HEYETKHWE UHTEPBAJIBHBIE OIIEHKH B 3A/IAYE
PEI'YJINPOBAHUS CTAHKA

Bepurreiin JI.C., ®unaeBa E.B. (xag. [1U, TPTY, 2. Tacanpoe, Poccus)

C pa3BuTHeM HayKd W TEXHHMKHM BO3HHKIA HEOOXOJUMOCTh B pEIICHHH Bce Ooliee
CJIO’KHBIX 3a]1a4 B CAaMBIX Pa3IMYHBIX OTPACIAX HAPOJIHOTO XO3SUCTBA, TPEOYIOMIUX XOPOIIe-
ro uHPOPMAIMOHHOTO OOECTeUeH s, MOTPEeOOBAIO pa3padOTKU OOJiee COBEPIICHHOTO IMPO-
IrPaMMHOTO MPOJIYKTa. 3HAYUTEIbHAs 9aCTh 33/1a4 TPeOyeT CI0KHBIX MOJeNe, 001agaer mo-
TpeOHOCTHIO B MOJTYUYEHUU U 00pabOTKE 00bEMHON U «HETOYHOI» UH(DOPMALIUH, TPUMEHEHHUS
CHCTEM C THMOPUIHBIM MHTEIJIEKTOM, B KOTOPBIX, HAPALY C aHAIUTHYECKUMH MOJEISIMH, UC-
MOJIB3YIOTCS MOJIENIM Ha OCHOBE 00pabOTKM IKCHEPTHHIX 3HAHUI. DTa «HETOUHAs» HHPOpMa-
M HEe JOCTyMHA B ()OpMe TOYHBIX, YETKO OINpeAeieHHbIX yncen. «Herounas» mHpopmarms
dbopMmyspyercst B BUJIe BBICKAa3bIBaHHH, HAIPUMED, C TOMOIIIBIO TAKUX CIIOB, KAK «HABEPHOY,
«MOXeET OBITBY», «CKOpee Bcero» u T.1. [1,2,3,4,5].

[Ipou3BoACTBEHHBIE CUCTEMBI 3a4acTyl0 (yHKIIMOHUPYIOT HE aBTOHOMHO, a B TECHOM
B3aMMOJICHCTBHH C YCIIOBUSMHU BHYTPEHHEH 1 BHEIIHEH cpeabl. CI0KHOCTH 3aj1ad MOJIUTHKHY,
HYKOHOMHKH, SKOJIOTHH, Pa3BUTHE TEXHUKU U MHOTOE JIPyroe KOCBEHHO WM MPSIMO CKa3bIBa-
IOTCSI Ha HEOTIPEACIIEHHOCTH 3HaHMI O cucteme [6].

Ecnu nomeitaThes pa3paboTaTh aHATMTHYECKHE MHOTO(AKTOPHBIE MOJIEIH JIJIsl UCCTIe-
JIOBaHUSI TPOU3BOJICTBEHHBIX CHCTEM, TO CJIEAyeT y4ecTb HEOOXOJMMOCTb PEIICHHUS CIIOXK-
HBIX, MHOTO()AaKTOPHBIX, TPYIHOPOPMAIM3yEeMBIX 3a7ad. DTH 3a/adyl CBSI3aHBI C HEOompe/e-
JICHHOCTSIMU B (DOPMYJIUPOBKE TIOCTAHOBKH 3a/1ayM, B3aMMOJCHCTBUN BHYTPEHHHUX WM BHEIII-
HHUX CUCTeM U T.1. O4EeBUIHO, YTO €CJIM MOWUTH MO IyTH MOCTPOCHUS a/IeKBATHBIX aHAJIMTHYC-
CKMX MOJIEJeH, TO MOYKHO HAaTKHYTHCS Ha OTPOMHBIE CIOKHOCTH B PEANTM3alMU PEIICHHS 3a-
J1ad, TPUIETCSI HECTH OOJIBIIME 3aTPAThl, CBS3aHHBIE C pa3pabOTKO MO U METOIUK pac-
YeTa, MpUIeM HEBO3MOXKHO alPUOPHO YTBEPKAATh 00 IKOHOMHUYECKOH I(P(PEKTHBHOCTH JIaH-
HBIX UCCJICIOBAHUM.

OpxHUM U3 MaTEeMaTUYECKHX alllapaToB ISl PEIICHHs JaHHBIX 3a/1a4, SBISICTCS TEOPHUs
BO3MOXHOCTEH, chopmyiupoBanHas 3ane B 1977r. JlanHash Teopusi MO3BOJSIET HAXOIUTh
OpUrHMHAJIbHbIE peLICHUs 0€3 pa3pabOTKH CIOKHBIX aHATTMTUYECKUX Mojenei [1].

ba30BBIMU TTOHATHSIMH TEOPHHA BO3MOXHOCTH SBJISIOTCS MOHITHS HEOTPEICICHHOCTH
¥ HeTOYHOCTH [6]. HeonpeneneHHOCTh 1 HETOYHOCTh SBJISIIOTCS TPOTHUBOIIOJIOKHBIMU TOYKa-
MU 3pEHHUS Ha OJTHY U TY’K€ PEaJbHOCTbH - HEMOJIHOTY MHpOpManuu. PazHuia Mexy Heomnpe-
JICNICHHOCTBI0 ¥ HETOYHOCTBIO 3aKJIFOYAETCS B TOM, YTO HETOYHOCTh OTHOCHUTCS K COZeEprKa-
HUIO WH(OPMALKK, a HEONPEIEICHHOCTh - K €€ NCTHHHOCTH, MIOHNMAaeMOU B CMBICIIE COOT-
BETCTBUS JCHCTBUTEIHHOCTH.

Tun HeueTKo! BENMYMHBI, KOTOPBIM 0000I1aeT MOHITHE UHTEpBaja, Ha3bIBAETCS He-
YETKAM WHTEpBajIoM. HedeTkmidi WHTepBall — ITO BBIMYKJAs HEYETKas BEIMIUHA, (YHKIUS
NPUHAUICKHOCTH KOTOPOH KBa3MBOTHYTA:

v, v, Yoelu, V], po(e)2min(uo(u), po(v)).

3anauu, CBA3aHHbIE C HEOIPEAEICHHOCThIO BCTPEUYAIOTCA B CaMbIX Pa3JIMUHBIX OTpac-
JSIX TPOM3BOZCTBA M BHJIAaX YEJIOBEUECKOU JESTENbHOCTH, HAPUMEP, B 3KOHOMUKE (TIaHU-
poBaHHe 010/KeTa), B CUCTEMax NMPUHIATHUS pelleHni (cereBoe MmiaHupoBaHue) u T.1m. OnHON
U3 TaKUX 3a/1a4 SIBJsIeTCs 3ajjaua PeryJInpoBKH CTaHKA.

Orneparsi MeXaHMYECKOW 00pabOTKH B OOIIEM Cllydae OMPEACIICTCS MPOXOKIACHHE
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PEeXYLIEr0 MHCTPYMEHTA WIM CBEpJIa MO MOBEPXHOCTH MeTanIM4YecKoil neranu. OCHOBHBIE
napaMeTpbl PEryJIMPOBKU CTaHKa 3TO CKOPOCTh PE3aHMs M MEPEMEILCHUE PEXKYIIEro HHCTPY-
MCHTA, KOTOPLIC ONIPCACIAIOT KAaYCCTBO BLIMOJIHCHHSA OIICpAallin. OCHOBHEBIE OTpaHUYCHUSA HaA
9TU NAapaMETPbl OTHOCATCA K CHOCO6y HCIIOJIb30BAHUA MHCTPYMCHTA, TUHAMUKC CTaHKa, CO-
CTOSIHMIO 00pabaThiBa€MOM MOBEPXHOCTH U T.JI.

JlJist OTHeNbHOM Oomepanyu MEXaHUIeCKOW 00paboTKH 3a/1ada peryJrupoBKU — 3TO 3a-
Jada onTuMuizalnuu, ra¢ KpurTeCprueM OINTUMHU3ALNU MOKET 6bITb CTOUMOCTD OIi€panurn, KOJIH-
YEeCTBO CHUMAEeMOTO MeTajuia U T.1. [Ipy 3TOM crenuanuct Croco0eH 0ueHb OBICTPO OIpee-
JUTH IS 33JJaHHOW OTIepaly 00JIACTH 3HAYCHUI CKOPOCTH U MEPEMEICHUS PEXYILEro MH-
CTPYMEHTa, KOTOPbIC TIO3BOJIAT MOJIYYHTh 3aJJaHHOE KAYECTBO JICTAIIH.

3amaya yCIIOKHSETCS, €CJIM PEryJMpoBaTh MapaMeTpbl HECKOJBKUX OIHOBPEMEHHO
HeﬁCTBYIOH[HX CTAHKOB, pasMCIICHHLIX B BUAC MOCICAOBATCIBHOCTU pa60‘-II/IX mecT. Umeercs
CIIC JIBa OOMOJIHUTCIbHBIX OTPAHUYCHUA: IJIA O6CCHCIICHI/I$I Tpe6OBaHI/II\/JI MMPOU3BOAUTCIILHO-
CTH JINHHUA MEXaHUYECKOW 00pabOTKH AODKHA (YHKIMOHHMPOBATH B OTPEAEICHHOM PUTME,
OJTHOM M TOM JK€ Ha KaXIOM pabovyeM MEeCTe, TaKKe KeJIaTeIbHO 00eCeYlTh PaBHOMEPHBIH
CpeIHHI U3HOC MHCTPYMEHTOB, YTOOBI 3apaHee IIaHUPOBATh WX 3aMeHy. Crenuanicty mpu-
XOOUTCA ONPEACIIATE 3TO OUIYIIBIBAHUCM BIIJIOTH A0 OTBICKAHUA YAOBJICTBOPHUTCIILHBIX ITapa-
METPOB PETYJIUPOBKH, YJOBIETBOPAIOIINX OTPAHUUYCHUIO TI0 TEMIy pabOThl, OUY€Hb CIIOKHO
OTIPE/ICTINTh BEIMYMHY HM3HOCA. DTO OUYEHb TPYJIOEMKas W OTBETCTBEHHas paboTa. MO>KHO
NPE/IOKHUTh UTEPAKTUBHBIA METOJI pacyeTa ¢ LEeJbl0 OKa3aHUs MOMOIIH YEJIOBEKY B PEryJid-
POBKE CTaHKa. B KadecTBe MCXOJHBIX JaHHBIX JJISI pacuera OepyTcs JMAna30HbI 3HAUEHHH
noga4y M CKOPOCTHU pE€3aHusA, OUCHHBACMBIC CIICHUAJIUCTOM B BHAC HCUCTKHUX HHTCPBAJIOB.
Hcnoap30Banne HEUESTKUX HHTCPBAJIOB NO3BOJIACT YCTAHOBUTD JIJIAA Ka)KI[OfI oncpalnunu 1mo Ka-
KJIOMY PETYJIMpYyEeMOMY MapaMeTpy NPEeAnouTUTENbHYI0 00JacTh s o0ecrniedeHus: Tpedye-
MOTO KadecTBa pe3aHHsi U JOMYCTUMYH 00JacTbh, 32 MPEACibl KOTOPOH HEIb3sl BBIXOJIUT.
®opmy (DyHKIMH TPHUHAIIEC)KHOCTH MOYKHO YTOYHHUTH C TIOMOIIBIO MPOBEPKU BO3MOKHOCTH
OTKJIOHCHUSI OT MPEANOYTHTEIILHOM 00J1aCTH.

Paccmorpum pabGodyee MecTo, Ha KOTOPOM BBITIOJHSETCS €IMHCTBEHHAS OIEpamus i.
[Tycth Vi u Aj — He4YeTKHE MHTEPBaJIbI, XapaKTEPU3YIOIIUE CKOPOCTh PE3aHMs Vi U MOJAYy a;
COOTBETCTBEHHO. 3aBUCUMOCTh BPCMCHH BBITIOJHCHHA OIICpaliuu t; OT DTHX ABYX IIapaMCTpPOB
BEIpakaeTcs (opMyJIOi:

rae K; — nocrossHHast BeMYMHA, 3aBUCSIIAS OT TEOMETPUUECKUX XaPAKTEPUCTHK 3arOTOBKHU.
3HavueHHs MPUHAJICKHOCTH My, (v;) 1 u 4 (a; ) MHTEPIPETUPYIOTCS KaK Mepa KayecTBa pe-

3aHM.
Torpa 3amauy peryiampoBKH IapaMeTpoB MEXaHWYECKOW oOpabOTKM ¢ yd4eToM orpa-
HUYEHHUST Ha TEMNI pabOThI MOKHO C(HOPMYJIHPOBATH CIEIYIONIMM 00pa30M: MaKCUMH3HPO-

=t,Tae ¢ - 3aJaBacMBbIM

i

a; - v;

BaThb BelW4uny min( py, (v;), 1, (a;)), IpA OTrpaHUYEHUAX

TeMI padoThl Ha KOHKPETHOM pabouyeM mecte. Boibop onepaiun nepecedeHuss HEUETKUX HH-
TEpPBAJIOB B BUJIE MIN BBIPAXKAET JOTMUECKYI0 KOHBIOHKLMIO 1enieil. OnTuMaibHOe perieHne

B3 &
(a;,v; ) y1OBIETBOPSET PABEHCTBY:
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ty (Vi )=ty (a7 )= g yoa v (1) =2 »

Il 3HAYCHHUE K, /( 4, -V,) ONPEIEISAETCA B paMKaX MCUHMCIICHUS HEYETKUX MHTepBanoB. OTcrona
MOJIy4aeTCsl ONTUMAJIbHAsI CTETICHb A:, JUIsl KOTOPOU BCAKOE YBEJIIMYEHUE CKOPOCTH PE3aHus
BEJICT K YXYALICHUIO MOJIa4M, 1 HA000pOT. 3HAYCHUS a: ,v: JIETKO ONPEJENAOTCS 110 U3BECT-
HbIM 3HAYEHUSAM /’tj. Ecnu /’tj=l, TO 0003Havas uepes [ al.,a_l. Jua/ vl.,v_l. | TOpennoyYTUTENbHbIE

o0JacTu 3HAYCHUI NOJJa4uM M CKOPOCTHU Pe3aHusi, UMeeM 0oJiee OJHOM pa3perIeHHON peryiu-
pOBKH, HaIIpUMED:

x — K. K
a; =[a,a; ][]
tvi ty;

B npotusHOM citywae i 4; = (a;,ai,o;, ;) umeem:

A

* K.
a,—a;-L(A; ), ecnu t> L.

* Qi 'Ki

- * ) K.
ai + ;- R(A; ), ecnu t<5. ’;
i Vi

* ~
Ecnn BenuunHa A, O4eHb Maja, TO OTCIOJA CIEAYET BBIBOJ, YTO 3aJaHHBIA TEMII HE

COBMECTHUM C TpeOyeMbIM KaueCTBOM PE3aHusl.
Jlis pemienust 3Toi 3a1auu pa3paboTaH NPUKIAJHON IPOrpaMMHBII IPOIYKT.

Cnucok autepatypsl: 1. Memuxos A.H., bepurreiin JI.C., Koposun C.A. Curyanu-
OHHBIE COBETYIOIINE CUCTEMBI C HEUETKOH Jorukoit. - M.: «Hayxkay. ®usmariur, 1990r- 272
c. 2. Mansime H.I'., bepmreitn JI.C., boxxentok A.B. Heuerkue Monenu Ay SKCHEPTHBIX
cuctem B CAIIP. — M.: Dueproatomusnar, 1991, 136 c. 3. ®unaea E.B. MoaenmupoBanue
uctuHHOCTH BhIcKazbiBaHuil. [len. BUHUTU N 1504-B98 ot 19.05.98 r 19c. 4. ®unaena
E.B. Anamu3 ocobeHHOcTel Moieneit mpuHsaTus pemenus. COOpHUK Te3ucoB nokIaaoB [lep-
Bo#1 Beepoccuiickoit HTK Momoapix yueHbIX u acnupanToB. “HoBble nHpOpMaIMOHHBIE TEX-
HoJsioruu. Pa3paboTka u acnextsl nmpuMmeHeHus” . 12-13 HosOps 1998 r. Taranpor: U3n-Bo
TPTY, 1998 r. 5. Poro3os 10.U., ®unaesa E.B. ABromaTn3upoBaHHas CUCTEMA IMOAJIEPKKU
NPUHATHS PELIEHUH Ha OCHOBE TMOPUIHOTO MHTENIEKTa. PaqnosnekTpoHuka, 3JIeKTpOTEXHU-
ka u sHepretuka’ [llectas Mexnynaponnas HTK crynenroB u acnmpanTtoB: Te3.noxi. B3-x
T. - M.:M3gatensceTo MOMU, 2000, T.1. - 348 c. 6. JI. Ho0ya, A. IIpaxa.. Teopusi BO3MOKHO-
creit: Ilep. ¢ ¢panimysckoro B.b.Tapacosa. /moa penakmueit C.A.OproBckoro - M.: Paguo u
Css3b, 1990. - 286 c.
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HCIOJIB30BAHME TBEPIBIX CMA30K HA OCHOBE JUCYJIb® A
MOJIMBAEHA JJIS1 OBPABOTKU METAJIJIOB PE3AHUEM

Borycaasckmii B.A., I'ankun A.C., Omenbsinenko WU.I'.
(kagh. TM, Jloul TV, 2. [Joneyx, Ykpauna)

B coBpemeHHBIX yCIOBHSIX 00pabOTKH METAIOB PE3aHUEM YacTO BCTPEUAIOTCS CUTYa-
MM, KOTJla HeOOXOAMMO OOECTeYHTh MOBBIIIEHHYI0 CTOHKOCTh MHCTPYMEHTA, a BO3MOX-
HOCTh BBEZICHUS B 30HY 00paboTku kakux-mb6o COX nmubo cuibHO 3aTpyaHeHa, 1u00 BO0O-
1ie He BO3MOXHa. [IpuMepoM 3TOro SIBISIIOTCS KapycCelbHblE U TOPU30HTAIBHO-PACTOUYHbBIE
CTaHKU. B 3TuX ciaydasXx eIMHCTBEHHBIM BO3MOKHBIM CPEJCTBOM 00ECHEYUBAIOIINM YMEHb-
meHue u3Hoca sBisitores TBEpasie COTC.

