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CoBpemeHHasi TeH/ICHIIMS TTOBBIIIEHUSI CIIOXKHOCTH BaKyyMHOTO 000pYI0BaHUS
HapsAIy C BO3pAacTAOMMMHU TPeOOBAaHMSIMHM K KAa4eCTBY U CPOKaM IMPOEKTUPOBAHUS
CO3/1a€T CUTYaLIUI0, B KOTOPOU MHKEHEPY HEOOXOIUMO OBICTPO MPOU3BOIUTH PACUETHI
Ha BCEX JTamax MpoeKkTHupoBaHusi. OJHUM U3 cocoOOB MOBBIMIEHUS 3(PPEKTUBHOCTH
TpyAa pa3paboTyHKa SBISETCS UCTOIH30BAHUE CHCTEM aBTOMATH3MPOBAHHOTO MPOEK-
THUPOBAHMSI, TO3BOJISIOLIUX COKPATUTh CPOKU MTPOEKTUPOBAHUS U €T0 CTOUMOCTb.

AHann3 0TEYeCTBEHHOI'O PhIHKA MPOTrPaMMHBIX MPOIYyKTOB MOKa3all, YTO Ha ce-
TOJHSIIHUI I€Hb CUCTEMbl aBTOMATU3UPOBAHHOIO MPOEKTUPOBAHUS BAKyyMHBIX CHC-
teM (BC) Ha HeM orcyTcTBYrOT. CyIlIeCTBYIOLIME CUCTEMBI, Takue Kak "VacMaster",
MPOBOJSIT YacTh HEOOXOJMMBIX MPOEKTHBIX BaKyyMHBIX pacueToB. Cpenu 3apyOex-
HBIX TIPOTPAMMHBIX MAKEeTOB MojieaupoBaHus padoTsl BC MmoxxHO BeIIenuTh "Vactran"
(Professional Engineering Computations, CIIIA) [1] u "VacSim Multi" (Softsim Ltd.,
Benukobpurtanust) [2]. OgHako oHM 0051a1al0T OOIMMH HEIOCTATKAMH: HEYJIOOHBIM
rpaduyeckuM HHTEpPEHCOM CO3TaHUS H300PKEHHS MPUHIIMIHATBHON BaKyyMHOM
CXEMBbl, OTCYTCTBUEM TMOAJIEPKKU CUCTEMBI OTEYECTBEHHBIX CTAaHAAPTOB B 00JIACTH Ba-
KYYMHON TEXHHMKH, OTPAaHUYEHHBIM BBIOOPOM BaKyyMHOTO OOOpPYJIOBaHUS U Y3KUM
KpPYTOM pelIaeMbIX 3a/1a4.

st noBeiieHuss 3¢ (HEKTUBHOCTU TPyJa MPOSKTUPOBIIUKA C YYETOM yKa3aH-
HBIX HEJIOCTATKOB CYIIECTBYIOIIMX MPOTPAaMMHBIX MPOAYKTOB pa3paldaThIBAETCs CHUC-
T€Ma aBTOMATU3UPOBAHHOTO MpoekTupoBaHus BakyyMHbIXx cucteMm (CAIIP BC), no-
3BOJISAIOIIAs CO3/1aBaTh MPUHUMIIUANBHYIO cxeMy BC, mpoBoauTh BaKyyMHBIE pacyeThl
u mozaenupoBanue BC.

CAIIP BC coctout U3 TpeX OCHOBHBIX MOJCUCTEM, B3aUMOJICHCTBYIOIIUX MEXK-
Iy co00i: rpaduiecKoi MOJACUCTEMBI, MOJICUCTEM 0a3 TaHHBIX U MOJCIUPOBAHUS.

[Toacucrema 6a3 naHHBIX MpeaHA3HAYEHA JUISl CO3JIaHUsl, XPAHEHHs U yIpaBJe-
Husl HaOopa 6a3 mansbix (BJ1) [3]. B mpomecce paboThl ¢ cucTeMO TPOSKTUPOBIIHK
MMEET BO3MOXHOCTh CO37aBaTh moib3oBarenbckue b/[. Ilpu 3TomM opranu3oBana
yaoOHas nepeqava JaHHBIX Mexay pasnuunbiMu bJl. Paznenenne b/l Ha ucxonnbeie u
MOJIb30BATEIbCKUE MO3BOJISIET MPOEKTUPOBIIMKY HacTpauBaTh bJ] B cOOTBETCTBUU CO
coumu nipeanoureHusimu. Kaxxnas b1 cogepxut nadopmanuio o ra3ax, MaTrepuaiax,
MPUMEHSEMbBIX B BAKYyMHOU MPOMBIIIUIEHHOCTH, U 3JeMeHTHOM 6a3ze BC.

[Toncucrema B/, moMmuMo OCHOBHBIX nelicTBul, npucymux aoboi CYB/I, mo-
3BOJISIET MPOCMATPUBATh CTaTUCTUKY, KOHTpoJIupoBaTh Bepcuto b/I, coznaBate u Boc-
CTaHaBJIMBATh PE3EPBHYIO KOIMMUIO, I€YaTaTh 3alpalliviBaeMy0 HHPOPMALHIO.

I'paduueckas noacucrema mpenHa3HaueHa JUIsl CO3AAHMS U300paKeHUsS! MPUH-
nunuanbHou cxeMbl BC, koTOpas siBNsieTCs OCHOBOM 11l (DOPMHUPOBAHUS MAaTeMaTH-
yeckord moaenu ¢ynknuonupoBanus BC. Iloctpoenne m3o0paskeHUs] MPOUCXOIUT B
sKpaHHOU (hopme, BKItoUarolel B ce0si pabouee Moje U HHCTPYMEHTAIbHbBIE TAHEIH.
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Pabouee none, cHa0KeHO KOOPAMHATHOW CETKOW M JIMHEHKaMH, MPEAyCMOTPEHO H3-
MEHEHHUE €ro pa3MepoB, MacluTabda W HacTpoilka 1BeTOBOW rammsl. Ilpu BbIBOIE Ha
nedats pabodee MoJ€ JOMOJIHAETCS TUTYJIBHBIM HITAMIIOM, COJEpKaIluM HH(pOopMa-
LU0 O TIPOEKTE.

s mopenupoBanust padotel BC B pa3pabarsiBaemoit CAIIP npenycmatpuBa-
eTcs moacucteMa MozaenupoBaHus [4]. OOBEKTOM MOJETUPOBAHUS B HEU SBISIOTCS
notoku raza. Ilociae ¢opmupoBanus m3zo0pakeHuss npuUHUUIHAIBHOM cxembl BC
MpeanoaraeTcsi NpoBeAeHne oOIIe MPOBEpKU HAa HAIMYHUE CIIyYalHBIX OIIMOOK CO-
CTaBIICHUSI CXEMBI (OTCYTCTBHE COMPSIKCHHUS W HA3HAYCHHBIX MapaMEeTPOB AIIEMEHTOB
BC) u mpoBepkr Ha COBMECTHMOCTH DJIEMEHTOB MEXTY COOOM.

XapakTepHOil OCOOCHHOCTBIO MOJICHUCTEMBI MOJICIUPOBAHUS OYyNET SBIATHCA
HCIIOJIb30BaHUE BCTPOEHHOr0 Ha0Opa KOMaHJ, UMUTHPYIOLIUX MOBEJEHUE olepaTopa
WIN CUCTEMBI YIIPABJIEHUS BAKyyMHOT0 000pyA0BaHus (BKIFOUEHUE HACOCA, OTKPHITHE
KJIAITaHOB M T.1.).

ITomumo ommcannsix noacucrem CAIIP BC conmepxutr Moaynu onpeneseHus
ra3oBoi Harpy3ku [5] u npeodpazoBanus ¢pusndeckux eauHull. [Ipenmnonaraercs pac-
IIMPEHNE HOMEHKIIATypbl MOy JIEH.

Co3naBaeMblii IpOrpaMMHBINA MPOAYKT OyneT BOCTpEOOBaH MpEeaNpUATUSIMU
pa3aMyHOTO MacmTada, AeITeIbHOCTh KOTOPHIX CBsI3aHa C MPOCKTUPOBAHHEM BaKyyM-
HOrOo obopymoBanus. PaspabareiBaemass CAIIP MoxkeT MCTIOIB30BaThCSI B MAITUHO- U
npuOOPOCTPOSHUH, TUILIEBOM U METAJLTYprU4ecKOl MPOMBIIIIJICHHOCTH, MaTepraioBe-
JICHUH, MEIMIIMHE U JPYTUX chepax, UCTIONB3YIOMUX BaAKyyMHOE 000pYI0BaHHE.
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KPUTEPUM KATOJHOTI'O MEXAHU3MA MHULIUUPOBAHUS
NMITYJbCHOTI'O MPOBOS B BAKYYME
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Karogneiii Mmexanusm npobosi B BaKyyMme CBS3aH C pa3pylICHUEM SMUTUPYIO-

—6
MEeTro0 MUKPOBBICTYIIA TOKOM U IIPU JJIMTCIBbHOCTAX UMITYJILCOB ty > 10 C OIIpCaCIACT-

Csl JOCTHKEHHEM MUKPOHAIIPSYKEHHOCTBIO £ KpUTUYECKOTO 3HaYeHHA Ly,
E=E, (1)

-6
Ipnu b < 107 ¢ Benmunuel, Bxoasume B KPUTEPHUI KaTOJHOTO WHUITMHPOBAHHS
(1), oxa3piBaroTCA PYHKIIUSIMH BPEMEHU BO3ACHCTBUS

E(t,)=E(1,). @)

JUisl OLIeHKM KaTOJHOTO MEXaHU3Ma CIIeIyeT COMOCTaBUTh aOCONIOTHBIE 3HaYe-
HHSl HANPSHKEHHOCTEW E U E,,, MOrPEMIHOCTE ONPEAEICHH KOTOPLIX OrPaHUYMBAET
TOYHOCTh OLEHKU. TOYHOCTh MOKHO MOBBICUTb, €CJIM MPU CPABHEHUU NEPEUTH OT ab-
COJIIOTHBIX BEJIMYUH K OTHOCUTENbHBIM. [lepexos K OTHOCUTENbHBIM BEIMYMHAM HC-
KJIF0YaeT aOCONMIOTHYIO OLIMOKY U3MEPEHUI.

Lenbro uccnenoBanus sBiseTcs pazpaboTKa KPUTEpUs KATOIHOTO MEXaHU3Ma
UHULIMUPOBAHUS IPOOO0S, NCKIIIOYAIOLIET0 a0COTIOTHYIO OIINOKY U3MEpPEHHI.

[Ipr KaTOAHOM WHUIIMMPOBAHMM B PE3yJbTAaTe KAaKOTO-IMOO BO3JCHCTBHS HA
KaTOJl MEHSETCSI HE TOJIBKO COCTOSIHUE MTOBEPXHOCTH, HO M DJIEKTPHUECKasi MPOYHOCTh
Ey. IloBepxHOCTh XapakTepusyercs KodQPHUIMEeHTOM yCUJIEHUS [ MO Ha MUKpPOHE-
OJTHOPOJTHOCTSIX. B KauecTBe OTHOCUTENBHBIX BEJIMYMH, ONPEACIISIOMUX CTENEeHb BO3-
JEVCTBHUSA HA KAaTOJA, MOXKHO HCIIOB30BaTh KOA(OUIIMEHTH N3MEHEHHs Ka4ecTBa I0-
BEPXHOCTH

Kﬂ:ﬂl/ﬂz (3)

51 BHCKTqueCKOﬁ IIPpOYHOCTHU
K =U, / U, 4
U

rae f1, Uy u f,, U, — 3HadeHus kodppuiinenTa yCuaeHus 1 HaMPSHKEHUS MO, COOT-
BETCTBEHHO, /10 M I1OCJIE BO3ICHCTBHUS.

Hawnnyuriee kauyecTBO MOBEPXHOCTH M HAWBBICIIAS AJIEKTPUUECKAsT MTPOYHOCTH
W30S JOCTUTAIOTCS TPU ONTHUMAIBHBIX PEKUMAaX, KOTJIA UTHTEILHOCTh UMITYJIb-
COB, BO3JICHCTBYIOIIMX HAa BaKyyMHBIH NMPOMEXKYTOK, paBHA BPEMCHH 3alia3/IbIBaHUS
t

npobost # =15, [Ipy KOHOULIMOHUPOBAHUU HFIEKTPOJOB UMITYJIbCAMHU L=t cocros-
HUE MOBEPXHOCTHU OMPEAEICHO AIEKTPUUECKON MPOYHOCTHIO [1]

B=128-10"E,"°

)

I/ICHOHBSYSI NpeACTaBIICHUC MUKPOHAIIPSKCHHOCTHU JJICKTPUICCKOTO ITOJI 9CPE3
YCUIICHHYIO MUKPOBBICTYTIOM MAaKpPOHAIIPS)KCHHOCTD

E=pE, (6)

Ly =ts
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¢ yuetoM BolpaxkeHu# (3) — (5) MOXKHO NMPEACTAaBUTHh KPUTEPHil (2) B BUJIE
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Puc. 2. 3aBUCUMOCTE U3MEHEHUH DJIEK-
TPUYECKON MMPOYHOCTU OT U3MECHEHUS Ka-
YeCcTBa MOBEPXHOCTH.

Puc. 1. I3MeHeHre MUKPOHAIPSHKEHHO-
CTH DJIEKTPUYECKOTO MOJIS C YACIIOM UM-
I1yJIbCOB.

Ha puc. 1 npencraBineHO M3MEHEHHE MUKPOHAIPSKEHHOCTH JJIEKTPUYECKOTO

BE =131-10"
IoJrs1 € 4YUCJIOM UMITYJIBCOB. ConocraBieHue CPCAHCTO 0

=8,55-10°

B/m u xputn-

Yyeckoro = P B/m [1] 3nHauenwuii, cormacHo (2), MOATBEPKIAAET KATOMHBIN
MEXaHU3M C NOrpemHocTbI0 35%.

Ha pHuc. 2 NpcaAcCTaBJICHO OTHOCHUTCIBHOC M3MCHCHHUC BHCKTqueCKOﬁ IIPOYHO-

CTH KaK (I)YHKHI/IH OTHOCHUTCJIIBbHOI'O N3MCHCHMUSL COCTOAHUA HOBerHOCTI/I.
3KCHepI/IM€HTaHBHBIC TOYKHU YI[OBJIGTBOPSHOT CTGHCHHOﬁ 3aBUCHUMOCTH
K, =K} (6)

b

MOATBEPKAasi KATOAHOE MHUIMUPOBAHKE C TOTPeIHOCTHIO 20%.

[IpennoxxeH HOBBIM KPUTEPUN KATOJHOTO MHUIIMUPOBAHUS UMITYJIBCHOTO IMPO-
00s1 B BakyyMe. TOYHOCTh OILICHKH IO MPEII0KCHHOMY KPHTEPHUIO NMPEBBICHIIA TOY-
HOCTb U3BECTHOTO Kputepus Ha 75%.

Jlureparypa

1 EmenwssnoB A.A. 3anazmpiBanue mnpo6osi B Bakyyme // KT®D, 2003. T1.73, N 8§,
C.113-119

2 EwmenbsnoB A.A., Kaccupos I'.M. O mporHo3upoBaHuM 3JIEKTPUYECKON TPOUHOCTH
BaKyyMHOTO TIPOMEXYTKa Ha HWMITyJIbCHOM HampsibkeHun //  Bcecoro3usiii
CUMIIO3UYM I10 HEHaKaJauBaeMbIM KaTonaM. Tomck, 1977. — C. 39-40.

90



Tpemvs Poccuiickas cmyoenueckas nay4no-mexHuieckas Kongepenyus
“Bakyymuas mexnuka u mexuonoeus”. 2. Kazanw, 10—12 anpena 2007 2.
Cekuusn 3. Bakyymuvie ycmanoeKku u mexHo102uu

BECCIHEKOBASI TEXHOJIOT'USI BAKYYM-ILIOTHOMN
KOPYHJOBOUN KEPAMHUKMH BK100-2
0./l. Amenuna, C.b. Hecmepoe
QI'VII «HUUBT um. C.A.Bexwurnckozo», Mocksea, Hazophwiii npoeso, 7.
E-mail: sbnesterov@niivt.ru

BakyyM-IJ10THBIE KEpaMUYECKHE MaTepuaibl HENPOHUIAEMBI JJIS Ta30B IpPH
Temmepatypax g0 1600°C n masnenmsix 10 10°—107"Mm.pr.ct., mpomyckaior ¢ BecbMa
MaJjibIM TMOTJIOIIEHUEM 3JIEKTPOMAarHUTHbIE KOJeOaHUs BHICOKMX U CBEPXBBICOKMX Yac-
TOT, 00JIaJat0T OONBIION MEXaHUYECKOW MPOYHOCTHIO M MOTYT paboTaTh B YCIOBHUSX
BBICOKOT'O BaKyyMa B IIMPOKOM HMHTepBaje Temieparyp. Vx BakHON 0COOEHHOCTHIO
ABIIIETCA CIOCOOHOCTh OOPa30BBIBATh BaKyyMHO-IUIOTHBIE BBICOKOTEMIIEPATYpPHbIE
COEIMHEHUS C METAJJIaMHU.

B npousBoactee kepamuku BK100-2 ncronb3yercst TEXHUYECKUN TIIMHO3EM,
KOTOPBIN TMpeACTaBiIsieT cobor cMech a-, B-, y-bopm Al,Os;. OH coaepXUT Hexena-
TeJbHbIE MPUMECH IETI0UCH, TYOUTETbHBIM 00pa30M CKa3bIBAIOIIMECS Ha 3JIEKTPOPU-
3WYECKUX CBOMCTBAX MOJIy4YaeMOH KepaMHKH. JTO OOCTOATENbCTBO TpeOyeT mpeiBa-
PUTENBHOIO IPUTOTOBJIEHUS CIIEKA UCXOJHBIX KOMIIOHEHTOB IS MOJy4YEeHUs MUHEpa-
JIOTUYECKU OJHOPOAHOrO Marepuasa, COCTOSIIET0 W3 TEPMUYECKH YCTOMYUBOU O-
¢dopmbl Al,O3, yMEHbILIEHUS] TOPUCTOCTH M3AETUN M KojludecTBa npumeceld. JlanHas
OIepaLus SABJIAECTCS JOPOTOM U TPYLOEMKOM.

be3 mpoBeneHus npeaBapuUTEILHOTO 00KUTa MOKHO HCIIONIb30BATh INIMHO3EMBI,
KOTOpbIE B CBOEM COCTAaBE MMEIOT MPEUMYIIECTBEHHO o-(hopmy, Hampumep, ['H-1,
I'JIMK (nierupoBannsiit 0,25% MgO). B Hacrosiee BpeMs IPOU3BOJICTBO TIIMHO3EMA
Mapku ['JIMK oTeuecTBEeHHOW MPOMBIIUIEHHOCTbIO OTPAHUYEHO, HO CTaOWUJIBHO BHI-
nmyckaercs HemeTtamutyprudaeckuid riuHo3eM ['H-1 ¢ maccoBoii moneit a-popmer Al O
He MeHee 95% M HU3KMM COJEp)KaHHEM NPUMECEH IIEIOYHBbIX MeTauioB. IIpuMene-
HUE 3TOTO ChIPbs B IIPOU3BOJICTBE BAKYYM-IUIOTHOM KOpyHA0BOM Kepamuku BK100-2
pelonpeessieT Nepexo OT TPAAULIMOHHOM CIIEKOBOW K 0€CCIIEKOBOM TEXHOJIOTHH.

TexHomornueckui mporiecc OeccriekoBoil TexHosioruu kepamukun BK100-2 ¢
ucrnoJyib3oBanueM riauHo3ema ['H-1 6e3 m3MeHeHus muXToBOro U (ha3oBOro COCTAaBOB
COJIEP>KUT CJIEAYIOLIUE ITAIbI:

1. ITomon rnmuHO3€EMA.

2. CmemMBaHue UCXOIHBIX KOMIIOHEHTOB IINXTBHI.
3. IlpuroroBnenue GOPpMOBOYHON MACCHI.

4. ®opMOBaHHE U3ICIIHIA.

5.00KUT U3AEIUIA.

B kauecTBe MuHepaiu3aTopa B KEpaMUUYECKOM IIUXTE COACPHKHUTCS OKCHJL Mar-
Hust — MgO B xonmnuectBe 0,3mac.%.

[IpennoururenbHee BCEro Il TOHKOTO PacIpeAesIeHHs MOPOIIKa MUHEPAJIA3a-
TOpa UCMOJb30BaTh MOKPHIM moMoul. JIoOaBKy BBOJST B INIMHO3EM B BUJE PacCTBOPH-
MOl COJIM MarHus, pasjiararouieiicss B mpouecce crnekanus marepuana a0 MgO. Tpyn-
HOM 3aJjaueil IpU 3TOM CTAaHOBUTCSI COXPAaHEHUE JOCTUTHYTOI'O B PACTBOpPE paBHOMEP-
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HOTO pacrpeeneHus: 100aBKH, Tak Kak B MPOLECCe CYUIKM OHAa TPAHCIOPTUPYETCS Ha
MOBEPXHOCTh KOpka. B BUy 3THX TEXHOJOTMYECKHUX OCOOEHHOCTEW B CBOEH paboTe s
OCYUIECTBMJIA CXEMY CMEILIMBAaHUA TJIMHO3eMa C J00aBKOM B CyXOM COCTOSHUH. J[7st
MOJIyYEHHsI TOHKOJMCIEPCHOI'O MOPOIIKA MHUHEPAIU3aTOpa peajn30BaHa 30J1b-TEJb
TEXHOJIOTusl, KoTopas Obuia pa3paborana Ha kadenpe kepamukun PXTY umenun
JA.N.Menneneepa. Ee TeXHOJIOTMYECKUIA MPOLIECC COCTOUT U3 CICAYIOUIUX ATAIOB:

1. IlpuroTtoBiieHre pacTBOPOB COJIEH.

2. lpurorosnenwue rens (moOaBieHNE TOJIMBUHUIOBOTO CIIUPTA K PACTBOPY ).

3. 'omorenusanus.

4. Cymika (ToJrydeHue KCeporesi).

5. IlpokanuBanue Kceporess (MoydeHrne TOHKOAUCIIEPCHOTO MOPOIIKa JOOAaBKH).

N3 pacTBOpUMBIX COJIEM YKCYCHOKHCIOTO MarHusi U HUTpaTa MarHus MOJy4eH
nopoimok MgO, a u3 cMecu coJjieil XJIOpUCTOro aJlOMUHUSA U HUTpaTa MarHus CUHTe-
3upoBaHa A00aBKa, MPEANOIOKUTENBHO cocTosmas u3 Al,O3 u anroMomarae3naibHON
mmuHenu MgAl, Oy, B xomuectBe 1% oT maccsl mmxThl. Kpome 3T0T0, HIcOab30Ba-
Hbl B YUCTOM BHUJE XJIOPUCTBIA MArHUM M OKCHJ MarHus. J[Jisi CpaBHUTEIBHOM Xapak-
TEPUCTUKU CBOICTB KEPaMUYECKOT0 MaTepuasa, MOoJydyaeMOoro Mo TPaIUIIMOHHON U
0eCCIeKOBOIM TEXHOJOTUHU, OBUTH OTJIMTHI OIBITHBIC 00pa3lbl M3 MPOU3BOJICTBEHHOMN
Macchl 3aBofa «llomukop». OOpasibl, IPUTOTOBIEHHbBIE IO OECCIIEKOBOW TEXHOJIOTHH,
dbopMoBaTKCh OTHOCTOPOHHUM TpeccoBaHueM. OOXHT Moy dadprKaTOB MPOBEJCH B
Bo3yIIHOI cpexe mpu 1670°C,1700°C u 1730°C.

C pocTrom TemiiepaTyphl IJIOTHOCTh KEPAMHUUYECKOIO0 MaTepHualla, €ro JIMHEHHas
OTHEBas ycaJKa U Mpejes MPOYHOCTH 3aKOHOMEPHO Bo3pacTatoT. CaMble MI0OTHbIE 00-
pasipl TMONYYHINCh M3 MPOM3BOICTBEHHON Macchl Ilpu temmeparype 1730°C mx
IUIOTHOCTB cocTaBiia 3,87 r/cM’. Huskue mokasaTeiu MIOTHOCTH y 00pa3loB, NpUro-
TOBJICHHBIX 110 OECCIEKOBOI TEXHOJOTMH, MPEAONPEACTUINCH METOAOM UX (OPMOBa-
Hus. [IpeccoBanue He MOKeT 00eCNEeYUTh BBICOKYIO MJIOTHOCTh KEPAMUYECKOTO MaTe-
puana. Hanbonee miotHas kepamuka nonyuuiack ¢ go6aBkoir MgCl, B kauecTBe M-
nepammsaropa (mpu 1730°C p=3,82 r/cm’). C TMOBBILIEHHEM TOPUCTOCTH BCE HPOUHO-
CTHBIE XapaKTEPUCTUKU KepaMUKHU CHUXkaroTcs. 1loatomy G, y 00pa3LioB, NpUroTos-
JICHHBIX IO CIEKOBOW TEXHOJIOTMH, CYLIECTBEHHO BBIIIE, YEM Gy, 00pa3loB, MPUTO-
TOBJICHHBIX 110 OECCIIEKOBOW TEXHOJIOTHH.

Cnoco6 ¢opmoBaHUSI METOJAOM TOPSYETO JUThS O] IaBJICHHEM HanboJiee BbI-
TOJIeH JJIsl MOJdy4yeHus: noiypabpuKkaToB ¢ BBHICOKOW MIOTHOCTHIO. [Ipu mcnoiab3oBa-
HUU 3TOro Metona (GopmoBaHUS B OECCIIEKOBOW TEXHOJIOTMH MOYHO CYIIIECTBEHHO
MOBBICHTHh KEPAMHUYECKHE, dIEKTPOPU3NIECKUE U MTPOYHOCTHBIE CBOIMCTBA MaTepuasa
BK100-2. beccriekoBasi TEXHOJIOTHS SBJISETCS MPELU3UOHHON TEXHOJIOTHEHN IO CpaB-
HEHUIO C TPAJUIIMOHHBIMUA METOJAaMU Mpor3BojicTBa kepamuku BK100-2.
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IJEKTPOPUSNYECKOE ITOBBILNIEHME ITEPEIIAJIA JABJIEHUSA
IIPU BBIBOJAE 9JIEKTPOHHBIX [TYYKOB B ATMOC®EPY
A.I. Yy2ynoe, A.A. @uas, JI.H. Opaukos
TYCYP, Tomck, np.Jlenuna, 40. E-mail: ng@muma.tusur.ru

AnHoTaums. PaccmarpuBaercst mosbliiieHre 3(Q(HEKTUBHOCTH OTKAYKH YCTPOUA-
CTBa /Il BBIBOJIA CTALMOHAPHOI'O 3JIEKTPOHHOIO Iyuyka ¢ 3Heprueit 1o 100 k3B B at-
Moc(epy ¢ HOMOIIbIO JIEKTPUUYECKOTO pa3psiia U BBIBOJUMOTO ITyUKa.

BBenenue. DiekTpoHHbIE My4YKH B ra3e ¢ 3Hepruer 10 100 k»B npumenstorcs
JUIS TIOJIMMEPU3ALINY, KOHBEPCUU Ta30B, U1 BO30YKACHHUS Ja3epHbIX cpel. Mcxons uz
MUHHMMYMa HEPreTUYECKUX 3aTpaT IMy4YKH BBIBOJAST Y€pe3 ra30/IMHAMHUYECKHE OKHA
('10), B BuAEC aBTOHOMHO OTKAaYMBAaE€MbBIX KaMep C DJIEMEHTaMHU Pa3IuyHON (OPMBI
BOKPYT BBIBOJHBIX OTBEPCTUH JUIsl peaqu3allii ra3oJuHaMu4ecKuX 3(pQeKToB, yryd-
HIAOIIMX NEpenas AaBICHHUS.

Cyrs mnpobaemsbl. [lpumenenue ['JIO TpeOyer MomiHOCTH OTKaukud S5-10
KBT/MM® MIOIIa M OTBEPCTHS [T MOUICPKAHNS BaKyyMa B HCTOYHHKE JIIEKTPOHOB.
Peanuzanus razonunamudeckux 3(G(HEKTOB MpH JABICHHUSX MEHEE CAMHHII MM PT CT
CTaHOBUTCS MpOoOJIEMaTUYHON B BHJy pa3pekeHHocTu rasza. [loTepu Toka mnpu 3Tom
coctaBisAlOT ~50% Ha KaxaoOM OTBepcTUU. [Ipy yMEHBIIEHHH pPaCCTOSHUS MEXIY
3JIEMEHTaMU TOTEPU TOKA YMEHBIIAIOTCS, HO CTPYs ra3a MpoJeTaeT MUMO KaMephbl
MPOMEXKYTOYHOM OTKAUYKHU, TOYTH HE OTKAUUBASCh.

Metoa pemienusi mpodJiemsl. [Ipenmaraercss ucnonab30BaTh ra3oBbId pa3psa B
I'’IO 1 cam BBIBOAMMBIN MYYOK JJI1 UBMEHEHHS TapaMETPOB Ta30BoMl cTpyu. B paszpsi-
Jie ¥ B IyYKe a3 HarpeBaeTcs, ropsyasi CTpys OoJiee MUpPOKasi, B Ta30BOM pa3psae Me-
HSIOTCS ITapaMeTphl Ta3a.

JKcnepuMeHTA/IbHbIE HccaeaoBanus. KoMmiuieke /Ui BpIBOJA Mydka Mpen-
CTaBJICH Ha puc.l.

1
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Puc. 1. a) kommiekc 11 BBIBOJA AJIEKTPOHHOIO MyYKa. /- KaToMd, 2- aHOJ, 3- Mar-
HUTHBIC JIUH3BI, 4, 7- 3eMeHThl ['/]O; 5,6- ckauku gaBiieHus; 0) 3aBUCUMOCTD J1aBJie-
HUS B HICTOYHHKE JICKTPOHOB OT JaBJICHUS B Kamepe: 1- 0e3 myuka, 2- ¢ mydkom 20

kB, 50 MA; 3- my4oK C pa3psiioM.
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[Ipn obecrieueHuun naBiaeHUs B UCTOYHUKE IEKTpoHOB 1-10 Ila u monmaye Ha
XOJIOJTHBI aJIFOMUHUEBBIN KaToa / BbIcOKOro HampsbkeHus 20-30 kB B cucreme BO3-
HUKaeT BbICOKOBOJIBTHBIN TIEIOIMIUNA pa3psia. Monbsl u3 mua3msl paspsna 6oMoapaupy-
10T QJTIOMHUHHMEBBIN KaTOJ, U3 KOTOPOTO BHIOMBAIOT IJIEKTPOHBI. DJIEKTPOHHBIM ITy4OK
TokoM 10 100 MA doxkycupyercs B orBepctus I'JIO auamerpom 0,8 MM U BBIBOAUTCS
B KaMepy ¢ razom. ['a3 moctynaer B I'JIO u orkauuBaercsa Hacocom HBIIP-16, oc-
TaJIbHOW ra3 OTKauMBaeTCs U3 o0bemMa IEKTPOHHOIO McTouHruka Hacocom HBIIP-16.
[lepenan naBiieHUs OLIEHUBAETCSI OTHOLIEHUEM JABJIEHUS B KaMepe K JaBJICHUIO B HUC-
TOYHHUKE JIEKTPOHOB.

IHonyueHHble pe3ybTaThI

IIpu 3axuranum paspsanga B I'Z1O c anemenTa 7 BCieICTBUE pa3Bajia CTPyU JaB-
JIEHHE B UCTOYHHUKE 3JIEKTPOHOB yMeHbInaeTcsa ot 10 mo 5 Ia.

3akuranue JOKaibHOro Tieromero paspsaa (600B,400MA), orpaHu4eHHOTO
CETKOMW, MPUBOJUT K OTKJIOHEHHIO ra30BOr0 MOTOKA BCIEACTBUE TepMobapodddexra,
IIpY KOTOPOM Pa3HOCTb TEMIIEpPAaTyp BBI3bIBAECT Pa3HOCThb JaBieHuil. Ilpu 3Tom aie-
MEHT 4 HaXOJUTCSl B CTATMYECKOM JABJICHUU U €ro popMa BOOOIIE HE BIUSET Ha Iie-
penaa nasnenus yepe3 ['J10. OTkiioHEHNE TOTOKA ra3a MO3BOJIUIO COMU3UTH DIIEMEH-
Te1 I'J1O 10 2-3 AuaMeTpoB BBIBOAHBIX OTBEPCTUN M YMEHBIINTH OOIIME TOTEPU TOKA
10 30% u MOBBICUTH 3arpy3Ky Hacoca, oTkauuBatomiero I'J10.

BriBogMMBIN MMy4OK MOXKET yJy4dlllaTh WM yXyJIUIaThb CO3JAaBAEMbINA IEpernas
naBieHus. B noknaze mpuBoaMTes cxema M3MeHeHus mapamerpos rasa B I'/]O, co-
[JIACHO KOTOpOM, MOTOK rasa, Brekatounii B I'JI0, yckopsieTcss 10 CBEPX3BYKOBBIX
CKOPOCTEi U €ro JaBieHue U TeMieparypa ymensinatorces. [lepen snementom I'J10 (4)
IIOTOK TOPMO3HTCSI, €T0 TEMIIEPATYpa MOBBIIIAETCS, YTO BEAET K MOBBILICHUIO MPOITY-
CKHOM criocoOHOCTH oTBepCTHs. [loN0okHUTENbHOE WM OTPULIATENIFHOE BIMSHUE TTyUYKa
U pa3psiia 3aBUCUT OT IPOTSKEHHOCTH JJO3BYKOBOTO M CBEPX3BYKOBOI'O YYACTKOB.

CoBMeECTHOE TPUMEHEHHE TIICIOLIETO pa3psiia M BBIBOJUMOIO MMy4YKa IO3BOJIS-
€T HEKOTOopoe BpeMs (5 MHH) MOJAEpPKUBATh BAKyyM B HCTOYHHKE 3JIEKTPOHOB Ha
ypoBHe 10 -80 Ila BooOme 6€3 OTKaukM HCTOYHUKA 3JIEKTPOHOB MPHU BHIBOJE MyYKa B
atMmocdepy uepes orBepctue nuametpom 0,8 MM u otkauke ['JIO nacocom HBIIP-16.

Jlureparypa

1. Opnuxos JI.H. Borpockl Teopun U MpakTUKH BbIBOJA B a3 AJIEKTPOHHBIX ITyYKOB.
Tomck, TI'Y, 2002, 150 c.

2. Aopamosuu I'.H. IIpuknagnas razosas nuHnamuka. M. Hayka, 1976

SKCHEPUMEHTAJIGHBIN CTEH/ JJISI HCCJIEJOBAHUSA IMMPOIIECCA
MPONMUTKU JPEBECHUHbI BAKYYMHO-UMITYJbCHBIM METOJ0OM
O.B. Cmupnosa, A.B. I'aspunos, B.®. Maoaxkun
KI'TY, Kazanw, yn. K. Mapkca, 68. E-mail: vacuum-ag@hotmail.ru

BOJIBIIMHCTBO HM3rOTaBIMBAEMBIX CTOJSPHBIX HW3JCIHN NPEAHA3HAYACTCS HE
TOJBKO JJI1 TEXHOJOTMYECKUX IIEJEH, HO W JJISI YKpPAlICHHUs] MOMEIICHUM, 3JaHui U
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coopykeHui. OHU IKCILTYaTUPYIOTCS B PA3TUYHON 0OCTAHOBKE M PA3JIMYHBIX YCIOBU-
ax. JlMTenbHasi COXpaHHOCTh U3JIETUI U3 IPEBECUHBI 00ECIeYnBaeTCsi 00padOTKOIA.

O0paboTKa apeBeCHHBI IAKOKPACOYHBIMHU MaTepUalaMi, aHTHCETITUKAMU U aH-
TUTIUPEHAMH TIPEICTABIISIET COOOM COBOKYIMTHOCTh TEXHOJIOTMUECKHUX OIEpaIlfii 1Mo Ha-
HECEHUIO, CYIIIKE U 00JIarOpakMBaHHUIO ATHX TMOKPBITHH.

B Hacrosiee Bpemsi, Hapsity ¢ PyYHBIMH METOJaMHU OTACIKHU, JIAKOKPACOYHBIE
MaTepHalibl HAHOCAT METOJaMH: O0JIMBa, SKCTPY3WH, HA BAJIbLIEBBIX CTaHKaX, OKyHa-
HUEM, THEBMATHUYECKUM U OE3BO3IYIIHBIM PACHbUICHUEM, B AJICKTPUIECKOM IOJIe TO-
KOB BBICOKOTO HAMPSDKEHUS U JIp.

