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Cywjecmeennuili HeOOCMAMOK WUPOKO PACNPOCHPAHEHHO20 CNOCOOa NPou3e00Cmed GPUKYUOHHBIX OUC-
KO8 — CoeOUHeHUe QPUKYUOHHOU HAKIAOKYU U CIATLHOU OCHOBbL Yepe3 NPOMENCYMOYHbBLIL MEOHbLL NOOCOT, CO3-
o0asaemblii 2a1b8AHUYECKUM CNOCOOOM. B npomvluiienHblx ycnoguax 3mo mpebdyem npumeHeHus 00po20Cmosi-
WUX OYUCTHBIX coopydcenul. Paspabomana mexnonozua co30anusi IKOA02UHECKU YUCHIO20 NPOMENCYMOUHO20
ROOCNO0A U3 8bICOKOOUCNEPCHO20 NOPOWKA MeOU ¢ pasmepom yacmuy menee 40 mxm. IIpomexcymounviti nopous-
K08blll NoOCIol 0becneuusaem mpebyemylo RpoUHOCIb U bICOKYIO A02€3Ul0 MeNCOY PPUKYUOHHOU HAKIAOKOU U
CMATBLHOU OCHOBOU, OCYWecmensiem QYHKYUI Niacmu4eckoll peraKcayuu HecKOMNeHCUPOBAHHBIX MePMOHA-
npsascenutl, IhGexmusHbvill 0Meood Menaoeoll IHEPUU 8 Npoyecce IKCRIYAMAYUU QPUKYUOHHO20 OUCKA.

BBenenne. MupoBoii poct o 100b4e U nepepaboTKe MPUPOIHBIX PECYPCOB, Pa3BUTHE CEIBCKOTO XO-
3SCTBA U CTPOUTENBCTBA CTUMYIHPYET MOBHIMICHHBINA CIIPOC Ha aBTOTPAKTOPHYIO TeXHUKY. JIt00oii BUA aBTO-
TPAaKTOPHOM TEXHWKH MMEET MepeaTOYHbIE U TOPMO3HBIEC Y3JIbl, OCHOBHBIMH 3JIEMEHTAMH KOTOPBIX SBISIOTCA
(dpuknuoHHble quckd. Hanbomnpuiee pacnpocrpaHeHre MOTyYHiId (pPUKIHOHHBIE TUCKH Ha CTaIbHON OCHOBE C
HaHeCEHHBIMH (DPUKIMOHHBIMH HakJagKkaMu. [[puMeHeHne TUCKOB TaKOH KOHCTPYKIIUHU 00ECIIeYNBAST BEICOKUIH
pecypc paboThl (PPUKIIMOHHOTO y3J71a M CTaOMIIbHBIE SKCIUTyaTallMOHHBIE MapaMeTpbl. MUpOBBIE JHAEPHI 10 BHI-
mycKy aBToTpakTopHOU TexHUKH: benA3, MT3, Amkonop (bemapycr), Caterpillar (CIIA), Kamatsu (SAnoxus),
AKTHBHO HCTIONB3YIOT (PPUKIIMOHHBIE JUCKH TaKOH KOHCTPYKIIMH B CBOMX MAlTMHAX.

MomnoneyreHcknid 3aBo]] mopomrkoBoit Metamnyprun (Mon3IIM) sBnsieTcss KpyIHEHITUM TIPEIPUSTH-
eM M0 HPOM3BOJCTBY H3IENHH (PUKIHMOHHOTO HasHadeHHs (Ooxee 60 % obmero oObéMa MPOM3BOACTBA B
crpanax CHT') [1, 6, 7]. OpUKIMOHHBII JUCK COCTOMT W3 TpeX (YHKIMOHATBHBIX DIIEMEHTOB: (pPUKIHMOHHASL
HaKJaJKa, CTalbHas OCHOBA M CBA3YIOIIUI UX MPOMEXYTOUHBIHN mojciaoi. Cienyer OTMETUTh, YTO IOMUMO BBI-
COKHX TpeOOBaHUH K (PU3MKO-MEXaHWYECKHUM CBOWCTBAM CTaJbHOW OCHOBHI M (DPUKIIMOHHOM HAKIAIKH, BBICO-
KM pecypc paboThl (PPUKIIMOHHOTO JIFICKa BO MHOTOM 3aBHCUT OT Ka4€CTBa UX COSITUHEHMUS.

AHanu3 Hay4YHO-TEXHHYECKOH JIUTEPATYphl OKa3ajl, YTO BCE COCOObI COENUHEHUS (PPUKIIUOHHOTO CIIOS
K CTaJIbHOI OCHOBE MOYKHO Pa3feNIUTh Ha ABa Kjacca: ¢ IPUMEHEHNEM POMEXKYTOYHOI'O MOJCIOos U 0e3 mpoMe-
’KyTouHOro mozcios [7, 8].

HanGonee mepcrneKTUBHBIM SIBISIETCS CIIOCOO MPOM3BOACTBA (DPUKIIMOHHBIX AMUCKOB C HCIIOIb30BAHHEM
MIPOMEXYTOYHOTO IMOJCIOS, TaK KAK OH YBEJIMYUBACT a[ArE3UI0 MEXIy COCIUHAEMBIMH MOBEPXHOCTSMH, UTO
obecrieyrBaeT HEOOXOAMMYIO TIPOYHOCTh COCAMHEHNUST PPUKIIMOHHON HAKIIAIKK CO CTATBHON OCHOBOM.

CaMblii pacpoCTpaHEHHBIH CIOCO0 MONTy4eHHsT (PPUKIUOHHBIX JHCKOB — MPHUIIEKaHHE CBOOOIHO HACHI-
MAHHOTO CJI051 PPUKIIMOHHON IIUXTHI HA CTaJbHYIO OCHOBY Yepe3 KOMIIAKTHBII MPOMEXYTOYHBIH MOJCION Meau,
HAHOCHMBIN TaJlbBaHMYECKHM croco0oM. Croco0 o0mamaeT BBICOKOH MPOM3BOAUTENBLHOCTHIO, BO3MOXKHOCTBIO
ABTOMATH3ALUH M MEXaHU3ALMH, TI03BOJIIET M3TOTaBINBATh (DPHKIMOHHBIE MCKA OTHOCUTEIHHO OOJBIIOTO pas-
Mepa (o 600 MM), IOTydeHHE KOTOPBIX IPYTHMHU CHOCO0aMU 3aTpyAHeHO. Ero MCHonb3yOT U3BECTHBIE TPOU3-
BomuTeny (HpUKIMOHHBIX auckoB: Mon3IIM, «Hoerbigery», «Miba» (ABctpus), «Valeo» (®@paniwms), « Wellmany,
«Hawky, (CILA), Pramet (Uexus). OnqHaKo Hapsiay € SIBHBIMHA HMPEHMYIIECTBAMH 3TOT CIIOCOO MMEET CYyIIEeCT-
BEHHBIH HEIOCTATOK: OJHA M3 ONEPALi — MPOLECC TalbBaHONMOKPBITHA — SIBIIETCS 3KOJOTWYECKH TPS3HOM.
B nmpoMBIIIIeHHBIX YCIOBHUSX HCIOIB30BaHKUE €€ TpeOyeT JOPOTOCTOAIIMX OYMCTHBIX coopykeHHid. OCHOBHas
npo0iieMa Takoro MPOU3BOJICTBA — CHIDKEHNE KOHLEHTPAMH TSDKENBIX JIEMEHTOB B MPOMBIBHBIX BOJAX, CIO-
COOHBIX OKa3bIBaTh OTPHIATENILHOE BO3ACHCTBIE Ha OKPYKAIOIIYIO CPENy U 3I0POBbE YENIOBEKA.

Haunbosnee onacHBIMH KOMITOHEHTaMH IIPOMBIBHBIX BOJI SIBJISIFOTCSI HOHBI METAJUIOB (MeJlb, IMHK, HUKEIb,
KaaMuii, XpoM, 0510B0), 3HaueHus [1JIK koTopsix mocratouno Huskue u He npepbimarot 0,01...0,1 mr/n. Hamu-
YHe HOHOB MEW B IIPOMBIBHBIX BOJAX, HAIIPHMED, BBI3BIBACT 00pa30BaHNE CHHUIBHOM KHCIOTHI, KOHIICHTpaus
xotopoii B 0,1 Mr/n onacHa juist okpyxatoieit cpepl [2]. CI0XKHBIA COCTaB CTOUHBIX BOA TPeOyeT NPUMEHEHHUS
KOMOWMHHMPOBAHHBIX METOJ0B OUYUCTKHA. CTOMMOCTB TOJBKO ONHOM Takol ycTaHOBKH cocrtaBisieT 200 TrIC. eBpo.
Hapsny c 3arps3aeHreM 00JbIIOro 0o0beMa MPOMBIBHBIX BOJ TaIbBAaHMYECKOE MPOM3BOICTBO 3arpsi3HSAET TOK-
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CHYHBIMH COEIMHEHUSIMH BO3IYX, TaK KaK IPOIECCY MEAHEHHUS MIPUCYIIN BRIOPOCHI OKCHJIOB a30Ta M yIJIepoaa,
CEpHOM U COJISTHOM KUCHOT [3].

