WM CHEpHYecKoM JepiKaTene C
BO3MOXHOCTBIO €r0 IPOrpeBa U BpalleHNs B Mpolecce
ocak/ieHHs. 3arpy3Ka U BBITPy3Ka 00pa3oB aBTOMAaTH-
3MpOBaHa.

Tepmuueckasi 00padoTka

Tepmudeckast 00pabOTKa ITICHKU KOHTAKTHOM MeTa-
JIM3AIUH TIOCIIE €€ OCAXKACHHUS ONpe/IeIsIeT TaKue KITFode-
BBIC ITapaMETPhI KOHTAKTa KaK MOP(OIOTHS ¥ OMIIECKOE
conpotuBienne. [Ipu aTom 00paboTka 0Opa3oB Ha Oc-
HOBE IeTepOCTPYKTYP A, B, MEIOMINX B KaY€CTBE MOI-
JIOKEK MaTepUabl C HEOTHOPOTHBIM HONIONEHUEM OII-
THYECKOTO M3ITyYCHNS 110 TIOBEPXHOCTH, TAKHE KaK Kap-
Ooupn KpeMHus, carup u Jp., CONPsDKEHA C PSIIOM TeX-
HOJIOTHUYECKUX TPYAHOCTEH.

BakHelmmMu TeXHOJIOrMYECKUMHE NTapaMeTpaMu Mpo-
ecca TepMUUYECKOi 00pabOTKHU SBISOTCS TEMITEpaTypa
mporiecca, CKOpOCTh M OJTHOPOIHOCTE HarpeBa oopasia.
Tak, U1 OT’)KUTa KOHTAKTHOM MEeTaJUIN3alluH K TPaH3HUC-
TOPHBIM FeTEPOCTPYKTypaM Ha OCHOBE HUTPHJIA TaJLITHsI
TpebyeTcsi CKOpOCTh Harpesa obpasma nopsaka 30°C/c
pu MakcuManbHO# Temmieparype 800—850°C [2]. [Ho-
MyCTUMast HEOJTHOPOAHOCTb HAarpeBa MpH 3TOM He J0JIK-
Ha TipeBbImaTh 5—7% ams oopasna quamerpom 100 M.
[Tono6HBIE TEXHOTOTHYECKHUE TTAPAMETPHI HCIIOIB3YIOT-
Cs1 TS CO3JJaHMUS KOHTAKTHOW METaJUTA3aI[iH Ha OCHOBE
CHCTEMBI METAJUIOB «TUTAH — AJFOMUHUI), HAIIPHIMEP
Ti/Al/Ni/Au. IIpn 5TOM OTHOCHTENBHO HI3KAsI TEMIIEpa-
Typa IUIABICHHS ATIOMUHHAS TUKTYeT HEOOXOAUMOCTE B
BBICOKOW CKOPOCTH HarpeBa o0pasia sl NCKITIOUCHHS
BIIMSIHUS PACILIABICHHOTO aJIFOMUHUS Ha CTPYKTYPY KOH-
TakTa Bo n30exanue ero nerpanany [3]. Beicokas max-
CHMaJbHAs TeMIIepaTypa Iporiecca 00ycIoBIeHa BBICO-
koif, boee 800°C, TemmnepaTypoil oOpa3oBaHus (a3bl
Ti N , KoTOpasi «CBA3BIBACT» A30T U3 IPUIIOBEPXHOCTHO-
IO CJI0sl TIOJyIPOBOJHHKA, CO3/1aBasi BAaKaHCHUHU, KOTO-
pBIe, B CBOIO OYEpE.b, SBISIIOTCS JOHOPAMH JUIS HUT-
PHIHBIX MaTEPHAIOB.