[Tpu popmupoBaHUM MOKPHITHIA MO APEBECHHE, HANOOJIEE PaCIPOCTPAHCHHBIM
OCTaeTcs IMMHEBMATHUECKOE pacmbUieHHe. biaromapss yHHUBEPCATBHOCTH M IMPOCTOTE
METO/1a ITHEBMATHYCCKIUMH KPACKOPACTIBUTHTEIIIMA HAHOCUTCST OKOJIO 70% TTOKPBITHH.
B Toxxe Bpemsi, clieyeT OTMETUTh CYIIECTBEHHBIC HEIOCTATKH METO/a PACIbUICHUS:
00JbIIME TOTEPU JIAKOKPACOUHBIX MaTepualioB (1m0 40-55%); 3HaYMTENbHBIN Pacxo/y
AIEKTPOIHEPTUH; 3arPSI3HEHNE BO3/[yXa B OT/ICJIOUHOM TIOMEIICHUH.
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Puc. 1. BakyymHas cxema 3KCIIEpUMEHTAIIBHOTO CTEHAA
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B sroli cBs3M, 3aciy’KMBaeT BHUMaHUSI METOJ] OKyHaHUs. OCHOBHBIMHU IIpe-
MMYIIECTBAMH 3TOTO METO/A SIBIISIIOTCS BBICOKAs! MPOU3BOAUTENLHOCTh TPY/1a; IKOHO-
MUl JJTAKOKPACOYHBIX MATE€pPUANIOB, MOJYYEHHE JOCTATOYHOM TOJIIMHBI IJICHKU MPHU
OJIHOKPAaTHOM HAHECEHMH JIaKa WM 3MaJM; yJIyqllIEeHUEe CAHUTAPHOI'O COCTOSIHUS B Lie-
X€ BCJIEJICTBUE CBEJEHUS NOTEPH JIAKOKPACOYHBIX MaTEpUaIoB 10 MUHUMYMA.

B niane nonydeHus KauyeCTBEHHBIX MOKPBHITHI 00pa3lioB IPEBECUHBI 3aCTYKU-
BaeT BHUMaHUs MCIIOJIb30BaHUE JIaBJICHUS WM YepeIoBaHNE BaKyyMa U JIaBJICHUSI.

Kpome Toro, mpuMeHeHne BaKyyma, BCIEICTBUE T€PMETUYHOCTH 0OOPYIOBa-
HUs ellle B OOJbIIeH CTENeHH, IO CPABHEHUIO C METOJIOM OKYHAaHMsI, TO3BOJIUT COKpa-
TUTH BblJIeJIEHUE B aTMOC(epy TOKCUYHBIX NTAPOB PACTBOPUTENICH.

C yu4eToM BBIIIEU3TIOKEHHOTO, HAMH ObLJIa CIIPOEKTUPOBAHA IKCIEPUMEHTAIb-
Hasl yCTaHOBKa JUIsl UCCIIEAOBAHMSI MpoOIiecca MPOMUTKU U3AEUN U3 APEBECUHBI C UC-
M0JIb30BAHUEM BaKyyMHO-UMITYJIbCHON TE€XHOJIOTHH.

B xomrmiekT onbITHOM ycTaHOBKU (puc.]) BXOAST YeThIpe COOOIIAIOIIUXCS CO-
cyna (CVI1, CV2, CV3, CV5) uunuaapudeckoil popMbl ¢ KOHUYECKUM JHUIIEM 00Bhe-
MoM okoJ10 20 1 Kaxaasi, MMEIoIIMX pyOaliKy A 000rpeBa, BOJOKOJIbLIEBON BaKyyM-
Hbii Hacoc BBH-1,5 — NWI ¢ npeaBKJIIOYEHHBIM BO3/yXO0-BO3AYLIHBIM 3KEKTOPOM
NHI u pecusep CV4. B ogun cocys momeraercsi o0pasel IpeBeCUHbI, 3aKPETIICHHbIHI
B METAJUIMYECKYIO PaMKY, HaKJIOHSIOLIYIOCS Ha Pa3jM4HbIe YTIJIbl, B OCTaJIbHbIE — MOJI-
TOTOBJICHHBIE PACTBOPHI JIAKOKPACOYHOI'O MaTepHalia, aHTHCENTHUKA U aHTUIUPEHA C
3a/laHHOM BSI3KOCTBIO, KOTOPBIE IEpes MPOLECCOM NPONUTKU MOJABEPraroTCs Jerasa-
uuu uepes Bentwu VII2, VII5, VII7.

Heob6xonumoe pazpexxenne B cocyne ¢ o0paziom (Poe; ~ 15+20 Mm.pT.CT.) cO3-
naetcst MO0 MEJIEHHO MyTeM OTKaYyMBaHUs BO3/yXa C MOMOIIbIO HAcOca, TUOO OBICT-
poO yepe3 pecusep.

O0pa3er] BbIIEPKUBAETCS M0/I BAKYYMOM 3a/IaHHOE BpeMs, MTOCJIE€ YEro Mocpe/l-
CTBOM IIapoBBIX KpaHOB VIII, VII4, VII6 oTkpbIBaeTCs COOOIIEHUE C JIFOOBIM U3 COCY-
JIOB, B KOTOPBIX HAXOMAATCS PACTBOPHI PabOYMX JKUIKOCTEH Mpu aTMOchEepHOM JaBiie-
HUM. 3a cueT mepemnaja AaBJICHUS PacTBOP 3aCACBIBAETCS B COCYJ C UCXOAHBIM 00pa3-
1IOM, TJIe¢ OH TEPMOCTAaTUPYETCS MPHU ONPEICICHHON TeMIiepaType B TeUeHHUE 3aJaHHO-
r0 BPEMEHHU, BIUTHIBASICh TOBEPXHOCTHIO JIPeBECUHBI. [lanee OTKphIBaeTCsl HAITyCKHOM
knanad VF2 u B kamepe CV2 npoucXOAMT PEe3KOE MOBBILIEHUE JABJIEHUS 10 aTMO-
chepHOro, B pe3yJbTaTe Yero pacTBOP MPOHUKAET Ha OOJBIIYIO TITyOUHY .

TEOPETUYECKHUE U DKCIHEPUMEHTAJIBHBIE UCCJIIEAOBAHUSA
TEXHOJIOT'UH SJIEKTPOHHO-JTYYEBOM OBPABOTKH
HNOAJOXKEK 6H-SIC B BAKYYME
A.HU. Anaovesa, O.A. Azees, /[.H. Yepeonuuenxo, E.JO. I'yces
Texnonoeuuecxuti uncmumym IOdxcnozo gpedepanvrnoco ynusepcumema,
Tacamnpoe, nep. Hexpacosckuii, 44. E-mail:ageev@fep.tsure.ru

B ycnoBusAX COBEpPIIEHHOTO pOCTa KPUCTAIJIOB BHECEHHE I€(DEKTOB B CTPYKTY-
Py IPOMCXOIUT Ha 3Tanax MEXaHUYECKOH MMOAroTOBKU moioxkek. ObecnedyeHue Boc-
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IPOU3BOAMMOTO (POPMUPOBAHUS U CTAOMIBHOCTH CTPYKTYp HAHOMETPOBOTO pa3Mepa
CTaJIO KITFOYEBOW MPOOIEMON TEXHOJIOTHYECKHUX MPOIECCOB U3TOTOBICHUS DIIEMEHTOB
NC coBpeMeHHOM 37IeKTPOHUKHU. Tpedyercss o0ecneunTh HU3KYIO IEPOXOBATOCTh TO-
BEPXHOCTH TOJIOKEK, KOTOpasi TOJDKHA ObITh 3HAYUTEIBHO MEHBINE, YEM XapaKTep-
HBIE pa3Mephl JIEMEHTOB W B MpeJIeie SBISATHCS aTOMApPHO-TIAIKONH. JTO TpeOoBaHMe
onpenenser HeoOXOAUMOCTh NPUMEHEHHUs MOMAJOXKEK € penbedoM MOBEPXHOCTH,
ONMM3KUM K aToMapHO-riaakoMy. [IpuBiekareIbHOCTh UCTIONB30BAHUS B Ka4eCTBE Ma-
Tepualia MoJIOKEK KapOuaa KpeMHUS OOBSICHSIETCS BBICOKOU (PH3UKO-MEXaHUUYECKON
CTaOMIBHOCTBIO TIOCIIETHETO W XMMHUECKON MHEPTHOCTHIO 1O OTHOIIEHHUIO K (OPMHU-
pyeMbiM snemeHTaM. OJHaKO OCOOEHHOCTH (PU3MKO-MEXaHMUECKUX M (U3UKO-
XUMHUYECKUX CBOMCTB ATUX MATEPHAIIOB 3aTPYAHSIOT MOTyUYEHHUE MOII0KEK MOT00HO-
ro kauectBa. [IpoBeneHHbIN aHaNM3 METOJOB OO0paOOTKM MOKa3aa MEepPCHEKTUBHOCTh
UCIIOJIb30BAHMSI B KaY€CTBE TEXHOJIOTMYECKOrO0 MHCTPYMEHTa BBICOKOKOHIIEHTPUPO-
BaHHbIC TIOTOKU 3apsKEHHBIX YACTHUI[ B BaKyyMe MPUBOISIIUX K TEIUIOBOMY BO3JIEH-
CTBHIO Ha MaTepua.

B paborte uccnenoBanack TEXHOJIOTHS MOATOTOBKU mojjioxek 6H-SiC Mmetogom
ANEKTPOHHO-Ty4eBor 00paboTku (DJIO), OCHOBaHHOTO Ha MPUMEHEHUH CKaHUPYIO-
IIMX TTOTOKOB 3JIEKTPOHOB HU3KUX SHEPTUH.

Jlyist TOro 9TOOBI BBISICHUTH MEXaHW3M MOIU(UKAIMHA TTOBEPXHOCTH KapOuaa
KpEMHHUsI, TIPEXKJIe BCEro, HEOOXOAUMO OMPEICIUTh pacHpeiejieHe TeMIepaTyphbl B
30HE BO3JCUCTBUS Jyya, (DOPMHUPYIOLIEECS B pe3yJibTaTe HEYNPYroro TOPMOKEHHS
3JIEKTPOHOB B NPUIIOBEPXHOCTHOM obOsiactu. CrenoBarenpHo, aHanu3 npouecca IJ10
MOKET OBITH TPOM3BEICH HA OCHOBE PEIICHUS ypaBHEHUS TEIIOMPOBOTHOCTH.

AHanuTHuecKkoe peuieHue 3ajnadu (GopMHUpOBaHUsS 30HBI pacijiaBa Ha MOBEpX-
HOCTH TBEPAOIO TeJa MPH BO3JCUCTBUM TMOJBMXHOTO MCTOYHUKA TEIUIA, BO3MOXKHO,
JWIIG TPU HEKOTOPOH Healu3alluy mporecca HarpeBa. Harpes cumrancs ogHomep-
HBIM, YTO BO3MOYKHO, KOT/Ia OTHOILIEHUE 30HbI TEPMUYECKOTO BIMSHUS BIEPEIH JIyda K
ryouHe tepmoauddy3un moa UICTOYHUKOM OKa3bIBACTCS MEHBIIUM €IUHUIBL. 30HA
BO3CHUCTBHUSA 3JIEKTPOHHOTO JIy4a pa3OuBaiach Ha TPH XapaKTepHble 00JIacTh: MOJOT-
peBa matepuana (OydepHOro ciosi) 70 TeMIepaTyphl IIaBiaeHus, 001actb GOpMHUPO-
BaHUs pacIljiaBa, U HAXOXKJIEHUS B MEperpeToM coctosiHuu. s uzbexaHus: reHepa-
uu  OONBIIUX TEPMOHANPSDKEHUN MaTepuall (CTPYKTypa) JOJDKHA TMOJBEPraThCs
NPEIBAPUTEITHPHOMY MOJIOTPEBY.

B xone monenupoBanus nponecca 3JI0 pacueTsl mokasaiu, 4YTO paciuiaB U Mo-
BepXxHOCTh SiC MOMJIOKKHU B Mpejiesiax 00IacTu 3aHITON XKUIKOU (ha30i MOKET ObITh
NEPETrPeThIMU 10 TEMIIEPATypPhl CYIIECTBEHHO BBIIIE TOYKHU IUIABJICHUS KPEMHUSI.
TemmepaTypHbIil pekuM B 30HE 00paOOTKH BeChMa YyBCTBUTEIICH K IapameTpam IIy-
4a, TOJIIMHE TOJIJIOKKH U CKOPOCTH CKAaHUPOBAHUSI UICTOYHUKA AJIEKTPOHOB.

DKCHepUMEHTAIbHBIE UCCIIEIOBAaHUS TPOBOAMWINCH, Ha mojiokkax 6H-SiC B
COOTBETCTBUU € pa3paboTaHHOM TexHosoruerd DJIO Ha cnenuanu3upoBaHHOM ycTa-
HOBKE I10 3JIEKTPOHHO-JTy4ueBoi 00paboTke. Mopdosorust moBepXHOCTH MOIOKEK 10
U 1ocie o0paboTKHU M3ydalach METOJAOM aTOMHOM cuioBoi mukpockornuu (ACM) c
WCIOJIb30BAHMEM CKAHHPYIOIIETO 30HI0BOTO MHUKpockoma Solver P47 Pro u mHOTrO-
(YHKIIMOHAIEHOTO ~ CBEPXBBICOKOBAKYYMHOTO HAaHOTEXHOJOTHYECKOTO KOMILIEKCa
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HAHO®AB HTK-5 npoussoacrea 3AO «Hanorexnonorus MIT» (r. 3enenorpan).
DKCrepUMEHTaJIbHbIE UCCIEIOBaHMS TOKA3aJ, YTO 3HAUEHUE CPEAHEKBAPATUYECKON
LIEpOXOBATOCTH MOBEPXHOCTH Npu DJIO yMeHbpImIMIOCH O0siee YeM Ha MOPSIOK U CO-
CTAaBWJIO €IMHMIIBI aHI'CTPEM Ha IUIOIAAU SX5 MKM (pucyHok). B Teopernueckux uc-
CJIEIOBAaHUSAX TAK)K€ MPOBOJAMUIIACH OLIEHKA MEXAHMYECKHUX HANpsyKeHUH, (HopMHUpyro-
LIMXCS HAa Pa3IMYHbIX OOpabOTKM M ONTUMH3ALUS HKCIEPUMEHTAIBHBIX PEXKUMOB
3JI0O. BpIABIEHO, YTO HAIMYME MEXAHUYECKUX HANPSKEHUN B MOMJIOKKE TAKXKE CTU-
MYJIUPYeT MPOLECcChl MOAU(UKALNU TTOBEPXHOCTHOTO CIIOSL.

Ry =17.82 nmn

Ry=1.18 nm

a) 0)

Pucynok. ACM-u3ob6paxenus nosepxuoctu 6H-SiC (OOOi ).
a) 1o u 6) mocne DJIO Ry — pazmax BBICOT.

[IpoBeneHHbIE TEOPETUUECKUE U SKCIIEPUMEHTAIBHBIE UCCIIEA0BaHUS MTOKa3aly,
yTo moAroToBka nomnoxek 6H-SiC mo pa3zpaboTaHHON TEXHOJOTUM C MIPUMEHEHHEM
Metona DJIO mo3BossIeT MoaydaTh MOPQOJIOTHIO UX MOBEPXHOCTEH ONM3KYIO K aTo-
MapHO-Tiaakon. [loBepXHOCTH NPUTOAHBI AJI1 BOCIPOU3BOAUMOTO U3TOTOBIICHHSI CTa-
OUITBHBIX MPUOOPOB U YCTPOICTB COBPEMEHHOM HAHOPA3MEPHOU SJEKTPOHHUKH.

PABPABOTKA TEXHOJIOI'HU KAJIMUEBOTI'O ITIOKPBITUSA B BAKYYME
B.I'. Canoostcnukos, O.U. Xomenxko, T.T. Epecko
Cubupckuii 2ocyoapcmeenHblil a3poxocmuyeckuti ynueepcumem umenu M.@. Pewem-
nesa, Kpacnospck, npocn.um.ecazemot "Kpacunospckuu padbouuii”, 31
E-mail: Waleriahrapunova@sibsau.ru

B kadectBe (usnueckoil 3amuThl OT KOPPO3UHU JeTajeil U3 BBICOKOIPOUYHOU
CTaJIM LIMPOKOE PACIPOCTPAHEHUE MOTYUHIIO KaJMUEBOE MOKphITHE. ["anbBaHnuecKoe
KaJIMUpOBaHUE, 00ECIEUNBAIOIIEE XOPOIIYIO 3aIUTy OT KOPPO3HH, MAaJIOMPUTOIHO
JUISL OTBETCTBEHHBIX JIeTalel KOCMUYECKUX allapaToB, CAMOJIETOB U JIPYTUX H3Jie-
nuit, Tpedytromee 100 % HanExXHOCTH.
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BbI3BaHO 3TO TeM, UTO BBHICOKOMPOYHBIE CTAIM MPH rajibBaHUYeCKOH 00padoT-
K€, B3aMMOJICHCTBYsI C PAaCTBOPAMH KHMCJIOTBHI M IIEJIOYEH, HABOJOPAKNUBAKOTCA U CTa-
HOBATCS] XPYIKUMHU.

OTOT HEJOCTATOK MOJIHOCTBIO YCTPAHSAETCS MPUMEHEHUEM BAaKyyMHBIX TEXHO-
JIOTAN JIJI1 HAHECEHUSI KaIMUs.

B nanno#t pabore oTpaxkeHbl 0COOEHHOCTH HAHECEHUS KaIMHUEBBIX MOKPBITHI
Ha KPEINEKHbIE JETAIU U3 BBICOKOIIPOYHBIX CTAJICH.

OcHoBHbIe TpeOOBaHUS MPEABABISIEMbIE K TOKPHITHIO JETaCH:

) Tommuua 15-20 MKM.

. OTtcyTCcTBHE BOJIOPOIHON XPYIIKOCTH

° [TokpbITHE HE AOKHO BCITyYHUBATHCS, OTCIAUBATHCS

° [TopucTOCTh MOKPHITHS, HAHECEHHOTO B BaKyyMme, JOJDKHA OBITH TpH-

MEPHO TaKOM K€, KaK IPU raJlbBAHUYECKOM IOKPBITHH

Texnonorus paspaboraHa ¢ y4éToM BO3MOXKHOCTEH 000pynOBaHUs, UMEOLLE-
rocs B HaJIMYMU HA JJAHHBIM MOMEHT BPEMEHH, B YaCTHOCTH BaKyyMHBIX METaTaJlJIN3a-
LIUOHHBIX YCTaHOBOK.

B namem ciyuyae BblOpaHa BakyymHasi yctaHoBka Y B-1200, B koTopoit npous-
BEJICHA MOJECPHM3aLUsl BHYTPEHHEH OCHACTKM JUISl 3aKPEIUICHMs JETaJed U UCIapH-
TEJIbHOU CUCTEMBI.

TexHosmornueckas XxapakTepuCTUKa YCTAaHOBKH:

. Juametp kamepsl 1200 mm

° JnvHa nunusapuyeckoit yactu kamepsl — 2000 mm

. Pabouce naBienue B kamepe — 6.5-10I1a.

o Jlnana3oH ckopocTeil BpaieHus nHeHTpaipHoro Bana — 0+40 o6/muH.

Hcxons U3 aHanmu3a CyIIeCTBYIONTUX TEXHOJOTHI KaJMUPOBaHUS, BRIOpaH Mpo-
LIECC HAHECEHUs KaAMHs 4e€pe3 TOHKUU IOJICIONW OJIOBA, IMO3BOJISIOIIMN ITOBBICHTH
MPOYHOCThH COCIMHEHUS MOKPBITUS U €T0 3allIUTHBIE CBOMCTBA.

BHekamepHast moAroToBka MOBEPXHOCTH MPOBOIWIIACH B CIEAYIOIIEM MOPSJIKE;

1. IIPOMBIBKA B rOpsiY€i BOJE;

2. NEeCKOCTpyHHas 00paboTka KapOUIOM KPEMHHUS UM KOPYHIIOM;
3. KOHTPOJIb KAYECTBa MEeCKOCTpyHHast 00pabOTKH BCEX JeTalICH;
4. IPOMBIBKA B OPraHMYECKOM PacTBOPHUTEIIE.

[IpenBapuTenbHO MOATOTOBICHHBIE JI€TAIM YCTAaHABIMBAIOTCA B THE3MA Oapa-
0aHa, KOTOpBIE BpaIlalOTCS BOKPYT COOCTBEHHOM OcH U ocu OapabaHa.

Hcnapenus ooBa ¥ KaJMHs OCYILIECTBIISIETCS] TEPMUUYECKUMHU METOJAMU U3 JIO-
JIOYEK.

Marepuan ucnaputens: ctainb 12X18HI10T kagmuit u MonubIeH 1j1s 0JIoBa.

TexHoNOorusl HaHEeCEeHUsl TTOKPBITUS 3aKJII0YaeTcs B cienyoem: 0apaban c ne-
TaJIsIMU TIOMEIIIaeM B pabouyro KaMepy ¥ MPOU3BOJIUM OTKAUKY JI0 AABJICHUS TMOPSAKA
0,13 Tla. Janee BkItOUYaeM HarpeBaTeilu U JOBOAUM Temmeparypy neraneit no 300°C,
C OIHOBPEMEHHOM OTKauKOM KaMepsl A0 AaBjeHus npumepHo 0,6-107 ITa. ITponecc

nerazauuu aiauarces 35+40 MUHYT.

99



Tpemvsa Poccuiickas cmyoenuyeckas Hay4Ho-mexHu4eckas KoHgepenyus
“Bakyymnas mexnuxa u mexnoaozaua”. 2. Kazanw, 10-12 anpena 2007 2.
Cekuusn 3. Bakyymnovie ycmanoeku u mexnono2uu

Jlanee OTKIIFOYAaEM HArpeBaTENU U OXJIAKAAEM JETajly OO0 TEMIIEPATYPbl Hallbl-
JIEHUS OJIOBA.
Pexxum Hanecenus oiosa:

o temneparypa aerainen 180 —200°C;

o temrneparypa ucnapureneit 1200 — 1300°C;
o JlaBiicHUE B Kamepe 1,3 - 107 Ila;
o BpeMmst HarpeBanus 10 + 15 muH.

ITocne HaHeceHUs MOJCIIOS 0J10BA OTKIIIOYAEM HCIIAPUTENb U OXJIAXKIAEM JIeTa-
JIM 10 TEMIIEPaTypbl HAHECEHUS KaIMMUSL.
Pexxum xagMupoBanus:

o temneparypa neraieit 100 — 150°C;

o temnepatypa ucnapureneit 450 — 500°C;
. ocraTouHoe aasienue 1,3-107I1a;
o BpeMs HarpeBaHus 40 + 50 MUHYT.

[Tocne Hanecenus kaaMUs OXJIaXKaaeM jaetanu o temmeparypsl 80 — 100° C,
3aKpbIBa€M BaKyyMHbIH 3aTBOP M IMPOU3BOJUM HAITyCK BO3/1yXa B KaMepy.

KauecTBO MOKphITHS onpenensieM BU3yallbHO Ha AeTaisax, ocyumecTsiss 100 %
KOHTPOJIb.

W3mepenne TOMIUHBI MOKPHITHS MPOU3BOIUM KalleIbHBIM METOAOM, a ajre-
3MI0 — METO/IOM Hacedyek Ha 00pa3lax-CBUIETENsX.

Jlureparypa

1. W. JI. Poiix JI. H. KonrynoBa C. H. ®enocoB HaneceHue 3alllUTHBIX MOKPBITUNA B
BakyyMe. MockBa, MammHoctpoenue, 1976 r.

2. BakyymHoe 000pya0BaHH€ TOHKOILJIEHOYHOM TEXHOJIOTHUU MPOU3BOJICTBA U3ICTHI
aneKkTpoHHOM TexHuku: YueOnuk / H.B. Bacunenko, E.H. MBamosg, JI.K. KoBaner
u np.; nox pex. [Ipod. JI.K. Kosanesa, H.B. Bacunenko: B 2 1. — KpacHosipck:
Ku.m31-Bo; Cub. a’pokocm. akan., 1995

TEPMETU3AIIUSA KOPITYCOB DJIEKTPOHHBIX YCTPOMCTB
C OJHOBPEMEHHBIM HAITIOJTHEHUEM UHEPTHBIM I'A30M
METO/JIOM JIASEPHOM IIIOBHOM CBAPKH
O.b. Aumonoeuu, T.H. Coxonoea, B.I1. Illymapun
CITY, . Capamos, [lonumexnuueckas, 77. E-mail: pribor-t@mail.ru

HanexxHocts 1 osroBeyHocTh paboThl crenuanbubix CBY ycTpoiicTB TBep0-
TEJIbHOM TEXHHUKE 3aBUCUT OT KOPPO3MOHHOW CTOMKOCTH 3JIEMEHTOB CXEM, CMOHTHPO-
BaHHBIX BHYTpU Kopmyca. s ynyumenust padotsl CBY ycTpoiicTB npeanaraercs 3a-
IOJTHEHHE BHYTPHUKOPILyCHOTO 00beMa MHEPTHBIM ra3oM, C OJTHOBPEMEHHOW 3aBapKou
KOPITYCOB JIA3€PHBIM U3TyUYEHUEM.

@uIbTpel NpeAHa3HA4YeHbl A "O4YUCTKH" mpuHUMaemoro curhaia. Cymecrt-
BYIOT 1-, 2- n Gojee 4acTOTHbIE (UIBTPHI, KOTOPHIE BBIIEISIOT YUCTHIA CUTHAT WU

100



Tpemvs Poccuiickas cmyoenueckas nay4no-mexHuieckas Kongepenyus
“Bakyymuas mexnuka u mexuonoeus”. 2. Kazanw, 10—12 anpena 2007 2.
Cekuusn 3. Bakyymuvie ycmanoeKku u mexHo102uu

CUTHAJIBl U3 BCEr0 NPUHHUMAEMOro crnekrpa. I[lo BHOy 4acTOTHON XapaKTEpUCTHKH
GbunbTphl paznenstorcs Ha GuibTpbl HHKHUX yacToT (OHY), punbTpsl BepxHUX yac-
toT (PBY), monocHo-3arpaxnaroniue Guibtpsl ([13D), moocHO-ponycKkHbIe GUITBT-
pol (ITI1D). 3anaya onTUMaIBHOTO pacyeTa PUIbTPa MPAKTUYECKH CBOJUTCS K CUHTE-
3y U COCTOUT B TOM, YTOOBI MOJIYYUTh ONTUMAJIBHYIO CXeMY (UIbTpA, YJOBJIETBO-
PSAIOLIYIO 33JaHHON 4acTOTHOM xapakrepuctuke. [Ipu pacuere GpuiabTpoB OTIPaBHBIMU
YaCTOTHBIMHM XapaKTePUCTUKaMM paboyvero 3aTyXxaHusl SBJSIOTCS 4eObIIIeBCKas WIN
MaKCHUMAJIbHO IJIOCKAS.
YeOpbIleBcKasi XapaKTepUCTHKA:

a=10lg[l+h* + T ()|, [nB]
MakcumaabHO TUIOCKasl XapaKTEPUCTHKA:
a=1gll+1* (@) ],[1B]

OUIBTPHI UCTIOIB3YIOTCS B JIOKAIIMOHHBIX M HABUTAIIMOHHBIX CUCTEMaX.

Konctpykuumst ¢punbsTpa:

@UIbTP COCTOUT U3 KPBIIIKK U OCHOBaHUSI, KOTOPHIE MU3TOTABIMBAIOTCS U3 KO-
Bapa. Ha ocHoBanum ¢unbTpa pasMemnieH 3BYKOIPOBOJ, BBIMOJIHEHHBIM W3 IMBE30-
KBapia Wi HUOOATa JINTHS, C HAHECEHHOW HAa HErO TOIOJOTHel. 3BYKOIMPOBOJ CO-
€VHEH C BBIBOAAMH (HOKKaAMH) MPU MOMOIIY KOHTAKTHOM CBapKH 30JI0TBIMU IPO-
BOJHUKAMH.

JI1st repMeTH3alMKM TaKUX TBEPAOTEIBHBIX TPUOOPOB, KaK (PHIIBTP UCHOJIB3YET-
csl JlazepHasi IIOBHAs MUMIyJbCHasi cBapka. Ee mpumeHeHne oOyCIOBIEHO BBHICOKMMH
TpeOOBaHUSAMU K KAdyeCTBY COEAMHEHHS (OB JOKEH OBITh BAaKyYMHOIUIOTHBIM),
KoH(puryparuei GubTpa (OKpyribie TOPIEBbIE TOBEPXHOCTH); TUIFOC KO BCEMY pa3-
MEIIEHUEM Ha KOpITyce OYeHb XPYNKHUX BBIBOJOB. T.e. TpeOyeTcs cBapka MHUHMMAJIb-
HbIM MEXaHWYECKUM BO3JeicTBUEM. Ja3epHas moBHas UMITYJIbCHAS CBApKa 3TUM Tpe-
OOBaHUSM MOJTHOCTHIO YJIOBIETBOPSIET.

TpeboBaHus K BAKYyMHOIUIOTHOMY IIIBY:

['epmeTnuHbIe MIBBI HE AOJKHBI UMETh IOJAPE30B, BBIIUIECKOB, KPaTEpPOB, LIIEMOB,
TpeuiuH, cBuuleil U nop. CBapHbIE T€PMETUYHBIE COEIMHEHUS JOJKHBI COXPAHSTh
FePMETUYHOCTh B TIPOIECCE WX HM3TOTOBJICHMSI, DKCIUTyaTallud M XPAaHECHUS, OBITh
CTOMKUMH K BO3JICUCTBUIO KIIMMATHUYECKUX, OUOJIOTHYECKUX (DAKTOPOB U K BO3ICHCT-
BHIO crienualbHbIX cpen cornacHo ['OCT 20.57.406 — 81.

TexXHONMOTUYEeCKHi TPOIeCC CBApKH KOPIMYCOB (DPHIBLTPOB B KOHTPOIUPYEMOI
Cpene COCTOUT U3 CIEAYIOIINX ONEPALMA:

Vxe coOpanHble (UIBTPHI MOCTYMAIOT Ha ONepanuio cBapka. OUIbTp MPOTHPAIOT,
CMOUYEHHOUM B cnupte canderkod u3 Tkanu x/0. CHayana cBapka MPOU3BOAMUTCS IO
TpPEeM CTOpPOHAM B OOBIYHOM aTMocdepe. 3aTeM (GUIbTP MOMEIIA0T B BAKYYMHYIO Ka-
Mepy, rae nasinenue, p = 10 Ila, oGecnieunBaercss Hacocom mapku 2HBP — 5/IM u
MPOU3BOJIUTCS OTKAaYKa BO3yXa U3HYTpH PuiibTpa. OTKauKa MPOU3BOAUTCS B TEUECHUE
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10—15 MuH nmocne AOCTUXKEHHUSI IaBJICHUs MO BakyymmeTpy oT 2,66 no 1,33 Ila u co-
npoBoXxaaercss HarpeBoM. llocne yero momaercs aproH, KOTOPBIM 3allOJIHSIETCS BCE
BHYTpEHHEE NPOCTpaHCTBO Npubdopa. IIpom3BoauTcss BTOpUYHAS OTKA4Ka, C LENbIO
yAQJIEHUs] OCTaTKOB BO3[yXxa (IOCJEe Hee, KaK MpaBUJI0, OKOHYATEIbHO BBIBOJMUTCS
BECh BO3/yX). 3aT€M MPOU3BOJUTCA KOHEUHAs 3aKayKa aproHa, MOocje Yero 3aBapuBa-
€TCsl OCTaBIIAsICs CTOPOHA (PUIIBTpA.

B nocneactBum ¢uibTp mnepemaeTcs Ha CIEAYIONIYIO OINEPAIUI0 KOHTPOJIS.
Kontpons kayecTBa repMeTUUYHOCTU IIBA TPOU3BOJAUTCS My3bIPHKOBBIM METOAOM, KO-
TOPBII COCTOUT B CIEAYIOIIEM:

@uUIbTp OMYyCKAIOT B AUCTUUIMPOBAHHYIO BOAy, TemmepaTypoil 80 °C. To na-
JUYUIO My3bIPHKOB ra3a ONpeaeisioT FepMETUYHOCTD.

B nponecce pazpaboTKu TEXHOJOTMYECKOTO MpoLiecca Ja3epHO repMeTH3auu
GuIbTPOB OBUIM CO3JaHBI CIICHUATU3UPOBAHHASI OCHACTKA JJIs 3aBapKu (PUIBTPOB B
nakeTe, MO3BOJIAIONIAs MPOU3BOAUTH MMOBOPOT MaKeTa (PUIBTPOB MPU MOCIETOBATEINb-
HOU CBapKe BCEX YETBHIPEX CTOPOH UIBTPA.

WCCJIEJJOBAHUE NMPUYUH MOSBJEHUSA «BOJOPOJHOM EOJIE3HU»
B MATEPUAJIE TPYb MATUCTPAJIBHBIX I'A30OITPOBO/IOB
N PABPABOTKA BAKYYMHbBIX METOJ1OB UX YCTPAHEHUSA
A.M. Mup3oes, A.M. Mup3oes, E.A. /leynun
MITY um. H.3. baymana, Mockea, ya. 2-a baymanckas, 5. E-mail: jmirzoev@mail.ru

Llenpto paboThl SIBISIETCS MCCIEIOBAHUE MpoIecca «HABOJOPAKUBAHUS Me-
TAJUNIMYECKUX (B OCHOBHOM CTaJIbHBIX) TPYO MarucTpaibHBIX ra30IPOBOJIOB B PE3YJib-
TaTe NMPOHWKHOBEHHSI B MaTepuall TPyObI BOJOPOMA, BBHI3BIBAIOIIECTO B JAIbHEUIIEM
«KOPPO3MOHHOE pacTpeckuBaHue moj HanpsbkeHuem» (KPH) ctenok TpyObI u paspa-
00TKa BaKyyMHBIX METOJOB U TEXHOJIOTMYECKOT0 OOOpYAOBAaHMS IS YCTPaHEHUS
3TOro mpoIiecca.

ABTOpaM¥ TaHHOTO MCCJIEIOBAHUS BIIEPBBIC OBLJIO BBIIBUHYTO MPEATIOIOKEHUE
0 TOM, YTO HABOJOpPaXMBAaHHWE MeETasla TPyOONpoBOJa NMPH TEYEHUH MOTOKA Trasza
BHYTpPH TPYOOIPOBOJ/Ia MOKET MPOUCXOIUTH IO TOW K€ CXeMe, KOTOpas UMEET MECTO
MPU TaK HAa3BIBAEMOM «CYXOM» TPEHHUH METALTUYCCKUX IMOBEPXHOCTEH NPYT O ApyTa.
Kpome toro, aBropamu Oblna pazpaboTaHa KOHCTPYKIUSI BAKYYMHOTI'O TEXHOJIOTHYE-
CKOro 00opyaoBaHus (puc. 2), MO3BOJISIFOIIETO COKPATUTh WU MOJHOCTHIO YCTPAHUTh
MPOIIECC «HABOJOPAXKUBAHUS» MATUCTPAIBHBIX T'a30MPOBOMOB.JJI IKCIIEPUMEHTAITb-
HOI IPOBEPKHU BBICKA3aHHOM TMIIOTE3bI U3 OKOJIOCBAPHOI 30HBI TPYObl MarucTpaibHO-
ro TpyoonpoBoja, orcayxusiiero 20 jet, ObuT BeIpe3aH oopasell. OkojiocBapHas 30Ha
OblTa BhIOpaHa KaK MOTEHIIMAILHO HAWOOJee OMacHas C TMO3UINI «HABOJOPaKUBa-
HUSD».
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Puc. 1. JlmarpamMmel pacrpeeneHus: KOHIeHTpanuu Bogopoaa Cy (X), pacTBOPEHHOTO
B pa3JIMYHBIX (B COOTBETCTBHU C OTHOCHUTENIBHOW WHIEKcalueil) oOpasmax. [IpaBas
YacTh JMarpaMM COOTBETCTBYET KOHIICHTPAIIMH BOAOpPOAA, ycmesiero mnpoauddyH-
JIUPOBaTh CKBO3b MeTAIUT TpyOomnpoBoaa Ha Tiryouny X=0.005-20 mm. [udpsr u Hama-
MIMCH COOTBETCTBYIOT MHJICKCAIIMH «OKOHYATEIILHOTO 00pasiay.
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Puc. 2. BakyyMHO-KMHEMAaTHYECKAsi CXEMa OCHACTKH U1l HAHECEHUs 3allUTHBIX IIO-
KPBITUII Ha METAJUVIMYECKUX MOBEPXHOCTSIX MAaruCTpajibHbIX TIa30NpoBOJOB: 1-
3amuiaemMas TpyOa ra3onpoBoja, 2-JUCKOoBasi Eperopojika-Tapesib UCIapuTeIbHOro
YCTpPOMCTBA, 3-MarHeTPOHHBIN UCIAPUTEND, 4- IPOMEXKYTOUYHAsI TUCKOBas  IIEPEro-
poAKa- Tapeib, S-1ja3MeHHasl T0JIOBKa, 6- TUCKOBasi IEpEeropojiKa- Tapeib IJIa3MEeH-
HOTO YCTPOWCTBA, 7-CUCTEMa OTKAYKH IJIa3MEHHOT0 00beMa, 8- cucTeMa OTKayKH HC-
MapuTeIbHOr0 00bema, 9-cucTeMa Hamycka pa0oduxX Ta3oB B 30HY OYHCTKH, 10-
cucTeMa Halycka pabo4ero raza B 30Hy HAaHECEHMs IOKPBITHSI.
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DKCrepUMEHTaJ bHasl TPOBEPKA PACYETHOTO pPACTIPEICIICHUS KOHIIEHTPAINH
Bojioposia 1o rryOmHe X MPOM3BOAMIIACH HA YCTAHOBKE BTOPHYHOW MOHHOW Macc-
cnektpoMerpun (BUMC) ananu3za (puc. 1).