Kpome Toro, aHanu3 npuyuH Opaka B YCIOBHSIX MAaCCOBOTO MPOM3BOICTBA (DPUKIIMOHHBIX JHCKOB MOKa-
3a1, uto B 80 % ciydaeB Opak CBsi3aH ¢ HU3KOH IMPOYHOCTHIO COCAMHEHHS TalIbBAHUYECKOTO TMOACIOS MEIU K
cTanbHON ocHOBe. Ha pucynke 1 mpencraBieHsl 00pa3ibl (PUKIIMOHHBIX JUCKOB C OTCIOCHHEM (PPUKIIMOHHOM
HAKJIJIKK OT OCHOBBI MPH BHEIIHE KAYECTBEHHOM CJIO€ ralbBAHMYECKON Me/Iu.

Puc. 1. O6pa3musr OpakoBaHHBIX (PPUKIMOHHBIX JHCKOB

NM. ®enmopuenko, B.M. Kpsiuek, . 1. [lananot 0TMEUaroT, 4T0 HanOoIIEE MEPCIEKTUBHBIM CIIOCOOOM
coeimHeHus (PPUKIIMOHHON HAKJIAJIKU CO CTAIbHOM OCHOBOW siBsieTcst npouiece maiiku. Tak, B 80-x rogax mpo-
IIJIOTO CTOJIeTHsI Ha bpoBapckoM 3aBojie MOpomKoBoi Metaiutyprun (YKpanHa) pa3paboTaH U BHEIPEH IPOIIece
MaKM TPECCOBAaHHOW (PUKIIMOHHONW HAKIIQJKHM K CTaJbHOM IMOBEPXHOCTH MEIHO-OJIOBSHHBIM IPHUIIOEM. YKa-
3aHHBIA CIIOCOO TIO3BOJIMJI CHU3HUThH C€0ECTOMMOCTh (DPUKLIUOHHBIX AWUCKOB, IIOBBICUTH IPOYHOCTH COSIMHEHUS
(pukunonHoit Hakmagky Ha 10...15 %, ynanuTh U3 TEXHOIOTHYECKOTO IMKJIA SKOJIOTHUECKH OITACHBIM MPOIIece
TaJbBaHOMOKPBITHUS C BEICOKOTOKCHYHBIMH IPOMBIBHBIMH BOJIAMH.

[lpu moucke albTEpPHATHBHBIX KOHKYPEHTOCHOCOOHBIX CIIOCOOOB COeAMHEHMs (HPUKIMOHHOW HAKIIaIKH
CO CTaJIbHOM OCHOBOW BO BHMMaHWE ObUI MPHHAT (PaKT, 4YTO B cocTaB (hPUKIIMOHHON IIUXTHI 1151 oOecried eHus
TPUOOTEXHUYECKUX, TEIUIOQU3MUECKUX U (DU3UKO-MEXaHHYECKUX CBOIMCTB MaTepHasa (PUKIHOHHOH HaKIaJKN
BXOJAT M€Zb, OJIOBO, CBUHELL, IpaduT, xene30. Hanudne Mean 1 0710Ba Mo3BOIMIO0 C(hOPMYIHPOBATE TUIIOTE3Y O
BO3MOXKHOCTH TIpUMeHeHus qudy3noHHON Maiiku 11l coenHeHus] (PUKIMOHHON HAKIIAIKK CO CTAILHOU OcC-
HOBOM yepe3 MOPUCTHII NPOMEXYTOUHBIN NOACAON U3 MENKOANUCIIEPCHOTO OPOILIKA MEIH.

O030p HayYHO-TEXHHYECKOH JIUTEpPaTyphl IO JTAaHHOMY BOIPOCY IOKasay, 4To MH(GOPMAIUS O 3aKOHO-
MEpPHOCTSAX CO3JIaHUsl TIOPUCTOTO MPOMEXKYTOYHOTO TOACIOSI U3 METKOIUCIIEPCHOTO TOPOIIKa MEIU IyTeM
M dYy3NOHHON MAMKK ¢ yJacTHEM paciuiaBa 0J0Ba, HHPUIBTPUPYEMOTO U3 PPUKIIMOHHON IIUXTHI, a TAKXKE O
3aKOHOMEPHOCTSIX MPOLIECCOB PUXTOBKH, OUUCTKU M aKTHUBAIIMU MOBEPXHOCTH CTAILHONW OCHOBBI Ha CETOIHSII-
HUI AeHb oTcyTcTBYeT. [I03TOMYy TOBBINIEHUE a/re3Wu CTajJbHOW OCHOBBI M (DPUKIMOHHOM HaKIaJKH MyTeM
CO3JJaHUS SKOJOTHYECKH YHCTOTO CIOC00a CO3/IaHnsI MPOMEKYTOUHOTO TTO/ICIIOS SIBIISIETCSl aKTYaJIbHON HAay9IHO-
TEXHUYECKOH 3a1aueil B 00JIaCTH U3TOTOBJICHUS (PPUKIIMOHHBIX AUCKOB.

IlocranoBka 3agauu. Llenbro paboTHI SBISLUIACH Pa3padOTKa HOBOTO BBICOKOIIPOMU3BOIUTEIBLHOTO 3KOJIO-
TMYECKH YHCTOrO Ipoliecca COeAMHEeHNs] (PPUKIIMOHHOW MOPOIIKOBOM HAKJIAIKU CO CTaJbHOW OCHOBOH MyTeM
i dy3rnoHHON TalKKM ¢ MCIOIB30BAHWEM ITOPHCTOTO MPOMEXKYTOYHOTO IOJICIOS M3 AMCIEPCHOTO MEITHOTO
MOPOIIKA JUTS NOTy4eHUs! PPUKIIMOHHBIX JIUCKOB Y3JI0B TPEHHS ABTOTPAKTOPHON TEXHUKH.

Jst [oCTHXKEHHS TTOCTaBICHHON LeNy ObLUIH ChOpMYIHPOBAHBI CIIEAYIOIIIE 3aJa4H:

- pa3paboTaTh CTPYKTYPY M COCTaB MPOMEXKYTOUHOT'O ITOICIIOS, ONTHMHU3HUPOBATh €T0 MapaMeTpsl (TpaHy-
JIOMETPUYECKUH COCTaB, TOJIIIUHY, COCTAaB) UCXOAA U3 TPEOYEMOro KOMIUIEKCa HKCILTyaTal[IOHHbBIX TapaMeTpoB
(hpUKLIMOHHOTO JAMCKA B IEJIOM;

- UCCJIEZIOBAaTh W ONTHMH3HUPOBATh Iponecc MTU(PQy3HOHHON NMaliky, BKIIOYAIOIINNA MPOIIECC OUYUCTKU U
aKTHBAI[MH CTAIBHOW MOBEPXHOCTH, UCXOMS U3 TpeOyeMol MPOYHOCTH COeqMHEHHs (PUKIMOHHON HAKIaIKON
CO CTaJIbHOM OCHOBOM;

- UCCJIEZIOBAaTh COCTaB U (PM3MKO-MEXaHWYECKHE CBOWCTBA MPOMEXKYTOYHOT'O IIO/ICIIOS, IOIY9aeMOro
g dy3rnoHHON TTalKOM, TPHOOTEXHUYECKUE CBOWCTBA (PPUKIIMOHHOTO JTUCKA;

- pa3paboTaTh TEXHOJIOTHYECKHH MPOLECC MTPOU3BOACTBA (HPUKIIMOHHBIX JUCKOB C TpeOyeMbIM KOMILIEK-
COM 3KCIUTyaTallMOHHBIX NapaMeTpoB, BKIIIOYAIOMINK ponece Aud(y3nOHHON TMaiiKu Yepes MOPHUCTHIN MpoMe-
JKYTOUHBIH TOACION MEIKOANCIIEPCHOTO MOPOIIKA MEIN, U BHEAPUTH €T0 Ha MOJIOIEYHEHCKOM 3aBOAE MOPOIII-
KOBOW METaJUTyprHH.

Mertoab! ucciaenoBanuii. MccnenoBanue rpanyIoMEeTpHUECKOr0 COCTaBa MOPOIIKA TPOU3BOAUIOCH CHTOBBIM
anammzoM o ['OCT 18318-73, naceimuoit miotHocT — o TOCT 19440-74. BogopoaHslii mokaszarens pacTBopa
(hiroca onpeensIcst ANIEKTPOHHBIM NOpTaTUBHBIM pH-MeTpom Mozenn «Piccolo-2» (pupma «Xana HCTpyMeHTC»,
[Mopryranus); IWIOTHOCTH pacTBopoB — apeomerpoM AOH-1 TOCT 18481-81. 3ydeHre MUKPOCTPYKTYPHI MPO-
u3Boamiaock Ha mukpockore Unimet (I'ZIP) mo I'OCT 21073.0-75 ¢ yBenmuuenuem 100...300 pa3. OnpenencHue
MUKPOTBEPIOCTH 10 Bukepcy ocymiectBisuiock Ha MukporBepaomepe «Micromet II» ¢upmbr «Buehler» (LLBeii-
napust) ¢ Harpyskoit 0,5 H mo T'OCT 9450-76. HccrnenoBanue 371€MEHTHOTO COCTaBa IPOMEXYTOYHOTO TTO/ICIION
1 (DPUKLIMOHHON HAKIIa[KH OCYIIECTBIISUIOCh HA CKAHUPYIOLIEM AJIEKTPOHHOM MHKpockorie CamScan (AHTIHSA).
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CreneHb OYMCTKH CTAJIbHOM MOBEPXHOCTH OINpeJessiach MO BEJIMYHHE KpaeBoro yria cMadusaHus 10 %-Horo
pactBopa HCI no reomerpuyeckuM mapamerpam HpoQmIs Kaluld, ONpeaesieMbIM BU3yanbHO. CTerneHb akTHB-
HOCTH CTAIBHOM IOBEPXHOCTH OLICHHBAIOCH BEIMYMHON pabOTHI BBIXOJA JIEKTPOHOB MeTonoM KenpBuHa —
3ucmana. MccnenoBaHue MIEpOXOBaTOCTU MOBEPXHOCTH OCYIIECTBIIUIOCH ¢ UCIOJIb30BaHHEM Ipoduiorpada-
npogunomerpa ME-10 (AP, Carl Zeiss). [IpouHocTs MassHOTO COSNMHEHHS Ha OTPBIB OTIPENEIISIIaCh METOIOM
orpeiBa mTHdTa. MccnenoBanue TpHOOTEXHMYESCKUX CBOMCTB (DPUKIIMOHHOTO AUCKA OCYIIECTBIIOCH Ha MallH-
He Tperust UM-58, MUOU-1.

