PaBJICJ'I 2. TexHomorus MAaIIMHOCTPOCHUA U MaTCpUAJIbI.

IIMe 3HauYeHUsI pabOThI BHIXOJA SJEKTPOHA M MOTJIU MPUBECTH K HEKOTOPOMY CHIKEHHIO 3TOH Be-
JMYUHBI.

HeobxomuMo OTMETHTB, YTO HU B OJHOM CiIy4ae He ObUIM OTMEUCHBI 3HAUCHHUSI PaOOTHI BBI-
X0J1a 3JIEKTPOHA MEHbIIIKE, YeM Yy KOMIIOHEHTOB CIlIaBa. B To ke BpeMmsi U3BECTHO, YTO 00pa3oBa-
HUE Ha MOBEPXHOCTH KAaTOJa METAIIOTUICHOYHOW CUCTEMBI MPUBOIUT K 3HAYUTEILHOMY CHUKEHUIO
BEJIMYMHBI paOOThI BBIXO/[a JICKTPOHA 32 CUET MPUKATOJHOTO CKavka moTeHiuana [9)].

B pa6ore [5] xapornpounsiii cruas cuctemsr NO—MO—Ti—Zr —C ponpeprann kparkospe-
MEHHOMY HarpeBy B Bakyyme (p=10" — 10° ITa, T = 2000°C, T = 5 MHH) I Pe3KO OXIKIATH JI0
1100 °C, B pe3ysbTare 4ero Ha MOBEPXHOCTH KaToda o0pa3oBajach MOHOATOMHAs TIJICHKA IIUPKO-
HUS U paboTa BBIXO/a JEKTPOHA METAJUIOIICHOYHOTO KaToja craHoBuiachk paBHoi 3,20-3,24 5B,
YTO MEHbIIIE €€ 3HAYCHHI He TOJBKO JIJIs1 HUOOUS, HO U JUIsl HIUPKOHUS.

Takum 00pa3oM, MPOBEACHHBIE HUCCICIOBAHUS MMOKA3BIBAIOT MEPCIEKTUBHOCTh MPUMEHEHUS
MHOTOKOMIIOHEHTHBIX CIUIABOB Ha OCHOBE TYTOIUIABKMX METaUIOB B3aMeH KaroaoB TOII u3 yuc-
THIX METAJIJIOB WJIM UX MAJIOJICTUPOBAHHBIX CIUIABOB, HE 00JIaaIONINX BHICOKOH KapOMPOYHOCTHIO.
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[ToBhbIlIeHHE MPOU3BOAUTEIHHOCTH OMEpaIii MeTaI000pabOTKM U KauyecTBa BBIMTYCKaeMOM
MPOJYKIMHU C OJIHOBPEMEHHBIM CHU)KEHUEM €€ ce0eCTOMMOCTH SIBJISIETCS] OJTHOM M3 BaKHEHIIMX 3a-
Jla4 MPOU3BO/ICTBA.

3a mociieJHUE roJibl B MAIMHOCTPOEHUU ObUIN C/ENIaHbl ONpeesIeHHbIE IIaru no odecneye-
HUIO TpeOyeMoro kayecTBa oOpabaThiBaeMOil MOBEPXHOCTH JeTalu. B To jke Bpems mpu MOBbIIIIE-
HUU TpeOOBAHMH K MOTy4aeMOMY KauyeCTBY MOBEPXHOCTHOIO CJIOS BOIPOC JOCTHXKEHHUS ITOro Ka-

YecTBa OCTACTCsl OAHUM U3 aKTyaJIbHEUIIUX BOIIPOCOB COBPEMEHHOTO MAITMHOCTPOCHHUSI.
Kak ycraHOBjIeHO OONBIIMHCTBOM UccieaoBaTenci [1...5 u ap.], 3aHUMaronUMucs BoIpoca-
MU TOBBIIICHUS KauecTBa 00pabaThiBacMOM MOBEPXHOCTH B IMpOIECCe MpOTAruBaHus (MpoIInBa-
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HUS), OJTHOW W3 OCHOBHBIX MPHYUH, YXYALIAIOIINX KAYECTBO TOBEPXHOCTH JICTAJH, SIBJISIOTCS Me-
XaHWYECKHE KOJIeOaHHs TEXHOJIOTHIECKOH crucTeMbl. Bo3HuKaromue konedbanusi 00yCiIOBJICHbI JIeH-
CTBUEM DPAJla PA3IUYHBIX TUHAMUYECKUX (DAKTOPOB, MPOTEKAIOIINX B 30HE PE3aHUs MPHU KOHTAKTE
pexyiero 3yba MHCTpyMeHTa ¢ 00pabaThiBaeMO MMOBEPXHOCTHIO JIETAIIH.

Tak, B padotax [2...4] KouerkoBsiM S1.I1. u KouetkoBbiM FO.A. Oblia cocTaBiieHa cucTeMa

muddepeHIMaNbHBIX YpaBHEHUIN N MOPsIIKa, OMKCHIBAIOIINX MpOIecC MpoTaruBanus. Ha ocHo-
BaHWUU TOJTYYCHHBIX ypaBHEHUH ObLIa MOCTPOCHA METOIWKA pacdyera paJualibHbIX aedopmarmii
3yObeB KpYIJIOM MPOTSHKKU 10 MOMEHTHOM T€OpUU 000JI0YEeK BpallleHUsl, OCHOBAHHOM Ha TUIOTE3e
0 HEM3MEHSIEMOCTH HOPMAJILHOTO 3JIEMEHTA B IPOLIECCE HArPy >KEHHS.

B nanHbBIX paboTax 3y0 MPOTSHKKH pacCMaTpPUBAETCS KaK YacTh KOHUYECKOH OOOJOYKH JIHU-
HEWHO-TIEPEMEHHOM TOJIIUHBI, 10 HAINPSIYKEHHOMY COCTOSHHMIO KOTOPOW COCTaBISIOTCS CHUCTEMBI
muddepeHnaNbHBIX ypaBHEeHM. PemenneM cucrteMm nudQepeHIMalbHBIX YPaBHCHUU SIBIISICTCS
oTpesieNieHue BETUYHMH paJuallbHbIX nedopManuii B TOYKAX, JEKANIMX HA CPEIUHHON IUIOCKOCTU
3y0a, KOTOpbIEe MPAKTUYECKH COOTBETCTBYIOT AePOpPMAIUAM PEXKYIIEH KPOMKH.