[IpoBeneHHbIE aBTOpaMH HCCIICOBAHUS yOCIUTENBHO MOKA3aJId, YTO TPOIECC
TPEHHMS Ta3a O CTCHKY TPYOBI BBI3BIBACT 3HAYUTEILHOE (B IECATH-TPHUCTA Pa3!) yBeIn-
YeHHEe HABOJOPAKUBAHUS MeTallla TpyOomnpoBoaa Ha riayoune mo0 18 mwm (!). Ilpuse-
JIeHa KOHCTPYKIIHS pa3paboTaHHOTO BaKyyMHOTO 00OpYOBaHMs, TTO3BOJISIOIIETO YCT-
PaHHUTD TOT MPOILIECC.

Jlutreparypa

1. T'enpp I1.B., Ps6oB P.A. Bomopon B meramiax u crutaBax,- M.: Meramnyprus,
1974.

2. Apuakos FO.1. Bonopoanas koppo3us ctaiu,- M.: “Mertannyprus”, 1985.
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HNOBBIIEHUE Y®®EKTUBHOCTH TEILJIOBBIX DJIEKTPOCTAHIIUM
IYTEM BHEJIPEHUS BAKYYMHBIX TEXHOJIOT U
M.C. Hawkun, U M. [lempyxun, T.T. Epecko
Cubupckuii 20cy0apcmeenHblil A3POKOCMUYECKUL YHUBEPCUMem UMeHU aKadeMuKd
M.®. Pewemnesa, Kpacnosapck, npocn.um.cazemst "Kpacnosapcxuii pabouuti”, 31
e-mail: eresko@sibsau.ru, ivanyoni@mail.ru

HeiHe cyiecTByeT TEHACHIUS K Pa3BUTHIO SKOJOTUUECKH YUCThIX UCTOYHUKOB
sHepruun. Tynsckum m3obperarenem bespykoBeim HO.C. [1] Obuta mpemyiokeHa «coii-
HEUYHO-BakyyMHasi snekTpoctanius» (CBD). JlanHas ycTaHOBKa MOXKET paboTaTh
HE3aBHCHMO OT BPEMEHH rojia, CyTOK U MOTOJHBIX YCIOBUH, Mpeodpasys cuiny ConHua
U BETpPa B 3JIEKTpUUEcKyto 3Hepruto. [1o cytu, ato Oammns (cMm. puc. 1) ¢ neduaexropom
1 B BepxHEW 4YacTH AJIsI UCIIOJIB30BAHUS YHEPTUU BETPA U AKKYMYJISITOP COJIHEUHOM
SHEPruM KOTOpBIM pa3Memaercss B OamHe. bamHs MOKpBIBaeTCs  4YEpHBIM,
MPOBOJSIIMM TEIUIO TOKPBITUEM, YTOOBI KCIONB30BaTh AHepruto ComnHia. Y coria
reHepaTopa B €€ CTBOJI BCTPOEHBI a’pOAMHAMHYECKHE YCTPOMCTBA JUISl CO3JaHUS
Bakyyma. OHU BBHITIOJIHEHBI B BUAe TpyO Bentypu. Menbinas u3 Tpyd CBOMM Y3KHM
CEUCHHEM COEAMHSIETCSI C TypOOreHepaTopoM, KOTOpbIM pa3MelieH B 3aje co
3BYKOM30JISILMEN B OCHOBAHUM CTAHLIUU.

B opurunane ycroitunBas Tara B TpyOe co3aercs 3a CU€T TEIIUIl Y OCHOBAHUS
OamrHu. DPHEeKTUBHOCTh pa3paboTaHHON B [1] CHCTEMBI MOXHO MOBBICUTH. ITO MO-
XKET OBITh JOCTUTHYTO 3aMEHOW TEIUTUIBI 0OJie€ MOIIHBIM UCOYHUKOM MENI0801
SHepauu
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Peus uoém o TOLI. Ilpemnaraemast MoJIepHHU3AIUS 3aKIIFOUAETCS B CIEAYIOIIEM: B Ka-

e

yecTBe nojorpesa Ha Boixoge CBD ucnoneiyercs
cpena BHyTpH TpyObl TOLI. Cxema moakitoueHus
CBD K  TEIUIOAJIEKTPOLEHTPaIH (ToL)
n3o0paxeHa Ha puc.2. U3 cxembl 3aMeTHO, 4TO
Bo3ayx u3 CBD mocrymaeT HEMOCPEeICTBEHHO B
TpyOy, 3a CUET KOTOPOiIl OCYILECTBISIETCS BBIOPOC
0TpabOTaHHOTO rasa.

Hns 6onee 3>¢P¢heKTUBHOrO TEMI000MEHa
MEXIy BO3IYyXOM M ra3aMd BHYTpU TpYObI, C
HENbI0  CO3JAHUSA  PA3PKEHHUS] MPUMEHSETCS
TerI000MeHHUK. B pe3ynbrare oOpa3yercs Tira,
1 BO3ayX u3 atMocdepsl uepes aedaexkrop CBO
3acaceiBaeTcsi BHYTph TpyObl TOIl. 3a cuer
YBEJIMYCHHUSI CKOPOCTH IOTOKAa BO3[AyXa BHYTPH
OamHM ToOJy4aeTcss JomojHuTenbHas K TOI]
BBIpaOOTKA YHEPTUH.

Puc. 1. ConHeuHo-BakyyMHasi 3JIEKTPOCTAHLIMS.
| - TpeHakHBIN KJ1amaH; 2 - BXOJAHOM KJanaH 3
CEKIMU; 3 - OCHOBHOM BBIXOJ K paguaropy; 4,5 -
JPEHaXKHBIE KJIAMaHbI; 6. - BXOJHOM MaTpyOoK.

Tpyba
T"azmr
BO3JIyX
03
i ny BO3IVX
CBO pazuarop I"a3sl
ey
t~0 °C t~300 °C

Puc. 2. [Ipennaraemas cxema monepHuzanuu TOL]
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s Beipa®oTKH MomHOCTH 350 KHIOBAaTT OalmHs AOKHA MUMETh BBICOTY CO-
POK-TIISATBAECIT METPOB, a Ha 10 MeraBaTT — OKOJI0 cTa MeTpoB [1].

Takum oOpaszoM, mpejaraeMas HaMM KOHCTPYKLHS MO3BOJISIET 3HAUYUTEIIBHO
MOBBICUTH KO3()(PUIIMEHT HCTONb30BaHUS MPOAYKTOB CTOPaHUs TOILIMBA, a, BMECTE C
stuM, 1 KII. IIpn 3TOM MOKHO COKPaTUTh KOJMYECTBO AJIEKTPOCTAHIIMI B OOJIBIIMX
ropojax, MoABEprHyB UX MOJCPHU3ALUH, YTO YIYUIIUT 3KOJIOIMUECKYH OOCTaHOBKY,
COKpAaTUT pacxoj TOIUIMBa, cOepexeT MpHuponHble pecypcbl. Kpome Toro, mis stoi
CUCTEMBI HET OIPaHUYEHUI IO METEOPOJOTMYECKUM [10KA3ATENSAM, IPUPOJHBIM 30HaAM
Y TIOTOJIHBIM YCIIOBUSIM.
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4. IlomepanieB A.A. dusndyeckne Havajga TEIJIOMAacCOOOMEHa M Ta30BOM JUHAMUKH,
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NCITOJIb30BAHUE BUOT'A3A B KAYECTBE IIPUPOJHOI'O
JJIsA MTPOU3BOJACTBA TEIJVIA U DJIEKTPOHEPI'UHN
/M. I'ykoe, A.B. Hacoeckux, H.B. Monuanoea
«MATH» - Poccutickuti 20Cy0apcmeenHblll MexXHOL02ULeCKUll YHUepcumem
um. K.O. Huonkosckozo. 121552, 2. Mockesa, yn. Opwanckas, 3.
e-mail: molchanova-irina@mail.ru

Heo0xoauMocTh 3HeprocOepekeHusl U CHUKEHUS 3arpsi3HEHHsI OKpY Karolien
CpeZbl 3acTaBisieT 0oJee palMoHAIBHO HCIIOJIb30BaTh TPAIUIIMOHHBIE YHEPTOPECYPCHI,
a TaKXe UCKaTh JAPyrue, *KeaarelbHO BO30OHOBISIEMbIE U HEIOPOTHE UCTOYHHUKH IHEP-
MM, K KOTOPBIM B IOCJIEHEE BpEeMsl BCE 4Yallle OTHOCSAT TBEpJble OBITOBBIE OTXOIbI
(TBO). beiToBBIE OTXO0/1BI, 00pA3yIOLIMECS B 3HAUUTEIBHBIX KOJIMYECTBAX, KAK MPaBU-
J10, HE HAaXOJAIIMe MPUMEHEHUS U 3arps3HAIOIINE OKPYKAIOIIYIO Cpeay, ABISIOTCSA BO-
300HOBJIIEMBIMU BTOPUYHBIMH 3HEPTE€TUUECKUMHU PECYPCaMHU.

[Ipu paznoxeHun OBITOBBIX OTXOOB BbLAENsSETCS Ouoras, conepkamuid 10 60
% MeTaHa, YTO MO3BOJISIET €r0 UCIOJb30BATh B KAYECTBE MECTHOI'O TOILIMBA. B cpen-
HEM TIPH PA3JIOKEHUU OJHON TOHHBI TBEPHBIX OBITOBBIX OTXOJOB MOXXET 00pa30BbI-
Batbcs 100-200 M3 Ouorasza. B 3aBucHMOCTH OT cofiep kaHUsl METaHa HU3IIAs TEIIoTa
CropaHusi CBaJIouHOro 6morasza coctasiser 18-24 MJx/mM3 (mpuMepHO MOJOBUHY Te-
TJIOTBOPHOU CIIOCOOHOCTH MPUPOJTHOTO Ta3a).

CerogHst OCTpO CTOMT MpoOjieMa CTaOMIM3alMK KOHIEHTpAaIuu B atMmocdepe
3TOrO ras3a, OJHOTO M3 OCHOBHBIX IJIAHETAPHBIX MCTOYHUKOB MapHUKOBOTO 3(dexTa.
[Tosromy yTunu3zaius 6uorasa ObBITOBBIX OTXO/0B MIPUOOpPETACT BayKHEIIIIee 3HAYCHHE
JUTSL CHIDKEHUST aHTPOTIOT€HHOM SMUCCHH METaHa.
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Tak kak mpouecc pas3oKeHHs] OTXOJO0B MPOAOIKAETCI MHOTHE JECSATKU JIET,
MOJINTOH MOHO paccMaTpuUBaTh Kak CTaOMJIbHBIA MCTOYHUK Ouorasza. Omuccusi Omo-
ra3a ¢ IOJUIOHAa B 3aBUCHUMOCTH OT 00bEMa CBAJIOYHBIX MAaCC MOXXET COCTaBIATh OT
HECKOJIBKUX JCCSITKOB JI/C (MaJible TIOJIMTOHBI) 10 HECKOJIbKUX M3/C (KpYIHBIE TOJIH-
rousl). MacmitaObl ¥ cTaOUIBHOCTE OOpPA30BaHUS, PACIIOIOKEHNUE HA yPOAHU3UPOBAH-
HBIX TEPPUTOPHSIX U HU3Kasl CTOMMOCTb JTOOBIUM JIeat0T OUoras, noaydaeMblil Ha Io-
aurorax TBO, ogHUM W3 MEPCIEKTUBHBIX UCTOYHUKOB 3HEPTUU JJISi MECTHBIX HYXI.
YTunuzanus 6uorasa Ha MOJUTOHaxX TBepAbIX ObITOBBIX 0TX010B (THO) Tpebyer un-
KEHEPHOro O00YyCTpOMCTBAa MOJIMIOHA (CO3JaHUE H3OJUPYIOIIEr0 3KpaHa, ra30BbIX
CKBaXKUH, Ta30c00pHOM cucteMsl U Ap.). IIpu 3TOM permaeTcss ocHOBHas 3aaaya oxpa-
HBI OKpY’KaloIIel cpeabl B ypOaHU3UPOBAHHBIX TEPPUTOPHSIX - 00ECIICUeHNE YUCTOTHI
aTMOC(EpHOro BO3/lyXa U NPEJOTBPALLEHUE 3arPSA3HEHUS TPYHTOBBIX BO/I.

Texnuueckasi XapaKkTepucTuKa

Pacxon Omorasa, Ky0.m./gac
Ha BxoJ1e B KOMIIJIEKC 4250
Ha BeIXOa€ 13 KOMILIEKCA 2300
Jlasaenne, MIla
Ha Bxoae B KOMILICKC 0,107
Ha BeIXoae u3 KoMInIiekca 6,5
Temneparypa rasza, rpaa. C, ue 6ojee

Ha Bxoze B KOMILIEKC +35
Ha BrIXOm€ 13 KOMILIIEKCA +40
YcTraHoBJIeHHasi MOIITHOCTB JJIEKTponoTpedouTeieii, KBt 1570
Ilomann, 3aHUMaeMasi KOMILIEKCOM, Ia 0,126 (30m*42m)

COop Owmoraza mpencTaBisieT cO0O0M BBICOKOTEXHOJIOTMUYECKOE pElICHUE, YTO
CJIelyeT UMETh B BUJIY €III€ Ha dTare npoektupoBanus moiaurona ThO.

Opnako B pa3BHUTHIX cTpaHax ThO MpoXoauT PyYHYIO WIIM MEXaHHUYECKYIO COp-
TUPOBKY, UTO OOECIIeUnBaeT BICOKOE KaueCTBO OMOra3a u BBICOKHI ero noreHuuan. B
HaIIel cTpane noiayudeHue 6uoraza u3z ThO yaensercs HenocTaTOUHOE BHUMAaHUE, HE-
CMOTpPSI Ha OCTPYHO HEOOXOJIMMOCThH B 3JIEKTPOIHEPTHH U Topsdueit Boxe. [lomyueHue
ATUX MPOAYKTOB Ha ocHOBe MuHH-TOL] B OTAenpHBIX palioHaX MPHUHECIO Obl 3HAYU-
TeIbHBIA YKOHOMHUYECKU (D PEKT.

AHanu3 KoMIUIeKca 1Mo cOOpy U MOATOTOBKH rasa C MOJIMTOHOB 3aXOPOHCHHUS
THO moka3zan, 94To KOMIUICKC MpeAHa3HA4YCH JJIA TOJTOTOBKH Ta3a 3aXOpPOHCHUS
TBEPJIbIX OBITOBBIX OTXO/OB (CBAJIKax), €r0 OYMUCTKH, OCYIIKH M TI0JIa4u MMOTPeOuTE-
JT1O.

TexHOMOTUsS MOATOTOBKU OMOTa3a OCHOBaHA Ha MPOIleccaX KOMIPUMHUPOBAHUS,
cemnapanuu, abcopOIuu, aacopouuu U AecopOIMu, U 00ECIeYMBaeT €ro OCYIIKY H
OUHCTKY OT Auokcuaa yriepona. [Togada Ouorasza ocymiecTBIsIeTCsl BAKYYMHBIM HAaco-
com. [Tox6op 06opyaoBaHuUs OCYIIECTBISIETCS HA CTAANH Pa3pabOTKH TEXHOIOTHH.
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[To TpebGoBaHMIO 3aKa34uMKa KOMIUIEKCHl M3TOTABIMBAIOTCS PA3IMYHONU MPOU3-
BOJIUTEILHOCTH U MOTYT OCHAIIAThCSI CUCTEMaMM OYUCTKHM Ouorasa OT CEpOBOJOpOa
U TIOJTyY€HUs YTIAEKUCIOTHI U3 NMOMyTHOro Auokcua yriaepoaa (CO,).

Ha nmunotaeix nomuronax ThO MO 6but BeIOpaH BapuaHT YTUIU3AUUA OHO-
raza B (popMe MPOU3BOJICTBA JIECKTPOIHEPTHUH. /11 ATOr0 HA UX TEPPUTOPHUAX OBLIU
MOCTPOEHBI CUCTEMBI T'a30/100bIYH, BKIIOYAIOIINE CKBAXKUHBI M TA30MPOBOJIbI U KOM-
MIPECCOpPHBIEC CTAHIUHU, OOECIIEUUBAIONINE MOJja4y Ta3a K MOTOp-TeHepaTopam, Haxo-
JSTIAMCST B HETIOCPEACTBEHHON Onm3octu oT noimronoB ThO. B mpoekTe Obu1o wC-
MOJIb30BAHO KOMITPECCOPHOE 000pYyA0BaHUE, BKIIOYAIOIIEE BaKyyMHBIE HACOCHI IS
nojayu 61ora3a u yCTaHOBKH I10 TIPOU3BOJICTBY JIEKTPOIHEPTHH.

B Hacrosimiee BpeMsi Takas yCTaHOBKA B T. MbITUIIU (YHKITMOHUPYET B OIBIT-
HO-TIPOMBILIUIEHHOM pexuMe, BoipadartbiBas 80 kB1/4 anekrposneprun. Ee onbiT skc-
IUTyaTaly 1MOKa3all, 4YTO B POCCUUCKUX YCIOBUAX U3 | M® 6HOrasa MOXET ObITh po-
u3zBeneHo 1.3 - 1.5 kBt anekTposHeprun. 910 03HA4YAET, YTO MPU MOJTHOM HUCIOJIB30-
BaHWHU 3aIlacoB OMOTrasa Ha MOJIMTOHAX, MOXKET ObITh npou3BenaeHo ot 260 mo 300 kBt
3JIEKTPOIHEPTHUM B YaC, YTO COOTBETCTBYET MPOU3BOACTBY 0K0J0 2500 MBT snekrpo-
SHEPIHUH B TO.

N3MEHEHUE TAPAMETPOB NIOBEPXHOCTHOT'O HIOTEHIUAJIBHO-
I'O BAPBEPA MOHOKPUCTAJIJIOB W(100) U1 GaAs(110) ITPU YJIAJIEHUN
CJIOA ECTECTBEHHOI'O OKHCJIA
PJI. Ky3uneyos, 3.J1. Canees
Bocmouno-Cubupcxuti 2ocyoapcmeentblii mexHoI02u4ecKull YyHugepcumem
Vaau-Yo0s, yn. Knouesckas, 408. e-mail: sanedu@mail.ru

YcTaHoBNEHBI XapaKTepHble OCOOCHHOCTH W3MEHEHUN BOJIbT-aMIIEPHBIX Xapak-
TEPUCTUK TOKA MEJICHHBIX MOHOSHEPTeTUYECKUX IEKTPOHOB, MPOXOAIINX U3 BaKyyMa
B MoHOKpucTayutbl W(100) u GaAs(110) mpu ynaneHnn ciost e€CTECTBEHHOTO OKHCTIA C UX
noBepxHocTu. [lokazaHo, 4To paboTa BhIXOJa YMEHbIIACTCS, a KOd(D(PUIIMEHT mpo3pad-
HOCTH TIOBEPXHOCTHOTO Oapbepa YKa3aHHBIX MaTepPHAJIOB YBEIUYMBAETCS C TEMIIEpaTy-
pOil BBICOKOTEMIIEPATYpPHOTO OTXKUTA B YCIIOBUSIX BBICOKOTO BakyyMa. OTMEYEHbI Oue-
BUJITHOE CXOJICTBO M CYIIECTBEHHBIC Pa3jNuvs B W3MEHEHUSX MOBEPXHOCTHOTO IMOTEH-
yajga MeTajula M TMOJYIPOBOJHUKA B YKa3aHHOM IPOIECCEe YJAJCHUS €CTECTBEHHOTO
OKHCJIa, TOJIIMHA KOTOPOI0, COTJIACHO 3JLTUIICOMETPUYECKUM U3MEPEHUSIM, COCTaBIIS-

€T BeJIMYMHY 0K0Jj10 20 ,31 :

CyTp MeTOa 3aKIItoyaeTcs B cieayoumeM. KoummupoBaHHbIM y40K MEIIEHHbBIX
(E,=0-10 3B) MoHO3HEpreTMuecKnx 3JIEKTPOHOB HANPABIISIETCS HOPMAJIbHO Ha TMOBEPX-
HOCTb HcclienyeMoro oopasua. [Ipu 3ToM 4acTh 31€KTPOHOB MPOXOIUT B 00pasell, a 4acTh
OTPa)KaeTcsl OT €ro MOBEPXHOCTU U yiaBiuBaercs mumHApoM Dapanes. Cymma TOKOB 00-
pasuia u mmHApa Dapajes MOmKHA ObITh MOCTOSIHHON. CTPOUTCST BOJNBT-aMIIepHAs Xa-
pakrepuctuka (BAX) Toka oOpasiia OT 3HEpriuu EKTPOHOB. 3aTeM obpasell (KOJUIEKTOP)
MeHsieTcs: 1 BHOBb cTpouTcsi BAX. 1o cmemenuto BAX Bosib OCH 3HEPTHil 371EKTPOHOB
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YCTaHABJIMBACTCA N3MCHCHUC pa6011>1 BbIXOJa 06pa3ua OTHOCHUTCIIbHO UCXOJHOIO, 0OBIYHO
Ha3bIBACMOI'0 3TAJIOHHBIM.

Lom [
I, oTm. el | —_
e, -
0.8 |- 0,7 !
0.6 |
0,50
04 b
0,25
0.2
0.0 . 1 1 1 1 0,00 L
-2 ] 2 4 6 Ve, B -2 a 2 1 Ve. B
Puc. 3. BAX o6pazuo W(100) nipu Puc. 4. smenenus BAX nipu mporpe-
NEPBOHAYAIILHOM MPOTPEBE A0 YKa3aHHBIX TEM- Be 00pasnoB W(100) 1o ykazaHHBIX
neparyp. 1 —300 K; 2 — 360 K; TEeMIIepaTyp. 3alucu MPOBEICHBI TPU
3-370K;4-390K;5—-420 K. KOMHATHOW TeMIeparype.

1-300K;2 450 K; 3 — 470 K;
4-500K;5—520K; 6550 K;
7-590 K.

E - aneprus snekrpoHoB, Er - ypoBan depmu, @, - paboTa BBIXOA AIMUTTEPA, (O -
MOBEPXHOCTHBIN MOTEHIMAN, K.p.II. - KOHTAKTHAS pa3HOCTh TIOTEHIMAIOB, %6 - SJIEKTPOHHOE
cponctBo, E, E,. E, - THO 30HBI NPOBOAMMOCTH HIMPUHA 3AMPEILIEHHON 30HBbI, TOTOJIOK Ba-
JIEHTHOM 30HBI MOITYIIPOBOJHUKA, COOTBETCTBEHHO, V. - HAIIPSDKEHUE CMELICHMSL.

Lenbto naHHO# pabOTHI SABJISIETCSl AEMOHCTpaIys SPPEKTUBHOCTH UCTIOIb30BAHUS
METOJIa 3aJICPKUBAOILIETO MOTEHIMAIA Ul PErUCTpallii U3MEHEHUs] paOoThl BbIXOJA U
MPO3PAYHOCTH MMOBEPXHOCTHOIO MOTEHIMAIILHOTO Oapbepa TBEPIBIX TEJl CO CTENEHBIO TO-
KPBITHSI UX TIOBEPXHOCTEN a/IcopOaTOM CYOMOHOCIOWHOIO JMara3oHa Ha MpHUMeEpPE MOHO-
kpructauioB W(100) u GaAs(110) mpu mo3TarmHoi OUYMCTKE UX TMOBEPXHOCTEH OT ecTecT-
BEHHOI'0 OKHCJIA.

Ha puc. 3 npeacraBiena TunuyHas cepusi nociea0BaTeNbHbIX n3MeHeHnii BAX
NPy OYUCTKE MOBEpXHOCTH MOHOKpuctaioB W(100) ot agcopOupoBaHHOrO raza u
ectecTBeHHOro okucia. Crarronapubiii Bux BAX Habmogaercs yepe3 15-20 MuHyT
1I0CJI€ YCTAHOBJIEHUS] pAaBHOBECHOTO 3HAYCHUS TEMIIEPAaTyphl 00pa3LoB.
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[Ipu 5TOM KOMHATHOW TeMIepaTrype COOTBETCTBYIOT KPHBBIC, 3aHHMAIOIIUE
npoMexxyToyHoe mnoioxkenne Mexay BAX (2) u  (3). CormacHo Macc-
CHEKTPOMETPUYECKUM HAOMIOIEHUSIM, a/icopOaT, yaaiseMblid B JAHHOM TeMIIepaTyp-
HOM JMara3oHe, COCTOUT, npeumyiiecTBeHHO u3 Mojekyl CO u CO,. Bua kpuBbix
nocie mporpeBa oOpasnoB a0 T>470K npubmmxkaercs k teopermueckum. Ilocne
nporpeBa MoHokpuctauioB W(100) go temmepatyp, 6onbpmmx 750K, mossrsercs
Npe/CKa3bIBAEMbIi KBAaHTOBOM MeXaHUKOW MakcumyM B Havdanie BAX, o00y-
CIIOBJICHHBI OpPATTOBCKHM OTPa)KEHHEM 3JICKTPOHOB OT moBepxHocTH. Kak criemyer
U3 TPEACTaBICHHOM 3amucH, ancopdar, yAaasieMblil ¢ MOBEPXHOCTH B YKAa3aHHOM
TEMIIEpPaTypPHOM JHara3oHe, yBeInunBaeT paboTy Beixogaa MoHOKpucTamuioB W(100)
Ha BeNIMYHHY, 01u3Kyto K 0,4 3B.

OTmeueHHBIE CHHXPOHHBIE M3MeHeHnss BAX 1 mapamMeTpoB 3JUTUTICOMETPHU CBU-
JETeNbCTBYIOT - METOJ] 33/IEP’KMUBAIOLIETO MOTEHIMANA SBIsIeTC d3PPEKTUBHBIM CIOCO-
OOM KOHTpOJII U3MEHEHHUsI KOJIUYECTB aJCOPOMPOBAHHBIX T'a30B U CJIEOB OKUCIIOB Ha
MOBEPXHOCTAX TBEPIBIX TEJ, IO3BOJISIONIUM KOHTPOJIHMPOBATH  aACOPOIMOHHO-
JeCOpOIIMOHHBIE TPOLIECCHI HEMOCPEACTBEHHO B XOJI€ UX MPOTEKAHUSL.

BenruuHa moBepXHOCTHOTO MOTEHIIMANA TBEPABIX TEI CPs 3aBUCUT OT MX TEeMIIe-
paTypsl M KOJMUYECTBa afcopOara Ha UX MOBEPXHOCTH, Ha YTO YKa3bIBA€T CYIIECTBOBA-
HUE 00paTUMBIX U HeoOpaTUMBIX M3MeHeHnit BAX ¢ TemmnepaTypoit mporpeBa oopas-
1OB.

Pabora Beixoma ¢, ymenbmaetcs, a koddduiuent npospaunoctu D(J,d) mo-
BEPXHOCTHOTO TOTEHIMAIBHOTO Oapbepa TBEPIBIX TeN YBETUYMBACTCS IMPOMOPIHO-
HAJIBHO TEMIIEPAType WX MPOTPEBa B BBICOKOM BaKyyMe, MPUYEeM 3HAUYCHUE KOAPPHUIIH-
€HTa MPONOPLIMOHATILHOCTH MEHSIETCS Ha pa3HBIX CTAAMIX yIalleHHUs aacopOara.

HCCJIEJOBAHUE MPOUHECCA KPUCTAJUIM3ALIUU JIEKAPCTBEHHBIX
HNPEINAPATOB TIOHUKEHUEM JABJIEHUS ITAPOI'A30BOU CPE/IbI

/. A. Kazanuesa, /I.A. I'azuzoea, C.I. Konopawesa, B.A. /lawikoe
KI'TY, 2. Kazanw, yn. K. Mapkca, 68. E-mail: lashkov_dm@kstu.ru

AHanu3 TEXHOJIOTMM MOJIy4eHHs rekcameTrminenrerpamuba Ha ['YII «Tatxum-
dapmnpenapaTsl» BbISIBUI BO3MOKHOCTh MHTEHCU(UKAIIMKM TpOLecca U PeryiupoBa-
HUS CKOPOCTH POCTA KPUCTAIUIOB 3a CYET KPUCTAIUIM3ALMYU [TOHM)KEHUEM JIaBJICHUS 10
orpeseeHHOMY 3akoHy. [Ipu BBIOOpE CKOPOCTH M3MEHEHHS TeMIepaTyphl, BIHSIIO-
el Ha JUCHEPCHBIA COCTaB KPUCTAITMYECKOM (a3bl, BOZHUKIA HEOOXOIUMOCTH B
ONpEIECICHNA KUHETUYECKUX YPABHEHUN, OMUCHIBAIOIINX UHTEHCUBHOCTh 3apO/bIlIe-
00pa30BaHUsl U CKOPOCTh POCTa KPHUCTAIOB B 3aBUCHUMOCTH OT MEPECHIIIEHHUS pac-
TBOpA.

Jlnst onpeiesieHrs 3TUX 3aBUCUMOCTEN ObUTM MPOBEJECHBI SKCIIEPUMEHTAIbHbIC
UCCJIEIOBAHUs MpOIEcca KPUCTAIN3ALNN TeKCaMETHIIEHTETpaMuHa. B xozxe skcne-
pUMEHTA MPOJOJIKUTENBHOCTh KPUCTAJUIM3ALUMU BapbupoBasiack B mpexaenax 60-90
MUH. J[MCTIEpCHBIM COCTaB MOJYYEHHOW KpHUCTauiMueckol macchl (%) aHaIu3upo-
BaJICSI MUKPOCKOTTMYECKUM METOJIOM (CM. TabI1.).
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OOpaboTKOI MOTYyYEHHBIX YMCICHHBIX 3HAYCHUI Oblja OmpejiesicHa BeJIMYUHA

dakTopa Hopmbl, KOTOpasi OKa3anach paBHOM
®d=0,8326 - 11 90 mun; ®= 0,8035 - 115 60 MuH.

PacxoxxneHue B MONYYCHHBIX 3HAYCHUSX MOXKHO OOBSICHUTH SIBICHUEM ITOJIH-
Mop(du3Ma, 3aKITIOYAIONIETOCS B M3MEHEHUU (akTopa (HOpPMBI KPUCTALIIOB OJAHOTO U
TOTO K€ BEIIECTBA B 3aBUCUMOCTH OT PEKHUMHBIX TTapaMeTPOB Mpoliecca.

CKopoCTh pocTa KPUCTAJUIOB IeKCaMeTUICHTeTpaMUHA B MCCIICIOBAHHOM JIHa-
Ma30He MapaMeTPOB MPECTABICHA B BUIC YPABHEHUIA:

n(1)=0,577 - 10°TIR"*** - 151 90 muH; 1 DH=0,577 - 10°TIR"** - 7151 60 muH.

Pexum nmponecca_kpu- Jlnana3oHsl pa3mMepoB, MM
CTaJUTA3ALNHI 0-0,10 | 0,10-0,15 | 0,15-0,20 | 0,20-0,25
Ymepenssiii (1 =90mMuH) 7,0 37,0 51,0 5,0
NurencuBHbI( 1 =60 MUH) 16,5 49,5 31,0 3,0

NuTencuBHOCTH 00pa3oBaHus LIEHTPOB KpUCTaM3auuu I, oOpasyromuxcs B
eauHuIle oObeMa 3a EAUHHILY BPEMEHH, OIpejesieHa 0OpabOTKOW JaHHBIX MO JIHC-
MEPCHOMY COCTaBy C MOMOIIBIO TIAKeTa MPUKIATHBIX mporpamMm «Mathematicy. B pe-
3yJIbTaTe MOJy4YeHa 3aBUCUMOCTb, KOTOpasi OMHUCHIBACTCS ¢ TOUHOCThIO 20% ypaBHE-
HUEM BUA

I=0,026 + 156,5311-117,9911* +37,75IT°.

Meronuka pacuera mnporecca KpUCTaUIM3alUU TeKCaMETHIICHTETpaMHUHA MC-
MIOJIb30BaHA IIPU YCOBEPIICHCTBOBAHUM TEXHOJIOTUYECKOTO CXEMbl IPOU3BOJICTBA
npenapata kajbliekca Ha [ YII «Tarxumdbapmnpenapatei» u « Tarrexmendapm».

PASBPABOTKA BAKYYM-CYBJIMMAIIMOHHOM CYININJIKHA
JJIs BCIEHEHHBIX ITPOAYKTOB C UCITOJIbB3OBAHUEM
HUHEPTHOI'O I'A3A
T.U. Ilosxcuoaesa, C.B. Illaxoe
BI'TA, Bopowneoic, np. Pesomoyuu, 19. E-mail: mapp@yvgta.vrn.ru

HemocTaTkoM M3BECTHBIX CYIIWIOK SIBIISIETCS HU3KAas MHTEHCHBHOCTD IIPOIIECCa
CyOIMMalMu 13-3a OTPAaHMUYEHHOTO HHEPronoBo/a KO BCEM YacTUIAM MEHHOro Mpo-
IYKTa, UMEIOLLET0 Pa3BUTYIO CTPYKTYpPY U HECBOEBPEMEHHOIO YJAJIEHUs CyOIUMHUPO-
BAaBIINX MOJIEKYJT BOJIBI U3 30HBI CyOIMMAaIny.

BakyyMm-cyOnumanvoHHasi Cymmika Jjisi BCTIEHEHHBIX MPOAYKTOB COCTOUT W3
kopmyca 8 ¢ marpyokom 10 11 0TBOa BO3/1yXa M HEKOHICHCUPYIOILIMXCS Ta30B, Aecy0-
muMatopa 11, yerpoiicta 18, cocTosmiero u3 AByX KOAKCHaIbHBIX MaTpyOKOB JUIs MMOJI-
BOJIa MPOAYKTa M MHEPTHOTO Tra3a. KoHcTpykums u ¢popMa MOBEPXHOCTH AeCYOIMMaTOpa
11 mpu 3TOM BBIOpaHa Ha OCHOBE aHaiM3a 0Opa3oBaHMA CJIOS CyOnuMara Ha chepude-
CKOW TMOBEPXHOCTU TPAAULMOHHBIX JIECYOIMMATOPOB NPHU JACUCTBUM TOYEYHOTO MCTOY-
HHKa, a TAaK)K€ Ha OCHOBE TOTyYeHHOW KapTHUHBI MOCIIEOBATEIBHOCTH 3aOTHEHNUS ce-
PHUYECKOI TOJOCTH JIeCyOIMMaTopa JIbJAOM MPH TOJIHOM MOTJIOIIEHUH MOJIEKYJ BOJIbI Ha
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€ro TOBEPXHOCTH U PEKOMEHMAIMA ONTUMAabHBIX mpoduieit necybimmaropa, obecre-
YUBAIOIINX PAaBHOMEPHOE OCAKICHHE MapoB BoJbl, [ApxapoB, A.M Kpuorenusie cucre-
MbI: OCHOBBI TEOPUH U pacueTa [TekcT]|: YueOHUK JUIs CTyIEHTOB BY30B I10 CHEUAILHO-
cru «Kpuorennas texuuka»/ U.B. Maddennna, E.N. Mukynun. — 2-e uzz., nepepad. u
nom. — M.: Manmnoctpoenue, 1988 -464 c.]., aneMeHT NOBEpXHOCTH, KOTOPBIX C TOYHO-
CTBIO IO OECKOHEYHO MaJIbIX BEJIMYMH BTOPOTO MOPSIIKA OMUCHIBACTCS BBIPAKEHUEM

dF = p* +(dp/dp)* do

re - paguyc KpUBU3HBI 3JIEMEHTA OXJIAXKJAIOLIeH IOBEPXHOCTU JecyOImMaTopa, M;

@ - yroj OTKJIOHEHUS O OT HopMaiu K dF .

