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VK 621.088
Agspeituyk E.C.
HCIIOJb30BAHUE TEH30METPUU
AJIS1 UCCIIEJOBAHUSA
MNPOLECCA BUBPALIMOHHOI'O TOYEHUSA

BHTY, . Munck,
Hayunwiii pykosooumens.: Janunouux C.C.

Jist u3ydeHus mpoiecca BUOPAIIMOHHOTO TOYEHUS, B YaCT-
HOCTHU CHJI pe3aHus U BHOpOIepeMelieHnii, MOXeT UCIONb30-
BAaTbCA TEH30METpHUA. Y CTPOIMCTBA, MO3BOJSIOUINE OCYLIECTB-
JISITh 3JIEKTPOTEH30METPUPOBAHUE, T.€. U3MEPEHUE dIIEKTpUYe-
CKUMHU MeToiaMu jaedopMaliiii TBEPIbIX TEJ, HA3bIBAIOTCS
ANEKTPUIESCKUMHU TEH30METPaMH. DJEKTPHYECKHNA TEH30METP
COCTOUT M3 BOCHPHHHMAIOIIETO YCTPOHCTBA (TEH301aTUHKA),
MEepEaroIIero yCTPONHCTBA M PErMCTPUPYIOUIET0 Mpubopa.
Haubonbiee pacnpocTpaHeHUe MOTYYMWIN TEH30JATIYHKH CO-
MIPOTHUBJICHNUS, BHIIOIHEHHBIE HA 0a3e TEeH30pe3nCTOPOB, NIei-
CTBHE KOTOPHIX OCHOBAHO Ha WX CBOWCTBE M3MEHSATH IOJ] BIHU-
sHAEeM JedopMariy (PacTsSHKCHHS WA CXKaTHsl) CBOE DIIEK-
TPUUYECKOE COMPOTHBIIEHHE. JlepopMariio TEeH30pPE3UCTOPHI
MIOJTy4aloT BMECTE C YIPYTHM DJIEMEHTOM, Ha KOTOPBIA HaKie-
nBarotcd. lllupokoe mprMeHeHrne TEeH30AaTYMKOB OOBICHSIET-
Cs1 TIETIBIM PSIIOM MX IOCTOMHCTB:

e  Majbic Ta0apUTHI U BEC;

®  MaJOMHEPIIMOHOCTh, YTO ITO3BOJISIET MPUMEHATh TEH30-
JMATYUKU KaK IIPHA CTATHYECKUX, TaK ¥ MPH JTHHAMHYECKIX H3Me-
PeHUSIX;

e  00NMaAarOT TMHEWHOUN XapaKTepPUCTHUKOM;

®  TIO3BOJIAFOT JUICTAHIIMOHHO M BO MHOTHUX TOYKaX MPO-
BOJIUTH U3MEPEHUS;

e cmoco0 YCTaHOBKH HMX Ha HCCIEAyeMYyIO JeTanb He
TpeOyeT CIIOKHBIX MPHUCIIOCOOIEHU W HE MCKaXKaeT IoJe Jie-
(hopmaruii uccnemyeMoit neranu.

B mnpakrtuke u3MepeHWil HWCHONB3YIOTCS IPOBOJIOYHBIE,
(honmeroBEIE W TIOMYMPOBOMHUKOBBIE TEH30PE3UCTOPHL. [l
W3TOTOBIIEHUSI TEH30PE3UCTOPOB IMPUMEHSIOTCS MaTepHalbl,
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MMEIOIINE BBICOKOE 3HAUYCHHE KOI(PPHUIUCHTa TEH304yBCTBH-
TenbHOCTH. KOd(pUIMEHT TEeH304yBCTBUTEIBHOCTH OIpere-
nsiercs mo Gpopmye
k=(AR/R)/(Al/),

rie AR/R — orHOCUTENbHOE U3MEHEHME YAEIBHOIO BIIeK-
TpoconporusieHus Tensopesucropa, Al/l — orHocurensHoE
M3MEHEHHUE JUTHHBI TIPOBOJIOKH IO ACHCTBUEM MPHIOKEHHON
Harpy3ku. i IpOBOJIOYHBIX TEH30pE3UCTOPOB K <2 — 2.5,
1t mostynipoBoaHuKoBbIX — K =100..200.

Haubonee uacto B kauecTBe MaTepuasa sl IPOBOIOYHBIX
TEH30PE3UCTOPOB HCIONB3yeTCsl KOHCTAHTAaH, HHUXPOM, pas-
JINYHBIE cIiIaBbl Ha ocHoBe Ni, Mo, Pt (Tadiuua 1).

Tabmuia 1 — MaTepraisl ISl H3TOTOBIEHUS TEH30PE3H -

CTOPOB

Marepuain Cocras, %

Koncranran 45N, 55Cu

Kapma 74Ni, 20Cr, 3Al, 3Fe
V303mactuk 36Ni, 8Cr, 0.5Mo ,55.5Fe
Huxpom V 80Ni, 20Cr
[TnaTuHOBONBGpaM 92Pt, 8W

Apwmrop [T 70Fe, 20Cr, 10Al

[IpoBooYHBIEC TEH30PE3UCTOPHI U3TOTABIUBAIOTCS B BUJIC
HAKJICEHHBIX Ha TOHKYIO OyMary WM JIAKOBYIO TUICHKY 3WT3a-
rooOpa3HBIX TIETeNb (BUTKOB) TOHKOW IPOBOJIOKH (PHCYHOK
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Pucynok 1 — Tunsl TEH30pe3UCTOPOB:
IIPOBOJIOYHKIE — TIeTiIeBas (a), BUTKOBas (0); Gorbroseie —
JUTS N3MEHEHUS OJIHOM KOMITOHEHTHI JleopMaliiu (B), Tpex
KOMIOHEHT (T), | — mpoBoioKa; 2 — BBIBOABI PEIIETKH; S —
0Oa3a maTymka



Haubonee ynorpebuTensHbIM MaTepHaioM SIBISICTCS KOH-
cTaHTaHoBas mpoBosioka AuameTpom 20-30 mxM. HomuHams-
HOE COMPOTUBIIEHHE BBIMYCKAEMBIX NPOBOJIOYHBIX TEH30pPE3U-
CTOpOB Ha OyMa)KHOW M IJICHOYHOH OCHOBE cocTaBisieT oT 50
1m0 400 Om ¢ mmHoi 6a3el 5—30 MMm. Kosddumument tenso-
YYBCTBUTEIBHOCTH CEPUIHO BBITYCKAaE€MBIX TEH30PE3HCTOPOB
+0,2, HOMUHAJIBHBIN pabounii Tok 0koj0 30 MA, MakCUMalib-
HbIC JIOMYCTHMBIC OTHOCHTENIbHBIC Iedopmanmu He Oolee
0,3%.

@onbroBeIe TEH30PE3UCTOPHI (PUCYHOK 1) HMEIOT pemeTKy
W3 TOHKHX IOJIOCOK (DONIBI'M MPSIMOYTOJBHOI'O CEYCHHS TOJI-
uHOM 4—12 MKM, HAHECEHHBIX Ha JIAKOBYIO OCHOBY. OCHOB-
HOE MPEUMYIIECTBO TAKMX TEH30PE3UCTOPOB — BO3MOXKHOCTh
W3TOTOBJICHUS] PELIETOK CIOKHOTO MPOQUIIsi, KOTOpble Han0o-
Jiee MTOJTHO OTBEYAIOT YCIOBHSIM U3MEPEHMS.

[TomynpoBOAHUKOBBIE TEH30PE3UCTOPHI, 1O CPABHEHHUIO C
PacCMOTPEHHBIMH BHIIIIE, UMEIOT CIIEAYIONINE MTPEUMYIIIEeCTBA!
rX 4gyBcTBUTENbHOCTH B 50—80 pa3 BhImie, 4eM y MpOBOJIOU-
HBIX; BBICOKHH YPOBEHb BBIXOIHOT'O CHTHAla B psJE CIydacB
He TpeOyroT nmpumeHeHus ycuiutens. K HemocraTkam momy-
MIPOBOIHUKOBBIX TEH30PE3UCTOPOB OTHOCHUTCS MX Majas Me-
XaHW4YecKasi MPOYHOCTh 1 THOKOCTb.

W3meHeHne COMpOTHBIIEHHE TEH30PE3UCTOpa 3aBUCHT OT
BEJTMYMHBI €70 OTHOCHUTEIFHON eopMaIiim

AR(e)==+k-R-¢g,
rae & = |_ . OHO MaIo0 M COCTaBJIAET OT HECKOIBKHUX THICSY-

HBIX 10 mpecarsix poneil Oma. Ho Benmumbaa AR 3aBucur He
TONBKO OT aAedopManvi, HO M OT TEMIEpPaTypsl YIPYroro
3JIEMEHTa
AR(®) =a-A®-R,

rae A® — u3MeHeHHe TeMITepaTypsl yIpyroro 3JeMenTa, o —
TeMITEpaTypHBIA KO3(P(UITMEHT OTHOCUTENFHOrO W3MEHEHUS
CONPOTHBIICHUS] TEH30pe3ncTOpa. JJisi yMEHbIIeH!s! TIOTpelIHo-
ctu TpedyeTcs TepMOKOMIeHcanus. TepMOKOMIIeHcarsl OCy-



LIECTBIISIETCS BKJIIOYEHHEM TEH30PE3UCTOPOB B MOTYMOCTOBYIO
WM MOCTOBYIO cxeMbl. Hanbonee mmpoko MCHONb3yeTcs: MO-
cToBas cxeMa. MocToBasl cxeMa TEH30JaT4UKa IIPEeICTaBIICHA
Ha pUCYHKe 2.

Ona mnoakto-
YyaeTcs K HCTOY-
R = HUKY TOKa ~US.
BeixogHoe
3 Hanpsokeane . U
CHHMaeTesi ¢ W3-
MEPUTENBHON
R4 R3 Juaronanu. Mo-
CTOBas cxema
MPU OJTMHAKOBBIX
| I TEH30pEe3UCTOpax

s rapaHTupyer Cco-

Pucynok 2 — MocTtoBas cxema XpaHCHHC  CTa-

BKIIFOUEHHUS TEH30PE3UCTOPOB OMIIBHOCTH IIOKa-
3aHUM, ITOCKOJb-

Ky TpH W3MEHEHUH TEeMIIEpaTypbl M3MEHEHHsS YIpPYrou Je-
(hopmaru B TEH30pE3UCTOpPax OyIyT OMHOTO 3HAKa U MO3TO-
My kommerncupytores. Ilpn R1Rs=R2R3 Tok B n3mepuTenbHOM
JIMaroHaju OTCYTCTBYET. Takoe COCTOSTHHE MOCTOBOM CXEMBbI
obecrieunBaeTes OamaHcupoBkoi. [Ipu medopmaiiuu XoTs Obl
OTHOTO W3 TEH30PE3WCTOPOB MEHSETCS €ro COMPOTHBICHUE.
bananec Mocra Hapymaercss U B W3MEPUTENbHOW TUAroHajIu
TedeT TOK. BemmunHa curHama, CHUMaeMOro ¢ U3MEpUTENbHON
IVaTOHANM, TPOIOPIIMOHAIFHA OTHOCHUTENBHON AedopMannn
€

rae &;,€5,&3,&, — OTHOCUTENBHBIE AeOPMALIMK TEH30PE3H-
cropoB. BrixoaHoii curHan U mMocTa ¢ IpOBOJIOYHBIMH TEH30-
pesucropamu cocrapisier He 6omee 10..50 MB npu nedopma-
nuu 1%.

I[J'ISI HU3MCPCHHUA aMIUIMTY/IbL KoJ1e0aTeIbHOr0 JABHKCHUA
pe3na U UCCICAOBAHU €ro TPACKTOPUHU ABUXKCHHUA B IIPOLECCE
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TOYCHHUSA C BHOPAIMSMU TEH30JATUYHUKH KPEHHINCh Ha YIPy-
Iyl 0aqKy paBHOTO COMPOTHBIICHHS, & JUIS W3MEPEHHS CHII
pe3aHust — Ha JIepKaBKy pe3lia (PUCYHOK 3).
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Pucynok 3 — Cxema pacronokeHusi TeH30pEe3UCTOPOB Ha

OaJike paBHOT'O CONIPOTHBIICHHUS (a) U JiepkaBke pe3ia (0)

CurHasbl U3MEPUTEIbHON JUATOHAIH yCHIIMBAINCh BOCh-
MHUKaHAIBHBIM ycuiauTenem Spider 8 u mocrymanam Ha mepco-
HAJBHBIA KOMITbIOTEp. [IpenBapUTEIbHO TEH30METpHUYECKast
crcremMa ObUTa OTTapHpPOBaHA ¢ MUCIOIB30BAHUEM WHIMKATOPA
4acoBOT'0 TUTIA U JHHAMOMETA.

VK 629.331.027.5-049.32
AnuknHa A.A.
ABTOMOBHUJIBHBIE HINMHBI

BHTY, 2. Munck
Hayunwiii pykogooumens: I[lnesxo A.A.

Kax m3BecTHO 0€3 KOJECHOW TEXHUKU HEMBICIHMO COBpE-
MEHHOE 4eNI0BeYecKoe 00IecTBO. ABTOMOOUIIbHASA LIMHA SIB-
JsieTcs OOHOM M3 CaMbIX BaXKHBIX AJIEMEHTOB ABTOMOOMIIS.
Omna npenHa3HayeHa IJisl MOTJIOMICHHUS] HE3HAYUTENbHBIX KOJIe-
0aHuil, BBI3BIBAEMBIX HECOBEPIICHCTBOM JIOPOXKHOI'O IOKPHI-
THSI, KOMIIGHCALlUU MOTPEIIHOCTH TPAEKTOPUH KOJec, peajiu-
3allMd U BOCTIPHUSTHUS CHJI, BOBHUKAIOIIUX B MATHE KOHTAKTa U
obecriedeHus BBICOKOro ko3ddunnenta cuervieHus. [lostomy,
O0COOCHHO MOBBIIIEHHOE BHUMAaHWE IOJDKHO YAEIATbCs Oe-
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PSKHOMY OTHOIICHHIO K HIMHAM. XOpOILee COCTOSHHE II0-
KPBIIIEK — 3TO TapaHTHs MPOYHOTO W HAAEKHOTO KOHTAaKTa
ABTOMOOMJISI C JIOPOXKHBIM MOJOTHOM, YTO SIBISETCS OCHOBOU
Uit oOecriedeHusi 0€30MacHOCTH MacCaKUPOB M BoAUTENS |1,
c. 127].

OnHako B mporiecce IKCIUTyaTalluyd IIMHBI W3HAIIUBAIOTCS
" UX NPpUXOAUTLCA PEMOHTHUPOBATH MU3-3a IIPOKOJIOB, IMOPC30B,
B3IYTHH W HapymeHuil reomerpun. OCHOBHBIMH CIIOCOOaMH
PEMOHTa SBJISIOTCS PEMOHT 0e3 pa300pTUPOBaHUS U C pa3dop-
TUPOBAHUEM HINHBI.

PemonT 03 pa30opTHpOBaHUS IIMHBI CICHHAAIMCTBL CUH-
TalOT BPEMEHHBIM (YIPOLIEHHBIM, JOPOKHBIM) U PEKOMEHIY-
IOT MO3KE€ OKOHYATCIIbHO OTPEMOHTUPOBATH IMHWHY, CHAB €€ C
00oma. DTOT BUJ PEMOHTA MTOMOTAET. 3aBEPIIATH TTOE3/KY, KO-
I7la HeT MHCTpyMeHTa (JIOMKpara; OaJUIOHHOTO KIIoYa) WA
3amacky, HEIOCTaTOYHO BPEMEHHU WM HEMOIXOISIINE yCIIO-
BHS Ui ee ycTaHOBKH. [Ipm 3TOM cnocoGe peMoHTa mpume-
HAIOT TEPMETUKH, KT'YTHI HJIK BCTaBKH [2].

PeMoHT ¢ pa3OopTupoBaHHEM IIMHBI 0€3 ToOpsdci ByJKa-
HU3alliW ONPaBIaH TOJIBKO IIPH TIPOKOJIaX Ha OEroBOH JOPOXK-
Ke.

beckamepnbie mmHbBL. HeOommbIme MpoKoIbl MOYKHO 3aKIICHTh
V3HYTPH YHUBEpCATLHOM 3armiatoi. [loBpexmmenns, mociae odpa-
OOTKH, KOTOPBIX OCTAeTcsi OTBEPCTHE 0 6 MM B AWAMETpE, pe-
MOHTHPYIOT:

. TpUOKOM, €CITM OCh OTBEPCTHS MPUOTUZUTETHHO
TIEPIICHANKYIISIPHA TOBEPXHOCTH OETOBOI TOPOXKKH;
. HOXXKKOH — TIpY yTIIax HakJioHa Oonee 25° — cHadanma

3a[1eNBIBAIOT KaHall OTBEPCTHUSA, a 3aTEM, U3HYTPH HAKICHBAIOT
YHHMBEPCAJIbHYIO 3aIaTy.

Kamepnsie mmnasl. [Ipn ux pemMoHTEe HEOOXOIUMO BOCCTa-
HOBUTbH T€PMETUYHOCTh KaMEPbl COOTBETCTBYIOLIECH 3aIlIaToM,
a KpoMe TOro JIMKBHIMPOBATH OTBEPCTHE B MOKPBILIKE, aXKe
€CIIM BHEIIHE ee KOpA He MOcTpajasl. JTO HYKHO, YTOOBI K
HEMY He Momajaja Bjlara W He paspyliaja ero, a Takke Ui
ycuieHusi kapkaca. Kamepy ¢ MOBpeXIE€HHBIM BEHTUJIEM pe-



MOHTHPYIOT, MIPHUKIEHBAsi B JPYrOM MECTE CIEelHabHBIA pe-
MOHTHBIN BEHTHIIb.

B mmHOMOHTaXXHON MacTepCKOi, MOMUMO MEepEeUrCIeHHBIX
BHJIOB, JENAIOT TOPSIYMM PEMOHT IPU IIPOKONAX B ILICYEBOU
30HE, OOKOBHHE W MPH KPYIHBIX MOBPEXACHHIX OEroBoW J0-
POXKH, a Takke paboThl, sl KOTOPHIX HYKHBI CHEIUabHBIN
WHCTPYMEHT M TpUCTocobneHus (Oypbl, KycadykH, MIApOINIKH,
JIPEH C Pa3HOU CKOPOCTHIO BPAIICHUS U T.JI.).

Ha ceroaHsmHuii 1eHb U3BECTHO TPH CIIOCO0a «OOYTHY aB-
TOMOOHIIB:

1. KynuTe KOMIJIEKT HOBBIX Ka4yeCTBEHHBIX HIMH. JTO ca-
MBIl Joporoi cnoco®. Ecnu skoHOMHST COTEH ThICSY pyOiel —
He pemaromuii pakTop, TO ITO TYUIIHA BAPHAHT.

2. CaMplii BBITONHBIA BapwaHT .— 3TO TIOCTABUTH Kade-
CTBEHHO BOCCTaHOBJICHHBIE IITIHBI.

3. [NocraButh 0/y pe3uny. UacTo Takas pe3nHa BbIXaXKHBa-
€T O4eHb MaJI0, HECMOTPSI JIaXKe Ha MPUITMYHBINA 3ar1ac pucyHKa
IIPOTEKTOPa, NOTOMY 4YTO CTEPT BEPXHUMU, MPENSATCTBYIOLINN
U3HOCY CNOH. BbIrsiers Takue IIMHBI MOTYT MOYTH KakK HO-
BblE, OJHAKO XOAMMOCTH TAKUX IIMH HE COOTBEICTBYET Aaxe
X HEOONBLIOW IieHE. DTOT (HaKT MOXKHO JIETKO IOJICUYHMTATH,
pa3fenuB CTOMMOCTh LIMHBI Ha KOJIMYECTBO KM Ipobera u
CPaBHHUB €r0 CO CTOMMOCTBIO KM IIpoOera HOBOW MJIM BOCCTa-
HOBJICHHOM LIMHBI.

B HacTtosimiee BpeMsi CyIIECTBYIOT JBa METOAA BOCCTaHOB-
JICHUS1 MKH, JTO TaK Ha3bIBA€MbIEe TOPSUUN U XOJIOJHBIA Me-
TOJ «PEMHKapHAIMM» BOCCTAHOBJIEHUS MOKPHIKH. PaccMoT-
pYIM 3TH JBE TEXHOJIOTHH B CpaBHEHUH [3].

OOmumM 1 3TUX ABYX METOAOB SBISETCSA: OTOOP MPUTOA-
HBIX [UIi BOCCTAQHOBJICHHUS W3HOLICHHBIX IIHMH; YAAJCHUE
OCTaTKOB CTaporo MpoTeKkTopa (IIepOXOBKa); PEMOHT OYH-
LIEHHON OCHOBBI: YAaJICHHE OCKOJIKOB CTEKJa, ILEINbl, MeTaj-
JINYECKUX BKIIFOUEHUH, 3aJ€Ka ChIpOA PE3MHOU MECT IOBpE-
JKIIEHUH.

OTiu4ne TeXHOIOT Uil



[Ipu xomogHOM BOCCTaHOBJIEHMM Ha KapKac HAHOCHUTCS Kile-
SN CITOM, 3aTeM Ha HEro YKJIAAbIBAaeTCs CIIElUaIbHas BYJIKa-
HU3UPOBAHHAs MPOTEKTOPHAs JIEHTa C TOTOBBIM PUCYHKOM HWIJIN
HAa/IeBaeTCs MPOTEKTOPHOE KOJBIIO — B 3aBUCHUMOCTH OT TEXHOJIO-
rud. Jlanee mMHa momasaeT B yCTPOMCTBO, i€ B HEE BCTABIISET-
sl crienualibHas Kamepa M CBEpXY HaJeBaeTCsl pE3WHOBBIM KOH-
BepT. [loTOM I1IMHA HampaBISETCS B KaMepy-BYJIKaHU3aTOp (aB-
TOKJIAB), TJi¢ MpW JaBICHUM He MeHee 6 Oap W TeMmepaType
100..115 rpagycos no Llenscuto, ee BbiiepxuBatoT 3-4 yaca.

IIpeumymiectBa: bnarogapsi CpaBHUTEIBLHO HE BBICOKOU
TeMmIepaType BYJIKaHW3allMHd KapKac HE TepsSeT CBOM Kade-
CTBEHHBIE XapaKTEPUCTUKH, U CPOK IKCIUTyaTallMyd TakKoOH IIH-
HBI BBIILIE, YEM Y BOCCTAHOBJIEHHOW IropsdUM MeroaoM. IIpu
XOJIOIHOM ~ CIOCO0E€ BOCCTAHOBJICHUS  IIIHMHA TEOPETHUECKH
MMEET BO3MOXKHOCTH OBITH OTPECTaBPUPOBAHHON BTOPOIi, Tpe-
THN, YETBEPTHINA pas.

Henocratku: He macanbHBIM BHENTHHI BHJ, HET BO3MOX-
HOCTH Hape3KH MPOTEKTopa

ITo 3TOM TEXHOJOrMKM BOCCTAHABIMBAIOT IIMHBI pa3MEpOM
ot 15" mo 24". B 0CHOBHOM 3TO W3HOIIECHHBIC IIWHEBI TPY30BHU-
KOB, CAMOCBAJIOB M TIOKPBIIIKH Kitacca «JKumy.

[Ipu ropsiuem crocoOe HaBapKu, Ha IIIMHY HAHOCAT CJIOH HE
BYJIKAHU3UPOBAHHOW PE3UHBI, PUCYHOK MPOTEKTOpa (POpMH-
pyercsl Ha HEW B Ipoliecce BYJIKaHU3AaUMUA. PUCYHOK COOTBET-
CTBYET PHCYHKY Tpecc-(OpMBI, B KOTOPOH IIOJ JTaBICHWEM U
temmepatypoii 140 rpamycoB NpPOUCXOAWUT BYJIKAHH3AIIHSL.
Ceitqac 3TOT METOJ yCTapen U MPUMEHSIETCS B OCHOBHOM TS
JIETKOBBIX IIKH, pazMepoM 13"-16", MUKpoaBTOOYCOB.

IIpeumyiectBa: MneanbHplil BHEIIHUM BUA — KaK Y HOBOT'O
KoJIeca, BOSMOXKHOCTh Hape3KU MPOTEKTOpA.

Henocratku: M3-3a BBICOKOM TeMIlepaTypbl HapyllaeTcs
CTPYKTypa Kapkaca. Tak kak Bce meeKThl OYAyT CKPBITHI O
HOBBIM CIIOEM pPE3WHBI, 3a4acCTyl0 B BOCCTAaHOBIICHHE HUAYT
KapKachl BTOPOTO COPTa, KOTOpPhIE YK€ HE HAYT B XOJIOIHOE
BOCCTaHOBJIEHHE (JTMOO M3-32 CEPHhE3HBIX MOBPEXKIACHUH, THO0
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M3-32 CTAPOCTH KapKACOB) WJIM KapKachl HEM3BECTHBIX MPOU3-
BOJUTEIICH.

B mporiecce ananmsa nutepaTyphl ObUIO BBISBICHO, YTO BbI-
roJlHEE BOCCTAHABIMBATD IIHMHBI pa3zMepoM oT 15" 1o 24" xomon-
HBIM METOJIOM, B OCHOBHOM 3TO W3HOIIEHHBIE IIMHBI TPY30BU-
KOB, CaMOCBAJIOB U TOKpPBIIIKK Kiacca «Jbxum». Tak kak, 310
SKOHOMHMYECKH BBITOTHO — MPUMEHSIETCsI Ooiiee MPOCcToe U JIelie-
Boe 000pYyJOBaHHUE, JOCTHTACTCS MPEBOCXOTHOE KayecTBO BOC-
CTaHOBJIEHHOI'O MPOTEKTOpa, H3-32 HEBBICOKOM TEMIIEpaTyphl
BYJIKAHU3ALMH IIPOTEKTOPA, & TAKIKE €CTh BO3MOKHOCTh BOCCTa-
HOBWTH IIMHY HECKOJBKO pa3. A TakKe MPH CPABHEHUHU IEH W
KadyecTBa OeIOPYCCKOM HOBOM mMHBI R14 M BOCCTaHOBJICHHOW
(HaBapeHHOI) HEMELKOW OKa3aJloCh, YTO W3TOTOBJIEHHE HOBOT'O
oTedecTBeHHOro Kkomeca R14 comocraBuMoO MO CTOMMOCTH C
HaBapeHHbIM B ['epmannu. B Toxe BpeMsi MEXPEMOHTHBIN MPO-
Oer HaBapeHHOTr0 MMITOPTHOTO Kojeca cocrarisier 1,37 ot HOBoO-
ro R14 6enmopycckoro mpon3BoaCcTBa.

JIMTEPATYPA

1. Kosasenko, H.A. TexHuueckas 3KCIUIyaTalus aBTOMOOWJIEH:
yuebHoe mocodue / H.A. Kopanenko, B.I1. Jlobax, H.B. Benpumies. —
Munck: Hosoe n3nanue, 2008, — 352 c.

2. Hammonansueii MutepHer-nopran Pecnybmuxu benapycs
[Dnekrponnblii pecypc] / Pemont aBrommH. — Munck, 2011. — Pe-
xwum rocrtyma: http://ukrbbs.com

3. Haumonanpueiii WHrepHer-nopran Pecnyonuku benapych
[DnekrpoHHbI pecypc] / BoccTaHoBIIEHHE IIHMH XOJOJHBIM CIOCO-
6oM. =M, 2011. — Pexxum moctyma: http://navarkashin.ru.

YIK 667.633.2
AppabiHoBuy A.A., Kypasnesa M.B.
MOJIAPUKAIIAA SITOKCATHOM CMOJIbI
MOJIMAMUJIOKHUCIOTOM

BI'TY, 2. Munck
Hayunwiii pyxosooumenwv: Kpymoxo O.T.

Onoxcuonvle onuzomepvl U AMOKCUOHbIE KOMIOZUYULU, MOOU-
Quyuposarnvle COCOUHEHUAMU, COOEPAHCAUWUMU UMUOHBIE YUK-
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Jbl, 8 NOCeOHUe 200bl NPeOCMAGISIION 3HAUUMETbHbIL HAYYHbIL
u npaxmuveckuti unmepec. Hmuouvie @pacmenmol menio-
VCMOU4UBbl, U UX NPUCYICMEUE 8 CIPYKINYpe NOTUMEPHBIX M-
mepuanos npugooum K 8ulCoKol mepmocmadunrvrocmu. Llenvio
OaHHOU pabomvl AGIAIOMCS PA3PAOOMKA U UCCIE008AHUE NJICH-
K00Opazylowe2o  KOMRO3uma ¢ VIVYUEHHbIMU — (DUUKO-
MEXAHUHeCKUMU U MEPMULECKUMU CEOUCNEAMU NYMeM MOOUGU-
Kayuu SMOKCUOUAHOBO2O ONUOMEPA OPNOIUMEPOM NOTUUMUOA
— NOMUAMUOOKUCTIOMO.

9HOKCI/II[HBIG OJIMI'OMEPLI U 3IOKCUIHBLIC KOMIIO3WIHUU, MO-
J(DUITUPOBAHHBIC COCMHEHUSMH, COJCPXAIMMH WMH/IHbIC
IUKIIBI, B MMOCIIEAHNE I'OAbl NPEACTABIAIOT 3HAYUTEILHBIN Hay4d-
HBII ¥ TipakTideckuii uHTepec [1]. D10 0OBSCHSAETCS TeM, UTO
MMHUHBIE ()parMEHTHI 00JIaA0T PAAOM YHUKABHBIX CBOWMCTB.
Takux CBOWMCTB, Kak BBICOKas TEpPMHUYECKas CTaOMIIBHOCTH, XO-
pollie MeXaHW4YeCcKHe W DIEKTPOPHU3NYECKUE IMOKA3aTEH,
YCTOMYHUBOCTh K BO3JCHCTBUSAM BBICOKMX IHEPIHid, COXpaHsIO-
IMMCST B IIMPOKOM TEMITEpaTypHOM HHTepBajie. Takum oOpa-
30M, TPHUCYTCTBUE MMUIHBIX (hparMEHTOB B COCTaBe MOIMUMEp-
HBIX KOMITO3MIMI Oy/IeT 00ecCIeunBaTh YaydlIeHHE SKCILTyaTa-
LIMOHHBIX CBOMCTB MOKPBITHM.

Lenbto maHHOW pabOTHI SBIAIOTCSA pa3paboTKa U UCCIICIO-
BaHUE TUICHKOOOPA3YIOIIEro KOMITO3UTA C yIy4IIeHHBIMU (HH-
3UKO-MEXaHHYECKUMH ¥ TEPMHUYECKUMH CBOWCTBAMHU ITyTEM
MOIU(UKAINKA ATIOKCHINAHOBOTO OJIMroMepa (GoproanMepoM
MTOTMUMUA — TTOJIMAMHUIOKH CIIOTOH.

OCHOBHBIM OOBEKTOM HACTOSIIETO0 WCCIEAOBAHUS SBIIS-
J1aCh TIPOMBIIIIEHHO MPOU3BOANMAs ITOKCHUAHAS cMona J-41
B pactBope (D-41p) (TY 6-10-607-78), nmpencraBmusromas co-
0oi1 pactBOp cMmounbl D-41 ¢ MaccoBoit moneit (66+2)% B cMecH
kcmtonna (TOCT 9410-78, T'OCT 9949-76) ¢ ameroHoM
(I'OCT 2768-84) B cooTtHOImeHNH 4:3 10 Macce.

PactBop cMomnbl 3-41 B cMecH KCHIIONA C alleTOHOM (CMona
3-41p) nmpuMeHsieTcs ISl M3TOTOBJIEHHS JIAKOKPACOYHBIX Mate-
pHaoB.
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Cmona 3D-41p oTHOCHUTCS K CPEAHEMOJCKYISPHBIM (MOIL.
macca 900-2000) smoKCHIHBIM TUAHOBBIM cMojiaM. Ee miot-
nocth — (1,03-1,06) r/cm®,

Cuntes nonuamuaokucioTsl (ITAK) ocymectisum myrem
HU3KOTemIepatypHoii monukonaeHcanuu (10-15°C)  Ttma-
TENPHO OYMILIEHHBIX HCXOJHBIX MOHOMEPOB B CBEXerepe-
THaHHOM B Bakyyme aumeruinpopmamuzae (JMDPA) npu ux
9KBUMOJIBHOM COOTHOILICHHUH.

Cunres ocy-

IECTBISUIN 110 CXe-
>© 0L g

Hamnuue  Gomb-
ot . IOr0 YMCIia aKTHB-
— Dol @7% OO HbIX (DYHKIIHOHAIIb-
T ! HBIX Tpynm  (Kap-
OOKCHUITbHBIX, aMH]I-
HBIX, KapOOHMIIb-
HBIX, KOHIIEBBIX aHTHWAPUIHBIX W amuHorpymm) B [TAK npen-
olpesenseT NPUHIMIINAIBHYI0 BO3MOXHOCTh MX B3aUMOJICH-
CTBUS C SIOKCH- U TMAPOKCHJIBHBIMU I'PYNIAMHU 3IOKCHUANA-
HOBOTO OJIMTOMepa,. oOecrieunBaroniero (popMHUpOBaHHE Ty-
CTOCIITUTON CETYATOM CTPYKTYPHI B IUIEHKOOOpa3oBaTeie MpH
TEPMOOOPaOOTKE CHCTEMBI [2].

[IpenBapuTenbHBIMU ONBITAMH OBUIO YCTAHOBJIEHO, YTO
HaWIy4IIde Pe3ysibTaThl B Iporecce MOIUGUIMPOBAHUS TO-
cturaroresl npu ucnonb3oBaHuu [IAK ¢ ynenbHOH BS3KOCTBIO
0,5% — ubIx pactBopos ITAK 0,25-0,35.

OKCITepUMEHTANBHO yCTaHOBIIEHO, 4TO pacTtBopel [IAK B
JIM®A m1000# BA3KOCTH XOPOIIIO COBMEIIAIOTCS C IMTOKCHUIN-
AQHOBBIMU OJINTOMEPAMH, HE pacciauBasiCh B TEUCHUE 3alaH-
HOTO BPEMEHH XpaHEHHUSI KOMITO3UTOB [3].

[InenkooOpasyromye KOMIIO3UTHI HOMydYalyd MyTeM BBele-
HUS B 3MOKCHIUAHOBYIO cMoiry D-41P ¢ oTBepaurenem (momun-
amuzaHas cMmona B kcuione) 20%-noro pactBopa IIAK B
IM®A B xomuuectBe 0,5-5%, OT Macchl CyXxoro ocrarka C
MOCIEAYIOMM IepPEMEIIMBAHUEM KOMIIOHEHTOB CMECH [0

Pucynok 1
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MOTy4eHHUs] OJHOPOTHOW Macchl. M3 MOMy4eHHBIX JIAKOBBIX
pacTBOpoB OTJIWBANM IJICHKA Ha MeTaliMueckue (MeIHbIE,
CTaJIbHBIE) M CTEKJIIHHBIC MOMIOKKHA. OTBEp)KICHUE MOKPHI-
TUH OCYIIECTBJISUIM IIyTEM TMPOrpeBa IUICHKOOOPAa3YIOIIUX
KOMITO3UTOB B TepMomkady npu temneparype 100°C B Teue-
Hue 60-220 MuH.

AJNTe3MOHHYIO TMPOYHOCTh C(POPMHUPOBAHHBIX MOKPBITHIMA
OTIPEICIISITN IO CTAaHIAPTHOM METOAUKE B COOTBETCTBUH ¢ [SO
2409 u I'OCT 15140-78 meromoM pemieT4aToro. Haapesa C
O0OpaTHBIM yIapOM.

[IpounocTh Tpu ymape oOpa3oB MOKPHITHI OUEHUBAIH C
HCIIONb30BaHUeM npubdopa «Yap — TecTep» B COOTBETCTBUU
co crarpaptom ISO 6272 u TOCT 4765-73.

[Ipo4HOCTh MOKPBHITHI TPU W3THOE OMPEHENsaN C IOMO-
IO YCTPOMCTBA, COCTOSIIIETO W3 CTOMKH C KpEIJIEHUEM U
Habopa MUIMHAPOB pasnudHoro auamerpa (ISO 1519, 'OCT
6806-73).

BaxHOl XapaKTepUCTUKOMU JIAKOKPACOYHBIX IOKPBITUH SIB-
JIIeTCSI TBEPAOCTh. DTOT MOKA3aTeNb ONpPENessli Ha MasTHH-
koBoM mpudope (ISO 1522).

UK-criexTpbl 00pa3moB MICHOK, MOTYYEHHBIX HA CTEKJISH-
HBIX TOMIOXKKaX, cHuManun Ha npudope FI-IR (MK-®Dypbe
crekrpomerp pupmol «Thermo Nicolet» CIIIA).

PasBuTHe ceryaToil CTPYKTYphl B IPUCYTCTBUE MOIMAMHUIO-
KHCJIOTHI (ycKopseTrcst Omaromaps Tomy, uro [IAK momomHu-
TENbHO TIPEBHOCUT B CHCTEMY AIIOKCHJI — ITOJIMAMUH JIOTIOIHHU-
TENFHO KapOOKCWIIBHBIE W aMHIHBIE aKTUBHBIE IIEHTPHI, CIIO-
COOCTBYyIOIIME HE TONBKO Oojee d(H(HEeKTUBHBIM XHUMHUYIECKUM
B3aMMOJICHCTBUSIM, HO W aBTOKATAIM3Y IIEJIOr0 psijia MpoTeKa-
IOINX B CHUCTEME KOHKYPHPYIOIMX peaknuil Omaromaps mo-
IOBIDKHBIM TIPOTOHAM KapOokcmamuaHbX ¢parmeHToB [IAK u
otBepaurens. Kpome toro, B Monekynax ITAK He HCKITIOUEHBI
peaKuu: UMUIAU3AIUH, NECTPYKIUH, TUAPOIN3a, EeKapOOKCH-
JIUPOBAHUS, TMPOTEKAIONME TIOf JEHCTBHEM TeMIIepaTypHO-
BPEMEHHBIX TIOJIEH M BBIICISAIONISHCS UKIN3AIUOHHOW BOIBI
B TIpOIlecCE€ BBICOKOTEMIEPATypHOW OOpaOOTKM 3alIUTHBIX
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cJioeB Tpu (JOPMUPOBAHUU MOKPBITHH [4]. DTH mpeBpaieHus
TCHEPUPYIOT emle OoJblIee KOMUYeCTBO (HYHKIHMOHAIBHBIX
TPYII, CIOCOOCTBYIOMIMX CTPYKTYpPOOOpa30BaHUIO B TOKPHI-
TUH U YBEIIMYEHHIO aJIT€3MOHHOr0 CLIEIUICHHS C CyOCTpaToM.

B UK-criekrpax miieHOK MOAU(UIIMPOBAHHBIX SMOKCHANA-
HOBBIX KOMITO3UTOB, MPENapUpOBaHHBIX B aJIEKBAaTHBIX PEXKH-
Max ¢ HeMOAW(UIIUPOBAHHBIMHU, YETKO MPOCICKUBACTCS TIO-
ABJIGHUE TI0JIOC TIOTJIONMEeHNs B obnacTi 1725 cm™ (B aymmere
¢ 1780 cm™), XapaKkTepHBIX ISl BaNEHTHBIX KOJeOAHHMIT Kap-
OOHMIIBHBIX TPYII M TPYNI MMUJHBIX IUKIOB. [IpuyeMm WH-
TEHCUBHOCTH 3THX TOJIOC U3MEHSETCS B 3aBUCUMOCTH OT TEM-
nepaTyphl ¥ IPOJIOJDKUTENBHOCTH POrpeBaHms 00pasIioB.

B UK-cmektpax Takke YeTKO PETUCTPHUPYIOTCS MOJIOCHI
nornoutenns B oonactu 1650-1660 cm™ (aMuaHBIE TPYIIIBI), 1
IIMpOKasi T0JI0ca TIOTJIOMIeHHst B~ obmactn 3200-3600 cm™
(xapOOKCHIIBHBIE ¥ TUAPOKCHITEHBIE TPYIIITHI).

Ha ocHoBaHWMM TIPOBEAEHHOTO WMCCIEIOBAHUS CHHTE3UPO-
BaHA HOBas IUIEHKOOOpa3yroUIast UMHI0CO/epIKaIiasi KOMITO-
3UIHSL, C YIY4YIIEHHBIMH aAre3MOHHBIMH CBOWCTBAaMH, IMOBBI-
IIEHHOW TBEPIIOCTHIO, YAAPOIPOYHOCTHIO, BJIAr0- U BOJOCTOM-
KOCTBbIO. YCTAaHOBJICHO, YTO MOIU(DHUIMPYIOUHUH KOMIIOHEHT
KaTaJM3upyeT MPONECC OTBEPXACHUS SMOKCHANAHOBOTO IIO-
KpPBITHSA, W TIOBBIIIAET €r0 TEPMUYECKYIO0 CTAaOMIBHOCTh M
KOPPO3HOHHYIO ' CTOMKOCTh K AarpecCUBHBIM BO3JEHCTBUSIM
BHEIIIHEHN Cpepbl.

JIUTEPATYPA

1. Acnanos, T.A. TennocToiikue MOIUMEPHI HA OCHOBE STIOKCH-
HBIX OJIMTOMEPOB M apoMmatuueckux numddupaucynbhumunos / T.A.
AcnanoB [u gp.] // Tlnacrmueckue maccel. — 2008. — Ne 2. —
C. 20-22.

2. Crioco0 Tony4eHus] TepMO- U TEIUIOCTOMKUX ATOKCHAHBIX Mate-
pHAJIOB HA OCHOBE 3IOKCHIMAHOBBIX ONIMTOMEPOB, COACPIKAIMX IHHU-
MHUIBl THPOMEIUTUTOBOM KHCHOTHL a.c. 639882 CCCP, MKWU3
C08G2/30 1O. B. T'ymues, W. JI.Bonkos, C. M. Kapsxun; Kazan.
TexH. UH-T. No 639882; 3asBn. 24.10.76; omyon. 08.11.78 // brom.
n300p. — 1979. — Ne 48. — C. 134.
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3. Hukonaitunk, A.B. Xumnudeckast MOTU(UKaAIHs STIOKCHIHOTO
omuromepa ¢oprnomumepom nommumuna /  A.B.  Huxomaiumk
[1 mp.] // Marepuansl. Texnomorun. Uucrpymentsr. — 2004, — T. 9. —
Ne4. — C. 44-49.

4. Kpytbko, J.T. [Tomunmunsl. Cunres. Cpolictsa. [IpuMene-Hue
/ 2.T. Kpyreko [u ap.]; mox oomr. pea. H.P. IIpokomayka. — MuHCK:
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YK 621.1
Bacapanosuu A.B.

CIHEKAHHUE JUCHEPCHBIX CPEJ
M3 OBTEKTUYECKHUX KOMIO3UIINIA
HA OCHOBE I'PAHUTA

BHTY, o. Munck
Hayunwvui pykosooumens: [[poboiu A.A.

I'panuT — oHA M3 caMBIX PACIPOCTPAHEHHBIX KPUCTAJLIH-
YeCKHX TOPHBIX MOPOJ, TPATUIIUOHHO MPUMEHSIOIIUXCS B
WHOyCTpuu. braromapst cBOMM yHWUKaTbHBIM KadecTBaMm: Me-
XaHUYECKOW MPOYHOCTH, MOPO3OCTOMKOCTH, JOJITOBEYHOCTU
TPaHUT SBISETCA TEPCHEKTUBHBIM CBHIPHEM ISl TMOMyYEHUS
MTOPUCTBIX MaTepranoB. [IpodHOCTh M060T0 MaTepuana ompe-
JeNsIeTCsl YPOBHEM €T'0 BIIAromnoriamnieHus. [ panuT mpeBocxo-
IIUT TI0 3TOMY TTOKA3aTEeN0 BCe OCTAIbHBIE MaTEPHAITBI

B cocraB rpaHuTa BXOIAT MOJEBOM IIMAT, CIIOAA, KBapll, a
TaKXe HEKOTOpBIE IPYTHe MHUHEpasbl. MIX COOTHOIIEHHNE orpe-
JeTsieT MPOYHOCTh W 1BET kKamHs. [lo BemmunHe 3epeH pazim-
YaroT TPaHUTHI KpyIMHO3epHHUCTHIE (>10 MM), cpeHe3epHHUCTHIS
(2—10 MMm) 1 MenKO3epHHUCTBIC (<2 MM).

CornacHo Mozen# TpaHuTOOOPa30BAHUS IO THITY SBTEKTO-
WHOTO TUIABIICHUS, TpeaioXeHHoNW (uHCkuM ydeHbiM  [L.
DcKona COOTHOIIEHHE KOMIIOHEHTOB B CILIaBE BCET]a OCTAET-
cs TIOCTOSHHBIM. TemmepaTypa IIIaBI€HUS KBapra OKOJO
1600°C, TemmiepaTypa miaBjieHHs aabOuTa (HATPOBOTO IOJIE-
Boro mmata) Ha 200°C Hmxke. JIOTHYHO MPEMNOI0KUTH, UTO
nobaBka Ooree JErkoruIaBKoro KOMIIOHEHTa OOJierdaeT IiaB-
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nenue. Tak u MMPpOUCXOOUT HAa CaMOM JCIIC. HO3TOMy XUMHYC-
CKHM COCTaB rpaHuTa MPAKTUYCCKHU HEC U3MCHACTCA, a (1)I/I3I/IKO'
MCXaHUYCCKHUEC XApPAKTCPHUCTHUKU 3HAYUTCIBHO BBIIIC, YEM Y
JIpYruX MHHEPAJOB.
XuMHYecKuil cocTaB rpaHuTa, %
Si0;—49,5 + 51,5;
Al,O3—- 15,0 + 16,5;

TiO2— 0,8 + 1,5;
Fe,05— 11,5+ 13.5;
Ca0 - 9,0 + 10,0;
MgO — 4,8 + 6,6

Na.O + K;0 - 3,5 +4,5.
DU3NKO-MEXaHHYECKHE XapaKTePUCTHKU TPAHUTA!
O6bemHas Macca — 2,6 -3,2 r/eM®.
Teepaocts o mkane Mooca — 6-7.
Bogomnornomienue — ue 6onee 0,9%.
[TpouynocTs Ha cxxatne Mna — 250,
YV nnunenue npu paspeise % —= 2,5
Temneparypa mnasnenus °C — = 1200.
MopozoycroitunBocts — 300.
Ho XUMUYECKOMY COCTaBY I'PAHUTHI MUKaIIEBUUCKOTO Me-

NogakswbhE

CTOPOXKICHUS OTBEUAIOT TPEOOBAHMSM, MPEIBIBISIEMBIM ITPO-
MBIIUICHHOCTBIO Ul NPOU3BOJCTBA TOHKHX U CYNEPTOHKUX
0a3aJbTOBBIX BOJIOKOH.

Jns mccnenoBaHusl KMHETUKH IepepaciipeneneHus (as B
Iporecce CIeKaHus IUCIEPCHBIX Cpel M3 HIBTEKTUYECKUX
KOMITO3UILIMI Ha OCHOBE I'PaHHUTA MCXOAHOE ChIPbE MOJABEpra-
J0Ch. npoOneHuto. [locne dero mpousBOAMIIOCH PagUaIbHOE
IIPECCOBaHME SKCIEPUMEHTAIBHBIX 00pPa3LOB U MOCEAYIoLIee
crekaHue. B pesynbTaTe MCCIeOBaHUNA YCTAHOBIEHO CIENY-
foLiee.

[Ipu Gombmiem copep:kaHHIO anbOHUTa, TeMIeparypa obpa-
30BaHMS JKUIKOM (pasbl pacronaraercsi HUXKe MpenblIynX,
YTO COOTBETCTBYET CHHKEHUIO TEMIIEPATYyphl IJIABJICHUS CMe-
cu. OmHAaKO Bce 3TO MPOMCXOAMT JIUIIL IO ONPEAEIEHHOTO
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npeaena. CyllecTByeT Takasi CMECh albOMTa M KBapua, KOTo-
pas siBisieTcs HanOolee JISTKOIUIaBKOM, U TaibHelIee yBenu-
YeHUe J0NM albOuTa y)Ke He CHUXKACET, a MOBBIIIAET TeMIlepa-
TYpY, HEOOXOANMYIO [UIsi 00pa30BaHUs TOCTATOYHOTO KOJIHYe-
cTBa *xuakoi (as3pl. Mcxoms W3 auarpamMMbl CIEAyeT, 4TO
HauOoJee JierkoruiaBkoit oyaer cmech ¢ 40% kBapua u 60%
anpOuTa. DTO COOTBETCTBYET COCTaBY KBapIl-aTbOMTOBOM 3B-
TEKTUKU. [1oJ00HOM IBTEKTHKE W OTBEYAIOT COOTHOIIEHUS
TJIABHBIX KOMIIOHEHTOB TpaHuTa (KBapla, Maruokiasa v Ka-
JIUEBOTO TOJIEBOTO ITAaTa. JTO O3HAYAEeT, YTO B CHEKAEMBIX
9KCIIEPUMEHTAIIBHBIX 00pasliax, cojepKailell KaKoe-TO KOJIU-
YEeCTBO ATHX MHHEPAJIOB, IPH HATPEBAHUM €€ JI0 TEMITePaTyphl
TUTABIICHUS]  DBTEKTHKH OO0S3aTENbHO IOSBUTCS TPAHUTHBIN
pacruias.

CpaBHEHHE HCCIIETYEMbIX COCTABOB TIO0 KOJIMYECTBEHHOMY
COZIEPXKAHUIO B HUX I'PAHUTHOTO PacCIlIaBa 3aTPYAHEHO, TaK KaK
Ha MHTEHCUBHOCTb PEHTTCHOBCKUX Pe(IEKCOB MOMHMO KOH-
HeHTpauu ¢as3bl 3HAYUTEIIBLHOE BIMSHHE OKAa3bIBAIOT CIIOXK-
HOCTb CTPYKTYpBL I'paHUTa M OpUEHTALUs €ro ueuryifyaTbIx
arJaoMepaToB B 0o0beMe uccieayemoro Mmatepuana. [Ipucyrt-
CTBHE B MCCIIELYEMBIX MPOOAX TUAPOCIIOAUCTBIX MUHEPAJIOB
KBapLa HE II03BOJIMJIO OLEHUTHh CTENEHb YHNOPSIOYEHHOCTH
KPHUCTAJUINYECKOH CTPYKTYphl IPaHUTa BBHUIY HEZOCTATOYHOH
CTEHEHHU Pa3peIlCHUs] COOTBETCTBYIOLIUX PEHTTEHOBCKUX pe-
¢nexcoB Ha mudpaxrorpammax. CornacHo mposeneHHor UK-
CIIEKTPOCKOITHHI MAKCHMYM TI0NIOCKI ITornomenus pu 1100 cm™
OTHYETJIMBO BBIPAXKEH, YTO B COBOKYITHOCTH C JOCTATOYHOW pas-
PELICHHOCTBIO [IBYX CPEIOHUX IIOJIOC IOIJIOLIEHHs ajbOurta B
0051acT BaJICHTHBIX KOJIEOaHWI €ro T'MAPOKCHIBHBIX TPYIII
SIBJISIETCS] KAUECTBEHHBIM KPUTEPUEM BBICOKOH KPUCTAIIMYHO-
CTH TOpO1000pa3yroliero MuHepaia (anp0nTa) B MCCIIETyEeMbIX
cocraBax. [IpuMEHUTENBHO K HCCIEAyEeMBIM MaTepHajiaM BbI-
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COKHME TIOKa3aTelnu (M3UKO-MEXaHWYECKUX XapaKTEePHCTHK MO-
Jy4eHHBIX 00pa3loB, CKOpee BCEro, OOYCIIOBJIEHBI BBICOKHM
COJIEPKAaHUEM B HEW TOHKOJMCIIEPCHBIX MUHEPAJIOB, IIPUCYIIUX
3BTCKTHUYCCKNUM KOMITO3UIIUSAM.

PesynbTaThl peHTreHorpad)u4eckoro MCCiaelOBaHUs TOKa-
3aJl, YTO OCHOBHBIMHM KPUCTAJUTMYSCKUMH (ha3aMu, PUKCHPY-
eMbIMH Ha au(pakTorpamMmax Bcex MpoO, SBISIOTCS KBapil,
MOJICBOM IIMAT ¥ KPUCTOOAJUIUT. Y CTaHOBJIEHO, YTO 00pa3o-
BaHHE KpHCTOOAUIMTa B KonudecTBe 6-7 % Tpu CHekaHWuu
¢dukcupyercs yxe npu temneparype 1000°C u mpoTtekaer ye-
pe3 HMHAYKUHOHHBIM IIEpUOA B TEMIIEPATYPHOM HWHTEpBase
1000-1150°C ¢ mocnenyronumM pe3KiUM YCKOPEHHEM Ipolecca
CHHTE32 B JIOCTATOYHO Y3KOM TEMIIEPATYPHOM HHTEpBaje
1150-1200°C, obecrnieunBasi yBeJIMUYEHHE BbIXOAa KpHrCTOOA-
muta c 7 1o 18 %.

JlanbHeiiee noBeIeHne TemMepaTypsl criekanus ¢ 1100 mo
1300°C conpoBoxmaercs He TOIMBKO HAKOIUICHHEM KpHCTO0a-
JIATA, HO U COBEPIICHCTBOBAHUEM €T0 CTPYKTYPHI M CTAOWITH3a-
IUeil cocraBa, O YeM CBHJCTEILCTBYET CTEIEHb pPa3pelleHUs
PEHTTEHOBCKOIO AyIuieTa Kpuctobamra. Pe3koe yMeHbleHne
CONlepKaHUsl KBaplla MpU CIICKAHWM B HHTEPBAJIC TEMIIEPATYP
1100-1200°C eBsi3aHO ¢ mporieccoM TpaHc(hOpPMaIlUK €ro B KPH-
CTOOATHT (OCOOCHHO B TOHKOMMCIIEPCHOM YacTH), UTO TPOSIBIIA-
€TCsL B MOSIBIICHUH Ha COOTBETCTBYIONIMX M (pakTorpaMMax WH-
TEHCHUBHBIX Pe(hIICKCOB KPUCTOOAIUTA, B TO BPEMsI KaK CHHKCHU ©
CONepkaHus KBapiia B 00pa3iiax ¢ MOBBIIICHHBIM COACPKAHUEM
J00ABOK KAOJIMHA MPY aHAJIOTUYHBIX TEMITEpaTypax 00yCIoBIie-
HO, CKOpee BCEro, MpOIeccaMy €ro pacTBOPEHUS B 00pa3oBaB-
nieMcsi K 3TOMY MOMEHTY CHIIMKATHOM pacIUIaBe, J0Ka3aTesb-
CTBOM Y€MY CIY)KUT OTCYTCTBHE JIMOO KpaiiHe HEe3HAUYMTEIbHOE
(Ha ypOBHE CIIE/IOB) PEHTIeHOrpapuISCKOe MPOSBICHUE KPUCTO-
Oanmra.
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YK 621.1
Backos O.B.

TEXHOJIOTTHYECKASA CXEMA
HNOJYYEHUSA MNPOHULNAEMBIX U3JIEJIUU
N3 KEPAMUYECKUX MATEPHUAJIOB

BHTY, o. Munck
Hayunwiii pykosooumens: [pobviut A.A.

TexHOIOrHUecKne CXeMBbI TMMOJTYy4YCHUA NOPHUCTHIX IPOHUTIA-
embix m3aenuit (IIIIN) u3 okcUIHON KepaMUKH XapaKTepu3y-
I0TCSI OOIIIHOCTBIO 3TAIOB, HAa KAXKJOM M3 KOTOPBIX 3ar0TOBKa
(mopomok) mpuoOperaeT CBOMCTBA, HEOOXOAMMBIEC IJIsI OCY-
IIECTBJICHHS]  TIOCJIEAYIOIIUX  Omepanuii, - GopmupoBaHus
CTPYKTYPBHI TIOPUCTOTO MaTEPUAIIOB.