OnHaKo, BBy CII0)KHOCTH BbIYUCIICHHH (pEIICHHE TPOMO3JIKUX CUCTEM TU(PepeHIMATbHBIX
YpaBHEHHUIT), a TaK)Ke 3HAYUTEILHOTO PACXOXKIACHHS IKCIICPUMEHTAIbHBIX U PACUCTHBIX BEIUYMH,
aBTOPHI JAHHBIX PabOT CMOTIIM JIUIIb CAENATh Pe3yIbTHPYIOIIUY BBIBOJ O TOM, YTO MpeaIaraeMas
METOJIMKa pacueTa MOXeT ObITh MCIOIb30BaHa JUIsl ONPEEIICHNs BEeIUUMH paJualibHbIX aedopma-
Ui 3yObEB KPYTIION MPOTSHKKU B YCIOBUSX MPOTATUBAHUS, TOIBKO OYCHD OJIM3KUX K HJICATHHBIM.

B pa6ore [5] Kpyrsakosoit M.B. mpu HCHONIB30BaHUM METOJa KOHEYHBIX 3JIECMEHTOB OBLIO
MIPOBEJCHO MaTEeMaTUYeCKOe MOJECIMPOBAHKE MOBEICHHS PEXYIIero 3yda B mpolecce NpoTAruBa-
HUS U MOJTYYEHBl COOTBETCTBYIOLINE PE3YyJIbTaThl, HA OCHOBAHWU KOTOPBIX JIaHbl PEKOMEHJAINH 110
BBIOOPY ONTHMAJLHBIX TEOMETPHUECKUX MTAPAMETPOB PEXKYIINX 3yObEB KPYTIIBIX M NUIHIIEBBIX MPO-
TsokeK. OJTHAKO, BCIIEICTBHE OTCYTCTBHS SKCIIEPUMEHTAIBHOM MPOBEPKH (aICKBATHOCTH) MOJTY4EH-
HBIX MaTEMaTHYEeCKHX MOJEINeH, BO3MOXKHO JIUITh KOHCTATHPOBATh, YTO TOTYUYEHHBIC PE3YJIbTATHI
pacuera U IpUBOJMMBIC HA UX OCHOBE PEKOMEH/IALUU SBJISIOTCS UCKIIOYUTEIFHO TEOPETUIECKUMH,
a 3HaYUT, HEJIOCTATOYHO TOYHO MOTYT OTPaXaTh PEabHO MPOTEKAIOIINE MPOLIECCHI.

B pa6ote [1] BekaeBsiM A.A. ObUTH MPOBEACHBI UCCIICAOBAHMS 110 U3YYECHUIO MEXaHU3Ma CO-
BMECTHOT'O BJIMSHUS JMHAMUYECKUX MPOLIECCOB, BO3HUKAIOIINX B TEXHOJIOIMYECKOW CHUCTEME IpHU
npoTsAruBaHuy (IMPOLIMBAHNK), HA KAYeCTBO 00padaThiBacMOii moBepxXHOCTH Aetanu. C 3TOH 1eTbIo
BbexaeBpiM A.A. ObL1a pazpaboTana 0000IIeHHAs MaTeMaTHUeCKasi MOJIEIb MPoliecca MPOTITUBAHUS
(mporMBaHus), COCTOSAIIAs U3 MaTEMaTHYECKOW MOJICIH Tporecca popmMooOpa3oBaHusi 00padaThI-
BAaE€MOU MOBEPXHOCTH JETalld U MAaTEeMAaTUYECKON MOJEIN AMHAMHYECKUX MPOLECCOB, MPOTEKaI0-
[IMX B TUIIOBOM THJIPONIPUBO/IC MPOTSHKHOTO 000pynoBanus. [lomyueHHbIE MaTeMaTHYECKUE MO/Ie-
71 OBLTH SKCIIEPUMEHTATIBHO MTPOBEPEHBI, YTO MOATBEPIKAACT UX aIeKBATHOCTH [1].

Ha ocHOBaHWMH TOJYYEHHBIX PE3yJIbTATOB UCCIEAOBAHUA 0000IIEHHONH MaTeMaTHYeCKOH MO-
nenu B paborte [1] ObuIM pa3paboTaHbl COOTBETCTBYIOIIHE PEKOMEHIAIMH 110 CHIDKCHUIO HETaTHB-
HOT'O BO3JICHCTBUSI Pa3IMYHBIX TUHAMUYCCKUX (akTOpoB (yaapHas Harpyska, HEMOCTOSHHBIC I'€0-
METPHUYECKHE MTapaMeTphbl KAaueCTBa MOBEPXHOCTH 3arOTOBKH, HECTAOMIbHAS CKOPOCTh MPHBO/IA) HA
MoJTyyaeMble TeOMETPHUYECKHIE TTapaMeTphl KadecTBa 00padaThIBaeMO MOBEPXHOCTH JETATH B TIPO-
recce mpotsaruBanus (mpomuBanus). [Ipu 3TOM, B COOTBETCTBHHU C IMOCTABJICHHOM IENbI0 YKa3aH-
HOM paboThl, OCHOBHOE€ BHUMAaHHE OBUIO YJIEJICHO PEKOMEHJAIIMHU, CBS3aHHOW CO cTaduiu3amueit
CKOPOCTH JIBHXKEHUSI MPUBOJIA MPOTSHKHOTO 000pYIOBaHHs Ha Mpoleccax Bpe3aHHs/BbIOera pexy-
mUX 3yObeB B/U3 00pabaThiBAEMOr0 OTBEPCTHUS JIETATIH 33 CUET YCTAHOBKHU JIPOCCEIBLHOIO PeryJis-
TOpa pacxo/ia Ha BBIXOJIE U3 IITOKOBOM MOJIOCTH CUJIOBOTO THIPOLMIHH/IPA.

Ha ocHOBaHMM BBIIEH3I0KEHHOTO MOXHO CJIENaTh CIEAYIOIUI BBIBOJ O TOM, YTO B pac-
CMOTpPEHHOU paboTe OCHOBHOE BHHUMAaHHE YJENSIIOCh MCCIEAOBAHUSAM, CBA3aHHBIM C COBMECTHBIM
BIIMSTHUEM PA3JIMYHBIX JHHAMUYECKUAX (PaKTOPOB, BO3HUKAIOIINX KaK B 30HE pe3aHUs IPU KOHTAKTE
pexyIiero 3yba MHCTpyMeHTa ¢ oOpadaThiBaeMON MOBEPXHOCTHIO, TAK U B MPHUBOJIE MPOTSIKHOTO
obopynoBanus. Ha 0CHOBE MOJyYEHHBIX PE3yJIbTATOB aBTOPOM paboThI [1] ObLIM TaHBI COOTBETCT-
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BYIOLIME PEKOMEHAALNH, CBA3aHHBIE C MOAEPHU3aLIMEN IPOIIMBOYHOIO IIpecca.