BuyTpu kopmyca 8 pac-
A4 1125 MOJIOKEHA TapaUIeTIbHO 00pa-
3YIOIIEW M € BO3MOYKHOCTBIO
BpAILIEHUs] OTHOCUTEIILHO BeEp-
TUKAJIbHOM OCH CYIIWJIKA HOCH-
Tenb 12 B BHAE KOAKCHAJIHLHBIX
TpyO, MPH 3TOM BHEIIHAA TpyOa
M3rOTOBJIEHA U3 MOPUCTOrO Ma-
TepUalia, Ha KOTOPOM pa3Melie-
Ha pelnieTka, B y3Jax KOTOpOH
3aKpEIUIEHbl BOPCUHKU. OTH
BOPCUHKHU SIBJISIFOTCS KapKacoM
JUIS TICHBI U B TOXE BpeMmsi 00-
JIeTYaIoT NPOHUKHOBEHUE
MHEPTHOIO Ta3a BHYTPb IIEHBI
OTO MPOUCXOJUTH MOTOMY, YTO
BOPCHHKU CJy’KaT IPOBOJHU-
KOM TEIUIOTHI ISl CyOmManiu
MOJIEKYJI TIEHBI, CONpHUKacCaro-
IAXCS ¢ HAMM, IOCJIE Yero 00-
pasyercsi KOJIbLIEBOM KaHaJl BO-
KpPYI' BODCUHKHU 4epe3 KOTOPBIN
ra3o000pa3Hble MOJIEKYJIbI BOJIBI
NepeMEeIaloTCs C  CIEAYIONIMN
my3bIpek neHsl. [Ipu 3ToM Bop-

Pucynok. Bakyym-cyOnumaniioHHas CynmiKa CHHK{ MMEIOT Pa3iNyHyIO JIIH-
JUISL BCIICHEHHBIX IIPOJYKTOB C UCIIOJIB30BAHUEM  HY, YTO MO3BOJIAET O0OCCIICUUTh
MHEPTHOTO ra3a IIOZIBOJI SHEPTUU KO BCEM CIIOSIM

neHsl. Tpyba mnpuBOIUTCS BO
BpalllEHHE OT IPUBO/A, COCTOSIIETO U3 BOJIHOBOIO MOTOP-PEAyKTOpa 3, uepe3 BOIIO 9,
3aKpEIUICHHOrO Ha NMPHUBOJHOM Baily. BHu3y TpyOa coenuHeHa ¢ marpyOkamu MojaBoja
IPOJyKTa U ra3a MocpeACTBOM apMUPOBAHHOIO yrpyroro Tpyoonposoaa 17. Ilenorene-
paTropoM SIBJISIETCSl caM HOcUTeNb 12 1 pacnpenenurenu 14, pasMenieHHble N0 JUIMHE TPY-
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Ob1. Hocutenb MOXkeT ObITh M3rOTOBJICH M3 METAIOKEPAMUKH, YTO MO3BOJISIET €My C O
HOW CTOPOHBI OOecIeurBaTh MPOYHOCTh KOHCTPYKIMH, a C JIPyroil OecrpensTCTBEHHO
IPOITyCKaTh Y€pe3 CBOM IOPbI MHEPTHBIN I'a3, KOTOPBIM BCIICHUBAET U 3aTE€M CYILLIUT IIPO-
JYKT.

JInis ynaneHust BBICOXIIETO MPOJYKTa C MOBEPXHOCTU €pllia MPETyCMOTPEH OYu-
cTuTenb 15, a U3 Kopmyca ¢ HOMOUIBIO Pa3rpy304HOro ycTporcTsa 19.

JU11 MOMKHM CyIIMJIKM NIPELYCMOTPEH J1a3 2, pacnoioKeHHbll B kpbike 1. Cama
KPBIIIKA MOKET OTKUBIBATHCSA, YTO HEOOXOAMMO ISl TEXHUYECKOTO OOCTY>KUBaHUS H
PEMOHTA BHYTPEHHUX YacTell CyIIWIKU. [l €€ MIOTHOrO MpUIIEraHusl K KOpIycy ume-
I0TCSl CTsDKHBIE O0sITHI 7. KpoMe 3TOro Ha KpBbIIIKE PacloIOKEHbI PA3IMUHbIE TPUOOPHI
BU3yaJIbHOT'O U3MEpEHHUs 6 (HarpuMep, MAaHOMETP) U IIPEJOXPAHUTENbHBIE KIIalaHbl 3.

[IpenmyiectBa pa3padaTbiBaeMoil KOHCTPYKLMHN HENPEPHIBHOW CyOIMMAIIMOHHON
CYLIMJIKM AJIs1 BCIEHEHHBIX NPOAYKTOB U CII0co0a 3aKIIF0Ya0TCs B TOM, UYTO:

- NCTIOJIb30BAaHUE HAMOPAKUBAHMS CJIOSI IIPOILYKTA Ha HOCUTEJIE THIIA «EPIID) MTO03BO-
JseT 00EeCTIeUNTh YBEMUYEHUE MPOU3BOJUTENIHHOCTH CYIIMIKA 3a CYET HEMPEPHIBHOCTH
npoliecca CyIIKH, THTEHCH(PUKAIHIO MPOLIecca 3a CYET YBEIMUEHHS TOBEPXHOCTH TEIIO- U
MaccoIepeiadyr, BO3MOKHOCTh BAPbUPOBAHUS TapaMETPOB MOHOJIATA BCIIEHEHHOTO IIPO-
JyKTa U €ro TUIOUIA1 MOBEPXHOCTH, CHIDKEHHE SHEPro3arpar 3a cyeT 0ojiee MHTEHCHBHO-
IO ¥ paBHOMEPHOI'O pacrpeeNieHns TEII0OThl BHYTPY MPOAYKTa, YIyUIlIEHUE KauecTBa ro-
TOBOTO IIPOJIYKTa;

- HCIIOJIb30BAHME MHEPTHOIO ra3a B KAYECTBE HHEPrOHOCUTENS IMO3BOJIET Hau-
JyqIIMM 00pa3oM YUUTBHIBATH CBOMCTBA MPOIYKTa U SJIEMEHTOB KOHCTPYKIIMH, YTO BENET
K MHTEHCH(HKALIMU Tpolecca CYyIIKH U obecrieunBaeT 3(pPEeKTUBHBIA 3HEPronoBO K
MPOJIYKTY C Pa3BUTON CTPYKTYPOH.

- pa3MerieHre iecyOnmmaropa B HEMOCPEICTBEHHOM OIM30CTH OT BBICYIIMBAEMOTO
NPOIYKTa MO3BOJIAT OOECTIEUNTh AKTUBHBIN JIOKAJIbHBIN OTBOJ, ApO-Tra30BOM CMECH U3 30-
Hbl CYUIKHM 110 MMUHUMAJIBbHOM TPAeKTOPHU JIBMKEHUS MOJIEKYJI Iapa CyOIMMHUpPOBAHHOU
BJIAI'N.

MOJYYEHHUE NNOPOIIKA U3 COKA YEPHOH CMOPO/IUHBI
C IOMOLIBIO MAJIOTABAPUTHON BAKYYMHOM YCTAHOBKH
K.A. Emenvanos, A.A. Emenvanos
Openl TV, Open, Hayzopckoe wocce, 29. E-mail: konstantin.emelyanov@gmail.com

C nomorrpio ManorabapuTHONH BaKyyMHOW CyIIMJIBHOW ycTaHOBKH [1] mccre-
JIOBaHbl TEMIIEPATYPHbIE PEXUMBI BbITAPUBAHUS BJIard [2], U3 KOTOPBIX CIEAYET, YTO
YAAIATh BJIAry U3 CEJIBCKOXO3SMCTBEHHOIO CBHIPbS MOKHO, MAaKCHMAJIBHO COXpaHssA
OMOJIOTUYECKH AKTHBHBIE BEIIECTBA B CYXOM MPOIYKTE.

C nenpro MoJydyeHUs! CyXOoro MOpPOIIKa C BBICOKUM COJEPKaHUEM acKOPOMHO-
BOM KHCJIOTHI BBINIOJHEHBI UCCIEAOBAHUS HU3KOTEMIEPATYPHOIO yIAJICHUS BJIard B
BaKyyM€ U3 HaTypaJIbHOI'O COKA YEPHON CMOPOJIMHBI.

B skcnepumente ucnons3zoBaHo 40 kr yepHoit cMopoauHsl. [locie npenBapu-
TEJILHOW 00pabOTKHU U3 Arobl METOIOM CeNapupoBaHus noiaydeHo G, =13 kr Hary-
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PaNBHOTO COKa, KOTOPBIN OBLI 3arpy’kKeH B KaMmepy ucnapureis. B cucreme obecnieun-
Basioch paspexxenne P =10Ila c momomibio hopBaKyyMHOTO Hacoca.

VY naneHue Biarud u3 ChIpbs BKIIIOYACT UCIIapEHHUE CBOOOIHOM U CBSI3aHHOM BJa-
ru. Ha srane ucnapenuss cBOOOIHOM Biaru Temreparypa KUIEHUsl MPOIyKTa COCTaB-
nsna 32 °C ¥ KOHIEHCAT MOCTYIAl B PMEMHKK C TIOCTOSHHOM CKOpOCThio. [Ipu ncna-
PEHUU CBSI3AaHHOW BJIaru TeMIEpaTrypy padodeil )KHAKOCTH B pyOallike KaMmephbl UcIia-
puTens noaaepxuBany Ha yposHe 50°C myTeM peryaupoBaHus MOABEACHHON MOLIHO-
cti. TOYHOCTH perynupoBaHus coctaBisiia + 5 %. B xoxe skciepumenTa n3mepsiach
Macca Biaru Gy, COACpPIKaBILICICS B COKE, U ONPEAEsIach BIa)KHOCTh, OTHECEHHAs K
Macce G, aOCOJIFOTHO CYXOTO BEIECTBA,

c_
f7 =Gy /G, (D)
CopepaHue  CyxXuxX  BEIIECTB B  COKE  CMOPOAMHBI  COCTaBIISIO
G, =0,167Gy = 2,17 KT npx HAYANbHOM BIAXHOCTH f;; =5.
KpuBas cymiku coka yepHOM CMOpPOIMHBI TpuBeAcHa Ha puc. 1. M3 kpuBoit
fS(r) cnenyer, uro 4yepe3 Bpems 3amasiblBaHus 7, = 12 MUH, HEOOXOAUMOE ISl HC-

MmapCHusl, KOHACHCAIWUN U JABUKCHUA IMapa U KOHACHCATA, HAYMHACTCA YIAaJICHUC CBO-
6OZ[HOI71 BJIarv ¢ MOCTOSIHHOU CKOPOCTBIO CYHIKH. ITocne JOCTHIKCHMUA HepBOfI KpHUTH-

YECKOM BIIAYKHOCTU fK(;)l = 2,7 YOAAJACTCS CBA3aHHAA BJlara C najaroniei CKOpPOCTBIO

cymiku. JlocTHkeHre BTOPOM KPUTHUYECKON BIAXKHOCTH chpz =1,6 COOTBETCTBOBAJIO

MPEKPAILEHUIO MPOLIECCa KOHIEHCALUY.
[To oxoHYaHMM KOHACHCAIMU OCYILECTBICHO NepemelninBanue npoaykra. Ile-
PEMENIMBAHUE COMPOBOKAAIOCH JOMOJIHUTEILHON KPATKOBPEMEHHON KOHACHCAIIUEH,

CHUM3UBLIEH BIAKHOCTB 10 fi = 1,4 . [IpOOIKUTENBHOCTD MPOIIECCA CYIIKH COCTaBH-

aa 3,5 Jaca.
KpuBas ckopocTu cymikm, moiydeHHas B pesyibrare rpadudeckoro audde-
PEHLIUPOBAaHUS KPUBOM CYIIIKU MIPUBEJICHA HA pUC. 2.

w=df/dr, ()
U3 3aBucumoct w( ) crienyer, 4to yaaaeHue CBOOOIHON Barn Ha 3Tare
V3MEHEHUs BIKHOCTU OT HAYAIbHOM BENIUYMHBI [y =5 10 MEPBOM KPUTUYECKOU
. -1
Jxp1 = 2,7 TPOMCXOHUT C MOCTOSHHOM CKOPOCThIO W =2,4uac™. IIpn [ < fi) yna-

JsieTCs CBsi3aHHas Biara. Jlmana3zoH u3MeHeHus BIaxHoctu 1,6 < f © <27 cooTBeTcT-
BYET 3Tally PaBHOMEPHO TMaJaroller cCkopoctu cymku. [locne moctukeHust BTOpou

KPUTUYECKOW BIIAYKHOCTHU fK(;)Z =1,6 mepememMBaHKWe MPOAYKTA MPUBEJIO K CHHUXKE-

HUIO BII&YKHOCTH JI0 KOHEYHOTO 3Ha4YeHus fy, =1,4.

[To okoHUaHUU BaKyyMHOU CYIIKHU IMOJIy4eHA MacTa yepHor cMopoauHsl. [lacta
JoCyInMBaIach Ha arMocdepe mpu Temneparypax He Gonee 50 °C ¢ UCIOAB30BaHUEM
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nepeMeIINBaHns U U3MENbUYCHHUsI MpoayKTa. B pesynbprare moiydeH STOAHBIN MOpo-
HIOK C cojepkanueM ackopOouHoBoi kucioTsl 300 mMr/100 r. [lopouiok yepHoOil cmo-
POIUHEI OBbII TAKXKe IONYYeH U3 macrepu3oBaHHoro coka (80 °C, 20 muH), comepixa-
Hue ButamMuHa C B KOTOPOM OKa3asioch B 6 pa3 HUke, coctaBuB 53 mr/100 r.

Takum 00pa3om, Mpu HUZKOTEMIIEPATYPHBIM BBHITIAPUBAHUEM B BaKyyMe TIONY-
YeH ArOJHbIN MOPOLIOK C BEICOKUM COJIEpKaHUEM aCKOPOMHOBOM KUCIIOTHI.

Jlureparypa

[1] Ilarent RU N 2276314. YcrpoilcTBO 1isi yAalieHHs] Blard B Bakyyme / A.A.
Emenssanos, K.A. Emenbsanos, S1.A. Mopo3os. Ony6s. 10.05.2006, 61o1. N 13.

[2] EmenbsanoB A.A., I'apamxa WU.B., 3onotapes A.I'. XIII HTK «Bakyymnuas nayka
n Texauka», Coun, 2006, C. 304-305.
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TEXHOJIOT'UA CO3IAHUSA AVI-OPUJIIBMOB
JJIsSA JUCHUILIMH CIIEIIMAJIBHOCTH
«BAKYYMHAS TEXHUKA S3JIEKTPO®PU3NYECKUX YCTAHOBOK»
E.B. bozoanos, H.A. 3axapos, A.B. Tromuna, E.B. Anmunoea, C.H. Konedoe A.P.
JLU. Cazoeee, Xyoamxysun A.A., A.P. Aremanos, *A.A. Cazoees
KI'TY, Kazanw, yn. K. Mapkca, 68. *HXTU, Huosicnexkamck,
np. Cmpoumeneii, 47. E-mail:Sagdeev@kstu.ru

PasBuTe W COBEpIIEHCTBOBAaHWE METOJOB U CPEICTB COBPEMEHHOMN
MH(QOPMATHKH TO3BOJMIIO €l YBEPEeHHO BOWTH B Cpedy OOpa3oBaHMA W HAay4HBIX
uccieoBanui. J[nana3zoH UCmoib30BaHUS KOMITBIOTEPOB B Y4€OHOM IpOLIECCEe BECbMa
BEIMK - OT TECTHPOBAHMSA CTYJEHTOB, yd4€Ta WX IJIMYHOCTHBIX OCOOCHHOCTEH [0
HEOOXOJMMOCTH CO3JIaHUSl yYEOHBIX (DUIBMOB IMPETOAABATEISIMHA, BHEIPSIOIIMMU
COBpeMEeHHbIE HH()OPMAIIMOHHBIE TEXHOJIOTHU B Y4EOHBIH Mporiecc.

Ilepen Hamu ObLTa MocTaBiIeHa 3ajada pa3pabOTaTh TEXHOJIOTHIO CO3JaHUS
y4eOHBIX (PUIBMOB C avi-pacUIMpeHreM K J1a0opaTopHbIM pabotaMm «MoaenrpoBaHue
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BaKyyMHOI'O KOHJEHcaTopa» o aucuuiiimHe «BakyymHble TexHonoruu. Hacte 1»,

«YcTraHOBKa BakyyMHO-aMMHayHOU cymiku YBC-2M» no aucuumnnsae «BakyymHbie

YCTAaHOBKM» U «AJcopOnuoHHbIN BakyyMHbId Hacoc [IBH 1,5/3» mo aucrumniamze

«KpuoBakyymuas texuukay s kadenpol « Texnuka u Qpusnka HU3KUX TEMIEpaTyp»

HuxHekaMCcKOro XuMHUKO-TEXHOJIOTMYECKOTO HHCTUTYTA.

O0630p CYLIECTBYIOUIMX MPOrPaMMHBIX  CpPEICTB  TMO3BOJWI  OICHUTH
BO3MOKHOCTb KaJIOTO M3 HUX JJIsl CO3AAaHUsl YUEOHBIX (PMIIBMOB C PacIIMPEHUEM avi
[1]. Ilepeuncaum mporpaMMHBIE CPENCTBA, C MOMOIIBIO KOTOPBIX MOYKHO CO3/aTh
y4eOHbIe (PUIBMBI:

1. TIIporpamma Windows Movie Maker, Bxoasmas B mociennue Bepcuu OC
Windows, mO3BOJS€T W3 OTACHBHBIX 3apaHee TIOATOTOBICHHBIX PHUCYHKOB
(u300paxenuit) ¢gopmara BMP u napyrux co3gate (uiabM, JONOJHEHHBIN
BuieodPpexTaMu, BUACOTIEPEX0TaMH, 3ar0JIOBKaAMHU.

2. Ilporpammbl, NO3BOJSIOLIME CO37aBaTh avi-QWIbMbBI M3 OTICIIBHBIX 3apaHee
MOJIrOTOBJICHHBIX PUCYHKOB ((popmata BMP u npyrux) u nmpu 3ToM MpOU3BOAUTD
penaktupoBanue pucyHkoB (Atani.rus u Active GIF Creator).

3.  CpenuanbHble TPOrPaMMbl, KOTOPBIE BBHIMOJHSIOT BUE03aXBaT BCErO WIM YacTH
JKpaHa JWCIUIes KoMmIbloTepa («KHBYHO» BHIeo3anuch — uvScreenCamera,
VideoCap, Camtasia Studio).

4. VYHuBepcalbHbI TakeT Matcad, KOTOpBIM B MOCIETHUX BEPCHUSAX TMO3BOJISIET
BBINOJIHUT BUE03AIIUCh U BOCIIPOU3BECHHE aVi-(PUIBMOB.

B wHamem cnyuae ans KOMIBIOTEPHOW peanu3anuu avi-puiabmMoB Oblia
ucnosib3oBaHa nmporpamma Camtasia Studio, uMeromiasi MOIIHYO YTUIUTY AJIs 3alIUCU
n3o0pakeHus ¢ 3kpaHa B Buacodaiiinel pasnmuunbix dopmatoB (AVI, SWF, FLV,
MOV, WMV, RM, GIF, CAMV), a Takke UMEET BO3MOXKHOCTb PEIAKTHUPOBAHUS
BHJIe0 co BcTpoeHHbIMH Macromedia Flash (SWF) u Buaeo npourpeisarenu.

Camtasia 3axBaThIBaeT JCHUCTBUSA W 3BYKH B J1H000i yactu Windows-cuctem u
coxpanser B (aiin cranmapra AVI. Ha ocHoBe m060ro BHIEO MOXKHO
CKOMIWJIMPOBATh  WCIOJHUTENBHBIA  exe-(ail, KOoTophlii Oyaer  cojepKaTh
BCTPOCHHBIN MpoUrphiBaTenb. Jljig cxaTusi BUACO HMEETCS «(QUPMEHHBIN» KOAEeK
TechSmith Screen Capture Codec (TSCC).

Camtasia Studio Bkirouaer B cebst uetsipe yTwimthl: Camtasia MenuMaker,
Camtasia Player, Camtasia Theater u Camtasia Recorder. [{ns pabGotsl co Bcemu
STUMU YTUIIUTAMH CITY>KUT TJIaBHBIA UHTep(eiic mporpamMmai.

Buneopunem k  naGopatopHoit pabore «MoaenupoBaHHE BaKyyMHOI'O
KOHJIEHCATOpa» MOMOraeT MPaBHJIBHO MOCTPOUTH TEXHOJOTMYECKYIO CXEMY Ipolecca
U paccuuTaTh ¢ IpUMEHeHHeM Mmojenupytomieil nporpammbel ChemCad [2] BakyyMm-
TEXHOJOTHYECKUHN ammapaT, a TakKe, I103BOJISIET IMOJYYUTh IMOJHYI0 KapTHHY
mporecca KOHACGHCAIMM C  YYeTOM HalM4yusl B Mape HEOONBIIMX KOJIUYECTB
HEKOHJCHCUPYIOIUXCSI Tra30B, 4YTO MPHUBOJUT K 3HAYUTEIBHOMY CHU)KCHHIO
koa(dduimenta teroornayu [3].

Texnonorust co3manusi BUACOPUIBMOB «YCTaHOBKA BaKyyMHO-aMMHA4HOM
cymku YBC-2M» mno nucnuruinHe «BakyyMmHbIE yCTaHOBKH» U «AICOPOIIMOHHBIN
BakyymHbIi Hacoc LIBH 1,5/3» mo mucuunnune «KpuoBakyymHas TEXHHMKa» s
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kadenper «TexHuka u (usmka HU3KUX TeMmrepaTyp» HIKHEKaMCKOTO XHWMHKO-
TEXHOJIOTUIECKOTO WHCTHUTYTA BKJTIOYAET B cebs MCTIOTb30BaHHE
BbicOKOA((PpexTuBHOrO mpoaykra kommanuu UGS - Solid Edge. JlanHbplli TpOayKT
komnannu UGS mo3BossieT co3aarh cOOPOYHBIA YEPTEX YCTAHOBKH M BaKyyMHOTO
Hacoca C TOCJIENyIoIe pa30opkoi U COOpKOM BCeX COOPOYHBIX EIUHMI] 0
OTZEIBbHBIX JCTaJEH.

Co3znanue BUJOB pa3HECEHHON COOPKH ObUIO pealn30BaHO C HUCIOJIb30BAaHUEM
cnenuanbHON paboueit cpenpl. B mento «llpunoxenus» cpenpl «Coopka» Oblia BbI-
Opana xomanza «Pa3znecennas coopkay». Hamu Obia peaninzoBana komanaa «Paznectu
cOopKy», KoTopasi obecreuunsia cBoO0ay BHIOOpa M MOJHBIN KOHTPOJIb 32 pa3HECEHUEM
JieTajei, YT0 HEBO3MOXKHO PU aBTOMAaTUYECKOM Pa3HECEHUH.

PaboTta BBIMONTHEHHAS BBIMICTICPEUNUCICHHBIMHA CTYJCHTAMH BTOPOTO, TPETHETO
U YEeTBEPTOr0 KypCOB MO3BOJIMJIA MPUMEHHUTH MOJTYUYEHHBIC 3HAHUS MO JUCLUILIUHE
«HauepratenbHass reometpusa. WmxenepHass rpaduka» Uisi TPOEKTUPOBAHHS U
MIyOOKOTO M3Y4YEHUS! BaXKHBIX Pa3JIeNoB JUCIUIUIMH CHEIUANIbHOCTH «Bakyymuas u
KOMIIPECCOpHasi TEXHUKA (PU3UIECKUX YCTAaHOBOKY.

Jlureparypa
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2. HccnenoBaHue U MPOSKTHUPOBAHME XMMMKO-TEXHOJOTHYECKHX MPOIIECCOB C IpH-
MeHeHneM Monenupyromei nporpammsl ChemCad: Yue6Hoe mocobue / Kas. roc.
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3. MuxeeB M.A., Muxeesa .M. OcHoBbl Terionepenauu. M.: Dueprus, 1977.—344c.

CHHOCOB 3AIIUTBI CUCTEMBI OTKAYKMU ITPU CYHIKE JPEBECHUHbI
3.P. Myxamem3sanoea, C.H. Canukees, A.B. I'aepunos
KI'TY, Kazanw, yn. K. Mapkca, 68. E-mail: vacuum-ag@hotmail.ru

BakyyMHO-MMIyJIbCHBIM METOJI CYIIKH JAPEBECUHBI OCHOBAH Ha MHOTOKPaTHOM
YepeJOBaHUM KOHBEKTMBHOI'O TIpolEcca CYIIKM — HarpeBa JpEBECHUHBbI Mapo-
BO3JIyLIHBIM HAarpeTbiM IOTOKOM U BaKyyMHOI'O UMITYJIbCa, KOTOPBIM OCYIECTBIIAECTCS
3a cueT ObicTporo copoca cpeasl U3 paboueit kamepsl 1 (puc.l) B pecusep 2. biarona-
ps 3TOMY YE€pENOBaHUIO OOECIEUMBAIOTCS HAWIy4IlWE, MO CPABHEHHUIO C JPYTUMHU
crnoco0amu CYIIKH, YCIOBHs. DTO Mallble TPaJAMEHThl BIAXKHOCTU U TEMIIEpPaTyphl 1O
TOJILUHE JPEBECUHBI M, CIIEOBATENIbHO, OTCYTCTBHE KOpOOJeHus H oOpa3zoBaHUs
TPEILMH, YTO U ONpPEAEIIsAET KaUeCTBO KOHEUHOTO POAYKTa — U3JEIUIA U3 IPEBECUHBI.

WNmmynbeHbIN cOpoc AaBieHHs] U AalibHEWIIas OTKauyKa KaMmepbl OCYILECTBIIS-
10Tcst 10 aaBieHus ~ 20+50 MM pT.CT., IPH 3TOM C MIOBEPXHOCTH U 00beMa APEBECUHBI
BBIJIEIISICTCS U O] JEHCTBUEM IIepenasia JaBJICHU YHOCUTCS B PECUBED B BUJE I1apa U
Karenb OOJbIIOe KOJMYECTBO BIIATU, KOTOPAas MpEICTaBiIseT co00i pacTBOp KaHU(O-
JM B AMYJIbCUU CKUMNKAapa. B ciyuyae monaianus KOHIEHCATa B pecUBEp OH Oy/eT UH-
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TEHCHBHO UCHAPATHCS, CHIXKAsl TeM caMbiM 3()()EeKTUBHOCTh BaKyyMMHUPOBAHUS, TaK-
K€ BO3MOKHO TOMaJaHue KaHu()oiau, coaepxalieics B KOHIEHCaTe, B BAKYyMHbIN Ha-
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coc 3, 4TO MOXKET MPUBECTH K ero 3akimHuBaHui0. C IENbI0 MPEJOTBPAIICHUS TI0Ta-
JaHUsT KOHJIEHCATa B PECUBEP HAMH IpEjIaraeTcs MCIOIb30BaTh BOAOOXIIAXIACMBIN
KarieoTOOMHHK 4 ¢ BaKyyMHBIM KOHJIEHCATOCOOPHHUKOM 5 Ui BO3MOYKHOCTH yaajie-
HUSl KOHJIEHCaTa B Tpollecce BaKkyymMMmupoBaHus. Ero pabora ocymiecTBisieTcs ciie-
JTyoIMM o0pa3oM: MOTOK Mapo-BO0-BO3AYIIHONW cMecH depe3 matpyook 1 (puc. 2) ¢
OOJIBIIION CKOPOCTHIO yIapsieTcs B MEPETOPONIKY 2, KamenbHas (a3a cTeKaeT B KOHYC-
HYIO 4acTh KOpIyca 3, TOTOK HEOJHOKPATHO OTPaXKaeTCsl Ha BOJOOXJIAXKIAEMbIe CTECH-
KU KOpIyca, I/ie KOHJeHCUpyeTcs maposas ¢asza. Jlanee KUIKOCTh CAMOTEKOM yaajs-
eTcsl uepes3 narpyook 4 B KOHACHCATOCOOPHUK.

[TpuMeHeHne Takoi CHCTEMBI B3aMEH HCIOJIb30BaHMS BaKyyMHOTO KOHJCHCA-
TOpa TIO3BOJIUT 3HAYUTEIILHO YMEHBIITUTh KAUTAIBHBIC 3aTPATHI MPU CO3/IaHUU BaKYy-
YMHO-UMITYJIbCHBIX CYIIMIIBHBIX YCTAaHOBOK, YIPOCTUTH MOHTAX M MIX AKCILTYaTaIlHIo.

JJABOPATOPHbBIN CTEH/I JJIS1 UCCJIEJOBAHUS ITPOLIECCOB
B YCJIOBUSAX HEITPEPBIBHO ITOBBIINAOIIEI'OCS BAKYYMA
J.A. I'azuzoesa, /I.A. Kazanuyesa, C.I. Konopawesa, B.A. /lawkos
KI'TY, e. Kazanw, yn. K. Mapxca, 68. E-mail: lashkov dm@kstu.ru

Jnis wccnenoBaHusl KMHETUKHU TMPOIEcca CYIIKH KamMUIIPHO-TTOPUCTBIX Mate-
pHAJIOB, KPUCTAILTU3AIMKA U KOHIIEHTPUPOBAHUS PACTBOPOB, UCHAPUTEIHLHOTO OXJIaXkK-
JIEHUS KUIKOCTEH, a TAKXKE CaMO3aMOPAKUBAHUS MATEPUAJIOB B YCIOBUSIX HETIPEPHIB-
HO TOBBIIIAIOIIETOCSA BaKyyMa co37aH JJabopaTOPHbIN CTEH]T (CM. PUCYHOK).
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JlaGopaTopHBIii CTEH]T COCTOUT U3 BaKyyMHOM Kamepsbl 1, B KpbllIke 6 KOTOpOi
UMEETCsl CMOTPOBOE OKHO 7 Jig HaOMIOACHUS 3a MOKa3aHUsIMU BecoB. Beckbl 2 cHab-
XKEHBI DJIEKTPOMEXaHUYECKUM TPUBOJOM 3, KOTOPBIA uepe3 OJOK IUCTAHIIMOHHOTO
ynpasieHus 4 MOAKIIOYEH K MICTOYHHUKY IIEPEMEHHOr0 TOKa HampsbkeHneM 127 B. Ha
YaIrry BECOB M CTOJIMK JJaOOpaTOPHOTO mTaTuBa 33 yCTaHOBJICHBI OIOKCHI 8 U 9 ¢ uc-
cienyemMbiM MaTepuanioMm. s coOmrofeHusl aaquabaTUuecKuX YCIOBHM OIOKCHI BbI-
MOJIHEHBI U3 MaTepualia, 00JIaJaroero Majol TEIUIONPOBOJHOCTHIO, HAIIPUMED, TIe-
HoruiacTa. Perucrpanus temmnepaTypbl MaTeprana B X0J€ SKCIIEPUMEHTA OCYIIIECTBIIS-
Jach C TIOMOIIBIO XpOMeEJb-KomeNneBoil Tepmornapel 10, BBeieHHON B OOKCy 9 u moji-
KJIFOUEHHOU K 3nekTpoHHOMY noreHuuomerpy 11. Kamepa 1 cooOmiena ¢ cuctemoit
BAaKyyMHUPOBaHMsI, COCTOsIIIEH U3 KoHAeHcaTtopa 10, cOopHuka KoHAeHcaTa 21, cHal-
YKEHHOTO pybarkoit 22, 1 BakyyMHOro Hacoca 31. /laBneHue B kamepe KOHTPOIHPO-
BaJIOCh MO MOKa3aHUsIM 00pa3lloBOTO BaKyyMMeETpa 5, TeMIeparypa XjajoareHTa B
KoHJieHcaTtope 18 - mo mokaszanusiMm oOpasuoBoro tepmomerpa 19. Jlocyiika marepua-
Ja 10 TOCTOSIHHOM Macchl OCYLIECTBIISIACh Ha YCTAHOBKE OINpPEENIEHUs BJIarocoAep-
JKaHUsl MaTepuasaoB 34, a KAYECTBEHHBIM aHAJIM3 KOHJEHCAaTa MPOBOJUIICS HA XpOoMa-
Torpade 32.

Jlnst ynpaBlieHHs] PEKMMOM CHHXKEHUSI BJIAroCOJIEPKaHUsl UCTIOIb30BAIM PEry-
JISTOP NaBJICHUS, cOCTOSIIIMM u3 myckatens 30, 61o0ka nutanus 29, cunbdona 24, KOH-
TaKTOB 25, Moj3yHa 26, konupa 27 U JABUTaTENsl MOCTOSSHHOTO TOKa 28 ¢ PeAyKTOPOM
29. PerynupoBaHHU€ CKOPOCTH MOHMKEHUS JIaBJIICHUS OCYIIECTBIISUIOCH BKIFOUEHUEM-
BBIKJIFOUEHHEM DJJICKTPOJIBUTaTelisi MPHUBOJAA BAaKyyMHOTO Hacoca MpH 3aMbIKaHUH-
pa3MbIKaHWU KOHTAKTOB 25, MOAAIOIIMX MUTaHUE HA TyckaTenb 30. 3aJaTYMKOM 3aKO-
Ha U3MEHEHUS IaBJICHUSI BO BpEMEHU B KaMmepe | CityuT konup 27, Bpalarouuics ¢
MOCTOSSHHOM CKOPOCTBIO.

HNCCIIEJOBAHHUE TOIIOJIOT'NA TIOBEPXHOCTH
HAHOKOMITIO3UTHbBIX MATEPHAJIOB ITIOJIYYEHHbBIX HAHECEHUEM
IMPOU3BOJHbBIX ®YJIEPEHA [60] HA IIOJIMMEPHBIE MATEPHUAJIbBI
C HAHOCTPYKTYPUPOBAHHOU MOBEPXHOCTBIO
P.A. Hexyrcmemounoea,*H.C. Osuunnuxkosea, B.M. Enuncon
«MATH» - PI'TY um. K.3.[{uonkosckoeo, Mocksa, yn. Opwanckas, 3
"MIY um. M.B.Jlomonocoea, Mocksa, Jlenunckue copwi, 1, cmp. 3.

E-mail: nra85@list.ru

OnHuM U3 caMbIX OOIIMPHBIX KJIACCOB MAaTEPUAJOB, HCIIOJIBb3YEMBIX B CaMbIX
pa3nuYHBIX 00JaCTAX COBPEMEHHOW HAyKH W TEXHHKH, SBISIFOTCS MOJMMEphl. Marte-
puansl ¢ HAaHOCTPYKTypHupoBaHHOU moBepxHocThio (HCII), chopmupoBanHbie Ha MO-
BEPXHOCTU MOJMMEPHBIX MaTEpUaTOB METOAAMU HOHHO-IIA3MEHHOM TEXHOJOTHH,
MPOSBISAIOT aHTUMHUKPOOHYI0 akTUBHOCTHh. Moauduxamms HCII monmumepoB 6uomnoru-
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YeCKH aKTHBHBIMH NMPOU3BOAHBIMU ¢ysuiepera C60 mo3BoisieT co3aaTh HOBbIC, HEH3-
BECTHBIE paHee, MOJIMMEPHbIE MaTepraIbl MEJUIIMHCKOTO Ha3HAYEHUSI.

[enbro paboThI ABISUIOCH UCCIIEAOBAHUE TOMOJIOIMH TOBEPXHOCTH HAHOKOMIIO-
3UTHBIX MAaTE€pPUAJIOB, IOJYYEHHBIX HA OCHOBE HAHOCTPYKTYPHPOBAHHOM MOBEPXHOCTH.

[I5TD [N TDO+Cyp-xuHOTUH

] 1200 1800

OHTPOJBbHBIE 00PA3LIbI

- AT

800 nm e, iy h a e &00

O06paboTKa BO3AyXOM 3 MUHYTHI U MOIU(PUKAIISL
MICHKOU yriepoaa toimuHon 100 Hm

Puc. 1. Tononoruu noBepxHocTel 00pasoB

B kadecTBe wucxomHoro marepuana ObUT BBIOpaH MOJUATHUIICHTEpedTaIaT
(II9T®D) — nonumep, MUPOKO UCIONB3YEMBIH B MEAULIMHE U OMOTEXHOJIOTUH, OOectie-
YUBAIOMIUN OOJBINION TUANa30H CBOMCTB MPH MOIUGUIIMPOBAHUK O0Opa30BaHHBIX IO-
BepxHocTeil. DopmupoBanue penbeda Ha moBepxHOCTH [[DTD mpousBoanau MOHHO-
IUTa3MEHHBIMH MeToAaMH (00paboTKa MOTOKaMHU MOHOB XMMHUYECKH aKTUBHOM BO3-
JTYUTHOW CMECH TpU MOHWKEHHOM JAaBieHnn). Moauduuuposanue noayyeHHbrx HCII
MPOBOJWIIM HAHECEHUEM YIJIEBOJOPOAHBIX TUIEHOK ¢ TonmuHoi 10-100 HM 1 HaHece-
HUEM OpraHMYeCKUX MpOU3BOAHBIX (ymnepeHa (N-meTungyiepo-nuppoauanHbl ¢
(parMeHTaMu UH10J1a, XUHOJIMHA).
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Jlis uccrneaoBaHusl TOIMOJIOTUM TIOBEPXHOCTH OOpAa3IOB MPHUMEHSJICS CKaHH-
pytoiuid 30H710BbIH MUKpockon «DemtoCkany. MccaenoBanus IpOBOIUIN B PEXKUME
ATOMHO-CHUJIOBOM MUKPOCKOIIMH.