[Tpon3BOACTBO MOPOUIKOB OCYIMECTBISIFOT, KaK IMPaBUIIO,
Ha CIICHHUAJIM3UPOBAHHBIX IMPCATIPUATHAX. B 3aBucumocTn ot
crocoba TONyYeHHs] MOPOUIKOB. (OopMa WX YaCTHI[ MOXKET
OBITH CaMoii pa3HOOOpPa3HOM, a pa3Mep YacTHIl KoneOiercs ot
moneit Mukpomerpa 10 1.mm u 6omee. [lopomku mocTaBIIsSIOT-
Csl M3rOTOBUTENEM T'OTOBBIMU K MCIIOJIB30BAHUIO B COOTBET-
CTBUM CO CTaHAapTaMH WM TE€XHUYECKUMHU YCIOBUSIMH, pe-
[JIAMEHTUPYIOIMMU UX XapaKTePUCTUKU, OCHOBHBIMHU U3 KO-
TOPBIX SBISIIOTCA XMMHUYECKUH U TPaHyJIOMETPHUUYECKHH CO-
CTaB, MEXaHUYECKUE CBOMCTBA MaTepuaa.

IIpyu monroroBke K HENOCPEACTBEHHOMY HCIIOJIB30BAHMIO
KepaMUYECKHE MOPOLIKKM MOT'YT IOIOJHHUTEIBHO IIOIBEPIraTh
CYIIKE, pacceBy Ha (pakiuu, cheponau3annn Jmdo, Hapo-
TUB, AKTUBUPOBAHMIO YAaCTHL YCIOKHEHHEM UX (opMmbl (yBe-
JUYEHUEM YJIEBHON MOBEPXHOCTH) IyTeM OOpaOOTKH B aTT-
puTopax, mpeccoBaHusl U pa3mona u ap. Koncommpammro xe-
pamuueckoro nopomka B IITIM TpaguIIMOHHO OCYIIECTBIISIOT
rmocpencTsoM (GpopmMooOpa3oBaHMs 3arOTOBOK W WX TOCIEy-
IOLIEro CIeKaHus. B CHily TEeXHOMOTrMYecKHX OCOOEHHOCTEH
KEpaMHUYEeCKUX ITOPOLIKOB, OOYCIOBJIEHHBIX WX HHU3KUM pe-
CYpPCOM IIJIACTUYHOCTH M BBICOKUMH TEMIIEpaTypaMH ILIaBiie-
HUS, 5TH ONEpalliy B IMOJABIIAIONIEM OOJBIIMHCTBE CIydaeB
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TpeOYIOT UCIONB30BaHUs N00ABOK K OCHOBHOMY MaTepHany
(IpUTOTOBICHHSI MUHEPATbHBIX KOMIIO3MIIMIA): TUIacTU(HIIN-
PYIOIINX, CBS3YIOMIMX, YIPOUYHSIOIINX, aKTUBUPYIOIIHMX, MO-
poobpasytomumx. B kauecTBe CBA3YIOMMX 100aBOK MCIOJIb3Y-
IOT JXUAKOC CTCKJIIO, BOAHBIC CYCIICH3WM IJIMH, KJICU U JP. K
YIPOYHSIOIMIMM OTHOCAT LEMEHT, TJIMHBI, CYIb(UTIEIIIION03-
HBIA DKCTPAaKT W Ap. AKTHBHPYIOIIME CIEKaHWE NOOAaBKH —
BOJUTACTOHUT H Jp. [lopooOpasyromiue 100aBKM — OIMIIKH,
JpeBecHas MyKa, Yroib (aHTpamur), rpadur, caxaposa, Jojo-
MUT, HeTsiHOM KOKe U Jip. [Ipoliecc MOATOTOBKY LIMXTHI, Ta-
KUM 00pa3oM, BKITIOYAET JO3MPOBAHHE BCEX €€ KOMIIOHEHTOB
Y CMEIIMBaHUE B 3a/IaHHOM IOCIIENOBATENBHOCTH U OIpe-
JENIEHHBIX YCIOBHSX (peXrMax). B TexHOIOTHH momydeHus
kepamuueckux [1TIM onepaius moJroToBKH WIMXTHI SBISETCS
OHOW M3 KITIOYEBBIX, TOCKOJIbKY €€ PEe3ylbTaT OKa3bIBaeT
olIpenensioiee BIMSHUE W Ha Tpomecc (Gpopmoodpa3zoBaHUs
3aroTOBOK M Ha TPOIIECC CIIeKaHMsI.

Baxwueliell TEXHOJIOrMYECKOM oOlepanuell mnpu mnoyde-
Hum mo0eix [T, B ToM "wncie, W3 KepaMHUECKUX MaTepHa-
JIOB, MPUAAIONIEH UM (opMy, pa3Mepbl, INIOTHOCTh, MTPEeaBaAPH-
TENbHYIO MPOYHOCTh M (POPMHPYIONIEH CTPYKTYpPY MOPOBOTO
MPOCTPAHCTBA, SIBIsETCS (HOPMOOOpPA30BaHHE 3arOTOBOK, KO-
TOpPOE OCYIIECTBIIAIOT (POPMOBAHUEM C TIPUIIOKEHHUEM JaBIIe-
HUsI (TTPECCOBAHUEM) U 0€3 TPHIIOKECHUS TaBIICHU.

®opmoBaHue 0e3 TPUIIOKEHUS HABICHUS YIUIOTHSIEMBIX
MaTeprasioB. MO3BOJSET M3TOTABIMBATH H3ACTHS B IIHPOKOM
muamnazone ¢opM W pa3MepoB, HO HE HAXOAUT IIMPOKOTO
OPAKTUIECKOT0 TPUMEHEHUS W3-3a HU3KOW IMPOU3BOANTEINb-
HOCTU U HEBO3MOXKHOCTH nonydenus IIM ¢ mocTaToyHO BHI-
COKOMH TUIOTHOCTBIO M IPOYHOCTHIO.

B cBsi3u ¢ 3TEIM GorTbIIIee pacpoCTpaHEHHE MOTYYHIN CIIO-
co0BI 00pabOTKH JaBJICHHWEM VIUTOTHSEMBIX MaTephalioB, pas3-
JUYAIOIIAECS TI0 Py YCIOBUI pean3aiyy mpolecca: TeMIie-
paType, CKOpOCTH MPHIIOKEHUS HATPY3KHU H JIp.
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BricokoremmnepaTypHbie cliocoObl TPecCOBaHMsI HalpaBlie-
HBI TPEUMYILECTBEHHO Ha MOJIy4YE€HHE BBHICOKOIUIOTHBIX Marte-
puanoB u B npousBoactse I[N mpakTuyecku HE MCTIONB3Y-
FOTCH.

BbicokockopocTHBIE CIIOCOOBI MPECCOBAHUS HE MTO3BOJISIIOT
nosy4dats [ ¢ BBICOKOM MOPUCTOCTBIO, U MOITOMY TAKXKE
MaJIo pacrpocTtpaHensl B npousBoacTee [TT1H.

CriocoObl IpeccoBaHMs IMUXTHI CO CTATHYECKUM MPHIIOKE-
HUEM Harpy3KH MO3BOJISIOT BapbHUpPOBATh CBONCTBAMH IPECCO-
BOK B 0oJiee MMPOKOM JMarna3oHe. B 3aBucumocTy OT peanm-
3yeMO CXEeMBbI, BUIa TEXHOJIOTHYECKOT0 000PYIOBAHUS U HH-
CTpyMEHTa KOHKpPETHBIE CIOCOOBI MPECCOBAaHHSA OPHUEHTHUPO-
BaHbl Ha MOJYYEHHWE TOr0 WJIM WHOro Buja m3aenuil. Tak,
MpeccoBaHMe B )KECTKHX IMpeccopMax ¢ OJHOOCHBIM Harpy-
JKCHUEM HCIOJIB3YIOT MPEUMYHICCTBEHHO I H3rOTOBJICHUA
[N B dopme auckoB, Tabmerok. [IpokaTkoi MOPOIIKOB MO-
myqatot [IIIN B ¢popme nmuctoB. MyHAIITYYHBIM TPECCOBAHM-
eM (9KcTpy3uennonyyatoT gnuHHoMepHbie [T paznoobpas-
HOt Qopmel. OmHaKO HEOOXOTUMOCTH HCIIONB30BAHUS IIPH
9KCTPY3UU 3HAYUTEIBHOTO KOJIMYECTBA BCIIOMOraTeIbHBIX
MaTepHUaJIOB B COCTABE IIUXThl OTPULATEILHO CKA3bIBAETCS Ha
IIPOYHOCTHBIX CBOMCTBAX OT(OPMOBAHHBIX 3arOTOBOK, CIIO-
COOCTBYET 3arpsA3HEHHMIO MaTepuasla IPOLYKTaMHU CrOpaHHs B
mporeccax criekanus. Kpome Toro, MoXeT UMETb MECTO HC-
KakeHue ((hOpMbl M3JEIUM Ha CTaiusX CYLIKH WU CIIEKaHUs,
YeM OFpaHMYEH BBIXOZA TOAHBIX. | MAPOCTaTHUECKHM IIpecco-
BaHMEM IIONYYAIOT U3JENUs Pa3sHOOOpa3HOH (OpPMBI M THIIO-
pa3MepoB C PaBHOMEPHBIM PAaCIpEeNeHHEM IUIOTHOCTH 10
00bemMy. OrpaHuyeHUSIMH K LIHPOKOMY PacIpOCTPaHEHUIO
cnocoba mipu nonydenuun 111U sBnsieTrcs OTHOCHTENEHO HU3-
Kasg TPOM3BOAUTEIBHOCTD, CIIOXHOCTh MOATOTOBKH IIpecc-
dopM (HYyXHBI TepMeTH3alus W BaKyyMHPOBAaHHE), HHU3Kas
KyJIbTYpa MPOU3BOJACTBA U3-3a KOHTAKTa pabouel )KUIKOCTH C
ripecch OpMOii.

Crioco0 paananbHOrO MPEcCOBAaHUS MO3BOJSET IOIy4aTh
JuMHHOMepHbIe ocecumMeTpuunbie 1IITN B ¢popme TpyO, cra-
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KaHOB, KOHYCOB, C Pa3BUTOH MOBEPXHOCTHIO. M3nenus taxoit
¢bopMBl HaxomAT HauOonbllee NPUMEHEHHE B MPOIEccax
($unbTpau U pa3feieHus cpel, YTO B COBOKYIHOCTH C JIO-
CTaTOYHO BBICOKOM MPOU3BOAUTENBHOCTHIO U HU3KUMH 3IHEp-
rozaTpatamu crocoba MpeccoBaHHs MO3BOJsET IPPEKTUBHO
HCNOJIB30BaTh €ro il npeccoBaHus 3arotoBok [T, B ToMm
YHCclie, U3 MaJOMJIACTUYHBIX KEePaMUYECKHUX IOPOIIKOB. DTO
MO3BOJIIET PACCMATPHUBATH CIIOCOO CyXOr'o pajnaibHOrO Impec-
COBaHMS Kak 0a30BBIH MpH pa3paOOTKE TEXHOJOTUHW IOMyde-
Hus [11T1 Ha ocHOBE KBaplieBOro necka.

[Ipunanue OCHOBHBIX MEXaHMUYECKHX CBOMCTB (KapKaCHBIX
XapaKTEePUCTUK) MOPOIIKOBBIM M3ETHSIM IPOUCXOAUT HA CTa-
muu criekanus. Crekanue kepamuaeckux [IM oCyIecTBisoT
OOBIYHO B JJIEKTPHUYECKUX I€Yax COMPOTUBIEHUS, Ta30BBIX
medax. [Iporiecc peanu3yroT NMperMyIIeCTBEHHO IO TBEpPIO-
(hazHOMy MEXaHH3MY, YeM O0ECIIEUMBAIOTCS Mallbie 3HAYCHUS
o0vemMHOM ycanaku. CriekaHWe MHOTOKOMITOHEHTHBIX CHCTEM B
OCHOBHOM OCYIIECTBIJISIIOT 110 KUJAKODA3ZHOMY MEXaHU3MY,
MO3BOJISIIOLIEMY ITOJIY4aTh: U3/EHUS C BBICOKOM MPOYHOCTBIO:
xKuakas (aza, KpUCTaJLIN3YACh, UTPAET POIb CBA3KH, IIEMEH-
THUPYIOIIEH M3MeNnne. B 1eoM. Ho criekaembie 1Mo sKuaKodas-
HOMY MEXaHW3MY H3IEIHs AaloT Oomplryro ycaaky. [loatomy
CYIIECTBYIOT MPOOIEMBI TEXHOJIOTHYECKOTO  YIpPaBICHHUS
CTPYKTYPHBIMU XapaKTEpPUCTUKaMU U3JEIUM Ha CTaluu CIie-
KaHUs, KOTOPbIC PEIIAlOT, HAIPUMEP, UCIONb30BAHUEM IIOPO-
00pa3yronmx JA00aBOK, YAalAEeMbIX MPH CHEKaHUH MyTeM HUX
BbIrOpaHus. [IopolIKH, CKIOHHBIE K OKHCIEHUIO, CIEKAaIOT B
3alIATHBIX cpenax. BhICOKass ycTOMYMBOCTH OKCUIHOHN Kepa-
MUKH K OKHCIIEHUIO TIO3BOJISIET OCYIIECTBIATH CIeKaHUe 0e3
HCIOJIb30BAHUS 3AIIUTHBIX CPEl.

IIpornecchl ciekaHusi XapaKTEPU3YIOTCSI BBICOKOI 3HEPro-
eMKOCTBI0. CHIDKEHHS TeMIIepaTyphl CIIEKaHHS JOOMBAIOTCS
BBEJICHHEM aKTUBHUPYIOMHNX M00aBOK. [lockompky 3TOT cro-
co0 nMeeT ¢u3NUeCKHe OrpaHUYeHHs, 00yCIOBICHHbBIE TIPH-
poaol MaTepuana B KaXJAOM KOHKPETHOM cCllydae, MOoay4aloT
pa3BUTHE W HOBBIE CIOCOOBI KOHCOJHAAINH KEPaMUUYECKHUX
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CIIPECCOBAHHBIX 3arOTOBOK MJIM HEMOCPEICTBECHHO MOPOIIKOB
B IOPUCTBIC U3AEIHUS: CaMOPACIPOCTPAHSIIONUNACS BBICOKO-
TEMIIEPATYPHBIM CHUHTE3, TUAPOTEPMAILHBIA CUHTE3, MO3BO-
JIAIOLIME TONy4YaTh U3JENHS C BBICOKOH XMMHUYECKOH U Tep-
MHUYECKOM CTOHKOCTBIO, OMIOpHUCThie usnenus. OIHaKo 3TH
CIOCOOBI TIOKa HE MOJIYYHJIM HIMPOKOTO MPAKTHYECKOI0 pac-
MPOCTPaHEHUSL.

JonomuuTenbHas 00pab0oTKa MOXKET BKJIIOYATH OIEpalIuy,
(hopMUPYIOIINE KOMILIEKC OKOHYATEIbHBIX CBOHCTB IOTOBBIX
kepamuueckux IIITH. Oto n mexanuueckass oOpaboTKa c I1e-
JIBIO TIPUJIAHUS 3aJIaHHBIX Pa3MepoB M OPMbI U3AENUN, U XH-
MHKO-TEpPMHYECKasT YIPOUHSIONIasi 00paboTKa, HaIlpaBICHHAS
Ha TIOBBIIIEHHME MEXaHMYECKHX CBOWCTB, M (DOpMUpOBaHHE
3aJJaHHBIX CTPYKTYPHBIX XapaKTEPUCTUK MaTepHalia IIOPUCTO-
ro m3aenus (Hampumep, HaHECeHHe MEMOpPaHHBIX CJIOEB C HC-
MTOJIb30BAaHUEM METOJIOB KOJUTOMTHON XUMUM ).

W3 paccMOTpeHHsI TEXHOJOTHYECKOH CXEMBI ITOYICHHS
IIITN Ha ocHOBE KEpaMHUUYECKUX MAaTEPHUaiOB MOKHO OTMETUTH
cienyromee. JloctaTodHO« pa3pabOoTaHHBIE TEXHOJIOTHUYECKUE
cxeMmbl nomydeHus kepamuueckux IIIIN comepxat pezepBbl
JUT COBEpPIICHCTBOBAHUS IPAKTUYECKH Ha BCEX CTAIUAX HX
peann3anyy Kak ¢ TOYKH 3PEHUS! CHIDKEHHS MaTepuajbHBIX U
TPYAOBBIX 3aTpat, TaK M C TOYKH 3PEHUS TOBBIIICHHS Kade-
CTBa M KOHKYPEHTOCIOCOOHOCTH, PacIIMpEeHNs HOMEHKIATYpPbI
MOJIY4aEMbIX U3JEIIHN.

VIJIK 621.5
borau H.JI.
OCHOBHBIE XAPAKTEPUCTUKHU U BUAbI
BAKYYMHBIX ONITUYECKHUX NOKPHITUI

BHTY, 2. Munck
Hayunwiii pykogooumens: llaxpaii JI.U.

Ornrnueckue TMMOKPLITHSA TTO3BOJIAIOT CYHICCTBEHHO U3MCHSTH
ONTUYCCKHUEC TTAPAMCTPhI IMOBCPXHOCTU ACTAJIN: YIIPABJIATb HWH-
TCHCHUBHOCTBIO OTPA’KCHHOI'O U MPOITYIIECHHOI'0 N3JTYYCHUA (HpO-
CBCTIAIOIIUE W BbICOKOOTPAXKAKOIINC HOKpBITI/ISI), HU3MCHATHb
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CIIEKTPAJIBHBIM COCTaB OTPa)KEHHOI'O M IMPOIYLIEHHOIO M3ITyde-
HUsI (CHEKTPOJCIUTENBHBIC U (PUIBTPYIOLINE MTOKPBITHS), H3Me-
HSTH COCTOSHUE TOJSIpH3alui U (ha30BbIe XapaKTEPUCTUKH H3-
nmydenus (MHTepdEpEHINOHHbIC OJSIPH3aTOphl U (ha30BBIE Bpa-
mrarenu). [lomyunnu pa3BuTHE MOKPHITHS, BBITOTHSIONINAE OJJHO-
BPEMEHHO HECKOJBKO (DYHKIMI B Pa3IMYHBIX y4acTKaX CIIEKTpa
— MHOT'OCIIEKTPAJIbHBIC ITOKPBITHA.

C moMOIIBI0 TOHKOCIOWHBIX TOKPBITUM MOXKHO CyIIe-
CTBECHHO IOBBICUTH MEXAHUUYCCKYIO U XUMHUYCCKYIO yCTOﬁQH-
BOCTb MTOBEPXHOCTH (TOKOMPOBOMSIINE MOKPHITHS), HBMEHUTH
ee DJIEKTPUYECKHE CBOICTBAa (TOKOIPOBOAAIIUE TTOKPBITHSA)
T.J.

OCHOBHBIMU KpUTCPUAMHU KadeCTBa IJICHOYHBIX MaT€pua-
JIOB SIBJIIIOTCS: TPO3PAavyHOCTh, IMTOKA3aTENNb MPETOMIICHUS, OJI-
HOPOAHOCTB, IJIOTHOCTb, aATre€3usd, TBEPAOCTb, MEXaHHYCCKOC
HaIIpsDKEHUs, YCTOMYMBOCTh K BO3IAEHUCTBUIO OKpYKarOLIEH
Cpezpl U T.1.

CBoiicTBa ONTHYECKUX IOKPBITHUHA OMpEHensieTcss KOH-
CTPYKIIHEH HMHTEPHEPEHITMOHHBIX CHCTEM (YHUCIIO CIIOEB, HMX
[I0C/IE0BATEIbHOCTBIO, TOJIIIMHAMY, [OKA3aTesIMH IIPEIOM-
JICHUS U JIp.), METOAOM HAHECEHUs CII0EB, UX IPUPOJION U Ma-
TEPHAIOM ONTHYECKOW aeranu. KOHTponms W cTaOwmiu3amms
TEXHOJIOTNYECKUX [1apaMeTpoB U PEKUMOB HAaHECEHUS CJIOEB B
mporiecce (popMHAPOBAHUS MOKPHITHIH 00ECTIeunBaET BHICOKYIO
BOCIIPOM3BOAUMOCTH CBONCTB MOKPBITHH.

Teopust uHTEp(DEPEHIMOHHBIX NOKPBHITHH K HACTOSILEMY
MOMEHTY AOCTaTOYHO Pa3BUTA. Y HAC B CTPaHE U 3a PyOexoM
pa3paOOTaHbl COBPEMEHHBIE METOIbl CHHTE3a ITOKPBITUI
(HaxoKJeHne KOHCTPYKIIMU TIOKPBITHS, OOeCTIeYUBarOIIeH
HEOOXOOUMBIX ONTHYECKHUE M SKCITyaTalMOHHBIC Mapamer-
pBI), KOTOpPBIE B COYETAaHWU C COBpeMeHHbiMH DOBM mo3Bo-
JISIOT pelath CIOKHEHIINe 3aJadd ¢ JOCTaTOYHO XOPOIIUM
npuOJImKeHHEM K ONTHManbHOMY peuieHuto. Hampumep,
CBEPXIIMPOKOIOJIOCHBIE POCBETIISIONINE ITOKPBHITUST BHICOKON
ONTHYECKOH 3(PQPEKTUBHOCTH, PA3IMYHBIE MHOTIOCIEKTPAJIb-
HbI€ MPOCBETJIAIONUIME U CHEKTPOICIUTENIbHbBIE MOKPBITHS CO
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CIIOHBIM paclpeieleHNeM HHTEHCHBHOCTH OTPaXEHHOIO U
MPOMYIIEHHOTO HM3JIy4YeHUH MO CHEKTPY, BBIMOIHSIOMHNE OA-
HOBPEMEHHO OIpe/esieHHbIe QYHKIUHN B Pa3IMYHbIX y4acTKax
OITHYECKOTO CIIEKTPA.

CoBpeMeHHBIN KaTalor ONTHYECKUX MOKPHITHH BKIIOYAET
B ce0s IMHUPOKUH acCOPTUMEHT MOKPHITUH, Pa3lUYHBIX IO
HA3HAYEHHIO, KOHCTPYKIMH, COCTaBy M CBOWCTBAM JUISL Yilb-
TpaHONCTOBOM, BUAMMON M MH(PAKpaCHOH O0O0JACTeH CIieK-
Tpa:

1) axpomamuueckue npoceemnsiowue TOKPHITHS B BU-
JIUMOM JTHAIia30HE CIEKTpa C IMUPUHOHN 1mosiockl AL = 300 HM
W OCTaTOYHBIM KO3 dunmeHnToM otpaxenus r < 0,5 %;

2) npoceemusiowue TOKPHITHS HA TIOMIOKKAX M3 TOIY-
MIPOBOIHUKOBBIX MaTepuanoB M onTmueckor kepamuku (Ge,
ZnS, ZnSe, MgF2) mis UK nuana3ona crekTpa;

3) sawumno-npoceemnsiowue MOKPHITHS HA 2USPOCKO-
nuunwte kpucmaanvl (KCl, NaCl ) ¢ octarounbiM K03 duim-
€HTOM OTpakeHus 1 < 2 %);

4) sawummno-npoceemisiowue NOKPHITUS HA KEAPYEEbIX
cmekaax, yCTOWINBBIE K arpeCCUBHBIM, B T.4. (hTOpCcoOIepKa-
LM CpenaM Ui BBIXOIHBIX OKOH 3KCHMEPHBIX JIa3€POB C A
= 248 HM (B3aMeH JOpPOTOCTOSIINX U HECTOWKHUX KPHUCTAIJIOB
CaF);

5) mmococnoiinvie Ousnexkmpuueckue ompadcaouue mo-
KPBITHS JIJISl TEHEPATOPOB JIA3€PHOTO M3IYYEHHS Ha Pas3iind-
HBIX TOMJIOKKaX W3 TMONYNPOBOA-HAKOBEIX MaTeprajoB
(CaAs, GalnAs, AsSb), neiikocandupa (Al,O3) mis OmnxHe-
ro MK nuamazona (0,88-3,5 Mkm);

6) evicokoompadicaiowue TOKPHITHS ¢ KO>(YPUIMEHTOM
oTpaxeHus r > 99 % («cymepsepkana») Ha OCHOBE MHOIO-
CIIOMHBIX AMAIEKTPUIECKAX WHTep(EPEHIIMOHHBIX TUICHOY-
HBIX CTPYKTYD;

7) evicokonpounvle Memaniuyeckue 3epKaibHble TIOKpPbI-
THS C 3aIIUTON Ha OCHOBE OKHCIIOB Ha ONTHYECKUX JETaJsIX
nuamerpoM a0 400 mm;
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8) ceemooerumenvnvie TOKPHITHA Ha OCHOBE METAJIOB
(Ti) u MHOTOCIOWHBIX HMHTEP(EPESHIIMOHHBIX IUICHOYHBIX
CTPYKTYp 0€3 3aKJIeMBaHUsl C JIOOBIM COOTHOIIICHUEM IPO-
IIEMIIIEr0 U OTPAXKCHHOTO CBETOBBIX ITOTOKOB CO CTaOWJIbHBI-
MU XapaKTePUCTHKAMU;

9) unmeppepenyuonnvie guivmpsr B YBU-muanazone
CIIEKTpa ¢ TPeOyeMOl CIIeKTPaJbHOW XapaKTCPUCTUKON (B T.Y.
MIOJIOCOBBIE, OTPE3AIOIIe, HMUTHPYIOIINE XapaKTEPUCTHKH
LBETHBIX U yibTpaduoeToBbix crekon YDC) co crabuibHbIME
XapaKTEePUCTHKAMHU;

10) ysxononocuwie mrozocnotinvie punbmpsl I BUIEMO-
ro u UK-auamna3oHoB ¢ mosiocoi mponyckanus A Aos/A vaxe =
0,005.

Takum 00pa3oM, ypOBEHb COBPEMEHHOIO ONTHYECKOTO
npudopa BO MHOTOM OIPEHCNISICTCS HAIMYUEM MOKPBITUN C
HEOOXOAMMBIMHM ONTUYECKUMH HJIM SKCILIyaTal[MOHHBIMHU T1a-

pamerpamu.

s HaHeceHUs MOKPHITHIL UCHONB3YIOTCS pa3iINdHbIe Ba-
KyyMHBIE M XHMHYECKHE METOIBl M 00O0pyZOBaHHE, BHIOOD
KOTOPBIX oOIpenensercs TPEeOOBaHUSIMU K TMOBEPXHOCTSIM U
BO3MOKHOCTSIMU UX TPOU3BOJICTBA.

YK 681.5.017
boposckas T.B.
AJITOPUTM ITPOEKTUPOBAHMUME C IOMOUIbIO
CAIIP T-FLEX CAD

BHTY, 2. Munck
Hayunwiii pykogooumens: Kouoa C.I

3nanue ocHos agmomamusayuy NPOEKMUPOBAHUS U YMeHUe
pabomams co cpeocmeamu CAIIP mpebyemcs npaxmuyecKku
Kaxcoomy umicenepy-paspabomyuxy. Komnvromepamu nacviuye-
Hbl NpOeKmHble NOOPA30eleHUs, KOHCMPYKMOPCKue 0po u
oucwl. Paboma KOHCMPYKmMopa 3a 0ObIYHLIM KVIbMAHOM WU
oopmnenue omuema Ha NUUWYWel MAWUHKe CMAlU aHaxpo-
nusmom. [lpeonpusmus, eedywue paspabomku 06e3 CAIIP umu
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AU C MATOU CIMENEeHbio UX UCNONIb306AHUA, OKA3bI6AIOMCA He-
KOHKypeHWZOCI’ZOCO6HblMM Kak ecredcmeue OoIbUIUX mamepu-
AJIbHBLX U BPEMERHBIX 3ampamn Ha npoeKkmupoesarnue, mak u u3-3a
HEBBLICOKO2CO Kadecmeda npoeKmaoe.

AKTHBHOE BHEIPEHHE KOMIBIOTEPHBIX TEXHOJOTWi B IO~
CllelHee JIeCATHIIETHE BECbMa OCTPO IMOCTABWIIO 337ady COBEp-
LICHCTBOBaHMS TIpaduueckoil MOArOTOBKM WHXEHepOoB. Tpaiu-
UOHHO Tpaduyeckasi OArOTOBKAa MHKEHEPOB 00ecrednBaiach
M3y4eHHEM HadepTaTeNIbHOM TeOMETpUH, TIeOMETPHYECKOro,
MPOEKIMOHHOTO U MPO(eCCHOHALHOTO HAIPaBJICHHOrO: Yepye-
HUsL. DTO HE BBI3BIBAJIO HEOOXOJMMOCTH U3MEHEHHSI CAMUX TeX-
HOJIOTHI TIPOEKTHPOBAHMSA M COOTBETCTBEHHO, METOAMK OOyue-
Hus. C TIOSBIIEHWEM MOIIHBIX TEPCOHAIBHBIX KOMITBIOTEPOB H
CHCTEM JBYX- M TPEXMEPHOIO MOAEIHPOBAHUSA M3MEHIINCh U
TTOAX OB MTPOEKTHPOBAHMSL.

KypcoBbie mpoekTsl mo: OCHOBaM KOHCTPYMPOBAaHHMS CTa-
HOYHBIX MPHUCIIOCOOJIEHNH, IETalIM MAIIHH BBITOJHSIIOTCS
IUTS 3aKpeTIeHNs 3HaHWH TEOPETUYECKOro Kypca U MpaKkTHie-
CKOT0 WX NMPUMEHEHUs, T.6. MPHOOPETEHHs IMepBOHAYAIBHBIX
YMEHUM B KOHCTPYUPOBAHUH.

T-FLEX CAD wusHavanbsHO pa3padaThIBajiach Kak Cpeia Ia-
pamMerpuyeckoro. TipoektupoBanus. Ilom mnapamerpuzaiueld B
paccMaTpuBaeMOM CITydae TIOHMMAeTCs TOCTPOEHHE M MHOTO-
KpaTHOE HCIOB30BAHNE DIIEMEHTOB OMOIMOTEKH CTaHIAPTOB C
BO3MOYKHOCTBIO M3MEHEHHSI MX OCHOBHBIX Mapamerpos. [Ipn u3-
MEHEHHH OCHOBHBIX ITapaMETPOB aBTOMATHYECKH MPOHCXOIUT
VM3MEHEHHE BCEX CBS3aHHBIX C HUM MAaTEMAaTHIECKUMH WIIH JIO-
THYECKUMU BBIPOKEHUSIMA OCTAJbHBIX TapaMeTpoB YepTekKa.
Takum 00pa3oM, TapaMeTpru3aIiisi MOXKeET CTaTh XOPOIINM TIO-
CIIOPhEM B BOITPOCAX THUTIOBOTO MPOEKTUPOBAHUS, €CIH IIPU TPO-
EKTHPOBAHWU HOBBIX W3MEIHMH 32 OCHOBY OEpeTrcs yXe Cylie-
CTBYIOIIME DJIEMEHTHI OMOMMOTEKN M TPOU3BOIUTCS MX KOPPEK-
THUPOBKA ITyTEM U3MEHEHHUS Pa3MEPOB.

Cpena napamerpuueckoro npoekrtuposanus T-FLEX CAD
MIPUHAUIEKUT K CHCTEMaM aBTOMATH3HPOBAHHOTO TPOEKTH-
poBanwus (CAIIP) cpennero ypoBHS aBTOMAaTH3allud, HapaBHE
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¢ TakuMu cuctemamu kak, Auto CAD u Solid Works. Ha ce-
ropusuHui gens T-FLEX CAD no3BonsieT co3naBaTh IBYX- U
TpeXMEpHBIE NapaMeTpUyYecKue MOJeNIH, OQOPMIISTH KOH-
CTPYKTOPCKYIO JOKYMEHTAIMIO, CO3[aBaTh YEPTeKU H COO-
POYHBIE KOHCTPYKIIMH JTFO00H CTEEH! CIIOKHOCTH.

Mexannsm napamerpuzanmu B T-FLEX CAD namen nocra-
TOYHO IIPOCTOE PEIlIeHHE B BUJIE epeMeHHbIX. Ecnu paccMaTpu-
BaTh 3TH K& JEUCTBUS, IpuMeHuTenbHO K Auto CAD, T0 s
CO37IaHUs TIAPAMETPUYECKOro YepTeka KOHKPETHOM JeTaid,
HEoOXOMMO HamuMcaTh porpaMMy Ha BcTpoeHHOM B AutoCAD
s3bIke AutoLisp, IpenBapuTeIbHO 03HAKOMHUBIINCH ¢ CHHTAKCH-
COM 3TOro s3bika. KoHeuHo, MOKHO TepedepTuTh depTex. He
32HOBO, a JIMIIb W3MEHWB TOJIOKEHHUE HEKOTOPBIX JIMHUM, 4TO
oTpedyeT HEeKOTOPOTO BPEMEHH.

OpauM n3 npenmymiecTB cucremsl T-FLEX mepen apyru-
mu CAD-cucTeMaMul SIBJIIETCS BO3MOXKHOCTh CO3[aHUS Tapa-
METPUUYECKUX COOPOUYHBIX UEPTEHKEH, B KOTOPHIX OTIEIbHBIE
YacTU-JIETA CBsI3aHbl Mexay co0oi. [lpu momuduranmm
yepTeka COXPAHSIOTCI BCE OCHOBHBIE 3aBHUCHMOCTH MEXIY
napamMerpamMu OTJEeIbHBIX JieTajiei. bonee Toro, oHOBpeMeH-
HO ¢ MOAM(HUIIMPOBAHHBIM COOPOYHBIM YEPTEKOM MBI MOIY-
YUM TOJIHBIA HaOOp YepTeKel-neranel, KOTOpble y4acTBOBa-
1 B cOopounoMm deprexe. [Ipu sToM oHn OyayT UMeETh Te T1a-
paMerpsl, KOTOPBIE MOYYUIINCh B pe3yabTaTe mepecuyera cOo-
pOYHOTO YepTexKa.

[Ipexxae "uem co3maBaTh COOPOUYHBIN YEPTEK, HEOOXOAMMO
MIPEIBAPUTENHHO TPOIYMATh €ro CTPYKTYPy W CO3IaTh €ro
COCTABJISIIOIIFIC YaCcTH B BHIE depTexkeh-pparmenToB. Co3ma-
HUE cOOPOYHOrO YepTeka 3aKIF0YaeTCsl B MOCIEN0BATEIEHOM
HaHECEHWHU Ha YepTex (PparMeHTOB.

UepTexxu-pparMeHThl, KOTOPBIE YY9aCTBYIOT B COOPOYHOM
4epTeKe, MOTYT OBITh TIEPEMEHHBIMH, TO €CTh B 3aBHCUMOCTH
OT KaKuX-JIIN0O yCJIOBUN B COOPOYHOM UepTexe OyIeT ydact-
BOBAaTh TOT WJIM WHOW uepTex-(pparment. Kaxnapiii ¢pparment
MOJKET B CBOIO OYepe]lb TAKXKE COCTOATh U3 ()parMeHTOB, TIPH-
4YeM YpPOBEHb BJIIOKEHHOCTH (PparMeHTOB MPAKTHYECKU HE
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orpanudeH. Ha ocHoBe (hparMeHTOB, BXOIIIUX B cOCTaB cOO-

POYHOTO0 YepTexka, MOKHO CO3/1aTh JIETaTUPOBOYHBINA YEPTEK.
[Ipu npoekrupoBanuu npu nomoiu T-FLEX CAD moxHO

BBIJICTTUTH LIECTh OCHOBHBIX 3TAMOB MPOCKTUPOBAHUSI.

Many4eHne TEXHAHECKOTD Jananna

T-FLEX CAD

BrluepuneaHisa AETANEH B TOHKWUX
JIHMHUAX

MoaGop cTaHOapTHLIX QeTanen
yinoe ua BC

Guinmaters
TR T

Bafinuotess cramaapros
anm rpoeTRos AN

MpoeKTHPOBAHME W PAIMELLEHWE HA
HEPTENE AONONHWTENBLHLIX oTanew

OkoHyarensHoe nonyuyeHne cbopoy-
| HOMO YepTewa

Pucynok 1 — Anroput™ nNpoeKTUPOBaHHUSI C TIOMOLIBIO
CAIIP T-FLEX CAD
IepBsiii 3Tan. [lonrydenne TexHU4IecKoro 3amaHus (3aaa-
HHE Ha KypcoBo# mpoekT). Ha 3Tom sTame cTyneHT momydaeT
YEepTeX ACTalld U yKa3aHHE Ha NMPOCKTHPOBAHHE CTAHOYHOI'O
MIPUCIIOCOOICHNS B COOTBETCTBUH C TEXHUUECKUM 3aJaHUEM.
Bropoii 3tan. C momomsto cpencts T-FLEX CAD B Hyx-
HOM KOJIMUECTBE MPOEKIMH TOHKHMH CIUIOIIHBIMHU JIMHUSAMH
n300pakaroT KOHTYpbl oOpabaThiBaeMoil aeranu. B mepsoit
MPOEKIHHU JeTallb JOJDKHA OBITh IOKa3aHa B MOJOKEHUH, KO-
TOPOE OHO 3aHMMAET HA CTAaHKE BO BpeMs 00pabOTKH.
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Tperunii >tan. CocTaBiieHHEe NPUHUUNIUAIBHOW CXEMBI
npucnocobnenus. Ha sToMm sTame, B COOTBETCTBHH CO CXEMOU
0a3upoBaHus, BHIOMPAIOT YCTAHOBOYHBIE MM OIOPHBIE 3Jie-
MEHTHI U3 OMOJIMOTEKH CTaHIAPTOB JJISl IPOSKTUPOBAHUS CTa-
HOYHBIX TpHcriocoOneHuii. B ciyuae oTCyTCTBHS cTaHAapT-
HBIX, TPOCKTUPYIOTCS CIIEHUANbHBIC 3JIEMEHTHI MIPHCIOCO0Ie-
Husl. CIpOEKTHPOBAHHBIE PUCTIOCOOIEHUSI MOT'YT OBITh 3aHe-
CCHBbI B OMONMOTEKY CTaHAAPTOB, U B JaJbHEHIIIEM HCIIONB30-
BaThCS ISl IPOSKTUPOBAHUS JPYTUX MPUCTIOCOOTICHUH.

Yerepralii 3Tan. [log00p cTaHaapTHBIX JIeTaICh M y3JI0B
13 OMOJIMOTEKH CTaHIIAPTOB JUISi MPOSKTHPOBAHUS CTAHOUYHBIX
MPHUCIIOCOONIEHNH W pa3MellieHne uX Ha COOPOYHOM uepTexe
CTaHOYHOT'O ITPUCITOCOOIICHHS.

HaTeni 3tan. [IpoexTrpoBanue. M pa3MemieHue Ha cOo-
POYHOM YepTexe JOMOITHUTENBHBIX JeTallel, KOTOphIe HE BO-
UM B OMOIMOTEKY CTaHAAPTOB JUIS MPOEKTHUPOBAHMS CTAHOU-
HBIX mpucrocobmennii. CrpoeKTHPOBaHHbIE HECTaHAAPTHHIE
JIETAJIA WU y3JIBl TAKKE MOTYT OBITh BHECEHEI B OMOIHMOTEKY
CTaHJAPTOB M MCIOJIb30BATHCS B JaJbHEHIIEM Ul NPOEKTH-
POBaHUS Pa3lINYHbIX CTAHOUHBIX NIPUCIIOCOOIEHUH.

IMecroii 3Tan. OKOHYATEIBHOE IOJIYYCHHE COOPOYHOIrO
yepTexa CTaHOYHOro npucrnocobienus. Ha stom stane cry-
JIEHT OKOHYATEIBHO C(HOPMHPOBEIBAECT COOPOYHBIH HYEPTEK,
HAaHOCHUT DPa3MEPHBIE JIMHUM, TEXHUYECKHE TpeOOBaHUS U C
nomompio T-FLEX CAD mnonydaer TBepAyro KOIMUIO YepTeKa.

BaxHo OTMETHTBH, YTO HCIOJIB30BAHUE METOAUKH IIPOEKTH-
POBaHUsI 4YepTeXell MpHU IOMOIIM CHUCTEM IIPOEKTUPOBAaHUA |-
FLEX CAD u nommep:kuBaeMoi €10 OMOJHOTEKH CTaHIapTOB,
HMEeT TIEPBOCTENEHHOE 3HaUeHUE B (JOPMUPOBAHHUH Y CTYJCHTOB
HHKEHEPHOI'0, TBOPYECKOr0 MOAX0a K PEILICHUIO KOHCTPYKTOp-
CKHX M TEXHOJOrMYecKuX 3azad. OmHaKo, IS YCIIELIHOrO BBI-
MOJIHEHHUSI TEXHUYECKOI0 3aJaHusl KypcOBOI'O MPOEKTA, CTYACHT
JOJDKEH o0nafaTh HeOOXOIUMBIM YPOBHEM KOMIIBIOTEPHON MOJ-
TOTOBKHM, YTO IOIpa3syMeBaeT Moj coOOl BBEIEHHE B yUEOHBIH
IUIAH JIOMOJHUTENBHOrO MPEeIMETa 10 U3yYEeHNI0 KOMITbIOTEPHO-
r'0 IPOEKTUPOBAHMSI.
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YJIK 539.25:669.6
I'ycakosa O.B.
HUCHOJB30BAHUE B YYEBHOM IMPOLECCE
PE3YJIBTATOB UCCJEJOBAHUM IN-SITU
®A30BBIX ITPEBPAIIIEHWI B
BBICTPO3ATBEPJAEBILINX
®OJIbI'AX CIIJIABOB OJIOBA

MIDY, 2. Munck
Hayunwiii pykogooumens: [lleneneeuu B.1'.

YCTaHOBIEHO, YTO MHKPOCTPYKTypa (DONBr JABOHHBIX
CIJIAaBOB HA OCHOBE 0JI0Ba (popMupyeTcst B pe3ysbTaTe pacma-
Jla TIEPECHIIICHHOr0 TBEPAOro PacTBOpa MO MEXaHHW3MaM He-
MPEPHIBHOIO M TPEPHIBUCTOrO pacmalioB. lIpoBeneHsl mo-
ApoOHbIe HcciaenoBaHus IN-SitU HA OCHOBE KOTOPBIX PacCyM-
TaHbl OCHOBHBIE XapaKTEPUCTHKH pacmaja. llomydyeHHsle pe-
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3yJBTaThl MO3BOJISIOT HATJSAHO MPOIEMOHCTPHPOBATE CTPYK-
TYpHbIE U3MECHEHHS B TPOLIECCE paciiaja MPECHIIICHHBIX TBEp-
JBIX PACTBOPOB, YTO BIIOJHE MOXKET OBITh MCIIOIB30BAHO MPHU
YTEHUU KYpPCOB 3aTPardBalOIMX BOMPOCHI (Pa30BBIX MEPEX0-
JI0B B TBEPJBIX TEAX.

dusnueckoe MaTepHalOBEACHNE OTHOCUTCS K OIHUM U3
Hanbosee BaXKHBIX W PaACIPOCTPAHEHHBIX KypCOB (HUIUKH
MpenojaBaeMblX B TEXHHYECKUX By3ax. M3yueHwe (HU3UKU
TBEPAOr0 Tela, CTPYKTYPHBIX IPEBPALICHUM U CBS3U CTPYK-
TYpHO (a30BOr'0 COCTOSIHUSI CO CBOMCTBAMHU MaTepUalia SBJIsI-
eTCs OCHOBOW (DYHJIAMEHTAJIbHOW MOJArOTOBKHA HHXEHEPOB
pa3HeIxX cnenuanbHocTe. I103TOMy Ipu M37I0KEHUU KypCOB
(M3HKK TBEPIOTO Tella aKTYyaJbHBIM SIBJISIETCS MCIOJIh30BaHUE
HOBBIX HAYYHBIX PE3YJIbTATOB, MOJYYCHHBLIX C ITOMOMIBIO CO-
BPEMEHHOTO CIIOKHOT'O UCCIIEIOBATENBECKOr0 000PYA0BaHHUSI.

B nanHOl paboTe W3IOKEHBI PE3yIbTAThl HCCIEIOBAHMS
CIJTaBOB Ha OCHOBE ojioBa ¢ Bi u Cd, mosydeHHBIX METOI0M
CBEpXOBICTPOH 3aKajku u3 paciuiaBa. CruiaBsl COCTaBOB SN —
8 ar. % Bi, Sn — 4 at. % Cd, Sn — 8 ar. % Cd B Buzme donbr
tommuHOH 30—100 MKM TIOITy9alTiCh IPH BBUTMBAHWH pacIjia-
Ba Ha BHYTPEHHIOI [OBEPXHOCTh BPALIAIOLIEIOCSI MEIHOrO
mucka. OIIEHKH CKOPOCTH OXJIaXKJEHUs paciulaBa U Iepe-
OXJIQXKJICHUSI, JOCTUIAeMOro 10 Hayaja 3aTBEpAEBaHUs, NPH-
Bemensl B [1]. [IokazaHo, 9TO CKOPOCTh OXJIAXKICHHUS pacIliaBa
cocrapisier 10°~10° K/c, a moctHraemoe InepeoxiiaicHHe
Haxomutes B mpeaenax 119—130 K. Ipu takux mepeoxiaxme-
HUSX CKOPOCThb [IBM)KEGHHUSI TPAHHUIBI TBEPAOE TEIO-pacIliaB
MOXKET TpeBBIIaTh AUPPY3MOHHYIO CKOPOCTh IPHUMECH B
pacruiaBe, 4to obecriedrnBaeT 0e3audPy3nOHHYI0 KPHUCTAILTH-
3amm0. B pesynbraTe 00pa3yroTcs MeTacTaOMIIBHEIE TIepechl-
IICHHBIC TBEPAbIE PACTBOPBI, YTO MOATBEPKAECHO MHOTHMHU
aBTOPaMHU C TOMOILBI0 PEHTTEHOCTPYKTYPHBIX HCCIIEIOBAHUM
¥ U3MepeHus mapamerpa pemerku [2, 3]. OmHako 10 mocien-
HEro BpeMEHU He ObIJI0 HU OAHOM paboThbl, MOCBSIICHHOH
YCTaHOBJICHUIO MEXaHM3MOB paclaza 3TUX MeTacTaOMJIbHBIX

thas.
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[TosTOMY OBLIM TIPOBENEHBI ClIENHUAaIbHBIE UCCIIEIOBAHUS, B
KOTOPBIX MPOBOIMIIOCH HAOMIOIeHUE IN-SitU 3a MOBEPXHOCTHIO
ObIcTpo3aTBepAEBIINX (OJIBI CIUIABOB OJIOBA Cpa3y MOCIE UX
H3TOTOBJICHUSA, 4 TAKXKEC TOMOI'CHU3UPOBAHHBIX H 3aKaJICHHBIX
Ha BO3AyX (oibr. MUKpOCTPYKTypa (ONbr H3ydanach C IO-
MOIIBIO pacTpoBoi 3nekTpoHHON Mukpockornuu (LEO 1455
VP) npu 3TOM HaOMIOACHHS BENHCH B OTPAKEHHBIX JJICKTPO-
Hax.

[epBoHayanbHble HAOMIOAEHUS, TMPOWU3BOMSIINECS Yepe3
5—10 MUHYT MOCTIE TPUTOTOBJIEHUS (OIBTH, TTOKA3aJIH, YTO Ha
cTopoHe (oJbru, MpUIIEramilei K KpUCTauIn3aTopy, BhIeNe-
HUSl OTCYTCTBYIOT Jisi (OJIBT BCEX COCTABOB, YTO CBHUJICTEIb-
cTByeT 00 00pa30BaHUM MEPECHIIICHHOIO TBEPAOro pacTBOpa
Ha OCHOBE OJIOBAa. YCTaHOBJIEHO, YTO pacraj TBEpJOro pac-
TBOpa TPOTEKAET TpY 0Opa30BaHWM IUIACTHHYATHIX BBIJEIE-
HUI Ha TPaHUIIE 3€pHA U UX MOCIEAYIONIEM YIJIUHEHUU OJHO-
BPEMEHHO C TMEPEMEUIAIONICNCS BBICOKOYIJIOBOM TI'paHULIEH.
Takoil mpouecc pocTa KOJOHUHU JiaMelleld TUMWYEH IS Ipe-
pBIBHCTOTO Mexanu3Ma pacnana [2]. OmHOBpeMEHHO C TpephI-
BUCTBIM pacIaj oM IIPOTEKaeT pacnaj 10 HEIPEPbIBHOMY Me-
XaHU3MY, B Pe3y/lbTaTe KOTOPOro MOSABISIOTCSA Y3KOILIACTUH-
yaTble BKIIOUCHUS BUCMYTa WJIM KaJIMMs, pacllojararoIiuecs
mox yriaamu 60 miu 90 rpamaycoB cOOTBETCTBEHHO. VX dhopma
1 YHOPSIIOYCHHOE PACIOIOKEHUE BBI3BAHO KOPPEIALUEH HX
KPUCTAJUIMYECKUX PEIIETOK C PelIeTKor MaTpuilsl. Eciu BbI-
COKOYIJIOBAas I'paHMIA OCTUraeT IJIACTUHYATHIX BKIFOYEHHUN
TO €€ JanbHeHIee MPOABUKEHUE COMPOBOXKIAETCS YTOINIIE-
HreMm nocnenaux. Ha pucynke 1 mpuBeneHsl MukpodoTorpa-
¢un nosepxHocTH ObICTpO3aTBEpAEBILEH Qonbru Sn — 8§ at. %
Bi caenannble yepes pasnuuHbIe IPOMEXYTKH BPEMEHH I10CTIE
H3TOTOBJICHUS.

Hanaue Gompioro xoinmdecTBa Takux MUKpodoTorpaduit
MO3BOJIWJIO CO3AaTh CIAWA-II0Yy, IO3BOJSIOIIEE HAITISAHO
MIPOIEMOHCTPUPOBATh U3MEHEHHE MHUKPOCTPYKTYpPHI (posbr B
Ipolecce paciaja NepechlliEeHHOro0 TBEPAOTro pacTBopa.
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10 Mun 25 MuH 50 MuH
Pucynok 1 — MukpocTpykTypa MOBEPXHOCTH ObICTPO3a-
TBepeBIIei (onbru crasa Sn — 8 at. % Bi npu HaOmo1€e-
HUY 4Yepe3 pa3inyHble TPOMEXKYTKH BPEMEHH M0CIe U3To-

TOBJICHUS

Taxke ObUIM HPOBENEHBI HMCCIACIOBAHUSA OBICTPO3aTBEP-
JeBIMX (OIBIY MOCIIE TOMOT€HU3AUMHI M 3aKaJIKH Ha BO3MY-
xe. Ha pucynke 2 npencraBiieHbl pe3ylbTaThl HAOIIOICHUS 32
MOIIEPEYHBIM CPE30M 3aKaleHHOH (onbru. Pe3ynbraThl cBU-
JETeIbCTBYIOT O TOM, YTO IPOLECC IPEPHIBUCTOrO pacrajia
MIEPECHIIIIEHHOTO TBEPIOr0 PAaCTBOPA 3aKAJCHHBIX HA BO3IyXe
(boner mpoTeKaerT Mo MEXAaHU3MY, CXOTHOMY C MEXaHH3MOM
pacmaga, HabmogaeMbiM B OBICTPO3aTBEp/EBIINX (ONBrax.
OTiu4me COCTOUT B TOM, YTO TIPH 3aKaJIKe Ha BO3LyXe MpOTe-
KaeT MCKIIOYUTENBHO MPOIecC IMPEPHIBUCTOrO pacmaiga |
HAYMHACTCS OH Yepe3 HEKOTOpoe BpeMs Iociie Havaia Halmo-
JICHMSL.

[MpoBenenHbic HAOMIOEHNS in-Situ 3a MPOIIECCOM JIBHKE-
HUSI TPaHWIBI pacmaza B ObICTpo3aTBepAeBIIMX (oimbrax u
(donprax 3akaJeHHBIX Ha BO3IyXE, MO3BOJIHMIM HEIOCpPen-
CTBEHHO OIPENEIUTh CKOPOCTh €€ IMEPEMELICHUS NPU KOM-
HaTHOH Temmeparype. CKOPOCTb ABHMKEHUS! T'PAaHMIBI IIPEPbI-
BHCTOr0 pacnajaa B (hoibrax, 3aKaJIeHHbIX Ha BO3IYyXE, 3aMeT-
HO HE OTJIMYaeTcs OT CKOPOCTH ABMKEHUS TPAHULIBI pacrazia B
ObIcTpO3aTBEpAEBIINX (HOJIBIax IUIsl OXHOTO U TOTO K€ COCTaBa
00pa3woB u 11 criaBa Sn — § at. % Bi umeer 3HaueHue B npe-
nemax (1-4)-10° m/c. Taxoke ObUIM ONpeNENEHB MCTHHHOE
MEKJIaMeIbHOE PAcCTOSIHUE W TOJIIMHA Jamenell KOTopble
coctaBiaroT 0,4 MkM B 10 HM COOTBETCTBEHHO.
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10 Muu 60 MuH 120 mun

Pucynok 2 — MuUKpOCTpyKTypa TOINEPEYHOr0 CeYeHH
¢donbru criaBa Sn — 8 at. % Bi uepes paznuduHbIe IpOMeE-
JKYTKHA BPEMEHHU TOCJIE 3aKaJIKK Ha BO3IyX

Takum 00pa3oM, MOJydeHHBIE PE3yJIbTAaThl UCCICIOBAHUI
iN-Situ MO3BOJISAIOT HATJISAZAHO MPOJAEMOHCTPHPOBATH CTPYKTYP-
Hble U3MEHEHHS B MPOILIECCE Paciajia IMIPECHIIIEHHBIX TBEPIBIX
pPacTBOpPOB Ha OCHOBE OJIOBA, a TAKXKE IPOBECTH OIEHKY OC-
HOBHBIX TapaMeTpoOB 3TOTO IPOLECCa, YTO BIIOIHE MOXKET
OBITh WCIIONIL30BAHO MPH YTCHUU KYPCOB 3aTParuBalolInX BO-
POckl Pa30BBIX MEPEXOMOB B TBEP/IBIX TEIAX.
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YK 621.088
Hanmnpunk I1.C.
TPAEKTOPUSA IBUKEHUA UHCTPYMEHTA
P TOYEHUU C HAJIOKEHUEM HA ITPOIIECC
PE3AHUSI ACUMMETPUYHBIX KOJEBAHUM

BHTY, . Munck
Hayunwiii pykosooumens.: Janunouux C.C.

BubpanuonHoe TodyeHue sipisiercss 3QQPEKTUBHBIM CHOCO-
00M CTPYKKOIPOOJICHHs B TIpoIiecce 00pabOTKH JeTajiel, HO
CHIDKAETCsI Ka4ecTBO 00paboTaHHOW MOBEpXHOCTH: [Ipu BHO-
palMOHHOM TOYCHHH CPEIHSS BHICOTA MUKPOHEPOBHOCTEH
OCTaeTcsi HEeM3MEHHOW U PaBHA BBICOTE TPEOCIHIKOB TPH OOBIY-
HOM pe3anun. OJHAKO BCIIEJCTBHE M3MCHCHHS MOAAa4Yl WH-
CTpyMeHTa HaONIo/aercsi 3HAYMTENbHAs HEPEeryJIsspHOCTh
npoduisi 00pabOTaHHOMN MOBEPXHOCTH H3-332 HECTAOMJILHOCTH
BBICOTHI rpebemkoB (pucyHok 1). W ata HeperymsapHOCTh MO-
KeT OBbITh JJOCTATOYHO OOJBIION.