OnHako BBHAY TOTO, YTO 32 PAMKH ITOCTAaBICHHOI B paOOTHI [1] menu BBHIXOIHMIHM BOIPOCH,
CBSI3aHHBIC C MCCJIECIOBAHUSMU BIMSHUS MApaMETPOB PEXKYIIEr0o MHCTPYMEHTa Ha KauecTBO o0pa-
OO0TaHHOM MOBEPXHOCTH J€TAJH, MOSABISIETCS HEOOXOAUMOCTb B IIPOBEACHUU JJONOJHUTEIbHBIX HC-
CJIEIOBaHM M0 paCUIMPEHHOMY M3YYEHMIO BJIMSHUSA F€OMETPUUECKHUX NapaMeTPOB PEXYIIETO WH-
CTPYMEHTA Ha MOJIy4aeMoe KauecTBO 00pabaThIBa€MOM MOBEPXHOCTH AETAIM Ha OCHOBE paHee pas-
pabOTaHHOM M IKCIIEPUMEHTAIBHO TIPOBEPEHHOH B paboTe [1] MareMaTHuecKol MOJeNu mporecca
hopmoobpazoBaHus.

Pe3ynbraTsl M0100OHBIX UCCIEIOBAaHUN MTO3BOJISAT PACHIMPUTD MPEACTABICHUS O BIUSHUU T'€0-
METPUYECKHUX MTapaMeTPOB PEKYIIEro 3y0a Ha KayecTBO MOJy4aeMOi MOBEPXHOCTH AETAIN U JaTh
COOTBETCTBYIOIIME PEKOMEHJIAIMH TI0 YJIYUIICHUIO TEOMETPUUYECKUX MapaMeTpoB KadyecTBa o0Opa-
0aThIBAEMOI MOBEPXHOCTH OTBEPCTHUS JAETAIIN.

B cooTBeTcTBHM C BbIIIEYKa3aHHBIM, LIEIbIO HACTOSIIECH pabOTHI SBISETCS YIIydlIeHUE T'eo-
METPUYECKHUX MapaMeTpoB KauecTBa 00pabaThIBa€MOIl MOBEPXHOCTH JE€Tald Ha OCHOBE YCOBEp-
[ICHCTBOBaHUS (MOJCPHHU3ALNH) KOHCTPYKIUHU PEKYIIETO HHCTPYMEHTA.

AHaJH3 BO3HMKHOBEHHSI HEPOBHOCTeH Ha 00padaTbiBaeMoii NOBEPXHOCTH AeTAIH NPH
MOCTOSHHOM CKOPOCTH NPUBOJAA U HIeATbHOM MOBEPXHOCTH 3ar0TOBKH

Jlnst nocTyKEHUs TOCTaBICHHON B HACTOAIIEH padoTe LeTu MPOBEAEM aHAIN3 BO3SHHUKHOBE-
HUSI HEPOBHOCTEH Ha 00pabaThiBa€MOI MOBEPXHOCTH IMPH MOCTOSHHON CKOPOCTH NMPHUBOJA M HIe-
aJIBHOM MCXOJIHOM IOBEPXHOCTH 3arOTOBKH. JIpyTMMH CJIOBaMU, HE YYHTBIBAsl BIMSHHUE T€OMETPHU-
YEeCKHX MapaMeTpOB KauecTBa MOBEPXHOCTHOTO CJIOSI 3arOTOBKH M HECTAaOMIBHOCTH CKOPOCTH JIBU-
KEHUs MPUBOJIA, IPOBEAEM HCCIIEIOBAHUS BIUSHUS F€OMETPUUECKUX MApaMEeTPOB PEXKYIIEro 3yoa
MHCTPYMEHTA Ha MOJy4aeMble MapaMeTpbl KayecTBa 00pabaThIBa€MbIX MMOBEPXHOCTEN JAeTamei, u3-
TOTOBJICHHBIX U3 YTJIEPOAUCTOM cTamu 45.

Puc. 1. PacueTHasi cxemMa HarpykeHusl pe:Kyiiero IiMia NUIMIeBoi NMPOIMBKY CHIAMH,
BO3HHMKAKOIIMMH B IIpolecce pe3aHus:
1 — paBHOBeCHOE T0JIOJKEHHE PEKYIIero 3yda HHCTPyMeHTa (10 mpomecca Bpe3aHUus HIIH
1ocJie BbI0era BepIImHbI pexKylieil KpOMKH U3 00padaTbIBaeMoOro 0TBEPCTHS I€TAJIN);
2 — OTKJIOHEHHE BepPIIHHBI PeKyIleil KPOMKH OT PABHOBECHOI0 NOJI0KEHH 1O/ AeificTBHEM
CWJI, BOBHMKAIOIINX B Npolecce pe3aHus.
JIns mpoBeeHUsT STHX UCCIEIOBaHMi, KaKk ObLIO OTMEYEHO paHee (CM. BBEICHHUE), YA0OHO
BOCIIOJIB30BaThCSl MATEMaTHYECKOH MOJIEIBIO ITporecca (hopMooOpa3oBaHus, OIYUEHHON B paboTe
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[1]. lanHas mMaTematuveckas MoJelb Obula pa3paboTaHa Ha ocHOBe mpuHIMna [lamambepa (co-
[JIACHO pacyeTHOW CXeMe, MPUBEICHHON Ha pucyHKke 1), a mpu ee co3maHUU ObUTH MPHHATHI Clie-
ayrome gonymieHus [1]:

e CuyuraeM Teja0 MHCTpyMeHTa (0e3 ydera 3yObeB MPOIIUBKH) — KaK aOCOIOTHO JKECTKUM
CTEpIKCHb;

¢ Cuynraem 3yObsi MPOIIMBKK a0CONIOTHO yIpyruMu (HE YYUTHIBAEM IUIACTHYECKYIO aedop-
MaIio 3yObeB B MPOIECCE PE3AHMS);

¢ He yuuthiBaeM BHyTpeHHEe (MOJIEKYJIIPHOE) TPEHUE B MaTepualie 3yObes,;

¢ CuuTaeM U3HOC 3yObeB MPOIIMBKH B Ipoliecce 00padOTKU paBHBIM HYJIIO;

® He yuynThiBacM BIIMSTHHE OCTATOYHBIX HANPSHKCHUH Ha YIIPYTYIO yCaaKy o0padaTbiBaeMOro
OTBEPCTHS,

¢ [IpeneOperaeM TemIepaTypHbIMU KOJICOAHUSMH, BO3HUKAIOIIUMU TIPU PE3aHHH.