OnHuM 13 HanboJee pacupOCTPAHEHHBIX HA CErOAHAIIHUN JeHb BuaoM TBEPAsx COTC
SIBJITFOTCS] TBEPIbIC CMA3KH HA OCHOBE IUCYJb(Gumaa MomdaeHa MoS,.

OcHOBHO# MP06JIEMO# UCTIONB30BaHUS TUCYIb(PHIa MOTHOACHA SIBIISIETCS TPoOIIeMa ero
3aKpeIyIeHNs] Ha MOBEPXHOCTH PEXyIero nHcTpyMmeHTa. [lepen TBEpAbIMU cMa3KkaMu, HaHe-
CEHHBIMU B BH/JIE IUIEHKN HA MOBEPXHOCTh PEXKYIIETO0 MHCTPYMEHTA HE CTOUT 3ajlaya Npeojio-
JIETh OIPOMHBIE KOHTAKTHBIE HANpPSKEHHUsI B 30HE PE3aHUsl — OHU BBOJASITCA B 30HY pe3aHMs
BMECTE C MHCTPYMEHTOM. B 3TOM MX KOpEHHOE€ OTIMYHE U IMPEUMYIIECTBO MEpes CMa304yHO-
OXJIQXKJAIOLIUMHU KHUJIKOCTSAMH.

Ho B mpomecce pe3anust BO3HUKAIOT OOJIBIINE CHJIBI TPEHUSI HA TIOBEPXHOCTH MHCTPY-
meHTa. Jucynshua MoaubieHa T0DKeH YMEHbIIATh X, HO TIPY 3TOM OH JIOJDKEH OBITH JTOC-
TATOYHO XOPOIIO 3aKPEIUIEH, YTOOBI 3TU CUJIbI HE YHECIU €T0 C MOBEPXHOCTH MHCTPYMEHTA.
[Inénka TBEpION CMaA3KH 10JDKHA UMETh JIOCTATOYHYH0 MEXaHUYECKYIO MPOYHOCTb, BHICOKYIO
aJITe3UI0 K MOBEPXHOCTH, HA KOTOPYIO OHAa HaHECEHa, 3JIACTHYHOCTh M 00pa30BBIBAThH Ha MO-
BEPXHOCTHU METAJIJIA HENPEPBIBHBIN CIIOM.

EnvHCTBEHHON pearabHONM BO3MOMXHOCTBIO 3aKPEIUICHUS YacTUI] MOJIMOIEHa Ha IOBEPX-
HOCTH MHCTPYMEHTa siBJsieTcs aare3ust. Kak mokasanm ucciepoBanust st o0ecrieueHus 3Ha-
YUTENBHBIX CHJI a[re3Wd YacTHIl MOJHOCHA K TIOBEPXHOCTU PEXKYIIEro HHCTPyMEHTa HE0O-
XOJIMMO:

a) 4TOOBI KPUCTAUIMYECKHE PEHIETKN (Da3 B MOBEPXHOCTHBIX CIOSAX PEXYIIUX TpaHel
MHCTPYMEHTOB HAXOJWJINCh B HEPAaBHOBECHOM COCTOSIHUM M HMMEJIM 3HAYUTEJIbHBIN 3amac
CKPBITOM 3HEpruu aedopmaruu;

0) 9TOOBI MOBEPXHOCTh MHCTPYMEHTOB U YaCTHIl MOJIHO/I€HA OBIII CBOOOTHBI OT )KUPOB,
OKHCJIOB U IPYTHUX MPOCIIOEK;

B) NPUMEHEHUE aJTre3UBHBIX IUIEHOK COCTOSIIUX M3 CJOXKHBIX MOJEKYJ, CHOCOOHBIX
CMaunBaTh YHCTHIE MOBEPXHOCTH YACTHIl MOJMOIEHA 1 HHCTPYMEHTOB, KOTOpBIE, OJaroaaps
OOJBIIMM CHJIaM aJCOPOLMOHHOTO B3aUMOJIEHCTBHS, MOTYT 00€CNeunBaTh UX aAre3ui0 NpU
OOBIYHBIX TeMIlepaTypax. OTH IJIEHKH JOJDKHBI Takke oOecreyuBaTh CHJIbI aAre3uu 00Jib-
1I1Me, 4YeM CWJia TPEHMsI, BO3HHUKAIOIAs MPU PE3aHUM, U OHU HE JOJDKHBI YMEHBIIATHCS MO
BIIMSTHUEM TEIUIa, BBIIEISIONIEroCs B 30HE pE3aHHUs.

[lepen HaneceHueM CBSI3aHHOTO AUCYJIb(GUA-MOJIUOAEHOBOTO MOKPBHITHS Ba)KHO TILA-
TEJBbHO TNPEIBAPUTENIHLHO 00paboTaTh MOBEPXHOCTh MHCTPYMEHTA, MOAJIEKAITYI0 TOKPBITHIO.
[IpenBapurenbHas o0paboTka 3akitoyaeTcss B OO€3KUPUBAHWM, TPABJIECHUH, TLIATEIbHOU
NPOMBIBKE ropsueil BOJOH, ObICTpoi cymike. TpaBieHre NPOU3BOAUTCS AJIS TTOJTyUSHHUS MUK-
POTIOPUCTOM MOBEPXHOCTH, YTOOBI 00ECIIEUNTh AAre3HuI0 TUCYJib(uaa MoaubeHa K MeTaury
MHCTPYMEHTA U YJAIUTh C IOBEPXHOCTU MHCTPYMEHTA MIPOJIYKThI €r0 B3aUMOECHCTBUS C OK-
pyXaroiei cpenoil, 4ToObl 00eCeYuTh HEMOCPEICTBEHHOE CONPUKOCHOBEHUE AaTOMOB WU
MOJIEKYJI B3aUMOIEUCTBYIOLIUX BELIECTB.
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UccnenoBanus [1] mokazamm, 4yTo, cpenu TBEPIBIX CMA30K, CAMBIA HU3KUH KO3 DUIEHT
TPEHUS MOJIy4eH MPH UCTIOJIb30BaHUU TUCYIb(PHI0B MombIeHa U Bosib(ppama. Kpome Toro,
TOHKasl TUIEHKA TUCYIb(pHIa MOTHOACHA UMEET BHICOKOE COMPOTHUBIICHHE MPOJABIUBAHUIO B
HOpPMaJIbHOM HAampaBJIeHUH K IUIOCKOCTU YacTull MoS: U mpeien TeKy4yecTH e€ MOXKET ObITh

Puc. 1. Cxema ucnbITaHUSI HA MalllMHE TPEHUS

BBIIIIE TIpe/iesia TeKyuecTu cTanu. [Ipu BbICOKMX JaBJIEHUSIX OT/EJIbHbIE HEPOBHOCTU B3aUMO-
JEHCTBYIONIMX MOBEPXHOCTEH MeTajia MOTYT AeGOopMUpOBAThCS MOJ IUIEHKOW MoS>, 91O
NPUBOJNT K PE3KOMY YBEJIMYCHHUIO TUIOCKOCTH KOHTAKTa, MPAKTUUECKU MPUOIIKas e€ K HO-
MUHATBHOH. [lpyrue cMas3ku, Takue Kak rpadur, He BBIICPKUBAIOT TAKUX BHICOKHX YJIEIBHBIX
Harpys3ox.

B nmanHo# pabote, 1 3aKpeIuieHUs THUCYJIb(GUAa MOJIMOJICHA Ha pabOYHMX MOBEPXHO-
CTSIX MHCTPYMEHTA, B KaUECTBE IMOBEPXHOCTHO-AKTUBHOW XKHUJIKOCTU Oblia BhIOpAaHA OJIEMHO-
Bas kuciora. Jlucynbdun MmomubaeHa uernoap3oBaics B Buae cmasku BHUM HIT-232.

[Mocne Hanecenus nucynbduna MommdaeHa Ha 00pa3Ibl sl UCTIBITAHUN TIPOBOIMINACH
UCTIBITaHKS HAa MAIlIMHE TPEHUS 0 CXEME MpeJICTaBICHHOM Ha puc. 1.

[Tpu ucnpITaHUAX MCTIONB30BaNachk mapa crainb 40X, opicTpopexymas cranb P18. [ps-
MOYTOJIbHBI 0Opazer; u3 OwicTpopexyimiei ctamu P18 moxpeiBaics TBEPION CMa304HOU
WIEHKON nucynbduma Moo IeHa Mo pa3padoTaHHON MeToauKe. Mexay oOpasiaMu BeIIEp-
’KHMBAJIOCh TIOCTOSIHHOE yJleNbHOE AaBienue Py,=250 H/MM?, 9T0 TIPHOIMKACTCS K YCIOBHAM
00paboTku pezanueM (t=1 mm, S=0,1 Mm/00).

N3 rpaduxoB (puc. 2) BUAHO, YTO MPOUYHOCTD IJIEHKH 0OpazoBaHHOM cma3koit BHUU
HII-232 oGecneunBaer KO3 PUIMEHT TPEHHUs, 10 CPABHEHUIO C HETOKPBHITHIMU OOpa3liaMu.
Kax BuaHO 13 rpaukoB, Npu TPEHUH HEMOKPBITHIX 00pa3lOB HE3HAUMTEJbHbIE 3aAUPbI TO-
saBisitores mocne 18-20 muH paboThl, 3HaUUTENbHBIE 3aauphl Tosie 30 MuH paboTsl. st 00-
paboTaHHBIX 00PA3IOB ATH YKCIA COCTABISAIOT 33-36 1 52 MUH COOTBETCTBEHHO.
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Puc. 2. Pe3ynpTathl HcIbITaHUI 00pa3IoB: a — HETIOKPBITHINA 00paselr; 6 — o0pazer MOKPHITHIN
BHUWU HIT-232.

ITo rpaduxam BuaHO, uTO Ha MpoMexyTke oT 0 mo 27 muH. 00a oOpasia BexyT ceds
A0CTATOYHO OJHMHAKOBO, MPOUCXOAUT PABHOMCPHOC YBCIMYCHUA MOMCHTA TPCHMS. OL[HaKO
HOCJIC 3TOTO BPEMEHH Yy HEMOKPHITOro o0pa3ila HAYMHAKTCS PE3KHE CKAYKW MOMEHTA, 4TO
COOTBETCTBYET MOSIBJICHHIO 33 JUPOB Ha MOBEPXHOCTU 00pa3ioB. [y mokpeITOoro oopasia 3Ta
30Ha HauynHaercs ¢ 51 MuH.

PeByanaTI)I HUCIIBITAHHUI IMOKa3bIBAKOT, YTO MNPUMCHCHUC TBEPJAbIX CMA304YHBIX ITOKPBI-
THI PEXKYLIET0 MHCTPYMEHTA MO3BOJISICT M3MEHHTh B IMOJOXKHUTEIBHYIO CTOPOHY MPOLECCHI,
NPOUCXOIAIINE B 30HE pe3aHMsl, a 3HAYUT MOBJIMATH HA CTOMKOCTh PEXYIIETO0 HHCTPYMEHTA.

HenoxkpeiTeie [TokpsITEIE
Puc. 3 - Bnusaane mnéuku aucynbhuaa MoanbeHa Ha XapakTep U3HOCA PE3IoB
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Oo6pabateiBaembiii MaTepuan D11202, marepuan uncrpymenta P18, V=9 m/mun, t=1 mm, S=0,11
MM/00, oxnaxaeHue 10% smynbscus 2.

1 — moape3Hble pe3libl, HEMOKPHITHIE.

2 — POXOJIHBIE PEe3IIbl, HEMTOKPHITHIE.

3 — moape3HbIe pe3Ibl, MOKPHITHIE CMA3KOM.

4 — IpoXOJIHbIE Pe3Libl, HOKPHITHIE CMA3KOM.
Puc. 4. Bausnue TBEpAOH cMa304HON IIEHKH MoS> Ha CTOMKOCTh HHCTPYMEHTA

Puc.5 - CTOMKOCTh HHCTPYMEHTA MOKPHITOTO TUIEHKOU JUCYIb(uIa MOTUOICHA.
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Tax Hanpumep noApe3HbIe pe3lbl OKa3alIu pe3Koe yBenuueHue croiikoctu. Ha puc. 3
npuBeAeHbl GoTorpadguu xapakTepa U3HOCA MOKPHITHIX M HEMOKPHITHIX, MOAPE3HBIX PE3ILOB.
Kak BumHO u3 QoTorpadun, HEMOKPHITHIE PE3IbI MOCIE OJHOTO MPOXO0Ja UMEIOT KaTacTpo-
duueckuii U3HOC, T.€. MOJHOE pa3pyLICHHE BEPUIMHBI pe3lia U PEXYIIelH KPOMKH; B TO BpeMs
KaK MMOKPBITHIE PE3IIbl BBIIEPKUBAIU IO 6 MPOXOA0B U O0JIee U UIMEIOT U3HOC MO 3a/IHeH rpa-
Hu B npenenax 1,1 - 1,2 mm.

Tax e 1aHHbIE O YBEJIMYEHUH CTOMKOCTH MHCTPYMEHTA MOATBEPKIAETCS IKCIIEPUMEH-
TaJIbHBIMU JIaHHBIMH, IPUBEIEHHBIMU Ha Tpadukax (puc. 4 u 5).

Ha puc. 5 nansl pe3yibTaTsl UCTIbITaHU# TOKapHOU 00padoTku ctamm X18H10T u ceep-
nenus cramu ON654.

U3 rpadukoB BuaHo, uto npumeneHne o0brdHbIX COTC Takke 3HAYUTENHHO yBEJINYH-
BaeT CTOMKOCTh PEXKYILIEro MHCTPYMEHTA, MOKPBITOro MoS;.

Cnucox autepatypsbl: 1. Centiopuxuna JI.H., Onapuna E.M. Teépasie nucynspua-
MOJIMOICHOBBIC CMa3Ku. — MoOCKBa: u3a. «XuMusay, 1966 r. — 152c¢.

JAACTAHIMOHHOE OBYUYEHUE TEXHOJIOI' USIM MAIINHOCTPOEHUS
BunnukoB B.A. (kagh. AIIII, J[T'MA, . Kpamamopck, Yxpauna)

CoBpeMeHHbIE YKOHOMHUYECKHE YCIOBUS OCTPO CTABAT MEPE]l MAITUHOCTPOUTEILHBIMU
NPEINPUSITUSIMU BOIIPOCHl YBEJIMUEHUS! HAyKOEMKOCTH BBIITYCKA€MON NPOAYKLMH C LEJbIO
BbIXOJIa HA MUPOBbIE€ pbIHKU. HayKOoeMKOCTh MPOAYyKLMHU ONpEAeseTcs, B IEPBYIO OUYEpEb,
kBaym@ukanueid nepconana. CymiecTByromas CUCTEMa MOATOTOBKH KaJpOB MUMEET psija He-
JIOCTAaTKOB:

- TeMmn 00y4eHHsI HE 3aBUCHUT OT CIIOCOOHOCTEH U BO3MOYKHOCTEH 00y4aeMoro;

- HHU3Kas aJanTTHPYyEeMOCTh Y4eOHBIX KypCOB K COBPEMEHHBIM TPEOOBAHMSAM, OTCYT-
CTBHE IICHTPATU30BAHHOTO KOHTPOJIA y4eOHOTO MPOIIecca;

- HM3Kas MPOIyCKHasl CIIOCOOHOCTh M BBICOKHE 3aTpaThbl HA MOATOTOBKY U MOJEPHH-
3aIMI0 Kypca o0yUdeHusl.