B ommume oT 0OBIMHOTO pe3aHus, IJie 0CEBOE PACCTOSHUE
MEKIY TPACKTOPUSMU JABHIKEHUS Pe3lla OTHOCHTEIBHO JICTATH
Ha COCETHUX BUTKaX A OMTHAKOBO U PaBHO Mojave Ha 000poT

S, , Ipu BUOPALOHHOM TOYCHHHU OHO H3MEHSETCS OT HYJIS [0

Amax> 2So , B pe3yJabTaTe 4ero W MPOMCXOAUT YBEITHYCHUE
BBICOTHI TPEOETIIKOB, OCTAIOIINXCA MTOCIe 00paOOTKH.
YMeHblIeHUuEe pacCTOAHUS Amax, &, CIIEA0BATENBHO, U BBICO-
ThI TPEOCHIKOB BO3MOXKHO NP IIEPEX0J€ OT CUMMETPUYHOTO
BUOPALIMOHHOTO TOYEHHsSI K TOYEHHIO C HAJOKEHHEM acHM-
METPUYHBIX KONeOaHUH MHCTPYMEHTa. Takoe TOoueHHe Xapak-
TEpU3yeTCs
Pa3IUYHBIMHM BPEMEHHBIMU POMEXYTKaMHU JABHKEHUS pe3la B
TEUEHHE LIMKJIA B HANPaBJICHUH [10Ja4Yu U OOPaTHOM Hampas-
neHnn, T.e. Kod(pdumumentom acummerpud. Koaddumment
ACHMMETPHH MOXeET OBITh IPEICTAaBIEH BUIOM
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Pucynok 1 — Cxema

00pa3oBaHUs TPeOEIIKOB

rae @ u b — yactu o6opo-
Ta 3aroTOBKH, COOTBET-
CTByIOIME mpsiMOMY (B
HalpaBIeHUH TOJauu) U
obpaTHOMY (TIPOTHB MOJA-
YM) XOAy HWHCTPyMEHTa
(pucynok 2). Ecin & >1,

T.e. BpeMs Ha _Bpe3aHHE
NpEBBIIAET BpeMs OTBOJA
pe3lla, TO Takoe pe3aHHe
Ha3bIBA€TCI MATKHUM HIIN
penakcanuoHHbIM . (puc. 2,
a). Ipu JKECTKOM W CHITO-
BOM . BHOPAIIIOHHOM TOUe-
HUU TIPOMCXOJUT YCKOpEH-

HOE BpE€3aHuE UHCTPYMEHTA B 3arOTOBKY M MEJJIEHHBIN BBIXOJ] U3
Hee (puc. 2, 0). [Ipu cuMMeTpUYHOM BUOPAIIMOHHOM TOUECHUH

=1,

I_ _/\ma}{ ____f\max
|
W ATAN

Py AN AT B ARTAN AW
! T T I X ll f}

= ‘l|
B VA TN N,
a)a>b 6) a<b

Pucynok 2 — Meronsl BHOPaIIHOHHOTO TOYEHUS C ACHMMET-

PUYHBIME KOJIEOaHUSIME: a) MATKOE, 0) JKECTKOE

MakcumansHOe pacCToaHnuE MEXAY COCECAHUMH BHUTKaMU

paccunThiBaeTcs 10 GopMyiam:

A

max

A

max

=S, (=+1) - s msarkoro ToueHus,

=S, (£ +1) — ms xectkoro Touenust [1].
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KonebatensHoe 1BUXEHNE HHCTPYMEHTA B MUCIIOJIB3YEMOM
YCTPOMCTBE AJIsl TOUSHHS ¢ BUOpauusiMu oOecrieunBaeTcs Ky-
JIA4YKOM, BXOJSIIIMM B KOHTAKT CO IIMHUHJENeM cTaHka. Kax-
oMYy KO3(D(PHUIIMEHTY aCUMMETPHH COOTBETCTBYET OIpeEe-
JICHHBIA TpoduiTh Kynadka. OT Bpalarommerocs: Kyjaadka 4epe3
THIPAaBIMYECKUN TPHUBOJ JIBM)KEHHE TepelaeTcsl Ha pesle-
nepkatenb. TpaeKTopHs KojaeOaTenbHOro ABUKECHUS WHCTPY-
MEHTa BHYTPH IIMKJa KOJICOaHUH HCCIIeNoBalach ¢ MOMOIIBIO
TEH30METPHUYECKUX JAaTYMKOB, HAKICEHHBIX Ha IPYKHHHYIO
0anKy paBHOTO compoTuBieHHs. CUTHANBI C TEH30JaTYHKOB
YCHIIMBAIIUCh U (PUKCUPOBAJIUCH prbopoM «Spider 8» B kom-
IJICKTE ¢ KOMITbIoTepoM. TakuMm 00pa3oM Oblia Mpou3BeeHa
3aIUCh KONEeOATEILHOTO JABIKEHUS pe3lia MPH CHMMETPUIHOM
BHOPAIIMOHHOM TOYEHHUH M aCUMMETPHYHOM C K03 dummeH-
taMu acummerpuu 1/3, 1/2, 2 u 3. O6paboTka Benach pe3rioM,
OCHAI[aeMbIM HeTlepeTaunBaeMbIMH MHOT'OTPaHHBIMU TIJIACTH-
Hamu n3 ctamm T15K6. O6pabaTeBaICh 3aTOTOBKU U3 CTAJH
IX15. Ha pucynke 3 mpencraBieH rpaduK JIBHXKSHUS WH-
CTpyMEHTa MNPH TOYECHHH C KOI(DQPUIMEHTOM aCUMMETPHH

£=1/2.

nntyz

P FFEP LS EEL ST A FAEL S P AN LR8P
t,cex

al b

Pucynok 3 — I'paduk xonedaTensHOr0 IBUKEHUS HHCTPY-
MEHTa

PazbuBas momydeHHple rpadpiki Ha YYACTKH, COOTBETCTBY-
IOIME OTHOMY OOOpOTY 3arOTOBKH, M YUUTBIBAs IBIDKCHHE MH-
CTPYMEHTa C 3aJlaHHON ToJa4yell Ha 000pOT 3aroTOBKH, pa3pado-
TaHBI CXEMBI JIBIDKEHNS] HHCTPYMEHTA IIPH BUOPAIIMOHHOM TOYe-
HUM Ha cKopoct 94 m/muH ¢ momadeit 0,15 Mm/00 1 TmyOnHOM

pezanus 1,5 MM (prcyHOK 4).
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[lo momydeHHBIM cxemMaM OmpeeneHbl BETHYNHBl MaKCH-
MaJIbHOT'O PAacCTOSHUSA Amax, KOTOpPBIE 3aHECEHBI B TAOIUIy 1.
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Pucynok 4 — CxeMbl IBIXEHUS WHCTPYMEHTA U BUO-
PanMOHHOM TOYEHHUH

Pe3ynbpTaThl SKCIEpUMEHTa MOKA3bIBAIOT, YTO TPAECKTOPHS
JBIDKEHHS MHCTPYMEHTA IPU BUOPALIMOHHOM TOUYEHHHU (pHUCY-
HOK 4) OnM3Ka K TEOPETUYECKH MOCTPOSHHON Mojenu (pucy-
HOK 2). MakcuMaJbHOE PACCTOSIHHUE MEXIY TPaeKTOpUsIMH
JBIDKEHHS Pe3la Ha COCEIHMX BUTKAX YMEHBIIAETCS C YBEJH-
YeHHEM AacHMMETpPHM LMKJIa KojeOaHus HHCTpymeHTa. OT-
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KJIOHEHHE DKCIIEPUMEHTAIbHO TOTY4YEHHOTO 3HAYCHUS Amax OT
pacueTHOro OOBSCHIETCS MHEPUUOHHOCTHIO THAPABIMYECKON
cHCTeMBbI JJ1s1 BUOpaunoHHoro todeHus. Ha cxemax sto mon-
TBCPIKAACTCA HAJIMYUEM YYAaCTKOB, Ha KOTOPBLIX MNPOHUCXOAUT
JBIDKEHHE MHCTPYMEHTA C Mojadei ONM3KOM K 3aJaHHON MO-
nade Ha o0Oopor. [lyiMHA 3THX y4acTKOB OOJIbIIIE Ha CXeMax
MSTKOTO BUOpanmonHoro. CrenoBaTelbHO, MOXHO cIefath
MPEINOJIOKEHHE, YTO IIEPOXOBATOCTh OOpPabOTaHHBIX I10-
BEpXHOCTEH OyJeT HIbKe MOCNe >KECTKOro BHOPAIMOHHOTO
To4deHus ¢ koddduumenrom acummerpun 1/3.

Tabnuma 1 — MakcumanbHOe pacCcTOSTHIE MEKAY TPACKTO-

pUuAMU IBUKCHUA MHCTPYMEHTA HAa COCCAHNX BUTKaxX Amax-

Koapduuuent acummer- | Amrminryna, Paccrostine Amax, MM
pun MM pacueTHOE | SKCIEPUMEHTANbHOE
3 0,077 0,201 0,267
2 0,079 0,229 0,282
1 0,077 0,303 0,324
1/2 0,079 0,229 0,278
1/3 0,075 0,2 0,235

IIpu mpoekTUpOoBaHUU YCTPOMCTB NIJIsi TOUEHUS C HAJIOXKeE-
HHEM aCHMMETPHUYHBIX KOJe0aHWii WHCTPYMEHTa CIIEAYyeT
CTPEMUTBCSI K TOMY, UTOOBI NIEMCTBUTEIbHAS TPACKTOPHS
IBUKEHNUS WHCTPYMEHTAa OTHOCHTEIIBHO 3aroTOBKM ObLa IO
BO3MOXKHOCTH OJIFDKE K TEOPETHYECKOW. ITO TPUBOIHUT K
YMEHBIIIEHUIO PACCTOSHUSA MEXIY COCETHUMH BHTKaMH TpaeK-
TOPUM IBHKEHUS WHCTPYMEHTAa OTHOCHTEIHHO 3arOTOBKU H,
CJIEZIOBATEIIBHO, K YMEHBIIIEHHIO MIEPOXOBATOCTH 00paboTaH-
HBIX MOBEPXHOCTEM.

YK 621.762
EBtyxoB K.C.
AHAJIN3 3AJTAY UIEAJBHOU INIACTUYHOCTH
JJIS CJOIYYASA BJABJINMBAHUSA

BHTY, 2. Munuck

Hayunwiil pyxosooumens: Ilemwouux E.E.

Tlposeden ananuz ycnoguii medenuss Mamepuana npu 0a6IUeaHuu
NIOCKO20 NYAHCOHA 6 NOAYNPOCMPAaHCmeo. Bwidenenvl Hexomopule
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Ycaoeust camoopeanusayuu  npoyeccd, O6€CI’!€’{M6(1}0WM€ noevluieHue
mo4rocmu pacdema.

3anava aHaiM3a MpPOIECcCa BAABIUBAHMS JaBHO HAXOIUTCS
B OCHTPC BHUMAaHHA CICHHUAIMCTOB, ITOCKOJIBKY OHa SABJIACTCSA
OCHOBOM MHOTHX TEXHOJIOTHYECKHX IMPOILIECCOB M MCIOJb3Y-~
€TCd B MCTOAaxX OIpPCACJICHUA MCEXaHUYCCKHX CBOMCTB Jc-
(dbopMHpyeMBIX MaTepuaioB U uzaenuid. [lepBeIMu uccieno-
BaTESIMU 3314l TPOHUKHOBEHUSI ITamIa B cpeay Obumu I
I'enxu, JI. Ilpasaras, B.B. Coxomockuit, A.}Q. WmnmmuH-
ckuil. B yacTHOCTH, moclieHUI BIEPBBIE PacCMOTPEN OcCe-
CUMMETPUYHYIO 3aJ1a4y TUIACTUYHOCTH 10 Ipo0y bpunems.
31ech MCKPHBIICHUS CBOOOJHON MOBEPXHOCTH. HE JIOMyCKa-
JIUCh U HE YUYUTBHIBAJIIUCE. He YUUTBIBAJIUCh OHU U ITOCIICOY-
oMy uccienopatensmu [1]. Tlpoduias 1yHKH oOpadaThi-
BaJicsl IIPH MOJATOTOBKE 00pasna. B oCHOBY MoioykeHa THITO-
Te3a MpeAebHOTO cocTosiHUS Xaapa — Kapmana. Kiaccude-
cKoe pereHue pano pesynbrat os/HB=0,352 (1944), 3aTem
npyrue moBTopuin pesynbratel: P. IImnx — os/HB=0,359
(1955), H.I'. byparo (1984) — Takoii xe, kak y aBTopa [1]. B
HacTosimel paboTe /TakkKe IMPUHUMAIOCH COOTHOIIEHHUE
c,,, ~ HB~3-G, ; aHAIOMYHOC YKAa3aHHBIM. O061ee MHe-

Knn
HUE BCEX UCCIEHOBATENIeH CBOIUIOCH K PEKOMEHIALUU pe-
LIMTh 3a7ady yNpyro — IJIAaCTUYHOCTH, IPU 3TOM HEO0OXOIH-
MO COBMECTHOC PACCMOTPEHHE MOJIS1 HAIPSLUKEHUH U COOTBET-
CTBYIOIIETO OIS Aedopmariuii.

PekomeHlanuyu mNepBBIX HCCIAEOOBATENEH O TPYOHOCTSIX
pelienus 3a1a4 TEOPUHU IUIACTUYHOCTH Telepb MOTYT OBITH
paspemrMbl Ha OCHOBE METOAA BBIHYXAECHHOW CaMOOpraHu-
3anwu e OpMaIMOHHOTO ABMKEeHHS [2, 3], KOTOPBIA MO3BO-
JISIeT PacIIMPUTh BO3MOXKHOCTH MAE€ATBHOM TEOPHH 1O HEOO-
XOAMMOTO YPOBHS, (PaKTHUECKHU Mepeiisi K MOHSITHIO MHOTO-
MapaMeTPpUYECKOH TEOPUH, PACKPBIBAIOLICH B MOJHOU Mepe
T€ HEIOCTaTKU TEOPUH, KOTOPbIE CIEAYIOT U3 MOHITHA UIe-
aIbHOCTH, MAaTepHAIM30BAaHHON dYepe3 OjaHOoIapameTpuye-
CKO€ pelleHHE.
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Pucvaoxk 1 — Bun nosent TuHUN CKOTbXEHUS
B 1utockux 3agadax pelieHue 3HAYMTEIbHO YIIPOIIAETCS.
Kpurepnii 6s/HB=0,389 ocraercst B cue.
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Ha pucynkax 1, a u 6, mpeaCcTaBICHBI KIACCHYSCKUE CXEMBI
BIABJIMBAHHS IIOCKOTO IMyaHCOHA B TONYNPOCTPAHCTBO IS
nyneporo (1,=0) u npenensroro tpenus (t,=K). 3nechr Heob-
XOIMMO OTMETHTH HECKOJIBbKO 00cTOosATENbCTB. Kak u B Apyrux
MOJOOHBIX CIIyJasix, COMOCTABISAIOTCS OIS JMHUN CKONbKe-
uus st T, =0 u «IpenenbHoroy (IpeienbHOro — B paMKax

MaTeMaTHYEeCKOH TeOpuH IJIACTUYHOCTH) TpeHus (T,=K). B

MEPBOM CJIydae 3IM0pa KOHTAKTHBIX HOPMAaJbHBIX HaIpsiKe-
HUH O mocTosHHA, G=(2+m)k. OpToroHanbHOCTL JBYX Ce-

MEWCTB JIMHUN CKOJIBbKEHHsI, 00pa3yeMbIX OT 0COOBIX Touek A
u B, mo3Bonser BBIACIUTH TpeyronbHyio 30Hy ABC, npuie-
Tarolyl0 K KOHTaKTHOH TMOBEPXHOCTH, JIBE, TAKKE TPEYyroib-
Heie, oonmactu AA'D u BB'F, npuieratoniue Kk CBOOOIHOM 110-
BepxHOCTH (3amada Kommm), n 061acTi pa3BopoTa Mmois TUHUH
ckonbxenus (JIC), mpencrarnennsie Beepamu ACD u BCF
(3amaua I'ypca). Vroa mosopora JIC B aTux cuTyarusx @=m/2
COIJIACHO PABHOBECHIO CHCTEMBI M [A€T 3HAUeHHE Gp=(2+m)k.

Hpu t,=k (pucynok 1, 6) HOpmasbHas Harpy3ka Ha KOH-
TakT Gp=(2+m)k OKaspiBaercs B OONACTH MEPETPY3KU W TIPHU

JIONIOJIHUTENIbHOM KacaTelbHOM IMOBEPXHOCTHOM Harpyske B
COOTBETCTBUH C 3aKOHOM IUIACTMYECKOrO TPEHUS 3ajaya CTa-
HOBHUTCS KOMOMHHPOBAaHHOW, COCTOSIEH WX JBYX 3a1ad.
Harpy3ka npuioxeHa B IByX IUIOCKOCTSX. B cuity 3Toro He-
Cylias CIIOCOOHOCTb JIOKQJIBHOI'O KOHTAaKTa MajaeT U HOp-
MaJTbHOE HATPSHKEHNE OKA3BIBAETCA PABHBIM G =7tK MpH 110-

NOJHUTENBHOM Harpyske T,=K, HalpaBIeHHOH BJOIb TOBEPX-

HOCTH KacaHMs. TakoBa BBIHYXKICHHAs CaMOOPTaHHM3ALUSI
BJIMSIHHS 3aKOHA CYXOTr'O TPEHHs TBEPIBIX TEI Ha OCHOBE TEO-
pUM  BBIHYXJICHHOH CaMOOpraHU3aluy AepOopManuoHHOTO
newkerns (TBCA). B atom ciryuae MOXXHO TiTyOxe mpoaHa-
JM3UPOBATh HaYaJIbHYIO CTaJUI0 3aTPOHYTOrO siBiieHUs. [leno
B TOM, YTO IPH pacyerax JAeTajedl MalluH MbI IOJb3yeMcs
pacdeTaMu B MPEIIIONIOKEHUH, YTO UMEEM JIeNI0 C YIPYTUMH
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coiictBamu Ten. Ho Ha camoM Jiene 1miepoxoBaThle KOHTAKT-
HBIC TOBEPXHOCTH Je(POPMHUPYIOTCS B IIACTUYECKOM COCTOSI-
HuH. [103TOMY B TPHOOHMKE MMEET MECTO MOHITUE IIpPE/Ba-
pHUTENBHOE CMELICHHE», KOTOPOE B Havaje ABHKCHHUS MPOTe-
KaeT CO CBOMMH OCOOCHHOCTSAMH. TeopHs caMoopraHH3aIiH
OOBSICHSICT CYILIECTBOBAHHE ITOTO SIBICHUS PAa3HBIMHU YIJIaMH
paccoriacoBaHKs HAaIlPpaBJICHUI CABUTA B YCIOBUSX YIPYTOLO
U IlacTHyeckoro nedopmupoBanus. IlepBoe ycioBue obec-
MeYMBACT BJIMSHHUE ITOTO MapaMerpa BIBOE MO CPABHEHHIO CO
BTOPBIM IIPU IIPOYUX PABHBIX YCIOBUSX.

Hexoropasi pasHulla BOZBHMKAaeT U B KUHEMAaTUKE JBHUXeE-
uust: mpu  T,=0 Bech cMemaemblii Matepuai B 30ne ABC, ne-

hopmupysics HeoamHAKOBO BAOH JIC 000mX cemelicTs, obec-
MIEYUBAET HEPABHOMEPHOE CMEIEHHE CBOOOJHON MOBEPXHO-
ctu (psimbie 4) of yriiom o=1/4.

[pu 7, =K Hanuume Tpenus Kak Obl TOALKO KOHCTATUPYETCS (B

IUIOCKOCTH YEPTEXKA €ro HENb3s TMPUIOKHUTE). OCOOEHHOCTH pe-
3yAbTaTa JBWKEHHS B 3TOM CITy4dae MPUBOMST K TOMY, 9TO OJIOKH,
TIpIJIETAlOIIEe K CBOOOMHON TIOBEPXHOCTH, CMEIIAIOTCS B 00be-
Me 0e3 medopmanuu  (3MMIOpa - CKOPOCTEH OTOrO JIBHKCHUS
V=const mokazaHa Ha JHHUU CKOMmKeHUs AD), mepemereHue
CBOOOITHOIM TOBEPXHOCTH JAEMOHCTPUPYETCS TPAMBIMH 5, YTO
TTOATBEP)KIACT KECTKOCTh ATHX TIEPEXOMHBIX obyacteil. Pa3nmma
B (hOopMOMBMEHEHNY CBOOOIHOM IMOBEPXHOCTH BBI3BIBACTCS TEM,
gyro xecrkoe cmerienre 308 AA'D u BB'F pasbuBaer 30my,
MIPUJIEralolyto K KOoHTakTHOHM moBepxHoct ABC, Ha JBa, BHa-
YaJie apaJulefbHbIX TTOTOKA, YTO MPUBOIUT U €€ B JKECTKOE CO-
CTOSIHUE TIPY TeX K€ HOPMAIBHBIX W CIBHUTAIONMX HATPSHKEHH-
six. B 9TOM MecTe MBI CTaNKiBaeMcs ¢ HeaJeKBaTHOCTBIO B (hop-
MYJIAPOBKE yCIOBHA 3a/1aui (B HEW OTCYTCTBYIOT yKa3aHHs 00
OT/ACIEHOM TIPIJTOKEHUH CHITBI TPEHHS — 3/1eCh OHA HE BO3HHKA-
er cama 1o cebe) M HEBO3MOKHOCTHIO HaXOXKJIEHHUST YETKOTO pe-
meHust Ha (PU3UYECKOl OCHOBE. Y CITOBUS B ATOW YaCTH 33a4ud He
KOppeKTHEI. HampaBiieHne TpeHus B cxeMe MOXKET BO3HHKHYTH
TONBEKO HOpMaJIbHO AB, YTO COOTBETCTBYET JIOKAJIbHOMY KOH-
TaKTy B MOJIENIM TPEHUs, HO HOpMaJIbHOE HANPSHKEHNE TIPU ATOM
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cHmKaercs 10 6, =7k [1]. OnsTh BO3HMKAIOT YCIIOBMS CaMOOp-

raHU3alHd, KOTOpPbIE CHUMYT HEOIpPEAeNeHHOCTh, BBI3BAHHYIO
TeM, 4YTO TpH (HOPMYIMPOBAHUM 3a/Ja4ll MBI HE ONPEACITUIN
HaIIPABJICHUE ICMCTBUI KOHTaKTHBIX HAIIPSDKEHUN TPEHUSI, a €ro
B paccMaTpHBaeMol 3ajade MpoCcTo HeT (OHO HE BO3HMKAET, TaK
KakK IUIOCKUI IyaHCOH BJABJIMBAETCA MO HOPMAJIU K IOBEPXHO-
CTH YECTKO — IJIACTUYECKOr0 Tea, KOTOPOE YCIOBHO Ha3bIBAET-
CsI MJIeaTbHO MIACTUYECKUM, TTOCKONIBKY €ro YIIPYTroe COCTOSIHHE
ocraercst BHe 00CYXK/ICHHS, & COIPOTHBIIEHHE e OPMHUPOBAHUIO
CITY>KUT KOHCTaHTOU JiehOpMUPOBAHHSI).

Takum 00pa3oM, OKa3bIBAETCsI, YTO MOMEPEYHOE TPEHUE B
CUMMETPUYHOM TIpoliecce BAABIUBAHUS (IJIOCKas 3ajada) He
MOXKET BO3HUKHYTbh. 1103TOMYy BO3HHKAeT TSATOTEHHE K CXeMe
1,0, KOoTOpas obecneunBaeT neHOPMUPOBAHHOE COCTOSHUE B

MepEXOHBIX 00JacTsAX U OKa3bpiBaeTcs Onmuxke K ¢usuke. On-
HaKO B OTOM CIIydae BO3HHUKAET M JAPYroe KHHEMaTHYeCKOe
HECOOTBETCTBHE, KOTOPOE CBOAUTCA K TOMY, YTO B pEIICHHU
T,=K, B KOTOPOM BBIIaBIMBACMbIH MAaTEPHAN HCTEKAET B BUJIE

JIBYX KECTKHUX IMOTOKOB TIPH MOCTOSHHOW CKOPOCTH ABM)KEHUS
MEPEXOMHBIX 00NacTel, MPUMBIKAIONUX K CBOOOJHON TO-
BEPXHOCTH, 00pa3yIOMMX MIUPOKUHA PE3KUI BBICTYI, B IKCIIC-
pUMEHTax TMpeCcTaBiIsgeTcss 0oree KOPOTKHUMH KPUBOJIMHEH-
HBIMH 00JacTsaMH, (hopMa KOTOPHIX 3aBHCHT OT BHAa oOpaba-
THIBAEMOT'0 MaTepHajia ¥ CKOPOCTH BIABIIMBAHMS.

Juis BBISICHEHUS DTHX HEJOPa3yMEHUH CIIeAyeT MPEAriono-
KUTh, YTO TIOCTPOEHHBbIE Ha pHCyHKEe 1, a, O mons JMHUK
CKOITBXXEHHS HE MOJHOCTHIO OTBEYAOT €Ille HE BHICKa3aHHOMY
TOMOTHUTENTFHOMY YCIIOBHIO (DOPMHUPOBaHWS O4yara BJIaBIIH-
BaHuA. /leno B TOM, YTO B IIpoIiecce BABIMBAHIS Mapalieb-
HO TIPOIIECCY pa3ABUTAHUS MaTepHasia B CTOPOHBI HU3-TIOJ ITy-
AHCOHA UMEET MECTO 00Pa30BaHME ITOJISI HCTEUSHHS B CTOPOHY
CBOOOTHOW TIOBEPXHOCTH, JIEHCTBYIOIIETrO MPH CXKATUU U W3-
rube. [Ipomecc BmaBmuBaHUSI OKazajcs Ooliee CIIOXKHBIM, OH
OKa3ayics KOMOMHHPOBAaHHBIM; CXeMa MpoIlecca 0Ka3aiach I10
CYTH JIDYTOH, YeM 3TO MPEAIIONAraioch CHavaa.
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Pucynoxk 2 — CKoppeKTHPOBAHHOE T0JI€ JTMHUN
CKOJIbYKEHUS [IDU BIABJIUBAHUU

Cxema 0o0Opa3oBaHUsI IMOJIS JIMHUN CKOJNBKEHHS TIPH BIIABIIH-
BaHUM, YUUTHIBAIOIIAs BKJIA]] TOTOKOOOpa30BaHys, MIPUBE/ICHA Ha
pucynke 2. ['maBHBIM 0OOCTOSATEIBCTBOM SIBIISCTCS BBISBIICHHE
JMHHUM TJIABHOTO TOKa (CTpekeHb). Ha pucyHke 3T0 ammmrc
AzCB3, Oonpllie TOMYOCH KOTOPOTO OIMPEIEIISIFOTCS BBIXOIOM
MaKCHMYMOB Da3BHUTHS BBIIUIECKA Yepe3 CBOOOIHYIO TOBEpX-
HocTb. [lomyokpyxHocte ACB ocraercs Tpaekropuelt Makcu-
MaJIbHBIX C/IBHTAIOIIMX HAIPSDKEHHH HE BO Beex ciydasix. [lepe-
XOJIHBIE 00JIACTH HEMOCPEICTBEHHO T10]] KOHTAKTHON MOBEPXHO-
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CTBIO COKpAILAIOTCSl C OJHOW CTOPOHBI 32 CUET BIABIMBAHUS B
YIIPYTo — IUIACTUYECKON oOnacTH (rpaHuiisl 4, 4’ u 4" B 3aBHCH-
MOCTH OT JIOCTUTHYTOrO 00XaTusl), a ¢ APYrod CTOPOHBI 3a CYUET
Ooree paBHOMepHO# nedopmaruu (kpuBas 3). Kcratu, xapakrep
KpHBOI 3’ COOTBETCTBYET IpaHMIIE O0JIACTH PeaIbHOro Aehop-
MHPOBaHUsI, MPOAEMOHCTPUPOBaHHONH B pabore P. Xwumia [4].
Takoii BBIBOA O HAJUYUM I[OTOKOOOpA30BaHMsS, CHUMAIOIIErO
COCTOSIHHE JKECTKOCTH C TIEPEXOAHBIX 00JIACTEH, PUMBIKAIOIIHAX
K CBOOOJIHBIM TIOBEPXHOCTSIM, TOIKPEILISIETCS TECHIEHIIUEH COo-
KpaleHus: o0beMa MepexoqHOi 00JIaCTH HEMOCPEICTBEHHO 10T
KOHTaKTHOW MTOBEPXHOCTBIO.
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YK 621. 723
Edpumos A.M., JIunnuk A.B.
YIOPOYHEHME NOBEPXHOCTEN
UHCTPYMEHTOB ¥ JIETAJIEW MAIIIMH
C UCITOJIb30OBAHUEM SHEPI'M MATHUTHOI'O
M YJIbTPA3BYKOBOI'O ITOJIEM

BI'ATY, . Munck
Hayunoui pykosooumens: Axynosuy JI.M.

Ilpeonosceno  ycosepuiencmeosams npoyecc MAcHUMHO-
abpasusHol 00paboOmKU NymeMm 66e0eHUeM YVibmpazeyKoGblx
Konebanuil 6 pabovuil 3azop. Ilpeocmaesiena cxema npoyecca
MASHUMHO-AOPA3UBHOL 0OPAOOMKU C HANONHCEHUeM YIbMPA3EY-
Kogbix Konebanuu. Ilokazamo, 4mo co6MeCHmHOe HANOJNCEHUe
VILMPA38YKOBO20 U MASHUMHOZ0 NOAEl NOJIOHCUMENBHO GlUAem
Ha @QU3UKO-MexanuyecKue CeotUcmed 00pabamvleaemol 3a20-
MOBKU.

HW3BecTHO, uTO B MpoIllecce MarHUTHON 00pabotku (MO) Metan,
HOJIBEPTLINICS BO3ACHCTBUIO IEPEMEHHOr0 MarHUTHOT'O TIOJISI, U3MEHS-
€T 3KCIUIyaTallMOHHBIE CBOMCTBA IIOBEPXHOCTHOI'O CJOS. YIIydIlIEHUE
CBOMCTB (peppOMArHUTHBIX JETalieil, MPH WUMITYIbCHOW MarHUTHON
00paboTKe OOBSCHSASTCS HANPaBJICHHON OpUEHTAIMEH CBOOOIHBIX
3JIEKTPOHOB BEILECTBA BO BHELIHEM MAarHUTHOM IIOJIEM, BCIIEICTBHE
Yero yBeJIMYMBACTCS TEIUIO — M 3JIEKTPOIPOBOJMMOCTh MeTallla. JTa
OpHEHTalUs IPOUCXOANUT TEM MHTEHCUBHEE, UYeM BBIIIE CTPYKTYypHas
U DHEpreTUYecKas HeomgHOpomHocTh MeTamna. [Ipu MO BcreactBue
HEOJHOPOIHOM - KpUCTAJUIMYECKOW CTPYKTYpPhl IOBEPXHOCTU B HEU
BO3HUKAIOT BUXpEBbIE TOKHU. BHXpeBble TOKM 00yCIaBIMBAaIOT Mar-
HUTHOE TIOJIE U JIOKAJIbHbIE MUKPOBUXPH, KOTOPBIE B CBOIO OUYEpE[b,
HarpeBaroT y4acTKW BOKPYT KPHCTAJUINTOB HANpPSKEHHBIX OIOKOB U
HEOJHOPOOHOCTEW CTPYKTYpbl MeTaula. B MecTax KOHLEHTpauuu
OCTAaTOYHBIX HAIPSDKEHMI MM yCTAIIOCTHBIX HANpPsHKEHHWH TEIoTa,
HaBEJICHHAs! BUXPEBBIMH TOKaMH, YMEHBIIAET M30BITOUHYIO SHEPTHIO
COCTaBIISIONINX KPUCTAJUINTOB M 3€PEH CTPYKTYpPHI MaTepuaia, 0co-
OEHHO B 30HE KOHTAKTa HANPSDKEHHBIX ydacTKoB [1]. Taroke mpomcxo-
JWT TIOJSIpHAsl OPHUEHTALUsI CIIMHOB AJICKTPOHOB aTOMOB, PAacIoo-
KEHHBIX B 00JaCTH KOHTAKTAa KPHCTAILUIUTOB M 3€PEH METAJUIA, BCIEI-
CTBHE YETr0 M3MEHAIOTCS €0 MEXaHNIECKHE CBOWCTBA.
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Vka3aHHBIE SBJICHUS MPOABJIAIOTCA TIPU MarHHTHO-a6pa3HBHOI71

obpadotke (MAO) (pucyHoxk 1).
Vo

Pucynok 1 — Cxema MarauTHO-abpa3suBHON 06pabOTKY:
1 — oOpabatbkiBaemest geTaib; 2 — GeppoMarHUTHBIN
[TOPOIIIOK; 3 — MOJIFOCHBIH HAKOHEYHUK

YcrpoiicTBO comep kUt oOpabaTeiBaeMylo AeTaib 1, KoTopas
TIOMEIIAETCSI MEXTY TTOTFOCHBIMUA HAKOHEYHHKAMHU 3 ¢ 3a30pamu,
B KOTOpbIC TIOAAETCS MOPOIIOK 2, 00JIaAAr0IINi MATHUTHBIMU |
abpa3uBHBIMU cBoricTBamu [1]. Jleramm cooOraercst Bparmares-
HOE NIBIKEHHE M OCHWUIAPYIOIIEE ABMKEHHE BIOJb TOPH30H-
TaJIbHON OCH.

CurtaMy MarHATHOTO TIOJISL 3epHA TTOPOIIIKa YAEPKUBAIOTCS B
pabounx 3a3opax, MPHKAMAIOTCS K ITOBEPXHOCTH JIETAJH, U 00-
pazoM Tpon3BoAuTCS e 0Opaborka. B pabodyro 30HY momaércs
cMazouHo-oxnaxaaromas xuakocts (COX). B manHOM ciydae
(byHKIMH CHJIOBOrO MICTOYHUKA W YIIPYTOW CBSI3KH BBITIONHSET
SHEpTHst MAaTHUTHOTO oM. CTeleHb YIPYroCTH CBSI3KH PETyJIH-
pyercss W3MEeHEHWeM HamnpsHKEHHOCTH MAarHWTHOTO TIONS, YTO
mo3BoIsIeT paccMmarpuBath MAQO Kak mporece TUTH(OBAHMS
CBOOOTHO-OpHEHTHPOBAHHBIM
abpa3uBOM.

[lepcriekTHBHBIM TIpeCTaBISAETCS HAIPaBleHHe 00paboTKI
YW YIPOYHEHHA C HAJOKEHHEM KOMOWHUPOBAHHBIX (u3mye-
CKHUX
noneil, B yactTHocTh MAQO ¢ mpuMeHEeHHEM YIbTpa3ByKOBBIX
konebanuii (Y3K).

Ha pucynke 2 mokazana cxema MarHUTHO-aOpa3WBHOM 00-
paboOTKH C HAaJOXKEHUEM YIbTPa3BYKOBBIX KOJIEOaHUN.

51



Sop

Pucynok 2 — CxemMa MarHuTHO-a0pa3uBHOM 00pabOTKH C
HAJO)KEHUEM YJIbTPa3BYKOBBIX KOJIeOaHUH:
1 — oOpabatbiBaemest getanb; 2 — heppoadpa3uBHbINA
MOPOIIOK; 3 — MOJIOCHBIA HAKOHEYHHK; 4 — IpyKHHHAS
IUIACTUHA

Cxema oTimuaercsi OT NMPHUBEACHHON Ha puCyHKe 1 Tem,
YTO MEXaHWYEeCKWM IPHBOJOM [ETalld COODIIAeTcs Bpaia-
TeNbHOE JIBIKEHHE, a OCIMIINPYIOINIee ABMKEHHE BIOIb TO-
PHU30HTAJILHOW OCH COOOIINAaeTcss a0pa3MBHOMY ITOPOIIKY I10-
CpPE/ICTBOM BBeJIEHHS B paboumii 3a30p YJIbTPa3BYKOBBIX KO-
nebaHui, epenaBaeMbIX MarHUTOCTPUKIIMOHHBIM Ipeo0pa3o-
BarTeneM 4epe3 NpyKUHHYIO TIACTHHY 4.

Mukpopes3anue ¢ yIbTPa3ByKOM IO3BOJISIET 3a CUET U3MeE-
HEHUS HaNpaBJICHWS, aMIUIUTYAbl U YacTOTHI KoieOaHWH 1e-
JICHANPABJICHHO BIMTH HA INIyOMHY IapamnuHbl. JTO, B CBOIO
odepenp, onpenenser ¢(opMy apanvHbl B MONEPEIHOM cede-
Huw [3].

[Ipu nogaue COX mpu MAO nop neicTBreM yIbTpa3By-
KOBOT'O-TIOJISI B YKHMJIKOCTH TPOHCXOMUT 00Opa3oBaHHE KaBUTa-
LIMOHHBIX
IIy3BIPHKOB, KOTOPHIE MEXaHMYECKH BO3JIEHCTBYIOT Ha 3arpsi3-
HEHHYIO TTOBEPXHOCTH JIETAIH. DTO BO3/ICHCTBHE O0YCIOBICHO
IByMsI OCHOBHBIMH TpPWYHHAMH: yIApPHOH BOIHOW, BO3HUKA-
IOIIEH TIPH 3aXJIONBIBAHUH KaBUTAIIMOHHBIX ITY3bIPHKOB, U HH-
TEHCHBHBIMH KOJICOAHUSIMA HE 3aXJIOMBIBAIOIIUXCS ITY3bIPh-
KOB, TIPOHUKIIINX MEXAY IUIEHKOW 3arps3HEHUS U OCHOBHOM
MTOBEPXHOCTHIO JICTAIIH.

[lon BiMssHWEM KaBUTAIMW W CBSI3aHHOTO C He€ JMEHCTBUS
MECTHBIX BBICOKMX TEMIIEpaTyp W NaBICHHH, PACKIHMHUBAIO-
I 1 yIbTPa3BYKOBOW KarmuJUIIpHBIE 3(PQEKThl UrparoT 3Ha-
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YHUTENBHYIO PONb B (JOPMUPOBAHUH CBOMCTB 00padaThIBaEMbIX
neraneil. JledicTBUS KaBUTAMK PACKIMHUBAIOIIETO U yJIbTpa-
3BYKOBOTO KaMWUISIPHBIX 3()(EKTOB MPUBOAUT HE TOIBKO K
3aII0JHEHUIO IIEIEBOM MMKPOKAIMIUIIPHONW ITOPUCTOM CUCTe-
MBI TBépI[OI‘O TClIa IMMOBCPXHOCTHO-AKTHMBHBIMU BEHICCTBAMU
COX, HO U K pa3pyIICHUIO.

Beenenune Y3K B pabouwnii 3a30p npu MAO mo3BOIUT H3-
0aBHUTHCS OT OCHMJUIMPYIOIIEro JBMXKEHHSI JIeTalu (MOITFOCHO-
r0 HAKOHEYHHKA), YIIPOCTUTH KOHCTPYKIIMIO YCTAHOBKU U AACT
BO3MOXHOCTb pPaCHIMPHUTH OGJ’IaCTb IMPpUMCHECHUA  METOOa
MAO.
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VK 621.793
3aononkasa O.C.
MYJbTUCJOWHDBIE MOKPHITUSA HA CTEKJIE

BHTY, 2. Mumnck,
Hayunwiii pykogooumens: Komaposckas B.M.

BakyymHO-TI1a3MeHHBIE MYIBTUCIIONHBIE TTOKPHITHAS 00Ma-
JAIOT KOMIUIEKCOM CBOWMCTB, HENMOCTHKUMBIX UISI MOHOCIOMN-
HBIX ¥ MHOTOCIIOMHBIX MOKpHITHH [1]. B wacTtHOCTH, M1 HUX
XapaKkTepHbl OoJiee BBICOKHE MHKPOTBEPAOCTh M IIJIOTHOCTh
Martepuaia MokpeITHs. [Ipu 3TOM oOecrieunBaeTcsi BBICOKAs
ajire3us TOKPBITUS K OCHOBE U MUHUMAJILHOE COIPOTHBIICHHE
C/IBUTOBBIM Harpy3kaMm. Takue TOKPBITHS XapaKTepU3YIOTCS
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BBICOKOW YCTOWYMBOCTBIO K MpOLECCAM XPYIKOro paspylie-
HUS, HOCALIMM CTOXAaCTHUECKHH XapakTep M MHHUMAalbHON
[IIyOMHOM pa3pylIeHUs] MPH CXBAaTHIBAHUM KOHTAKTHPYIOIIHX
MOBEPXHOCTEH B mporecce TpeHus. Bce 3T0 crocobcTByeT
YIAYYIIEHHUIO SKCIUTyaTallHOHHBIX U KAUeCTBEHHBIX XapaKTepH-
CTHUK MOBEPXHOCTHOT'O CJI0S U3ACTUIN C TOKPHITUSAMU [2].

ITpu dopmupoBannu TIN BakyyMHO-IUIa3MEHHBIX TTOKPBI-
THH TPOHMCXOAUT HempepbiBHAsS OOMOAapAUPOBKA OCHOBBI
IBYX(a3HBIM MMOTOKOM (MOHBI TUTaHa W MOJIEKYJbl a30Ta) B
pe3yibTaTe 4ero MpPOMCXOJUT Pa30rpeB MOBEPXHOCTH WU3Je-
JIUH, 9TO MOXKET MPHUBECTH K PACIUIABICHUIO MIOBEPXHOCTHOTO
CJIOSl M CO3/1aTh YCJIOBUS JJISl pocTa KPUCTAJIOB M3 pacIliaBa,
a 9TO MPUBOIUT K 0OPa30BaHHUIO CTONOYATON CTPYKTYPHI, IMO-
BBIIICHUIO IIEPOXOBATOCTH W CHUKEHHUIO TBEPAOCTH TOKPHI-
tus [3]. IloBbimenrne TemMmepaTypbl OCHOBBI IPH KOHACHCAIIUN
MHOTOKOMITOHEHTHOTO TIOKPBITHSL. TMPHUBOAUT K BO3HUKHOBE-
HUIO HEKOHTPOJIHPYEMBIX IMPOIeccoB AU (dy3ur KOMITIOHEH-
TOB, MPOMCXOJUT U3MEHEHHE CTEXHMOMETPHYECKOr0 COCTaBa
momyyaembIx IuteHoK. [loaTomy mpoOmema oTBoja Termjia ¢
o0pabaTeIBaeMOl MOBEPXHOCTH BeChMa aKTyalbHa TpH (op-
MHPOBaHWHU BaKyyMHO-TJTA3MEHHBIX MOKPBITHIA, a €€ pelIeHne
BO MHOT'OM OIPEAETsieT CTA0MIBHOCTD U MPOU3BOTUTEIFHOCTh
TEXHOJIOTHIECKIX MPOIecCOB. XOPOIINE Pe3yIbTaThl [0 CHU-
JKEHWIO TeIJIOBBIX HArpy30K Mpu (OPMHUPOBAHUH TOKPBITHI
Ha METAJUIMYECKWEe MaTepuajbl JaeT HMITYJIbCHBI PEeXuM,
KOTOPBI 00ECIeUnBaeT OXJIAXKACHNE IMOBEPXHOCTH 32 BpeMs
may3sl (TpUYeM BpeMsl TIay3bl MUHIMAIIBHO, TaK KaK y JaHHBIX
MaTepuajoB BBICOKas TeruionpoBogHocTs). [Ipu (opmuposa-
HUW TIOKPHITHA Ha IUAJIEKTPUYECKUX MaTepHaax HMITYIbC-
HBIF PEXUM HAHECEHHS MOKPHITHS 00eCreunBaeT TUCKPETHOE
(hopMupoBaHHNE HECKONBKHX MOHOCIOEB MOKPBHITHS 32 BpeMs
AMITyJIbCa U MX OXJIAXKJEHHE 3a BpeMs may3bl. B pesymprare
dhopmupyercs kBazumaMop(Has CTPYKTypa MYJIBTHCIOWHOTO
mokpeITHs (pucyHokK 1) [3].
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Pucynok 1 — Cxema opMupoBanmst My IsTACIORHOTO TiN
TIOKPBITHSL

B mporiecce koHaEHCAIIMM Ha HOBEPXHOCTH MPOUCXOIAUT
o0pa3oBaHWE MOHOCIIOS W3 MOHOB THUTaHA. 3aTEM IPOUCXOIUT
HEWTpaau3amys MOJIOKUTEIBHO 3aPSKEHHOTO CIIOS HOHOB Ti,
chopMHUpOBaBIIErocss Ha MOBEPXHOCTH JTUIIIEKTPHUYECKON OC-
HOBEI. [locne 4ero mpoHCXOJUT ajncopOlus MOJEKYN a30Ta,
KOTOpbIE BCTYIMAIOT B XUMHYCCKYIO PEAKIIUI0 C TUTAHOM, 00-
pasyst HUTpu TUTaHa. Bpemst 00pa3oBaHUs OJHOIO MOHOCIION
MOKPBITHSL  OHMPEIENsieTcss W3 PEKHUMOB TEXHOJIOTMYECKOTO
mpoiiecca.

JIMTEPATYPA

1. UBamenko, C.A. T'azorepMuueckre W BaKyyMHO-
IUIa3MEHHBIE  MOKPBITHSI CO  CIEUMAJbHBIMH  (PU3HUKO-
mexanndeckumu cBorictBamu / C.A. UWBamenko, U.C. ®@po-
1oB, JK.A. Mpouek — Munck: Texnomnpunt, 2001. — 236 c.

2. Komaposckasi, B.M. TexHonorun moaroTroBKu MOBEpX-
HOCTH M HAHECEHUsI AJIeKTPOLyroBbix TIN MOKpPBITHII Ha U3ie-
TSl U3 CTEKJa B UMIIYJIIbCHOM pEXHUME: aBToped. Ha COMCK.
yd. cT. KaHa. TexH. Hayk: 05.02.07 / B.M. KomapoBckas. —
Munck: BHTYVY, 2010. — 26 c.
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3. UBamenko, C.A. TeopeTHdeckue W TEXHOJOTUYCCKUC
OCHOBBI (popMHpOBaHUST MHOTO()YHKIMOHAJIBHBIX Ta30TEPMH-
YECKUX M BaKyyMHO-IUIa3MEHHBIX MOKPBITHH: JHC. J-pa TEXH.
Hayk: 16.04.2002 / C.A. UBamenko. — Munck, 2002. — 357 c.

YK 621.793
3unkouy JI. 1.
MHUKPOAYI'OBOE OKCHUIUPOBAHUE

BHTY, e. Munck
Hayunvuii pyxosooumens: npenooasamens Kotioa C.1".

B nacmoswee epems omnocumenvhviil 06vem nPouU3e00-
cmea u nompeobienus Cnia808 Ha OCHOBE MALHUS U ATIOMUHUSL
cpedu Opyaux KOHCMPYKYUOHHBIX MEeMALIU4ecKux mamepua-
7108 HENpPePbIGHO 803PACHACT 6CIeOCNBUE UX BbICOKOU YOelb-
Hotl npounocmu. OOHAKO wupoxoe npumeHeHue uzoenutl u
KOHCMPYKYUU U3 MUX MEMALTUYECKUX MAmepuanios mpeodyem
HAHeCeHUsl Ha UX NOBEPXHOCHLb 3QUUTNHBIX HOKPLIMULL.

OpauM 13 Hanbonee MepCreKTUBHBIX METOJ0B HAaHECEHUS
MIOKPBITHA Ha W3MENWS U KOHCTPYKIMH U3 ATIOMHHUEBBIX U
MarHMEBBIX CIJIABOB SIBISIETCS METOJA MHKPOIYTOBOI'O OKCH-
mposanus (MJIO)[1].

MukpoayroBoe OKCUAMPOBAHUE — CIIOKHBIM Ipolecc Mo-
Jy4eHus TIOKPBITHI Ha TIOBEPXHOCTH Marepuaia — pabodero
3JIEKTPO/A, ‘HAXOIIIETOCS B DIIEKTPOIHTE, B PEKHME MUK-
POIYTOBBIX “Pa3psIOB, MEPEMEIAONINXCSA IO ITOBEPXHOCTH
pabodero snexTpoaa. JJaHHBIH MpoIecC UMEET CyIIeCTBEHHBIE
MIPENMYIIEeCTBA TMepel] MUPOKO MPUMEHSIEMBIM B TTPOMBIIILIEH-
HOCTH METOJIOM aHOAMPOBAHMUS CIIABOB.

[Ipeumymecrra:

e He TpeOyercs, Kak MpPaBWIIO, TINATEFHOM MpeIBapH-
TEbHON MOATOTOBKU METAJLUIMYECKON MOBEPXHOCTHU: TPABIICHUS,
00€3KMPUBAHUS, OCBETIICHHUS, TIPOMBIBOK TOpSYEH M XOJIOIHOM
BOJIOH; T.€. MCKITIOYAETCS PsiJl TEXHONOTMYECKUX OIlepalvi, a,
CIIE/IOBATENBHO,

CYIIECTBEHHO COKpAIIAETCsI MMPOM3BOACTBEHHAS IDIOIMIA/b, YBeE-
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JIMYUBAETCS NPOU3BOIUTENBHOCTh TpOLEcca M DKOIOrMYecKas
YHCTOTa IMOMYYCHUS KOHEUHOM MPOAYKIUH, YTO MPUBOAUT K
YBEITMYEHHUIO PEHTa0eIbHOCTH MPOM3BOJICTBA;

®  BO3MOXHOCTh IIOTYYCHHUS TOKPBHITUH, XapaKTepU3ylo-
nmxcs Oojiee BBICOKOM TBEPJOCTHIO, W3HOCOCTOWKOCTBIO, 3a-
LUTHO-KOPPO3UOHHBIMU CBOMCTBAaMH, aJre3sued K MeTajuinde-
CKOI OCHOBE;

® TpOBEAEHHE IIpollecca M3 JJEKTPOIUTOB, € CYyIIe-
CTBEHHO MEHbIIIEW KOHUEHTpalued XUMHYECKUX KOMIIOHEH-
TOB B HUX, UYTO YBETUYMBAET IKOJIOTMUECKYIO YHCTOTY IONY-
YEHUS U CHIDKAET Ce0ECTOMMOCTh KOHEUHON IPOMYKITHH.

Opgnako merog MJIO amOMHUHUEBBIX W MarHHUEBBIX CILIa-
BOB UMECT PAa CYIIECTBCHHBIX HEJOCTATKOB:

®  OTHOCWUTENBHO, C YYETOM BBICOKOH 3HEPrOEeMKOCTH
Tporiecca, HU3Kasi €ro Mpon3BOIUTEIBHOCTE;

®  JUTUTENBHBIA 3MIUPUYECKUN TIOMCK ONTUMAJIBLHOIO CO-
CTaBa dJIEKTPOJINTA JUTS KaKIO0r o aTFOMUHUEBOTO MM MarHMUEBO-
IO CIJIaBa.

Meron mukpoayroporo okcumaupoBanus (MJO) cram usz-
BECTEH OTHOCHUTENBHO HEMaBHO (B 70-X romax mpoILIOTO CTO-
JieTrs), BHemHe (M0 XapakTepy o0OpyIOBaHHS, TEXHOJOTHH,
MIPUHIIMIIAM YIIPaBIEHMs) OH HAIIOMHUHAET TayibBaHuKy. OmHa-
KO 3TO TOJBKO BHEIIHEE CXOACTBO. MeXaHW3M IPOIECCOB
MJIO npyroii u 3HAYUTETHHO CIIOKHEE.

MukpoayroBoe (MM MHKPOILJIa3MEHHOE) OKCHIUPOBAHHE
MOBEPXHOCTEH H3ACIUNA W3 METAUIOB BEHTUJIBHOM TPYIIIbI
(aIFOMUHMEBBIX, TUTAHOBBIX M TMPOYNX CIUIABOB) IO3BOJISET
chopMHUpPOBaTh Ha HUX MPOYHOE OKCHUIHOE TOKPBITHE C TBEp-
IOCTBIO0 ONU3KOI K KOPYH[IY, XOpOIer aare3ueil, HU3KOH Mo-
PHCTOCTBIO W BBICOKUMH aHTHKOPPO3HOHHBIMH CBOHCTBaMH.
OT0 0cO0EHHO aKTyallbHO IS JIeTajieil OrpaHUYeHHON MacCHl,
TaKUX KaK TOPIIHU JBHUTATeNell BHYTPEHHEro CTrOpaHUs, IJIO-
MaTKA TYpOWH, pa3UYHbIE YIUIOTHUTEIBHBIE Y3JIBl U TaK Ja-
nee. Tax xe ams meraneii, pabOTaIONMX B TSKEIBIX YCIOBHSIX
BO3JICHCTBUS BBHICOKUX TEMIIEPATyp, arPECCUBHBIX CPEl U BHI-
COKHX MEXaHMYECKHX Harpy3ok [2].
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Pucynok 1 — Texnonoruueckas cxema M/1O:
1 — 6ok ympaBiieHHS; 2 — UCTOYHUK TEXHOIOTHYECKOT 0
TOKa;
3 — oOpabatbiBaeMasi IeTanb; 4 — AJIEKTPOIIUT

[lepen Hauanom okcuampoBaHus oOpadaThIBaeMas JeTajb
MOrpy’KaeTcsi B BAHHY C JIEKTpoiuTOM. B cBofO ouepenb BaH-
Ha cHaOXeHa CHCTEeMOM OXJIaXJIeHHs, TaK KaK B IPOIlecce OK-
CUAUPOBAHUA SJICKTPOJIMUT HArpeBacTCs. Ilo OJHOMY BBIBOOY
HCTOYHUKA TEXHOJOTMYECKOrO TOKA Ha JieTanb Moaaércs pa-
Oodee HampspkeHue. BTopoil BRIBOA COENMHEH C KOPIYCOM
BaHHBI, M3TOTOBJICHHOW (9aIlle BCEro) M3 HepKaBerolel cra-
mu. C nmynbTa ynpasileHUs: HEOOXOOUMO 3a/1aTh IapaMeTpsl U
peXuM 00pabOTKH, TaK )K€ Ha HEM OCYIIECTBIISIETCS KOHTPOJIb
3a xofoM nporecca. IlynpT ynpaBieHUs: U HCTOUHUK TEXHOJIO-
IFMYECKOTO TOKa MOI'YT OBITh BBINOJHEHBl B BHJE €IUHOTO
6moxka [3].

B 3aBucumocTy 0T BEIOPaHHOTO PEKKMMA M YCTaHOBIICHHBIX
rapaMeTrpoB pabodero HampspKeHHUs, TOKA, pasMepa JeTain
nporecc (pOpMUPOBAHMS TOKPBITUSI MOXKET MPOJOIKATHCSA OT
HECKOJIBKAX MUHYT /10 HECKOJIBKHUX YacOB.

A\

Pucynok 2 — CtpykTypa HOKpBITUS
BepxHuuii cnoit (1) — pbIXJIBId, TOPUCTHIN, €CTH HCIIONbB3Y-
ercsl IIETOYHON AIIEKTPOJIUT C J0OABICHUSMH KHUJIKOTO CTEK-
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Ja, TO MO XHMHYECKOMY coOcTaBy 3T0 MymuT (Al203 -
2Si02). Cnenyrommii cioit (2) — MIOTHBIN, C BBICOKOW MHUKPO-
TBEPIOCTHIO, 3TO okucen Al203 . IMEHHO 3TOT CJIOH SIBISIET-
csl pabouuM M OIpEACisieT BBICOKHE (DPU3NKO-XMMHYECKUE Xa-
PaKTEepHCTUKHU MOKPHITUS. TonmmHa ero KomedieTcs B 3aBH-
CUMOCTHU OT peXuMa OKCUANPOBaHuUs B mpeaenax ot 30 mo 200
MUKpOH. W HakoHell, MeXay MaTepualoM MOUIOKKH (4) 1
cnoeM okucia (2) pacmnomaraercs Tonkuit (ot 0,01 mo 0,1
MHUKpOHA) TepexonHblid cioil (3), cBoiicTBa KOTOPOTO s
MPAKTUKN HECYIICCTBEHHBI.

BepxHuil pBIXJIBIA  CIIOM TIOKPBITHS  YJAJsIeTcs . Iec-
KOCTpYIHOI 00pa0OOoTKOW, M B JKCIUTyaTalUIo MOCTyHaeT je-
TaJIb C IJIOTHBIM OKCHIHBIM MOKPBITHEM.
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Pucynok 3 — Jleranu u3 amomuHaneBoro crurasa J[16 ¢
MHUKPOJYTOBBIM ITOKPHITHEM

JIMTEPATYPA

1. bubmmorexka mucceprammii [DIeKTpOHHBIN pecypc] /
OnekrpoHHast OuOnuoreka aucceprauuil. — Pexum nocryma:
http://www.dslib.net/tex-elekrtoxim/hla.html. — Tata nocryma:
20.02.2010.

2. O merone [DnextpoHHbi pecypc] / MicroArtoxyda-
tion. — Pexxum gocryma: http://mdo-msk.ru/am.htm. — larta
nocryna: 20.02.2010.

3. Mukpoayropoe OKCHAWPOBAaHHE [DOEKTPOHHBIH pe-
cypc] / ba3a naHHBIX MHHOBAaLMOHHBIX TEXHOJOI'MH U HAyKO-
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éMKOHI NPOAYKLIUY. - Pexum JocTymna:
http://www.icsti.su/base/base2/tec/ 0119.shtml. — JTata mocty-
na: 20.02.2010.

VK 621.1
3yenok A.B., Ilactymenko E.A.