Oo6padotka [I9TD monamu BO3MYIIHON CMECH MPUBOIUT K 0Opa30BaHHUIO Ha
€ro MOBEPXHOCTH TOHKOTO0 MOJU(ULHMPOBAHHOIO CJIOS ¢ HAapYLIEHHOW CTPYKTYpOH,
COJEPIKAILEr0 OKUCIEHHO-AECTPYKTUPOBAHHbBIE OOJIACTH, YTO NMPUBOJIUT K yBEJIHYE-
HUIO YJIEJIbHOW IMOBEPXHOCTH HCXOJHOTO MAaTepuala, T.€. NOBEPXHOCTb HCXOJHOTO
MaTepuana cTaHOBHUTCA Ooiiee mepoxoBaToi. Hanecenne yriaeBogopoIHBIX MOKPBITHIA
Ha [I9T® B nepBbIii MOMEHT BPEMEHH NMPUBOAUT K BbIPABHUBAHUIO MOBEPXHOCTH. C
POCTOM TOJIIMHBI IUIEHKH BBICOTAa HEPOBHOCTEW HAYMHACT yBEIUYMBAThCs. Pasnuuns
3HAYEHMH CPEIHEKBAIPAaTHYECKOM IEPOX0BATOCTH NOBEpXHOCTEH (Ry) 00pasos, Mo-
TU(GUIMPOBAHHBIX MPOU3BOJIHBIMU (pysuiepeHa, CBA3aHO, BEPOSTHEE BCEro, C MPUPO-
JIOW TeTepOLMKINYECKOr0 3aMECTUTENsI B COCTaBe (yJIJIEPEHOBOIO MOJU(HUKATOpA.
OTO OTpa)kaeTcsi Ha TOMOJIOTUHU MOBEPXHOCTU. OcaKIEHUE HAa TIOBEPXHOCTH HEPABHO-
MEpHOE, arperamysi 4acTUll B CIy4Yae MHAOJIBHOIO MPOU3BOJHOrO OoJiee BBIpaKEHA,
YeM JJIs XMHOJIMHOBOTO (KOHIJIoMepaThl OoJiee “y3kue U Bbicokue™). Benencreue yero
Ry B ciiyyae XMHOJIMHOBOI'O NPOU3BOAHOIO BhIlIE. XOJ 3aBUCHMMOCTEN 3Ha4YeHus Ry
[IPY HAHECEHUH XUHOJIMHOBOTO M MHJOJIBHOTO IPOU3BOIHBIX OBTOPSIOT APYT IpYra.

AHanu3 napameTpoB MHUKpopenbeda MOBEPXHOCTH MOKa3aj, YTO CpPEAHEKBa[-
paTHU4HAs IIEPOXOBATOCTb, W3MEHEHHE YAEIbHOM IOBEPXHOCTH, XAPAKTEPUCTHKU
MHUKPOHEPOBHOCTEH, U JPyTrHe MapamMeTpbl CyIIECTBEHHO U3MEHSIOTCS MpH 00paboTKe
MOBEPXHOCTH MOHHO-IJIA3MEHHBIMUA METOJAMH, HAHECEHUU YIJIEBOJAOPOHBIX IJIEHOK
pa3IMYHON TOJIIMHBI M COCTaBa OPraHMYECKUX Mpou3BOJHBIX (ymiepeHa [60]. Mc-
N0JIb30BaHNE OPraHMYECKHUX NPOU3BOAHBIX (DYJJIEPEHOB B KayecTBE HOBOT'O Kjacca
OMOJIOTMYECKU aKTUBHBIX COCAMHEHUN M MX MPUMEHEHHE SIBISIETCS MPUHIUIHAIBLHO
HOBBIM M MEPCIEKTUBHBIM HAIPaBJIEHUEM B JAHHOW 00J1aCTH.

CPABHUTEJIbHBIN AHAJIN3 NOBEPXHOCTH MMOJIMUMEPOB,
OBPABOTAHHBIX B BAKYYME U IITPU ATMOC®EPHOM
JABJIEHUU
C.IO. Cnupun, B.M. Enuncon
«MATH» - Poccutickuti 20cy0apcmeenHblll MexXHOI02ULeCKUll YHU8epcumem
um. K.3. Luonkosckoeo, Mockea, yn. Opwanckas, 3
E-mail: vm_e(@mail.ru, spirin_syu@zelnet.ru

CoBpeMeHHOE pa3BUTHE OOIIECTBA ITOCTOSHHO TPeOyeT CO3AAHUs HOBBIX MaTe-
pPHAJIOB U YJIyYIIEHUIO CBOWCTB YK€ HMEKOIIUXCA. B HacTosAIee BpeMs OJIUMEDSI sIB-
JSIOTCS OJHUM M3 CaMbIX NEPCIEKTUBHBIX U OOIIMPHBIX KJIACCOB MAaTE€pPUANIOB, HC-
MOJIb3YEMbIX B Pa3jIMYHbIX O0JACTAX HAyKH, MPOMBIIUIEHHOCTH M HapOAHOIO XO35M-
ctBa. [lo3TOMy KadecTBEHHOE yJIydlIEeHHE UX MEXaHWYECKHUX, PU3UKO-XUMHUECKUX U
ME/IMKO-OHOJIOTHYECKUX CBOMCTB — BeChMa aKkTyaslbHas 3aaaya. OQHUM U3 Hampasiie-
HUH, CBA3aHHBIMH C MOAM(UKAIMEN MOIMMEPHBIX MATEpUalOB, SIBISETCS BO3JIEHCT-
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BUE HA WX TIOBEPXHOCTH PA3IMYHBIX TA30BBIX Pa3psioB aTMOC(HEPHOrO U MOHUKEHHO-
TO JaBJICHUSI.

B Hacrosiiiee Bpemsi BakyyMHbIE MOHHO-IIJIa3MEHHBIE METOJIbI 00pabOTKH MO-
BEPXHOCTH PA3IMYHBIX MAaTEPHAJIOB HIMPOKO HUCHOIB3YIOTCS B MHPOBOW MPAKTHKE.
OCHOBHBIM HEIOCTATKOM 3TUX METOJOB, C MO3ULUU SKOHOMUYECKOU 3P(PEKTUBHOCTH,
SIBISIETCS HEOOXOMMMOCTh CO3IAHMS MOHIKEHHOTO JABICHHs, BILIOTh 10 ~ 107 Top.
CpenctBa mojdydeHHUs W MOAJEP)KAaHUS BaKyyMa COCTABJIIOT 3HAYUTEIbHYIO 4acTb
CTOMMOCTH COBPEMEHHOTO IMPOU3BOICTBA, TPEOYIOT CYIIECTBEHHBIX PACXOJ0B Ha MX
IKCIUTyaTalHI0 ¥ 3HAYUTEITFHONW YaCTH MPOU3BOACTBEHHBIX Iomanei. [loaromy man-
Hble 00CTOATENbCTBA OOYCIOBWJIM BO3HUKHOBEHHE MHTEpPECA K HMOHHO-IIA3MEHHBIM
MeToZaM 00paboTKK MaTepralioB MPU aTMOCHEPHOM JIaBICHUU.

BecbMa mepcneKTUBHBIM SIBJISIETCS WCTOJIB30BaHHE OOpPaOOTKH MOBEPXHOCTH
HOJUMEPOB IPHU aTMOC(HEPHOM JaBICHUM MPOLYKTaMHU IUIA3MOXUMUYECKUX PEaKIMUH
CTaOMJIBHO BOCIIPOU3BOJMMOIO IPOU3BOAUTEIBHOIO Ta30BOT0 pa3psija.

B pabore B kauecTBe MOJSPHBIX TUAIEKTPHUECKUX TOJJIOKEK HCIIOIb30BAJICS
nonustuientepedranar (II9TD) u tpekoBbie MeMOpanbl (Auamerp nop 0,2 MKM) Ha
€ro OCHOBE, a B KAuecTBE HEIMOJSIPHBIX JUDJICKTPUUECKUX MOIJIOKEK — IOJH-
TeTpadTopaTHIEH. BHIOOD MaHHBIX MaTepuajoB OMpEAETSUICS KaK MX IIMPOKUM HC-
MOJTb30BaHUEM, TaK M BO3MOKHOCTBIO OOECTeueHHs] OOJBIIOTO AMAara3oHa CBOWCTB
Ipyu MOU(UIUPOBAHUH TOBEPXHOCTH.

O06paboTKa MOBEPXHOCTU MPU aTMOC(HEPHOM JIaBICHUM MTPOBOAMUIIACH BO3TYIII-
HOW TJIa3MOIM MMITYJIECHOTO MCKPOBOTO T'a30BOTO paspsiga aTMOC(HEPHOTO JaBJICHUS.
OO0paboTka NpHU MOHM>KEHHOM JABJICHUU IMPOBOJAWIACH HANPABICHHBIMU IMOTOKaAMHU
YacTUL[ aKTUBHBIX M MHEPTHBIX T'a30B, IPU UCIOIb30BAHUN MOHHOrO HcTouHuka M-
4-0,15.

HccnenoBanus Tonorpadpuu MOAU(GUIIMPOBAHHBIX TOBEPXHOCTEH MPOBOIUIOCH
KaK IpU HNOMOIIU 3JIEKTPOHHONH MHUKPOCKOIMH, TaK U CKaHUPYIOIIEH 30HI0BOM MHK-
POCKOIIMH, KOTOPast O3BOJISIET U3MEPSITh HE TOJIBKO MPO(UIb NOBEPXHOCTH, HO U JIO-
KaJbHBIE CHIIbI TPEHUS, BEIMUUHY aJre3UH, YIPYTHUe U BSI3KHE CBOICTBA MOBEPXHOCTU
¢ cyOHaHOMETPOBBIM MPOCTPAHCTBEHHBIM paspenieHueM. [lomsapHbIii 1 aucnepcuoH-
HbIi KOMIIOHEHT MOBEPXHOCTHOM HEPIUU PAcCUUTHIBAJICS IO pe3ysibTaTaM H3Mepe-
HUS KPaeBOT'0 YIJia CMaunBaHUsI.

[1na3menHass oOpaOoTKa MpU MOHUKEHHOM M aTMOC(HEPHOM JABIICHHUAX, KaK
IPaBUJIO, IPUBOJIUT K YIYUIIEHUIO aAr€3HMOHHBIX CBOMCTB MOJIMMEPOB. DTO CBSI3aHO
KaK C OYMCTKOM MOBEPXHOCTU OT Pa3jIMYHBIX 3arpsA3HEHUH, Tak U ¢ 0Opa3oBaHHUEM
TUAPO(UIBHBIX TPYIIT Pa3NUuYHON XUMHUYECKOH nmpupoasl. CocTa, CTPyKTypa U CBOM-
CTBa TaKUX TMOJSIPHBIX TPYMNN 3aBUCAT OT MPUPOIBI MOJMMEPA, CBONCTB IUIa3Mbl U
IPUPOJIBI IIIa3MO00pa3yOIIEro rasa.

Hcnonp3oBanue B KadecTBe paboyero raza Bo3ayXa MPUBOAUT K 0Opa30BaHUIO
Ha TIOBEPXHOCTH TMOJIMMEPA KUCIOPOICOACPKAIIMX MOJSPHBIX TPyNH (KapOOHUIBHBIX,
TUJIPOKCUIIBHBIX,...) U K 3aMETHOMY YMEHBLIECHHIO CBOOOJHOM MOBEPXHOCTHOM 3HEp-
MM MTOJIMMEPHBIX MaTepUaJIOB, T.€. K THAPOPUIN3ALUN TOBEPXHOCTH OJIUMEpa.

OO6paboTka B BakyyMe U MpH aTMOC(epHOM JaBICHUN UMEIOT OTINYHUS 110 TIa-
pameTpam 4acTHII B Tuta3Me (Temreparypa Iuia3Mbl B BAKyyMe ropas/io BBIIIE), YHEp-
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TeTUYECKUM 3aTparaM (MOIIHOCTh HOHHOTO MCTOYHUKA HA MOPSAIOK BBIIIE HCTOYHUKA
MCKPOBOTO paspsiaa aTMOC(EepHOro AaBleHHs), BPEMEHHBIMA paMKaMmu ( CO3JaHHE
pa3peKEHHON cpeibl TPeOyeT BPEeMEHH ).

Ha puc. 1 nokazan npumep Tononoruu nopepxsoctu [ 19T B Bakyyme u npu
aTMOc(epHOM JaBICHUU.

400 800 1200 1600

KontponbHbiii Bakyyw, ATtmocdepHoe naBieHue, uc-

O6pazery BO3JIyIlIHAs CMECh, BpEMSL ~ KPOBOM pa3psij, BO3IYyIIHAs
obpabotku 10 MuH, maB- CMeCh C OTHOBPEMEHHBIM Y D
nenne 107 ITa obmydyeHuem (60MUH)

[To mosy4YeHHBIM pe3yJIbTaTaM MOYHO CHIEJIaTh BBIBOJ O TOM, YTO ISl CO3/aHHS
0osiee pa3BUTOrO0 MHUKpOpenbeda MOBEPXHOCTH IIeJIeCO00pa3HEl UCTOIh30BaTh HOH-
HO-TIJTA3MECHHBIC MPOLIECCHI TP MOHMKECHHOM JIaBJIcHUH. J[J11 OYMCTKH MMOBEPXHOCTH,
B TOM YHCJI€ U MHUKPOOHMOJIOIMYECKOM OYMCTKH, C COXpaHEHHEM MHUKpopenbeda B ero
MPAaKTUYECKU MEePBOHAYAIBHOM COCTOSHHH, I1€JIeCO00pa3Heil MCIOIb30BaTh T'a30BbIH
paspsia arMoc(hepHOTro 1aBlICHUSI.

TEOPETUYECKOE U ODKCIIEPUMEHTAJIBHOE OBOCHOBAHHUE
TEXHOJIOTYHU BECIITEHTI'EJIbHOM OTKAUKHA
SJIEKTPOBAKYYMHBIX IPUBOPOB
H.IO. Becenos, P.B. Conoevés, B.U. Boponun
CI'TY, e. Capamos, ya. [lonumexuuuecxas, 77. E-mail: ems@sstu.ru

JIoNTOBEYHOCTh M HAJCKHOCTh BKHEHUIIMX OOBEKTOB MPOMBIIIJICHHOCTH BO
MHOT'OM 3aBHCHT OT KauecTBa 1 HajexxHoctu DBII.

HeyxioHHOE TIOBBINIIEHUE Ka4eCTBA M TEXHOJIOTHYECKOTO YPOBHS BCEX BBIMTYC-
KaeMBIX DJICKTPOBAKYyMHBIX MPHOOPOB, HAPSAIY C AATLHEUIINM yBEIHUYCHUEM Mac-
mTaboB MPOU3BOJICTBA, SIBIISIETCS BAYKHOM 3a/1aueil 2IEKTPOHHON MTPOMBITIIEHHOCTH.

[Tpu o6pabdoTke DBII Ha 0TKaYHOM MOCTY pemIaeTCs 3a/1a4a Ha TOJIBKO MOTyde-
HUS BaKyyma B HEM, HO M yCIIOBUH, CITOCOOCTBYIONIUX TOJIJICPKAHUIO BaKyyMa, HEU3-
MEHHOCTH CBOWCTB TOBEPXHOCTEH 3JIEKTPOIOB B MpOIecce IKCIUTyaTaluyd Ipudopa.
OcHOBHOI 3a/a4yeil OTKA4YKW SIBJSIETCS yAalleHWe ra3oB U3 o0beMa JIaMIIbl, KaK CBO-
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OOMHBIX, TaK U PACTBOPEHHBIX B AETAISAX M 00onouke. JJisi 3TOro HEOOXOaUM JTH-
TEJBHBIN MPOTPEB 000JIOYKH U AeTalIe mprubopa Mpu BHICOKON TeMIIepaType U Hempe-
pBIBHOM oTKauke. Hamnume MakcumanbHO HU3KOTO JIaBJIEHUS B 00beme mpudopa npu
ero o0e3ra)kuBaHWU U B MOMEHT I'e€pMETH3aIMH MO3BOJSIET CHU3UTh BEIMYMHY OCTa-
TOYHOT'O JaBJICHUS ra3oB B npubdope. OJHUM U3 OCHOBHBIX YCJIOBHH Mpu pa3paboTke
TEeXHOJIOTUU KamepHoil oTkauku OBII sBnsercs obecrnedenne Hanbonblne rhdek-
TUBHOM CKOPOCTH OTKAauKH, IPU KOTOPON JOCTUTAETCsl Haubosee HU3KOE J1aBJICHUE BO
BHYTpPEHHEW MOJIOCTH MPUOOpa NMpU OTKAYKE M HamiIydllee 00e3ra)kuBaHue ero BHYT-
PEHHEN apMaTypbl.

Bo16op paccTosiHus MeXIy 4acTsMU MpUOOpa MpU OTKAYKE BIUSET HE TOJIbKO
Ha BeMMUMHY 3((HEKTUBHON CKOPOCTH OTKAuKH MpUOOpa U CTETIEHb B3aWUMHOTO BIIHSI-
HUS 3JIEKTPOJOB, HO U Ha KOHCTPYKTHUBHBIE OCOOEHHOCTH TEXHOJOTHYECKOTO 000pYy-
JIOBaHUSI.

Llenbto paboTHI SIBJISETCS ONpEAETICHHE ONTUMAJIbHBIX YCIOBHIM KaMEpHOU OT-
kauku OBII ¢ paznecennem vacrtei, obecrnednBaromux Hanboaee HU3KOEe JaBJICHHUE B
npuOope BO BpeMsl KAMEPHOM OTKAYKH M 3KCIUTyaTalH, CIOCOOCTBYIOIIMX Hanbosee
MOJIHOMY YCTPaHEHHUIO OTPULIATEIBHOTO B3aMMHOIO BIMSIHUS 3JIEKTPOOB, a TaKHE T0-
3BOJISIIOIIMX CHU3UTH CTOMMOCTH M MOBBICUTH 3()()EKTUBHOCTH TEXHOJIOTUYECKOTO
000pyIoBaHMUS.

IIporpamma ucciie10BaHU I

Jlist perieHust 3Tol 3a7jaun He0OXOAUMO PEIINUTh CIIEAYIOLIUE BOIIPOCHL:

1. MccnenoBaTh BIUSHUE pa3HECEHHUs YacTeil mpubOopa Mpu KaMepHOU OTKayKe
Ha U3MEHEHUE JAaBJICHUs B IPUOOpE PHU OTKAYKE U €ro NapaMeTphbl:

a) OIpeAeNuTh ONTUMAJIbHYIO BEJIMYMHY 3a30pa MEXKIY Pa3HECEHHBIMHU YacTsi-

MU, TIO3BOJISIIONIYIO MOJIyYUTh Haubosiee HU3KOoe JaBJeHue B MpruOope BO BpeMs

00pabOTKH HAa OTKAYHOM IOCTY;

0) ompenenuTh ONTUMAIBLHOE PACCTOSTHUE MEXKAY Pa3HECEHHBIMH YaCTAMU,

criocoOCTByOIIIee HauOoJIee MOJHOMY YCTPAHEHUIO OTPHULIATEIBHOIO B3aUMHO-

IO BIUSHUS IEKTPOAOB U YJIYUIIEHUIO 3JEKTPUUECKUX [TapaMeTPOB IPUOOPOB.

2. Pa3zpaboraTh pekoMeHJalMy MO ONTUMM3ALUN TEXHOJOTMU KaMEpHOH OT-
KauKH 3JIEKTPOBAKYYMHBIX MPHOOPOB U TPeOOBAHUS K TEXHOJOTHUYECKOMY 000pYIO0-
BaHUIO.

Mopnens TEXHOJIOTMYECKOT0 Mpolecca OTKAYKH 3JIEKTPOBAKYYMHOI'O MpuOOpa
MOJKET OBITh MPE/ICTaBIICHA B BUJIE CUCTEMbl YPaBHEHMIA:

dGO = aoe%’ +—SK " F; L npeo.x
di S - F "
dG,

— —pit
=, e l +qﬂam+SK '})npedk

dt

AHanu3 peneHu TaHHOM CUCTEMbl YPAaBHEHHUU IMOKa3bIBAECT, YTO JABJICHUE B
npubope (B KaMepe OHO OIpeeNsieTcsl mapaMeTpaMu OTKaYHOW CUCTEMbI) 3aBUCUT OT
MaTepualia ero JeTajeii U TeMIepaTypbl UX 00e3raXuBaHusl, 00bEMOB KaMephl U TPHU-
0opa, IPOBOJMMOCTH BaKyyMIIPOBOJia Ha ydacTKe ‘“Hacoc- Kamepa’, MPOBOJUMOCTH
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3a30pa MEXAY 4YacTsIMU MpUOOpa, OBICTPOTHI OTKAYKK HAcOCa U MPENEIHHOTO JIaBlie-
HUSI B Kamepe:

P, = f(Fa, BV, U,S, P)

np.

DTO COOTHOIIIEHUE MOKA3BIBAET, UTO IMpoliecc KaMepHoii otkauku DBII sBisier-
Csl CIIOKHBIM W 3aBHCHUT OT HECKOJBKUX cocTaBisitomux. [Ipu ero anamuse ciemyer
paccMaTpuBaTh BIMSHHUE Ha TapaMeTphl MPUOOpa HE OJHOTO M3 3TUX (PAKTOPOB, a UX
COBOKYITHOCTH.

[TomyuenHast B mporiecce MCCIEIOBAaHUS U TEOPETUYECKOTo pacuéra, 3aBUCH-
MOCTh JIaeT BO3MOXHOCTH ONPEICIUTh ONTUMAIBLHOE PACCTOSHHE MEXAY YacTIMHU
npudopa, Mpu KOTOPOM oOecreuynBaeTcsi Hanbosiee HU3Koe (MpU MPOYMX PaBHBIX yC-
JIOBUSIX) JaBJICHHUE B MPUOOPE.

Hcxons u3 Toro, yto BenuurHa 3(H(PEKTUBHON CKOPOCTH OTKAa4yku mpubdopa 3a-
BHCHT OT PAcCCTOSIHHSI MEX]y 4YacTsIMHU MpuoOopa Oblia pa3paboTaHa METOIUKA OITH-
MU3AIUN TEXHOJIOTUN KaMEPHOH OTKAYKU AJIEKTPOBAKYYMHBIX TPHUOOPOB C TOYKH 3pe-
HUS BEIOOpA ONTUMATILHOTO PACCTOSIHHSI MKy YacTsIMU prOOpa Mpu OTKAUKeE.

[Tpon3BoaMIach IKCMEPUMEHTANbHAS MPOBEPKA IMOTYYECHHBIX TCOPETHUYCCKUX
naHHbIX. {71 9TOM 1enu Obuta pa3paboTaHa HKCIIEpUMEHTANIbHASL YCTaHOBKA, B KaMepe
KOTOPOI OTKaYMBaJIUCh MaKEThI TNO/IOB.

DKCTepUMEHTaIbHO YCTAaHOBJICHA 3aBUCUMOCTh BEIMUMHBI Pa3HECCHHs YacTen
pubopa Mpu OTKAYKE HA €r0 BAKYYMHBIE M 3JICKTPUYCCKHUE ITapaMeTPBhI.

INOCTPOEHUE YPABHEHWI HACBIIIIEHUS
P.O. Konopamenxko, C.b. Hecmepog
MOBU (TY), Mockea, yn. Kpacnokazapmennas, 14. E-mail: Riml19@mail.ru

[Ipu pacuerax, MpPOEKTUPOBAHUU U DKCIUTyaTalldd KPHUOBAKYYMHBIX HACOCOB
4acTO BaXKHO 3HATh 3aBHCHUMOCTH JABJICHUS HACBIIIEHHBIX ApOB BEIIECTBA HAaJl TBEP-
noi ¢azoit ot remnepatypbl. OOBIYHO B 3TOM CJIydyae UCHOJB3YIOT JINOO TaOIUYHbBIE
3HAQYCHUS U3 CIPABOYHHUKOB JTUOO YPAaBHEHHS CBSI3bIBAIOIINE 3HAUCHUS ABJICHUS Ha-
cermenus Ps, [Ta u remneparypsl Hacwimenus Ts, K. B manHoit paGoTe npencrabiieH
IPOCTOM 1 OBICTPHII cIOCOO onpeneNeHUs JaBICHUS HACBIIIICHH TI0 TeMIiepaType 6e3
npuMmeHeHuss 9BM u cipaBOYHHMKOB, YTO BIIOJHE aKTyaJIbHO MPHU MPOBEpPKE pabOTo-
CHOCOOHOCTH HAcCOCOB, OLIEHKE HM3MEHEHHS JaBJICHUS HACBILEHUS B CUCTEME, MpHU
pacyeTax CJI0KHBIX BBICOKOBAKYYMHBIX CUCTEM.

3aBucumocth logPs ot 1/Ts HABOOUT HA MBICITH O TOM, YTO JUIsl TPYII Tra3oB
(N2, NH3, Ar, 02, Kr, Xe, CH4, Cl) u (Ne,T, D, H2) Mmo>xHO HaliTH 00IIIME TOYKH TIe-
pecedenust (puc.l). OTH TOUKM MBI Ha3blBaeM MorOcaMu KoHaeHcauuu. [lomtoc mep-
BOI Tpynnbl uMeeT koopauHatel logPrikl = 9.845; 1/Tukl = 0.001. [Tomtoc BTOpOI
rpynnbl uMeeT koopauHaTel logPnk2 = 5.845; 1/Tnk2 =0.03. Jlunus HachleHus Be-
miectBa B koopauHatax logPg(1/Ts) mpeacrasisieT co0oil mpsMyIO JIMHUIO, TPOXO/Isi-
HIYI0 4Yepe3 MOJIIOC KOHAEHcAMu. [ mocTpoeHus: 3TOM NpsIMOl JOCTATOYHO B3ATh
elie OJHy TOYKY Ha JTUHUM HachimieHus. B Tabm. 1 mpeacTaBieHpl 3HAYSHUS MOJTIOCOB
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KOHJICHCAllMM ¥ BCIIOMOTaTENbHBIX TOYEK. [lorpemHnocts onpeneneHus AaBiICHUs Ha-
CBILIECHUS 10 TEMIIEpPATypPE HE MPEBBINIAECT TOJIOBUHBI ITOPSIIKA.

log Ps

+10 7

+08

+06

+04

nK2
TPHTH } 3
AETEPIA

+02

Puc. 1. Kpusbie Hachimenus B koopauHarax logPs(Ts™); Ps — nasienue (ITa);
Ts- remnepatypa (K); 1K1 — Touka nepecedeHust KpUBBIX HACBIIECHUS IS
niepBoit rpymsl razoB (N2, NH3, Ar, O2, Kr, Xe, CH4, Cl) ; I[IK2 — touka
TepeceyeHusl KpUBBIX HACHIIIEHUS JjIs BTopoi rpymmsl razoB (Ne, T, D, H2).

Tabauua 1. JlanHble )11 TOCTPOSHUS TMHUN HACBHIIIICHUS BEILIECTB.

lepBas rpynna

Koopaunate! nosoca kouaeHcarmu: logPnk; = 9.845; 1/Tuk; =0.001

KOOp,E[I/IHaTI:I BTOpOI\/'I TOYKH:

ra3 logP /T
N, -10 0,0526
NH; -10 0,0135
Ar -10 0,0469
0, -10 0,0439
Kr -10 0,0340
Xe -10 0,0247
CH4 -10 0,0395
Cl -10 0,0145

Bropas rpynna

Koopaunats! momoca korneHcanmu logPrk, = 5.845; 1/Tnk, =0.03

Koopaunatel BTOpoil TOUKH

ras logP 1/T
Ne -10 0,1727
T 1,3 0,0820
D 0,8 0,1000
H, -7 0,2941
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IJIEKTPOXUMHNYECKOE U KOPPO3UMOHHOE NOBEJAEHUE
BAKYYMHBIX KAPBOHUTPUATUTAHOBBIX
IOKPBITHI HA CTAJIAX

JI. B. Kaoaesa, JI. I'. I'ypeuu, H.A. Cmonanos
MI'Y um. H.I1.Orapesa, Capanck, bonbiieBucrtckasi, 68.
E-mail: smolanovna@yandex.ru

B mocnennue roasl BBISBICHA NMEPCINEKTUBHOCTH HCIIONB30BAHUS B KAayeCTBE
YIPOUHSIONINX U3HOCOCTOWKUX TMMOKPBITHI OKHUCIIOB, KapOW0B, HUTPUIOB.

[TonyyeHne yka3zaHHBIX MOKPBITHH peann3yercsi ra30TepPMHUECKUM, JETOHAIU-
OHHBIM U 3JEKTPOPU3NYECKUM METOJlaMH, B YAaCTHOCTH BaKyyMHBIM HOHHO-
MJ1a3MEHHBIM METOJIOM.

Hutpunnbeie nokpbITusi, o0najaolide BBICOKOW TBEPAOCTbIO, M3HOCOCTOMKO-
CThIO, KOPPO3MOHHOM YCTOMYMBOCTBIO, MCIOJB3YIOTCS B MAIIMHOCTPOEHUHU VISl TI0-
BEPXHOCTHOTO YIIPOUYHEHUS JETalIel MAIllMH U MEXaHU3MOB.

Hecmotpst Ha mmpokoe MprUMEHEHHWE HUTPUAA TUTaHa B Pa3IMYHBIX 007ACTSX,
JI0 KOHIIAa OCTAeTCsl HE M3YUYEHHBIM BOMPOC O KOPPO3HUOHHON CTOMKOCTU MOKPBHITHUS B
3aBHCHMOCTH OT €r0 TOJIIMHBI U YePeIyIOIINXCs CIOEB KapOu1a 1 HUTPHUIA.

Lenpto paboThl SIBISIETCS HMCCIEIOBAaHUE KOPPO3MOHHOM CTOMKOM cTajau
08X18HIOT B pa3nuuHbIX arpeCCUBHBIX CPElax U UCCIEIOBAHUE 3AIIUTHBIX CBOMCTB
TiN (Ti-C)— nokpeIThii, ocaxxaeHHbIX Ha MoaoxkKy ctanu 08X18HI10T B cpene azora
U aleTWIeHA. DJIEKTPOXUMHUYECKHE HMCCIEAOBAHMS NPOBOAWIMCH HA MOTEHIIMOCTATE
[11-50-1 ¢ perucTpanuieil CUTHAJIOB «ITOTEHIUATI-TOK.

bouin mpoBesneHbl rpaBUMETPUUYECKHE MCCieIoBaHus o0pa3loB cTtanu 0e3 mo-
kpoitHst B 3%-om pactBope NaCl, B pactBopax 0,1 v Na>SO,4 u 0,1 1 H,SO, ¢ pH=5,5
u B pactBopax 0,1 H NaCl u 0,1 1 HCI ¢ pH=5,5.

Koppo3uoHHBIX UCHIBITAHUS MOKA3aJId, YTO CKOPOCTh KOPPO3HH B KUCIBIX pac-
TBOpax B 2 pa3a MeHble, yeM B 3%-oM pactBope NaCl. [IpucyrctBue cynbhaTt HOHOB,
TaKXKe KaK U XJOPUJ MOHOB, CIIOCOOCTBYET 00pPa30BaHMIO THIPATUPOBAHHBIX MPOIYK-
TOB peakuuu. B pactBope cynb(ara HaTpus 3alMTHBINA CION oOpa3yercsi ObIcTpee,
YeM B XJIOpHJI€ HATpHsl. DITUM MOXKHO OOBSICHUTH O0jiee OBICTPOE YMEHBIIIEHUE CKOPO-
cTu Koppo3uu B pactBope Na,SO4 u H,SO,4 ¢ pH=5,5.

DIEeKTPOXUMUYECKOMY HccleoBannio mnojasepraiack crainb 08X18HI10T 6e3
NOKpbITUS U ¢ TiN-MOKPHITUSIMH TONILKUHON 2MKM 1 4MKM B 3%-0M pactBope NaCl.

[Torenumonunamuueckue kpusble B 3%-oM pactBope NaCl mpezicraBieHsl B
KayecTBe mpuMepa Ha puc. 1. Ha monspuzanmoHHBIX KpUBBIX OOHApY>KMBAIOTCSA 00-
JacTH aKTUBHOTO PAacTBOPEHHUs, OOJACTH AKTUBHO-NACCUBHOTO COCTOSIHUS M 30HBI
MacCUBHOTO cocTosiHusA. CTalMOHapHBIA MOTEHIIMAT BO BCEX CIydasx JISKUT B OTPHU-
HaTenpHOM 00nacTu moTeHuuanoB. llpu cMmemeHun MmoTeHIHana B MOJOKHUTEIBHYIO
00JaCTh MHTEHCUBHOCTh TOKOB PACTBOPEHHUS MalaeT, HaMEyaeTcsl TEHIACHIUS K UX
CcTaOMIIM3alMY, CUCTEMa MEPEXOJUT B MaJIOAKTUBHOE COCTOSHME, OJM3KOE K MacCHUB-
HOMy. HaumeHblime TOKM pacTBOpEHHUs, HauOOJbllash KOPPO3UOHHAs CTOHKOCTb, Y
cranu 08X18HI10T ¢ TiN-nokpeitueM (h=4MKM), TO3TOMY €€ MOYKHO CUMTaTh HauOo-
jee KOppo3uOHHOCTOMKOM B 3%-0M pactBope NaCl.
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-2 -1 0

1gi, A/em®

Puc. 1. Anoansle nonsipu3aiimoHHbie Kpubie B 3%-oM pactBope NaCl.
1- crans 08X18HI10T

2- cranb 08X18H10T ¢ TiN-nokpsitueM (h=2 Mkm)

3- ctanb10T ¢ TiN-mokperTHeM (h=4mkm)

BriBoanl

BrisiBieHa 3aBUCHMOCTD CKOPOCTH KOPPO3HUH OT TOJIIUHBI HOKPBITHS U KUCJIOT-
HOCTH cpefibl. XapakTep pa3pyLIeHUs] UMEET BUJ IUTTUHIOB.

VY CTaHOBJIEHO 3aKOHOMEPHOE PACMOJI0KEHNE AHOJHBIX MOJISPU3ALMOHHBIX KpU-
BbIX Ha KoopauHatHOH miockoctu ¢ = f (Ig 1) B 3aBucuMocTH OT TOMIMHBI T1-N-
nokpeITHs. B o6mactu manbix TokoB pacrnonaraiotces AIIK cramum 08 X18HI10T ¢ Ti-N-
nokpeiTUeM ( h=4MKMm).

OIIBIT 11O IMTEPEBOJAY BAKYYMHBIX JYTOI'ACUTYJIBHBIX
KAMEP HA BECIITEHT'EJIBHYIO OTKAYKY
A.C. Macnuxos, B.U. Boponun
CITY, Capamos, ya. [lonumexnuuecxas, 77. E-mail: ems@sstu.ru

OpHuM U3 HanpaiaeHU NoBbIIEHUS 3(P()EKTUBHOCTH MPOU3BOJCTBA BaKyyM-
HbIX ayroracutenbHbix kamep (BJIK) sBrsercs coBMelieHne TEXHOIOTHUECKUX OIe-
panui MmamkKu BCEX JCTAIEH WM3JEIUs C €ro OTKauyKou. [Ipu Takou TEXHOJOrMHU, MOJTy-
YHBIICH HAMMECHOBAHHUE OJIHO3aXOJHOM, OTIamacT HeoOXxoauMocTh oTkauku BJIK ude-
pe3 MITeHreNb, OOBIYHO UCTIONIB3YEMBINM B MPOU3BOACTBE JIEKTPOBAKYYMHBIX MPUOOPOB.

OnHako mepexo K OJHO3aXO0JIHOW TEXHOJOTMU CBSI3aH C PEIICHUEM psifa TeX-
HUYECKUX TMPOOJIeM, K YUCIIy KOTOPBIX OTHOCHTCS OOecliedeHHue Mpu maiike Tpedye-
MBIX KOHCTPYKTHBHBIX MAapaMeTPOB C BBICOKOW TOYHOCTBHIO. JTO, B CBOIO OUYepeb,
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MIPEAIoIaraeT CyIeCTBEHHYIO MepepaboTKy KOHCTPYKIUU OTACIBHBIX Y3JIOB U JeTa-
Jeil u pa3paboOTKy BecbMa CII0)KHOW TEXHOJIOTMYECKOM OCHACTKU C HAJIMYHMEM MeXa-
HU3MOB NEpEeMEICHHs U JaBJICHUs, KOTOpble OyAyT 3aHUMAaTh 3HAUUTEIbHBIN 00BEM
BaKyyMHOH Kamepbl 0TKauyHOTo mocta. C y4eToM Toro, 4to 3(PQPEeKTUBHOCTh MPOU3-
BOJICTBA JIOCTUTAETCS MPHU OJTHOBPEMEHHOW Mailke M OTKAYKEe MaKCHUMaJIbHO BO3MOXK-
HOTO KOJIMYecTBa W3JENuH, mocienHee oOyCIOBIMBAET HEOOXOJUMOCTb CO3JaHUS
CHELMATIBHOIO JOPOrOCTOSAIIET0 OTKAYHOI'0 000PYIOBAHUS.