O¢ddexkTuBHBIM penieHneM MpoOIIeMbl MOBBIIICHUS] HAYKOEMKOCTH BBIITyCKAaeMOM MPOIYK-
MM MaIIMHOCTPOEHUS MOXKET CIYyXHUThb pa3pabOoTKa M BHEAPEHUE CHUCTEM HENPEPHIBHOTO
npodeccronambHOr0 00ydeHus: ¢ ucroib3oBanneM Web-texHosoruit. [IpoBeaeHusIil B [1]
aHaJIU3 METOJI0B 00Y4YEeHMs MOKa3aJl MPEUMMYIIECTBO CUCTEM JUCTAHLIMOHHOTO OOYy4eHHUs Iie-
pea KOMITBIOTEPHBIMH U OYHBIMU METOAaMHU. Borpocy npoeKTupoBaHus 1 BHEIAPEHUS CHCTEM
nuctanionHoro ooydenus (CO) u mocBsIieHa JaHHAsT CTAThs.

JlucraHiinoHHoe o0y4yeHHe MpeArnosaraeT OTCyTCTBUE HEMOCPEACTBEHHOTO KOHTAaKTa 00y-
4aeMoOTro C MperojaaBaTesieM, Io3TOMY K MPOTPaMMHOMY OOECHEUEHHUI0 CUCTEMBbI JUCTAHLIH-
OHHOTO O0y4YeHHs IPENBIBISIIOTCA crierdruieckne TpeOOBaHUSA - HE TOJBKO MPEToaaBaTeb,
HO U 00y4aeMbli JJOJDKEH UMETh BO3MOYKHOCTh ONIEPAaTUBHOTO BMEIIATENIbCTBA HA BCEX 3Ta-
nax B XoJ mpoiecca oOydeHus. Peanuzanus 3Tux TpeOoBaHUN MPUBOJUT K TOMY, YTO MpO-
rpaMMHOE OOecredeHHe T0DKHO ObITh Peali30BaHO B BUJIE CHUCTEMBI "KIMEHT/cepBep', mpH-
YeM 11eJIeCO00pa3HO OCHOBHbBIE (DYHKIIMHU JOCTyINa K UH(GOpMAaIMY, OUEHKH YPOBHS 3HaHUM U
KBaJIMpUKaUud o0y4aeMbIX peaqnu3oBaTh Ha paboyuX CTaHIMAX Kiacca JUCTAHIIMOHHOTO
o0yuenust (KO), a ynpaBnenue mpoiieccom oOydenus - Ha Web-cepBepe, BBIOTHIIOMNUM
byHKIMKU aIMUHUCTpUpoBaHus. briaronaps 3ToMy opranuzanusi yueGHOro npoiiecca J1ejaer-
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Csl HEe3aBUCUMOM OT reorpaduu pa3MenieHust paboyux CTaHIMH, a 33 CUET BEJCHUS LICHTPaJIH-
30BaHHOM 0a3bl JAHHBIX Ha CEPBEPE CYIIECTBEHHO MOBBIIIAETCS KAUE€CTBO OOYUCHHUS.

[Tpouecc AMCTAaHIIMOHHOTO OOYYEHHUSI COCTOUT U3 TPEX MOCIIET0BATENIBHBIX ITAIOB.

Ha mepBoM sTame mpou3BOAMTCS WACHTU(HKAIMS TOsb30BaTens. Mcmonb3ys cBeneHus,
NOJIyYCHHBIC TIPU UACHTU(UKALMH, GOpMHUpYyETCcs Mojenb o0ydaemoro. OHa mpeacTaBiser
co0o0li COBOKYITHOCTh CBEJICHHUI O IMOJIb30BaTelie, XpaHUMbIX B 0a3e MaHHBIX cepBepa. Ha ee
OCHOBaHHMHU IPOUCXOJUT AMHAMHYECKOE (POPMHUPOBAHHE MOJIEIN U3y4aeMOro MPEeIMETa B BU-
JIe COBOKYITHOCTH 3HAHUH, YMEHHUI U HABBIKOB, KOTOPYIO HEOOX0IUMO CPOpMHUPOBATH Y 00Y-
gaemoro [2]. Bropoil 3Tanm - npoxo)kIe€HUE TPEHHUHra, HAIPABJIEHHOTO Ha IEpEMELIEHHE
NPUOOPETEHHBIX 3HAHUN U3 KPATKOBPEMEHHOM NaMATH B JOJTOBPEMEHHYIO M CAMOKOHTPOJIS
oOyuaemoro. TpeTbuM, 3aBEPIIAIOIINAM 3TAIIOM O0yUYEHHS SBISIETCS TECTUPOBAHUE - TIPOXOXK-
JICHHE TECTa B COOTBETCTBUH CO COPMHUPOBAHHOM MOJIEIBIO 3HAHU.

B cooTBeTcTBUU ¢ 3THMU TpEeOOBaHUSAMH pa3paboTaHa CUCTEMA IUCTAHIIMOHHOTO 00yUYeHHS
(CIO) Ha 6a3e JIOKaTBHOW BBIYUCITUTEIBHOM ceTH 1o/ yrpasienuem cereBoit OC Windows
NT Server. B xauectee CYB/] BriOpana Microsoft Access 7.0. brarogaps ucnosis3oBaHHIO
Web-TexHOJIOTHM CTaHOBUTCS BO3MOXHBIM XpaHEeHHE WHpOpMauu it 00ydaeMbIX B BHJIE
AJIEKTPOHHBIX MAaTEpPUAJIOB, aAyU0- U BUJCOTPOLYKIHH.

[IporpammHoe oOecrieueHue COCTOUT U3 MPUIIOKEHUSA-KIUEHTA "DNeKTPOHHBIM aCCUCTEHT"
¥ aIMUHUCTpATOpa KJiacca qucTaHimoHHoro ooyuenus (AKJ1O).

Wutepdeiic npunoxenuss "DIEKTPOHHBIN acCcUCTEHT' peanm3oBaH B cTuie Explorer
Windows, nieBasi maHenb rpadUuecK MpeicTaBisieT B GopMe nepeBa B3aUMOCBS3H pasIesioB
U TEM HM3y4daeMOM IpeIMETHOHN 00iacTu, mpaBasi MaHENb CIIy>)KUT JUJIsl BbIBOJA TEKCTOBOUM U
rpadudeckoit napopmanuu. [Iporecc 00yueHus 3aKTF0YacTCs B U3yYeHUH HH()OPMAIIMOHHBIX
¥ y4eOHO-METOAMYECKUX MaTepHajoB, TPEHUHTA - MIPEIBAPUTEIHLHON OIIEHKA 3HAHWK U COO-
CTBEHHO TECTa.

B pa3paboranHOM mporpaMMHOM OOECTIEYCHUH C/ICJIaH aKLIEHT Ha 3Tan M3y4deHus MHQOp-
Malliy, KaK Ha OCHOBOIIOJIAraromuii B POpMUPOBAHUH MOJIEIIM 3HAHUH, YMEHUHN U KBaIu(u-
Kai o0ydaeMoro. OCHOBHBIM METOJIOM CaMOKOHTPOJS BBIOpaH aNIUIUKATHBHBIN METOJ,
CYILIHOCTh KOTOPOTO 3aKiitouaercs B cieayromeM. [lonbp3oBaTento npeayiaraercss U3y4uTb mMa-
TepHaJl, CoAEpKalMii OCHOBHBIEC MOHITHSI BbIOpAHHOM MpeAMETHOM 00JacTH, 3aTeM KItoue-
BbI€ TIOHATHS 3aMEHSIOTCS MOJIIMU BBOJIA C IPEUIOKEHUEM BBECTH HEJOCTAIOIYI0 UH(pOpMa-
1o, Jl1st yeKopeHus JOCTyna K HHPOPMaIlMK | TIOBBIIICHUS €€ 2(()EKTHBHOCTH OOJBIITNH-
CTBO JJOKYMEHTOB TIPE/ICTaBJICHBI B 3JIEKTPOHHOM BHIE (B html-popmare).

Pe3ynbraTel TpeHHHTA aHAIM3UPYIOTCSA, 3aHOCATCS B 0a3y MAaHHBIX M NPEICTABIIOTCS CIie-
nuanucty. Ha 3Tom 3Tane BO3MOKEH KOHTPOJIb 3HAHWW C NPEJOCTABICHUEM WM 3alpeTOM
npaB JOCTyNa K MPOXOXKACHUIO TecTUpoBaHUs. Ha kakqom stame oOydeHus AeUCTBHs 00y-
yaeMoro perucrpupyrores B b/[ cepsepa.

TecTupoBaHHe SABISETCA 3aBEPILAIOLIMM 3TAllOM, W BBINOJHAETCS CIEAYIOLIMM 00pa3oM.
[Tocne BbIOOpa pekuma "Tect" Ha JeBOM MaHenw ypaisieTcs rpaduueckoe MpeCTaBICHHe
MOJIeIA M3y4aeMoro MpeAMETHON o0macTu u popMupyeTcs iepedeHb BOpocoB. Bompock! B
nepeyeHb CiydaiiHpIM 00pa3oM BbIOMparoTcs U3 0a3bl JaHHBIX. KomndecTBO BONPOCOB, KOJIH-
YECTBO MOMBITOK, BpEMs U J1aTa TECTUPOBaHUs, KOA(Q(UIIUEHT CI0KHOCTH ONPEAEISIOTCS CO-
OTBETCTBYIOIIMMH MOJIIMU PEJSIIMOHHON 0a3bl JaHHBIX. PopMaT COAEPKUMOIO BOIPOCOB
COTJIACOBBIBAETCS C XapaKTEPUCTUKAMH, CyIIE€CTBEHHBIMH JJI1 TEXHOJOTUN MAIllMHOCTPOEHUS
Y MOKET OBITh TIPEJICTABJICH KaK B TEKCTOBOM, TaK U B rpaduueckom Gopmarte. s oTBeTa Ha
BOIIPOC HEOOXO0AMMO BBIOpaTh OJUH (€AMHCTBEHHBIM BHIOOP) MIIM HECKOJIBKO (MHOKECTBEH-
HbIH BbIOOp) BapMaHTOB OTBETA U COOOIIUTH O MOATBEPHKACHUU BHIOOpA, MOCIE YEro JaHHbIN
BOIIPOC CTaHET HeAOCTYyNHbIM. OOyuarouuiics MOKET BbIOpAaTh M IMPOCMOTPETh TpeOyeMblii
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BOIIPOC B TPOM3BOJILHOM mopsinke. 110 3aBepIieHuio mpoiecca TeCTUPOBaHUS (HOPMHUPYETCS
CHUMBOJIbHAsI CTPOKA OTBETOB U OCYLIECTBIIsIETCS €€ 3anuch B bJl, npon3BoauTCs UX aHAIN3 U
NPOTOKOJIMPOBAaHKE (TEHEpALUs U COXPAHEHHE OTYETA B apXMBE) C MPEABSIBICHUEM pe3yJibTa-
TOB U CIIUCKA PEKOMEH1yEMO IUTEpPaTyphl N10JIb30BATENI0. 3aTEM IIEPEONPEAEIAETCA MOJEIb
o0yuaeMoro u 3aHOCHUTCS B 0a3y JaHHBIX.

VYnpapneHue u UEHTPAIM30BaHHbBIN KOHTPOJb y4eOHOTro Mmpoliecca B peajJbHOM U OOBIYHOM
BPEMEHH OCYLIECTBIISIETCSl ¢ MOMOIIbI0 npuitoxkenus "Anmunucrparop KJIO". Ero 3agauamu
SBIISIIOTCSL IIEHTPAIN30BAaHHOE yIpPaBJICHUE MpolieccoM OOyuyeHHs, YCTAaHOBKA IpaB JOCTYIa
NI0JIb30BaTENE U MapaMEeTPOB TECTUPOBAHUsI, CTATUCTUYECKUN aHAIU3 KauecTBa TECTOB U
BHECEHHE COOTBETCTBYIOIIMX KOPPEKTUB B 0a3y JaHHBIX.

[TpuMeHeHne METO10B, UCTIONB3YEMBIX B pa3pabOTaHHOM MPOrPaMMHOM HPOIYKTE, B COUE-
TaHUHM C OYHBIM M CAaMOCTOSITEIBHBIMH METOJAaMHU OOYUEHHUS MPUBOIAUT K MHTEHCHU(UKAIIUU
(dbopMupoBaHHs MOJIENN 3HAHUH, YMEHUN U KBaTU(UKAIIMH CIICIIMAIINCTA.

Tecnast uHTerpanus paspadorannoro KJIO ¢ MaTpaner/HTEpHET-TEXHOJIOTUSIMU TIO-
3BOJISIET TOJIL30BATEISIM OCYIIECTBUTH TMOUCK M JIOCTYN K Tpedyemoi MH(OpMAaIui B MUPO-
BO#l cetn MHTEpHET, yuacTne B KOHpepeHIusX, ceMuHapax. CTaHOBUTCS BO3MOYKHBIM TOJIY-
YUTh KOHCYJIBTAlMHU Yy JYUYILIUX CIELUAJIUCTOB OTPACiH, a TaKKe HIMPOKO MCMOJIb30BaTh yC-
JIyTH 3JICKTPOHHOM MOYTHI. Mcronb3oBaHue HE TOJIBKO TEKCTOBOW, HO U aHUMHUPOBAHHOW WH-
(hopManuy MO3BOJIUT CYIIECTBEHHO 000TAaTUTh MPOIECC O0YUEHUS U 3aMHTEPECOBATH TOJIB30-
BaTensd. TeXHOJIOTHS TMIEPCChUIOK, MHTErPUPOBaHHAs B SA3BIKE Pa3METKM JOKYMEHTax, IO-
3BOJISIET HA MHTYUTHBHO MOHATHOM YPOBHE MOJy4YHTh TOCTYH K TpeOyemMoMy TOKyMeHTY [3].

[IporpamMmmHoe oOecnieueHHe CUCTEMBI JMCTAHIIMOHHOTO OOYYEHHUs] yCTAHOBICHO B
JIByX KOMIIBIOTEPHBIX KJlaccax ¢ 25 pabounmu ctaHuusiMu. Hadano onbITHON SKcIuTyaTauy -
centsiopn 2000 1.

BHenpenune u ucnosb30BaHUE CUCTEM JUCTAHIIMOHHOIO O0yUY€HUs] B MAILIMHOCTPOEHUU
MO3BOJIUT YCTPAHUTh HEJAOCTAaTKU CYIIECTBYIOUIEH CHCTEMbI MOJArOTOBKH KaJpOB, IOBBICUTh
HAYKOEMKOCTb BBIIyCKAaeMO MPOIYKIMH U B KOHEYHOM UTOTE CIIOCOOCTBOBATH BBIXOY IPO-
Ty KUY TIPEAMPUSITHSI HA MUPOBBIE PBHIHKH.

Cnucok autepatypsl: 1. boraukos 0. /luctanunonHoe oOy4eHue: BHITOIHBIN MIAHC IS
kopriopaumii //Kommetorepstr + Ilporpammer.-1997.-Ne5.-C. 64-69. 2. 3aiinesa JI.B., Ho-
Buukuit JI.I1., I'pubkoBa B.A. PazpaboTka 1 npuMeHEeHHE aBTOMATU3UPOBAaHHBIX 00YYaOLINX
cucrem Ha 6a3ze DBM.-Pura:3naniie,1990.-174 c. 3. Credan A. Tomac, CoroMnammu. Co3sna-
uue uatpaner-cetu B Windbws 'bI'T:Ilep. ¢ anrn.-K.:M3mxarensckas rpynma BHV,1997.-400
c.