I'PA®UT AJIA ITOJYYEHUSA
KOMITO3UILIUOHHBIX MATEPUAJIOB

BHTY, o. Munck
Hayunwvui pyxosooumens: /[podviu A.A.

B xauectBe CbIpbs IJIA TOJIYYCHUSA KOMITO3UIITMOHHBIX ITOPU-
CTBIX MaTepUAJIOB Ha OCHOBE YTJIepoja NCIONB3YeTCs TpaQuT.

I'padutel — BemecTBa ceporo 1BETa C MeETaNTUYCCKUM
OsieckoM, aMOp(HHOTO, KPUCTAITUYECKOTO, UM BOJIOKHUCTOT'O
CIIOKEHUS, KUPHBIC HA ONIyIh, YACIHHBIN Bec oT 1,9 mo 2,6.
[lo BHemHeMY BHUAY TpaduT, UMEET METAJUTMYECKUI CBUHIIO-
BO-CEpBIH 1[BET, KOJCOIIOIIENCS OT CepeOpPHUCTOro 10 YEPHOro,
C XapakTepHBIM KHUPHBIM OJeckoMm. [losToMy morpebuTenu
3a4acTyl0 Ha3bIBAIOT SBHOKPHUCTAJLTHYECKHE rpaduThl ceped-
PHUCTBIMH, 8 CKPBITOKPUCTAIIIMYECKHE — YepHBIMU. Ha omrymb
rpadur XKMpeH W OTIMYHO Madkaercs. Ha moBepXHOCTAX OH
JIETKO JTae€T YepTy OT CepeOpHCTOro 0 YepHOH, OnecTsIer.
I'padur oramuaercs CIOCOOHOCTHIO MPUIHIATH K TBEPABIM
ITOBEPXHOCTSIM, YTO TIO3BOJIIET CO37aBaTh TOHKHE TUICHKH TIPU
HaTUPaHWU UM MTOBEPXHOCTEN TBEPIBIX TEI.

I'padur mpencrasiser coboit amoropornHyo GopMy yrie-
poma, KoTopast XapaKTepH3yeTCsl ONPeNeNeHHON KpUCTainde-
CKOM CTPYKTYpOIi, UMEIOIIeH CBOeoOpa3HOe CTPOSHHE.

B 3aBucHMOCTH OT CTPYKTYPHOTO CTPOEHUS TPaUThI IENsT-
csl Ha:

®  SBHOKPHCTAJUTHYECKHE,

®  CKPBITOKPUCTAITMYECKUE,

e rpaduTOUIHI,
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®  BBICOKOIMCIIEPCHBIC TPA(QUTOBBIE MaTepHUabl, OOBIYHO
Ha3bIBaeMble YTIISIMH.

Baxneiimme cBoiicTBa rpagura.

DNEeKTpUIECKIEe CBOUCTBRA:

ONEKTPONPOBOHOCTL Tpaduta B 2,5 pa3a OOJbIIC 3JICK-
TponpoBonHocTH pTyTH. [Ipn Temmnepatype 0 rpaa. yaeiapHOE
CONPOTUBIICHUE JEKTPHUECKOMY TOKY HAXOJHUTCS B MpeAeax
ot 0,390 no 0,602 oM. Huskuii npenen yaenbHOro COMPOTUB-
JIeHUs1 1711 BceX BUIOB rpaduTa oquHakoB u paBeH 0,0075 oM.

Tepmuueckue cBOMCTBA:

I'padur obnamaer OobIIOE TEMIONPOBOJHOCTEIO, KOTOPAst
paBHsieTcst 3,55BT'Tpaj/cM W 3aHMMaeT MECTO MEXIy Naia-
JIMEeM U TUIATHHOM.

Koaddumment termmonposogaroctu 0,041 (B 5 pa3 6onbiie,
4eM y KUpIu4a). Y TOHKUX rpadUTOBBIX HUTEH TEMIOMPOBOI-
HOCTB BBIIIC, YEM Y MECIHBIX.

Temmneparypa miaBineHus: rpagura — 3845-3890°C mpu
Japienuu ot 1, 7o 0,9 atm.

Touka xunennst oxogut 1o 4200°C.

TemmiepaTypa BOCIIAMEHEHHS B CTPye KUCIOPOAa COCTaB-
JIET JJIs SIBHOKpUCTamInueckux rpagputos 700-730°C. Komu-
YEeCTBO TeIa, MOMy4aeMoro Npu CKUTAaHUM TpaduTta, HAXO-
IUTCS B TIpenenax ot 7832 no 7856 kkai.

MarsuTHble CBOMCTBA:

I'padur cuuraercs qHaMarHUTHBIM.

PacrBopumocTs TpaduTa:

XUMWUYECKA WHEPTEH W HE PacTBOPSIETCS HU B KaKUX pac-
TBOPUTEISAX, KPOME PACIIABICHHBIX METAJUIOB, OCOOCHHO TEX,
Yy KOTOPBIX BBICOKasl ToYKa IuiaBieHus. [Ipu pacTBopeHun 00-
pasyrorcsi KapOubpl, HanboIee BaXKHBIMA CBOWCTBAMH KOTO-
PBIX SIBISIOTCSA KapOWabl BOIb(ppamMa, TUTAHA, XKele3a, Kalb-
s u 6opa.

[Ipu 0OBIYHBIX TeMIiepaTypax rpaduT COSAUHSETCS C pY-
TMMH BEIIECTBAMHU BECbMa TPYIHO, HO MPH BBICOKHX TeMITepa-
Typax OH JaeT XUMHUYECKHE COCIMHEHHSI CO MHOTUMH DJIeMEH-
TaMH.
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VYnpyrocts rpagura:

I'padur He oOmagaeT 37aCTUYHOCTBIO HO, TEM HE MEHee, OH
MOXeET OBITh MOIBEPTHYT pe3aHuio U u3rubanuto. [ paduroBas
MPOBOJIOKA JIETKO CTHOAeTcs W 3aKpydHMBaeTcs B CHHpaib, a
IIpH BaJIblieBaHUM AaeT yanuHeHue okono 10%. CompoTusie-
HHE Ha Pa3pbIB TAKOi TPOBOIOKM PABHO 2 KI/MM’, a MOJYJb
m3ruda pasen 836 Kr/mMm?,

OnTHueckue cBoiicTBa:

Koagduiment ceeronoriomeHus rpadura mocTosHEH Jyis
BCETO CIIEKTPa M HE 3aBHCUT OT TEMIIEPaTypbl JydeHCITycKa-
HUS TeNa; JUIl TOHKHUX rpadHToBBIX HHUTEeH OH paseH 0,77, c
yBEIIMUEHHEM KPHUCTAJIOB TpaduTa CBETONOIJAIICHUE YKe
Haxoautes B peaenax 0,52-0,55.

JKupHOCTh W TIACTHYHOCTHh TpaduTa SBISIFOTCS BaKHEH-
IIMMH CBOMCTBAMH, KOTOpBIE JAIOT 'BO3MOXXKHOCTH HIMPOKO
MPUMEHSTh €r0 B MPOMBIIIICHHOCTH. UeM BBIIIEe XKHUPHOCTD
rpadura, TeM MeHblIe KodhuirueHT TpeHus. OT KUPHOCTH
rpaduTa 3aBHCUT UCIOJIIL30BAHUE €r0 B KAYeCTBE CMa304HOI0
MaTepuaa, a TaKKe CIOCOOHOCTh MPUIIMIAHHUS K TBEPIBIM
IIOBEPXHOCTSIM.

Cxema M3roToBJIEHUS KOMITO3ULIMOHHBIX TIOPUCTHIX MaTepU-
aJIOB Ha OCHOBE IOPOIIKa rpaduTa BBITTSIUT COTJIACHO PH-
cyHka 1.

CMelnBaHue IIUXThI

v

dopmoBaHNE 3arOTOBOK

v

Kapoonuzanus 1000..1500°C

v

I'padbutnzanms
T"'oToBOC M3nETHE |

Pucynok 1 — Cxema nosrydeHusi KOMIO3UIIMOHHOTO
MaTepHajia Ha OCHOBE MOpoIIKa rpadura
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VYHHKaIbHOE COUeTaHHEe IKCILTYyaTAllMOHHBIX CBOMCTB Ipa-
¢uTa, TaKMX KaKk HMIMPOKUH Iuama3oH pabouyux TemrepaTyp,
BBICOKasi XMMUYECKasi CTOMKOCTb, MpeKpacHas yIUIOTHSIOLIAs
CIOCOOHOCTB, CIIOCOOCTBYIOT YCTOWYMBOMY MOTPEOIECHHIO €T0
AO MHOruX OTpacisX MPOMBIIUIEHHOCTH.

YK 621.793
3yenok /1.B.
SHEPI'OCBEPEI'AIOUIEE CTEKJIO

BHTY, e. Munck
Hayunwvui pyxosooumens: Komaposckas B.M.

CTexi10 — YHUKAIbHBIN CBETONPO3PAaYHBINA CTPOUTENBHBIN U
KOHCTPYKLIMOHHBI MaTepuall, 'PaHUuLbl 1 BO3MOKHOCTH MC-
MOJIb30BaHUSI KOTOPOT'0 TIOCTOSTHHO PACIIMPSIIOTCS B COOTBET-
CTBHHM C HOBBIMH TPEOOBAaHMSMHU PBHIHKA CTEKJA MO IIBETOBOU
ramMmme, CBCTOTCILNIO3AIIUTHBIM W TMPOYHOCTHBIM XapaKTEpH-
CTHKaM, ra0apuTaM OCTEKJICHHS.

OKcIuTyaTallMOHHasE HaJ&KHOCTh CTEKJIOM3ENUI Herocpen-
CTBEHHO CBSI3aHA CO CTPYKTYPOI; COCTOSTHHEM, CBOHCTBAMH 00b-
eMa ¥ ToBepxXHOoCTH cTekia [1]. B crexite Hanbomee cadbie Me-
cTa 1 Haubosee onacHbIC Ae(eKThl, KaK IIPAaBUIIO, PACIIOIOKEHBI
Ha noBepxHOCTU. [loaToMy M3MEHss1 CBOMCTBA MOBEPXHOCTHOTO
CITOSI, yIaeTcs Pe3K0 YBENWYUTh CPOK CIyXObI meraneit [2, 3].
W3BecTHBIE cOCOOBI MOMM(UKALMK [TOBEPXHOCTH U3NEIUN U3
cTeKIa (MIacTU(UKAINS TTOBEPXHOCTHOT'O CJIOSI, CO3JAHNE CIKH-
MAlOLIMX HAPSDKEHUI) SBIAIOTCS TPYLOEMKUMH U HE TIpHeMIIe-
MBI I V3N CIOKHON KoH(purypanuu [4]. B Hacrosiee
BpeMsi Hanboree 3(h(hEeKTUBHBIM IyTeM peIleHus JaHHOM Ipo-
OneMbI SBISIETCS HAHECEHNE Ha paboure TIOBEPXHOCTHA W3IENUi
W3 CTEKJIA MMOKPBITUH.

TexHonorust BakyyMHO-IIJIa3MEHHOI'O HAHECEHHsI IOKpHI-
TUWA NO3BOJSICT MPOU3BOAUTH IIMPOYAUIIUN CIEKTP MPOAYK-
LMY apXUTEKTYPHOIO CTeKJa (3HeprocOeperaroiee (Terniosa-
LIUTHOE) CTEKJIO, COJHIE3AIIMTHO-IEKOPAaTUBHOE CTEKIIO,
CTEKJIa CEJIEKTMBHOIO NPOIMYCKAHUSA M OTPaXKaroILUe pa3indy-
HBIE YaCTH CHEKTPa, 3ePKAIBbHOE CTEKJIO, IEKOPATHBHBIE CTEK-
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y1a OoraToi IBETOBOW ramMmbl). PocT cripoca Ha JaHHBIC BUIBI
CTeka 00YCIIOBJIEH PsiIOM (PakTOpOB M, MPEKIE BCEro, Tpe-
OOBaHUSMHU APXUTEKTOPOB M AM3AMHEPOB IO aAPXUTCKTYPHOM
BBIPA3UTEIBHOCTH 37aHHI, 0€30MTaCHOCTH UX IKCIUTyaTallluu, a
TaK)Ke y)KECTOUCHHUEM TPeOOBaHHUM MO TEIJIO3alUTe U MeXa-
HHUYECKOM IIPOYHOCTH CBETONPO3PAUYHbIX OTPaKICHUN.

B crpoutenbcTBE MCMONB30BAHUE MOKPBITUHA Ha CTEKIIE
MPUHOCUT KaK PKOHOMHMYECKYIO BBITOJY OT MPUMEHCHHS IO-
KPBITHUS I 9KOHOMHUHU DHEPTOPECYPCOB, TAK M ICTETUUECKYIO
MOJIB3Y JIJISL PEIICHHS apXUTeKTYpHBIX 3amad. K mpenmytie-
CTBY HCIIOJIb30BAHUS TOHKOIICHOYHBIX IMOKPBITUHA TaK ke OT-
HOCHUTCSI BOBMOXXHOCTh CO3JIaHHS CTEKOJI C 3aJlaHHBIMH CBOM-
CTBaMH Ha OCHOBE OOBIYHBIX COCTABOB CTPOHUTEIBHBIX CTEKOI.
Hanecenre TOKPBITHH TO3BOJISET PETYIHPOBATH B IMMPOKHX
Ipefieiax CBOWCTBA JIMCTOBOTO CTEKJA HE3aBUCHMO OT €ro
XUMHYECKOTO COCTaBa W TOJIITIMHBL

J1st yMEHBIIeHHS TTOTEPh TEIIa OT TEIUIONPOBOTHOCTH U
KOHBEKITUH TPUMEHSIOT JBOMHOE OCTEKJICHHE (CTEKJIOMaKe-
TBI), HO OTO JIAET JIUIIb HE3HAYATENHHBIN dQEKT, T.K. OCHOB-
HBIE TEIUIONOTEPU MPOUCXOIAT 33 CUET TEIVIOBOTO U3ITy4CHHUS.
st GOpBOBI ¢ ATHM SABJICHAEM pa3pabOTaHBI TaK HA3BIBAEMBIC
sHeprocOeperaromme crekna [5].
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Pucynok 1 — Cxema B3aMOJEICTBUS COTHEYHOTO
U3JTY4EHHS CO CTEKIIOM

HepBI)IM [raroMm B BBIITYCKEC 3H6pFOC6€p€FaIOH_I€FO CTCKJIa
SIBUJIOCH IMPOU3BOJACTBO K-crekna. Z[J'IH npuaaHust (I)J'IoaT-
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CTEKJy TemIocOeperarmux CBONCTB HEMOCPEACTBEHHO NpHU
W3TOTOBJICHUM HAa €ro MOBEPXHOCTH METOAOM XHMHYECKOU
peaKkuuu Mpu BBICOKOM TemIiieparype (METOA MUPOJIN3a) COo-
3/1aeTcsl TOHKUN cIoi U3 OKKCIIoB MeTaiioB InSnO2, KoTopblit
SIBIISIETCSL TIPO3PAuHBIM M B TO e BpeMs oOnajgacT 3JeKTpo-
MPOBOAHOCTHIO. CIEAYIOMUM 3HAUYUTEIHHBIM IIIaTOM B IIPOH3-
BOJICTBE JHEProcOEperamnmx CTEKON CTad BBIMYCK T.H. -
CTEKJIa, KOTOpOe MO0 CBOMM TeriocOeperaonuM CBOHCTBaM B
1,5 pa3a npeBocxoaut K-crexno. Pazmuune mexny K-ctexiom
U 1-CTEKJIOM 3aKirodaeTcss B Kod(DduIMeHTe H31ydarenbHON
CIIOCOOHOCTH, a TAKXKE TEXHOJOIMU ero MoiydeHus. [-cTekio
MMPOU3BOJUTCA BAaKYYMHBIM HANBIJICHUEM U MIPEACTABIIACT CO-
00i1 3-x croitHyto (WK 0oiiee) CTPYKTYPY M3 UePeyHOIIUXCsI
cioeB cepedpa u auanekrpuka (BiO, AIN, TiOz u T.mm.). Tex-
HOJIOTHSI HAaHEeCeHWs TpeOyeT HCHONB30BaHHS BaKyyMHOTO
000pyI0BaHHs C CHCTEMON MarHEeTPOHHOI'O pacibiieHus [5].

Hcnonk3oBaHue 3HEprocOeperamiero crekia Juisi OCTeK-
JICHWs1 3JIaHUHA B IOKHBIX pallOHAX, MO3BOJISIET HE TOIBKO CO-
3MaTh Ooniee KOM(OPTHBIC YCIOBUS JUIS MPOXXKHUBAHUS, HO W
CHHM3WTH JHEPro3aTpaThl HA KOHJHMIIMOHUPOBAHHE ITOMeEIIIe-
Huil. Hcnons3yeMoe B CTEKJIOMakeTax TeMIooTpaxaroliee
CTEKJIO TTO3BOJISIET 9KOHOMHUTH OK0JI0 15% TenmoBoit SHEpTruw,
pacxomyemoii Ha oOorpeB 3maHuit. CiemyeT OTMETHTh, YTO
TerocOeperaroIe CBONCTBAa CTEKIIONAKETOB, B KOTOPBIX HC-
MOJB3YIOTCS JAHHOTO BUJIA CTEKIIA, BO MHOT'OM OIPEACIISIOTCS
napaMeTpaMuy IOKPBITHI Ha CTEKJIE.

Temno3amuTHOE CTEKIIO NIMPOKO HM3BECTHO HA MHPOBOM
perake. OHO mpom3BoauTcs 6omee 30 JeT BEAYIIMMA CTEKOJb-
HbIME (pupMamu Mupa, Takumu kak «Pilkington» (Bemmko-
oputanus), «Hlaverbel» (bemsrusa), «PPG» (CIIA),
«Gardian» (CIIA), «Saint Gobain» (®panmus) u mp.

Corpymaukamu MI'TY mm. H.D. baymana [6] ycranoBie-
HO, YTO HCIOJB30BAHUE TEMIOOTPAKAIONINX MOKPHITUH MO3-
BOJISICT BO3BpalllaTh B TMOMEIICHUE B 5..9 pa3 Oombliie TErio-
BOT'O M3JIy4EHUS, YeM OOBIYHOE CTEKIIO (PUCYHOK 2).
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CxeMa cTeknonakeTa ¢ TennooTPakKaowmMmM
NOKPbITUEM, NO3BOMAKLLMM S3KOHOMUTL 18...22% Tonnuea.

Tl Tml
100% oo |
‘2 L2

70%

Tennoean
3HEeprusA.

1 - BHEWIHEE GTeKND, 2 - Bo3AYLWHER 3aaop (12 mm) ,
3 - BHYTPEHHES YNCTOS CTEKNO, 4 - FePMETUK,
5 - Npo3paqHeBIf TeNNooTpaxalowmit snexktpoa (ITO),
HEHeCeHHBIA METOACM BaKyyYMHO-NNA3MEHHON TEXHONOMMH.

Pucynok 2 — Cxema cTekiionakera
C TEIJIOOTPAKALOIUM IIOKPBITUEM
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YK 67.08
3yénok 1.B., Hapymko E.O.
HUCITOJIb30OBAHUE COBPEMEHHbLIX CPEJACTB
SAIUTHI OT ®PUKIITUOHHOI'O, ABPABUBHOI'O,
9PO3MOHHOI'O, BUBPAIIUOHHOI'O
U KOPPO3UMOHHOI'O U3HOCA MAIIUH,
MEXAHU3MOB

BHTY, e. Munck
Hayunwuii pyxosooumens: Komsax U.M.

O eKTUBHOCTD 3aIUTHI OT U3HOCA C IIOMOIIBI) CIISIIHAIBHO
CO37IaHHOTO0 TPAHWMYHOTO CMAa30YHOIrO CJIOf CTONE BEUKA, YTO
MOYXHO TOBOPHTH O MPAKTHUECKOH pean3aliii TOHATHS Oe3bI3-
HOCHOCTH, BBeseHHOro B obmxon JI.H. I'apxynoBeiMm u U.B.
Kparenbckum B ¢Bsi3u ¢ OTKpbITHEM B 1956 . ahdexra n3dmpa-
TETLHOT0 TIEpeHoca.

Yennuss MUPOBBIX MPOU3BOAUTENEH CMa304HBIX MaTepra-
JIOB 00€CIIeUUTh YCIOBUsI IPOTMBOUM3HOCHOH 3aIlUTHI, OHUpPa-
ACh Ha TPAAULMOHHYIO THAPOAMHAMHUYECKYIO MOJENb, IIPUBE-
JM K POCTY CTOMMOCTH Macel M CMa3oK 10 3Ha4YeHWH, Heno-
CTYIHBIX MaccoBOMY TMOKymaTento. CuTyalus OCIO0XKHAETCS
TEM, YTO YCJIOBUS 3KCIUIyaTallid TEXHUKHU B Pa3BUTHIX U pas-
BHUBAIOLIMXCS. CTPaHax IPUHLMIHMAIBHO pa3nuuHbl. Hampu-
Mep, B Pa3BUTBHIX CTpaHAX MOIIEPKHUBAETCS JOCTATOYHO BBI-
COKHH YPOBEHb KauecTBa JOPOXKHBIX IOKPHITUH, IOITOMY aB-
TOMOOMJIN HE HCIBITHIBAIOT YAAPOB U PE3KHX COTPACEHHH BO
BpeMs ABMKeHUs. lIpakTHKyercs akKypaTHOE TEXHHUYECKOE
00cnyXMBaHHE M 3aMEHa aBTOMOOMIIEH 1O Mepe MOpaIbHOTO
H3HOCA, BCIIEICTBHE YEro U3HOC ABHUTaTeled M TPaAaHCMHUCCHUH,
B OCHOBHOM, HE IIPEBBIIIAET ITOJIOBUHEBI Pecypca.

B Pecniyonmuke bemapych, Poccun n npyrux cTpaHax kadve-
CTBO JOPOXKHOTI'O MOKPBITUSI HECKOJIBKO XYK€, @ U3HOC Mexa-
HUYECKHX y370B mpesbimaer 50% pecypca. M3BecTHo, 4TO, B
Iporecce M3HOCa JIOOBIX MEXaHWYECKHX Y3JI0B, BEIMYHHA
BHOponapaMeTpoB (BHOpomepeMeIieHusi, BHOPOCKOPOCTH U
BuOpoyckopenus) — Bo3pactaer B 30-100 paz. Ilostomy, ¢
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MEpBHIX METPOB Mpoldera Mo He KaYeCTBEHHBIM A0pOram, IBH-
ratenu, TPaHCMUCCHS U APYTUE Y3JIbl aBTOMOOUJIEH HCIBITHI-
BaIOT yZaphl U3-32 HEPOBHOCTEH Ha JOporax, a MoAaBiIsoNee
OONBIIMHCTBO TEXHHUKH TO/IBEPraeTcsl YCUICHHOMY BHOpaIu-
OHHOMY BO3JIeiicTBHIO. Bce 3TO BBI3BIBAECT MPOOOH THIPOIIH-
HAMHYECKOTO pa3JIeTUTEIbHOr0 CJIOS CMa3Kd M 3acTaBiIsIeT
y3JIbI TPEHHsI pa0d0TaTh B PSKUME TPAHUYHON CMa3KH.

ITaxeTs! aHTI/I(pr/IKHI/IOHHI)IX, MMPOTUBOM3HOCHBIX W HPOTUBO-
3aIMPHBIX TMPUCANO0K, IMPUMCHACMBIC B SaPY6e)KHBIX Macjaax "
3aKynacMbI€ OTCYECTBCHHLIMU ITPOM3BOAUTCIIAMU CMA30YHBIX
MaTeprualioB, HE PACCUMUTAHBI HA CTOJNb JKECTKUE PEKHMBI DKC-
TUTyaTaIHy.

B 10 xe BpeMsi, MpUHIMITHAILHBIE BO3MOKHOCTH obecrie-
YeHUsi 0E3bI3HOCHOCTH, MPOJEMOHCTPHPOBAHHBIE HCCIIE0Ba-
TENSIMA  M30MPATENFHOTO TIePeHOca, | YHUKAIbHBIX CBOMCTB
CEpPICHTHHHUTOB, TPUOOIOJINMEPOB, SIHIAMOB, (TOpOPraHU-
YECKUX, XJIOPOPraHMYECKUX MaTCpUaioB U APYrux CpeacCTB
3alUTHl TIOBEPXHOCTEH TPEHHUS, CO3MAI0T PEATbHYI0 OCHOBY
JUIsl 3aBOeBaHMs Poccrell KOHKYPEHTHBIX MO3ULMN HA PBIHKE
CMa304YHBIX MaTEPHAJIOB Pa3BHBAIOIIUXCS cTpaH. D(H(HEeKTUB-
HOCTh IpEAaraeMoro I0JXo/a HarjsHO IIOATBEpPXKAAeTcs
pe3yabTaTaMy HCHBITAHWH aHTU(QPHUKIIMOHHONW PECypPCOBOC-
cranasnuBaroniei kommnosunuu (APBK), pa3spadoranHoii cre-
nuanmuctamu Uactaryra mammaOoBeneHuss PAH u OOO «Ben-
gyp-H» [1].

APBK sBasercs cycmeHsmell, cocrosmeii u3 0a3oBoi
XKHUIKOCTH, CEPIICHTHHUTA (CHJIMKAaTa MarHus) B BHUJIE B3Be-
cn u Ttpubonmonmumepodbpazyromeit (TIIO) mpucagku. B
APBK, B3amMHO ycHIMBalOmmM o00pa3oM, OOBEIMHEHEI
YHUKaJIbHbIE aHTU(QPUKLIUOHHBIE U TNPOTUBOM3HOCHBIE
ceoiictea TIIO mpucagoxk W BOCCTaHOBUTENBHBIN 3P (deEeKT
cepieHTHHUTOB. Jlo6aBnenue 20 ma APBK B mutp moboro,
CaMoro JAEUIeBOr0 Macia, MOBBILIAET U3HOCOCTOMKOCTH 10
3HaY€HUs, B 2 pas3a MPEBHIAIONIETO MOKa3aTeNn JYYIINX
HMIIOPTHBIX Macell, YTO MPUBOAMUT K yBEIWUYEHUIO B 2-3 pa-
3a CpoOKa CIIyObl 0 KaIUTAJIbHOI'O PEMOHTA JII000ro Mexa-
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HAYECKOTr0 00OpYyIOBaHUs: ABUTaTeNeil BHYTPEHHETO Cro-
paHus, TPAaHCMHMCCHUH, KOMIIPECCOPOB, PEAYKTOPOB, MPUBO-
JIOB, THAPABINYECKUX CHCTEM, BCEX BUJIOB MOJLIMITHUKOB.
[Ipu >TOM, HEmocpenCcTBEHHO B MPOIECCE SKCIUTyaTalluH,
MPOUCXOJIUT BOCCTAHOBJICHHE (OPMBI U Pa3MEPOB B3aMMO-
JIEUCTBYIOLIMNX JIETAIEH.

B pesynbraTe, BoccTaHaBIMBAETCSl U BbIPABHUBAETCS IO M-
JIMHApaM KOMIIPECCUA B ABUTATCIIAX BHYTPEHHETO CIr'OpaHuAa U B
KOMITpeccopax, COOTBETCTBEHHO, BOCCTAHABIIMBAETCS. KPYTSILIUN
MOMEHT [BUTraTeneil W NPOM3BOIAUTEIHHOCT KOMIIPECCOPOB,
yMeHbInaercss Ha 4—6% mnorpebieHre TOIUTMBA M KOJIHYECTBO
BpEeIHBIX BBHIOPOCOB, ymeHblnaercst Ha 10% moTpedneHne diek-
TPO3HEPTHH; YMEHbINAETCsl BUOpAIHs U TEMIIEpaTypa caMopas3o-
rpeBa NOAMIMITHUKOB, PEIYKTOPOB U APYTUX Y3JIOB.

APBK U1 TOIIMBa BOCCTAHABIMBAET M3HOIIIEHHBIE MEXAHN-
YecKHe y3JIbl Ha BCEM ITyTH TOIUIMBA: B TOIUIMBHOM ammaparype,
HaTpaBJISIONIFE BCACHIBAIOMINX KITAIIAHOB, KOMIIPECCHOHHBIE
KOJIBLA. Y MEHBIIAET CKOPOCTh W3HOCA 3THX y3J10B. Komnosuus
YCTpaHSET ACTOHALMIO, YIYYIIAeT YCIOBUS CrOpaHUs TOIUIMBA,
CHIDKAeT IIYMHOCTb JBWIATENs, IIOBBILAET IPUEMHUCTOCTD,
NPEeIOTBPALAECT OTPULIATEIBHBIC TIOCIECACTBUS IPUMEHEHHS He-
KAa4eCTBEHHOIO TOIUIMBA. II0ONMHOE BOCCTAHOBJIEHUE ABUTATENS
JIOCTUTaeTcs TIpu oJHOBpeMeHHOM npumenenuu APBK s mac-
JIa U TOIJIUBA.

[Ipn oOGkaTke HOBBIX JBHUTATENEH BHYTPEHHETO CrOPaHUs WIIH
JIBUTATENEN II0CTe KalnWTaJhbHOTO PEMOHTa HaOmofaercs BOC-
CTaHOBHUTEIBHO-KOppekTupytomee aeiicteue APBK: pasmepst
JeTanel BO BCeX MEXaHUYECKUX Y3J1aX MPUBOIATCS K HOMUHAIY.
B pesymnbrate, psaoBoii OTE€UECTBEHHBIN JABUTATEND MTPUOOpETaeT
XapaKTEPHCTUKH EBPOIEHCKIUX 00Pa3IioB.

Ha snextpuueckom tpancnopre texHonoruss APBO no3sons-
eT TIepeBeCcTH B 0E3bI3HOCHBIN PEXHM IKCIITYaTaIllH C O0CTYKHU-
BaHUEM I10 BUOPOMMATHOCTHYECKAM ITOKAa3aHUSIM TOAIITHITHIUKH
SJIEKTPOABUTATENEH, PEAYKTOPBI, KOMIIPECCOPHI, MOIIUITHUKA
KOJIECHBIX Tap.
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B kommpeccopax Bcex BHIOB BOCCTaHABIHMBAIOTCS KPHUBO-
LIMIHO-INATYHHBIA MEXaHW3M, LWJIMHIAPOIOPIIHEBas TpyIla,
JTyOpUKaTOpbl, MOAIMITHUKH, HACOCH BEICOKOI'O M HU3KOTO JIaB-
JICHVST, MUHUMU3HPYETCS TOTaJaHUue Maciia B THEBMOCUCTEMY.

BoccranaBnuaroTcsi Bce BUABI TATOBBIX PEIYKTOpOB. B pe-
3yJbTaTe 00pabOTKH TpeOHEeH KONECHBIX map, pecypc OaHmaskeil
KOJIECHBIX Tap AJICKTPOBO30B M AJIEKTPOIOE3I0B JI0 OOTOUKH YBe-
muauBaeTcs B 1,5-2,4 pasa, B 3aBUCUMOCTU OT MCXOIAHOW TOJIIIIH-
HBI Oangaxeit (60-90 MM), CHIDKAeTCs THTEHCUBHOCTH OOKOBOT'O
W3HOCA pEbcoB. BO3MOXKHO HaHeceHHE TBEpIOCMA30YHBIX I0-
KkpbiTii, coneprkanmx APBK, Ha rpebHM Korec W OOKOBBIE TIO-
BEPXHOCTH PEITHCOB.

[IpoBeneHa 0O0pabOTKa METAUIOPEKYIIUX CTAHKOB, MyTEM
nobasnenns APBK B wmacmsanyro cucremy. Ha TokapHBIX
CTaHKax JIOCTUTHYTO yMEHbIIIeHWe B 3 pasza OueHusi oOpada-
THIBAEMOM JI€TaNIM, CHIDKEHA BUOpAIsl IMMHAECTHHON TPYIITHI
MOJIIITUITHAKOB. BoccTaHaBMBaeTcst TOYHOCTh XOJJOBOTO BHH-
Ta. YMEHBUIAETCS U3HOC HapaBiAIOMIKX. Bo3MOXXHO BoccTa-
HOBJICHUE HAINlPaBJIAIOIIUX U, B JaJbHEHUIIEM, CHUKEHUE CKO-
pPOCTH H3HOCA IyT€M HAHECEHHs TBEPAOCMA30UHBIX IOKPHI-
tul, conepxamux APBK. Jlooasnenue APBK k oxmaxmaro-
meit KuakoctTn B 2—20 pa3 MOBBIMIAET CTOMKOCTH PE3IOB.
Bmusane APBK Ha CTOWKOCTH peXYIEro MHCTPYMEHTA TIPO-
BEPAJIOCH B HamMOOJNee KECTKUX PEeXHUMAX, XaPAKTEPHBIX IS
olepalyyl CBEpIICHUSL.

B pesynbrare 6p1umo onpeneneno, Beenenne APBK B macio
N-20'mpu cBeprierny cram 45 yBETHYMIO CTOMKOCTH CBEpiia B
3-4 paza, KpyTAIIMEe MOMEHTHI U CHIIBI PE3aHUSI YMEHBIIHINCh
Ha 8—10%; mepoxoBaToCTh MMOBEPXHOCTH CHU3MIACh Ha 20-23
MKM, ripu cBeprieHnu crann 1 X18HIT ¢ amynbeneii u cynbdod-
PE30JI0M CTOMKOCTB CBEpJIa Bo3pocia B 2—2,7 pasa.

Taxkum 00pazom, MOXEM CAENaTh BBIBOJ, YTO B PE3yjbTaTe
MIPUMEHEHUS] TBEPIOCMA304YHBIX MOKPBITHH M CaMOCMAa3bIBaroO-
LIMXCSI MaTEPUAJIOB TapaHTHPOBAHO YIIBOCHHE M YTPOEHUE Ipo-
JOJDKUTEIBHOCTH padOThI 10 KAMTAJIBHOI'O PEMOHTA BCEX BHIOB
MEXaHHUYECKOro 000py10BaHMSI.
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Kaxkapexka A.C.
BOJIbTAMIIEPOMETPUYECKOE
NCCJIEJOBAHUE KOPPO3MOHHOM
YCTOMYUBOCTHU ATIOMUHUS
C NOKPBITUSIMH Ni<P U Ni-W-P B CPEJIE
XJIOPUJIA HATPUSI

BI'Y, e. Munck
Hayunwuii pyrosooumens: Bpybnesckas O.H.

Ilymem npogedenist. 8016MAMNEPOMEMPUUECKUX UCHBIMAHULL
NOKA3AHA B03MONCHOCHL UCHONb30BAHUSL XUMUHECKU OCANCOEH-
uoix cnnacos Ni-P u Ni-W-P 6 kauecmese nokpwimuil, 3amMeonstio-
Wux KOppo3uio anioMunus  conesou cpeoe. llokaszano, umo -
Gexmuenocms 3awumol anomunus nokpvimusmu Ni-W-P eviuue,
yem nienkamu Ni-P.

JU1st 3aI0UThl QIFOMUHHUEBBIX M3IEIMH OT KOPPO3UH HCIIONb-
3YIOT aHOAWpOBaHUE, QochaTpoBaHME, OCAXKIICHNUE U3 PACTBO-
POB METATMYECKUX MOKPBITHH, IIOKPHITHE KPAaCKaMH WM JIaKa-
M [2]. OmarM 13 HarOoIee MPOCTHIX U APPEKTUBHBIX CTIOCOOO0B
3aIIUTBl OT KOPPO3UH SBISETCS 0E33JIEKTPOIM3HOE OCaXKACHUE
IUICHOK METAJIJIOB.

CrraB Ni-W-P nmonmywanu u3 pactBopa, pa3pabOTaHHOTO
aBTOpaMH CTaTh, cocTaBa (Monb-11): NiSOs — 0,15, Na;WO,
— 0,15, NasCit — 0,15, rmuuna — 0,45, NaH:PO, — 0,25 npu
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60+2°C. CmnaB Ni-P ocaxknanu ¢ UCIOIB30BAHUEM TJIMIIAH-
LUTPATHOTO DIIEKTPOJIMTA aHAJOTMYHOTO COCTaBa B OTCYT-
cTBHe Bonb(pamaTa HaTpus npu 85+5°C B kadecTBe momio-
YKEK MCTI0NIb30BaJIM altfoMUHUI Mapku AMI 2.

Koppo3uoHHy0 yCTOHYMBOCTh MOUIOKEK OIEHUBAIA B
10% pacTtBOpe XJIOpUlla HATPUS METOJOM BOJBTaAMIIEPOMET-
pHH: MOTEHIIMOCTATUYECKUH peskuM, noteHocrat 111 — 50-
1.1, TpexsnekTpoaHas s4YeiKa CO BCIOMOTaTeIbHBIM ILIATH-
HOBBIM DJIEKTPOJIOM U XJIOpCEPEOPSHBIM 3JIEKTPOIOM CpaBHE-
HUSI, CKOPOCTh pa3BepTKu moteHnmana — 50 mB/c. B kayecTBe
pabodero 3JeKTPOJia MCIOb30BaIH ATFOMUHUN W aTFOMUHHN
¢ ocakaeHHBIMU MOKpHITUsMH Ni-P u Ni-W-P ¢ paznnynoit
TOJIIIMHON MOKPBITHH, TUIOMAAb pabouero 3JIeKTPOoAa COCTaB-
asma 1 em?,

Ha pucynke 1 mpuBeneHbl BONbTAMIIEpPHBIE KPHUBBIE, Xa-
pakTepu3yrolye aHojHoe okuciienne B pactBope NaCl amro-
MUHHEBBIX 3JIEKTPOOB C MTOKPBITUSIMH

Ni-P, Ni-W-P u B ux OTCyICTBHE, a TaK)Ke KpUBasi, XapaKTe-
pU3yIoLIas pacTBOPEHUE TaJIbBAHUUECKH OCAKAECHHOTO ITOKpPBI-
THUS U3 HUKEIST ToNwHOH 50 MM [4]. B Tabnuiie 2 comocraiie-
Hbl MOTEHLMAJbl Hayala pacTBOPEHHUsI 0OpasloB M IUIOTHOCTh
AHOIHOTrO TOKa TpH moteHrnmane 800 MB, pu KOTOPOM pacTBo-
peHHE A0CTaTOYHO 3aMeTHO. Pe3ynpTaThl SKCIIepUMEeHTa CBHIE-
TEJIBCTBYIOT O TOM, YTO PAaCTBOPEHHE AJIOMHHUS IIPOTEKAET C
BBICOKOM CKOPOCTBIO TIPH TTOTEHITHaax mojokuTensHee 320 MB.
PactBopenue ranbBaHNYECKOro MOKPBITHS U3 HUKEIS, TOJMILMHON
50 MKkM HaunHaeTCs IpH ToTeHIane 60 MB. 3ammMTHBIE TIICHKHA
Ni-P u Ni-W-P mpu tonumue 0,5..1,8 MKM CHIIBHO CIBHTAIOT
HAayajo OKUCIICHWsA QIIOMUHHMSA B OONACTh TOJIOKUTEIBHBIX
noreammaioB + (320-650) MB B 3aBHCHMOCTH OT COCTaBa H
TOJIIMHBI TUIEHOK. TOKM KOPpO3WH AIFOMUHHEBOTO  pabodero
ANEKTpoAa ¢ ocakaeHHbIMH TUieHKamud Ni-P u Ni-W-P B mipu-
CYTCTBUM 3THX IUICHOK CHJIBHO yMEHbIIAIOTCA. B cpaBHeHHH c
3TUMH TUICHKaMH 3JIEKTPOXUMHUYECKH OCaXKIECHHBIC IMOKPBITUS
13 HUKens TonumHoi 50 MM Bexyt ce0st B pactBope NaCl 6o-
Jiee aKTHBHO, IOCKOJIBbKY MOTEHLMAN Hayajla OKHUCIEHHS U TOK
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KOPpPO3UHU HUKENS 3aHUMAIOT NPOMEKYTOUHOE MOJIOKEHUE MEXK-
Iy 9TUMH XapaKTEPUCTUKAMU I UCCIEAYEMBIX IJICHOK U aJTt0-
MUHHS.

HanOonpmunii Moa0KUTENbHBIA CABAT IOTEHIMAAAa U MH-
HUMAJIBHBIN TOK KOPPO3UHU XapaKTEPeH Jjisi 00pa3oB C MOKPHI-
tussMu Ni-W-P Tommmuoit ~1 MmxkM. OTMETHM, YTO 10 JaHHBIM
BOJILTAMIIEPOMETPHYCCKOT0 HMCCIeNoBaHus TUIeHKH Ni-P BbI-
MOJIHAOT (DYHKIIMIO 3aIlUThl OT KOPPO3UH, BBI3BIBAs CMEIIle-
HUE NOTEHIIMaja Hayaja aHOJHOIO0 PACTBOPEHUSI U YMEHbIIIe-
HHUE aHOJIHOTO TOKa, XOTSA W B 3HAYMUTEIHLHO MEHBIIEH MeEpe,
gyeM mreHkd Ni-W-P toii ke tommuusl. Tak, TOK aHOZHOTO
OKHMCJICHUS aJFOMHUHHEBBIX ITOJIOKEK, 3aIHINCHHBIX IIJICHKA-
mu Ni-W-P, BiBoe Himke, 4eM momIoxKeK ¢ mieHnkamu Ni-P.

350 J i MA.. em?

300 1

250

200 +

150

100 +

a® N

50 -

|

fa)

EMB

r * 1 * 1 . 1 - ' -~ 1
-1000 -800 -600 -400 -200 Ii) 200 400 600 800 1000 1200 1400

Pucynok 1 — AHOIHBIE BETBU BOJIBTAMIIEPHBIX KPUBBIX, Xa-
PAaKTEPU3YIOIIUX PaCTBOPEHUE ATFOMUHUEBON MOATIOKKH: 1 —
0e3 mokpbITHS; 2 — ¢ mokpeiTHeM Ni—P tommmuoit 1,0 Mxm; 3,
4 u 5 — c mokpertrieM Ni-W-P rommmao# 0,5 MM, 1,0 MKM 1
1,8 mxMm. KpuBas 6 xapakrepu3syeT noBefieHre pabodero dJek-
TPOZa C MOKPBITHEM U3 3JIEKTPOXUMUYECKU OCAKICHHOTO HU-

KeJist TOIHOM 50 MKM [4]
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Ta6muua 1 — [ToreHmanb! Havana pacTBOPEHUS | TUIOT-
HOCTh @HOJTHOT'O TOKA PacTBOPEHHS IFOMHHUSI U aJJFOMHHUS C
nokpbitusivi Ni—P, Ni-W-P u Ni

AmroMuHMEBaS NOJIOXKKa C ITOKPLI-
THEM

Obpasert Al | Ni- | Ni— Ni— Ni— Ni
P W-P | W-P | W-P [4]
TonmuHa TOKPHITHSI, MKM - 1,0 0,5 1,0 1,8 50

HOTCHL[I/IaJ'I Haydajia OKUCJICHU,

320 | 400 320 650 330 -60
MB

IInoTHOCTH TOKA aHOTHOTO
pactBopenus npu noreHmmane | 230 | 30 90 15 25 190
800 MB, MA-cM2

Takum 00pa3om, B pe3ysibTaTe MPOBEIACHHUS SKCIIEPUMEHTA
[OKa3aHa BO3MO)KHOCTh HCITOJIb30BAHUS /IS 3AIAThI aJTFOMH-
HHUS OT KOPPO3UHU B PacTBOpax XJOPHAa HATPUS TOHKHX ILjIe-
HOK Ni-P u Ni-W-P, nojy4eHHbIX METOJO0M XHMHYECKOIO
ocaxkJieHns1 3 runopocuTHbIX aneratHeix (Ni-P) u mwur-
patHO-rUIHOBBIX (Ni-W-P)pacTBOopoB. ¥YcTaHOBIEHO, YTO
HaJIW4HMe 3alMTHBIX TieHOK Ni—-W-P obecreunBaer caBur
MOTEHI[Maa HaJajla aHOJHOT'O0 PACTBOPEHUS aJIOMHUHHS B IO-
JIOKHUTENBHYIO 00nacth mout Ha 1000 MB u ymeHsbIneHme
TOKa aHOJHOTO PacTBOPEHHUs Oosiee 4YeM Ha MOPSAOK.
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HOBBIX MaTe€pHaioB U TexHoioruit. — Munck, bI'Y, 2008. — C.
104-116.

YK 678.674+677.027.625.16
Kannpioa FO.M., XKypasnera M.B.
NOJUITUIEHTEPE®TAJIAT,
OBJIATAIOIIIMIA HOHOOBMEHHBIMHA
CBOHCTBAMHU

BI'TY, o. Munck
Hayunwvui pykosooumens: Kpymoxo 3.7T.

Cratbs TMMOCBAIICHA N3YUYCHUIO BO3MOKHOCTH IOJTYUCHUS I10-
JU3THICHTepedTaIaTa ¢ MOHOOOMEHHBIMU CBOWCTBAMH ITyTEM
030HHUPOBAHUS MOAM(HUIIMPOBAHHOIO HOMUITHIIEHTEpedTanaTa ¢
pasnoXeHreM MOMMEPHBIX 030HKI0B. B manHol paboTe nprBe-
JCHBI PE3YJIbTAThI OKCIICPUMCHTAJIbHBIX I/ICCHGJIOBaHI/Iﬁ 110 ABYyX-
CTQIMHHOMY CHUHTE3y IOJUITHIICHTepedTasaTa, MOIU(PHUIIAPO-
BaHHOTO JMMETHJIOBBIMH ddupamu Ouiukio-(2,2,1)-rent-5-eH-
2,3-KapOOHOBOH u ourmkio-(2,2,2)-okT-5-eH-2,3-
TMKapOOHOBOW KHCIOT. OmpeneneHsl TeMIepaTypHble XapaKTe-
puctakd, Bs3KOcTh 0,5%-HBIX PacTBOPOB COMOIMIMEPOB MONH-
JTHIIeHTepedTaaTa = B~ CMECH  pacTBOPHUTENCH (de-
Hoy:Terpaxiiopatan 1:1), a Takke coaepxkanne COOH-rpymm B
nommdupe U cononmmddupax. llpuganne BBICOKOMOIEKYISp-
HBIM COCITUHEHUSM HOHOOOMEHHBIX CBOWCTB JOCTHTACTCS ITy-
TEM BBEICHHS KapOOKCHJIBHBIX TPYII B OCHOBHYIO IIEMb T10-
nmumepa. [lomumepsl, conepkamniue KapOOKCHIIbHBIE TPYIIIIHI,
OTHOCSITCS K KIIACCy «HMOHOMEPOBY, HATMYHE UOHHOH CBS3H B
KOTOPBIX TPUBOIUT K TIOSBJICHUIO HOBBIX M 3HAYUTEILHOMY
M3MCHECHUIO TEXHUYECKUA BAXKHBIX CBOMCTB TMOJMMEPHBIX Ma-
TepuajaoB (MOHOOOMEHHBIE CBOWCTBA, M3MEHEHHE MPOYHOCTH,
TEMIOCTONKOCTH, ra30- ¥ MapornpOHUIIAEMOCTH, aJAre3NOHHbBIE
xXapaktepuctuku u ap.) [1].

[Mony4enne kKapOOKCHIICOMEPIKAIIUX TOTMMEPOB MOJTUKOH/ICH-
CAI[IOHHOTO THIIA, B YAaCTHOCTH, MOMMA(HUPOB, IMMyTEM COMOIH-
KOHJICHCAIIMH MOHOMEPOB BEChbMa 3aTPYIHUTEIBHO, TTOCKOIBKY
KapOOKCHIIbHBIE TPYIIBI MOHOMEpA, SBJISACH PEAKIMOHHOCIIO-
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COOHBIMH, YYaCTBYIOT B TIpoliecce oOpa3oBaHHs MaKpOMOJEKY-
JIIPHBIX Tieried. B 3Toil cBs3u Ay momydeHust KapOOKCHIICOIep-
Kaumx nonm@upoB Hanboee MPHEMIIEMbI METO/IBI MONIUMepa-
HAJIOTMYHBIX ITPEBPALLCHUM.

OnHMM M3 CHOCOOOB XMMHUYECKOH MOIU(MUKALNU TOTH-
STHIIEHTepedTagaTa — CIOKHOr0 Noaud(hupa, KPYmHOTOHHAXK-
HO mpousBoguMoro Ha OAO «MorunésxumBonokHo» (Pec-
nyonuka bBenmapych), sBIseTcs TOMydYeHHE COMOIUA(OUPOB,
cogepxkammx 1-10 mMon.% 3BeHBeB OMIUKIO-/2,2,2/-0KT-5-
SHOBOW WM OWINKII0-/2,2,1/-renT-5-eHOoBOW CTPYKTYphI (pH-
cyHok 1). Takue comonuMepbl BO3MOXHO MOJMYYHTH IIyTeM
COBMECTHOW TIOJIMKOHJICHCAIINH JMMETUIIOBOTO 3(upa Tepe-
¢draneBoii kucnorel (JAMT), stunenrnukons (OI) u 1-10
Mon.% (or JIMT) mumerwmmoBoro  as¢upa 6unukio-/2,2,1/-
rent-5-eH-2,3-nmukapoonosoir  (JIMD-BUI'K) wimm Oummkio-
12,2,2/-0xt1-5-eH-2,3-mukapbonosoii  (JIMD-BITOK) kwucior.
CuHTes HeMOIU(PHUIIMPOBAHHOTO  MOJHMATHIIEHTEpedTanaTa
OCYIIIECTBIISIETCS B 2 CTAUH.

Pucynok 1
{Fo—ﬁAQ—ﬁ—CHZ—CHZ ———A—CH;—CH;5
0 0 0
me A=—0—C C—O0— mwm —0—C C—0—
| | | |
0 0] 0 o]
JIM3-ABOK JIMD-ABTK

Ha mepBoii craguyu mpoBOAAT peakiuio nepedTepuuKaIim
JTUMETHIIOBEIX 3(upoB TepedraneBoii kuciotsl (JAMT) u au-
METHJIOBBIX 3(HUPOB OHIMKIMYECKHX TUKAPOOHOBBIX KHCIOT
(AMD-BLOK u JAMD-BUI'K) stunenrnukonem (O17) ¢ obpa-
30BaHMEM JAWITHICHIJIMKOIb-TIPOM3BOJHBIX JUKAPOOHOBBIX
kucnot (30Tl u BeigeneHrneM HU3KOMOJIEKYIISIPHOTO COEIH-
HeHus — MeTaHoua. [Ipouecc npoTekaer B NPUCYTCTBUU KaTa-
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JIUTHYECKUX KOJIMYECTB alleTaTa Mapranua. Bropas cragus
CHHTE3a MOoJIMMepa, MpOoTeKaoIas B paciijiaBe, KaTaau3upy-
eTCsl OKCUJIOM cypbMbBl. [Ipy BBEIEHUH BBIIIEYKa3aHHBIX MO-
J(QHUIMPYIONMX KOMIIOHEHTOB B CTPYKTYPY OCHOBHOM LU
CIIOXKHOTO Monau3¢pupa B €ro MaKpOMOJIEKYJIaX MOSBIISIOTCS
ANAIUKINYECKUE TPYNIUPOBKH C HempeaeabHbIMU (onedu-
HOBBIMH  CBSI3IMH), CIHOCOOHBIMH B3aMMOJCHCTBOBATH - C
OKHCIUTENAMU. B pesynbraTte MpoTekaHUs OKUCIUTEIbHBIX
IIPOLIECCOB B CTPYKTYPE BHICOKOMOJIEKYJIIPHOTO COEIMHEHUS]
MOSIBIISIIOTCSL HOBBIE KapOOKCHUIIbHBIE TPYIIIBI (JIOMOIHHUTETb-
HO K KOHIIEBBIM) (pUCYHKH 2 U 3).

Pucynok 2
(ﬁ 0
O—ﬁ ﬁ—CHZ—CH2 }m { 0—C C—O—CHZ—CHZ—O -
0 0 HO—C C—OH F
—
0 0

W3BecTHO, YTO cpemu OKHCIUTENeH Hamboliee BBICOKOCE-
JIEKTUBHBIM TI0 OTHOMICHHIO K OJe(hWHOBBIM CBS3SIM TP II0-
Jy4eHHUH KHCIIOT SBJSIETCST O30H.

B aT0i1 CBSI3M HAMU 11 U3YYEHUSI BO3MOKHOCTH MPOBENE-
HUS PEaKIiil MOTMMEpaHATIOTHIHBIX PEBPAICHHA HA TIONH-
STHIIEHTepedTanaTe, MOAU(PHUIMPOBAHHOM TUMETHUIIOBHIMHU
s¢upaMu ounukio-/2,2,1/-rent-5-eH-2, 3- ukapOoHOB O
(AMD-BUI'K) u 6umukino-/2,2,2/-okt-5-eH-2, 3-1ukapOoHOB O
(AMD-BLIOK) xucnotamu, coaep alrMiA B CBOEH OHUIIMKIIN-
YeCKOH CTPYKType NBOIHYIO HENpeeNbHYI0 CBS3b, OBLT HC-
TTOJTE30BaH O30H.

Crioco6 mpuaHus HOHOOOMEHHBIX CBOMCTB MOTU(PUITUPO-
BaHHOMY TOJHMATUJIEHTepedTaIaTy COCTOST B TOM, YTO COIIO-
muaGUp Ha OCHOBE NONMATHIIEHTepedTanara, cojiepKalini
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1-10 mon. % 3BeHbeB OMLUKIIO-/2,2,2/-0KT-5-eHOBOI Wi Ou-
uKiI0-/2,2,1-rent-5-eHOBON CTPYKTYpHI B BHae 3—5 % pac-
TBOPOB B JUXJIOPYKCYCHOW KHCJIOTE WJIM B CMECU TETpax-
JIOP3TaHA M TPUXIIOPYKCYCHOHM KucioThl (1:1) 00. 4. moasep-
ranu ozonupoBanuto npu 0-10°C. IMocnemyromum paszioxe-
HHUEM MOJMMEPHBIX O30HUAOB B IMPUCYTCTBUH MOJICKYJISIPHOI'O
KHCIIOpoJa MPH CKOPOCTH ero mojadu ~150 mur/MuH, mEepoK-
CHJIa BOJIOPOJa WU HaayKCcycHOM kuciotel npu 60—80°C BeI-
JISIISLIH TIelIeBbIe MPOAyKThI. [locie nepeocakeHus moJyueH-
HBIX COGI{I/IHCHI/Iﬁ OIPEACIIAIN UX TEMIICPATYyphl ILJIABJICHHA,
BSI3KOCTH U COZIep’KaHHe KapOOKCHIBHBIX Ipymil. Pe3yibraTe
JaHHBIX JSKCIICPHUMEHTAJIbHBIX I/ICCJ'ICI[OB&HI/Iﬁ IIPUBCACHLI B
Tabmmre 1.

0

I

\\ /
0 /OH

Pucynok 3

[IpuaEMas BO BHHMaHWE, YTO MONMHITHIEHTepedTanaT He
MMeeT PEeaKIMOHHOCIIOCOOHBIX KapOOKCHIIBHBIX TPYHII B OC-
HOBHOM IIeNu (32 MCKIIFOYEHHEM KOHIIEBBIX), CO3MaHUC Mak-
POMOJIEKYI 3TOTO CIOKHOTO MOMH3(Upa, COMEpKAIIUX HOHO-
TeHHbIE TPYIIbBI, OTKPBIBAET IIHPOKHE BO3MOXKHOCTH ISt
JaTbHEHITCH XUMHYECKOH MOIM(UKAINA M KOMIITAOWIIH3a-
UM KPYMTHOTOHHAaYKHO MPOM3BOAMMOro B Pecmybmnmke bema-
pych IIOTO.