Takum oOpazoM, I GOPMHUPOBAHHUSI OMUYECKHIX
KOHTAKTOB MOJNYNPOBOJHUKOBBIX IPUOOPOB HA OCHOBE
reTepOCTPYKTYP A;B; HEOOX0MMMO TPOBECTH OBICTPYIO
BBICOKOTEMITICPATypPHYIO 00paboTKy MeTaumm3anun. Ta-
KO MPOLECC MPUHATO Ha3bIBaTh B3PHIBHBIM BXXUTaHUEM
[4]. B psine ciaydaes 1 TepMUUIECKO 00pabOTKU KOH-
TaKTHOW METAJUTH3AIINH K HUTPUIHBIM FeTePOCTPYKTYpam
UCTIONTB3YETCs TaK Ha3bIBAEMBIN (em-mporiecc [5].

B cocraBe KOHCTPYKIMHU OONBITUHCTBA COBPEMEHHBIX
YCTaHOBOK TEPMHUYECKO 00pabOTKH MMEeTCsl HarpeBa-
TENBHBIHA AJIEMEHT Ha OCHOBE TAJIOTCHHBIX JTAMI HaKaJI1-
BaHus. Takue HarpeBaTeNbHbIC YJIEMEHTHI 00J1a/Ial0T HN3-
KO HHEPIIMOHHOCTBIO U MO3BOJISIIOT JOCTUYb CKOPOCTH
Harpesa oopasua 40°C/c u bonee, a TakXKe peai30BaTh
T /I-3aK0H 71 IPEU3UOHHOIO YIPABICHHS MPOLEC-
COM TeMITepaTypHOi 00pabOTKH.

OOmmit IPUHITUIT HOCTPOCHHS YCTAHOBOK TEPMHUIE-
CKOI1 00paOOTKH MpesicTaBleH Ha pUc. 2. OHAKO OH HMe-
€T psi/l CYLIECTBEHHBIX HEJOCTATKOB, OCHOBHBIM U3 KO-
TOPBIX SBJIETCS 3HAYUTEIbHAst HEOMHOPOAHOCTD Harpe-
Ba 00pa3loB ¢ HEOMHOPOIHBIM MOIIOMICHHEM OIITHYC-

Puc. 2. IlpuanunuansHas cxema yCTaHOBKH TePMUYECKOI
00pabOTKM KOHTAKTHOH MeETaJuIn3alluu:

| — MacCHB TaJIOTeHHBIX JIaMIT HaKaJIuBaHUA; 2— KBapueBoc OKHO

JUIs BBOJA W3NydeHus; 3 — oOpasew; 4 — nepxkarens oOpasua

CKOTO U3JTy4eHHs 10 moBepxHocTH. K mogoOHbIM 00pas-
1[aM OTHOCSTCS, HallpUMep, MOIYTPOBOTHUKOBbIE TPaH-
3HCTOPHBIC FETEPOCTPYKTYPHI, BEIpAIlCHHEIC Ha cardu-
POBBIX MMOIUTOKKaX. Takue 0OpasIbl, Kak MpaBwIo, HE
UMEIOT TIOCTOSTHHOM CTENEHH 3aIllOJHEHHSI METaJIOM
c(hOpMUPOBAHHOM HA MOBEPXHOCTH IJICHKH, YTO IPUBO-
JIUT K HEOITHOPOJAHOCTH Harpesa oOpasla U HU3KOH 1o-
BTOPSIEMOCTH TEXHOJIOTHYECKOT'0 MPOLIEcca B IPOU3BO/I-
CTBEHHOM ITUKJIE, OCOOCHHO IpH 00pabOTKE MEITKUX Ce-
puii 06pa3oB pa3IHIHBIX THUIIOB.