Pe3yabraTsl u ux oocy:kaenne. ba3oit s pa3paboTKy HOBOTO crtocoba coeanHeHNs GPUKIIHOHHON Ha-
KJIaJKH CO CTaJbHOH OCHOBOM CITY)KHUT KOMILIEKC SKCIUTyaTallHOHHBIX MapaMeTpOB, MPEIbABISEMBIX K (DPUKIIH-
OHHBIM JINCKaM:

- KpyTsuuii MomeHT — He MeHee 3 000 H/wm;

- ylenbHast TerIoBast Harpyska 10 4 MB1/m® (4 Br/mm®);

- pecypc pabotsr — He MeHee 9 000 MoTO9acOB.

[Nokazano, 4To 17151 0OecnedeH s KOMIUIEKCa KCIUTYaTallMOHHBIX TTapaMeTPOB IPOMEXYTOUHBIH MOICTION
HE3aBHCHMO OT COCTaBa M CTPYKTYPHI JOJDKEH 001a1aTh CIICAYIOMMHI (QU3UKO-MEXaHNYECKUMH CBOMCTBaMU:

a) mpezesioM npoyHocTH Ha cpes (1) — He meHee 3,6 MITa:

=M
2n(R; -RY)’

rae M — kpyrsauuii MmoMeHT, paBHbiii 3 000 H-m; R;, R; — HapyxHbIN U BHYTpeHHHH pamuychl (YPUKIIMOHHOTO
JIICKA COOTBETCTBEHHO, M.

3BecTHO, YTO BEIMYMHA HOPMAJBHBIX HANpsHKeHHH Ha oTpwiB (6) B 1,7...2 pa3a Gouiblie npezaerna npoy-
HOCTH Ha Cpe3 IUIOCKOTO Coe/MHEHHs. TakuM 00pa3oM, IPOYHOCTh MaTepraa (PPUKIMOHHON HaKIIaIKH U MPOY-
HOCTB MAasHOTO IIBa, TIOJIy4EHHOT0 B Ipouecce quddy3noHHON Maiiky 10ibkHa ObITh He MeHee 7,2 Mlla;

0) koaddumuenToM TeronposogHocTH (A ) — He MeHee 16 B1/(M-K):

@)

- Q- AX , @)
AT
rae Q — MOIIHOCT TEIUIOBOTO ITOTOKA, paBHAs 410° Br/m?; AT — Pa3HOCTh TEMIIEPATYP Ha MPOMEKYTOUHOM
noacnoe, K; AX — ToamuHa NpoMeXyTOUHOTO OJCIOs, M;

B) TeMIepaTypHEIM KoddduipentoM mmHeiinoro pacumupenns (TKJIP), pasusiv (18...20)-10°° 1/K, Tax
kak TKJIP mms onoBa, Memu, JKeje3a COCTaBISIET COOTBETCTBEHHO 22,4~10’6, 16,8-10’6, 14-1076) K. B stom ciy-
Yyae MPOMEXYTOUHBIH MOCION MOXET BBIMOJHHUTH (DYHKIMIO pelaKcallid HECKOMIIEHCHPOBaHHBIX TEPMOHa-
NPSHKEHUH, BO3HUKAIOMIMX MPH TEPMOIMKIMPOBAHKUH B TIPOIIECCe dKCIUTyaTanuu [5].

B paboTe paccMOTpeHbl HECKOJILKO CIIOCOOOB CO3JIaHMsI POMEXKYTOUHOTo mnozcios. [TokazaHo, 4To Hau-
Oostee IepCIEKTUBHBIM, SKOJIOTHYECKN YHCTHIM M ITPOM3BOANTENHHBIM, TO3BOJISIONINM PEa30BaTh yKa3aHHbBIH
KOMIIJIEKC 3KCIUTyaTallMOHHBIX MapaMeTpoB SIBISETCA CHOCO0 CO3/IaHHs MOPHCTOTO MPOMEXYTOUYHOTO TIO/ICIION
13 MEJKOINCIIEPCHOTO Mopomka Mean. [TomuMo Toro, 9To MOPHUCTHII NOPONIKOBBIM MPOMEXYTOUHBIN MOCTION
COXpaHseT BCEe JOCTOMHCTBA MPOMEKYTOYHOTO TOCIOS M3 KOMITAKTHOH TalbBaHMYECKOW MEIH, OH MO3BOJISET
CYILIECTBEHHO MHTCHCHU(HUIIMPOBATH TPAHCIIOPT 0JI0BA M3 (PPUKIIMOHHOMN IIHUXTHI K CTAILHOH OCHOBE, YBEIINYNTh
TUTOIA/(h KOHTAKTa YacTUI] ()PUKIMOHHOW MIMXTHI CO CTAILHON OCHOBOH, a Tak)Ke MOBBICUTH 3()(HEKTHBHOCTD
nporekanus AU((GY3UOHHBIX IPOIECCOB. [IpOMEXYTOUHBIH MOPOIIKOBBIM MOJCIONH CIOCOOCH BBIOIHUTD
(hyHKITHIO, KOTOPYIO B IPUHITUIIE HE MOXKET BBITIOJNHHUTH MOACION M3 KOMIAKTHON Mead, — QYHKIHIO «KalTH-
JSIPHOTO Hacocay, TPAHCIIOPTUPYIOIIEro paciijiaB MPUIos U3 (PPUKIMOHHON NIMXTHI K CTAILHON ocHOBe. Kpome
TOTO, B)KHEHIIIMM JIOCTOMHCTBOM CIT0CO0a CO3JJaHMS TIOPUCTOTO MTPOMENKYTOUHOTO TOACIOS SIBIISIETCS €T0 9KO-
JIOTWYECKasl YMCTOTA M TIOBBIIIEHHAs] MTPOM3BOANTENHHOCT. DYHKIIMOHATIBHBIE PEUMMYIIECTBA TIOPUCTOTO TI0-
POIIKOBOTO IMOJCIIOS U3 MEIKOJUCIEPCHOTO MOPOIIKa MEH 110 CPABHEHUIO C KOMITAKTHBIM ITOJICTIOEM MEIH UJl-
JIIOCTPUPYET PUCYHOK 2.

Baxueiimumu napamerpamu, o0ecrednBaroinMi (QyHKIIMOHAJIbHBIE CBOHCTBA MOPOIIKOBOTO ITPOMEXKY-
TOYHOTO MOJICIIOs, SBISIOTCS TPaHYJIOMETPUYECKHH COCTaB M TONIIMHA. [loka3aHO, YTO IS Pa3IMYHBIX THIIOB
YKJIQIKA 9acCTHUI] TIOPOIIKA MeIU BO (PPUKIMOHHON MIMXTE (OT KyOMYECKOH /IO TeKCaroHaIbHOW) pa3Mep YacTHIl
MOPOIITKA MPOMEXKYTOUHOTO TMOJCTIOs He JoJbKeH npesbimath 0,25...0,5 nnamerpa yacTuil Meanu QppUKIIMOHHOMN
muxThl. [[pyHUMas BO BHUMaHUWE, 4TO JMaMETp YacTHIl IMoponika Mean GpukiuoHHOW muxTthl 80...100 MkMm,
JIaMeTp YacTHII ITOPOIIKa MPOMEKYTOUHOTO TOACIOS IOJDKEH ObITh MeHee 40 MKM, 4TO JIETKO HOIYyYHTh CHTO-
BBIM MeTo/I0M. [IoKa3aHo Takke, 9TO MaKCUMATbHAS TOJIIIMHA MPOMEXYTOYHOTO MOJCIOSN HE MPEBBIIIACT MOJI0-
BHHBI JHAMETpPa 9acTrll PPUKIHOHHON MHXTHI (CM. pHC. 2).

Tak KaKk TpPaHCIIOPT MPHIIOS B CITy4ae KOMITAKTHOTO MPOMEXKYTOYHOTO TIO/ICIION OCYIIECTBIISIETCS 3a CUET
CHJI TSDKECTH, @ B CIy4ae MOPOIIKOBOTO MPOMEKYTOUHOTO TIO/CIIOS 3a CUET KaMWUIIPHBIX CHJI, B paboTe mpoBe-
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JIeHa CpaBHUTENbHAs OI[EHKA TMAPOCTaTHYECKOr0 U KalM/UIIPHOTO NaBieHus. [lokazaHo, 4To KamwuisipHOe JaB-
JIeHWe, BO3HHUKarolIee B rpouecce nuddy3noHHON Maiky, MPEeBOCXOAUT THIpocTaTHYecKoe Ha 4 mopsika (pusu-

N 2 4 3
YEeCKHe CBOWCTBA MPHIIOSI U CTPYKTYPHBIE TapaMeTpsl MPOMexyToyHoro moaciost: ¢ =~ 0,3 [x/m*, p ~ 10" kr/m”,

h~D/2=510"wm, d, ~10°m, cos® ~0,5).