B tabmune 2 npuBeneHs! (HU3NKO-XUMHUYECKHE CBOWCTBA U
cTaruyeckas oOOMeHHas EMKOCTh IONMATHIEHTepedTanara,
o0JTaaroIero NOHOOOMEHHBIMHU CBOWCTBAMHU.
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Tabnuua 1 — Xumudeckuii coctaB conoandGpupoB U yCIOBHS
PpasioKeHUs 030HUIO0B

XapakTepucTHka
Momudukarop HCXORHOTO
IDTd obpasia MmoauduIH- VcnoBust pa3noxeHus 030HMHAA
poanHoro [1DT®
JUIsl O30HUPOBAHHUSI
jes]
s c E
g §‘ g_ § < zn
3 o =} =
S| & | g | eRlEE| L% AN
2 3 £ ma|SE| E? =l & &
2 s B 2R 5 = 3] > =
g X S Sz|8589 K& P g = o
£ 2 58|20 sE €areHT 2| g
= x| E2|5=5] z& S| 2| E
5 2 s2|lgg | Sk gl 2| B
E|C | F=2lgz | “% S| 8| ¢
=, 3 = a
g | © 5 =
: 2 g
g E g
» g O
1 2 3 4 5 6 7 8 9 | 10
JIMD- 251- MonekynspHslit
1 BI[OK 8 252 0,24 | 3,05 KHCTOpOTL 150 | 80 | 17
10 M1 4%-Horo
JAMD- 251- pactBopa H202 _
2 BLIOK 8 259 0,24 | 3,05 B eIAHOH - 60 | 20
CYCHOH KHCIIOTe
JAMD- 248- MonexysipHbIi
3 BI[OK 10 249 0,23 | 4,7 KHCIoporL 150 | 80 | 17
10 M1 4%-Horo
JAMD- 248- pacreopa H202 _
4 BIIOK 10 249 0,23 | 4,7 B JeIAHO - 60 | 20
CYCHOM KHCIIOTE
IMD- 252- MornexysipHbIi
5 BIIK 3 253 0,20 | 34 KHCIOpoL 150 | 80 | 17
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[Mponomkenue Tadmuisn 1

1 2 3 4 5 6 7 8 9 |10
10 mi1 4%-Horo
JAMD- 252- pactBopa H,0; }
6 BIT'K 3 253 020 | 34 B JISJISIHOU yKCyC- 60 | 20
HOM Kuciore
JAMD- 250- MounekyspHbIi
7 BLIK 5 251 0,19 | 53 KuCIOpOst 150 | 80 | 17
10 M1 4%-Horo
JAMD- 250- pactBopa H,0, )
8 BIT'K 5 251 019 | 53 B JIEJISIHOW yKCyC- 60 | 17
HOM Kuciore
JAMD- 256- MosexynspHbIit
9 BLIOK 1 257 0,33 | 3,07 KuCTOpOst 150 | 80 | 15
JAMD- 251- MonekynspHbIi
10 BLIOK 5 252 0,23 | 512 xucrgon 150 | 80 | 17
JAMD- 255- MonekynspHbIi
11 BLITK 1 256 0,26 | 3,75 cTop iR 150 | 80 | 17
JAMD- 246- MonekynspHblit
12 BLIK 10 247 0,17 | 4,81 B ezopor 150 | 80 | 20

Tpumeuanue. O30HUBI TIOMYYEHBI TPU TIPOITYCKAHUH HYepes3
50 Mt 3—5 % pacTBOpOB CONMONUI(DUPOB B TUXIOPYKCYCHOMH
KHUCJIOTE€ 030H-KHUCIOPOJHONW CMECH C HayaJbHOW KOHIIEHTpa-
umeii ozona 1,4-10°monb/11 co ckopoctbio 100 Mi/MHH mpH
temmepatype 10°C.

PazpaboTka MomuduIMpOBaHHOTO MONMMATHIICHTEpedTaIa-
Ta ¢ MOHOOOMEHHBIME CBOMCTBAMHU CIIOCOOCTBYET PEIICHHIO
MpoOIeMbl CO3/IaHUSI HOBBIX MaTEPUANIOB CO CIICIHALHBIMU
CBOMCTBaMHU Ha OCHOBE TIOJIMMEPOB, MPOM3BOJCTBO KOTOPBIX
OCBOCHO B TIPOMBIIUIEHHOM MaciuTabe cTpaHbl. Mcrnonb3oa-
HUE Takoro moimddupa B KadecTBe Kommradmim3aropa [19TO
IPY  [IPOM3BOJICTBE KOPJHBIX BOIIOKOH W TKAaHEH, UCIONB3YIO-
IIUXCS TIPH W3TOTOBJICHUH PE3MHOTEXHUUECKUX H3ZICUI, B TOM
YUCIE ¥ IIIHH Pa3YHOr0 Ha3HAUCHUS, TO3BOJUT TIOBBICUTh aI-
FE3UOHHYIO CBS3b MONMA(HUPHOrO KOpJa ¢ Pe3rHOM 3a cuér Jo-
MOJHUTEIBHOIO  CONCPYKAHUST  aJITe3MOHHOAKTHBHBIX  Kap-
OOKCUITbHBIX TPYIII B MOJIMMEpPE, YAYYIIHB B UTOTE UX IKCILTY-
aTallMOHHBIC XapaKTEPUCTUKH.
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Tabimna 2 — OU3NKO-XMMHUYECKHE T0KA3aTEIN U CTaTHYe-
ckast oomenHas éMkocTh [19T®, obmagaronero HOHOOMeH-

HBIMH CBOMCTBaMu

VYV nenpHast BA3KOCTh

0,5%-Horo pactBopa Conepcaime
Oo6paseny | Temneparypa ' B cmecH dhe- COOH- COE,
rmojiuMepa |  IUIaBJICHUS ; TpyIIL, MT-3KB/T
HOJL:TETPaxJIopITaH 5
1:1 06. 4. mpu 0°C r-oKe-10%r
1 250-251 0,21 280 0,27
2 251-252 0,21 260 0,25
3 247-248 0,20 474 0,48
4 246-247 0,21 382 0,37
5 248-249 0,19 176 0,16
6 248-249 0,18 189 0,18
7 248-249 0,18 221 0,22
8 248-249 0,19 219 0,21
9 255-256 0,30 58 0,06
10 249-250 0,21 230 0,23
11 253-254 0,23 61 0,06
12 243-244 0,17 415 0,40
13 258-259 0,25 15 0,002
14 251-252 0,24 3,0 0,004

Ipumeuanue. HomMepa o0pa3lioB COOTBETCTBYIOT HOMEpaM
00pa3ioB B Tabnuie 1. KoHTponbHBIE 00pa3ibl MOTHITUIICH-
tepedranara (13) m ucxogHoro comonuddupa (14), B3sToro
IUTS TIONTydeHusI 00pa3oB MOAN(UIIMPOBAHHOTO TOIMATHIICH-
TepedTanata ¢ HOHOOOMEHHBIME cBoWicTBamu (1 u 2).

VK 691.793

HAIIBIJIEHHE.

Kupukosuu M.K.
TEXHOJIOT'USA JETOHAIIMOHHOE

OIIMCAHUME U BOSMOKXHOCTHU IPUMEHEHU A

BHTY, 2. Munck

Hayunwiii pykosooumens: Kovoa C.I

B HACTOAMICC BPEMs HIMPOKO IMPUMCEHAIOTCA CIICAYIOIIUE MC-
TOJAbI HAHCCCHUSA HOKpI)ITI/Iﬁ PacClbUICHUEM: METAJUIM3aluA, Ia30-
INIaMCHHOC M IUIa3MCHHOC HAaIIbLJICHUC. O,Z[HaKO HX CBOMCTBa B
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HEKOTOPBIX CIy4asX HE YAOBJIECTBOPSIOT MPEIbSBIIEMBbIM TpeOo-
BaHMAM. Tak, U3-3a CPaBHUTENBHO HU3KOW ITPOYHOCTH CLETIIEHUS
TaKWX TOKPBITUM C OCHOBOM OrpaHWYeHO MX HCIOJIB30BAHHE B
MalllMHAX ¥ MEXaHM3Max, Pa0OTaIOIIMX NPH YAAPHBIX HArpy3Kax,
a pocruraromas 10% MOpUCTOCTh JIeTaeT HEBO3MOXKHOM HX KC-
IUTyaTal|Io B arPECCUBHBIX Cpeax.

B cBsA3M ¢ 3TUM 3HAUUTENBHBIA UHTEPEC MPEACTABISET e~
TOHAITMOHHBIA METOJl HaHECEHUsI MTOKPHITUN. CyITHOCTh METO-
na aeroHaumoHHoro HambuteHus (JJH ) Becbma mpocta: B BO-
JOOXJIaXIaeMyl0 TpyOy (CTBOJI) 3allOJIHEHHYIO —Ia30BOM
B3pBIB‘IaTOI‘/'I CMECBhIO TIOMCHIAKOTCA HAaNbUISIEMbIE YaCTUIIbI
MIOpOIIIKa TIOCNIe Yero B rase Bo3Oyxaaerca AeToHauus. Bian-
MOJIEHCTBYS C MNPOJYKTaMH JE€TOHAIMU, YACTULIbl HarpeBaroT-
Ciad U YCKOPAIOTCA B HaIIPpaBJICHUH HanbLIsIEMOM TIOBEPXHOCTHU
JIETaJH, TIPU CTOJKHOBEHHH C KOTOPOW OHHM 00pa3yroT IUIOT-
HO€ U XOPOIIIO CLEMJIEHHOe ¢ Hel mokpbitue. Jlanee cienyer
penakcanus aBieHWs, MPOMYKTHl AETOHAIMH ITOYTH IMOJHO-
CTBIO BBIXOIAT M3 CTBOJA, KOTOPBIH TpPOAYBaerca HE pearu-
pYIOLIMM Ta30M, BHOBb HAllOJHSETCS Ta30BOM B3pBIBUATOMN
cMechio, (MpUYeM CBexas B3phIBUATasi CMECh OTJENEHA OT
OCTaBIIMXCS B CTBOJIE IPOAYKTOB JETOHAIMH YIOMSHYTHIM HE
pearupyronmM Tra3oM — IS TPEJOTBPAIEHHs] CIIOHTAHHOTO
VHUIUHPOBAH), IPOUCXOANT BOpAChIBaHKE MOPIIUHU TTOPOIII-
Ka, MHANMAPOBAHWE NeTOHAWu M Tak nanee. [lpm kaxmom
BBICTpeIle HambUsieTcs 1..7 MKM TOJNIIMHBI TOKPHITHS Ha TII0-
aau, TPUOIM3UTENFHO paBHOM amamerpy crBoma (20..30
MM). BeIxon meToHalinoHHON BOMHBEI B aTMOC(epy COTPOBOXK-
JaeTcsi MHTEHCUBHOM 3BYKOBOW BOMHOM amrumtynoi 140 b
Ha PacCTOSIHUM 3 METpPOB OT cpe3a crBoia. OYEeBUAHO, YTO
npupona JIH — B3aumopelicTBre ¢ ra3000pa3HBIMU MPOAYKTa-
MU 3K30TEPMHYECKON XUMHYECKOW peaKinu — OJIM3Ka K ra3o-
IJIaMeHHOMY HanbuieHn|0. OTHaKo, B OTJIMYHE OT HEr'0 OTCYT-
CTBYET CHJIBHBIA HAaTrpeB NIETalld, YTO CBSA3aHO C UMITYJIHCHBIM
xapakrepom mporecca J{H [4].
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Pucynok 1 — CxeMa yCTaHOBKH JI€TOHAITMOHHOTO HaITbLIE-
HUSA

K mpeumymectBam 3toro merona [1, 2] oTHOCAT BBICOKYIO
npounocts cuemnenus (10-16 kr/mMm?), BBICOKYIO IIOTHOCT
(mopucrocte MeHee 1%), BO3MOXKHOCTh HAHECEHUS IIHPOKOTO
Kllacca MaTepualioB Ha TOJIOXKKH -0e3 M3MEHEHHUs CBOMCTB
MaTeprana OCHOBBbI. Kpome TOro, W3 BCEX CYIIECTBYIOIIMX
TOJIBKO JIAHHBIA METOJI TO3BOJISIET HAHOCHTh METANIOKEepaMu-
YECKHE TBEpAbIC CIUIABBI Ha OCHOBE KapOWIOB BOIb(hpama,
Xpoma, TUTaHa. [Ipyu 3TOM CBONCTBA MOKPBITUN MPAKTUYECKU
HE OTJIMYAIOTCSA OT CBOWCTB aHAJOTHYHBIX TBEPIBIX CILIABOB,
MOJTyYeHHBIX METOAaMH CIeKaHWs. Takke K CyIIeCTBEHHOMY
MIPEUMYIIECTBY [I€TOHAIIMOHHOTO METOAAa OTHOCHUTCS JIHIIb
HE3HAYHNTENbHBIN HATPEB HAIBUIAEMOTO H3JEIHs 10 CpaBHE-
HUIO ¢ apyruMu Meronamu (00sraHO < 250°C). Beicokue skc-
IJTyaTaIliOHHBIE CBOWCTBA TMOKPBITUH, MOMYyYaeMbIX METOJA0M
JNETOHAIMOHHOTO HANBUICHUS, TO3BOJIAIOT pPaJWKaIbHO (B
5-10, a B Hexkoropeix ciaydasx B 20-30 pa3) moBBIIATH pe-
CypC, U3HOCO- U KOPPO3UOHHYIO CTOMKOCTh Y3JIOB U JIETaEH.

OmHaKko y TaHHOTO METO/Ia €CTh M HEAOCTATKH K KOTOPBIM
MOXXHO OTHECTH:

® TPYTHOCTh HAHECEHWs] MOKPHITHA Ha OYEHb TBEPAYIO
TIOBEPXHOCTb;

® TPYTHOCTh WCIOJB30BAHMS IIOPOIIKOB C HEBBICOKON
IJIOTHOCTHIO YaCTHII;

® BBICOKHI ypoBeHb myma (o 130 ab);

® TIOBBIIIIEHHAS CTOMMOCTH 00OpPYIOBaHUSI.
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ATl maer BO3MOXXHOCTH MOMYYHUTH MPOYHOCTH CILETICHHS
MOKPBITHS C MaTEpPUAIOM OCHOBBI, TPUOIIIKAIOIISHCS K TIPOY-
HOCTH OCHOBHOI'O MeTajia. J|eTOHAaIMOHHBIH MEeTOA MO3BOJs-
€T HCIIOJIb30BaTh JJI HAHECCHMS TMOKPBITHH pa3HOOOpa3HbIC
Marepualibl: MCTAJlJIbl U CIUIaBbl, TYTOIIJIABKUC COCAMHCHUA,
OKHUCJIbI, KOMIIO3UIIMOHHBIC MaTCpUalbl. Ot MaTCpHraJIbl
IIPUMEHSIOTCS UCKIIIOYUTEIBHO B BUJIE IIOPOLIKOB C pa3MEPOM
gactull 2—150 MKM.

Cnenyer ormeruth, uro mnocie JHII, Tak ke kak u mpu
BCEX OCTAJIBHBIX METOJAaX BBLICOKOTEMIICPATYPHOI'O HAHCCCHUSA
HOKpBITHﬁ, IIpyu OCTBIBAHWU B CUCTEME «IIOKPBITUE — OCHOBa
BO3HUKAIOT BHYTPEHHHUE HAIIPSAXKCHUA, YaCTh KOTOPBLIX CHUMA-
eTcsl 3a CUeT pa3pbiBa HEKOTOPBIX M3 ATHUX CBSI3CH W YaCTHYHO-
ro ociabiaeHns MPOYHOCTH CLETUICHUS.

[Mpr HEOOXOMUMOCTH TIPEBAPUTENBHON OYMCTKU HIIH aK-
TUBAIIUM TIOBEPXHOCTHU [J€TAJIM, a4 TaKKE [Jid ITOBBIIICHHUA
MIPOYHOCTU CHEIIJICHUSA IMOKPBITHUA C HOI[J'IO)KKOfI IIPpOU3BOIUT-
csl JICTOHAIIMOHHO-a0pa3uBHas 00padorka (JJAO) moBepxHO-
CTH TIOJ TOKPBITHE C UCTOIH30BAHHEM TOTO XK€ 000pylIoBa-
HUS, 9TO U JUIA HAHECEHWsI MMOKPHITHs. [l 3TOro B CTBOI TO-
JaeTcss BMECTO MOPOIIKa HAHOCHMOIO MaTepHaia IOpPOIIOK
abpasuBa. OddektuBHOCTE [IAO BBINIE TpPaAUITHMOHHOU
npobecTpyitHoit 00paboTKH.

3HaHWE ¥ YMEHHE paclpenensiTh HAHOCUMBIA MaTeprual 1mo
[IATHY COBMECTHO C TIPaBHIBHO MOJOO0PaHHOW CKOPOCTHIO TIe-
peMerieHus . 00padaThIBaeMOi MOBEPXHOCTH TMO3BOJISIOT PaB-
HOMEPHO MOKPHIBATH OOIBIIE TMOBEPXHOCTH CIIOKHOW KOH-
(urypanuu ¢ MUHHUMAaJIbHBIM MPHUITYCKOM Ha TOCIETYIONIYIO
obpadotky. Texnonmorus JJHII mo3Bonser qocturarp mepoxo-
BATOCTU JETOHALIMOHHBIX MOKpbITH 1,6—0,8 MKM, 4TO Haer
BO3MOXKHOCTh HE 00pabaThIBaTh €€ B CIIydae, eclid TOKPBITHE
HaHOCHUTCS C LENBI0 3aIIUTH OT MEXaHWYECKOro M3HOCa, 3PO-
3WH WIH KOPPO3HH.

ComnpsiraemMple TTOBEPXHOCTH JIeTajield, B 3aBUCHMOCTH OT
MIPUMEHSEMOr0 MaTepualia, JOIDKHBI TPOUTH 00paboTKy
(mmmdoBaHWE WM CBEPXTOHKYIO [TOBOJKY) IO TOITYYEHHS
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BBICOKOH CTEIIEHU YUCTOTHI, KOTOpas TpeOyeTcs s Mperu3u-
OHHBIX JieTaseii [5].

BbIcokme 3KCIUTyaTallMOHHBIC CBOWCTBA JCTOHAIMOHHBIX
MOKPBITHH 00YCIIOBIIIM IIMPOKOE HX NIPHUMEHeHne. B HacTosee
BpeMs JICTOHAIIMOHHBIC TBEPIOCIUIABHBIC IMOKPBITHS YCIEIIHO
MIPUMEHSFOTCS JUIsl YIIPOUHEHUS aJIMa3HbIX (PUCYHOK 2, a) Oypo-
BBIX JIOJIOT.

BhIcOoKKE MPOYHOCTHBIC U aITe3UOHHBIC CBOMCTBA MOKPBITHIA
MO3BOJISIIOT HMCIIONb30BATh JICTOHAIIMOHHBIE TIOKPBITUS JJISI BOC-
CTAHOBJICHUS IITAMIIOBOI'0 MHCTPYMEHTA, HAITPUMEP, BBIPYOHBIX
IITaMIIOB JIIS CEMapaTOPOB MOAIIMITHAKOB KaueHUs (PUCYHOK 2,
0).

B aBTOMOOHMIBHON MPOMBIIUIEHHOCTH MPUMEHEHHE JIeTOHA-
LMOHHBIX TIOKPBITHI HAXOAWT, B YACTHOCTH IS BOCCTAHOBJICHU S
Y YIIPOYHEHUS M3HOMIEHHBIX IIIeeK KOJIEHYAThIX BAJIOB (PHUCYHOK
2, B).

B mMammHOCTpOeHNH AETOHAIMOHHBIE MOKPHITHS IIHUPOKO
MIPUMEHSIOTCS [T BOCCTAHOBJICHHUS W3HOIMICHHBIX IIMUHICTEH

(pucyHoxk 2, T).

B T

Pucynok 2 — O0macTh NpUMEHEHHE AETOHAMOHHBIX TTOKPBITHH
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OTMeueHHbIE TPUIOKEHHS JaJIeK0 HE HMCUEPHBIBAIOT 00-
JIACTh BO3MO)KHOT'O HMCIONB30BaHUS JAETOHAIIMOHHBIX MOKPHI-
tuil. Kpyr obpabaTbiBaeMbIX neTajeld HEMpPepHIBHO PacIIUps-
ercs, a METOAWKH W O00OpyAOoBaHHWE M JACTOHAIIMOHHOTO
HaIblJICHUs] HEMPEPHIBHO COBEPILIEHCTBYIOTCS, OTKpPBhIBas HO-
BBIC MEPCIEKTHBBI U cepbl MPUMEHEHUST JTAHHOW TEXHOJIOTHU

[6]
JIMTEPATYPA

1. 3BepeB, AWM. JleTOHAIIMOHHOE HANBUICHHE IMOKPHITUH /
A.N. 3Bepes, C.1O. lapuskep, E.A. AcraxoB. — JI.: CygocTtpoeHue,
1979.-232 c.

2. Baprenes, C.C. [leToHallMOHHBIE TOKPBITAS B MaIIMHO-
crpoennu / C.C. baprenes, 10.B. ®enpro, A.W. I'puropos. — JI.:
Mammunoctpoenue, Jlenunrp. ota-aue, 1982. — 215 ¢.

3. Bbopucos, 0.C. I'azorepmuyeckre MOKPHITUS U3 ITOPOLI-
KOBBIX Matepuajon: crpaounuk / }0.C. Bopucos [u ap.]. — Kues:
HaykoBa nymka, 1987. — 544 c.

4, JleroHanlmoHHOE HambuIeHHE [DIEKTPOHHBIA pecypc] /
Mocmnpomrexno. — Pexum  moctyma:  http://mospromtehno.
narod.ru/history/detonatsionnoe_napilenie html. — Jlata mocryma:
19.02.2010.

5. JeroHanuoOHHBIE  TIOKPBITUSL [ DJEKTPOHHBIA  pecypc]
/Pesxxum JIOCTyTIa: http://www.sustainable-cities-net.org.ua/
newtechshow .php?id=71

6. JeTroHallMoHHBIE TOKPBITUS [DIEKTpOHHBIA pecypc]

/Pexum  moeryma:  http://www.ssc.smr.ru/media/journals/izvestia/
2010/2010.1.-569 575.pdf

VK 621.793
JleonTheB A.A.
AJIMA3OITIOJOBHBIE ITIOKPbLITUSA

BHTY, 2. Munck
Hayunwiii pykogooumens: Kovoa C.I

Ammazononobusie (DLC) TOKpHITHS TPECTaBISIOT COOOM
TOHKHE aMOp(HbIE IUIGHKH Ha OCHOBE yrieposaa. MUKpOCTpyK-
Typa Marepuala BKIIOYaeT MOJMMEPHYIO CeTKY (Sp2 (paxius) u
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TETPasAPUIECKYI0 CTPYKTYPHYIO CETKY (Sp3 aima3zonomoOHast
(pakiust). Hamvuve anmasonoqoOHON (pakiyu  onpenessieT
BBICOKYIO0 MHKpoTBepAocTs DLC mokpeituii. Takue amopdHbIe
MOKPBITHST — COCTOSIT U3 aTOMOB YIJIepoia KaK C aIMa3HBIMH, TaK
U ¢ TpaduUTONONOOHBIMH CBS3SIMH. BBICOKOE comepkaHue aro-
MOB YIJIEpOJia C aIMa3HBIMH CBSI3SMU B MPUCYTCTBUH TpaduTo-
MOOOHBIX CBSI3€H, MPUBOMUT K YHUKAIBGHBIM XapaKTepUCTHKAM
aJIMa30M0I00HBIX MTOKpPBITHIL [1, 2].

Pucynok 1 — CtpykTypHas ceTka ajama3onogo0HOro
MOKPBITHS
Tabmuma 1 ~ OU3MKO-MEeXaHNIEeCKHE CBOWCTBA YTIIEPO/I-
HBIX TTOKPBITUH

duzuko-
MEXaHHYECKHe DLC(ta-C) «Cnem- Anmas
o aJIbHBIE TEXHOIOT MK
CBOMCTBA

CrpykTypa amMopGbHBI yriepon anmMas

IInoTHOCTS, 34-36 36
r/em3

Muxpotsep- ! )
s0cts, HV, I'Tla 5000- 10000 7000 - 10000

Kospuumenr 0.15-0.08 0.2-0.05
CyXOr0 TPEHHsI

DLC nokpbITus SBISIIOTCS] MEPCIEKTHBHBIM CIIOCO00M 00pa-
OOTKHM IOBEPXHOCTH /ISl YBEJIMUEHHUSI TOBEPXHOCTHOH TBEPAOCTH
1 U3HOCOCTOMKOCTH JieTalleld MalllMHOCTPOGHUS, & TAKXKE CHIKe-
Hust kodpdunmenta tpenus. [Ipu npumenernn DLC nokpsiTuit
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MOXXHO OXMJATh YIYUIIEHNS U3HOCOCTOMKOCTH U 3KCIUTyaTalu-
OHHBIX CBOICTB MOAIIMITHUKOB KAUE€HNS U CKOJIBKEHHUS, DJIEMEH-
TOB ILIECTEPHBIX NIepe/iay, JEeMEHTaX KOMIIPECCOPOB, TOIMIIMBHON
1 Tra3oBOM ammaparypbl M T.J. BbICOKas TBEpAOCTb aaMasolo-
JOOHBIX MMOKPHITHH B COYETAHHW C ONTHYECKOW MPO3PavuHOCTHIO
MOXKET OBITh KCHONBb30BaHA YIS YIPOYHEHHS TIOBEPXHOCTEH
CTEKJITHHBIX WJIM IJIACTHKOBBIX 371eMeHTOB. DLC TUIeHKH SBIs-
IOTCA TIEPCHIEKTUBHBIM TTOKPBITHEM, MPENATCTBYIONIMM IIOsIBIIE-
HUIO LIaparyH.

JlaHHble CBOMCTBa IUIEHOK MPEKPACHO 3apEKOMEH]10BaJH
ce0sl BO MHOTHX OTPAaciIsIX Halled MpOMBIIIIEHHOCTH, B HacCT-
HOCTH MeTaioo0padaTbIBaromel sl PeKYIIUX UHCTPYMEH-
toB ¢ AIIl mokpeITHSIMH Ha MeT4WKax, (pe3ax, cBepiax
(HauOombimii 3QdeKT mocTuraercs Ipu o0padOTKe MEIHBIX,
ATIOMHUHHEBBIX, THTAHOBBIX CIIABOB, CTEKJIOTIACTHUKOB, OJa-
rofaps HU3KOMY KO3 (UIIMEHTY TPEHUs, PEXyIIUid HHCTPY-
MEHT HE YBS3aeT B MeTajlule), TeIHMOTHHOBBIX HOXaX, Ha
npecc-GopMax ¥ mTamrax,

L : ‘ A Y

)

$

Pucynok 2 — Pexxymmii HHCTpYMEHT C aJIMa30M000HbIM
MIOKPBITHEM

Taroke anMa3orogo0HbIE MOKPHITHS HAHOCATCS Ha OTBET-
CTBEHHBIE JIETAJIM MAIIMH U MEXaHU3MOB, PabOTAIONINX B YCIO-
BHSIX BBICOKOIO TPEHMS M M3HOCA, MOIBMIKHBIX, BPAIIAFOIIMXCS
JeTajieil ¥ Y3II0B, MOMIIMITHUKOB, HAIPABJIIOIIMX, 3aXBATHIBA-
IOIMX JieTaell  KOHBEMEPOB, TI'MAPABINYECKUX LMIHHIPOB,
HOPIIHEH, TOIBUKHBIX, BPAIIAIOMIMXCS JIETAICH ¥ Y3JI0B, TMOJI-
mMHUKOB. CPOK CITY>KOBI M3IEIHIA TIPH 9TOM BO3pacTaeTr oT 5
10 20 pas3 [3].
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Pucynok 3 — Jleranu aBuraTtens BHyTPEHHETO CTOPAHUS
C a;TMa301000HBIM TTOKPBITHEM

JIMTEPATYPA

1. Rusnanonet [OnektponHblli pecypc] /- Poccuiickas
HAI[MOHAIbHAs HAHOTEXHOIOTHYECKAs CETh. — PEKUM JIOCTY-
na: http://www.rusnanonet.ru/goods/42215/. — Jlata moctyma:
20.02.2010.

2. YOpOUHSIONME IOKPHITHS [ DNeKTpOHHBIA pecypc] /
OAO «Ilmazmorex». — Pexum gocTyma Www.plasma-tech.ru/
diamond/ dara poctyna: 21.02.10

3. AnmMazornonoOHbIe TIOKPBITHS [INEKTPOHHBIH pecypc] /
Hay4Ho-TexHONMOrHYeCKUI WHCTUTYT TPAHCKPHITIUH, TpaHC-
JALUUA W peIUIMKalii. — Pexum  goctyma:  http:/kint-
kib.narod.ru/ap.html. — Jlata gocryma: 19.02.2010.

YK 621.723
Jluaauk A.B., Edumos A.M.
MATHHUTHBIE CBOMCTBA YACTHII B PABOYEN
30HE ITPU MATHUTHO-3JIEKTPUYECKOM
YINPOUYHEHUU C HAJIOXKEHHUEM
VJIbTPA3BYKOBBIX KOJIEBAHUI

BI'ATY, 2. Munck
Hayunwiti pykogooumensv: Axynosuy JI.M.

Ipeonooiceno  ycosepuiencmeosams — npoyecc  MACHUMHO-
INEKMPUHECKO20 YNPOUHEHUS 66E0CHUEM VIIbMPA3EYKOBLIX KOJle-
banuti. Paccvmompena cmpykmypa u - céolicmea uacmuy npu HaHe-
CeHUU NOKPbIMUA CNOCODOM MACHUMHO-INIEKMPULECKO20 YIPOU-
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HeHUsl ¢ 66e0eHuem YaempaseyKa. HOKCZSLZHO, umo uUcnoJjib3o06aHue
YiempaszeyKa COBMECMHO c npoyeccom MACHUMHO-
INEKMPUHECKO2O YNPOUHEHRUA  NOo360Jislem  )Iy4iuums quL')’UKO'
Mexanudeckue ceoucmea HaniaeleHHo2o cios. B pesyromame
IMoO2co noevluiaemcst Kavecnaeo CJoA, cmabuibHOCMb U npous60-
OUMenbHOCHb npoyecca.

UccnenoBanuss Mo BBISICHEHUIO (QH3MYECKOTO MEXaHWU3Ma
MarHUTHO-3JIEKTPUYECKOro ynpouneHus (MOY) B yabTpa3By-
KOBOM II0JI€ TIPOBOAATCS B COOTBETCTBUH C KOHLEMIMEH pa3-
paboTKM TEXHOJOTMU W3TOTOBJICHHS, BOCCTAHOBJICHHUS |
YIPOYHEHMS AETalleil MAllUH IIOCJIOMHON HAIUIaBKOW, HaMmo-
paXMBaHUEM KOMITO3UI[MOHHBIX M CHHTETUYECKHX MaTepua-
JIOB B KOMOMHHUPOBAHHBIX (H3MUECKHUX TOIIsIX [ 1]

Cytb niporiecca MDY noponrkoBbix heppoOMarHUTHBIX Ma-
TEpUajoB B YIbTPa3BYKOBOM IIOJIe: 3aKIIOYAETCS B CIIEAYIO-
memM [2]. B pabouyio 30HY, 3a30p MEKIY MOMJIOKKON (1Iera-
JBI0) M HMCTOYHUKOM YIBTPa3ByKa, OMHOBPEMEHHO SIBIISIO-
IUMCS NCTOYHMKOM MarHUTHOTO Mo, monxaéres deppomar-
HUTHBIA Topornok (®MII). Yacruiel heppoOMarHUTHOTO IO-
polika, objanaroye MarHUTHBIMM CBOMCTBaMU, BBICTpauBa-
IOTCS B/IOJIb CUJIOBBIX JIMHMH MarHUTHOro mnois. O6pa3yrorcs
«UENoYKn» M3 (PeppOMArHUTHBIX 4YacTUL. M3mydartens yib-
TPa3ByKa, OAHOBPEMEHHO SBIISIOIINICS MOMIOCHBIM HaKOHEY-
HUKOM, M TIO[UIOXKKA (JETayb) MOAKIIOYAETCs K HCTOYHHUKY
IIOCTOSIHHOI'O 3IEKTPUYECKOT 0 TOKA.

Ponp MarauTHOTO TMOJISI HA TIEPBOU cTaawu: (popMHUpOBa-
HHUE «LEN0YEeK» YacTULl. DTOT IPOLECC UACT OO BKIIOUYEHUS
MOCTOSIHHOTO 3JIEKTPHUYECKOr0 TOKa MEXAY AETalbi0 U Mar-
HATHBIM HakoHeyHuUkoM. Ha nerans momaercst (—), Ha mar-
HUTHBII HAKOHEYHHK (+).

ITocTosHHBIA WM TPEPHIBUCTHIA UMITYJIbCHBIA TOK OIHOIO
HalpaBJICHUs] MOMEHTAIBHO PA3orpeBaeT «OpHUKET» W3 YacTUI]
¢epponopomika. IIpruem, TemmnepaTypHoe none «OpHKeTa» He-
ofHOponHO. TenyoBoii MOTOK OT pa3orpeBa MOpoOIIKa B oOJa-
CTSIX, NPUMBIKAIOIMX K MOMIOXKKE (JeTaqu) U MarHUTHOMY
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HAKOHCYHUKY, CTAHOBUTCS 3HAYUTEIBLHO OOJBINE, YeM OT cepe-
JIMHBI «OPHKETaY.

B cpenneii yactu «Opukeray TemmepaTtypa (epporoporika
JoCcTUTaeT Touku Kropu paHblle, ¥ 03TOMY (eppoIopooK
TE€psI€T MarHUTHBIE CBOWMCTBA, MPEBpALAsACh B MapaMarHETUK
[3].

Nuaykuus MarHUTHOTO TOJISI MEXIY HOJJI0XKKONM M HaKo-
HEYHUKOM yMeEHbIIaeTcs. B pesynbraTe nomyyaercs cieayro-
as mocJIeI0BaTeIbHOCTh PACIION0KEHUS MAarHETUKOB, MPE-
CTaBJICHHAs Ha pUCyHKE 1.
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PucyHok 1 — MarauTHbIC CBOMCTBA YacTHIL B pabodei
30HE:
1 — peppomarueruk, 2 — napaMarHeTuk, 3 — GpeppoMarHeTuk

B nepBeiii nepuon npouecca ynpouHeHHus yactuipsl OMIL,
KOTOpbIE HAXOIATCSA B KOHTAKTE C ACTANIbIO0, IPUIIEKAIOTCS K HEH.
OTO NPOUCXOAUT 3a CUET NMEKTPUUECKUX Pa3psiioB M KOHTAKT-
HOT'O JIEKTPOCOIPOTUBIICHUS OOJBIION TUIOTHOCTH TOKA MEKAY
JeTanbio U Jactuiamu. [locie ncredeHus onpeneneHHoro Bpe-
MEHU YaCTULIbI, HAXOIIIMECS OKOJIO ACTANIN JI0 CPEAHEN 30HBI U
OT CpeJHEH 30HBI 10 MOIIOCHOI0 HAKOHEYHHKA HAarpeBaroTCs 10
Touku Kropu, ¥ Bce 4acTUIIbl NPEBPAILAOTCS B MApaMarHeTHK.
Ha sTom npexparaercst BIUsIHUE MAarHUTHOTO IIOJISL Ha MPOLIEcC
YIIPOYHEHHSI.

HoBeie nopiun gactui (pUCyHOK 2) BOCCTaHABIMBAIOT JICH-
cTBHEe MarHutHoro noms. JKunkas ¢asa pacruiaBa U3 cpenHer
4acTu
CTEKaeT BHU3 Ha MPUIEKIINECS YaCTULIBI M PACIUIAB MONagaeT Ha
cBoOoaHBIE MecTa AeTau. Tak GopMupyeTcs epBbli cIoi dep-
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POMarHUTHOTO MOKPBITUSI M 00pa3yeTcst AuctiepcHoe (heppomar-
HHUTHOE

MOKPBITHE, COCTOSIEE M3 HE PacIUIaBUBLIMXCS (heppOMarHuT-
HBIX YaCTHI[ U 3aKPHCTAJUT30BABIICTOCS PACILIABA.
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Pucynok 2 — CTpykTypa NOKpPHITHS B paboueii 30He TpH YIpoy-
HEHHH B COBMCUICHHBIX (l)I/I3I/I‘IeCKI/IX TIOJIAX:

1 — ¢peppomarHuTHbIi Mopomok, 2 — pacmtasuBnmiics GMII, 3 —
3aKpPUCTAJUTM30BABINMECS U npuniekirecs yactuibl @MII k neranmu,
4 — XUIKWIA pacIiaB MeTalla, 3aroHIOIMH MPOCTPAHCTBO MEXKITY

YaCTUllaMU U KpUCTAJIM3YIOUIUHCA Ha JICTaIN

YIbTpa3ByKOBBIC KOJICOAHHUS  HEKOTOPOE BpeMs IOCie
BKJIFOUCHMSI MArHUTHOTO TOJIS MHTCHCH(PUIMPYIOT TEII000-
MEHHBIE IIPOIECCHI B «OpuKeTe» (epporopolika U Mexdas-
HBIE MPOLIECCHl HA TPaHULE pas3fiena «IeTajlb — paclljlaBJICH-
HBIM ciI0i (epponoporiKay. ITH MPOIECCH CO3JaI0T XOpOo-
IIYI0 aJIFe3UI0 PACIIaBICHHOTO (eppOIopoINKa € JCTANBI0 ’
YIAYYIIal0T Ka4ecTBO (OPMHUPYEMOro MOKPBITHS 3a CYET CO-
3IaHMS MEJKOOUCIEPCHON CTPYKTYpbl METala U Jiera3aluu
3aTBepAeBIIero paciuiasa [3].

ITociie mpoBeAEHHBIX UCCIEAOBAHUNA MOXXHO CHENaTh BBI-
BOJ O TOM, YTO COYETAHHE 3JIEKTPOMATHUTHOIO U YJIbTPa3BY-
KOBOro mojie mpu MOV MpHBOANT K Ka4eCTBEHHOMY H3Me-
HEHUIO Tpoliecca: U3MEHSIOTCS (PU3UKO-MEXaHUYECKHe CBOM-
CTBa HAIIABJIEHHOTO CJIOSI, MOBBIIIAETCS KAYEeCTBO CJIOSI, CTa-
OMIIEHOCTB M IIPOU3BOJUTEIHHOCTH TPOIIecca.

JIUMTEPATYPA

1. Crykun, A.C. HccnegoBanue mpouecca HaIlJIaBKA MO-
POIIKOBBIX MaTepuasioB B yiabTpa3BykoBoM moje / A.C. Cry-
kuH // Martepuansl 8 PeciryOnmkaHCKOW HayYHO-TEXHUYECKOH
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KOoH(epeHIIUH CTYIEHTOB U aclupaHToB. — MuHck, 2003 — 159
C.

2. HlunsieB, A.C. YnbTpa3ByK B HayKe, TEXHUKE H TEXHO-
norun / A.C. unses. — l'omens: PHUVYII «MuCcTHTYT panuo-
norumy, 2007. —412 c.

V]IK 621.5
JIsmua K. H.
METO/IUKA UBMEPEHMH S BEJIMYHUHBI
COBCTBEHHOI'O I'A3OBBIAEJIEHUSA
MATEPHAJIOB B BAKYYME

BHTY, 2. Munck
Hayunwvui pyxosooumens. Hearos H.A.

ens paboTBl — U3yYUTH OCHOBHBIC HCTOYHHUKH COOCTBEH-
HOT'O Ta30BbIJICNICHAS] MATEPUAIIOB B BAKYyMe M OCHOBHBIEC Me-
TOABI U3MEPEHNA MHTCHCUBHOCTHU 3TOI'O I'a30BbIACIICHHA.

Kaxnpiii Metain u HeMeTaJlT COACPAKHUT ONpEJIEIEeHHOE KO-
JIMYECTBO I'a3a, KOTOPBIN MOXKET NMPUCYTCTBOBAThH B BUJIE PACTBO-
PEHHBIX IpuUMecel, ubo. B BHIE JETHPYIOLIEIO 3JIEMEHTA,
y4acTBYIOIIEro B (OPMHUPOBAHUM CTPYKTYpPbl 3TOrO MeTajula
(v HeMeTaa).

Ecnu nerane, M3roroBieHHas U3 Takoro MaTepuana, IIO-
MEIIAEeTCsl B BAKYYMHYIO KaMepy, TO paCTBOPEHHBIN B HEH ras
Oyzner mupPyHaMpoBaTh K MOBEPXHOCTH TOW JETallH, OTKyAa
JecopoupyeTcs U MoNajaeT B caMy BaKyyMHYIO KaMepy.

OnmHrM M3 YCIIOBHM COXpaHEHHs BBICOKOTO BaKyyMHBIX B
nprbopax SIBISIETCS OTCYTCTBHE Ta30BBIIETICHIIA C TOBEPXHOCTEN
MaTepralioB, TPAaHUYALMX C BaKyyMOM. B OOBIMHBIX yCIOBHSIX
BCE MaTepUajbl COIEPKAaT CBSI3AHHBIC rasbl. YACP)KUBAIOTCS Ha
MOBEPXHOCTH 32 CUET CHJI (hM3HUUECKOM ancopOiuu (aacopoupo-
BaHbI); PaCTBOPEHBI B 00beMe MaTepraa (abcopOupoBaHsl); co-
JepXKaTCs B BUIC XUMHYECKHX COCIMHEHHH (XeMocopOupoBa-
HbI); UMEIOTCS B BUJIC OOBEMHBIX BKIIFOUCHHUI B MOpAX, TPEILIH-
Hax (OKKITFOMPOBAHBbI).

93



CBsi3aHHBIC Ta3bl MIPU OMPEICICHHBIX YCIOBUSX MOTYT IIe-
pPEXOmUTh B CBOOOIHOE COCTOsIHUE (IIecOopOMpOBaThHCS) U TO-
BBIIIATH JaBJICHUE B 3aMKHYTOM 00BbeMe.

OOBIYHO B XOJIc¢ OTKAYKH BBICOKOBAKYYMHBIEC CHCTEMBI U
3JICKTPOBAKYyMHBIC TPHOOPHI TMOABEPraroTcs 00e3raKuBa-
HUIO. B Ka)kKIOM KOHKPETHOM cliydae CIIEIyeT pacCMaTpHUBAaTh
rapy «Marepuayi — ra3» U HaMedaTh COOTBETCTBYIOLIUE. ITYTH
0CBOOOYX/IEHHS MaTepHrala OT rasa.

Taxxe oAHOW W3 MPUYMH Ta30BBIACIICHUS SBJSIETCA UCIa-
peHUE MaTepualioB C MOBEPXHOCTEN JIeTalu BaKyyMHOW CH-
cTembl. McnapsieMoCTh MaTepralioB B BaKyyMe XapaKTepu3y-
eTcsl YIpyrocTblo mapa (MM IJIOTHOCTBIO TIapa) MaTepuaa.
ITox >TiMu TepMUHAMU TTOHUMAETCS JaBJIEHHE, MPU KOTOPOM
MaTepua UCIapseTcs Py JaHHOW TeMITepaType.

CyI1ecTBYIOT HECKOJIBKO CIIOCOOOB ONMpEAeTeHNs KOITHde-
CTBa ra30B BhIAEIsIeMOro MatepruasoMm. OmHUME U3 Hamboee
MIPOCTHIX SIBJISTFOTCSI:

1. Meroxa u3BeCTHOM MPOBOAMMOCTH TPYOONIPOBOJOB. B aTOM
METO/IC HCIIOIB3YIOTCSI HENpEphIBHASL OTKauka o0beMa, B KOTOPOIl
IMPOHUCXOAUT Ia30BbIACIICHUE.

2.  Meron u3orepMuuecKkoro: pacmupesus. O KOIH4ecTBe BbI-
ACIUBIIUXCA Ira30B MOXHO CYAWUTH IO YBEJIMYCHHIO NAaBJICHUS B U3-
BCCTHOM I10 BCJIIMYUHC 06’LCMC, H30JIMPOBAHHOM OT HaCOCOB.

CyiecTBYIOT HECKOJIBKO CIIOCOOOB OMpeIeIeHUsT KOTMUecTBa Tra-
30B BBIACIIAEMOrO MaTE€pHajIoOM. O,HHI/IMI/I n3 Hanbomee TNPOCTHIX SAB-
JIAKOTCH.

1. ~ Metoa U3BECTHON MPOBOAUMOCTH TPpyOOmpoBoaoB. B 3ToM
METOJIe HMCIIONB3YIOTCSl HENpephIBHAs OTKauka o0bema, B KOTOpPOU
TIPOUCXOINUT ra30BBIACIICHUE.

2. Meroa u3oTepMuyeckoro pacumpenus. O KoJIN4ecTBE BbI-
JACIIUBIIUXCA Ta30B MOXHO CYAUTH 110 YBEIMYCHHUIO HABJICHUSA B W3-
BECTHOM I10 BCJIIMYUHC 06'BCMC, H30JIMPOBAHHOM OT HaCOCOB.

Merox U3BECTHOUM MPOBOAUMOCTH TPYOOITPOBO/IOB.

B sTom Merone ncnonb3yroTcst HelpephIBHAS OTKadka 00be-
Ma, B KOTOPOM MPOMCXOOUT Ta3oBbLACICHUE. [ OTKauku HC-
MOJB3yeTcsl TpyOOIpPOBOA W3BECTHOM MpoBoauMocTd. [lpu
HAJIMYWU 3aMETHOTO Ta30BBIJEIEHHS U3 00pasia B cucreMe Oy-
JIET TOBBIIATHCS AABJICHUE Ha)K€ NPU HEMPEPHIBHOM OTKAUKe,
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T.K. KOJIMYECTBO BBIJCIMBIINXCS B €IMHHILY BPEMEHHU ra3oB Oy-
JIeT TIPEBBIIIATh, KOJIMYECTBO Ta30B, YIAIIEMbIX HACOCOM Yepe3
TPYOOIPOBO/, HA KOHI[AX KOTOPOrO yCTAHABIMBACTCS Pa3sHOCTh
naneHuit P1 — P, (toe Py — maBiieHUe Ha KOHIIE TPYOOIpoBoia
oOpallleHHOM K cocyny, a P, — Ha KoHIle TpyOonpoBoaa, oopa-
IIIGHHOM K Hacocy).

[ToTok rasza vepe3 TpPyOOIPOBO/ ONPEICISICTCS BhIPAKEHHU-
eM:

Q=U (Pl - Pz) )
a KOJIMYECTBO Ta3a, mpolieiee 3a BpeMs AT, Oyer:
AG =QAT7 .

Meron H30TEpPMUYECKOT'0 PACHIMPEHUS.

O konruecTBe BhIAeTUBIIHXCS Ta30B (G) MOXKHO CYHUTH 10
VBETMYCHUIO JTABJICHUS B M3BECTHOM I10 BETHYNHE 00beMe V7!

G :VZ(PKOH_PHalt) )

rne Pcu — JaBleHUE, KOTOPOE yCTAaHOBWIIOCH B CHUCTEME IPHU
MOJKITIOYEHUN 00beMa, Py = HayallbHOE JIaBJICHUE, KOTOpoe
OBIII0O B 00BEME 10 COCAUMHEHHS €r0 ¢ CHCTEMOW, B KOTOPOM
MIPOMCXOJUT Ta30BbIICICHUE.

Crnenyer OTMETHTB, YTO T'a3 MOMajjaeT B CUCTEMY He TOIBKO
B pe3yJbTaTe Ta30BBIICICHNS U3 00pasiia, HO U JIecopOupyer-
Csl C TIOBEPXHOCTU CaMOW YCTAHOBKH, a TAaKXKe IMPOHUKAET 3a
cuer HaTekaHus. [l03TOMYy peasbHO KONMYECTBO Ta3a IpH
TAHHOM CTIOCO0€ M3MepeHui Oy1eT HECKOIBKO HUXKE.

IMTotok rasa (Q), mecopOHPYIOIIErocsi ¢ MOBEPXHOCTH 00-
pasua onpenensercs BhpakeHHEM:

Q=V, AG :
At

rae AG — xonardecTBo rasa AecopOUpOBaHHOTO C TIOBEPXHOCTH
oOpasia 3a Bpems At.

JIMTEPATYPA

1. Pozanos JL.H. Bakyymnas texnuka / JI.LH. Po3anoB. —
CII6: Mammnoctpoenue, 2007.
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2. Xononkosa, H.B. Texnuka BbicOKOro Bakyyma: JlaGop-
taTopHbid npaktukym / H.B. Xomonkosa, 1.B. Xonoakos. —
I'OYBIIO  HBaHOBCKMII  TOCyNapCTBEHHBI  XUMHKO-
TexHoiornueckuii ynusepcurer, 2007.

VK 621.5
MaprtsiceBny H:O.
BAKYYMHBIE JTJOBYIIKHA

BHTY, e. Munck
Hayunwvui pykosooumens: Heanos M. A.

Pabora BakyyMHBIX HAacOCOB COIPOBOXIAETCS PSAAOM HexXe-
JaTeNbHBIX SIBIICHUH: MPOHUKHOBEHUE MapOB PabouMX KUAKO-
CTell M3 Hacoca B OTKAYMBAaeMBIii OOBEKT; 3arpsi3HEHHE Hacoca
OTKaYMBACMBbIMH BEIIECCTBAMU C BBICOKUM JIaBJICHNEM HACBIIIICH-
HBIX TIApOB; TOTEps] pabodel KUIKOCTH 4Yepe3 BBIXJIOMHOM Ma-
TpyOOK; yTeuka OTKaunBaeMoro rasza. JInsi orpaHW4eHus] 3THX
SIBJIGHUH CITY)KUT CIIENMAIbHOE BaKyyMHOE OOOpYIIOBaHHE: JIO-
BYIIIKY, BJIATONOIOTUTENH,; HATEKATENN, KOHJIEHCATOPBI, (DIITh-
TPBI, YIJIOTHATEH U T.JI:

BakyyMHbIMU JIOBYIIIKAaMH Ha3bIBalOTCS YCTpPOMCTBA, CIy-
JKarye JJisl PeOTBPAICHUS IPOHUKHOBEHWSI ITapOB paboumx
KUAKOCTEH BaKyyMHBIX HACOCOB B OTKAYHBAEMBII 00BEM.

Lenp paboTel — M3YYNTH YCTPOMCTBO W MPHUHIIUN PabOTHI
Han0OoJee MUPOKO FCIIONIb3YEMBIX BAKYYMHBIX JIOBYIIIEK.

B 3aBucumocTu ot pabouero naBieHHs pazIHyaioT:

1) BBICOKOBaKYYMHBIC JIOBYIIKH, MpEIHA3HAYCHBI IS
yiTaBnuBaHusl mapoB w3 Au(pdy3noHHBIX W OyCTEpHBIX TMa-
POCTPYHHBIX HACOCOB MPH MOJNIEKYJIIPHOM TEUEHUH T1apa;

2) hopBakyyMHbBIC JOBYIIKH Ul YJIaBIUBAHUS MApOB M3
(hopBaKyyMHBIX HACOCOB TIPH BSI3KOCTHOM H TIEPEXOIHOM pe-
KUMax TeUeHWs mapa.

[lo mpuHIMITy nelCTBUS BaKyyMHBIE JIOBYIIKH JENATCS HA
MEXaHWYeCKHe, HU3KOTEeMITepaTypHBIE, COPOITMOHHEIE, TepMIUe-
CKHIE U DJIEKTpHYecKue. B TexHomornaeckoM BaKyyMHOM 000pY-
JIOBAaHUW HAHWOOIIbIIIee TPUMEHEHNE HaXOISIT MEXaHUYeCKue U
KOH/ICHCAITMOHHBIE JIOBYIIIKH.

96



K noBymikam mpeabsBisiFOTCS 1Ba OCHOBHBIX TPEOOBAHMSL:

1) mMakcuMaIbHOE 3aIUTHOE JICHCTBHE B TCUCHHUE 3a/1aHHO-
T'0 CPOKa CITy>KOBbI;

2) MUHHMAJIHOE COMPOTHBJICHHE OCHOBHOMY ITOTOKY OT-
KaylBaeMoro rasa.

I[OHOJIHI/ITCHBHLIMI/I Tpe6OBaHI/I$1MI/I SABJIIAKOTCA BO3MOXK-
HOCTh pereHepaluy pabovero 3JeMeHTa, HaJeKHOCTD, TIPO-
CTOTa, TEXHOJOIMYHOCTh KOHCTPYKIMH, YA0OCTBO 3KCILTyaTa-
IIUH.

@opBaKyyMHbIE JIOBYIIKH CIYXkKaT JUJIS 3alIUThl OTKayuBa-
€MOM CHUCTEMBI OT IPOHUKHOBEHMS IIapOB Macja U MPOLYKTOB
ero pa3nokeHus u3 popBaKyyMHBIX HACOCOB B OTKAUHBAEMYIO
CHCTEMY.

MexaHnndeckrde JOBYIIKH TIPENCTaBISIOT COOOW YCTpOWi-
CTBa, MPEMATCTBYIOUIHE NPSIMOMY TIPOJETY IMapoB pabodei
KUAKOCTH M3 HAacoca B OTKAYMBACMBIM OOBEKT. 3allUTHBIN
9JIEMEHT JIOBYIIKH OOBIYHO BBIITOJIHSETCS U3 TOPUCTOrO MaTe-
puana (CTekna, CTEKJIOBOJIOKHHCTBIX MaTepHajoB, MOPHUCTON
MEIU ¥ HEp)KaBCIOIICH CTaju) ¢ pa3MepaMu sUeek He Oomee
0,1 mxm. ['abapuTHBIE pa3Mepsl JOBYIIEK 3aBUCAT OT YIENb-
HOHI NPOBOIMMOCTH IOPUCTBIX MaTepuaiioB. [loriomenue na-
POB Macja OCYIIECTBIISIETCS aJcopOruell Ha CTEHKaxX Karlvi-
JApHBIX KaHaloB. CpOK CIy» OBl MOPHCTBIX J3JIEMEHTOB CO-
CTaBJIIET HECKOJIbKO COTEH YacoB, IMOCJIE 4Yero OH JOJDKEeH
ObITh 3aMEHEH HOBBIM. /{1 MMOBTOPHOTO HCIIONB30BAHUS OT-
paboTaBmIMK 3IIEMEHT OYHMINAETCS MPOIYBKOW aTMOC(hEepHBIM
BO3JIyXOM M HarpeBoM Jio Temmepatypbl okoso 500 °C. Tlepu-
OJT HEIPEPHIBHOW paOOTHI JIOBYIIIKK MOYKHO YBEIHYUTH J0OaB-
JICHWEM B TIOPHCTHIE 3IIEMEHTHI aICOPOIIMOHHBIX MaTepHajoB:
AKTUBHPOBAHHBIX YTJIEH, IEOJMTOB, aKTHBHOTO OKCHJA allfo-
MUHUSA U JIp.

B ancopOrioHHbIX JTOBYIIIKaX yJajaeHue MOTIIONIEHHBIX B pa-
OoueM »SIIEMEHTE Macia M BOABI OCYIIECTBISIOT ITyTEM €ro
Harpesa 110 Temrieparypsl 300-500 °C HarpeBatenem. JIoBymku
C aJIcOpOEHTOM HENb3s ITOJBEPraTh BO3IEHCTBHIO aTMOC(HEPHOT O
BO3/IyXa, TaK KaK OHU MOTYT TOTJIOTHTH OOJBIIOE KOJHYECTBO
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aTMoc(hepHOI BOZBI, KOTOpast 3aTeM OYJIET BBIIEIATHCS BO BPEMSI
paboThI Hacoca.

B MOHHBIX JOBYIIKAaX KCHONB3YIOT TJICIOMIMN XOJOAHBIH
paspsia. Paspsn roput mpu HanmpshKeHWH Ha aHOJE OKOJo 3
KBT W HanuuMM OCEeBOro MarHMWTHOTO TOJS, CO37aBaeMoOro
BHEIIHUMU MarHuTaMu. Takas JOByLIKa YMEHBIIAET IapLM-
ajpHOE AaBieHue nmapoB Macia B 10-100 pas.

B copOumoHHO#t JTOByIIIKE YCTaHOBIIEH CMEHHBIN MAKET CO
CIIOSIMU M3 Pa3IUYHBIX COPOCHTOB.

[MpuHIMn nelcTBHUSI HU3KOTEMIIEPATYPHBIX (JOPBAKYYMHBIX
JIOBYIIIEK OCHOBAH Ha KOHJEHCAIMH MapOB Maciia i TIPOJYKTOB
€ro pa3ioKeHHs Ha MOBEPXHOCTSX JIOBYLIECK, OXJIaKICHHBIX
JI0 HA3KUX TemrepaTyp. JIOBYIIKM yCTaHABIMBAKT HAa BIIYCK-
HOM TaTpyOKe GpopBaKyyMHOIr0 Hacoca.