Kpome Toro, mprHINI pacIIOIOKESHHUS JTaMIT BHYTPH
HarpeBaTeJIbHOI0 AJIEeMEHTa TAKKe BIUSAET Ha OJTHOPOI-
HOCTh HarpeBa o0Opasia 3a C4eT HEOJHOPOJHOTO pac-
MIpeJIeNICHUs MaAaloIIEero Ha ero MOBEPXHOCTh U3ITyue-
nust. [Ipu remneparypax nopsiaka 600—800°C ato Biu-
SIHUE MIPOSBJISIETCS B TIOSBJICHUU CBETIIBIX U TEMHBIX TS~
TE€H Ha [I0BEPXHOCTU I10JIyITPOBOJHUKOBOM INIACTUHBI, CO-
OTBETCTBYIONIHNX (hOPME M PACTIOIOKEHUIO TAIOTCHHBIX
JIaMII HAaKaJIMBaHUs B HArPEBATEIBHOM JIeMeHTe. Takoin
HEIOCTaTOK MOXXHO KOMIIEHCHPOBAaTh, pacrojaras He-
CKOJIBKO MacCHBOB JIaMII C pa3HbIX CTOPOH 00pasia B
Pa3IMIHBIX KOH(PHUTYPAIHSX, B TOM YHCIIE 3TO MOTYT OBITH
JIBa MapaIeIbHBIX MACCHBA, 00pa3yIOIINe PEIICTKY.

CriexTp U3My4YeHHUs TUHEHHBIX TaJIOTeHHBIX JIAMIT Ha-
KaJIMBaHWS TaK)Ke BIHSICT HA OMHOPOJHOCTH U dhhek-
TUBHOCThH HarpeBa oOpasma. Tak, Hanbolee pacrnpocT-
PpaHCHHbIC JIMHECHHBIC TaJIOI'CHHBIC JIAMIIBI C 6chnpanb—
HOHM HUTBHIO HAKAJIMBAHUS HMEIOT MIUPOKHUH CIIEKTP H3ITy-
YEeHUS, 9aCTh KOTOPOTO JIXKHUT B BUANMOM JHana3one. B
TO K€ BpeMs, MOJI0KKa 1 chopMUpOBaHHAS METaJTHU-
3aIusl IMEIOT Pa3THIHbIe KOA(P(UITUESHTHI TOTTIOMICHHST
TaKOTO M3IYYEHHS, YTO W OOyCIIaBINBACT HEOTHOPOI-
HOCTh HarpeBa. D PEeKTHBHOCTH HarpeBa oopasiia onpe-
JeNsieTcss ero Kod(pGUIUSHTOM HONIOMICHUS, KOTOPBIH
YBEJIIMYNUBACTCA C YBEJIMYCHUEM JIJIMHBI BOJIHBI U3JTYy4C-
Hust. C 3TOM TOUKH 3peHusi, BUAUMAsI YacTh CIIEKTpa U3-
JyYCHUSI TAIOTEHHBIX JIAMIT HAKATMBaHMS YMEHBIIIaeT 3¢)-
(hexTHBHOCTH HarpeBa oOpasua. /1is moswieHus 3 hex-
TUBHOCTH HarpeBa MOKHO UCTIOJIb30BaTh HH(paKpacHbIe
raJOTeHHBIC JIAMITBL, CIEKTP H3JIyYCHUS KOTOPBIX TAKKE
MIUPOKHUH, OJTHAKO €T0 MUK 3HAYNTENHHO CIIBUHYT B IUTHH-
HOBOJIHOBYIO 00JIaCTh.