NPUINEKAHUE YEPE3 JTA®DY3IUOHHAS MAKA YEPE3
MPOMEKYTOUYHBIA l'lPOME)KYTO‘{HHﬁ MOPUCTHIN
KOMITAKTHBIN MTOJACJION U3 oACJION U3 IMOPOLIKA MEJIN

TNOCJE
TIPUITEKA HUST

Puc. 2. CTpyKTypbl KOMIIAKTHOTO M IOPOLIKOBOTO MPOMEXYTOYHOTO MO/ICIOER

CkopocTh HHPUIBTPAI[MK PACILIaBa MPHUIIOSI B TOPUCTOM MPOMEKYTOUHOM IIOJICIIOE PACCUUTHIBATIACH 1O
crenymomei popmyie [4]:

©)

rae H—HOpI/ICTOCTL MMPOMEKYTOYHOI'O IOJACIIOA (I[J'IH CBO60I[HO HACBIITAHHOI'O0 IOpOIIKa MEAn I[eHZ[pHTHOﬁ
2

dopmer 17=0,7); K :ﬁ — k09D HIMEHT POHHMIIACMOCTH MPOMEKYTOUHOIO MOACIOS, M*, B — Kod(uiienT

M3BWJIMCTOCTH (IUIs1 JCHIPUTHON (HOPMBI YaCTHI] MEAHOTO Toportika B > 2,5); d, — pasMep mop MPOMERyTOUHOTO
noziciost (pu pasmepe gactuil noporka memu 20...40 mxm d, = 10 MKM); T — BpeMs pelakcaiii KpaeBoro
yrina cmauuBasus (T =1 c).

CkopocTs UH(PMIBTpAIMU paciiaBa MPHITOs, paccyrTanHas no gopmyne (3), mpu 1 = 10 *Ila-c cocras-
steT =~ 1 mm/c.

Takum 06pa3oM, MPOMEKYTOUHBIN TTOACION M3 METKOAUCIIEPCHOTO MOPOIITKA METH MPOMUTHIBACTCS MIPH-
mmoem 3a 0,05 c.

JIOCTOMHCTBO TIOPHCTOTO MOPOIIKOBOTO MOCIIOS 3aKIFOYAETCS €€ M B TOM, Y4TO IIOMHUMO BBICOKOCKOPOCT-
HOTO TPAHCIIOpTa MPHUIIOS peann3yercsi n3oupartesbHas HHPUIbTpalMs paciuiaBa oyioBa. K MOMEHTY TUIaBiIeHHS
CBHHIIA [TOPOBOE MPOCTPAHCTBO MPOMEKYTOYHOTO MOJICTIOSI 3aHATO PACIUIABOM 0JI0Ba. [IpUCYTCTBUE CBUHIIA HEMXe-
JIaTEeNIbHO M3-32 TOTO, YTO OH CHMIXKAET MPOYHOCTh M MOBBIILIAET XPYIKOCTh MPOMEKYTOUYHOTO TOJICIOS, COCTaB KO-
TOpOro B KoHIIe i dy3roHHOM nmaiiki GOPMUPYETCs U3 OJOBSIHUCTOH OpoH3bl. ClieayeT OTMETHTh, YTO HHPHIHT-
pauust 00Ba U3 (DPUKIMOHHOW MIMXThI HE OKA3bIBACT BIIMSIHUS HAa TPUOOTEXHUYECKHE CBOMCTBA (DPUKIIHOHHOMN
HaKJIaJIKK M3-3a TOT0, YTO MPOMEKYTOUHBI 1T0/ICNION B 20 pa3 MeHbIIIe TOJIIUHBI (PPUKIIMOHHON HAKIIA/IKH.

CxeMa pacuéra IIomaad KOHTaKTa YacTUIl (PPUKIIMOHHOMN MIUXTHI CO CTATLHON OCHOBOM ISl IPOMEXKY-
TOYHOTO MOJICIOS1 000X TUIOB (KOMIAKTHBIA M IOPUCTHIH MTOPOIIKOBBI) MOSCHSIETCS PUCYHKOM 2.

[Tnomags KOHTAKTa OJJHOM YaCTUIBI MeU (PPUKIIHOHHOM MIUXTHI C KOMIIAKTHBIM MPOMEKYTOUHBIM IO /I-
croeM S; OIpeieNseTcs NPH CIeKaHUH MeXaHU3MOM () (HY3HOHHO-BI3KOTO TEUCHUS:

§ =mé = 3nD,ct ’ @
4n

TJIe X — PaJinyc KOHTAKTHOM IIeHKHU, M; G, 1| — KO3 (HUIIHEHT MOBEPXHOCTHOTO HATSHKEHHUS M BSI3KOCTh PACILIaBa,
H/m u Tla-¢, cooTBeTcTBEHHO; t — Bpems, C.

Yucno koataktoB N(h) oaHO# YacTuiel Meau GPUKIIMOHHOM IIUXTHI C TIOPOIIKOM MEIH MPOMEKYTOYHO-
TO MOJICIIOSE BBICOTOM h paBHO

Ny =20y 4D 5)
S d
rae S,(h) = nDh — moBepXHOCTH MApOBOro cerMenta, M°; S — DPOHTATBHAS IPOEKIIHS MIIOMIAIH METHOM dac-

THIIBI TPOMEKYTOYHOTO TIOJICIOS HA TIOBEPXHOCTh YACTHILI (PPUKLIMOHHOH mmxTh, S=7d’/4; K — cTenens
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YKIAIKH YacTHI[ MPOMEKYTOUYHOTO IMOJICTO0S HA MOBEPXHOCTH YaCTHIBI (PPUKIUOHHOW HAKIAIKH, paBHas
0,785...0,873 (s manpHelmux pacueroB mpumem K = 0,83).

Ilromiamp KOHTaKTa YacTHIBl MeOH (DPUKIMOHHOM IIMXTHI C HOPUCTBIM MOPOIIKOBBIM IPOMEKYTOYHBIM
nozcnoeM Mequ S, onpenersercs npy U y3HOHHOH Maiike Takke MeXaHI3MOM JU((y3HOHHO-BA3KOTO TEUCHHS:

SZ(h)znsz(h)z?m—th‘%-h. (6)
n

Takum 00pa3oM, OTHOLIEHHE IJIONIA (e KOHTAKTa { 4acTHIl Mey (DPUKIIMOHHON HAKIIA/IKH C IPOMEXYTOY-
HBIMU TTOZICIIOSIMH JIBYX THITOB (IIOPUCTBIH MOPOIIKOBBIH M KOMITAKTHBIH) ONPEIENSIeTCsl CIIEAYFOIIMM BbIPAKESHUEM:

S, _ Ak _ 1,67-2_ @

S d d
MakcumanbHoe 3HaueHue g, paBHoe 1,67 - D/ d, mocturaercs mpu TOJIIHHE MPOMEKYTOUHOTO TTOICIION

h=D/2 (GOmbuias TOMUMHA He PEATH3YETCs, TaK KAK YAaCTUIBI MPOMEKYTOYHOTO TOJCIOA HE MPOHUKAIOT

JablIe IOJIOBUHBI IIEPBOTO ¢10s (HPUKIIMOHHOHN 1UXThI). Ha pucynke 3 npuBeneHa 3aBHCUMOCTb ITapaMeTpa
B 3aBUCHMOCTH OT COOTHOILIEHHMS JUaMETPOB YaCTUL (PPUKIIMOHHON IIMXTHI M IIPOMEKYTOUHOTO Hozacnos. [lo-
IIaJb KOHTAKTa MOXET OBITh yBedandeHa B 4...8 pa3 Mo CpaBHEHHIO C yHENbHOW IUION[a/(bI0 KOHTAKTa YaCTHI
(DPUKIIMOHHOM IIUXTHI C KOMIIAKTHBIM TaIbBAHUYECKUM IOJICIIOEM MEIH.

g

0 .
1 3 5 7 D/id

Puc. 3. 3aBUCHMOCTH IUIOMIAIA KOHTAKTa
OT COOTHOIIECHHS TUAMETPOB YaCTHUIl PPUKIMOHHOMN HAKIIAKH U IPOMEIKYTOYHOTO 10 ICIIOS

Takum 0Opa3om, B pe3ynbTaTe MOACINPOBAHUS Tpoliecca SKCILUTyaTaluy (PPUKIIMOHHOTO JMCKa pa3pabdo-
TaHa CTPYKTypa HOPUCTOTO MPOMEXYTOUHOIO MOJCIIOS U3 MEJIKOAUCIIEPCHOTO MOPOIIKa MEIH (pa3Mep 4acTull
menee 40 MM, TomuuHa 50 MkM). B pesysbrare nzduparenbHoi HHOWIBTPALMK pacIuiaBa 0JI0Ba U3 (PPUKILIOH-
HOM IIUXTHI B IPOMEXKYTOUHBII 1MO/ICI0H B npouecce Audy3HOHHOM Maiku JOoKeH 00pa30BaThCs MasHbIHN I1I0B,
COCTOSIIIMHI U3 OJOBSHUCTOM OpoH3bl. [TasHbIH I10B IMEHHO TaKOTO cOCTaBa obeceynT TpedyeMblil Ko GHIEHT
terionpoBoaHocTd (He MeHee 16 Br/(m:K)) mis addexrrBHOro 0TBOAA TEIUIOBOM 3HEPTUM B MPOILECCE IKCIUTya-
Tamuy, a Take Tpedyemsit TKIIP ((18...20)-10° 1/K), HeoOXOMMMBIi TSl ILIACTHYECKOH PENAKCAIIAN HECKOM-
MICHCHPOBAaHHbBIX TEPMOHAINPSDKEHHH, BOSHUKAIOIINX MTPY TEPMOLMKINPOBAHUHU B MPOLIECCE SKCIUTyaTalluu.