IPOTI'PAMMHBI M KOMILTEKC JIJISI OIEHKHY HATIPSI)KE HHO-
JE®OPMUPOBAHHOI'O COCTOSAHUSA B 30HE PE3AHUSA

Boaxosa E.A. (xagp. ATC, BI'TY, 2. Bpauck, Poccus)

OparMH 13 BaXHEHIUX (aKTOPOB, ONMPEACISIONINX KauyeCTBESHHBIC TIOKa3aTeinm oopada-
TEIBAEMOU IMOBEPXHOCTU U SKCILTYAaTAlIMOHHBIC XapaKTCPUCTUKHW MHCTPYMCHTA, ABJIAIOTCA IMa-
pameTpsl pexyiero kiauHa. OHU OTPECIIAIOT YCHIHS U TEMIIEPATy Py B 30HE Pe3aHusi, KOTO-
pbI€ B CBOIO OYEPEIb BIUAIOT Ha MPOIECCHI, COMPOBOXKAArONNEe (HopMupoBanue oOpadaThl-
BaeMoOu IMMOBEPXHOCTU — YIIPOYHCHUE, NU3HOC, OCTATOYHBIC HAIIPAXKCHUA U IP. I[JI?I IMPOTHO3HU-
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pOBaHUS pe3yIbTaTOB 00PabOTKH HEOOXOIMMO 3HATh CHIOBBIE U TEMIIEPATypHBIE XapaKTepu-
CTHMKM JaHHBIX mpoueccoB. CymecTByeT JBa MOAXOAA pacdyera  HalpsKEHHO-
nedopmupoBanaoro coctosiaust (HJIC) B 30He pe3aHusi, KOTOpbIE OCHOBAHBI HA aHAIN3E CXE-
MBI CTpY’KKOOOpazoBaHus. [lepBrIii 3aKkmouaeTcs B (GOPMHUPOBAHUM WHTETPATbHBIX 3aBUCH-
MOCTEH Ul OLICHKU YCWIMH, TEMIEpATyp B 30HE pe3aHus. BTropoil OpMeHTHpOBaH Ha JuC-
KpETHOE ONMCaHUE 30HbI pe3anusi. K TUCKpEeTHBIM METO1aM pacueTa OTHOCUTCS U METOJl KO-
HeuHbIX 31eMeHToB (MKD), koTopblil peanu3oBaH B IIporpaMMHOM Komiuiekce. PacueTHast
cXeMa MpEeCTaBISIET COO0 JOCTATOYHO CJIOKHBINA reoMeTpuueckuii 00bexT. [Ipu MHOTOUMHC-
JIEHHBIX ITOBTOPEHMUSAX PAaCUu€TOB OTPUCOBKA CXEMBI OUEHb TPYJIOEMKA, IIO3TOMY BO3HHUKJIA T10-
TpeOHOCTh CO3/1aTh NPOTPAMMHBINA KOMIUIEKC, KOTOPBIH 1MO3BOJISLT OB IOCTATOYHO JIETKO MPO-
U3BOJMTH JIAHHYIO OMEpaIio, a TaK)Ke OCYIIECTBISATh HEOOXOIUMBbIE POLEIYpPhl pa30UBKH
Tes Ha KoHeuHble aneMeHThl (KJ) u pacuera tpeGyembix napamerpoB HJIC. s naHHBIX 11e-
neit ynobnee ncnonp3oBath AutoCAD. B 3toii rpadudeckoil cucteme yI00HO BBITIOJNHSTH
PUCYHKH, MAaHUITYJIUPOBATh TpadUueCKUMH MPUMUTHUBAMH, a Hamn4ue s3bika AutoLISP u un-
tepdeiica C MO3BOISIET CO3/1aBaTh MPOTPaMMBI Uil YEpUYEeHUS] U pacueToB. Pa3zpaboTaHHBIHM
KOMIUIEKC CITY’KUT JJI1 pacdyeTa MnapaMeTpoB PEKYILEro KJIMHa C LEJIbl0 UX ONTUMM3Al|H, UC-
X0l U3 HEOOXOAMMOCTH obecrieueHns KadecTBa 00pabaThIBaeMOM MOBEPXHOCTH U pabOTO-
CHOCOOHOCTH MHCTpYMEHTa. Bo3MOKHOCTH cpelpl NpOrpaMMHpOBaHMs MO3BOJIMIM CO31aTh
yI00HBINH COBpeMEHHBINH HHTEpdeiic monb3oBarens. Eciau cTaBUTh KOPPEKTHO 3a/1ady, TO He-
00x01uMo ObUTO0 OBI paccMaTpUBATh KaPTUHY pe3aHHs B TMHAMUKE, HO MPAKTUYECKU HA CETo-
JHSIITHUNA JIEHb TaKyl0 KapTHHY pe3aHusl JOCTaTOYHO TPYIHO peann3oBath. [loaToMy oHa ObI-
Jla yIpoIleHa, T.€. 0TKa3aJiCh OT IMHAMUKHU U MEPENUIN K IUIOCKON CTaTUYeCKoil cxeme. JTo
MO3BOJIMIO 000CHOBATh MCIOJIb30BaHue Juid pacuetoB HJIC Merona KOHEUHBIX 3JIEMEHTOB,
NpUHUMAs psiJl  JAOIYIIEHUi: 1)cKOpocTh pe3aHusi M BIMSHUE TEMIIEpaTypHO-CKOPOCTHOTO
(akTOpa YUHTBHIBAIOTCS IyTEM HCIIOJIB30BAaHMS Pa3IMYHbIX KO3 ummeHToB; 2)aedopmanuu
NPEI0JIaraloTcsl HeOOJIBIIMMHU, TaK YTO JOMYCTUMO HCIOJIb30BAHUE B MATEMaTU4YECKOU MO-
JIeJY 3aBUCUMOCTEHN Teopuu ynpyroctu. KoppekTHOCTH NOCIeIHEro A0MYIIEHHUs 100UBaOTCs
MaKCHUMAaJIbHbIM MPUOIMKEHUEM PACUETHOW CXEMbl K peajlbHOM KapTHHE CTPYKK0OOpa3oBa-
HUSA.

Ecmu kpynHO pa3faenuTh NpOrpaMMHBIM KOMIUIEKC Ha 4acTH, TO MOXHO BBIJIEIUTH Clie-
TYIOLIME MOJYJIM: HACTPOMKU U CO3/IaHUSl CPEIbl JJI pacyeTOB; OTPUCOBKHU 30HBI PE3aHUS;
pa3ouBku KoHTypa Ha KD u perymsipuzanmu cetku U Moayib pacdeta HJIC. BxoansimMu na-
pamMeTpaMM KOMIUIEKCa SIBISIOTCA: pa3Mepbl UCCIIEyEMOT0 HHCTPYMEHTA — PajinycC CKpyTJe-
HUS pEXKyILIeW KPOMKH, paguyC BEPUIUHBI, IEPEAHUNA U 3aJHUN yIJIbl, INIABHBIA YIOJI B IUIAHE,
yroJ HaKJIOHA TJ1aBHOM PEXyIled KPOMKH; pEeXUMbI pe3aHus — [10/1a4a U IIyOnHa; MEXaHu4de-
CKHE CBOWMCTBAa MHCTPYMEHTa U 00pabaThIBa€MOM JieTalld U UX MapHbIE XapaKTEPUCTUKH (KO-
3G GUIUEHTHI TPEHHUS).

Pacuernas cxema Obla BeiOpana o tpynam H.H. 3opesa [1], B.A. Kosnosa, C.B. Muxaii-
noBa 1 B.H. YnxoBa, koTopas naeT HauboJiee MOJHOE COBNAJCHUE C PEalbHbIMU YCIOBUSIMH.
Ha nepBom 3Tamne npuuuiock NpoU3BECTH CIETYIOLIUE YIIPOILEHHUSI CXEMBbI: - BEJIMYUHA YIPY-
r0-BOCCTaHABIIMBAEMOTO CJIOSI HE YUUTHIBAETCS; - KOHTAKTUPOBAHUE MHCTPYMEHTA C 3ar0TOB-
KOH M0 paguycy CKpPYTIJIEHHUS peXyIled KpOMKH NPOUCXOIUT MO JyTe, T.€. HET HUKAKHUX OIle-
peXKaIUX TPELIMH WM HApOCTa.

[Tocne BBOAAa BCeX UCXOHBIX JAHHBIX MPOUCXOIUT OTPUCOBKA CXEMBI pe3anus (puc. 1).
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X
Puc. 1. Pacuernas cxema pe3zanus.
MecTononoxenue Touek miactudeckoil 3061 AMB onpenensem no 3asucumoctam H.H.

3opeBa, B.A. Ko3noBa. [[mMHy KOHTaKkTa CTPYKKH C MHCTPYMEHTOM U pPaJnyC KPHUBHU3HBI
CTPY>XKH paccuuThiBatoTcs o gopmynam C.B. Muxaiinosa u B.H. Ymxona [2]:

l=a, *k), rue:
a, - TIyOuHa pe3aHus;
k,, - k03dduLuenT ycaaku.
/2
Ry~ ———=4%q *k_., rie:
*7025%a, “

a, = a, *k,, - TOJNIMHA CTPY>KKH.

[anee cnenyeT pacueTHas 4acTh, KOTOpasl CKJIAJbIBAETCsl U3 HECKOJbKUX ATanoB. Ha nepBom
sTane Heooxoaumo chopmupoBaTh ceTky KO (puc. 2). YcaoBueM HOCTHKEHUS] KOPPEKTHOTO
pesyibTata pacuetoB MKD siBisercs ynauHas pa30MBKAa Harpy>KeHHOTO Teja. Y UYWThIBas
60J'II)HIYIO HCOAHOPOAHOCTb TEMIICPATYPHBIX U CUJIOBBIX MOJIEH B KOHTAKTHBIX 3aa4ax HEIC-
J€CO00pa3HO MCIOJIb30BATh PAaBHOMEPHYIO pa3OMBKY pacdeTHOM CXeMbl. AJITOPUTMBI pas-
OMBKM 00€CIIEUrBaIOT MOJIyYEHHUE CETKHU CO CTYIIEHUSAMHU U Pa3psiKEHUSIMU.

Puc.2 Ilpumep pa3buBku pacueTHol cxembl Ha KO.
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ITpouenypsl caenaHbl MAKCUMAJIbHO YHUBEPCAJIbHBIMU M IPUTOJHBI HE TOJBKO JJIS HC-
CJIeZIOBaHUs TIpOIiecca pe3aHusi, HO U ISl APYTHUX pacueTHhIX cxeM. Pa30uBKa oCyIecTBIseT-
Csl B aBTOMAaTHYECKOM PEKMME B HECKOJIBKO 3TanoB. VICXOIHBIMU JTaHHBIMH JUIS pa3OMBKU
apnsieTcst pucyHok AutoCAD. Ha pucyHke NONMIMHUSIME JOJDKHBI OBITH M300pakeHbl KOH-
Typbl KOHTaKTHUPYIOIIUMX TeN (JOMYCTUMbI HCHOJb30BaHUE NPSIMOJUHEWHBIX U JYTOBBIX
¢parmenToB). PUCYHOK MOKET OBITh MOCTPOEH KaK BPYUHYIO, TAK U C IIOMOIIBIO PA3IUUHBIX
nporpamMM. Ha nepBom 3Tane yka3aHHBINM 110J1b30BaTEIEM KOHTYP MOJBEPIaeTCsl aHAIU3y C
BBISIBJICHHEM Y3JIOBBIX TOUYEK, TUIA OTIENBHBIX €ro 31eMeHTOB. Ha 3ToM ke 3Tane B Auanoro-
BOM pPEKUME 3aJar0TCsl 30HBI CTYLICHUS U Pa3psKEHUs, KOTOPbIE MOKHO IPEABAPUTEIBHO
MOCMOTPETh. 30HBI CTYIICHUS UMEIOT AJUMITUYECKYIO (POpMY, IPU ITOM MOJIOKEHUE IIEHTPa,
COOTHOUICHUE OCEH M KOJMYECTBO 30H MOXKET OBITh MPOU3BOJIBHBIM. Hanuune 30H cryuienus
00ecreynBaeT 3aKOHOMEPHO HU3MEHSIOIYIOCS JUIMHY OAHOMEpPHbIX KO Ipu BBINOJIHEHUU
CIIEAYIONIEeH cTaquu pa3OMBKH pacyeTHOU cxeMbl. [lomydeHHas HepaBHOMEPHOCTh OJTHOMEp-
HOM pa30MBKH MEPEHOCUTCS U Ha IUIOCKUE TPEYTOJbHBIC 3JIEMEHTHI, KOTOPBIE CTPOSITCA Ha e&
ocHoBe. [locnenneii cranueit coznanus Ha pacueTHoW cxeme ceTku KD siBnsiercs ee ymydie-
HHUE WIM TaK Ha3blBaeMas peryssipusanys, M03BOJIAIOIIAs TOBBICUTh TOYHOCTh pacueToB. Pe-
ryJsipusalys SBJISETCS UTEPAlMOHHOM MpOUENypoil, KOTOpas COCTOUT B OTBHICKAHUHU LIEH-
TPOUABl MHOTOYTOJIbHUKA COCTaBJIEHHOTO U3 TpeyronbHbix KO. [omyuennyio pa3OuBKy Ten
MO>KHO IIPOCMOTPEThH Ha AUCILIIEE KOMIBIOTEPA, a TAKXKE CYLIECTBYET BO3MOKHOCTH IIPOU3BE-
CTH U IocMOTpeTh HyMepanuto KO u ux y3nos.

WNndopmanms, momydeHHasl MOCie BBIMOJHEHHS BCEX BBIIICNEPEUYHCICHHBIX OIEepaliuid,
3amuckiBaeTCs B (haiiin crieruaibHOTO popmara, a 3ateM nepemaercs st pacdera HIC. Pac-
yer H/IC npousBoauTcs B OTAEIBHOM MOJYJIE KOMILJIEKCA, HA OCHOBE PEJIAKCAllMOHHOM cXe-
MBI, YTO MO3BOJIIET 00JIE€ PSKOHOMHUYHO HCIOJIb30BaTh NaMsTh KOMIIBIOTEPA. DTOT MOJYJIb
MO3BOJISIET 337aBaTh Pa3jIMYHblE MEXaHUUECKHE CBOMCTBA Ul pPa3HbIX yYaCTKOB 3arOTOBKU U
MHCTPYMEHTA, pa3andHble K03()PUIMEeHTHI TPEHUsI B 30HAX KOHTAKTa, MO3BOJSIET YUYUTHIBATH
MaJible TUTACTHYECKHE JIe(hOpMAaIIHH.

Cnucok aurtepatypsi: 1. 3opes H.H. Boripocsl Mmexanuku npouecca pe3aHus METauloB. —
M.: Mamruz, 1956. —368 c. 2. Muxaitnos C.B., Umwkos B.H. Marematuueckoe MoaeanpoBa-
HHE TIpoIlecca 3aBUBaHMS CTPYXKH: B kH. OnTumusanus onepanuii MexaHnieckoir 06padboT-
KU. — SIpocnaBib, SpocinaBcKuil MOTUTEXHUUECKU I HHCTUTYT, 1990, c. 85-89.

MOBBIIIEHUE PECYPCHBIX BO3MOKXHOCTEW PABOTHI
METAJITYPTUYECKUX MA LLINH

I'opkyma A.E., Cunopos B.A., lllecrakos C.A., HoBukos /I.B.
(kagh. MCmawnxk, kagp. MO3YM, [Joul'TY, 2./loneyx, Yrpauna)

B MAallIMHOCTPOCHUH, KaK OTCYCCTBCHHOM, TaK U 3ap}I6C)KHOM, MHUPOKOEC NMPUMCHCHUC
HaXOoaAT MNOAIIMITHUKK CKOJIBKE€HUA C BKJIAJbIIIIaMH U3 MHOTOCJIOIHOTO KOM6I/IHI/IpOBaHHOFO
MaTepuana, B TOM YHCIIEe METaUIO()TOPOIIACTOBON JICHTHI, M3-3a POCTOM TEXHOJOTUH Mac-
COBOTO MPOU3BOJICTBA U UX BBICOKHMX JKCIUTyaTallMOHHBIX CBOMCTB. Coueras B cebe MoJI0xKU-
TEJbHBIE CBOMCTBA METANTMYECKUX BKJIAIBIIICH (XOpOIIash TEIUIOMPOBOAHOCTh) M MOJUMEP-
HbIX MaTCpUajioB (60m,ma$[ MoAaaT/IMBOCTb U HCHYBCTBUTCIIBHOCTE K BUAY CMaSKI/I) METaI0-
MOJIMMEPHbIE BKJIAJBIIIA MOTYT YCHEIIHO HUCIOJIB30BaThCS B3aMeH OpoH3bl U 0ab6ura. Oco-

18 HHXXEHEP, centsiops 2000



OEHHO BBITOJHO HCIIOJB30BAaHUE TAKUX BKJIAJBIIIEH B PEMOHTHOM IPOM3BOJICTBE Ojaromaps
IPOCTOTE UX 3aMEHBI U BO3MOKHOCTH YETHIPEXKPATHOTO UCIIOJIB30BAHUS.

Texnonorust popmMooOpazoBaHUs MOIYBKIAABIIIEH METOAOM XOJIOJJHOTO MTPECCOBAHMS
Y BKJIIOYAET CJIEAYIOIIUE ONEpPALMHU: N3rOTOBJIEHUE 3arOTOBKU MOJIYBKJIAbIIIA; TOATOTOBKA
3aroTOBKM THOJYBKJI/IbIINIA K IPECCOBKE; MPECCOBKA IMOJYBKIAABIINIA C HAHECEHHUEM WM 0e3
HaHECeHMs Ha pabovyIo MOBEPXHOCTh MaKpopesbeda.

JIJis1 M3roTOBICHUS MOy BKIABIIICH METOIOM XOJIOJHOTO MPECCOBAHUS HEOOXO0aMMa
matpuna. OTINYUTEIbHOW 0COOEHHOCTHIO M3TOTOBJICHHS MOJIYBKJIAABIEH U3 MeTaniaodTo-
POIUIACTOBOM JIEHTHI B CPABHEHUE C JIPYTMMH JIEHTOUHBIMU MaTepHajaMM SIBISIETCS TO, YTO
JUIS IPUAAaHUS 3a1laHHOM (DOPMBI U pa3MepoB e€ro pabouyro MOBEPXHOCTh HEJb3sl MOABEPTaTh
KaKOW-IM00 MEeXaHUIECKO 00paboTKe M3-3a MAJIOW TOJIITUHBI AHTU(PPUKITIOHHOTO CIIOS.