21.]'[51 KOMITCHCAIUU MEPEYNCICHHBIX HETOCTATKOB Ha-
rpeBaTCIIbHBIX 3JIEMEHTOB Ha OCHOBE I'aJIOTCHHBIX JIAMII
HaKaJMBaHMs OblIa MPEIIoKeHa KOHCTPYKIIHS TEPMOCTa-
TUPYIOLIETO AJIEMEHTa, KOTOpas Jieria B OCHOBY JIMHUH
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CCPHUITHO BBIITYCKAaCMBIX YCTAHOBOK OBICTPOTO TEpMHUYE-
ckoro orkura komnauuu 3A0 “HTO”. B kauecTBe Tep-
MOCTATHUPYIOIIETO 3JIEMEHTa B HAX HCIOIB3YeTCs Jep-
JKaresb 00pa3ia, N3rOTOBICHHBINH N3 MaTeprala, Mo3Bo-
JISIOMIETO YIYUIIUTh pacipeesieHre Maaaolero Ha 00-
pasen u3nydeHus. B aTom ciydae oOpasen nomomaer
HE MEPBUYHOC U3IYYCHHUE OT raJOreHHbBIX JIaMIl, a BTO-
PUYHOE U3TYYCHUE TEPMOCTATHPYIOLIETO SJIEMEHTA, HC-
MyCKaeMoe Ha JUTMHE BOJIHBI, COOTBETCTBYIOIILICH €ro TeM-
nepatype. Ha ocHOBe pac4eToB 1 POBEICHHBIX JKCIIe-
PHMEHTOB B KaueCTBE MaTepuaa sl TePMOCTaTHPYIO-
IIEer0 3JIeMEHTa ObLT BBIOPaH MAPOIUTHICCKHIA TpaduT.
[IpennoxkeHHbI TEPMOCTATUPYIOLIUI 3JIEMEHT PEACTaB-
JsieT co0OM JTBa ITOCKHX JAHCKA, MEXKTY KOTOPBIMH pac-
nojaraercst oopasen. [Ipu Temmepartypax mporecca mo-
psinka 800—1000°C criekTp U3mydeHus og00HOT0 dJie-
MeHTa OyzeT jexarb B uH(ppakpacHoit obmactu. O6pa-
3en Oyzet 6osee 3 HEeKTUBHO MOMIOMIATh TAKOE H3JTy4e-
HHE, YeM H3JIyYCHUE TAIOTSHHBIX JIaMIT ¢ 00Jiee [IHPO-
KuM criekTpoM. Kpome Toro, HCrosib30BaHue IBYX JAHC-
KOB CITOCOOCTBYET BBIPABHUBAHHIO TEMIIEPATyphl 00pa3-
113, T. K. (JaKTHUECKHU TEIJIOBAs «3aCBETKA MPOUCXOHUT
¢ IBYX CTOpOH. [ToMHMO TepMOCTATHPYFOIIETO AJIeMEH-
Ta, BO BCEX YCTaHOBKAaX TEPMHUYECCKOTO OT)KUTA TAKKE
MIPUMEHSIOTCSI CHCTEMBI TEIUIOBBIX 9KPAHOB, TO3BOJISIO-
II7e TTOBEICUTH 3P (PEKTUBHOCTD U YBEINIUTH OJJHOPOI-
HOCTB HarpeBa ooOpasiia (puc. 3).

- = i | . |
1
Puc. 3. O0mas cxema MOCTPOEHUSI YCTAHOBOK TEPMHUUECKO-
ro omkura cepuu STE RTA:
| — TerIoBbIe OKpaHbl; 2 — TEPMOCTATHPYIOUIUC 3JICMCEHTBI;
3 — obpaseln; 4 — KBapleBOe OKHO JJIsi BBOJA H3IyYCHHUS;
5 — MaccuB rajJoreHHbIX JIaMIl

Puc. 4. YcranoBku ObICTPOTO TepMI/I_.‘IeCKOFO oTKHTa
STE RTA79 (a) u STE RTA70 H (6)

[To Takoii cxeMe OBLITM pean30BaHbl YCTAHOBKH
STE RTA 79 u STE RTA 70H (puc. 4), nperHa3HaueH-
HBIE 1715 TPOBEJICHNUS OBICTPOI TeMIIepaTypHO 00padoT-
KA B yHOpaBisgeMON Tra3oBod cpene. YCTaHOBKaA
STE RTA 79 no3BossieT IpoBOAUTh KPAaTKOBPEMEHHBIE
(o 10 MyH) TIpOIIECChI TEPMUIECKOM 00paOOTKH B HHEPT-
HoW atMocdepe rpu Temreparype 10 900°C u ipu Oosee
BBICOKMX CKOpPOCTSIX HarpemBa, 4yeM B YCTaHOBKE
STE RTA 70H c remneparypoii otkura 10 1300°C u Bpe-
MeHeM omxura 10 120 muH. IIpu 3TOM OTXKUT MOXKET
MPOBOAUTECS B BaKyyMe, B MHEPTHOW I XUMHUYCCKH
aKTHBHOH cpefe. O0e yCTaHOBKH ITO3BOIISTIOT IIPOBOANTD
MHOTOCTaIMAHBIA OTKHT 00Pa3IIOB B MOJIHOCTHIO aBTO-
MaTHYECKOM PEXKUME.