B cBsi3u ¢ U3N0KEHHBIM MPEACTABIIACTCS IEIeCO00Pa3HBIM MMOATAMHBIA TIepe-
XO0J K OJJHO3aXOJIHOW TexHoioruu npousBoactea B/IK, nmepBeiM 3Tanom KOTOpOro siB-
JsieTCsl BHEApEeHHE OeCHITeHTeIbHOM OTKauKH MpU MUHMMAJIbHOM U3MEHEHHHU KOHCT-
PYKIIMH C UCTIOIB30BAaHUEM CYIIECTBYIOIIETO OTKaYHOTro 00opyaoBanus. Ha atom sta-
1€ MOKET OBITh HE TOJBKO MpOpaboTaH OJUH M3 OCHOBHBIX BOIIPOCOB - COBMEILEHUE
orepauuii nallku U OTKA4YKH, HO U MPOBE/ICHA OLIEHKA BIMSHUA Ha pabOTOCIIOCOOHOCTh
U3JIeNUsl CHUYKEHUSI KaueCTBA KOHTPOJIS 3a ra30BbIICICHUEM U3 OTKAYMBAEMOTO HU3e-
7S, CBOMCTBEHHOTO OecIITeHTrenbHOM oTKauke. KpoMe Toro, Tonpko BHEApeHue Oec-
IITEHIeJIbHOW OTKA4K{ NMPYU MUHUMAJIbHOM M3MeHeHuM KOoHcTpykumu BJ/IK mosBomut
MOJyYUTh IKOHOMUYECKUN 3PPEKT, MOCKOIbKY MPU TaKOW TEXHOJIOTMH YBEIUYUBACT-
Csl CKOPOCTh OTKauku Ha JiBa mopsaka (¢ 0,5 n/c mpu oTkauke yepes3 mreHrens 10 S0
a/c). B pesynbrare JOCTUraeTcsi COKpalleHUe IMKIa OTKAYKH 33 CYET YCKOPEHHUs! MoabeMa
TeMITIEpaTyphbl MPU TEPMUUIECKOI 00padoTke n3aemms [1,2].

Hwxe npuBonsitest pe3ynbrarsl paboT 1Mo niepexoty K OecrrreHrennsHoi otkauke BJIK
trna KJIBAS-10-20/1600 ¢ ucnons30BaHUEM OTKAYHOTO 0O0PYAOBaHMs, Ha 06a3e KOTOPOTo
ocylecTBisieTcs cepuiiHbli Beimyck B/IK nanHoro tuna.

[Tpu mzrotoBnenun BJIK tuma KIIBAS-10-20/1600 ¢ oTkaukoil yepe3 IITCHIeb B
Kamepy OTKayHOIo I0CTa 3arpyxaercs 6 n3aenuil. X oTkauka ocylecTBisieTcs OT 00IIEero
LITEHrens yepe3 «rpedeHKy». KommuecTBo 0/JHOBPEMEHHO OTKAUMBAEMBbIX U3/IENUIA OrpaHu-
YMBACTCS «IIPOMYCKHOM CIIOCOOHOCTBIO» «IIITEHIeIbHOW» cUCTeMbl. [Ipu OecrireHrenbHoM
OTKa4Ke JJAHHOE OrpaHryYeHHe OTCYTCTBYeT. OTHaKO BO3HUKAET JPYIoe, CBS3aHHOE ¢ 00ec-
MEYEHUEM OJIHOPOJHOIO HAarpeBa BHYTPU BAKYYMHOM KaMepbl OTKaYHOIO MOCTa JUIsl OJTHO-
BpPEMEHHOW TalKy OOJIbIIOro umcia u3nenuil. [Ipu 3Tom nomaraercs, YTo OrpaHUYEHUA IO
«OTKAYHOM CIIOCOOHOCTH» CaMOT0 M3/IENIUS HET.

DKCTIepIMEHTAIBHAS YacTh padOThI POBOIMIIACH C MCIIONB30BaHUEM KaMephbl BaKy-
ymuo# nieur 110.057.0030 mpu otkauke quddy3MoHHBIM BAKyyMHBIM HACOCOM. 30Ha HarpeBa
KaMephbl, B KOTOPOW CO3/1aBaJICA BaAKyyM 10 Ia, o3somsuta pasmectuts 15 m3nemmii (3 psna,
1o 5 u3zenuii B psay). [Ipu 3ToM Hckimrouanach SKpaHUPOBKa UX JAPYT IPYTOM.

C 1enbio pasMelleHrs B KaMepe OTKaYHOIO I0CTa MAKCUMAJIBHOTO KOJIMYECTBA U3/ie-
JIMI OTKaYHOE OTBEPCTHE TIEPEHECEHO B LIEHTP (JIaHLIA y371a HEMOBHKHOIO KOHTaKTa. Me-
CTO pa3MeIleHUs] OTBEPCTHS Ha (hiaHIle BHIOPAHO C yUETOM HAJMUMs Ha HEM THE3/1 IS Kpe-
miennst BJIK B anmaparype. Bo Bryrnke, BbInoiHsrOmEH (QyHKIMIO IITOKA KOHTAKTa, JieJa-
10TCs oTKauHble otBepcTHs. ['epmermzaiust BJIK mocie tepmudeckoit 00paboTku B Kamepe
MPOBOAMTCS C MIOMOIIBIO 3arITyILKH, BBINOJHEHHOM B BUJE JMCKa C BbIpe3aMu. Kosblio npu-
nost rodpuposaHo. [Ipu Takom perieHnu crocoba repMeTu3aly OTHagaeT He0OXOAUMMOCTh
WCIIOJIb30BaHUS CI0KHOM OCHACTKH. Ee 3aMeHsieT Tpy3, pacnosaracMblid Ha 3antyuike. [eo-
METPUYECKUE MapaMeTPbl OTBEPCTHIA BO ()IaHIIE U BTYJIKE, TOMP KOJIbI[A IIPUIIOS U BBIPE3KU
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Ha 3arTyIIKe MO3BOJIMIM CYILIECTBEHHO YBEJIMUUTH CKOpOcTh oTKauku BJIK no cpaBHeHnIo
CO CKOpPOCTBIO NP IUTEHIeJIbHOM OTKAYKe, YTO MO3BOJISIET COKPATUTh BpeMs TEPMHUUECKON
00paboTKH, a, CIeA0BATENILHO, M BPEMsI OOIIIEro IMKJIa OTKAYKH.

[To TexHonoruu GecIITEHTENIFHOM OTKauKu ObLTO TpoBezeHo nBe maptuu B/IK. B
nepBoi mapThu s naiiku npuMensuica npurnoi [1Cp-72 ¢ temnepatypoit mnasnenus 780°C,
KOTOPBIM HMCIONIB30BAICA TPU MalKe OTACIbHBIX Y3JI0B. bbUT MOydeH OTpUIaTenbHbIA pe-
3yJbTaT 0 MPUYMHE HAPYILEHUS BBINOIHEHHBIX PaHEE COSAVHEHUI U Pa3pyLLEHUs aprOHO-
JIyTOBBIX IIIBOB COCAMHEHHS CHIIL(OHA B y3JI€ TOJBIDKHOTO KOHTaKTa. JlaHHBIN pe3ynbTar
MOKHO OBLIO IMPOTrHO3UPOBATh, MOCKOJIBKY B YACTHOCTH CHJIb(OH M3 HEPKaBEIOLIEH CTalu
TI0CJI€ aprOHOYTOBOM CBAPKU JIOITYCKAET JIMIIb KPaTKOBPEMEHHBII HarpeB J0 TEMIIEpaTyphbl
550-600°C.

[TonokutenpHbIi pe3ysbTaT ObLT MOTyYeH BO BTOPOM MapTHH, B KOTOPOW UCIIOb30-
aicst mpumnoit [ICp MuH ¢ temmepatypoii mraszermst 680 ° C. BJIK 9toit maptun mpomumm
BECh 00BEM C/IaTOYHBIX UCIIBITAHUI, B TOM YHCIIE IO IABJICHHIO OCTATOYHBIX Ia30B. OIHAKO
OKOHYATENIbHOE PEILEHUE CIIENYET NMPUHUMATh T0CJIE NMPOBEIEHNSI PECYPCHBIX HCIIBITAHUIL.
Kpome Toro, it CHIKEHHSI KPUTUYHOCTH K PEXUMY MaiiKu Mpy OECIITEHIeIbHOM OTKa4Ke
CIIEAyeT EPEBECTH BBINOJIHEHNE BAaKYYMHOTO COEAMHEHHsI CHIIb()OHA C aprOHOTYTOBOU CBAp-
ki Ha naiiky npurnoem [1Cp72. Tem He MeHee OueBHIECH SKOHOMUYECKU A dexT, momyyae-
MBI MU NEpeXoie Ha OECIITEHIeNbHYI0 OTKAUKy, TOCKOJIBbKY OH JIa’Ke MPU UCIIOIb30Ba-
HHMU CYILIECTBYIOLIEro 000Opya0BaHUs 00ECIeUYnBAaET YMEHbIIEHUE BPEMEHU OTKAuKH,
MIPUBEACHHOIO K 0HOMY M3zaenuto ¢ 4,24 yaca 1o 1 yaca.

Jlureparypa

1. XKono6os CII. 3yueHnue GecITEHTeNbHON OTKAYKH METaJJIO-KEPAMUIECKUX TTPH-
6opos / C.I1.2)Kono6os, B.J[.CaparoBkun. Dnektponnas texuuka. Cep.5. [Ipuem-
HoycunuTenbHble J1aMibl. Nel. 1966. C. 65.

2. IleuarnukoB M.H. becuitenrenbHas 0OTKauka reHEPATOPHBIX U MOJYISITOPHBIX
npubopos cpenneii MomuHocty / M.H.ITeuataukos, I'.A.BocTpoB. DnekrpoHHas
texHuka.Cep. 16. ['eneparopHble, MOLYJIATOPHBIE U PEHTI€HOBCKUE MpUOOphI. Nel.
1970. C. 45.

ONTUMMU3ALIMSA MTPOU3BOJCTBEHHOM CTPYKTYPHI HAYYHOI'O
YUYPEXKJIEHUS B IOCTKPU3UCHBINA MEPUO HA IPUMEPE ®I'YII
«HAHU BAKYYMHOM TEXHUKH UM. C.A. BEKIIIMHCKOI' O»

B.P. Akuypun, *H.H. Oxcanuu
Bcepoccuiickas akademus enewneti mopeoenu, Mockea, ya. Ilyooexuna, 0. 4a
*@I'VII «HUUBT um. C.A. Bexwunckoeoy, Mocksa, Hazopuwiii npoeso, 7.
E-mail: loin@inbox.ru

K navany 90-x rogoB B CCCP cnoxunack 1enasi Hay4HO-IIPOU3BOJICTBEHHAS
cucTeMa Mo pa3paboTKe M BHEIPEHHIO BAKYYMHBIX TE€XHOJOTHI M NMPOU3BOJCTBY BAaKY-
YMHOW TEeXHUKH, BKJIIOYaromias B ce0st 6onee 40 3aBOAOB-U3rOTOBUTENEH, LIEHTPOM KOTO-
poii cran «HUMUBT um. C.A. BeKIMHCKOro», CTaBIIMM MOIIHBIM YHUKAJIbHBIM MEXOT-
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pacieBbIM Hay4yHO-IPOU3BOACTBEHHBbIM KoMiulekcoM (HUW + skcnepumeHTanbHBIN 3a-
BOJI) C YUCJIEHHOCTHIO nepcoHana 6osee 4000 yenoBexk.

HeMmanoBaxxHy!0 posib B 3TOM CBITPANl  SIPKO BBIPAKEHHBIM MEKOTPACIEBON Xa-
paKTep BaKyyMHOH IPOMBIIUIEHHOCTH, OXBAaThIBAIOIINMN MHOTHE OTPACIIH, OT MUKPO3JIEK-
TPOHMKHM JI0 KOCMHYECKOW amnmaparypbl. BakyymHas TexHuka ObLia BocTpeOOBaHa B
ATOMHOW MPOMBIIUIEHHOCTH, PAKETOCTPOCHUU, SJECKTPOHHOM, AJIEKTPOTEXHUYECKOU U
NPYTUX OTPACIISIX.

Kpusuc 90-x rofoB HaHEC CUIIBHBIN yJ1ap BaKyyMHOM IPOMBIIIJIEHHOCTH, U TJIaB-
HBIMU MIPUYMHAMHU NPUOCTAHOBKU BCEH HAYYHO-TIPOM3BOJICTBEHHOM CHUCTEMBI MO pa3pa-
O0TKE M BHEIPEHHIO BaKyyMHBIX TE€XHOJOTUMH W NPOU3BOACTBY BaKyyMHOW TEXHUKHU B
Poccun cranu octaHOBKa OrOKETHOTO (PMHAHCHPOBAHHS M CBEJICHUE K MHHUMYMY TOC-
3aKa30B.

3a nocneanue 15 seT Ha (JOHE MHTEHCHBHOIO Pa3BUTHs BaKyyMHOM HayKu, TeX-
HUKHU U TexHonoruil B CIIA, EBpone u SInoHuM, OTCTaBaHUE OTEYECTBEHHBIX NPOM3BO-
JUTENEH BaKyyMHOW TEXHUKH CKa3bIBAJIOCh BCE CHIIbHEE. B pesynbrare, 3T0 MpUBEIO K
MacCcOBOMY IE€PEXOy B HallIel CTpaHE HAa MPUMEHEHHUE 3apyOeKHOM BAKYYMHOM TEXHH-
KU.

MHorue poccuiickue IpenpusITys B YCIOBUSIX CHIIBHON KOHKYPEHIIMH ObLUTH BbI-
HY’KIEHbl COKpaTHTh 00bEMBI IPOU3BOJCTBA, UM BOBCcE Nepenpoduauponats ero. Oco-
OEHHO 9TO KOCHYJIOCh TaKMX 3HAYMMBIX JJIs1 OTpaciu 3aBofoB Kak «KBapipy
(r.Kanununrpan), «Pomo» u «9nemamn (r.CaparoB), «HUTW» (r.Pszans) u apyrue. 13
40 mpoUIBHBIX MPEANPUATHIA COXPAaHIIN CBOE CYIIECTBOBaHKE TOJbKO 3 3aBoja. [pe-
oOpazoBanHblil B OI'VII, «cHUWBT um. C.A. BeKMHCKOro» noTepsiyl CBOU JIMAUPYIO-
IIM€ MO3ULUH, KaK HA MUPOBOM, TaK ¥ Ha HALTMOHAJIBHOM DPBIHKE.

K npobneme ¢unancupoBanus B otpaciu B neiom, u B « HUMBT um. C.A. Bek-
HIMHCKOT0» JA00aBWJINCH €Ilie JIBE: NOTeps HAyYHO-KaJIpOBOrO MOTEHIMANa U MPOU3BOI-
CTBEHHBIX MOIIHOCTEH. BO MHOrOM 3TO SIBUJIOCH CIIEACTBHEM TSKEIOr0 (PUHAHCOBOTO
COCTOSIHUS: TIPH OTCYTCTBHHU T'OCYIAPCTBEHHBIX 3aKa30B ObLIO 3aKOHCEPBUPOBAHO 000pY-
JIOBaHUE, KOTOPOE 3aTEM, C TEUEHUEM BPEMEHH, CTAJI0 MOPAJIbHO ycTapeBarh. Yenoseue-
CKHE PECYpChl TaKKe ObUIM YTEpPSHBIL, 31€Ch UMEIIM MECTO U MEPEXO]] Ha JIpyTue, Hempo-
(UIIbHBIE CIEIUATBHOCTH, U «yT€UKa MO3IOB) 32 IPaHMILY.

B pesynprare Bo3HUK aucOanaHc B MPOU3BOACTBEHHON CTPYKTYPE NPEANIPUSTHS —
HEI0CTaTOYHOCTh KBAIM(MIIMPOBAHHBIX KaJpOB, yCTapeBaHWE OOOpPYJIOBAHUS, OTCYTCT-
BUE MapKETUHIOBBIX CIIYXkO JUI NU3y4YEeHUs! PbIHKA U CObITAa TOBAPOB.

Jlns pemieHust BceX 3THX MPOOJIEM M ONTUMM3ALUM HAy4YHO-IPOU3BOJICTBEHHOM
CTPYKTYpPBI TPEANPUATUI BaKyyMHOM MPOMBIIIICHHOCTH HEOOXOIUMO CO3JaBaTh T'OCY-
JApCTBEHHBIE MPOrpaMMbl Ha (eiepaibHOM YPOBHE, a Ha YPOBHE MPEANPUATHIA TPOU3-
BOJUTh PECTPYKTYpPU3ALHIO, pa3pabaThIBaTh CTPATETHUIO BOCCTAHOBIICHUS U PA3BUTHSI.

Takast cTpaTervsi BOCCTAaHOBJIEHUS] HAyYHOI'O MOTEHIMAja, HayaBIIAsCsS C CO3/a-
Hus 12 HOBBIX MOJpA3JENeHUM, 3aKyNIKM U MOHTaka HOBeiero o0opyaoBaHusi, Obuia
chopmupoBana B0 DI'VII «HUUBT um. C.A. Bekmmuckoro». [Ipobiema komruiekTa-
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MU 1ITaTa HEOOXOAUMBIMU COTPYJHUKAMH PEIIAETCsl, B YACTHOCTHU, CUCTEMOM MOJAro-
TOBKH BBICOKOKBATA(DHIIMPOBAHHBIX CIICIIUATHCTOB B OOIACTH BAKYyMHON TEXHHKH .

B pesynbrare pectpykrypuzanuu «HUNBT um. C.A. BEeKIMHCKOTro» U ONTUMHU-
3aliU UMEIOIICHCS peCYpPCHOM 0a3bl 00beM pean3aliuil MPOAYKIUU YBEIUIHUIICS Oojee
yeM B 4 paza, YMCIEHHOCTb MepcoHaia Bo3pocia B 1,5 pasza, mpupocT 00OpPOTHBIX aKTH-
BOB 3a HEMOJIHBIHN IOl COCTaBUJI 25,2%2.

3a 2006 roga memoBass aKTUBHOCTh TIPEANPUITHS TTOBBICHIIACh, 00 3TOM CBHU/IC-
TEIBCTBYIOT KaK YBEJIIMYEHHUE IOKa3aTelied 000pavyuBaeMOCTH OOOPOTHBIX CPEJICTB,
TaK W MoKa3aTesel peHTadenbHOCTH. B pe3ynbrare moBhICHIIaCh TPOU3BOAUTEIHLHOCTh
Tpylda U (QOHI0O0TAAaYa, MPOUCXOAUT YCTpaHEHHE aucOanaHca B MPOU3BOACTBEHHOU

CTPYKTYPE.

MEPCIHEKTUBHBIE BAKYYMHBIE EBITOBBIE YCTPOUCTBA
JJIS IIEPEPABOTKH MOJIOYHOM MNPOAYKIIMHU
B.B. Bazoeckuii, A.B. Paiixo, B.II. Illymapun
CI'TY, Capamos, [lonumexnuuecxas, 77. e-mail: ems@sstu.ru

[lepepaboTka u mIHUTENTFHOE XpAaHEHUE CEITHCKOXO3IHCTBEHHON MPOIYKIINU C MaK-
CHUMAJIBHO BO3MOKHBIM COXPAHEHHUEM OMOJIOTMUECKH AKTHBHBIX KOMIIOHEHTOB ChIPbS
SBJISIETCS aKTyallbHOM 3a1aueii. Hanbomnee mporpeccuBHbIMU, TMTHEHUYHBIMU U Oe30mac-
HBIMH crioco0aMu nepepaboTKH, YIAKOBKH U XPaHEHME IMHUILEBBIX MPOAYKTOB B HACTOS-
1iee BpeMs SBJSIETCSl BaKyyMHasl, BaKyyMHO-CyOnMMallMoHHasi yibTpa3BykoBas (Y3) u
cBepxBbIcokouacToTHas (CBY).

Henocrarkamu n3BeCTHBIX CIOCOOOB MOTyYEHHSI Macia U3 CIMBOK SBISICTCS MEXa-
HUYECKOE pa3pylleHue U aedopmalins )KUPOBbIX MIAPUKOB MPU YAAIEHUH OENKOBOW 000-

JIOUKA M OCTaTKOB OpPraHMYECKUX Mpumecel. B  maHHOM
paboTe 00CYXIaroTCsi BapHaHTbl pPa3pabOTKU  OBITOBBIX
2 YCTpOMCTB, AJisi mepepabOoTKX MOJIOYHOM MPOTYKIIUH.

Pazpabotano ycrpoiicTBo ans B30uBaHus macia [1].
3agaya  pa3pabOTKM -  YMCHBUIEHME  BpPEMEHU
NPUTOTOBIICHUST Maclla W CHIDKEHHE JHeprosarpar ¢
OJTHOBPEMEHHBIM TIOBBIIICHUEM KauecTBa TOTOBOTO IIPO-
IyKTa.

YcerpoiictBo paboTaeT crneayrommm obpazom. Em-
KOCTh 3allOJHSETCS CIMBKAaMH, IUIOTHO 3aKpBIBAETCS
Puc. 1 KpbImikoid. [Ipw BKITIOUEHWH SJEKTPOABUTATENS CIHBKHU

HOJTy4aroT BpalaTeabHoe JIBIDKEHUE BOKpPYT

2

AITHIERET
R AN IS A Ky
& ,1:.‘:.?0:93;2:%*.‘.'.'9% ¥

' Cm. Hectepos C.B. CucreMa MOArOTOBKH CIICHHATNCTOB B 0071aCTH (H3HKU BaKyYy-
Ma, BAKYYMHOM TEXHUKHU U TEXHOJIOTHHU. Marepuainsl Bropoil pocCUICKON CTyAeHYE-
cKoii koH(pepeHIun «BakyymHas TeXHUKa U TexHoyorus». Kazans, 2005 r.

* ITo naHHBIM ¢bunancoBoit otyeTHOCTH «HUMBT nm. C.A. Bekmmackoro» 3a 2003-
2006 rr.
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reOMETPUUYECKON OCH EMKOCTU M BCTPEYHOE BO3BPATHO-NIOCTYIATENBHOE IBKEHHUE 32
CYET MPONEJJIEPHOTO YCTPOMCTBA MEIIAJIOK M JIOMOJHUTENIBHO B3aUMOJECHCTBYIOT C
HEenoABMKHBIMU Onamu. [locTosiHHAs OTKayka MapoB ABYXPOTOPHBIM BaKyyMHBIM Ha-
cocoM (puc. 1), Takke NPUBOJUMBIM BO BPALLEHHUE BAJIOM 3JIEKTPOJIBUraTENs Yepe3 OT-
BepcTe 1, co3maer paspexkenue B €éMkoctu B mnpexenax 0,1...0,5 armocdepsl. Ilo-
CKOJIbKY TpU COMBaHUHM Macjia TpeOyeTcs yIalauTh OETKOBbIE OOOJIOYKH C YKUPOBBIX
IIapUKOB, TO 3TO MPOM3BOJUTCS OJHOBPEMEHHBIM COYETAaHMEM TpeX CIOCOOOB: yna-
POM, CABHIOM IIAPHKOB OTHOCHUTENBHO JAPYT Apyra MO JaBJICHHEM U KaBUTAIUEH.
Haumenee xenarenbHbIM SBIISIETCS yAap, MOCKOJBKY MPH 3TOM pPa3pylIAOTCA U caMu
KUPOBBIC HIAPUKHU, YTO YXyAIIAET COPTHOCTH Macia. [locTosHHOE pa3pexeHue, co3/a-
BAa€MOE B EMKOCTH BaKyyMHBIM HAaCOCOM, PE3KO YCHJIMBAET KABUTALIMOHHBIE ITPOLIECCHI,
CIOCOOCTBYIOIIME O0Jiee OBICTPOMY M KAUECTBEHHOMY yAAIICHUIO OEITKOBBIX 0007I0UYEK
C KUPOBBIX HIAPUKOB C UX MHUHUMAJIbHBIMU MOBPEXKIECHUSMHU, UYTO MOBBIIIAET KAaYeCT-
BO F'OTOBOT'O IPOAYKTA.

Crnenyer OTMETUTh, YTO BaKyyM, CO3/1aBaeMblii B EMKOCTH IpH padoTe yCTpPOii-
CTBa MO3BOJISAET d(P(HEKTUBHO YIaNsITh W3 30HBI MEXaHOAKTUBALIMHU TPOAYKTHI pa3iioKe-
HUs OeTKOBOM OOOJIOUKH U BJIard, a BeIMUYMHA BaKyyMa OIpPEIENIeTCs TeOMETPUIECKU-
MU pa3MepaMu ABYXPOTOPHOI'O BaKyyMHOI'O Hacoca, CKOPOCTBIO €ro BpAIllCHHUs], 3aBU-
CSIIEH OT MapaMeTPOB AIEKTPOABUTATENS U MEPENATOYHOTO OTHOUIEHHSI 3y0UaThIX KO-
Jec, a TakKe pa3MEpoOB €MKOCTH M JIJIsi KaKJOT0 KOHKPETHOTO Cliydas IOJKHO ObITh
paccuuTaHO COOTBETCTBYIOIMM 00pa3oM. Pacuérel Hacoca yxe MpoBeleHbl, KpaTKas
UX METOJIMKA U3JI0’KEHA HUXKE.

Pazpexxenune B EMKOCTH Hy>KHO moy4uTh nopsiaka 0,1...0,5 atMocdepsl, cienosa-
TEJNbHO, CHayalla ompejaensieTcss ObIcTpoTa AecTBHs Hacoca. MoOIIHOCTH MpPHUBOJA
Jydiie OpaTh cO CTaHAAPTHOTO MOTOpPA, UCHOJIB3YEMOT0 B OTECUYECTBEHHBIX YCTPOUCT-
Bax JJIsl U3TOTOBJIEHUS Macja, HO IpU HEOOXOJUMOCTH OHAa PAacCUUTHIBAETCS MO (op-
mysne N=u/(2-m-R). Jlanee BBIYUCISIOT T€OMETPUYECKUE pa3MeEpPbl pOTOPOB 2, B 3aBH-
CUMOCTH OT uX mnpoduis. MaTtepuan poTOpoB M Kopmyca JaenairT u3 cruiaBa All
(I'OCT 2685-75).

Pa3pabotan emie oguH crocod U yCTpOMCTBO i mosrydeHus: macia [2]. Croco6
3aKJIFOYAETCSl B TOM, YTO MEXaHOAKTUBAIIMIO COMBAHMS Macja COBMEIAIOT C CHHXPOH-
HBIM ¥ CHH(}a3HBIM BO3CHCTBHEM YIbTPa3ByKOBBIMHU (Y 3) U CBEPXBBICOKOYACTOTHBIMU
(CBY) xonebanusmu. CylHOCTb YCTPOMCTBA IS MOJTYUYEHHs Maclia U3 CIIMBOK 3aKITIO-
YaeTcsi B TOM, YTO JIONIACTH BBIMOJHAIOT U3 Ha0Opa IJIACTUH MOJIYIPOBOJHUKOBOTO Ma-
TepHuasa, CriocOOHOTO IMOJ ANEKTPUUECKUM HarpsbKeHneM K reHepuposanuio Y3 u CBU
koseOanuii (muon ["anna). [Ipy 3TOM Ha JOMACTH YCTAHABIMBAIOT AKPaH TaK, YTOOBI BO
BpeMsi pabOThl YCTPOWCTBA OTHOCUTEIBHO OCH MX BpAIlCHMs CO3JaBaJICsl MAaKCHMallb-
HBIM KpyTAKA MOMEHT. Kpome 3Toro, 4acth BakyyM-IpOBOJAA PACIONArarT Ha KPbIIII-
Ke 0auyka KOaKCHAJIbHO CTEPXHEH C BO3MOXKHOCTHIO COBMECTHOTO C JIOMACTSIMH JIBHIKE-
HUSI, 9TO TI03BOJISIET 3()(DEKTUBHO yIANSATh M3 30HBI MEXaHOAKTUBAIIMHU TIPOYKTHI Pa3io-
KEeHUs1 OETKOBOM OOOJOYKH U BJIar, OTKa3aThCsl OT aBTOHOMHOTI'O MEXaHWYECKOTO MpH-
BOJIa BpalIEeHUs JionacTel, a MHOTO(aKTOPHYIO MEXaHOAKTUBALIMIO IPOBOJUTH OT OJTHOTO
MCTOYHMKA. JTO TMO3BOJISIET MOBBICUTH KAaUECTBO MPOAYKTA U PACHIUPUTH TEXHOJIOTHYe-
CKHE BO3MOKHOCTH CII0C00A.
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HcnbiTaHne 1Mo MoayyYeHHuIo Macia U3 CIMBOK HA MPEIJI0KEHHBIX YCTPOHCTBAaX
[0 YKa3aHHOMY CHOCOOY MOKa3alo HU3KHE SHEpPro3aTpaThl, BHICOKOE KAaueCTBO MacCIa.
[TpumepoM HIMPOKUX TEXHOJOIMYECKUX BO3MOXKHOCTEH IpeasaraeMoro crnocoda u ycr-
pOJNCTBaA SBISETCA TO, YTO MX MOKHO HUCIIOJIB30BATh JJIsl IPUTOTOBIEHUS BOJIOTOILIUB-
HBIX CMecell ISl AU3ENbHBIX JIBUTaTEIeH.

OCHOBHBIM IPEMMYIIECTBOM 3asIBJIEHHOTO cI1oco0a M yCTpOICTBA SBISAETCS MHO-
ropakTopHasi CUHXpOHHas U cuH(a3Has akTHBauus, MexaHuyeckoe, Y3 u CBY Bo3-
neiicTBue Ha 00pabaThIBaeMblii OOBEKT, PHUEM BO3/ICHCTBHE OCYIIECTBIACTCS B MUKPO-
o0beMax; eciy MPOBOAUTH 0OPaOOTKY OHOIOrMYeCKUX 00BEKTOB B MAKpOMacIlTabe MOIII-
HeIMH Y3 1 CBY konebanusaMu, BO3MOKHBI H3MEHEHHS UX CBOICTB.

Jlutepatypa

1. Iymapun B.II., Ckpunkun A.A. YcrpolicTBo ajs couBanus Macia. [lateHT Ha u3o-
operenne No2128908, 1994r.

2. Ulymapun B.II., Ckpunkun A.A., Ko6mnos A.U., lenncos A.A. Ciocob u ycrt-
poiicTBO 15 moiydeHus macna. [latent Ha n3ooperenue Ne2134515,1997 r.

IJIEKTPOHHO-JIYUYEBAS ITIOJIMPOBKA CAII®UPA
E.B. JIyzo6o01u, C.I1. Asoees
Texnonocuuecxuti uncmumym FOdcHo2o ¢hedepanvro2o yHugepcumema
Tazanpoe, nep. Hexpacosckuil, 44. E-mail: avdeev@tsure.ru

B nmoknane mpoBeneH aHanu3 METOJAOB MOJHPOBKH MOBEPXHOCTH IMOJJIOKEK,
BBISIBJIEHBI MX JIOCTOMHCTBA M HeAOCTAaTKH. OCHOBHBIM HEJIOCTATKOM IPOAHAIM3UPO-
BaHHBIX METOJIOB SIBJISIETCS TO, YTO C MX NOMOUIbIO HEBO3MOKHO MOJTHOCTHIO yAATUTh
HApYUICHHBIA TMOBEPXHOCTHBIM CJIOW. DTOT HAPYLICHHBIM CIIOM MOXET BIUATH Ha
CTPYKTYpPY, MOP(OJIOTHIO, TeHEPaLUIO Ae(PEKTOB B CIIOSX MOIYyYaeMbIX Ha TIOBEPXHO-
CTH TIOJUIOKKH, M, KaK CJIEICTBHE, Ha XapaKTePUCTUKH ycTpoicTBa /1/. B cBsizu ¢
IpeICTaBIEHHON POo0JIeMOI MOATOTOBKU MOBEPXHOCTH HAMU MPEMJI0KEH CIOCO0 T0-
JIMPOBKH MOBEPXHOCTHU candupa 3JEKTPOHHBIM JIyYOM.

vpt ' ' CymHocTh MeTO/Aa 3JEKTPOHHO Jy4YeBOM
g MMOJIMPOBKM  3aKJIFOYAECTCS B CIEAYIOLIEM: IIpH
B3aUMOJCHCTBUM 3JIEKTPOHHOIO Jy4a C BEIIECT-
BOM KHMHETHUYECKasl SHEPTUs 3JEKTPOHOB IpEBpa-
1IaeTcsl B APYrHe€ BHUJbI SHEPTUU. DTO MO3BOJISIET
MCIIOJIb30BaTh AJEKTPOHHBIN JTyd B TEXHOJOTHMYe-
CKHMX IIpolleccax B KayeCTBE MHCTPYMEHTA, KOTO-
| pBIii BO3/EHCTBYET Ha 0OpalOaThIBaeMblii MaTepu-

a 0) a1, DJIEKTPOHHBIN Jyd JIOKAJIbHO MOBBIIIAET TEM-
Puc. 1. Jleiikocanpuposas neparypy obnactu 10 (a3oBoro mepexojaa TBep-
IJIACTHHA noe Tesno — pacruiaB /2/. Ilocne mosiBneHust pac-

[IJIaBa, 4TO COOTBETCTBYET TEMIIepaType ILIaBJe-
Hus cangupa, oOpasyercs KuJKas BaHHA MaTepuana, B KOTOPOW 3a CUeT I'paBUTAalIU-
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OHHBIX CHJI U CHJI IIOBEPXHOCTHOTO HATSKEHHSI MPOUCXOTUT MOJU(PHUKAIMS TTOBEPXHO-
CTH B CTOPOHY aTOMapHO — TIaaKocTH. Pa3BuTHe mporiecca moaupoBKy OyIeT onpee-
JSTHCS HECTALMOHAPHBIMH TMPOLIECCaMU, MPOUCXOAAIIMMU B KUAKOU ¢aze, 3aBUCETh
OT KMHETHYECKUX CBOMCTB BS3KOCTH TEUYEHHS >KMIKOCTH. MOHOKpHCTAI candupa
uMeer Temneparypy muasieHus 2323 K, xoadduimeHT temnepaTyponpoBOAHOCTH
O4YeHb BBICOK, TerioeMKkocTh 0,181 — 0,187 Kan/(r - K)/2/. IIpu atom pacmias candu-
pa uMeeT HU3KYIO BSI3KOCTb, CIIE0BATENIbHO, Mpoliecc 00paboTKu cardupa 3IeKTPOH-
HBIM JIy49OM JOJDKEH MPOU3BOJUTHCS C BBICOKMMHU SHEPTHUSMH AJIEKTPOHHOTO JIy4a H
CKOPOCTSIMU 00paOOTKH.

OOBEKTOM HCCIIEJOBAHUS TAPaMETPOB MMOBEPXHOCTHOTO CJIOS SIBJISIACH JEMKO-
carndupoBas miacTuHa pazmepom 50x10x60 MM, oOpaboTaHHas MO METOAY OOBIYHOU
HUTU(OBKU U TMOJMPOBKH M MO METOAY 3JIEKTPOHHO — JyueBoM mnosmpoBku (DJIII)
(puc. 1a,0). Ha puc. la mmactuna oOpaboTtaHa mo MeTOAy HIITU(OBKH U MOJUPOBKH
(ceBa) u merogom DJIIT (cripaBa). MoxkHO HAOIIOAATh, YTO MIEPOXOBATOCTH MOBEPX-
HOCTH B 00JIaCTH IUIACTUHBI, 00pab0TaHHON HUIM(OBKON U MOMUPOBKON OoJbllIe, YEM
IEPOXOBATOCTh 00macTH, oopadotannor DJIII. Ha puc. 16 mpencraBieHa o6iacTh
IUIaCTUHBI, 00paboTanHast meroaom DJIII.
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Puc. 2. [Ipodunorpamma nosepxHocTu JeitkocanpupoBoi
TUTACTHHBI JI0 DJICKTPOHHO-TTy4eBOM NOJUPOBKH (a) u moce (0).
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UccnenoBanue cTpykTypbl noBepxHocTu 10 u nocie DJII npoBoaunocs nzme-
peHUEeM MHUKPOHEPOBHOCTEW mpoduiiorpadueii; ONTHYECKUX MapaMeTPOB MOBEPXHO-
ctu — suncomerpueit. lllepoxoBaTocTs netikocandupoBoit muactunbl 10 IJIII co-
crapnsna 4,14 mxm, nocne DJIIT 0,07 Mxm. Pe3ynbTaThl MOKa3bIBAIOT, YTO MIEPOXOBA-
TOCTh NoBepxHocTH nocine DJIIT ymenbmmnace B 4-5 pas.

Kak BugHo u3 mpoduorpammsl (puc. 2) BeicoTa HepoBHOcTel 10 DJIIT Oblna
nopsaka 8 MKM, rociie 00pabOTKH BBICOTA ObLIa YK€ JIeCATKH HAHOMETPOB, YTO TOBO-
PUT O TOM, YTO TEXHOJIOTHUIO SJIEKTPOHHO-IIyYEBOU MOJMPOBKU MOKHO 3(PPEKTUBHO
MPUMEHSTH JJIs TTOTYUYEHUs TOBEPXHOCTEN O€3 HapyIIEHHOTO CJIOS.