3BecTHO, 9TO aare3us MasHOTO IIBa B 3HAYUTENILHOM CTEIEHH 3aBUCUT OT 3((PEKTHBHOCTH MPOTEKAHUS
T y3MOHHBIX MPOIECCOB Ha TPaHUIIE IPOMEKYTOUHBIN ITOJICIION — CTalbHAss OCHOBA, YTO B CBOIO OYepelpb
OTIPEJIEISIETCS CTENEHBI0 YUCTOTHI KOHTAKTHPYIOIINX TIOBEPXHOCTEH.

IoaroToBKa CTalbHON MOBEPXHOCTH K Tpoleccy AUGGY3UOHHON MalKK BKJIIOYAET B CEOS OYHCTKY
CTaIBHOW MOBEPXHOCTH OT KOHCEPBAIIMOHHOW CMa3KH M e€ akTuBanuio. Kpurepuem 4ucToThl CTabHOM MOBEpX-
HOCTH SIBIISIETCS] KpaeBoit yros cMaunBanus 10 %-HBIM pacTBOPOM CONSTHOW KHUCIIOTHI.

Y CTaHOBIIEHO, YTO CPEIU PA3INYHBIX CIIOCOOOB OYMCTKU CTAILHON MOBEPXHOCTH (MEXaHUYECKHH, XUMH-
YECKHH, MEKTPOXUMHUYECKUH, TEPMUIECKIN) HAWITYUYIINH Pe3yiIbTaT 110 YAAJICHUIO CIIOS KOHCEPBAIOHHOW CMa3-
KM JIOCTHTAeTCsl IIPU OTIKUTEe CTATBHOW OCHOBBI B CpeJie 3alllUTHO-BOCCTAaHOBHUTEIHLHON aTMOC(ephl BOJIOPOA B
untepBane temnepatyp 6osee 400 °C. Ha pucynke 4 mnpuBesieHa 3aBUCMMOCTh KPAaeBOTO yIjla CMauMBaHUS OT
TEeMIIEpaTypbl OT)KHUTA.

Haumenbimii kpaeBoit yron cmauuBanus 12...14° gocturancs npu temneparypax omxkura 400...600 °C.

Kpome Toro, BayKHOI NOATOTOBUTENBEHON OMeEpaniell SBIseTcsl MPOIECC TEPMOPUXTOBKH, HEOOXOANMBIN
JUISL TIOTy4eHns1 TpeOyeMol TUIOCKOCTHOCTH CTalbHOW OCHOBEI. [Iporiecc TepMOPHUXTOBKH CTaJIbHOM OCHOBBI 3 (-
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(dhexTuBHO peanmsyercs B uHTepBanie Temmepatyp 500...600 °C. HaiineHHBIC PEeXMMBI MPOIECCOB OYHCTKH U
PHUXTOBKH CTaJIbHOI OCHOBBI TIO3BOJISIIOT COBMECTHTH MX B TeMiieparyprom auamnazone 500...600 °C.

400 500 T, °C

Puc. 4. I3MeHeHne KpaeBOro yIiia CMa4MBaHMS TOBEPXHOCTH cTai 6517 dirocom
OT TeMIIepaTypbl TepMOOOPAOOTKH B Cpesie BOAOPOaa

Crnenyromasi moAroToBUTENbHAsL oriepanus nepen 1udQy3HoHHON MalKoil — Mpolecc akTUBaIMU, KOTO-
PBIN 3aKIFOYAETCS B YIAJICHUU OKCHIHON IUIEHKHM C TIOBEPXHOCTH CTaIbHOM OCHOBBEL. CTeNeHb aKTHUBAIMH I10-
BepxXHOCTH cTanu 651" onpenensitacs MerogoM KenbBuHa — 3ncMana myTéM U3MEpeHHs pa3HOCTH PabOTHI BBIXO-
Jia 3JIEKTPOHOB, OJJHO3HAYHO XapaKTepU3yHollell HallMuue OKCHIHOM IUIEHKH. B kauecTBe OCHOBBI (hiroca BbI-
OpaHa coNsHas KHCIIOTa, KOTOpas He MacCUBHPYET MOBEPXHOCTh CTAJIbHOM OCHOBBI, HE CO3IAéT CyIb(aThl U KpHU-
CTAJUTOTUPATHI JKeNe3a. Y CTAaHOBJICHO, YTO HPOIIECC aKTHBALMK CTaNbHONH moBepxHOCTH 10 %-HBIM pacTBOpoM
COJISTHOM KHCIOTBI MOXKHO pa30OHTh Ha Tpu cramuu: |— pacTtBopenme okcuaHOW II€HKH, Il — akTHBHpOBaHUE;
Il — maccuBupoBanwue (puc. 5).

AE,
maB

0,8 -

0.6 -

0,4

e,

0.2 =

A

0

0 1000 2000 3000 T, c

Puc. 5. 3aBucHMOCTB pabOTHI BBIXO/Ia JIEKTPOHOB
OT BPEMEHHU C IOBEpPXHOCTH cTanu 651", o6paboTtanHoit pactBopom HCl

Jnst cepuitHOTO MpoM3BOACTBA (DPUKIMOHHBIX JUCKOB HEOOXOIMMO, YTOOBI MPOIOIKUTENBHOCTH | cTa-
Jqiu Obuta MuHUMabHa (He Oonee 200 c), a npoxospkuTensHOCTh 11 cragun makcumanbha (He menee 4000 c).
Bbuto ycranosneHo, uto npu 06padoTke craibHOM nmoBepxHOCTH 10 %-HBIM pacTBOPOM COJISTHOM KHCIOTHI TIPO-
nomkutebHOCTS | cramun cocraBuia 50...60 ¢, a Il cragum — 1200...2000 c.

Omnpenenenue N3MEHEHUST Pa3HOCTH Pa0OTHI BBIXO/A 3JIEKTPOHOB MO3BOJIMIIO YCTAaHOBUTH, YTO BBEACHHE
B 10 %-HbIil pacTBOp CONSHOMN KHCIOTHI coueid xmopucroro nuaka (1...6 %) u xiopucroro ammonust (2...15 %)
MO3BOJIMIIO MOYYHUTh MPOIOKHTENBHOCTE 11 cTamuu B auanazone 2000...5000 c. YcraHOBIEHO, YTO PUYHHA
CYIIECTBEHHOTO TIOBBIICHUS TpoaoinkuTenbHOCTH 11 cragnu (Gostee yeMm B 2 pasza) OOBSICHIETCS CO3/1aHHEM B
Ipolecce akKTHBALMK Ha TOBEPXHOCTU CTAIILHOH OCHOBBI TOHYAWIIETO CIIOSI IIUHKA, KOTOPBIH HPENSTCTBYET
TIOSIBJICHUIO OKUCIICHHOM TUIEHKH, SIBIISIONIEICS DHEpTreTHIecKiM OapbepoM nipu nudy3noHHoi naiike. Kpo-
M€ TOTO, MOBBINICHUE MPOYHOCTH CleIUIeHHs (GPUKIMOHHOW NIMXTHI K CTaJbHOWH OCHOBE B Iporecce Tudd y-
3MOHHOM NMalKM JTOCTHTAETCS HE TOJBKO 3a CYET yCTpaHEHHsT OKCUIHOM TUIEHKH, HO M 32 CYET CHIDKEHUS KPaeBo-
TO yIJia CMa4uBaHHs [TPUIIOEM OJI0Ba. Y CTAaHOBJICHO, YTO HAWIIYUILIHH PE3YJIbTAT JOCTUTAETCS IPU BBEJICHUH B
TpéxkoMIoHeHTHBIA coctaB (urroca (HCI1, ZnCl,, NH,Cl) asyxmnopucroro onoBa. Hauboibliee yBenudeHHE
TUTONIAIA PACTEeKaHusl KAk ojioBa (6onee yeM B 2 pasa) JOCTHUTAIOCH [TPH HCIOIb30BAHUH COMH JBYXJIOPH-
croro osioBa (2...10 %). Yka3zauuslit 3gdext gocTurancs 3a cuéT MIaKUPOBAHHUS MOBEPXHOCTH CTAJIbHOU OcC-
HOBBI CJIOEM O0JIOBA.
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B paGoTte mpoBejicHa onTUMU3AIKs cocTaBa (Iroca I aKTHBAIUK MOBepXHOCTH ctanu 651, B kxadectBe
napaMeTpa ONTUMH3AIUH POLIecca MPHHSAT MPeaes MPOYHOCTH Ha OTPHIB (PUKIIUOHHON HAKIIAIKU OT CTAIBHOM
OCHOBBI, U3MEPSIEMBII B MeTarmackaisix. B kauecTBe 00beKTa ONTHMH3ANNN — XUMHYCCKHA COCTaB YETBIPEXKOM-
nonentHoro ¢iroca (HCI, ZnCl,, NH,CI, SnCl,). TTocite 04MCTKH ¥ aKTHBAIKUK TOBEPXHOCTH CTATBHOM OCHOBBI
Ha He€ HAHOCWJICS TIOPUCTHIA MPOMEKYTOUHBIN MOJCION M3 mopoiika Menu (pasmep udacTuil MmeHee 40 MKM,
ronmuHa 40...50 Mxm), cinoit GpukimoHHO# mmxTel ToNmmHOK 1,8...2,0 mm. TIpouece auddy3nonnoii naiku
ocymiecteisuics pu temneparype 780 °C B Teuenue 3...4 4 B atmocdepe Bomopoaa. [Iporecc akTuBanum mMo-
JIETUPOBAJICS. YPaBHEHHEM PETPECCHH BTOPOTO IMOPSIKA, BUI KOTOPOTO MOciie 00pabOTKHM IKCIIEPUMEHTATbHBIX
JTAHHBIX METOJaMU MaTeMaTUIeCKON CTaTUCTHKH MPEICTABICH ypaBHEHHEM (8).