JKCcHepUMeHTAIbHbIE Pe3yJabTaThl

B xone mpoBeneHnsT SKCIEPHUMEHTOB Ha YCTaHOBKE
STE EB 71 ocaxmanucs MHOTOCIIONHBIE METAIUTHYECKHIE
nokpbrtust Ti/A/Ni/Au u Ni/Ge/Au it OMIYECKHUX KOH-
TaKTOB MPHOOPOB Ha OcHOBE HUTPUAHBIX (Al,Ga)N/GaN
u apceHuaAHbIX (Al,Ga)As/GaAs reTepocTpyKTyp, COOT-
BETCTBEHHO. HeoTHOPOAHOCTh HAIBLICHUSI COCTABHIIA
0,5% nns obpasua guamerpom 100 mm.

Ha ycranoske STE RTA 79 B 3A0 «Csemiiana-Poct»
OBUT IPOBEIEH PSI/T HKCIIEPUMEHTOB IO BYKUTAHHIO ITOJTY-
YEHHBIX MHOTOCJIOWHBIX METAJUINYeCKUX cucteM. CKo-
pOCTh HarpeBra oOpa3IoB Ha THHEWHOM Y4acTKe KpUBOM
3aBUCHMOCTH TEMIIEpaTyphl OT BPEMEHHU COCTaBHJIA
35—40°C/c (ast HETPUIHBIX CTPYKTYP) IIPU HEOAHOPOI-
HOCTH Harpesa He Ooree 2% Ha quamerpe 100 M.

ITonmy4eHHble 3HaYEHHSI KOHTAKTHOTO CONPOTHBIICHUS
COCTAaBJISIIOT IS HUTPUAHBIX TeTepocTpykTyp 0,4—
0,6 OM'MM IpH 3HaYEHUHU HIEPOXOBATOCTH IOBEPXHOCTH
0,2—0,09 MxM, 17181 cl1aboJIeTHPOBAHHBIX apCCHHTHBIX
cnoes 0,15—0,25 Om-mMm npu mepoxosatoctu 0,05—
0,01 MxMm.

AHaNIOTWYHBIE Pe3YABTATH! OBLIH MOTYYCHBI Ha TAKOH
ke ycranoBke B 3AO «CBeTana-neKTpoHpudopy. 3Ha-
YeHNEe KOHTAKTHOTO COTIPOTHBICHUS JJISI apCCHUIHBIX
KOHTaKkTHBIX cioeB cocrasmiio 0,1—0,15 Om-MMm nipu
mepoxosaroctu 0,05—0,02 MkMm.