VYcraHoBKa a30THOM JIOBYIIKM HaJl (OPBaKYYMHBIM MacIisi-
HBIM HAaCOCOM TIO3BOJISIET MOJYYUTH MPENebHOE OCTaTOYHOE
nasnenne 2-107 ITa. Jlopymku Moryr paGoTats He MeHee 15 4
6e3 JIOMMBKY JKUIKOTO a30Ta B AWana3oHe fapienuii 10°-107
ITa.

BeicokoBaxkyymHble JloByHIKH. IIpenensHoe naBiieHUE BbI-
COKOBaKYyMHBIX HACOCOB OOYCIIOBICHO OOpPaTHBIM ITOTOKOM
mapoB pabodeli KUAKOCTH U3 HACOCA B OTKAYMBAEMBIA O0OBHEKT.
J1s ero yMeHbIIeHUs Ha IIyTH 00paTHOI'O IOTOKA YCTAHABIIM-
BaIOT JIOBYIIKH, KOTOPBIE 110 PUHLUILY JECHCTBHUS MOXKHO pas-
JeTUTh Ha KOHAEHCUPYIOIIKE, TUCCOLUUPYIOIIE U cCopOupy-
OLINE:

IIpocrelimeil KOHAEGHCUPYIOIIEH JIOBYIIKOHM, CIly:Kamei
IUIsl yMEHbILEHHUS NPOHUKHOBEHHUS MapoB pabouell >KUAKOCTH
13 [IaPOMAaCISIHBIX HACOCOB, SIBJISIETCS KONIAYKOBBIM MaciooT-
paxarens. OH TpeACTaBIseT cOOOH KONITAdOK, YCTaHABIMBA-
€MbIil HaJl BEpXHUM COIUIOM ITapOMAcCIITHOIO Hacoca M OXJa-
Kaaembld Bomoil. Otpaxarens mno3somsier B 20-30 pas
YMEHBIINTh OOpaTHBIN HOTOK MapoB paboyel >KUAKOCTH U3
MApOMACIISIHBIX HACOCOB, HE CHIJKasl MPAKTHUYECKH OBICTPOTEI
JEeWCTBHS HAcoca.
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K onrtuueckn Hermpo3pavyHbIM MEXaHUYECKUM JIOBYIIIKAM OT-
HOCSIT YCTPOWCTBA, JCHCTBHE KOTOPBHIX OCHOBAHO HAa TOM, YTO
MOJIEKYJIBI paboueli JKUAKOCTH, TIOCTYMAOMIMe U3 JII0O0H TOYKU
Hacoca, He MOI'YT MPOHUKHYTh B OTKAUMBAEMYIO CUCTeMy 0e3 Co-
yIapeHusi C DJIJIEMEHTaMM YJIABJIMBAOLIEro ycrpoicrtea. [l
HanOoJ1ee MONHOK 3alIMThl OTKAYMBAEMOH CUCTEMBI OT MapoOB pa-
004eil JKHIKOCTH MapOCTPYHHBIX HACOCOB CITYXKaT HA3KOTeMITepa-
TypHBIE JIOBYIIKH, IPUMEHEHUE KOTOPBIX B XOPOIIO AEra3supo-
BaHHON CHUCTEME JJIsl MapoMacisHbIX JU((Y3MOHHBIX HACOCOB
TIO3BOJISIET MONMyYaTh ocTarouHoe jgasnenne 10° ITa u ans napop-
TyrHeIX HacocoB 10%° TTa. Jns mapomacisHex muddy3HOHHBIX
HACOCOB B 3aBUCHMOCTH OT TPeOOBaHUH, NMPEIbSBIIIEMBIX K OCTa-
TOYHOMY JIABJICHUIO M COCTaBY OCTaTOYHBIX [A30B, MPUMEHSIOT
JIOBYIITKH, OXJIXKIaeMble 10 Temrieparyp ot 243 mo 77 K.

Takum o00pa3oMm, HCIIOJb30BAaHUE BaKYyMHBIX JIOBYIIEK
MO3BOJISIET CYIIECTBEHHO YMEHBIIMTH 3arps3HEHHE TEXHOJNO-
THYECKUX KaMeEp. BI)IGOp TUTIA JIOBYIIKHU 3aBUCUT OT THUIIA UC-
MOJIb3yEMOr'0 BAaKYyMHOT'0 HACOCA.

YK 621.793
MucuHuk U.B.
METO/HUKA OIIPEJAEJIEHUSA

N3HOCOCTOMKOCTH TiN BAKYYMHO-

IJIASMEHHBIX ITOKPBITUI

HA U3JAEJUAX U3 CTEKJIA

BHTY, 2. Munck

Hayunwiii pykogooumens: Komapoeckas B.M.

OmnHoil U3 TIJIABHBIX 3a7a4 COBPEMEHHOW HAayKH M TEXHUKU
HO-TIPSKHEMY OCTaercsi mpoliieMa SKOHOMHHM MaTepUajIbHBIX,
TPYAOBBIX W JHEPreTHYECKUX pecypcoB. B Hactosimee Bpemst
OIIHUM W3 ITyTeH PELIEHUs] JAHHON MpOOIEMBI SIBISIETCS IIOBBI-
[IeHNEe M3HOCOCTOMKOCTH pPab0uYiX TOBEPXHOCTEH, TaKk Kak B
OOMNBLIMHCTBE CIIy4aeB BBIXOJ HM3IENIMN W3 CTPOs OOYCIIOBIIEH
n3HocoM. CoryiacHo [1] ©3HOCOCTOMKOCTh — 3TO CBOMCTBO Mate-
pHana okas3bIBaTh CONPOTHBICHUE M3HAILMBAHHUIO B OIpEICIICH-
HBIX YCJIOBHMSX TPEHHMS, OLIEHMBAEMOE BEIMYMHOW, OOpaTHOM
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CKOPOCTH HW3HAIIMBAHUS WM WHTEHCUBHOCTH W3HAIMBAHUA.
MB3HOCOCTOMKOCTh B 3HAUUTEIBHOM CTEIEHH 3aBUCUT OT MUKPO-
TBEPAOCTH TIOBepXHOCTHOTO ciosi [2]. Kak m3BectHO (hopmupo-
BaHHUE BaKyyMHO-TIJIA3MEHHBIX TTOKPBITHI 3aIUTHO-
JIEKOPATUBHOI'O HAa3HAUCHHUS HA TIOBEPXHOCTH U3/ICIUN U3 CTEKIIa
MIO3BOJISIET TIOBBICUTH MUKPOTBEPIOCTh MOBEPXHOCTH, CIIEIOBA-
TENBHO, YIIYUIIIaeTCcsl M3HOCOCTOMKOCTh JaHHBIX u3enuid. OnHa-
KO B JIUTEPAType MPAKTUICCKH OTCYTCTBYIOT CBEACHHS O TPUOO-
TexHUYecKuX cBoiicTBax TIN BakyyMHO-IUIa3MEHHBIX TTOKPBITHI
Ha HEMETAJUTMUECKUX MaTepualiax, B YaCTHOCTH crekiie. Cremnyer
OTMETHTh, YTO HPH OMPEICTICHUHA U3HOCOCTONKOCTH HEOOX0MMO
coOMIOAATh CIEMyIolIee YCIOBHE: MPOIECC JTODKEH WMHTHPO-
BaTh BO3JICHCTBHE HAa Paboure OBEPXHOCTH PealIbHBIX BHEIITHUX
(axTopos [3]. Mcxons u3 aHaiiu3a yCIoBUi pabOThl M3ICITHIA 13
crekita ¢ TIN BaKyyMHO-TUTa3MEHHBIMU TOKPBITHSMU 3aIATHO-
JEKOPaTHBHOIO Ha3zHa4YeHUs, ObLJI0 CKOHCTPYHMPOBAHO M H3IO-
TOBJIEHO CHEHaJIbHOE MPUCIIOCOOIEHIE, TTO3BOJISIONIEE OMpeie-
JIUTHh U3HOCOCTOWKOCTD TAHHBIX W3IICITHN.

OO0mmii BuI IPUCIIOCOOIEHUS TIPEACTABICH Ha PUCYHKE 1,
a KOHCTPYKIIMS Ha PUCYHKE 2.

Pucynok 1 — OOmmii BUI pUCTIOCOOTIEHS [UTA OTIpe/iene-
HHUSI U3HOCOCTOMKOCTU MOKPBITUI

Ha mmre (9) 3akperuisiercss nBurarens (2) ¢ BBIKITFOUaTENEM
(1). Ha Bamy mBuratenst ycTaHaBIMBaeTCs BOWIOUHBIN KpyT (18).
Ha mnankax (7) ycranoBneHa mmmiibka (3) ¢ 3aKperieHHBIM Ha
Heli kpoHtTeHOM (8). K kpoHmITeliny npukperuien kopiyc (5),
NpeIHa3HaYeHHBIH JUIS YCTAaHOBKH MCIBITYeMBIX 00pa3toB. st
yIOOHOH M 0e30MacHOW YCTaHOBKM OOpaslOB NpemLycMOTpeHa
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BO3MOJKHOCTb ~ OTKWIBIBAHUS  KPOHIUTEHHa  OTHOCHUTENIBHO
WMWIBKA. B memsax coOmiopeHnsi TeXHUKH O€30MacHOCTH IPU
UCIIBITAHUSIX TIPEAYCMOTPEH 3alIUTHBIN KOXKYX (4).

ar’|
il

I.
]

L

Pucynox 2 — KoHCcTpyKIHst mprucnocoOneHus st
ONPeACIIeHUs] U3BHOCOCTOMKOCTH MOKPBITUIA
1 —BBIKITIOYATEII; 2 — JABHUTATENb; 3 — IIITHUJIbKA,
4 — KOXyX; 5 — KOpIyc; 6 — BUHT; 7 — TUTaHKa; 8 —
KpoHuITeiH; 9 — mmta; 10 — 15 — BunT; 16 — raiika;
17 — maiiba; 18 — xpyr

HcripiTannst ©3HOCOCTOMKOCTH MPOXOIAT MPH CIEIYIOIINX
pexnMax: cxema — nepudepus Kpyra — INIOCKOCTb TIPH Tpe-
HUM 0€3 CMa304HOro Marepuana (PUCYHOK 3); 4acToTa Bpa-
menus Bana N = 100 mun™, ynensnas marpyska ¢ = 0,01 MIa,
YTO COOTBETCTBYET PEAIbHBIM YCIOBHSIM PAa0OTHI M3ACIUI M3
CTeKJIa ¢ MOKpbITHeM. KpuTepreM OKOHYaHUS 3KCHEpHMEHTa
CIY’KUT MOJTHOE HCTHPAHUE TOKPBITHUSL.
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Pucynok 3 — Cxema

JIMTEPATYPA
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TEXHUYECKass KOMHUCCHsSI TIO0 CTaHAapPTU3AINH, TEXHUIECKOMY
HOPMHPOBaHUIO U ceptudukaimm, 1979. — 21 c.

2. Mpouek, XX.A. TTna3mMeHHO-BaKyyMHBIE OKPHITHs: Mo-
Horpadus / XK.A. Mpouek [u-ap.]. — Munck: YII «TexHo-
npuHTY, 2004, — 369 C.

3. Eropos, A.JI. OueHka MEXaHHUYECKOW HPOYHOCTH IO-
BEPXHOCTH ONTHYECKUX IMOKPBITHI METOIOM HCTHUpaHus abpa-
3MBOM BO BpainaromieMes 6apadane / A.JI. Eropos, B.®. Mu-
xainoB // ONTHKO-MeXaHW4YeCKasi IPOMBIIIICHHOCTh, 1990, —
Ne 4. —C. 75-78.

YK 621.793
Mypaseiiko A.H.
OCOBEHHOCTH HAHECEHUS BAKY YMHBIX
ONTUYECKHNX MOKPHITUI
HA KPYIIHOI'ABAPUTHBIE IIVIOCKHE
OIITUYECKHUE JAETAJIA

BHTY, 2. Munck
Hayunwiii pykogooumens: llaxpaii JI.U.

I[pu paspaboTke KOHCTPYKIMU BaKyyMHOH YCTaHOBKM OIHOM
13 OCHOBHBIX IPOOJIEM SIBIISIETCS BHIOOP TaKHUX pa3MepoB Baky-
YMHOM Kamepbl U (DOpMBI NPHUEMHONH HOBEPXHOCTH, KOTOPbHIE
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MO3BOJIAT TOMYYUTD 3aJaHHYIO TOJILMHY MOKPHITUS TIPH MaKCH-

MaJIbHOM HCITIOIb30BaHUHU MIPUEMHON TIOBEPXHOCTH.
Pacnpenenenuie TONMMMHBI TMOKPHITHS MO HPUEMHOW TO-

BEPXHOCTH OIpeeNsieTcsl CenNyomuM oopazom [1] :

= j‘ Acos (onérz)cos 0(z) dr. (1)

rjae t — TOJIIMHA ONTHYECKOTO MOKPHITHS;

T — BpEMs HAIIbUJICHUSA

A — moCTOSsIHHAS, 3aBUCSINAS OT YCIIOBUM HAIIBUICHNUS,

©(T) — yroil MeXIy HOPMAJIbIO K MMOBEPXHOCTH MCIIAPEHUS
U Pajinyc-BEKTOPOM TOUYKH, B KOTOPOH OIPEAEIsICTCs] TOMIIH-
Ha OIITUYCCKOI'O IIOKPBITHUS,

0(t) — yronm Mexay HOpMajbio K IMOBEPXHOCTH, Ha KOTO-
PYIO IPOUCXOIUT KOHJ/ICHCAIIUS U PalIUYC-BEKTOPOM;

R — pamyc-BekTop;

N — noka3aTellb CTENEHU,3aBUCAILIMNA OT YCIOBUM Hallblie-

HMU.

OnTUMH3aIMI0 TEOMETPUH BaKyyMHOW KaMmepbl OOBIYHO
MIPOBOIAT I KOCHHYCHOTO pacrpezesieHrs] IOTOKa mapa 1o
dhopmyne (1) [2]. das peadpHOrO McmapuTens 3aKOH pacipe-
JIeTICHUs] TTOTOKA MIIEHKOOOPa3yoiero MaTeprana oTIndaeTcs
OT KOCHHYCHOTO, T. €. TIOKa3aTeNb CTENEHH B BBHIPAKEHUH OT-
JnyeH ot 1.

Pacnipenenenuie KoHJieHcaTa MO MPUEMHOW ITOBEPXHOCTU
3aBUCHT KaK OT TE€OMETPUU BaKyyMHOH Kamepsl, (HOpMBI U
pa3MepoB JeTaleil, Tak ¥ OT TEXHOJOTHIECKHX (PaKTOPOB TPHU
HAIBUICHWH: JTABJICHUS, CKOPOCTH HANBUICHHS, TEMIIEPATypPhl
ITOIUTOXKKH, (OPMBI TIOBEPXHOCTH HcCHapeHus. Bcnencteue
3TOTO peajbHash HEPAaBHOMEPHOCTh TONIUHBI MOKPBITHS TI0
ITOBEPXHOCTH JeTajiel OTiu4aercs OT pacdeTHod. OcoObie
3aTpyJHEHUS BOSHHUKAIOT MPH HAHECEHWH MTOKPHITHIA Ha KPYTI-
HOTa0apuTHBIE IETAITH.

[Ipu uccnenoBanum B ycrnoBusix npenpusitus «OnTHIecKoe
CTaHKOCTPOEHHE M BaKyyMHas TEXHHKA» PaCIpereNeHus] KOH-
JIeHCaTa 10 MOBEPXHOCTH TUIOCKOW ONTHYECKON NeTad aua-
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MerpoM 700 MM, YCTaHOBIEHHOM B BaKyyMHOM YCTaHOBKE
BY-3, Bayrpennuii nuamerp xotopbiii paBen 800 MM, ObuIO
MOJTy4Y€HO, YTO HEPAaBHOMEPHOCTH TOJIIMHBI ONTHUYECKOTO MO-
KpBITHS COCTaBIISIET
33 % (pucyHok 1).

) J
. YA N
. el

50 100 150 200 250 300 350

Pucynok 1 — Pacnipenenenne HepaBHOMEPHOCTH TOJIIIMHEI
TMOKPBITHA IO MMOBEPXHOCTU INIOCKON A€TAIN B 3aBUCUMOCTH
ot ee paauyca: 1-n=1, 2-n=1,3

ITomydeHnne paBHOMEPHBIX ONTHYECKUX IOKPBITHI HA Ta-
KX KPYHMHOTaOapUTHBIX, MPAKTHYECKH COBIAIAIOMINX C AWa-
METPOM BAaKYyMHOH KaMEpBI, IUIOCKMX AETaIAX HEBO3MOXKHO
0e3 BBEZICHUS IONIOJTHUTEIIBHBIX YCTPOICTB — MACOK.

B cBsa3u ¢ 3TUM HEOOXOIMMO paccUUTaTh, IKCIEPUMEH-
TaJbHBIM ITyTE€M OTKOPPEKTHPOBATH M MU3TOTOBHTH KOPPEKTH-
pyromye MacKd M CHUCTEMBl UX KpPEIJICHHMs, MO3BOJISIIOIINE
IIPOBOIUTH HAHECEHUE PABHOMEPHBIX IO TOJIIHMHE BaKyyM-
HBIX MOKPBITUM Ha Ha IUIOCKHE MIOBEPXHOCTU ONTUYECKHUX Je-
tajeil nuamerpoM 700 MM.

@dopma BpalaroLIeiicss KOPPEKTUPYIOUIEH MacKu Ha ILIOC-
Kyt aeranp nuamerpoM 700 MM, YCTaHOBJIEHHYIO B BAKyyM-
HYI0 KaMepy ycTaHOBKU BY-3, paccuuThIiBaeTCs ¢ y4eTOM Me-
TOIMKH, IPUBEACHHOIN B paboTax M UCXOAS U3 PeajbHOro pac-
MpEEIIEHUsT TOJIMIMHBI HOKPBITHA IO JETaNH.

Koppekrupytomas macka mpeacTaBisieT cOOOH 3aciIOHKY,
OCh BpallleHUs] KOTOPOM COBMAAAET C OChK BPALIECHHS IETAlN
U yCTaHABIHMBAETCA MEXKIY JETAIbI0 U UCIAPUTEISIMH (PHCY-
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HOK 2).

CxemaTrueckoe M300pa)keHne MOIOKEHHUS Bpallaromencs
KOPPEKTUPYIOIIEH Mackd OTHOCHTENBHO IIJIOCKOW JAeTald B
BaKyyMHOI KaMepe MpeACTaBiIeHO Ha (PUCYHKE 3).

‘ v\ Jema/
// : \ z 4

\
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e / 

A
Pucynok 2 — Konryp ne- Pucynok 3 — Cxema pacmnono-
MIECTKAa MacKH, BbIPaBHUBAIO- JKCHUsI B BAKyyMHOM KaMmepe
LIeW TOJIMHY ONTUYECKOT O BpALIAIOIICHCS MAaCKU U I€TaIN
HOKPBITHS 110 IOBEPXHOCTH OTHOCHTENILHO UCTOYHHUKA
TUIOCKOM JIE€TAJId TUaMETPOM UCTIapEHUS
700 MM

Koppekrupytommast Macka Bpamaercsi B CTOPOHY, IIPOTHBO-
MIOJIOKHYIO CTOPOHE BpAIEHHS] ONTHYECKOH eTaiu, a CKO-
pPOCTB BpallleHHs KOPPEKTHPYIOIel Macku B 25 pa3 Oomblie
CKOPOCTH BpalleHus ontudyeckor neranu. Koppekrupyromas
Macka, Omaromapsi cBoeld Qopme, M30MpaTEIbHO IKPAHUPYET
MTOBEPXHOCTh ONTHUYECKOH JeTajy, YeM yMEHBIIIaeT HepaBHO-
MEPHOCTbH TOJIIHNHBI ONTHIECKOTO MOKPHITHS IO MIOBEPXHOCTH
TeTanm.

IIprMeHeHre pacCUMTaHHOW BpallAIOMIEHCS KOPPEKTHPYIO-
el MacK¥l CHIDKaeT HepaBHOMEPHOCTH TOJIMHBI OMTHYECKOTO
MOKPBITHSI IO TOBEPXHOCTH ONTUYECKOM neranu auamerpoMm 700
MM 10 2 %.

[Ipu mpoBeneHnn HccleNOBaHUS PACIPENEICHUS KOHICH-
caTa MO0 TIOBEPXHOCTH IUTOCKOH ONTHYECKOW JETad JHaMeT-
pom 700 MM HEOOXOIUMO HANBUICHUE METAJUIOAMIIICKTpUIe-
CKOT0 3€pKajia COCTOSIIIEr0 W3 CJIOEB AJTFOMHUHUS: JBYOKHCH
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mupkonust (Z02) m nByokucu kpemuusi (SiOz). Hambuienue
MPOBOAMIIOCH O€3 HarpeBa ONTHYECKOHM JeTanu MpH AaBICHUU
B BakyyMHoii kamepe 1-10° Ila u ckopocty BpareHus apma-
Typbl 15 06/MuH. CrieKTpasibHbIe XapaKTepUCTUKA HAHOCHMO-
IO ONTHYECKOTO TMOKPBITUS HCCIEAYIOTCS Ha CHEKTPO(dOTO-
merpe Epsilon.

YK 621.762.4
Haropuas E.B., 3pirmanToBud B.M.
HNCHOJIb30BAHUE JIO3bI

BHTY, o. Munck
Hayunwvui pyxosooumens: 3yenox A.1O.

B Bek meraymia u TulacTHKa BO3HHMKAET OCOOEHHO OCTpoe
JKEJTaHWEe BEPHYThCS K mpupoze. Jomu Bce wamie OTAaOT
OpEANOYTCHUC SKOJIOIrMYECKU YHUCTBIM C€CTCCTBEHHBIM MaTe-
puanam. U 31ech BakHOE MECTO MOTYT 3aHITH BepOa W Jo3a.
OTH «IOANUTHIBAIOINE» PACTEHUS CITIOCOOCTBYIOT HapallnuBa-
HUIO DHEPTeTUKH YeNloBeKa M YBETWYHBAIOT COMPOTHBIISIC-
MOCTh oOpraHm3Ma Oose3HsM. CONpPUKOCHOBEHHE C JIO30U
yAydIIaeT CaMOYIyBCTBHE, JaeT OUTyIeHne OOAPOCTH, TPUIIH-
Ba cui. K Tomy k€ j03a — BecbMa MOCIYIIHBINA Matepual, u3
KOTOPOT'0 MO>KHO CO3/1aBaTh caMble pa3HOOOpAa3HbIE TUIETEHbIE
W3MIeNUs: KOP3WHBI, M3AIIHBIE Kpecia-KadallKd, KaHare, >Kap-
TUHBEPKH, )KYPHAIbHBIE CTOUKH. ..

[Inerenrie U3 03Bl — OWH W3 CTAPEHUIIUX MPOMBICIOB. OH
obu1 pacnpoctpaner emie B X VII-XIX BB., mpenmyrecTBeH-
HO B MECTHOCTSIX Hemaneko oT pek. Ha m3smHyro MeOens,
KOP3WHBI U3 JI03bI, OKpaIIeHHBIC, & HHOTAA ¥ MOKPHITHIE T1030-
JIOTOH, MOSIBUJICSI TAKOH CHPOC, YTO BO (PaHIy3CKON IPOBHH-
nuu lammasp 17 mocafku WBBI PacCKOPUYEBHIBAIHCEH JTaXKe
BUHOrpaaHukH. [lnerenue crano mMogou. JecAaTku ThICAY JItO-
Jell 3aHuManch 3TuM pemeciioMm B [lpyccuu u baBapuu. s
00y4YeHHsI MacTEepOB TTOBCEMECTHO OTKPBIBAIIUCH CTIeINATbHBIE
ITKOJIBL.
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OCHOBHOM HMHCTPYMEHT AJisl paboThl C JIO30H — OCTpBIH
HOX. HeoOxoauMel OyayT Takke HOKHHUIIBI C OCTPHIMHU KOH-
uamu (A7 6epecTsl), U0 M KUSIHKA.

Marepuain — CTONSPHBIN, Ka3€MHOBBIN UM YHUBEPCAJIBHBIN
KJIeM Ui CKpeIUIeHUs KOHIIOB H3JeNus U3 JIO3bl, a TaK XKe
TOHKasl POBOJIOKA, MEJIKME TBO3U U HUTKH.

[Inerenne u3 no3bl, KaK W JHOO0H Apyrod TpaaULIMOHHBIMI
MpoMEBICceN, TpeOyeTr IONroro TepreHus u mactepctBa. Kop-
3UHKH ¥ APYTHE U3IETHs Yallle BCEro IUIEeTyT U3 MOJIOBIX IT0-
OeroB MBI, pacTyllei mo oeperam pek u o3zep. CaMble ruOKue
U ynoOHble Ui paboThl — MOOETH WBbBI, CPE3aHHbIE PaHHEH
BECHOMH, KaK TOJIBKO COMAET CHEr. B 3TO Bpems U cienyer ux
3aroToBUTh. MOXKXHO, KOHEYHO, MOJI30BAThCSA JUIS TUIETEHUS U
MIPYTBSIMHU, CPE3AaHHBIMU B JAPYroe BpeMs roja, HO OHH MEHee
rubku. Cpe3aroT NpyThsl OCTPHIM HOKOM, KaK MOXKHO OJIHKe K
3eMJIe, CHU3Y BBEPX «HA YC».

CpesaHHBIC BECHON CBEXHE IMOOETH OTIMYHO THYTCS Oe3
npenBapuTenbHoi  00paboTku. OpHAKO IOCIIE TPOIOIKH-
TEJIHOTO XpaHEHUs] UX TpeOyercs mepel IUIETEHHEM BBIMO-
YUTh U PACHAPHUTH, YTOOBL CNIEAATh THOKUMH W 3JaCTHIHBIMHU.
Takas xe 00paboTKa HY)XHa M Ui TIPYTHhEB, CPE3aHHBIX Jie-
TOM, OCEHBIO WJIM 3UMOW: UX BBIMAUUBAIOT Cpa3y IOCIE CPe3-
KH.

[IpyThs yKIagpIBalOT B KOPBITO MM B OOUKY W 3aJIUBAIOT
BOJI0M. BriMaunBanue npogomxaerca ot 5 10 15 nuel — B 3a-
BHCHUMOCTH OT TOTO, KaK J0JIr0 XPaHWINCh Cpe3aHHbIe To0eru
1 HacKOJIbKO OHHU BBICOXJIM. Bomy B KopbiTe nim Oouke Bpems
OT BPEMEHH MEHSIOT. JIeToM 7103y MOXKHO YJIOXKHUTH AJISI BbI-
MauMBaHUs B pyded WM B PEKy B MEJIKOM MeCTe Bo3je Oepe-
ra, NpUAaBUB NPYThs KAMHSIMH.

BbiMoueHHBIE IPYThA CTaHYT elle 0ojee THOKUMH, €CIH UX
[I0CJIE 3TOT0 PAacHapuTh B I€YU WIN MPOKUISTUTH HA CIaboM
orge. J7si KUMAYEHUS NPYThsl YKIAAbIBAIOT B METAJUINYECKOE
OLIMHKOBAHHOE KOPBITO MU B OaK A7 Oerbsi, 3aJIMBAtOT BOJON
U NPUKPBIBAIOT, 3aTEM, CHSIB TMOKYIO O€IIyI0 KOpY, COPTUPYIOT
ee 0 JUIMHE U JUaMeTpy. A TOTOM CHOBa BBIMauMBaIOT, TaK
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KaK IUJIECTH MOYKHO TOJBKO M3 BIIaXKHOro marepuaina. Jlozoi
OOBIYHO OIUIETAIOT 3apaHee 3aroTOBJICHHBIN KapKac — TOXE U3
WBOBOI JpEBECHHBI. Y OINBITHBIX MAcTE€pOB, (paHTa3Hs KOTO-
pBIX Oe3rpaHuyHa, Ja’ke Ha OCHOBE OHOTO U TOTO e mabio-
Ha MOT'YT MOJIY4YHUTHCS JBa COBEPILIEHHO Pa3HbIX MpeaMeTa.

Onuily mpueMsl IUJIETEHUs] U3 MPYThEB Ha MpUMeEpe IBYX
KOP3WH pa3IuyHON (OPMBI: KPYTIOH U HIITHHIPUIESCKOM.

Kpyrnyto kop3uny muieryr Tak. IlombuparoT aBa mpyta
OJIMHAKOBOM TOJIIMHEI IO BCEH ITMHE (TOHKHE BEPIIUHBI Cpe-
3ar0T). JMHa MpyThEB 3aBUCHUT OT JKENAeMOM BETMYUHBI KOp-
3uHbl. OHa MOXET OBITh, Hampumep, auamerpom 50..60 caH-
TUMeTpoB. M3 mpyTheB crubator oOpyun. Ya00HEe BCero 3To
clleNaTh, BOCIOJNB30BABIIMCH B KaueCcTBE HIA0JIIOHA TOJCTHIM
KpYyIJIbIM ITIOJICHOM, ITHEM, OOYOHKOM H T.O. KOHHBI IIPYTHEB
CpPE3aroT HAMCKOCOK — «Ha YC» — M CKPEIUIAIOT TOHKUMH T'BO3-
ISIMA WU TIPOBONIOKON. OmuH 00pyd BCTaBISIOT BO BTOPOMU
IOl IPSIMBIM YTJIOM HaKpEeCT M B MECTaX CKPEIIUBaHUS OILIe-
TAIOT MATH-IIIECTh Pa3 TOHKHUM IPYTOM. | OpH30HTaNBHBIN 00-
py4 Oyner 60pToM KOP3WHBI, HIDKHSS YaCTh BEPTUKAIHHOTO —
OCHOBOMH JIHA, a BEPXHSIS — PYUYKOM.

Hapesaror 4 w6 IpyTheB BABOEC MEHBINICH IIMHBI, YeM
Te, U3 KOTOPHIX cHeNaHbl 00pydr. KOHIBI IPYTHEB 320CTPSIIOT
JIOTIaTOYKaMU. DTHUMHU KOHIIAMH MPYThs 3aKPEIUIAIOT B MECTax
CKpEIMBaHU 00pyUeil: Mpo/eBalOT 3a0CTPEHHBIE KOHIIBI IO
CKpPETUISIoNIyI0 00py4un ormerky. J[Ba wim Tpu mpyra ycra-
HAaBJIMBAIOT -TaKUM 00pa3oM HIDKE OOpTa ¢ OTHOW CTOPOHBI
OCHOBBI, CTOJIBKO € MPYThEB — C IPYrod CTOPOHBI. 3aKpen-
JICHHBIE TIPYThs, KOTOPHIE HA3bIBAIOT CTOSKAMH, W3THOAIOTCA
TOTYKPYTIBIMU TyTaMHU.

CrhenaB kapkac KOp3WHBI, HAaUMHAIOT 1iecTu ee. KoHer ToH-
KOr0 TIpyTa TPHICPKUBAIOT CHAPY)KA Y OCHOBBI, 3arv0aroT
BHYTPB KOP3WHBI HAJ[ HYDKHAM CTOSIKOM, BBIBOJISIT CHOBA HAPYXKY,
HaJT CIIEAYIONIMM CTOSIKOM 3aru0aroT CHOBa BHYTPSH U T. 1. [IpyT
OrudaeT CTOSIKM MOOYEPETHO TO C OJTHOM, TO C IPYroi CTOPOHBI U
[IOATOMY TIPOYHO JEPXKUTCS Mexny Humu. Ha Oopty mpyT cru-
0aloT M MPOJIOIDKAOT TUIETEHNEe CBepXY BHU3. J[OWIs 1O OCHOBBI,
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CHOBa Cru0aroT U BeIyT CHU3Y BBepX. /|Ba coceHuX mpyra oru-
0aroT KaXIbIi CTOSIK C MPOTHBOIMOIIOXKHBIX cTOpOoH. Korna npyt
KOHYAeTCs, KOHELl ero 00pe3atoT y OAHOTO M3 CTOSKOB «HA YC»,
MIPUKIIAJIBIBAIOT K CPE3y HOBOT'O MPYyTa U MPOAOIDKAIOT TUIETEHHE.
CpaumBath MPyThs CIICAYET HE Y OCHOBBI M HE y OOPTOB KOpP3H-
HBI, 2 B TPOMEKYTKAX MKy HUMHU.

Pucynok 1 — IliereHue KOp3uH U3 JIO3bI

Tax oreratoT Bech KapKac KOpP3UHBIL.

Hunmmaaprueckyro KOp3UHY Ut coopa kaproders, OBOIIeH
1 (PYKTOB IIETYT HHAYE.

OCHOBY M CTOSIKM KOP3WHBI JIENAIOT W3 OJHUX M TeX XKe
JUTMHHBIX TPYTheB. UHMCI0 WX TOIDKHO OBITH YETHBIM: 6, 8 MIH
Oonblie — B 3aBUCHMOCTH OT BEIMYMHBI KOP3WHBL [IpyThs
CKJIaJIBIBAIOT BEEPOM HAKpPECT, B MECTE MepeceUeHUs IepeBs-
3BIBAIOT TOHKHUM TPYTOM. B mepeBsizn 3aKperuisitoT 3a0CTpeH-
HOIl JIOMAaTOYKOM KOHEL JJIMHHOIO MpyTa U IUIETYT JHO KOp-
3WHBI TI0 KPYTY, MPOMYCKas 3TOT MPYT HOOYEPETHO CBEPXY U
CHU3Y MIPYTHEB OCHOBEHI.

Korna crieryt mHO HYXHBIX pa3MepoB, CBOOOIHBIE KOHIIBI
MIPYTHEB OCHOBHI OTTHOatoT kBepxy. [lomywarorcs crosiku. Ilo
HUM TUIETYT CTEHKH KOP3WHBI TOPU30HTAIBHO, TI0 KPYTY U TaK,
4TOOBI KOp3WHA TIOCTEIIEHHO pacIIupsiiach KBepxy. Jlonms
MPUOTU3UTEIHHO 10 MOJOBUHBI BHICOTHI, B TUIETEHHE BCTaB-
JITFOT KOHITBI COTHYTHIX TIOMOJaM MPYyTheB. JTO pydku. Kaxk-
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Jlasi pydka cocTOUT u3 3-4 mpyTheB. 3aTeM MPOAOIKAIOT ILIe-
TEHHE CTEHOK JOBEpXy. BOPT KOp3MHBI M PYYKH OIUIETAIOT
TOHKUM TIPYTOM.

Bo Bpems mieTeHus NpyThs NPUCTYKUBAKOT KUSHKOM, YTO-
OBl OHU TECHEE JICTJIU JAPYT K APYTY.

Takumu ke npueMamMu IOJIB3YHOTCS IPU IUIETEHUU JPYIHX
BEILIEH.

Wznenust n3 10361 MPaKTHYHBI B TPUMEHEHUH, YIOOHBI, 3C-
TCTUYHBI, IMMO3TOMY HE€ YTpAaTWIIM MOIYJIAPHOCTU KW B HAIIC
Bpemsi. [Ipu OepekHOM OTHOLIEHHHM OHHW MOTYT TPOCITYKHTh
6omnee 20 ner. Kpome Toro, Mmebenb U Apyrue U3Aenus U3 J03bI
HUMCIOT HpHHTHLIﬁ 3amax, MnpuaaroT UHTEPLEPY JICTKOCTH U
N3A1IIECTBO. TexHuka MIETEeHHUS ITO3BOISAET I/I36eI‘aTB OCTPEBIX
YIJIOB, CO3/laBaTh OOTEKaeMble, IUIAaBHO HM3BHBarouiuecs: Gop-
MBI. A CTOMKOCTh K BJIare W BBICOKAM TEMIIEpaTypaM I103BO-
JIIeT IPUMEHSATH €€ TakKe B cayHaX W OacceiiHax. Criennanu-
CTBI YTBEPXKJAIOT, YTO MO MPOYHOCTH MeOedb W3 JIO3bl HE
ycTymaer 1yO0OBO.
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SAINMTHBIE NIOKPBITUS
OT BBICOKOTEMIIEPATYPHOM I'A30BOM
KOPPO3UMU JIOMATOK OCEBOI'O KOMITPECCOPA
B ABUACTPOEHUH

BHTY, 2. Mumnck,
Hayunviii pyxosooumens: Opnosa E.11.

JlomaTtku oceBoro KOMIIpECCOpa MU3rOTAaBJIMBAKOT W3 HUKEIIC-
BbIX JKAapPOIIPOYHBIX CILUIaBOB. O,I[HaKO 3TH CIUIaBBI HE 0OECIIeUH-
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BAalOT JOCTaTOYHOW CTOMKOCTM K BO3JECHCTBUIO arpecCUBHOU
Cpeibl Ta30BOr0 MOTOKA JBUraTeist. B ra3oBoii cpene comepikar-
Csl arpecCUBHBIC KOMITOHEHTHI, BBI3BIBAIOIIME OOpa30BaHUC HA
MIOBEPXHOCTH JIOMATOK COJIEBOTO OCAJKa M PE3KOe YBEIUYCHUE
CKOPOCTH pa3pyIICHUs TIOBEPXHOCTHOI'O CIIOSl MeTasuia. ['a30BbIe
TYpOMHBI HEPEIKO padOTarOT Ha TOIUIMBE, COMEPIKAIIEM ITOBBI-
[ICHHYIO KOHIICHTPAIIUIO CEPBI, YTO MPUBOIUT K MOCTCIICHHOMY
HAaKOILJICHUIO Ha TIOBEPXHOCTH JIOMATOK OCAKa COJIM M MpOTEeKa-
HUIO CyNIb(GUIHON KOoppo3uu. B cocTaBe TOIUIMB HEPENKO MpH-
CYTCTBYET BaHA/IWH, JICTKOIJIABKUE OKCHJIBI KOTOPOT'O BBI3HIBAIOT
paspyIlieHre MOBEPXHOCTHOTO CJIOsI JIOMATOK Ta30BbIX TYpPOWH.
BricokoremMiiepaTypHOE OKHCIICHHE KAPOIPOYHBIX HHUKEICBBIX
CIIABOB B COUCTAHHMHU C CYJb(MHIHON U BaHAJUCBOW KOPPO3HEH,
a TaKKe IPO3UEH CYITIECTBEHHO OTPAaHUIMBAIOT PECYPC JIOMATOK.
[IprmMeHeHre 3a0MTHBIX MOKPBHITHIT TIO3BOJISIET YBEIHMYUTH pe-
cypc momnaTok B 3..5 pa3. DddeKT 1oCTUraeres MpaBIbHBIM BbI-
0OOpOM TEXHOJIOTHH M XUMHUYECKOT'0 COCTaBa MOKPHITHIA IPHUMeE-
HUTEIFHO K KOHKPETHBIM YCIOBHSIM OKCIUTyaTallid T'a30BBIX
TypOuH.

Ha nonatkax ra3oBBIX TYpOMH IIMPOKO MPUMEHSIOT JBE
TPYIIBI TOKPBITHH — M} Y3NOHHBIE U KOH/ICHCAIOHHEIE.

Juddy3roHHBIe TTOKPBITHS TMOMY4YalOT KOHTAKTHBIM HITH
OECKOHTaKTHBIM CITOCOOaMH B MOPOIIKOBBIX CMECSX C IOMO-
LB IUIMKEPOB WK B FA30BOU cpene, coaeprKalel Hachlma-
IOIIME DIEMEHTHI (aTUTHPOBAHUE, XPOMHUPOBAHHUE, KOOAIBTH-
pOBaHUE, XPOMOATUTHPOBAHUE W Np.). [loMOKHTETBHEIN 3¢-
(bexT maer Mcroiap30BaHUE ABYXCTAIMIHBIX TEXHOJOTHH, KO-
I/1a Ha TIEPBON CTaIMU OCAXKIAIOT HUKENb, KOOAJIhT, XpOM, a
3aTeM TPOBOJAT AJUTHPOBAHHE WM XPOMOAITUTHPOBAHIE.
Takve TexHONIOrMH 00ECTIEUNBAIOT PEATU3AINI0 KOMITJIEKCHO-
ro JISTHPOBAHWS IMOBEPXHOCTHOTO CJOS JIOIATOK HACKHIIIA0-
OMMH dJIEMeHTaMd. BaxkaelmmM npenMyiectBoM auddysu-
OHHBIX TTOKPBITHH SIBISIETCS BO3SMOXXHOCTH 3aIITUTHI OT Ta30BOI
KOPPO3WH TPYAHOJOCTYITHBIX TOBEPXHOCTEH OXJIaXkKIaEeMbIX
JIOTIATOK Ta30BbIX TypOWH (TIOJOCTH, IIENH, KAHAIBI OTBEPCTHS
niepdopanmn)
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KonpencannoHHsle TOKPBITHS TOMYYAIOT CIOCO0aMH IIIa3-
MEHHOI'0, BaKyyMHO-TJIa3MEHHOIO, MAarHETPOHHOTO WM 3JIEeK-
TPOHHO-JTyYEBOI'0 HAIMBUICHUS U3 CIMTKOB WJIM OPHKETOB, MPE/-
CTaBISIONIMX COOOM METaUTMYECKHUE CIUIaBbI Ul TOKPBITHH,
Hampumep, cmiaBbl cuctem Ni-Cr-Al-Y (CAI1-2), Al-Si-Y
(BCAII-11), Ni-Cr-Al-Ta-W-Hf-Y (CAIT-TBI) u mp.

[Tpumensiembie TOKPBITHS OOBIYHO (HOPMHUPYIOTCS HA OCHO-
Be aJIOMHHHWIOB HHUKeNS WM KoOanbTa. basoBoll cucTemoit
BBICOKOTEMITEPATyPHBIX TOKPBITHIA siBisercs cucrema Me-Cr-
Al, rne B kauectBe Me ucnonb3ytor Ni, Co. Jlerupyromime
3JIEMEHTHI B MOKPBITUAX MOXHO Pa3leNuTh Ha TPU OCHOBHBIE
TPYIIIBL:

° 3JICMCHTBI, (l)OpMI/IpyIOH_lI/Ie 3aIlIUTHYIO OKCUAHYIO l'[J'IéHKy
(Al, Cr, Si);

. 3JIEMEHTBI, TOPMO3SIIIHe TU(PDY3HOHHBIC MTPOIECCHI B Ca-
MOM TIOKpBITHH ¥ B AnudQy3noHHOI nape «ciuiaB-niokpeitie» (Ta,
Re, W);

) MHUKPOJIETHPYIOIINE 3TEeMEHTBL, YIydLIAfoIe aAre3uro
OKCH/IHOM TUIEHKH 1ipu Ta3oBoit kopposuu (Y, Ce, La, Hf, Si).

K BpeaHBIM npUMeECsIM B HOKPBITUSIX OTHOCATCSI KUCIIOPOLL,
a30T, KaJlblUii, cepa, KOTOPhIe MOT'YT IOCTYNAaTh B MOKPBITHS
U3 Pa3IMYHOrO poJa OTIOKEHHUM, HaKaIlJIMBAIOLIUXCA Ha I10-
BEPXHOCTH JIONATOK B IIPOLIECCE IKCILTyaTalHH.

HoBbiM HanpaBiieHHEM, aKTUBHO Pa3BHUBAIOIIMMCS B IIO-
CllefIHee AECSITUIIETHE, SIBIISICTCS CO3JaHHME MHOTOKOMIIOHEHT-
HBIX KOMIIO3UIMH BBICOKOTEMIIEPAaTYPHBIX IMOKPHITUH Ha 0a3e
COBMECTHOI'O IpuMeHeHUs! Au(p(y3HOHHOTO M KOHIEHCAIlM-
OHHOTI'0.CIIOCO00B.

KonnencanuonHo-nu¢ $y3MoHHBIE MOKPBITUSL OTHOCSTCS K
HOBOMY KJaccy KOMOMHHMPOBAHHBIX 3aIUTHBIX IOKPBITHH.
CoBMECTHOE HCIIOJIB30BAHME [BYX TEXHOJOTHH IT03BOJISIET
YCIIENTHO pemaTh MPOOIEMbl YBEMWYEHHS paboTOCIIOCOOHO-
CTH KapOCTOMKHUX MOKPBHITUNA MpU TEMIIepaTypax Ha MeTajie
BII0THE 10 1200°C myTéM BBENEHHS B OKPBITUS TYTOIJIABKUX
metaiioB (Ta, Re, W), addexruBHO TOpMOzsmmx nuddysu-
OHHOE «paccacblBaHHE) MOKPBITHS HA TPAHUIIE CO CIJIABOM H
BBIMOJIHAIOMNX poib Iuddy3nonHoro dapbepa. [Ipumenenue

112



a1 dy3uoHHOrO crocoba pemaet mpu 3TOM IpodiieMy 3aliu-
Tl BHYTPEHHHX TMOJIOCTEH Ha JIoNaTKax TypOuH.

Tanrtan u Bonb(ppam SBISIOTCA BaXKHEHIIMMHU YIPOUYHSIIO-
[IMMHU 3JIEMEHTaMH B MOKpBITHH. KpemHul, radHuii, HTTpUit
o0ecIeunBaloT BBICOKYIO JIOJITOBEYHOCTh MOKPBITHS TP H30-
TEPMUYECKOM M IIUKIMYECKOM OKHCIeHUU. BBenenue tanTana
B TMOKPBITUEC OAHO3HAYHO IPHUBOJUT K IMOBBINICHUIO Kapo-
CTOMKOCTH TI0 cpaBHeHHIO ¢ MOKpbITHsiMua CIT-2 (Ni —ocHoBa;
Cr— 15-17 %; Al —7,5-10,5 %; Y — 0,5-1,5 %), anutupoBaHu-
em win BCHII-11 (Al — ocHoBa; Si — 5,2 %; Y — 1,65 %) B
gactHOocTH Ha criaBax JKC6OY u XKC32 mpu temmeparypax
1100 °C u 1150 °C. Tomumna cnos CJIT-TBI' cocrtaBnser
0,030-0,040 mm.

[Ipu M3roTOBJIEHUU OTBEPCTHH mepdopamuii B OXJiaxiac-
MBIX JIONATKaxX HEpeAKO HaONIONaeTcs ITOBEPXHOCTHOE pac-
TpeckuBaHue (pparMeHTaIus), KOTOPOE CHIKAECT HAICKHOCTD
W SIBISETCS TPUYMHON OTOPaKOBKH J€Tasieil, TOPMO3UT BO3-
MOXHOCTb YBCIIMYCHUA pECypcCa JIOMATOK II0 XapaKTECPUCTU-
KaM JKapoIpOYHOCTH CIUIABOB, IIPUMEHSAEMBIX Ul U3TOTOBJIE-
HUS JIONIATOK.

MexaHusM pa3pyluieHUsi METAIJIOB IIPU COJIEBOM KOPPO3UU
OOBIYHO CBSI3BIBAIOT C (DIIFOCOBaHMEM OKCHAOB. UeM MeHbIle
CKOpPOCTb ()IFOCOBAHUS OKCHUIOB, TE€M BBILIE JOJIIOBEYHOCTH
JIOMTaTOK TypOuHbI. Hanbosee mepcrneKTHBHONW B Ka4ecTBE OC-
HOBBI AJIs1 Pa3pabOTKU M COBEPILIEHCTBOBAHUS 3aLIUTHBIX CHU-
CTeM Ha JIONATKaX Ta3oBBIX TYpOWH, pabOTaromuX Ha 3arps3-
HEHHBIX COpPTax TOIJIMBA, SIBJISIETCS MATUKOMIIOHEHTHAs CH-
crema Ni-Co-Cr-Al-Y [10, 11]. OnTuManbHOe cOYeTaHne BhI-
COKOHM JKapOCTOMKOCTH, XOpomied (a30BOi U CTPYKTYpHOH
CTa0MJIBHOCTH JIOCTHTAaeTCsl MPU HCIOIb30BAHUU B KAaueCTBE
MOKPBITUH CIUIABOB HAa HUKEJIEBOW OCHOBE, COAEpPMALIUX KO-
6ampTa 12-20 %, xpoma 17-20 %, amomunus 9,5-10,5 %.

HcnpiTanus Ha coieByr0 KOppo3uro npu Temieparype 900
°C o pa3paboTaHHOW aBTOpaMU METOIMKE MTOKa3ajy, YTO ajlu-
THUPOBaHHBIE 00pa3Lbl UMEIOT CPOK ciyxObl He Oonee 100 u,
XpOMOAIMTHPOBaHHbIE — He Oostee 150 4, KoOaIBTXPOMOATNTH-
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poBannbie — 10 250 4. Hanbonee BBICOKYIO CTOMKOCTB K coJie-
BOM KOpPPO3UM TOKa3adu 00pasibl ¢ KOMOWHMPOBAHHBIM I10-
KpBITUEM, MOIYYCHHBIM HambUieHueM ciosi ciaBa CHII-TBI'
tontuHoN 0,04 MM UM MOCIEAYIONINM XPOMOAIUTHPOBAHUEM —
10 400 4.
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ITaBnenoBa B.A.
DDPDPEKTUBHAS HOHHASI OBPABOTKA
OIITUNYECKUX MATEPHUAJIOB B BAKYYME
C UCITIOJBb30BAHUEM BBICOKOYACTOTHOI'O
CETOYHOI'O JIEKTPOJA

BHTY, o. Munck
Hayunwiii pyxosooumens: @edopyes B.A.

B mnocnennue pecstunerne B mpruOOpPO- M MANIMHOCTPOE-
HUU Bce Ooblliee MPUMEHEHNE HAXOSIT Pa3HbIe METOIbl HOH-
HOH 00pabOTKKM MaTepuajoB, CPeld KOTOPhIX Hanbosee 3¢-
(heKTUBHBIM ABIIIETCS METOJ MOHHON 00pabOTKH C TOMOIIBIO
BBICOKOUacToTHOro (BY) cerodHoro anekrpoma, paspaboTaH-
HEIH eme B Havdaie 1970 1. B ['oCcymapcTBEHHOM ONTHYECKOM
nactutyte (T. Jleamarpan) [1].

Merop coderaer npocToTy U HajaexxHoCcTh BU pacnbuieHus
C BO3MOXHOCTBIO 00pabOTKH ONTHYECKHUX JETalled CIOXKHOU
KoH(purypanmum M pasMepoB. Cxema YCTAaHOBKH IS WOHHOU
00pabOTKH MUAIEKTPUKOB ¢ momombsio BU cerounoro smek-
TpoJa NOKa3aHa Ha pUCYHKe 1.

B omnnumne ot npyrux u3BecTHBIX MeToqoB BY pacmbuie-
HUS B AaHHOW cxeme BY HampspkeHue mojaercst He Ha JeTalb,
a Ha CETOYHBIA 3JIEKTPOJl U3 MPOBOAAIIETO MaTepHaia, KOTo-
perii mogrodeH Kk BU renepatopy uepe3 emkocth. OOpaba-
TbIBaeMasl JETanb YCTaHABIMBAETCS HEIOCPEACTBEHHO 3a
anektpogoM. [Ipm ompenmeneHHOM naBieHWH paboOvero rasa
Mexy BU anexkTponoM U 3a3eMIIEHHBIM aHOIOM 3 BO3HHKAET
ra3oBblil paspsan. llpu oTpumatenbHOM HaNpsHKEHWH HA DJIEK-
TPOIe MOHBI BBITATUBAIOTCS M3 IIa3MBI pa3psiaa u dombapan-
PYIOT BJIEKTPOI U TUAIIEKTPUUIECKYIO JI€Tallb, IPOJIeTasi CKBO3b
cerky. [Ipu MonoXuTensHOM HaNPSHKEHUH JIEKTPOM U JIETalb
0OMOapAMPYIOTCS DIIEKTPOHAMH, KOTOPhIe CHUMAIOT HaBe/ICH-
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HBIW TIOJIOKUTENbHBINA 3apsn. Takke kak ¥ npu o0brvHOM BY
pacmbuieHnH, 6Jaroaapsi BICOKOH MOABUKHOCTH 3JIEKTPOHOB,
MIOJIOKUTENIBHOE HAIPSHKEHUE HA DJIEKTPOJE INPAKTHUYECKU
OJIM3KO K HYJIIO.
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Pucynok 1 — Cxema TIoIKOIITIAaYHON apMaTypHI:
1 — BakyymHas kamepa; 2 — qeprkarens oopasna; 3 — obpa-
3eir; 4 — BY ceTouHBIi 27IeKTPOI; 5 — KaTyIIKH | enbMronbia;
6 — pa3nenuTENnbHbI KOHAEHCATOP

BaxueilimumM snemMenToM naHHOM cxeMbl BU pacnbuieHus
SIBJISIETCS CETOYHOM AnekTpoi. KoHcTpykius anekrpoaa, Kak
TTOKa3aJIi, DKCIICPUMEHTEHI, OIpeeiseT He TOIbKO 3P eKTHB-
HOCTh, HO ¥ BO3MO)XHOCTH MOHHOH O0OpaOOTKH AMDIIEKTPHUC-
ckoit meranu. B mpomecce paGoTHI ceTKa MOABEPracTCs MOH-
HOW W 3JEKTPOHHOW OOMOApAMPOBKE, B PE3YIIbTATE YETO IMPO-
HCXOJNT €e pacibuieHue u HarpeB. CleqoBaTebHO, MaTeprual
CEeTKH JO0JDKEH UMETh HeOOIBIION KO3 (UIINEHT pacTbLUICHUS,
OBITh TEPMOCTOWKHM, a KOHCTPYKIHS OJJIEKTPOJa IOJDKHA
00ecTeunTh CoXpaHeHne ero GopMbI TPy HarpeBe.

OKCIIepUMEHTHI TTOKA3aJIH, YTO HarboIee yIauHoN OKa3anach
CETKa, COCTaBIIEHHAS U3 METANTMYECKUX TUIACTUH MIMPUHON 2—4
MM 1 TommuHon 0,3—0,5 MM (pUCYHOK 2).
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Pucynok 2 — Konerpyk- Pucynok 3 — Pacnipenenenue
uwust BY cerounoro chéMa MaTepuaia oopasiia
3JIeKTpoJa: MEXTy MJIaCTHHAMH 3JIEKTPOoa
1 — mmacTUHEI 3JIEKTPOJA; IIPH PA3JINYHBIX PACCTOAHUAX
2 — oboiima anekTposa; 3 — MEXTY
3a3eMJIEHHBIN SKpaH MJIACTUHAMMU:
a — MeHee 3 MM; 6 — 3 MM; 6
— 6onee 3 MM

B xadecTBe MaTepuajia CeIKM HCIIONIB30BAJICSI HUKENb, MO-
mbneH, Ta”tan. IlnacTuHel CBOOONHO Kpemuiuch B Ia3ax
JepKaTeas, 4YTO ~00eCHeunsIo IOJHOE COXpaHeHHe (OpMbI
3JIEKTpOJa NP HarpeBe u ero xecrkocts. Kpome toro, Taxas
KOHCTPYKLMSI 00ECIeYrBaeT XOPOUIMK TEMJIO0TBOX OT IUIa-
CTHH, HA MACCUBHBII ep)KaTelb CETKH.

IIpu ucnonb3oBanuu BY snekrpona, cocTosiiero u3 Iia-
CTHH, YCTAaHOBJIEHO, YTO CKOPOCTb PACIIBUICHUS JIEKTPOAA OTHO-
CUTEINBFHO Maja. Pacmpuisercs, B OCHOBHOM, TOpLIOBasi I'PaHb
IUIACTHH, B TO BpeMsI KaKk OOKOBBIE I'PaHU PACIbULIIOTCS HE3HA-
quTenbHo. Kak nmokasanu u3MepeHus: pa3MepoB IUIACTHH IIOCIE
1000 g paboTh1, GOKOBBIE TPAHU PACIIBUISIOTCS HA MOPSIIOK MEI-
JieHHee TopuoB. CiemyeT OTMETUTh, YTO CETKA U3 HANPSHKEHHOM
METaJUTMYECKON MPOBOIOKK BOOOIIE HEMPUToAHa ISl U3TOTOB-
nenns BY snekrposa, Tak Kak CKOPOCTh €€ PaCbUICHHS BBICOKA,
B TOM YHCIIE 3a CYET YIJIOBOM 3aBHCHMOCTH. B pesynbrare B
nporecce 00pabOTKH MPEBATMPYIOLIUM OKa3bIBAETCS HAHECEHUE
Ha JIeTaJlb PACTIbUIAEMOro MaTepraia CeTki. YToObl UCKITIOUHTD
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pacnbuieHHe HepaOourx YacTed dIIeKTpoa, AepiKaTelb IacTHH
U BCE TOKOHECYIIME 3JEMEHTBI 3aKIIOUEHbl B 3a3€MJICHHBIE
9KpaHblI.