Y =8,37+0,78X, +0,34X, +0,51X, —0,63X,X, —~1,09X,X, —
®)
~0,75X,X, —1,50X2 —0,81X2 —0,32X? —0,92X?,

rae Xy — HopMaJIM30BaHHOE 3HaYeHUE (PAKTOPOB: X; — COJISIHASI KUCTIOTA; X7 — XJIOPUCTBIN IIMHK; X3 — XJIOPUCTBIN
aMMOHUH; X, — IBYXJIOPUCTOE OJIOBO).

B pesynpTaTe onTMMM3AIMU YCTAHOBIECHO, YTO MaKCUMalbHas IPOYHOCTH HA OTPHIB (PUKLUOHHON Ha-
KJIAJIKK OT CTalbHOW OCHOBBHI cocraBmia 8,4 MIla npu cneayromem cocraBe ¢uioca: 10 % consiHasi KUCIOTa;
4 1/n1 XJIOpUCTHIN MHK; 9 I/JI XJIOPUCTBI aMMOHMIA; 6 T/11 ABYXJIOPHCTOE OJIOBO.

Ha pucynke 6 mnpuBemeHa 3aBHCHMOCTH NpeAeNa MPOYHOCTH Ha OTPHIB (PPUKLHMOHHOW HAKIAAKH OT
CTaIBHOW OCHOBBI, IIOJTydeHHAasl SKCIIEPUMEHTAIBHBIM MYTEM B pe3ynbTare peann3anun TuGPy3HOHHON Malky,
OT TOJILIMHBI IIPOMEKYTOYHOTO MOJCTIOS U €r0 IPaHyIOMETPHYECKOTO COCTaBa IPH cocTaBe (UIroca, HOTydeHHO-
TO B PE3yJbTaTE ONTUMH3AIHH.

cI
MMMa
8.0 % % =
8,0
—t=— {OMMNAKTHAA MElb
4.0
== 10pOoWoK Meau 20-
30 MM
2,0 i i i

10 30 50 70 h,MKm

Puc. 6. 3aBUCHMOCTB Mpe/ieia MPOYHOCTH Ha OTPBIB (PUKITHOHHOM HAKIIAIKH OT CTATBHOM OCHOBBI
OT TOJILMHBI IPOMEXYTOYHOTO IMOJICIIOS U €ro IPaHyIOMETPHIECKOTrO COCTaBa

JlaHHBIe MOATBEPIMIM, YTO Uil MIPOMEXKYTOYHOTO MOACIOA M3 IMOPOLIKAa MEAU C pasMepoM YacTHIL
20...30 MKM MakCHMaJbHOE 3HAUCHHUE MpeAelia MPOYHOCTH Ha OTPHIB (PUKIUOHHOW HAKIIAIKU OT CTAIBHON
ocHOBBI coctaBmwiio 8,2... 8,5 MlIla, uto Ha 10...15 % GomplLie npeaena NPOYHOCTH HA OTPHIB IIPU UCIIOIH30BA-
HUH TIPOMEXYTOYHOTO TTOJICIION M3 KoMIakTHOH Menu (7,8...8,2 MIla). [Ipiuém u B TOM U apyrom cirydae OT-
PBIB IPOUCXOAMII TI0 TPAHHLE KOHTAKTa IIPOMEKYTOYHOTO TOCIOS CO CTAIbHOH OCHOBOM.

Meramnorpaduuecku (puc. 7) yCTaHOBJIEHO:

1) mastubIif 0B npencrasisieT coboit 8...12 % a-pacreop osoBa B Meau (OpoH3a) ¢ nopucroctsio 10...15 %;

2) pasmep audPpy3HOHHOM 30HBI B CTATLHON OCHOBE COCTABISIET 5...7 MKM B CIIydae IMOPHCTOTO MOPOIII-
KOBOT'O IPOMEKYTOYHOT'O TTOJICIIOS U 3...5 MKM, €CIIM IMEET MECTO KOMITAKTHBIH TPOMEXYTOUYHBIH MOJICIION;

3) B cirydae KOMIIAaKTHOTO IIPOMEKYTOYHOTO IOJICIIOS Ha TPaHHUIIE CO CTAIBHOW OCHOBOW NMPHCYTCTBYIOT
YACTHIIBI CBUHIIA U TpaduTa, KOTOPBIE BIUAIOT HA MPOYHOCTH CIETUICHUSI, TOPUCTOTO MPOMEKYTOYHOTO MOCIIOS
Ha TPaHHMIIE CO CTATBHON OCHOBOHM YaCTHIBI TpaduTa ¥ CBHHIIA HE OOHAP Y)KEHBI.

Pasnuune B Tonmmunae AU PY3HOHHON 30HBI OOBACHACTCS TEM, YTO MPHU MPOMEXYTOYHOM TMOJCIOE H3
KOMITaKTHOM MEIW aTOMBI OJIOBa JOCTHTAIOT CTAILHOM MOBEPXHOCTH, PO GYHINPOBAB Yepe3 ero TONIIHHY
(5...15 MKM) depe3 HEKOTOPOE BpeMsl, IPHYEM HX aKTUBHOE MPOHUKHOBEHHE HAYMHACTCS TOJNBKO MOCIIE TOCTH-
)kerus temrepatypsl 600 °C. B cimydae mpomMexyTOYHOTO IOACIOS U3 TOPHUCTON TOPOMIKOBON MEIH, BBIMOJ-
HrOIIEero QyHKIMIO «KAMUIIPHOTO HACOCa», KOHTAKT aTOMOB OJIOBA CO CTAIBHON MOBEPXHOCTBIO HACTYIAET
cpazy e Iocjie IJaBieHus onoBa npu Temmepatype 232 °C. Bonpiias mpoaoKUTETFHOCTh KOHTaKTa aTOMOB
0JIOBa CO CTAIBHON MOBEPXHOCTBIO B Tpolecce MM (Gy3HOHHON MalKKu 00yCIOBIMBACT OONBIIYIO TOJIIMHY T (-
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(hy3uoHHOI1 30HEI (B 2...2,5 pa3a), Tak kak ko3 durieHT auddy3ur aToMOB 0JIOBa B CTAIBHYIO OCHOBY Kak 00-
Jiee JIETKOTIJIABKOT0 KOMIIOHEHTA OOJIbIIIE, YeM aTOMOB MEITH.

_HAKNAOKA
T T

-

i
-

7 ®PUKLUMOHHASR

"4

Puc. 7. I'pannna koHTakTa GPUKIMOHHAS HAK/IaJKa — CTaJIbHAs OCHOBA JUIS Ipoliecca:
a— muddy3nuoHHas Naiika; 6 — CrieKaHue

[puBenennslie paccyxaeHus] ObUTH HMOATBEPXKICHBI pacdetaMu KoddduiuentoB muddysun. ITokazano,
yT0 K03 dunment auddy3nu aToMOB 0JI0Ba U MeU B Tipouecce AndGy3noOHHON MalKu U1l TOPUCTOTO IpOMe-

16 2
JKYTOYHOTO TOJICITOS cocTaBmil BenmauHy D =120-10 & M /c, a I KOMIIAKTHOTO MPOMEKYTOYHOTO MOACTOS

D =8-10" m%c. Ilpessimenne kodddurmenta muddysun B 15 pas MOATBEPKIAET CYMIECTBEHHOE BIHSIHHC
paciiaBa 0J0Ba Ha HHTEHCUBHOCTD Iporecca 1} y3noHHON TaiKu.