Crnemyer OTMETHUTb, YTO BO BCEX CIy4asX BXKHTaHHS
OMHYECKHUX KOHTAKTOB K HUTPUAHBIM U aQpCEHUTHBIM reTe-
POCTPYKTypaM pa3dpoc IOy IeHHBIX 3HAYECHHI COTPOTHB-
JISHUsI He TIpeBbIal 5% Jijist o0pasiia quamMeTpom 76 M.
HesnauntenbHast HEOTHOPOTHOCTD, KOTOPYIO MOYKHO Ha-
OrOIaTh HA HEKOTOPBIX HUTPUIHBIX 00pasiax, BEIpalieH-
HBIX Ha carnupOBBIX MOAI0KKAX U ITOIOKKAX U3 Kap-
Ouia KpEMHHS, SBIISIETCS CJISJICTBUEM HETUIOTHOTO TIPH-
JieTaHus TIACTHHBI K Jepkarernto oopasua. I1o olyc-
JIOBJICHO TEM, YTO MOBEPXHOCTH 00pasna co CTOPOHEI
MOJUTOKKH HE HJICalIbHO POBHAS BCIICJICTBUE BHYTpPEH-
HUX MEXaHUYIECKUX HATPSDKCHUH caMoil cTpyKTyphl. B
HACTOSIIMHA MOMEHT BEJIyTCS DKCIICPUMEHTHI 110 yCTpa-
HEHHIO ATON HEOJHOPOAHOCTH 32 CUET UCIOJIb30BAHUSA
Jeprkaterss 00pasIoB CeNHaTbHON KOHCTPYKIIUH.

*kk

Takum 00pa3oM, MOKa3aHO, YTO CO3/AHHBIE B KOM-
nanuy 3A0 “HTO” ycTaHOBKH 31IEKTPOHHO-ITYyI€BOI0 Ha-
neiieans cepur STE EB u ycTanoBKH ObICTPOTO TEpMU-
yeckoro orkura cepuu STE RTA B cocTaBe koMIekca
000pyNOBaHHA IUTAHAPHOTO TEXHOJIOTUYECKOTO IHKIIA
MO3BOJISIIOT MPOBOAMUTH KaK MCCIIEA0BATENbCKUE, TAK U
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TEXHOJIOT'HMYECKHE IMPOLECCHI U OBOPYJJOBAHUE

MIPOMBIIIICHHBIC Pa0OTHI 10 POPMUPOBAHUIO HU3KOOM-
HBIX OMHYECKHX KOHTAKTOB ITOJIYIPOBOIHUKOBBIX MPHU-
OOpOB Ha OCHOBE COBPEMEHHBIX MaTepuainos A;B;. Yc-
TaHOBKH I1€I€CO00Pa3HO UCIIOIB30BATh IIPU Pa3padoTKe
CBY- 11 oNTORIEKTPOHHBIX MPHUOOPOB.
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/BuwneBckuii B. M., MMoptHou C. JI., lllaxHosuu U. B. dHuukaonenus WiMAX)\
[Mytb kK 4G. —M.: TexHocdepa, 2009.— 472 c.