[Ipouecc popmooOpa3oBanus MOTYBKIAAIIA METOJAOM XOJIOAHOTO MPECCOBAHUSA 3a-
KJro4aeTcst B caenyrouemM. @opMa noBepxXHOCTH 3arOTOBKH MOJTYBKJIAbIIIA OJHUM U3 TEXHO-
JOTHYECKHX CIIOCOO0B MAaKCHMAJIBHO MPHOIMXKaeTcs K (opMe HOIYyLMIHHAPA, TTOCTE Yero
BCTaBJISIETCS] B MaTPUILY.

Bo BHYTpEHHIOIO IOBEPXHOCTh MEXKY MATPULIEH U 3arOTOBKOM ITOJTYBKJIA IbIIIA BCTABIIA-
€TCsl PEe3WHOBBIN IyaHCOH, MPU 3TOM BBICOTA MyaHCOHA HECKOJIbKO OOJIbIIe JJTMHBI BKIIAIbI-
mra. CBepXy Ha pe3MHOBBIN IIyaHCOH YCTaHaBJIMBAeTCs cTajbHOM auck. CymMmapHasi BbICOTa
PE3UHOBOTO MyaHCOHA U CTAJILHOTO JAMCKA BEIOMpAeTCsi OOJIbIIE BHICOTHI BHYTPEHHEW IMITHH-
JpUYECKON MOBEPXHOCTH MaTpuubl. IIpu npuiokeHun Harpys3ku OT IITOKa Ipecca yCHIIe
nepeaeTcs Yepe3 CTaJbHOM JMCK Ha PE3MHOBBIN ITyaHCOH, BBI3BIBAs €ro JIedopMamuio 1 00-
KHUMasi TIOTyBKJIaAbIII, (JOpMOOOpasysl ero BHYTPEHHIOIO TTOBEPXHOCTH C JIOIyCKaMH 10 KBa-
ymaretam H6, H7, HS.

Kputepuem onenkn Hecymiel CoCOOHOCTH C METAJUIOTIOTMMEPHBIMHU BKJIAIBIIIAMHU
SBIISIETCSI MUHUMAJIbHASL TOJIIIMHA CMA309HOTO CJIOS hmin, KOTOpasi B PEKUME TPAHUYHOTO H
KUJIKOCTHOTO (TMIPOJMHAMUYECKOr0) TPEHHS C YYETOM MOAATIMBOCTH CHCTEMBbI IIUII-
HOJIIUITHUK PAaBHSAETCS HECKOJIbKMM MUKpOMETpaM U paBHa [1]:

F=0107-n-1-d*-m--L. _Aa
A 2-h_.
rae F — necymas crnocooHocth, H; n, / d — COOTBETCTBEHHO 4acTOTa BpallleHUs Baja, MI/IH_I,
JUITMHA ¥ AHAMETP, MM; m — KOO(QQHUIUCHT 3aBUCAIINI OT OTHOIIEHHS //d, 1 - TUHaAMU4YecKas
BSI3KOCTH, [la.c; A - nuameTpanbHbId 3a30D, /Ay —MUHAMAJIbHASI TOJIIMHA CMa30YHOTO CJIOSl B
MKM. [locie nmpeoOpa3zoBaHus ypaBHEHHE HECYIIEH CITIOCOOHOCTH OKOHYATEIFHO MPHOOpETaeT
BUJT

9

F=0107-n-1-d°>-m-——-| ——-1},
A

TakuM 00pa3zom, MOBBIIIEHNE HECYIIEH CIIOCOOHOCTH MOJKHO IOJyYUTh 33 CYET yBe-
JMYEHUS] MUHUMAJIBHON TOJIIIMHBI CMa309HOTO CIIOS Ayipy. B METAIIIO(TOPOIIIACTOBBIX MMOJ-
HIMITHUKAaX OpOH30(TOPOIIACTOBBIN MaTepuall, MOTyUYeHHbIN ClIEKaHuEM OJIOBIHUCTOMN OpOH-
3bl, HAHECEHHBI Ha CTAJIbHYI0 OCHOBY BKJIQJBIIA C MOCJIEAYIONIEH MPOMHUTKOM (TOpoILia-
cTOM 00JsiafaeT OoJblIel Hecylleld cOoCOOHOCThIO, B CPAaBHEHHE C METAJUIMYECKMMHU BKJIA-
AblIIIaMU IPpXU CMa3bIBaAHUU MAJIOBA3KUMH KUIKOCTAMMU.

YuutsiBasg, 4YTO MOIYJb YIPYrocTd (PTOPOIUIACTOBOTO MaTepuana 3HAUYUTEIbHO
MeHbIlle, yeM y 0ab0uta ¥ OpOH3bl, a MMUHMMAaJbHAs TOJIIMHA CMAa304YHOrO CJOS BCerjaa

00JIBIIIe, TO KOJIMYECTBO CMa3KH, POKaYMBaeMoe uepe3 pabouyto 30Hy, paBHOe O="2V "L hpmin
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(V —cxopocts, L - nmuHa, Amin - MUHUMAIbHAS TOJIIWHA CMA309YHOTO CIIOS), TOXE OOJIbIIIE.
DT0 obecrnieunBaeT MEHbIIUNA HarpeB MOAIIMITHAKOBOTO y3J1a B CPABHEHHUE C METAJIJIMUECKUM.

CpaBHUTENbHBIC UCTIBITAHUS METaUTn4eckux (OpoHn3a, 6a60uT) n Meramodroporna-
CTOBBIX IOJIIUITHUKOB BbINOJHEHHBbIC HA cTeHae JJoHl ' TY B auamazone ot 2 g0 14 M/c u
CpeaHuX yaenbHbIX Harpy3ok ot 0,63 no 3 Mlla moka3anu cXOJIHBIN XapakTep B U3MEHEHUU
MUHUMAJIBHOTO 3a30pa y HUCCIEAYEMBIX MOIIIMITHUKOB MPHU CKOPOCTSIX CKOJIbXKEHHsS a0 14
m/c. OmHaKO, MUHUMAaJbHAsI TOJIIMHA CMa30YHOTO CJIOSl Y METANIO(TOPOIUIACTOBOTO IMOJ-
HIMITHUKA B CpeliHeM B 1,5 pasa Bellne, uem y 6a00uroBoro (puc.l).

b, micw 1 z’/
18 \ g
ek
7
16 A
/’fx(
71 s

% %

6
2 4 6 8 i 2 U e

Puc.1. 3aBucuMoCTh 3a30pa hpyin OT CKOPOCTH CKOJILKEHUS V TIPH CpeAHEH Harpy3Ke
Pep: 1 — 0,63 MIla; 2 — 1,8 MIla; 3 — 3 MIla; 4 — 2,5 MIla (o 6a66uty); v = 0,01

DTa pa3HUIla CTAHOBUTCS OOJIBINCH C JAILHEHIIINM YBEIIMICHIUEM CKOPOCTH CKOJIBKE-
HUSI, KOTJ]a TIPUPOCT 3a30pa y 0a00WTOBOTO MOJIIUITHUKA MPUOCTAHABIUBACTCS, a Y MeTall-
J0(TOPOIIIACTOBOTO TPOAOIDKAET pacTH. [laHHOE 0O0CTOSTENBCTBO OOBSICHACTCS JIyYIIei
reOMETpHEe KOHTAKTa 332 CYET BBHICOKOW MOAATIIMBOCTU BEPXHETO MoJIMMEpHOro ciosi. [Ipo-
TSOKEHHOCTh HECYIIET0 CMa304YHOTO B METalIOPTOPOIUIACTOBOM TMOJIIUITHUKE B CPEIHEM
1,5...1,7 pa3a BbIllIe, 4eM y MOAMIUITHAKOB ¢ 0a00WTOBOM 3aMBKOM M OJIM3KA K TIPOTSIKEHHO-
CTH pabouell 30HbI MOJUMEPHBIX MOJIIUIMHUKOB. M3-3a GoJibliel NpOTSKEHHOCTH padboueit
30HBI U3MEHEHHE HATPY3KU MIPAKTHUECKH HE BJIMSACT HA BEJIUYHHY MUHIUMAJIBHOTO 3230Pa himin
Y 3aBHCHT TOJIBKO OT CKOPOCTH (pHC.2).

h, noaa

p——

20

12

12 """“ﬁ-.._ S 1
“‘“‘"“'—-—-—.—_—.—-——/

4 8 12 16 20 24 R-lﬂgH
Puc. 2. 3aBucumoctb 3a3opa oT Harpy3ku. KpuBble COOTBETCTBYIOT CKOPOCTSIM
ckoJibkenust: 1 — 14 m/c; 2 —9 m/c; 3— 4,5 m/c

Hcnonp3oBanue IMOAIIUITHUKOB € TOHKOCTCHHBIMHU BKJIIAAbIIIAMH METAJLIIYPIrUICCKUX
MalIuH IIO3BOJIACT:
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- yBENIWYUTH B 3...5 pa3 CPOK CIIyKObI MOIIMITHUKA;

- COXpaHUTH BBICOKHE aHTH()PHUKIIMOHHBIC MPU CHUKEHHH KaueCTBa CMa3KH;

- MMETh BBICOKHE BUOpOTACSIINE CBOMCTBA U OECIIYMHOCTh B Ipoliecce padoThI;

- CHHBUTH TPYJAOEMKOCTh peMoHTa B 20 u OoJiee pa3 B cpaBHEHHE ¢ 0ab0UTOM;

- CHUBHTH B 5...6 pa3 3aTparhl HA TEXHUYECKOE 00CITy)KUBaHHUE MOIIUITHUKOBBIX Y3JI0B Me-
TAJUTy PrU4ecKOT0 000pyI0BaHUS.

Cnucok autepartypsl: 1. J.H.Pemeros, A.C.BanoB, B.3.®anees. HagexxHocts Mma-
mH. M., 1988. — 238 c. 2. PozenOepr FO.A. BnusitHue cMa304HBIX Macell Ha I0JITOBEYHOCTh U
HAJEXKHOCTD Jetasied mamuHd. M.: Mammnoctpoenue. 1970. — 313 c. 3. Cenym B.Sl. Hagex-

HOCTb, PEMOHT U MOHTaK METAJUTypTUUECKUX MAalINH: Y4eOHK. — 3-e u3j., nepepad. u gom. —
K.: HMK BO, 1992. - 368 c.

PA3PABOTKA TEXHOJIOI'HTYECKHUX METOAOB ITOBBIIIE HUA
HECYIIEA 1 KOMIIEHCHPYIOIIEW CIIOCOBHOCTH 3YBYATBIX MY®T.

I'pyoxa P.M., Muxaiinos A. H. npo¢. a. 1. H. ({ouI'TY, /loneuk, Yxkpauna )

[lupokoe pacnpoCTpOHEHNE B COBPEMEHHOM MAIIMHOCTPOEHHUH IMOJIyUYMIIO PUMEHEHNE
3y6uareix mMy(drt. TpaguIMOHHO OHM TPUMEHSIOTCS NPU HE3HAYUTEIBHBIX yTJax Mepekoca
oceil BasioB (10 +1,5°). Uto sBIsieTCs HENOCTATOYHBIM B COBPEMEHHBIX yCIOBUSIX.

KoncTpykuum My T ¥ METOIBI MX W3TOTOBJICHHS C TEYCHHEM BPEMEHHU MOCTOSIHHO pas-
BUBaJMCh. W mpouum myTh B CBOEM Pa3BUTHM OT CKPYIJIEHHUS KPOMOK J0 pean3aluu Ipo-
CTPAHCTBEHHOTO 3aIlCIUICHUS MEXIY 3yObsiMH BTYJIKH H 000iMBI [1]. I OT TpaguImoHHBIX
CIOCO0OB MOJIydeHHUs 3y0UaThIX KOJIEC 10 pea3aliy CIOXKHBIX POCTPAHCTBEHHBIX JABUKE-
HUI UHCTPYMEHTA.

[Tpu paboTe MyPT MPOUCXOAAT CIOKHBIE KOHTAKTHBIE MPOIECCHI [2] BIUSIONINE HA pa-
00TOCTIOCOOHOCTh BCEro y3ia B HEJIOM. A TaKXe 3JIEMEHTHl B My(Te COBEPIIAIOT CIIOKHBIE
MIPOCTPAHCTBEHHBIE OTHOCUTEJbHBIE TepeMelieHus [3], OKa3bIBarONIUe BIUSHUE HA pacipe-
JIeJIeHUE HaTrpy3KHU MeXAy 3yObsiMHU U 10 ux BbicoTe. [loaTomy mpobieMa noucka HOBbIX KOH-
CTPYKIMI 3y0UaThIX My(PT U TEXHOJIOTUIECKUX CIIOCOOOB X MOJYUYEHHs aKTyallbHO U MO ceil
JI€Hb.

Coznmanne HOBBIX KOHCTPYKIMH 3y0UaThIX My(T COCTOUT, KaK MPaBHJIO, B U3MEHCHHH
reoMeTpuu 3yObeB BTYJIKK U (MK) 000#MbI. UTO HECOMHEHHO BIEUET 3a co00i co3panne HO-
BbIX BHJIOB HHCTPYMEHTOB U TEXHOJOTHYECKHX YCTPONCTB, KOTOpPbIE MO3BOJIAIOT PEAU30BbI-
BaTh Ha NMPAKTUKE KOHCTPYKTOPCKUE PEIICHUS.

Haubonee coBpeMeHHBIM B HacTOsILEE BpeMs SIBIIIETCS pealn3anyus NpOCTPAHCTBEHHO-
ro 3alelyieHus] MeXIy 3yObsIMU BTYJIKH U 00OMMBI, OCHOBBI CHHTE€3a KOTOPBIX HM3JI0KEHbI B
paboTe [3].

Hcxons 13 BbIlE U3I0KEHHOTO Ui pa3pabOTKe TEXHOJOTHUECKUX METOJIOB IMOBBIIIE-
HUSI HECYyIllel U KOMIIEHCHPYIOIIEH CIOCOOHOCTH 3y0UaThiXx My (T HEOOXOAMMO BBIITOJHEHHUE
JIBYX 00513aTEJIbHBIX YCIOBHIL:

- peanmmzanms npu 00pabOTKe M3IEHs yCIOBHM, MPU KOTOPHIX OHO OYAET KCIUTya-

TUPOBAThHCS;
- HWCHIOJIb30BaHWE MHCTPYMEHTa (10 KpailHed Mepe Ha MOCJIEeIHEH cTaauu o0padoT-
K1), HATOMHUHAIOLIETO JIeTallb CONPATraeMyo ¢ 00padaTbIBAEMbIM HU3/1EIUEM.
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Pazbepém npumMeHeHne ABYX 3THUX YCIOBHH Ha pUMepe MOIyUYeHUS POCTPAHCTBEHHOM
MOBEPXHOCTH Ha 3yObsIX BTYJIKH C TapaMeTpaMu OMMUCAHHBIMU B [3].

Ha puc. 1 npencrasnen o0umii Bua npucrocoOIeHUs] NPEAHA3HAYSHHOTO /ISl XOHUH-
roBanus 3yObeB. B mpornecce 3yOOXOHUHIOBAHUS PEaTnU3yIOTCsl yCIoBHS paboTel My pThl. B
pe3yJibTaTe 4ero Ha OOKOBBIX TIOBEPXHOCTIX 3yObEB MOJIyUaeTCsl CI0KHAS MIPOCTPAHCTBEHHAS
MOBEPXHOCTh, B CEUECHHU MO BBICOTE 3y0a MMEOIIAs 3BOJBBEHTHBIM npodwmis. [lpu sTom
yJIy4IIaeTcsl KAYECTBO MOBEPXHOCTH, MOBBIIIAETCS TOYHOCTh U3TOTOBJICHUS 3yObEB.

[Ipucnocobnenre cOCTOUT M3 NMPUBOJAA TIABHOTO JIBWKCHHUS, HA HINHHACIH KOTOPOTO
0JIeBaeTCs BTYJIKA; Bajla HA KOTOPBIM 0/1eBalOT 3y0UaThlii XOH C BHYyTPUHUMH 3yOBbsIMU; MIPH-
BOJIa IOBOPOTAa MHCTPYMEHTA; IPUBOJA [10IBOJA U OTBOJA MHCTPYMEHTA.

[IpuBO rMaBHOTO ABMKEHMSI COCTOMT M3 KOPOOKU CKOPOCTEH 1, B IIMUH/ENHb KOTOPOM
BCTaBJICHA LIAaHTOBas ompaBka 2. Ha maHroByro ompaBKy OJeBalOT 3yOuaTyro BTYJIKY 3 U 3a-
KUMAIOT MIOCPEICTBOM BUHTA.

Ban 4 ycranaBimBaeTcs Ha ONOPBI KA4€HUS 5 COCTOSIIIME U3 TPEX POJIMKOB. Pommku
NOJJIEP>KUBAIOT BajJ B MPOCTPAHCTBE U IO3BOJISIOT €My COBEpLIaTh BpAIlaTEIIbHOE U IO-
cTynarenbHoe ABMXKEHMs. Ha oqHOM KOHIE Baja yCTaHaBIMBAETCA XOH 24, a Ha APYrom —
TOPLOBBIH KyJTa4oK 9, MpeTHa3HauYeHHbIN I COOOIIEHHS HEMPEPHIBHO BPALIAIOIIEMYCSl BaTy
MOCTYIIATEILHOTO NEPEMEILIEHUS BOJIb CBOEH OCH.