Hamu Oblmu mipoBeieHBI KCIIEPUMEHTHI 110 0TpaboTke pexkumoB DJIIT candu-
pa, B pe3yJbTaTe KOTOPBIX ObLIa MOJy4YeHa OIUIABJICHHAS JJIEKTPOHHBIM JIyUOM TIO-
BEPXHOCTh can(upoBOM IIACTUHBI 0€3 HAPYIIEHHOTO CIIOS.

AHanu3 NMOBEpXHOCTU TOKa3aj, YTO IIEPOXOBATOCTh IUIACTUHBI YMEHBIINIACh
JI0 JECATKOB HAaHOMETPOB. Ciea0BaTeNbHO, C MOMONIbI0 TexHoJaoruu DJIIT noBepxHO-
CTH carndupa MOXKHO MOJTy4aTh NPEAEIbHO THaKue 0e31eeKTHbIC MTOBEPXHOCTH MO/-
JIO’KEK C OTHOPOIHOM MOPGOJIOTHEN IJIsI MUKPO- U HAHORJIEKTPOHUKH.

Jlureparypa

1. Koznos 10.®., 3otoB B.B. CTpyKkTyphl KpeMHUs Ha candupe: TEXHOJIOTHsI, CBOU-
CTBa, METOJIbI KOHTPOJIS, IpUMeHeHue. YueoHoe nocooue — M.: MUDT, 2004r.

2. Aspees C.IL., ynxo I'.B. Dnexrponno-nydeBas oopadborka MKII. // Te3. nok. Pe-
ruoHanbHOoi HTK “O6paboTka MarepranoB BEICOKOKOHIIEHTPHPOBAHHBIMHU UCTOY-
Hukamu sHeprun’ - [lensa, I1I1U, 1991, c.18-20.

INPOEKTHUPOBAHUE YCTAHOBKM JIJIs1 HAHECEHMUSI
MOKPHBITUN HA KEPAMUYECKYIO INIUNTKY
A.P. Bukmynnun, B.A. I'nunkun
KI'TY, Kazanw, yn. K. Mapkca, 68. E-mail: vacuum@kstu.ru

Hanecenune nexopaTuBHBIX NMOKPBITUN Ha PA3IMYHbIC U3JEIUS IIUPOKO IPUME-
HSETCSI B COBPEMEHHOM NPOMBINUIEHHOCTH. lcronb3yercs naBa TEXHOJOTMYECKUX
noaxozna. IlepBblli — HaHECEHHE TPEXCIOMHOIO MOKPBITUS JaK-METAII-JIaK, BTOPOH
HAaHECEHHUE COCIMHEHHUM METAJIOB TUIIA HUTPUJOB U OKCHJIOB.

Jli1si HaHEeCEeHUsI IEKOPATUBHOTO MOKPBITUS HAa KEPAMUYECKYIO IIUTKY BbIOpaH
BTOpOM moaxon. IlnaHupyercss BO3MOKHOCTh HaHECEHUs TUTaHA U HUTPUJA THUTAHA.
OTH NOKPHITUS 00J1aAaI0T BBICOKON M3HOCOCTOMKOCTBIO M BJIArOCTOMKOCTHIO. B Kaye-
CTBE MCTOYHHKA JUI HAHECEHUS BHIOpAH MYyTrOBOW MCIAPUTENb, 0OCCIICYUBAIOIINA He-
00XOIMMYIO aJre3ut0 K MOBEPXHOCTH KEPAaMHUKHU, U HE OYEHb TPeOOBATENbHBIN K Ia-
paMeTrpaM IIpoLecca HAHECEHUs.

Hcenonp3yst MMEIOIUNCS ONBIT ONPENETIEHO, YTO IEpe] 3arpy3KOM B BaKyyM-
HYI0 KaMepy ITUTKY HEOOXOIUMO MPOrpeTh 10 Temneparypsl 180 °C ans yIaJCHUS U3
HOBEPXHOCTHOT'O cj10si BOoAbI. [IprueM JOoKHBI ObITh CO37aHbl YCIOBHS €€ yIaleHUs
IIPEXKAE BCErO € 3aJHEW, HE IOKPBITOM dMaiiblo CTOpOHBI. [locne ynameHus BOIbI
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IUIMTKA cpa3y AOJDKHA MOMNajaTh B BAKyYMHYIO KaMepy, IIPH 3TOM JKEIaTesbHO MOJ-
eprkanme ee Temmepatypsi He Hivke 150 °C.
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Jl5is1 HaHeceHusl IOKPBITUS pa3paboTaHa cxema yCTaHOBKH, MOKa3aHHAs Ha pU-
cynke. Kamepa mporpeBa u kaMmepa HaHECEHUS MOKPBITUS pa3MellaeTcs B JIMHUIO. B
KaMepe MMEEeTCsl JOINOJHUTENbHBIH HarpeBaTellb 00€CIeYMBAIOIIUN MOAJEpKAHHUE
TEMIIEpaTyphl IUNIMTKA BO BpeMs ocaxaeHMs. [lnnTka pasmelaercs Ha crielMaIbHBIX
ceTyaTbIX nojaoHax. [logaoH nepemerniaerca B KaMepe HabUIEHUS C TOMOILBIO POJIH-
KOBOTI'0 TpaHCIoOpTepa MPOXos MUMO JyTOBOTrO UcHapuTens. [l HaHeceHUsT HUTpUAa
TUTaHa B KaMepy HaIycKaeTcs a30T U 00ecneurBaeTcsl MPOLECC PEaKTUBHOIO OCaX-
JEHUS.

JIns Hamycka ra3oB HMCHOJIB3YIOTCS perysaropbl pacxona tuma PPI-10. [lns
KOHTPOJISL JABJIEHUS] IIPU PEAKTUBHOM IIPOLIECCE MPUMEHSETCS eMKOCTHBINA Jeopma-
IMOHHBIN MpeoOpazoBaTens ¢pupmol Peiffer.

CucreMa OTKa4Ku cOCTOUT U3 ABYX Iupdy3ronHbix HacocoB HBJAM 400, Ha-
coca JIBH-150 u nHacoca AB3-90.

Kitananel 1 3aTBOpBI INIAHUPYETCS UCIIOJIB30BATH C THEBMOIIPUBOJIOM.

CucreMa KOHTPOJISI M YIPABJIEHUEM MPOLECCOM IUIAHUPYETCS C UCTIOIb30BaHU-
€M KOHTpoJlIepa.

[Tnanupyemoe Bpems mukna 30 MuHyT. [IoBepXHOCTh IIIMTKU MOKpbIBaeMasi 3a
oauH ki 600x1200MM.

KCHEPUMEHTAJIBHOE ONIPEAEJEHUE KOY®®UIIUEHTA
OCAXKAEHUSA HUTPUJIA TUTAHA ITPU BOMBAP/INPOBKE
HMOHAMM PA3JIMYHBIX SHEPT U
O.®. Yemeepmaxrosa, H. A. Cmonanoe

E-mail: smolanovna@yandex.ru

[lenbto pabGoOTHI ABISANIOCH UCCENOBaHUE KOAPPUIIMEHTA OCAXKICHUS HUTPUIA
TUTaHA MPU MOJyYEHUN TOHKHX MJIEHOK METOAOM KOHJECHCALMU ¢ HOHHON GoMOapau-
POBKOM.

Ha ycranoBke HHB 6.6114 mpou3Boauinocs HaHECEHUE MMOKPBITUS HUTPUAA TH-
TaHa Ha 00pa3iibl ctamu 12X 18H10T u3BecTHOI Macchl.

[Tocne HaHeceHHs MOKPBITUS 00pa3lbl B3BEIIMBAIMCH HA AaHAIUTUYECKHUX Be-
cax. KoaddunmenT ocaxxnenust onpeaensics no Gopmyre:

NTi

NOElll (2.1)

rae Ny; - 4UClIo MOJIEKYJI TUTaHa Ha o0pasie, Nogy; - 001Iee YUCIIO MOJIEKYI.
OTH BEIWYNHBI MOXXHO BBIUYUCIIUTH:

_AVN,

Ti m, (2.2)

rae AM - npupoCT Macchl MOJJIOKKH, Amy; -481/Moib, N4 — 4ucio ABoraapo.

S =
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URAS
Nosui 7 (2.3)

rje J;-UOHHBI! TOK, Af-BpeMsi HAHECEHUS TIOKPBITHSL, Z, — 3apsi/l.
B urore nonyyaem:

(_MMN,-Z,
mfi"]' gA'

1

(2.4)

Pacuer nmpoBouics B IpeANnoa0KeHUH, YTO HOHHBIA TOK U €ro pachpeeseHre
1o oOpasiaM (paccrosiHre OoT kaTonaa 42-46 cM) ObUTO paBHOMEPHBIM (pa3dopoc He 6o-
nee 10%). 3apsin noHOB U3MeHsuics B uHTepBaie (1-2)e (e — 3apsa 37IeKTpoHa) B COOT-
BETCTBHUH C TTOTCHIIMAJIOM TOJIJIOKKH U MAPIHATBHBIM JIaBJICHUEM PEaKIIMOHHOTO Ta3a
(a3zoTa) B Kamepe.

[TokazaHo, 4TO B 00JaCTH MaJIBIX 3HAYCHHI YHEPTUU MOHOB MPE0OIaTAOT TIPO-
1ecchl KOHJeHcanuu, kodpduimeHT pacnbiieHus wusMmensercs ot 0,03 mo 0,12
atom/uoH. [lpu sHeprum ~1 k3B mporeccsl ocakaeHnus U PacHbUICHUs] YPaBHOBEIIIH-
BaroTcs. Coimre 1 k3B npeobiagaroT mporecchl pacibUICHUS MaTepraia MoIJI0KKH.

YKCIHEPUMEHTAJIBHASI YCTAHOBKA BAKYYMHOU
CYUIKU-ITPOIIUTKHU JPEBECHUHBbI
H.P. I'anaeemounos, P.P.Cagpun, JI.P. IOuycoe, P.M. UHmanaes
KI'TY, Kazanv, K.Mapkca, 68

KauecTBO m3aenuit u3 ApeBECHHBI B 3HAUYUTEIBHOW CTEINIEHU 3aBUCUT OT TEXHO-
JIOTUM MPOBEACHUS CYIIKHU. [Iponecc CymKu SBISIETCS OJHOM U3 CAMBIX SHEPTrOEMKHUX
omepanuii B JepeBooOpadaThIBarOell MPOMBIIUICHHOCTH, 3HAYUTEIBHO YBEIUYH-
BalOIIEl Ce0ECTOMMOCTh NPOAYKIIMH, BCIEJICTBUE BBICOKOW MPOJOJIKUTEIBHOCTH
nporiecca u OOJBIINX TOTEPh B OKPYXKAIOMIYIO cpeny. [IpuMeHneHne BakyyMHBIX TeX-
HOJIOTHM TO3BOJISIET COKPATUTh MPOJOHKUTEIBHOCTh U MCIOJIb30BAaTh MOHUKEHHBIE
TEMIIEpATyPhl IPU CYILKE.

C uenpio panuoHANIM3ALUU PEXKUMA CYILIKH, 3KOHOMHH JSHEPrOpPecypcoB U
yIy4IIEHUs KauyecTBa BBICYIIMBAEMOM MIJIONPOAYKIIMU Ha Kadeape mnepepabOTKu
JIPEBECHBIX MaTepHajoB OblIa CO3[aHa AKCIEPUMEHTaNIbHAsI YCTaHOBKA aBTOKJIABHOMN
CYLIKHU-TIPONUTKH IPEBECHUHBI.

YcraHoBKa, MpeacTaBiI€HHAss HA pUC. 1, COOEPKUT repMETUUYHYIO Kamepy 1,
KOTOpas MOJIy4aeT TEIJIOBYIO SHEPTHUI0 OT AJIEKTPUUECKUX HArpeBaTEJIbHBIX 3JIEMEH-
TOB 2. C HUKHEW CTOPOHBI KPBIIIKK 3 YCTAaHOBJICH TEH30METPUYECKUIN NAaTuuK 4, 11s
ONpEAEIEHUs TEKYLIEN TIOTHOCTU APEBECUHBI, IPH U3MEHEHUH KOTOPOU B MPOLIECCE
CYIIKU-TIPONUTKY U3MEHSETCS MOJbEMHAs CUJIa, ACHCTBYIOIAsA Ha IITA0ENb MUJIOMa-
TEpUAJIOB 5, TOTPYKEHHBIN B THAPOGOOHYIO KUIKOCTh, MPU ATOM TEKyIas IJIOT-
HOCTb OIPEJIEIISIETCS 110 BBIPAKEHUIO
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p= e, (1)
gV
rae F,, — cymmapHas apxumenoBa cujia, KOTOpoil mrtabenb IeHCTBYET Ha TEH30MeET-
pudeckue naruuku, H; V - o0beM apeBecuHbl B Kamepe, M g - YCKOpEeHHe CBOOOTHO-
TO TA/ICHHAS, M/C”; Py - TIIOTHOCTH THAPODOOHOM KIUAKOCTH, KI/M".

Temneparypa >KMIKOCTH PErMCTPUPYETCS C NOMOULIBIO MOIPYKEHHOW B HErO
TepMorapel 6 U KOHTPOJMPYETCSA MPU MOMOIIM 3JIEKTPOHHOIO TEpMOperysropa 7.
O0bem 3aKkayaHHOW B KaMepy JKUIKOCTH U3MEPSIETCS] ¢ TOMOLIBI0 cyeTunka 8. BHyT-
PEHHSISL [TOJIOCTh KaMepbl 1 coolmiaercss ¢ IMHUEH BaKyyMHUpPOBAaHHs, COCTOSILEH M3
KOH/IeHcaTopa 9 u BakyyM-Hacoca 10, a Takke ¢ eMKOCTBIO JUIs XpaHEeHus: ruApodoo-
HOM kuakocTu 11, KoTopas HaxoIuTCs HUXKE Kamepbl cyllku 1. B koHzaeHcarope ro-
psiyasi MapoBO3AYIIHASI CMECh OXJIAXKIAETCS, B pe3yJIbTaTe YEro BbLACIAOIIAsACS Biara
CTEKaeT B HMXKHIOIO YacTh KOHJAEHCATOPA 9, U fajee yaanseTcs.
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Puc. 1. Cxema sKCIEpUMEHTAIBHON YCTaHOBKHU

[Iponecc CymIku-nmpoOnUTKH MPOUCXOTUT cleayronmuM oopaszoM. IllTtabens nu-
JIOMaTepUaJIoB 5 MOMEMIAIOT B Kamepy 1, mocie repMeTu3anun KOTOpO ¢ NOMOUIBIO
KpBIIIKK 3 BKJItOYaeTcss BakyyM-Hacoc 10. 3areM HauumHaeTcsl CO3JaHHME BaKyyMma B
anmapare M 3arojHEHHE €ro NpeIBAPUTENbHO HArperoil Tuapo(oOHON KUIAKOCTHIO
OTPEICIICHHOT0 00beMa, OMPEEISIEMOTr0 MO CYETUUKY JKMJIKOCTU 8, YCTAaHOBJIEHHOIO
Ha TpyOOnpoBoe, CoeUHSIONEM pabouyto kamepy | ¢ JONOJHUTENbHOW €MKOCTbhIO
11. 3anonnenue pabodeit eMKOCTH THIPO(HOOHON KUAKOCTHIO MPOUCXOIUT IMyTeM
co3naHus B paboyell kamepe BakyyMa, MpeaBapuUTeIbHO OTKphIB BeHTWIn 12, 13 3a
CYET Yero KUJAKOCTb U3 IONOJHUTENBHONU eMKocTH 11 ¢ momonisto Hacoca 14 nepere-
KaeT B pabouyto kamepy 1. CymmapHbIii 00BEM KUIKOCTH C MOTPYKEHHON B HEe Ape-
BECHHOM OTPEACIISIIOT M0 3apaHee OTrpayupoBaHHON MepHOil TpyOke 15. JlaBrienue B
KaMepe OTKAayMBAETCs /10 MAaKCHUMAaJIbHO BO3MOKHOTO Pa3peKEeHHsI, ONpeAesiieMOro
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TEXHUYECKUMH XapaKTepucTUkaMu BakyyMm-Hacoca 10. Jlanee criemyer BbIAEp:KKa
mTabesst TPy 3aJIaHHBIX YCJIOBUSIX. B mporecce Cyku BIaKHOU IPEBECUHBI €€ TI0T-
HOCTb CHIDKAETCA, B PE3YJIbTaTE YEro BO3PACTAET MOABEMHAS CUJla, ICUCTBYIONIAsl Ha
mradens S. [locnegnuii, B CBOIO ouepeb, OKa3bIBACT JAaBJICHUE HAa TEH30METpHUUe-
CKH 1aTuuK 4, CUTHAJ OT KOTOporo nocrymnaet B 9BM 16 nyis 3anucu u ganpHeHein
00paboTku. Peructpupys n3mMeHeHrue pe3yJbTUPYIONIEH CHIIbI, BOBMOXKHO OIpeesie-
HUE HM3MEHEHHMs CPEeIHEH IIOTHOCTH HCCIIeIyeMOoro olpasiia B IPOIECCe CYIIKH-
nponuTku 1o ¢gopmyre (1). O0bemM apeBecHHBI B KaMepe OMpPECNAIOT M0 pa3HUIle
MOKa3aHusi 00beMa KUAKOCTU MEpPHOU TpyOku 15 U mokazaHusMu oO0beMa KHJIKOCTU
3aKaQ4aHHOTO Yepe3 CYETUUK &:

V :VM.T._VH.C. 5 (2)

rae V - o0beM ApeBECHHBI B KaMepe; V,, ; - 00bEM KHUAKOCTHU M0 MMOKa3aHUSIM MEPHOU
TPyOKH; V. - 00bEM XKHUJIKOCTH ITpoLIeIIIeH Yepe3 CYETUUK KUIKOCTH.

Ilocne nocTrKEHUS TPEBECUHON 33JaHHOM MJIOTHOCTH OCYILECTBISIOT pasrep-
METHU3ALMI0 KaMepbl, OTKPbIB BeHTW b 17. Jlanee OTKpbITUEM BEHTWIS 12 ciauBaroT
MPOMUTOYHYIO KUAKOCTh B €eMKOCTh 11. 3aTem, OTKpBIB KpBIIIKY 3, U3BJIEKAIOT LITa-
oenb 1.

AHAJIN3 DOO®EKTUBHOCTU UCITIOJb30BAHUSA
BAKYYMHBIX KAMEP /IUISA CYHIKU IPEBECHUHbI
B.U. Pomanoesa, P.P. Caghun, 3.P. Mycmagpun, /I.A. Myxamem3anoesa
KI'TY, Kazanw, yn. K.Mapxca, 68. E-mail: cfaby@mail.ru

B nocnegnue roapl BeAyTcs aKTUBHBIE CIIOPHI O 1[E€J€CO00pa3HOCTH BHEIPEHUS
B IIPOM3BOJICTBO BAaKyyMHBIX CYIIMJIbBHBIX KaMmep. [IpOTUBHUKH 3TOW MAEN MOTUBUPY-
IOT CBOM JIOBOJIbI JOPOTOBU3HON BaKyyMHBIX YCTAHOBOK IPU MajioM 00beMe MX pa3o-
BOH 3arpy3KH, MO3TOMY HPOBEJACHHBIM TEXHUKO-3KOHOMUYECKUN aHaiIu3 ObUT BBITIOJ-
HEH B CPAaBHEHUHU C IOJyYHMBIIMMH HamOojee MIMPOKOE PaclpoCTpaHEHHE Ha Mpe-
NPUATUSAX JIECHOM M JepeB0o0OpadaThIBaIONIe MPOMBIIUICHHOCTH KOHBEKTHBHBIMU
Kamepamu NEPUOJUYECKOro AeucTBUs. [IpomomKuTenbHOCTh mponecca CyIIKKM B Ta-
KHX KaMepax B 3aBUCHUMOCTH OT pa3IN4YHBbIX (PakTOpoB coctaBiseT 7+15 cyTok, as
JOPOTUX JIMCTBEHHBIX MOPOJ APEBECHUHBI MPOIOJIKUTENBHOCTD AocTuraetr 50 CyTok, B
TO BpPEMsI KaK COBPEMEHHBIE PBIHOYHBIE YCIIOBHUS AUKTYIOT HEOOXOJIMMOCTb MaKCH-
MaJbHO OBICTPOTO pearupoBaHuUs HA BCE U3MEHEHUSI KOHBIOHKTYPBI.

B pesynbpraTe TEXHMKO-3KOHOMHYECKOIO aHaJIM3a CTAaBUJIACh LIEJb BBISBICHUS
HanOoJiee pauoOHANBHBIX 00JacTel MCHOJIb30BaHUS BAaKyyMHBIX TEXHOJOTUN CYLIKU
NUJIOMAaTEepPHaliOB U BO3MOXKHbIE ITyTH CHUKEHUSI CE0ECTOMMOCTH CYIIMILHOTO 000pYy-
JOBaHUS.

Ananu3 Tabnuiel 1 MOKa3bIBaeT, YTO MPH 3a1aHHOW T'OJOBOM MPOU3BOIUTEIIb-
HOCTH 3()(PEKTUBHOCTh BAKyYMHBIX T€XHOJOTHM JOCTUTAETCS JIMILb IPH CYyIIKe 1yoa,
BCJICICTBUE 3HAUYUTEIILHOIO CHUYKEHHUS SHEPro3aTpar Mo CPAaBHEHUIO C TPAAULIMOHHBI-

142



Tpemvs Poccutickas cmyoenueckas nay4Ho-mexHuieckas Kongepenyus
“Bakyymuas mexnuka u mexuonoeus”. 2. Kazans, 10—12 anpens 2007 2.
Cekuyusa 3. Bakyymuvie ycmanoeKku u mexHoi02uu

MU KOHBEKTUBHBIMH TeXHOJOTUSMU. [Ipu cymike MATKUX TOPOJ JPEeBECUHBI (COCHBI U
Oepe3sbl) M0100HOE HE HAOII0JAeTCsl, B CBSI3U C 4eM ObUI MpOBeAeH aHanu3 3((HeKTUB-
HOCTH KaIlUTaJbHBIX BIOKEHUI MPH OKa3aHUU YCIYT MO CYIIKE COCHOBBIX U Oepe3o-
BBIX MMAJIOMATEPUAIOB C MIOMOIIBI0 KOHBEKTUBHBIX M BaKyyYMHBIX KaMep C Pa3IMyHbIM
00BEMOM Pa30BOil 3arpy3KH, MPEICTABICHHBIX HA PHIHKE CYIIMIBHON TEXHHUKH.

Tabuauua 1.
CpaBHuTe/IbHASI TA0JIMIIA SJHEPro3aTPAT HA MPOLECC CYIIKHU
HauMeHoBaHHE En. KoHBeKTHBHAS CYIITUIIKA BakyyMmHast kamepa
nokasaresneit MSM. | cocna | Gepesa ny6 cocHa Gepesa ny6

1. T'onoBas npousBo-

JTUTEINBHOCTD M/T 1000 1000 100 1000 1000 100
2. TpeOyemsrit 00beM pa-

30BOM 3arpy3Ku M’ 30 40 13 7,5 10 2,5
3. CebecTOoMMOCTh Mallu-

HO-yaca pyo. 63 85 30 65 86 12
4. DHeprozarpaThl CyImIKH | pyoO. 520 683 2214 514 690 980

1M’

CpenHsii CTOMMOCTh CYHIHJIBHOTO OOOPYJOBaHHUSI B 3aBHCHMOCTH OT 0OBema
3arpy3Kku Oblila OTpeesieHa 1Mo Mpanic-IucTaM BEAyIINX OTEYECTBEHHBIX U HEKOTOPHIX
3apy0exubix npousBoauteneit ("Tepmorex", "Bakyym mmoc", "BUT-Arpo", "HIIO
BUCII", "Sateko", "Vanichek", "Brunner Hildebrand"). [y onpenenenus mianupye-
MO TOJTOBOW MPHUOBLIN OT OKa3aHUs YCIYT MO CYIIKE MAIOMaTepHaoB OblIa YCIOBHO
npuHITa QUKCHPOBAHHAS [ieHa B pazMepe 500 pyG/M’ BBICYILICHHOMN APEBECHHBL.

AHanu3 1nokasaja CHWXEHHE CpPOKa OKYNAaeMOCTH KAaUTAJIbHBIX BIIOKEHUH NpHU
NpUOOPETEeHNN CYIIWIBHOM KaMmepsl ¢ O0IbIUM 00beMoM 3arpy3ku. OHako npume-
HUTENBHO K BAKyyMHBIM KamepaM ¢ 06beMOM 3arpysku Gomee 50 m° HabGmomaercs
pe3Kuil IEHOBOM CKa4yOK, OOYCIIOBJIEHHBIM HaJIMYUEM Ha PhIHKE TOJBKO 3apyOexkHbIX
NPOU3BOINUTENICH; OTEUECTBEHHBIE KaMephl C MOT0OHBIM 00BEMOM 3arpy3KH Ha PHIHKE
HE MPE/ICTABIICHBI.

B ToXe Bpems cieayeT OTMETHTh, YTO CPOK OKYMAaeMOCTH BaKyyMHBIX Kamep
IPHU CYIIKE TOJBKO MATKUX TOPOJ] APEBECUHBI COCTABIISET HE Oosiee 3 JIeT, Mpu CyIIKe
[EHHBIX TBEPIOJIMCTBEHHBIX MOPOJ JAAHHBIM MMOKA3aTeNIb MOKET OBITh COKpAaIICH 0
MIOJTYTO/1a, YTO SIBIISICTCS yIOBJIETBOPUTEIBHBIM YCIOBHEM BHEIPEHUS HOBOM TEXHUKU
B IIPOM3BOJICTBO.

B pesynbrare mpoBeneHHOTO TEXHHUKO-3KOHOMHUYECKOTO aHajh3a MOXKHO yT-
BEP)KIaTh, YTO BHEAPEHNE BAKyyMHBIX CYIIHJIBHBIX KaMep SBISICTCS HanOoJee Iese-
COOOpa3HBIM MpPH CHEUUATU3AIUN NPEIIPUITHS HA IIEHHBIX TBEPAOIUCTBEHHBIX IO-
poJax JpeBECUHBI, I/1€ TIOMUMO MPOU3BOAUTEILHOCTH TpeOyeTcsl XOpollee KaueCTBO
BBICYIIIMBAEMBIX MUJIOMATepUasioB. [Ipy MHOTOTOHaKHOW CYIIKE MSATKUX XBOMHBIX
MOPO/I C TOJ0BOM MPOU3BOIUTEIHLHOCTHIO M0 YCIOBHOMY MuiioMatepuainy 6osee 6000
M’, BBUJY OTCYTCTBUS Ha PhIHKE CYUIHIbHON TEXHHKH Gojee JAemeBbX (10 CpaBHe-
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HUIO C 3apyOeXHBIMH) OT€UECTBEHHBIX BAKYYMHBIX KaMep, PEKOMEHY€ETCSI UCIOJIb30-
BaHWE KOHBEKTHUBHBIX CYIIWJIOK. [Ipy oTCyTCTBMUM 4YeTKOH crienuann3aluuu Mpeamnpu-
ATUS HA KaKOW-IMOO0 MPOIYKIUH, YTO HanOoJiee YacTo BCTPEUaeTcs Ha MPeAIpUsATHIX
ManbIX (GopM COOCTBEHHOCTH, PadOTAIOIINX HA 3aKa3, PALMOHAIBHBIM SBISETCA WC-
MOJIb30BAaHUE BAKYYMHBIX CYUIMJIOK, MO3BOJISIOIIUX MAaKCHUMaJbHO OBICTPO BBIMOJI-
HUTb 3aKa3 MPaKTUYECKH U3 JIF0OOro BUJa MUJIOMAaTEPHUaIOB.

OCOBEHHOCTHU TEXHOJIOI'MM HAHECEHUSA JIEKOPATUBHOI'O
HOKPBITUSA C UCITIOJBb30OBAHUEM ITOPOLIKOBBIX JIAKOB

P.P. Xacanwun, B.A. I'nunxkun
KI'TY, Kazanw, yn. K. Mapkca, 68. E-mail: vacuum@kstu.ru

TexHonoruss HaHECEHUs JEKOPATUBHBIX MOKPBHITUNA THMA JaK-METaJUI-JIaK IIu-
POKO HCTOJIB3YETCs B COBPEMEHHOM MPOMBINIIEHHOCTH. OIHAKO /10 MOCIEIHETO Bpe-
MEHH HCIIOJIb30BaHNE TIOPOIIKOBBIX JIAKOB B ATOW TEXHOJIOTHU HE JABAJIO >KETAeMbIX
pe3ynbTaToB. ['NaBHBIM MpensTcTBUEM Obula OO0JbIIAs MIArpeHb MOBEPXHOCTH OTBEP-
KJICHHOW TICHKU IMOPOIIKOBOTO MOKPBITHS, YTO MEMIAN0 IMOJyYEeHHUIO 3epKaJTbHOTO
MTOKPBITHS.

B mporecce narmeit paGoThl ObIIO MOMYYEHO MOKPHITHE 00ECIIEUNBAIOIIEE TPE-
OyeMblil BHEUTHUHN BUJI, C TISHIIEBBIM T'PYHTOBBIM cioeM. [lomydeHsl o0Opasisl ¢ mo-
KPBITHEM TIOJT «XpOM» U 30JI0THCTHIC. [l0iydeHbl OonTHMAallbHBIE TTapaMeTphl peKUMa
HaHECEHUS TOKPBITHH.

[IpoananuzupoBaHbl BO3MOXKHBIE METO/Ibl YCTPAaHEHHUSI BO3MOKHOTO Opaka, Kak
0 MPUYMHE TPYHTOBOTO, TaK U 3aLIUTHOTO CIIOSL.

OBECHHEYEHUE PABHOMEPHOCTHU HAHECEHUSA NOKPBITUSA
IHPU UCITOJIB3OBAHUMU ITPOTA’KEHHOI'O IIVTAHAPHOI'O
AYT'OBOI'O UCITAPUTEJIA
P.A. Hlaguxos, B.A. I'nunkun
KI'TY, Kazanw, yn. K. Mapkca, 68. E-mail: vacuum@kstu.ru

B nocnennee necaruierne moaydnsid pa3BUTHE MPOTSKEHHBIE TUIaHAPHBIC TTY-
TOBBIE MCIIAPUTEIN C YHPABISIEMBIM IEPEMEIICHUEM KaTOIHOIO IsATHA — puc. 1: 1 —
KaToMd; 2 — TOKOMOJBO/bI KaTtoa; 3 — UCTOYHUK NUTaHus; 4 — ObICTPOACHCTBYIONINE
KIItoun; 5 — natyuk koHewHoro nosoxenus: KII; 6 — ympasmsiroruii 6:10k; 7 — Karof-
Hoe TsATHO [1].

[Togo6HOe ycTpoiicTBO (pHC. 2) OBIJIO MCIOJIB30BAHO I HAHECEHUS CIIOS OK-
cUKapOuJa TUTaHa B MHOT'OCIIOMHOM MOKPBITUM HA COJIHEUHbIE MaHenu. B TakoM mo-
KPBITUH 0COOYIO POJIb UTPAET PAaBHOMEPHOCTh MOKPBITUA IO AJUHE u3enus. TuraHo-
BBIM KaTOJl UMEET JINHY 2,8M. OcaxaeHrue NpoBOAMIOCH Npu Hamycke B kamepy CO,.
OpHuM U3 ciioeB MOKPBITHS ObLT cioi Si0y, ocakaaeMblii B I1a3Me TICIOIEro paspsi-
na. J{nst kpersieHus: u3aenuil ucnoib3oBaics O0apadaH, AIEKTPUUECKHA U30IMPOBAHHBIN
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oT aHoja. JlyroBoil ucnapurenb pa3Meliaincs B CEUAIbHOM KapMaHE IUIMHApUYE-

CKOU KaMepBl.

IMOKPBITH.

Jluteparypa

K aHoay

Puc. 1.

B otux ycnoBusx mposiBuics  dddekt
MCYE3AI0NIEr0 aHO/a, TOCTENEHHO yCUINBAOIIUICS
OT LUKJIa K IUKIY M UCKAXKAIOWIHWI pacnpeneiicHue
TOJILIMHBI TOKPBITHS MO JUIMHE wu3Aenus (Heao-
nyctumo Oone 1%). [ns obecrniedyeHus paBHO-
MEPHOCTH B KOHCTPYKIHMIO KaMmepbl ObLT 100aBieH
JIOTIOJIHUTENILHBIA ~ aHOJ, OXJaXXJaeMbId BOJOM,
YCTAHOBJICHA CHUCTE€Ma rasopacnpenaeieHus. B
NaIbHENIIIEM Ha JOMOJHUTENBbHBIN aHO M3 MEIHOU
TpyOKH OBLIM TpUIIASHBI TOHKHE ITUTACTHHBI W3
CTaJIi, KOTOpPbIE O0ECIIEUNITU HE 3anblUIIeMbIi aHO/I.

[IpoBenennbie pabOTHI TO3BOJIMIM  BBIpa-
00TaTh  KOHCTPYKTHBHBIC  PCIICHHUS, KOTOpHIC
JIOJDKHBI  O0ECTIEYUTh PABHOMEPHOCTh HAHECECHHS
MOKPBITU B  YCTAHOBKAX C  MPOTSHKEHHBIMHU
JTyTOBBIMU  UCHApPUTEISIMU.  BbIsIBIEHO  He3Ha-
YUTEIBHOE  BIUAHHE  KOHCTPYKIIMH  CUCTEMBI
Hallycka Tra3a Ha paBHOMEPHOCTb HAHECECHHS

1. AuapeeB A.A., Cabnes JLIIL., Hlynaes B.M., I'puropses C.H. BakyymHO-1yroBsbie
ycTpoiicTBa ¥ NOKpbITHs. — XapbkoB: HHI[ XDPTU, 2005. — 236 c.
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HAHECEHUME NOKPBITUI HA NTBE302JEMEHT Y3U-JATYHUKOB
B.A. I'aspunosa, H.®@. Kawanos
KI'TY, Kazanw, yn.K.Mapxca, 68. E-mail: vikal 985@list.ru

B Hacrosiiiee Bpemsi B MEAMIIMHE JIJIST TUATHOCTUKH Pa3UYHBIX 3a00JIeBaHUMN
MOJIyYMJIM LIMPOKOE MPUMEHEHHE YIIbTPAa3BYKOBBIC alliapaThl U KOMIUIEKCHI. [ maBHOM
COCTaBHOM UX 4acThlo siBIsieTcd Y 3U - naTuuk, BaXKHEUIIUM 3JIEMEHTOM KOTOPOTO SB-
JsIeTCs THhEe303JIeKTPUUEeCKHil peoOpa3oBarenb (IUIacTHHA, KOJeOaHUs KOTOPOM CHa-
yaja reHepUpyIoT, a 3aTeM (GUKCUPYET OTPaKCHHBIM yIbTpa3Byk). OT CBOICTB 3TOT0
npeoOpas3oBaresisi 3aBUCUT Ha KaKoil riIyOuMHE B Teje MalMeHTa MOXKHO OyJeT pac-
CMOTPETh OOBEKT, KAKOTO pa3Mepa U ¢ KaKol 4eTKOCThI0. [Ipu mpounx paBHBIX yCIO-
BUSIX BO3MOXHOCTH amnmapara Jjisg MeauiuHcKod Y3U - TMarHoCTUKHU ONpeestoTCs
CBOMCTBaMH Martepuana.

Opnnako OGoybIIyI0 MPOOJIEMY COCTABISIET BBIXOJ U3 cTpos Y3U - naT4yukos,
CBSI3aHHAsI C HICTUPAHUEM TOBEPXHOCTHOIO CJIOS TbE303JIEMEHTA.

TpaauIIMOHHO COBPEMEHHBIC MbE30AICKTPUUECKUE Tpe-
oOpazoBatenu anst Y3U - AMarHoCTHKYU JeNa0T U3 KEPaMUKHU TUIA TUPKOHAT-TUTAHAT
ceunna (LITC) [1].

[ToBepXHOCTH MBE303EMEHTA, COMPHUKACAIOIIYIOCA C TE-
JIOM TAalKMEHTa 3alIUIIAI0T HECKOJbKUMH CIIOCOOaMM: HAHECEHWEM METaJlJIOB U CIlia-
BOB, JINOO HAHECEHUEM SITOKCUIHO-TTOIUI(QUPHBIX MATEPHAIIOB.

ToslMHA 3alUTHOTO CJOSI HE JOJKHA MPEBHIIATH YET-
BEPTU IJMHBI BOJHBI, YTOOBI COOTBETCTBOBATH TPEOOBAHUSIM K MPOIYCKAHHUIO, 4Yac-
TUYHOMY OTPa)K€HUIO U TOIJIOLIEHUIO YJIbTPa3BYKOBBIX BOJH, UCIIOJIB3YEMBIX B Ipe-
obpazoBatene. CKOPOCTh pacpOCTpaHEHUs YIbTPa3ByKa pacCUYUTHIBACTCS IO (HOpMY-
ne:

C=1f*3,
rae C - CKOpoCTh paclpoOCTpaHeHuUs yIbTpa3Byka, f — yacTora, 3 - AJIMHA BOJIHBI.
3 [ _ ® '
& ) \

0)
Puc. 1. Crpykrypa mnenku LITC, nomydennoii ¢ 10% mon.u36sitka PbO:
a) croyi0uyaThie 3epHa (TONepevHoe ceueHue), 0) BU CBEPXY.