KHura HanucaHa M3BECTHbIMH CMELLMAJIUCTAMHU B 00/1aCTH 6eCPOBOAHBIX
TexHosoruil. Manaercs npu comefictBun u moj sruaoil WiMAX Forum.
OnucaHbl NPUHLHUNBl MOCTPOEHHUS, JOTHUECKAs] U (pU3MUECKast CTPYKTypa
GecrnpoBOAHBIX CeTell mepejayn 1aHHbIX FOPOACKOro/pernoHanbHoro Mac-
mraba. Pacckasano o 6ecipoBoanbix cetsix [EEE 802.11, Bkntouasi mesh-
cetu. OnucaHa apXuTeKTypa W MpUHUHUNbI opranudanun WiMAX-cetei
(BmepBble B OTEUEeCTBEHHOW JuTepaTtype). /leTanbHO H3/102KeHA TEXHOJIO-
rusg pamuonocryna I[EEE 802.16, Bkatwouas mo6unbhbie cetu ([EEE
802.16e). Onucansl cotoBble cetu ctanaaptoB 3G u LTE (Tak:ke BnepBble B 0TeUeCTBEHHOMH
JIUTEPAType), a TAKKe TEeXHOJOTHH LIHPOKOMOJOCHOTO UM POBOrO Teae- U paanoBellaHus
(DVB n DAB). Usnoxenbl npuHiunbl TexHoaornn MIMO. T1puBeaeHbl NpuMepbl peaJsu-
sanuu pernoHanbHbix WiMAX-cereil. M3m0xKeHbl TeopeTHYeCKHE OCHOBBI Mepejiadyd HH-
dopmaunu (teopemnl llennona, KorenmpuukoBa, HafikBucra), MeToabl KOIAUPOBAHHUS H
MOAYJISLUHU B OCPOBOAHBIX CETSIX.
[Tpeacrapasier co60i yHHKAMbHOE CIPABOUHOE MOCOOHE MO OCHOBHBIM HA CErOJHS TeXHOJO-
THSIM LIHPOKOMOJIOCHOI0 6ECIPOBOAHOIO 10CTYNa, OXBATHIBAIOLLEE BOMPOCH! OT aPXUTEKTY Pbl
ceTedl 10 annapaTHOH peanu3alud YCTPOHCTB U NPUHLUNOB CepTUMUKALUU 000PYLOBAHUS.
CoueTaHHe Kak MHHUMAJbHO HEOOXOMUMBIX TEOPETHUECKHUX OCHOB GECMPOBONHBIX TENEKOM-
MYHHUKAUUH, TaK U OMUCAHUS KOHKPETHbIX CTAHAAPTOB, CXeMOTEXHMUECKHUX MPHUHIMIOB MO-
CTPOEHHUSI MOJAJEPKUBAIOLLIUX UX YCTPOUCTB U NMPUMEPOB peaau3allid KOHKPETHbIX Oecrnpo-
BOJHBIX CeTeH AesaeT KHUTY MOJMe3HOH HMIMPOKOMY KPYTy UMTaTeNel, MpeKae BCero — cre-
LMAMUCTAM, 3aHUMAIOLIMMCST BOMPOCAMU MOCTPOEHUS LIMPOKOMOJOCHBIX OECIPOBOAHbBIX Ce-
Tel, pagpaboTUMKaM TeJeKOMMYHUKALIMOHHOIO 000pya0BaHus, pykoBoauteasam IT-otaenon
\I/I AHAJIOTMUHBIX CYKO. Y,
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/HaHOCprKTyprle nokpoitusa / Mopa pea. A.Kasaaeiipo, JI. ne Xoccona.— M\
TexHocdepa, 2011.— 752 c.

COOpPHHUK MOJATOTOBJEH MEXKAYHAPOAHBIM KOJJEKTHBOM BeAYUIHX CMEIHaJUucTOB B 00Jac-
TH HAHOHAYKH W HAHOCTPYKTYPHBIX MOKPbITHH. M310KeHbl OCHOBHBIE CBEJIEHUSI O CHHTE3e
CBepPXTBEPAbIX MAEHOK Ha OCHOBE TYTOMJaBKHUX COeJIMHEHHH, UX CTPYKType, pa3zoBoM co-
craBe, GU3UKO-MeXaHUUeCKUX CBOHCTBAX U cepax npumeHeHus. [Tonpo6Ho xapakrepusy-
I0TCSI METO/Ibl HCCJAEN0BAaHUsI MOKPBITHH: MpocBeUMBalollas 3J€KTPOHHAS MHKPOCKOMHUS,
HAaHOWHJAEHTUPOBAHHE U KOMMbIOTEPHBIH SKCMepUMeHT. /leTanbHO aHATU3UPYIOTCS Teope-
THUYECKHEe W OMbITHbIE AaHHbIE O MPHUpOAe AeopMallid U pPa3pylIeHUs] CBEPXTBEPIbIX MO-
KpbiTHi. Ocob6oe BHUMaHHe yaedeHO X TPUOOJOTHUeCKHUM XapaKTepUCTHKAaM U TepMHuuec-
KOH cTaOUJIBLHOCTH.
CO0opHUK OyJeT MoJe3eH yueHbIM, MHKEHepaM M MpenoaaBaTensiM BbICIIEH IIKOJbI, CTY-
JIEHTAM U aclUpaHTaM, CrellHaJu3upyoniumMcs B 06J1aCTH HAHOTEXHOJOTHE, HAHOMAaTepua-
\JIOB U HAHOMOKPBITHH. /
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