CornacHo pabore [1] cucTtema ypaBHEHHW, ONMMCHIBAIONIMX MOBEACHUE BEPIIMHBI PEXKYIICH
KPOMKH 3y0a HHCTPYMEHTA B TIPOIIECCE Pe3aHusl, UMEET CIICTYIOIINI BH/I:

. E-b-s’
2-q, -r-sinlp”+¢,)-q, ‘r-codg” +¢. |-——- o,
do 2% o +0)-a, roodp’ 40 )~ =0
dt m-r? 1)
d _,
dt

rne: M —macca mumuma 3y6a HHCTpyMEHTa, PAaBHOMEPHO pacTpesieIeHHas 110 juinHe | paccMaTpu-
BaeMoOIl OaJIKy;
I' — ;uinHa paguyca —Bektopa 4B ;
E —Momyns ynpyroctn nepsoro poja, yuuTHIBAIOIMI MaTeEpHa PeXKyIIEro 3yoa;
b _ wmpuna wmue;
S —npuBeneHHas TonnMHA 3y0a (CpeaHee 3HAUEHKE TOMIIMHEI 3y0a);

-r-sin( "+¢@ )—q, -r-co8e” +
A ¢ +¢)-qy CORRY — U3rubaroIre MOMEHTHI, BOSHUKAIOIINE OT CUJI pe3a-

HUS,
99y _ coormercrBenno oceras u paauaabHasi COCTABIISIONINE CYMMAapHOM CHIIBI PE3aHMS:
y =115'Zb'(cl'azi0’85 +C,-k=C;-y" -C, 'ao)' 9 ©
q, =115-3b-(C,-a,"* ~C, 7" ~C;-a’) g ®

3/1ECh! Z — CyMMapHbIi IEPUMETP PE3aHUs PaCCMATPUBAEMOTO LIUIHILIA;

— 2
9 _ yckopenne cBoGoxHoro najeHns, 9 = 9,81n/c :

K _ xommuectso CTPYKKOpa3JIeIUTEIbHBIX KAaHABOK, PACIIONIOKEHHBIX HA pacCMaTpUBAEMOM
numiie 3y0a;

7 @ COOTBETCTBEHHO MEpEIHUI U 3aIHUH yTIIbI 3y0a HHCTPYMEHTA,

C,..C, .
— K03 (HULIMEHTHI, OTpaXkarolie BiIusHIe PU3NKO-MEXaHUYECKUX CBOMCTB 00padaThi-
BAaE€MOI'0 MaTepHaja Ha CHJIbl Pe3aHus;

a .
4 — TOJIIIIMHA CPE3AEMOT0 CJIOSI B %% TOYKE OTBEPCTHS CTAIIH:
a, = S,-h+H., 4

1
rae: S, _ MoJIbEM Ha 3y0, 3aI0)KCHHBIH KOHCTPYKTHBHO B CXEMY Pe3aHUs HHCTPYMCHTA,
. . i
' —CyMMapHas BbICOTAa HEPOBHOCTEM 3arOTOBKH B —°/ TOYKE OTBEPCTHS ACTANIH,;
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i-1 — cymMMmapHasi BbICOTa HEpOBHOCTEM B =1, TOYKE 00padaThIBAEMOTO OTBEPCTHSI.

Ha ocHoBaHMM BBIIEN3JI0KEHHOTO MTPOBEIEM C TOMONIBIO TPEACTABICHHON MaTEMaTHYECKOM
MOJIETI HCCIeIoBaHue mnpoiecca GopMooOpa3oBaHUs Ha MPUMEPE YEPHOBOTO M YUCTOBOTO IPO-
IUBAaHUS TIPSIMOOOYHOTO IIIKIIEBOTO MPOouJis ma3a B 00padaTbiBa€MOM OTBEPCTHH JCTAIH BTYJIKH
KapJaHHOTO BaJa.

HauanpHpiMH TaHHBIMA (BXOJHBIE MMapaMeTpPhl JJIS MOJCIMPOBAHMS) JUIS MPOIecca pacueTra
SIBIITFOTCS CTICAYIONIUE BEIIMYNHBIL
YepHOBOE IPOIIMBAHHE.

Tlapamempol uepnooco pexcywe2o wauyeso2o 3y0a npouUBKU.

® lHcTpyMeHTalbHBIN MaTepral — ObICTPOPEXKYILIAsk CTalb PEMS;,
e Mogys ynpyrocti Matepuana 3yba £ = 2-10°Mlla ;

® ['eOMEeTpUYECKUE ITapaMETPBL:

—Paccrosuue ot Touku 4 10 Toukn B (pucynok 1):

—5.1073
B OCEBOM HalpaBJICHUU l;=5-10"u ;

l,=5-10%u.

)

B paJIMaIbHOM HAIPABJICHUH 2
— Pammyc —Bexrop ' =7 107 m .
— [upusa mmama b= 4-1074
— IIpuBenennas (cpeaHsist) TOIIKHA 3y0a $=55-10"xu ;
® VYTIII0BbIE TAPAMETPHI:
—Iepennnii yron 7 =20,
— 3aaHuii yroa a =3

* o
— HopmaTuBHBIN yros HakJIoHa 3y0a K OCH HHCTPYMEHTA @ =45 ;

— HauanbHas yrioBasi CKOpOCTh OTKJIOHEHHUSI BEpIIMHBI 3y0a @ = 0.

— HavansHoe YIJIOBOC OTKIIOHCHUC BCPHINHBL 3y6a HHCTPYMCHTA $= 0 ;

e KonmuecTBO CTPYKKOPA3ACIUTCIIbHBIX KaHABOK IIJIHIA k=0 ;

—168.10-3
e Macca ommoro pexymero muma M= 16-107x2.