Tak xak auddy3noHHas 30HA B CTAIBHON OCHOBE TOMIIUHOHN 3...5 MKM B Cllydae KOMITAKTHOTO MpPOMeE-
JKYTOYHOTO TOZCIOS 00ecrieynBaeT TpeOyeMblil KOMIUIEKC SKCIUTYaTallHOHHBIX NapaMeTpoB, TO TOJIIUHA JH (-
(y3MOHHOH 30HBI B ClIydae MOPHCTOTO MOPOIIKOBOTO SBIseTCS M30BITOUHOUW. OnmHAKO 3TOT (PakT MOXKHO HC-
MOJIB30BAaTh JUIs HHTEHCH(UKAMK mponecca Tu(Gdy3nOHHON MaiKK, COKpaTHB ero 0e3 yXyIIIeHUs IKCILTyaTa-
IUOHHBIX MapaMeTpoB GPHUKIIMOHHOTO jaucka ¢ 3...3,5 1o 2...2,5 4 (tadun. 1). UareHcndukanus npoiecca aud-
(y3MOHHOHU Ak B CBOIO OYepellb YBEINYMBACT POU3BOANTEINEHOCTE M YMEHBIIAeT CTOMMOCTH IPOU3BO/ICTBA
(DPUKIHMOHHBIX JTCKOB.

Tabmmma 1
Tonuinna nudy3nOHHON 30HBI B CTAJILHON OCHOBE
OT THIIA IPOMEXKYTOUHOTO TIOJICIIOS ¥ BpeMeHH nudy3noHHON maiiku npu Temreparype 780 °C
Tonuuza nuddy3UOHHON 30HBI, MKM
IIponomkUTeNEHOCTH POLECea, 4 KOMITaKTHBIN MIOPHUCTBIN MOPOILKOBBIA
IPOMEKYTOUHBIH OACNOM IIPOMEKY TOYHBII OACION
0,5 <1 MKM 10...15
1,0 11.14 2,0..3,0
15 16..2,3 32.4,1
2,0 2,6..35 41.47
2,5 31.4,1 49..53
3,0 3,7..49 55...6,3
3,5 49..5.2 6,7..7,3

Takum 00pa3oM, MOPHUCTHII MPOMEKYTOUHBIHN MMOJICION 0 XMMHUYECKOMY COCTaBY MPECTaBIsIeT OO0
oJoBsiHHYIO Opon3y (8...12 % onoBa). PacuérapiM nyréM mo ¢opmyne banpmimHa ycTaHOBIIEHO, YTO Hpenes
MIPOYHOCTH Ha pacTshKEHHE TakoW OpoH3bI MpH octatouHoil mopucroctu 10...15 % cocraBnser Benu4auHy He
menee S0 MITa. Beicokuii nipenen mpovHOCTH MPU PACTSDKEHUU MTPOMEKYTOYHOTO MOJICIOS OOBSICHSET, TIOUEMY
MIPY UCTIBITAHUSAX HA OTPHIB (PPUKIIMOHHOM HAKIIAJKU OT CTanbHOU 0cHOBHI (G = 8,5 MIa) paspyiuenue npouc-
XOZIMT TI0 TPAHUIIE Pa3Jieia Co CTATLHON OCHOBOM, @ HE 10 MPOMEXYTOYHOMY ITOJICIION0.

PacuernriM myTem 1o ¢opmyre OmeneBCKOT0 YCTaHOBICHO, YTO KO3()(HUIIMEHT TETIOnpoBOJHOCTH CO-
crapmsiet BennmunHy He MeHee 30 B1/(m-K).

Kak Op110 MOKa3aHo BEIIIE, U 00eciedeHs TPeOyeMOoro TeII00TBOIA MOIITHOCTHIO 4-10° Bt/m? Benu-
YHMHA TEIIONPOBOIHOCTH JOJDKHA ObITh He MeHee 16 B1/(M-K).

Koaddumment TKIIP mis onoBstHUCTOW OpOH3BI, M3 KOTOPOH COCTOMT IPOMEXYTOUYHBIN MOJCIOH, cO-
crasser 18...20-10 ° K™,
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Y CTaHOBIIEHO, YTO BEIMYMHA MUKPOTBEPIOCTH Ha TPaHUIIE pasliena (pHUKIMOHHAs HaKJaIKa — CTaJbHas
OCHOBA B CITy4ae KOMITaKTHOT'O IIPOMEXXYTOUHOTO TTO/ICIOS N3MEHSAETCSl CKauKOOOpa3HO (Ha paccTOSTHUH 2...3 MKM):
ot BemmuuHkl 1,2 I'Tla gns 6ponssr g0 1,9 I'Tla mis cramu, B TO BpeMs Kak JUIsl MOPUCTOTO MOPOITKOBOTO ITOJI-
CJIOS 9TO M3MEHEHHe UMeeT Oosee IUIaBHBIN XapakTep (Ha paccTostHUM 3...5 MkM). Bosee miaBHOe M3MeHEHHE
(hM3UKO-XMMHUYECKUX CBOWCTB Ha rpaHMlle pa3zeia (GpUKIMOHHAS HaKJIajKa — CTajJbHasi OCHOBA, a TAK)Ke COTJa-
coBaHHoe 3HaueHne TKJIP mo BennuuHe MO3BOJSAIOT MOPUCTOMY MOPOLIKOBOMY IMPOMEKYTOYHOMY MOCIION0
BBITIOJHSTH (DYHKIMIO TIACTHYECKOTO pellakcaropa HECKOMIIEHCHPOBAaHHBIX TEPMOHAINPSHKEHHH B Tpolecce
sKcrutyaranui. OCHOBHbIE oTH4Ms criocoda muddy3noHHON naiku (pPUKIMOHHON NIMXTHI HA OCHOBE MEIH K
CTaJIbHON OCHOBE uepe3 NMOPUCTHIN MPOMEKYTOUHBIN MOACION U3 MENKOIUCIIEPCHOTO MOPOIIKA MEAH MPEICTaB-
JIeHBI B TabmuIIe 2.

Tab6mumna 2
OcHoBHbIE OTIIIYHS crioco0a anddy3rnoHHOI Maifku GPUKIMOHHON MHXTHI K CTaJIBHOI OCHOBE
Yyepe3 HOPUCTHIN MOACION U3 MEJIKOUCIIEPCHOTO TOPOIIKA MEAH
KomnaxtHbIi [TopucTelii NOPOLIKOBBII
OCHOBHBIE OTIANYHSA . . o N
TIPOME)KY TOYHBIH O ACION MIPOMEXYTOUHBII IO ACIION

ITnomaab KOHTAKTa YaCTHI (PPUKLIUOHHOTO IHXTHI 1 4 8
C IIPOMEKYTOYHBIM IOJICI0EM
Hannune cBunia [IpucyrcrByer OtcyTCTBYET
Kosdduument nuddysun, m%/c 8-10° 120-10°°°
IIpomomkuTeNnsHOCTE IpoLecca MOy IeHUs

P P Hy 30..3,5 2,0..25
(hPUKIMOHHOTO IWCKA, 4
TomnmuHa MPOMEKYTOYHOTO IOJICIIOS, MKM 5...15 40...50
IIpenen mpoyHOCTH Ha OTPHIB (HPUKLUMOHHOW HAKJIAIKU

N 78..82 8,2..8,5
OT CTaJIbHOU OCHOBBI, MITa
OKOJIOTUYHOCTh POIIECCa MOTyYeHUS . .
DKOJIOTUYECKHU IPS3HBIH DKOJIOTUYECKH YHCTHIH

()pPUKIMOHHBIX TUCKOB

Y cTaHOBIIEHO, YTO KOMIUIEKC TPUOOTEXHMUYECKUX CBOWCTB (PPUKIMOHHBIX AMCKOB (KO3(D(DHUIIMEHT TPEHUS
W MHTEHCHBHOCTh M3HOCA), TIOJIyYEHHBIX C MCIOJIb30BAHUEM KOMIIAKTHOTO M HOPHUCTOTO ITOPOIIKOBOTO MpOMe-
’KYTOYHOTO TOJICIIOS, HE 3aBHCHT OT THIIA MPOMEXYTOYHOTO mojciost (taba. 3).

XoJ0BbIe UCTIBITaHUSI (DPUKIIMOHHBIX MCKOB, U3TOTOBJICHHBIX C MCIOJIb30BaHUEM ITpoliecca Audpdy3u-
OHHOIl Maliku 4yepe3 MPOMEKYTOUHBIN MOPUCTHIN MOACHON, MpoBoAMINCh Ha LIlydnHCKOM PEMOHTHOM 3aBOJE,
MostoneuHeHCcKOM paiiarpornpoMTtexcHabe, Porauéeckom arpocepsuce, JIuackom arpocepBuce. Y CTaHOBIICHO,
YTO 10 HaA&KHOCTH U pecypcy paboThl (pPUKIIMOHHBIEC AUCKH, U3TOTOBJICHHBIE 10 HOBOMY CIIOco0y, HE ycTyIa-
10T (PPUKIIMOHHBIM JTUCKaM, N3TOTOBJICHHBIM I10 TPAAUIIIOHHOMY CIIOCO0Y.