YcpenHeHHas CKOPOCTh paclpOCTpaHEHUs YIbTPa3ByKa B
TKaHSIX 4eloBeka coctaBiseT 1540 M/c — HA 3Ty CKOPOCTH PACCUUTAHO OOJBIIUHCTBO
YJIBTPA3BYKOBBIX JUArHOCTHYECKHUX MpruOopoB. Haumenswinas pabodast yactora gaTdu-
Ka paBHA 2*10° I'y. IMoxcTaBiss B M3BECTHYIO HaM (pOpMYJTy, MOTydaeMm:
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A=C/f = 1540m/c: 2%10° Tu = 0,7*107m.

1l 4eTBepTh ATHHBI BOTHBI cocTaBseT 0,167%10°m.

AHaJIOTUYHO PAacCUUTHIBACTCS HEOOXOIMMas HaM BeJU-
YUHA ¥ JIS TaTYUKOB, UMEIOIUX OOJIbIIee 3HAYCHHUE YACTOTHI.

ONOKCUIHO-TIONUA(PUPHBIE MaTepUaIIbl HAHOCAT Ha JieTa-
JIM paclbUIEHUEM B 3JIEKTPOCTATUYECKOM TOJIE, KOTOPOE SBIIsETCS Hanbosiee y100HbIM
U o0ecreynBaeT JyUIIni KOHTPOJIb TONIIMHBI MOKPHITHS. OHO OCHOBBIBAE€TCSI Ha CO-
OOILIEHUH YacTULAM CYXOro MOPOIIKA 3JEKTPUUECKOro 3apsia. 3apsaKa OCyIleCTBIIsA-
€TCs KOPOHHBIM Pa3psiIoM.

HaHnecenne MeTamioB M CIJIABOB Ha IIbE30KEPAMUKY
OCYIIECTBIISIETCS TUIA3MEHHO-BAKYYMHBIM CTHIOCOOOM. JlJisi HambUICHHUS] TPAIUITMOHHO
INPUMEHSIOT JIETKOIUJIaBKUE U CPEIHEIJIaBKHE METAJUIbl, coJiepKaliue cepedpo, Mep,
najyiaguii u Ap., HO 3TO HE Bcerja obecrneyuBaeT Tpedyemble SKCIUTyaTalluOHHbIC
cBoiictBa Y3U - natunkoB. [1o3TOMy HauOONBIINI HHTEPEC MPEACTABISET HAHECEHUE
camoro [ITC. OnHako BO3HHUKAIOT CJIIOKHOCTH, CBS3aHHBIE C HEOOXOIUMOCTHIO MOIY-
YaTh KPUCTAJUIMYECKYIO CTPYKTYPY HaINbUICHHOTO MeTasuia. JlJisi 3TOro MpUMEHSIeTCs
narpes LITC fo temmeparyps npumepao 943°C B mporiecce HabUICHHSL.

Jlureparypa

1. Kuranmuna O.M. DneKTpoHHAsE MUKPOCKOIIHS 3JIEMEHTOB CETHETOAIEKTPUUECKUX
3V Ha ocHoBe MHOTOCHOMHBIX CTPYKTYp Si-Si02-Ti-Pt-IITC / O.M XKuranuna., I1.B
Bypmuctposa., A.JI. Bacunwes, B.B. Pognaruc, K.A. Boporunos, A.C. Curos M.:
Muxkpoanekrponuka, 2001. T.30. C. 205-217.

HUCCIIEJOBAHUE BJIMSIHUSA ITAPAMETPOB TEXHOJIOI'MYECKOI'O
IMPOLIECCA HA CBOVICTBA IIJIEHOK Al 1 V HA CUTAJIOBOH
HOJAJOKKE
P.JI. Hcxaxkos, E.®. Quuapun, ILU. byoapun

KI'TY, Kazanw, yn.K.Mapxca, 68. E-mail: vacuum@kstu.ru

WNHTeHcuBHOE pa3BUTHE METOJIOB UCIIAPEHUS W KOHJICHCAIIMU B BaKyyMe 3a I0-
cnenuaue 20 et 00yCIOBICHO YHUBEPCATBHOCTHIO TEXHOJIOTHH, BRICOKOU TTPOU3BOIH-
TETBLHOCTBIO MPOIIecCca HAHECEHUS TTOKPHITHI M CO3AaHuUsI TOHKHUX TIJICHOK.

OcobeHHOE BHHMaHUE YIEIsAeTCs Tpolieccy (pOpMHUPOBAHMS TOHKHX IUICHOK,
TaK KaK OHU HAIIU IHAPOKOE MPUMEHEHHE B MPOU3BOJICTBE WHTETPATBHBIX MHKPO-
cxeM. KauecTBO M3rOTOBIICHHS KOTOPBIX CBS3aHO C JKECTKO KOHTPOJIMPYEMBIMHU TIapa-
MeTpaMU TIJICHKH, TAKUMHU KaK: YJeIbHOE COMPOTUBIICHNE, TOIIIUHA, aIe3Us.

B paGote mpejcTaBieHbl pe3ysibTaThl MarHETPOHHOTO pachbuieHust Al u 'V Ha
CUTAJIOBbIE MOJUIOKKHU, pazmepamu (60x48x0,6)MM U BIMSHUE CIAEAYIOIIUX HapaMeT-
POB TEXHOJIOTMYECKOTO TpoIiecca:

- CMJIa TOKa Ha MuIlIeHH oT 4,5 1o 6A

- TaBJIeHUE B pabouei kamepe oT 5- 10"Ta o 6,4'10'1Ha

- TeMIiepaTtypa B padoueii kamepe 180-280°C
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- BpeMeHu pacnbuierus ot 20 1o 30 MuH.

Crnenyer OTMETHUTD, YTO MOJYYEHHbIE 3HAYEHUS SBIISUIUCH CPETHUMU U3 0OILEro
YyClia 3HAYeHUH CBOWCTB HANBUICHHBIX 3a OJMH LIMKJI IJICHOK. 32 OJJUH TEXHOJIOTHYe-
CKUU UKJI OBLIO HAIBIIEHO 3-5 MOI0kKEeK. B OCHOBHOM, HCCIeI0BaHUS TPOBOIUIUCH
I ATFOMUHHUEBEIX IUIEHOK. AJTIe3WOHHBINA CIIOW BaHAAgWsA WCCIEIOBAIIA MEHeEe MOJI-
poOHO.

JUis adrOMHUHHEBOM IUIEHKM YZEJIBHOE COINpPOTHUBIIEHHE OrPaHUYEHO 3Haye-
aueM 0,21 Om/cm® i Tommmuol 1 MkM. VI3MepeHne yIenbHOro 3eKTPHYECKOro CO-
MPOTUBIIEHUS TPOBOIMIKCH Ha nipudope MY C-3.

[IpoBeneHHbIE UCCIENOBAaHUS MMOKa3alld, YTO MHTEHCUBHOE PAaCHbLICHUE CIIO-
coOCTByeT 00pa3zoBaHHIO OOJIee TOJICTOM ITUIEHKH, 00aatoneil 6o1ee HU3KUM COMpO-
TUBJICHUEM.

Heobxoaumoe yaensHoe compotusierne 0,21 Om/em” wis Al u V monyammm
npu cusie Toka 6A u Hanpspkenuu S00B (puc. 1).

o LOM/cM?
0,25 : ‘
024 - | DpuuB
0,23 430
0,22 - S
0,21 (
0,2 I
0,19 - . i !
2 3 4 5 6 7
LA
A-Al,O0-V
Puc. 1. 3aBUCUMOCTD yAEIBHOTO JJIEKTPUUECKOTO
COIIPOTHBIICHHUS OT CWJIbI TOKA HA MUIICHU
£ .OM/cm?
0,28 J :
Mpwu Tn °C
0,26 555 i
0,24 | B s S
"] 280
0.22 b — o niil .
0.2
0,18 :
5 5,2 5.4 5.6 5.8 5] 6.2 6.4

Px10', Na

A AT K O-V

Puc. 2. 3aBUCUMOCTD YAEIBHOTO JIEKTPUUECKOTO
COINPOTUBJICHHUS OT JABJICHUS B Kamepe
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£ . OM/c”
0.25 T
0,24 s — | — MpntAa |
0,23 -
0,22 N
0.21 + ~ =
0,2
0,19
0,18

16 17 18 19 20 21 22

7 ,MHH

A-AT,O-V
Puc. 3. 3aBI/ICI/IMOCTI> YACIBbHOI'O SJICKTPUYICCKOI'O
COl'IpOTI/IBJ'IeHI/ISI oT BpeMeHI/I paCHBIHGHI/IH

VYaenbHOe 3IEKTPUYECKOE COINPOTHBICHHE 3HAYUTENIBHO 3aBHUCUT OT
nasieHus B paboueit kamepe. [Ipu ymensiienun gasienust B paboueit kamepe 10 5-10°
'Ma conpornnenne cumsmmock 10 0,23 Om/cm”. TIpu 5TOM yBEIHUCHHE TEMIIEPATYPBI
HOJUIOKKH BEJIO K YMEHBIICHHUIO YAEIbHOI'O CONpOTUBIEHMs. B wurore, cHmxeHue
TEeMIepaTypbl U yBEJIUYEHUE JABJIEHUS CIIOCOOCTBOBAJIO CYIIECTBEHHOMY BO3pacTa-
HUIO y/IE€IBHOTO CONPOTUBIICHUS.

VYBenuueHne BPEMEHHU PaclbUIEHUS! CIIOCOOCTBYET YMEHBIICHHIO MOBEPXHOCT-
HOT'O YJEJIBHOIO IEKTPUUYECKOTIO CONMPOTUBIECHHU. /ISl amtOMUHUEBOM IJIEHKU OYEHb
HU3KOE COMPOTHBICHHE HEXeNaTenbHo W orpadmuero 0,21 Om/cm’. Drta BenuumHa
nocturaercs 3a 20 MUHYT.

AHanornyHble U3MepeHus: ObUIM MPOBEIEHBI IO UCCIEAOBAHUIO BIMSHUS BbI-
HICTIPUBEICHHBIX MapaMETPOB HA aAre3UI0 U TOJIIKHY MIeHKn Alu V.

NOHHO-ITIJIASMEHHOE ®OPMUPOBAHUE AHTUMUKPOBHBIX
MNOJUMEPHBIX MATEPHUAJIOB
C.C. Cmenun, B.M. Enuncon
«MATH» - Poccutickuii 20cy0apcmeenHblll MexXHOL02UYeCKUll YHUBepcumem
um. K.3. Huonkosckoeo, Mockea, yn. Opwanckas, 3
E-mail: vim_e(@mail.ru, zdobi@rambler.ru

B mnocnennee Bpemsi HaOmogaeTcs pacTylMii HWHTEpPEC K AHTUMHKPOOHBIM
MOJIMMEPHBIM MaTepuajiaM, 0COOCHHO B MEIUIIMHCKOM, MUIIEBOW U mapdroMepHOI
MPOMBIIIJIECHHOCTH. M CMOIB30BaHUIO 3TUX MPOIYKTOB CIIOCOOCTBYIOT MHOTOYHC-
JICHHBIE HCCIICOBAHUsS, IOATBEPKAAOIINE, YTO MPEAMETHI, KOTOPBIE E€XKEIHEBHO
HAXOJISITCS B TIOJIb30BAHUH, MOTYT SIBJISITHCS HCTOYHUKOM MH(UITUPOBAHMUS.
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B 5710i1 cBs3M upe3BhIUAiHO BaKHBIM sBiIsIeTCs 3()deKT mpruoOpeTeHns aHTu-
MUKpPOOHBIX CBOMCTB TOJUMEPAMH C HAHOCTPYKTYPHUPOBAHHON IOBEPX-HOCTHIO
(HCII). HoBeiMm moaxomom k co3ganuto HCII sBhsercs ucmoiab30BaHUE METOOB
HWOHHO-IUIA3MEHHON TEXHOJIOTHH. Y KAa3aHHBIM MOAXO] BKIOYAET HOHHO-IIJIA3MEHHYIO
00paboOTKy MOBEPXHOCTH MOHAMHU XWMHUYECKU-UHEPTHBIX M aKTUBHBIX T'a30B U IOCIIE-
Nyiolllee MOHHO-TIa3MEHHOE (DOPMHpPOBAHUE TMOKPBHITUM HAa OCHOBE YIJIEPOACOACP-
KaluX IUIEHOK. Takoil MoJaXoa K CO3JaHUI0 aHTMMHMKPOOHBIX HaHOOHMOMAaTepHasoB
MOJKET OBITh MCHOJB30BaH B TEXHOJIOTUM H3TOTOBJICHHS IMOJMMEPHBIX KOHTEHHEPOB
JUISL XpaHEHUs! KOHTAKTHBIX JIMH3, KaTETEPOB, 30H/0B ISl UCKYCCTBEHHOI'O MUTAHUSA,
YHaKOBOYHBIX MAaTEPHUAIOB sl MULIEBON W map(roMepHON MPOMBILIIEHHOCTH U Ap.
[1]

B Hacrosimieil pabote mpeacTaBiieHbl pe3yJbTaThl HCCIENOBAaHUS IPOLIECCOB
noHHO-Tu1a3MeHHoro ¢opmupoBanuss HCII Ha cHUHTETHYECKHX MOJMMEPHBIX MaTe-
puanax, B yacTHOCTH mnonudTwieHtepedranare (II9TD), u xurTo3aHe, mMpUpoIHOM
OunoaerpagupyeMomM mojimMepe ¢ MosieKyisipHoit maccor 500 x/la, nMmeroremM cTeneHb
ne3auetwinpoBanus (78%), MX TOBEPXHOCTHBIX XapAaKTEPUCTUK M BO3MOKHOCTHU
ynpasienus umu. HCIT dopmupoBamuce 06paboTKO# MCXOTHON MOBEPXHOCTH MOTO-
KaMH MOHOB XMMHUYECKU aKTUBHBIX M MHEPTHBIX I'a30B (BO3AyIUHAs CMECh) U MOJHU-
¢unupoBaHueM CPOPMUPOBAHHOIO pelbeda IMyTeM HAHECEHUs IUIEHOK YTiepoja
TONIMHON 5-120 HM M3 HaNpaBJIECHHBIX MOHHO-TUIA3MEHHBIX MOTOKOB MapoOB YIJIEBO-
JOPOJIOB.

HccnenoBanne OMOCOBMECTUMOCTH TOJIUMEPOB CO C(HOPMUPOBAHHBIMU Ha HUX
HCII noBepxHOCTAMHU NOKa3aju, YTO MOCJI€ HOHHO-IUIa3MEHHBIX METOJ0B 00pabOTKH
3HAYEHUs 11 OMOCOBMECTUMOCTH MAaTE€pUAIOB yAOBIETBOPSIOT KPUTUUECKUM 3Haue-
HUSM. DTO JAeT OCHOBAaHHUA CKa3aTh O TOM, YTO Ha UX IOBEPXHOCTU HE MPOUCXOIUT
TaKOI'o SIBJICHUS KaK JMCIEPCHUs MJIEHKU U OTCYTCTBYET CIMIIKOM OOJbIIas pazHULA
Mexda3HbIX HanpsbkeHui. B Tabnuue 1 npuBeaeHbl KpUTUYECKUE 3HAUCHUS MTOBEPX-
HOCTHOTO HATSDKEHUS M €ro MOJSIPHOTO U AMCIIEPCHOHHOI'O KOMIIOHEHTOB JIsi 00pas3-
LIOB XUTO3aHa:

Taoauna 1. [ToBepXHOCTHOE HATSKCHUE M 3HAYCHUS €r0 TIOISIPHOTO U JUCIIEPCHOH-
HOTO KOMIIOHEHTOB JJII XUTO3aHa JI0 ¥ MMOCJIe IJIa3MEHHON 00paboTKH.

Ne o6pasna Venosus o6pabotku | o, MIx/M* | o, MIDr/M® | os, MIDx/M

1 obpabotka BY (13,56 44242 18,4+3 62,613
MI '), t=5 mMunH

2 obpabotka [TJTABMA 33,12 15,843 48,943
600T, t=7 muu

3 obpabotka BY (13,56 38,0+2 23+3 61,0+3
MI'n), t=7 muH

4 KOHCTPOJIb 29,5+3 27,5+5 56,6+5

AHJII/IKaI_[I/IOHHBIM MCTOJOM HCCIICOOBaHa aHTI/IMI/IKpO6HaH AKTHUBHOCTH HAHO-
CTPYKTYPUPOBAHHBIX HNOJIUMCPHBIX MAaTCPHUAJIOB U IMUIICBOTO XUTO3dHA B OTHOIICHUHA
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rpammonoxutenbHoro (Staphylococcus aureus ATCC 29213) u rpaMoTpHIIaTeTbHBIX
(Escherichia coli ATCC 54383 u Pseudomonas aeruginosa ATCC 27853) mukpoopra-
HU3MOB, a Takke rpubkoB Buaa Candida albicans (kauHUYECKU WAESHTUDUITUPOBAH-
HBII IITAMM).

NonHo-nnazmenHass oOpaboTKa MOBEPXHOCTH XWTO3aHA MpUBENAa K yBeJIUde-
HUIO aHTUMUKPOOHOU aKTUBHOCTH B OTHOIIIeHHEe Staphylococcus aureus B 3 pasa.

HaumenoBanue Wcnonp30BaHHBIE TECT-IIITAMMEI
HCCENyEMOT0 — - - -
oy Staphylococcus | Escherichia coli | Pseudomonas Candida albi-
cybctpara .
aureus aeruginosa cans
IID9T® koH- CHmxeHne Het cHmxenus Het camxenus | Het cHmkeHus
TPOJIb THUTpa B 2 pasza TUTpa TUTpA TUTpa
[I95TO CHimxeHue Camwxenne tuT- | CHIDKEHHE THT- CHuxeHue
Bozn. 5’ TUTpa B 4 pasza pa B 3 pa3za pa B 4 paza TUTpa B 5 paza
II9T® CHmxeHne Cumwxenue TuT- | CHMKEHUE TUT- CHMKeHHnE
Bozn. 5° TUTpa B 4 paza pa B 4 paza pa B 3 paza TUTpa B 6 paza
o-C:H 5’

Tabauua 2. VccienoBanre aHTUMUKPOOHOM aKTUBHOCTH arNIMKAIIMOHHBINA METO.)
Takum oOpa3om, UCCIIEIOBAHUS CHUHTETHMYECKUX M MPHUPOAHBIX IMOJIUMEPHBIX
MaTepHaioB O M Tocie 00pabOTKH, MOKa3aldu CYIIECTBEHHOE BIUSHUE HOHHO-
1a3MeHHOM 00paboTku Ha 3((PEeKTUBHOCTH (HOPMHUPOBAHUS MHUKpOpenbeda MmoBepX-
HocTU. [lomydeHHble pe3yabTaThl AEMOHCTPUPYIOT cyiiecTBeHHoe Biusinne HCII na
uX OMOJIOTMYECKYI0 aKTHBHOCTbD, B YACTHOCTH HAa aHTUMHUKPOOHBIE CBOWCTBA.

Jlureparypa

1. B.M. Enuncon, B.B. Cnennos, A.H. JIsmun, B.B. Ilotpscaii. MonHO-mI1a3MeHHBIE
METO/1bl (POPMUPOBAHUSIHAHOCTPYKTYPUPOBAHHBIX MIOBEPXHOCTEH JIJIs 1EJIei MeTUITH-
HBI U OMoTexHoJsoruu. // BakyymHas Hayka u TexHuka: Martepuainsl X1 HaydHO-
TeXHUYECKOU KOH(PEPEHIUH C y9acTHEeM 3apyOekHbIX crienuanuctoB. Cyaak, 2004.

PEIT’ACTPALIUS TEXHOJIOIT'MYECKUX TAPAMETPOB B [TIPOLHECCE
HAHECEHUS ®YHKIIUOHAJIBHBIX IOKPBITUI B BAKYYME
A.P. I'anaymounos, A.I. JIyukun, I'.C. J/Iyukun
I'OY BIIO KI'TY, Kazaus, yn. K. Mapkca, 68. E-mail: toureech@mail.ru

CoBpemeHHasi BAKyyMHasi TEXHUKA U TEXHOJIOTHSI TIO3BOJIIET CO3/1aBaTh MOKPHI-
THS C 33JJaHHBIMU XapaKTEPUCTUKaMHU. B MarHeTpOHHBIX PACHBLIUTEIbHBIX CUCTEMAX,
U3MEHSIA MMapaMeTphbl TEXHOJOTMUECKOT0 Mpoliecca, TAKUE KaK: HaNpsKeHHE Ha KaTo-
1€, JaBJ€HHE U COCTaB paboyero rasa, MHAYKIUIO MarHUTHOTO MOJSl, MOXKHO HaHO-
CUTh MOKPBITUA C PA3IMYHOMN TJIOTHOCTHIO, aAre3uei, MUKpoCcTpyKkTypou [1]. Peruct-
parusi TEXHOJOTUYECKUX IMapaMeTPOB B MPOIECCe HAHECEHUS (PYHKIIMOHAIBHBIX TO-
KPBITUH TO3BOJISIET YJIYYIIUTh TEXHOJIOTHIO M TMOBBICUTH KAYECTBO HAHOCHUMBIX IIO-
KPBITHIA.
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Lenbro paboOTHI SABIISETCS aBTOMATHU3aAIUs MPOIECCa PETUCTPALMU TapaMeTPOB
KOHTPOJIbHO-U3MEPUTETHLHOT0 000pYy0BaHMsI BaKYyYMHOM YCTaHOBKH B IpOLIECCE Ha-
HECEHUS MOKPBITUH.

Hanecenne (QyHKIMOHATBHBIX TMOKPBITUN OCYHIECTBISICTCS METOIAOM MarHe-
TPOHHOTO pacmhbUIieHUs Ha BakyymHOW yctaHoBke YBH-70A-2. Cxema ycTaHOBKH
npuBeseHa Ha pucyHke. Kamepa mmeer aBe OOKOBBIE OBEpIbl, HA BHYTPEHHEH MO-
BEPXHOCTH OAHOM M3 KOTOPBIX 3aKPEIUICHHI JIBa MarHeTpoHa. [y moiaydeHus nmokphl-
TUI ¢ TpeOyeMbIMH XapaKTePHUCTUKAMU Pa3padOTaHbl U YCTAHOBJEHBI: CUCTEMa Ha-
rpeBa MOAJIOKEK U MOAJIEP)KAHUS 3alaHHOM TeMIlepaTypbl; YCTPONUCTBO MOJA4YU U pe-
TYJIUPOBKHU pacxojia pabodero rasa; cuctema (pOTOMETPUYECKOTO KOHTPOJIS TOJIIMHBI
HaIbUIAEMbIX MOKPBITUNA. OCHOBHBIMU PabOYMMHM MapamMeTpaMy IPU HAHECEHUU II0-
KPBITHI SIBISIFOTCS: HAPSDKEHUE HA 3JIEKTPOJAX, BEJIMYMHA PA3PSIIHOTO TOKA, TEMIIe-
paTypa MOJAJIOKKH, TOJNIIMHA MOKPHITUNA U BeIMYMHA JABJICHUS IJIa3MO00Pa3yIOIIEro
rasa.

JIJist KOHTPOJISI TEXHOJIOTHYECKUX TapaMeTpPOB HANbUICHUS (DYHKIIMOHATBHBIX
MOKPBITUH B BaKyyMeé HaMu ObLI MCIOJIB30BAaH MOJYJIb BBOJA aHAJOTOBBIM HM3MepHU-
TenbHBIN MBA 8, KOTOpBI peaHa3sHayeH Il MOCTPOCHHUSI aBTOMAaTUYECKUX CUCTEM
KOHTPOJISl U PEryJupOBaHUs MIPOU3BOJICTBEHHBIX TEXHOJOTUYECKUX MPOLECCOB B pa3-
JMYHBIX 00JIACTAX MPOMBINUIEHHOCTH. [[aHHBI MOAYIb BBOAA OBLI MOJKIIOYEH K U3-
MEpPUTEIHLHOMY 000py0BaHUIO BaKyyMHOHN ycTaHOBKH Y BH-70A-2.

CurHanel ¢ JaTYUKOB, U3MEPSIOMIUX (U3NUYECKHE MapamMeTpbl 0OBEKTOB, IMO-
CTYMAIOT B MPHOOP B pe3ysbTaTe MOCIEI0BATEILHOIO onpoca AaT4ukoB. [lomydennsie
CUTHAJIBI Mpeo0pa3yroTcss B LU(pOBbIEe 3HaUeHUs. B mpoiecce oOpabOTKU CUTHAIOB
OCYUIECTBIISIETCS UX (PUIIBTPALIUS OT IOMEX U KOPPEKILIUS MMOKa3aHUIl B COOTBETCTBUU C
3aJaHHBIMU MapameTpamMu. Onpoc AaTYMKOB M 00pabOTKa MX CHUTHAIOB OCYIIECTBIIS-
€TCsl MOCJIEeI0BAaTENbHO M0 3aMKHYTOMY LUKIY. JlJI KaXa0ro BXoJa 3a1aeTcs NepHo
onpoca B uateppaiie ot 0,3 10 30 c. [ KOppEeKTHOrO BHIYUCICHUS MApaAMETPOB, KOH-
TPOJMPYEMBIX TEPMOAIEKTPUUECKUMHU MPEoOpa3oBaTeNIsIMU, MPETyCMOTPEHa aBTOMa-
TUYECKas KOPPEKIHs MOKa3aHui mpuOopa Ha OCHOBE MOKa3aHHWM JaT4vKa KOHTPOJI,
pacrosokeHHoro BHyTpu mpudopa. Ilpu paboTe ¢ akTUBHBIMHU TpPeoOpa3OBATEIISIMU
BBIXOJHBIM CUTHAJIOM, KOTOPBIX SIBJIIETCS HANpPSDKEHHWE WM TOK, B MPUOOpE Mpemdy-
CMOTpPEHa BO3MOXXHOCTh MacIITaOMpOBaHUS MIKaNbl u3MepeHus. lcmonp3oBaHue
MaclITaOUPYIOMIMX 3HAYEHUN MO3BOJIIET OTOOpaXkaTh KOHTPOJIUPYEMbIE (pu3ndeckue
napaMeTpbl HEMOCPEACTBEHHO B €IUHUIIAX UX u3MepeHus. [lonyueHHble B pe3ysibTaTe
U3MEpEHUN U OT(UIBTPOBAHHBIC 3HAYEHUS (PUINYECKUX BEITUYHH KOPPEKTUPYIOTCS
npuOOpPOM B COOTBETCTBHH C IMPEIBAPUTEIHHO 33JaHHBIMU TMapamerpamu. [lomyuen-
HbI€ Pe3yJbTAThl 3aIUCBHIBAIOTCS HAa KOMIIBIOTEP M 3aTe€M OCYLIECTBIIAETCA UX 00pa-
00TKa.

Takum 00pa3zoM, OcyllecTBIIEHA aBTOMAaTH3aLMsl [IPOLIecca PErUCTpalMy Mapa-
METPOB KOHTPOJIbHO-U3MEPUTEINHHOIO 000PYAOBAHMS BaKYyMHOM YCTaHOBKH. MHOrO-
KaHaJbHasl PErUCTpalysl CUTHAJIOB 000pYyI0BaHHUs, KOHTPOIUPYIOUIUX MPOIIECC HaHe-
CeHUs] (PYHKIIMOHATBHBIX TOKPBITHH, MTO3BOJISIET YIYUIIUTh TEXHOJIOTHIO HAHECEHUS U
MOBBICUTH KAYE€CTBO MOTYyYa€MbIX MOKPBHITHIA.
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Pucynok. O@yHKIIMOHAIbHAS CXeMa IKCIIEPUMEHTAIbHON YCTaHOBKM. | - BakyymHas kKamepa; 2 -
OOKOBBIC KPBIIIKH; 3 - CHCTEMa BaKyyMHON OTKa4KH; 4 - MATHETPOHBI; 5 - HCTOUHUK MHUTAHUSA; 6 -
cUcTeMa ra30CHa0XeHus; 7 - cucreMa (POTOMETPUYECKOr0 KOHTPOJIS TOJIIIMHEL; 8 - CUCTeMa Bpa-
IIeHHus TOJUIOKEK; 9 - oOpabateiBaembie peranu; 10 - HarpeBatenu; 11 - cMoTpoBble OKkHA; 12 -
KJIallaH HaIyCcKa BO3Ayxa; 13 - MaHoMeTpuueckuil Aatduk; 14 - mTynepa Mmojadu OXJIaxIarolien
BOJBI, 15 - 3aciaoHKa; 16 - BEICOKOBOJIBTHBIN OJJOK MOHHOM OYMCTKH, 17 - BHICOKOBOJBTHBIA JJICK-
TPOJ MOHHOU OUUCTKH; 18 — Moayns BBoga MBA 8; 19 — nepcoHanbHbI KOMITBIOTED.

Jlureparypa
1. TansyrnunoB A.P., Kamanos H.®d. Btopas poccuiickas cTyJaeHYecKass Hay4dHO-

TexHU4YecKast KoH(pepeHus «BakyymHas TeXHHKa U TexHoJorus» Kaszans, anpens 12-
14, 2005r., c. 108.

MOJIEJIUPOBAHUE MAPAMETPOB TEXHOJIOI'MYECKOI'O
MPOIECCA HOHHO-BAKYYMHOI'O KOMIIVIEKCA
/. H. Hcpaghunos, P.C. @aiipyzos, C.M. [lopmnos, P.K. @apoues,
B. B. 36e30un, *P.P. 3uzanmun
KI'DA (MHDKA), Habepescrvie Yennwt, np. Mupa, 68/19. *O00 HIIL] «AJIBAK»,
Kasanw, np. Amawesa, 36. E-mail: kampi@kampi.ru

[ToBepxHOCTHOE OOOTAIICHHE CTAIBHBIX JAeTallell U HHCTPYMEHTOB C IMOMOIIIBIO
azota - 3(pPEeKTUBHBIN METOJ| YBEIWYEHUSI UX TBEPJOCTU, U3HOCOCTOWKOCTH M CIIO-
COOHOCTH HECTH LUKJINYHBIC Harpy3ku. Kpome Toro, a30TupoBaHHbIC MAITUHHBIE Yac-
TH TPHOOPETAIOT TMOBBIIMICHHYI0 KOPPO3UOHHYIO YCTOMYHNBOCTh BO BJIAXKHOU aTMoOChe-
pe u Apyrux cpengax ciaboi arpeccMBHOCTHIO. He Ha mocneaHemM MecTe - UX Crocoo-
HOCTh COXPaHSTh BBICOKYIO TBEPJOCTh U HM3HOCOCTOMKOCTH TPHU BBICOKHX pabounx
temrneparypax. OCHOBHOE TEXHOJOTHUYECKOE MPEUMYIIECTBO a30TUPOBAHUS — HHU3KAs
temrneparypa nporuecca (450-600°C), 9ro sABIIETCS MPUUUHONW HE3HAYUTEIBHBIX 00b-
E€MHBIX U3MEHEHUH U aedopmariuii 00padbaTeiBaeMbIX JeTajaeil U HHCTPYMEHTOB.
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HNonHoe a30TupoBaHKe NMPOBOJUTCS B YCIOBUSAX aHOMAJIBHOTO CHIIBHOTOYHOTO
TJCIolero paspsna. Paspsin HarpeBaer oOpabaThiBaeMble ACTaM, BKJIIOYEHHBIE B
JNEKTPUYECKYIO CETh Yallle BCETO0 B KAUECTBE KaTO/1a, 10 TEMIEPATYpbl a30TUPOBAHUS
U aKTHBHU3UPYET B TEPMOXMMHUYECKOM OTHOLICHHH T'a3000pa3HyI0 a30TOCOIEPIKAIILYIO
HACBHIIAIOLIYIO CPENy.

BricokoaHepreTnueckue mpoueccsl NO3BOJISIOT PEIaTh MHOTHE TEXHOJIOIHYe-
CKHE 3a/1a4¥, OJHAKO 3(PPEKTUBHOCTh MCIIOJIb30BAHUS B MAIIMHOCTPOSCHUH KOHICH-
TpupoBaHHbIX MOTOKOB sHeprun (KIID) caepkuBaercss oTCyTCTBHEM 0a3 JaHHBIX
B3aMMOCBSI3U ONTHUMAJIbHBIX 3HAYEHUUN MapaMeTpPOB TEXHOJOIMYECKOro KOMILIEKCa
(TK) ¢ tpebyembiM KauecTBOM TexHoJoruueckoro mporecca (TII). Bece ato tpebyer
MPOBEICHNUS MHOKECTBA SKCIIEPUMEHTAIBHBIX HCCIECIOBAHUNA U TOBBIIICHHE MOTPEO-
JIEHUs] SHEPropecypcoB U BpeMeHU. [1o3ToMy MozennpoBaHUe MPOLIECCOB B3aUMO I -
ctBus KIID ¢ pasnnuHbiMM MaTepuaniamMu MO OTPAHUYEHHOMY YHUCIY SKCIEPUMEH-
TaJbHBIX JAHHBIX SIBISIETCS aKTYallbHOM 3ajjauell ¢ TOUKH 3pEeHHs SHeprocoeperaromei
MIOJTUTUKH.

B nannoii pabore pemraercs 3agada noucka tpedyembix napamerpos TK Ha oc-
HOBE MOJEIMPOBAHUS M3BECTHBIX SKCIIEPUMEHTAIBHBIX 3aBUCUMOCTEH OT 3aJlaHHBIX
nokasaresnen kadectsa TII ¢ MuHMMM3anuen 3aTpaT NPU BBIIOJHEHUHM YHEPTOEMKHUX
Hay4HO-MCCIIEOBATENbCKUX PaObOT METOIOM MapaMeTPUUECKON ONTUMH3ALUH.

Merton pelieHus: 3aKJII04aeTcss B MaTeMaTuyeckoi o0paboTKe OrpaHMuYEHHOTO
Yyucia NOJy4eHHBIX SKCIEPUMEHTANIBHBIX 3aBUCUMOCTEN Moka3areneil kauectBa TII oT
napametpoB TK u cozmanuu monenu. JlanHas Moieb OnpeaenseT TpedyeMble 3Haue-
Hus mapameTpoB TK miist focTikeHns 3aJaHHbIX 3HAYEHUH TToKa3aTesnen kadectsa T11.

[Ipu momyuenun Tpebyemoit mukpoTBepaoctu (Hu) Ha ¢ukcupoBaHHOM Tiy-
OMHE C 3aJJaHHBIMH MapaMeTpaMu ObUIHA SKCIIEPUMEHTAIBHO MOIYYECHbI Pa3InyHbIe €€
3HAYEHUs. DTH NapaMeTpbl U3MEHSAIOTCS MIPU MOBTOPHBIX 3KCIEPUMEHTAX 3apaHee He-
npesckazyemMbiM 00pa3zoM. To ecTb, HEBO3MOKHO ONPENIEIUTh KaKoe KOHKPETHOE 3Ha-
yeHue OyJeT MMETh MUKPOTBEPJOCTh MpH omnpeaeneHHbix napamerpax TK. Omnako
MO>KHO OIPEAEIUTh BEPOSATHOCTH NOMAJAaHUS U3MEPEHHOIO 3HAYEHUS MUKPOTBEPIO-
CTH B 33/IaHHYI0 00JIacTh JIOMYCTUMBIX 3HaUeHui. [Ipeanonaras, 4To 3aKoH pacmpee-
JICHUSI UCCIIEAYEMOM COBOKYITHOCTU JAHHBIX SIBJISIETCS HOPMAJIbHBIM, MOKHO C 3aJ1aH-
HOM TMOTPEIIHOCThIO paccunTaTh mapamerpsl TII. B pabore mokazano, 4to mpu (puk-
CUPOBAHHOMN TOBEPUTEIBHON BepOoATHOCTH p = 0,95 ¢ TOUHOCTBIO €,,,=0,5, mpenmnona-
raeTcs mpoBeneHue He MeHee 20 M3MepeHuid, 4To TpeOyeT 3arpar JIEKTPUUIECKOMN
sHepruu 6osee 50 KBt1/4ac.

3akinroyenne

OCHOBHBIM JTOCTOMHCTBOM PEATM30BAHHOTO MOAX0JIa K MPOBEACHUIO HAYYHBIX
UCCIIEZIOBaHUIN C NMPUMEHEHHEM METO0B MojenupoBanus mnpoueccoB KIID Bexer k
CHIDKEHUIO 3JIEKTPOIOTpedaeH s Ha mpuMepe noHHo-1azMenHoro TK 1o 40%.

Jlureparypa
1. "AszotupoBanue u kapoonutpupoBanue" M.: Meramnyprus, 1990/ nox pen. Ily-
xapauHa C.B.
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