® Yucyo pexxylux NUIMIEB OQHOIO 3y6a £= 8.
Iapamempol 06pabamvisaemozo omeepcmust.
® OOpabateiBaeMblii MmaTepuas — Ctains 45;

(HB = 2005¢ j

2
TrepmocTs o7

W =062mm

. D
® HoMuHaIbHBIN AUaMCTP OTBCPCTHUA 3arOTOBKH

D,,, =623wum.

¢ HomuHanbHBIN JUaMETp OTBEPCTHS IETalU

b I/ICXOILHaH HEPOBHOCTH ACTAIN (,I[J'ISI NEPBOHAYAJILHOTO 3HAUCHUA az) H= 0,

¢ JlnmHa 00pabaTeIBA€MOTO OTBEPCTHS BTYJIKU L =155-10"n ;
Ilapamempwl npoyecca pezanusi:

* TToaseM Ha 3y6 S, =015mm,
Z b=43mum
=0

¢ CyMMapHbIi IEPUMETP pe3aHUs

L
¢ BenuuuHa MOJBOJA HHCTPYMEHTA 09600
Ilapamempuwr pacuema:
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e HauanmsHoe BpeMs pacuera [ = 0,

® OO0iee BpeMs pacyera o = 1Oc;

e IIlar pacyera At = 10° .

® Yucno nuddepeHuanbHbIX ypasHenuii M= 2,
YucToBOE MPONIMBAHUE.
Tlapamempol uucmogo2o pexcyujeco wnuyego2o 3y0a NpouuUeKU:

® lHcTpyMeHTaIbHBINA MaTepual — OBICTPOPEKYIIAsk CTalb PEMS;,
* Moxyb yIpyrocts Matepuana 3yoa £ = 2-10° MIla ;
® [‘eomMeTpuUECKHE MapaMeTphI:

— Paccrosiaue ot Toukn 4 10 Touku B (pucynoxk 1):

_E.10-3
B OCEBOM HAIPABIICHUN l; =5-10"Mm :
l,=5-10"m

B paI[I/IaHBHOM HaHpaBHeHI/H/I
-3
—Paguyc —Bexrop = 7-10%m -

— [llupuna numna b=4-10"n :

— -3
—IlpuBeneHHas (CpeaHss) TOMIIMHA 3y6a > 55-10"u :

® VrioBbl€ MapaMeTphl:

—Iepenuuit yroa 7 -=10 :

—3aguuii yron & = 1 ;
k3 _ 450
— HopmaruBHbIit yron HakIoHa 3y6a K ocu HHCTpyMenTa ¥ = 2
— HauanbHas yriioBasi CKOPOCTb OTKJIOHEHHS BEpLIMHBI 3y0a @ = 0.
— HavasbHoe YIIIoBOE OTKIOHEHHE BEpIIMHBI 3y6a nacTpymenta ¥ = 0 ;

¢ KoIM4ecTBO CTPYKKOPA3AEIUTEIbHBIX KAHABOK UIAIIA k=0 ;

_16.10°3
e Macca OIHOro PexKyIIero mumma ' 1,6-10 " ke :

® Uyiclio pexyIX MUIALEB OHOro 3y6a Z= 8.
Ilapamempywr 06pabamvieaemoco omeepcmus.
® OGpabarbiBaeMblii MaTepuan — Cranb 45;

[HB — 220 "Zij
® TeepmocTh -

Dsaa.
=621vum .

. =62mMm .
° HOMI/IHaHLHBII/I IlI/IaMeTp OTBepCTI/IH 3arOTOBKH ,

3 D,
¢ HoMuHaIbHBII AUaMETP OTBEPCTHUA ACTAIA .

¢ lcxomHasi HEpOBHOCTH JeTanu (Ui IEPBOHAYAILHOTO 3HAYCHUS aZ) H=0.

® JlnuHa 06pabaTeiBA€MOro OTBEPCTHS BTYJIKU L =155-10"x ;
Iapamempuwr npoyecca pe3anusi:

® TlogbeM Ha 3y0 S, = 0,05
b=41wum

=0

® CyMMapHBbIi IEpUMETP pe3aHUs Z

L
® BenuunHa NOABOAA HHCTPYMEHTA — 0d600d
Ilapamempwl pacuema.

® HauanbHOe Bpems pacuera t=0;
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® OOmee BpEeM: pacyeTa t"ﬁ”"- - 10(:;

o Illar pacuera At=10"¢.

® Yucno nuddepeHnuanbHbIX ypasHenuii M= 2.

B pesynbraTte MaTeMaTHYECKOTO MOJICIUPOBAHUS YEPHOBOTO W YUCTOBOTO MPOIIECCOB MPO-
IIXBaHUA, MPOTCKAOIIUX IIPU IOCTOSIHHOM CKOpPOCTH IIpHUBOOA (IIJISI JAaHHOT'O IMpuUMEpa BCIMYHHA
CKOPOCTH BBbIOMpANach MO HOPMATHBHOMY CIPaBOYHHKY PEKHUMOB pe3anus [6] u cocramisiia

V= 3’5M/MMH) u HHC&HLHOﬁ HCXO)IHOﬁ IMMOBEPXHOCTU 3arOTOBKU (BBICOTa HepOBHOCTeﬁ MoBEpX-
HOCTHU 3aroTOBKHM — OTKJIOHCHHUA OT HOMHUHAJIBHOIO AWMaMCETpa 3aroTOBKM — COOTBCTCTBOBAJIA

h =0
' ), ObLIN MOJTyYEHBI JaHHbIE, IPE/ICTaBICHHBIC TPa)UUIeCcKy Ha pUCYHKaxX 3 U 4.

[Ipu ananm3e MoydeHHBIX PE3yJIbTATOB BBISABICHO BIMSHHUE HA MOJydyaeMoOe KauyecTBO oOpa-
0aThIBaEMOil MOBEPXHOCTU TEX K€ MPOLIECCOB, YTO U B padote [1], a UMEHHO — B HaYaJbHBIA MO-
MEHT MpoIlecca BPEe3aHusl Pexyllero 3yo6a B NMOBEPXHOCThb JETaId BCIEACTBUE YIPYIMX CBOWCTB
MHCTPYMEHTAIIbHOIO MaTepHaja PexyIlero 3yda MPOMCXOMUT HEKOTOpoe OTKIOHeHHe (ympyras
nedopmanus) paauyca — BekTopa I (pucCyHOK 2) OT ero TMonoeHHs paBHOBECHS, T.€. OT TION0XKe-
HUS1, KOTOPOE 3aHUMaJ 3y0 10 Bpe3aHHs.