Pomuku 5 kpensitest xectko OGapabaHy 6, yCTaHOBJICHHOMY B TOAIIUITHUKOBBIX OTIOpax
Ha MOBOPOTHOM mymre 12.

[IpuBO IOBOPOTA COCTOUT U3 ANEKTPOJBUTATENs 23, IBYMS COCTUHUTEIBHBIMH MY (-
tamu 20 u 22, Bana 16, 3youatoro cexropa 14. 3yOuarbiif CEKTOp BXOJUT B 3alICIUICHUE C
3y0uaThiM BEHIOM 13, MpUKpYy4YEHHBIM K MOBOPOTHOH IunTe 12, KOTOpas MOBOPAYMBAETCS B
BEPTUKAJIBbHOM MOIIMITHUKOBOM orope (BaJ, MOJIIMITHUKY U T.1.) 15.

Jlis nonaep>kanus WIMTH 12 B TOPU30HTAIILHOM IOJIOKEHUH U JUISL pa3rpy KEeHUsl MOJ-
LIMITHUKOB B oniope 15 ycranaBnuBaercst pojuk 11.

[IpuBoxa moaBoja U OTBOJA MHCTPYMEHTA COCTOMT U3 IUIUTHI 17, KOTOpas Kpenurcs Ha
CYHIOpTe U X0J0BOr0 Bana 19.

[Ipucnocobnenne paboTaeT cleayOnM 00pa3oM: BpAIAOIINIiCS MOMEHT nepenaéres
OT MPHUBOJIA TJIABHOTO JIBIKCHHS, Yepe3 KOPOOKY CKopocTeil 1 Ha 3yOuaryro BTYJKY 3 3aKpe-
IUIEHHYIO B IJAHTOBOM OompaBKke 2, 3yOuarasi BTyJIKa HAXOJIUTCS B 3alEIUIEHUH C 3yOUaThiM XO-
HOM 24, yCTaHOBJICHHOM B CTaKaHE 3aKpEIUIEHHOM Ha BaJ 4.

Kpyrsamuii MomeHT mepenaércss uepe3 3yObsi BTYJKM Ha XOH M Jajblie Ha Bajl. Ban
MOJIBEILLIEH B MPOCTPAHCTBE HAa ONOpax KayeHHs S5, uepe3 KOTOpble MepeNaéT KpyTALuil Mo-
MeHT Ha 0apabaH 6, yCTaHOBJICHHBIN B MOAIIMIHUKOBBIX OMIOpaxX Ha NOBOPOTHOM mimrte 12.

O6paboTka 3yOneB 3yOuaTtoil BTYJIKU BEAETCS 3a CUET TOTO, UTO MHCTPYMEHTY 24 B
NPOLIECCE BPALEHNUs COOOIIaeTCsl MPUTOPMAKHUBAHUE TOPMO30M, COCTOSILIIUM U3 KOHUYECKOTO
IIKMBA 7, KOTOPBIN ycTaHaBIMBaeTcsl Ha OapabaHe 6 M BpallaeTcsi BMecTe ¢ HUM. TopMO3HOM
MOMEHT CO3/1a€Tcs 3a CUET TOTrO, YTO K LIKUBY MOJKUMAETCS, TIOCPEICTBAM MPY>KUH, Ha CIie-
UagbHOM Aucke 8 posuku. [IpykruHa moKUMaeT poJIMKU K KOHUYECKOH MOBEPXHOCTH ILIKH-
Ba B pe3yJbTaTe Yero BO3HMKACT CHJIA TPEHUs KadyeHUs MPENsTCTBYIONIas CBOOOJIHOMY Bpa-
LICHHUIO BCEH CUCTEMBI.

Hns yckopenust mpoiiecca oOpaOOTKM Bajl COBEpIIAET BO3BPATHO TOCTYIMATEIbHBIC
JIBIDKEHHUST C TTOMOTIIBIO TiprBoaa 9, 10.

Ocp 25 noBopoTa MoBOPOTHOM TIMTHI 12 pacroiokeHa B MIIOCKOCTH CUMMETPHHU 1IEH-
TPaJBHOTO CEUEHHUs 3y0UaToro BeHIa 00padbaTbIBAEMOTO U3IEITHS.
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Jnis mostydeHust MpOCTPAHCTBEHHOTO 3aLEIUICHUS MEXIY 3yObsIMH BTYJIKM U XOHA, IO-
CJIETHUM JOJDKEH NOBOPAYMBATHCS BOKPYTD BEPTUKAIBHOM ONOPHI PACIIOJIOKEHHOW B HIKHEU
4acTHU NPUCIIOCOOJIEHUS Ha IUIUTE CyNIIOpTa.

[ToBOpOT MHCTpYMEHTa OCYIIECTBIIIETCA NPU MOMOILU MpUBOjAA noBopota. IIpu sTom
KPYTAIIUA MOMEHT nepefaéTcsi OT AJIEKTPOABUTATENS 23 uepe3 COeAMHUTENbHYI0 My hTy 22,
penykrtop 21, BTOopyto coeaunurenbhnyo 20 mydty Ha Ban 16. YrioBas CKOpOCTh HPUBOJA
JIOBOPOTA MHCTPYMEHTA U3MEHSETCS MIPU [TOMOILHY yIpaBisieMoro Jasurarens. Mi3Menenue yr-
JIOBOM CKOPOCTH TMPHUBOJIAa MOBOPOTA SBISETCS HEOOXOIUMBIM YCIOBHEM IS MOJCPKAHUSI
MOCTOSIHHOM CKOPOCTH TOBOPOTa MHCTPYMEHTa OTHOCHTEIIFHO 00padaThIBaeMOi MOBEPXHO-
CTH.

Hukn oOpaboTku m3fenust BKIIOYaeT 4-6 mepeMelleHuil Bajla OTHOCHTEIBHO CBOEH
IPOJOJIBHOM OCH, TIOCJIE YEr0 OCTAHABJIMBAIOT BPALEHUE IIMUH/ENS U OTBOJAT CYyNIOPT BMe-
CT€ C MHCTPYMEHTOM, C MOMOIIBI0 XOJOBOTO BHHTa 33.CHUMAaOT 00pabOTaHHYIO 3y04aTyro
BTYJIKY M 3aKpEIUIAIOT clieayolyto. [locne yero cynnopt BMeCTe ¢ MHCTPYMEHTOM IOJIBOJAAT
10 yNopy K 3y04aToii BTYJIKE U BKJIIOUAIOT PUBO/I TJIABHOTO JIBHKCHHSI.

Ecnu cymiecTByeT TEXHOJIOTHUECKUN METOJ| MOJTy4eHUs] KaKoi MO0 MOBEPXHOCTH, TO
BO3HHUKAET HEOOXOAMMOCTh KOHTPOJIMPOBATD MTApaMETPHI €€ N3TOTOBIICHHS.

O4eBHIHO MIPH KOHTPOJIE, KaK U TIPU U3TOTOBJIEHHH, HEOOXOJUMO MOJIEIUPOBATH yCIIO-
BUs pabOTHI BCETO y37a B LIEJIOM.

Ha puc. 2 nzo6pakeH oOmuid B KOHTPOJIHHOTO TPHUCIIOCOOICHHUS TIPETHA3HAYCHHOTO
JUISL OTIpENIeIeHUs] CyMMAapHOI'O ISITHA KOHTaKTa Ha 3yObsx BTYJKH. Iy yero msmepsiemas
BTYJIKa BBOJUTCS B 3alICTUICHHE C TAJTOHHBIM 3y0YaThIM KOJIECOM C BHYTPUHHUMH 3y OBsIMHU.
[Tpu paboTte MpUCTIOCOOICHHUS MOJCIUPYIOTCS PeallbHBIE YCIOBHS pa0OThI 3y0UaToit My THI:
UCHOJIb3YETCs MPOCTPAHCTBEHHOE 3aLIEIVIEHUE TIPU NIEPEKOCE OCEH BaJIOB.

[IpucnocobneHne COCTOMT M3 NMPHUBOJA TIIABHOTO JBIKEHHUS (KOpoOka ckopocreit 1,
JBUTaTeNb, IINUHICIbHBINA Ball), MEXaHU3Ma [OBOPOTA, MEXaHU3Ma I0JBOJAa OTBOJA Bpa-
IAIOIIErocs LEHTPA.

DranoHHoe 3y04aTtoe KOJeco, ¢ BHYTPUHHUMH 3yObsSMH, 3aKpEIUIIETCS MPHU TTOMOIIU
raiiku BHyTpu cOopHoro Oapabana. COOpHBIN OapabaH yCTaHABIMBAETCS B CTaKaH 2 Ha TO-
HIMITHUKAX Ka4eHUsl U 3aT€M BMECTE CO CTAKAaHOM B KOPIIYC.

Kopnyc 9 ycranaBnuBaetcst B 0001 5 ¢ 3aKpeIIEHHBIMU Ha HEM IBYMsI Basinkamu. Ocu
BAJIMKOB MPOXOMIAT Yepe3 OCh CHMMETPHUH IIEHTPAIILHOTO CEYSHHs 3y04aroro BeHia odpabda-
THIBAEMOTO M3/1EIHS.

Kopnyc 9 ¢ 06010M 1 BamukaMu yCTaHaBIUBAIOTCS B CTOMKHM 11 KOTOpbIE 3aTeM Mpu-
KpY4HMBAIOTCS K CTAaHUHE 4.

K Bepxneit vactu 6apabana NMpUKPyIUBACTCS CIICUUATBHBIA TUCK 19 mpeaHa3HaueHHBII
JUISL CO3/1aHHUSI, COBMECTHO C MPWKUMHBIM TUCKOM 8 U MPUKPYUYEHHBIMU K HEMY POJIMKaMH,
TOPMO3HOI'O MOMEHTA.

TopMO3HOI MOMEHT CO37aéTCs 3a CUET CHKATUA MPYKUH MEXKITY JUCKOM 8 U JUCKOM C
TOPMO3HBIMH POJIMKaMHU 19 1 HIDKHEN NIMTON MeXxaHW3Ma I0JIBOJJa-0TBOIa 3 BpallaroIlerocs
1eHrpa . PerynupoBaHnue cuiibl IpukaTHs TUCKa OCYIIECTBISETCS IpU OMOUTH najbies 10.

Jlis yMeHbIlIeHUs] TOTPEIHOCTH U3MEpPEHHs IIMUHASIbHBIN Bajl MOKUMaeTcsl Bpa-
[IAIOIIHUMCS IEHTPOM .

[TpuBo MOBOpPOTa MPUCTIOCOOJIEHUS] COCTOUT U3 Basia 14, Ha KOTOPBIN ¢ OJHON CTOPO-
HbI IPUKPYUYEHA PYKOATKA 7, @ ¢ IpyToM ABa KiIMHA 13, CKOJb3sIIIME [0 HANPABJISIOIINM CTa-
HUHbI 4. [loBOopoT KOpmyca npucnoco0ieHus: OCYIIECTBISIETCS MOCPEICTBOM BpalleHus py-
KOSITKU 7, C B CJICICTBHH YETO MEepeMEeIaloTcs KiuHbs 13 BMecTe ¢ ynopowm 15.
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[{ukn ompeneneHus CyMMapHOTO TIITHA KOHTAaKTa Ha 3yObsX BTYJKH BKJIIOYAET: I10-
KPBITHE KPAaCKOW 3yObeB BTYJIKH, YCTAHOBKH €€ Ha I[AHTOBYIO OINPABKY, 3a)KHM IIPH ITOMOIIN
TOPIIOBOTO KJIKOYa, MMOJIBOJI Bpamaruierocs neHrpa. [locie yero BpameHueM pyKOsITKU TpH-
BOJIa TIOBOPOTA KOPITYC 9 MPUCTIOCOOJICHUS B MOALUIMITHUKOBBIX OTIOpax MOBOPAYMBACTCS Ha
TpeOyeMblii yroi nepekoca oceid. [locie yero BKIIOYAeTCst PUBOJL BPALICHHS IIIITHH/ICIIS.

[ocie HeKOTOPOTO BpeMEHM OOKATKU MPUBOJI BPAIICHHS IITUH/EIS OCTAHABIMBAIOT U
IIOBOPAYMBAIOT KOPITYC MPUCIIOCOOJICHUS Ha 3epKajbHO MPOTHUBOIOIOXKHEINA yroi. [locie ge-
r'O CHOBA BKJIIOYAIOT MPUBOJI BPALICHHS IIITHH/ICIIS.

[Mocne okoHuaHMs OOKAaTKM BPAILIAIOUIMACS IIEHTP OTBOJSAT, OTKPYYHUBAIOT 3y04aTyIo
BTYJIKY ¥ Ha €€ MECTO yCTaHABJIMBAIOT HOBYIO U LIMKJI IOBTOPSIETCS CHOBA.

CyMMapHO€ TSTHO KOHTAaKTa OTPEACISIOT MPH TOMOIIU CHEIUATIbHBIX MIA0JIOHOB IO
crnenam Kpacku. [10 U3MEpeHHBIM BEIMYMHAM CYJISAT O TOYHOCTU M3TOTOBJICHUS M3IEIUSI T10
HOpMaM KOHTaKTa 3yObeB.

Cnucoxk autepatypsi: 1. A. H. MuxaiinoB Pa3paboTka METOZ0B MOBHIIICHHS HECYIIECH
¥ KOMITEHCHUPYIOIIEeH cltocoOHOCTH 3y0uaThix My(dT.- ABTOpedepar nuccepranuu — JJoHeIK,
1985.-34c. 2. D. JI. Aiipaneros, /1. b. MupxamxanoB 3y0uarsie coeIMHUTENBHBIE MY (DTHI.-
M.:Hayxa, 1991.- 250 c. 3. A.H. Muxaiinos, C.A. Peibuna /[. B. Ilepos, T. OnuBep OcHOBBI
CHHTE3a T€OMETPUU BHYTPEHHUX NPOCTPAHCTBEHHBIX 3aLETUICHUI C PABHBIM YHCJIOM BHYT-
PEHHHUX U HApYXHBIX 3yObeB.- MexayHapoanbiii c6. Tpynos.-Howrerk: Joul'TY, 2000. Ber-
nyck 10.-C.149-161.

HNCCIEJOBAHUE TEXHUYECKOI'O COTOAHUA NOAIINUITHUKOB
POJIMKOB POJIBI'AHI'OB

Topronos 10. I'., Omosckas E.B. (kagh. MO3YM, [[oul TV, 2. [loneyx, Yxpauna)

YBenuueHue oObeMa MPOU3BOJICTBA TPOKATAa W TMOBBIMICHHE MPOU3BOIUTEIBHOCTH
TPyJa MOTYT OBITh JIOCTUTHYTHI HE TOJIBKO B Pe3yJIbTaTe BBOJA B JCHCTBHE HOBBIX MOIIIHO-
CTCH W COBEPIICHCTBOBAHUS MPOWM3BOJACTBCHHBIX MPOIECCOB HAa 0a3e HOBOW TEXHUKH, HO U
oecniepeOoiiHO# paboThl AeicTByOIIET0 o0opynoBanus. [locnennee nocrturaercst mpu ycio-
BUU MPABWIHHON OPTaHM3AlWU M TIIATEIHHOTO HA/I30pa M yXOJa 32 HAUM IPH IKCILTyaTallvH,
a TaK)Ke CBOCBPEMEHHOTO M KAYeCTBEHHOTO €r0 pEMOHTA.

B npoxaTHBIX 1[eXax OJHWM M3 OCHOBHBIX BHJOB MEXaHHYECKOTO 000PYIOBaHUS SIB-
Jst0TCS posbranru. s 6ecniepe0oitHO pabOThl MMPOKATHOTO 11€Xa HEOOXOAMMO TOJIEPIKH-
BaTh UX B pabOTOCIIOCOOHOM COCTOSTHUH. BakHBIM (PakTOpOM, BIHSIOMIAM Ha paboOTy pOJb-
TaHTOB, SIBIIIETCS TEXHUYECKOE COCTOSHUE IOAIIMITHUKOB POJMKOB POJILIaHToB. J[1si cBOe-
BPEMEHHOTO MPHUHATHUS PEIICHUH O BUJIaX PEMOHTHBIX BO3JCHCTBHIA HEOOXOIUMO HE TOJIEKO
NPUMEHEHNE TEXHUYECKOW TUATHOCTUKH I U3MEPEHUs TUAarHOCTUICCKUX TTapaMeTpoB, Xa-
PaKTEepPU3YIONINX TEXHIUYECKOE COCTOSHUE TIOIIMITHUKOB, HO W aHAJIM3 W MCIIOJIb30BAaHUE TIO-
TydaeMoi HHPOPMAIIHY JIJISI IPOTHO3UPOBAHUS U3MEHEHHS X TEXHIMUECKOTO COCTOSTHUS. J[71st
3TOTO TpeOyeTcs pa3pabdaThiBaTh Pa3IMIHBIC MATEMATHICCKHE MOJICIH U MOJTy9aTh aHAUTH-
YECKHE 3aBUCUMOCTH.