ITockonbKy ra3oBelii paspsii B ONMCBIBAEMON CUCTEME IO~
JepKUBAeTcs 3a CYET 3JIEKTPOHHOM 3MHCCHUU W3 CETOYHOr O
9JIEKTpOJia, OKa3alloCh, YTO paspsn obmagaeT Oonblied cra-
OUIBHOCTHIO, YeM Tpu BY pacnbuieHUM IU3IEKTPUKOB. Dd-
(eKTHBHOCTh 00pabOTKH JAMAIEKTPUUYECKON JIETalu MIPH 3TOM
3aBUCHUT OT paccTOSIHMS Mexay miactuHamu. Ha pucynke 3
Moka3aH TpoduiIb cheMa MOBEPXHOCTH cTekina K8 mexmy
mwiactuHamMu BY snektponaa (Tommuna miactud — 0,5 MM, mm-
puHa — 4 mm, mHA — 120 MM, pa®oumnii ra3 — aproH, HanpsbKe-
Hue — 1,5 kB, mIoTHOCTH HOHHOTO TOKA — 2 2¢MMA) B 3aBUCH-
MOCTH OT PACCTOSIHUA MEXAY IJIacTHHaMu. MakcuMallbHbIN
ChEM MPH BCEX PACCTOSHHUSAX OCTABAJICS OAMHAKOBBIM IIPU
paBHOM BpeMeHH 00pabOoTKH.

[Ipn mampix (10 3 MM) pacCTOSHUSAX MEXAY IIaCTHHAMHU
MMeeT MECTO 3HAYMTENbHAs HKPAHHPOBKA MOHHOTO MOTOKA 3JIe-
MeHTamMu 3JekTpora. C yBEIMUEHWEM PACCTOSHHS MEXTy IUia-
CTUHAMHM «I1po3padyHocTh» BY aiekTpoaa pacTer npyu HEM3MEH-
HOW CKOPOCTH pachbUIeHus obpaszma. OmHako MpH pacCTOSHUH
Oonee 3 MM HayMHACTCS YMEHBINCHUE CKOPOCTH PaCIbUICHUS
[IEHTPAJTLHON dYacTh 00pasia, MpH JaTbHEHIIIEM YBETHICHUH
paccTOsIHUST M@Ky IUIACTHHAME YYacTOK JETald B IIEHTPE BO-
obme 6ombapaupoBatecst He Oymer. st addexTnBHOCTH pado-
eI BU anekTpona ciemyer BRIOMpaTh ONTUMAIIBHOE PaCCTOSHHE
MEXIy IUIacTHHAMH. B paccMaTpruBaeMoM Cydae OHO COCTaBIIS-
er 3 MM. DhHeKTUBHOCTH PabOTHI AIEKTPOAA B TUTAHE ONTHMH-
3alU¥ KOHCTPYKIIMH HE 3aBUCUT OT HAIPsDKEHUS B mipeaenax 1—4
kB, motHoct ToKa 1-4 2cmmA, maccesl moHoB ot 20 1o 130 a.e.
IMMupuna miactuH B npegenax 2—4 MM He BIIUSIET Ha «IIpo3pay-
HOCTB» 3JIEKTPO/a, T.. He M3MEHSET IUIOTHOCTh MOHHOTO TOKA.
YBenuueHue TOMMWHBI IUIACTHH TIPHBOIUT K YMEHBIIICHUIO
«TPO3pavHOCTH» 3JIEKTPO/A, YTO MOXXHO HWCIIOIB30BATh LIS
yIIpaBJIeHHUs] CbeMOM ITOBEPXHOCTH 00padaThiBaeMOii AeTallH.
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Takum oOpa3om, onTHManbHbIE KOHCTPYKTHUBHBIE Tapa-
Merpsl BU ceroyHOro snekTpona: MIMpPHHA IDIACTHH — 4 MM,
paccTosiHue MEXAY MUIaCTHHAMHU — 3 MM, TOJILIMHA TJIACTUH —
0,5 MM, MaTepuan IJIACTMH — MOJHOACH. DJEKTPOJ TaKOi
KOHCTPYKIIMH, B OCHOBHOM, HCIIONB30BaJICS MPHU pa3paboTKe
TEXHOJIOTUU BBICOKOTOUHON pa3MepHON 0OpabOTKH W HOHHOU
perymm.

JIMTEPATYPA
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B.W. Bonoukos. — M.: [THUU undopm., 1983.

3. Mumnep, B.T. TexHomnorus v3roToBIeHUsT MPEHN3HOH-
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VI]IK 621.762
Ilerrommk T.E.
METOIUKA ITJIAHUPOBAHMUSI
9KCIIEPUMEHTA
IPU PABPABOTKE HU3KOTEMIIEPATYPHOM
HAHOCTPYKTYPHON KEPAMUKHN HA OCHOBE
ITIAII-2 1 SBA-15

BHTY, 2. Munck

Pazpabomana mampuya nnanuposanust sxcnepumenma npu
onpeoeneHuy 3a8UCUMOCIU NPOYHOCIU MAMepUana om coom-
HOUWleHUsT 00beM08 €20 KOMHOHEHMO8 U pasmMepos uacmuy
HanoIHumersi.

Hutencndukanys paboT 1mo cCo3IaHUIO IFOOBIX 00bEKTOB HO-
BOI TEXHUKHU TpeOyeT COKpAILEHHs] BPEMEHH MPOBEICHUS IKCITe-
PHUMEHTAIBHBIX HAYYHBIX HCCIEIOBAHUH MPH 00ECIICYCHHH BbI-
COKOH JTOCTOBEPHOCTH ITOTy9aeMbIX PE3yJIbTaToB.
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OCHOBHOH W TIEpBOHAYAIILHOW 3a7aueii padoThl OBLIO OIpe-
JICTIeHNEe ONTUMATBHOTO COOTHOIICHUSI 00BEMOB aJTIOMHUHHEBON
myapst [TAIT-2 u copbenra SBA-15 st momydyenus: matepuana ¢
MaKCUMAJILHBIMU TIPOYHOCTBIO U KO (HUIIMEHTOM ITPOHUIIAEMO-
CTH. DKCIIEpUMEHTAJIBHO 3TOT Ipoliecc He YPPEKTUBEH: 3aHUMa~
€T MHOTO BpeMeHH H TpeOyeT OONBIIOr0 pacxoga MarepHaa.
Jnst pemieHust 3TUX MpodiieM TIPUMEHSUTH METO/] TUIAHUPOBAHUS
JKCIIEPUMEHTA.

[lmaHupoBaHne JKCIIEPUMEHTa — 3TO TMpolenypa BbiOopa
qyuciia u YCJ'IOBI/Iﬁ IMPOBCACHNA OIILITOB, HeO6XOILI/IMI)IX n no-
CTaTOYHBIX JJIs PEIICHUS TOCTABJICHHOM 3aJa4yu ¢ TpedyeMoit
TOYHOCTEIO.

31ech CyIecTBEHHO cieaytoniee:

® CTPEMJICHUE K MUHUMU3AIIUU O6H_ICFO YHCJia OIIBITOB,

® OJIHOBPEMEHHOE BapbHPOBAHUE BCEMH IEPEMEHHBIMH,
ONPEENSIIOIIMMU TIPOIIECC, 10 CTIEUANBHBIM TPaBUIIaM — aJiro-
puT™Mam;

® UCIIONBb30BaHME MAaTEMAaTHYECKOro ammapara, Gopmanu-
3yIOIIEr0 MHOTHE EHCTBUS 3KCIIEPIMEHTATOPA;

e BBIOOpP YETKOH CTpaTeruH, IMO3BOJIIONICH IPUHUMATh
000CHOBaHHBIC PEHICHUS MOCIE KaXI0H Cepun SKCIEepPHMEH-
TOB.

Ha mepBoii cTagwy IJIaHUPOBAHHS HEOOXOIMMO OIpeIe-
JWTH OTKIMK U QakTopsl SKcrepuMenTa. OTKINK — BBIXOAHAS
MepeMeHHasl, XapaKTepu3yIolasi CHCTEMY, H3yJ4aeMylo B JKC-
nepuMenTe, (akTop — BEIMYHMHA, XapaKTepH3yIomas TO WIH
HMHOE CBOMCTBO 00BEKTa. B paboTe OTKIMKOM SIBIIIETCS TPOY-
HOCTb, a (paKTOpaMH — COOTHOLIEHHE O00BEMOB IOPOIIKOB U
pasmep gactun SBA-15.

YroObl MMETh BO3MOXKHOCTh MOCTPOHMTH CTaHAAPTHYIO Op-
TOTOHAJBHYIO IUIAH-MaTpPHUIy AKCIIEPUMEHTa HEOOXO0AUMO
NPUMEHHUTh KOIMpOBaHHE (PaKTOPOB: MEPEBON HATYpaIbHBIX
(haktopos (pa3zmep yactuir SBA-15 u coorHomeHne o6beMOB
MIOPOIIKOB) B Oe3pa3MepHbIe BeMUUMHbI. [l mepeBoja Haty-
paJbHBIX BEIMYHH B KOJOBBIE X; 3aMOIHSIOT TaOIHIy KOAUPO-
BaHM NEPEMEHHBIX Ha JBYX YpOBHsX (Tabnmma 1). B kaue-
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CTBC HYJICBOI'O YpPOBHA (baKTOpOB BLI6I/IpaeM LHEHTP HMHTCpPBA-
Jia, B KOTOPOM IpcarojaraéM BECTU 3KCIICPUMCHT.

Tabnuia 1 — Konuposanue pakTopon

DaxTopbl
WuTepBain BappupOBaHUs U YpO- Coorromenue SBA- Pasmep
BEHb (PaKTOPOB 15/TIATI-2, % SBA-15,
MKM
Hynesoii yposens Xi=0 50 45
Wurepsan BapsupoBaHus i 49 55
HwxHuit yposens Xi= -1 1 10
BepxHuii ypoBenb Xi= +1 99 100
Konosoe o603HaueHue X1 X2

Br106op uHTEpBaNa BapbUpOBaHUs 00YCIOBIEH TEM, YTO OH
JIOJDKEH OBITh JIOCTATOYHO MaJyl JUIsS TMOJYYeHHs JUHEHHOIr O
ypaBHEHHsI, HO, BMECTE C TE€M, JOCTATOYHO BEIHK, 4TOOBI HE
MIOJIy4YUTh OIHI/I60‘IHOI'O BbIBOJIa O HE3HAYMMOM BJIMSAHHUHN Ka-
KOro-1u60 u3 (pakTopoB.

CBs13b MCXIAY KOAOBBIM H HATypaJIbHBIM BBIPAXXCHUEM
(haxTopa 3amaercs Gopmymnoit (1) [1].

N X=X,
S 1)

1

rae Xi — HaTypalbHOe 3HaueHue (pakTopa, Xjo — 3HaYCHHUE i- TO
(baxTopa Ha HYJIEBOM ypOBHE, Ol — HHTEpBAJI BapbUPOBAHHUS i-
ro ¢akropa.

B/ o0mem Buae 3aBHCHMOCTh YHCIIAa ONBITOB OT YHCIA
YpOBHEI PaKTOPOB UMEET BH/T

N = pk, (2)
rae N — 9uClIO OMBITOB; P — YMCIO ypoBHeH (akropos; k —
49mCcIo (pakTopoB.

YcnoBust 3KcriepuMeHTa ynoOHO 3amuchBaTh B BUJE Ta0-
JMIBI, KOTOPYIO HA3bIBAIOT MATPHIICH ITUIAHHMPOBAHUS SKCIIE-
pHMeEHTAa.

[TpuBeneHHbI TUIAH SKCIIEPHMEHTa MPENCTaBIAeT CO0O0M
pacIIMpeHHYI0 MaTpHIly, TaK KaK BBEIEH CTONOEI X1-X2, MO3-
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BOJISIFOIIIUH  OIICHUTh KOA((UIMEHT PErpecCHH TPU B3aUMO-
nercTBUH (HaKTOPOB.
3agauell W3MeEpeHHUs SBISETCS HE TONBKO OMpEleicHUe
3HAYEHUs CaMOW MU3MEPSEMON BEJIMUMHBI, HO U TAKXKE U OLIEH-
Ka TIOrPENTHOCTH, JOMYIIEHHON TIPH U3MEp CHHH.
Tabnuua 2 — MaTpuiia miiaHUpOBaHUs

No X IIpounocts, MIla

OIbITa 1 2 1¥X2 y ) y )
1 2 3 cp

1 + 2 y 2 y
1 1 1 2 1 3 2

2 - 4 ] 3 K

1 1 1

3 - 1 i 1 i
1 1 1 3,3 5 3,7 4

4 + 1 1 1 I
1 1 1 5 2 8 5

0 8 § 8 §

HpI/I OJUHAKOBOM YHUCJIC IMAPAUICIbHBIX OIIBITOB Ha KaX-
JIOM COUYCTaHHWU YpOBHEW '(PaKTOPOB HEOOXOIAMMO OIICHUTH
BOCTIPOHU3BOJIUMOCTD  TIPOIECCa, KOTOPBIN TMPOBEPSIETCS 10
kputeputo Koxnepa, ninu duirepa.

2
Su
— MAKC <
G n 2 - G(Oos’fn ’.ﬁl ) ! (3)
Su
u=1
rae
(0, -, f
2 pz=:l Fip ™ g
s, = : (4)
m-—1
p=1,2; M — 4YWCIO MAPAUIENBHBIX ONBITOB, 87/, 4xe

HauOOJbIAs M3 JUCIIEpCHd B cTpoukax ruiana; Gops; fnfu) —
TabnyHoe 3HaueHue Kputepusi Koxpena npu 5%-HOM ypoBHE
3HaYMMOCTH; fy=N — YKCIIO HE3aBUCHMBIX OLICHOK JHCIECPCHU;
f,=m-1 — gncno crenenel cBOOOABI KaXKI0U OLICHKH.
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Iporecc cuntaercsi BOCHPOU3BOAUMBIM, €CIIHA BBITOIHSCT-
cst HepaBeHcTBO (3). [Ipu 3TOM mucTepcHss BOCIIPOU3BOAUMO-
cty (ommbKa onbITa) onpeaensiercs mo Gopmyne (5)

n
2
28,
sy =21t (5)
n
B Hamem citydae mpoiecc BOCIPOU3BOIMM, TaK KaK 3Haue-
nue kputepus Koxpena G= 0,274, a Tabmuunoe Gops:
fn;f4)=0,7679.
ITpu >TOM aMCIIEpCHst BOCIIPOM3BOANMOCTH (OIIMOKA OITBI-

T2) Si =0,72.

Koadhdummentsr perpeccrn paccauThIBaIOT Mo (hopmynam (6-
8).

z yu.cp
by =4+ — - 6)
inu ] yu.cp
b= - 7)
Elxi“ i X *y”-cp
by =t — ®

Paccuntannble KO3(QOHUINEHTH PETPecCHH TPHBEACHBI B
Tabnuue 3.
Tabmua 3 — Koaddunments! perpeccun

Koad. perpeccun
1 bo 10,125
2 b1 -7,875
3 b2 -2,375
4 b1, 1,625

[lony4yeHHOE ypaBHEHHE PErpeccuu
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V=10,125-7,875x1-2,375x2+1,625x1x> 9)

[IpoBepka anekBaTHOCTH JTUHEHHOW MOJCITH BBITOIHSICTCS

¢ noMompio Kputepusi Ouiepa. AZeKBaTHOCTH 00OCHOBaHa,
€cIiu BbINoHsAeTcs HepaBeHcTBO (10).

2
Sao
= 2ad <
F S)Z/ B FiO'OSffaoffy ), (10)
rae
, Z(yu,cp —yu)2
5o, == , (11)

n—r-1

Yu — pacyeTHOe 3HaUCHUE OTKIIMKA B U-M OMBITE; F(0.05; far; fu) —
kputepuii Ouiepa npu 5%-HOM ypoBHE 3HAUUMOCTH; To=N-I-
1=4-2-1=1 — uKcno cTeneHel CBOOOMbI TUCIIEPCHH aICKBAT-
mocty; f;=4 — uncno cremeneit CBOGOIBI TUCIIEPCHU BOCIIPO-
n3BOIMMOTH. F(005;1;4y=7,7086.

B HameMm coydae MOIeNb afeKBaTHA, TakK Kak S%,=0, a,
caenosaTensHo, u F=0.

ITo manubIM Tabaum 1 1 2 ¢ momorpo Gopmysl (1) ypas-
Henus (9) mpuBeAeM K HATypalbHBIM ITEPEMEHHBIM.

c=10125—-7,875r —2,3750+1,625rm,
(12)

VYpasaernwne (12)orpakaer 3aBUCHMOCTh ITPOYHOCTH 00pa3-
1o (@) ot pasmepa vactui (SBA-15r) u ot cooTHOIIEHUS
KOMITIOHEHTOB ( (). I'paduyecku momyueHHas 3aBHCUMOCTD
MpEACTaBIICHA Ha PUCYHKeE 1.

U3 rpaduka BUmHO, YTO MaKCUMaJIbHAS! IPOYHOCTH MOTY4eH-
HOTO MaTrepuaja Jocturaercs mpu cootHomennn SBA-15/1TAIT-
2 paaom 1/10, a pa3zmep gactury SBA-15 B BEIOpaHHOM HHTEp-
BaJIe Pa3MepoB Ha MPOYHOCTH BIMSHUS MPAKTUYECKU HE OKa3bl-
BaeT. OmnpeneneHre onTUMaibHOrO pasmepa yactul SBA-15 B
COCTaBE KOMITO3UIIMOHHOTO MaTepHaja JOIKHO OCYIIECTBIISITHCS
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Pucynox 1 — 3aBucuMOCTh IPOYHOCTH OT pa3mepa gactuil SBA u co-
OTHOIIEHUS] 00HEMOB MOPOIIKOB

JUIsL IPYTOrO BBIXOJHOIO IMapaMerpa: Harpumep, COpOIMOHHON
€MKOCTU MaTepuara.

Takum 00pa3oM, MaTpHIla TUIAHUPOBAHKS COKpAIaeT Bpe-
MEHHBIC U MaTepUallbHBIC 3aTPAThl HA WCCICIOBAHUS, H TPHU
5TOM JaeT BO3MOXXHOCTh TPOBENICHHUS JETATBHOTO aHaju3a
BO3MOXKHBIX PE3yIhTATOB.

VIIK 543.25
[Imuruna A.A.
OIEPATUBHBIN AHAJIMTUYECKUI
KOHTPO.Ib COJIEPKAHHUS HOHOB TSIKEJbBIX
METAJLJIOB B TEXHOJIOTHYECKHUX CPEJIAX

BI'TY, 2. Munck
Hayunwiii pykogooumens: accucmenm boneaxo A.K.

The method of inversion voltamperometry was used to investi-
gate electrochemical behavior of microconcentrations of Zn2*,
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Cd?*, Cu?* and Pb?* in water solutions on a mercury film elec-
trode. The impact of zinc, cadmium, copper and lead during their
joint determination was studied. Optimal conditions for obtaining
analytical signals of zinc, cadmium, copper and lead were estab-
lished.

IIpeanpusaTusi MalIMHOCTPOECHHUSI, XUMHUYECKUE U IIEpepa-
OaThIBalOlINE TPOM3BOJICTBA TTOCTOSHHO HYXAAIOTCS B Olepa-
TAUBHOM QAQHAJIUTHUYCCKOM KOHTPOJIC KAaueCTBa BOJIbl, KaK Ha
CTaJIMM OCYIIECTBICHHUS TEXHOJIOTHMUECKHX OIepaluii, Tak u
IIprU KOHTPOJIEC Kadye€CTBa BOIBI, HOCTynaIOHIeP'I Ha OYUCTHBIC
COOpPY)KEHHS, a TaKXKe MpU cOpoce CTOYHBIX BOJ B BOJOEMBI.
[Ipu 5TOM 0COOYI0 BaXKHOCTH UMEET BO3ZMOXKHOCTH KCITpecc-
KOHTPOJISL COAEP)KaHWSI COCOMHEHWU, TPENCTABIAIONINX 3HA-
YUTCIBHYIO OIIaCHOCTb BCJICACTBUEC BBICOKOH TOKCHYHOCTH M
MaJIbIX 3HaYEHUH MPEeNTbHO JOMYCTUMBIX KOHIIEHTPAIIHA.

Cpenu BO3MOXHBIX MeTOJI0B ompenenennst MTM mpu cos-
MCCTHOM TMPUCYTCTBUH 3HAUWUTCIBHBIMU IMPEUMYIIECCTBAMU
o0amgaer MeTon WHBEPCHOHHON BonmbTammnepomeTpun (MBA).
Meron MBA xapakrepusyercs Himskumu (10 107™° moms/mm?)
IpeaenaMu OOHapy>KeHHsI, JOCTaTOYHO BBICOKOM CEIEKTHUBHO-
CTBI0O U XOPOIIMMM METPOIOTHYECKUMH XapaKTEePUCTUKAMHU.
JlerkocTh KOMIIBIOTEPU3ALMH U HEBBICOKAs CTOUMOCTH 000pY-
noBaHus nenaer MIBA BecbMa MepCHeKTHBHBIM METOAOM JUIS
aHanuTudeckux onpeneneHuii UTM no cpaBHEHHIO ¢ JpyTU-
MU METOJaMH.

Lenpto. paboTel  sBIIAETCS pa3paboTka IMPOrpPaMMHO-
anrapaTHOro KOMIUIEKCA JUIsl ONpeleNeHHs LUHKA, CBHHILA,
KaIMHs 1 MEAU IPU COBMECTHOM NPUCYTCTBUH M ONTHMH3A-
nus pexuMoB onpenenenuss UTM MeTronoM nepeMeHHOTOKO-
BOM KBaJpaTHOBOJIHOBOM HHBEPCUOHHOM BOJBTAMIIEPOMET-
pun. Pabora BhIOJIHEHA HA KOMIIBIOTEPU3UPOBAHHOM KOM-
IUIEKCE, BKJIIOYAIOIIEM 3JIEKTPOXMMUYECKUH AaTuuk «Mo-
nynbs EM-04y, nonsiporpad I1Y-1, ananoro-uudposoii npeoo-
pasoBarelb M KOMIUIEKT IPOrpaMMHOrO  OOecHedeHHs
UniChrom.
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Jig ocymiecTBiIeHUST XMMHKO-aHAUTHUYECKUX OMpesene-
HUE ObUTM  pa3paboTaHbl MAOJOHBI IJsl  MPOrPAMMBI
UniChrom,
o0ecrieuynBalONIie BBHIMTOJHEHUE aHaln3a C MCIONb30BAHUEM
METOJIOB TPaJyHPOBOYHOrO TrpaduKa, OTrpaHUIHBAIONINX
pactBopoB u nobaBok. [IpegycMoTpeHa BO3MOXKHOCTH OCY-
IIECTBJIATh HEOOXOIUMYIO CTaTHUCTUYECKYI0 00paboOTKy pe-
3yJAbTaTOB HM3MEpEeHHil, MpeXJe BCEro aBTOMAaTHYECKOe
yCpeIHEeHHEe pe3ysbTaTOB aHalu3a IMpH pPErucTpanuil  He-
CKOJIBKUX BOJIbTaMII€PpOrpaMM. B kauecTBe aHANUTHYECKOTO
CHTHaJIa ONepaTop MOXKET BBIOpPAaTh TMO0 BBICOTY MHKA, JIN0O
€ro IIomaas. Bo3MOXXHOCTH KOMITBIOTEPHOI Cpeabl MO3BO-
JIOT TPEIACTaBIATh PE3yJbTaTbl U3MEPEHHH € pPacuyeTOM
JUCIEPCUH M CTaHAAPTHBIX OTKJIIOHEHUW, IOrPEIIHOCTEN
rPagyupoOBOYHOTO rpaduKa U JAp., TPU 3TOM BCEra OCTAETCs
BO3MOXKHOCTh JIOPA0OTKH IPOrpaMMBbl 110JI KOHKPETHBIE
HY)XIBI (BUIBI OTYETOB, CIIOCOOBI TIPEACTABICHUS PE3yIbTa-
TOB U3MEPEHUH U Jp.) C MOMOIIBI0 BCTPOSHHOTO MHTEPIIpe-
TaTOpa ¥ I'MOKOr0 MHCTPYMEHTa, I03BOJISIOIIET0 YKCIOPTH-
poBaTh JaHHBIC B CTOPOHHHWE TPHJIOXKEHUS, B YaCTHOCTH B
3JIEKTPOHHBIE TaOJIHLIBL.

IIpy npaxkTHYeCKOM HCHONB30BaHUM Pa3pabOTKU MOXKHO
BAPBUPOBATh: METOJ HAXOXKIECHWS HEU3BECTHON KOHIIEHTpA-
LUY; HEOOXOAMMOE HUCIIO HapajielbHbIX M3MEPEHUil; u3Me-
psAeMYIO0 BEIMYNHY, HA OCHOBAHHU KOTOPOH OCYIIECTBIIAETCS
pacuer pe3ynbTaToB aHaIM3a (BBICOTA MMKA WM IUIOMAAb M0
HNBA-nimkom);

(hopmy NpencTaBiICHUS PE3yIbTATOB U3MEPEHUH C yKa3aHHEM
HEOOXOJUMBIX CTATUCTHYECKUX HapaMeTPOB; COCTAaB HCIIOJIb-
3yeMBIX CTaHIAPTHBIX PaCTBOPOB U JIp.

TpexanekTponHass dIEKTpOXUMHUYECKas sYelKa BKIHOYala
JUCKOBBIM BpAILAIOLIMIACA 3JIEKTPOI U3 yIJIECHTaIa C Teo-
METPHYECKOH TLIOMIAIbI0 TOBEPXHOCTH 6 MM2, BCIOMOTATeh-
HBI 3JEKTPOJ — CTEKJIOYIJIEPOJHBI CTAKaHYMK M JIEKTPOJ
CpaBHEHHMS — HACBIILIEHHBIH XJIOpcepeOpsTHBIN.
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Hnst mpuroroBiieHust paboynx pacTBOPOB MCIIONB30BATUCH
pPEaKkTUBBl KBaIU(DUKANUH «X.4.» U «4.J1.2.» U TUCTHILIHPO-
BaHHast Boza. TemmepaTypa — koMHaTHas. s hopmupoBanus
pryTHO-rpaduToBoro snekrpoaa (PI'D) in situ, cozganus xuc-
JIOW Cpe/ibl U MOJAaBJICHUS MUTPAIIMOHHOIO TOKA UCIIONB30BaJI-
csi (DOHOBBIN PACTBOP, COACPIKAIIUM, mons/mm>; KCI — 0,335,
HCI - 0,02 u Hg(NO3) — 5:10°°.

Kaxxnoe m3mepenne cocTosyio U3 YeThIpeX CTauii: HaKoI-
JICHHUS, YCIIOKOCHUS, PETUCTPpAllU aHAJIUTUYCCKOro CUrHajia u
pereHepanum 3JIEKTpojia C UCIOJIb30BAaHUEM AHOIHOM JIMHEH-
HOM pa3BepTkH moreHnuana. Kaxgoe namepenne BKI04amo 3
MOCIIEOBATENbHBIX [UKIA. [ pacdeToB WCIONb30BAUCH
3HAYCHH BBICOTHI IIMKA U IIJIOIIAAN 10/ BOHLTaMHepHOfI KpHu-
BOM, TIOJNIyYEHHBbIE KaK CpPEIHUN pe3ysibTaT M3 Tpex Mapal-
JIENIBHBIX U3MEPEHU.

st ontummzanu pexumMoB MIBA-ompenenenus B kade-
CTBE BapbHPYEMbIX MapaMeTpoB OBUIA BHIOPAHBI aMILTUTYIA
HaJIaraeMoro IepeMeHHOTO HAIPsDKEHHUsT (), BpeMsi HaKoILIe-
HUS T ¥ 4aCTOTa BpalieHus pabodero 3JeKTpoJia .

Bpems HakoruteHus T BapbHpoBanoch B uHTepBaie 21-101
C, aMIUTUTY/Ia TIepeMEHHOro HarpspkeHus: ¢ — ot 20 mo 40 MB
M CKOPOCTh BpAIIlEHUsI MHIUKATOPHOro 3jieKTpona @ — ot 500
mo 1500 oO/MHH = TIpE  CKOPOCTH pa3BepTKH TIOTEHITHAJIA
40 mB/c. Kputepuil onTUMH3alid — MHUHUMH3AIHAS OTHOCH-
TeNbHOU morperntHocTy onpeneneans U TM B mipobe, ompene-
JIIEMOM TI0 METOlY «BBEACHO-HAUICHOY.

YceraHoiaeHo, 4ro B obmactu moreHnmanoB —(0,4+1) B
(X.c.3.) IPOMCXOAUT AKTHUBHOE PACTBOPEHHE METAJUIOB M3 HX
aMajibraM, M Ha BOJBTAMIIEPHOM KPUBOH PECUCTPHUPYOTCS
MKW, TUIOMAMs (MM BBICOTA) KOTOPBIX IMPSMO IPOIOPIIHO-
HaJbHAa KOHIIGHTpAaIlMM MeTallla B aMajiblaMe, W COOTBET-
CTBEHHO, B aHaNIm3upyeMoM pactsope. [Ipu Oomnee siexTporro-
JIOKUTENBHBIX TOTEHIIMAJaX IMPOTEKAeT OKUCIIEHWE PTYTHU H
OYHMCTKA WHINKATOPHOTO 3JIEKTPOAA — CTa/Is PEreHepallii.

JluHEeHHOCTh 3aBHCHUMOCTH BETMYUHBI MTUKA TOKA (TUTOIIA M
IOl THMKOM) COONoJaercs B JMarna3oHe KOHIIEHTPAIun
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(2+7)-10°° mons/am® amsa Zn?* u Cu®; (2+7)-10° mons/nm®
ans Cd** u Pb?. JlocToBepHOCTh amMpOKCHMAIMH TIOTy4YeH-
HBIX TPaJydpOBOYHBIX TpPa(UKOB HAXOJWJIACh B TMpeaenax
0,96-0,99. HauGombinyto uyyBCTBUTENBHOCTH PI'D umen mo
OTHOIIIEHMIO K MoHaM Zn>" u Cd*".

Ha ocHoBanum aHanu3a perpecCMOHHBIX MOJeNel, Omuchl-
BAIOIIMX BIUSHUE MapaMeTpoB mpoBeacHus MBA ompenene-
HUSA Ha BEIMYMHY OTHOCUTENIBHOM IOTpElIHOCTH Ompenesne-
HUSI, YCTAaHOBIICHO, 4TO (pakTOpamu, OKa3bIBAIONINMH BIHUSHHUE
B HanOoJee CUIIbHOM CTENEHH, SBISIOTCS MPOJIOJDKUTEILHOCTD
CTaJIUU DJIEKTPOHAKOIIJICHNS W BEIWYMHA aMIUIMTY/Ibl Hajara-
€MOro IepeMEHHOT0 HaNPsHKEHUS IIPU pa3BEPTKE MOTEHIHANA.
IIpu 3TOM MOXHO BBLAEIUTD KaK JUHEHHYIO 3aBUCUMOCTb, TaK
Y 3aBHCHMOCTH BTOPOT'O MOPs/IKA, a TaKKe BIUSHIE HA BEJH-
YUHY OTHOCHTEIHHON TMOTPENIHOCTH OIpPENeIeHUs KOMOWHA-
uu dTEX (pakropoB. ['MapoarHAMHYECKHE YCIIOBHSI ITPOBEIe-
HUSA CTa/IMH JIEKTPOHAKOIIJICHHS BHOCST 3HAYUTEIIbHBIA BKIIA]T
B BEIMYMHY TOTPEITHOCTH OIpPENENCHUs MPH ONpEeAeTeHHH
Bcex UTM.

BenuunHa OTHOCUTENBHOR  MOTPEIIHOCTH  OIpeAeIeHUs
KOMIIOHEHTOB IIPH BCEX PEKMMAaX, KaK MPaBIIIO, HE TIPEBbIIIa-
na 50%, 49TO SBISIETCS OCTaTOYHO XOPOIIMM IMOKa3aTeleM
IIpH ONpeAeTeHIN MUKPOKOHIIEHTpanuii. B To ske Bpemst ObuTn
TOI00paHbI
YCIIOBHUS OTPEAENeHHs, TO3BOIISIONINE CHU3UTh OTHOCHUTEIb-
HYIO HOTpemHocTs 10 5—20% 3a c4eT MCIOJIb30BaHMS ONTHU-
MaJbHBIX YCIOBUN KOHIEHTPHUPOBAHHUS OMPEHENIEMBIX KOM-
[TOHEHTOB
Ha WHIWKATOPHOM JIIEKTPOZe W BHIOOpE MapaMeTpoB IpPOBe-
JI€HMSI CTAIIA PETUCTPAIUH.

[IpoBeneHre aHATUTHYECKUX OMPEICIEHUN B YCIOBUAX
[IEpEMEHHOTOKOBOM KBaJpaTHOBONHOBOH MBA ¢ nuHeliHOM
Pa3BepTKOH MOTEHI[MaNa 00ECIIeYMIIO YETKOE pasJiefieHne TH-
KOB IIMHKA, CBUHIIA, METU M KaJIMUs [IPH aHOJHOM pa3BepTKe.
Pa3HOCTh MOTEHITMANIOB MEXAY XapaKTePUCTUYECKUMH ITHKa-
MU OKHCIIEHUSI B 3aBUCHMOCTH OT KOHIIGHTPAIMH DJIEKTPOAK-
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TUBHBIX KOMITOHCHTOB W YCIIOBUH ONPEACIICHUS COCTaBIIsIa
i nuaka u kaamus 0,31-0,38 B, mexny nukamu kaaMus u
ceunna — 0,19-0,27 B. Cranus perenepanuu u ounctku PI'D ¢
OKHCJICHHEM PTYTH MPOUCXOAMIIA TIPH O0JIee 3JIEKTPOIIOI0KH-
TENIbHBIX MOTEHI[MANAX U HE OKa3bIBasia BIMSIHUS Ha Pa3/ciib-
Hoe onpenenenue MTM.

IIpoBeneHHbIE ONpENENEHHUsT MHKPOIpUMECEH IMHKA,
CBUHIIA, MEIM U KaJIMUS B BOJIONIPOBOAHON BOJIE M MOACITHHBIX
pacTBOpax CTOYHBIX BOJ, XapPaKTEPU3YIOIIUXCS CIOXKHBIM CO-
CTaBOM, C HCIOJb30BAaHHUEM pPa3pabOTaHHOIO KOMILIEKCA |
PSKUMOB M3MEPEHUH, MOT'YT CBHUACTEIHCTBOBATH O BO3MOXK-
HOCTH s dexTuBHOrO WHBEPCHUOHHO-
BOJILTAMIIEPOMETPHUECKOTO OIPEEICHUS YKa3aHHbIX MTPUMeE-
cell B BOAAX C MPUEMJIEMOM IOIPEITHOCThIO.

V]IK 528.711
Psabues P.JI.
OCOBEHHOCTHU ®VUHULIIHON
MATHUTOPEOJIOT MYECKOM
OBPABOTKH TUAJIEKTPHYECKHUX
MATEPHAJIOB

BHTY, 2. Munck
Hayunwiii pykogooumens: @edopyes B.A.

Hcnonp3oBanusi B PUOOPOCTPOCHUN TPAIAUIIMOHHBIX METO-
J0B (hHHUIITHON 0OpabOTKM BBICOKOTOYHBIX JIMH3, KEPAMUKU H
MONYIPOBOJJTHAKOBBIX TUIACTHH SIBIISIFOTCS OYEHb JIOPOTUMH U
TpyAoeMKiMU. OCHOBHBIM TPEMSTCTBUEM B H3TOTOBJICHHH BbI-
COKOKQUECTBEHHBIX TOYHBIX IJIHH3 SIBIISICTCS, KaK IMPABHJIO, TO,
YTO OHM M3TOTOBJICHBI U3 XPYIKHUX MaTEPUAJIOB, TAKUX KaK CTEK-
JI0, KOTOPOE MOXKET TPECHYTh BO BpeMsi 0OpaboTku. Jlaxe omHa
MHKPOTPEIIMHA MOXKET CYIIECTBEHHO CHU3HUThH KA4eCTBO OOBEK-
THBA U CJIENATh ero aOCOMIOTHO HEMPHUTOAHBIM JIIS JTATBHEHIIIEr O
HCTIONB30BaHMSI.

O0paboTKy JIMH3 MOXKHO pa3JeNuTh Ha JBa 3Tamna: numdo-
BaHHE W OTAeno4YHas oOpaboTka. C momompio nudoBaHus
OCYIIECTRIISIETCS] TMONYyYeHNE JIMH3bI HYXXHOTO pa3Mmepa, a B
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mporecce OTASNOYHONH 00pabOTKM YHANSIOTCS TpPEIIWHBI U
apyrue Menkue nedexTsl moBepXHocTH. OOBIMHO MPOU3BOIM-
TENI OCYIIECTBIAIOT NUTN(OBAHUE JIMH3 BPYUHYIO, YTO ACNAET
3TOT MPOLECC JOCTATOYHO TPYHOEMKHM. B03MOXKHO, OCHOB-
HBIM HEIOCTATKOM PYYHOro NUTM(OBAHUS U OTIAEIOYHON 00-
pa6OTKI/I SABJIACTCA TO, YTO 3TU NPOLCCChI HE aBTOMATHU3HUPOBaA-
Hbl. J{ns npeononenus 3tux tpyaHocrer Lentpom [Ipounssoa-
crBa Orrruku (Pouectep, mrat Hero-Mopk) Gbita paspaborana
TEXHOJOTHSl ISl aBTOMAaTH3allMK OTAEIOYHON 00paboTKH
JIMH3, W3BECTHAs KaK MarHUTOpeoJornyeckas obpaboTka
(MPO).

[Iportecc MPO omupaercst Ha yHUKaJIbHBIE «yMHBIE» JKH/I-
KOCTH, W3BECTHbIE Kak MarHutopeonorudeckue (MP) sxuako-
cTu. MP-XKUAKOCTH — 3TO CYCIIEH3UM MHUKPOHHBIX Pa3MepoB
HaMaroHm4i4€HHBIX YaCTHUIl, TaKHX KaK Kap6OHI/IJ'IBHOG KEIIEC30,
JUCTICPTUPOBAHHBIC B HEMAarHuTHBIX CpE€aax, TaAKUX KakK CUJIN-
KOHOBOE Macjo, MHUHHMpalbHBIE Maciia, Boja. B orcyrcTBue
MAarduTHOIO II0JII HACAJIbHBIC MP')KI/I,ZIKOCTI/I HaxXoIATCs B
coctostHUH TOKOsA. C TpPUMEHEHHWEM BHEIIHETO MarHUTHOTO
oyt HaOmromaercs (peHoMEH, Ha3bpIBaeMbIii MarHATOpEOoIIo-
rudeckuM 3¢ dhekTom (pUcyHoK 1).

ﬁaeepxnucmmamishne BelecTED Aﬁpnal‘snble NECTHL b

(a) by {€)

Pucynok 1 — Marautopeonoruueckuit 3¢ ekt

Ha pucynke la mpeacraBieHo ciydaiiHOE pacrpeneieHue ya-
CTHI[ B OTCYTCTBUH BHEIIIHEr0 MarHUTHOI'O MOJISI; Ha pUCYHKe 1D
1071 BO3/IeHiCTBEM MarHUTHOT'O IOJIS1 YAaCTHLBI HAMAarHUIMBAOT-
Cs M BBICTPAMBAIOTCS B LEMOYKM. YacTHIBI NPHOOpPETaroT Iu-
MOJIbHBIE MOMEHTBI, MPOIOPLHOHANIbHBIE HANPSDKEHHOCTH Mar-
HUTHOro mojs. M korma OumoneHOE B3aMMOZAEHCTBHE MEKIY
YacTUIIaMH TIPEBBILIACT 3HAYCHHE MOKa3aTelnsl HMX TEIUIOBOM
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SHEPIUM, YaCTULbl BHIPABHUBAIOTCS B LICTIOYKU JUIIONEHN, KOTO-
pbl€ OPUEHTUPOBAHHBI 110 HAIIPABIICHUIO JEHUCTBUS MAarHUTHOIO
nonsi. Ha pucynke 1C mokazaHo monokeHue, mpuoOperaeMoe
YaCTULAMH, B CIEICTBUU JACHCTBUS HAIPSHKEHHOCTH MArHUTHOTI O
IOJIsl M HanpsbkeHui casura y.Peonorndecku, nosenenue MP-
JKUJIKOCTH T10/1 AECUCTBUEM MAarHUTHOI'O IOJIS OIMUCHIBACTCS ILIa-
CTHYEeCcKOM Mojiesibio buarmana:

T=T,+Ny
IJIe T — HaNpsDKEHUS CABWTa B KHUJKOCTH, To — HAIPSHKEHUSI
C/IBUTA, TEHEpUpPYEeMBbIe JIHCTBUEM MarHUTHOTO TOJIS; # — JIU-
HaMHYeCKasl BSI3KOCTb KHJIKOCTH U 9’ — HHTEHCUBHOCTH C/IBHTa
[s].

JluHamMuueckass BSI3KOCTh B OCHOBHOM 3aBHCHT OT THIIA
XKHUJIKOCTH. BennunHa 70 3aBUCUT OT HANPSHKEHHOCTH MArHHT-
Horo monist, H. Cuniel, AeficTByomue B KUAKOCTH (HaIpUMep
HaNpSDKEHUS CIIBUTa), BO3PACTAIOT C YBEIMYCHUEM CHWJI Mar-
HUTHOTO oM. OHAKO ATO YBEIMYEHNE HE SIBISAETCS JTMHEH-
HBIM, TaK KaK YacTHIIbI SBILSIOTCS (PeppOMArHUTHBIMU M 3Ha-
YeHrEe ToKa3aTelNsl HaMarHHYeHHOCTH Pa3NYHBIX YacTHI] MO-
)er konebarbes. JlaBieHue, co3gaBaeMoe MP-kuakocTIMu
Ha TIOBEPXHOCTH JIMH3BI, MOTYT BapbHpOBAThCS B Ipelenax
50..100 ITa, misti co3gaHus TAKOTO JaBJICHUS HAMPSIKEHHOCTD
MarHUTHOTO TIOJIS JOJDKHA M3MEHAThCA B Auama3oHe 150..250
KA/M (~2-3 kOe). MakcumanbpHass HalIPsSHKEHHOCTh MarHUTHO-
rO IO OTpaHUYeHa 3HAYEHHWEM MAarHUTHOW IIPOHHIIAEMOCTH
MP-xuakocTH.

brnarogaps BO3MOXHOCTH ~ YIIPaBIEHHS PEOJOTHYECKIMHA
CBOMCTBAMH IyT€M U3MEHEHUs CUJIbl ToKa, MP-kuakocTu nomy-
YHJIH IIUPOKOE PACIPOCTPaHEHHE B PA3NUYHBIX OTPACIAX MPO-
MBILUIEHHOCTA. MP-KHIIKOCTH HCHONB3YIOTCSI B aMOPTU3aTOPAX
U Pa3YHBIX AEMII(PUPYIONX yCTPOHCTBAX, My(hTax, TOPMO-
3ax, TPUBOMAX, TAKXKe JAHHBIC XUIKOCTH TPHMEHSIOTCS TIPH
obpabotke srOoNpoTe30B. [lapamerpsr 00paboTku MoryT pery-
JIUPOBATHCS MYyTEM M3MEHEHUsI CHJIBI U HAIPaBIICHUS] MAarHUTHO-
ro mojs, JEUCTBYIOLIEro Ha XuiakocTb. CranpaptHeie MP-
KUIKOCTH 3P PEKTHBHBI 151 PUHUIITHON 00paOOTKHA ONTHYECKHX
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CTEKOJI, KEPAMUKH, IJIACTMACC U HEKOTOPBIX HEMAarHUTHBIX Me-
tayuioB. Mcxonms m3 cxembl mpolecca MarHUTOPEOTOrHYecKOn
00paboTKy, MPUBEICHHONW HAa PUCYHKE 2, BBIMYKIIbIE, BOTHYTHIE
WM TUIOCKHE 3arOTOBKH TIOMEIIAIOTCS HaJl OIIOPHOW ITOBEPXHO-
creto. CornacHo pucyHKy 3, cioit MP-xuakocTd pacronoxeH
Ha BHEIIIHEN YacTHU BpalllatolIerocs AUcKa.

[Ton BO3mEiicTBHEM MAarHUTHOrO MOl B paboueM 3a3ope
MPOUCXOAUT OPHEHTHPOBAaHWUE a0Opa3WBHBIX dYacTUI B MP-
KUJKOCTH
U OCYIIECTBIIAETCS (POPMHUPOBAHME 30HBI O00PaOOTKH. YcTpa-
HEHHE MUKPOHEPOBHOCTEH M Je(EeKTOB MOBEPXHOCTH TIPOMC-
XOJMT Oarojapst MOBOPOTY JIMH3BI B 30HE 00paOOTKH OTHOCH-

TEJIBbHO CBOEH OCH C MTOCTOSIHHON CKOPOCTBIO.
Ly

i Marsuropeonoruyeckas
HUGOCTD

wgocy
A\ A
St
Pcvaumnnm\ 7

avex

Mogewmnan
nnuTa

Pucynok 2 — Cxema MarHuTo- Pucynok 3 — Beprukais-
peonorudeckoit 00paboTKn Hasl yCTaHOBKa JJIs1 MarHUTO-
peosioruaeckoit 06padboTku

VYnanenue marepuaiia NPOUCXOIUT 3a cyer co3nanus MP-
JKUIKOCTHI0 HampsDKEHUA cIBHTa Ha 0OpabaThIBAEMOM ITOBEPX-
HOCTH. ABTOMAaTH3aITUS OTACIOYHON OOpabOTKM TUTOCKHX, ITH-
JIUHIPUYECKNX W IMAPOBBIX TOBEPXHOCTEH MOXKET OBITh OCY-
IIECTBIIEHA 3a CYET KOHTPOJS Iporecca 0OpadOTKA C TIOMOIIBEO
9BM.

Otnenovynas o0paboOTKa MOBEPXHOCTEH C MoMombio MP-
KUAKOCTEH MMEET Psijl IPEUMYIIECTB M0 CPAaBHEHUIO C TPaIH-
IMOHHBIMH METOJaMH (UHHINTHOW 00paOOTKH, B YaCTHOCTH
CHJIBI pe3aHusl PEryJUuPYIOTCS C MMOMOIIBI0 MarHUTHOTO TIOJIS;
KUAKOCTh yJIAJSIET TEIUIO U CTPYKKY M3 30HBI 00pabOTKH; CH-
JIBI, IEMCTBYIOMIHME HA 00pabaThiBaeMyrO TTIOBEPXHOCTD, UMEIOT
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3HAYUTEIILHO MEHBIIINE 3HAUCHHUSI, YeM NP IUTU(POBAHUU KPY-
roM; MP-XUAKOCTP aBTOMAaTHYECKU TNPUCIOCAOIUBACTCA K
(hopme 00pabaThIBaEMOl TTOBEPXHOCTHU, KOIIUPYS €€.

Yupasinsemsiid ¢ momoIpio 9BM, MarHUTOPEOIOrHIeCKU
MPOIIeCC TO3BOJIMII MPOM3BOIUTH OOPaOOTKY MOBEPXHOCTH C
TouHOCTBIO 10..100 HM, ¥ CHSJI MHOTHE OTPAaHUYCHUS, IPHUCY-
mpe oObIYHBIM BHJaM (UHHIIHONW 00paboTku [1]. YHuKamb-
HbIE XapaKTEPUCTHKH JTAHHOTO METOJIa, CIIeNalli ero Hanbosee
3(()EeKTUBHBIM TIPU OTAEIOYHON 00pPabOTKE ONTHUKH, BXOJS-
e B COCTaB NMPUOOPOB HAaBUral[MH, MEIUIIMHCKOTO. 000pY-
JIOBaHUS, BOCHHOW TEXHUKHU (MPUOOP HOYHOTrO BUACHWS, WH-
(dpakpacHbIif OMHOKIIb H T.II.) U T.JI.
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YK 621.5
Cepreea A.T'.
BJIUSIHUE HOHHOT'O ACCUCTUPOBAHUSA
HA 3KCIIIIYATAIHUOHHBIE XAPAKTEPUCTUKHA
OINTHYECKHUX MOKPLITHIA

BHTY, 2. Munck
Hayunwiii pykogooumens: babyx B.B.

OpHOll U3 BakKHEHIIMX MPOOIIEM BaKyyMHOW TEXHOJOTHH
ONTHYECKUX IOKPBITUI SIBIACTCS TMOBBIIMICHHE SKCILTyaTally-
OHHBIX XapaKTEPUCTUK, B TOM YUCIIE MEXaHUYECKOW MPOYHO-
CTH TOJIy4yaeMbIX IJICHOK. B mocnenHue ronsl psaaoM aBTOpoOB
MOKa3aHo, 4TO OoMOapIMpoBKa pacTylledl IUIEHKH HOHaMH
(M HEWTpaJIbHBIMHU MOJIEKYJIaMH) WHEPTHOTO WMJIM PEaKTHB-
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HOT'O ra3a BbI3BIBAET MPOTEKAaHUE B- palioHe OOMOapAMPOBKH
psAaa TpOIECCOB, KOTOPHIE, B KOHEYHOM CHYETe, MPHUBOIAT K
M3MEHCHUIO CBOWCTB TUICHOK.

Hcnonp3oBanue nonHoro accuctupoanus (MA) coBmect-
HO C TpaguUOHHBIMHM MCTOAaMU BAaKyyMHOI'O HaHCCCHUS
TOHKHX TUICHOK TO3BOJISIET TIOIYYUTh BBICOKYIO aJI'€3HIO TLIe-
HOK K IOJUTOXKAaM, 4TO JIa€T BO3MOXXHOCTh, PaCIIUPHUTh. KOM-
OMHAIIMKM MAaTEPUAJIOB TMOJUIOKKH U TOKPBITHM, OOeCIICunBa-
IOMIUX BBICOKHE SKCINTYaTaAllMOHHBIC XapaKTCPHUCTHUKU.

HaiexxHOoCTh TaKMX MOKPHITHI 3aBUCUT OT OCOOCHHOCTEH aI-
Te3MOHHOTO B3aMMOJICHCTBUSI HAa TPaHMIEC Pa3fiena MOKPhITHE-
OCHOBa. AZITe€3WOHHAs MPOYHOCTh COEAWHEHUS IOCTUraeTcs Co-
3[JaHNeM TIPOTSHKEHHOTO TIEPEXOJHOTO CIIosl, B-KOTOpOM obecrie-
YMBAETCS HEMPEPHIBHOE M3MEHEHHUE CTPYKTYpPhI M CBOMCTB Mate-
puana.

OddexkTuBHBIM cr1ocO00M (HOPMUPOBAHUS TAKOTO CIIOS SIB-
JIIeTCS WOHHO-TydeBass 00paboTKa MOKPHITHS Ha HAYAIBHOM
JTare ero GopMUPOBaHMsI, KOTJa JUIHHA Mpodera yCKOPEHHBIX
HMOHOB TPEBBIIIAET TONIMUHY IJIEHKH. B pe3ynprare MMIUIaH-
Tallil W WOHHO-TY4YEeBOrO HEPEMEIINBAHUS MOXET OBITh
chopMHUpPOBaH MPUTIOBEPXHOCTHBIN CIIOW ¢ U3MEHSIOMIMMCS 110
rIyOnHe cofep KaHueM aTOMOB OCaKJaeMOI'0 MaTepHaia.

OnauM w3 (akTOpoB YBENMYCHUsS aJre3ud BCIEICTBHE
BO3/IEWCTBYSA HMOHHOTO ITyYKa Ha TIOBEPXHOCTH MOJUIOKKH SIB-
JIIeTCSl OYHCTKA OT aJCOpOMpPOBAaHHBIX 3arps3HEHUN W CTpaB-
JUBaHUE TOHKOTO MOBEPXHOCTHOTO cios. Jpyrum dakropom
SIBJIIETCSI UMIUTAHTAIlsl aTOMOB OOpa3yroMmIEWcsl ITUIEHKH
BIITyOb TIOMHOXXKH B pe3yibrare OOMOapAWpPOBKH BBICOKO-
SHEPTeTUYECKIMI FOHAMH M HEHTpadbHBIMH aToMamu. [ 'Iry-
OMHA WMIUTAHTAIMHd B 3aBUCHMOCTH OT SHEPTHH MOXKET JO-
cturayth 20..50 A°. Takum oOpas3om, Omaromapsi HOHHOMY
OOJIy4eHHI0 BO3MOXXKHO 00Opa3oBaHMe mepexogHoro muddysu-
OHHOT'O CJ0S MEXIY MOAJIOKKONU U MJICHKOM.

OKcIIeprMEeHTHI TIoKa3anu, yTo A B TOH WM HHOW cTeme-
HU CHIDKAeT BEMYMHY CTPYKTYPHON COCTABJISIONICH Hampsi-
JKEHUH B IUJICHKE.
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HonHoe accuctupoBaHue, Kak MpaBUIIO, YBEMUMBACT afre-
3UI0 TJIEHOK K TIOIUIOXKKE, YMEHbBIIAET BHYTPEHHEE HATIPsKEHHE.
Onnako, ecny B momy4eHHOM 0e3 A MHOTOCTIOHHOM MOKPBITHH
YIOpPYrHe COCTABISIIONIME BHYTPEHHETO HANPSDKEHHS KasKA0Tro
CIIOSl B KaKOW-TO CTENEHH KOMIICHCHUPYIOT IPYyr Ipyra, TO IpH-
menenne A moxer CYIIECTBEHHO U3MCHHUTL B3aMMOKOMIICHCA-
LU0 HAIIPSHKEHUH.

U3 Gomnbioro 4ncna TeOPETUYECKH PacCUMTAHHBIX HHCTPYK-
WA UIS TIpOcBeTieHus Aetaneil u3 mommkpucramia [10-4 Bei-
OpaHBl KOHCTPYKIIMM Ha OCHOBE CIEAYIONMX MaTepualioB: BiFs,
YFs, ZnS, PbF,. Inst mpocBeTienys aeTanei u3 repManvs B 00-
nactu criekTpa 8..14 MKM  BBIOpaHO TIOKPBITHE, COCTOSIIEE M3
ZnS, Geu YFs.

[IpakTrdgeckn A1 BCEX WCCIICIOBAHHBIX MOKPHITHNA HAOIFO-
JIaJI0Ch YBEITMUEHUE MUKPOTBEPIOCTH, YTO O0YCIIOBIIEHO YILIOT-
HSFOLIIUM BO3JICHCTBUEM HOHHOTO ITydka. COOTBETCTBEHHO OT-
Meyaercsl M yBElIMUYCHHUE TT0Ka3aTeNei MPeIOMIICHHS CIIOEB, TIO-
nmyqaeHHbx MerogoM WA (ma 0,03..0,1 B anamazone 8..14 Mxm).
IIpu »ToM He 3aUKCHPOBAHO KAKOTO-TMOO M3MEHEHUS IIOrjIo-
mierre csera B MK o6actu crekrpa B IUIEHKAX, OTYyYEHHbIX C
WA, 1o cpaBHEHHIO CO CIIOSIMH, HAHECEHHBIMH 0€3 HOHHOTO CO-
IIPOBOXKICHUSL.

MukporBepocTh (PTOPUAHBIX IUIEHOK B pe3yJbTaTe IMpHMe-
HeHus A yBenM4rBaercs, mpuyueM TakKe HaOIIOIaeTcsl 3aBH-
CHUMOCTb MHUKPOTBEPIOCTU OT TEXHOJOTMYECKUX IapaMeTpoB
Iporecca.

AHanornyHsle 10 Ka4ecTBY, HO MEHEE BBIPa’KEHHbIE 3aBU-
CHUMOCTH MEXaHMYECKUX XapaKTEPUCTHUK IICHOK OT TEXHOJO-
THYECKUX (DaKTOpOB, HAOMIOAIMCH Yy (TOPHUIOB CBHHIA U
uTTpUs. Pe3ynpTaThl HCcIenoBaHMA MpUBEeHBI B Tabmmie 1.