! r_'{’ﬁ‘_._,l

Mt

Puc. 2. Icku3 npouecca 00padoTKU NPH BPe3aHUM PeKyLIero 3y6a MHCTPYMEHTa B

. . . h=0 N
o0padaTbiBaeMoe OTBEpCTHE € HCXOAHOI BHICOTOW HEPOBHOCTEH U NOCTOSTHHOM

CKOPOCTHIO IBH:KEHHUS NPUBOIA V= 3’5M/ MUt
D10 nedopManivs BbI3BaHA TEM, YTO CHUIIbI MEXMOJICKYISIPHOTO B3aMMOICHCTBHS MEXKAY MO-
JeKyiIamMu 00pabaThIBAEMOTO MaTepuajga OKa3bIBAIOTCS OOJIbINE, YeM CHJIbI, JICHUCTBYIOIIME Ha Jie-

TajJb CO CTOPOHBI PEXKYIIEro 3y0da (CHIIbI pe3aHus %y qy). B 3T0oT MOMEHT, 3a cyer ynpyroil ge-
dopmaru pexyuero 3yba, MPOMCXOIUT HEKOTOPOE H3MEHEHHE TOJIIMHBI CPe3aeMoro Cjos

(az > SZ) 710 TeX Top, MOKa HampshDKEHUE, BO3HUKAOIIEEe BHYTPU PEXKYIIEro 3yda He co3/1acT J0C-

TaTOYHBIC YCUITUS, HEOOXOIMUMBIC [T Pa3pbiBa MEXKMOJICKYJISIPHBIX CBs3el B 00pabaThiBaCMOM Ma-
tepuane [2...4].
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Puc. 3 - ®opmoobpasoBaHue 00padaThIBaeMoii MOBEPXHOCTH AeTAJIM MPU HAJTUYMM YIAPHOIi
HArpy3KH B HavaJje npouecca pe3anusi (pe;KHM YePHOBOI0 MPOUIMBAHMS).
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Hauansnouit yuacmox onunvt pezanun " " unu koopounamel nepemeuienun
eeputunsl pescyujeii Kpomku 6 oceeom nanpagienuu " XB" , (mm)

Puc. 4 — ®opmoodpa3oBaHue 06padaTbLIBA€MOIi MOBEPXHOCTH JAETAJM NMPHU HAJTUYMH YAAPHOH
HATPY3KH B HauyaJje mpoiecca pe3anus (pe;KuM YHCTOBOTO MPOIINBAHNS).
B PE3YJIbTATC U3MCHCHUS TOJIIUHBI CPE3aCMOT0 CJIOSA BCIMYMHA CUJI PC3aHUA GyHCT TaKXeE
U3MEHSATHCS (C YBEJTMUYCHUEM TOJIIMHBI CPE3aeMOT0 CJI0s YCHIIUS pe3aHusi OyIyT Bo3pactath). [lox
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JICHCTBUEM BO3POCIIMX CHII PE3aHUS TPOUCXOIUT MPOLIECC CHATHUS NpHUIycka (Ipoiecc CTpyKK000-
pa3oBaHusN).

[To Mepe mpoABIKEHUST PEXKYIIET0 3y0a MOBEPXHOCTH AETANH YNPYro-mjiacTuuecku nedop-
MUpYETCS B paJIMAIBHOM M OCEBOM HampaBiIeHUsX. Tak, ¢ yJdaJeHHeM PeXyIell KpOMKH 3y0a ot
BXOAHOT'0O TOpHa ne(bopMaumI ACTaJIM YMCHBbIIACTCA, YTO CBA3aHO C YBCIMYCHUCM CUJI YHPYTOCTU
obpabatbiBacMoro Mmatepuaia (Bo3pacTaeT yNpyroe CONMPOTHBIICHHE). DTO BBI3BIBACT 3aTyXaHHE
Koje0aHuil B TEXHOJIOTUYECKON crcTeMe, 00YCIIOBICHHBIX BPE3aHHEM PEXKYIIEro 3y0a HHCTPyMEH-
Ta B 00pabaTbIBaeMOe OTBEPCTHE JICTAIIH.

Kak BugHO 13 pucyHkoB 3 u 4, poliecc Bpe3aHus 3aBepIIIaeTCs TOTaa, KOTAa YCTaHABIMBACT-
Csl OTHOCHTEJIFHOE PAaBHOBECHE MEXIY CHIIAMHU PE3aHHs M CHJIAMHU YNPYToCcTH 00padaThIBAEMOTO
Matepuana. [[pyrumu cioBamu, B pe3yJbTaTe HEPABEHCTBA YCWIMN PE3aHMsl U CHJI YIPYTOCTH 00-
pabaTeIBaeMOro Marepuaja, BOSHHKAIOT BBIHY)KICHHBIC KOJICOAHUS TEXHOJIOTHYECKOH CHCTEMBI.
BozHukive kone0aHus ¢ TeYeHHEM BpEMEHU TUHAMUYECKU YPaBHOBEIINBAIOTCS.

JInst pacCMOTPEHHBIX MPUMEPOB MPOLIECC PE3aHUsT MOYKHO CUUTATh CTAOMIM3MPOBAHHBIM (yC-
TAHOBUBIITMMCS), CCIIH:

e Jlpu uepHOBOM MpoIIMBaHMK jetayneil (pucyHok 3) coOJromaeTcs — yCiIoBHUE

H yem.(uepn.) = 010135MM u XB > 0,64MM :

e Jlpu wuucroBOM mpomMBaHUM JeTaneid (pucyHok 4) coOdromaercss — yciIoBHUE

H = 0,00707 mm u XB=Lun

vem.(uuem.)

Takum 00pa3oM, pacCMOTPEHHBIN MPOIECC MPOIIMBAHUS MOXKHO MPEICTAaBUTh KaK HEYCTOM-
YUBBINA MpOLIECC pe3aHusi, 00YCIOBICHHbBIM BOSHUKHOBEHUEM BBIHYKJIEHHBIX KOJIEOAHUI TEXHOJIO-
TUYECKON CHUCTEMBbI, BCIIECJICTBHE ACHCTBUSA YIAapHOM Harpy3Kd B Hauaje Ipolecca Bpe3aHus, YTO
MIPUBOJINT K YXYAIICHUIO 00pabaThiBaeMOii MOBEPXHOCTH BOJIM3H BXOJHOTO TOPIIA OTBEPCTHS J1eTa-
JIN.