Pemenne mocTaBiieHHOUW 3aa4¥l BBITIOIHSJIOCH I POJBraHTOB OOXMMHOTO IIeXa
JAM3. UccnenoBanuch poibraHri TOJOBHOM U XBOCTOBOM YacTel CTaHa, B KAU€CTBE OOBEKTOB
WCCIIeIOBaHMs OBLIM BBIOpaHBI pabounid posIbraHr nepes kieTbo 950 (rosioBHast 4acTh CTa-
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HA); pOJbraHr nepe HoKHHUIaMKu Ne2 (XBOCTOBAast 4acTh cTaHa); ceKius No3 TpaHCTOPTHOTO
pojbranra (XBOCTOBasi YaCTh CTaHa). DTO CBS3aHO C T€M, YTO 3TU POJIbIAHTH UMEIOT Pa3HbIC
PEXUMBI HarpyXEHUS U YCIJIOBUS IKCILUTyaTalUH.

Ha nepBom sTare ucciaeoBanus ObLT BHIIIOJHEH TPOEKTHBIN pacdeT J0JIrOBEYHOCTH
HOJIIMITHUKOB POJIMKOB POJIBIAHIOB, KOTOPBIM MOKa3all, YTO HAUMEHBIIEH JOJITOBEYHOCTHIO
00J1a1a10T MOAIINIIHUKY POJIMKOB paboyero poJibranra nepen kiaersto 950. Ilpuuem nus po-
JMKOB Ommkaimmx K kietd 950 monaroBedHOCTs yMeHbInaercs B 3...3,5 paza. Haubonbpryro
JI0JITOBEYHOCTh UMEIOT MOJIIMITHUKN TPAHCIOPTHBIX POJIBIraHrOB y4acTKa FOTOBOM MPOIYK-
[IUU, YTO OOBSCHAETCS HEOOJBIION BEJIMYMHON HArpy3kH U ee mnocrosinctBoMm (B 8...10 pas
MEHbILIEH, UeM y MOAIINIHUKOB TPAHCIIOPTHBIX POJIIAHIOB y4acTKa [10aul 3ar0TOBOK).

Ha ocHOBaHMM TaHHBIX arperaTHOTO >KypHasa, KOTOPBIH BEAETCS B 00KUMHOM LiEXe,
ObLI IPOBEJIEH aHAJIN3 OTKA30B POJIB[AHIOB, CBSI3aHHBIX C MOAIIMIHUKAMHU POJIMKOB. B pe-
3yJbTaTe YCTAHOBJICHO, YTO HapaOOTKa Ha OTKa3 MOIIIUITHUKOB POJIMKOB POJIbIaHTa Tepen
HOXHUIIaMU Ne 2 B 2...4 pa3a MeHbllIE, YEM Yy MOAIIMIHUKOB TPAHCIOPTHON ceKuuu 3. ITo
MOJATBEPKAAECT PE3YJbTaThl MPOEKTHOTO pacyeTa JOJIOBEYHOCTH MOJIIMITHUKOB POJIMKOB
POJIBI'aHTOB.

B o6xumHOM 11exe JIM3 aiist onpeneieHus] TEXHHIECKOTO COCTOSHUS MO AIIUITHUKOB
POJIMKOB POJIbTAHTOB UCMOJb3Y€ETCd BUOPOIMArHOCTHKA. J[MarHOCTUYECKUM NapaMeTpoM sB-
JsieTcsl yIapHblid uMmyJibe. [Ipy BBIMOTHEHUH HCCTeIoBaHUi ObIITM 00pabOTaHbl JaHHBIE JTU-
ArHOCTHIKH 3a TIeproJI ¢ ceHTsA0ps 1997 rona mo nexadbps 1999 rona.

Ha pucynke 1 mpeacraBieHsl mpuMepsl TpaprKOB U3MEHEHHS BUOPAIMH T10/IIITHII-
HUKOB DPOJIMKOB paOOuyero posibraHra, poJibraHra mnepej HokHuLAMu Ne2 M TpaHCIOPTHOM
cexuuu Ne3.

AHaNM3 MOCTPOCHHBIX IPAPUKOB IMO3BOJIWII ClIETATh BEIBOJLI 00 M3MEHEHUH TEXHH-
YECKOT0 COCTOSIHUS MOJIIUITHUKOB POJIMKOB poJibraHros. lIpexae Bcero, 3aMeTHbI pa3inudus
MEXy YPOBHSMH BHOpPALUMH TMOIIMITHUKOB MPUBOJIHON U XOJOCTOH CTOPOH. YPOBEHb BHO-
panyy MOJIIMITHUKOB POJIMKOB pOJIbIaHra Nepej HOKHULAMHU U TPAHCHOPTHOTO POJIbIaHra
0oJiee BBICOKHH, 4YEM Y paboyero posbraira, 1 COOTBETCTBYET yJIOBIETBOPUTEILHOMY TEXHHU-
YECKOMY COCTOSIHUIO.

ComnocraBuB rpadyky U TaHHBIE U3 arperaTHBIX KYPHAJIOB O PEMOHTHBIX BO3JICHCT-
BUSX, OBLJIO YCTAHOBJICHO UX BIIMSIHHE HA yPOBEHb BUOpALMM MOJIIUITHUKOB U COOTBETCTBEH-
HO MX TEXHUYECKOE COCTOsiHUE. Tak, Hanpumep, B ceHTss0pe 1998 rona (pabounii pojbranr) u
B aekabpe 1998 rona (posibranr nepen HokHULAMHU Ne2) ObUIM MPOBEAEHBI PEMOHTHI POJIb-
TaHTOB C 3aMEHO MOJIIUITHIKOB M WX cMa3koil. Ha rpadukax 310 0Tpa3miioch pe3kuM CHH-
JKeHHeM ypoBHA BuOpauuu. B Hos6pe 1997 rona u aBrycre 1998 rona Obl1M BBITIOJIHEHBI 3a-
MEHBbI HOJIUIUITHUKOB XO0JIOCTOW CTOPOHBI 6-T0 pojika ceKiuu Ne3 TpaHCIIOPTHOTO pOJIbraH-
ra. B mapte u utone 1998 rona Obuia npoBeaeHa cMa3Ka MOAIIUITHUKOB POJUKOB TPAHCIIOPT-
HOTO pOJIbIaHra, B Pe3yJIbTaTe — CHIJKEHUE YPOBHS BUOpaLUU.

Ha BTOpOM 3Tane uccnenoBaHus HEOOXOIUMO OBUIO TIOJIYYHUTh AHATUTHYECKYIO 3a-
BHUCUMOCTb MEX]Iy CPOKOM CITy>KObI MOJIIUITHUKOB U ypoBHeM BuOpaimu Buaa T=f (dBn), ¢
MOMOIIBI0 KOTOPOH MO’KHO ObUIO OBl IPOTHO3UPOBATH CPOKH CIIy KObI OIUIUITHUKOB U, Clie-
JIOBATEJIbHO, TOYHEE MPOU3BOAUTH IUIAHUPOBAHUE PEMOHTOB, IMOJIHEE MCIOJIB30BATH PECYPC
MOJIIMIHUKOB. J[JI1 BBIBOJA JAHHOW 3aBUCUMOCTEN OIMPENEIACS SKBUBAICHTHBIN YPOBEHB
BUOpalMK 3a MEepHOJ MEKIY 3aMEHaMH MOAIINIHUKOB. PacueTsl BBINOJHSUIMCH MIPU MTOMOILN
nakera nporpamm EXCEL u TABLECURVE. B pe3ynbrare nojiydeHO ypaBHEHHUE PErPEeCCUH
BUJA

= -6,85 +8877,5/dBn,
rpauk KOTOPOro MPUBEAECH HA PUCYHKE 2.
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a — pabouuii posibranr nepen kietsio 950 (pomuk 5); 6 — posbranr nepe HoXHUTAMu No2
(pomuk 5); B — cexuusi Ne3 TpaHCTIOPTHOTO poJibranra (poJimk 6)
e—e - HIOJIINUITHUK C HpPIBO)IHOfI CTOPOHBI; - IOJIIUITHUK C X0JIOCTOU CTOPOHBI
Puc.1. I'paduku m3mMeHeHns: BUOpAIMK UCCIIEy EMbIX POJIbTaHTOB

X

Puc. 2. 3aBucumocTs cpoka city:k0bl MOJIIMITHUKOB POJMKOB POJIbIAHIa OT YPOBHS YJIapHbIX
HMITyJIbCOB
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[TonyuenHas 3aBUCUMOCTB OTpPakaeT CMBICH (PU3MUECKUX MPOLECCOB — MPH MOBBIIIE-
HUM YPOBHS BUOpALMM CPOK CIy»Obl MOJAIIMIHUKA yMmMeHbluaercs. Ilo aToi 3aBucuMOCTH,
3Has MpeAeIbHbII yPOBEHb BUOPALIMU, MOYKHO ONPEJEIINTh 3HAUEHHUE TOJTHOTO pecypca Moj-
[IMIHUKA. 3aTeM TOJICTaBUB B ypaBHEHHE TEKyIlee 3HAYCHHE YPOBHS BUOpALMH MOTydaeM
BEJIMYMHY HCIIOJIB30BAHHOTO pecypca NOAIIMUIHNKA. Pa3HOCTh 3TUX BEJIIMYUH JACT 3HAYECHUE
OCTaTOYHOIO pecypca.

BriBoarbl
1. Tlo maHHBIM AMArHOCTHUKU HCCJIEIOBAHO M3MEHEHHE TEXHUYECKOTO COCTOSHHS IOIINII-
HHUKOB POJIMKOB poJibranra 00:kumMHoro mexa JIM3.
2. BbIgBIECHO BIMSHHE PEMOHTHBIX BO3JICHCTBHI Ha YPOBEHb BUOPALMH IMOJLIIMITHUKOB PO-
JIMKOB.
3. Tlomydena aHanUTHYECKAsk 3aBUCUMOCTH MEXIY CPOKOM CITy>KOBI ITOAIIUITHUKOB POJIMKOB
POJIBTaHTOB M YPOBHEM yAaPHBIX UMITYJIHCOB.

HCCJEJJOBAHME TTPOSIBJIEHUS BUBPAIIMHI YKJIATYUKA BUTKOB
dynnuxoB C.B., CunopoB B.A. (kagp. MO3YM, Jlonl TV, 2. [loneyx, Yxpauna)

Joctmxerne MakcuMallbHOW 3(PPEKTUBHOCTH MCTIONB30BAHUS METAILTYPTHIECKOTO 000-
PYZIOBaHUS BO3MOSKHO JIMIIb MPH HAJUYWU WHPOPMAIMH O TEXHUYECKOM COCTOSHUM MeEXa-
HU3MOB. [loydyeHHbIE JaHHbIE UMEIOT OOJIBIION MPAKTUUECKUNH HMHTEPEC U MCIOJIb3YHOTCS
IpU OIpEEIeHNH 00bEMOB PEMOHTHBIX PaboT, TOMYCTUMOM CTENEHU HArpy>KEHHOCTH U CPO-
KOB JKCIUTyaTanyy MamvH. Hanuaue nedektoB B MexaHn3Max XapaKTepu3yeTcs MOsBICHHEM
BUOpaIWii, perucTpanus KOTOPBIX SBISETCS CYThIO JMArHOCTUPOBaHUs oOopynoBanus. On-
HaKo, MPHU B3aUMOJCHCTBUM y3JI0B MEXAHHW3Ma HE BCEI/1a BO3MOKHO TOYHO OIPENEIUTH HC-
TOYHUK M NMPUYUHY BUOpAIMH, MCIOJB3YS TPATUIMOHHBINA moaxona. HeoOxomum riryOokuit
aHaJIM3 JAHHBIX U3MEPEHUN C HCIIOJIb30BAHUEM JUArHOCTUUECKUX MOJIETIEH.

PaccMoTpyM BHOpanMOHHYIO KapTHHY MEXaHHW3Ma Ha MpPUMEpPE YKJIaJyuKa BHUTKOB,
NPEICTaBISIIOLIET0 cOO0M MOBBIILAIOIINI OHOCTyIEHYAThIN PEIyKTOp ¢ KOHUYECKON nepena-
Yyel, BaJibl JaHHOTO PeAyKTOpa YCTAHOBJIEHBI HAa PAJAMAJIbHBIX POJIMKOTIOAIIUITHUKAX U CIIBO-
€HHBIX PaIUabHO-YTIOPHBIX MAPHUKOTIOIIIUITHAKAX (PUCYHOK 1).

C ydeToM mapamMeTpoB AJIEMEHTOB YKJIa[I4MKa BHTKOB OBLIM paccyuTaHbl MH(OpMa-
THUBHBIE YAaCTOTHI NE€(PEKTOB MOAMIUITHUKOB - HAPYKHOTO KOJbIa (fix), BHYTPEHHETO KOJIbLIA
(fax), Ten xauenus (fi), cenaparopa (fc); uHPOpMaTuBHBIE YAaCTOTHI 1e(peKTOB BXOAHOTO (fiB)
U BBIXOHOTO (foB) BAJIOB, 4acTOTHI WX TrapMOHHK H cyorapmonuk (1/4 fg, 1/2 g, 3/2 fg, 213,
3fg, 4f), MOsIBJICHNE KOTOPBIX CBUIETEIBCTBYET 00 OCIIAOIEHIH 110 CAJI0YHBIX MECT U pe3b0o-
BBIX COCIMHECHUI; WHPOPMATHBHBIC YaCTOTHI Je(eKTOB 3yOouaroro 3ameruieHus (f33) u 3yOua-
Tol MyQTHI (f3Mm), @ TaKXkKe pe30HaHCHBIE 4acTOThI BajioB (fip, fop).

Ha pucynxke 2 npuBeneHbl CIEKTPOrpaMMbl BUOPOCKOPOCTH BUTKOYKJIQAUHKa, TOJY-
YEHHBIE NP XOJIOCTOM XO/I€ U pH paboTe Mo Harpy3Kou.

Kax BuiHO M3 mpeacTaBIeHHBIX CHEKTPOB, MOKHO BBIJIEIUTH 1€(PEKTHI MOCATOUYHBIX
MECT U pe3b00BBIX COEIMHEHUH BBIXOHOTO Bajia, Ae(EKThl TeJ Kau€HUs U HApYKHOIO KOJIb-
na noamunHuka 7220 BMP.UA, nedexrsl BHyTpeHHUX Kosell noAmunHukoB NV 1024 u
7228 B.MP.UA. Ilpu pabote moa Harpy3koi (pucyHok 20) BuOpanusi yBEIMUHMBACTCS, HO
NpOMNaJaoT MUKH B BEICOKOYACTOTHON 00JacTu.
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1 — snexTpoaBurarens; 2 — 3ybuaras mydra; 3 — mapukosblii nogmumHuk 7220 B.MP.UA;
4 — BXoJIHOM BaJt; 5 — poJikoBbIN noammiHuK NV.1024;
6 — KOHHYECKOe 3y0uaroe 3aleryieHue; 7 — mapuKoBbIid noamunHuk 7228 B.MP.UA;
8 — MMoJIBI BBIXO/IHOM Basl; 9 - creluasbHbIN POMKOBBIN NoIUITHUK 527459 PS5
Puc.1. Cxema BUTKOyKJIaIuMKa
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a — X0JIOCTOM x011; 6 — pabouunii X0
Puc.2. Cnektporpammbl BUOPOCKOPOCTH BUTKOYKJIQAUHKA
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Ananu3 3HaueHH MH)OPMATUBHBIX U PE30HAHCHBIX YacTOT MO3BOJIMI CAEATh Clie-
JyIoIlye BHIBOJBI. Pe30HaHCHas 4acToTa BXOAHOTO Baja MOXET COBIAAaTh ¢ MHPOpPMATUB-
HBIMU YaCTOTaMH, Ha KOTOPBIX MPOSBISAIOTCA Je(PEeKThl BHYTPEHHErO KOJIbIA IMOJIIMITHUKA
7220 B.MP.UA, Hapy»XHOTO KOJbI[a WJIM TeJd KadeHus noamunHukoB NV 1024 u 7228
B.MP.UA. UndopmaTtuBHbIe 4aCTOThl Je(PEKTOB CEMapaTOpPOB MOIUIMITHUKOB MOTYT COBIIA-
JaTh C CyNeprapMOHMKaMH M CyOrapMOHHMKAaMy BXOJHOTO W BBIXOJHOTO BajoB. MHdopma-
TUBHAs 4acToTa Je(eKToB HapyKHOro Kosbla noammunauka 7220 B.MP.UA cosmagaer c 4
FapMOHHUKOM BXOJHOIO Baja. Bce 3TO CBUAETENBCTBYET O TOM, YTO MHOTAA OYEHb CIIOKHO
COOTHECTH 3apErUCTPUPOBAHHBIN MUK HA CTIEKTPOTrpaMMe BUOPAIMH C ONPEACICHHBIM BUIOM
nedexra MamuHbl. [103TOMy HEOOXOAMMO MPUBIEKATH JOMOJHUTENBHBIE TUATHOCTUYECKHE
rapameTpsl Uil paclio3HaBaHUs HewcnpaBHocTH. Hampumep, akyctudeckui myMm. Hakxorure-
HHEM JaHHBIX 00 M3MEHEHUH CIEKTPAIbHBIX XapaKTEPHCTUK BUOpAIMU M aKyCTHYECKOTO
IIIyMa MO>KHO BBISIBUTb ONPE/ECIICHHbIE 3aKOHOMEPHOCTH B IPOSIBJIIEHUH IHKOB, CBA3aHHBIX C
KOHKPETHBIMU BUJAMH J1e(EKTOB. Y CTAHOBJICHHbIE 3aBUCHMOCTH MOYXHO HCIOJB30BaTh IS
MOJTBEPKACHUS TIPEIOI0KEHNH 0 HEUCIPABHOCTAX MexaHu3Ma. Tak oOpaboTka cTaTHUCTH-
YecKoW MH(pOpPMAIMK IO IUATHOCTUPOBAHUIO YKJIAJYMKa BUTKOB MO3BOJIMJIA YCTAHOBUTH HE-
KOTOpBIE 3aKOHOMEPHOCTH MEXAy JIe(deKTaMH €ro 3JeMEHTOB M JHara30HaMH 4YacTOT Ha
CHEKTpOrpaMMax aKyCTUYECKOIO IIymMa, B KOTOPBIX OHM NposiBisitoTcs. Ha pucynke 3 npuse-
JIeHa CIIEKTpOrpaMMa aKyCTUYECKOTrO IIyMa, HA KOTOPOM MOYHO BBIJEINUTh OT/AEIbHbIE UK,
COOTBETCTBYIONIME Ne(eKTaM YKJIQAYWKa BUTKOB, OTMEYCHHBIM M Ha CIIEKTpOrpaMMe BHOpO-
CKOPOCTH (PUCYHOK 2).