ANre3snoHHasi MPOYHOCTH OMNpEAeNIach METOAOM Liaparna-
HUS aJMa3HbIM HAaKOHEYHHKOM cO cpepudeckoil paboueit da-
CTBIO AHaMeTpoM 60 MKM M BBIpakayach 4epe3 padory, 3aTpa-
YMBAEMYIO Ha OTCJIOEHHE MOKPHITUS C AMHULBI IIJIOMWAAN T10-
BEPXHOCTH. MUKPOTBEPIOTh MOKPBITHH U3MEPsUIach CTaHAAp-
TU3UPOBAHHBIM METOJOM BJIABJIMBAaHUS OWLIMIIMHIPUIECKOTO
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aJIMa3HOT0 HAKOHEYHHKA, MPU 3TOM H3MEPSUIUCh pa3Mephl
BOCCTaHOBJIGHHOTO OTIE€YaTKa, OCTABJICHHOIO HWHIECHTOPOM
IOl Harpy3Kou 2 T.

M3HOCOCTOMKOCTh OLEHUMBAJIACH IO PE3yJIbTaTaM HCTUpA-
HUs 00pasllOB B HAKJIOHHO-BpallaroieMcs 0apabaHe ¢ rmec-
KoM. 3a Mepy M3HOCOCTOWKOCTH MPUHUMAJIOCh MUHUMAJIHLHOE
KOJIMYECTBO 000pOTOB OapabaHa BBI3LIBAIOINEE MTOBPEKIACHUE
MOBEPXHOCTH TOKPHITUS, (PUKCHPYEMOE C TOMOIIBIO MUKPO-
CKOIIa.

Tabmuua 1 — CpaBHUTENbHBIE XapaKTEPUCTUKKA TPOUHOCTH

MPOCBETIIAIONIUX HOKprTPIﬁ, IMMOTYUYCHHBIX TpaAUuIIMOHHBIM

CIOCOOOM U C MCIIOIh30BAHMEM MOHHOTO ACCHCTHPOBAHUS

Koncrpyxnus TMomwnonkka Az[re31/152[, MI/IKpOTBepIZ[OCTB, M3HococTolKOCTS,
TTOKPBITHS Jlx/em KIc/MM ThIC. 00

PbF2 —s 110-4 2-4 60 6

PbF2 —s* 110-4 4-8 90 8

BiFs—s 110-4 3-6 100 10

BiFs—s* 110-4 8-12 250 10

BiFs—s-YFs— I10-4 1-3 200 3-5

S—YF3-s—

YFs—s

BiFs— ZnS- [10-4 1-4 240 7-9

YFs— ZnS-

YFs— ZnS-

YFs*

ZnS-  Ge- Ge 0,3-0,7 420 5

ZnS—YFs—

ZnS—YFs

ZnS-  Ge- Ge 0,5-1,2 480 7-8

ZnS—YFs—

ZnS=YFs *

Hpumeuanne: S — ToHKHI cinoit YOz He BIUSIONMN Ha
CIEKTPaJIbHbIE XapPaKTCPUCTHKH TOKPBHITUS; * — TOKpbITHE
HAHECEHO C HOHHBIM aCCUCTUPOBAHUEM.

HccnenoBanHble MPOCBETIISIIOLINE TOKPBITHS O0ECIIeUUBa-
0T cpe/lHee oTpakeHue B Auama3one 8—14 mxm He Oouee 1,5
% u cpenHee nponyckanue He MeHee 93 %, mpHu 5TOM B 1ua-
nazone 8—11 MKM cpenHee MPOMyCKaHHE COCTABISIET HE MEHee
96 %. Mexanudeckasl IPOYHOCTb MPOCBETISIONINX MOKPBITUI
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COOTBETCTBYET  CTaHAAPTU3UPOBAHHOM «HYJIEBOW» TpYIIIE
IIPOYHOCTH, aATre3MOHHas MpounHocTh A = 0,5 J[/cM?, MHKpO-
TBEPIOCTH — He MeHee 250 Kkrc/cm?. TTOKpBITHS BBIIEPKUBAIOT
BO3JeiicTBUE TemrepaTyp B auamnasone -196 ... +300 °C 6e3
W3MEHEHHS aJTr€3MOHHON MPOYHOCTH U SBJISIFOTCSI BJIArOCTOM-
KUMH.

[Tony4yennsie pe3ynbTaThl MOKA3bIBAIOT, YTO WA sBIsSeTcs
3(()EKTUBHBIM TEXHOJIOTHYECKAM METOJIOM, IT03BOJISIONUM
VIIYYIIaTh SKCIUTyaTaIlMOHHBIC XapaKTEPUCTUKH OOIBIITMHCTBA
ONTHYECKUX TOKPHITHH W 00ECHEeUNBAIOIIMM pPACIINpPEHUE
BO3MOKHOCTEW TOHKOIJIEHOYHON TEXHOJIOTUH.

YK 621.5
Conoseii 1.A.
MOJEPHU3ALUA HOHHOTO HICTOYHUKA
KAY®OMAHA

FHTY, e. Munck
Hayunwuii pykosodumens: babyk B.B.

HMoHHbIE HCTOYHUKM = —  YCTPOWCTBA [IJIl TOJYyYEHHS
HaIpaBJIEHHbIX ITOTOKOB MOHOB. VIOHHBIE HCTOYHUKHU NpPHMeE-
HSIOTCSL B YCKOPUTEJISIX, Macc-CIEeKTPOMETpaxX, UOHHBIX MUK-
pOCKoOIIax, YCTaHOBKaX pa3zelieHHs] U30TONOB, HOHHBIX PaKeT-
HBIX JIBUTATEISIX.

Cy1iecTByeT HECKOJIBKO CIOCOOOB TEHEpald WOHHBIX
ITyYKOB; OTHAKO HanOoJee MePCIeKTUBHBIA CII0ocO0 OCHOBaH
Ha U3BJICYEHUH HOHOB U3 IUIA3MBI.

OCHOBHBIMH KOHCTPYKTHBHBIMH 3JIEMEHTAMU IIJIA3MEHHBIX
HMCTOYHUKOB MOHOB SIBJISIFOTCS: pa3psiiHasl KaMepa; KaTOXHBIN
y3ell; HMOHHO-ONTHYECKass cucTeMa (POpMHUpPOBAaHUS IIyUKa;
MarHuTHas cucTeMa (B MCTOYHUKAX C MarHUTHBIM II0JIEM) CHU-
cTema Iogadu pabovero BeIlecTBAa; BaKyyMHas CHCTEMA; CH-
cTeMa 3JIeKTPONMUTAHUS; CUCTEMA KOHTPOIIS U YIPaBJICHUSI.

Texanueckne BOSMOXHOCTH MOHHO-JTy4€BOH yCTAaHOBKU BO
MHOT'OM ONPEAENAIOTCS TUIIOM HOHHOTO HCTOYHHUKA.

Haznauennem xakaoro HCTOUHMKA sBiIseTcs 3G EeKTUBHOE
coo0IIeHNEe HEWTpaJbHBIM aToMaM M MOJIEKyJaM BelecTBa
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TAKOr0 KOJIHMYECTBA JHEPrHH, KaKOro ObUIO OBl OCTATOYHO
IUISL OTPBIBA BHEITHHUX JIEKTPOHOB.

O6nacTe mpUMEHEHHsI U YCIOBHUS IKCIUTyaTallud HOHHOTO
HWCTOYHMKA HaKIaAbIBAIOT ONPCACICHHBIC OI'paHUYCHUSA Ha
KOHCTPYKIIMIO M TapaMeTpbl HCTOYHHKa. Pa3paboTka u co-
BCPHICHCTBOBAHNEC KOHCTPYKHHWHU IIJIABMCHHOI'O HMOHHOI'O HC-
TOYHHWKA HAMpPABICHbI HA PELICHUE CIEeMYIONIMX 3ajad: BO3-
OykIeHue paspsiia U oOecrieueHre 3aJaHHON KOHI[CHTPaIK
3apsDKEHHBIX YacTHIl B Ta30pa3psyIHONM Kamepe, H3BIICUeHHE
(3KCTpaKius) HOHOB M3 IUIA3MEHHOI'O AMUTTEpa, (popMUpoBa-
HH€ WOHHOTO IMy4Yka C TpeOyeMbIMH IHEPreTHUYECKUMU M OIl-
TUYCCKNMHU XapaKTECPUCTUKAMU.

HoHHBIM MOTOK MOXHO OXapaKTEpU30BaTh CIEIYHOLIUMU
OCHOBHBIMH TapaMeTpaMu: OOIIUM TOKOM ITy4Ka; OJHOPOHO-
CTBIO MOHHOTO MOTOKA; pacrpe/elieHHeM HOHOB 110 HEPTHSIM
OTHOCHUTEIBHO CpEIHEro 3HA4eHWs);  CTaOWILHOCTHIO TOKA;
PaCcXOJMMOCTBIO TTy4Ka.

B wucrounuke Kaydmana paspsa JI0KaaU3yeTcss MEXIy
CTEHKaMH aHOAHOTO IIMUIMHIPA, TOPSYUM KAaTOIOM M CHCTe-
MOH AKCTpakiuuu. OCHMIIIIES SJEKTPOHOB B MPOAOIBHOM
MarHUTHOM TIOJI€ U DJIEKTPUYECKOM T0Jie, 00pa30BaHHOM CH-
CTEMOH 3JICKTPOJIOB, MPUBOIUT K YBEITHUYCHUIO 3(PHEKTUBHO-
CTH WOHM3aIMH paboyero raza. OTIUUNTENHFHOW OCOOEHHO-
CTHI0 KOHCTPYKIIMH MCTOYHHUKA SBIISETCA HAIMYWE JBYX- WU
TPEXANEKTPOAHOW MHOrOANEpPTYpHOU HOHHO-ONTUYECKOM CH-
crembr (MOC).

Cxema MHOTOIYYE€BOTO MCTOYHHMKA C OCHMJUISAIIUENH SIIEK-
TpoHOB (McTounnk Kayhmana) nmpencrasieHa Ha pucyHke 1.

WNonnsrit nctouank Kaypmana 1mo cpaBHEHHIO C APYTUMH
AMEET Psifl CYIIECTBEHHBIX MPEUMYIIECTB: HU3KOE HaIpsiKe-
HUe pa3psizna, Omaromapsi YeMy MOHHBIM MYYOK COAEPIKHUT He-
Oombmioe kommdectBo mpumeceit (10-6%) um mMeer Mamblid
SHEPreTUYEeCKUil pa30poc; MeXaHW3M MOIAEPKAHUS CTaIHo-
HapHOTO pa3psia IMO3BOJSET MPUMEHATh MHOTOJIYYeBOE H3-
BIIEUEHUE MOHHOTO ITydka W paboTaTh ¢ OAHOPOJHBIMH ITOTO-
KaMm# OOJBIIOTO JAWaMeTpa; OCHHJUISINS 3JIEKTPOHOB IMO3BO-
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JISET WCHOJNB30BaTh HU3KOE JIaBIICHHE B pa3psaHON Kamepe,
YTO CHIDKACT MOTEPU IydKa M YMCHBIIAET 3arps3HCHUE MH-
IIICHW;, UCTOYHUK MMEET BBICOKMI Ta3oBbid K.I1.J. (80 %) u
BBICOKHUI DHEPTETUUECKUN K.II.11.

é

Pucynok 1 — Mounsrit ncrounnk Kaydmana:

1 — repmoKaTol, 2 — 3KpaH Katoja, 3 — MUIMHIPHIECKUI
aHoq, 4 — conenoua, 5 — BBoJ pabodero rasa, 6 — miasma, 7 —
SMUCCHOHHBIN JJIEKTPOJI, 8 — YCKOPSIOLIU 3JISKTPO/I,

9 — zamemsromui 3sekTpon, 10 — HOHHBIH Ty4oK

Tunmaasie mapaMeTphbl TEXHOIOTHYECKOro rcTouHnka Ka-
ybmaHa: Tok noHOB (Ar+) 10 MA, Hampspxerue paspsiga 20 B,
HampspKeHHe Ha ycKopstomeM 3JekTpoae 20xB.

OpHako 3TOT WCTOYHUK HMMEET PSII HEJOCTAaTKOB KOH-
CTPYKIIMH: WCIOIB30BaHNE TEPMOKATOA OIPAHUYMBAET CPOK
CITy’KOBI UCTOYHHKA W HE IMO3BOJISIET padoTaTh ¢ XMMHUYECKH
AKTUBHBIMH PA0OYMMH BEMIECTBAMH, KPOME TOTrO, IUia3Ma B
MarHATHOM IOJIe TIOJBEP)KEHA HEYCTOMYMBOCTSM, YXYAIIA0-
M CTaOMIIbHOCTH MApaMeTPOB MOHHOTO ITyYKa M €ro OITH-
YECKUE CBOICTBA.

[lyTtaMu ymydmenwnst KOHCTPYKIIUHA 3TOTO MOHHOTO HUCTOY-
HPKa, MOXKET PACCMAaTPUBATHCS MPUMEHEHNE MYJIbTHKATOTHON
Y MYJBTHIIONIEHOW CHUCTEM (PHCYHOK 2). AKTHBHOCTH HCIIOINb-
30BaHUS AMHUTHPOBAHHBIX JIJIEKTPOHOB 3aBUCHT OT KOH(pHTY-
palyy HUTH HaKalla U pa3MenleHus] KaTOIHOTO y3Jia B pa3psi-
HOii kamepe. boree paBHOMepHOE pacripenenenne KOHIEHTpa-
LMY 3apsHKEHHBIX YaCTHII U, CIeNoBaTeNbHO, Ooyee 0IHOPOI-
HbIE MOHHBIE TTOTOKH MOTYT OBITH TOJYYE€HbI B UCTOYHUKE C
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HECKOJIbKMMU UACHTUYHBIMU HUTAMU HaKaJia, pa3MCIICHHBIMU
OKOJIO CTCHOK aHOJHOI'O HUJIMHApPA.
4 J

Pucynok 2 — MonepHn3npoBaHHBIN HOHHBIH HCToUHKK Kaydmana ¢
MYJIBTUKATOTHONH CHCTEMOM:

1 — sKerpakrop, 2 — aHoJ, 3 — AMEKTPOMArHuT, 4 — cucreMa KaToz0B

(MyNBTHKATOMBI), 5 — HAaITyCK pabodero rasa, 6 — BOIsSHOE OXJIaXICHHE

HonHo-onTrueckast cucreMa MOJEPHU3MPOBAHHOTO MYJIh-
TUKATOJHOI'O WOHHOTO HMCTOYHHKA OOECIeYyrBacT OJHOBpE-
MEHHYIO DKCTPAKIIMIO M TIEPBHUHYIO (DOKYCHPOBKY MHOTOITYY-
KOBOT'O TIOTOKAa; YCKOpeHHne MoHOB 1o »Heprui 100 sB — 2,0
K3B; MUHMMAJBHBIC TOTEPH MOIIHOCTH ITy4Ka; MUHUMAIBHYIO
9PO3UIO CETOK MPH JITATEILHON SKCIUTyaTallii HCTOYHUKA.

[MpuMeHeHne MOHHBIX MPOIECCOB TIO3BOJSET TTOBBICHTH
TOYHOCTh M3TOTOBJICHHSI MUKPOCTPYKTYP U CO37aTh BBICOKO-
MPOU3BOJMTENLHOC =~ ABTOMATU3UPOBAHHOE  TPOMBIIUICHHOE
o0opyIoBaHHE.

YK 621.088
Crantrotko /1.0.
KOHTPOJIb AMILUIUTY bl KOJIEBATEJbHOI'O
JABW/KEHMUSA PE3IIA
IIPU BUBPAIITUOHHOM TOYEHUU

BHTY, 2. Munck
Hayunwuii pyxosooumens: Janunvuux C.C.

B mporiecce BUOpaIlOHHOTO TOYEHHSI KPOME OCHOBHOH I10-
na4qn SO MHCTPYMEHTY COOOIIAeTCs KoebaTenbHOe JBUKEHHE C
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amumiTynoi A (pucyHok 1). BennumHa amImmTyapl JODKHA
OBITH TaKOBOM, YTOOBI TOJIMHA Cpe3a B KOHIIE Ka)KIOro LMKIIA
KoJe0aTeNbHOr0 JBYKEHNSI MHCTPYMEHTAa YMEHbIIANACh 10 HY-
J1s1. OTO MPUBOAUT K JPOOJICHHIO CIIMBHOM CTPYKKU HA DIICMEH-
ThI ONPEAETICHHON JAJTUHBL.

TeopeTnueckn aMIUIMTYAa KOJNEOAHUH PEXKYILETO HHCTPY-
MEHTA OINPEIEIAETCA U3 YCIOBUS

S0

A=—, MM,
2lsin 7 —
n

rae f u N— yacrora KoneGarenbHOro IBHIKEHNUS UHCTPYMEH-
Ta ¥ 9aCTOTa BPAIIEHHS 3arO0TOBKH, COOTBETCTBEHHO [1]. Cie-
JIOBATEIbHO, PaCYETHAsI aMILUIMTY/d 3aBHCUT OT MOfa49u S, H

f .
OTHOIIICHHS 4 . dna oGecriedeHns yCTOMUMBOTO IpoIiecca

IpOoOJIeHNs CTPYXKKH YacTOTa 3aJaBaeMbIX KojeOaHWA He
JOJDKHA OBITh KPATHOM YacTOTE BPAaIeHHs 3arOTOBKU. DKCIIe-
PUMEHTBI MTOKa3aJM, YTO. HaWjIydliee qpo0iieHue CTPYKKHU JI0-
CTHUTAETCsI TIPU COOTHOIICHUH YaCTOTHI 3a]]aBaeMbIX BHOpAIUiA
K 4acTOTE BpAIlCHHS 3aTOTOBKU:

T 051505 2K+1
n
\r -t

nd

\ VAYAY

\
Pucynok 1 — Pa3BepTka ABMKEHUS pe3Lia
IIp¥ BUOPALIMOHHOM TOYEHHUHU

Ha npaxtuke aMIuinTyaa MOXET OTJIMYATHCS OT TEOPETH-
yeckoi. Ha BennumHy aMmiuTyzsl BIMSIOT CBOMcTBa oOpada-
TBIBAEMOT' O MaTepuaa, MIpUMEHEHHE CMa304HO-
OXJIQXKTAIOILEH KUAKOCTH, YroJl B IJIAHE (9, )KECTKOCTh CTaHKa
U PESKUMBI PE3aHUsL.
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s vccnenoBanus 3aBUCIMOCTH CHJT Pe3aHUsl TIpU BHOpa-
LMOHHOM TOYEHHUH, IIEPOXOBATOCTH O0OpaOOTaHHBIX MOBEPX-
HOCTEW, CTOMKOCTH PEXKYILEro MHCTPYMEHTa OT aMILIHTY.bI
HEOOXOAMMO TOYHO KOHTPOJIUPOBaTh e¢ BenuuuHy. Cyiie-
CTBYIOT PAa3JIMYHBIC METOABI U3MEPCHHUA XapPaKTCPUCTUK MEXa-
HUYECKUX KoneOaHui. [IJis MX HM3MEpPEHUs HUCIONB3YIOTCS B
OCHOBHOM DJICKTPHUYECKHUE U ONTHYECKHUE TPUOOPHI.

B anekrpuueckux npubopax MexaHHYecKue KoneOaHHs mpe-
00pa3yroTcs B MEKTPUUECKHE CHUTHAIBI, KOTOPbIEC TIOCTIE YCHITe-
HUsI TIOCTYMAlOT Ha PErucTpHpYoNlyto ammaparypy. lLlnpoko
JUISL U3MEPEHUsI BHOpOIIEpEMEIICHUN TPUMEHSCTCS TEH30MET-
pus. HawuGonbliee mnpumeHeHHEe TpU TEH30METPUPOBAHHU
HATYPHBIX KOHCTPYKIWH HaXOST SJIEKTPUYECKUE TEH30METPHI
COMPOTHUBIICHUSI — TEH30pPE3UCTOPBI. TeH30pE3UCTOPhI HaKIICH-
BAIOTCSl Ha YNPYTUil DIIEMEHT, KOHTAKTUPYIOIIMA B Ipoliecce
BHUOPAIMOHHOr0 TOYEHHS ¢ KoneOaTenbHoi cructeMoi. [IpuHimn
JICHCTBHST TEH30PE3UCTOPOB OCHOBAH Ha M3MEHEHUH DIICKTpHYe-
CKOI'O COITPOTHBJICHHUSI YYBCTBUTEIBHOM PEIIETKH IpU €€ Jie-
(hopMHpOBaHNN BMECTE C: KOHCTPYKIIMEH, BOCHPHHUMAFOIICH
konebanus. BcnencrBue medopManuy M3MEHSIETCS BBIXOIHOE
HaNpsDKEHHe, TI0 BEJIMYMHE KOTOPOrO M OLICHWBAIOT BEJIHYHHY
AMITIATY/BL.

[Ipr oMoy ONTHYECKUX MPHOOPOB OCYIIECTBIsETCS Oec-
KOHTaKTHOE M3MepeHne BuOporiepemenieHnii. K HIM oTHOCSATCS
nazepHsie TIpuOOpPEL. PaboTta mpubopa, mpeacTaBIeHHOro Ha PH-
CyHKe 2, OCHOBaHA Ha IMPOCTPAHCTBEHHOM CMEIIEHWH OTpa’kKeH-
HOTO JIy4Ya jla3epa 2, HampaBJIeHHOTO MO yIJIOM Ha KoieOmmo-
uwiics 00bekT 1 [2]. DTO cMelenne, MporopIHOHAIEHOE OT-
KJIOHEHHIO X OOBbekTa, oOpadaTbiBaercst (POTONPUEMHUKOM 3 U
M3MEPUTEITBHON CHCTEMOH 4.

Jis m3MepeHus XxapaKkTepUCTHK HU3KOYAaCTOTHBIX Koseda-
HUW TPUMEHSIOTCS MeXaHWdeckrue mpuOopsl. MexaHU4eckne
KoeOaHusl 00BeKTa M3MEPEHHUSI MOTYT BOCIPHHHMATHCS ITY-
IIOM W TIepelaBaThCs MUIIYIEMY Tepy s 3alucd Ha JIBU-
KYIIYIOCs JIeHTy. MexaHuveckre pruOopsl Ooliee MPOCTHI 110
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KOHCTPYKIMH U HEe TPeOYIOT JOpOrOCTOSIICH pEerucTpupyro-
LIEH annaparypsl.

Pucynok 2 — Cxema na3epHoro npubopa
JUTSI I3MEPEHIS BUOpOIIepeMeIneH i
JUtst OBICTPOTrO KOHTPOJISI BETMYHMHbBL aMILUTUTY/IBI pa3padoTa-
HO YCTpOICTBO, IPHBEIEHHOE Ha PUCYHKE 3.

g eina S 3 +

3 %} ‘_
| |
4 1] )

o]

Pucynok 3 — Cxema mpucioco0aeHus
JUISL U3MEPEHUS aMITIUTYIbI

OCHOBY YCTpOICTBAa COCTaBIISIFOT MUKPOMETPUUYECKUE BHH-
Thl 1, MOIKJIIOYEHHBIE K MCTOYHHMKY IOCTOSIHHOTO TOKa. [lo-
JBIDKHBIN AJIEMEHT 2 YCTPOWCTBA IS BHOPAIMOHHOTO TOYECHUS
pacronaraercs MeXIy 3TUMH BUHTAMU M Taroke MOJKIIOUYEH K
HUCTOYHMKY TOKa. VHCTpyMeHT 4 yCTaHOBJIEH B CIICLHUAIIEHOM
pesuenepxarerne, KOTOpOMY coo0IaroT BO3BPATHO-
BpalaTebHOE ABUKEHIE OTHOCUTEIBHO OCH 5. YT0J MoBOpoTa
pesuenepxarens HeOOIBIION, TOITOMY ITOIBIKHBIHN JIEMEHT 2,
YCTaHOBJICHHBIN Ha pe3LefepkaTenb, YCIOBHO COBEPIIAET BO3-

5
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BpaTHO-TIOCTyNaTeIbHOE ABWXKEHNE. MeyIeHHO Bpalasi BUHTHI
noOuBaeMcsl JIETKOTO0 KOHTAaKTa MEXIy BUHTAMH U KOJIEOro-
LIUMCS JIEMEHTOM. B MOMEHT KacaHMs [TOOYEpeHO C OTHOU U
JPYroi CTOPOHBI 3aropatorcs Jamnodku 3. OTrapupoBaB npea-
BapUTENIFHO JTAHHOE YCTPOICTBO BEIWYMHY aMIUTUTYABI OIpe-
JETISIOT 110 MOKa3aHUAM MHKPOMETPUYECKUX BUHTOB, LIEHA Jie-
JeHns KoTopbix coctaniseT 0,01 mm.

VYCTpOHCTBO MO3BOJSIET TaKKe YCTaHABIMBATH HEOOXOH-
MYI0 aMIUTUTYOy, OTPaHUYHB €€ BEIMYMHY MHUKpPOMETpHUYe-
CKUMH BHUHTAMH. AMIUIUTYly B 3TOM ClIydae MEJIEHHO H3Me-
HSIIOT JI0 TEX II0p, IIOKAa HE NPOU30UIET JIETKUI KOHTAKT, O YeEM
COO0IIIAT JIAMITOYKH.

JINTEPATYPA

1. Konosainos, E.I'. Ocuumumpyroiiee touenue / E.I'. Kono-
BajoB, A.B. bopucenko. — MuHck: WM3-Bo Axajgemun Hayk
BCCP, 1960.—-32 c.

2. Swepunpis, TLU. ThiaaupoBanue 3KCIEPUMEHTA B MAIlIK-
HocTpoeHuu: crpas. nocodue / LW, Smepunpn, E.M. Maxa-
puHCKHA. — MuHck: Beimt. mik.; 1985. — 286 c.

YK 621.5
Tapu6o JI.T.
HUCCJIEIOBAHUE PEXXUMOB PABOTbBI
HOHHOI'O HCTOYHUKA C 3AKPBITBIM JPEH®OM
3JIEKTPOHOB

BHTY, 2. Munck
Hayunwiii pykogooumens: babyx B.B.

VouHple MCTOYHWKM € 3aKpBITHIM (3aMKHYTBIM) japeiidoM
9IEKTPOHOB MPEIHA3HAYCHBI [T (PUHUIIHON OYHUCTKH TOUIOKEK
riepesl HaHeCEHHEeM MTOKPBITHI ¥ HOHHOTO aCCHCTUPOBAHUS IIPO-
recca HaHeCceHWs MOKPBITHMH. C MX MOMOLIBIO TaKKe MOYKHO
HAHOCUTH TIOKPBITHS METOJOM XMMHYECKOro rasoasHoro oca-
xaeHus. [1oTpeOHOCTh B TAaKMX HMCTOYHHKAX IPOSBISIETCS BO
MHOTUX TEXHOJIOTHSIX MOHHOW 00paboTkh MaTepuayioB. 3Ha-
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YaJbHO 5TH YCTPOWCTBA OBbUTH Pa3padOTaHbl B KAUeCTBE JIBUrATe-
JIel 11 KOCMHYECKHX aIllapaToB, HO OKA3aJMCh BOCTpeOOBaH-
HBIMH M B TEXHOJIOTHAX Momupukanuy, T.K. GopMUpyeMble UMU
WOHHBIC ITyYKH SIBISIOTCS 3P HEKTUBHBIM HHCTPYMEHTOB BO3/ICH-
CTBHsI HA MaTEPUAIBL.

HoHHbIE UCTOYHHMKH C 3aMKHYTBIM Jpeid(hoM 3JICKTPOHOB
MOYKHO Pa3Je/IuTh Ha JIB€ OCHOBHBIE Ipymibl. IlepBas, 310 MOH-
HbIE UCTOYHUKU C IPOTSHKEHHOM 30HOM YCKOPEHHMs], Ha3bIBacMble
TaKXKe CTAlMOHAPHBIMU IUIA3MEHHBIMU YCKOPHUTEISIMUA WU
YCKOPHUTENSIMA C MarHUTHBIM ciioeM. Ko BTOpoit rpymme oTHO-
CATCS WOHHBIE MCTOYHUKM C AHOAHBIM CJIOEM. B BaKyyMHBIX
TEXHOJIOTHSAX IPUMEHSIOTCS IIOYTH WCKIHOYUATEIFHO HOHHBIE
WCTOYHMKY C aHOTHBIM ci10eM. KOHCTPYKIHSE HOHHOTO HCTOYHH-

- MarguTel  MArEuTompoEcd

— ———— / i
Hsi
F = | _vsonsop
T {_'_F:"s_'ﬁl};[
| 3 }
1 L
3
MareuTHOE Homrnrit :
nons [1 —~ mymor T U Katoxn

Ka TIpUBeZIeHa Ha pUCYHKe 1.
Pucynok 1 — MoHHBIIH HCTOYHHK C 3aKPBITHIM perdom
JJIEKTPOHOB

HcTo9HNK MMeeT MarHUTHYIO CUCTEMY U3 MOCTOSIHHBIX Mar-
HHTOB, KOTOPasi CO31aeT MarHUTHOE TI0JI€ MEKTy BHYTPEHHUM U
BHEIIHUM II0JIFOCAaMU MarHuTornpoBoza. [locie mogaun monoxu-
TENBHOIO MOTEHIMANIa Ha aHO/ MEKTy HUM M KaTOZIOM 3aropaer-
Csl ANIEKTPHIECKUI pa3psi CO CKPEIIEHHBIMI aKCHAIBHBIM DJIEK-
TPUYECKUM H PaauaIbHBIM MarHUTHBIM MOJMSIMU. B 3TOM Citydae
ANEKTPOHBI Ipei(yIOT B a3UMYTAIBHOM HANpaBiIeHUH IO 3a-
MKHYTBIM TPaeKTOPHSIM, MHOI'OKPATHO HOHH3YS aTOMBI pabo4ero
raza u nocrernenHo aupdynaupysa k anoxy. OOpaszoBaBIIMecs
WOHBI YCKODSIFOTCSI CHJIBHBIM DJICKTPUYECKUM IIOJIEM, CO3Jai0-
IIMMCS 32 CYET NMPOCTPAHCTBEHHOr'O 3apsifia AJIEKTPOHOB, U I10-
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KU/IAI0T MOHHBIA MCTOYHMK Yepe3 LIENb YCKOPSIOLIEro KaHasa.
KoHCTpyKTHBHBIME  OCOOCHHOCTSIMH HOHHOTO HWCTOYHHKA C
AQHOIHBIM CJIOEM SIBJISTIOTCS] TIPOBOJSILE CTEHKH YCKOPSIIOIIETO
KaHalla, 1 JJIMHa 3TOro KaHajla, MCHbIIAasA, 4Y€M €ro mupuHa. B
JJAHHOM MOHHOM MCTOYHHUKE HE CYILECTBYET IMpoliecca, OrpaHH-
YHBAIOIIEr0 TEMIIEPaTypy 31eKTpoHOB. [ToaToMy mpoucxoaut ee
yBEITMYEHHUE MIPU ABW)KEHUH JIEKTPOHOB K aHOAY. JTO yBeimde-
HHE TEMIIEPATYPHI IIPUBOAUT K PE3KOMY IOBBIIIEHHUIO IIOTEHIINA-
na B obnactu aHona. TOHKWI CJIOW y aHOZa, B KOTOPOM ITPOHUC-
XOIIUT 00pa30BaHUE U YCKOPEHWE MOHOB, CTall OCHOBOW Ha3Ba-
HUsI JaHHOI'O THUIIa KOHHOI'O HCTOYHUKA.

W3BecTHO, Y4TO OTHOPOJHOCTD MAPaMETPOB MOHHOTO ITyYKa
yIydiaercsi Ipy HalycKe ra3a He B KaMmepy, a B razopacrpe-
ACIIUTCIbHYIO Maructpajib, HaxOAsALIYIOCA BHYTPU HOHHOI'O
HMCTOYHUKA, YTO TAKXKE JAaeT BOZMOXHOCTh paboTaTh Ha Goiee
HU3KHUX JAaBJICHUAX U TEM CaMbIM YMEHBIINUTH KOJIMYECTBO I'a-
30BBIX BKJIFOUCHUH B IJIeHKE. [IpH BHIOOpE MIMPHUHBI YCKOPSI-
forero kanaiga W (pucyHok 1) HEOOXOAMMO yUHUTBIBATh, YTO
4yeM OOJIbIIIe 3Ta BEIWYMHA, TEM IIHpe OyAeT MPOeKIUs WOH-
HOro mydka Ha moanoxke. [lpu W = 2; 4; u 6 MM yron pac-
XOXJIEHUS ITydka MOHOB paBHsercs +6%, £12% u £15%, co-
OTBETCTBEHHO. bollee MMPOKHE ITy4KH HMEIOT MEHBIIYIO
IJIOTHOCTh MOHHOTO TOKAa MPH TAaKOM XKe pabodeMm Hampsike-
HAW W JAaBieHnd. s Toro 4To0Bl M30€XaTh pacCIbUICHUS
CTEHOK YCKOPSIOIIeT0 KaHala WOHAMH HeoOXOoIuMa OITH-
MaJbHask KOH(PUTyparisi MarHuTHOTO MO B YCKOPSIOIIEM
MIPOMEXKYTKE, JOCTaTOUYHOE OXJIAXKIECHHE HMCTOYHUKA W TIpa-
BIJTBHAS FOCTUPOBKA JIEKTPOMAarHUTHON onTukw. Ha pucyHke
2 TOKa3aHbI JIBE BO3MOXKHBIE KOHCTPYKIIUU DJIEKTPOTHONU CH-
CTEMBI HOHHOTO MCTOYHWKA: HENPaBIIIbHAS (2) U TpaBUIbHASL
(0).

B HempaBuibHOW KOHCTPYKITUH, TOJBKO MOHBI, 00pa30BaB-
IIFiecsl OKOJIO IIENH B KaTOJle, MOTYT YJacTBOBATh B (hopMupo-
BaHUM ITyYKa, & OCTAJbHBIC WOHBI HAIPABIIAIOTCS K KATOMy U
pacmbUIsIoOT ero. B mpaBuiibHONH KOHCTPYKITUH O0JIACTh C BBICO-
KO KOHIIEHTpaluel SJIeKTPOHOB CMeEIIeHa BHYTPh YCKOPSIO-
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miero kanana. Monbl, oOpa3oBaBIrecs: B 3TOH 00IacTH, Mpak-
THUYECKU HE YYaCTBYIOT B PaCIbUICHUH KaTOJa, IIOCKOJIBKY JBH-
raloTcsi B HampapieHuHn oT Hero. Iloatomy paccrosuue L ot
aHozja 1o Omwkaifiiero Kpasi KaToja JIODKHO OBITH MHOTO
MeHbIlle mpuHBl W yckopsitomero kaHana, L << W. Kpome
TOT0, TOK MOHHOTO TyYKa YBEIMUMBACTCS 32 CUET MOBBIIICHUS
3G PEKTUBHOCTH MOHM3AIMK B YCKOPSIIOIIEM KaHajie U CHHKE-
HUS IOJIM MOHOB, UAYIIMX Ha CTEHKH 3TOrO KaHaja. AHOJ JI0N-
JKeH OBITh BBIMOIHEH C MPSIMOYTOJIbHON WM KIMHOBUIHOM IO~
JIOCTBIO B CHJIYy TOTO, YTO IPU 3TOM JIydlle OOECIIE€YMBAETCS
MEPIEHUKYISIPHOCTh CKPEIIEHHBIX DIJIEKTPHUECKOT0 M. Mar-
HUTHOTO I10JIEH

e

Tamine peaicrtieo b foAR

Pucynok 2 — KoHCTpYKIINK 37TEKTPOTHON CHCTEMBI HOHHO-
T'0 UCTOYHHKA

W3BecTHO, 9TO MOHHBIA WCTOYHUK C AHOTHBIM CJIOEM HWMEET
JIBa peKrMa paboThI: BBHICOKOBOJBTHBIN (C KOITMMHPOBAHHBIM
ITy9KOM) ¥ HHUBKOBOJBTHBIN (C pacCcesHHBIM Iy4KoM). Pexum c
KOJUTMMHUPOBAHHBIM ITy9KOM (OCHOBHOH pEKHM) CYIIECTBYET
IIpY HU3KUX JIABIIEHUSIX pabodero ra3a. B aTom pexnme paspsm-
HBI TOK YBENMYMBACTCS C YBEIMUEHHEM PA3pSIHOTO HarpsbKe-
uus. [loBeimas pabodee JaBieHHE MOXHO TEPEKITIOYATH HOH-
HBII ICTOYHUK B PEKUM C PACCETHHBIM ITy9KOM W MHOTO OOJb-
UM Pa3psSAHBIM TOKOM, TOIy4aeMbIM TP TIOYTHA MOCTOSHHOM
HaTPSDKEHNU. OTO OOBSCHSAETCS TEM, YTO B PEXHUME C KOJUTAMH-
POBaHHBIM ITyYKOM B YCKOPSIOIIEM KaHAIE IUPKYIAPYeT XOIl-
JIOBCKHMI TOK M OOBEMHBIN 3apsif] SIIEKTPOHOB HE CKOMITEHCHPO-
BaH HWOHaMH, KOTOpPbIe OBICTPO YHOCSITCS OT aHOJa CHJIbHBIM
ANIEKTPHYECKUM TTOJIEM.

[Nockonbky XOIMIOBCKHIA TOK YBEIMUMBACTCS C TIOBBITIIEHUEM
Pa3psTHOTO HAMPSDKEHUS, TO 3TO TPUBOIUT K YBETUMIEHUIO YHC-
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Jla MOHM3YIOIMX CTOJIKHOBEHWH M POCTY pa3zpsaHoro Toka. Ilpu
MIOBBILIEHUH JJABJIEHUS B YCKOPSIOIIEM KaHasle FeHepalys HOHOB
MPOUCXOAUT OBICTpee yHaleHHus UX M3 00JacTh MoHM3auuu. B
3TOM peKUMe (C pacCessHHBIM ITyYKOM) MOHHBINA TOK HE OrpaHH-
YeH MPOCTPAHCTBEHHBIM 3apsA0M U MOXKET JOCTUraTh 3HAUCHUN
B 10 pa3 OGOMBIINX YeM B PSKHME C KOJUTUMHPOBAHHBIM ITYUKOM.
OnHako Tpu 3TOM TEPSIETCsl KOHTPOJIb TAKUX MapaMeTpOB MOH-
HOTO ITy4Ka KaK 3HEpPrusi MOHOB U HAIPaBJIEHHOCTb.

K HenocTtaTKy MOHHBIX MCTOUHHKOB C AHOJHBIM CJIOEM MOX-
HO OTHECTH OTCYTCTBHME HE3aBHCHUMOrO KOHTPOJISI TOKa U JHEp-
ruv noHoB. [loBbias pabodee naBieHUe sl YBEIUICHHS HOH-
HOTO TOKa MBI YBEIMUYMBAEM TEM CaMbIM KOJIMYECTBO CTOJIIKHO-
BEHMI MOHOB C HEUTPAJIbHBIMU aTOMaMH. HacTble CTOIKHOBEHMS
MIPUBOJAT K IEpe3apsiIKe SHEPTeTUIHBIX NOHOB M HEUTPATbHBIX
atomoB. OOpazoBaBIIMECcs HHU3KOIHEPIETUYHBIE HOHBI TENeph
HaXOJATCS JTAJIeKO OT aHOJa W, TO3TOMY, HE MOTYT YCKOPHTHCS
JI0 TIOJTHOTO aHOAHOTO TOTEHIHaNa. DTO TMPHUBOIWUT K PacIIHpe-
HUIO DHEPTETHYECKOr0 CIIEeKTpa HOHOB. CUMTAeTCs, YTO CPEIHss
SHEPrHs MOHOB B MOHHOM HCTOYHHKE C aHOJHBIM CIIOEM PaBHS-
€TCsl IPUMEPHO TOJIOBHHE aHOAHOTO HAIPsDKEHUS. XapaKTepH-
CTUKM WOHHOIO HCTOYHMKA C @HONHBIM CIIOEM AT BO3MOXK-
HOCTb HCTIONIb30BaTh €r0 BO MHOIMX TEXHOJIOTHYECKHUX OIEpaIi-
AX, TAKMX KaK OYHUCTKA W aKTHBALMs ITOBEPXHOCTEN MOIIONKEK,
HOHHOE accuctupoBanue PVD npoueccam 1 gaxe OpUMEHATHCS
HETIOCPECTBEHHO T HAHECEHHS TIOKPBITHIA.

VK 621.5
Tuxonosuy 10.A.
INPUMEHEHHUE UCTOYHUKOB UOHOB
C XOJIOAHBIM KATOJOM

BHTY, 2. Munck
Hayunwiii pykogooumens: babyx B.B.

HonHo-nyueBas 00paboTka MAaTepUalioB OCYLIECTBIACTCS
MyYKOM YCKOPEHHBIX 3apsDKEHHBIX YacThL, COOPMUPOBAHHBIX B
ABTOHOMHBIX MCTOYHHMKaX MOHOB. Pabouee BelIeCTBO MOAAETCS
B ABTOHOMHBIA MCTOYHUK HOHOB, B KOTOPOM IIPOHCXOAUT €ro
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HOHM3AIIMS, YCKOPEHNE HOHOB 0 TpeOyeMoii SHeprun u popMu-
pOBaHUE ITyYKa MOHOB. YCKOpPEHHbIC MOHBI MONagaloT B TEXHO-
JIOTHYECKYI0 KaMepy O3 CTONKHOBEHHUH ¢ OCTaTOYHBIM Ta3oM U
B3aMMOJICHCTBYIOT C TIOBEPXHOCTBIO0 00padaThiBAEMOro 0ObEKTa,
BbI3bIBas JIMOO pacIbUICHHE Marepuaia (MOHBI aproHa), JuOO
00pa3oBaHME JICTYYHX COCANHEHUH (MOHBI XUMHUECKU aKTUBHBIX
BEILIECTR), JIMOO OCAXKIeHUE MaTepraiia (YIIeBOIOPOIbI).

[lpu pacnpocTpaHeHUM My4YKa HOHOB B NPOMEKYTKE HC-
TOYHHK WOHOB — 00OpabaThIBaeMbIi OOBEKT 00pa3yercs Mmyd-
KOBasl TIa3Ma, COCTOAIIAsi U3 YCKOPEHHBIX MOHOB M MEJJICH-
HBIX 3JICKTPOHOB, BOZHUKAIONIUX MNPHU MOHU3AIUH OCTATOYHO-
IO Ta3a M B pe3yJibTaTe B3aMMOJISHCTBUS TIyHKa HOHOB C 00pa-
0aTbIBaeMbIM OOBEKTOM. PexuM pabOThl UCTOUHHKA OIpese-
JSIOT HE TONBKO MapaMerpbl MOHHOI'O Iy4YKa, HO W CTEICHb
€ro KOMIICHCAIlUHU, XapaKTCPUCTUKU BTOpH‘IHOﬁ I1J1a3MBI,
CBOICTBA ITyYKOBOH IJIa3MBI U XapaKTep €€ B3aUMOJECHCTBUSA C
00pabaTeIBaEMON MOBEPXHOCTHIO.

Ha oOpabaTpiBaeMOil TTOBEPXHOCTH MPOHCXOAAT CIETYIO-
I¥ie TPOLIECCH: HEUTpaTu3aIisi HOHOB ITy4YKa ¢ oOpa3oBaHH-
€M ra3oBOro TOTOKa, yAaJieHWe Marepuaja B pe3ynbrare ¢u-
3WYECKOT0 PACTIBUICHNS WIM XMMHUYECKOTO B3aMMOJACHCTBHS
HMOHOB C MaTepuajioM IMOMJIOKKH, DMHUCCHS JJIEKTPOHOB C TO-
BEPXHOCTH TP HOHHOM 60MOapaupoBKe, IMOCTYIIIICHUE TTOTO-
Ka AJIIEKTPOHOB U3 MYYKOBOM IJIa3Mbl WM C KaToAa HelTpau-
3a1WH, PaCroI0KEHHOTO BOJIM3M UCTOYHNKA HOHOB.

Jis peanu3aiiyi HOHHO-TTy4YeBBIX TEXHOJIOTUN pa3paboTaH
PAI OPUTHHATIBHBIX UCTOYHHKOB MOHOB C XOJIOJHBIM KaTOZOM
IUTS TPaBJICHUS MAaTEPHAIOB M HAaHECEHUS IIIEHOK — «XOJo-
I0K-1», «Xonoxok-2», Pagukan M-200.

Bo Bcex mcroyHMKax HCHONB3yeTCS EIUHBINA (Pr3NUecKuit
MPUHIHT (POPMUPOBAHUS ITy9Ka MOHOB, 3aKIFOUAFOIHICS B CO-
3[IAHUU BHYTPU YCKOPSIOIIETO MPOMEXYTKA CKPEIIEHHBIX JJIeK-
TPUYECKOrO W MAarHUTHOTO TIONEH, yIEP’KUBAIOIINX JIEKTPOHBL,
HMOHU3YIOIINE
pabouee BeriecTBo. Pa3paboTaHHbIE MICTOYHUKN MOHOB TIO CPaB-
HEHWIO C 3apyOeXHBIMU aHAJIOTaMH, HAallpUMep, ¢ UICTOYHUKAMH
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Kaydwmana, ncrounnkamu ¢ cenoBuaasiM noneM, CBY ncrou-
HUKaMH 00J1a7a10T CICAYIOIMMH JOCTOMHCTBAMHU:

® TIO3BOJIAIOT PabOTaTh MPAKTUIECKH C TIOOBIMUA XUMHYECKU
AKTUBHBIMH I'a3aMH, O1arofapsi HCIOJIb30BaHHIO XOJIOJHOTO Ka-
TOJA;

e o0ecreynBaroT Mojy4eHue B 2-3 pa3a OONBIINX MJIOT-
HOCTEW MOHHOT'O TOKA IPU TOW K€ IHEPTUU UOHOB;

® TI03BOJIIOT (DOPMHUPOBATH MTyYKHU HOHOB Pa3IMIHOM
($hopMBI B KOH(UTYpaAIHH;

e 00ecreyrBaroT OJHOPOIHYI0 00pa0OTKY HEIlOIBHKHBIX
ITOBEPXHOCTEH OOJIBIIION TIOMIAIN;

® HMEIOT OONBIINIA CPOK CITYKOBI M MPOCTYIO KOHCTPYK-
LHIO.

TexHOMOTHYECKNE TIPOIIECCHI, OCYIIECTBISIEMBIE C TOMO-
B0 pa3pabOTaHHBIX NCTOYHUKOB HOHOB:

1. Ouncrka, aKTUBAIMS W MOJUMPOBKA TMOBEPXHOCTEH 00b-
€KTOB

OuncTka TOBEPXHOCTH B BaKyyMe MOYKET OCYIIECTBIIATHCS
pa3IMYHBIMU METOAAMU: TICIONIMM paspsaoM, BU paspsaom,
nojgayed moctosstHHoro u BY mnoTeHimana Ha MOUIOKKY,
HaXOJSIIYIOCS B Ta30pa3psIHON TIa3Me.

XUMUYECKHE METO/bl OYMCTKH HE BCETAa MO3BOJSAIOT IIO-
Jy4aTh TOBEPXHOCTH, CBOOOTHYIO OT OPTaHUYECKHUX PacTBO-
puTenel, XUMAYECKIX PeareHTOB, TUIEHOK CIOKHOTO COCTaBa,
HE B3aWMOJISHCTBYIOIINX C PACTBOPUTEISIMH.

Tak Kak cocTaB 3arpA3HEHHUM, Kak MPaBUJIO, HEU3BECTEH,
pacIbUICHHEe MOHAMH aproHa sBisiercs Hambonee 3¢ peKTuB-
HBIM METOJIOM Y/IaJIeHHs] CBEPXTOHKHUX IMOBEPXHOCTHBIX CIOEB
¥ TIO3BOJISIET TIPOBOJUTH OUUCTKY TOIOKKH, HETOCTHIKUMYFO
B cirydae 006pabOTKu KUAKOCTHBIMU MeTomamu. s ynaneHus
OpPraHWYeCKHX 3arps3HEHUI OUYNCTKY IMOBEPXHOCTH IIEIIECO00-
Pa3Ho MPOBOUTH MOHAMH KHCIIOPO/Ia, 00pa3yIOINMHU C OpTraHu-
YeCKUMH COCJITMHEHUSIMH JIETYIHE TIPOTYKTH B3aHMOICH CTBHSL.

HaHecenmne 1uieHOK Ha MpeABapUTENHHO OYHINEHHYIO T10-
BEPXHOCTh MPUBOJTUT K CYHNIECTBEHHOMY VIIYYIIEHHIO Kade-
CTBa W HAJI©KHOCTH H3TOTAaBIMBAEMBIX H3ACIUN 3a CYET
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yIy4lIeHUs] aAre3ud IUICHOK K TOIJIOXKKE, YBEIHYCHHUS
CIUTOIIHOCTH IUICHOK HPU MajblX TOJIIWHAX, YMEHBIICHUS
BIMSIHHUSA OKpY’Kalollel CpeAbl Ha KadyecTBO MOKpeITHH. OO-
paboTKa TOBEPXHOCTH MyYKOM MOHOB HE TOIBKO OYHMILIAET €€
OT 3arpsA3HEHUH, HO U aKTUBUPYET €€ WJIHM PacTYUIYIO IUICH-
Ky, €Cli TpolecCc 00paOOTKH MyYKOM HOHOB IMPOBOAUTCS
OTHOBPEMEHHO C HaHeceHWeM IuieHKU. [Ipu »TOM Ha mo-
BEPXHOCTH 00pa3yloTcsi CBOOOAHBIE CBSI3U, KOTOpPBIE INPH
HaHCCCHUHN IIJICHKU CTAHOBATCA HMCKYCTBCHHBIMU. IICHTPaAMH
3apojpimeodpazoBanus. [Ipyu akTHBAMK TOBEPXHOCTH CTEK-
Jia, HalIpyuMEp, BO BPEMA HAHCCCHUS IIJICHOK aJIIOMUHUA, MC-
I, XpOMa WM JPYTMX METaJUIOB, CIUIOLIHbIE TJIEHKH oOpa-
3YIOTCSl JJake TIpU TOJIIIMHE HEeCcKOoJbKo HM. [Iporecc akTu-
Baluu dQPEKTHBEH, €CIIH MPHUMEHSATh €ro HEIOCPEICTBEHHO
repe/] HAaHECEHHEM WM B TIPOIlecce HAHECEHU S TUICHOK.

2. Hanecenwne mieHOK

ToHKkHe TUIEHKH Ppa3iIMYHbIX MAaTEPUAIOB MOKXHO HAHOCHUTH
Ha NOMJIOXKKY, paclblidgd MaT€pual MUIICHU ITYYKOM HOHOB
HNHEPTHBIX Ia30B.

OcCHOBHBIE JOCTOMHCTBA 3TOT0 METO/a HAHECEHUS IUICHOK
[I0 CPaBHEHUIO C METOAOM HOHHO-IUIA3MEHHOI'O pPaclbUICHUS
COCTOSIT B CIEAYIOIIEM:

® BO3MOXHOCTb HAHECEHMs IIJIEHOK MAaTEpHaJIOB CIOXKHO-
I'0 COCTaBa C COXpaHEHHEM KOMIIOHEHTHOI'O COCTaBa MHIIICHHY;

e Majioe pabodee HaBJICHUE B TEXHOJIOTMUECKOH KaMepe,
OrpaHMYEHHOE JIUIIH OBICTPOTON OTKaYKH BAaKyyMHOW CHCTE-
MBI, 4 HE YCIOBUSMH MOLAEPKAHUS Pa3psaaa;

® OTCYTCTBHUE 3JICKTPHUUYECKHX IOJIeH B 00NacTH MOATIOXK-
K{, 4TO OCOOCHHO Ba)KHO NPH HAHECEHUH IUIIEKTPUUYECKUX
IJICHOK Ha MOJIOKKH U3 IPOBOISIINX MAaTEPHAJIOB;

e BO3MOXKHOCTbH YNPaBJIECHU 3apsdaMu B OCaXJaeMOn I1-
JNEKTPUYECKON IIEHKE C IIOMOIIBIO 3JIEKTPOHOB, SMUTTHPYE-
MBIX KaTOIOM HEHTpaIu3aLuHy.

VIcTOYHUKHM MOHOB C XOJOIHBIM KaTOJIOM THIA «XOJIOIOK,
MO3BOJISIIOT B OTJIMYME OT M3BECTHBIX METOI0B OOoMOapiupoBaTh
pacnbUIsieMble MUIICHH BBICOKOSHEPI'€THYHBIMH HMOHAMH IpakK-
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THYECKH JIIOOBIX ra3000pa3HBIX BEIIECTB, BKIIOYAs XHUMHUYECKH
AKTUBHBIE COSIHEHUS.

Hcrounuk MOHOB «XOJ0J0K-1» cO3MaeT paauaibHO CXOIs-
LUICSA IIy4OK MOHOB, HAIPABJICHHBIM IIOJ TAKUM YIJIOM K IIO-
BEPXHOCTH MHUIICHH, TIPH KOTOPOM 00ecTieunBaercs moiydeHne
MakcUManbHOro KoddduimenTa pacmbuieHust Martepuana. Hc-
TOYHUK IMO3BOJIACT HAHOCUTH IJICHKU MCTAJIJIOB, IHUDJICKTPHUKOB,
MOMYIIPOBOJHUKOB, CIUIABOB, 8 TAKXKE CJIOKHBIX KOMITO3HIIMOH-
HBIX MaTepuajoB, BKIIOYAsl BBICOKOTEMIIEPATYPHBIE CBEPXIIPO-
BOJHUKHU. JI7s1 HAHECEHUS IUICHOK Ha IOBEPXHOCTH OOJIBIIOH
wiomaan ObUT pa3paboTaH MCTOYHHK C PajMalibHO Pacxojs-
LUMCSI ITyYKOM HOHOB («XO0110/10K-2»). McToqHnK «XO0m010K-2
MI03BOJISIET HAHOCHUTH IUIEHKH C HEpaBHOMEPHOCThIO — 5% Ha
TTOIUTOKKH JraMeTpoM — 200Mm.

Ucrounnk nonoB Pammkan M-200 1mo3Bomnsier ocakaaTte Ma-
TepHajl HEMOCPEICTBEHHO U3 My4Ka HOHOB M OTIINYAETCS OT JIPY-
I'MX WCTOYHHKOB BO3MOXXHOCTBIO_ YIPABIICHHS SHEPTUEH Ocax/a-
€MBIX YaCTHIl Y HAIPABJICHHOCTHIO OCAKICHUST MaTepuana (I1o]
VIJIOM K TIOBEPXHOCTH). Pabouee BelecTBo, HaNpUMep, YIiieBo-
JIOpOJI TTOJaeTC B NCTOYHUK, HOHU3YETCS, 00pa30BaBIIMECs HO-
HBI YCKOPSIIOTCS /10 TPEOyeMOi SHEPIHH M OCaXIAIOTCS Ha IOJ-
JIoXKKe, 00pasys ammazomonoonyro mieHky (AIIIT). ITockombky
HOHBI YCKOPSIIOTCSL DJIEKTPUYECKHM IOJeM BHYTPH HMCTOYHHKA,
TO WX DHEPIHS MOXKET JIETKO BaPHUPOBATHCS B IHPOKUX TIperie-
JIaX OT JECATKOB 3B 0 HECKONBKUX ThICAY 3B, Torna kak B mpo-
[ieccax PacrbUICHUS] MATEPUAIOB SHEPIHS OCAXKIAEMBIX aTOMOB
SIBIICTCST HEM3MEHHOM M COCTaBIIsIET B cpeaneM (5—15)3B, a mpu
HCIIAPEHUH MaTeprajia He peBbimaeT o0sraHo 0,25B.

OTOT METOJT MPEUIOKEH CPABHUTEIHHO HEaBHO U HUCIIONb-
3yercs B ocHOBHOM g nomydenus AIIIL. JloctouHcTBOM
STOTO METO/a SBJSIETCS BO3MOXKHOCTH YIPaBJICHUS DHEprueit
HMOHOB B MIMPOKHUX TpEeNaX, YTO MO3BOISIET U3MEHATh CBOU-
CTBa U CTPYKTYPY OCaXXIAEMBIX YIIIEPOJHBIX IIJICHOK, a TAaK¥Ke
BO3MOXKHOCTH YIIPaBJICHUS YTIIOM IaJIeHUs] HOHOB, YTO CYIIe-
CTBEHHO, HANPUMEp, MPU OCAXKJICHUH TUICHOK HA CTEHKH TIy-
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0OKHMX KaHaBOK. M3 My4yKkoB MOHOB MOXKHO OCa)KAATh HE TOJIb-
ko AIIII, HO Takke ¥ OKHCIIBI, HUTPUABI U KapOU/IBbL.
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