PexomMeHpanmu no yJjay4lieHUI0 reoMeTpu4ecKnX napaMmeTpoB KauecTsa o0padaTbiBaeMoi
NOBEPXHOCTH eTaJI! NPH NPOIIMBAHUH

IIpoBeneHHBIN aHAIU3 MOJYYEHHBIX PE3YJIBTATOB PacdyeTa MaTeMaTHYECKOW MOJEIIN IIPOLEeC-
ca (hopmooOpazoBanus (MpH KAEaTIBHON HCXOMIHOM MOBEPXHOCTH 3arOTOBKU M IIOCTOSIHHOM CKOPO-
CTH MPUBO/IA) MOKA3aJl, YTO MPOLECC BOZHUKHOBEHHUS BBIHYK/ICHHBIX KOJICOAHHI TEXHOIOTUIECKON
CHUCTEMBbI, OOYCJIOBJICHHBIN JIEHCTBUEM YyJIapHOW HArpy3Kd B Hadajie Mporecca pe3aHus U CBOMCT-
BaMH TEXHOJIOTHYECKON cHCTeMbl ((PH3MKO-MEXaHMYECKHMMHU CBOWCTBAMHU WHCTPYMEHTAIBHOTO M
00pabaThIBAGMOT0 MaTEepPHAIOB, TEOMETPUICCKUMH M YIJIOBBIMHU MapaMeTpaMH PEeXYIIero 3yoa),
MPUBOANT K YXYALICHHIO KayecTBa 00pabaThIiBaeMOil MOBEPXHOCTU HAa HAYAJIBHOM y4YacTKe JUIMHBI
pe3anus (0Opa3oBaHUE CKOJIOB, 3aJUPOB U JIp. BOJU3M BXOAHOTO TOPIIA OTBEPCTHS ICTAIH).

Ha ocHOBaHuU pe3yJIbTaTOB NMPOBEACHHBIX MCCIEAOBAHUN MOXKHO JaTh CIEAYIOIIUE PEKO-
MEH/IAIlMH, CBS3aHHbBIC C YCOBEPIICHCTBOBaHHEM (MOJICPHHU3AIMEH) KOHCTPYKIIUH PEXKYIIEr0 HHCT-
pymeHTa. OCHOBHBIMU U3 HUX SIBJISIOTCS:

e Jlns ymeHblleHUs KojaeOaHUN BEPUIMHBI PEXYIIET0 3y0a MHCTPYMEHTA, LieiecooOpa3Ho B Kaue-
CTBE MHCTPYMEHTAJIbHOTO MaTepHajia MCIOJIb30BaTh OOJiee TBEPIABINA peXyui MaTepuan (Ma-
TepUall ¢ OOJIBIINM MOJYJIEM YIIPYTOCTH);

D
e Jlnsa mosyueHust TpeOyeMOoro HOMHUHAJIBHOIO JUaMETpa JAETalId %, 11eJecO00pa3HO yMEHb-
D,
MIUTH (3aHU3KUTH) B MPOLIECCE PE3aHMs AUAMETP PEKYLIEero 3yda — ?% Ha y/JBOCHHYIO BEJIIMYHHY

N H
OTKJIOHEHHSI €T0 PEXYIIeH KpOMKU ~ *™ (pUCYHOK 5).
Tak, ans obecrieueHus MOMYYCHUs] HOMUHAIBHOTO JUAMETpa OTBEPCTHS JICTAIN MOCHE Yep-
HOBOTO TMPOIIMBAHHUS HOMUHAJIBHBIA JTHAMETP YEPHOBBIX PEKYIIMX 3yObeB MHCTPYMEHTA TOJDKEH
D, —2-H

oem.

D. = .
ObITh paBen  »%(uern) yem.(wepn) " q 7IIsl IOJTyIE€HUSI HOMHHATIBHOTO JIHAMETPA OTBEPCTHS
JeTajIy IOCJIe YACTOBOIO MPOIINBAHUS HOMUHAJIBHBIA IUAMETP YUCTOBBIX PEKYIIUX 3yObeB MHCT-
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D

-2-H

dem. yem.(uuem.)

D =
PYMEHTa JIOJKEH OBITh paBeH  »0(wem.)

Puc. 5—cku3 npouecca 00padoTKHu:
a) 0e3 MOIEpHU3AIMH PEKYIEro HHCTPYMEHTA;
0) mocJie MoiepHH3aNMH (3aHUKEHHUsI BEPUINHBI 3y0a) pe:Kylero HHCTPYMEHTA.
BriBOaBI

[To pe3ynbpTaram MpoOBEICHHBIX UCCIEIOBAHUNA MOYKHO C/IEIATh CIICAYIOIINE BHIBOIBI:

0O030p Hay4YHO-TEXHUYECKHX MCTOYHUKOB BBISIBUJI, UTO OJHOW M3 OCHOBHBIX MPHYUH, YXYJ-
MIAFOIUX KAa4eCTBO 00pabaThiBa€MOM OBEPXHOCTH JCTAIH IPU MPEPHIBUCTOM PE3aHUH, SIBISIOTCS
MeXaHU4YecKHue KoseOaHusi TEXHOJIOIMYecKOM cucTeMbl. Bo3Hukaromme kosiebaHusi 00YyCIOBIIECHBI
neiicTBueM psja (akTopoB, BOSHUKAIOUINX B 30HE pe3aHMsl IPU KOHTAKTE PEXYILEro 3yo6a HHCTPY-
MEHTa ¢ 00pabdaTbIBaeMOl MMOBEPXHOCTHIO JieTau. OCHOBHBIM U3 3TUX (DaKTOPOB SBISETCS yaapHAs
Harpyska, BO3HHKAIOIIas B MOMEHT Bpe3aHHsl PeXyIIero 3yda B 00padaThIBaeMyo JA€Talb.

B pesynpTaTe MaTemMaTH4YECKOTO MOJETUPOBaHUS mporiecca GopMooOpa3oBaHusi oOpadaThI-
BaeMbIX MOBEPXHOCTEH JeTasielf, U3rOTOBJICHHBIX U3 YITIEPOAUCTON cTanu 45, IOATBEPKIEHO Cy-
IIECTBEHHOE BIIMSHUE YKa3aHHOrO (paKTopa Ha MOJIydaeMble T€OMETpUYECKUE MapaMeTphl KauecTBa
00pabaTbIBaeMOM MOBEPXHOCTH JIETAJIH.