JledekT BHyTpe HHETO KOJIbIA

o mumanKa 7220 B.MP.UA ———_JIe(eKT Hapy»KHOTO KOJbIIA HITH TEN KaueHus noammnanka NV 1024
A, 1b VTH TeJT KaueHUSt win gedexT HapyKHOTO Kol noamunanka 7228 B.MP.UA

110 noammnHrka 7228 BMP.UA
100 Jedext Ten kauenns nommmanka NV 1024

90 /leheKThI HAPYKHOTO M BHYTPEHHETO KOJIeI]

noammnHYKa 527459 PS
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Puc.3. CnektporpamMmbl aKyCTHUECKOTO IITyMa BUTKOYKJIaT4HKa

[Ipu ocraHOBKE yKIam4MKa BUTKOB HAa PEMOHT ACHWCTBUTEIBHO OBUIM OOHApYKEHBI
neeKThl HapyKHOTO KOJIbIla moamunauka 527459 PS5 u nmedextsl mommmumauka 7220
B.MP.UA, koTopble OTMEUaIMCh NPH aHaJIM3€ CHEKTPOrpaMM BHOPOCKOPOCTH U aKyCTUYe-
CKOTO IlIyMa M MOATBEPIWINCH NPHU BU3yalbHOM ocMoTpe. OpHako, clieayeT OTMETHTh, YTO
Jutst 60Jiee TOYHOTO PACMO3HABAHUS HEUCIIPABHOCTEH yKJIaAunWKa BUTKOB TpeOyeTcs MpoBee-
HHE JaJbHENIINX UCCIeOBAaHUM B JAHHOM HalpaBJICHHUH.

BriBoBI

1. B crarbe paccMOTpeHbI 0COOEHHOCTH MPOSIBICHUS HEUCTIPABHOCTEH yKJIaJ4MKa BUTKOB.

2. IlokazaHa HEOOXOAMMOCTb HCHOJIBb30BAHUS JOMOJHUTENBHBIX JAMAarHOCTUYECKHX Iapa-
METPOB IMPU OIPEIETICHUN TEXHUUECKOTO COCTOSIHUS METAJLTypruyeckoro o0opy0BaHusl.

3. YCTaHOBJIEHO COOTBETCTBHE MEX]Y MPOSBICHUAMU AE(PEKTOB 000pYIOBaHUS B CHEKTpax
BUOpAlMU U aKyCTUYECKOTO IIyMa Ha IpuMepe padoThl YKJIa4lKa BUTKOB.
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ABTOMATHU3UPOBAHHASI CHCTEMA HAYUYHBIX UCCJIEJOBAHUM IS
HOPMAJIN3OBAHHOI'O ONPEJIEJIEHUSI KOHTAKTHOM )KECTKOCTH
OBPABOTAHHBIX IOBEPXHOCTEWM JETAJIEM

3axapoB A.E., boposkos B.M., /lanniinues M.A.
(xagh. ATC, BI'TY, e. Bpsanck, Poccus)

JKecTKOCTh CTHIKOB B TEXHOJOTHUECKHX MAIIMHAX, HAPUMEP, B METAIUIOPEKYIIHX
CTaHKaxX, B 3HAYUTEJBHOM CTETEHU OIpeNeIsieT TOUHOCTh 00paboTKU M BUOPOYCTOWIHBOCTh
cucreMbl. KOHTaKTHBIE MIEPEMEIICHUSI COCTABIISIIOT CYLIECTBEHHYIO YacTh B OajaHce yNnpyrux
nepeMeneHnii MaiH 1 y3710B. KOHTaKTHas JKECTKOCTh CKa3bIBAE€TCS HA TOYHOCTH PaOOTHI
nprOOPOB, HA TOYHOCTH 0OPAOOTKH M COOPKH, TO €CTh Ha KA4€CTBE MAITHHOCTPOUTEIHHBIX
U3JICNIMN U B 3HAYUTEIBHOM CTENICHU TUMUTHPYET UX padoTy.

KoHTakTHast KECTKOCTh OMpeneNsieT CIOCOOHOCTh MOBEPXHOCTHBIX CJIOEB JETaJIeH,
HAXOJISAIIUXCS B KOHTAKTE, COMPOTHUBIIATHCS JIEHCTBUIO CHII, CTPEMSIIUXCS UX cIehOpMHPO-
BaTh. [|Jis1 BBEIYHCICHUS KOHTAKTHOW JKECTKOCTH MOBEPXHOCTH MIPH MIEPBOM U IMOBTOPHBIX Ha-
TPy KEHUAX, TPeOyeTCss M3MEPUTh 3HAUYCHUSI KOHTAKTHBIX MEPEMEIIECHHIA MPY 3aIaHHBIX J1aB-
JICHUSIX.

Y4uThIBast TO, YTO JETaM OOBIMHO pabOTAIOT MPHU PA3IMYHBIX HArPy3Kax, JJIsl OLEHKH
KOHTaKTHOM KECTKOCTH ONEPUPYIOT MOHATUEM CPEIHEN KOHTAKTHON JKEeCTKOCTH [1]:

.]cp = g ::pm >
II€ Pcp— CPEAHEE aBJIEHHE Ha KOHTAKTHPYIOLIeH HOBEPXHOCTH;
¢, m — KO3(hPHUIIMEHTHI KOHTAKTHOM )KECTKOCTH.

OpnHako, HECMOTpPS Ha HaJIM4Yue 0a30BOH (HOPMYIMPOBKH, OTCYTCTBHE €AMHOM METO-
JIUKH OTIPE/IEICHUs] KOHTAKTHOM JKECTKOCTH NPUBOJMIO K MHOTOOOPA3HIO IKCIIEPEMEHTAIIb-
HBIX JAHHBIX: JUJISI JICTalei M3TOTOBJICHHBIX U3 OJHOTO M TOTO K€ MaTepHaia, IpH OJHHUX U
TEX K€ YCIOBUAX 00pabOTKK 3HAYCHHUS] TApaMETPOB C, m, j ObUH pa3HbIMU. [losrydaembie Be-
JIMYMHBI KOHTAKTHOM KECTKOCTH HACTOJIHLKO HE COBIAIAIH, YTO CIIHCAHUE PA3HOCTH HA BEJH-
YHHY TOTPEIIHOCTH HE TPEACTABISIIOCh BOSMOXHBIM. Y Ka)XIOTO U3 UCCIIeI0BATENeH, TAKUM

00pazoM, MoJTy4aIuCh CBOU 3HAUEHUs] KOHTAKTHOM KECTKOCTH (puc. 1).

Ja cepowr apzpua Joh Jnis cmams 40X
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101 3M. JTerrma B . .
10 ’ JLH. Peeroe ™

la

68,

»=0° ©=90° 0=0° 0790 4< 50 wr/onr 4100 wricn w=0° ©=90°
£ 2 £ 23 <100 sx/cm? 4.£100 xrfenr
4-£100 xr/es 4£100 xr/enr q. Kr/em 7] - neps Le Harpywe
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Puc. 1. TlonyuenHble K03 ULIMEHTH KOHTAKTHON )KECTKOCTH Y Pa3HbIX UCCIie0BaTeNeH

DTO BBI3BAIO HEOOXOAMMOCTh Pa3pabOTKH HOPMATM30BAHHOTO METO/a OMPEACIICHUs
KOHTAaKTHOW JKECTKOCTH. B pesymbrare paboThl Hal JaHHBIM BOIPOCOM Mpodeccopom
A.Il'. CycnoBbeimM ObLTH pa3paboTaHbl PaCYETHO-TEOPETUYECKUE METOIbI TI0O HOPMAJTM30BAHHO-
My OIpEAEIeHUI0 KOHTAaKTHOM xecTkocTu [1].
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bruta aBTOMaTH3MpOBaHa crienyaibHas yCTaHOBKA JJIS OIIPEIEICHHS] KOHTAKTHOM JKe-
CTKOCTH C MCIIOJIb30BAHUEM OTIBITHBIX 00pPAa3IoB U3 TOTO XK€ MaTepHaia, YTO U pealbHbIe Je-
TaJM, a MCCIeyeMble MOBEPXHOCTH 00paboTaHbl NPU aHAIOTWYHBIX ycinoBusx. [lo ctporo
3a/laHHBbIM Harpy3Kam, BEJIMYHMHA KOTOPBIX 3aBUCUT OT TBEPAOCTU MaTepHaia JIeTalu U napa-
METPOB LIEPOXOBATOCTU MOBEPXHOCTH, C MOMOILBIO CIELUAIBLHBIX UHJIEHTOPOB, ONPEAEIIs-
Jlach BEJIMUMHA KOHTAKTHOM YKECTKOCTH.

Jlis penieHus 3aJa4u aBTOMAaTU3MPOBAHHOIO OIPENETIEHUS KOHTAKTHOM >KECTKOCTHU
JIlaHHas SKCIIEpUMEHTalbHAs yCTaHOBKa cBsA3aHa uepe3 ycuiurenb U ALl ¢ 3BM u npen-
CTaBIsIeT cOOOH aBTOMATU3UPOBAHHYIO CUCTEMY HaYUYHBIX MCCIICTOBAHHH.

[To cnermansHO pazpaboTanHoil mporpamme DBM uMmuTHpYET OnpeaesieHne KOHTaKT-
HOM JKECTKOCTH Ha MATH OJIMHAKOBBIX 00paslax ¢ OJMHHAIIATUKPATHBIM UX Harpy>KEHHEM.
JlaHHOE 4YMCIO Harpy>KeHUi MO3BOJIET JOBOJBHO TOYHO OLICHUTh 3HAUYEHUE CPEIHEH KOH-
TaKTHOW KECTKOCTH, TaK KaK IJIacTUYecKue nedopMaiu MaTepuana JeTaiu, 00yCIOBICH-
HbI€ HAaJMYUEM HEPOBHOCTEW, IPH M3BECTHBIX HArpy3kax NpPaKTHYECKU ucyepraHsl. DBM
NPECTAaBISIET BO3MOXHOCTh B XOJ€ OmpezeNeHuss Kod(h(UIMeHTa KOHTAKTHOM >KECTKOCTH
HaOJII0/1aTh 32 TPOIIECCOM HATpy KEeHHs-pasTpyKeHusi oOpasia, T.e. Ha qucriee O9BM B rpa-
(ryecKoM peKuMe MOKHO YBHJIETh 3aBUCUMOCTH KOHTAKTHBIX MEPEMEIICHUH OT MPUKIAIbI-
BAEMOU HArpys3KH.

ANTOpPUTM JTaHHOW TPOTpPaMMBI TIPEICTABISET COOOW CIEAYIONIYI0 CTPYKTYPY
(puc. 2). Ilpu 3amycke mporpaMMbl JUIsl KaKJOTO HOBOTO 0Opasia NpoU3BOAUTCS OanaHCH-
pOBKa HyJel MaTdyukoB (OJIOK 5). DTa omeparms MPOU3BOJUTCS TOCIE YCTAHOBJICHHS BCEX
npeJuiaraéMbIX IPOTPaMMOil MapaMeTpoB, a UMEHHO, YCTAHOBKM HEOOX0IUMOTO KO3 huIm-
€HTa YCWICHUs YCUWINTEINS, HYy’KHOTO IMHAMOMETpa B 3aBUCUMOCTH OT Harpy3Kd U MHJEHTO-
POB, BBIOOpP KOTOPBIX MPOBOJMTCS B 3aBHCUMOCTH OT (YOPMBI HU3MEPSIEMOI MOBEPXHOCTH 00-
pasma. 3aTeM MPOU3BOIUTCS CYUTHIBAHHE WHPOPMAIINU C TaTIYUKOB (010K 7). B Xx0/1€ paboTh
MPOrpaMMBbl WIET MOJACUET YHCIIa Harpy)eHui (0JI0K 6), U eCJIH 3aBEpPIIEHO MePBOE HATrpyKe-
Hre (070K 8), TO paccunmThIBaeTCsl KOA(PPHUIMEHT KOHTAKTHOW >KECTKOCTH TPHU MEPBOM Ha-
rpyxenun jli (610K 9). Bece ucxoaHble TaHHbIE, paCUETHBIE PE3YJIbTAThl, U JaHHbIE C 1aT4Yu-
KOB COXpaHSIOTCS B (paiiie B BUJe MacCHBa JIaHHBIX IJIS TOCIEAyomei ux oopadorku (6J10-
ku 10, 16). Ilo 3aBepuieHur Harpy »XeHusl KaKAO0ro o0paslia pacCUUTHIBACTCS KOIPPHUIIMESHT
KOHTaKTHOM >keCTKOCTH J; (070K 12). M3 Bcex MpOBEACHHBIX ISTH 3aMEPOB PACCUUTHIBACTCS
K02 GUIUEHT cpeliHell KOHTAKTHOI JKECTKOCTH jep (070K 14). B nanHO# mporpamme npeny-
CMOTpEHa 00pabOTKa MOJYUYEHHBIX PE3yJIbTaTOB KOHTAKTHOW JKECTKOCTH C LEJIbIO yCTpaHe-
HUA «OIMOOYHBIX» 3aMepoB. DBM paccumThiBaeT cpenHeapupMeTHieckoe OTKIOHEHHE U
ecJM Kakou-In0o 3aMep BBIXOIUT 3a mpeaensl 10% ommubku, To mpeajiaraeTcs ero moBTope-
Hre. [lo OKOHYaHHIO BCEX TSITH 3aMepOB (OPMHUPYETCsl CpeiHuil rpaduk KPUBBIX HArpyxKe-
HUA-pasrpyxeHus (0:10k 15). [Ipu He0OX0AMMOCTH IPOTOKOJI pacneyaTsiBaeTcs (670K 18).

JlanHasi cuctema, NMpu BBEACHUHU €€ B dKCIUTyaTalllio, MMO3BOJMT MOJOWUTH K CTaHIap-
TU3alMN KOHTaKTHOM ECTKOCTH MOBepxHocTel aeraneil. OCHOBHBIM ILIHOCOM SIBIISIETCS TO,
YTO YCTAaHOBKA IMPAKTUYECKH IOJIHOCTHIO aBTOMATH3MPOBAHA: YEJIOBEK JEHCTBYET B pOJIU
oneparopa. brarogaps 3Tomy HCKIIOYaOTCs PAKTOPBI CIIy4aiiHON MOTPEIIHOCTH U3MEPEHHN
HEBHUMATEJIBHOCTh, YCTAJIOCTh, INIOXUE yCJIOBUS u3Mepenuit u T.14. [Ipumenenne 9BM ycr-
paHseT pyTUHHYIO 00pabOTKy JaHHBIX, YTO TaKXKe SIBJSETCS JOMOIHUTEIbHBIM MPEUMYIEeCT-
BOM, TaK KaK BBIYUCIIEHHUS JOBOJIbHO IPOMO3IIKH.
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Cnucok autepatypsni: 1. Meron onpeneneHus HOpMaTbHONW KOHTAKTHOM KECTKOCTH
Meroaudeckue pexkomengammun MP42-82 -M..:BHUMHMALIII,
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