Tabmmma 3

Pe3yubTaThl CpaBHUTENBHBIX UCTIBITAHUI (DPUKIIMOHHBIX TUCKOB
Ha MamHe TpeHus IM-58 u MUOU-1

HHTEHCUBHOCTD
MariiHa TpeHHs/THIT IPOMEKY TOYHOTO TI0ICIION Koaddurment Tpenus
HM3HAIIMBAHMS, MKM/KM
JIM-58 rajbBaHUYECKas MeIb 14..1,7 0,045...0,049
TOPONIOK MEIH 14..17 0,046...0,048
rajbBaHu4YecKas MeIb 14..15 0,041...0,046
MURU-L - rox o 13.15 0,041...0,045

Pe3ynbTaThl TEOPETHUECKUX M IKCIIEPUMEHTAIBHBIX UCCIIEIO0BAaHUI MO3BOJIMIIN Pa3padoTaTh U BHEAPHUTH
TEXHOJIOTUYECKHH TPOIEecC MPOM3BOACTBA (PUKIMOHHBIX JUCKOB C HMCIIOJIb30BaHWEM M((y3MOHHON Halku
()pUKLIMOHHOHM HIMXTHI K CTAILHOW OCHOBE 4Yepe3 MOPHCTHII MPOMEKYTOUHBIH MOJICION M3 MEJIKOAUCIIEPCHOTO
noporka memu (TT1231.130.01265.00147 «TexHONOTHYECKHHA MPOIIECC U3TOTOBIICHHST (PPUKIIMOHHBIX TUCKOB C
MastHBIM COEMHEHUEM HaKJIQJIKW ¥ OCHOBBI») Ha MOJIOZEYHEHCKOM 3aB0/Ie TIOPOLIKOBOW MeTautypruu. B ycio-
BUSIX 9TOTO 3aBOJIa 110 pa3pabOTaHHOMY TEXHOJIOTHYECKOMY HpoliecCy ObIJIO BBITYLIEHO 43 ThIC. ITYK QPUKIH-
OHHBIX JWCKOB. DKOHOMUYECKHUH 3((PeKT 3a CUET MOBBIILIEHNS TPOU3BOANUTEIBHOCTH MPOIECCa U CHIDKEHUS ce-
oecronmoctu coctaBui 47,9 miH. py0. Dxonorndeckuit 3QdexT 3a cuéT UCKITFOUEHHUS Ipoliecca rajabBaHOIIO-
KPBITHS ¥ 3aTpaT Ha NepepadOTKy CTOYHBIX BOA cocTtaBii 20 MitH. pyo.
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BpiBoabI

1. YcraHoBneHo, uTo st obecrieueHnst TpeOyeMOoro KOMILIEKCca SKCIUTyaTalliOHHBIX apaMeTpoB (ppUK-
IUOHHOTO JucKa (kpyTsiuit MomeHT 3 000 H/M; ynenbHas TerutoBas Harpyska Jio 4 MBT1/M%; pecypc paboThI He
Mmeree 9 000 MOTOYacOB) MEPCIIEKTUBHBIM SIBJISIETCS UCIIOIb30BaHHUE MPOMEKYTOUHOTO TTOJICIIOS, OTIMUUTENbHA
0COOEHHOCTh KOTOPOTO 3aKJIIOYAETCsl B TOM, YTO OH COCTOMT U3 MEJIKOJIUCIIEPCHOTO MOPOIIKA METU, ONTUMU3H-
POBaHHBIC MapaMeTpbl KOTOPOro: pa3Mep dactuil — Menee 40 MM, TommuHa — 50 MkM. [IpoMexyTOUHBIN MO~
CIIOW € TaKo# CTPyKTypoil obecrieunBaer B mpouecce quddy3noHHOM naiiku HageXHOe coeNuHeHHe (PPUKINOH-
HOM HAKJIJIKU CO CTATBHON OCHOBOMW 3a CYET MOBBINICHHOW IO KOHTAKTa YaCTHI] (PPUKIIMOHHON IMUXTHI C
YacTUIaMU TIPOMEXYTOYHOTO Tozacios (B 4...8 pa3), a Takxe M30upaTeabHON MHOUIBTPAMH pacljiaBa 0J0Ba
CO CKOPOCThIO ~ 1 MM/C (TIOPOLIKOBBIN MPOMEKYTOYHBIH TOACION — «KATUIUISPHBIA HACOC»), CIIOCOOCTBYIOIINE
00pa3zoBaHUIO MJIACTHYHOTO MTPOMENKYTOUHOIO TIOACIOS U3 OJOBIHUCTOMH OpoH3bl. TeopeTHuecku oKa3aHo, 4To
MIPOMEXYTOYHBIH TOACION sl obecriedeHus] TpeOyeMOro KOMILIEKCca SKCILUTyaTallHOHHBIX MapaMeTPOB JIOJKEH
0o0jamaTh MPOYHOCTHIO ClemcHus He Menee 7,2 MIla, k03(h(UIMEHTOM TEIUIOMPOBOIHOCTH HE MEHEe
16 B1/(MK) 1 kosdpdummentom TKJIP (18...20)-10° 1/K).

2. UccnenoBanbl pexxuMbl HUGPY3HOHHOM MaKK, HAIIPaBICHHbIC HA CO3/IaHUE ONTHMAIBHOW TOJIIMHBI
1uhdy3HOHHON 30HBI, OT pa3Mepa KOTOPOW 3aBUCUT MPOYHOCTH CLEIUICHHS (PHKIHMOHHON HAKIAIKH U CTallb-
HOM OCHOBBI. Y CTaHOBIICHO, YTO OTJIHYMTEIBHOW OCOOCHHOCTBIO Mpoliecca SBISECTCS KUHETHKa 00pa3oBaHUs
Jh(dY3HOHHON 30HBI B CTAJIBHOW OCHOBE, OOYCIIOBIICHHOMN CTPYKTYPOW MOPUCTOrO HPOMEKYTOYHOTO HOACIOS.
BpicokockopocTHas HHOUIBTPALMS PacIUIaBa 0J0Ba K CTAIBHOI MOBEPXHOCTH onpenenseT cnenuduxky nuddy-
3WOHHOM MalKK 3a cuér OoJiee BEIpaKEHHOW AU (y3UH JIETKOIIIABKOTO KOMITIOHEHTA — 0JIOBA B CTAIBHYIO OCHO-
By, B OTJIMYHE OT NPEUMYLICCTBEHHOH Mu((GY3MH MeIu NPH HCIOIb30BAHHUHM MPOMEXKYTOUYHOTO MOACIOS U3
KOMITAaKTHOH MeIy, HaHeCEHHOW rallbBAHHYECKUM CrIocoOoM. VccrnenoBaHHbIe 3aKOHOMEPHOCTH JHEpreThuye-
CKOTO COCTOSTHHSI TIOBEPXHOCTHU CTATBHON OCHOBBI 110 KPACBOMY YTy CMauMBaHUs M pabOTe BBIXO/IA JJICKTPOHOB
MO3BOJIMJIA YCTAHOBUTB, YTO ONTHMAJbHBIN pasMep AubQy3unoHHO# 30HEI (5...7 MKM), ONpEENSOMUA Mpoy-
HOCTb CIIETUIEHHS HAaKJIQJIKH CO CTAILHOH OCHOBOH, JJOCTUTAETCSI B PE3YJIbTaTe OTXKHTa B CPE/ie BOAOPOA MPH
400...500 °C, aktuBanuu (IrocoM, ONTUMAaJbHBIH coctaB kKotoporo: 10 %-Hblid pacTBOp CONSIHOW KHCIOTEHI,
4 /11 XJIOPHUCTOTO IMHKA, 9 T/II XJIOPUCTOTO aMMOHUS M 6 T/J1 IBYXJIOPUCTOTO OJIOBA, TEPMOOOPAOOTKE MPU TEMITe-
parype 780 °C B Tedenune 3 4. buto ycraHoBineHo, uto cnenuduka audy3HOHHON MaliKHM BHIPAKAETCS B Pasiiv-
yru k03¢ GuimeHToB auddy3un 0J0Ba U MEIH B CTATLHYIO OCHOBY B 15 pa3 (D = 120-10 ™ M%c u D =810 ° m%/c
JUISl TOPOIIKOBOTO ¥ KOMIAKTHOTO MPOMEKYTOYHOTO IOJICTIOS COOTBETCTBEHHO), 00ECIIeurBasi TEM CaMbIM yBe-
JIUYeHHe MPOYHOCTH TasHOro 1mBa 10 14 %.

3. YcraHOBJIE€HO, YTO MPOMEXKYTOYHBIH MOACION cocTouT u3 8...12 % oNoBSHUCTON OpOH3BI MOPHCTO-
ctbio 10...15 %. PacuéTHbIM myTéM yCTaHOBJIEHO, YTO MPOMEKYTOUHBIN MOJCION M3 OpOH3bI 001a1aeT BRICOKON
MexaHn4deckoi npodHocTeio (He MeHee 50 MIla), mnactrmaHOCTEIO (MEKpOTBEPAOCTL HE Oomee 1,1 ['Tla), Tero-
1poBoHOCTHIO (He Menee 30 B/m-K), kosdduumentom Temmosoro pacumpenns ((18...20)-10° 1/K), uto o6ecre-
YHBAET IUIACTHYSCKYIO PENaKCaIiI0 HECKOMITCHCHPOBAHHBIX TEPMOHANPSDKEHUH B TIpoLiecce dKCILTyaTalii GppuK-
[OHHOTO JIMCKa, CBI3aHHON C TEPMOLMKIHPOBAHUEM. Y CTAaHOBIICHO, YTO KOMILIEKC TPUOOTEXHUIECKUX CBOIMCTB
(PUKIMOHHBIX AUCKOB (KO3()(GHIMEHT TPEHUs ¥ MHTEHCHBHOCTb HM3HOCA), MOJYYECHHBIX C HCIOJIB30BaHHEM
KOMIAKTHOTO ¥ MOPUCTOTO TIOPOLIKOBOTO MPOMEKYTOYHOTO MOJICIIOs, HE 3aBUCUT OT THIIA MPOMEKYTOYHOTO MOJI-
CIIOS.
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