Ha ocHoBaHmmM pe3yapTaTOB MCCIEIOBAHUNA MaTEMaTHYECKOW MoIenu mporecca hopmMoodpa-
30BaHUs JIaHbl CJIEIYIOIUEe PEKOMEH AU 110 CHHKEHHUIO HETaTUBHOTO BO3JIEHCTBUS BhIIICyKa3aH-
HOTO SIBJICHMSI Ha TIOJy4YaeMble T€OMETPHUUECKHE MapaMeTphl kKayecTBa oOpadaThiBaeMON MOBEPXHO-
CTH JIeTaJIH MIPU MPOIINBAHUH:

e Jlns ymeHblieHus KosueOaHUI BEPIIMHBI PEXYIIEro 3y0a HHCTPYMEHTA 11eJ1IecO00pa3Ho B Kaue-
CTBE MHCTPYMEHTAJIbHOTO MaTepHajia MCI0JIb30BaTh OOJiee TBEPIABINA pexyuii MaTepuan (Ma-
TepUal ¢ OOJIBIINM MOJYJIEM YIIPYTOCTH);

D
e Jlna monydeHus: TpeOyeMoro HOMHHAJIBHOTO JWAMETpa JeTald %" 1eJeco00pa3HO yMEHb-
D
mUTh (3aHU3UTH) AUAMETP PEXKYIIEro 3yoa % Ha yJBOCHHYIO BEIMYHHY OTKJIOHECHHUS €ro

o H
peXKyIlIeu KpOMKU " B IIPOLIECCE pe3aHUsl.
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Takum 00pa3oMm, B pe3ysbTaTe MPOBEICHHBIX HMCCIICJAOBAHUI IMOJYYEHBl PEKOMEHIAIMH 110
TIOBBINICHUIO KauecTBa 00pabaThIBAEMOM MMOBEPXHOCTH JICTAM B MpPOIECCE MPOIIMBAHUS 32 CYET
yCOBEpILIEHCTBOBAaHUsI (MOAEPHU3AIIMN) KOHCTPYKIIMH PEXKYILIEr0 HHCTPYMEHTA.
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BunonsipHbIl 351eKMPO0 KaK UHCMpPYMeHm peasiu3ayuu cuHep2emu4yeckux
npuHYyUnoe ynpaesJsieHus MPoyeccoM 3JieKmpoxumuyeckoli obpabomku demanel
MawuH

1.T.H., ipod. Bsiuecnarora O.®., [Toramos B.H.
MITY «<MAMU», @I'YII HI1O «Texnomaur»
Beenenne

ONeKTpOXUMHUECKasi pa3MepHas 00paboTKa 3aHMMaeT 0co00€ MECTO B TEXHOJOIMUECKHX
nporeccax JeTaqeil MamuH, M3rOTaBIMBAEMbIX W3 TPYJHOOOpaOaTHIBAEMBIX MAaTEPHUAIOB, TaKUX
KaK TUTAHOBbIE, HEP)KABEIOLIME JKapoNpouHble cIu1aBbl. OHa HAXOJUT IIMPOKOE NMPUMEHEHHUE B 00-
paboTke neTaneil aBUTATENel a’pPOKOCMHUYECKOW TEXHUKH, TPAHCHOPTA, XUMHUYECKOM MAaIIHHO-
CTPOEHUH U JP.

VYnpasiieHHe TPOLECCOM EKTPOXUMHYECKO 00padoTku (3XO0) ¢ menpto odecriedeHus 3a-
JTAHHBIX BBIXOJHBIX MapaMeTpPOB JAEeTajeil MpeacTaBisieT co00il B TEXHUYECKOM OTHOIIEHUH CIIOXK-
HYI0 U TPYAOEMKYIo 3a1a4y. B mocnennee Bpemsi B Texnosmorun DXO st obecriedeHus aeranen
3aJaHHBIMH SKCIUTyaTallUOHHBIMM XapaKTePUCTUKAMH HAYMHAIOT MPUMEHATh NPUHIMIIBI CHUHEpre-
tiku [1]. [Tpu 3TOM Mekay IKCIUTyaTallMOHHBIMU CBOWMCTBAMH JICTAJICH U TEXHOJOTMYCCKUMHU I1a-
paMeTpaMu Ipolecca YCTaHABIUBACTCS B3aUMOCBS3b U€pe3 HEKUE WMHTETpajbHble KPUTEPUU TEX-
HOJIOTHYECKOW cHCTeMbl. K HIM MOKHO OTHECTH Takue KpUTEpUH, KaK THAPOJUHAMUYECKUNA KPH-

. H . D. M.
tepuit 9XO >, xpurepuid TUPPY3MOHHOTO TIOTOKA ', MUTPAIIMOHHOTO TIOTOKA ', KOHBEK-

THUBHOI'O ITIOTOKA Con .

Pasmepnas snexkrpoxumudeckas 00paboTKa MPOTEKAET B YCIOBHIX TEMIIEPATYPHOUM, XUMHYE-
CKOM, KHNHEMAaTUYECKON HEOAHOPOJHOCTEH, CIECACTBUEM YErO SIBJISIETCS CaMOOpPraHU3alus pas3jind-
HBIX TTOTOKOB HEPTHUM: AIEKTPUUECKOH, TEIJIOBOM, MAcChl, XUMUYECKOM U T.I. Kak mokasan ananus
MOJICUCTEM, BIUSIOMIUX Ha nporekanue nporecca IXO [2,3], kaxkaas U3 HUX HAXOJUTCS BO B3au-
MOJICHCTBUU JPYT C IPyroM, GOpMHUPYS «BBIXOJHBIC» TEXHOJIOTHYCCKUE XapaKTEPUCTHKU pa3Mep-
HolM DXO: TOUHOCTH MPoILIECcCa, €r0 MPOU3BOUTEILHOCTh U IEPOXOBATOCTh MIOBEPXHOCTH JI€TaJIEH.
CnoxHyI0 3a7a4¥ YBSI3KH BCEX TOJICHCTEM JIa€T BO3MOXKHOCTH CYIIECTBEHHO YIPOCTUTHh CHHEpIe-
TUYECKUM TOJIXO0/1, O3BOJISIIOIINI U3 BCEX «IIEPEMEHHBIX» MPOIIECCa BHIWICHHUTD JIUILb OJIHY, & BCE
ocTallbHbIE BBIPAYKATh Yepe3 TaK Ha3bIBAEMbI mapamerp mopsjaka [4-6]. Takum mapameTpom Imo-

Uzsectus MI'TY «MAMU» Ne 2(6), 2008. 117



